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Alphabetical List of Muscles 

A 
215 Abductor digiti minimi (foot) 
159 Abductor digiti minimi (hand) 
224 Abductor hallucis 
171 Abductor pollicis brevis 
166 Abductor pollicis longus 
180 Adductor brevis 
225 Adductor hallucis 
179 Adductor longus 
181 Adductor magnus 
173 Adductor pollicis 
144 Anconeus 
53 Arytenoid 

Oblique 
Transverse 

27 Auriculares 

B 
140 Biceps brachii 
192 Biceps femoris 
141 Brachialis 
143 Brachioradialis 
26 Buccinator 
120 Bulbospongiosus 

& 
34 Chondroglossus 
116 Coccygeus 
139 Coracobrachialis 

5 Corrugator supercilii 
117 Cremaster 
50 Cricothyroid 

[ Cricothyroideus | 

D 
133 Deltoid [Deltoideus] 
23 Depressor anguli oris 
24 Depressor labii inferioris 
14 Depressor septi 

101 Diaphragm 
78 Digastricus [Digastric] 

E 
149 Extensor carpi radialis brevis 
148 Extensor carpi radialis longus 
150 Extensor carpi ulnaris 
158 Extensor digiti minimi 
154 Extensor digitorum 
212 Extensor digitorum brevis 
211 Extensor digitorum longus 
221 Extensor hallucis longus 
155 Extensor indicis 
168 Extensor pollicis brevis 
167 Extensor pollicis longus 

F 

209 Fibularis brevis 
208 Fibularis longus 
210 Fibularis tertius 
151 Flexor carpi radialis 
153 Flexor carpi ulnaris 
216 Flexor digiti minimi brevis 

(foot) 
160 Flexor digiti minimi brevis 

(hand) 
214 Flexor digitorum brevis 
213 Flexor digitorum longus 
157 Flexor digitorum profundus 
156 Flexor digitorum superficialis 
223 Flexor hallucis brevis 
222 Flexor hallucis longus 
170 Flexor pollicis brevis 
169 Flexor pollicis longus 

G 
205 Gastrocnemius 
190 Gemellus inferior 
189 Gemellus superior 

32 Genioglossus 
77 Geniohyoid [Geniohyoideus | 

182 Gluteus maximus 
183 Gluteus medius 
184 Gluteus minimus 

178 Gracilis 

H 
33 Hyoglossus 

176 Iliacus 
66 Iliocostalis cervicis 
90 Iliocostalis lumborum 
89 Iliocostalis thoracis 
38 Inferior longitudinal (tongue) 

[ Longitudinalis inferior] 
41 Inferior pharyngeal constrictor 

{Constrictor pharyngis inferior] 
84-87 Infrahyoids (see 

Sternothyroid, Thyrohyoid, 
Sternohyoid, Omohyoid) 

136 Infraspinatus 
102 Intercostales externi 
103 Intercostales interni 
104 Intercostales intimi 
219 Interossei, dorsal (foot) 

[Interossei dorsales | 
164 Interossei, dorsal (hand) 

[Interossei dorsales | 
165 Interossei, palmar or volar 

[Interossei palmares] 
220 Interossei, plantar [Interossei 

plantares | 
69 Interspinales cervicis 
98 Interspinales lumborum 
97 Interspinales thoracis 
70 Intertransversarii cervicis 
99 Intertransversarii thoracis and 

lumborum 
121 Ischiocavernosus 

52 Lateral cricoarytenoid 
[ Cricoarytenoideus lateralis | 

30 Lateral pterygoid 
[ Pterygoideus lateralis ] 

130 Latissimus dorsi 
17 Levator anguli oris 

115 Levator ani (includes 

Puborectalis, Pubococcygeus, 
and Iliococcygeus) 

15 Levator labii superioris 
16 Levator labii superioris 

alaeque nasi 
3 Levator palpebrae superioris 

127 Levator scapulae 
46 Levator veli palatini 
107 Levatores costarum 
60 Longissimus capitis 
64 Longissimus cervicis 
91 Longissimus thoracis 
74 Longus capitis 
79 Longus colli 

218 Lumbricales (foot) 
[Lumbricals | 

163 Lumbricales (hand) 

[ Lumbricals ] 

28 Masseter 
31 Medial pterygoid 

[Pterygoideus medialis | 
21 Mentalis 
42 Middle pharyngeal constrictor 

{Constrictor pharyngis medius] 
94 Multifidi 
48 Musculus uvulae 
75 Mylohyoid [Mylohyoideus | 

N 

13 Nasalis 

O 
54 Oblique arytenoid 

[Arytenoideus obliquus | 
59 Obliquus capitis inferior 
58 Obliquus capitis superior 
110 Obliquus externus abdominis 
11 Obliquus inferior ocull 

111 Obliquus internus abdominis 
10 Obliquus superior oculi 

188 Obturator externus 
[Obturatorius externus } 

187 Obturator internus 
[ Obturatorius internus | 

1 Occipitofrontalis 
87 Omohyoid [Omohyoideus | 
161 Opponens digiti minimi 
172 Opponens pollicis 

4 Orbicularis oculi 
25 Orbicularis oris 

Pp 

36 Palatoglossus 
49 Palatopharyngeus 
162 Palmaris brevis 
152 Palmaris longus 
177 Pectineus 
131 Pectoralis major 
129 Pectoralis minor 
186 Piriformis 
207 Plantaris 
88 Platysma 
51 Posterior cricoarytenoid 

[Cricoarytenoideus posterior | 
12 Procerus 

147 Pronator quadratus 
146 Pronator teres 
174 Psoas major 
175 Psoas minor 
114 Pyramidalis 

Q 
191 Quadratus femoris 
100 Quadratus lumborum 
217 Quadratus plantae 
196-200 Quadriceps femoris (see 

Rectus femoris, Vastus 

intermedius, Vastus 

medialis longus, Vastus 
medialis oblique, Vastus 
lateralis) 

R 
113 Rectus abdominis 
72 Rectus capitis anterior 
73 Rectus capitis lateralis 
56 Rectus capitis posterior major 
57 Rectus capitis posterior minor 
196 Rectus femoris 

7 Rectus inferior 
9 Rectus lateralis 
8 Rectus medialis 
6 Rectus superior 

125. Rhomboid major 
[ Rhomboideus major] 

126 Rhomboid minor 
[Rhomboideus minor] 

20 Risorius 
71 Rotatores cervicis 
96 Rotatores lumborum 
95 Rotatores thoracis 

S 
45 Salpingopharyngeus 
195 Sartorius 

80 Scalenus anterior 

81 Scalenus medius 
82 Scalenus posterior 
194 Semimembranosus 
62 Semispinalis capitis 
65 Semispinalis cervicis 
93 Semispinalis thoracis 
193 Semitendinosus 
128 Serratus anterior 
109 Serratus posterior inferior 
108 Serratus posterior superior 
206 Soleus 
123 Sphincter ani externus 
122 Sphincter urethrae 
63 Spinalis capitis 
68 Spinalis cervicis 
92 Spinalis thoracis 
61 Splenius capitis 
67 Splenius cervicis 
83 Sternocleidomastoid 

[Sternocleidomastoiceus | 
86 Sternohyoid [Sternohyoideus ] 
84 Sternothyroid 

[ Sternothyroideus | 
35 Styloglossus 
76 Stylohyoid [Stylohyoideus } 
44 Stylopharyngeus 
132 Subclavius 
105 Subcostales 
134 Subscapularis 
37 Superior longitudinal (tongue) 

[Longitudinalis superior] 
43 Superior pharyngeal 

constrictor [Constrictor 
pharyngis superior] 

145 Supinator 
75-78 Suprahyoids (see 

Mylohyoid, Stylohyoid, 
Geniohyoid, Digastricus) 

135 Supraspinatus 

T 
29 Temporalis 
2 Temporoparietalis 

185 Tensor fasciae latae 
47 Tensor veli palatini 
138 Teres major 
137 Teres minor 
55 Thyroarytenoid 

[ Thyroarytenoideus ] 
85 Thyrohyoid [Thyrohyoideus ] 

203 Tibialis anterior 
204 Tibialis posterior 
39 Transverse lingual 

| Transversus linguae ] 
112 Transversus abdominis 
22 Transversus menti 
119 Transversus perinei profundus 
118 Transversus perinei 

superficialis 
106 Transversus thoracis 
124 Trapezius 
142 Triceps brachii 

U 
48 Uvula (see Musculus uvulae) 

V 
198 Vastus intermedius 
197 Vastus lateralis 
199 Vastus medialis longus 
200 Vastus medialis oblique 
40 Vertical lingual [Verticalis 

linguae | 

Z 
18 Zygomaticus major 
19 Zygomaticus minor 
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DEDICATION 

To my students and colleagues, who continue to challenge me to be 

the best I can be. 

— Dale Avers 

This book is dedicated to my wonderful colleagues, who are the true 

backbone of our profession, and to my students, for these are the 

men and women who have made my days tremendously fun and 

totally worthwhile. This book is also dedicated to Helen J. Hislop— 

friend, mentor, and incredible woman. 

— Marybeth Brown 



Helen J. Hislop, PT, PhD, FAPTA — A Tribute 

In 2013 the physical therapy profession lost one of the 
brightest beacons it had ever known. Helen Hislop was 
an extraordinary woman who changed the course of our 
profession, in part by implementing heightened standards 
of academic success and by creating the DPT and PhD 
degrees during her tenure at the University of Southern 
California. She also took the editorship of Physical Therapy, 
the professional journal of the American Physical Therapy 
Association, and transformed it from an anecdotal “how 
to” magazine into a scientific journal with genuine cred- 
ibility in the medical community. The sheer magnitude 
of her contributions is probably beyond that of any physical 
therapist in the history of our profession. 

One of the most notable achievements in Helen’s 
repertoire was her authorship of four editions of the classic 
text, Daniels and Worthingham’s Muscle Testing: Techniques 
of Manual Examination. First published in 1946, the 
original Daniels, Williams, and Worthingham book was 
a “how to” manual for testing the patient with poliomy- 
elitis. Although the book was modified to some extent 
over the next 30 years, the practice of physical therapy 
changed considerably during that time span and the earlier 
muscle testing book did not reflect the expansion of the 
profession to include the testing of neurological patients, 
the testing of men and women with orthopedic injuries 
and joint replacements, and contending with the burgeon- 
ing older adult population. Helen became involved in 
shepherding the book to a more contemporary text 
beginning with the 6th edition, and when the book was 
published in 1995, it reflected a sea change. Beautiful 
anatomical drawings produced under Helen’s direction 
were incorporated, the testing of new patient populations 
was added, and there was the inclusion of new muscle 
tests that had evolved from clinical practice that were far 
more accurate than those described in previous texts, 

such as the 25x heel rise. Although these changes were 
the product of Helen’s vision, the contributions of her 
coauthor, Jacqueline Montgomery, MA, PT, were of 
tremendous importance as Jackie was a clinician with her 

finger on the pulse of clinical practice. 
In 2010, Helen called to ask if I would become 

a contributor to the 9th edition, and I agreed. After 
multiple trips to Helen’s home in North Carolina it 
became apparent that her declining health was going to 
preclude completion of the book without a great deal 
more help. We worked for another year, but with looming 
deadlines and the need for a move away from “manual” 
muscle testing, and the inclusion of functional testing, it 

became necessary to enlist additional help. Dale Avers, 
PT, DPT, PhD, FAPTA, was asked to be an author and 
edition 9 continued to evolve in response to changing 
practice. 

Even with multiple hospitalizations and further declines 
in health, Helen continued to be a vital contributor to 
edition 9. At all times she was “in charge.” Her fortitude 
was extraordinary; once a vision was planted in her brain, 
there was no dissuading her from the task at hand. She 
never saw the final completed copy of edition 9 but she 
contributed to each and every one of the enormous 
changes brought forth in the new book. Even though 
Helen is gone, her contributions will persist through many 
more iterations of this text. 

Wherever Helen may be, there is no question she is 
lustily singing Gilbert and Sullivan tunes, engaging those 
around her in lively and insightful conversation, regaling 
anyone who will listen with tales of Scottish history, and 
making people laugh. Hopefully, too, she has caught the 
“big fish” that eluded her for her entire 84 years. 

Rest in peace, dear friend. 
— Mb 



It gives me immense pleasure to write a foreword to this 
book. Personally I have been reading this book as a 
bachelor’s student since I opted physical therapy as a 
career way back in 1990 (using it as a reference book 
thereafter as a professional and teacher). Also, I am highly 
convinced that it provides all the required information 
related to manual muscle testing. 

First published in 1946, the book was a “how to” 
manual for testing of muscle strength of the post-polio 
residual paralysis patients. The book has certainly come 
a long way through nine editions in more than 70 years. 
Through these editions it has been constantly researched 
and revised to be presented currently as a plethora of the 
most updated knowledge. 

Muscle strength testing is an integral part of physical 
therapy and is an essential tool for assessment, diagnosis 
and treatment of physical impairments. With the advance- 
ment of health science, health professionals like orthopedi- 
cians, neurologists, plastic surgeons, gynaecologists and 
paediatricians are also aspiring for the knowledge and 
practice of MMT. Even the athletic trainers find it essential 
for modern sports. This edition of the book has been 
designed and edited in such a way that it will fulfil the 
requirements of every health professional. Taking over 
the charge after the sad demise of Helen J. Hislop, 
Marybeth Brown and Dale Avers have done a magnificent 
job in adding new changes to this edition. This 10" 
edition presents a more practical way of strength testing 
as functional testing in place of manual muscle testing. 
The text is based on movement (e.g. elbow flexion) rather 
than tests of individual muscles (biceps brachii). The 

FOREWORD 

numerical grade represents the performance of all muscles 
contributing to that movement. Apart from the usual 
way of strength testing, this edition also presents a unique 
way of testing by a handheld muscle dynamometer and 
its procedure (Chapter 9). I would like to thank the 
authors for bringing back to the minds of the readers 
the alternative ways of testing, such as 1 RM and Multiple 
RM used for strength testing. These are equipment based, 
power testing, body weight testing, endurance testing, 
weight machinery, etc. For HHD and alternative test 
methods, normative values have been introduced for ready 
references. Here is a pickup point for researchers and 
scholars: 10" edition of the book is more evidence and 
research based. Strength testing methods are included 
for young adults to very old persons. Exercises for 
strengthening of muscles (actions) are added, which will 
give a boost to the beginners. Case studies and the readily 
available anatomical references are the key features of 
this edition. 

The book is filled with concrete examples, fine drawings 
and careful guidelines, which make these strength testing 
techniques easy to grab and apply. It is up-to-date and 
serves equally as a reference book for the qualified phys- 
iotherapists, athletic trainers, other health professionals 
as well as for students. Overall, this book a must read for 

a physical therapist or an aspiring physical therapy student. 

Dr. Raghunath Sahoo, BPT, MPT (Ortho), MIAP 
Sr. Physiotherapist, PGIMER, Chandigarh 

Former Lecturer, 

Rajiv Gandhi Health University, Bengaluru 



PREFACE 

For more than 70 years, Daniels and Worthingham’s Muscle 
Testing has been informing students and practitioners 
about the art and science of manual muscle testing. Over 
the past seven decades there have been nine editions of 
the text, not including this current edition. 

So, why an Edition 10? Muscle Testing has evolved 
into a different entity during its lengthy history. Initially 
a primer on how to test muscles affected by poliomyelitis, 
Damtels and Worthingham’s Muscle Testing book now 
reflects the muscle testing requirements for a far broader 
scope of practice. Additionally, muscle testing techniques 
are now appropriate for patients who range in age from 
young adults to those who have lived 100 or more years 
(material appropriate for children may be found in other 
sources). Building on manual testing, this edition includes 
power testing and endurance testing, as well as alternate 
testing using free-weights, weight machines, elastic bands, 
body weight, functional testing, and most recently, 
handheld dynamometry. The tests included in this edition 
are far more evidence-based than they have been in the 
past due to the contributions of numerous researchers 
who have advanced our understanding of assessment. In 
many instances, normative values now exist and they have 
been included in Edition 10. Finally, for the beginning 
practitioner, exercises have been added to help the new 
therapist in the design of appropriate treatment programs. 
Thus, as the health professions have evolved, so too has 
muscle testing, We believe this book is the most up-to-date 
muscle testing book available, with detailed “how to” 
information on hundreds of tests. Importantly, this new 
edition is evidence-based, an imperative in our contem- 
porary health-care system. 

For those of you with historical perspective, it is evident 
that a number of editors and contributors to Muscle Testing 
have come and gone over the years. The historical figures 
associated with the early editions of this text are long 
gone, but each made important contributions and passed 

the mantle to the next generation of scholars. Now, it is 
we who are the caretakers of the book and in due time 
we too will pass the torch to younger individuals with 
their fingers on the pulse of practice and scholarship. Why 
us? We were chosen because of a long and rich association 
with Helen Hislop, the previous author who was at the 
helm of the book for nearly 40 years. Helen valued our 
clinical expertise and anatomical knowledge and gave her 
blessing to this change of the book’s leadership. We hope 
you will be pleased with our efforts. 

We are enormously grateful to our forebears for the 
work that went into the creation of this text. We are 
grateful as well to the individuals who helped in the 
creation of the book, particularly our developmental editor, 
Linda Wood, who has skillfully guided the development 
of five editions of the book. We also thank Yoshi Miyake 
for the drawings of the new tests and Jeanne Robertson 
for the new anatomical drawings. For the original videos, 
we thank Judith Burnfield, whose work we have built 
upon in developing the new videos for this edition. 
Additional thanks go to the individuals who contributed 
to and reviewed sections of the book during its develop- 
ment: Richard Bohannan, PT, PhD, FAPTA, of Campbell 
University; Christopher Neville, PT, PhD, of Upstate 
Medical University; and Kevin Neville, PT, DPT, of 
Upstate Medical University. We are grateful for their 
valuable insights. We are also grateful for the four second- 
year DPT students from Upstate Medical University who 
were the models for many of the illustrations in the new 
edition: Melanie Chapman, Marissa Coppola, Kathryn 
Dziwulski, and Vanessa Sweet. And finally, we thank the 
team at Elsevier including Sarah Vora, Michael Fioretti, 
and many others whose behind-the-scenes work helped 
bring the book to fruition. 

Dale Avers, PT, DPT, PhD, FAPTA 
Marybeth Brown, PT, PhD, FAPTA 
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INTRODUCTION 

This 10th edition presents manual muscle testing within 
the context of strength testing. Classic muscle testing 
is a fundamental skill of every physical therapist and is 
essential to the diagnosis and assessment of movement 
impairments. However, as manual muscle testing has 
come under scientific scrutiny, it is obvious that its use to 
evaluate and assess strength as a component of functional 
movement patterns and tasks is inadequate. Therefore, 
in addition to the classic presentation of manual muscle 
testing, this edition presents methods of strength testing 
that are valid, objective, and applicable across various 
settings. 

A number of noteworthy changes have been made in 
the new edition. First and foremost, it is a modern 21st 
century text that has been thoroughly researched. Each 
test presented is backed by evidence, and the utility of 
each muscle testing approach is presented in context with 
alternative options. Throughout the text there are updated 
testing methods. Origins, insertions, and actions of key 
muscles for each manual muscle test are now included 
and precede the description of most test procedures. 
Additionally, for each specific muscle (e.g., serratus 
anterior, tibialis anterior), there are exercises that the 
therapist can use to strengthen weak muscles in patients. 
Each recommended exercise has been demonstrated, in 
most instances, to elicit at least 40% of maximum voluntary 
strength. Thus exercises are sufficiently rigorous to induce 
genuine strength increases in patients. 

Chapter 7 presents a variety of strength testing methods 
using common equipment. Although this chapter was 
introduced in the previous edition, additional tests have 
been added to it and modifications to other tests were 
made. Additional normative values have been included 
and values for reliability, validity and specificity are now 
part of the text, when these values exist. Chapter 8 
describes functional tests that have a significant strength 
component. Age-based norms are included when available, 
and patient scenarios are presented that provide the 
rationale for each recommended approach to strength 
testing. Finally, there is a new Chapter 9 on handheld 
dynamometry, an emerging technology that offers an 
additional means of distinguishing between limbs that 
have subtle strength differences and an opportunity for 
more precise testing. Normative values for handheld 
dynamometry have also been included when normative 
values exist. We believe that you will find this a very 
different text from Edition 9 and a welcome addition to 
your library. 

Muscle strength is a critical component of functional 
movement. Assessment must include accurate measurement 
of the quantity of strength within the context of functional 
tasks and movement. Especially for the lower extremities, 
methods that allow the expansion of the findings of manual 
muscle testing from an impairment to a function level 
are needed. Quantitative assessment promotes accurate 
assessment of progress and patient performance within 
the context of age-based normative values. Although few 
“hard numbers” of threshold strength levels exist for 
specific functional movements, we have identified the 
known muscles that have been correlated with a specific 

task and, in some cases, have suggested values that may 

serve as a target for the minimum strength required for 

a specific functional task. 
The manual muscle testing portion of this book, as in 

previous editions, directs its focus on manual procedures. 
For the most part, joint motions (e.g., hip flexion) rather 
than individual muscles (e.g., iliopsoas) are the focus of 
this text because of the contributions of more than one 
muscle to a movement. Although prime movers of a 
movement can be identified, secondary or accessory movers 
may be equally important and should not be overlooked 
or underestimated. Rarely is a prime mover the only active 
muscle, and rarely is it used under isolated control for a 
given movement. For example, knee extension is the 
prerogative of the five muscles of the quadriceps femoris, 
yet none of these five extend the knee in isolation from 
its synergists. Regardless, definitive activity of any muscle 
in a given movement can be precisely detected by elec- 
tromyography, and such studies, when they exist, are now 
included as important pieces of evidence in this updated 
text. 

Range of motion in this book is presented only to 
illustrate the range required to test a movement correctly. 
A consensus of typical ranges is presented with each test, 
but the techniques of measurement used are not within 
the scope of this text. 

Brief History of Muscle Testing 

Wilhelmine Wright and Robert W. Lovett, MD, Professor 
of Orthopedic Surgery at Harvard University Medical 
School, were the originators of the muscle testing system 
that incorporated the effect of gravity.'* Janet Merrill, PT, 
Director of Physical Therapeutics at Children’s Hospital 
and the Harvard Infantile Paralysis Commission in Boston, 
an early colleague of Dr. Lovett, stated that the tests were 
used first by Wright in Lovett’s office gymnasium in 1912.4 
The seminal description of the tests used largely today 
was written by Wright and published in 1912'; this was 
followed by an article by Lovett and Martin in 1916* and 
by Wright’s book in 1928.° Miss Wright was a precursor of 
the physical therapist of today, there being no educational 
programs in physical therapy in her time, but she headed 
Lovett’s physical therapeutic clinic. Lovett credits her fully 
in his 1917 book, Treatment of Infantile Paralysis,° with 
developing the testing for polio. In Lovett’s book, muscles 
were tested using a resistance-gravity system and graded 
on a scale of 0 to 6. Another early numerical scale in 
muscle testing was described by Charles L. Lowman, MD, 
founder and medical director of Orthopedic Hospital, Los 
Angeles.’ Lowman’s system (1927) covered the effects of 
gravity and the full range of movement on all joints and 
was particularly helpful for assessing extreme weakness. 
Lowman further described muscle testing procedures in 
the Physiotherapy Review in 1940. 

H.S. Stewart, a physician, published a description of 
muscle testing in 1925 that was very brief and was not 
anatomically or procedurally consistent with what is done 
today.’ His descriptions included a resistance-based grading 



system not substantially different from current use: maximal 
resistance for a normal muscle, completion of the motion 
against gravity with no other resistance for a grade of 
fair, and so forth. At about the time of Lowman’s book, 
Arthor Legg, MD, and Janet Merrill, PT, wrote a valuable 
small book on poliomyelitis in 1932. This book, which 
offered a comprehensive system of muscle testing, was 
used extensively in physical therapy educational programs 
during the early 1940s; muscles were graded on a scale 
of 0 to 5, and a plus or minus designation was added to 
all grades except 1 and zero.'° 

Among the earliest clinicians to organize muscle testing 
and support such testing with sound and documented 
kinesiologic procedures in the way they are used today 
were Henry and Florence Kendall. Their earliest published 
documents on comprehensive manual muscle testing 
became available in 1936 and 1938.'>” The 1938 
monograph on muscle testing was published and distrib- 
uted to all Army hospitals in the United States by the 
U.S. Public Health Service. Another early contribution 
came from Signe Brunnstrom and Marjorie Dennen in 
1931; their syllabus described a system of grading move- 
ment rather than individual muscles as a modification of 
Lovett’s work with gravity and resistance.'* 

The first comprehensive text on muscle testing was 
written by Lucille Daniels, MA, PT; Marian Williams, 

PhD, PT; and Catherine Worthingham, PhD, PT, pub- 
lished in 1946.'* These three authors prepared a com- 
prehensive handbook on the subject of manual testing 
procedures that was concise and easy to use. It remains 
one of the most used texts the world over and is the 
predecessor for all subsequent editions of Daniels and 
Worthingham’s Muscle Testing including this edition. 

The Kendalls (together and then Florence alone after 
Henry’s death in 1979) developed and published work 
on muscle testing and related subjects for more than 6 
decades!*” Their first edition of Muscles: Testing and 
Function appeared in 1949.'° Earlier, the Kendalls had 
developed a percentage system ranging from 0 to 100 to 
express muscle grades as a reflection of normal; they 
reduced the emphasis on this scale, only to return to it 
in the latest edition (1993), in which Florence again 
advocated the 0 to 10 scale.'” The contributions of the 
Kendalls should not be considered as limited to grading 
scales, however. Their integration of muscle function with 
posture and pain in two separate books’®’° and then in 
one book" is a unique and extremely valuable contribution 
to the clinical science of physical therapy. 

Muscle testing procedures used in national field trials 
that examined the use of gamma globulin in the prevention 
of paralytic poliomyelitis were described by Carmella 
Gonnella, Georgianna Harmon, and Miriam Jacobs, all 
physical therapists. '8 The later field trials for the Salk 
vaccine also used muscle testing procedures.'? The epi- 
demiology teams at the Centers for Disease Control were 
charged with assessing the validity and reliability of the 
vaccine. Because there was no other method of accurately 
“measuring” the presence or absence of muscular weakness, 
manual muscle testing techniques were used. 

A group from the D.T. Watson School of Physiatrics 
near Pittsburgh, which included Jesse Wright, MD; Mary 
Elizabeth Kolb, PT; and Miriam Jacobs, PT, PhD, devised 

a test procedure that eventually was used in the field 
trials.2” The test was an abridged version of the complete 

test procedure but did test key muscles in each functional 
group and body part. It used numerical values that were 
assigned grades, and each muscle or muscle group also 
had an arbitrary assigned factor that corresponded (as 
closely as possible) to the bulk of the tissue. The bulk 
factor multiplied by the test grade resulted in an “index 
of involvement” expressed as a ratio. 

Before the trials, Kolb and Jacobs were sent to Atlanta 
to train physicians to conduct the muscle tests, but it was 
decided that experienced physical therapists would be 
preferable to maintain the reliability of the test scores.” 
Lucy Blair, then the Poliomyelitis Consultant in the 
American Physical Therapy Association, was asked by 
Catherine Worthingham of the National Foundation for 
Infantile Paralysis to assemble a team of experienced 
physical therapists to conduct the muscle tests for the 
field trials. Kolb and Jacobs trained a group of 67 therapists 
in the use of the abridged muscle test.”° This work of 
determining the presence or absence of weakness and 
paralysis had enormous impact on the eventual approval 
of the Salk vaccine. A partial list of participants was 
appended to the Lilienfeld paper in the Physical Therapy 
Review in 1954.” 

How to Use This Book 

The general principles that govern manual muscle testing 
are described in Chapter 1. Chapter 2 describes the pur- 
poses and limitations of manual muscle testing, placing 
manual muscle testing in the context of strength testing 
across settings. Chapters 3 through 7 present traditional 
and updated techniques for testing motions of skeletal 
muscle groups in the body region covered by that chapter. 
Chapter 4 reflects additional changes to practice through 
the expansion of the trunk muscle strength testing section, 
particularly trunk endurance; the pelvic floor muscle testing 
section; and the respiratory muscle section. Chapter 7 
describes methods of strength testing using equipment and 
instruments, and Chapter 8 is devoted to functional tests, 

which have become critical for successful documentation. 
Students should learn manual muscle testing within the 
context of strength testing to avoid some of the limitations 
described in Chapter 2. Chapter 9 is completely new and 
describes manual testing using a handheld dynamometer 
and includes normative values where they exist. Chapter 
10 provides case studies to describe different methods of 
strength testing in various patient populations and settings. 

For instant access to anatomical information without 
carrying a large anatomy text to a muscle testing session, 
see the Ready Reference Anatomy section on Evolve. 
This chapter is a synopsis of muscle anatomy, muscles as 
part of motions, muscle innervations, and myotomes. 

To assist readers, each muscle has been assigned an 
identification number based on a regional sequence, 
beginning with the head and face and proceeding through 
the neck, thorax, abdomen, perineum, upper extremity, 
and lower extremity. This reference number is retained 
throughout the text for cross-referencing purposes. Two 
lists of muscles with their reference numbers are presented, 
one alphabetical and one by region, to assist readers in 
finding muscles in the Ready Reference section. These 
can also be found on the inside front and back covers of 
the book. 
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Names of the Muscles 

Muscle names have conventions of usage. The most formal 
usage (and the correct form for many journal manuscripts) is 
the terminology established by the Federative International 
Committee on Anatomical Terminology (FCAT) in 1998. 
However, common usage often neglects these prescribed 
names in favor of shorter or more readily pronounced 
names. The authors of this text make no apologies for 
not keeping strictly to formal usage. Most of the muscles 
cited follow Terminologia Anatomica. Others are listed 
by the names in most common use. The alphabetical list 
of muscles (see the inside front cover of the book) gives 
the name used in this text and the correct Terminologia 
Anatomica term, when it differs, in parentheses. 

Anatomical Authorities 

The authors of this book relied on both the American and 
British versions of Gray’s Anatomy as principal references 
for anatomical information, as well as Sabotta’s Atlas of 
Human Anatomy. Because proficiency in muscle testing 
can only be achieved if the practitioner has a thorough 
understanding of anatomy, anatomical drawings are 
presented throughout the book, many in cross-section 
format, and descriptions of origins and insertions and 
functions are provided in multiple places, in detail and 
in abbreviated form. 

The Convention of Arrows in the Text 

Red arrows in the text denote the direction of movement 
of a body part, either actively by the patient or passively 
by the examiner. The length and direction of the arrow 
indicates the relative excursion of the part. 

fi i fle Pr a 
Black arrows in the text denote resistance by the 

examiner. 

a ( YP 
It is important to remind the reader that mastery of 

muscle testing, whether performed manually or using a 
strength-testing device, requires substantial practice. The 
only way to acquire proficiency in clinical evaluation 
procedures is to practice over and over again. As experience 
with patients matures over time, the nuances that can 
never be fully described for the wide variety of patients 
encountered by the clinician will become as much intuition 
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as science. Muscle testing continues to be among the 
most fundamental skills of the physical therapist and others 
who are concerned with abnormalities of human motion. 
The skill of manual muscle testing is a critical clinical tool 
that every physical therapist must not only learn but also 
master. A physical therapist who aspires to be recognized 
as a master clinician will not achieve that status without 
acquiring exquisite skills in manual muscle testing and 
precise assessment of muscle performance. 
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GRADING SYSTEM 

Grades for a manual muscle test are recorded as numeric 
ordinal scores ranging from zero (0), which represents 
no discernable muscle activity, to five (5), which represents 
a maximal or best-possible response or as great a response 
as can be evaluated by a manual muscle test. Because this 
text is based on actions (e.g., elbow flexion) rather than 
tests of individual muscles (e.g., biceps brachii), the grade 
represents the performance of all muscles contributing 
to that action. 

The numeric 0 to 5 system of grading is the most 
commonly used muscle strength scoring convention across 
health care professions. Each numeric grade (e.g., 4) can 
be paired with a word grade (e.g., good) that describes 
the test performance in qualitative, but not quantitative, 
terms. (See table.) Use of these qualitative terms is an 
outdated convention and is not encouraged because these 
terms tend to misrepresent the strength of the tested 
action. For knee extension, forces that are less than 50% 
of average and therefore not “normal” are often graded 
5.' Knee extension actions graded as 4 may generate 
forces as low as 10% of maximal expected force, a level 
clearly not described appropriately as “good.” For this 
reason, the qualitative terms have largely been removed 
from this book. The numeric grades are based on several 
factors that will be addressed later in this chapter. 

Numeric Score Qualitative Score 

5 Normal (N) 
4 Good (G) 
3 Fair (F) 
2 Poor (P) 
1 Trace activity (T) 
0 Zero (no activity) (0) 

OVERVIEW OF TEST PROCEDURES 

Break Test 

Manual resistance is applied to a limb or other body part 
after it has actively completed its test range of motion 
against gravity. The term resistance is always used to denote 
a concentric force provided by the tester that acts in 
opposition to contracting muscles. Manual resistance 
should always be applied opposite to the muscle action 
of the participating muscle or muscles. The patient is 
asked to hold the body segment at or near the end of 
the available range, or at the point in the range where 
the muscle is most strongly challenged. At this point, the 
patient is instructed to not allow the therapist to “break” 
the hold while the therapist applies manual resistance. 
For example, a seated patient is asked to flex the elbow 
to its end range (Grade 3); when that position is reached, 
the therapist applies resistance just proximal to the wrist, 
trying to “break” the muscle’s hold and thus allow the 
forearm to move downward into extension. This is called 
a break test, and it is the procedure most commonly used 
in manual muscle testing nowadays. However, there are 

2 Chapter 1 | Principles of Manual Muscle Testing 

alternatives to the break test for grading specific muscle 

actions. 

As a recommended alternative procedure, the therapist 

may choose to place the muscle or muscle group to be 

tested in the end or test position, after ensuring that the 

patient can complete the available range (Grade 3), before 

applying additional resistance. In this procedure the 
therapist ensures correct positioning and stabilization for 
the test. 

Make Test 

An alternative to the break test is the application of manual 
resistance against an actively contracting muscle or muscle 
group (i.¢., opposite the direction of the movement) that 
matches the patient’s resistance but does not overcome 
it. During the maximum contraction, the therapist gradu- 
ally, over approximately 3 seconds, increases the amount 
of manual resistance until it matches the patient’s maximal 
level. The make test is not as reliable as the break test, 
therefore making the break test the preferred test. 

Active Resistance Test 

Resistance is applied opposite the actively contracting 
movement throughout the range, starting at the fully 
lengthened position. The amount of resistance matches 
the patient’s resistance but allows the joint to move 
through the full range. This kind of manual muscle test 
requires considerable skill and experience to perform and 
is not reliable; thus its use is not recommended as a testing 
procedure but may be effective as a therapeutic exercise 
technique. 

Application of Resistance 

The principles of manual muscle testing presented here 
and in all published sources since 1921 follow the basic 
tenets of muscle length—tension relationships, as well as 
those of joint mechanics.”* In the case of the elbow flexion, 
for example, when the elbow is straight, the biceps are 
long but the lever is short; leverage increases as the elbow 
flexes and becomes maximal at 90°, where it is most 
efficient. However, as flexion continues beyond that point, 
the biceps are short and their lever arm again decreases 
in length and efficiency. 

In manual muscle testing, external force in the form of 
resistance is applied at the end of the range or after backing 
off slightly from the end of range in the direction opposite 
the actively contracting muscle. For some muscle actions 
(e.g., knee flexion), this backing off is considerable—to 
the point that the primary muscles tested are at what may 
be considered mid-range. Two-joint muscles are typically 
tested in mid-range where length-tension is more favorable. 
Ideally, all muscles and muscle groups should be tested at 
optimal length-tension, but there are many occasions in 
manual muscle testing where the therapist is not able to 
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distinguish between Grades 5 and 4 without putting the 
patient at a mechanical disadvantage. Thus the one-joint 
brachialis, gluteus medius, and quadriceps muscles are 
tested at end range and the two-joint hamstrings and 
gastrocnemius muscles are tested in mid-range. 

Critical to the accuracy of a manual muscle test are the 
location of the applied resistance and the consistency of 
application across all patients. The placement of resistance 
is typically near the distal end of the body segment to 
which the tested muscle attaches. There are exceptions 
to this rule. One exception is when resistance cannot 
be provided effectively without moving to a more distal 
body segment. In the case of shoulder and hip internal 
and external rotators, this involves applying resistance 
through the hand placed on the distal forearm or lower 
leg. Another exception involves patients with a shortened 
limb segment as in an amputation. Take for example 
a patient with a transfemoral amputation. Even if the 
patient could hold against maximum resistance while 
abducting the hip, the weight of the lower limb is so 
reduced and the therapist’s lever arm for resistance 
application is so short, that a grade of 5 cannot be 
assumed regardless of the resistance applied. A patient 
holding against maximum resistance may still struggle 
with the force demands of walking with a prosthesis. 
If a variation is used, the therapist should make a note 
of the placement of resistance to ensure consistency 
in testing. 

The application of manual resistance should never be 
sudden or uneven (jerky). The therapist should apply 
resistance with full patient awareness and in a somewhat 
slow and gradual manner, slightly exceeding the muscle’s 
force as it builds over 2 to 3 seconds to achieve the 
maximum tolerable intensity. Applying resistance that 
slightly exceeds the muscle’s force generation will more 
likely encourage a maximum effort and an accurate break 
test. 

The therapist also should understand that the weight 
of the limb plus the influence of gravity is part of the test 
response. Heavier limbs and longer limb segments put a 
higher demand on the muscles that move them. Therefore 
lifting the lower limb against gravity can demand more 
than 20% of the “normal strength” of the hip muscles.* 
In contrast, lifting the hand against gravity requires less 
than: 3% of the normal strength of the wrist muscles.* 
When the muscle contracts in a parallel direction to the 
line of gravity, it is noted as “gravity minimal.” It is 
suggested that the commonly used term “gravity elimi- 
nated” be avoided because, of course, that can never 
occur except in a zero-gravity environment. 

Weakened muscles are tested in a plane horizontal to 
the direction of gravity with the body part supported on 
a smooth, flat surface in such a way that friction force is 
minimal (Grades 2, 1, and 0). A powder board may be 
used to minimize friction. For stronger muscles that can 
complete a full range of motion in a direction against the 
pull of gravity (Grade 3), resistance is applied perpendicular 
to the line of gravity (Grades 4 and 5). Acceptable varia- 
tions to antigravity and gravity-minimal positions are 
discussed in individual test sections. 

Stabilization 

Stabilization of the body or segment is crucial to assigning 
accurate muscle test grades. Patients for whom stabilization 
is particularly important include those with weakness in 
stabilizing muscles (e.g., scapular stabilizers) when testing 
the shoulder muscles and those who are particularly strong 
in the tested muscle action. 

Numerous muscles, some seemingly remote, can 
contribute as stabilizers to the performance of tested muscle 
actions. However, muscle test performance is not meant 
to be dependent on muscles other than the prime movers. 
To give an extreme example, shoulder abduction on the 
left side should not be dependent on the trunk muscles 
on the right side. Therefore a patient with weak trunk 
muscles and limited sitting balance should be supported 
and stabilized either through patient positioning or by a 
stabilizing hand on the right shoulder. 

A muscle or muscle group that is particularly strong 
may also require patient stabilization if the full capacity 
of a muscle group is to be accurately tested.” For example, 
a tester may not be able to break the knee extension 
action of a patient who is allowed to rise off of a support 
surface during the performance of a break test. However, 
the same patient, properly stabilized by the tester, an 
assistant, or a belt during testing, may not be able to 
hold against maximum tester resistance and thus break 
the muscle contraction, indicating that the patient has a 
muscle test grade of 4 rather than 5. 

CRITERIA FOR ASSIGNING 
A MUSCLE TEST GRADE 

The grade given on a manual muscle test comprises both 
subjective and objective factors. Subjective factors include 
the therapist’s impression of the amount of resistance 
given during the actual test and then the amount of 
resistance the patient actually holds against during the 
test. Objective factors include the ability of the patient 
to complete a full range of motion or to hold the test 
position once placed there, the ability to move the part 
against gravity, or an inability to move the part at all. All 
these factors require clinical judgment, which makes manual 
muscle testing a skill that requires considerable practice 
and experience to master. An accurate test grade is 
important not only to establish the presence of an impair- 
ment but also to assess the patient’s longitudinal status 
over time. Clinical reasoning is necessary for the therapist 
to determine the causes for the lack of ability to complete 
the full range or hold the position, ascertain which is 
most applicable, and decide whether manual muscle testing 
is appropriate. 

Consistent with a typical orthopedic exam, the patient 
is first asked to perform the active movement of the muscle 
to be tested. Active movement is performed by the patient 
without therapist or mechanical assistance. This active 
movement informs the therapist of the patient’s willingness 
and ability to move the body part, of the available range 
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in the related joint(s), and whether there are limitations 
to full range, such as pain, excess tone, or weakness. 
Active movement without resistance is the equivalent of 
a Grade 3. Active movement is also called active range 
of motion and begins every muscle test to help determine 
the appropriate test position and amount of resistance to 
apply. 

Grade 5 Muscle 

A grade of 5 is assigned when a patient can complete full 
active range of motion (active movement) against gravity 
and hold the test position against maximum resistance. 
If the therapist can break a patient’s hold, a grade of 5 
should not be assigned. Overgrading will prevent the 
differentiation of a weak from a strong muscle and the 
identification of muscles that do, versus do not, get 
stronger over time. 

The wide range of “normal” muscle performance 
typically leads to a considerable underestimation of a 
muscle’s capability.° If the therapist has no experience in 
examining people who are free of disease or injury, it is 
unlikely that there will be any realistic or accurate assess- 
ment of what is Grade 5 and how much normality can 
vary. In general, a student learns manual muscle testing 
by practicing on classmates, but this provides only minimal 
experience compared with what is needed to master the 
skill. It should be recognized, for example, that the average 
therapist cannot “break” knee extension in a reasonably 
fit young man, even by doing a handstand on his leg! A 
therapist may not be aware of underestimation of a muscle 
contraction unless quantitative measures of strength are 
also used, such as in a sit-to-stand test. In addition, 
contributing to an underestimation of weakness is the 
inability of some therapists, particularly those who are 
women, to apply adequate resistance.” 

Grade 4 Muscle 

Grade 4 is assigned when the patient can complete the 
full active range of motion (active movement) against 
gravity but is not able to hold the test position against 
maximum resistance. The Grade 4 muscle “gives” or 
“yields” to some extent at the end of its test range with 
maximal or submaximal resistance. When maximal resis- 
tance results in a break or give, irrespective of age or 
disability, the muscle is assigned a grade of 4. However, 
if pain limits the ability to maximally resist the force applied 
by the therapist, evaluation of actual strength may not 
be realistic and should be documented as such. An example 
might be, “Elbow flexion appeared strong but painful.” 

The grade of 4 represents the true weakness in manual 
muscle testing procedures (pun intended). Sharrard 
counted remaining alpha motor neurons in the spinal 
cords of individuals with poliomyelitis at the time of 
autopsy.” He correlated the manual muscle test grades in 
the patient’s chart with the number of motor neurons 
remaining in the anterior horns. His data revealed that 
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more than 50% of motor neurons of a muscle group were 
absent when the muscle test grade was 4. Thus, when 
the muscle could withstand considerable but less than 
“normal” resistance, it had already been deprived of at 
least half of its innervation. Appropriate stabilization is 
critical to determine the true difference between a Grade 
5 and Grade 4 muscle. 

Grade 3 Muscle 

The Grade 3 muscle test is based on an objective measure. 
The muscle or muscle group can complete a full range 
of motion against the resistance of gravity. This is also 
called “active range.” Even if a tested muscle can move 
through the full range against gravity and tolerate a small 
or “mild” amount of resistance, the muscle is assigned a 
grade of 3. 

Direct force measurements have demonstrated that the 
force level of the Grade 3 muscle is quite low (less than 

5% of normal for knee extension), so that a much greater 
span of functional loss exists between Grades 3 and 5 
than between Grades 3 and 1.’ Beasley, in a study of 
children ages 10 to 12 years, reported the Grade 3 in 36 
muscle tests as no greater than 40% of Grade 5 (one 
motion), the rest being 30% or below normal “strength,” 
with the majority falling between 5% and 20% of a Grade 
5.'° A grade of 3 may represent a functional threshold for 
some muscle actions tested (e.g., elbow flexion during 
feeding); however, a grade 3 may fall far short of the 
functional requirements of many lower extremity muscles 
during weight-bearing activities, particularly for such 
muscle groups as the hip abductors and the ankle plantar 
flexors. The therapist must be sure that muscles given 
a grade of 3 are not in the joint “locked” position 
during the test (e.g., locked elbow when testing elbow 
extension). 

Grade 2 Muscle 

The Grade 2 is assigned to a muscle group that can move 
the body segment when gravity is minimized. This position 
is typically described as the horizontal plane of motion. 
Movement in this plane may be eased by use of a powder 
board or other such friction-eliminating surface. 

Grade 1 Muscle 

The Grade 1 is assigned when the therapist can detect 
visually or by palpation some contractile activity in one 
or more of the muscles that participate in the action being 
tested (provided that the muscle is superficial enough to 
be palpated). The therapist also may be able to see or 
feel a tendon pop up or tense as the patient tries to 
perform the movement. However, there is no movement 
of the part as a result of this contractile muscle activity. 

Patient positioning is less important in Grade | testing 
because a Grade 1 muscle can be detected in almost any 
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position. When a Grade 1 muscle is suspected, the therapist 
should passively move the part into the test position and 
ask the patient to hold the position and then relax; this 
will enable the therapist to palpate the muscle or tendon, 
or both, during the patient’s attempts to contract the 
muscle and also during relaxation. Care should be taken 
to avoid substitution of other muscles. 

Grade 0 Muscle 

The Grade 0 muscle is assigned when palpation or visual 
inspection fail to provide evidence of contraction. This 
does not mean there is no muscle activation. In fact, 
electromyography may demonstrate that some activation 
is present. Thus the phrase “no discernable contraction” 
defines a Grade 0 in this text. 

Plus (+) and Minus (—) Grades 

Use of a plus (+) or minus (—) addition to a manual 
muscle test grade is discouraged. Avoiding the use of plus 
or minus signs restricts manual muscle test grades to those 
that are meaningful, defendable, and reliable. The use of 
pluses and minuses adds a level of subjectivity that lacks 
reliability, especially for grades of 3 or greater. However, 
in the case of Grade 2, described above, there is a consider- 
able difference between the muscle that can complete full 
range in a gravity-minimized position (horizontal position) 
and the one that cannot complete full range but can 
achieve some joint movement. Therefore the grade of 
2- is acceptable when the muscle can complete partial 
range of motion in the horizontal plane, gravity minimized. 
The difference between Grade 2 and Grade 1 muscles 
represents such a broad functional difference that a minus 
sign may be important in assessing even minor improve- 
ments in function. The therapist is encouraged to supple- 
ment the grade with descriptive documentation of the 
quality of movement. 

Grade 4 Muscle Revisited 

Historically, manual muscle testing has used two grading 
systems, one using numbers (5-0) and the other using 
descriptors (normal to zero). Although both systems 
convey the same information, the authors favor the numeric 
system because it avoids use of the vague and subjective 
term “good.” As noted previously, there is no other term 
in muscle testing that is more problematic. Too often 
clinical practitioners, including therapists and physicians, 
construe the term in the literal sense, interpreting “good” 
to mean totally adequate. The assumption is that if strength 
is adequate, then the patient is not in need of 
rehabilitation. 

However, an abundance of evidence demonstrates 

unequivocally that once the therapist discerns that strength 
is no longer normal, but “good” instead, the muscle 
being tested has already lost approximately half its strength. 

Evidence of this has already been presented.'! More 
recently, Bohannon found that force values for muscles 
that were graded as “normal” ranged from 80 to 625 
Newtons,’ an astronomic difference, further demonstrating 
how difficult it is to distinguish a “good” muscle from a 
“normal” muscle. 

It is unclear how a grade of “good” became synonymous 
with achievement of a satisfactory end point of treatment. 
Certainly, the pressure from third-party payers to discharge 
patients as soon as possible does not help the therapist 
to fulfill the minimum goal of reaching “prior level of 
function.” Nonetheless, the opportunity for patients to 
recover muscle forces to the fullest extent possible is a 
primary goal of an intervention. If this goal is not met, 
patients (especially aging individuals) may lose their 
independence or find themselves incapable of returning 
to a desired sport or activity because their weak muscles 
fatigue too quickly. Athletes who have not fully recovered 
their strength before returning to a sport are far more 
likely to suffer a reinjury, potentially harming themselves 
further. 

There are numerous instances in which a Grade 4 
muscle cannot meet its functional demands. When the 
gluteus medius is Grade 4, a patient will display a positive 
Trendelenburg sign. When the soleus is Grade 4, the heel 
rise fails to occur during the latter portion of the stance 
phase of gait, which reduces gait speed.'* When the 
abdominals are Grade 4, there is difficulty stabilizing the 
pelvis while arising from bed or when sitting up, and this 
often results in back pain. Calling a muscle “good,” rather 
than Grade 4 is simply is not “good” enough. 

Repeatedly there is a disconnect between what patients 
can functionally accomplish and the manual muscle 
strength grade the therapist assigns, particularly in older 
adults. By the time a person reaches the age of 80 years, 
approximately 50% of their muscle mass and strength may 
be lost due to natural decline,'* and yet therapists often 
assign a manual muscle test grade of “normal” or “within 
normal limits” to an 80-year-old, even though the indi- 
vidual’s strength is half of what it used to be. Functionally, 
these same older adults with “normal strength” cannot 
get out of a chair without pushing on the arms or ascend 
stairs without pulling on the railing. Therefore assigning 
“within functional limits” is discouraged. Muscle grades 
that are inaccurate based on the patient’s age, gender, 
and presumed strength or because the therapist cannot 
apply adequate resistance must be avoided. 

In summary, a “good” muscle is not always “good.” 
Everything must be done to ensure accuracy in manual 
muscle test grading and to provide the intervention 
necessary to fully restore strength and function to 
“normal.” Substituting the numerical system of 5-0 for 
the subjective terms “good” or “normal” in manual muscle 
testing assessment is a start in the right direction. 

Available Range of Motion 

When muscle shortness (“tightness”), a contracture, or 
fixed joint limitation (e.g., total knee replacement) limits 
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joint range of motion, the patient performs only within 
the range available. In this circumstance, the available 
range is the full passive range of motion for that patient 
at that time, even though it is not “normal.” This is the 
range used to assign a muscle testing grade. For example, 
the normal knee extension range is 135° to 0°. A patient 
with a 20° knee flexion contracture is tested for knee 
extension strength at the end of available range or 20°. 
If this range (in sitting) can be completed with maximal 
resistance, the grade assigned would be a 5. If the patient 
cannot actively complete that range, the grade assigned 
MUST be less than 3. The patient then should be repo- 
sitioned in the side-lying position to ascertain the correct 
grade. 

SCREENING TESTS 

In the interests of time and cost-efficient care, it is often 
unnecessary to perform a muscle test on each muscle of 
the body. As the strength of various muscle actions tend 
to be correlated and internally consistent,° a systematic 
testing of a limited number of muscle actions often will 
suffice. Three screening indexes warrant mentioning. Each 
was developed with a specific diagnostic group in mind 
and allows for the calculation of a total score. The first, 
the Motricity Index, was developed for patients with stroke 
and includes three muscle actions of the upper limb 
(shoulder elevation, elbow flexion, and hand grasp) and 
three muscle actions of the lower limb (hip flexion, knee 
extension, and ankle dorsiflexion).’? The second, the Motor 
Index Score, was developed for patients with spinal cord 
injury and includes muscle actions representative of key 
nerve root levels in the upper and lower limbs (elbow 
flexion [C5], wrist extension [C6], elbow extension [C7 ], 
finger flexion [C8], small finger abduction [T1], hip flexion 
[L2], knee extension [L3], ankle dorsiflexion [L4], great 
toe extension [L5], ankle plantarflexion [$1 ]).'* The final 
test, the Medical Research Council Sum Score, was 
produced to capture weakness in patients with Guillain- 
Barré but has since been used with other patients with 
dispersed weakness. It includes most of the actions included 
in the Motricity Index (shoulder abduction, elbow flexion, 
wrist extension, hip flexion, knee extension, ankle 
dorsiflexion).!° 

Never should the therapist use phrases such as “within 
normal limits” or “within functional limits” for a screening 
exam. If a nonspecific strength exam is performed (e.g., 
through observation of tasks), documentation is better 
served with terms like “patient demonstrated no difficulty 
performing task,” rather than making a judgment about 
the degree of strength present. 

To screen for muscles that need definitive testing, 
the therapist can use a number of maneuvers to 
identify movements that do and do not need testing. 
Observation of the patient before the examination will 
provide valuable clues to muscular weakness and perfor- 
mance deficits. For example, the therapist can do the 
following: 
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e Observe the patient as he or she enters the treatment 

area to detect gross abnormalities of gait or other aspects 

of mobility. 
e Observe the patient doing other everyday activities 

such as rising from a chair, completing admission or 

history forms, or removing street clothing. 
e Ask the patient to walk on the toes and then on the 

heels. 
e Ask the patient to grip the therapist’s hand. 

Perform gross checks of bilateral muscle groups: reach- 
ing toward the floor, overhead, and behind the back. 

If evidence from the previous “quick checks” suggests 
a deficit in movement, manual muscle testing can quickly 
be focused to the region observed to be weak, in the 
interest of time and to optimize the patient’s clinic visit. 

PREPARING FOR THE MUSCLE TEST 

The therapist and the patient must work in harmony if 
the test session is to be successful. This means that some 
basic principles and inviolable procedures should be second 
nature to the therapist. 
1. The patient should be as free as possible from discomfort 

or pain for the duration of each test. It may be necessary 
to allow some patients to move or be positioned dif- 
ferently between tests. 

2. The environment for testing should be quiet and 
nondistracting. The ambient temperature should be 
comfortable for the partially disrobed patient. 

3. The testing surface must be firm to help stabilize the 
part being tested. The ideal is a firm surface, minimally 
padded or not padded at all. The firm surface will not 
allow the trunk or limbs to “sink in.” Friction of the 
surface material should be kept to a minimum. When 
the patient is reasonably mobile, a plinth is fine, but 
its width should not be so narrow that the patient is 
afraid of falling or sliding off. Sometimes a low mat 
table is the more practical choice. The height of the 
table should be adjustable to allow the therapist to use 
proper leverage and body mechanics. 

4. Patient position should be carefully organized so that 
position changes in a test sequence are minimized. 
The patient’s position must permit adequate stabiliza- 
tion of the part or parts being tested by virtue of body 
weight or with help provided by the therapist. 

5. All materials needed for the test must be at hand. 
This is particularly important when the patient is 
anxious for any reason or is too weak to be safely left 
unattended. 
Materials needed include the following: 
Manual muscle test documentation forms (Fig. 1.1) 
Pen, pencil, or computer terminal 
Pillows, towels, pads, and wedges for positioning 
Sheets or other draping linen 
Goniometer 
Stopwatch 
Specific equipment for specific functional tests 
Test forms for functional tests 



DOCUMENTATION OF MANUAL MUSCLE TESTS 

Date of Examination Examiner’s Initials 

CERVICAL 

Capital extension 

Cervical extension 

Capital flexion (chin tuck) 

Cervical flexion 

Cervical rotation 

TRUNK 

Trunk extension combined 

Lumbar . 

Thoracic 

Elevation of the pelvis 

Trunk flexion 

Trunk rotation 

Core tests 

Prone plank 

Side bridge endurance test 

Timed partial curl up test 

Isometric trunk flexor endurance test 

Front abdominal power test 

Unilateral supine bridge test 

Maximal inspiratory pressure 

Maximal expiratory pressure 

Cough 

Pelvic floor 

UPPER EXTREMITY 

Scapular abduction and upward rotation (serratus) 

Scapular elevation 

Scapular adduction (retraction) 

Scapular depression and adduction 

Scapular adduction (retraction) and 

downward rotation (rhomboids) 

Latissimus dorsi 

Shoulder flexion 

Shoulder extension 

Shoulder abduction 

Shoulder horizontal abduction (posterior deltoid) 

Shoulder horizontal adduction (pectoralis major) 

Shoulder external rotation 

Shoulder internal rotation (subscapularis) 

Elbow flexion (combined) 

Elbow extension 

Forearm supination 

Forearm pronation 

Wrist flexion combined 

Flexor carpi radialis 

Flexor carpi ulnaris 

FIGURE 1.1 Documentation of manual muscle examination. 

ice) 

Continued 
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MANUAL MUSCLE TESTS - Page 2 

Date of Examination Examiner’s Initials 

LEFT RIGHT 

wo 

Wrist extension combined 

Extensor carpi radialis longus and brevis 

Extensor carpi radialis ulnaris 

Hand 

Finger proximal phalanges (PIP) and distal phalanges 

(DIP) flexion 

Combined 

Flexor digitorum superficialis (PIP) 

Flexor digitorum profundus (DIP) 

Finger MCP extension 

Extensor digitorum 

Extensor indicis 

Extensor digiti minimi 

Finger MCP flexion 

Finger abduction 

Dorsal interossei 

Abductor digiti minimi 

Finger adduction (palmar interossei) 

Thumb MCP and IP flexion 

Flexor pollicis brevis 

Flexor pollicis longus 

Thumb MCP and IP extension 

(extensor pollicis brevis and longus) 

Thumb abduction 

Abductor pollicis longus 

Abductor pollicis brevis 

Thumb adduction (adductor pollicis) 

Opposition 

Opponens pollicis 

Opponens digiti minimi 

Grip strength 

LOWER EXTREMITY 

Hip flexion 

Hip flexion, abduction, and external rotation with 

knee flexion (sartorius) 

Hip extension combined 

Gluteus maximus 

Supine hip extensor test 

Hip abduction 

Hip adduction 

Hip external rotation 

Hip internal rotation 

Knee flexion combined 

Medial hamstring test (semitendinosus and 

semimembranosus) 

Lateral hamstring test (biceps femoris) 

FIGURE 1.1, cont'd 
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MANUAL MUSCLE TESTS - Page 3 

Date of Examination Examiner’s Initials 

Comments: 

Diagnosis 

Patient Name 

Age = Binthidate 

middle ID number 

FIGURE 1.1, cont'd 

Interpreter (if needed) 
Assistance for turning, moving, or stabilizing the patient 
Emergency call system (if no assistant is available) 
Reference material 

EXERCISES 

Specific exercises have been included in the text where 
there is electromyographic evidence of isometric maxi- 
mal voluntary contraction (MVC). Clinically, motions 
that evoke higher electromyographic activities (%MVC) 
have been interpreted to be more challenging to a 

Box 1.1 Types of Contractions 

Concentric contraction refers to the shortening of a muscle 
as it contracts, as in the bending flexion portion of a 
biceps curl or extension of the elbow when lifting an 
object overhead. Concentric activity is generally the 
primary motion of the muscle. 

Eccentric contraction refers to the lowering phase of 
an exercise, when the muscle lengthens, as in lowering 
the weight to the chest during the bench press or 

muscle.'® The following scale is used when interpreting 
%MVC: 

Low 0%-20% 

Moderate 21%-40% 

High 41%-60% 

Very high >60% 

An MVC of greater than 40% is considered necessary 
for strengthening. 

We have included higher-tier exercises as suggested 
exercises. These exercises should be considered challenging 
and used later in the rehabilitation process. The therapist 
should also be aware of the different types of contractions 
applied in muscle testing and exercise. See Box 1.1. 

17,18 

lowering oneself into a chair. Eccentric muscle activity 
is seen in many mobility-related functional tasks such 
as stepping down a curb or in gait. 

Isometric contraction refers to the creation of muscle 
tension without joint movement. Isometric contractions 
are often used when the limb is immobilized, such as 
post surgery. Isometric contractions are used with 
handheld dynamometry, discussed in Chapter 9. 
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PRIME MOVERS 

Within each chapter are tables indicating the muscles 
involved in the action that is tested (e.g., shoulder flexion). 
When prime movers have been identified for a particular 
action, they are in boldface type. For example, the prime 
mover of shoulder flexion is the anterior deltoid muscle 
and therefore this muscle is bolded. In other instances, 
there is no distinct prime mover and thus no bolding. 
The movement of back extension, for example, involves 
a dozen muscles, none of which is a prime mover, and 
therefore there are no muscle names bolded. Our intent 
in highlighting the prime movers is to help the student 
more readily understand which muscles are critical for 
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many important movements and to have a better under- 
standing of which muscles to strengthen when weakness 
is present. 

SUMMARY 

From the foregoing discussion, it should be clear that 
manual muscle testing is an exacting clinical skill. Practice, 
practice, and more practice on a variety of patient types 
create the experience essential to building the skill to an 
acceptable level of clinical proficiency, to say nothing of 
clinical mastery. 
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INTRODUCTION 

Manual muscle testing (MMT) is well recognized as the 
most common strength-testing technique in physical 
therapy and other health professions, having first appeared 
during the poliomyelitis epidemic in New England before 
World War I. A brief history of MMT is described else- 
where in this text. MMT serves unique purposes that can 
vary according to the setting in which it is practiced. 
Although MMT is an essential and foundational skill in 
a therapist’s examination techniques, it also has its limita- 
tions. Appreciating these limitations and learning how to 
compensate for them helps to make MMT as relevant 
nowadays as it was when first conceptualized during the 
polio era. 

THE EXAMINER AND THE VALUE 
OF THE MUSCLE TEST 

The knowledge and skill of the examiner determine the 
accuracy and defensibility of a manual muscle test. Specific 
aspects of these qualities include the following: 
¢ Knowledge of the location and anatomic features of 

the muscles in a test. In addition to knowing the muscle 
attachments, the examiner should be able to visualize 
the location of the tendon and its muscle in relationship 
to other tendons and muscles and other structures in 
the same area (e.g., the tendon of the extensor carpi 
radialis longus lies on the radial side of the tendon of 
the extensor carpi radialis brevis at the wrist). 

¢ Knowledge of the direction of muscle fibers and their 
alignment in each muscle. 

¢ Knowledge of the function of the participating muscles 
(e.g., synergist, prime mover, agonist, and antagonist). 

¢ Consistent use of a standardized method for each test 
procedure. 

¢ Consistent use of proper positioning and stabilization 
techniques for each test procedure. Stabilization of 
the proximal segment of the joint being tested is 
achieved in several ways. These include patient posi- 
tion (via body weight), the use of a firm surface for 
testing, patient muscle activation, manual fixation 
by the examiner, or external fixation such as with 
a belt. 

e Ability to identify patterns of substitution in a given 
test and how they can be detected based on a knowledge 
of which other muscles can be substituted for the one(s) 
being tested. 

e Ability to detect contractile activity during both contrac- 
tion and relaxation, especially in the minimally active 
muscle. 

e Sensitivity to differences in contour and bulk of the 
muscles being tested in contrast to the contralateral 
side or to normal expectations based on such things 
as body size, occupation, or leisure work. 

e Awareness of any deviation from normal values for 
range of motion and the presence of any joint laxity 
or deformity. 

© Understanding that the muscle belly must not be 

grasped at any time during a manual muscle test except 

specifically to assess muscle mass. 
e Ability to identify muscles with the same innervation 

that will ensure a comprehensive muscle evaluation 
and accurate interpretation of test results (because 
weakness of one muscle in a myotome should require 
examination of all muscles within that myotome). 

e Relating the diagnosis to the sequence and extent of 
the test (e.g., the patient with C7 complete tetraplegia 
will require definitive muscle testing of the upper 
extremity but only confirmatory tests in the trunk and 
lower extremities). 

e Ability to modify test procedures when necessary while 
understanding the influence of the modification on 
the result and thus not compromising the accuracy of 
the test result. 

¢ Knowledge of fatigue on the test results, especially 
muscles tested late in a long testing session, and a 
sensitivity to fatigue in certain diagnostic conditions 
such as myasthenia gravis or multiple sclerosis. 

¢ Understanding of the effect of sensory and perceptual 
loss on movement. The examiner also may inadvertently 
influence the test results and should be especially alert 
when testing in the following situations: 
e The patient with open wounds or other condi- 

tions requiring gloves, which may blunt palpation 
skills. 

e The patient who must be evaluated under difficult 
conditions such as in an intensive care unit with 
multiple tubes and monitors or immediately after 
surgery, the patient in traction, the patient for whom 
turning is contraindicated, the patient on a ventilator, 
and the patient in shackles or restraints. 

e The patient with limited understanding of the test, 
such as in the presence of delirium or dementia. 

e The patient who cannot assume test positions, such 
as the prone position. 

e The previous situations require careful documentation 
of the assessment of strength and any limitations 
encountered. 

e The therapist must avoid the temptation to use shortcuts 
or “tricks of the trade” before mastering the basic 
procedures, lest such shortcuts become an inexact 
personal standard. One such pitfall for the novice tester 
is to inaccurately assign a lower muscle grade when 
the patient could not successfully perform a test at a 
higher grade without actually testing in the position 
required for the lower grade. 

For example, when testing trunk flexion, a patient just 
partially clears the scapula from the surface, with the hands 
resting lightly on the side of the head (the position for 
the Grade 5 test), thus not earning a Grade 5. The 
temptation may exist to assign a grade of 4 to this test 
because the patient could not achieve a Grade 5, but this 
may “overrate” the true strength of trunk flexion unless 
the patient is actually tested with the arms across the 
chest to confirm Grade 4. 

The good clinician never ignores a patient’s comments 
and must be a good listener, not just to the patient’s 
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GA Early Kendall Examination 

Accuracy in giving examinations depends primarily on the without shifting the body or turning the part to allow other 

examiner’s knowledge of the isolated and combined actions muscles to perform the movement for the weak or paralyzed 

of muscles in individuals with normal muscles, as well as in group. The only way to recognize substitution is to know 

those with weak or paralyzed muscles. normal function and realize the ease with which a normal 

The fact that muscles act in combination permits substitution muscle performs the exact test movement. 

of a strong muscle for a weaker one. For accurate muscle Kendall HO. Kendall FP 

examinations, no substitutions should be permitted; that is, j 

the movement described as a test movement should be done 

From Care During the Recovery Period in Paralytic Poliomyelitis. Public Health Bulletin No. 242. Washington, DC: U.S. Government Printing Office; 
IDES Mor 

questions but also to the meaning of the words the USE OF MANUAL MUSCLE TESTING 
patient uses. This quality is an essential element of good IN VARIOUS CLINICAL SETTINGS 
communication and is the primary means of encourag- 
ing understanding and respect between therapist and = MMT is used in many different types of health care settings. 
patient. The patient is the best guide to a successful In this section, we will discuss some of the more common 
muscle test. applications of MMT in various clinical and therapeutic 

settings, with emphasis on the specific challenges often 
seen in each. The reader should be aware that the examples 
provided here are not limited to these settings only. 

INFLUENCE OF THE PATIENT 
ON THE TEST 

Acute Care Facilities 
The intrusion of a living, breathing, feeling person into 
the testing situation may distort scoring for the unwary — Often patients seen in acute care facilities are either acutely 
examiner. The following circumstances should be _ ill or are seen postoperatively. In the acutely ill patient, 
recognized: MMT may be used to assess the patient’s mobility status 
e There may be variation in the assessment of the true —_ to inform a discharge plan. A manual strength exam 

effort expended by a patient in a given test (reflecting | performed as part of a general assessment may provide 
the patient’s desire to do well or to seem more impaired — information concerning the amount of assistance the 
than is actually the case). patient requires and whether the patient will need an 

e The patient’s willingness to endure discomfort or pain _ assistive device. Assessing the patient’s strength to help 
may vary (e.g., the stoic, the complainer, the high — ensure safe transfers from bed to chair, to a standing 
competitor). position, or on and off the toilet is an essential part of 

e The patient’s ability to understand the test require- the acute-care patient management process. A strength 
ments may be limited in some cases because of — assessment may also inform the therapist of the patient’s 
cognitive impairments, comprehension, and language _ ability to follow directions and/or to verbalize concerns 
barriers. such as following a stroke or in the presence of delirium 

e The motor skills required for the test may be beyond __ or other cognitive loss.’” 
those possessed by some patients, making it impossible Strength assessment may also indicate the presence of 
for them to perform as requested. pain. Identifying painful muscles before asking a patient 

e Lassitude and depression may cause the patient to be __ to do an activity, such as transfers, will save time in the 
indifferent to the test and the examiner. long run (and potential embarrassment). Strength assess- 

¢ Cultural, social, and gender issues may be associ- ment can take the form of active movement followed by 
ated with palpation and exposure of a body part for resistance, such as in a manual muscle test or in a 
testing. "y 10-repetition maximum such as in a seated shoulder dip. 

e Size and available force differences between big and Strength assessment in the postoperative patient informs 
small muscles can cause considerable differences in the therapist of the integrity of the patient’s nervous 
grading, although not an individual variation (e.g., the | system. The therapist may be the first person requiring 
gluteus medius versus a finger extensor). There is a _ the patient to move actively after surgery and thus may 
huge variability in maximum torque between such _ be the first one to observe the patient’s ability to contract 
muscles, and the examiner must use care not to assign a muscle. Although this scenario is rare, clearly the 
a grade that is inconsistent with muscle size and — consequences of assuming an attitude of “all is well” and 
architecture. finding out during a transfer that the patient cannot use 
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part of an extremity would have avoidable consequences. 
Strength testing in this scenario might take the form of 
isometric contractions, especially if there are contraindica- 
tions to joint movement, suspected postsurgical pain as 
in a newly repaired fractured hip, or in restricted range 
of motion such as in a total hip arthroplasty. If testing is 
done in a manner that differs from the published directions, 
documentation should describe how the test was per- 
formed. For example, if isometric testing was done at the 
hip because the patient was not permitted to move the 
hip through full range after a hip arthroplasty, the therapist 
should document the test accordingly: “Patient’s strength 
at the hip appeared to be under volitional control, but 
pain and postsurgical precautions prevented thorough 
assessment.” 

Key movements that should be assessed for viability and 
for the strength necessary to perform transfers or gait 
include elbow extension, grip, shoulder depression, knee 
extension, hip abduction, ankle plantar, and dorsiflexion. 
Functional tests that might be useful in assessing the 
patient include gait speed, chair stand, timed transfer, or 
the timed up-and-go test (see Chapter 8). 

Special considerations tor the acute care setting may 
include the patient’s rapid fluctuations in response to 
medications, illness, or pain. Reassessment may be necessary 
when any changes in strength are documented along with 
therapist’s insights into why the changes are occurring. 
Clearly, strength gains are not possible in the short time 
a typical patient is in acute care but rather should be 
attributed to increased confidence in moving, less pain, 
better understanding of the movement to be performed, 
motor learning, and so forth. 

Acute Rehabilitation Facilities 

Strength assessment in the acute rehabilitation setting 
may be performed as a baseline assessment to determine 
progress over time and to identify key impairments that 
affect the patient’s mobility-related and other functional 
goals. Knowledge of community-based norms for mobility 
such as chair stands, distance walked, stair climbing speed, 
floor transfer ability, and gait speed will inform the 
therapist’s clinical decision-making. (See Chapter 8 for a 
more complete description of these tests.) A standard 
manual muscle test and/or a 10-repetition maximum 
strength assessment are other methods used to assess 
relevant strength abilities. 

Box 2.1 Diagnostic Criteria for Frailty 

Diagnostic criteria for frailty include the presence of 
three or more of the following*”®: 
1. Unintentional weight loss (>10 Ib in past year) 
2. General feeling of exhaustion on 3 or more days/ 

week (self-report) 
3. Weakness (grip strength in lowest 20%; <23 lb for 

women; <32 lb for men) 

As in the acute care setting, assessment of strength for 

mobility tasks is critical in the acute rehabilitation setting. 
Recognition of the importance of key muscle groups in 
specific mobility tasks, such as the plantar-flexors in gait 
speed, is key to informed clinical decision-making. 

Special considerations for the acute rehabilitation setting 
often include rapid change over a short period. Positive 
changes may be attributed to increased comfort and less 
pain, less apprehension, neuroplasticity, and a change in 
medications. Negative changes may be attributed to, for 
example, a decline in medical status, pain, or depression. 
Muscle fatigue resulting from an extended inpatient stay, 
poor fitness, and excessive sedentary behavior or general 
body fatigue related to frailty or post—acute care implica- 
tions may affect the perception of strength. The patient 
may not be able to assume a proper test position because 
of postsurgical restrictions or a lack of range of motion, 
requiring the therapist to do a strength-screen rather than 
a strength test. Although a screen may be appropriate, 
the screen cannot serve as an accurate baseline because 
of the lack of standardization. Functional testing may be 
more informative and accurate in these situations. The 
therapist should take special care to document any devia- 
tions from the standardized manual muscle test. 

Long-Term Care Facilities 

Strength testing and assessment approaches used in long- 
term care settings are similar to those used in acute 
rehabilitation. Strength assessment can serve as a baseline 
to identify key impairments that impact a patient’s fall 
risk, mobility, and other functional goals as weil as to 
determine the patient’s progress over time. Strength 
screening can be part of a required annual assessment for 
long-term residents. Strength in the form of a chair stand 
test or grip strength is a key component of the diagnosis 
of frailty and therefore can inform prognosis. 

Frailty is a common geriatric syndrome, characterized 
by decreased reserve and increased vulnerability to adverse 
outcomes, including falls, hospitalization, institutionaliza- 
tion, and death.* The majority of residents in long-term 
care are considered frail. A profound loss of strength is 
a significant cause of frailty and serves as a diagnostic 
criterion. Box 2.1 lists the diagnostic criteria for frailty. 
Based on these criteria, strength assessment and functional 
testing are essential in the examination and intervention 
of nursing home residents.* 

4. Slow walking speed (lowest 20%; <0.8 m/s) 
5. Low levels of physical activity (in kcal/week lowest 

20%; = 270 kcal/week for women; 383 kcal/week 
for men—equivalent to sitting quietly and/or lying 
down for the vast majority of the day) 
The presence of one or two of these characteristics 

indicates prefrailty. 
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Box 2.2 Community Mobility Requirements 

To be considered mobile, an individual should be able 
to: 

Walk 300 m minimum per errand” 
Perform multiple errands during one trip outside the 

home’? 
Carry a package weighing 7.5 |b'$ 
Change direction while walking'* 
Step onto and off of a curb without support 

Although a natural consequence of aging is a gradual 
loss of strength and power, it should not be assumed that 
older adults are functionally weaker than younger adults.°* 
Because MMT has a ceiling effect, the therapist should 
not have lower expectations or overestimate strength in 
frail older adults. Criteria for grading remain the same 
for people of all ages and conditions. Because the ceiling 
effect of a manual muscle test can be so profound, especially 
in regard to function, functional testing is a better option 
for strength testing and assessment in the long-term care 
setting.” Community criterion reference values exist that 
guide the long-term care therapist in establishing appropri- 
ate goals and expectations (Box 2.2). Older adults might 
be better served with strength training options such as a 
leg press or latissimus pull down rather than the cuff 
weights or a recumbent bicycle or cross-trainer that are 
commonly used in long-term care settings. The reader is 
referred to Chapter 7 for alternative strength measurement 
options. 

Home Health Setting 

Strength testing and assessment of home health patients 
for the purpose of comparison with community-based 
norms and for identification of impairments related to 
function are the primary purposes of MMT and alternative 
strength-testing methods in the home health setting. 
Returning a patient to community-based mobility may 
prevent frailty and increase the patient’s quality of life. 
Lower-extremity strength is a primary component of these 
goals. Box 2.2 lists community mobility requirements 
that can be used as outcome goals for home health patients 
and serve to guide strength testing. In addition, for a 
homebound patient to receive home health services, the 
Centers for Medicare and Medicaid Services require 
patients to demonstrate “considerable and taxing effort 
in leaving the home,” a criterion that has strength 
implications." 

Outpatient Clinics 

Strength testing and assessment in outpatient clinics 
provide essential information, such as the (1) origin of 
the patient’s pain, (2) quality of the contraction, (3) 
symmetry between sides and between the primary mover 
(agonist) and opposing muscles (antagonist), and (4) 
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Achieve a gait speed of >0.8 m/s 
Make postural transitions including stooping, lifting, 

reaching, and reorientation of head—independent 
of change in direction” 

Climb stairs 
Navigate slopes and uneven surfaces'* 
Step over objects 

weakness within a kinetic chain (body segments linked 
by a series of joints).'° This information aids in making 
a differential diagnosis. It can also provide a baseline 
assessment for changes over time, such as in the case of 
sciatica-induced weakness.'° Challenges of MMT in the 
outpatient setting can include the presence of pain that 
prohibits a full, voluntary contraction and limitations of 
range of motion, such as with retraction and upward 
rotation of the scapula at the shoulder. Although a weak 
and painful or strong and painful contraction can be 
diagnostic, it can preclude the assessment of quantitative 
strength.” The ceiling effect of MMT often prevents an 
accurate assessment of strength quantity. Therefore we 
recommend that quantitative strength be assessed through 
a 1-RM or 10-RM strength assessment when pain permits 
(see Chapter 7). It is useful to assess the noninvolved 
side to ascertain asymmetry. 

Careful differentiation is required to use strength 
assessment and testing for diagnostic (as opposed to 
quantification) purposes. For example, the Cyriax method 
(see Chapter 7) of maintaining the joint in a neutral, 
relaxed position while assessing the muscle’s contraction 
in various directions can reveal the presence of a contractile 
lesion if pain is produced during a contraction, while 
keeping noncontractile (e.g., connective tissues) elements 
on slack.” Alternatively, if the contraction is not painful 
while the joint is in a neutral position, an inert lesion, 
such as a bone spur or capsular inflammation, may be 
implicated. 

The presence of pain, joint restriction, or muscle 
tightness may prevent the patient from assuming the 
correct testing position for accurate assessment of muscle 
testing. Although this text advocates testing the muscle 
in a pain-free position, substitution patterns are more 
difficult to discern; thus specific muscle strength quantifica- 
tion may not be possible. However, the therapist can 
document asymmetric differences, points in the range 
where pain exists or does not exist, and the nature of 
the pain that may aid the therapist in making an accurate 
diagnosis. 

Another challenge for therapists in outpatient settings 
is the variety of patients seen in a given day. For example, 
a therapist may see a college or professional athlete in 
the same afternoon as a frail older adult. Careful discern- 
ment of appropriate strength testing is critical to avoid 
overestimation or underestimation of strength limitations. 
Using alternative muscle strength assessments as described 
in Chapters 7, 8, and 9 may be useful to avoid biases. 
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Wellness Clinics 

Muscle screening provides feedback to participants regard- 
ing their abilities relative to age-matched normative samples 
that may impact functional abilities such as gait speed 
and chair stands. Although individual MMT is not routinely 
done as part of a wellness screening, functional movements 
such as floor transfers, 30-second sit-to-stands, or hand 
grip tests are useful to ascertain individual fitness levels 
and risk of disability. The information gleaned from a 
wellness assessment may indicate the need for an individual- 
ized physical therapy assessment of strength to maintain 
age-based expectations of function.'*'? 

Summary 

MMT has utility in all clinical settings. However, it is 
incumbent on the therapist to judiciously use MMT when 
and if appropriate and to choose alternative forms of 
testing (e.g., functional and instrumented tests) when the 
information obtained from MMT is inadequate. 

Even though muscle testing has tremendous value, 
there are situations in which it is not particularly informa- 
tive, nor even accurate. Some of the clinical scenarios in 

which muscle testing is not optimal have already been 
discussed (e.g., in the presence of pain), but more detail 
will be presented in the next section. 

LIMITATIONS OF MANUAL 
MUSCLE TESTING 

As alluded to in Chapter 1, MMT has significant limita- 
tions. When it was first developed, the majority of patients 
seen by physical therapists had polio. The current patient 
population has changed enormously, and therapists now 
see hundreds of patient types who range in age from 
infancy to 100-plus years. Muscle examination has changed 
concomitantly to more accurately reflect the needs of 
clients, and MMT is only one approach among many. 
Each form of testing has its advantages and disadvantages, 
as will be noted in this chapter and elsewhere in this 
book. The major limitations of MMT are discussed in 
the following section. 

Population Variation 

Many articles that report MMT results are based on studies 
of normal adults or specific subpopulations such as athletes, 
sedentary individuals, and aged adults. Children occupy 
a separate category. In addition, results of muscle testing 
values are reported in individuals with a wide variety of 
pathologies, including Parkinson disease, cerebral palsy, 
and muscular dystrophy. Because of this wide variation, 
it is necessary to modify grading procedures but not testing 
technique. Thus test grades are not consistent from one 
patient population to another. Some testers also errone- 

16 Chapter 2 

ously believe that the assigned grade should be modified 

based on age or ability, which should not be the case. 

Rather, MMT interpretation requires knowledge of the 
strength requirements of the task. 

Objectivity 

MMT, as originally described, suffers from a lack of 
objectivity, where objectivity is defined as a test not 
dependent primarily on the judgment of the examiner.””” 
As discussed in Chapter 1, the ordinal scale of 5-0 as 
used to assign muscle strength grades is not objective 
and the use of qualitative terms such as good and fair 
further reduces its objectivity. However, it does provide 
useful information in a physical therapy assessment. 
Although clinical judgment is inherently a subjective 
assessment and cannot be discounted, the examination 
aspect of the patient encounter should primarily consist 
of objective measures. 

Validity and Reliability 

Reliability in MMT varies considerably according to the 
muscle tested, the experience of the examiner, the age 
of the patient, and the particular condition being tested. 
For example, in a study of 102 boys ages 5 to 15 years 
with Duchenne muscular dystrophy, intrarater reliability 
ranged from 0.65 to 0.93, with the proximal muscles 
having the higher reliability values.*? _The muscles with 
gravity minimized also had higher reliability values. In 
another study of physical therapists comparing MMT to 
handheld muscle dynamometry in 11 patients, reliability 
was high and differentiated between grades at all levels.”* 
Frese and colleagues performed a reliability study among 
therapists on the middle trapezius and gluteus medius 
muscles and found 28% to 45% agreement for the same 
grade and 89% to 92% agreement within one grade.” 
They found the reliability to be poor, as measured by 
Cohen-weighted Kappa. In muscles with grades less than 
3, reliability declined.*”” Reliability also decreased for 
the muscles of the lower extremity.”” 

Clearly, the reliability of MMT is of concern, and yet 
MMT remains an important screening and diagnostic 
tool. Therapists, especially novices, must be cautious about 
their test procedures and make vigorous attempts to 
standardize their methods. Reliability is increased by 
adhering to the same procedure for each test (for one or 
several examiners), by providing clear instructions to the 
subject, by having a quiet and comfortable environment 
for the test, and by being conscious of age or gender 
biases. To further enhance the reliability of the manual 
muscle test, the following steps should be taken?**°: 
e Ensure proper positioning so the test muscle is the 

prime mover 
e Ensure adequate stabilization of regional anatomy 

Observe the way the patient or subject assumes and 
maintains the test position 

e Use consistent timing, pressure, and position 
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e Avoid preconceived impressions regarding the test 
outcome 

e Use nonpainful contact and provide for a nonpainful 
execution of the test 

Sensitivity 

MMT also lacks sensitivity. Years ago, Beasley reported 
that patients with various neurologic disorders who had 
Grade 4 knee extension forces were only approximately 
43% of normal, rather than the traditionally defined 75% 
of normal.”* The Grade 3 group generated force that was 
only 9% of Grade 5, rather than 50% of Grade 5 usually 
assigned with MMT.” Similarly, inadequate sensitivity 
was reported for detecting muscle force deficits when 
comparing compromised muscles to those that are 
normal.”° 

Because MMT as originally described is subjective, the 
historical and conventional acceptability for reliability is 
that, among examiners, and in successive tests with the 
same examiner, the results should be within one-half of 
a grade (or within a plus or minus of the base grade).”’ 
Others maintain that within the same grade is acceptable, 
pluses and minuses notwithstanding.*° However, even if 
this historical convention is used, therapists are unreliable 
in differentiating between the grades of 4 and 5.”7° 

Diagnostic Validity 

MMT is useful in the assessment of weakness of muscles 
directly involved with pain, injury, and neuromusculo- 
skeletal disorders. The Cyriax method of discerning 
between contractile and noncontractile tissue is an example 
of muscle testing on the painful limb (see Chapter 7). In 
a study to detect differences between sides using MMT, 
the test accuracy as measured by sensitivity ranged from 
62.9% to 72.3%, increasing with more pronounced strength 
differences.”* 

Ceiling Effect 

MMT has wide variability in the range of forces reported 
for a given grade, especially in the upper range of the 
scale, further reducing its sensitivity. For example, in a 
subset of four studies, men with an MMT grade of 5 (by 
a negative break test) for knee extension and tested with 
handheld muscle dynamometry concurrently demonstrated 
values ranging from 85.4 to 650.0 Newtons.” In addition, 
the four studies analyzed represented all settings with a 
variety of patient types. The Grade 5 represented 86% of 
the range of measurable forces (Grades 3 to 5). Knee 
extension forces of more than 800 Newtons are not 
unusual for young men.** Thus MMT sufters from a 
profound ceiling effect. Many patients may be classified 
as having Grade 5 (normal) strength when they may have 
strength deficits only appreciated through more objective 
means. This ceiling effect may mask changes in strength 
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that have functional and prognostic consequences. Thus 
it is not recommended that MMT be used as an objective 
measure of progress greater than the grade of 3 because 
it is not an accurate measure. 

Another concern of the applicability of MMT is its lack 
of accuracy to identity impairments related to function, 
secondary to the curvilinear relationship. The curvilinear 
relationship suggests that strength gains are not apparent 
when greater than a relative threshold because the thresh- 
old of a strength demand for some lower level functional 
task (feeding oneself or standing from a chair) has been 
exceeded by the strength gain. Alternatively, traditional 
MMT may not reflect the great amount of strength needed 
to perform functional tasks such as getting up from the 
floor or throwing a baseball because they exceed what 
a therapist can manually resist. When a basic manual 
muscle test screen reveals test grades that are greater than 
Grade 3 and in particular, where there are side-to-side 
differences, the therapist should rely on instrumented or 
functional testing to further clarify deficiencies and to 
differentiate between Grades 4 and 5 (see Chapters 7 
through 9). 

Handheld dynamometry (HHD) may address some 
of the aspects of reliability. Because HHD records a 
number, it does not require the therapist to execute a 
judgment about a grade. However, other issues of MMT 
still hold true for HHD, such as tester strength, discussed 
later. HHD is further discussed in Chapter 9. 

Tester Strength 

A break test in MMT requires the tester to exert greater 
force than the patient in any given muscle. When testing 
a very strong individual, such as a weightlifter or football 
player, a great amount of force on the part of the tester 
is required. Women traditionally have 35% less upper 
body strength than men, and differences have been 
recorded in MMT forces between female and male testers, 
leading to an underestimation of the patient’s quadriceps 
strength.*°*! For example, Beasley found in a sample of 
female therapists testing the quadriceps in patients with 
polio that of those muscles graded a 5, the mean force 
generated was only 53% of normal subjects.” Mulroy and 
colleagues also found that female therapists overgraded 
the strength of the quadriceps in 14 of 19 patients, in 
part because of patient strength greater than the thera- 
pist’s.*’ Male therapists assigned too high a grade in 2 of 
19 patients.*’ 

Summary 

MMT appears to be both reliable and valid in the presence 
of profound weakness, such as that seen in neuromuscular 
diseases. However, when used in individuals with near- 

normal levels of strength, it is recommended that MMT 
be used as a screening tool that informs alternative forms 
of strength testing such as those described in Chapters 
Fe barat So). 
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TESTING THE MUSCLES OF THE NECK 

INTRODUCTION 

The neck musculature contributes approximately 80% 
of the mechanical stability of the cervical spine.’ Thus 
measurement of cervical muscle strength is important and 
relevant in many conditions. Trauma-related conditions 
such as whiplash or concussion, disease /disorder-related 
conditions such as rheumatoid arthritis and Guillain-Barré 
syndrome, and posture-ergonomic-related conditions make 
cervical muscle testing especially relevant.” A grade of 3 
out of 5, the strength equivalent to moving against gravity, 
is sufficient for many functional activities but may not be 
sufficient to resist trauma such as concussion or a whiplash 
movement.” Because individuals with neck pain have 
reduced maximal isometric neck strength and endurance 
capacity, individuals with cervical pain should be manually 
muscle tested.? 

Isometric measurement is the most common and reliable 
method of assessing cervical muscle strength and will be 
the only procedure discussed here. Because studies have 
shown the deep cervical flexors are inhibited more often 
in the presence of neck pain,* differentiation between 
the deep cervical flexors (longus capitus and colli), which 
are responsible for the chin tuck movement and which 
provide support of the cervical lordosis and the cervical 
joints, and superficial cervical flexors (sternocleidomastoid 
and others), responsible for cervical flexion, is important. 

Reliability of muscle testing of the cervical spine is 
affected by the lack of a fixed axis. This is particularly 
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true with regard to the location of the thoracic support 
in prone extension. Significant torque differences were 
recorded (34 to 53 N) depending on the position of 
thoracic support.® Reliability is also affected by the lack 
of bilaterality for comparison purposes and the lack of 
reference values. 

Cervical flexion muscle strength is influenced by the 
position of the neck and the maintenance of the normal 
lordosis. Cervical muscle strength is also affected by the 
position of the head over the thorax. In this text, we 
recommend resistance be placed at the mandible, below 
the chin.” 

For testing the endurance of the short neck flexors, 
a systematic review recommended lifting the head 
with a slight chin tuck (page 36) as the most reliable 
(intercorrelation coefficient [ICC] >0.85).* Individuals 
with neck pain-related disorders have significantly less 
cervical strength and endurance.’ Dvir and Prushansky 
found women’s cervical spine strength to be approximately 
40% that of men.’ 

As noted in Chapter 1, when obvious prime movers 
exist for a particular movement, they are bolded in the 
tables. However, in this chapter, there are no identifiable 
prime movers for capital extension, cervical extension, or 
capital flexion. It is the simultaneous contraction of a 
number of capital and cervical muscles that produces each 
of these three movements. 
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TESTING THE MUSCLES OF THE NECK 

Table 3.1 CAPITAL EXTENSION 

1.D. 

56 

57 

60 

58 

59 

61 

62 

63 

22 

Muscle 

Rectus capitis 
posterior major 

Rectus capitis 
posterior minor 

Longissimus capitis 

Obliquus capitis 
superior 

Obliquus capitis 
inferior 

Splenius capitis 

Semispinalis capitis 
(distinct medial part 
often named 
Spinalis capitis) 

Spinalis capitis 

Chapter 3 

Origin 

Axis (spinous process) 

Atlas (tubercle of 
posterior arch) 

T1-T5 vertebrae 
(transverse processes) 
C4-C7 vertebrae 
(articular processes) 

Atlas (transverse 
process) 

Axis lamina and 
SPINOUS Process) 

Ligamentum nuchae 
C/7-14 vertebrae 
(spinous processes) 

C7-16 vertebrae 
(transverse processes) 
C4-Cé6 vertebrae 
(articular processes) 

Medial part of 
Semispinalis capitis, 
usually blended 
inseparably 

Testing the Muscles of the Neck 

Insertion 

Occiput (inferior nuchal 
line laterally) 

Occiput (inferior nuchal 
line medially) 

Temporal bone (mastoid 
process, posterior surface) 

Occiput (between superior 
and inferior nuchal lines) 

Atlas (transverse process, 
inferior-posterior surface) 

Temporal bone (mastoid 
process) 
Occiput (below superior 
nuchal line) 

Occiput (between superior 
and inferior nuchal lines) 

Occiput (between superior 
and inferior nuchal lines) 

Function 

Capital extension 
Rotation of head to same 

side 
Lateral bending of head 
to same side 

Capital extension 

Capital extension 
Lateral bending and 
rotation of head to same 
side 

Capital extension of head 
on atlas (muscle on both 
sides) 
Lateral bending to same 
side (muscle on that side) 

Capital extension of head 
on atlas (muscle on both 
sides) 
Lateral bending to same 
side (muscle on that side) 

Capital extension 
Rotation of head to same 
side (debated) 
Lateral bending of head 
to same side 

Capital extension (muscles 
on both sides) 
Rotation of head to 
opposite side (debated) 
Lateral bending of head 
to same side 

Capital extension 



Grade 5 and Grade 4 

Position of Patient: Prone with head off end of table. 

Arms at sides. 

Instructions to Therapist: Stand at side of patient next 
to the head. Ask the patient to tilt the head up and look 
at the wall. If sufficient range is present, use one hand 
to provide resistance over the occiput (Fig. 3.3). Place 
the other hand beneath the overhanging head to support 
it should it give way with resistance. Resistance is applied 
directly opposite to the movement of the tilt of the head. 
Care should be made to test the head tilt, and not push 
the neck into flexion. 

Test: Patient extends head by tilting chin upward. (Cervi- 
cal spine is not extended.) 

Instructions to Patient: “Look at the wall. Hold it. 
Don’t let me push your head down.” 

Grading 

Grade 5: Patient completes available range of motion 
without substituting cervical extension. Tolerates maximum 
resistance. (This is a strong muscle group.) 

Grade 4: Patient completes available range of motion 
without substituting cervical extension. Tolerates strong 
to moderate resistance. 

FIGURE 3.3 

CAPITAL EXTENSION 

Grade 3 

Position of Patient: Prone with head off end of table, 

with head supported by therapist. Arms at sides. 

Instructions to Therapist: Stand at side of patient’s 
head. One hand should remain under the head to support 
it should the muscles fail to hold position (Fig. 3.4). 

Instructions to Patient: “Look at the wall.” 

Test: Patient available without 

resistance. 

completes range 

FIGURE 3.4 
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CAPITAL EXTENSION 

Grade 2, Grade 1, and Grade 0 

Position of Patient: Supine with head on table. Arms 
at sides. Note: The gravity-minimized position (side-lying) 
is not recommended for any of the tests of the neck for 
Grades 2 and below because test artifacts are created by 
the therapist in attempting to support the head without 
aiding the motion. 

Instructions to Therapist: Stand at end of table, facing 
patient. Support the head with two hands under the 
occiput. Place fingers just at the base of the occiput, 
lateral to the vertebral column to attempt to palpate the 
capital extensors (Fig. 3.5). Head may be slightly lifted 
off table to reduce friction. 

Test: Patient attempts to look back toward therapist 
without lifting the head from the table. 

Instructions to Patient: “Tilt your chin up,” OR “Look 
back at me. Don’t lift your head.” 

FIGURE 3.5 
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Grading 

Grade 2: Patient completes limited range of motion. 

Grade 1 and Grade 0: Palpation of the capital extensors 
at the base of the occiput just lateral to the spine may be 
difficult; the splenius capitis lies most lateral, and the recti 
lie just next to the spinous process. 

Clinicians are reminded that the head is a heavy object 
suspended on thin support (neck). Whenever testing 
with the patient’s head off the table, care should be 
used for the patient’s safety and comfort, especially 
in the presence of suspected or known neck or trunk 
weakness or pain. Always place a hand under the 
head to be ready to support it should the muscles 
give way. 



FLEXION 
CAPITAL FLEXION AND EXTENSION 

OFTHE 
HEAD AND NECK 

CERVICAL FLEXION 
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CAPITAL EXTENSION 

CERVICAL EXTENSION 
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CERVICAL EXTENSION 
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INNERVATION 

FIGURE 3.7 
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cervicis 
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Longissimus 
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Range of Motion 
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Table 3.2 CERVICAL EXTENSION 

CERVICAL EXTENSION 

AD. 

64 

65 

66 

67 

124 

68 

Others 

69 

70 

71 

94 

127 

Muscle 

Longissimus cervicis 

Semispinalis cervicis 

lliocostalis cervicis 

Splenius cervicis 
(may be absent or 
variable) 

Trapezius (upper) 

Spinalis cervicis 
(often absent) 

Interspinales cervicis 

Intertransversarii 

cervicis 

Rotatores cervicis 

Multifidi 

Levator scapulae 

Origin 

T1-15 vertebrae (transverse 
processes) variable 

T1-T5 vertebrae (transverse 
processes) 

Ribs 3-6 (angles) 

13-16 vertebrae (spinous 
processes) 

Occiput (protuberance 
and superior nuchal line, 
middle 1/3) 
C7 (spinous process) 
Ligamentum nuchae T1-T12 
vertebrae occasionally 

C7 and often Cé vertebrae 
(spinous processes) 
Ligamentum nuchae 
T1-T2 vertebrae 
occasionally 

Insertion 

C2-Cé6 vertebrae 
(transverse 
processes) 

Axis (C2)-C5 
vertebrae (spinous 
processes) 

C4-Cé6 vertebrae 
(transverse 
processes, posterior 
tubercles) 

C1-C3 vertebrae 
(transverse 
processes) 

Clavicle (posterior 
border of lateral  ) 

Axis (spinous 
process) 
C2-C3 vertebrae 
(spinous processes) 

Function 

Extension of the cervical 
spine (both muscles) 
Lateral bending of cervical 
spine to same side (one 
muscle) 

Extension of the cervical 
spine (both muscles) 
Rotation of cervical spine 
to opposite side (one 
muscle) 
Lateral bending to same 
side 

Extension of the cervical 
spine (both muscles) 
Lateral bending to same 
side (one muscle) 
Depression of ris 
(accessory) 

Extension of the cervical 
spine (both muscles) 
Rotation of cervical spine 
to same side (one muscle) 
Lateral bending to same 
side (one muscle) 
Synergistic with opposite 
sternocleidomastoid 

Elevation of scapula and 
shoulder (“shrugging”) (with 
levator scapulae) 
Rotation of head to 
opposite side (one) 
Capital extension (both) 
Cervical extension (both) 

Extension of the cervical 
spine 
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CERVICAL EXTENSION 

The cervical extensor muscles are limited to those that 
act only on the cervical spine with motion centered in 
the lower cervical spine. 

Grade 5 and Grade 4 

Position of Patient: Prone with head off end of table. 

Arms at sides. 

Instructions to Therapist: Stand next to patient’s head. 
Ask patient to lift head while looking at the floor. If 
sufficient range is present, place hand applying resistance 
over the parieto-occipital area (Fig. 3.8). Place the other 
hand below the chin, ready to support the head should 
it suddenly give way during resistance. 

Test: Patient extends neck without tilting chin. 

Instructions to Patient: “Push up on my hand but keep 
looking at the floor. Hold it. Don’t let me push it down.” 

Grading 

Grade 5: Patient holds test position against strong 
resistance. Therapist must use clinical caution because 
these muscles are not strong, and their maximum effort 
will not tolerate much resistance. 

Grade 4: Patient holds test position against moderate 
resistance. 

FIGURE 3.8 
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Grade 3 

Position of Patient: Prone with head off end of table. 

Arms at sides. 

Instructions to Therapist: Stand next to patient’s head 
with one hand supporting (or ready to support) the 
forehead (Fig. 3.9). 

Test: Patient extends neck without looking up or tilting 
chin. 

Instructions to Patient: “Lift your forehead from my 
hand, and keep looking at the floor.” 

Grading 

Grade 3: Patient holds test position but without 
resistance. 

FIGURE 3.9 



Alternate Test for Grade 3: This test should be used 
if there is known or suspected trunk extensor weakness. 
The therapist should always have an assistant participate 
to provide protective guarding under the patient’s fore- 
head. This test is identical to the preceding Grade 3 test 
except that stabilization is provided by the therapist to 
the upper back by the forearm placed over the upper back 
with the hand cupped over the shoulder (Fig. 3.10). 

FIGURE 3.10 

CERVICAL EXTENSION 

Grade 2, Grade 1, and Grade 0 

Position of Patient: Supine with head fully supported 
by table. Arms at sides. 

Instructions to Therapist: Stand at the patient’s head, 
facing the patient. Place both hands under the patient’s 
head. Fingers should be distal to the occiput at the level 
of the cervical vertebrae for palpation (Fig. 3.11). Ask 
patient to push head into therapist’s hands without any 
ult. 

Test: Patient attempts to extend neck into table without 
tilt. 

Instructions to Patient: “Try to push your head down 
into my hands.” 

Grading 

Grade 2: Patient moves through small range of neck 
extension by pushing into therapist’s hands. 

Grade 1: Contractile cervical 
extensors. 

activity palpated in 

Grade 0: No discernable palpable muscle activity. 

Patients with a loss of cervical lordosis may have weak 
cervical extensors. Weak cervical extensors may be a 
risk factor for cervical kyphosis and dropped head 
syndrome.’ 

FIGURE 3.11 
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CAPITAL FLEXION (CHIN TUCK 

(Deep cervical flexors) 

Rectus capitis To: Rectus capitis 
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Rectus capitis 
anterior C3 
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Longus 
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To: Longus capitis 
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FIGURE 3.12 

FIGURE 3.13 

Range of Motion 

O°=10°=35* 

Table 3.3 CAPITAL FLEXION (CHIN TUCK) 

I.D. Muscle Origin : Insertion Function 

72 Rectus capitis Atlas (Cl) transverse Occiput (basilar Capital flexion 
anterior process and lateral part, inferior surface) Stabilization of atlanto-occipital joint 

mass 

73 Rectus capitis Atlas (transverse Occiput Gugular Lateral bending of head to same side 
lateralis process) process) (obliquity of muscle) 

Assists head rotation 
Stabilizes atlanto-occipital joint (assists) 
Capital flexion 

74 Longus capitis C3-Cé vertebrae Occiput (basilar Capital flexion 
(transverse processes, part, inferior surface) Rotation of head to same side (muscle 
anterior tubercles) of one side) 

Others 

Suprahyoids 

75 Mylohyoid 

76 Stylohyoid 

77 Geniohyoid 

78 Digastric 
a Se ee en Ee 
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CAPITAL FLEXION (CHIN TUCK) 

The deep cervical flexors (longus capitus, rectus capitis, 
and colli) achieve capital flexion (nodding), called the 
chin tuck movement. Only the longus capitis can affect 
the cervical motion segments other than the atlanto-occiput 
joint (cranium-C1) because of its inferior attachment to 
the C6 vertebrae.* The weight of the head makes up 4 
of the body weight. Forward head posture (FHP) is the 
structural forward positioning of the head away from the 
centerline of the body. In FHP the upper cervical vertebrae 
are extended and the lower cervical vertebrae are flexed, 
increasing the force required to support the head by up 
to 3.6 times more than normal aligned posture.’ In FHP, 
there is increased extension in the upper cervical joints 
and at the atlanto-occipital joint, causing the face to be 

FIGURE 3.14 

(Deep cervical flexors) 

directed upward (Fig. 3.14). FHP results in lengthening 
of the lower cervical flexors (sternocleidomastoid, scalenes, 
and upper cervical [capital] extensors) and results in 
weakness of the lower cervical extensors and upper capital 
flexors. FHP is commonly accompanied by thoracic 
kyphosis. 

Starting Position of Patient: In all capital and cervical 
tests the patient is supine with head supported on table 
and arms at sides (Fig. 3.15). The therapist should be 
aware of and avoid the tendency of the patient to use the 
thoracic extensors to retract the head and cervical spine 
when exerting a maximal effort during the testing of 
capital flexion. 

FIGURE 3.15 
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CAPITAL FLEXION (CHIN TUCK) 

(Deep cervical flexors) 

Grade 5 and Grade 4 

Position of Patient: Supine with head on table. Arms 
at sides. 

Instructions to Therapist: Stand at head of table, facing 
patient. Ask patient to tuck chin. If sufficient range is 
present, place cupped hands under the mandible to 
give resistance against chin tuck, in an upward direction 
(Fig. 3.16). 

Test: Patient tucks chin into neck without raising head 
from table. No motion should occur at the cervical spine. 
This is the motion of nodding. 

Instructions to Patient: “Tuck your chin and keep your 
eyes straight ahead. Don’t lift your head from the table. 
Hold it. Don’t let me lift up your chin.” 

Grading 

Grade 5: Patient holds test position against maximum 
resistance. These are very strong muscles. 

Grade 4: Patient holds test position against moderate 
resistance. 

FIGURE 3.16 
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Grade 3 

Position of Patient: Supine with head supported on 
table. Arms at sides. 

Instructions to Therapist: Stand at head of table, facing 
patient. 

Test: Patient tucks chin without lifting head from table 
(Hig3:17 ); 

Instructions to Patient: “Tuck your chin into your neck. 
Do not raise your head from the table.” 

FIGURE 3.17 



CAPITAL FLEXION (CHIN TUCK) 

Grading 

Grade 3: Patient completes available range of motion 
without resistance. 

Grade 2, Grade 1, and Grade 0 

Position of Patient: Supine with head supported on 
table. Arms at sides. 

Instructions to Therapist: Stand at head of table, facing 
patient. Ask patient to tuck chin. 

Test: Patient attempts to tuck chin (Fig. 3.18). 

Instructions to Patient: “Try to tuck your chin into 
your neck.” 

(Deep cervical flexors) 

Grading 

Grade 2: Patient completes partial range of motion. 

Grade 1: Contractile activity may be palpated in capital 
flexor muscles, but it is difficult and only minimal pressure 
should be used. 

Grade 0: No discernable contractile activity. 

FIGURE 3.18 

e Palpation of the small and deep muscles of capital 
flexion may be a difficult task unless the patient has 
severe atrophy. It is NOT recommended that much 
pressure be put on the neck when palpating. Remem- 
ber that the ascending arterial supply (carotids) to 
the brain runs quite superficially in this region. 

e In patients with lower motor neuron lesions that do 
‘not affect the cranial nerves, capital flexion is seldom 
lost. This can possibly be attributed to the suprahyoid 
muscles, which are innervated by cranial nerves. 
Activity of the suprahyoid muscles can be identified 
by control of the floor of the mouth and the tongue, 
as well as by the absence of impairment of swallowing 
or speech."° 

e When capital flexion is impaired or absent, there usually 
is serious impairment of the cranial nerves, and 

other central nervous system (CNS) signs are present 
that may require further evaluation by the physical 
therapist. 

e Endurance as assessed by the cervical flexion test 
(Grade 3) decreases approximately 4% with neck pain 
(40 seconds compared with 23 seconds).”! 

e Forward head posture (FHP) is common in individuals 
who sit for long periods viewing a screen or who use 
bifocals (see Fig. 3.14). 

e Capital flexors may be weak in the presence of FHP. 
e For those patients with a thoracic kyphosis that is 

severe enough to prevent the head from lying flat or 
even reaching the table in a supine position, use pillows 
to support the cervical area so the head is in line with 
the trunk, before testing. 
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CERVICAL FLEXION 

Scalenus 

medius Sternocleido- 

mastoid 

Scalenus (sternal head) 
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FIGURE 3.19 
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FIGURE 3.20 

Range of Motion 

0°-35°-45° 
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Table 3.4 CERVICAL FLEXION 

CERVICAL FLEXION 

1.D. Muscle 

83 Sternocleidomastoid 

Sternal head 

Clavicular head 

79 Longus colli 

Superior oblique 
head 

Vertical 

intermediate head 

Inferior oblique 
head 

80 Scalenus anterior 

Others 

81 Scalenus medius 

82 Scalenus posterior 

Infrahyoids 

84 Sternothyroid 

85 = Thyrohyoid 

86  Sternohyoid 

87, Omohyoid 

Origin 

Sternum (Manubrium, 
upper anterior aspect) 

Clavicle (medial - 
superior and anterior 
surfaces) 

C3-C5 vertebrae 
(transverse processes) 

T1-T3 and CS5-C7 
vertebrae (anterolateral 
bodies) 

T1-T3 vertebrae (anterior 
bodies) 

C3-Cé6 vertebrae 
(transverse processes, 
anterior tubercles) 

Insertion 

Two heads blend in 
middle of neck; occiput 
(lateral half of superior 
nuchal line) 

Temporal bone (mastoid 
process) 

Atlas (anterior arch, 
tubercle) 

C2-C4 vertebrae 
(anterior bodies) 

C5-Cé6 vertebrae 
(transverse processes, 
anterior tubercles) 

First rib (scalene 
tubercle) 

Function 

Flexion of cervical spine 
(both muscles) 
Lateral bending of cervical 
spine to same side 
Rotation of head to 
opposite side 
Capital extension (posterior 
fibers) 
Raises sternum in forced 
inspiration 

Cervical flexion (weak) 
Cervical rotation to 
opposite side (inferior 
oblique head) 
Lateral bending (superior 
and inferior oblique heads) 
(debatable) 

Flexion of cervical spine 
(both muscles) 
Elevation of 1st rib in 
inspiration 
Rotation of cervical spine to 
same side 
Lateral bending of neck to 
same side 

5 
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CERVICAL FLEXION 

The muscles of cervical flexion act only on the cervical 
spine with the center of motion in the lower cervical 
spine.'** The chin tuck position should be gently main- 
tained when testing the cervical flexors, avoiding an 
extended cervical position. 

Grade 5 and Grade 4 

Position of Patient: Supine, with knees bent and feet 
on the table (hook lying), arms at side.* 

Instructions to Therapist: Stand next to patient’s head. 
Ask patient to lift head from table while keeping chin 
tucked in with eyes towards ceiling. If sufficient range is 
present, place hand for resistance on patient’s chin. Use 
two fingers only (Fig. 3.21). Other hand may be placed 
on chest, but stabilization is needed only when the trunk 
is weak. 

FIGURE 3.21 
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Test: Patient lifts head straight up from the table while 
tucking the chin. This is a weak muscle group. 

Instructions to Patient: “Lift your head from the table; 
keep your chin tucked in while looking at the ceiling. Do 
not lift your shoulders off the table. Hold it. Don’t let 
me push your head down.” 

Grading 

Grade 5 and Grade 4: Patient able to hold test position 
against moderate to mild two-finger resistance. 

Grade 3 

No resistance is used (Fig. 3.22). 

FIGURE 3.22 



Grade 2, Grade 1, and Grade 0 

Position of Patient: Supine with head supported on 
table. Arms at sides. 

Instructions to Therapist: Stand at head of table, facing 
patient. Fingers of both hands (or just the index finger) 
are placed over the sternocleidomastoid muscles to palpate 
them during test (Fig. 3.23). 

Test: Patient rolls head from side to side, keeping head 
supported on table. 

Instructions to Patient: “Roll your head to the left and 
then to the right.” 

FIGURE 3.23 

CERVICAL FLEXION 

Grading 

Grade 2: Patient completes partial range of motion. The 
right sternocleidomastoid produces the roll to the left 
side and vice versa. 

Grade 1: No motion occurs, but contractile activity in 
one or both muscles can be detected. 

Grade 0: No motion and no discernable contractile activity 
detected. 

Substitution 

The platysma may attempt to substitute for weak or 
absent sternocleidomastoid muscles during cervical or 
combined flexion. When this occurs, the corners of 
the mouth pull down; a grimacing expression or “What 
do I do now?” expression is seen. Superficial muscle 
activity will be apparent over the anterior surface of 
the neck, with skin wrinkling. 

45 
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FLEXION TO ISOLATE A SINGLE STERNOCLEIDOMASTOID 

Range of Motion 

0°-45°-55° 

This test should be performed 
when there is suspected or 
known asymmetry of strength 
in these neck flexor muscles. 

Grade 5, Grade 4, and Grade 3 

Position of Patient: Supine with head supported 
on table and turned to the left (to test right 
sternocleidomastoid). 

Instructions to Therapist: Stand at head of table, facing 
patient. Ask patient to raise head from table while keeping 
the head turned. If sufficient range is present, place hand 
applying resistance on the temporal area above the ear 
for resistance (Fig. 3.24). 

Test: Patient raises head from table. 

Instructions to Patient: “Lift up your head, keeping 
your head turned.” 

Grading 

Grade 5: Patient holds test position and tolerates strong 
resistance. This is usually a very strong muscle group. 

Grade 4: Patient holds test position and tolerates moderate 
resistance. 

Grade 3: Patient completes available range of motion 
without resistance (Fig. 3.25). 

FIGURE 3.24 
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Grade 2, Grade 1, and Grade 0 

Position of Patient: Supine with head supported on 
table. 

Instructions to Therapist: Stand at head of table, facing 
patient. Place fingers (or just the index finger) alongside 
the head and neck to palpate the sternocleidomastoid 
(see Hig. 3.23). 

Test: Patient attempts to roll head from side to side. 

Instructions to Patient: “Roll your head to the right 
and then to the left.” 

Grading 

Grade 2: Patient completes partial range of motion. 

Grade 1: Palpable contractile activity in the sternoclei- 
domastoid but no movement. 

Grade 0: No discernable contractile activity. 

FIGURE 3.25 



Fifty percent of the total neck rotation occurs between 
Cl and C2, before any rotation is noted throughout the 
remainder of the cervical spine.'* 

Grade 5, Grade 4, and Grade 3 

Position of Patient: Supine with cervical spine in neutral 
(flexion and extension). Head supported on table with 
face turned as far to one side as possible. Sitting is an 
alternative position for all tests. 

Instructions to Therapist: Stand at head of table, facing 
patient. Ask patient to turn head. If sufficient range exists, 
place hand for resistance over the side of the patient’s 
head above the ear (Grades 5 and 4 only). 

Test: Patient rotates head to neutral against maximum 
resistance. This is a strong muscle group. Repeat for 
rotators on the opposite side. Alternatively, have patient 
rotate from left side of face on table to right side of face 
on table. 

Instructions to Patient: “Turn your head and face the 
ceiling. Hold it. Do not let me turn your head back.” 

Grading 

Grade 5: Patient holds test position with maximum 
resistance. 

Grade 4: Patient holds test position with moderate 
resistance. 

Participating Muscles in Cervical 

CERVICAL ROTATION 

Grade 3: Patient rotates head through full available range 
of motion to both right and left without resistance. 

Grade 2, Grade 1, and Grade 0 

Position of Patient: Sitting. Trunk and head may be 
supported against a high-back chair. Head posture neutral. 

Instructions to Therapist: Stand directly in front of 
patient. 

Test: Patient tries to rotate head from side to side, keeping 
the neck in neutral (chin neither down nor up). 

Instructions to Patient: “Turn your head as far to the 
left as you can. Keep your chin level.” Repeat for turn 
to right. 

Grading 

Grade 2: Patient completes partial range of motion. 

Grade 1: Contractile activity in sternocleidomastoid or 
posterior muscles visible or evident by palpation. No 
movement. 

Grade 0: No discernable palpable contractile activity. 

Rotation 

(with 

56. Rectus capitis posterior major 
59. Obliquus capitis inferior 
60. Longissimus capitis 
61. Splenius capitis 
62. Semispinalis capitis 
65. Semispinalis cervicis 
67. Splenius cervicis 
71. Rotatores cervicis 

reference numbers) 

74. Longus capitis 
79. Longus colli (Inferior oblique) 
80. Scalenus anterior 
81. Scalenus medius 
82. Scalenus posterior 
83. Sternocleidomastoid 

124. Trapezius 
127. Levator scapulae 
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TRUNK EXTENSION 

Tid ial 

T2 
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j 

Longissimus thoracis t T4 
lliocostalis thoracis = 

Spinalis thoracis 
Semispinalis thoracis ‘ 
Multifidus T6 
lliocostalis lumborum f 

lliocostalis 

thoracis 

Longissimus 
thoracis 

All muscles are bilateral 
and segmental; { 
Innervation is variable 
along thoracic, lumbar, | 
and even cervical spine 
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thoracis { 

L1 

lliocostalis lumborum 

FIGURE 4.2 

POSTERIOR Range of Motion 
FIGURE 4.1 

Thoracic spine: 0°-10° 

Lumbar spine: 0°-25° 
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Table 4.1 TRUNK EXTENSION 

TRUNK EXTENSION 

1.D. 

89 

90 

91 

92 

93 

94 

95, 96 

97, 98 

99 

Muscle 

lliocostalis 
thoracis 

lliocostalis 

lumborum 

Longissimus 
thoracis 

Spinalis 
thoracis (often 
indistinct) 

Semispinalis 
thoracis 

Multifidi 

Rotatores 
thoracis and 
lumborum (11 
pairs) 

Interspinales 
thoracis and 

lumborum 

Intertransversarii 

thoracis and 

lumborum 

Origin 

Ribs 12 up to 7 (angles) 

Tendon of erector spinae (anterior 
surface) Thoracolumbar fascia 
Sacrum (posterior surface) 

Tendon of erector spinae 
Thoracolumbar fascia 
L1-L5 vertebrae (transverse processes) 

Common tendon of erector spinae 
T11-L2 vertebrae (spinous processes) 

16-T10 vertebrae (transverse processes) 

Sacrum (posterior) 
Erector spinae (aponeurosis) 
lium (oosterior superior iliac spine (PSIS)) 
and crest 
Sacroiliac ligaments 
L1-L5 vertebrae (mamillary processes) 
11-112 vertebrae (transverse processes) 
C4-C7 vertebrae (articular processes) 

Thoracic and lumbar vertebrae (transverse 
processes; variable in lumbar area) 

Thoracis: (8 pairs) between spinous 
processes of contiguous vertebrae (11-12; 
1 2H dl el 2) 
Lumborum: (4 pairs) lie between the 5 
lumbar vertebrae; run between spinous 
Processes 

Thoracis: (3 pairs) between transverse 
processes of Contiguous vertebrae T10-T12 
and L1 
Lumborum: medial muscles; accessory 
process of superior vertebra to mamillary 
process of vertebra below 
Lateral muscles: fill soace between 
transverse processes of adjacent 
vertebrae 

Insertion 

Ribs 6 up to 1 
(angles) 
C7 vertebra 
(transverse 
processes) 

Ribs 6-12 (angles) 

T1-T12 vertebrae 

(transverse 
processes) 
Ribs 2-12 
(between angles 
and tubercles) 

11-14 vertebrae 
(or to T8, spinous 
processes) 
Blends with 
semispinalis 
thoracis 

Cé6-T4 vertebrae 

(spinous 
processes) 

Spinous processes 
of higher 
vertebra (may 
span 2-4 
vertebrae before 
inserting) 

Next highest 
vertebra (lower 
border of lamina) 

See origin 

See origin 

Function 

Extension of the spine 
Lateral bending of spine 
to same side (muscles 
on one side) 
Depression of ribs 

Extension of spine 
Lateral bending of spine 
(muscles on one side) 
Depression of ribs 
(lumborum) 
Elevation of pelvis 

Extension of the spine 
Lateral bending of spine 
to same side (muscles 
on one side) 
Depression of ribs 

Extension of spine 

Extension of thoracic 

spine 

Extension of spine 
Lateral bending of spine 
(muscle on one side) 
Rotation to opposite 
side 

Extension of thoracic 
spine 
Rotation to opposite 
side 

Extension of spine 

Extension of spine 
(muscles on both sides) 
Lateral bending to 
same side (muscles on 
one side) 
Rotation.to opposite 
side 

Continued 
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TRUNK EXTENSION 
nn 

Table 4.1 TRUNK EXTENSION—cont’d 

1.D. Muscle Origin 

100 Quadratus 
lumborum 

lium (crest and inner lip) 
lliolumbar ligament 

Other 

182 Gluteus 
maximus 
(provides 
stable base 
for trunk 
extension by 
stabilizing 
pelvis) 

The importance of the spinal extensors’ muscle 
strength and endurance cannot be understated as they 
are implicated in back pain, posture, gait, and balance. 
For example, in older women with severely flexed posture 
(>8 cm from occiput to the wall), spinal extensors and 
abdominal muscles were found to be weaker than in those 
with mildly flexed posture.’ Exaggerated posture such as 
extreme lumbar lordosis and pelvic tilt produce greater 
muscle activity than more optimal postures, and this has 
implications for physical therapists.? Muscle function 
in the neutral zone is important for stabilization of 
the lumbar spine.** Stabilization occurs through global 
and local stabilizers. The global stabilizers include the 
rectus abdominis and external oblique muscles. These 
muscles generate a large amount of muscle torque across 
multiple segments and thus control movement. The local 
stabilizers are the deeper muscles, having their origin or 
insertion directly or indirectly on the lumbar vertebrae. The 

Insertion Function 

]2th rib ower Elevation of pelvis 
border) (weak in contrast to 
L1-L4 vertebrae lateral abdominals) 
(transverse Extension of lumbar 

processes) spine (muscles on both 

T12 vertebra sides) 
(body) Inspiration (via 

stabilization of lower 
attachments of 
diaphragm) 
Fixation of lower 
portions of diaphragm 
for prolonged 
vocalization, which 
needs sustained 
expiration. 
Lateral bending of 
lumbar spine to same 
side (pelvis fixed) 
Fixation and depression 
of 12th rib 

transversus abdominis (TA) and lumbar multifidus (LM) 
are examples of local stabilizers. This system of global and 
local stabilizers is what provides lumbar stabilization.** 
The trunk flexors and extensors form the core, discussed 
later in this chapter. 

The trunk extensor muscles are tonic or endurance- 
type muscles, whereas the trunk flexors are phasic or 
shorter acting. Therefore the maximum force generated 
per unit of muscle mass should be expected to be dif- 
ferent (less for the extensors). Trunk extensor endur- 
ance has a role in upright posture and back pain, and 
therefore it may be informative to test the patient’s 
hold time. Trunk extensors also control trunk flexion 
eccentrically. 

Although there is no “gold standard” for the testing 
of spinal and abdominal muscles, this chapter includes 
methods from the best evidence as well as time-honored 
traditional methods. 
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LUMBAR SPINE 

Grade 5 and Grade 4 

Position of Patient: Prone with fingertips lightly touching 
the side of the head and shoulders in external rotation. 
The weight of the head and arms essentially substitutes 
for manual resistance by therapist. 

Instructions to Therapist: Stand at side of patient to 
stabilize the lower extremities just above the ankles (Fig. 
4.3). Ask patient to raise the head, shoulders, and chest 
off the table. Observe quality of motion and ability to 
hold the test position. 

Alternate Instructions to Therapist: If the patient has 
hip extension weakness, stabilize the lower extremities by 
leaning firmly over the patient’s body, placing both arms 
across the pelvis. Note it is very difficult to stabilize the 
pelvis adequately in the presence of significant hip weakness 
(Fig. 4.4). 

Test: Patient extends the lumbar spine until the entire 
trunk is raised from the table (clears umbilicus). 

Instructions to Patient: “Raise your head, shoulders, 
and chest off the table. Come up as high as you can.” 

FIGURE 4.3 

Chapter 4 

TRUNK EXTENSION 

Grading 

Grade 5 and Grade 4: The therapist distinguishes between 
Grade 5 and Grade 4 muscles by observing the response 
(see Figs. 4.3 and 4.4). The Grade 5 muscle holds the 
test position like a lock; the Grade 4 muscle yields slightly 
because of an elastic quality at the end point. The patient 
with Grade 5 back extensor muscles can quickly come to 
the end position and hold that position without evidence 
of significant effort. The patient with Grade 4 back exten- 
sors can come to the end position but may waver or 
display some signs of effort. 

FIGURE 4.4 
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TRUNK EXTENSION 

THORACIC SPINE 

Grade 5 and Grade 4 

Position of Patient: Prone with head and upper trunk 
extending off the table from about the nipple line (Fig. 
4.5). Hands should be lightly touching the side of the 
head, with shoulders and elbows retracted (back). 

Instructions to Therapist: Stand at side of patient to 
stabilize the lower limbs at the ankle. Ask patient to raise 
the head, shoulders, and chest to table level. (Note that 

this position does not require the same degree of stabiliza- 
tion as the lumbar extension tests.) 

Test: Patient extends thoracic spine to the horizontal. 
This will be a small movement, and care should be made 

not to extend farther than horizontal because further 
movement will cause lumbar extension. 

Instructions to Patient: “Raise your head, shoulders, 
and chest to table level.” 

FIGURE 4.5 

46 Chapter 4 

Grading 

Grade 5: Patient raises the upper trunk quickly from its 
forward flexed position to the horizontal with ease and 
no sign of exertion (Fig. 4.6). 

Grade 4: Patient raises the trunk to the horizontal level 

but does so with obvious effort. 

Grade 3 

Note: Grades 3, 2, 1, and 0 tests involve the lumbar and 
thoracic spine. 

Position of Patient: Prone with arms at sides. 

Instructions to Therapist: Stand at side of table. Stabilize 
lower extremities just above the ankles. 

Test: Patient extends spine, raising body from the table 
so that the umbilicus clears the table (Fig. 4.7). 

Instructions to Patient: “Raise your head, arms, and 
chest from the table as high as you can.” 

FIGURE 4.6 

FIGURE 4.7 
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TRUNK EXTENSION 

Grade 3: Patient completes the range of motion. e When the spinal extensors are strong and the hip 
extensors are weak, the patient can hyperextend the 
low back (increased lordosis) but will be unable to 

Grade 2, Grade 1, and Grade 0 raise the trunk without very strong stabilization of 
the pelvis by the therapist. 

These tests are identical to the Grade 3 test except that e If the neck extensors are weak, the therapist may 

the therapist must palpate the lumbar and thoracic spine need to support the head as the patient raises the 
extensor muscle masses adjacent to both sides of the spine. trunk. 
The individual muscles cannot be isolated (Figs. 4.8 e When the spinal extensors are weak and the hip 

and 4.9). extensors are strong, the patient will be unable to 

raise the upper trunk from the table. Instead, the 
Grading pelvis will tilt posteriorly while the lumbar spine 

moves into flexion (low back flattens). 
Grade 2: Patient completes partial range of motion. e If the hip extensor muscles are Grade 4 or better, 

it may be helpful to use belts to anchor hips to the 
Grade 1: Contractile activity is detectable but no table, especially if the patient is much larger or 
movement. stronger than the testing therapist. 

e If the patient is unable to provide stabilization 
Grade 0: No discernable contractile activity. through the weight of the legs and pelvis (such as 

in paraplegia or amputee), the test should be done 
on a mat table. Position the subject with both legs 
and pelvis off the mat. This allows the pelvis and 
limbs to contribute to stabilization, and the therapist 
holding the lower trunk has a chance to provide 
the necessary support. (If a mat table is not available, 
an assistant will be required, and the lower body 
may rest on a chair.) 

FIGURE 4.8 

FIGURE 4.9 
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TRUNK EXTENSION 

Sgrensen Lumbar Spine Extension Test 

The Biering-Sgrensen test or Sorensen test is a measure 
of isometric endurance capacity of the back extensors and 
perhaps hip extensor muscles.”* The modified Sgrensen 
test is a similar test with patient arms at the side of the 
trunk, rather than across the chest, as in the original 
Biering-S@rensen test. 

Position of Patient: Prone with the trunk flexed off the 
end of the table at a level between the anterior superior 
iliac spine (ASIS) and umbilicus. Until test begins, patient 
may stretch arms over a chair (in front of table) to provide 
support for the trunk (not shown). 

Instructions to Therapist: Lean over patient to firmly 
stabilize the lower limbs and pelvis at the ankles. Ask 
patient to fold arms across the chest, then raise head, 
chest, and trunk so the trunk is straight. Use a stopwatch 
to time the effort, activating it at the “begin” command 
and stopping it when the patient shows obvious signs of 
fatigue and begins to falter.’ 

Test: Patient lifts the trunk to the horizontal and maintains 
the test position as long as possible (Fig. 4.10). 

Instructions to Patient: “When I say ‘begin,’ lift your 
head, chest, and trunk from the table and hold the position 
as long as you can. I will be timing you.” 

FIGURE 4.10 

e The Sorensen test elicits no greater than 40%-52% 
of the maximal voluntary contractile force.* 

e Back extensor strength declines approximately 
40%-50% from the 3rd to 8th decades of life, mark- 
edly reducing endurance time (Table 4.2).'°” 

e The Sorensen test has been validated as a differential 
diagnostic test for low back pain.”"* 

e With a cutoff score of 28 s for men and 29 s for 
women, the Sgrensen test had a sensitivity of 92.3% 
and specificity of 76.0% to predict low back pain in 
men and 84.3% sensitivity and 84.6% specificity for 
women.!* 

Table 4.2 AGE-BASED NORMS FOR MODIFIED 
S@RENSEN TEST 

Mean Hold Time 
in Seconds (SD)* 

Mean Hold Time 
in Seconds (SD) 

Age Males Females 

19-29 140" 130'° 
30-39 1307 120 

35-39 97 (43)'° 93-55)" 

40-44 101 Gy)" 80 65)" 

40-49 120% 90'° 

45-49 99 (58)!® 102 (64)'® 

50-54 89 (65)'° 69 (60)'° 

50-59 90'2 piss 

60+ SO 90'? 

“Numbers in parentheses refer to standard deviation (SD), The standard 

deviation is only available for some age groups. 

“Data from 561 healthy, nonsmoking subjects in Nigeria without low 

back pain. 

"Data from 508 subjects with and without back pain that comprised 

equal groups of blue- and white-collar male and female subjects. 

Suggested Exercises 
for Lumbar Spine'!® 

Isolation of lumbar extensors requires adequate restraint 
of the pelvis to limit involvement of the hip extensors. 

Roman Chair 

Deadlifts : 

Squats 
Extension-based resistance machines 
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ELEVATION OF THE PELVIS 
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Range of Motion 

erg stile Approximates pelvis to lower 
ribs; range not precise. 

POSTERIOR 

FIGURE 4.11 
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ELEVATION OF THE PELVIS 

Table 4.3 ELEVATION OF THE PELVIS 

1.D. Muscle Origin Insertion Function 

110 Obliquus Ribs 5-12 lllac crest (outer Flexion of trunk (bilateral muscles) 
externus (interdigitating on border) Tilts pelvis posteriorly 
abdominis external and inferior Aponeurosis from 9th Elevates pelvis (unilateral) 

surfaces) costal cartilage to Rotation of trunk to opposite side 
ASIS; both sides meet — (unilateral) 
at midline to form Lateral bending of trunk (unilateral) 
linea alba Support and compression of abdominal 
Pubic symphysis viscera, counteracting effect of gravity on 
(upper border) abdominal contents 

Assists defecation, micturition, emesis, and 
parturition (i.e., expulsion of contents of 
abdominal viscera and air from lungs) 
Important accessory muscle of forced 
expiration (during expiration it forces the 
viscera upward to elevate the 
diaphragm) 

111 Obliquus lliac crest (anterior Ribs 9-12 (inferior Flexion of spine (bilateral) 
internus %, of intermediate border and cartilages Lateral bending of spine (unilateral) 
abdominis line) by digitations that Rotation of trunk to same side (unilateral) 

Thoracolumbar appear continuous Increases abdominal pressure to assist in 
fascia with internal defecation and other expulsive actions 
Inguinal ligament intercostals) Forces viscera upward during expiration 
(lateral 4% of upper Ribs 7-9 (cartilages) to elevate diaphragm 
aspect) Aponeurosis To linea Elevation of pelvis 

alba 

100 = Quadratus lium (crest and inner Rib 12 (lower border) Elevation of pelvis (weak in contrast to 
lumborum lip) L1-L4 vertebrae lateral abdominals) 

lliolumbar ligament — (transverse processes, Extension of lumbar spine (muscles on 
apex) both sides) 
112 vertebra (body; Inspiration (via stabilization of lower 
occasionally) attachments of diaphragm) 

Fixation of lower portions of diaphragm for 
prolonged vocalization which needs 
sustained expiration. 
Lateral bending of lumbar spine to same 
side (pelvis fixed) 
Fixation and depression of 12th rib 

Others 

130 ~Latissimus Corsi 

(if arms are 
fixed) 

90 Iliocostalis 

lumborum 

ASIS, Anterior superior iliac spine. 
ss ee 
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Elevation of the pelvis is a critical component of gait 
because it allows the swing leg to clear the floor. The 
lateral abdominals, in conjunction with the quadratus, 
produce very strong pelvic elevation, and the therapist 
should not be able to break a Grade 5 muscle. The hip 
hike test described later was originally believed to isolate 
the quadratus lumborum, but a later study revealed the 
dominance of the abdominals. Even though hip hiking 
incorporates both the abdominals and quadratus,”” it is 
still the best differentiation between quadratus and the 
abdominals that we have. 

Grade 5 and Grade 4 

Position of Patient: Supine or prone. The patient grasps 
edges of the table to provide stabilization during resistance 
(not illustrated). 

Instructions to Therapist: Stand at foot of table, facing 
patient. Ask patient to hike pelvis. If sufficient range is 
present, grasp test limb with both hands, using a lumbrical 
grip just above the ankle, and pull caudally with a smooth, 
even pull (Fig. 4.13) to provide resistance. Resistance is 
given as in traction. The Grades 5 and 4 muscles tolerate 
a very large amount of resistance. 

Test: Patient hikes the pelvis on one side, thereby 
approximating the pelvic rim to the inferior margin of 
the rib cage. 

Instructions to Patient: “Hike your pelvis to bring it 
up to your ribs. Hold it. Don’t let me pull your leg 
down.” 

FIGURE 4.13 

ELEVATION OF THE PELVIS 

Grading 

Grade 5: Patient holds test position and limb does not 
move with maximal resistance. 

Grade 4: Patient holds test position against very strong 
resistance. Testing this movement requires more than a 
bit of clinical judgment. 

Grade 3 and Grade 2 

Position of Patient: Supine or prone. Hip in extension; 
lumbar spine neutral or extended. 

Instructions to Therapist: Stand at foot of table, facing 
patient. Use one hand to support the leg just above the 
ankle; keep the other hand under the knee so the limb 
is slightly off the table to decrease friction (Fig. 4.14). 

Test: Patient hikes the pelvis on the test side to bring 
the rim of the pelvis closer to the inferior ribs. 

Instructions to Patient: “Bring your pelvis up to your 
ribs.” 

Grading 

Grade 3: Patient completes available range of motion. 

Grade 2: Patient completes partial range of motion. 

FIGURE 4.14 
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ELEVATION OF THE PELVIS 

Grade 1 and Grade 0 

These grades should be avoided to ensure clinical accuracy. 
The quadratus lumborum lies deep to the paraspinal muscle 
mass and can rarely be palpated. In people who have 
extensive truncal atrophy, paraspinal muscle activity may 
be palpated, and possibly, but not necessarily convincingly, 
the quadratus lumborum can be palpated. 

The patient may attempt to substitute with trunk lateral 
flexion, primarily using the abdominal muscles. The 
spinal extensors may be used without the quadratus 
lumborum. In neither case can manual testing detect 
an inactive quadratus lumborum. 

It should be noted that the quadratus lumborum may 
have functions other than hip hiking, such as maintain- 
ing upright posture, although these functions have 
been less well studied. Quadratus lumborum strength 
has also been linked to low back pain and thus may 
deserve closer analysis."* 
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TRUNK FLEXION 
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TRUNK FLEXION 

Table 4.4 TRUNK FLEXION 

1.D. 

113 

Muscle 

Rectus 
abdominis 
(paired muscle) 

110 Obliquus 
externus 

abdominis 

111 Obliquus internus 
abdominis 

Others 

174 Psoas major 

175 Psoas minor 

Origin 

Pubis 
Lateral fibers (tubercle on 
crest and pecten pubis) 
Medial fibers (ligamentous 
covering of symphysis 
attaches to contralateral 
muscle) 

Ribs 5-12 (interdigitating on 
external and inferior surfaces) 

lliac crest (anterior 4% of 
intermediate line) 
Thoracolumbar fascia 
Inguinal ligament (lateral % 
of upper aspect) 

ASIS, Anterior superior iliac spine. 

Insertion 

Ribs 5-7 (costal 
cartilages) 
Sternum (xiphoid 
ligaments) 

lac crest (outer border) 
Aponeurosis from 9th 
costal cartilage to ASIS; 
both sides meet at 
midline to form linea 
alba 

Ribs 9-12 (inferior border 
and cartilages by 
digitations that appear 
continuous with internal 
intercostals) 
Ribs 7-9 (cartilages) 
Aponeurosis to linea 
alba 

Function 

Flexion of the spine 
(draws symphysis pubis 
and sternum toward 
each other) 
Posterior tilt of pelvis 

Flexion of the trunk 
Tilts pelvis posteriorly 
Elevates pelvis 
(unilateral) 
Rotation of trunk to 
opposite side (unilateral) 
Accessory muscle of 
forced expiration 

Flexion of spine 
Lateral bending of the 
spine (unilateral) 
Rotation of trunk to 
same side (unilateral) 
Elevation of pelvis 
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Trunk flexion has multiple elements that include cervi- 
cal, thoracic, and lumbar motion. Measurement is difficult 
at best and may be done in a variety of ways with consider- 
able variability in results. The neck flexors should be 
eliminated as much as possible by asking the patient to 
maintain a neutral neck position with the chin pointed 
to the ceiling to avoid neck flexion. Legs should be straight 
to avoid hip flexor activation.'? 

Grade 5 

Position of Patient: Supine, with legs straight and 
fingertips lightly touching the back of the head (Fig. 
4.17). 

Instructions to Therapist: Stand at side of table at 
level of patient’s chest to ascertain whether scapulae clear 
table during test (Fig. 4.18). Ask patient to lift head, 
shoulders, and back off table, keeping the chin pointed to 

TRUNK FLEXION 

the ceiling. Observe motion for quality and effort. For a 
patient with no other muscle weakness, the therapist does 
not need to touch the patient. However, if the patient 
has weak hip flexors, the therapist should stabilize the 
pelvis by leaning across the patient on the forearms (see 
Fig. 4.18). 

Test: Patient flexes trunk through range of motion, lifting 
the trunk until scapulae clear table. The neck should not 
flex. 

Instructions to Patient: “Keep your chin pointed toward 
the ceiling and lift your head, shoulders, and back off the 
table.” 

Grading 

Grade 5: Patient raises trunk until inferior angles of 
scapulae are off the table. (Weight of the arms serves as 
resistance. ) 

FIGURE 4.17 
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TRUNK FLEXION 

Grade 4 

Position of Patient: Supine with arms crossed over chest 
(Fig. 4.19). 

Test: Other than the patient’s arm position, all other 
aspects of the test are the same as for Grade 5. 

Grading 

Grade 4: Patient raises trunk until scapulae are off the 
table. Resistance of arms is reduced in the cross-chest 
position. 

Grade 3 

Position of Patient: Supine with arms outstretched in 
full extension above plane of body (Fig. 4.20). 

Test: Except for the patient’s arm position, all other 
aspects of the test are the same as for Grade 5. Patient 
lifts trunk until inferior angles of scapulae are off the 
table. Position of the outstretched arms “neutralizes” 
resistance by bringing the weight of the arms closer to 
the center of gravity. 

Instructions to Patient: “Keep your chin pointed to 
the ceiling as you raise your head, shoulders, and arms 
off the table.” 

Grading 

Grade 3: Patient lifts trunk until inferior angles of scapulae 
are off the table. 

FIGURE 4.19 FIGURE 4.20 
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Grade 2, Grade 1, and Grade 0 

Testing trunk flexion is rather clear-cut for Grades 5, 4, 
and 3. When testing Grade 2 and below, the results may 
be ambiguous, but observation and palpation are critical 
for defendable results. To determine Grades 2 to 0, the 
patient will be asked, in sequence, to raise the head, do 
an assisted forward lean, and cough. 

Position of Patient: Supine with arms at sides. Knees 
flexed. 

Instructions to Therapist: Stand at side of table. Place 
the hand used for palpation at the midline of the thorax 
over the linea alba, and use the four fingers of both hands 
to palpate the rectus abdominis (Fig. 4.21). 

FIGURE 4.21 

Chapter 4 

TRUNK FLEXION 

Note: The therapist tests for Grades 2, 1, and 0 in a 
variety of ways to make certain that muscle contractile 
activity that may be present is not missed. 

Grading 

Sequence 1: Head raise (Fig. 4.22): Ask the patient to 
lift the head from the table. If the scapulae do not clear 
the table, the Grade is 2. If the patient cannot lift the 
head, proceed to Sequence 2. 

FIGURE 4.22 
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TRUNK FLEXION 
2 

| 

Sequence 2: Assisted forward lean (Fig. 4.23): The therapist 
cradles the upper trunk and head off the table and asks 
the patient to lean forward. If there is depression of the 
rib cage, the grade is 2. If there is no depression of the 
rib cage but visible or palpable contraction occurs, 
the grade assigned should be 1. If there is no activity, 
the grade is 0; proceed to Sequence 3. 

FIGURE 4.23 

Sequence 3: Cough (Fig. 4.24): Ask the patient to cough. 

If the patient can cough to any degree and depression of 

the rib cage occurs, the grade is 2. (If the patient coughs, 
regardless of its effectiveness, the abdominal muscles are 
automatically brought into play.) If the patient cannot 
cough but there is palpable rectus abdominis activity, the 
grade is 1. Lack of any discernable activity is Grade 0. 

FIGURE 4.24 

e In all tests, observe any deviations of the umbilicus. 
If there is a difference in the segments of the rectus 
abdominis in response to muscle testing, the umbilicus 
will deviate toward the stronger part (i.e., cranially 
if the upper parts are stronger, caudally if the lower 
parts are stronger, and laterally if one or more-seg- 
ments of ove rectus is paralyzed). 

e Ifthe extensor muscles of the lumbar spine are weak, 
contraction of the abdominal muscles can cause 
posterior tilt of the pelvis. If this situation exists, 
tension of the hip flexor muscles would be useful to 
stabilize the pelvis; therefore the therapist should 
position the patient in hip and knee flexion. 

e The thoracic flexion muscle test should be done 
absolutely correctly—that is, with the neck in neutral 
to avoid undue strain on the neck and in the presence 
of known or suspected osteoporosis. Care should be 
taken in the presence of osteoporosis because repeated 
trunk flexion can be related to increased risk of 

compression fractures of the spine. To avoid thoracic 
flexion, instruct the patient to keep the chin pointed 
to the ceiling and the elbows flat. 

e To avoid cervical strain, have the patient avoid clasping 
the head with the hands. The hands should not carry 
any of the head’s weight. 

e Abdominal-strengthening exercises are performed with 
spine flexion and without hip flexion to reduce the 
role of hip flexors and undue disc compression.” 

e Leg support during a pelvic tilt and fixed feet during 
spine and hip flexion exercises may decrease the 
intensity of rectus abdominis activity. Having the feet 
on the floor or fixed activates the hip flexors.!® 

e In summary, to ensure the patient’s spine safety, 
remember these important guidelines.’® 
a. Avoid active hip flexion or fixed feet. 
b. Do not allow the patient to pull the head up with 

the hands behind the head. 
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TRUNK ROTATION 
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Table 4.5 TRUNK ROTATION 

1.D. Muscle Origin Insertion Function 

110 Obliquus Ribs 5-12 lliac crest (outer border) Flexion of trunk (bilateral 
externus (interdigitating on Aponeurosis from 9th costal muscles) 
abdominis external and inferior — cartilage to ASIS; both sides Tilts pelvis posteriorly 

surfaces) meet at midline to form linea Elevates pelvis (unilateral) 
alba Rotation of trunk fo opposite 
Pubic symphysis (upper border) — side (unilateral) 

Lateral bending of trunk 
(unilateral) 

111 Obliquus lliac crest (anterior % Ribs 9-12 (inferior border and Flexion of spine (bilateral) 
internus of intermediate line) cartilages by digitations that Lateral bending of spine 
abdominis Thoracolumbar fascia G@ppear continuous with internal (unilateral) 

Inguinal ligament intercostals) Rotation of trunk to same side 
(lateral % of upper Ribs 7-9 (cartilages) (unilateral) 
aspect) Aponeurosis to linea alba Elevation of pelvis 

Other 

Deep back 
muscles (1 side) 

NOTE: Use caution with trunk rotation in patients with known or suspected osteoporosis. 

ASIS, Anterior superior iliac spine. 

Chapter 4 | Testing the Muscles of the Trunk and Pelvic Floor 59 



TRUNK ROTATION 

Trunk rotation is a combined and essential movement 
of most functional activities. Although the obliques are 
the primary movers, trunk rotation also involves the small 
oblique extensors and flexors. 

Grade 5 

Position of Patient: Supine with fingertips to the side 
of the head. 

Instructions to Therapist: Stand at the patient’s waist 
level. Ask the patient to lift head and shoulders, moving 
elbow to opposite hip. Repeat for other side. Observe 
for adequate range, quality of movement and effort. 

Test: With chin pointed to the ceiling, the patient flexes 
trunk and rotates to one side. This movement is then 
repeated on the opposite side so that the muscles on both 
sides can be examined. 

Right elbow to left knee tests the right external oblique 
and the left internal oblique. Left elbow to right knee 
tests the left external oblique and the right internal oblique 
(Fig. 4.27). When the patient rotates to one side, the 
internal oblique muscle is palpated on the side toward 
the turn; the external oblique muscle is palpated on the 
side away from the direction of turning (Fig. 4.28). 

Substitution 

If the pectoralis major is active (inappropriately) in 
this test of trunk rotation at any grade, the shoulder 
will shrug or be raised from the table, and there is 
limited rotation of the trunk. 

60 Chapter 4 

Instructions to Patient: “With your chin pointed to 
the ceiling, lift your head and shoulders from the table, 
taking your right elbow toward your left knee. Then, 
with your chin pointed to the ceiling, lift your head and 
shoulders from the table, taking your left elbow toward 
your right knee.” 

Grading 

Grade 5: The scapula corresponding to the side of 
the external oblique function must clear the table for a 
Grade 5. 

FIGURE 4.27 

FIGURE 4.28 
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TRUNK ROTATION 

Grade 4 Grade 3 

Position of Patient: Supine with arms crossed over chest. Position of Patient: Supine with arms outstretched above 
plane of body. 

Test: Other than patient’s arm position, all other aspects 
of the test are the same as for Grade 5. The test is done Test: Other than patient’s arm position, all other aspects 
first to one side (Fig. 4.29) and then to the other. of thentest are: thessame,as ifor,.Grade, 5. “Ther testis 

done first to the left (Fig. 4.30) and then to the right 
(Fig. 4.31). 

Grading 

Grade 3: Patient raises the scapula off the table. The 
therapist may use one hand to check for scapular clearance 
(Fig. 4.32). 

FIGURE 4.29 

FIGURE 4.30 FIGURE 4.31 
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TRUNK ROTATION 

Grade 2 

Position of Patient: Supine with arms outstretched above 
plane of body. 

Instructions to Therapist: Stand at level of patient’s 
waist. Palpate the external oblique first on one side and 
then on the other, with one hand placed on the lateral 
part of the anterior abdominal wall distal to the rib cage 
(see Fig. 4.32). Continue to palpate the muscle distally 
in the direction of its fibers until reaching the 
ASIS. 

At the same time, palpate the internal oblique muscle 
on the opposite side of the trunk. The internal oblique 
muscle lies under the external oblique, and its fibers run 
in the opposite diagonal direction. 

Therapists may remember this palpation procedure 
better if they think of positioning their two hands as if 

FIGURE 4.32 
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both hands were to be in the pants pockets or grasping 
the abdomen in pain. (The external obliques run from 
out to in; the internal obliques run from in to out.) 

Instructions to Patient: “Keep your chin pointed to 
the ceiling while you lift your head, reach toward your 
right knee.” (Repeat to left side for the opposite muscle. ) 

Test: Patient attempts to raise body and turn toward the 
right. Repeat toward left side. 

Grading 

Grade 2: Patient is unable to clear the inferior angle of 
the scapula from the table on the side of the external 
oblique being tested. However, the therapist must be 
able to observe depression of the rib cage during the test 
activity. 
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Grade 1 and Grade 0 

Position of Patient: Supine with arms at sides. Hips 
flexed with feet flat on table. 

Instructions to Therapist: Support patient’s head as 
patient attempts to turn to one side (Fig. 4.33). (Turn 
to the other side in a subsequent test.) Under normal 
conditions, the abdominal muscles stabilize the trunk 
when the head is lifted. In patients with abdominal weak- 
ness the supported head permits the patient to recruit 
abdominal muscle activity without having to overcome 
the entire weight of the head. 

FIGURE 4.33 
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TRUNK ROTATION 

One hand palpates the internal oblique on the side 
toward which the patient turns (not illustrated) and the 
external oblique on the side away from the direction of 
turning (see Fig. 4.33). The therapist assists the patient 
to raise the head and shoulders slightly and turn to one 
side. This procedure is used when abdominal muscle 
weakness is profound. 

Instructions to Patient: “Try to lift up and turn to your 
right.” (Repeat for turn to the left.) 

Test: Patient attempts to flex trunk and turn to either 
side. 

Grading 

Grade 1: The therapist can see or palpate muscular 
contraction. 

Grade 0: No discernable muscle contraction from the 

obliquus internus or externus muscles. 

Suggested Exercises 
for Abdominals?° 

e Abdominal slide (prone with hand roller) 
e Torso Track® 
e Ab roller (oblique) 
e Crunch (straight and oblique) 
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CORE TESTS 

CORE STRENGTH, STABILITY, 
AND ENDURANCE 

Core strength and stability are important components of 
nearly every gross motor activity and, as such, deserve to 
be understood from the perspective of testing. Risk for 
injury is impacted by delays in core muscle activation, 
decreased muscle recruitment, muscle fatigue, neuromus- 
cular imbalance, impaired proprioception, and delayed 
reflex responses.*! The purpose of the core musculature 
is to provide trunk stability (stiffness) through intra- 
abdominal pressure and compression of the spinal segments 
and to allow movement in all directions.” Trunk stiffness 
is necessary to create anticipatory postural adjustments 
such as adjusting the center of gravity to affect balance 
and upper and lower extremity joint forces during upright 
tasks.**°* Cocontraction on the anterior and posterior 
aspect of the trunk increases intra-abdominal pressure 
and generates greater trunk stiffness.” 

Core stability is defined as the ability to use muscular 
strength and endurance to control the spine over the 
pelvis and leg when performing functional and athletic 

\ 

Third cervical vertebra \ 4 
i 

Multifidus (cervical portion) 

Interspinalis 

Semispinalis cervicis 

Intertransversarii 

Quadratus lumborum 

Multifidus 

(lumbar portion) 

activities.7°*° Core stability requires coordination in addi- 
tion to core strength and endurance.” No one muscle 
contributes more than 30% to the overall stability of the 
lumbar spine in a variety of loading conditions.** Therefore 
there is no one single most important stabilizing muscle.” 
The core muscles (Fig. 4.34) are composed of a mixture 
of fast and slow twitch muscle fibers, although slow twitch 
fibers dominate the lumbar paravertebral muscles.*? The 
back extensors have more capillaries than nonpostural 
muscles, such as triceps brachii. The deep stabilizing 
muscles are also made up of slow twitch fibers. Endurance 
testing may be more appropriate than pure strength testing 
for these core muscles.*? Although slow twitch muscles may 
be better suited to endurance-type testing, the combined 
core muscles are made up of both slow and fast twitch 
muscles, and thus there is no one endurance test for the 
core.*! These muscles respond to changes in posture, 
external loading, and spinal intersegmental movement. 
The global superficial muscles, long muscles capable of 
generating large movements and torque, are made up of 
fast twitch fibers. Cocontraction of the internal oblique 
and transversus abdominis increases intra-abdominal 

m ———— Splenius capitis (cut) 

Semispinalis capitis 

Levator scapulae 

Longissimus capitis 

lliocostalis cervicis 

Longissimus cervicis 

Spinalis thoracis 
Erector 

spinae 

Longissimus thoracis 

lliocostalis thoracis 

lliocostalis lumborum 

FIGURE 4.34 
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CORE TESTS 
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pressure and stiffness of the spinal segments, resulting Some of the muscles that make up the core are not 
in increased spinal stability.*? It takes only 5% to 10% of | amenable to individual muscle testing and therefore are 
maximal abdominal and multifidi contraction to stiffen tested as part of the core. Others form individual and 
the spine. specific functions and can be tested individually (Fig. 4.35). 
‘ Endurance of the core musculature may be more However, when testing the core, all of these muscles are 
important to function than pure strength.** active (Table 4.6). 

Rectus abdominis 

Transverse abdominis 

obliques 

Erector spinae 

Quadratus lumborum 

FIGURE 4.35 

Table 4.6 MUSCLES COMPRISING THE CORE”? 

Sagittal Plane Contribution Frontal Plane Contribution 

Rectus Active in trunk flexion and in combination Gluteus Primary lateral stabilizer of the 
Abdominis with the hamstrings; rotates the pelvis medius hip 

posteriorly 

Transversus With assistance from the multifidus, Gluteus Primary lateral stabilizer of the 
abdominis increase spinal stiffness and raise intra- minimus hip 

abdominal pressure 

Erector spinae Quadratus Stiffens the spine and may be 
lumborum active in all upright activities 

Multifidus Adductor All of the medial muscles 
magnus maintain static alignment in 

the frontal plane 

Gluteus Transfers forces from the lower extremity Adductor 
maximus (LE) to the trunk longus 

Hamstrings Adductor 
brevis 

Pectineus 
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CORE TESTS 

Prone Plank Test 

The prone plank test activates core musculature. Correct 
form consists of maintaining the spine in a neutral position 
while maintaining scapular adduction and a posterior pelvic 
tilt.** An anterior pelvic tilt reduces EMG activation.** 

Purpose: The plank is a superb challenge to the abdomi- 
nals and muscles of the shoulder girdle, particularly the 
pectoralis major and minor, serratus anterior, anterior 
deltoid, supraspinatus and infraspinatus. 

Position of Patient: Prone on floor or mat. 

Instructions to Therapist: From prone, ask patient to 
lift body weight onto toes and forearms. Elbows should 
be under the shoulders, with scapulae adducted and hips 
level with spine like a “plank” (Fig. 4.36). Assess patient’s 
ability to assume a plank position. If successful, explain 
test to patient. 

Time the effort (Table 4.7). 

Instructions to Patient: “Raise your yourself onto your 
forearms and toes. Keep your body completely straight. 
Suck your belly button into your spine” (see Fig. 4.36). 

Scoring 

A full plank position should be held for 120 seconds to 
be considered a Grade 5 test. Hold times of less than 90 
seconds are Grade 4. Ability to assume the test position 
but unable to hold results in a Grade 3. The alternate 
form (described later) is scored a Grade 2. The table that 
follows contains norms for 471 college students and varsity 
athletes (mean age, 20 years): 

FIGURE 4.36 

Table 4.7 PERCENTILE SCORES BY SEX AND PERCENTILE SCORES BY SPORT STATUS*® 

TIME TO FATIGUE IN THE PLANK TEST (SECONDS) 

Percentile Male (n= 194) Female (n = 275) 

90th 201 142 

80th 157, 108 

70th 137 95 

60th 122 84 

50th 110 72 

40th 97 63 

30th 89 58 

20th 79 48 

10th 62 oo 

Non-Varsity (n = 109) Varsity (n = 361) 

15] 200 

123 178 

106 149 

94 123 

83 104 

7] v2 

62 82 

53 66 

37 59 
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CORE TESTS 

Alternate Form of Plank Testing 

For a patient not able to do a full plank, ask the patient 
to flex the knees and hips and lift the body onto forearms 
and knees. The elbows should be in line below the 
shoulders. The patient must keep the buttocks in line 
with the spine, forming a straight line from neck to but- 
tocks while on knees. Time the effort. This alternate form 
should be scored as a Grade 2. Hint: Make sure the pelvis 
and buttocks are not hiked but in line with the spine. 
The body must come forward onto the forearms to do 
this Grade 2 test properly. 

Side Bridge Endurance Test 

Purpose: Strength test for core. Quadratus lumborum 
oblique and transverse muscles are elicited without generat- 
ing large compression forces on the lumbar spine.*°*” 

Position of Patient: Side-lying with legs extended, resting 
on the lower forearm with the elbow flexed to 90°. Upper 
arm is crossed over chest (Fig. 4.37). 

FIGURE 4.37 

Chapter 4 

Instructions to Therapist: Stand or sit in front of patient. 
Ask patient to lift the hips off the table, keeping the body 
in a straight line with the contracted core. Time the effort, 
observing for quality and quantity of effort. Give patient 
feedback regarding posture; hips and trunk should be 
level throughout the test (see Fig. 4.37). 

Test: Patient lifts hips off the table, holding the elevated 
position in a straight line with the body on a flexed elbow. 
This position is maintained until the patient loses form, 
fatigues, or complains of pain. The therapist times the 
effort. 

Instructions to Patient: “When I say ‘go!’ lift your hips 
off the table, keeping them in a straight line with your 
body for as long as you can. I will be timing you.” 

Scoring: Record the best time of two trials. 
Mean scores for men and women:* 
Men: 95(+32)s 
Women: 75(+32)s 

e Despite the high reliability of the side bridge test, 
significant changes in hold times must be observed to 
confidently assess a true change in strength. There- 
fore the patient’s rating of perceived exertion (RPE) 
would help to inform clinical decision-making.** 

e Mean hold times ranged from 20 to 203 seconds 
(mean, 104.8 seconds) for the right side bridge test 
and from 19 to 251 seconds (mean, 103.0 seconds) 
for the left side bridge test.*° 

e Exercisers held the side bridge test nearly double 
the time nonexercisers did (64.9 vs. 31.8 seconds).*” 
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Timed Partial Curl Up Test*® 

The timed partial curl up test is a standard in the fitness 
industry and is included here, even though it uses the 
hook lying position and thus encourages hip flexor 
activation. 

Purpose: Strength test for abdominals. 

Position of Patient: Supine in hook lying position on 
a mat with arms at sides, palms facing down, and the 
middle fingers touching a piece of tape affixed to the 
surface parallel to the hand. A second piece of tape is 
affixed 12 cm (4.7 in) further than the initial tape for 
those younger than 45 years and 8 cm (3.1 in) further 
for those 45 years and older (Fig. 4.38). 

Instructions to Therapist: Stand to the side of patient. 
Ask patient to perform a slow, controlled sit up in time, 
lifting head and scapulae off the mat, while the middle 
finger reaches to the second tape. If successful, use a 
metronome set to 40 beats/min to time repetitions. Ask 
patient to curl up as many times as possible keeping time 
with the metronome. The low back should be flattened 
before curl up. 

Test: The individual does as many curl ups as possible 
without pausing, to a maximum of 75. 

Scoring: Refer to ACSM Norms for partial curl up 
(Table 4.8). 

FIGURE 4.38 

Table 4.8 ACSM NORMS For PARTIAL CURL UP 

AGE 

20-29 30-39 40-49 50-59 60-69 

Sex Male Female Male Female Male Female Male F Female Male _ F Female 

90th percentile 75 70 75 55 75 55 74 48 53 50 

80 56 A5 69 43 75 42 60 30 33 30 

70 4| 37 46 34 67 33 45 23 26 24 

60 3] 32 36 28 5 28 35 16 19 19 

50 7 Zi 3] 2] 39 25 27 9 16 13 

40 24 21 26 15 3] 20 23 2 9 9 

30 20 17 19 2 26 14 19 0 6 3 

20 (8) 12 13 0) 2] 5 13 0 0 0) 

10 4 5 0 0 13 0 0 0 0 6) 

ACSM, The American College of Sports Medicine. —o 

Data from Pescatello LS, Ross A, Riebe D, et al. ACSM’s Guidelines for Exercise Testing and Prescription. 9 ed. Philadelphia: Wolters Kluwer/Lippincott 
Williams & Wilkins; 2014. 
ese 
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Isometric Trunk Flexor Endurance Test’? 

Purpose: Measure isometric core endurance. 

Position of Patient: Sitting on table with wedge sup- 
porting the back at angle of 60° to the table. Hips and 
knees flexed to 90°, with feet stabilized with a strap. Arms 
are folded across the chest (Fig. 4.39). 

Instructions to Therapist: Ask patient to hold test 
position when the wedge is pulled back 10 cm. Time 
effort as soon as wedge is pulled back. Terminate test 
when the patient can no longer maintain the 60° angle 
independently. 

Scoring: Ages 18 to 55 years (mean, 30 years), mean 
hold time = 178 seconds.” 
Exercisers held the test 3 times as long as nonexercisers 

(186i Vsn68 2573)” 

FIGURE 4.39 

CORE TESTS 

Front Abdominal Power Test 

Purpose: Assess the power component of core stability 
prestability and poststability training. 

Position of Patient: Supine on a mat with arms at 
sides, feet shoulder width apart, and knees bent to 90° 
(Fig. 4.40A). 

Instructions to Therapist: Place a 2-kg medicine ball 
into the patient’s hands. Then ask patient to lift arms 
overhead and explosively project the medicine ball forward 
keeping the arms straight. Feet and buttocks should remain 
on the floor throughout the test. (Note: Feet may be 
secured manually or with a strap [not shown].) Measure 
the distance the ball was projected from the tips of the 
feet to the point where the ball landed. Patient should 
be sitting upright after the ball is thrown (Fig. 4.40B). 

Scoring: 1.5 to 2 m was recorded in a group of 20-year- 
old men and women (standard error of the mean [SEM], 
24 cm).*>* 

FIGURE 4.40 
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Unilateral Supine Bridge Test** 

Purpose: The unilateral supine bridge test (USBT) assesses 
lumbopelvic neuromuscular control. This test was found 
to be correlated with lab-based biomechanical measures 
of isolated core stability. 

Position of Patient: Supine with arms across chest with 
knees in hook lying. 

Instructions to Therapist: Stand to side of patient. 
Ask patient to lift both hips into a double-leg bridge. 
When neutral spine and pelvis positions are achieved, ask 

patient to extend one knee so leg is straight and thighs 
parallel to one another (Fig. 4.41). Ask patient to hold 
position as long as possible, timing the effort. Test is 
terminated when patient is no longer able to hold a neutral 
pelvic position, as noted by a 10° change in transverse or 
sagittal plane alignment. Perform two trials, and average 
results. 

Scoring: A sample of 20 healthy male volunteers (mean 
age, 25.7 years) held test position for an average of 23.0 
seconds (16.5) with range of 3.1 to 59.5 seconds.** 

FIGURE 4.41 

e The side bridge, lateral step up, lunge, and quadruped 
with arm and leg lift have been found to be effective 
exercises for increasing overall core strength. These 
exercises have EMG amplitude greater than 45% 
maximum voluntary isometric contraction. 45%-50% 
of one repetition maximum correlates with an increase 
in strength. 

e Longissimus thoracis and lumbar multifidus are most 
active during bridging, side bridging, unilateral bridg- 
ing, and quadruped opposite arm/lower extremity 
lift. 

e External oblique and rectus abdominis are most active 
during prone bridging and side bridging.* 

e Side bridging was optimal for lower abdominal muscle 
activation.” 

SQ: « hapter 4 

e Superman exercise produced greatest activation of 
back stabilizers.** 

e Transversus abdominis (TrA) activity by fine wire 
EMG was greatest during the prone plank with 
contralateral arm and leg lift with maximum voluntary 
contractions recorded as 50% or less; indicating the 
transversus abdominis activation may be best achieved 
through low-load exercises focusing on motor learning 
and control.” 

e Rectus abdominis activity was found to be highest 
in a curl up exercise on an unstable surface, such as 
a BOSU ball, with maximum voluntary contraction 
(MVC) of approximately 50%.** 
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Range of Motion 

Normal range of motion of 
the chest wall during quiet 
inspiration is approximately 
0.75 inches, with gender 
variations. Normal chest 
expansion in forced 
inspiration varies from 2.0 to 
2.5 inches at the level of the 
xiphoid,*° 
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Table 4.9 MUSCLES OF QUIET INSPIRATION 

QUIET INSPIRATION 

I.D. 

101 

102 

103 

Muscle 

Diaphragm 

Intercostales 
externi (11 
pairs) 

Intercostales 

interni (1 
pairs) 

Origin 

Formed of 3 parts 
from the 
circumference of the 
thoracic outiet 
Sternal: Xiphoid 
Costal: Ribs 7-12 
Lumbar: L1-L3 
vertebrae 

Ris 1-11 (lower 
borders and 

tubercles; costal 
cartilages) 

Sternum (anterior) 
Ribs 1-11 (ridge on 
inner surface) 
Costal cartilages of 
same rib 
Internal intercostal 
membrane 

Insertion 

Fibers all converge 
on central tendon of 
diaphragm; middle 
of central tendon is 
below and panially 
blended with 
pericardium 

Ribs 2-12 (upper 
margins of rib below; 
last 2 end in free 
ends of the costal 
cartilages) 
External intercostal 

membrane 

Upper border of rib 
below 
Fibers run obliquely 
to the external 
intercostals 

Chapter 4 

Function 

Inspiration: Contraction of the diaphragm 
with the lower ribs fixed draws the central 
tendon downward and forward during 
inspiration 
This increases the vertical thoracic 
dimensions and pushes the abdominal 
viscera downward 
It also decreases the pressure within the 
thoracic cavity, forcing air into the lungs 
through the open glottis by the higher 
pressure of the atmospheric air 
These events occur along with intercostal 
muscle action, which elevates the ribs, 
sternum, and vertebrae, increasing the 
anteroposterior and transverse thoracic 
dimensions for the inspiratory effort 
The diaphragm adds power to expulsive 
efforts: lifting heavy loads, sneezing, 
coughing, laughing, parturition, and 
evacuation of bladder and bowels 
These activities are preceded by deep 
inspiration 
Expiration: Passive relaxation allows the 
half-dome to ascend, thus decreasing 
thoracic cavity volume and increasing its 
pressure 

The muscles of respiration are highly 
coordinated between abdominal and 
thoracic processes with the diaphragm 
being the major muscle of inspiration, 
accounting for about % of vital capacity 
The external intercostals are more active 
in inspiration than expiration but work 
closely with the internal intercostals to 
stiffen tne chest wall, preventing 
paradoxical motion during descent of the 
diaphragm 
Elevation of ribs in inspiration 
There are data to support this claim for 
the upper four or five muscles, but the 
more dorsal and lateral fibers of the same 
muscles also are active in early expiration 
It is possible that the activity of the 
intercostals during respiration varies with 
the depth of breathing” 
Depression of the ribs in expiration 
(supporting data sparse) 
Rotation of thoracic spine to opposite side 
(unilateral) 
Stabilization of rib cage 

Not as strong as the external intercostals 
Elevation of ribs in inspiration 
This may be true at least for the lst to Sth 
muscles 
The more lateral muscle fibers run more 
obliquely inferior and posterior and are 
most active in expiration” 
Stabilization of rib cage 

Continued 
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QUIET INSPIRATION 

Table 4.9 MUSCLES OF QUIET INSPIRATION—cont’d 

1.D. Muscle 

104 Intercostales 
intimi 

(innermost 
intercostals) 
Often absent 

107 Levatores 
costarum (12 

pairs) 

80 Scalenus 
anterior 

81 Scalenus 
medius 

82 Scalenus 
posterior 

Others 

131 Pectoralis 
major 
(arms 

fixed) 

GA % hapter 4 

Origin 

Ribs 1-11 (costal 
groove) 

C7-T11 vertebrae 
(transverse 
processes, Tip) 

C3-Cé6 vertebrae 
(transverse 
processes, anterior 
tubercles) 

C2 (axis)-C7 
vertebrae (transverse 
processes, posterior 
tubercles) 
Cl (atlas) sometimes 

C4-Cé6 vertebrae 

Insertion 

Rib below (upper 
margin) 
Fibers run in same 
pattern as internal 
intercostals 

Rib below vertebra 
of origin (external 
surface) 

lst rib (Scalene 
tubercle) 

Ist rib (Superior 
surface) 

2nd rib (outer 
(transverse processes surface) 
posterior tubercle, 
variable) 
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Function 

Presumed to be identical to intercostales 

interni 

Elevation of ribs in inspiration (disputed) 
Lateral bending of spine 

Flexion of cervical spine (both muscles) 
Elevation of Ist rib in inspiration 
Rotation of cervical spine to same side 
Lateral bending of neck to same side 

Cervical flexion (weak) 
Lateral bending of cervical spine to same 
side 
Elevation of Ist rib in inspiration 
Cervical rotation to same side 

Cervical flexion (weak) 
Elevation of 2nd rib in inspiration 
Lateral bending of cervical spine to same 
side (accessory) 
Cervical spine rotation to same side 



DIAPHRAGM 

The diaphragm is under voluntary control via the efferent 
fibers of the left and right phrenic nerves. This voluntary 
control can be overridden by reflex activity. Contraction 
of the diaphragm causes the diaphragm to descend, 
increasing volume and decreasing pressure within the 
thoracic cavity. This pressure change creates a pressure 
gradient that results in movement of air into the airways. 
As the diaphragm descends, abdominal viscera are com- 
pressed and intraabdominal pressure increases. Once the 
viscera cannot be displaced further, additional contraction 
of the fibers of the diaphragm causes the lower ribs to 
move in a cephalad and lateral direction, producing a 
so-called bucket-handle motion. 

Preliminary Examination 

Uncover the patient’s chest and abdominal area so that 
the motions of the chest and abdominal walls can be 
observed. Watch the normal respiration pattern and observe 
differences in the motion of the chest wall and (epigastric) 
area and note any contraction of the neck muscles and 
the abdominal muscles. 

The epigastric rise and flaring of the lower margin of 
the rib cage during inspiration indicate that the diaphragm 
is active. During quiet inspiration, epigastric rise reflects 
the movement of the diaphragm descending over one 

1 
Ss Uy {asonrnlonna Nip, 

FIGURE 4.47 

QUIET INSPIRATION 

intercostal space.***” In deeper inspiratory efforts, the 
diaphragm may move across three or more intercostal 
spaces. The rise on both sides of the linea alba should be 
symmetric. 

An elevation and lateral expansion of the rib cage 
are indicative of intercostal activity during inspiration. 
Exertional chest expansion measured at the level of the 
xiphoid process is 2.0 to 2.5 inches (the expansion may 
exceed 3.0 inches in more active young people and 
athletes).°° 

Measurement 

Maximum inspiratory pressure (MIP) is the measurement 
of strength of inspiratory muscles. 

Measurements of MIP and maximal expiratory pressure 
(MEP) may serve as a means of measuring ventilatory 
muscle strength, although not the strength of any single 
muscle. The MIP reflects the strength of the diaphragm 
and other inspiratory muscles, whereas the MEP reflects 
the strength of the abdominal muscles and other expiratory 
muscles. 

Equipment: Either a manual pressure gauge (Fig. 4.47) 
or an electronic pressure gauge (Fig. 4.48) is used. Place 
a new cardboard mouthpiece or a clean rubber mouthpiece 
with flanges on the device for each patient use. 

FIGURE 4.48 
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QUIET INSPIRATION 
ea nn a SS 

Maximal Inspiratory Pressure 

Position of Patient: Seated in a chair, with a nose clip 
applied to the nose (Fig. 4.49). 

Instructions to Therapist: Stand or sit in front of seated 
patient so as to read the gauge (see Fig. 4.49; therapist 
shown at side of patient to better illustrate procedure). 

Test: Demonstrate the maneuver, and then have the 
patient repeat it. Patient first exhales completely then 
sucks in as hard as possible. The patient should maintain 
inspiratory pressure for at least 1.5 seconds; the largest 
negative pressure sustained for at least 1 second should 
be recorded. Allow the patient to rest for approximately 
1 minute and then repeat the maneuver five times. Provide 
verbal or visual feedback after each maneuver, but do not 
allow trunk flexion or extension during the test. The goal 
is for the variability among measurements to be less than 
10 cm H,O. Measurements should be rounded to the 

nearest 5 cm HO: 

FIGURE 4.49 

Instructions tc Patient: “Seal your lips firmly around 
the mouthpiece, exhale slowly and completely, and then 
pull in hard, like you are trying to suck up a thick 
milkshake.” 

Maximal Expiratory Pressure 

Position of Patient: Seated in a chair, with a nose clip 
applied to the nose. 

Instructions to Therapist: Stand or sit in front of seated 
patient so as to read the gauge. 

Test: Demonstrate the maneuver, and have the patient 
repeat it. Patient first inhales completely, then blows out 
as hard as possible. The patient should maintain expiratory 
pressure for at least 1.5 seconds. The largest positive 
pressure sustained for at least 1 second should be recorded. 
Allow the patient to rest for approximately 1 minute and 
then repeat the maneuver five times. Provide verbal or 
visual feedback after each maneuver but do not allow 
trunk flexion or extension during the test. The goal is 
for the variability among measurements to be less than 
10 cm H,O. Measurements should be rounded to the 
nearest 5 cm H,O. 

Instructions to Patient: “I want you to inhale completely 
as you push the mouthpiece firmly against your lips and 
teeth and then push (or blow) as hard as possible, like 
you are trying to fill a very stiff balloon.” 

Grading 

An MIP of 280 cm H;0 usually excludes the presence 
of inspiratory muscle weakness.”! 

Helpful Hint 

Some patients with orofacial muscle weakness may not 
be able to obtain a good seal with the lips. It is permis- 
sible to allow such patients to use their hand to press 
their lips against the mouthpiece during each maneuver. 
Alternatively, the therapist can press the patient’s lips 
against the mouthpiece as necessary to obtain a good 
seal or a face mask interface can be substituted. 
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INTERCOSTALS 

There is no method of direct assessment of the strength 
of the intercostal muscles. 

The scalene muscles, as assessed via needle EMG 
examination, are active with every inspiratory effort and 
should be considered a primary muscle of inspiration.” 

Diaphragmatic function can also be measured through 
ultrasound. This is an examination technique that is not 
typically included in entry-level education. A machine 
with a microconvex, 2 to 4 MHz probe is used.** Two 
measurements can be used, both of which relate indirectly 

Suggested Exercise for 
Weak inspiratory muscles can be strengthened through 
targeted inspiratory muscle training (IMT). Training 
principles are similar to those used to increase the strength 
of any other muscle. Patients either inhale through a 
mouthpiece with an adjustable diameter opening or using 
a device with a spring-loaded valve that does not open 
to allow airflow until a threshold pressure is reached. 
This type of device, commonly referred to as threshold 
trainer, has the advantage of producing a load that is 

Inspiratory Training 

QUIET INSPIRATION 

to the strength of the diaphragm. One is diaphragmatic 
excursion, measured using an anterior subcostal approach 
between the anterior axillary and midclavicular lines. A 
cutoff of less than 25 mm has been suggested as an 
indicator of severe diaphragmatic dysfunction.°* The 
second is the thickening fraction (TF). Inspiratory and 
expiratory thicknesses are measured where the diaphragm 
is in contact with the rib cage in the eighth or ninth 
intercostal space between the mid and anterior axillary lines. 
The TF is measured as a percentage of the end-expiratory 
thickness. A TE less than 20% is likely to indicate severe 
dysfunction. 

independent of the airflow rate generated by the user.°° 
A typical training program would be performed for 15 
minutes, twice daily, five to seven times per week, at an 
intensity of 30%-50% of MIP.*” 

Using abdominal weights to produce resistance can 
be effective.**® 

In this exercise the patient is supine and a predeter- 
mined weight is placed on the stomach. The goal is to 
have the patient elevate the weight with each inspiration. 
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FORCED EXPIRATION 

The cough is an essential procedure to maintain airway 
patency and to clear the pharynx and bronchial tree 
when secretions accumulate. A cough may be a reflex 
or voluntary response to irritation anywhere along the 
airway downstream from the nose. The three phases of 
cough—inspiration, compression, and forced expiration— 
are mediated by the muscles of the thorax and abdomen, 
as well as those of the pharynx, larynx, and tongue. The 
deep inspiratory effort is supported by the diaphragm, 
intercostals, and arytenoid abductor muscles (the pos- 
terior cricoarytenoids), permitting inhalation of more 
than 1.5 L of air.’ The palatoglossus and styloglossus 
elevate the tongue and close off the oropharynx from 
the nasopharynx. The compression phase requires the 
lateral cricoarytenoid muscles to adduct and close the 
glottis. 

The strong expiratory movement is augmented by 
strong contractions of the thorax muscles, particularly 
the latissimus dorsi and the oblique and _ transverse 
abdominal muscles. The abdominal muscles raise intra- 
abdominal pressure, forcing the relaxing diaphragm up 
and drawing the lower ribs down and medially. Elevation 
of the diaphragm raises the intrathoracic pressure to 
approximately 200 mm Hg, and the explosive expulsion 
phase begins with forced abduction of the glottis. 

Coughing often is used as the clinical test for forced 
expiration. An effective cough requires the use of all 
muscles of active expiration in contrast to quiet expiration, 

Helpful Hints 

e It is generally accepted that if an individual’s forced 
vital capacity (FVC) is 260% of the predicted value, 
the inspired volume is sufficient to generate a func- 
tional, effective cough. 

e FVC can be measured with a simple spirometer (Fig. 
4.50). A forced expiratory volume 260% of the 

which is the passive relaxation of the muscles of inspiration. 
However, it must be recognized that a patient may not 
have an effective cough because of inadequate laryngeal 
control or low vital capacity. 

Grading 

The usual muscle test grades do not apply here; thus the 
following scale to assess the cough is used: 

Functional: Normal or only slight impairment: 
¢ Crisp or explosive expulsion of air 
e¢ Volume is sharp and clearly audible 
e Able to clear airway of secretions 

Weak Functional: Moderate impairment that affects the 
degree of active motion or endurance: 
e Decreased volume and diminished air movement 
e Appears labored 
e May take several attempts to clear airway 

Nonfunctional: Severe impairment: 
e No clearance of airway 
¢ No expulsion of air 
¢ Cough attempt may be nothing more than an effort 

to clear the throat 

Zero: Cough is absent. 

individual’s measured FVC should be adequate for 
sufficiently forceful expulsion.*! 

e A peak cough flow rate of 160 L/min is highly predic- 
tive of successful secretion clearance and subsequent 
extubation and decannulation in patients with neu- 
romuscular disease.© 

FIGURE 4.50 
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Table 4.10 MUSCLES OF FORCED EXPIRATION 

FORCED EXPIRATION 

I.D. 

110 

11 

112 

113 

103 

Muscle 

Obliquus 
externus 

abdominis 

Obliquus 
internus 

Transversus 

abdominis 

Rectus 
albdominis 

Intercostales 

interni 

Origin Insertion 

Ribs 5-12 lliac crest (outer border) 
(interdigitating on Aponeurosis from 9th 
external and inferior costal cartilage to ASIS; 
surfaces) both sides meet at 

midline to form linea 
alba 
Pubic symphysis (upper 
border) 

lliac crest (anterior % Ribs 9-12 (inferior border 
of intermediate line) and abdominis cartilages 

Thoracolumbar fascia by digitations that 
Inguinal ligament appear continuous with 
(lateral % of upper internal intercostals) 
aspect) Ribs 7-9 (cartilages) 

Aponeurosis to linea alba 
Pubic crest and pecten 
pubis 

Inguinal ligament Linea alba (blends with 
(lateral )4) broad aponeurosis) 
lliac crest (anterior %, Pubic crest and pecten 
inner lip) pubis (to form falx 
Thoracolumbar fascia — inguinalis) 
Ribs 7-12 (costal 
cartilages interdigitate 
with diaphragm) 

Arises via 2 tendons: Ribs 5-7 (costal 
Lateral: pubic crest cartilages) 
(tubercle) and pecten Costoxiphoid ligaments 
pubis 
Medial: symphysis 
pubis (ligamentous 
covering) 

Ribs 111 (inner surface) Ribs 2-12 (upper border 
Sternum (anterior) of rib below rib of origin) 
Internal intercostal 
membrane 

Function 

Flexion of trunk (bilateral muscles) 
Tilts pelvis posteriorly 
Elevates pelvis (unilateral) 
Rotation of trunk to opposite side 
(unilateral) 
Lateral bending of trunk (unilateral) 
Support and compression of 
abdominal viscera, counteracting 
effect of gravity on abdominal 
contents 
Assists defecation, micturition, emesis, 
and parturition (i.e., expulsion of 
contents of abdominal viscera and air 
from lungs) 
Important accessory muscle of forced 
expiration (during expiration it forces 
the viscera upward to elevate the 
diaphragm) 

Constricts (flattens) abdomen, 
compressing the abdominal viscera 
and assisting in expelling their 
contents 
Forced expiration 

Flexion of spine (draws symphysis and 
sternum toward each other) 
Posterior tilt of pelvis 
With other abdominal muscles, 
compresses abdominal contents 

Not as strong as the external 
intercostals 
Elevation of ribs in inspiration 
This may be true at least for the Ist to 
5th muscles 
The more lateral muscle fibers run 
more obliquely inferior and posterior 
and are most active in expiration” 
Stabilization of rib cage 

Continued 
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FORCED EXPIRATION 

Table 4.10 MUSCLES OF FORCED EXPIRATION—cont’d 

1.D. Muscle Origin Insertion Function 

130 Latissimus T6-T12 and all lumbar | Humerus (floor of Extension, adduction, and internal 
dorsi and sacral vertebrae _ interftubercular sulcus) rotation of shoulder 

(spinous processes via Deep fascia of arm Hyperextension of spine (muscles on 
supraspinous both sides), as in lifting 
ligaments) The muscle is most powerful in 
lliac crest (posterior) overhead activities (Such as swimming 
Thoracolumbar fascia (downstroke) and climbing), crutch 

Ribs 9-12 (interdigitates walking (elevation of trunk to arms, 
with external i.e., shoulder depression), or swinging 
abdominal oblique) Adducts raised arm against resistance 

(with pectoralis major and teres 
major) 
It is very active in strong expiration, as 
in coughing and sneezing, and in 
deep inspiration 
Elevation of pelvis with arms fixed 

Other 

106 Transversus 
thoracis 

ASIS, Anterior superior iliac spine. 
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PELVIC FLOOR 

The pelvic floor muscles form the “floor” of the pelvis 
and perform four important functions: 

Supportive: by counteracting passive gravitational pull 
and dynamic intra-abdominal pressures impacting the 
pelvic viscera in conjunction with the inner core muscles 
forming the canister of core stabilization.®* 

Sphincteric: by shortening in an anterosuperior direc- 
tion, these muscles squeeze off the urethra, vagina, 
and anorectal junction to maintain urinary and fecal 
continence. 

Sexual: by rhythmically contracting during orgasm to 
enhance sexual satisfaction. 

Postural stabilizer: by working with the transversus 
abdominis, multifidi, and pulmonary diaphragm, the pelvic 
floor creates the bottom of the inner core “canister” 
(Fig. 4.51). 

Poor pelvic floor strength is associated with pelvic 
organ prolapse and urinary or fecal incontinence. Ninety- 
seven percent of women will experience some level 
of supportive dysfunction in their lifetime, leading 
to “falling” of the bladder, rectum, uterus, or small 

intestine.” Urinary or fecal incontinence is experi- 
enced by as many as 72% of women of all ages.°° Fecal 

Bladder 

Uterus 

incontinence is thought to be grossly underreported 
because of the associated social stigma. However, 
urinary incontinence is amenable to treatment, with 
reports of an 84% success rate using the Kegel exercise 
(controlled voluntary contractions used to strengthen the 
pelvic floor).°” 

Sexual dysfunction may be related to weak pelvic floor 
musculature and urinary incontinence.®” Thirty-one 
percent of men and 43% of women between the ages of 
18 and 59 years report concerns during physical intimacy, 
some of which are related to urinary incontinence and a 
weak pelvic floor.”” Up to 80% of aging women have 
similar concerns.”! 

The pelvic floor muscles can become weakened from 
childbirth,” poor patterns of muscle recruitment, medical 
comorbidities such as diabetes, abdominopelvic surgical 
procedures, constipation, abdominal obesity, chronic 
cough, hormonal changes, and loss of muscle mass with 
aging. Because of the frequency of pelvic floor weakness, 
pelvic floor muscle strength should be routinely assessed 
to rule out muscle weakness, spasm, or dyscoordination 
in the presence of lumbopelvic, urologic, gynecologic, 
sexual, or gastrointestinal dysfunction. 
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FIGURE 4.51 Pelvic floor muscles serve as a sling for the female organs. 
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PELVIC FLOOR 

Methods used to assess the strength and function of 
the pelvic floor muscles include the following: 
e Presence of pelvic floor muscle activation: clinical 

observation, external perineal palpation, vaginal or rectal 
digital palpation, EMG, and pressure gauges. 

¢ Quantification of pelvic floor muscle strength: manual 
muscle testing with rectal or vaginal palpation, vaginal 
cones,’* and vaginal squeeze pressure.”* 

e Additional visualization of the pelvic floor musculature 
may be done with abdominal or pelvic two-dimensional 
ultrasound,” ultrasound, and magnetic resonance 
imaging.”° 

Anatomy of the Pelvic Floor 

Muscles of the pelvic floor are difficult to visualize, 
particularly because most students do not have the 
opportunity to dissect this region in anatomy class. In 
both males and females, there are five muscles of the 

urogenital region that differ in size and disposition in 
relation to the male and female external genitalia. These 
five muscles are grouped into superficial and deep layers. 
Superficial muscles include three portions of the levator 
ani (puborectalis, pubococcygeus, iliococcygeus) and the 
ischiococcygeus. Connective tissue and the deep transverse 
perinei comprise the deep layer (Fig. 4.52). 

The superficial layer is the outermost layer; it resembles 
a sling and is shaped like a figure eight. Although the 
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Pubococcygeus f A 
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Levator plate 

of levator ani muscle 

superficial layer is relatively thin in terms of mass, it is 
highly sensitive. This area is responsible for controlling 
the anal and urethral sphincters, so these muscles play an 
important role in continence. To work effectively, the 
sphincters need the support of the rest of the pelvic floor, 
particularly the connective tissue elements. In addition, 
because the abdominals share the same connective tissue 
attachments as the pelvic floor musculature, in many 
women they too need to be strengthened, along with the 
pelvic floor musculature. 

The deep layer of the pelvic floor is the real workhorse 
of the pelvic floor. The deep pelvic floor muscles have 
the highest resting muscle tone in the body and play a 
vital role in movement, posture, and breathing. These 
muscles must continuously support the weight of the 
pelvic and abdominal organs when the person is upright 
(see Fig. 4.51). The deep pelvic floor is sometimes called 
the pelvic diaphragm. Like its companion, “the roof” or 
the pulmonary diaphragm, it has minimal sensory innerva- 
tion and its movement is not felt directly. When it works 
well, the pelvic floor functions like a well-balanced 
trampoline and has amazing tensile strength and elasticity. 
It plays a crucial role in ensuring spinal stability and free 
locomotion. Deep abdominal muscles in front, the multifidi 
around the spine, and the pulmonary diaphragm all must 
work together synergistically with the pelvic diaphragm. 
Thus “there is no core without the floor” (Table 4.11). 
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FIGURE 4.52 
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PELVIC FLOOR 
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Table 4.11 MUSCLES OF THE PELVIC FLOOR (PERINEUM) 

1.D. Muscle Origin 

120 Bulbocavernosus 

vagina 

121 Ischiococcygeus 

tuberosity 

118 Transversus perinei superficialis 
(indistinct, offen missing) 

119  Transversus perinei profundus 

ischium 

122 Sphincter urethrae 

the urethra 

Surrounds the orifice of the 

Inner surface of the ischial 

Medial/anterior ischial tuberosity 

Inner surface ramus of the 

Superior: encircle lower end of 

Insertion 

Blends with sphincter ani externus 

Tendinous aponeurosis attached to 
the sides and under surface of the 
crus clitoridis 

Perineal body 

Blends into perineal body and 
vaginal wall 

Interlace with fibers from the 
opposite side 

Inferior: transverse perineal 
ligament 

Others 

115 Puborectalis 

115 Levator ani: 
Puborectalis 
lliococcygeus 
Pubococcygeus 

Testing the Muscles of the Pelvic Floor 

Test Description and Procedure 

In a separate treatment room the therapist should explain 
the pelvic exam in total detail. It is not uncommon for 
therapists to have patients sign a consent form prior to 
beginning the exam. The patient should be advised that 
she can stop the exam at any time for any reason. After 
the patient thoroughly understands the exam, the therapist 
instructs her to disrobe from the waist down, cover herself 
with a sheet provided by the therapist, and lie supine on 
a plinth. The therapist leaves the room while the patient 
is preparing for the test. After the therapist returns, the 
patient is asked to roll her legs into external rotation and 
abduction (hook lying). After the patient is relaxed, the 
therapist dons sterile gloves that contain no allergens or 
other potentially irritating material to the patient. The 
therapist may apply a nonallergenic lubricant to the gloves 
for patient comfort. While standing slightly to the side 
of the patient, the therapist moves the sheet drape aside 
to locate needed landmarks, replaces the drape, and then 
slowly inserts the middle finger, index and middle finger, 
or middle and ring finger, into the vagina. If a patient 
has complaints of pelvic pain, usually only one finger is 
used. Once fingers are in place, the patient is asked 
to “pull my fingers up and in” a total of three to four 
times. Contractions are maintained for 1 to 2 seconds 
(Fig. 4.53). 
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FIGURE 4.53 

Grading 

There are several grading scales, but the scale used most 
commonly is the Modified Oxford Scale.” The Modified 
Oxford Scale is a 6-point scale in which half numbers of 
+ and — can be added when a contraction is considered 
to fall between two full grades, so that the scale expands 
to a 15-point scale (when both + and — are used): 
0 = No contraction detected 
] = Flicker 
2 = Weak (the patient contracts the pelvic floor muscles 

well enough to partially encircle the therapist’s fingers) 
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3 = Moderate (the patient fully encircles the therapist’s 
fingers) 

4 = Good (the patient fully encircles the therapist’s fingers 
and partially pull the fingers further into the vaginal 
cavity) 

5 = Strong (the patient fully encircles the therapist’s fingers 
with a strong contraction and pull the fingers fully up 
and into the vaginal canal) 

The Modified Oxford Scale has fair reliability among. 
experienced therapists.”* Test accuracy may be enhanced 
with visual examination during the actual manual muscle 
test. Visual observation can confirm perineal tightening 
and whether the fingers are drawn up and in, but most 
therapists do not observe the movement for various 
reasons. 

PERINEOMETER 

The perineometer was developed to specifically determine 
the amount of contractile force a woman can generate 
with the pelvic floor musculature (Fig. 4.54). The portion 
of the perineometer that is inserted into the vagina is 
typically approximately 28 mm in diameter with an active 
measurement length of approximately 55 mm. Different 
types of perineometers are available, and each works on 
the same principle as a blood pressure monitor. 

FIGURE 4.54 

Helpful Hints 

Perineometer Test 

Purpose: Many women experience incontinence and/ 
or sexual dysfunction, both of which may be a consequence 
of pelvic floor weakness. The perineometer is a device 
that was specifically developed to determine the amount 
of contractile force a woman can generate with the pelvic 
floor musculature (see Fig. 4.54). Many types of perine- 
ometer devices are available and each works on the same 
principle as a blood pressure monitor. 

Position of Patient: Supine on a plinth with the knees 
flexed and the hips in some abduction. 

Test Procedure: The perineometer is first covered with 
a sterile sheath and then inserted into the vagina. A sterile 
hypoallergenic gel may be used on the sheath. The patient 
is then asked to perform a Kegel exercise, exerting as 
much force against the probe as possible (squeezing it). 
The therapist must make sure the patient is ot holding 
her breath while performing the pelvic contraction. The 
patient performs three contractions with a 10-second rest 
between each contraction; the therapist records the highest 
force output or the average of the three. One advantage 
of the perineometer over manual muscle testing (MMT) 
is that duration of contraction hold can be determined. 
The reliability of the perineometer is comparable to that 
of MMT. Interrater and intrarater reliability have been 
established.” 

Instructions to Therapist: Cover the perineometer with 
a sterile sheath. A sterile hypoallergenic gel may be used 
on the sheath. Drape the patient. Explain procedure to 
patient. With patient supine and hips and knees flexed, 
insert perineometer into the vagina. After the probe is in 
place, patient is asked to perform a Kegel exercise, exerting 
as much force against the probe as possible (squeezing 
it). Patient should not hold breath during contraction. 
The patient performs three contractions with a 10-second 
rest between each contraction. 

Instructions to Patient: “Squeeze as hard as you can 
against the probe, and hold it. Rest, now repeat.” 

Scoring 
Record the highest force output or the average of the 
three contractions. 

One advantage of the perineometer over a manual muscle 
test is that the duration of the contraction hold can be 
objectively determined. The reliability of the perineometer 
is comparable to that of manual muscle testing. Interrater 
and intrarater reliability have been established.*® 

The Kegel (pronounced KAY-gull) exercise is named 
after Dr. Arnold Kegel, who designed the exercise 
to strengthen the pelvic floor muscles, especially the 

pubococcygeal muscles. The exercise consists of tighten- 
ing the pelvic floor muscles to stop a stream of urine. 
Strengthening the pelvic floor muscles increases vaginal 
tone, thus improving sexual response and limiting 
involuntary urine secondary to stress incontinence. Kegel 
exercises are often prescribed following childbirth or 
during or after menopause. 
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Risk Management Considerations 

Vaginal, rectal, and instrumented testing of the pelvic 
floor is typically taught at the post-entry level. Given the 
sensitivity of this examination, there should be a compelling 
reason to perform it based on the patient’s subjective 
complaint or previous test findings. An appropriate level 
of patient education to ensure informed consent should 

Chapter 4 

also be provided. Before engaging in this new area of 
practice, therapists should review their state’s practice 
laws to ensure that pelvic floor examination is included 
within the physical therapist’s scope of practice. In addition, 
each therapist must be able to demonstrate competence 
through evidence of training specific to pelvic floor 
rehabilitation, including internal assessment and treatment, 
before entering this new area of practice. 
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Testing the 
Muscles of the 

Upper Extremity 

Introduction to Shoulder 
Girdle Strength Testing 

Scapular Abduction and 
Upward Rotation 

Scapular Elevation 

Scapular Adduction 
(Retraction) 

Scapular Depression and 
Adduction 

Scapular Adduction 
(Retraction) and 
Downward Rotation 

Latissimus Dorsi 

Introduction to Testing 
the Deltoid 

Shoulder Flexion 

Shoulder Extension 

Shoulder Abduction 

Shoulder Horizontal 
Abduction 

Shoulder Horizontal 

Adduction 

Introduction to the 

Rotator Cuff 

Shoulder External 
Rotation 

Shoulder Internal Rotation 

Elbow Flexion 

Elbow Extension 

Forearm Supination 

Forearm Pronation 

Wrist Flexion 

Wrist Extension 

Introduction to Testing the 
Muscles of the Hand 

Extrinsic Muscles 

Finger PIP and DIP Flexion 

Combined DIP and PIP 
Tests 

PIP Tests 

DIP Tests 

Finger MCP Extension 

Intrinsic Muscles 

Finger MCP Flexion 

Finger Abduction 

Finger Adduction 

Thumb MCP and IP Flexion 

Thumb IP Flexion 

Thumb MCP and IP 
Extension 

Thumb Abduction 

Thumb Adduction 

Opposition (humb to 
Little Finger) 

Grip Strength 



CARDINAL PLANES OF 
THE SCAPULA 

y 
va rw 

ADDUCTION 
ABDUCTION 

Axis of rotation 

Direction of 

movement 

DEPRESSION AND UPWARD ROTATION 

DOWNWARD ROTATION 

PLATE 2 Elevation (as in shrugging the shoulders). Abduction (protraction) forward movement occurring in pushing, thrusting, or 

reaching. Adduction (retraction) (as in bracing the shoulders). Depression and downward rotation (medial rotation)—returning 

scapula to rest position. Upward rotation (lateral rotation) occurs with shoulder elevation and with protraction of the scapula 
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INTRODUCTION TO SHOULDER GIRDLE STRENGTH TESTING 

The shoulder girdle is a complex system comprised of 
five distinct joints and at least 16 muscles, many of which 
have multiple parts and actions. The purpose of scapu- 
lohumeral motion is the appropriate positioning of the 
glenohumeral (G-H) joint in space, while the purpose of 
scapular stability is to provide a foundation for G-H 
motion.! 

The chief muscles that act upon the G-H joint are the 
deltoid (three parts), the pectorales (two parts), the latis- 
simus dorsi, teres major, and the four rotator cuff muscles 
(subscapularis, supraspinatus, infraspinatus and_ teres 
minor).” The primary muscles acting upon the scapula to 
properly position the humerus are the serratus anterior 
and upper and lower trapezius.* 

Shoulder elevation is the preferred term used in this 
text. Shoulder elevation is any combination of humeral 
abduction and flexion occurring at the glenohumeral joint. 
The most efficient shoulder elevators are the anterior and 
middle deltoid and the supraspinatus (initially).' Shoulder 
elevation is not to be confused with shoulder girdle eleva- 
tion, the motion of shrugging the shoulders. 

Preliminary Examination 

Observation of posture in sitting and standing is important 
prior to strength testing, noting the natural variability 
between sides and between individuals. First examine the 
sitting patient (with hands in the lap) from the back 
(posterior view), noting the position of the scapulae at 
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FIGURE 5.1 

rest, any asymmetry of shoulder height, muscular bulk, 
position of the G-H joint, and any scapular winging (Figs. 
5.1 and 5.2). Some scapular asymmetry is common and 
has many causes. Handedness, habitual stretch weakness 
(e.g., rounded shoulders that can accompany the forward 
head posture (see Fig. 3.14), and carrying purses or 
briefcases habitually on one side can all contribute to 
normal scapular asymmetry. 

Position and Symmetry of Scapulae: The normal scapula 
lies close to the rib cage with the vertebral border nearly 
parallel to and from | to 3 inches lateral to the spinous 
processes. The inferior angle is on the chest wall. 

The most prominent abnormal posture of the scapula 
is “winging,” in which the vertebral border tilts away 
from the rib cage, a sign of probable serratus anterior 
weakness (see Fig. 5.2). 

Scapulohumeral Rhythm: Next, observe scapulohumeral 
rhythm. Scapulohumeral rhythm consists of integrated 
movements of the G-H, scapulothoracic, acromioclavicular, 
and sternoclavicular joints that occur simultaneously. It 
occurs in sequential fashion to allow full functional motion 
of the shoulder complex. Although there is normal vari- 
ability in scapulohumeral rhythm, the overall ratio of G-H 
to scapulothoracic motion is approximately 2:1 to 
complete 180° of shoulder elevation, but varies throughout 
the range.** Thus, for 180° of shoulder elevation, approxi- 
mately 120° comes from the G-H joint and the other 
60° from upward rotation of the scapula. 

FIGURE 5.2 
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INTRODUCTION TO SHOULDER GIRDLE STRENGTH TESTING 

Preliminary Examination Continued 

Scapular Range of Motion: Total scapular motion 
increases over the arc of shoulder elevation. G-H and 
scapular movements occur not as separate motions, 
but as synchronous motions throughout the range. 
Specifically: 
a. The scapula sits against the thorax (T) during the first 

phase of shoulder abduction and flexion to provide 
initial stability as the humerus (H) abducts and flexes 
to 30°. During this first 30°, the scapula’s contribution 
to G-H movement is minimal. 

b. From 30° to 90° of elevation, the G-H joint contributes 
another 30° of motion, as the scapula upwardly rotates 
30°. During this range, the scapulohumeral rhythm is 
typically greater than 2:1.* The upward rotation is 
accompanied by clavicular elevation through the 
sternoclavicular and acromioclavicular joints (Fig. 5.3). 

c. The second phase (90° to 120°) is made up of 60° of 
G-H abduction and flexion and an additional 30° of 
scapular upward rotation. During this portion of the 
range, scapulohumeral rhythm declines to approximately 
1:1. Scapular rotation is associated with 5° of elevation 
at the sternoclavicular joint and 25° of rotation at the 
acromioclavicular joint (see Fig. 5.3). 

d. After 120° of shoulder elevation, the scapula rotates 
approximately 1° for every 1° of shoulder elevation 
until maximal shoulder elevation is achieved for a total 
of approximately 35—55° of scapular upward rotation.° 

Gleno-humeral 

180° 

Total 

movement 

FIGURE 5.3 
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Observe that the scapula basically remains in its rest 
position at ranges of less than 30° of shoulder elevation 
(the position is variable among subjects). To feel upward 
rotation, palpate the vertebral borders of both scapulae 
with the thumbs, placing the web of the thumb below 
the inferior angle and the extended fingers around the 
axillary borders (see Fig. 5.1), and ask the patient to lift 
the arm to 180° of shoulder elevation. 

If the scapula moves a lot as the G-H joint moves 
through a range from 0° to 60°—that is, if in this range 
they move as a unit—there is limited G-H motion. Avove 
30° and to about 150° or 160° in both active and passive 
motions, the scapula moves in concert with the humerus 
in about a 2:1 ratio. 

After assessing the scapular position at rest, ask the 
patient to raise the test arm above the head in the sagittal 
plane. If the arm can be raised well above 90° (G-H 
muscles must be at least Grade 3 to do this), observe the 
direction and amount of scapular motion that occurs. 
Normally, the scapula rotates upward in a motion that is 
controlled by the serratus, and if erratic or “uncoordinated” 
motion occurs, the serratus is most likely weak. The normal 
amount of motion from the vertebral border is about the 
breadth of two fingers (Fig. 5.4). If the patient can raise 
the arm with simultaneous rhythmical scapular upward 
rotation, proceed with the test sequence for Grades 5 
and 4. 

FIGURE 5.4 



INTRODUCTION TO SHOULDER GIRDLE STRENGTH TESTING 

Preliminary Examination Continued 

Scapula Abnormal Position at Rest: If the scapula is 
positioned abnormally at rest (i.e., downwardly rotated, 
abducted, or winging), the patient will not be able to 
elevate the arm above 90°. Proceed to serratus muscle 
tests described for Grades 2, 1, and 0. The serratus anterior 
never can be graded higher than the grade given to 
shoulder flexion. If the patient has a weak deltoid, the 
lever for testing is gone, and the arm cannot be used to 
apply resistance. 

Serratus anterior 

Inferior angle 

FIGURE 5.5 

vertebra 

Thoracic spine extension is necessary to achieve full 
shoulder elevation. If a person is kyphotic, shoulder 
elevation will be sacrificed and a 10° to 20° deficit of 
shoulder elevation will be noted. 

Long thoracic n. 
To: Serratus anterior 

C5-C7 be 

C6 

< C7 

C8 

Th 

FIGURE 5.6 
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anterior 
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FIGURE 5.7 Arrow indicates level of cross section, 
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SCAPULAR ABDUCTION AND UPWARD ROTATION 

(Serratus anterior) 

Range of Motion 

Reliable values not available 

Table 5.1 SCAPULAR ABDUCTION AND UPWARD ROTATION 

1.D. Muscle Insertion Function Origin 

128 Serratus Ribs 1-8 and often 9 Scapula (ventral surface Upward rotation of the 

anterior and 10 (by digitations of vertebral border) scapula (glenoid faces up) 
along a curved line) \st digitation (superior ¢ Scapular abduction 
Intercostal fascia angle) ¢« Medial border of 
Aponeurosis of 2nd-4th digitations scapula drawn 
intercostals (costal surface of entire anteriorly close to the 

vertebral border) thoracic wall 
Lower 4th or 5th (preventing “winging”) 
digitations (costal surface 
of inferior angle) 

129 Pectoralis minor * Scapular protraction 
(abduction): scapula 
moves forward around 
the chest wall. Works 
here with serratus 
anterior 

e Elevation of ribs in 
forced inspiration when 
scapula is fixed by the 
levator scapulae 

Other 

124 Upper and 
lower trapezius 

The serratus is a prime mover for scapular abduction 
(protraction), with the pectoralis minor also contributing. 
Their purpose is to maintain the continuous apposition 
of the scapula with the humerus. The rhomboids control 
the rate and range of motion of scapular abduction. As 
the arm is raised, the serratus helps other muscles to first 
fix the scapula, then rotate the scapula, allowing the arm 
to be raised to the vertical. The upper and lower fibers 
of the trapezius assist with the upward and medial pull 
of the lateral end of the clavicle and acromion.' This 
simultaneous action of the trapezius has focused attention 
on the development of exercises that focus on the serratus 
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¢ Works in conjunction 
with serratus to produce 
upward rotation 

without simultaneously firing the trapezius. The serratus 
also works eccentrically in controlling gravity-assisted 
downward rotation of the scapula, especially if the arm 
is loaded (weight in hand). 

Testing the serratus in the supine position is not recom- 
mended at any grade level. The supine position allows 
too much substitution that may not be noticeable. Lying 
supine on the table gives added stabilization to the scapula 
so that it does not “wing” and protraction of the arm 
may be performed by the clavicular portion of the pectoralis 
minor. The serratus should always be tested in shoulder 
elevation to minimize the synergy with the trapezius. 



SCAPULAR ABDUCTION AND UPWARD ROTATION 

Grade 5, Grade 4, and Grade 3 

Position of Patient: Short sitting with arm forward flexed 
to about 130° and then protracted in that plane as far as 
it can move. 

Instructions to Therapist: Stand at test side of patient. 
Ask patient to protract arm, to assess available range and 
the patient’s ability to achieve the test position. If suc- 
cessful, position arm as noted above. Hand used for 
resistance grasps the upper arm just above the elbow and 
gives resistance in a backward direction. The other hand 
stabilizes the trunk just below the scapula on the same 
side, thus preventing trunk rotation (Fig. 5.8). 

The therapist should select a spot on the wall or ceiling 
that can serve as a target for the patient to reach toward 
when the shoulder is at 130° of elevation. 

Test: Therapist resists protraction and elevation the arm 
at about 130° of flexion. The patient holds against maximal 
resistance. 

FIGURE 5.8 

(Serratus anterior) 

Instructions to Patient: “Hold your arm here. Don’t 
let me move it.” 

Grading 

Grade 5: Scapula maintains its abducted and rotated 
position against maximal resistance (see Fig. 5.8). 

Grade 4: Scapular muscles “give” or “yield” against 
maximal resistance. The G-H joint is normally held rigid 
in the presence of a strong deltoid, but if the serratus 
yields, the scapula moves in the direction of adduction 
and downward rotation. 

Grade 3: Scapula moves through full range of motion 
without winging, and without resistance other than the 
weight of the arm (Fig. 5.9). 

FIGURE 5.9 
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SCAPULAR ABDUCTION AND UPWARD ROTATION 

(Serratus anterior) 

Grade 2 

Position of Patient: Short sitting with arm flexed above 
90° and supported by therapist. 

Instructions to Therapist: Stand at test side of patient. 
One hand supports the patient’s arm at the elbow, 
maintaining it above the horizontal (Fig. 5.10). The other 
hand is placed at the inferior angle of the scapula with 
the thumb positioned along the axillary border and the 
fingers along the vertebral border (see Fig. 5.10). 

Test: Therapist monitors scapular motion by using a light 
grasp on the scapula at the inferior angle. Therapist must 
be sure not to restrict or resist motion. The scapula is 
observed to detect winging. 

FIGURE 5.10 

96 Chapter 5 | Testing the Muscles of the Upper Extremity 

Instructions to Patient: “Hold your arm in this position” 
(i.e., above 90°). “Let it relax. Now hold your arm up 
again. Let it relax.” 

Grading 

Grade 2: If the scapula abducts and rotates upward as 
the patient attempts to hold the arm in the elevated 
position, the weakness is in the G-H muscles. If the scapula 
does not smoothly abduct and upwardly rotate without 
the weight of the arm or if the scapula moves toward the 
vertebral spine, the weakness is in the serratus and should 
be graded a 2. 



SCAPULAR ABDUCTION AND UPWARD ROTATION 

Grade 1 and Grade 0 

Position of Patient: Short sitting with arm forward flexed 
to above 90° (supported by therapist). 

Instructions to Therapist: Stand in front of and slightly 
to one side of patient. Support the patient’s arm at the 
elbow, maintaining it above 90° (Fig. 5.11). Use 
the other hand to palpate the serratus with the tips of 
the fingers just in front of the inferior angle along the 
axillary border (see Fig. 5.11). 

Test: Patient attempts to hold the arm in the test 
position. 

FIGURE 5.11 

(Serratus anterior) 

Instructions to Patient: “Try to hold your arm in this 
position.” 

Grading 

Grade 1: Muscle contraction is palpable. 

Grade 0: No discernable palpable contraction. 

e The highest level of serratus anterior electromyog- 
raphy (EMG) activity is achieved below 90° of 
humeral elevation.° 

e Ifa patient has a painful elbow (e.g., tennis elbow 
or epicondylitis) resistance may be applied above 
the painful joint, on the proximal arm. 

Suggested Exercises 
for Serratus Anterior 

e Push up progression 
e Least muscle demand: wall push up 
e Moderate muscle demand: pushup on knees 
e Highest muscle demand: pushup with feet 

elevated.” 
e Push up plus** (produces minimal upper trapezius 

activation and maximum activation of the serratus) 
e Dynamic hug*® 
e Diagonal exercise flexion (D1’” and D2’, D2 

diagonal pattern extension)’ 
e Bench press, seated (using a weight machine) with 

upper trapezius” 
e Isometric low row (with lower trapezius)® 
e Lawnmower rows (with lower trapezius)® 

*Push up plus is a classic pushup with extended arms and a narrow hand 

width. On fully extended arms, lift the back toward the ceiling. Then 

drop the trunk down, bending elbows 30°, then raising trunk again, 

lifting the back toward the ceiling at the end of the movement (it is a 
small movement, just a couple of inches). 
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SCAPULAR ELEVATION 

(Trapezius, upper fibers and Levator scapula)'” 

MM 

Levator scapulae 

bs 

Trapezius 
(upper fibers) 

XI Accessory 
To: Trapezius 

and C3-C4 

To: Levator scapulae 
Trapezius 
C3-C4 

Dorsal scapular n. 

\ 

To: Levator scapulae 

<2 

\ 
POSTERIOR 

FIGURE 5.12 

T4 
vertebra 

Trapezius 

FIGURE 5.14 Arrow indicates level of cross section. 
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SCAPULAR ELEVATION 
a, SSS SSS SSS SSS SSS 

Table 5.2 SCAPULAR ELEVATION 

(Trapezius, upper fibers and Levator scapula)'” 

Range of Motion 

Reliable data not available 

I.D. Muscle Origin Insertion 

124 Trapezius Occiput (external Clavicle 
(upper protuberance and = (posterior 
fibers) superior nuchal border of 

line, medial %) lateral %) 
Ligamentum 
nuchae 

C7 vertebra 
(spinous process) 

127. ~Levator C1-C4 vertebrae Scapula 
scapulae (transverse (vertebral 

processes) border 
between 
superior angle 
and root of 
scapular spine) 

Others 

125  Rhomboid See Table 5.3 
major 

126 Rhomboid See Table 5.5 
minor 

Elevation of the scapula and point of the shoulder, as 
in shrugging the shoulders, is generated by the trape- 
zius acting on the lateral clavicle, acromion and spine 
of the scapula, with some assistance from the levator 
scapula. If the trapezius is weak the therapist may see 

Grade 5, Grade 4, and Grade 3 

Position of Patient: Short sitting over end or side of 
table in erect posture. Hands relaxed in lap. 

Instructions to Therapist: Stand behind patient. Ask 
the patient to elevate (shrug) the shoulders (Grade 3). If 
range is full and symmetrical, apply resistance. Contour 
hands over top of both shoulders to give resistance in a 
downward direction. This muscle is quite strong, so the 
therapist’s arms should be nearly straight, transferring 
the therapist’s body weight through the arms to provide 
enough resistance. If unilateral weakness is suspected (rare), 

testing each side separately may be indicated. 

Test: Patient elevates (shrugs) shoulders. The test is almost 
always performed on both sides simultaneously (Fig. 5.15). 

Instructions to Patient: “Shrug your shoulders.” OR 
“Raise your shoulders toward your ears. Hold it. Don’t 
let me push them down.” 

Function 

Upper: 
¢ Elevation of shoulder girdle (“shrugging”) (with 

levator scapulae) 
¢ Rotation of head to opposite side (one) 
¢ Capital extension (both) 
Upper and Lower: 
° Rotation of the scapula so glenoid faces up 

(inferior angle moves laterally and forward); 
occurs only if contracting in conjunction with 
serratus anterior 

*¢ Cervical extension (both) 

e Elevates and adducts scapula 
¢ Scapular downward rotation (glenoid faces 

down) 
¢ Lateral bending of cervical spine to same side 

(one) 
¢ Cervical rotation to same side (one) 
e Cervical extension (both assist) 

some scapular downward rotation due to the action 
of the levator. If the levator is weak, elevation may be 
accompanied by some scapular upward rotation.’ In 
the intact muscle, elevation should be a straight “up” 
movement. 

; 

Are rere 

FIGURE 5.15 
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SCAPULAR ELEVATION 

(Trapezius, upper fibers and Levator scapula)" 

Grade 5, Grade 4, and Grade 3 Continued 

Grading 

Grade 5: Holds test position against maximal resistance 
(Fig 516): 

Grade 4: Patient holds test position against strong to 
moderate resistance. The shoulder muscles may “give” 
at the end point. 

Grade 3: Elevates shoulders through full available range 
without resistance. 

Grade 2, Grade 1, and Grade 0 

Position of Patient: Prone, fully supported on table. 
Head may be turned away from test side for patient 
comfort and to reduce the potential contribution of the 
levator scapulae (Fig. 5.17). 

Instructions to Therapist: Stand at test side of patient. 
Support test shoulder in palm of one hand. The other 
hand palpates the upper trapezius near its insertion above 
the clavicle. A second site for palpation is the upper 
trapezius just adjacent to the cervical vertebrae. 

Test: With the therapist supporting the shoulder, the 
patient elevates the shoulder (usually done unilaterally) 
toward the ear. 

Instructions to Patient: “Raise your shoulder toward 
your ear (shrug).” 

FIGURE 5.16 
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Grading 

Grade 2: Patient completes full range of motion in 
gravity-minimized position. 

Grade 1: Upper trapezius fibers can be palpated at clavicle 
or neck. The levator muscle lies deep and is more difficult 
to palpate in the neck (between the sternocleidomastoid 
and the trapezius). It can be felt at its insertion on the 
vertebral border of the scapula superior to the scapular 
spine when the head is turned towards the side being 
tested. 

e Ifthe patient cannot assume the sitting position for 
testing for any reason, the tests for Grade 5 and 
Grade 4 in the supine position will be quite inac- 
curate. If the Grade 3 test is done in the supine 
position, it will require manual resistance because 
gravity is neutralized. 

e If the prone position is not comfortable, the tests 
for Grades 2, 1, and 0 may be performed with the 
patient supine, but palpation in such cases will be 
less than optimal. 

Suggested Exercises. 
for Upper 

e Shoulder shrug’ 
e Abduction to 45°, 90° and 120° (decreases middle 

trapezius activity) 
e Low row (decreases serratus anterior activity) 
e Prone horizontal abduction at 135° with ER (thumb 

up) (optimizes upper trapezius and decreases serratus 
anterior activity)” 

Trapezius 

FIGURE 5.17 



SCAPULAR ADDUCTION (RETRACTION) 

(Trapezius, middle fibers and Rhomboid major and minor) 

gan 

AA, 

Trapezius (middle fibers) 

XI Accessory 
To: Trapezius, middle 

C3-C4 

Dorsal scapular n. 
To: Rhomboids 

C5 

FIGURE 5.18 FIGURE 5.19 

T4 

vertebra 

Rhomboid major 
Trapezius 

FIGURE 5.20 Arrow indicates level of cross section. 
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SCAPULAR ADDUCTION (RETRACTION) 

(Trapezius, middle fibers and Rhomboid major and minor) 

Range of Motion 

Reliable data not available 

Table 5.3 SCAPULAR ADDUCTION (RETRACTION) 

1.D. Muscle Origin 

124 Trapezius (middle T1-T5 vertebrae (spinous 
fibers) processes) 

Supraspinous ligaments 

125 Rhomboid major 72-15 vertebrae (spinous 
processes) 
Supraspinous ligaments 

Others 

126 Rhomboid minor See Table 5.5 

124 Trapezius (upper See Tables 5.3 and 5.4 
and lower) 

127 Levator scapulae See Table 5.2 

Grade 5, Grade 4, and Grade 3 

Position of Patient: Prone with shoulder at edge of 
table. Shoulder is abducted to 90°. Elbow is flexed to a 
right angle with forearm and hand hanging off table (Fig. 
5.21). Head may be turned to either side for comfort. 

Instructions to Therapist: Stand at test side close to 
patient’s arm. Stabilize the contralateral scapular area to 
prevent trunk rotation. Ask the patient to lift elbow toward 
the ceiling (Grade 3). If able to complete full range, 

Insertion 

Scapula (medial 
acromial margin and 
superior lip of crest on 
scapular spine) 

Scapula (vertebral 
border between root 
of spine and inferior 
angle) 

See Table 5.5 

See Plate 3 

Function 

Scapular adduction 
(retraction) (with 
rhomboids) 

Scapular adduction 
Downward rotation of 
scapula (glenoid faces 
down) 
Scapular elevation 

proceed to apply resistance in the test position in a 
downward direction (Fig. 5.22). Palpate the middle fibers 
of the trapezius at the spine of the scapula from the 
acromion to the vertebral column with the fingers of the 
other hand, as necessary. 

Test: Patient horizontally abducts arm and adducts 
scapula. 

FIGURE 5.21 
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FIGURE 5.22 



SCAPULAR ADDUCTION (RETRACTION) 

(Trapezius, middle fibers and Rhomboid major and minor) 

Grade 5, Grade 4, and Grade 3 Continued 

Instructions to Patient: “Lift your elbow toward the 
ceiling. Hold it. Don’t let me push it down.” 

Grading 

Grade 5: Holds test position against maximal resistance. 

Grade 4: Holds test position against strong to moderate 
resistance. 

Grade 3: Completes available range without manual 
resistance (Fig. 5.23). 

Grade 2, Grade 1, and Grade 0 

Position of Patient and Therapist: Same as for Grade 
5 test except that the therapist uses one hand to cradle 
the patient’s shoulder and arm, thus supporting the arm’s 
weight (Fig. 5.24), and the other hand for palpation. 

Test: Same as that for Grades 5 to 3. 

Instructions to Patient: “Try to lift your elbow toward 
the ceiling.” 

Grading 

Grade 2: Completes full range of motion without the 
weight of the arm. 

FIGURE 5.23 

Chapter 5 

Grade 1 and Grade 0: A Grade 1 muscle exhibits con- 
tractile activity or slight movement. There will be neither 
motion nor discernable palpable contractile activity in the 
Grade 0 muscle. 

Substitutions 

By the rhomboids: The rhomboids can partially 
substitute for the middle trapezius in adduction of 
the scapula but if that should happen, adduction occurs 
simultaneously with scapular downward rotation. 

When the posterior deltoid muscle is weak, support 
the patient’s shoulder with the palm of one hand and 
allow the patient’s elbow to flex. Passively move the 
scapula into adduction via horizontal abduction of the 
arm (see Fig. 5.24). Have the patient hold the scapula 
in adduction as the therapist slowly releases the shoulder 
support. Observe whether the scapula maintains its 
adducted position. If it does, it is Grade 3. 

Suggested Exercises 
for Middle Trapezius 

e Prone external rotation (ER)? 
e Side-lying ER’ 
e Row with elbows extended 

FIGURE 5.24 
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SCAPULAR DEPRESSION AND ADDUCTION 

(Trapezius, lower and middle fibers) 

Trapezius (lower fibers) 

X| Accessory 
To: Trapezius, lower 

FIGURE 5.26 

FIGURE 5.25 

Trapezius 

FIGURE 5.27 Arrow indicates level of cross section, 

Range of Motion 

Reliable data not available 
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SCAPULAR DEPRESSION AND ADDUCTION 

(Trapezius, lower and middle fibers) 

Table 5.4 SCAPULAR DEPRESSION AND ADDUCTION 

1.D. Muscle Origin 

124 Trapezius T1-T5 vertebrae 
(middle and = (spinous processes) 
lower fibers) = Supraspinous 

ligaments 
T6-T12 vertebrae 
(spinous processes) 

130 Latissimus Spines of the 6 lower 
dorsi thoracic vertebrae, 

thoracolumbar fascia, 
crest of the ilium, 
lowest 4 ribs 

Others 

131 Pectoralis Sternal half of clavicle, 
major entire anterior surface 

of the sternum 

129 Pectoralis Ribs 3-5, intercostal 
minor cartilage 

Grade 5, Grade 4, and Grade 3 

Position of Patient: Prone with test arm over head to 
about 145° of shoulder elevation and abduction (in line 
with the fibers of the lower trapezius). Forearm is in mid 
position (neutral rotation) with the thumb pointing toward 
the ceiling. Head should be turned to the test side. 

Instructions to Therapist: Stand at test side. Ask patient 
to raise the arm from the table as high as possible (Grade 

aN ; S Gy) J 

ae 
BO 
ZA 

FIGURE 5.28 

Insertion 

Scapula (spine, 
medial end, and 
tubercle at lateral 
apex via aponeurosis) 

Anterior humerus, 
lower margin of the 
intertubercular sulcus 

Lateral lip of the 
intertubercular sulcus 

of anterior humerus 

Coracoid process 
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Scapular adduction (retraction) 
(with rhomboids) 
wer 
Scapular adduction and 
depression 

Scapular depression if the arms 
are fixed 
Extension, adduction, and 
internal rotation of shoulder 
Hyperextension of spine (muscles 
on both sides), as in lifting 
The muscle is most powerful in 
overhead activities (such as 
swimming (downstroke) and 
climbing), crutch walking, 
elevation of trunk to arms, i.e., 
shoulder depression, or 
swinging" 

3) (Fig. 5.28). If full range is present, provide resistance. 
Hand giving resistance is contoured over the distal forearm, 
just above wrist (Fig. 5.29). Resistance will be given 
straight downward (toward the floor). Fingertips of the 

FIGURE 5.29 
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SCAPULAR DEPRESSION AND ADDUCTION 

(Trapezius, lower and middle fibers) 

Grade 5, Grade 4, and Grade 3 Continued 

opposite hand palpate below the spine of the scapula and 
across to the thoracic vertebrae, following the muscle as 
it curves down to the lower thoracic vertebrae. If patient 
cannot hold the test position with resistance given on the 
forearm, apply resistance over distal humerus, above elbow 
(Grade 4). 

Instructions to Patient: “Hold your arm. Don’t let me 
push it down.” 

Grading 

Grade 5: Holds test position against strong resistance 
applied over the forearm. 

Grade 4: Holds test position against strong resistance 
applied over the distal humerus or light resistance over 
the forearm. 

Grade 3: Patient raises arm from the table in test position 
against gravity, but patient cannot tolerate manual resis- 
tance (see Fig. 5.28). 

Grade 2, Grade 1, and Grade 0 

Position of Patient: Same as for Grade 5. 

Instructions to Therapist: Stand at test side. Support 
patient’s arm under the elbow (Fig. 5.30). 

FIGURE 5.30 
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Test: Patient attempts to lift the arm from the table. If 
the patient is unable to lift the arm because of a weak 
posterior and middle deltoid, the examiner should lift 
and support the weight of the arm. In the presence of a 
weak lower trapezius, the patient may substitute the middle 
trapezius and rhomboids, causing a lowering of the arm 
into an abducted position. 

Instructions to Patient: “Try to lift your arm from the 
table past your ear.” 

Grading 

Grade 2: Completes full scapular range of motion without 
the weight of the arm. 

Grade 1: Contractile activity can be palpated in the tri- 
angular area between the root of the spine of the scapula 
and the lower thoracic vertebra (T7-T12), that is, the 
course of the fibers of the lower trapezius. 

Grade 0: No discernable palpable contractile activity. 

‘Helpful Hints 
e The lower trapezius will not be active with shoulder 

elevation of less than 120°, so if the patient does 
not have sufficient G-H range to assume the test 
position, the lower trapezius is nearly impossible to 
test as the scapulae adduct and the rhomboids take 
over. If the patient cannot isolate this test or sub- 
stitutes away from test position, the grade is 0 (zero) 
or therapist should document, “unable to assume 
test position.” 

e Examiners are reminded of the test principle that 
the same lever arm must be used in sequential testing 
(over time) for valid comparison of results. 

or Lower 

Suggested Exercises. 
Trapezius 

Prone rowing’ 
Prone flexion with thumb up’ 
Modified prone cobra’? 
D2 diagonal pattern flexion with elastic tubing’ 
Prone horizontal abduction at 90° and 125°” 



SCAPULAR ADDUCTION (RETRACTION) AND DOWNWARD ROTATION 

(Rhomboids) 

Rhomboid minor 

Dorsal scapular n. 
To: Rhomboids 

Rhomboid 

major 

FIGURE 5.32 

POSTERIOR 

FIGURE 5.31 

Rhomboid major 

FIGURE 5.33 Arrow indicates level of cross section. 
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SCAPULAR ADDUCTION (RETRACTION) AND DOWNWARD ROTATION 

(Rhomboids) 

Range of Motion 

Reliable data not available 

Table 5.5 SCAPULAR RETRACTION AND DOWNWARD ROTATION 

1.D. Muscle Origin 

125 Rhomboid T2-T5 vertebrae (spinous 
major processes) 

Supraspinous ligaments 

126 Rhomboid C7-T1 vertebrae (spinous 
minor processes) 

Ligamentum nuchae (lower) 

Other 

127 Levator See Table 5,2 
scapulae 

The test for the rhomboid muscles has become the focus 
of some clinical debate. Kendall and co-workers claim, 

with good evidence, that these muscles frequently are 
underrated; that is, they are too often graded at a level 
less than their available performance.’ At issue also is the 
confusion that can occur in separating the function of 
the rhomboids from those of other scapular or shoulder 
muscles, particularly the trapezius and the pectoralis minor. 

Grade 5, Grade 4, and Grade 3 

Position of Patient: Prone. Head may be turned to 
either side for comfort. Shoulder is internally rotated and 
the arm is adducted across the back with the elbow flexed 
and hand resting on the back (Fig. 5.34). 

Instructions to Therapist: Stand at test side: Ask 
patient to place hand at the small of the back and lift it 

FIGURE 5.34 
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Insertion Function 

¢ Scapular adduction 
Downward rotation of 
scapula (glenoid faces 
down) 

Scapula (upper 
vertebral C 
border) 

Scapular adduction 
Scapular downward rotation 

(glenoid faces down) 

Scapula (lower 
vertebral 
margin) 

Because the rhomboids are innervated only by one nerve 
root (C5), a test for the rhomboids, correctly conducted, 
can confirm or rule out a nerve root lesion at this level. 
With these issues in mind, the authors present first their 
method and then, with the generous permission of 
Mrs. Kendall, her rhomboid test as another method of 
assessment. 

several inches away from the back (Grade 3). If patient 
can successfully place the hand in this position, apply 
resistance in the test position. When the patient’s shoulder 
extensor muscles are Grade 3 or higher, the hand used 
for resistance is placed on the humerus just above the 
elbow, and resistance is given in an outward and downward 
direction (Fig. 5.35). 

FIGURE 5.35 



SCAPULAR ADDUCTION (RETRACTION) AND DOWNWARD ROTATION 

Grade 5, Grade 4, and Grade 3 Continued 

When the shoulder extensors are weak, place the hand 
for resistance along the axillary border of the scapula (Fig. 
5.36). Resistance is applied in a downward and outward 
direction. 

The fingers of the hand used for palpation are placed 
deep under the vertebral border of the scapula. 

Test: Patient lifts the hand off the back, maintaining the 
arm position across the back. At the same time the 
examiner is applying resistance above the elbow in an 
outward direction. With strong muscle activity, the 
therapist’s fingers will “pop” out from under the edge 
of the scapular vertebral border (see Fig. 5.34.) 

Instructions to Patient: “Lift your hand. Hold it. Don’t 
let me push it down.” 

x 

We 
iL SS & 

\\ 

FIGURE 5.36 
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(Rhomboids) 

Grading 

Grade 5: Completes available range and holds against 
maximal resistance (Fig. 5.37). The fingers will “pop 
out” from under the scapula when strong rhomboids 
contract. 

Grade 4: Completes range and holds against strong to 
moderate resistance. Fingers usually will “pop out.” 

Grade 3: Completes range but tolerates no manual 
resistance at either the humerus or scapula (Fig. 5.38). 

FIGURE 5.37 

FIGURE 5.38 
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SCAPULAR ADDUCTION (RETRACTION) AND DOWNWARD ROTATION 

(Rhomboids) 

Grade 2, Grade 1, and Grade 0 

Position of Patient: Short sitting with shoulder internally 
rotated and arm extended and adducted behind back 

(Fig. 5.39), 

Instructions to Therapist: Stand at test side; support 
arm by grasping the wrist. The fingertips of one hand 
palpate the muscle under the vertebral border of the 
scapula. 

Test: Patient attempts to move hand away from back. 

Instructions to Patient: “Try to move your hand away 
from your back.” 

FIGURE 5.39 
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Grading 

Grade 2: Completes range of scapular motion. 

Grade 1 and Grade 0: A Grade 1 muscle has palpable 
contractile activity. A Grade 0 muscle shows no discernable 
palpable contractile activity. 



SCAPULAR ADDUCTION (RETRACTION) AND DOWNWARD ROTATION 

(Rhombotds) 

Alternate Rhomboid Test After Kendall!* 

As a preliminary to this rhomboid test, the shoulder 
adductors should be tested and found sufficiently strong 
to allow the arm to be used as a lever. 

Position of Patient: Prone with head turned to side of 
test. Non-test arm is abducted with elbow flexed. Test 
arm is near the edge of the table. Arm (humerus) is fully 
adducted and held firm to the side of the trunk in external 
rotation (ER) and some extension with elbow fully flexed. 
In this position, the scapula is in adduction, elevation, 
and downward rotation (glenoid down). 

Instructions to Therapist: Stand at test side. Hand used 
for resistance is cupped around the flexed elbow. The 
resistance applied by this hand will be in the direction 
of scapular abduction and upward rotation (out and up; 
Fig. 5.40). The other hand is used to give resistance 
simultaneously. It is contoured over the shoulder joint 
and gives resistance caudally in the direction of shoulder 
depression. 

Test: Examiner tests the ability of the patient to hold 
the scapula in its position of adduction, elevation, and 
downward rotation (glenoid down). 

Instructions to Patient: “Hold your arm as I have placed 
it. Do not let me pull your arm out and forward.” OR 
“Hold the position you are in; keep your shoulder blade 
against your spine as I try to pull it away.” 

FIGURE 5.40 

‘Helpful Hints 
e The rhomboid test, where the resistance is applied 

to the humerus in an outward motion, should not 
be confused with the lift-off test, a diagnostic for a 
subscapular muscle tear. 

e When the rhomboid test is performed with the hand 
behind the back, never allow the patient to lead the 
lifting motion with the elbow because this will 
activate the humeral extensors. 

e Using needle electromyography (EMG) on 11 male 
subjects, Smith and colleagues!’ found the posterior 
deltoid manual muscle test produced more rhomboid 
EMG activity (30%) than the muscle test shown in 
Fig. 5.37. The manual muscle test described in Fig. 
5.37 produced very high EMG activity in the latis- 
simus dorsi-and levator scapula muscles and equal 
activation in the middle trapezius, posterior deltoid, 
and rhomboids. 

e The sitting position used in the posterior deltoid 
muscle test position described by Smith and col- 
leagues” requires the rhomboids to function as a 
scapular rotator and scapular retractor as opposed 
to the prone position, which only requires the 
rhomboids to act as a scapular retractor.'*'* 

e The Kendall test (see Fig. 5.40) demonstrated greater 
rhomboid EMG activity (78% maximum voluntary 
contraction (MVC) than the rhomboid test shown 
in Fig. 5.37 (52% MVC), although the differences 
were not statistically significant.'* 

Suggested Exercises 
for Rhomboids- 

e D2 diagonal pattern flexion and extension’ 
e Lat pull down with pronated wide grip in front of 

body'*'° 

e Prone row”? 
e Modified prone cobra (prone, arms extended at 

sides, lift trunk up, retracting scapulas and pulling 
hands towards feet).’” 
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LATISSIMUS DORSI 

This large, broad muscle is anatomically complex, con- 
tributing to many movements at the humerus, scapula, 
and pelvis. It is the only muscle connecting the arms to 
the spine. Literally, it was our “swinging from the trees” 
muscle. It does not have a singular prime action. Rather 
its actions are dependent on the fixation of the humerus 
or pelvis. For example, when the humerus is fixed, the 
latissimus dorsi can lift the pelvis, which occurs during 
pressure relief in a wheelchair and during a sliding transfer 
(see Fig. 5.45). It is the main muscle used when we 
participate in the chin up/pull up exercise. When the 
pelvis is fixed, the latissimus dorsi acts on the arm in three 
ways: 

Teres major 

Latissimus dorsi 

POSTERIOR 

FIGURE 5.41 
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1. Shoulder extension 
2. Shoulder adduction 
3. Shoulder medial rotation 

The latissimus can also depress the humerus and 
internally rotate, adduct, and extend the shoulder, 
particularly from a position of flexion. The student will 
find the latissimus dorsi mentioned in other parts of 
this chapter as a participant in multiple muscle actions, 
further supporting the importance and complexity of this 
muscle. 

The latissimus dorsi also assists with breathing with 
the forced expiration as well as deep inspiration of breath 
from the lungs. 

<——~ Thoracodorsal n. 
To: Latissimus dorsi 

C6-C8 
Subscapular n. 
(lower) 

To: Teres major 
C5-C6 

FIGURE 5.42 



LATISSIMUS DORSI 

T7 

vertebra 

FIGURE 5.43 

Table 5.6 LATISSIMUS DORSI 

1.D. Muscle » Origin Insertion Function 

130 Latissimus Spines of the 6 lower thoracic Anterior humerus, Shoulder extension, adduction 
dorsi vertebrae, thoracolumbar lower margin of the and internal (medial) rotation 

fascia, crest of the ilium, lowest —interftubercular sulcus Hyperextension of the spine 
4 ribs Strong expiration and deep 

inspiration 
Elevation of the pelvis with arms 
fixed 
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LATISSIMUS DORSI 

Grade 5, Grade 4, Grade 3, Grade 2, and Grade 1 

Position of Patient: Prone with head turned to test 
side; arms are at sides and shoulder is internally rotated 
(palm up). 

Instructions to Therapist: Stand at test side. Ask patient 
to lift arm into shoulder extension and adduction (keeping 
arm close to trunk) (Grade 3). If full range is present, 
apply appropriate resistance. With shoulder in extension 
and adduction and elbow extended, apply resistance with 
hand over medial forearm above patient’s wrist in direction 
of abduction and slight flexion (outwards and down) 
(Fig. 5.44). No stabilization is needed because of prone 
position. 

Test: Patient lifts arm into extension and adduction (close 
to trunk). 

Instructions to Patient: “Hold your arm. Don’t let me 
move it.” 

FIGURE 5.44 
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Grading 

Grade 5: Patient holds test position against maximal 
resistance (see Fig. 5.44). 

Grade 4: Patient holds test position against moderate 
resistance. 

Grade 3: Completes range but tolerates no resistance. 

Grade 2: Movement observable but range is limited. 

Grade 1: Muscle activity is palpable. 

Grade 0: No movement and no discernable muscle 

contraction is occurring. 



Alternate Test for Latissimus Dorsi 

As explained above, with the upper limb fixed, elevation 
of the trunk and pelvis are possible through the action 
of the latissimus dorsi, such as in crutch walking or buttock 
pressure releases in sitting. 

Position of Patient: Short sitting, arms adducted to 
trunk with hands flat on table adjacent to hips (Fig. 5.45). 

If the patient’s arms are too short to assume this posi- 
tion, provide a push-up block for each hand. 

Instructions to Therapist: Stand behind patient. Fingers 
are used to palpate fibers of the latissimus dorsi on the 
lateral aspect of the thoracic wall (bilaterally) just above 
the waist (see Fig. 5.45). 

FIGURE 5.45 
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LATISSIMUS DORSI 

Test: Patient pushes down on hands (or blocks) and lifts 
buttocks from table (see Fig. 5.45). 

Instructions to Patient: “Lift your bottom off the table. 
Keep your arms into your sides.” 

Grading 

Grade 3, Grade 4 and Grade 5: Patient can lift buttocks 
clear of table. 

Suggested Exercises 
for the Latissimus 
Dorsil 

Pull ups’? 
Latissimus pull downs'” 
Inverted row’” 
Press up’ 
Standing extension from 90°-0° with elastic tubing” 
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CROSS SECTIONS OF THE ARM MUSCLES IN CHEST 

VENTRAL 

Pectoralis 
; major : f 

Manubrium J Pectoralis minor 

Intercostals 

Coracobrachialis 

Deltoid 

Triceps 
brachii 

T4 

vertebra : 

ZEN 
fidus- PLE Multifidus~ -2e-F73 Za 

Subscapularis 
Longissimus j Infraspinatus 

Rhomboid Scapula 
major 

J Serratus 
Trapezius ; 

anterior 

DORSAL 

Sternum Rib 3 

Pectoralis major 

Pectoralis minor 

Intercositals 

dorsi 

4\-Teres major 
Wz 

vertebra 

Rhomboid 

Trapezius major 
Multifidus — Longissimus 
Semispinalis 
and Spinalis 

PLATE 3 Cross Sections of the arm muscles in chest. 
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INTRODUCTION TO TESTING THE DELTOID 

The deltoid muscle, made of three parts (anterior, middle 
and posterior), has multiple functions of mobility and 
stabilization of the head of the humerus into the glenoid 
fossa. The deltoid can act in part or as a whole. Together, 
the three parts allow swinging of the arm, and preventing 
downward dislocation of the humeral head when carrying 
an object in the hanging hand.'* The three parts work 
together to produce abduction of the shoulder joint. 
The anterior part has a flexion and internal rotation 

Chapter 5 

(IR) function and the posterior part has an extension 
and ER function.' The anterior part acts with the rotator 
cuff to raise the arm in both flexion and abduction. The 
middle part is a strong shoulder abductor while the 
posterior part is a strong extensor (with the latissimus 
dorsi and teres major) and to a lesser degree, a horizon- 
tal abductor. The deltoid is capable of extending the 
humerus beyond the midline whereas the latissimus dorsi 
is not. 
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SHOULDER FLEXION 

(Anterior deltoid, Rotator cuff, Clavicular portion of pectoralis major, and Coracobrachialis*) 

C5 

C6 

Axillary n. 
To: (Deltoid) 

C5-C6 ct 

C8 

Musculocutaneous n. 

To: (Coracobrachialis) 
Deltoid Ch ————— 

(anterior fibers) 

Coracobrachialis 

FIGURE 5.47 

ANTERIOR 

FIGURE 5.46 

Coracobrachialis 

FIGURE 5.48 

*The coracobrachialis muscle cannot be isolated, nor is it really palpable. It 
has no unique function. It is included here because classically it is considered 
a shoulder flexor and adductor. 
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SHOULDER FLEXION 

(Anterior deltoid, Rotator cuff, Clavicular portion of pectoralis major, and Coracobrachialis) 

Range of Motion 

0°-180° 

Table 5.7 SHOULDER FLEXION 

1.D. Muscle Origin Insertion Function 

133 Deltoid (anterior) Clavicle (anterior Humerus (deltoid Flexion and internal rotation of 
superior border of tuberosity on shaft) shoulder (anterior fibers) 
lateral % of shaft The deltoid tends fo displace the 

humeral head upward 
Shoulder horizontal adduction 
(anterior fibers) 

139 Coracobrachialis Scapula (coracoid — Humerus (shaft, Flexion of arm 
process at apex) medial surface at Adduction of shoulder 

middie 4) 

131 Pectoralis major See Table 5.4 Clavicular fibers: 
(clavicular fibers) Flexion of shoulder 

Horizontal shoulder adduction 
Internal rotation of shoulder 

Others 

135 Supraspinatus Scapula Humerus (greater Maintains humeral head in glenoid 
(supraspinous fossa, tubercle, highest fossa (with other rotator cuff 
medial % ) facet) muscles) 
Supraspinatus Articular capsule of Shoulder flexor 
fascia glenohumeral (G-H) Abduction of shoulder 

Long and short 
head of biceps 

See table 5.13 

joint 
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External rotation of shoulder 
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SHOULDER FLEXION 

(Anterior deltoid, Rotator cuff, Clavicular portion of pectoralis major, and Coracobrachialis) 

Due to increasing moment arm with abduction, the 
anterior deltoid is more effective as a shoulder abductor 
in higher abduction angles (120°), with its greatest force 
production above the horizontal,'? in contrast to the 
supraspinatus, which is a more effective shoulder abductor 

Grade 5, Grade 4, and Grade 3 

Position of Patient: Short sitting with arms at sides, 
elbow slightly flexed, forearm pronated. 

Instructions to Therapist: Stand at test side. Ask patient 
to raise arm forward to shoulder height (90°), keeping 
elbow straight. If full range is present (Grade 3), position 
arm in test position (90°) and apply appropriate resistance. 
Therapist’s hand giving resistance is contoured over the 
distal humerus just above the elbow. The other hand may 
stabilize the shoulder (Fig. 5.49). 

Test: Patient flexes shoulder to 90° with elbow straight 
without rotation or horizontal movement (see Fig. 5.49). 
The scapula should be allowed to abduct and upwardly 
rotate. 

at lower abduction ranges. The supraspinatus has a role 
as a humeral head depressor during shoulder flexion.” 
The middle deltoid also provides G-H stabilization with 
greater amounts of shoulder flexion. 

Instructions to Patient: “Hold your arm. Don’t let me 
push it down.” 

Grading 

Grade 5: Holds test position (90°) against maximal 
resistance. 

Grade 4: Holds test position against strong to moderate 
resistance. 

Grade 3: Completes test range (90°) without resistance 
(Fig. 5.50) 

FIGURE 5.49 
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SHOULDER FLEXION 

(Anterior deltoid, Rotator cuff, Clavicular portion of pectoralis major, and Coracobrachialis) 

Grade 2, Grade 1, and Grade 0 Substitutions 

Position of Patient: Side-lying position (test side up). e In the absence of a deltoid, the patient may attempt 

to flex the shoulder with the biceps brachii by first 
Instructions to Therapist: With patient side-lying to 
minimize gravity, stand behind patient and cradle the test 
arm at the elbow. Then ask patient to flex the shoulder. 

externally rotating the shoulder (Fig. 5.52). To 
avoid this, the arm should be kept in the mid posi- 
tion between internal and external rotation. 

(A powder board may also be used.) e Attempted substitution by the upper trapezius results 
in shoulder elevation. 

e Attempted substitution by the pectoralis major 
results in horizontal adduction. It should be noted 
that substitution by the pectoralis major as a shoulder 
flexor can only occur up to about 70°. 

e The patient may lean backward or try to elevate 
the shoulder girdle to assist in flexion. 

Test: Patient attempts to flex shoulder. 

Instructions to Patient: “Try to raise your arm.” 

Grade 1 and Grade 0 

Instructions to Therapist: Stand behind patient. Fingers 
used for palpation are placed over the superior and anterior 
surfaces of the deltoid over the shoulder joint (Fig. 5.51). 

Grading 

Test for Grade 2, Grade 1, and Grade 0: 
Grade 2: Completes full range of motion in gravity- 
minimized position. 

Grade 1: Therapist féels or sees contractile activity in the 
anterior deltoid, but no motion occurs. 

Grade 0: No discernable palpable contractile activity. 

FIGURE 5.52 

Suggested Exercises 
for Anterior Deltoid 
and Supraspinatus 

e Push up (40%-50% MVC)” 
e Pressing incline activities between 28° and 90° 

such as dumbbell press 
e Plyometric push-up (clapping) (60%-70% MVC)” 
e Full and empty can.*’*”> Full can produces less 

deltoid activity. 
e Slow, controlled shoulder flexion at 90° and 125° 
e Prone horizontal abduction at 100° with external 

rotation® 
e Upright row”® 

22,23 

FIGURE 5.51 
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SHOULDER EXTENSION 

(Posterior deltoid, Latissimus dorsi, Teres major, and Long head of triceps) 

C5 

C6 
Deltoid 
(posterior fibers) Axillary n. 

To: Deltoid < C7 
C5-C6 

C8 

Y ine ae 
| See L 

T1 

FIGURE 5.54 

LATERAL 

FIGURE 5.53 

T4 
vertebra “AES 

ZL. 

Scapula 

FIGURE 5.55 Arrow indicates level of cross section. 
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Table 5.8 SHOULDER EXTENSION 

SHOULDER EXTENSION 

(Posterior deltoid, Latissimus dorsi, Teres major, and Long head of triceps) 

Range of Motion 

0°-45° (up to 60°) 

LD. 

133 

130 

138 

Other 

142 

Muscle 

Deltoid 
(posterior) 

Latissimus dorsi 

Teres major 

Triceps brachii 
(long head) 

Origin 

Scapula (spine on lower lip of 
lateral and posterior borders) 

T6-T12, L1-L5, and sacral vertebrae 
(spinous processes) 
Supraspinous ligaments 
Ribs 9-12 (by slips interdigitating 
with obliquus abdominis externus) 
llium (crest, posterior) 
Thoracolumbar fascia 

Scapula (dorsal surface of inferior 
angle) 
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insertion 

Humerus (deltoid 
tuberosity on mid 
shaft via humeral 
tendon) 

Humerus 
(intertubercular 
sulcus, floor) 
Deep fascia of 
arm 

Humerus 

(intertubercular 
sulcus, medial 
lip) 

Function 

Extension and external 
rotation. 
The posterior fibers of the 
deltoid tends to displace 
the humeral head 
upward 
Shoulder horizontal 
abduction 

Shoulder extension (from 
a position of flexion) 
adduction, and internal 
rotation 

Extension of shoulder 
from a flexed position 
Internal rotation of 

shoulder 
Adduction and extension 
of shoulder 
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SHOULDER EXTENSION 

(Posterior deltoid, Latissimus dorsi, Teres major, and Long head of triceps) 

The posterior deltoid is a stronger extensor throughout 
the range with the greatest contribution with the arms 
below horizontal. Its peak moment arm is at 30° of flexion 
(arm pointing down). The posterior deltoid is the primary 
shoulder hyper-extensor because neither the pectoralis 
major nor the latissumus dorsi extends the shoulder beyond 

Grade 5, Grade 4, Grade 3, and Grade 2 

Position of Patient: Prone with arms at sides and shoulder 

internally rotated (palm up) (Fig. 5.56). 

Instructions to Therapist: Stand at test side. Ask patient 
to lift arm as high as possible. If full range is available 
(Grade 3), position arm in test position near end range 
and apply appropriate resistance. The hand used for 
resistance is contoured over the posterior arm just above 
the elbow (Fig. 5.57). 

Test: Patient raises arm off the table, keeping the elbow 
straight (Fig. 5.58). 

Instructions to Patient: “Lift your arm as high as you 
can. Hold it. Don’t let me push it down.” 

Grading 

Grade 5: Holds test 
resistance. 

position against maximal 

anatomical neutral. This hyper-extension function allows 
the patient to reach behind the body to the gluteal area 
and beyond.'* The posterior deltoid opposes the anterior 
deltoid in the sagittal (flexion) plane and acts as a strong 
external rotator (up to 80% when elevated into the plane 
of the scapula).! 

Grade 4: Holds test position against strong resistance. 

Grade 3: Completes available range of motion with no 
manual resistance (see Fig. 5.58). 

Grade 2: Completes partial range of motion. 

FIGURE 5.57 

FIGURE 5.56 
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SHOULDER EXTENSION 

(Posterior deltoid, Latissimus dorsi, Teres major, and Long head of triceps) 

Grade 1 and Grade 0 

Position of Patient: Prone with arms at sides and shoulder 

internally rotated (palm up). 

Instructions to Therapist: Stand at test side. Fingers 
for palpation are placed on the posterior aspect of the 
upper arm (posterior deltoid) (Fig. 5.59). 

Palpate over the posterior shoulder just superior to 
the axilla for posterior deltoid fibers. Palpate the teres 
major on the lateral border of the scapula just below the 
axilla. The teres major is the lower of the two muscles 
that enter the axilla at this point; it forms the lower 
posterior rim of the axilla. 

FIGURE 5.59 

Chapter 5 

Test and Instructions to Patient: Patient attempts to 
lift arm from table. 

Grading 

Grade 1: Palpable contractile activity in any of the par- 
ticipating muscles but no movement of the shoulder. 

Grade 0: No palpable contractile response in participating 
muscles. 

Suggested Exercises 
for the Middle and 
Posterior Deltoid 

D1 diagonal pattern extension’ 
D2 diagonal pattern flexion’ 
Push up exercises’ 
Prone shoulder elevation (arm raised overhead in 
line with lower trapezius fibers)””* 

e Extension with internal rotation” shoulder abduction 
30° with elbow extended. Arm extended and IR 

e Side-lying ER at 0° abduction’ 
e Empty can* 
e 45° incline row 
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SHOULDER ABDUCTION 

(Middle deltoid and Supraspinatus) 

Supraspinatus Suprascapular n. 
To: Supraspinatus 

Deltoid Ae Feil \\ 
(middle fibers) . C6 

‘ < ld ) C7 
( w Axillary n. V/s 

Ny To: Deltoid EZ 
tt) . l ) C8 IN| M a . C5-C6 : 

i) 7 T4 

LATERAL 

FIGURE 5.61 

——_$> 
ZZ Zz 

SS 

FIGURE 5.62 

LATERAL 

FIGURE 5.60 

Scapula 

FIGURE 5.63 Arrow indicates level of cross section. 

Range of Motion 

O°— 1805 
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SHOULDER ABDUCTION 

(Middle deltoid and Supraspinatus) 

Table 5.9 SHOULDER ABDUCTION 

1.D.. Muscle Origin Insertion Function 

133 Deltoid (middle Scapula Humerus (deltoid Abduction of shoulder 
fibers) (acromion, lateral tuberosity on shaft via (glenohumeral (G-H) joint): 

margin, superior humeral tendon) primarily the acromial middle 
surface, and crest fibers. The anterior and posterior 
of spine) fibers in this motion stabilize the 

limb in its cantilever position 

135 Supraspinatus Scapula Humerus (greater Maintains humeral head in 
(supraspinous tubercle, highest facet) = glenoid fossa (with other rotator 
fossa, medial % ) Articular capsule of cuff muscles) 
Supraspinatus glenohumeral (G-H) Abduction of shoulder 
fascia joint External rotation of shoulder 

Long head of biceps 
(if humerus externally 
rotated 

Other 

Remaining cuff Depresses head of humerus 
muscles: 
Infraspinatus, teres 
minor, subscapularis 

In the frontal plane, the middle deltoid performs shoulder —_ area of the three deltoids. The supraspinatus and other 
abduction. It also performs horizontal abduction with rotator cuff muscles stabilize the humeral head against 
the posterior deltoid. It has the largest cross-sectional the elevating effect of the middle deltoid.” 

Testing the Supraspinatus 

Much controversy exists regarding the diagnosis of 
supraspinatus pathology. Two tests used to examine the 
supraspinatus muscle are the empty can test (also known 
as the Jobe test) and the full can test. In the full can 
test, the arm is externally rotated (thumb pointed up); 
in the empty can test the arm is internally rotated (thumb 
pointed down). In both tests the shoulder is in abduction 
but with 30° of flexion included. In a meta-analysis of 
the full and empty can tests,** the empty can or Jobe 
test had insufficient sensitivity and specificity to be 

clinically useful in diagnosing supraspinatus tendonitis 
or impingement but performed better in identifying a 
full-thickness or massive tear, especially in the presence 
of weakness (sensitivity = 41%; specificity = 70%).” 
Furthermore, the empty can (thumb pointed down) 
and full can (thumb pointed up) positions were not 
statistically different in their performance of identifying 
pathology, probably because the supraspinatus generates 
abduction torque in neutral rotation.*° 
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SHOULDER ABDUCTION 

(Middle deltoid and Supraspinatus) 

Grade 5, Grade 4, and Grade 3 

Position of Patient: Short sitting with arm at side and 
elbow slightly flexed. 

Instructions to Therapist: Stand behind patient. Ask 
patient to lift arm out to the side to shoulder level (test 
position) with arm in neutral rotation and elbow straight. 
If sufficient range is present, proceed to test Grade 5. 
Therapist’s hand giving resistance is contoured over arm 
just above elbow (Fig. 5.64). Resistance is given in a 
downward direction. 

Test: Patient abducts arm to 90°. 

FIGURE 5.64 

128 Chapter 5 | Testing the Muscles of the Upper Extremity 

Instructions to Patient: “Lift your arm out to the side 
to shoulder level. Hold it. Don’t let me push it down.” 

Grading 

Grade 5: Holds test maximal 

resistance. 

position against 

Grade 4: Holds test position against strong resistance. 

Grade 3: Completes range of motion to 90° without 
resistance (Fig. 5.65). 

FIGURE 5.65 



Grade 2 

Position of Patient: Supine. Arm at side supported on 
table in neutral rotation (thumb pointed outward) (Fig. 
5.66). 

Instructions to Therapist: Stand at test side of patient 
(therapist is shown on opposite side of test in figure to 
clearly illustrate test procedure). Hand used for palpation 
is positioned over the middle deltoid, lateral to acromial 
process on the superior aspect of the shoulder. 

Test: Patient attempts to abduct shoulder by sliding arm 
on table without rotating it (see Fig. 5.66). A powder 
board or towel under the arm may be used to decrease 
friction. 

Instructions to Patient: “Take your arm out to the 
side.” 

Grading 

Grade 2: Completes full range of motion in this gravity- 
minimized position or cannot raise shoulder to 90° with 
elbow straight (cannot lift the weight of the extended 
arm) 

SHOULDER ABDUCTION 

(Middle deltoid and Supraspinatus) 

Grade 1 and Grade 0 

Position of Patient: Supine with arm at side and elbow 
slightly flexed. 

Therapist Instructions: Stand at side of table at a place 
where the deltoid can be reached. Palpate the deltoid on 
the lateral surface of the upper one third of the arm (Fig. 
5.67 ): 

Grade 1: Palpable or visible contraction of deltoid with 
no movement. 

Grade 0: No discernable palpable contractile activity. 

FIGURE 5.66 
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FIGURE 5.67 
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SHOULDER ABDUCTION 

(Middle deltoid and Supraspinatus) 

Substitution by Biceps Brachii Suggested Exercises 
for Middle Deltoid 
and Supraspinatus 
(Combined) ~ 

e Flexion at 125° 
e Prone horizontal abduction at 100° with full external 

rotation®*> 

When a patient uses the biceps to substitute, the 
shoulder will externally rotate and the elbow will flex. 
The arm will be raised but not by the action of the 
abductor muscles. To avoid this substitution begin 
the test with the arm in a few degrees of elbow flexion, 
but do not allow active contraction of the biceps during 
the test. 

H 

130 

elpful Hints 
Turning the face to the opposite side and extending 
the neck will put the trapezius on slack and make 
the supraspinatus more accessible for palpation. 
The deltoid and supraspinatus work in tandem; when 
one is active in abduction, the other also will be 
active. Only when supraspinatus weakness is suspected 
is it necessary to palpate. 
Do not allow shoulder elevation or lateral flexion of 
the trunk to the opposite side because these move- 
ments can create an illusion of abduction. 
The tendon of the supraspinatus is the most frequently 
injured of all the rotator cuff muscles because of its 
vulnerable position between the humeral head and 
acromion.” 
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e Standing external rotation” 

e The supraspinatus is activated first when the patient 
abducts the arm from a neutral position of hanging 
at the side.”° It functions to prevent the deltoid 
from superiorly translating the humeral head during 
abduction.*” 
Peak activation of the supraspinatus is at 90° of abduc- 
tion which corresponds with the largest shoulder joint 
compressive loads, when the forces of gravity and 
weight of the upper extremity are the greatest.7”* 
The predicted supraspinatus force during maximum 
effort isometric plane abduction (scaption) at the 90° 
position was 175N.*? 



Table 5.10 SHOULDER HORIZONTAL ABDUCTION 

LD. 

133 

Others 

136 

137 

125 

124 

POSTERIOR 

FIGURE 5.68 

Muscle 

Deltoid (posterior 
fibers) 

Deltoid (middle 
fibers) 

Infraspinatus 

Teres minor 

Rhomboid major 

Trapezius (middle) 

SHOULDER HORIZONTAL ABDUCTION 

Deltoid (posterior fibers) 

Origin 

Scapula (spine 
on lower lip of 
crest) 

See Table 5.9 

Axillary n. 
To: Deltoid 

C5-C6 

Insertion 

Humerus (deltoid 
tuberosity via humeral 
tendon) 

(Posterior deltoid) 

FIGURE 5.69 

Range of Motion 

0°-90° (range, 90°) when 
starting from a position of 90° 
of forward flexion 

—40° to 90° (range, 130°) 
when starting with the arm in 
full horizontal adduction 

Function 

Shoulder horizontal abduction 

Extension and external 
rotation: posterior fibers 
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SHOULDER HORIZONTAL ABDUCTION 

(Posterior deltoid) 

Grade 5, Grade 4, and Grade 3 

Position of Patient: Prone. Shoulder abducted to 90° 
and forearm off edge of table with elbow straight. 

Instructions to Therapist: Stand at test side. Ask patient 
to lift elbow up toward the ceiling. If full range is present 
(Grade 3), apply appropriate resistance. Therapist’s hand 
giving resistance is contoured over posterior arm just 
above the elbow (Fig. 5.70). 

Test: Patient horizontally abducts shoulder. Care should 
be provided to not allow the humerus to drop (lower), 
allowing substitution of the rhomboids. 

Instructions to Patient: “Lift your arm up toward the 
ceiling. Hold it. Don’t let me push it down.” 
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FIGURE 5.70 
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Grading 

Grade 5: Holds _ test against maximal 
resistance. 

position 

Grade 4; Holds test position against strong to moderate 
resistance. 

Grade 3: Completes range of motion without manual 
resistance (Fig. 5.71). Note the elbow can be flexed for 
a. Grade 3. 

FIGURE 5.71 



SHOULDER HORIZONTAL ABDUCTION 

Grade 2, Grade 1, and Grade 0 

Position of Patient: Short sitting. 

Instructions to Therapist: Stand at test side. Support 
forearm under volar aspect (Fig. 5.72) and palpate over 
the posterior surface of the shoulder just superior to the 
axilla. 

Test: Patient attempts to horizontally abduct the shoulder. 
Be careful not to allow the patient to drop the arm, 
substituting the rhomboids. 

Instructions to Patient: “Try to move your arm 
backward.” 

FIGURE 5.72 

If the scapular muscles are weak, the therapist must 
manually stabilize the scapula to avoid scapular 
abduction. 

Substitution by Triceps Brachii (Long 

Head) 

Maintain the elbow in flexion to avoid substitution 

by the long head of the triceps. 

(Posterior deltoid ) 

Alternate Test for Grade 2, Grade 1, and 
Grade 0 

Position of Patient: Short sitting with arm supported 
on table (smooth surface) in 90° of abduction; elbow 
partially flexed. A powder board can be used. 

Instructions to Therapist: Stand behind patient. Stabilize 
by contouring one hand over the superior aspect of the 
shoulder and the other over the scapula (Fig. 5.73). Palpate 
the fibers of the posterior deltoid below and lateral 
to the spine of the scapula and on the posterior aspect 
of the proximal arm adjacent to the axilla. 

Test: Patient slides (or tries to move) the arm across the 
table in horizontal abduction. 

Instructions to Patient: “Slide your arm backward.” 

Grading 

Grade 2: Moves through full range of motion. 

Grade 1: Palpable contraction; no motion. 

Grade 0: No discernable palpable contractile activity. 
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FIGURE 5.73 

Suggested Exercises 
for Posterior Deltoid 

e Bent over rear deltoid raise 

e Prone rear deltoid raise 
e Prone horizontal abduction at 100° with full external 

rotation” 

e Prone external rotation at 90° of abduction” 
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SHOULDER HORIZONTAL ADDUCTION 

(Pectoralis major) 

134 

Pectoralis major 

C5 

Lateral pectoral n. 
To: Pectoralis major 

(Clavicular part) C6 
C5-C6 

C7 

C8 

T1 

Medial pectoral n. 
To: Pectoralis major 

(Sternocostal part) 
C6-T1 

FIGURE 5.74 FIGURE 5.75 

Pectoralis major 

Humerus 

eS > 7. 

FIGURE 5.76 Arrow indicates level of cross section. 
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SHOULDER HORIZONTAL ADDUCTION 

Table 5.1] SHOULDER HORIZONTAL ADDUCTION 

(Pectoralis major) 

Range of Motion 

0°-130° 

When starting from a position 
of 90° of forward fiexion: 0° fo 
—40° (range, 40°) 

When starting with the arm in 
full horizontal abduction: 0° 
passing across the midline to 
—40° (range, 130°) 

1.D. Muscle Origin 

131 Pectoralis 
major 

Clavicular part Clavicle (sternal half of 
anterior surface) 

Sternal part Sternum (anterior surface 
down to rib 6) 
Ribs 2-7 (costal cartilages) 
Aponeurosis of obliquus 
externus abdominis 

Other 

133 Deltoid 
(anterior fibers) 

See Table 5,7 

The two parts of the pectoralis major muscle can work 
separately or together. Together they adduct the arm 
across the body and medially rotate the shoulder. It swings 
the extended arm forwards and medially.’ If the arm is 
fixed, such as gripping a branch overhead, the pectoralis 
major draws the trunk up and forwards.' 

Grade 5 and Grade 4 

Position of Patient: 
Whole Muscle: Supine. Shoulder abducted to 90°; elbow 
flexed to: 90*, 

Clavicular Head: Patient begins test with shoulder in 
60° of abduction with elbow flexed. Patient then is asked 
to horizontally adduct the shoulder in a slightly upward 
diagonal direction. 

insertion Function 

Internal rotation of shoulder 
Flexion of shoulder 

Horizontal shoulder adduction 

Humerus 
(intertubercular 
sulcus, lateral lip) 

Horizontal shoulder adduction 
Extension of shoulder 
Draws trunk upward and 
forward in climbing 

Both parts converge 
on a bilaminar 

common tendon 

Sternal Head: Patient begins test with shoulder in about 
120° of abduction with elbow flexed. Patient is asked to 
horizontally adduct the shoulder in a slightly downward 
diagonal direction. 

Instructions to Therapist: Stand at side of shoulder to 
be tested. Ask the patient to move the arm with elbow 
flexed in horizontal adduction, keeping it parallel to the 
floor without rotation, checking the range of motion. If 
the arm moves across the body in a diagonal motion, test 
the sternal and clavicular heads of the muscle separately. 
If full range is present in a horizontal adducted direction 
(Grade 3), test the whole muscle together. 

Therapist’s hand used for resistance is contoured around 
upper arm, just proximal to elbow, allowing the forearm 
to hang free. Resistance is applied in the direction opposite 
the trunk in the transverse plane. 

Chapter 5 | Testing the Muscles of the Upper Extremity 135 



SHOULDER HORIZONTAL ADDUCTION 

(Pectoralis major) 

Grade 5 and Grade 4 Continued 

Clavicular Head: Resistance is applied above the elbow 
in a downward direction (toward floor) and outward (i.e., 
opposite to the direction of the fibers of the clavicular 
head, which moves the arm diagonally up and inward) 
(Fig e577) 

Sternal Head: Resistance is applied above the elbow in 
an up and outward direction (Fig. 5.78) (i.e., opposite 
to the motion of the sternal head, which is diagonally 
down and inward). 

Test: When the whole muscle is tested, the patient hori- 
zontally adducts the shoulder in the transverse plane 
through the available range of motion (Fig. 5.79). 

When the clavicular head is tested, the patient’s motion 
begins at 60° of abduction and moves up and in across 
the body. 

When the sternal head is tested, the motion begins at 
120° of shoulder abduction and moves diagonally down 
and in toward the patient’s opposite hip. 

Instructions to Patient: 
Both Heads: “Move your arm across your chest. Hold 
it. Don’t let me pull it back.” 

Clavicular Head: “Move your arm up and in.” 

Sternal Head: “Move your arm down and in.” 

Grading 

Grade 5: Holds test 
resistance. 

position against maximal 

FIGURE 5.77 
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Grade 4: Holds test position with strong to moderate 
resistance, but muscle exhibits some “give” at end of 
range. 

Grade 3: Completes available range of motion in all three 
tests (if appropriate) with no resistance other than the 
weight of the extremity. 

FIGURE 5.78 

FIGURE 5.79 



SHOULDER HORIZONTAL ADDUCTION 

Grade 2, Grade 1, and Grade 0 

Position of Patient: Supine. Arm is supported in 90° 
of abduction with elbow flexed to 90°. 

Alternate Position: Patient is seated with test arm sup- 
ported on table (at level of axilla) with arm in 90° of 
abduction midway between flexion and extension and 
elbow slightly flexed (Fig. 5.80). Friction of the table 
surface should be minimized (as with a powder board). 

Instructions to Therapist: Stand at side of shoulder to 
be tested or behind the seated patient. If the patient is 
supine, support the full length of the forearm and hold 
the limb at the wrist (see Fig. 5.77). 

For both tests palpate the pectoralis major muscle on 
the anterior aspect of the chest medial to the shoulder 
joint (Fig. 5.81.) 

Test: Patient attempts to horizontally adduct the shoulder. 
The use of the alternate test position, in which the arm 
moves across the table, precludes individual testing for 
the two heads. 

FIGURE 5.80 
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(Pectoralis major) 

Instructions to Patient: “Try to move your arm across 
your chest.” In seated position: “Move your arm in towards 
your body.” 

Grading 

Grade 2: Patient horizontally adducts shoulder through 
available range of motion with the weight of the arm 
supported by the therapist or the table. 

Grade 1: Palpable contractile activity. 

Grade 0: No discernable palpable contractile activity. 

Testing both heads of the pectoralis major separately 
should be routine in any patient with cervical spinal 
cord injury because of their different nerve root 
innervation. 

Suggested Exercises 
for Pectoralis Major, 
Pectoralis Major and 
Teres Major 

e Push up with narrow hand placement*? 
e Push up plus* 
e D2 diagonal* 

FIGURE 5.81 
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INTRODUCTION TO THE ROTATOR CUFF 

The rotator cuff is made up of the four tendons of the 
subscapularis, supraspinatus, infraspinatus, and teres minor 
muscles. However the teres minor, parts of the infraspi- 
natus, and most of the subscapularis do not have tendons, 
so rotator cuff is a misnomer.’ However, it is a familiar 
term and will be used in this discussion. The teres major 
has an important role in stabilizing the head of the humerus 
into the glenoid when the arm is elevated over 90° and 
is often considered a part of the rotator cuff.' The rotator 
cuff functions to provide a compressive force in all positions 
of the arm at the shoulder. The infraspinatus and teres 
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minor act as an external rotator and the subscapularis and 
teres major act as an internal rotator. The supraspinatus 
initiates and assists with abduction. The supraspinatus 
assists with external rotation when the shoulder is abducted. 
The shoulder with a poorly performing rotator cuff is 
quite impaired because of the importance of humeral 
stabilization.’ 

Resistance applied in tests of shoulder rotation should 
be administered gradually and carefully because of the 
inherent instability of the shoulder and in the presence 
of pain, muscle tears, or instability. 



SHOULDER EXTERNAL ROTATION 

(Infraspinatus and Teres minor) 

Suprascapular n. 
To: Infraspinatus 

C5-C6 C5 

C6 

Infraspinatus or 
Axillary n. 

To: Teres minor 
C5-C6 C8 

ali 

FIGURE 5.83 
Teres minor 

DORSAL 

FIGURE 5.82 

vertebra 

aE ‘ 

Infraspinatus 

FIGURE 5.84 Arrow indicates level of cross section. 
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SHOULDER EXTERNAL ROTATION 

(Infraspinatus and Teres minor) 

Range of Motion 

Table 5.12 SHOULDER EXTERNAL ROTATION 

1.D. Muscle Origin Insertion Function 

136 Infraspinatus Scapula (infraspinous Humerus (greater External rotation of shoulder 
fossa, medial % ) tubercle, middle facet) Stabilizes shoulder joint by 
Infraspinous fascia depressing humeral head in 

glenoid fossa 

137 Teres minor Scapula (lateral Humerus (greater External rotation of shoulder 
border, superior % ) tubercle, lowest facet) Maintains humeral head in 

Humerus (shaft, distal to glenoid fossa, thus 
lowest facet) stabilizing the shoulder joint 
Capsule of glenohumeral 
(G-H) joint 

Other 

135 Supraspinatus See Table 5.9 

133 Deltoid (posterior) See Table 5.10 

140 Chapter 5 | Testing the Muscles of the Upper Extremity 



Grade 5, Grade 4, and Grade 3 

Position of Patient: Short sitting, with elbow flexed to 
90° and forearm in neutral rotation, perpendicular with 
the patient’s trunk. 

Instructions to Therapist: Stand in front of patient. 
Ask patient to move the forearm away from the trunk. 
If full range is available (Grade 3), apply appropriate 
resistance. One hand stabilizes the medial aspect of the 
elbow and the other hand provides resistance at the dorsal 
(extensor) surface of the forearm, just proximal to the 
wrist to avoid eliciting the wrist extensors (Fig. 5.85). 
Resistance is given on the outside of the forearm towards 
the trunk. Because this is not an anti-gravity position, 
maximal resistance should be used, if appropriate. 

Test: Patient externally rotates arm, pushing forearm away 
from trunk. 

FIGURE 5.85 

SHOULDER EXTERNAL ROTATION 

(Infraspinatus and Teres minor) 

Instructions to Patient: “Push your forearm away. Hold 
it. Don’t let me move it.” 

Grade 3 Instructions to Patient: “Move your forearm 
away from your stomach” (Fig. 5.86). 

Grading 

Grade 5: Holds test 
resistance. 

position against maximal 

Grade 4: Holds test position against strong resistance 
with some yield. 

Grade 3: Completes available range of motion without 
manual resistance. 

FIGURE 5.86 
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SHOULDER EXTERNAL ROTATION 

(Infraspinatus and Teres minor) 

Grade 2, Grade 1, and Grade 0 

Position of Patient: Short sitting with elbow flexed to 
90° and forearm in neutral rotation with hand facing 
forward, supported on table with friction minimized by 
therapist (Figs. 5.87 and 5.88), powder board or other 
means (see Fig. 5.87). 

Instructions to Therapist: Sit or stand on a low stool 
at test side of patient at shoulder level (picture shows 
therapist on opposite side to avoid obstructing view). 
One hand stabilizes the outside of the flexed elbow while 
the other hand palpates for the tendon of the infraspinatus 
over the body of the scapula below the spine in the 
infraspinous fossa. Palpate the teres minor on the inferior 
margin of the axilla and along the axillary border of the 
scapula (see Fig. 5.88). Supination may occur instead of 
the requested external rotation during the testing of Grades 
2 and 1. This motion can be mistaken for external 
rotation. 

Test: Patient attempts to move forearm away from the 
trunk (see Fig. 5.88). 

Instructions to Patient: “Try to push your forearm away 
from your stomach.” 

Grading 

Grade 2: Completes available range in this gravity- 
eliminated position. 

Grade 1: Palpation of either or both muscles reveals 
contractile activity but no motion. 

Grade 0: No discernable palpable contractile activity. 

FIGURE 5.87 
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FIGURE 5.88 



SHOULDER EXTERNAL ROTATION 

(Infraspinatus and Teres minor) 

Alternate Position for Grade 5, Grade 4, and Grade 3 

Position of Patient: Prone with head turned toward 
test side. Shoulder abducted to 90° with arm fully sup- 
ported on table; forearm hanging vertically over edge of 
table. Place a folded towel under the arm or use the 
therapist’s hand to cushion the arm if the table has a 
sharp edge (Fig. 5.89). 

Instructions to Therapist: Stand at test side at level of 
patient’s waist (see Fig. 5.89). Use one hand to give 
resistance over the forearm, as near the wrist as possible, 
for Grades 5 and 4. The other hand supports the elbow 
to provide some counter-pressure at the end of the range. 
NOTE: resistance will be much less than in the sitting 
position and care should be taken in this vulnerable 
position. 

Test: Patient moves forearm upward through the range 
of external rotation. 
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FIGURE 5.90 
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Instructions to Patient: “Raise your arm to the level 
of the table. Hold it. Don’t let me push it down.” 
Therapist may need to demonstrate the desired motion. 

Grading 

Grade 5: Holds test position against strong resistance. 

Grade 4: Holds test position, but end range yields or 
gives way with strong resistance. 

Grade 3: Completes available range of motion without 
manual resistance (Fig. 5.90). 

e External rotation (ER) at 0° abduction has been 
shown to be the most optimal position to isolate 
the infraspinatus muscle.*° The teres minor generates 
a relatively constant ER torque throughout arm 
abduction movement. 

e The optimal manual muscle test (MMT) position 
for the infraspinatus has the least activation of the 
supraspinatus muscle (see Fig. 5.85).°°*° 

e Range of motion for 60+ year old individuals is less 
than younger adults and averages 71—72° for men 
and women.*° 

e Range of motion averages for children and adoles- 
cents are 93°-99°.%° 

Suggested Exercises 
for the Infraspinatus 

e Prone horizontal abduction at 100° with ER and 

IR 

e Side-lying ER with 0° abduction” (minimizes upper 
trapezius activity) 

e D1 and D2 diagonal pattern flexion (may elicit upper 
trapezius) 

° Standing EsR at 90° abduction (full can)’ 

Suggested Exercises 
for the Terres Minor 

e Flexion above 120° with ER (thumb up)’ 
e Standing scapular rows at various degrees of flexion 

(45°, 90° and 135°)’ 
e Side-lying ER at 0° abduction’ 
¢ Prone horizontal abduction at 90°” 
e Abduction with ER (thumb up and down)’ 
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SHOULDER INTERNAL ROTATION 

(Subscapularis) 

C5 

Lateral pectoral n. 
To: (Pectoralis major) 

(Clavicular) C6 
C5-C6 

Subscapularis C7 

C8 

T1 

Medial pectoral n. 
To: (Pectoralis major 

[Sternocostal]) 
C6-T1 

Subscapular n. 
(lower, upper) 

To: (Subscapularis) Thoracodorsal 
C5-C6 To: (Latissimus dorsi) 

C6-C8 

FIGURE 5.92 

ANTERIOR 

FIGURE 5.91 

Tendon of 

latissimus dorsi 

Teres major 
T4 

vertebra 

Subscapularis 

FIGURE 5.93 Arrow indicates level of cross section. 
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SHOULDER INTERNAL ROTATION 

(Subscapularis) 

Range of Motion 

Table 5.13 SHOULDER INTERNAL ROTATION 

Muscle _ 1.D. Origin Insertion Function 

134 Subscapularis Scapula (fills fossa on Humerus (lesser Internal rotation of shoulder 
costal surface) tubercle) Maintains humeral head in 
Intermuscular septa Capsule of glenoid fossa (with other 
Aponeurosis of glenohumeral (G-H) joint — rotator cuff muscles) 
subscapularis (anterior) Abduction of shoulder 

138 Teres major Scapula (dorsal surface of | Humerus (intertubercular — Internal rotation of shoulder 
inferior angle) sulcus, medial lip) Adduction and extension of 

shoulder 
Extension of shoulder from a 
flexed position 

13] Pectoralis Sternal half of clavicle, Lateral lip of the 
major entire anterior surface of intertubercular sulcus of 

the sternum anterior humerus 

Clavicular Clavicle (sterna! half of Humerus (intertubercular = Clavicular fibers: 
part anterior surface) sulcus, lateral lip) Internal rotation of shoulder 

Flexion of shoulder 
Horizontal shoulder 
adduction 

130 Latissimus 16-112, L1-L5, and sacral Humerus (floor of Internal rotation of shoulder 
dorsi vertebrae (spinous intertubercular sulcus) 

processes) 
Supraspinous ligaments 
Ribs 9-12 (by slips that 
interdigitate with obliquus 
externus abdominis) 
llium (crest, posterior 
Thoracolumbar fascia 

Deep fascia of arm 
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SHOULDER INTERNAL ROTATION 

(Subscapularis) 

Grade 5, Grade 4, and Grade 3 

Position of Patient: Short sitting with elbow flexed to 
90°, forearm in neutral rotation, perpendicular to the 
trunk. 

Instructions to Therapist: Stand in front of patient and 
ask patient to pull forearm toward the trunk. If full range 
is present (Grade 3), apply resistance. Stabilize the outside 
of the elbow with one hand while the other hand provides 
resistance at the volar (flexor) surface of the forearm, just 
proximal to the wrist (Fig. 5.94) so as not to elicit wrist 
flexors. Resistance is given on the volar surface in the 
direction away from the trunk. As in the tests for ER, 

this is a gravity-minimized position, so maximal resistance 
is used, if appropriate. 

Test: Patient internally rotates arm, pulling forearm toward 
trunk. 

FIGURE 5.94 
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Instructions to Patient: “Pull your forearm toward your 
stomach. Hold it. Don’t let me pull it out.” 

Grading 

Grade 5: Holds test maximum 

resistance. 

position against 

Grade 4: Holds test position against strong resistance. 
Some yield is felt. 

Grade 3: Completes available range without manual 
resistance. 



SHOULDER INTERNAL ROTATION 

Grade 2, Grade 1, and Grade 0 

Vunition A Patient: Short sitting or sitting at 2 table, 
with dbow hexed and forearm in neutral rotation. 

Instructions to Therapist: Stand at test side or sit on 
ko saxh. One hand stabilizes the forearm while the other 
hand pabpates fox the tendon of the subscapularis, deep 
in the axa (Fig, 5.95). NOTE: The hand of the therapist 
under the patient’s hand will diminate friction in the 
Grade 2 tem if a flat suslace is being used (Fig. 5.96). 
Alternativ dy, 2 powder board can be used. 

Vest: Vatient atempts to internally rotate arm, pulling 
fincarm toward trunk. 

(Subscapularis) 

Instructions to Patient: “Try to pull your forearm toward 
your stomach.” 

Grading 

Grade 2: \s not able to complete available range. 

Grade I: Palpable contraction occurs. 

Grade 0: No discernable palpable contractile activity. 

FIGUKE 5.95 
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FIGURE 5.96 
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SHOULDER INTERNAL ROTATION 

(Subscapularis) 

Alternate Test for Grade 5, Grade 4, and Grade 3 

Used if patient cannot sit. 

Position of Patient: Prone with head turned toward 

test side. Shoulder is abducted to 90° with folded towel 

placed under distal arm and forearm hanging vertically 
over edge of table. 

Instructions to Therapist: Stand at test side. Hand giving 
resistance is placed on the volar side of the forearm just 
above the wrist. The other hand provides counterforce 
at the elbow (Fig. 5.97). The resistance hand applies 
resistance in a downward and forward direction; the 

—— 
cys ~ 

= 

FIGURE 5.97 
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counterforce is applied backward and slightly upward. 
Stabilize the scapular region if muscles are weak or perform 
test in the supine position. NOTE: resistance will be 
much less than in the sitting position. 

Test: Patient moves arm through available range of 
internal rotation (backward and upward). 

Instructions to Patient: “Move your forearm up and 
back. Hold it. Don’t let me push it down.” Demonstrate 
the desired motion to the patient. 



SHOULDER INTERNAL ROTATION 

(Subscapularis) 

Alternate Test for Grade 5, Grade 4, and Grade 3 Continued 

Grading Helpiul Highs | | 
Grade 5: Holds test position firmly against strong Le, eee 
11 ra nternal rotation is a stronger motion than external 

rotation. This is largely a factor of muscle mass. 
e The movement most optimal for isolation and 

activation of the subscapularis muscle is the lift-off 
test against resistance, the clinical diagnostic test 
for subscapularis tears.*” This movement can also 
be used as an exercise for the subscapularis. 

e The belly press test is an alternative test to the lift-off 
test, useful when pain or limited motion prevents 
the shoulder from getting into the lift-off position.** 
It is performed in sitting or standing with the palm 
of the hand placed against the belly, just below the 
level of the xiphoid process. The patient is instructed 
to maximally push the hand into the belly by 
internally rotating the shoulder. A positive test is 
indicated when the patient drops the elbow toward 
the torso (shoulder adduction and extension), and 
inability to internally rotate the shoulder indicating 
a torn subscapularis tendon. 

e The belly-press test was found to activate the upper 
subscapularis muscle more than the lift-off test, 
whereas the lift-off test was found to activate the 
lower subscapularis muscle more than the belly-press 
test. 

e The upper portion (innervated by the upper sub- 
scapularis nerve) is a more effective internal rotator 
at lower abduction angles compared with higher 
abduction angles. The lower subscapularis muscle 
activity (innervated by the lower subscapularis nerve) 
is unaffected by abduction angle. 

e Performing internal rotation (IR) at 0° abduction 
produces similar amounts of upper and lower 
subscapularis activity.*” 

Grade 4: Holds test position, but there is a give against 
strong resistance. 

Grade 3: Completes available range with no manual 
resistance (Fig. 5.98). 

FIGURE 5.98 

Suggested Exercises 
for the Subscapularis 

7,24 Pushup or palm press 
Internal rotation at 0°°*** 
Standing high, mid, and low scapular rows 
Flexion above 120° with ER (thumb up).’ 
Pushup plus exercise** 
D2 diagonal** 
Dynamic hug** 
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ELBOW FLEXION 

(Biceps, Brachialis, and Brachoradialis) 

Brachioradialis 

Biceps brachii 

Brachialis 

FIGURE 5.101 

ANTERIOR 

FIGURE 5.99 
FIGURE 5.100 

Musculocutaneous 

Musculocutaneous n. Radial nerve 

To: Biceps brachii and 
Biceps 

Brachialis C8 
C5-C6 

| 

Fe Median | 

Radial ri: Brachioradialis 

To: Brachioradialis Humerus 

C5-C6 Wey 

FIGURE 5.102 FIGURE 5.103 Arrow indicates level of cross section. 
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ELBOW FLEXION 

(Biceps, Brachtalis, and Brachioradialis) 

Range of Motion 

Table 5.14 ELBOW FLEXION 

1.D. Muscle Origin Insertion Function 

14] Brachialis Humerus (shaft anterior, Ulna (tuberosity and Flexion of elbow, 
distal ' ) coronoid process) forearm supinated or 
Intermuscular septa pronated 
(medial) 

140 Biceps brachii Scapula (coracoid Radius (radial Both heaas: 
Short head process, apex) tuberosity) Flexion of elbow 
Long head Scapula (supraglenoid Bicipital aponeurosis Supination of forearm 

tubercle) (powerful) 
Capsule of glenohumeral Long heaa: Stabilizes 
(G-H) joint and glenoid and depresses humeral 
labrum head in glenoid fossa 

during deltoid activity 

143 Brachioradialis Humerus (lateral Radius (distal end Flexion of elbow 
supraconaylar ridge, just proximal to 
proximal % ) styloid process) 
Lateral intermuscular 
septum 

Others 

146 Pronator teres See Table 5.17 

148 Extensor carpi See Table 5.19 
radialis longus 

151 Flexor carpi radialis See Table 5.18 

153 Flexor carpi ulnaris see Table 5.18 

The two heads of the biceps work together to accomplish 
flexion of the elbow. As in the three heads of the triceps, 
the multiple heads are considered reserves, as both work 
together to flex the elbow. 

Grade 5, Grade 4, and Grade 3 

Position of Patient: Short sitting with arms at sides. 
The following are the positions of choice, but it is doubtful 
whether the individual muscles can be separated when 
strong effort is used. The brachialis is independent of 
forearm position. 

Biceps Brachii: Forearm in supination (Fig. 5.104). 

FIGURE 5.104 
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ELBOW FLEXION 

(Biceps, Brachtalis, and Brachioradialis) 

Grade 5, Grade 4, and Grade 3 Continued 

Brachialis: Forearm in pronation (Fig. 5.105). 

Brachioradialis: Forearm in mid position between prona- 
tion and supination (Fig. 5.106). 

Instructions to Therapist: Stand in front of patient 
toward the test side. Ask patient to bend elbow. If full 
range is present (Grade 3), apply appropriate resistance. 
Therapist’s hand giving resistance is contoured over the 
volar (flexor) surface of the forearm proximal to the wrist 
(see Fig. 5.104). The other hand is placed over the anterior 
surface of the shoulder and applies counterforce by resisting 
any upper arm movement. 

FIGURE 5.105 

FIGURE 5.106 
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No resistance is given in a Grade 3 test. The test elbow 
is cupped by the therapist’s hand for support (Fig. 5.107, 
biceps illustrated at end range). 

Test (All Three Forearm Positions): Patient flexes elbow 
through range of motion. 

Instructions to Patient (All Three Tests): 
Grade 5 and Grade 4: “Bend your elbow. Hold it. Don’t 
let me pull it down.” 

Grade 3: “Bend your elbow.” 

Grading 

Grade 5: Holds test 

resistance. 

position against maximal 

Grade 4: Holds test position against strong to moderate 
resistance, but the end point may not be firm. 

Grade 3: Completes available range with each forearm 
position. 

FIGURE 5.107 



Grade 2 

Position of Patient: 
All Elbow Flexors: Short sitting with arm flexed to 90° 
and internally rotated (to minimize gravity) and supported 
by therapist (Fig. 5.108). Forearm is supinated (biceps), 
pronated (brachialis), and in mid position (brachioradialis). 

Alternate Position for Patients Unable to Sit: Patient is 
side-lying with arm supported at the elbow in 90° flexion 
to minimize gravity. Elbow is flexed to about 45° with 
forearm supinated, pronated (for brachialis), and in mid 
position (for brachioradialis; Fig. 5.109, biceps illustrated). 

Instructions to Therapist: 
All Three Flexors: Stand in front of patient and support 
flexed arm under the elbow and wrist if necessary. Palpate 
the tendon of the biceps in the antecubital space (see 

FIGURE 5.108 

Chapter 5 

ELBOW FLEXION 

(Biceps, Brachtalis, and Brachioradialis) 

Fig. 5.108). On the arm, the muscle fibers may be felt 
on the anterior surface of the middle two thirds of the 
biceps with the short head lying medial to the long head. 

Palpate the brachialis in the distal arm medial to the 
tendon of the biceps. Palpate the brachioradialis on the 
lateral surface of the neutrally positioned forearm, where 
it forms the lateral border of the cubital fossa. 

Test: Patient attempts to flex the elbow. 

” Instructions to Patient: “Try to bend your elbow. 

Grading 

Grade 2: Completes range of motion with gravity mini- 
mized (in each of the muscles tested). 

FIGURE 5.109 
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ELBOW FLEXION 

(Biceps, Brachialis, and Brachioradialis) 

Grade 1 and Grade 0 

Positions of Patient and Therapist: Side-lying for all 
three muscles with therapist standing at test side. All 
other aspects are the same as for the Grade 2 test. 

Test: Patient attempts to bend elbow with hand supinated, 
pronated, and in mid position. 

Grading 

Grade 1: Therapist can palpate a contractile response in 
each of the three muscles for which a Grade | is given. 

Grade 0: No discernable palpable contractile activity. 

e The patient’s wrist flexor muscles should remain 
relaxed throughout the test because strongly contract- 
ing wrist flexors may assist in elbow flexion. Recall 
that the wrist flexors originate above the elbow joint 
axis on the distal humerus. 

¢ Only the brachioradialis contributes to pronation with 
elbow flexion.*° 

e During resisted shoulder flexion with the elbow 
straight, both heads of the biceps are always active. 

e Basmajian’ noted that the three elbow flexors work 
together without a lot of predictability of one muscle’s 

Suggested Exercises 
for Biceps, Brachialis 
and Brachioradialis 

e¢ Dumbbell biceps curl and inclined dumbbell curl 
(shoulder extended) elicited the same maximal 
muscle activation (>40% Mee): concentrically and 
eccentrically throughout range.* 
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action over the others when lifting a load. Generally, 
they are stronger in elbow flexion with supination 
than pronation. 

e The brachialis is considered the workhorse of the 

elbow flexors as it is active in isometric flexion and 

eccentric extension. The other two flexors are not as 

active in eccentric extension.” 

° The biceps brachii is composed of 60% type II fibers.** 



ELBOW EXTENSION 

(Triceps brachit) 

Triceps 

brachii Anconeus 

Olecranon 

POSTERIOR 

FIGURE 5.110 

Humerus 

Radial 

nerve 

Triceps 

brachii 

(medial) 

Triceps 
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f df (lateral) 

Z Triceps 

brachii 
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Radial n. 
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C6-C8 sae GDaA 7 —$ ®\\ Triceps 

FIGURE 5.111 

Tendon 
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FIGURE 5.112 Arrows indicates level of cross sections. 
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ELBOW EXTENSION 

(Triceps brachi) 

Range of Motion 

150° to -5° (many people, 
especially females, will have 
hyperextension of the elbow) 

Table 5.15 ELBOW EXTENSION 

1.D. Muscle Origin 

142 + Triceps 
brachii 

Long head Scapula (infraglenoid 
tuberosity and capsule of 
glenohumeral (G-H) joint) 

Lateral head Humerus (shaft: oblique 
ridge, posterior surface) 
Lateral intermuscular septum 

Medial head Humerus (shaft: entire length 
of posterior surface) 
Medial and lateral 
infermuscular septa 

Insertion 

Ail heads have a 
common tendon to: 

Ulna (olecranon process, 
upper surface) 

Blends with antebrachial 

fascia 
Capsule of elbow joint 
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Function 

Extension of elbow 

head: Extension and 
adduction of shoulder 
(assist) 

Long and lateral heads: 
Especially active in resisted 
extension, otherwise 
minimally active” 
Long head: Extension and 
adduction of shoulder 
(assist) 

Long and lateral heaas: 
Especially active in resisted 
extension, otherwise 
minimally active 

Medial head: Active in all 

forms of extension 



ELBOW EXTENSION 

As in the biceps, all heads of the triceps brachii work 
together to extend the elbow. The triceps can fixate the 
elbow joint when the forearm and hand are used for fine 
movement (e.g., when writing). The triceps have a greater 

Grade 5, Grade 4, and Grade 3 

Position of Patient: Prone on table. The patient starts 
the test with the shoulder in 90° of abduction and the 
elbow flexed to 90° and in neutral rotation (forearm 
hanging over the side of the table) (Fig. 5.113). 

Instructions to Therapist: Stand to the side of the 
patient. Ask patient to straighten the elbow. If full range 
is present (Grade 3), apply appropriate resistance. Provide 
support with one hand underneath the arm, just above 
the elbow. The other hand is used to apply downward 
resistance on the distal dorsal surface of the extended 
forearm just proximal to the wrist (Fig. 5.114 illustrates 
end position). Be sure to have the elbow in minimal 
flexion, so as not to allow the patient to “lock out” the 
elbow. This is especially important if hyperextension exists. 

Test: Patient straightens elbow 

Instructions to Patient: “Hold it. Don’t let me bend 

lite 

(Triceps brachit) 

proportion of type II muscle fibers. The lateral head is 
used for movements requiring occasional high-intensity 
force, while the medial head enables precise, low-force 

movements. 

Grading 

Grade 5: Holds test position firmly against maximal 
resistance. 

Grade 4: Holds test position against strong resistance, 
but there is a “give” to the resistance at the end range. 

Grade 3: Completes available range with no manual 
resistance (Fig. 5.115). 

= 

FIGURE 5.114 

FIGURE 5.113 FIGURE 5.115 
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ELBOW EXTENSION 

(Triceps brachit) 

Grade 2, Grade 1, and Grade 0 

Position of Patient: Short sitting. The shoulder is 
abducted to 90° and neutral rotation with the elbow 
flexed to about 45° to minimize gravity. The entire limb 
is parallel to the floor (Fig. 5.116). 

Instructions to Therapist: Stand at test side of patient. 
For the Grade 2 test, support the limb at the elbow. For 
a Grade 1 or 0 test, support the limb under the forearm 
and palpate the triceps on the posterior surface of the 
arm just proximal to the olecranon process (Fig. 5.117). 

Test: Patient attempts to extend the elbow. 

Instructions to Patient: “Try to straighten your elbow.” 

Grading 

Grade 2: Completes available range with gravity 
minimized. 

Grade 1: Therapist can feel tension in the triceps tendon 
just proximal to the olecranon (see Fig. 5.117) or con- 
tractile activity in the muscle fibers on the posterior surface 
of the arm. 

Grade 0: No discernable palpable muscle activity. 

FIGURE 5.116 
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FIGURE 5.117 



Substitutions 

e Via external rotation. When the patient is sitting 
with the arm abducted, elbow extension can be 
accomplished with a Grade 0 triceps (Fig. 5.118) 
when the patient externally rotates the shoulder, 
thus dropping the arm below the forearm. As a 
result, the elbow literally falls into extension. This 
can be prevented by using a table or powder board 
to support the arm. 

e Via horizontal adduction. This substitution can 
accomplish elbow extension and is done purposefully 
by patients with a cervical cord injury and a Grade 
0 triceps. With the distal segment fixed (as when 
the therapist stabilizes the hand or wrist), the patient 
horizontally adducts the arm and the thrust pulls 
the elbow into extension (Fig. 5.119). The therapist, 
therefore, should provide support at the elbow for 
testing purposes rather than at the wrist. 

FIGURE 5.118 

FIGURE 5.119 
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ELBOW EXTENSION 

(Triceps brachit) 

e Give resistance in Grade 5 and Grade 4 tests with 
the elbow slightly flexed to avoid enabling the patient 
to “lock” the elbow joint by hyperextending it. 

e Although elbow extension is tested in the prone 
position, the therapist must be aware that with the 
shoulder horizontally abducted the two-joint muscle 
is less effective, and the test grade may be lower 
than it should be.’* 

e An alternate position for Grades 5, 4, and 3 is with 
the patient short sitting. The therapist stands behind 
the patient, supporting the arm in 90° of abduction 
just above the flexed elbow (Fig. 5.120). The patient 
straightens the elbow against the resistance given 
just proximal to the wrist. 

e Triceps strength is usually the limiting factor in 
pressing-type movements such as pushups. 

FIGURE 5.120 

Suggested Exercises 
for Triceps Brachii 

e Exercises that challenge the triceps close to full 
extension (lock outs) are likely to be highly beneficial. 

e Close grip bench press 
e Suspended pushups elicited more activity than 

conventional pushups** 
Standard pushups with narrow base hand position™ 
Dips 
Triceps extension overhead 
Triceps press down using rope 
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FOREARM SUPINATION 

(Supinator and Biceps brachit) 

Musculocutaneous n. 

To: Biceps brachii / 

C5-C6 

8 

Radial n. 
To: Supinator 

C6-C7 

FIGURE 5.122 

Biceps brachii 

Supinator 

ANTERIOR 

FIGURE 5.121 

Radius 

Radial 

nerve 
Supinator Ulna 

FIGURE 5.123 Arrow indicates level of cross section. 
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Table 5.16 FOREARM SUPINATION 

FOREARM SUPINATION 

(Supinator and Biceps brachit) 

Range of Motion 

I.D. Muscle 

140 Biceps brachii 
Both heads 

— Origin 

145 Supinator 
Ulna (supinator crest) 
Radial collateral ligament of elbow joint 

Humerus (lateral epicondyle) 

Insertion Function 

Flexion of elbow 
Supination of forearm 
(powerful) if combined 
with elbow flexion 

Radius (shaft, 
lateral aspect 
of proximal 4 ) 

Supination of forearm 

(pure) 

Annular ligament of radioulnar joint 
Aponeurosis of supinator 

Grade 5, Grade 4, Grade 3, and Grade 2 

Position of Patient: Short sitting; arm at side and elbow 
flexed to 90°; forearm in full pronation to neutral. Alter- 
natively, patient may sit at a table with elbow supported. 

Instructions to Therapist: Stand at side or in front of 
patient. Ask patient to turn the palm up as if holding 
soup in the hand. If sufficient range is present, proceed 
to apply resistance. One hand supports the elbow. Apply 
resistance with the heel of the therapist’s hand over the 
dorsal (extensor) surface at the wrist, being careful not 
to grip the flexor surface of the forearm (Fig. 5.124). 

FIGURE 5.124 

Test: Patient begins in pronation and supinates the 
forearm until the palm faces the ceiling. Therapist resists 
motion in the direction of pronation. 

Alternate Test: Grasp patient’s hand as if shaking hands; 
cradle the elbow and resist via the hand grip (Fig. 5.125). 
This test is used if the patient has Grade 5 or 4 wrist and 
hand strength. It should not be used if there is wrist 
instability. 

FIGURE 5.125 
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FOREARM SUPINATION 

(Supinator and Biceps brachi) 

Grade 5, Grade 4, Grade 3, and Grade 2 Continued 

Instructions to Patient: “Turn your palm up. Hold it. 
Don’t let me turn it down. Keep your wrist and fingers 
relaxed.” 

For Grade 3: “Turn your palm up.” 

Grading 

Grade 5: Holds test 

resistance. 

position against maximal 
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Grade 4: Holds test position against strong to moderate 
resistance. 

Grade 3: Completes available range of motion without 
resistance (Fig. 5.126, showing end range). 

Grade 2: Completes partial range of motion. 

FIGURE 5.126 



Grade 1 and Grade 0 

Position of Patient: Short sitting. Arm and elbow are 
flexed as for the previous tests. 

Instructions to Therapist: Support the forearm just 
distal to the elbow. Palpate the supinator distal to the 
head of the radius on the dorsal aspect of the forearm 
(Fig..5: 127 ). 

Test: Patient attempts to supinate the forearm. 

Instructions to Patient: “Try to turn your palm so it 
faces the ceiling.” 

FIGURE 5.127 

Helpful Hints. 

FOREARM SUPINATION 

(Supinator and Biceps brachit) 

Grading 

Grade 1: Slight contractile activity but no limb 
movement. 

Grade 0: No discernable palpable contractile activity. 

Substitution 

Patient may externally rotate and adduct the arm across 
the body (Fig. 5.128) as forearm supination is 
attempted. When this occurs, the forearm rolls into 
supination with no activity of the supinator muscle. 

FIGURE 5.128 

e It is controversial whether supination is stronger than 
pronation. Some studies report no difference and 
others report supination torque is more than pronation 
torque.*° 

e Biceps brachii activity is highest in mid-supination, 
when the length of the muscle is shorter.*° 

e The supinator is considered the prime mover of 
supination by some authorities, as supination is the 

only movement it performs, and forearm position is 
irrelevant. The biceps however, is a far stronger 
supinator as its mass is 5x that of the supinator, but 
the biceps performs optimally when elbow flexion 
and supination are combined.*** 
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CROSS SECTIONS OF THE ARM AND FOREARM 

Biceps brachii (short) 

Biceps brachii (long) 
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PLATE 4 Cross sections of the arm and forearm. 
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FOREARM PRONATION 

(Pronator teres and Pronator quadratus) 

Pronator teres 

Median n. 

To: Pronator teres 

C6-C7 

Pronator quadratus 

C7-C8 

Pronator quadratus FIGURE 5.130 

Pronator 

teres Median 

Radius 

PALMAR 

FIGURE 5.129 

Pronator 

quadratus 

UlIna 

FIGURE 5.131 Arrows indicate level of cross section. 
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FOREARM PRONATION 
i ___._.._ 

(Pronator teres and Pronator quadratus) 

Range of Motion 

Table 5.17 FOREARM PRONATION 

1.D. Muscle — Origin Insertion Function 

146 Pronator teres Radius (midshaft, lateral Pronation of forearm with 
surface) resisted pronation or rapid 

pronation 
Elbow flexion (accessory)*“° 

Humeral head Humerus (shaft proximal to 
medial epicondyle) 
Common tendon of origin of 
flexor muscles 
Intermuscular septum 
Antebrachial fascia 

Ulnar head Ulna (coronoid process, 
medial) 
Joins humeral head in 

common tendon 

147 Pronator Ulna (oblique ridge on distal Radius (shaft, anterior Pronation of forearm 
quadratus 4 Of anterior surface) surface distally; also Elbow flexion (accessory) 

Muscle aponeurosis area above ulnar 
notch) 

Other 

151 Flexor carpi See Table 5.18 Pronation of forearm (weak 
radialis assist) 

Flexion of wrist 
Radial deviation 
(abduction) of wrist 
Extends fingers (tenodesis 
action) 
Flexion of elbow (weak 
assist) 
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Grade 5, Grade 4, and Grade 3 

Position of Patient: Short sitting or may sit at a table. 
Arm at side with elbow flexed to 90° and forearm in 
supination. 

Instructions to Therapist: Stand at side or in front of 
patient. Ask patient to turn palm down from supinated 
position. If sufficient range is present, proceed to apply 
resistance in test position. Support the elbow. Hand used 
for resistance applies resistance with hypothenar eminence 
over radius on the volar (flexor) surface of the forearm 
at the wrist (Fig. 5.132). Avoid pressure on the head of 
the radius and gripping the forearm for patient comfort. 

Test: Patient attempts to pronates the forearm. Therapist 
resists motion at the wrist in the direction of supination 
for Grades 4 and 5. 

Alternate Test: Grasp patient’s hand as if to shake hands, 
cradling the elbow with the other hand and resisting 
pronation via the hand grip. This alternate test may be 

FIGURE 5.132 

FOREARM PRONATION 

(Pronator teres and Pronator quadratus) 

used if the patient has Grade 5 or 4 wrist and hand 
strength. This alternate test should not be used in the 
presence of wrist instability. 

Instructions to Patient: “Turn your palm down. Hold 
it. Don’t let me turn it up. Keep your wrist and fingers 
relaxed.” 

Grading 

Grade 5: Holds test 

resistance. 

position against maximal 

Grade 4: Holds test position against strong to moderate 
resistance. 

Grade 3: Completes available range without resistance 
(Fig. 5.133, showing end range). 

Grade 2: Complete partial range of motion 

FIGURE 5.133 
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FOREARM PRONATION 
nS SSS 

(Pronator teres and Pronator quadratus) 

Grade 1 and Grade 0 Substitution 

Instructions to Therapist: Stand to the side of the Patient may internally rotate the shoulder or abduct 

patient. Support the forearm just distal to the elbow. The it during attempts at pronation (Fig. 5.135). When 

fingers of the other hand are used to palpate the pronator this occurs, the forearm rolls into pronation without 

teres over the upper third of the volar (flexor) surface of the benefit of activity by the pronator muscles. 

the forearm on a diagonal line from the medial condyle 
of the humerus to the lateral border of the radius (Fig. 
5.134). 

Test: Patient attempts to pronate the forearm. 

Instructions to Patient: “Try to turn your palm down.” 

Grading 

Grade 1: Visible or palpable contractile activity with no 
motion of the part. 

Grade 0: No discernable palpable contractile activity. 

FIGURE 5.135 

e¢ Nondominant arm elicits 81%-95% of the force of 
the dominant arm in forearm rotation.*° 

e Pronation is strongest in the position of 45° of 
elbow flexion.*” 

e Men are 63% stronger in pronation and 68% stronger 
in supination than women, measuring as high as 
12.6-14.8 Nm.* 

e In isokinetic studies, women’s forearm strength is 
equal to 5.0-5.4 Nm.*® 

FIGURE 5.134 
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WRIST FLEXION 

(Flexor carpi radialis and Flexor carpi ulnaris) 

Flexor 

carpi 
radialis 

Flexor 

carpi Median n. 

ulnaris To: Flexor carpi 
radialis 

Ulnar n. 

To: Flexor carpi ulnaris 
C7-T1 

FIGURE 5.138 

PALMAR 

FIGURE 5.136 
FIGURE 5.137 

Flexor carpi 
radialis 

Flexor carpi 
ulnaris 

Median 

FIGURE 5.139 Arrow indicates level of cross section. 
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WRIST FLEXION 

(Flexor carpi radialis and Flexor carpi ulnarts) 

Range of Motion 

0°-80° 

Table 5.18 WRIST FLEXION 

1.D. Muscle Origin Insertion Function 

151 Flexor carpi Humerus (medial epicondyle 2nd and 3rd Flexion of wrist 
radialis via common flexor tendon) metacarpals Radial deviation (abduction) of 

Antebrachial fascia (base, palmar wrist 
Intermuscular septum surface) Extends fingers (tenodesis 

action) 
Flexion of elbow (weak assist) 
Pronation of forearm (weak 
assist) 

153 ~~ Flexor carpi Humeral head (medial Pisiform bone Flexion of wrist 
ulnaris epicondyle via common Hamate bone Ulnar deviation (adduction) of 
Two heads flexor tendon) 5th metacarpal, — wrist 

Ulnar head (olecranon, base Flexion of elbow (assist) 
medial margin; shaft, proximal 
%, posterior via an 
aponeurosis) 
Intermuscular septum 

Others 

156 ~—- Flexor digitorum = See Table 5.20 
superficialis 

157 Flexor digitorum See Table 5.20 
profundus 

169 — Flexor pollicis See Table 5.24 
longus 
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Grade 5 and Grade 4 

Position of Patient (All Tests): Short sitting. Forearm 
is supinated (Fig. 5.140). Wrist is in neutral position or 
slightly extended. 

Test: Patient flexes the wrist, keeping the digits and thumb 
relaxed. 

Instructions to Therapist: Sit or stand in front of the 
patient and ask the patient to bend the wrist (Grade 3). 
If sufficient range is present, proceed to test strength by 
placing the hand in the test position. One hand supports 
the patient’s forearm under the wrist (see Fig. 5.140) 
while the other hand applies resistance over the volar 
(palmar) surface of the hand (Fig. 5.141). 

To Test Both Wrist Flexors: Apply resistance to the palm 
of the test hand using four fingers or hypothenar eminence 
(see Fig. 5.141). Resistance is given evenly across the 
hand in a straight-down direction into wrist extension. 

WRIST FLEXION 

(Flexor carpi radialis and Flexor carpi ulnaris) 

To Test the Flexor Carpi Radialis: Place the patient’s 
wrist in radial deviation and slight wrist extension. Resis- 
tance is applied with the index and long fingers over the 
first and second metacarpal (radial side of the hand) in 
the direction of extension and ulnar deviation (Fig. 5.142). 

To Test the Flexor Carpi Ulnaris: Place the wrist in ulnar 
deviation and slight wrist extension. Resistance is applied 
over the fifth metacarpal (ulnar side of the hand) in the 
direction of extension and radial deviation (Fig. 5.143). 

Instructions to Patient (All Tests): “Hold it. Don’t 
let me pull it down. Keep your fingers relaxed.” 

Grading 

Grade 5: Holds test position of wrist flexion against 
maximal resistance. 

Grade 4: Holds test position of wrist flexion against strong 
to moderate resistance. 

FIGURE 5.140 

FIGURE 5.141 
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FIGURE 5.142 

FIGURE 5.143 
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WRIST FLEXION 
a a SE NS SE 

(Flexor carpi radialis and Flexor carpi ulnaris) 

Grade 3: 

Both Wrist Flexors: Patient flexes the wrist through full 
range without resistance and without radial or ulnar 
deviation. 

Flexor Carpi Radialis: Patient flexes the wrist in radial 
deviation through full range without resistance. This 
is a small movement as compared with ulnar deviation 
described below (Fig. 5.144). 

The illustration is shown from the extensor surface to 
better illustrate the small movement. 

Flexor Carpi Ulnaris: Patient flexes the wrist in ulnar 
deviation through full range without resistance (Fig. 
5.145). 

FIGURE 5.144 

Grade 2 

Position of Patient: Sitting with elbow supported on 
table. Forearm in mid position with hand resting on ulnar 
side (Fig. 5.146). 

Instructions to Therapist: Support patient’s forearm 
proximal to the wrist. 

Test: Patient flexes wrist with the ulnar surface gliding 
across or not touching the table (see Fig. 5.146, end 
position). To test the two wrist flexors separately, hold 
the forearm so that the wrist does not lie on the table 
and ask the patient to perform the flexion motion while 
the wrist is in ulnar and then radial deviation. 

Instructions to Patient: “Bend your wrist, keeping your 
fingers relaxed.” 

Grading 

Grade 2: Completes available range of wrist flexion with 
gravity minimized. 

FIGURE 5.145 
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Grade 1 and Grade 0 

Position of Patient: Supinated forearm supported on 
table. 

Instructions to Therapist: Support the wrist in flexion; 
the index finger of the other hand is used to palpate the 
appropriate tendons. 

Palpate the tendons of the flexor carpi radialis (Fig. 
5.147) and the flexor carpi ulnaris (Fig. 5.148) in separate 
tests. 

The flexor carpi radialis lies on the lateral palmar aspect 
of the wrist (see Fig. 5.141) lateral to the palmaris longus. 

The tendon of the flexor carpi ulnaris (see Fig. 5.147) 
lies on the medial palmar aspect of the wrist (at the base 
of the fifth metacarpal). 

Test: Patient attempts to flex the wrist. 

FIGURE 5.147 

FIGURE 5.148 
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WRIST FLEXION 

(Flexor carpi radialis and Flexor carpi ulnaris) 

Instructions to Patient: “Try to bend your wrist. Relax. 
Bend it again.” Patient should be asked to repeat the test 
so the therapist can feel the tendons during both relaxation 
and contraction. 

Grading 

Grade 1: One or both tendons may exhibit visible or 
palpable contractile activity, but the part does not move. 

Grade 0: 

No discernable palpable contractile activity. 

Flexor carpi ulnaris contributes to adduction (ulnar 
deviation) most strongly in the supinated position as 
compared with the pronated and neutral positions.” 

Suggested Exercises 

e Wrist curls with resistance 
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WRIST EXTENSION 

(Extensor carpi radialis longus, Extensor carpi radialis brevis, and Extensor carpi ulnaris) 

Extensor 

carpi 
ulnaris 

FIGURE 5.149 

Extensor 

Carpi Extensor 
radialis Carpi 
brevis radialis 

longus 

Radial n. 
To: Extensor carpi radialis longus 

C6-C7 
Extensor carpi radialis brevis 
C7-C8 
Extensor carpi ulnaris 
C7-C8 

FIGURE 5.151 

DORSAL VIEWS 

FIGURE 5.150 

Radius 

Extensor carpi 
radialis longus 

Extensor carpi 
radialis brevis 

nerve Extensor 

Carpi 
ulnaris 

FIGURE 5.152 Arrow indicates level of cross section. 
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Table 5.19 WRIST EXTENSION 

1.D. Muscle 

148 Extensor carpi 
radialis longus 

149 Extensor carpi 
radialis brevis 

Origin 

Humerus (lateral 

supraconaylar ridge, distal 

%y) 
Common forearm extensor 
Tendon 
Lateral intermuscular 
septum 

Humerus (lateral 
epicondyle via common 
forearm extensor tendon) 
Radial collateral ligament 
of elbow joint 
Aponeurosis of muscle 

WRIST EXTENSION 

(Extensor carpi radialis longus, Extensor carpi radialis brevis, and Extensor carpi ulnaris) 

Range of Motion 

Insertion 

2nd metacarpal 
bone (base on radial 
side of dorsal aspect) 

3rd metacarpal bone 
(base of dorsal 
surface on radial 
side) 
2nd metacarpal 
(occasionally) 

oth metacarpal bone 
(tubercle on medial 
side of base) 

Function 

Extension and radial 
deviation of wrist 
Synergist for finger 
flexion by stabilization of 
wrist 
Elbow flexion 
(accessory) 

Extension of wrist 
Radial deviation of wrist 
(weak) 
Finger flexion synergist 
(by stabilizing the wrist) 

Extension of wrist 

Ulnar deviation 

(adduction) of wrist 

150 Extensor carpi ulnaris = Humerus (lateral 
epicondyle via common 
extensor tendon) 
Ulna (posterior border by 
an aponeurosis) 

Others 

154 Extensor digitorum See Table 5.20 

158 Extensor digiti minimi See Table 5.20 

155 Extensor indicis See Table 5.20 

The ability to extend the wrist is an essential function for 
most hand activity. A minimum of 25° of wrist extension 
is necessary for optimal grip strength.” 

The radial wrist extensors are considerably stronger 
than the ulnar wrist extensor. The extensor carpi radialis 
brevis’ muscle belly is 5x larger than the extensor carpi 
radialis longus.°’ Wrist extensor strength of the dominant 

Grade 5, Grade 4, and Grade 3 

Position of Patient: Short sitting. Elbow is flexed, 
forearm is fully pronated, and forearm is supported on 
the table. 

Instructions to Therapist: Sit or stand at a diagonal in 
front of patient. Ask the patient to lift hand (Grade 3). 
If sufficient range is available, proceed to apply resistance 
by placing the patient’s hand in the test position of full 
extension (Fig. 5.153). The hand used for resistance 
is placed over the dorsal (extensor) surface of the 

metacarpals. 
To test all three muscles, the patient extends the wrist 

without deviation. Resistance is given with four fingers 
or hypothenar eminence in a forward and downward 

Chapter 5 

side is approximately 10% stronger than the non-dominant 
side.’ There is a strong correlation between grip strength 
and wrist extension strength. Lateral epicondylitis (tennis 
elbow), most often affects the extensor carpi radialis brevis 
at its insertion on the lateral epicondyle, resulting in painful 
Wrist extension. 

FIGURE 5.153 
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WRIST EXTENSION 

(Extensor carpi radialis longus, Extensor carpi radialis brevis, and Extensor carpi ulnaris) 

Grade 5, Grade 4, and Grade 3 Continued 

direction over the second to fifth metacarpals for Grades 
4 and 5 (Fig. 5.154). 

To test the extensor carpi radialis longus and brevis 
(extension with radial deviation), position wrist in extension 
and radial deviation. Resistance is given on the dorsal 
(extensor) surface of the second and third metacarpals 
(radial side of hand) in the direction of flexion and ulnar 
deviation (Fig. 5.155). 

To test the extensor carpi ulnaris (extension and ulnar 
deviation), position wrist in extension and ulnar deviation. 
Patient extends (lifts) the wrist, leading with the ulnar 
side of the hand. Resistance is given on the dorsal (exten- 
sor) surface of the fifth metacarpal (ulnar side of hand) 
in the direction of flexion and radial deviation (Fig. 5.156). 

Test: For the combined test of the three wrist extensor 
muscles, the patient extends the wrist (lifts the hand) 
through the full available range. Do not permit extension 
of the fingers. 

To test the two radial extensors, the patient extends 
the wrist, leading with the thumb side of the hand. The 
wrist may be prepositioned in some extension and radial 
deviation to direct the patient’s motion. 

To test the extensor carpi ulnaris, the patient extends 
the wrist, leading with the ulnar side of the hand. The 
therapist may preposition the wrist to direct the movement 
toward the ulna. 

Instructions to Patient: “Hold it. Don’t let me push 
it down.” 

For Grade 3: “Bring your hand up.” (Add “to the 
side” when testing for radial or ulnar deviation.) 

Grading 

Grade 5: Holds test position against maximal resistance. 
Full extension is not required for the tests of radial and 
ulnar deviation. 

Grade 4: Holds test position of wrist extension against 
strong to moderate resistance when all muscles are being 
tested. When testing the individual muscles, full wrist 
extension range of motion will not be achieved. 

Grade 3: Completes full range of motion without resis- 
tance in the test for all three muscles. In the separate 
tests for the radial and ulnar extensors, the deviation 
required precludes full range of motion. 

FIGURE 5.155 

FIGURE 5.154 
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WRIST EXTENSION 

(Extensor carpi radialis longus, Extensor carpi radialis brevis, and Extensor carpi ulnaris) 

Grade 2 

Position of Patient: Forearm supported on table in Grading 
neutral position. 

Grade 2: Completes full range with gravity minimized. 
Instructions to Therapist: Support the patient’s wrist. 
This elevates the hand from the table and removes friction 
(Fig. 5.157). 

Test: Patient extends the wrist. 

Instructions to Patient: “Bend your hand back.” 

FIGURE 5.157 
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WRIST EXTENSION 

(Extensor carpi radialis longus, Extensor carpi radialis brevis, and Extensor carpi ulnaris) 

Grade 1 and Grade 0 

Position of Patient: Hand and forearm supported on 
table with forearm fully pronated. 

Instructions to Therapist: Support the patient’s wrist 
in extension. The other hand is used for palpation. Use 
one finger to palpate one muscle in each test. 

Extensor Carpi Radialis Longus: Palpate the tendon on 
the dorsum of the wrist in line with the second metacarpal 
(Big, 5.158). 

Extensor Carpi Radialis Brevis: Palpate the tendon on 
the dorsal surface of the wrist in line with the third 
metacarpal bone (Fig. 5.159). 

Extensor Carpi Ulnaris: Palpate the tendon on the dorsal 
wrist surface proximal to the fifth metacarpal and just 
distal to the ulnar styloid process (Fig. 5.160). 

Test: Patient attempts to extend the wrist. 

Instructions to Patient: “Try to lift your hand.” 

FIGURE 5.158 

Grading 

Grade 1: For any given muscle, there is visible or palpable 
contractile activity, but no wrist motion ensues. 

Grade 0: No discernable contractile activity. 

Substitution 

The most common substitution occurs when the finger 
extensors are allowed to participate. This can be avoided 
to a large extent by ensuring that the patient’s fingers 
are relaxed and are not permitted to extend. 

Helpful Hints | 
e Preferred position of the wrist when gripping is 

35° of extension and 7° of ulnar deviation, where 
grip strength is the strongest. A minimum of 25° 
of wrist extension is necessary for optimal grip 
strength.*° 

e A patient with complete quadriplegia at C5-C6 will 
have only the radial wrist extensors remaining. Radial 
deviation during extension is therefore the prevailing 
extensor motion at the wrist. 

ggested Exercises 
Wrist Extensors 

e Wrist curls in pronated position 
e Gripping/squeezing a ball or putty 
e Wrist radial and ulnar deviation 

FIGURE 5.159 
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INTRODUCTION TO TESTING THE MUSCLES OF THE HAND 

Evaluating the hand following a nerve injury is the primary 
reason single muscles or movements are tested. Because 
of the innervation pattern of the hand, grading of move- 
ments may be more appropriate than grading specific 
muscles. Because the hand muscles have multiple functions 
and can be active in combined movements, the therapist 
should incorporate knowledge of function, anatomy and 
kinesiology to master strength testing of the hand. For 
example, the only muscles of the hand that can be purely 
isolated are the first dorsal interosseous (radial abduction 
of the index finger) and the flexor pollicis longus (flexion 
of the thumb interphalangeal [IP] joint).** Alternatively, 
grip strength is considered a gross, functional measure 
of hand strength. Asking the patient to make a fist and 
straighten out the fingers will provide a general idea of 
active range of motion of the digits and help to provide 
focus of the muscular exam. 

When evaluating the muscles of the hand, care must 
be taken to use graduated and appropriate resistance, 
especially following surgical intervention. Because of the 
small muscle mass of the hand muscles, the therapist 
should use one or two fingers to resist hand motions. 

Clinical judgment is required when applying appropriate 
resistance in a safe fashion, especially in the postsurgical 
hand. In the postop hand, the therapist may only want 
to assure the presence of a muscle contraction, as certain 
movements may be prohibited by the surgeon. Similarly, 
the amount of motion allowed or encouraged should be 
monitored in conjunction with the surgeon. Too much 
force or too quickly applied force may be harmful to the 
surgical repair or reconstruction. The therapist should 
have a thorough understanding of the type of surgery 
and any contraindications to movement before muscle 
testing the postop hand. Considerable practice in testing 
normal hands and comparing injured hands with their 
normal contralateral sides should provide some of the 
necessary judgment with which to approach the surgically 
repaired hand. 

Chapter 5 

It is difficult to differentiate between Grades 5 and 4 
in many of the small muscles of the hand, and differentiat- 
ing between Grades 5 and 4 may not be clinically relevant. 
Therefore, Grades 5 and 4 have been combined for some 
muscles. It takes experience and skill to discern weakness 
in the actively contracting hand muscle. This text remains 
true to the principles of testing in the ranges of grades 
5, 4, and 3 with respect to gravity. It is admitted, however, 
that the influence of gravity on the fingers is inconse- 
quential, so gravity and antigravity positions are not 
considered in valid muscle tests of the hand. 

Two common groupings of the hand muscles are the 
intrinsics, innervated mostly by the median and ulnar nerve, 
and the extrinsics, innervated primarily by the radial and 
median nerves. The extrinsics originate in the forearm 
and the intrinsics originate distal to the wrist. In general, 
each finger has six muscles controlling its movements, 
three extrinsic muscles (two long flexors and one long 
extensor) and three intrinsic muscles (dorsal and palmar 
interosseous and lumbrical muscles). The little finger and 
index finger each have an additional extrinsic extensor.™* 

The hand section of this chapter is organized by 
extrinsics, intrinsics, and the thumb (combined extrinsic 
and intrinsics). 

EXTRINSIC MUSCLES 

The extrinsic muscles of the hand originate above the 
wrist on the forearm and are made up of flexors and 
extensors. The tendons of the extrinsics are held in place 
at the wrist by the palmar carpal ligament and flexor 
retinaculum. The extrinsics are innervated by the radial, 
ulnar, and median nerves. 
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FINGER PIP AND DIP FLEXION 

(Flexor digitorum superficialis and Flexor digitorum profundus) 

C5 

C6 

Median n. C7 

To: Flexor digitorum 
superficialis 

C8-T1 
C8 

Flexor digitorum 
profundus 
fingers 2, 3 T1 

C8-T1 

Flexor 

digitorum 
Ulnar n. 

superficialis Flexor To: Flexor digitorum profundus 

digitorum fingers 4, 5 
profundus C8-T1 

FIGURE 5.163 

PALMAR 
FIGURE 5.161 

FIGURE 5.162 
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rage! 

Flexor 
digitorum 
profundus 

Ulna 

FIGURE 5.164 Arrow indicates level of cross section. 
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Table 5.20 PIP AND DIP FINGER FLEXION 

FINGER PIP AND DIP FLEXION 

(Flexor digitorum superficialis and Flexor digitorum profundus) 

Range of Motion 

PIP joints: O°-100° 

DIP joints: 0°-90° 

1.D. 

156 

157 

Muscle 

Fiexor digitorum 
superficialis (2 
heads) 

Flexor digitorum 
profundus 

Origin 

Humeroulnar head: 
humerus (medial 
epicondyle via common 
flexor tendon) 

Ulna (medial collateral 
ligament of elbow joint); 
coronoid process (medial 
side) 
Intermuscular septum 
Radial head: radius 
(oblique line on anterior 
shaft) 

Ulna (proximal % of 
anterior and medial shaft; 
medial coronoid process) 
Interosseous membrane 
(ulnar) 

Insertion 

Four tendons arranged in 
2 pairs 
Superficial pair: middle 
and ring fingers (sides of 
middle phalanges) 

Deep pair: index and little 
fingers (sides of middle 
phalanges) 

Four tendons to digits 2-5 
(distal phalanges, at base 
of palmar surface) 

Function 

Flexion of PIP joints of 
digits 2-5 
Flexion of MCP joints of 
digits 2-5 (assist) 
Flexion of wrist (accessory, 
especially in forceful 

grasp) 

Flexion of DIP joints of 
digits 2-5 
Flexion of MCP and PIP 
joints of digits 2-5 (assist) 
Flexion of wrist (accessory) 
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FINGER PIP AND DIP FLEXION 

(Flexor digitorum superficialis and Flexor digitorum profundus) 

The flexor digitorum superficialis (FDS) is innervated by 
the median nerve while the flexor digitorum profundus 
(FDP) is innervated by the median and ulnar nerve. The 
FDP has two heads, flexing the middle and ring fingers 
together and the index and little fingers. If a tendon 
injury or nerve injury is the reason for testing, each digit 
should be tested separately. Otherwise, all digits can be 
tested together to assess the integrity and strength of the 
finger flexors. 

COMBINED DIP AND PIP TESTS 

Grade 5, Grade 4, and Grade 3 

Position of Patient: Forearm supinated, wrist in neutral. 
Fingers are relaxed. 

Instructions to Therapist: Sit in front of the patient, 
with patient’s forearm and hand supported on a table 

FIGURE 5.165 
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with wrist fully supinated. Ask patient to touch the pads 
of the fingers to the distal palm while keeping the meta- 
carpals extended (flat on the table) (Fig. 5.165). 

If sufficient range is present, proceed to apply resistance. 
Stabilization is provided by the hand position. With a 
finger of the hand providing resistance in the patient’s 
palm under the digits, pull up to try to straighten the 
digits (Fig. 5.166). 

Grading 

Grade 5 and Grade 4: Holds against strong resistance. 

Grade 3: Completes range of motion without 
resistance. 

Grade 2, Grade 1, and Grade 0: Refer to isolated proximal 
phalanges (PIP) and distal phalanges (DIP) tests. 

FIGURE 5.166 



PIP TESTS 

Grade 5, Grade 4, and Grade 3 

Position of Patient: Forearm supinated, wrist in neutral. 
Finger to be tested is in slight flexion at the metacarpo- 
phalangeal (MCP) joint (Fig. 5.167). 

Instructions to Therapist: Hold all fingers (except the 
one being tested) in extension at all joints (see Fig. 5.167) 
so as to block the action of the profundus action. Isolation 
of the index finger mav not be complete. Ask the patient 
to bend the middle joint towards the proximal palm. If 
full range is present (Grade 3), apply appropriate resistance. 
Therapist resists the distal end of the middle phalanx of 
the test finger in the direction of extension (Fig. 5.168). 

Test: Patient flexes the PIP joint without flexing the DIP 
joint. Do not allow motion of any joints of the other 
fingers. Repeat for other fingers, if indicated. Alternatively, 
you can test all fingers together (see Fig. 5.166, combined 
test above). 

FIGURE 5.167 
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(Flexor digitorum superficialts) 

Flick the terminal end of the finger being tested with 
the thumb to make certain that the flexor digitorum 
profundus is not active; that is, the DIP joint goes into 
extension. The distal phalanx should be relatively floppy. 

Instructions to Patient: “Bend your index [then long, 
ring, and little] finger at the middle joint; hold it. Don’t 
let me straighten it. Keep your other fingers relaxed.” 

Grading 

Grade 5 and Grade 4: Holds against strong finger 
resistance. 

Grade 3: Completes range of motion without resistance 
(see Fig... 5.167). 

FIGURE 5.168 

Testing the Muscles of the Upper Extremity 183 



PIP TESTS 
eee 

(Flexor digitorum superficialis) 

Grade 2, Grade 1, and Grade 0 

Position of Patient: Forearm is in mid position to Grading 
eliminate the influence of gravity on finger flexion. 

Grade 2: Completes range of motion. 
Instructions to Therapist: Same as for Grades 5, 4, and 

3. Grade 1: Palpable or visible contractile activity, which 

Palpate the flexor digitorum superficialis on the palmar — may or may not be accompanied by a flicker of motion. 
surface of the wrist between the palmaris longus and the 
flexor carpi ulnaris (Fig. 5.169). Grade 0: No discernable palpable contractile activity. 

Test: Patient flexes the PIP joint. 

Instructions to Patient: “Bend your middle finger.” 
(Select other fingers individually. ) 

The major substitution for this motion is offered 
by the flexor digitorum profundus, and this will 
occur if the DIP joint is allowed to flex. 
If the wrist is allowed to extend, tension increases 

in the long finger flexors, and may result in passive 
flexion of the IP joints. This is referred to as a 
“tenodesis” action. 
Relaxation of IP extension will result in passive IP 
flexion. 

FIGURE 5.169 

Many people cannot isolate the little finger. When this 
is the case, test the little and ring fingers at the same 
time. 
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DIP TESTS 

Grade 5, Grade 4, and Grade 3 

Position of Patient: Forearm in supination, wrist in 
neutral, and proximal PIP joint in extension. 

Instructions to Therapist: Stabilize the middle phalanx 
in extension by grasping it on either side (Fig. 5.170). 
Ask the patient to bend the tip of the finger. If full range 
is present (Grade 3), apply appropriate resistance. Resis- 
tance is provided on the distal phalanx in the direction 
of extension (not illustrated). 

Test: Test each finger individually if indicated. Patient 
flexes distal phalanx of each finger. Test all digits together 
by patient flexing all distal phalanxes together. 

Instructions to Patient: “Bend the tip (or tips) of your 
finger. Hold it (them). Don’t let me straighten it (them).” 

Grading 

Grade 5 and Grade 4: Able to hold flexed position against 
strong, finger resistance. 

Grade 3: Completes active range without resistance (see 
Fig. 5.170). 

FIGURE 5.170 
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(Flexor digitorum profundus) 

Grade 2, Grade 1, and Grade 0 

Testing grades 2, 1, and 0 is the same as that used with 
higher grades except that the position of the forearm is 
in neutral to eliminate the influence of gravity. 

Grades are assigned as for the PIP tests. 
The tendon of the flexor digitorum profundus can be 

palpated on the palmar surface of the middle phalanx of 
each finger. 

Substitutions 

e The wrist must be kept in a neutral position and 
must not be allowed to extend, to rule out the 
tenodesis effect of the wrist extensors. 
Don’t be fooled if the patient extends the distal 
phalanges joint and then relaxes, which can give 
the impression of active finger flexion. 
In a power grip task, greater forces are applied on 
the distal phalanges of the long fingers compared 
with the middle and proximal ones, making the 
flexor digitorum profundus an important muscle 
to strengthen.” 
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FINGER MCP EXTENSION 

(Extensor digitorum, Extensor indicis, and Extensor digitt minim) 

Extensor 

digiti 
minimi Extensor 

digitorum 

Radial n. 

To: Extensor digitorum 
C7-C8 
Extensor digiti minimi 
C7-C8 
Extensor indicis 
C7-C8 

Extensor FIGURE 5.173 
indicis 

FIGURE 5.171 DORSAL 

FIGURE 5.172 

digitorum Extoncor digiti minimi 

indicis 

FIGURE 5.174 Arrow indicates level of cross section. 
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FINGER MCP EXTENSION 

(Extensor digitorum, Extensor indicis, and Extensor digiti minimt) 

Range of Motion 

| Q°-45° 

Table 5.21 MCP FINGER EXTENSION 

1.D. Muscle Origin Insertion Function 

154 Extensor Humerus (lateral Via 4 tendons to digits Extension of metacarpophalangeal (MCP) 
digitorum = epicondyle via 2-5 (via the extensor and proximal (PIP) and distal 

common extensor expansion, fo dorsum interphalangeal (DIP) joints, digits 2-5 
tendon) of middle and distal Extensor digitorum can extend any and all 
Intermuscular septum phalanges; one joints over which it passes via the dorsal 
Antebrachial fascia tendon to each expansion 

finger) Independent action of the extensor 
digitorum: 
Hyperextends MCP joint (proximal 

phalanges) by displacing dorsal 
expansion proximally 

Extends interphalangeal (IP) joints (middle 
and distal phalanges) when MCP joints 
are slightly flexed by intrinsics 

Wrist extension (accessory) 
Abduction of ring, index, and little fingers 

with extension but no such action on 
the middle finger 

155 Extensor Ulna (posterior 2nd digit (via tendon Extension of MCP joint of index finger 
indicis surface of shaft) of extensor digitorum Extension of IP joints (with intrinsics) 

Interosseous into extensor hood) Adduction of index finger (accessory) 
membrane Wrist extension (accessory) 

158 Extensor Humerus (lateral Sth digit (extensor Extension of MCP, IP, and DIP joints of digit 
digiti epicondyle via hood) 5 (little finger 
minimi common extensor Wrist extension (accessory) 

tendon) Abduction of digit 5 (accessory) 
Intermuscular septa 
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FINGER MCP EXTENSION 

(Extensor digitorum, Extensor indicis, and Extensor digiti minim) 

Grade 5, Grade 4, and Grade 3 

Position of Patient: Forearm in pronation, wrist in 
neutral. MCP and IP joints are in relaxed flexion posture. 

Instructions to Therapist: Sit at table or side of patient. 
Stabilize the wrist in neutral. Place the index finger of 
the resistance hand across the dorsum of all proximal 
phalanges just distal to the MCP joints to stabilize. Ask 
the patient to straighten the knuckles as far as possible. 
Demonstrate motion to patient and instruct to copy. If 
full range is present (Grade 3), apply appropriate resistance. 
Give resistance in the direction of flexion. 

Test: 
Extensor Digitorum: Patient extends MCP joints (all 
fingers simultaneously), allowing the IP joints to be in 
slight flexion (Fig. 5.175). 

Extensor Indicts: Patient extends the MCP joint of the 
index finger. 

Extensor Digitt Minimzi: Patient extends the MCP joint 
of the 5th digit. 

Instructions to Patient: “Straighten (lift) your knuckles 
as far as they will go.” 

Grading 

Grade 5 and Grade 4: Able to hold position with appropri- 
ate level of resistance. (Extensor is not as strong as the 
flexor.) 

Grade 3: Completes active range without resistance. 

FIGURE 5.175 
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Grade 2, Grade 1, and Grade 0 

Procedures: Test is the same as that for Grades 5, 4, 
and 3 except that the forearm is in the mid position. 

The four tendons of the extensor digitorum, the 
tendon of the extensor indicis, and the tendon of the 
extensor digiti minimi are readily apparent on the dorsum 
of the hand as they course in the direction of each 
finger. 

Grading 

Grade 2: Completes range. 

Grade 1: Visible tendon activity but no joint motion. 

Grade 0: No discernable palpable contractile activity. 

Substitution 

Flexion of the wrist will produce interphalangeal 
extension through a tenodesis action. 

e Metacarpophalangeal extension of the fingers is not 
a strong motion, and only slight resistance is required 
to “break” the end position. 

e It is usual for the active range of motion to be 
considerably less than the available passive range. 
In this test, therefore, the “full available range” is 
not used, and the active range is accepted. 

e Another way to check whether there is functional 
extensor strength in the fingers is to “flick” the 
proximal phalanx of each finger downward; if the 
finger rebounds, it is functional. 



FINGER MCP EXTENSION 

(Extensor digitorum, Extensor indicis, and Extensor digiti minimt) 

INTRINSIC MUSCLES 

The intrinsic muscles are traditionally divided into five 
groups: thenar, hypothenar, palmar interossei, dorsal 
interossei, and lumbricals (Table 5.22). The primary 
function of the interossei is MCP flexion /stabilization 
with extension of the IP joints. This motion is assisted 
by the lumbricals which can contract without adding 
flexion torque at the MCP joint.** Although efficient, the 
lumbricals are weak with the smallest physiological cross- 
sectional area of all the intrinsic hand muscles. Without 
the interossei, the fingers are unstable and will collapse 
into the “claw” (i.e., intrinsic minus) position of 

Table 5.22 GROUPS OF INTRINSIC HAND MUSCLES 

hyperextension of the MCP joint and flexion of the IP 
joints when loaded.** The Mannerfelt sign is a sign of 
interosseous muscle weakness when the index PIP joint 
“collapses” resulting in hyperflexion, often greater than 
90°. Another sign of weakness is the Thomas sign, when 
wrist flexion occurs to try to open the hand by means of 
increasing the pull on the extensor digitorum.” 

The inability to adduct and abduct the fingers occurs 
with the loss of the interossei muscles. These actions are 
quite important to people who play musical instruments 
or operate keyboards, but for most people does not result 
in a severe deficit.** 

Groups Function Muscles 

Abductor pollicis brevis 
Flexor pollicis brevis 
Opponens pollicis 

Opponens digiti minimi 
Adductor pollicis 

Thenar Thumb is brought lateral to medial position across the palm in 
opposition to the 4 ulnar digits 

Hypothenar Little finger is brought in opposition to the thumb 

Palmar Adduct the 4 ulnar digits together toward the 3rd finger 
interossei (3) First Salmar interossei: tio pinch 

Dorsal First dorsal interossei: key pinch™ 
interossei 

toward the 3rd finger 

Lumbricals 

Flex the MCP joints and extend the IP joints; adduct the 4 ulnar digits 

Extension of the IP joints in any position of the MCP joints 

4 interossei 

Abductor digiti minimi 

2 radial lumbricals 

2 ulnar lumbricals 

IP, Interohalangeal; MCP, metacarpophalangeal. 
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FINGER MCP FLEXION 

(Interosset and Lumbricals) 

Lumbricales 

PALMAR 

FIGURE 5.176 
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Median n. 

To: 1st and 2nd 

Lumbricales 

C8-T1 

To: 

Ulnar n. 
3rd and 4th Lumbricales 
C8-T1 
Interossei (dorsal and 
palmar) 
C8-T1 

FIGURE 5.177 

Range of Motion 

MCP joints: 0°-90° 



Table 5.23 MCP FLEXION AND ABDUCTION AND ADDUCTION OF THE FINGERS 

LD. . 

164 

165 

159 

163 

Muscle 

Dorsal interossei 
(four bipennate 
muscles) 
1st dorsal 
interosseus (often 
named Abaductor 
indicis) 

Palmar interossei 
three muscles (a 
4th muscle often is 
described) 

Abductor digiti 
minimi 

Lumbricals (4 in 
number) 

1st lumbrical 

2nd lumbrical 

3rd lumbrical 

Origin 

Metacarpal bones (each 
muscle arises by two 
heads from adjacent 
sides of metacarpals 
between which each lies) 

lst dorsal: between 

thumb and index finger 

2nd dorsal: between 
index and long finger 

3rd dorsal: between long 
and ring fingers 

Ath dorsal: between ring 
and little fingers 

Metacarpal bones 2, 4, 
and 5 (muscles lie on 
palmar surfaces of 
metacarpals rather than 
between them) 
No palmar interosseous on 
long finger 
All muscles lie on aspect 
of metacarpal facing the 
long finger 

Ist palmar: 2nd 
metacarpal (ulnar side) 

2nd palmar: 4th 
metacarpal (radial side) 

3rd palmar: Sth 
metacarpal (radial side) 

Pisiform bone 
Tendon of flexor carpi 
ulnaris 
Pisohamate ligament 

Tendons of flexor 
digitorum profundus: 

Index finger (radial side, 
palmar surface) 

Middle finger (radial side, 
palmar surface) 

Middle and ring fingers 
(double heads from 
adjacent sides of 
tendons) 

FINGER MCP FLEXION 

Insertion 

All: dorsal expansion 
Proximal phalanges 
(bases) 

lst dorsal: index finger 
(radial side) 

2nd dorsal: long finger 
(radial side) 

3rd dorsal: long finger 
(ulnar side) 

4th dorsal: ring finger 
(ulnar side) 

All: 
Dorsal expansion 
Proximal phalanges 

lst palmar: index 
finger (ulnar side) 

2nd palmar: ring finger 
(radial side) 

3rd palmar: little finger 
(radial side) 

Sth digit (base of 
proximal phalanx, 
ulnar side) 
Dorsal expansion of 
extensor digiti minimi 

Extensor digitorum 
expansion 
Each muscle runs 
distally to the radial 
side of its 
corresponding digit, 
attaches to the dorsal 
digital expansion 

Ist lumbrical to index 
finger 

2nd lumbrical to long 
finger 

3rd lumbrical to ring 
finger 
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(Interosset and Lumbricals) 

Function 

Abduction of fingers away 
from an axis drawn through 
the center of the long 
(middle) finger 
Flexion of fingers at MCP 
joints (assist) 
Extension of fingers at IP 
joints (assist) 
Thumb adduction (assist) 

Contributes 73% to the 

overall moment of MCP 

flexion? 

Adduction of fingers (index, 
ring, and little) foward an 
axis drawn through the 
center of the long finger 
Flexion of MCP joints (assist) 
Extension of IP joints (assist) 
Opposition of digit 5 (8rd 
interosseous) 

Abduction of 5th digit away 
from ring finger 
Flexion of proximal phalanx 
of Sth digit at the MCP joint 
Opposition of 5th digit (assist) 

Flexion of MCP joints 
(proximal phalanges) of 
digits 2-5 and simultaneous 
extension of the PIP and DIP 
joints 

Continued 
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FINGER MCP FLEXION 
2 

(Interosset and Lumbricals) 

Table 5.23 MCP FLEXION AND ABDUCTION AND ADDUCTION OF THE FINGERS—cont’d 

I.D. Muscle Origin Insertion Function 

4th lumbrical Ring and little fingers 4th lumbrical to little Opposition of digit 5 (4th 

(adjacent sides of finger lumbrical) =i 
tendons) Flexion of MCP joints 

(proximal phalanges) of 
digits 2-5 and simultaneous 
extension of the PIP and DIP 
joints 

Others 

156 Flexor digitorum See Table 5.20 
superficialis 

157 Flexor digitorum See Table 5.20 
profundus 

160 Flexor digiti minimi 
brevis 

16] Opponens digiti 
minimi 

154 Extensor digitorum See Table 5.2] 
(no action on 
long finger) 

158 Extensor digit See Table 5.21 
minimi (little 
finger) 

DIP, Distal phalanges; IP, interohalangeal; MCP, metacarpophalangeal; PIP, proximal phalanges. 

The lumbricals are the smallest muscles of all the intrinsic 
hand muscles and thus are weak as compared with the 
interossei muscles. It is impossible to separate the interossei 
from the lumbricals because of their synergistic action 
through the extensor hood mechanism.** The lumbricals 
have a rich composition of muscle spindles making them 
important for sensory input and in fast, alternating move- 
ments, for example, in typing and playing musical 
instruments.°* 

The test for the interossei and lumbricals is often called 
the lumbrical test, but it is the interossei that are being 
graded for their strength in stabilizing the MCP joints 
in flexion and therefore is more accurately referred to as 
the intrinsics-plus test (or roof-top)? (Fig. 5.178). This 
position demands the interosseous muscles (and to some 
extent the lumbricals) to move adjacent joints in opposite 
directions, creating a competition between movement at 
the MCP and IP joints. FIGURE 5.178 
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Grade 5, Grade 4, and Grade 3 

Position of Patient: Short sitting or elbow flexed and 
resting on table with hand pointed up. Forearm in neutral. 
Hand relaxed. 

Instructions to Therapist: Sit in front or to the side of 
the patient. Demonstrate the intrinsic plus position (see 
Fig. 5.178) to patient and insist on practice to get the 
motions performed correctly and simultaneously. While 
stabilizing the metacarpals (dorsum of hand on the table) 
to maintain flexion of the MCP joints, ask the patient to 
lift the fingers so that IP joints are straight. This action 
tests the lumbricals of each finger. If this position can be 
achieved (Grade 3), apply appropriate resistance over each 
digit, one finger at a time, distal to the PIP joint (pushing 
down) (Fig. 5.179). 

To test the MCP flexion part of the lumbrical function, 
the patient should be in the intrinsic plus position in 
fully pronated position. Stabilize the metacarpals. Give 
resistance on the palmar PIP, in the direction of extension 
(Fig. 5.180). 

Test: Patient simultaneously flexes the MCP joints and 
extends the IP joints (intrinsic plus position). Fingers 

FIGURE 5.179 

Chapter 5 

FINGER MCP FLEXION 

(Interosset and Lumbricals) 

may be tested separately if indicated (see Fig. 5.179). Do 
not allow fingers to curl; they must remain extended. 

Instructions to Patient: 
MCP joint portion: “Lift your fingers up. Hold them. 

Don’t let me move your fingers.” 
IP portion: “Hold your fingers straight. Don’t let me 

bend them.” 

Grading (Both Movements Are Graded Together) 

Grade 5 and Grade 4: Patient holds position against 
strong resistance. Resistance can be given to fingers 
individually because of the variant strength of the different 
interossei and lumbricals and because the interossei and 
lumbricals have different innervations. 

Grade 3: Patient completes both motions correctly and 
simultaneously without resistance. 

FIGURE 5.180 
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FINGER MCP FLEXION 

CInterosset and Lumbricals) 

Grade 2, Grade 1, and Grade 0 

Position of Patient: Forearm and wrist in mid position Grading 
to remove influence of gravity. MCP joints are fully : eine 
extended; all IP joints are flexed. Grade 2: Completes full range of motion in gravity- 

minimized position. 
Instructions to Therapist: Stabilize metacarpals. 

Grade 1: Except in the hand that is markedly atrophied, 
Test: Patient attempts to flex MCP joints through full the palmar interossei and lumbricals cannot be palpated. 
available range while extending IP joints (Fig. 5.181). A grade of 1 is given for minimal motion. 

Instructions to Patient: “Try to straighten your fingers Grade 0: A grade of 0 is given in the absence of any 
while keeping your knuckles bent.” Demonstrate motion — discernable palpable contraction. 
to patient and allow practice. 

Substitution 

The long finger flexors may substitute for the lumbri- 
cals. To avoid this pattern, make sure that the patient’s 
interphalangeal joints fully extend. 

In the normal hand, the MCP and interphalangeal 
(IP) joints extend at the same time and also flex at the 
same time. When attempting to flex the MCP joints 
and extend the IP joints simultaneously, it is increasingly 
difficult to maintain full IP extension at or near end- 
range of MCP joint flexion. The converse is also true: 
full MCP joint flexion is not possible if full IP joint 
extension is maintained. 

° In most cases of early nerve palsy, weakness of the 
index and middle fingers is apparent when they are 

FIGURE 5.181 tested in the intrinsic-plus position.*? 
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FINGER ABDUCTION 

Dorsal 

interossei 

3rd 

DORSAL 

FIGURE 5.182 

Grade 5 and Grade 4 

Position of Patient: Forearm pronated, wrist in neutral. 
Fingers start in extension and adduction. MCP joints in 
neutral and avoid hyperextension. 

Instructions to Therapist: Sit at table or side of patient. 
Support the wrist in neutral. Ask the patient to spread 
the fingers. If full range is present (Grade 3), apply 
appropriate resistance. The fingers of the other hand are 
used to give resistance on the distal phalanx, on the radial 
side of the finger, and the ulnar side of the adjacent finger 
(i.e., they are squeezed together). The direction of 
resistance will cause any pair of fingers to approximate 
(Fig. 5.184). 

Test: Abduction of fingers (individual tests): 

Dorsal Interosset: 
Abduction of ring finger toward little finger 
Abduction of middle finger toward ring finger 
Abduction of middle finger toward index finger 
Abduction of index finger toward thumb 

The long (middle) finger (digit 3, finger 2) will move 
one way when tested with the index finger and the opposite 
way when tested with the ring finger (see Fig. 5.182, 
which shows a dorsal interosseous on either side). When 

Abductor 

digiti 

minimi 

4th 

(Dorsal interosset) 

To: Dorsal interossei 

C8-T1 

Abductor digiti minimi 
C8-T1 

FIGURE 5.183 

Range of Motion 

FIGURE 5.184 
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FINGER ABDUCTION 

(Dorsal interosset) 

Grade 5 and Grade 4 Continued 

testing the little finger with the ring finger, the abductor 
digiti minimi is being tested along with the fourth dorsal 
interosseous. 

Abductor Digitt Minimi: Patient abducts fifth digit away 
from ring finger. 

Instructions to Patient: “Hold your fingers apart. Don’t 
let me push them together.” 

Grading 

Neither the dorsal interossei nor the abductor digiti minimi 
will tolerate much resistance. 

Grade 5 and Grade 4: Patient holds test position against 
strong finger resistance. Fig. 5.185 illustrates the test for 
second and fourth dorsal interossei. Alternatively, provide 
resistance for a Grade 5 test by flicking each finger toward 
adduction; if the finger tested rebounds, the grade is 5. 

Grade 3: Patient can abduct any given finger. Remember 
that the long finger has two dorsal interossei and therefore 
must be tested as it moves away from the midline in both 
directions (Fig. 5.186). 

FIGURE 5.185 
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Grade 2, Grade 1, and Grade 0 

Procedures and Grading: Same as for higher grades in 
this test. A Grade 2 should be assigned if the patient can 
complete only a partial range of abduction for any given 
finger. The only dorsal interosseous that is readily palpable 
is the first at the base of the proximal phalanx (Fig. 5.187). 

The abductor digiti minimi is palpable on the ulnar 
border of the hand. 

FIGURE 5.186 

FIGURE 5.187 



FINGER ADDUCTION 

(Palmar interosset) 

Palmar 

interossei 

To: Palmar interossei 

oe C8-T1 

FIGURE 5.189 

Range of Motion 

PALMAR 

FIGURE 5.188 

Grade 5 and Grade 4 

Position of Patient: Forearm pronated (palm down), 
wrist in neutral, and fingers extended and adducted. MCP 
joints are neutral; avoid flexion. 

Instructions to Therapist: Sit at table or to side of 
patient. Ask the patient to hold the fingers together. If 
the patient is able (Grade 3) and resistance is appropriate, 
grasp the middle phalanx on each of two adjoining fingers 
(Fig. 5.190) and try to pull the finger in the direction of 
abduction for each finger tested. The therapist is trying 
to “pull” the fingers apart. Each finger should be resisted 
separately. 

Test: Adduction of fingers (individual tests): 
Adduction of little finger toward ring finger 
Adduction of ring finger toward long finger 
Adduction of index finger toward long finger 
Adduction of thumb toward index finger 
. Occasionally there is a fourth palmar interosseous (not FIGURE 5.190 
illustrated in Fig. 5.188) that some consider a separate 
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FINGER ADDUCTION 

(Palmar interosset) 

Grade 5 and Grade 4 Continued 

muscle from the adductor pollicis. In any event, the two 
muscles cannot be clinically separated. 

Because the middle finger (also called the long finger, 
digit 3, or finger 2) has no palmar interosseous, it is not 
tested in adduction. 

Instructions to Patient: “Hold your fingers together. 
Don’t let me spread them apart.” 

Grading 

Grade 5 and Grade 4: Patient holds test position against 
strong finger resistance. Distinguishing between Grades 
5 and 4 is difficult and clinically, perhaps not important. 
The grade awarded will depend on the amount of the 
therapist’s experience with normal hands. 

Grade 3: Patient can adduct fingers toward middle finger 
(Fig: 5.191). 

FIGURE 5.191 
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Grade 2, Grade 1, and Grade 0 

Procedures: Same as for Grades 5, 4, and 3. 
For Grade 2, the patient can adduct each of the fingers 

tested through a partial range of motion. The test for 
Grade 2 is begun with the fingers abducted. 

Palpation of the palmar interossei is rarely feasible. By 
placing the therapist’s finger against the side of a finger 
to be tested, the therapist may detect a slight outward 
motion for a muscle less than Grade 2. 

Substitution 

Caution must be used to ensure that finger flexion 
does not occur because the long finger flexors can 
contribute to adduction. 

° The fingers can be assessed quickly by grasping the 
distal phalanx and flicking the finger in the direction 
of abduction. If the finger rebounds or snaps back, 
that interosseous is functional. 

e A quick test for ulnar nerve integrity is to place a 
piece of paper between each finger and instruct the 
patient to not let the therapist pull the paper out 
from between the fingers (Fig. 5.192). 

FIGURE 5.192 



THUMB MUSCLES 

The thumb muscles are made up of three extrinsics and 
four intrinsics. Three of these muscles, the abductor pollicis 
brevis (APB), opponens pollicis (OP), and flexor pollicis 
brevis (FPB), form the fleshy mass at the radial border 
of the thumb. There are eight motions of the thumb 
(Plate 5), which are possible because of the medial and 
lateral rotation at its carpometacarpal (CMC) joint.” To 
fully understand the muscles of the thumb, the complex 
motions of the thumb must be understood. The thumb 
musculature dynamically allows for precision pinching 
and power gripping. Thumb stability is actively maintained 
by muscles rather than articular constraints. 

FINGER ADDUCTION 

(Palmar tinterosset) 

The thenar intrinsics that medially rotate and oppose 
the thumb (APB, OP, and FPB) can be quickly assessed 
by asking the patient to touch the tip of the thumb to 
each of the pads of the fingers, so that thumb nail is 
parallel to the finger tips. It is important to palpate the 
thenar muscles to note an active contraction. 

It is difficult to differentiate between Grade 5 and 4 
in many of the small muscles of the hand, and may not 
be clinically relevant. Therefore, Grades 5 and 4 have 
been combined for some muscles. It takes experience and 
skill to discern weakness in the actively contracting hand 
muscle. 
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MCP AND IP EXTENSION 

IP FLEXION 

NEUTRAL 

MOTIONS 

OF THE 

THUMB 

MCP FLEXION ABDUCTION IN PLANE 
OF HAND (FINGERS) 

MCP AND IP FLEXION ABDUCTION 90° FROM 
PLANE OF HAND 

OPPOSITION 

PLATE 5 Motions of the thumb. 
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THUMB MCP AND IP FLEXION 

(Flexor pollicis brevis and Flexor pollicis longus) 

Flexor 

pollicis 
brevis 

Median n. 
To: Flexor pollicis longus 

C8-T1 
Flexor pollicis brevis 
(superficial head) 
C8-T1 

<——_Ulnarn: 
To: Flexor pollicis brevis (deep head) 

Flexor Cea 

pollicis 
longus FIGURE 5.195 

PALMAR 

FIGURE 5.193 

FIGURE 5.194 

Median 
nerve 

Flexor pollicis 
longus 

Ir 
FIGURE 5.196 Arrow indicates level of cross section, 
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THUMB MCP AND IP FLEXION 

(Flexor pollicis brevis and Flexor pollicis longus) 

Range of Motion 

MCP flexion: 0°-50° 

IP flexion: 0°-80° 

Table 5.24 THUMB MCP AND IP FLEXION 

1D. Muscle Origin Insertion Function 

MCP Flexion 

170 Flexor pollicis brevis Flexor retinaculum (distal) Thumb (base of Flexion of the MCP 
Superficial head (often Trapezoid bone (tubercle, proximal phalanx, and CMC joints of the 
blended with opponens distal) radial side) thumb 
pollicis) Opposition of thumb 

(assist) 

Deep head Trapezium bone 
Capitate bone 
Palmar ligaments of distal 
carpal bones 

IP Flexion 

169 — Flexor pollicis longus Radius (anterior surface of Thumb (base of Flexion of IP joint of 
middie %) and adjacent distal phalanx, thumb 
interosseous membrane palmar surface) Flexion of the MCP 
Uina (coronoid process, lateral and CMC joints of 
border (variable)) thumb (accessory) 
Humerus (medial epicondyle Flexion of wrist 
(variable)) (accessory) 
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The FPB is an intrinsic muscle of the thumb. The innerva- 
tion of the two heads can be variable, innervated by the 
median nerve, the ulnar nerve, or both.*® The FPB and 
longus are implicated in texting motions. 

Grade 5 to Grade 0 

Position of Patient: Forearm in supination, wrist in 
neutral. Carpometacarpal (CMC) joint is at 0°; IP joint 
is at 0°. Thumb in adduction, lying relaxed and adjacent 
to the second metacarpal. 

Instructions to Therapist: Sit at table or to side of 
patient. Demonstrate thumb flexion and have patient 
practice the motion. Stabilize the first metacarpal firmly 
to avoid any wrist or CMC motion. Ask the patient to 
bend the thumb toward the palm, keeping the IP straight. 
If the motion can be accomplished (Grade 3), apply 
appropriate resistance with one-finger resistance to MCP 
flexion on the proximal phalanx in the direction of exten- 
sion (Fig. 5.197). 

Test: Patient flexes the MCP joint of the thumb, keeping 
the IP joints straight (see Fig. 5.197). 

Instructions to Patient: “Don’t bend the tip of the 
finger. Hold it. Don’t let me pull it back.” 

FIGURE 5.197 

THUMB MCP AND IP FLEXION 

(Flexor pollicis brevis) 

Grading 

Grade 5 and Grade 4: Can hold position against strong 
thumb resistance. Distinguishing between Grades 5 and 
4 is difficult and clinically, perhaps not important. The 
grade awarded will depend on the amount of the therapist’s 
experience with normal hands. 

Grade 3: Completes full range of motion. 

Grade 2: Cannot complete full range of motion. 

Grade 1: Palpate the muscle by initially locating the tendon 
of the flexor pollicis longus in the thenar eminence (Fig. 
5.198). Then palpate the muscle belly of the FPB on 
the ulnar side of the longus tendon in the thenar 
eminence. 

Grade 0: No discernable palpable activity. 

Substitution by Flexor Pollicis Longus 

e The long thumb flexor can substitute but only after 
flexion of the IP joint begins. To avoid this substitu- 
tion, do not allow flexion of the distal joint of the 
thumb. 

e Work-related thumb pain in physiotherapists is 
related to decreased stability and strength of the 
thumb.* This instability may result in the inability 
to maintain thumb extension during mobilization 
techniques, a frequent complaint of therapists.” 

FIGURE 5.198 
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THUMB IP FLEXION 

(Flexor pollicis longus) 

Grade 5 to Grade 0 

Position of Patient: Forearm supinated with wrist in 
neutral and MCP joint of thumb in extension. 

Instructions to Therapist: Sit at table or side of patient. 
Stabilize the MCP joint of the thumb firmly in extension 
by grasping the patient’s thumb across that joint. Ask the 
patient to bend the tip of the thumb. If sufficient range 
is present (Grade 3), apply resistance with the tip of your 
finger against the palmar surface of the distal phalanx of 
the thumb in the direction of extension (Fig. 5.199). 

Test: Patient flexes the IP joint of the thumb. 

Instructions to Patient: “Bend the end of your thumb. 
Hold it. Don’t let me straighten it.” 

Grading 

Grade 5 and Grade 4: Patient tolerates maximal finger 
resistance from therapist for Grade 5. This muscle is very 
strong, and a Grade 4 muscle will also tolerate strong 
resistance. 

Grade 3: Completes a full range of motion with minimal 
resistance because gravity is minimized. 

Grade 2: Holds test position. 

Grade 1 and Grade 0: Palpate the tendon of the flexor 
pollicis longus on the palmar surface of the proximal 
phalanx of the thumb. Palpable activity is graded 1; no 
discernable palpable activity is graded 0. 

Substitution 

Do not allow the distal phalanx of the thumb to extend 
at the beginning of the test. If the distal phalanx is 
extended and then relaxes, the therapist may think 
active flexion has occurred. 

FIGURE 5.199 
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THUMB MCP AND IP EXTENSION 

(Extensor pollicis brevis and Extensor pollicis longus) 

C5 

Radial n. 
To: Extensor pollicis brevis 

C7-C8 
Extensor Extensor pollicis longus 

Extensor pollicis C7-C8 
pollicis longus FIGURE 5.202 
brevis 

DORSAL FIGURE 5.201 

FIGURE 5.200 

Extensor 
pollicis 
brevis Extensor 

pollicis 
longus 

FIGURE 5.203 Arrow indicates level of cross section. 
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THUMB MCP AND IP EXTENSION 

(Extensor pollicis brevis and Extensor pollicis longus) 

Range of Motion 

MCP extension: 50°-0° 

IP extension: 80°-0° 

Table 5.25 THUMB MCP AND IP EXTENSION 

1.D. Muscle Origin : Insertion Function 

MCP Extension 

168 Extensor pollicis Radius (posterior Thumb (proximal Extension of MCP joint cf 
brevis surface) phalanx, base, thumb 
(radiomedial wall Adjacent dorsolateral Extension and abduction of 
of “anatomical interosseous surface) Ist CMC joint of thumb 
snuffoox”) membrane Radial deviation of wrist 

(accessory) 

IP Extension 

167 Extensor pollicis Ulna (shaft, middle Thumb (base of Extension of the thumb at all 
longus (ulnar wall J On posterior- distal phalanx) joints: 
of “anatomical lateral surface) Distal phalanx (alone) 
snuffoox”) Adjacent MCP and CMC joints (along 

interosseous with extensor pollicis brevis 
membrane and abductor pollicis 

longus) 
Radial deviation of wrist 

(accessory) 
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The extensor pollicis brevis (EPB) is a muscle with 
common variations that often blends with the extensor 
pollicis longus (EPL); therefore it is not possible to separate 
the brevis from the longus by clinical tests, and the test 

Grade 5, Grade 4, and Grade 3 

Position of Patient: Forearm in mid position, wrist in 
neutral with ulnar side of hand resting on the table. Thumb 
relaxed in a flexion posture. 

Instructions to Therapist: Sit or stand near the patient. 
Use the table to support the hand. Ask patient to lift just 
the thumb. If full range is present (Grade 3), apply the 
appropriate resistance over the dorsal surface of the distal 
phalanx of the thumb in the direction of flexion (Fig. 
5.204). 

Test: Patient lifts the thumb from the table, extending 
the IP joint of the thumb. 

FIGURE 5.204 

THUMB MCP AND IP EXTENSION 

(Extensor pollicis brevis and Extensor pollicis longus) 

for the longus prevails. The EPL and EPB with the 
abductor pollicis longus form the borders of the anatomical 
snuff box. The snuff box is most visible with thumb 
extension. 

Instructions to Patient: “Hold it. Don’t let me push 
it down.” 

Grading 

Grade 5 and Grade 4: This is not a strong muscle, so 
resistance must be applied accordingly. The distinction 
between Grades 5 and 4 is based on comparison with the 
contralateral normal hand and, barring that, extensive 
experience in testing the hand. 

Grade 3: Completes full range of motion without 
resistance. 
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THUMB MCP AND IP EXTENSION 
ae
 

(Extensor pollicis brevis and Extensor pollicis longus) 

Grade 2, Grade 1, and Grade 0 

Position of Patient: Forearm in pronation with wrist in 
neutral and thumb in relaxed flexion posture to start. 

Instructions to Therapist: Stabilize the wrist over its 
dorsal surface. Stabilize the fingers by gently placing the 
other hand across the fingers just below the MCP joints 
(Fig. 5.205). 

Test: Patient extends distal joint of the thumb (see Fig. 
5.205). 

Instructions to Patient: “Straighten the end of your 
thumb.” 

Grading 

Grade 2: Thumb completes range of motion. 

Grade 1: Palpate the tendon of the extensor pollicis longus 
on the ulnar side of the “anatomical snuffbox” or, alter- 
natively, on the dorsal surface of the proximal phalanx 
(Fig. 5.206). 

Grade 0: No discernable palpable contractile activity. 

FIGURE 5.205 FIGURE 5.206 

Substitution 

The muscles of the thenar eminence (abductor pollicis 
brevis (APB), flexor pollicis brevis (FPB), and adductor 
pollicis (AP) can extend the interphalangeal joint 
by flexing the carpometacarpal joint (an extensor 
tenodesis). 

e A quick way to assess the functional status of the 
long thumb extensor is to flick the distal phalanx 
into flexion; if the finger rebounds or snaps back, it 
is a useful muscle. 

e The trapeziometacarpal (TMC) joint is the most 
common site of symptomatic osteoarthritis in the 
hand, with radiographic prevalence of 7% for men 
and 15% for women over age,*”*' reaching 90% in 
both men and women at 80 years of age.” 

e TMC arthritis leads to a loss of abduction-adduction 
in the TMC joint and at the MCP joint and often 
reduces pronation-supination.®? 
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e TMC pain affects the ability to open jars (grasp) and 
turn keys (pinch). 

e Resisted thumb extension that reproduced the patients’ 
pain had a sensitivity of 0.94 and specificity of 0.95 
for trapeziocarpal (TMC) arthritis. A positive test of 
either adduction or extension movements yielded a 
sensitivity of 1.00 and specificity of 0.91 for TMC 
arthritis.© 

e- The dorsal radial ligament is the prime opposer of 
TMC translation, and is also mechanically robust, 
anatomically thick, and well innervated. 



THUMB ABDUCTION 

Abductor 
pollicis 
longus 

DORSAL 

FIGURE 5.207 

Abductor 

pollicis 
brevis 

(Abductor pollicis longus and Abductor pollicis brevis) 

PALMAR 

FIGURE 5.208 

Table 5.26 THUMB ABDUCTION 

1.D. Muscle 

166  Abductor pollicis 
longus 
(radiolateral wall 
of “anatomical 
snuffbox”) 

171 Abductor pollicis 
brevis 

Others 

152 = Palmaris longus (if 
present) 

168 — Extensor pollicis 
brevis 

Origin 

Ulna (posterior surface 
laterally) 
Radius (shaft, middle 
Of posterior 
aspect) 
Interosseous 
membrane 

Flexor retinaculum 
Scaphoid bone 
(tubercle) 
Trapezium bone 
(tubercle) 
Tendon of abductor 
pollicis longus 

See Table 5,25 

Insertion 

Median n. 

To: Abductor pollicis 
brevis 
C8-T1 

Radial n. 
To: Abductor pollicis longus 

C7-C8 

FIGURE 5.209 

Range of Motion 

Function 

Thumb: Ist metacarpal Abduction of thumb at 
(radial side of base) carpometacarpal (CMC) joint 
Trapezium bone Extension of thumb at 

interohalangeal (IP) joint cin 
concert with thumb extensors) 
Radial deviation of wrist (assist) 

Medial fibers: Abduction of thumb CMC and 
Thumb (base of metacarpophalangeal (MCP) joints 
proximal phalanx, (in a plane 90° from the palm) 
radial side) Opposition of thumb (assist) 
Lateral fibers: Extension of IP joint (assist) 
Extensor expansion of 
thumb 
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THUMB ABDUCTION 
see et 

The palmaris longus can abduct the thumb, if present.” 

ABDUCTOR POLLICIS LONGUS 

Grade 5 to Grade 0 

Position of Patient: Forearm supinated and wrist in 
neutral; thumb relaxed in adduction. 

Instructions to Therapist: Sit or stand near the patient. 
Demonstrate the movement. Then stabilize the metacarpals 
of the four fingers and the wrist. Ask the patient to lift 
the thumb straight up to 90° from the palm. If full range 
of motion is present (Grade 3), then apply appropriate 
resistance on the distal end of the first metacarpal in the 
direction of adduction (Fig. 5.210). 

Test: Patient abducts the thumb away from the hand in 
a plane parallel to the finger metacarpals. 

Instructions to Patient: “Lift your thumb straight 
” 

up. 

FIGURE 5.210 

FIGURE 5.211 
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Grading 

Grade 5 and Grade 4: Can hold against strong resistance. 
Distinguishing Grades 5 and 4 may be difficult. 

Grade 3: Completes full range of motion without 
resistance. 

Grade 2: Completes partial range of motion. 

Grade 1: Palpate tendon of the abductor pollicis longus 
at the base of the first metacarpal on the radial side of 
the extensor pollicis brevis (Fig. 5.211). It is the most 
lateral tendon at the wrist. 

Grade 0: No discernable palpable contractile activity. 

Substitution 

The extensor pollicis brevis can substitute for the 
abductor pollicis longus. If the line of pull is toward 
the dorsal surface of the forearm (extensor pollicis 
brevis), substitution is occurring. 

e Ifthe abductor pollicis longus is stronger than the 
brevis, the thumb will deviate toward the radial side 
of the hand. 

e Ifthe abductor pollicis brevis is stronger, deviation 
will be toward the ulnar side. 

e De Quervain’s tenosynovitis, affecting the abductor 
pollicis longus and extensor pollicis brevis tendons, 
is indicated by the Finkelstein Test. To perform this 
test, ask the patient to close the fingers around the 
thumb so the thumb is tucked into the palm. Then 
ask the patient to ulnarly deviate the wrist. If pain 
is on the thumb side of the wrist, the test is positive. 
The condition has been linked to texting more than 
50 messages/day.**” Can also be referred to as 
“Gamer’s thumb.” 



ABDUCTOR POLLICIS BREVIS 

Grade 5, Grade 4, and Grade 3 

Position of Patient: Dorsum of hand is on table with 
forearm in supination, wrist in neutral, and thumb relaxed 
in adduction. 

Instructions to Therapist: Sit or stand near the patient. 
Demonstrate the movement. Ask the patient to lift the 
thumb to point towards the ceiling. If full range is present 
(Grade 3), apply appropriate resistance with index finger 
to the lateral aspect of the proximal phalanx of the thumb 
in the direction of adduction (Fig. 5.212). 

Test: Patient abducts the thumb in a plane perpendicular 
to the palm. Observe wrinkling of the skin over the thenar 
eminence. 

Instructions to Patient: “Lift your thumb vertically until 
it points to the ceiling.” Demonstrate motion to the 
patient. 

Grading 

Grade 5: Holds motion with maximal finger resistance. 

Grade 4: Tolerates moderate resistance. 

Grade 3: Completes full range of motion without 
resistance. 

\ f reer) 

es \ ~ ‘© 

rae | a ‘ = 

FIGURE 5.212 
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THUMB ABDUCTION 

Grade 2, Grade 1, and Grade 0 

Position of Patient: Forearm in mid position, wrist in 
neutral, and thumb relaxed in adduction. 

Instructions to Therapist: Stabilize wrist in neutral. 

Test: Patient abducts thumb in a plane perpendicular to 
the palm. 

Instructions to Patient: “Try to lift your thumb so it 
points at the ceiling.” 

Grading 

Grade 2: Completes partial range of motion. 

Grade 1: Palpate the belly of the APB in the center of 
the thenar eminence, medial to the OPP (Fig. 5.213). 

Grade 0: No discernable palpable contractile activity. 

Substitution 

If the plane of motion is not perpendicular, but toward 
the radial side of the hand, the substitution may be 
by the abductor pollicis longus. 

FIGURE 5.213 
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THUMB ADDUCTION 

(Adductor pollicis) 

Adductor pollicis 

(oblique head) 

To: Adductor pollicis 
C8-T1 

of FIGURE 5.215 

(Transverse head) 

PALMAR Range of Motion 

FIGURE 5.214 

Table 5.27 THUMB ADDUCTION 

1.D. Muscle Origin Insertion Function 

173. Adductor Thumb Adduction of carpometacarpal (CMC) 
pollicis (proximal joint of thumb (approximates the 

phalanx, ulnar thumb to the palm) 
side of base) Adduction and flexion of 

metacarpophalangeal (MCP) joint 
(assist) 

Oblique head Capitate bone 
2nd and 3rd metacarpals 
(bases) 
Palmar ligaments of carpal 
bones 
Sheath of tendon of flexor 
carpi radialis 

Transverse 3rd metacarpal bone (palmar 
head surface of distal % ) 
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Grade 5, Grade 4, and Grade 3 

Position of Patient: Forearm in pronation, wrist in 
neutral, and thumb relaxed and hanging down in 
abduction. 

Instructions to Therapist: Sit or stand near the patient. 
Demonstrate the movement. Stabilize the metacarpals of 
the four fingers by grasping the patient’s hand around 
the ulnar side. If full range is present (Grade 3), apply 
appropriate resistance on the medial side of the proximal 
phalanx of the thumb in the direction of abduction (Fig. 
5.216). Do not allow ulnar deviation. Alternatively, place 
a sheet of paper between the thumb and the index finger 
(adduction) and ask the patient to hold it while the 
therapist tries to pull the paper away. This is strong 
movement and the patient should be able to hold a paper 
without difficulty. 

FIGURE 5.216 

Chapter 5 

THUMB ADDUCTION 

(Adductor pollicis) 

Test: Patient adducts the thumb by bringing the first 
metacarpal up to the second metacarpal. 

Instructions to Patient: “Bring your thumb up to your 
index finger.” OR “Hold the paper. Don’t let me pull it 
out.” 

Grading 

Grade 5 and Grade 4: Holds test position against strong 
resistance. Patient can resist rigidly (Grade 5), or the 
muscle yields (Grade 4). 

Grade 3: Completes full range of motion without 
resistance. 
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THUMB ADDUCTION 
tH} =. ae 

(Adductor pollicis) 

Grade 2 and Grade 1 

Position of Patient: Forearm in mid position, wrist in 
neutral resting on table, and thumb in abduction. 

Instructions to Therapist: Stabilize wrist on the table, 
and use a hand to stabilize the finger metacarpals (Fig. 
a7): 

Test: Patient moves thumb horizontally in adduction. 
The end position is shown in Fig. 5.217. 

Instructions to Patient: “Return your thumb to its place 
next to your index finger.” Demonstrate motion to patient. 

FIGURE 5.217 

FIGURE 5.218 
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Grading 

Grade 2: Completes full range of motion. 

Grade 1: Palpate the adductor pollicis on the palmar side 
of the web space of the thumb by grasping the web 
between the index finger and thumb (Fig. 5.218). The 
adductor lies between the first dorsal interosseous and 
the first metacarpal bone. This muscle is difficult to palpate, 
and the therapist may have to ask the patient to perform 
a palmar pinch to assist in its location. 

Substitutions 

e A positive Froment’s sign indicates the lack of 
strength of the adductor pollicis when the motor 
branch of the ulnar nerve is affected. The patient 
will use the flexor pollicis longus for pinch grip 
which will result in obvious bending of the inter- 
phalangeal joint of the thumb (Fig. 5.219). 

e The extensor pollicis longus may attempt to sub- 
stitute for the adductor pollicis, in which case the 
carpometacarpal joint will extend (not shown). 

FIGURE 5.219 

e Resisted thumb adduction that reproduces the 
patient’s pain had a sensitivity of 0.94 and specificity 
of 0.93 for trapeziometacarpal (TMC) arthritis. A 
positive test of either thumb adduction or thumb 
extension yielded a sensitivity of 1.00 and specificity 
of 0.91 for TMC arthritis. 

e The tip pinch (index finger to thumb) is the func- 
tional task that is most compromised in people with 
MCP osteoarthritis.°* 



OPPOSITION (THUMB TO LITTLE FINGER 

Opponens pollicis 

PALMAR 

FIGURE 5.220 

Table 5.28 OPPOSITION (THUMB TO LITTLE FINGER) 

1.D. Muscle Origin 

172 Opponens pollicis Trapezium bone 
(tubercle) 
Flexor retinaculum 

161 Opponens digiti Hamate (hook) 
minimi Flexor retinaculum 

Others 

171 Abductor pollicis See Table 5.26 
brevis 

170 Flexor pollicis brevis See Table 5.24 

of palmar surface) 

(Opponens pollicis and Opponens digiti minim) 

Median n. 
To: Opponens , 

pollicis 
C8-T1 

<< Uinta i. 
To: Opponens digiti minimi 

C8-T1 
Opponens pollicis 
C8-T1 

FIGURE 5.221 

Range of Motion 

Pad of thumb to pad of fifth 
digit 

Function 

Ist metacarpal (entire Flexion of caroometacarpal 
length of lateral border (CMC) joint medially across 
and adjoining lateral half the palm 

Medial rotation of CMC joint 

sth metacarpal (whole 
length of ulnar margin and 
adjacent palmar surface) 

pollicis and opponens digiti minimi) should be graded separately. 
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OPPOSITION (THUMB TO LITTLE FINGER) 

(Opponens pollicis and Opponens digitt minimi) 

Grade 5 to Grade 0 

Position of Patient: Forearm is supinated and supported 
on table, wrist in neutral, and thumb in adduction with 
MCP and IP flexion. 

Instructions to Therapist: Sit or stand near patient. Ask 
patient to bring the thumb and little finger together (Grade 
3) (Fig. 5.222). The table provides stabilization of the 
hand. Both thumb and fifth digits should be observed 
individually. If full range is present in each movement 
(Grade 3), apply appropriate finger resistance at CMP 
joint of thumb and digit to test both actions simultaneously 
Fig; 5.223). 

FIGURE 5.222 
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FIGURE 5.223 
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Opponens Pollicis: Apply resistance for the opponens 
pollicis (OP) at the head of the Ist metacarpal in the 
direction of lateral rotation, extension, and adduction 
(Fig. 5.224). 

Opponens Digiti Minimi: Give resistance for the 
opponens digiti minimi on the palmar surface of the 5th 
metacarpal in the direction of medial rotation (flattening 
the palm) (Fig. 5.225). 

Test: Patient approximates the pad of the thumb and 
pad of fifth digit (see Fig. 5.222). Such apposition must 
be pad to pad and not tip to tip. Opposition also can be 
evaluated by asking the patient to hold an object between 
the thumb and little finger (in opposition), which the 
therapist tries to pull it away. 

FIGURE 5.224 
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OPPOSITION (THUMB TO LITTLE FINGER) 

Grade 5 to Grade 0 Continued 

Instructions to Patient: “Bring your thumb to your 
little finger and touch the two pads, forming the letter 
‘O” with your thumb and little finger.” Demonstrate 
motion to the patient and require practice. 

Grading 

Grade 5: Holds against maximal thumb resistance. 

Grade 4: Holds against moderate resistance. 

Grade 3: Moves thumb and fifth digit through full range 
of opposition without resistance. 

Grade 2: Moves through range of opposition. (The two 
opponens muscles are evaluated separately.) 

FIGURE 5.226 

FIGURE 5.227 
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(Opponens pollicis and Opponens digiti minimi) 

Grade 1: Palpate the OP along the radial shaft of the Ist 
metacarpal (Fig. 5.226). It lies lateral to the APB. During 
Grades 5 and 4 contractions, the therapist will have dif- 
ficulty in palpating the OP because of nearby muscles. 
In Grade 3 muscles and below, the weaker contractions 
do not obscure palpation. 

Palpate the opponens digiti minimi on the hypothenar 
eminence on the radial side of the fifth metacarpal (Fig. 
5.227). The therapist should be careful not to cover the 
muscle with the finger or thumb used for palpation lest 
any contractile activity be missed. 

Grade 0: No discernable palpable contractile activity. 

Substitutions 

e The flexor pollicis longus and the flexor pollicis 
brevis can draw the thumb across the palm toward 
the little finger. If such motion occurs in the plane 
of the palm, it is not opposition; contact will be at 
the tips, not the pads, of the digits. 
The abductor pollicis brevis may substitute, but 
the rotation component of the motion will not be 
present. 

The muscles involved in opening a 66-mm diameter 
jar lid are the flexor pollicis longus, flexor pollicis brevis, 
abductor ‘ pollicis brevis, adductor pollicis and opponens 
pollicis.” 

Pinch strength, especially key pinch i is less in patients 
with early thumb CMC arthritis.”° 
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GRIP STRENGTH 

Grip strength is an efficient way to measure the composite 
strength of the hand and wrist, but grip strength is also 
related to general health and age. For example, grip 
strength peaks at 20 to 40 years and declines thereafter 
with advancing age.”'”” In the older adult, grip strength 
has been shown to be a reliable predictor of mortality.” 
In many clinics, grip strength is used as a general indicator 
of total body strength.” 

Position of Patient: Seated erect with shoulders level 

and neutrally rotated. The elbow is flexed to 90°, forearm 
in neutral and wrist between 0° and 30° of extension 
(Fig. 5.228A).”! 

Instructions to Therapist: Both hands are tested, one 
at a time. Record which hand is dominant as it will be 
most often stronger. Stand in front of the patient to be 
able to see the dial. Place the dynamometer in the patient’s 

hand with the dial facing away from patient (see Fig. 
5.228B). Adjust the position of the dynamometer handle 
so that the patient’s fingers can comfortably grasp and 
squeeze it. Most often this is in the second position. 
Repeat three times. Alternate hands with each trial. 

Instructions to Patient: “When I say go, squeeze as 
hard as you can, in a smooth manner. Do not jerk the 
tool while you are gripping. Stop immediately if you 
experience any unusual pain or discomfort.” See Fig. 
5.228. 

Scoring 

Three trials are recorded for each hand, averaging the 
three for the final score. Scores are compared with the 
appropriate age and sex categories for accurate interpreta- 
tion (see Tables 5.28 and 5.29).” 

FIGURE 5.228A and B 
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GRIP STRENGTH 

° Grip strength of 9 kg (20 pounds) is commonly — ® Grip strength is correlated significantly with upper 
considered functional and is necessary to perform 
most daily activities.” A maximal grip strength of 
5 kg (11 pounds) was found to be associated witha = ° 
high risk of death in elderly women admitted to 
geriatric wards after acute illness.”*”* 

e A possible explanation for the relationship between —® 
weak grip strength and mortality is the fact that grip 
strength seems to be an indicator of nutritional 
status.’° Protein deficiency may result in generalized 
muscle weakness and decreased cell-mediated immu- ° 

nity. Thus, severe weakness of grip may identify older 
patients at risk for dying as a result of protein 
malnutrition.”* 

limb function in older adults and in people with certain 
disorders, but not in young, healthy patients.”°”” 
Grip strength is affected by certain disorders that 
impair results, such as carpal tunnel syndrome, lateral 
epicondylitis, dementia, arthritis, and stroke. 
The interossei can be tested by hand grip using a 
hand-grip dynamometer. Use the smallest distance 
between handle positions because the intrinsics are 
most active in this position.”® 
The average decrease in grip strength after an ulnar 
nerve block is 38%.” 

Table 5.29 MEAN NORMATIVE HAND GRIP STRENGTH (KG)*° 

MEN 

Age Right Left BMI 

20-29 47 (9.5) A5 (8.8) 26.4 (5.1) 
30-39 47 (9.7) 47 (9.8) 28.3 (5.2) 
40-49 47 (9.5) 45 (9.3) 28.4 (4.6) 
50-59 A5 (8.4) 43 (8.3) 28.7 (4.3) 
60-69 AO (8.3) 38 (8) 28.6 (4.4) 
70+ 33 (7.8) 32 (7.5) 7289) 
Date collected using the position described in Fig. 5.224A and B. 

BMI, Body mass index. 

WOMEN 

Right Left BMI 

30 (7) 28 (6.1) 25.1 (6.8) 
31 (6.4) 29 (6) 27.3 (6.8) 

29 (5.7) 28 (5.7) 7 PID 

28 (6.3) 26 (5.7) 29.1 (6.4) 

24 (5.3) 23 (5) 28.1 (5.1) 

20 (5.8) 19 (5.5) 27 (4.7) 

nn OOO OO 
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GRIP STRENGTH 

Table 5.30 GRIP STRENGTH VALUES FOR AGES 4-14 IN kg*' 

AGE BOYS GIRLS 2 

Dominant Non-dominant BMI Dominant Non-dominant BMI 

4 5.7 (2) 5.3 (2) 15.42 5.1 (2) 47 (2) 15.42 

6 LOZ) 9.4 (3) 16 9.0 (8) 8.3 @) 16 

8 15.9 (A) 14.6 (3) 16.5 14.4 (3) 13.1 (3) 17.75 

10 19.6 (2) Tn @)) 17.6 19.1 (4) 17.2 (4) 18.5 

12 24,7 (5) 22.9 (5) 19 24,2 (5) 22.3 (4) 18.75 

14 36.0 (7) Soo @) 19.6 ZI Na) 26.6 (5) ‘ 19.8 
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CHAPTER aA 

Testing the 
Muscles of the 

Lower Extremity 

Hip Flexion 

Hip Flexion, Abduction, 
and External Rotation 

With Knee Flexion 

Hip Extension 

Hip Extension Test to 
Isolate Gluteus 

Maximus 

Hip Extension Tests 
Modified for Hip 
Flexion Tightness 

Supine Hip Extension 
Test 

Hip Abduction 

Hip Abduction From 
Flexed Position 

Hip Adduction 

Hip External Rotation 

Hip Internal Rotation 

Knee Flexion 

Hamstring Muscles in 
Aggregate 

Medial Hamstring Test 
(Semitendinosus 
and 
Semimembranosus) 

Lateral Hamstring Test 
(Biceps Femoris) 

Knee Extension 

Ankle Plantar Flexion 

Gastrocnemius and 
Soleus Test 

Foot Dorsifilexion and 
Inversion 

Foot Inversion 

Foot Eversion With Plantar 
Flexion 

Hallux and Toe MP Flexion 

Hallux MP Flexion 

Toe MP Flexion 

Hallux and Toe DIP and 

PIP Flexion 

Hallux and Toe MP and IP 

Extension 



HIP FLEXION 

(Psoas Major and Ilacus) 

Psoas major 

To: Psoas major 
L2-L4 

Femoral n. 

To: lliacus 

Ue) 

lliacus 

FIGURE 6.2 

ANTERIOR 

FIGURE 6.1 

WANA AW 
|) Hf] AN AN\ WW 

iW 

FIGURE 6.3 Arrow indicates level of cross section. 
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HIP FLEXION 
i 

Table 6.1 HIP FLEXION 

(Psoas Major and Ilhacus) 

Range of Motion 

1.D. Muscle Origin 

176 Iliacus lium (superior 4 of lliac 
fossa 

lliac crest (inner lip) 
Anterior sacroiliac and 

iliolumbar ligaments 
Sacrum (upper lateral 
surface) 

174 Psoas major L1-L5 vertebrae 
(transverse processes) 
T12-L5 vertebral bodies 
(sides) and their 
intervertebral discs 

Others 

196 Rectus femoris 

195 Sartorius 

185 Tensor fasciae latae 

177 Pectineus 

183 Gluteus medius 
canterior) 

The iliopsoas muscle is a compound muscle consisting 
of the iliacus and the psoas major, which join in a common 
tendon of insertion on the lesser trochanter of the femur. 
The iliopsoas contributes to hip compressive forces in 
walking and running, but relatively little to the gait cycle. 
Although the iliopsoas and rectus femoris are necessary 

Insertion Function 

Hip flexion up to 110°! 
Internal rotation! 
Abduct femur in external 
rotation! 
Flexes pelvis on femur 

Femur (lesser 
trochanter via 
insertion on tendon 

of the psoas major) 
Femoral shaft below 
lesser trochanter 

Femur (lesser 
trochanter) 

Hip flexion with origin fixed 
Trunk flexion (sit-up) with 
insertion fixed 
(These two functions occur 
in conjunction with the 
iliacus) 
Hip external (lateral) rotation 
Flexion of lumbar spine 
(muscles on both sides) 
Lateral bending of lumbar 
spine to same side (muscle 
on one side) 

Hip flexion 

Hip flexion (combined with 
ER and abduction) 

Hip flexion 
Hip abduction 

Accessory in hip flexion 

ACCEeSSOry 
(if femur is Moving from 
extension toward flexion) 

for initiation of leg swing, they only contribute approxi- 
mately 10% of the net metabolic cost of walking.’ Hip 
flexion strength was found not to be a significant predictor 
of maximum walking speed.* The function of the iliopsoas 
may be more important in transfer activities and stair 
climbing as well as in uphill running.* 
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HIP FLEXION 
HH] En ae 

(Psoas Major and Iliacus) 

Grade 5, Grade 4, and Grade 3 

Position of Patient: Short sitting with thighs fully sup- 
ported on table and legs hanging over the edge. Patient 
may use arms to provide trunk stability by grasping table 
edge or with hands on table at each side (Fig. 6.4). 

Instructions to Therapist: Stand next to limb to be 
tested. Ask the patient to lift the thigh off the table. If 
adequate range is present (thigh clears the table), proceed 
to apply maximum resistance at midrange (Grade 5) over 
distal thigh just proximal to the knee joint, being careful 
not to grasp the thigh (see Fig. 6.4). 

Test: Patient flexes hip to end of range, clearing the table 
and maintaining neutral rotation. The patient then brings 
the hip to midrange and holds that position against the 
therapist’s resistance, which is given in a downward direc- 
tion toward the floor. 

Instructions to Patient: “Sit tall and hold your thigh 
up. Don’t let me push it down.” 

Grading 

Grade 5: Patient holds test position against maximal 
resistance. 

Grade 4: Patient holds test position against strong to 
moderate resistance. There may be some “give” with 
maximum resistance, making the grade a 4. 

Grade 3: Patient completes test range and holds the 
position without resistance (Fig. 6.5). 

FIGURE 6.4 
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FIGURE 6.5 

Hint 

The position of the pelvis influences the action of the 
hip flexors. An anterior or posterior pelvic tilt influences 
the length tension of the hip flexors, thereby making 
them appear stronger or weaker. To eliminate the 
influence of the pelvis, the pelvis and spine should be 
in neutral as in Fig. 6.4. 

Helpful 



Grade 2 

Position of Patient: Side-lying with limb to be tested 
uppermost and supported by therapist (Fig. 6.6). Trunk 
in neutral alignment. Lowermost limb may be flexed for 
stability. A powder board under the upper limb may also 
be used to decrease friction. 

Instructions to Therapist: Stand behind patient. Cradle 
test limb in one arm with hand support under the slightly 
flexed knee. Opposite hand maintains trunk alignment at 
hip (see Fig. 6.6). 

Test: Patient flexes hip with supported limb. Knee is 
permitted to flex to prevent hamstring tension. 

Instructions to Patient: “Bring your knee up toward 
your chest.” 

Grading 

Grade 2: Patient completes the range of motion in side- 
lying position. 

FIGURE 6.6 

Chapter 6 

HIP FLEXION 

(Psoas Major and Iliacus) 

Grade 1 and Grade 0 

Position of Patient: Supine. 

Instructions to Therapist: Stand at side of limb to be 
tested. Test limb is supported under calf with hand behind 
knee. Free hand palpates the muscle just distal to the 
inguinal ligament on the medial side of the sartorius 
(Fig. 6.7). 

Test: Patient attempts to flex hip. 

Instructions to Patient: “Try to bring your knee up to 
your nose.” 

Grading 

Grade _ 1: Palpable 
movement. 

contraction but no visible 

Grade 0: No discernable palpable contraction of muscle. 

FIGURE 6.7 
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HIP FLEXION 

(Psoas Major and Ilacus) 

Substitutions Petetet Giat 
e Use of the sartorius will result in external rotation The hip flexors are rather small muscles (see Fig. 6.3) 

and abduction of the hip. The sartorius, because it and therefore do not provide a lot of force, especially 
is superficial, will be seen and can be palpated along as compared with the quadriceps or gluteus maximus. 
its entire length (Fig. 6.8). Therefore a negative break test is rarely achieved if 
If the tensor fasciae latae substitutes for the hip using a straight arm technique. Consequently, Fig. 6.4 
flexors, internal rotation and abduction of the hip shows the therapist with a bent arm while providing 
will result. The tensor may be seen and palpated resistance. Experience is necessary to appreciate what 
at its origin on the anterior superior iliac spine. constitutes a normal level of resistance. 
Patient may try to flex trunk as effort is made to 
flex hip or lean back to enhance length tension or 
the hip flexors. 

Suggested Exercises 
for lliopsoas 

e Straight leg raise 
e Marching (High Knees) 
e Standing straight leg raise (SLR) 
e V-situp 

FIGURE 6.8 
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HIP FLEXION, ABDUCTION, AND EXTERNAL ROTATION 
WITH KNEE FLEXION 

(Sartorius) 

Sartorius 

Femoral n. 

To: Sartorius 

L2-L3 

FIGURE 6.10 

ANTERIOR 

FIGURE 6.9 

WV NNW HM ANNI 
\\ Wj YW Sartorius 

NS) 
S aa 

Hy) ij 

NAA 

Wy 

tty) 
FIGURE 6.11 Arrow indicates level of cross section. 
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HIP FLEXION, ABDUCTION, AND EXTERNAL ROTATION 

WITH KNEE FLEXION 
5 SS SSS SSS 

(Sartorius) 

Table 6.2 HIP FLEXION, ABDUCTION, AND EXTERNAL ROTATION 

1.D. Muscle Origin 

195 Sartorius llium (anterior superior 
iliac spine (ASIS)) 
lliac notch below ASIS 

Others 

Hip and knee flexors 

Hip external rotators 

Insertion Function 

Hip external rotation, 
abduction, and flexion 
Knee flexion 
Knee internal rotation 
Assists in “tailor sitting” 

Tibia (shaft, proximal 
medial surface) 
Capsule of knee joint 
(via slip) 
Aponeurosis 

The sartorius is the longest muscle in the body crossing 
the hip and the knee. The word sartorius comes from the 
Latin sartor, meaning tailor and the sartorius allows the 

Grade 5, Grade 4, and Grade 3 

Position of Patient: Short sitting with thighs supported 
on table and legs hanging over side. Arms may be used 
for support. 

Instructions to Therapist: Stand lateral to the leg to 
be tested. Ask the patient to flex, abduct, and externally 
rotate the hip, with the knee flexed. If adequate range is 
present, place one hand on the lateral side of the knee, 
the other hand over the medial-anterior surface of the 
distal leg (Fig. 6.12). Apply appropriate resistance with 
both hands, resisting hip flexion and abduction (in a 
down and inward direction) with the proximal hand and 
hip external rotation and knee flexion (up and outward) 
with the hand at the distal leg. 

Test: Patient flexes, abducts, and externally rotates the 
hip while maintaining knee flexion (see Fig. 6.12). 

FIGURE 6.12 
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movement of crossing one leg over the other one, as in 
a “tailor sit” (cross-legged sitting). 

Instructions to Patient: Therapist may demonstrate the 
required motion passively and then ask the patient to 
repeat the motion, or the therapist may place the limb 
in the desired test position. 

“Hold it! Don’t let me move your leg or straighten 
your knee.” 

Alternate instruction: “Slide your heel up the shin of 
your other leg.” 

Grading 

Grade 5: Holds test position against maximal resistance, 
limb does not “give.” 

Grade 4: Yolerates moderate to strong resistance while 
maintaining position. 

Grade 3: Completes movement and holds test position 
without resistance (Fig. 6.13). 

FIGURE 6.13 



HIP FLEXION, ABDUCTION, AND EXTERNAL ROTATION 

Grade 2 

Position of Patient: Supine. Heel of limb to be tested 
is placed on contralateral shin (Fig. 6.14). 

Instructions to Therapist: Stand at side of limb to 
be tested. Support limb as necessary to maintain 
alignment. 

Test: Patient slides test heel upward along shin to knee. 

Instructions to Patient: “Slide your heel up to your 
knee.” 

Grading 

Grade 2: Completes desired movement. 

WITH KNEE FLEXION 

(Sartorius) 

Grade 1 and Grade 0 

Position of Patient: Supine. 

Instructions to Therapist: Stand on side to be tested. 
Cradle test limb under calf with hand supporting limb 
behind knee. Opposite hand palpates sartorius on medial 
side of thigh where the muscle crosses the femur (Fig. 
6.15). Therapist may prefer to palpate near the muscle 
origin just below the anterior superior iliac spine (ASIS). 

Test: Patient attempts to slide heel up shin toward knee. 

Instructions to Patient: “Try to slide your heel up to 
your knee.” 

Grading 

Grade 1: Therapist can detect slight contraction of muscle; 
no visible movement. 

Grade 0: No discernable palpable contraction. 

FIGURE 6.14 

e The therapist is reminded that failure of the patient 
to complete the full range of motion in the Grade 
3 test is not an automatic Grade 2. The patient 
should be tested in the supine position to ascertain 
whether the correct grade is 2 or less. 

e The abdominal muscles must generate a posterior 
pelvic tilt of sufficient force to neutralize the strong 
anterior pelvic tilt potential of the hip flexors. 

e In the presence of weakness, patients will attempt 
to substitute using the knee flexors, external rotators, 
and tensor fascia lata but the movement would 
deviate out of the expected plane. 

Chapter 6 

FIGURE 6.15 

Substitution 

Substitution by the iliopsoas or the rectus femoris 
results in pure hip flexion without abduction and 
external rotation. 

Suggested Exercises 
the Sartorius for 

Muscle 

Multidirectional lunge (forward, side, lateral) 
High box step ups 
Closed stance squats 
Leg lifts with hip externally rotated 
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HIP EXTENSION 

(Gluteus maximus and hamstrings) 

Inferior gluteal n. 
To: Gluteus maximus 

Gluteus L5-S2 

maximus 

<«—— Sciatic nerve, tibial part 
To: Semimembranosus 

L5-S2 
Semitendinosus 

L5-S2 
Biceps femoris (long head) 
L5-S2 

Biceps femoris 
(long head) 

Semitendinosus FIGURE 6.18 

Semimembranosus 

POSTERIOR 

FIGURE 6.16 FIGURE 6.17 

Sciatic nerve Ke 

Gluteus maximus 

FIGURE 6.19 Arrow indicates level of cross section, 
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HIP EXTENSION 
i 

(Gluteus maximus and hamstrings) 

Table 6.3 HIP EXTENSION 

Range of Motion 

Q°-20° 

Some authors say as low as 
O°-5° 

1.D. Muscle 

182 Gluteus maximus 

193 Semitendinosus 

194 Semimembranosus 

192 Biceps femoris 
(long head) 

Others 

18] Adductor magnus 
(inferior) 

183 Gluteus medius 
(posterior 

Origin 

lium (posterior gluteal 
line) 
lac crest (posterior 
medial) 

Sacrum (dorsal surface of 
lower part) 
Coccyx (side) 
Sacrotuberous ligament 
Aponeurosis over gluteus 
medius 

Ischial tuberosity (upper 
area, inferomedial 
impression via tendon 
shared with biceps 
femoris) 
Aponeurosis (between 
the two muscles) 

Ischial tuberosity 
(superolateral impression) 

Ischial tuberosity 
(inferomedial impression 
via tendon shared with 
semitendinosus) 
Sacrotuberous ligament 

Insertion 

Femur (gluteal 
tuberosity) 

lliotidial tract of fascia 
lata 

Tibia (proximal medial 
shaft) 
Pes anserinus 

Tibia (medial condyle, 
posterior aspect) 
Oblique popliteal 
ligament of knee joint 
Aponeurosis over 
distal muscle 
(variable) 

Fibula (head) 
Tibia (lateral condyle) 
Aponeurosis 

Function 

Hip extension (powerful) 
Hip external (lateral) 
rotation 
Hip abduction (upper 
fibers) 
Hip adduction (lower 
fibers) 
Through its insertion into 
the iliotibial band it 
stabilizes the knee 

Knee flexion 
Hip extension 
Hip internal rotation 
(accessory) 

Knee flexion 
Hip extension 
Hip internal rotation 
(accessory) 

Hip extension and 
(weak) external rotation 

When the femur is 
flexed this muscle can 

be a powerful extensor. 
In earlier anatomy texts 
this muscle was 

classified as a fourth 

hamstring 

The gluteus maximus is the largest muscle in the body, 
accounting for 16% of the total cross-sectional area of 
the lower extremity.° Eighty percent of the gluteus 
maximus inserts into the iliotibial band. It has at least six 
regions within the muscle that respond to different move- 
ments. The gluteus maximus is most effective in near full 
extension. Its pennate structure and long muscle length 

Chapter 6 

suggest it produces both high levels of force at low speeds 
through small ranges of motion and low levels of force 
at high speeds through large ranges of motion. It is a 
mix of slow and fast twitch fibers. It is often used to 
accelerate the body upward and forward from a position 
of hip flexion ranging from 40° to 60° (as in sprinting, 
squatting, and climbing a steep hill).” 
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HIP EXTENSION 
nS SS 

(Gluteus maximus and hamstrings) 

Grade 5, Grade 4, and Grade 3 (Aggregate of All Hip Extensor Muscles) 

Position of Patient: Prone. Arms may be at the side of 
the body or abducted to hold sides of table. (Note: If 
there is a hip flexion contracture, immediately go to the 
test described for hip extension modified for hip flexion 
tightness [see page 240].) 

Instructions to Therapist: Stand at level of pelvis on 
side of limb to be tested. (Note: Fig. 6.20 shows therapist 
on opposite side to avoid obscuring activity.) Ask the 
patient to lift the leg off the table as high as possible, 
while keeping the knee straight. If sufficient range is 
achieved, place the hand providing resistance on the 
posterior leg just above the ankle. The opposite hand 
may be used to stabilize or maintain pelvis alignment in 
the area of the posterior superior spine of the ilium (see 
Fig. 6.20). This is a demanding test because of the size 
of the muscle and the length of the lever arm. 

Alternate Position: The hand that gives resistance is 
placed on the posterior thigh just above the knee (Fig. 
6.21). This alternate position is a less demanding test. 
Optimal resistance cannot be applied because of the shorter 
lever arm and thus, the highest grade a patient can attain 

FIGURE 6.20 

FIGURE 6.21 
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is a Grade 4. This test is not recommended unless abso- 
lutely necessary (e.g., unstable, painful knee, above-knee 
amputee). 

Test: Patient extends hip through entire available range 
of motion. Resistance is given straight downward toward 
the floor. 

Instructions to Patient: “Lift your leg off the table as 
high as you can without bending your knee. Hold it” 
(see Fig. 6.20). 

Grading 

Grade 5: Patient holds test position against maximal 
resistance. 

Grade 4: Patient holds test position against strong to 
moderate resistance. 

Grade 3: Completes range and holds the position without 
resistance (Fig. 6.22). 

FIGURE 6.22 

Knowledge of the ranges of hip motion is imperative 
before manual tests of hip strength are conducted. If 
the therapist does not have a clear idea of hip joint 
ranges, especially tightness in the hip flexor muscles, 
test results will be inaccurate. For example, in the 
presence of a hip flexion contracture, the patient must 
be standing and leaning over the edge of the table to 
test hip extension strength. This position (described 
on page 240) will decrease the influence of the flexion 
contracture and will allow the patient to move against 
gravity through the available range. The supine hip 
extensor test can also be used (see page 242) 



HIP EXTENSION SY SS SSS SSS SSS 

Grade 2 

Position of Patient: Side-lying with test limb uppermost. 
Knee straight and supported by therapist. Lowermost 
limb is flexed for stability. 

Instructions to Therapist: Stand behind patient at thigh 
level. Therapist supports test limb just below the knee, 
cradling the leg (Fig. 6.23). Opposite hand is placed over 
the pelvic crest to maintain pelvic and hip alignment. 

Test: Patient extends hip through full range of motion. 

Instructions to Patient: “Bring your leg back toward 
me. Keep your knee straight.” 

Grading 

Grade 2: Completes available range of motion in side-lying 
position. 

FIGURE 6.23 

° Because of the strength of the gluteus maximus, it 
is imperative that the therapist achieve an optimal 
position for himself or herself, such as using a straight 
arm technique to apply as much force as the muscle 
can bear. Shorter therapists may need to step up 
on a stool or lower the plinth if it is adjustable to 
apply adequate resistance. See hip extensor test to 
isolate the gluteus maximus on page 242. 

e The therapist should be aware that the hip extensors 
are among the most powerful muscles in the body, 
and most therapists will not be able to “break” a 
Grade 5 hip extension. Care should be taken not 
to overestimate a Grade 4 muscle. 
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(Gluteus maximus and hamstrings) 

Grade 1 and Grade 0 

Position of Patient: Prone. 

Instructions to Therapist: Stand at level of pelvis on 
side to be tested. Palpate hamstrings (deep into tissue 
with fingers) at the ischial tuberosity (Fig. 6.24). Palpate 
the gluteus maximus with deep finger pressure over the 
center of the buttocks including the upper and lower 
fibers. 

Test: Patient attempts to extend hip in prone position 
or tries to squeeze buttocks together. 

Instructions to Patient: “Try to lift your leg from the 
table.” OR “Squeeze your buttocks together.” 

Grading 

Grade 1: Palpable contraction of gluteus maximus but 
no visible joint movement. Contraction of gluteus maximus 
will result in narrowing of the gluteal crease. 

Grade 0: No discernable palpable contraction. 

FIGURE 6.24 

Substitutions 

Rotation of pelvis. Having the patient turn his or 
her head to the opposite side will help prevent 
trunk rotation. 

Flexion of the knee to substitute hamstrings for 
gluteus maximus. The gluteus maximus (page 
238) and hamstrings (page 266) isolation tests 
may be a better indicator of specific muscle action. 
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HIP EXTENSION 

(Gluteus maximus and hamstrings) 

HIP EXTENSION TEST TO ISOLATE GLUTEUS MAXIMUS 

Grade 5, Grade 4, and Grade 3 

Position of Patient: Prone with knee flexed to 90°, hip 
abducted and externally rotated. The abducted and 
externally rotated hip positions are difficult to visualize 
in Figs. 6.25 and 6.26. (Note: In the presence of a hip 
flexion contracture, do not use this test but refer to the 
test for hip extension modified for hip flexion tightness 
[see page 240].) 

Instructions to Therapist: Stand at the level of the pelvis 
on the side to be tested. (Note: The therapist in the 
illustration is shown on the wrong side to avoid obscuring 
test positions.) Ask the patient to lift the thigh off the 
plinth as high as possible, while bending the knee. If 
sufficient range is achieved, place the hand for resistance 
over the posterior thigh just above the knee. The opposite 
hand may stabilize or maintain the alignment of the pelvis 
(seeFigs 6.25): 

For the Grade 3 test, the knee may be supported in 
flexion (by cradling at the ankle) if needed because of 
hamstring weakness. 

FIGURE 6.25 

238 Chapter 6 Testing the Muscles of the Lower Extremity 

Test: Patient extends abducted and externally rotated 
hip through available extension range, maintaining knee 
flexion. Resistance is given in a straight downward direction 
(toward floor). 

Instructions to Patient: “Lift your foot to the ceiling.” 
OR “Lift your leg, keeping your knee bent.” 

Grading 

Grade 5: Holds test 
resistance. 

position against maximal 

Grade 4: Holds test position against strong to moderate 
resistance. 

Grade 3: Completes available range of motion and holds 
test position but without resistance (see Fig. 6.26). 

FIGURE 6.26 



Grade 2 

Position of Patient: Side-lying with test limb uppermost. 
Knee is flexed and supported by therapist. Lowermost 
hip and knee should be flexed for stability (Fig. 6.27). 
Therapist provides stabilization and alignment through 
the uppermost hip by assuring that the pelvis and hip are 
in line with the shoulder. 

Instructions to Therapist: Stand at the level of the pelvis 
behind the patient. Therapist cradles uppermost leg with 
forearm. Other hand stabilizes pelvis in neutral alignment 
at the iliac crest. 

Test: Patient extends hip with supported knee flexed. 

Instructions to Patient: “Move your leg back toward 
” 

me. 

Grading 

Grade 2: Completes available range of motion in side-lying 
position. 

FIGURE 6.27 
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HIP EXTENSION 

(Gluteus maximus and hamstrings) 

Grade 1 and Grade 0 

This test is identical to the Grades 1 and 0 tests for 
aggregate hip extension (see Fig. 6.24). The patient is 
prone and attempts to extend the hip or squeeze the 
buttocks together while the therapist palpates the gluteus 
maximus. 

Helpful Hints 

e Hip extension range is less when the knee is flexed 
because of tension in the rectus femoris. A diminished 
hip extension range may be observed, therefore, in 
tests that isolate the gluteus maximus. 

e Often, cramping of the hamstrings will occur when 
the patient performs this test. The authors have 
found that decreasing knee flexion to 70° or applying 
resistance in the middle of the muscle belly during 
the test will decrease the likelihood of a cramp. 

e Hip extension torque increases with hip flexion 
(increase of 41% with 15° hip flexion and 112% 
with 45° hip flexion [average of 1.9 Nm per degree 
of flexion]).* 
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HIP EXTENSION 

(Gluteus maximus and hamstrings) 

HIP EXTENSION TESTS MODIFIED FOR HIP FLEXION TIGHTNESS 

Grade 5, Grade 4, and Grade 3 

Position of Patient: Patient leans over the table with 
hips flexed so that the ASIS is “hooked” on the end of 
table (Fig. 6.28). The arms are used to “hug” the table 
for support. The knee of the non-test limb should be 
flexed to allow the test limb to rest on the floor at the 
start of the test. 

Instructions to Therapist: Stand at side of limb to be 
tested. (Note: Fig. 6.28 shows the therapist on the opposite 
side to avoid obscuring test positions.) Ask the patient 
to lift his leg toward the ceiling. If sufficient range is 
achieved, place the hand used to provide resistance over 
the posterior thigh just above the knee. The opposite 
hand stabilizes the pelvis laterally to maintain hip and 
pelvis posture (see Fig. 6.28). The therapist’s stabilizing 
hand may need to be placed over the hip to prevent the 
pelvis from rising (not shown). 

Test: Patient extends hip through available range, but 
hip extension range is less when the knee is flexed. Keeping 
the knee in extension will test ali hip extensor muscles; 
with the knee flexed, the gluteus maximus will be evaluated 
in isolation. 

Resistance is applied downward (toward floor). 

Instructions to Patient: “Lift your foot off the floor as 
high as you can.” 

FIGURE 6.28 
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Grading 

Grade 5: Holds _ test maximal 

resistance. 

position against 

Grade 4: Holds test position against strong to moderate 
resistance. 

Grade 3: Completes available range and holds test position 
without resistance. 

Grade 2, Grade 1, and Grade 0 

Do not test the patient with hip flexion contractures who 
has less than Grade 3 hip extensors in the standing position. 
Position the patient side-lying on the table. Conduct the 
test as described for the aggregate of extensor muscles 
(see page 239) or for the isolated gluteus maximus (see 
page 238). 

The modified hip extensor test is the preferred test for 
people who are not able or are unwilling to lie prone. 
This test may elicit a greater effort than the alternate 
supine hip extensor test. 
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Sciatic nerve 

Biceps femoris 
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HIGH 
JUST BELOW LESSER 
TROCHANTER 

MID 

JUST ABOVE START OF TENDON 
OF RECTUS FEMORIS (ABOUT 
7-8" ABOVE CENTER OF KNEE) 

LOW 
THROUGH TENDON OF 
RECTUS FEMORIS (ABOUT 4" 
ABOVE CENTER OF KNEE) 
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HIP EXTENSION 

(Gluteus maximus and hamstrings) 

SUPINE HIP EXTENSION TEST 

An alternate hip extensor test is the supine hip extension 
test. This supine test may be substituted to eliminate 
change of patient position or for those who cannot lie 
prone. Grades 5, 4, 3, and 2 have been validated in 
this position (7 = 44 subjects) by measuring maximum 
hip extension torques recorded via a strain gauge 
dynamometer.” 

Grade 5, Grade 4, Grade 3, and Grade 2 

Position of Patient: Supine with heels off end of table. 
Arms folded across chest or abdomen. (Do not allow 
patient to push into table with upper extremities.) 

Instructions to Therapist: Stand at end of table. Lift 
patient’s leg to at least 65° of flexion. Determine patient’s 
hip range by measuring from the heel to the table 
(Fig. 6.29). Approximately 35 inches from heel to table 

(approximately 65° of flexion) is necessary to perform 
this test and is the distance the leg should be lifted during 
the test. In a squat position (knees and hips bent and 
elbows straight), cup both hands under the heel and ask 
patient to push into therapist’s hands, keeping the knee 
straight and hip locked (Fig. 6.30). Try to raise the limb 
to the height measured initially. The therapist will need 
excellent body mechanics to be able to resist this typically 
very strong muscle (Fig. 6.31). (Note: Ideally, the table 
should be lower than the one shown in these figures 
to allow for optimal therapist advantage and body 
mechanics. ) 

Test: Patient presses heel into therapist’s cupped hands, 
attempting to maintain full extension of the limb as the 
therapist raises the limb approximately 35 inches from 
the table. No instructions are given for the opposite leg 
except to relax. 

Instructions to Patient: “Don’t let me lift your leg from 
the table. Keep your hip locked tight (don’t let it bend).” 

FIGURE 6.29 
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FIGURE 6.30 

FIGURE 6.31 



HIP EXTENSION 

(Gluteus maximus and hamstrings) 

Grade 5, Grade 4, Grade 3, and Grade 2 Continued 

Grading 

Grade 5: Hip locks in neutral (full extension) throughout 
this test. Pelvis and back elevate as one locked unit as the 
therapist raises the limb (see Fig. 6.31). The opposite 
limb will rise involuntarily, illustrating a locked pelvis. 

Grade 4: Hip flexes before pelvis and back elevate and 
lock as the limb is raised by the therapist. Hip flexion 
should not exceed 30° before locking occurs (Fig. 6.32). 
The other leg will rise involuntarily, but will have some 
hip flexion because the pelvis is not fully locked. 

Grade 3: Full flexion of the hip to the end of the straight- 
leg raising range (65° of hip flexion) with little or no 
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FIGURE 6.32 
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FIGURE 6.33 

elevation of the pelvis, demonstrated by the other leg 
remaining on the table. Therapist feels strong resistance 
throughout the test (Fig. 6.33). 

Grade 2: Hip flexes fully with only minimal resistance 
felt (therapist should check to ensure that the resistance 
felt exceeds the weight of the limb; see Fig. 6.33). 

There is no Grade 1. 

Grade 0: Hip flexes fully with no active resistance felt by 
the therapist as limb is raised. Therapist perceives that 
resistance is due to leg weight only. 

e To optimize the therapist’s body mechanics and 
ability to generate sufficient force to resist this strong 
muscle, the therapist should start in a squat position 
to enable elbows to be straight, necessitating the 
patient to be positioned on a low table or mat table. 

e The supine hip extensor test was found to have 
higher hamstring activation than the unilateral bridge 
test 

e When the trunk is held relatively stationary, contrac- 
tion of the hip extensors and abdominal muscles 
function as a force-couple to posteriorly tilt the 
pelvis.” 

Suggeste 
for the G 
Maximus 

d 
I 

Exercises 

t ureus 

Exercises are over 40% MVIC in order of increasing 
MVIC.’ Exercises producing the greatest gluteus 
maximus EMG amplitude will be those that place 
the gluteus maximus in a shortened position (pull- 
throughs, glute bridges, hip thrusts, horizontal back 
extensions). 

Sideways lunge 
Lateral step up 
Transverse lunge 
Quadruped with contralateral arm/leg lift 
Unilateral mini-squat 
Retro step up 
Wall squat 
Single-limb squat 
Single-limb deadlift 
Forward step up 

EMG, Electromyography; MVIC, maximum voluntary isometric 

contraction. 
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HIP ABDUCTION 

(Gluteus medius and gluteus minimus) 

Gluteus 

medius 

LATERAL 

FIGURE 6.34 

Table 6.4 HIP ABDUCTION 

Superior gluteal n. 
To: Gluteus medius 

L4-S1 
Gluteus minimus 

L4-S1 

FIGURE 6.35 

Range of Motion 

1.D. Muscle Origin Insertion Function 

183 Gluteus medius llium (outer surface Femur (greater Pelvic stabilizer 
between crest and trochanter, lateral Hip abduction Cin all 
anterior and posterior aspect) positions) 
gluteal lines) Hip internal rotation 
Fascia (over upper (anterior fibers) 
part) Hip external (lateral) 

rotation (posterior fibers) 
Hip flexion (anterior 
fibers) 
Hip extension (posterior 
fibers) as accessory 
functions 

184 Gluteus minimus lium (outer surface Femur (greater Hip abduction 
between anterior and trochanter, anterolateral Hip internal (medial) 
inferior gluteal lines) ridge) rotation 
Greater sciatic notch Anterior and superior 

capsule of hip joint 

Others 

182 Gluteus maximus 
(upper fibers) 

185 Tensor fasciae latae 

187 Obturator internus 
(thigh flexed) 

189 Gemellus superior 
(thigh flexed) 

190 Gemellus inferior 
(thigh flexed) 

195 Sartorius 
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The primary role of the gluteus medius is to stabilize the 
pelvis in the frontal plane and control femoral motion 
during dynamic limb motion. The greatest percentage of 
maximum voluntary contraction (MVC) in the gluteus 
medius was recorded during single limb stance when the 
subject was simultaneously abducting the opposite leg. 
This finding validates the gluteus medius as a pelvic 
stabilizer.')'? The gluteus medius is functionally divided 

Grade 5, Grade 4, and Grade 3 

Position of Patient: Side-lying with test leg uppermost. 
Start test with the hip slightly extended beyond the midline 
and the pelvis rotated slightly forward (Fig. 6.36). Low- 
ermost leg is flexed for stability. 

Instructions to Therapist: Stand behind patient. Ask 
patient to lift the leg as high as possible, giving verbal 
and tactile clues as necessary to keep the pelvis from 
rotating and the hip from flexing. If sufficient range is 

FIGURE 6.37 
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HIP ABDUCTION 

(Gluteus medius and gluteus minimus) 

into three parts: (1) anterior, (2) middle, and (3) posterior, 
each with separate branches from the superior gluteal 
nerve. Consequently, the three parts have different actions 
of rotation with abduction, dependent on the degree of 
hip flexion. The test below captures all three parts during 
hip abduction. Functionally, the gluteus medius generates 
an exceptional amount of force, given its size.’ 

achieved, place hand used to give resistance at the ankle 
(Fig. 6.37). Applying resistance at the ankle creates a 
longer lever arm, thus requiring more patient effort to 
resist the movement. If the patient cannot hold the limb 
against resistance at the ankle, then apply resistance at 
the lateral knee (Fig. 6.38). The therapist is reminded 
always to use the same lever in a given test sequence and 
in subsequent comparison tests. 

Test: Patient abducts hip through the available range of 
motion without flexing the hip or rotating it in either 
direction. Resistance is given in a straight downward 
direction. 

Instructions to Patient: “Lift your leg up and back. 
Hold it. Don’t let me push it down.” 

FIGURE 6.38 
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HIP ABDUCTION 

(Gluteus medius and gluteus minimus) 

Grade 5, Grade 4, and Grade 3 Continued 

Grading 

Grade 5: Holds test position against maximal resistance 
at the ankle. 

Grade 4: Holds test position against strong to moderate 
resistance at the ankle (the limb cannot hold the position) 
or with maximum resistance given at the knee. 

Grade 3: Completes range of motion and holds test 
position without resistance (Fig. 6.39). Hip should not 
flex into frontal plane or rotate. 

FIGURE 6.39 

FIGURE 6.40 
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Grade 2 

Position of Patient: Supine. 

Instructions to Therapist: Stand on side of limb being 
tested. One hand supports and lifts the limb by holding 
it under the ankle to raise limb just enough to decrease 
friction. This hand offers no resistance, nor should it be 

used to offer assistance to the movement. On some smooth 
surfaces, such support may not be necessary (Fig. 6.40). 
(Note: Figs. 6.40 and 6.41 show therapist on opposite 
side of patient to avoid obscuring test positions. ) 

The other hand palpates the gluteus medius just 
proximal to the greater trochanter of the femur (see Fig. 
6.41). 

Test: Patient abducts hip through available range. 

Instructions to Patient: “Bring your leg out to the side. 
Keep your kneecap pointing to the ceiling.” 

Grading 

Grade 2: Completes range of motion supine with no 
resistance and minimal to zero friction. 

FIGURE 6.41 



Grade | and Grade 0 

Position of Patient: Supine. 

Instructions to Therapist: Stand at the side of the limb 
being tested at level of thigh. One hand supports the 
limb under the ankle just above the malleoli. The hand 
should provide neither resistance nor assistance to move- 
ment (see Fig. 6.40). Palpate the gluteus medius on the 
lateral aspect of the hip just above the greater trochanter. 
The weight of the opposite limb stabilizes the pelvis. It 
is not necessary therefore to use a hand to manually 
stabilize the contralateral limb. 

Test: Patient attempts to abduct hip. 

Instructions to Patient: “Try to bring your leg out to 
tne;side.” 

Substitutions 

e Hip-hike substitution: If testing in the supine position, 
the patient may “hip hike” by approximating pelvis 
to thorax using the lateral trunk muscles, which moves 
the limb through partial abduction range (Fig. 6.42). 
This movement may be detected by observing the 
lateral trunk and hip (move clothing aside) and palpat- 
ing the gluteus medius above the trochanter. 

= 
FIGURE 6.42 
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HIP ABDUCTION 

(Gluteus medius and gluteus minimus) 

Grading 

Grade 1: Palpable contraction of gluteus medius but no 
movement of the part. 

Grade 0: No discernable contractile activity. 

External rotation and flexion (sartorius) substitution: 
The patient may try to externally rotate during the 
motion of abduction (Fig. 6.43). This could allow 
the oblique action of the hip flexors to substitute for 
the gluteus medius. 

e Tensor fasciae latae substitution: If the test is allowed 
to begin with active hip flexion or with the hip 
positioned in flexion, there is an opportunity for the 
tensor fasciae latae to abduct the hip. 

FIGURE 6.43 
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HIP ABDUCTION 

(Gluteus medius and gluteus minimus) 

Helpful Hints 

248 

The therapist should not be able to “break” a Grade 
5 muscle (resistance applied at the ankle) and most 
therapists will not be able to “break” a Grade 4 
muscle. The force required to stabilize the body is 
about 2x the body weight, the majority produced 
by the hip abductors.°® The therapist should be able 
to generate at least 100 pounds of push force for 
a valid test. 
A grade of 4 often indicates significant weakness 
because of the tremendous intrinsic strength of these 
muscles. Giving resistance at the ankle rather than 
at the knee is helpful in overcoming this problem. 
However, respect the long lever arm and apply 
resistance carefully, assessing whether the patient 
can adequately resist the movement through the 
long lever arm. 
A patient should be able to stand on one leg keeping 
the pelvis level with a muscle grade of 4 or 5. The 
inability to do so results in a gluteus medius limp, 
whereby the pelvis drops on the opposite side of 
the weakness. In gait, a pelvic drop would occur in 
every step. If weakness is bilateral, you will see the 
equivalent of a “waddling” gait where the pelvis 
drops on each side, with each step. This is a sign 
of marked gluteus medius weakness. 
When a hip flexion contracture of 30° or more is 
present, the gluteus medius is compromised as an 
abductor, as its anterior fibers are now in the plane 
of flexion instead of abduction. 
Hip abductor and lateral rotator weakness can lead 
to knee valgus, hip adduction, and hip internal 
rotation, a position that can put undue stress on 
lower extremity joints. 
Gluteus medius strength is associated with stair 
ascend/descend and 5-chair rise test performance. 
In the presence of gluteus medius weakness, patients 
will display a gluteus medius limp during stair ascent. 
A gluteus medius limp is particularly prevalent in 
inactive older adults and those with hip osteoarthritis 
or arthroplasties. 
Strengthening the hip abductors in the presence of 
knee osteoarthritis reduces symptoms.'? 
Tears or degenerative changes of the attachment of 
the gluteus medius and minimus may be a source 
of pain, often attributed to trochanteric bursitis.° 
Gluteus medius and minimus atrophy is greater in 
people with fall-related hip/pelvic fractures (Odds 
rata = 2;15)." 
The weight of the limb alone results in greater 
external peak torque during side-lying hip abduction 
than during other hip abductor exercises.'* 
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Exercises are listed in order from least to greatest MVIC 

@ 

® 
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e 

® 

MVIC, Maximum voluntary isometric contraction. 

MVIC)7:! 

Lateral step up 
Quadruped with contralateral arm and leg lift 
Forward step up 
Unilateral bridge 
Transverse lunge 
Wall squat 
Side-bridge to neutral spine position 
Standing erect pelvic drop 
Single-limb deadlift 
Single-limb squat 
Side-bridge with hip abduction 
Side-lying hip abduction 



HIP ABDUCTION FROM FLEXED POSITION 

(Tensor fasciae latae) 

L4 

Superior gluteal n. 
To: Tensor fasciae latae 

Tensor 

fascia lata 

FIGURE 6.45 

VANE IL 

Tensor 

fascia lata 

LATERAL \ ii We 
Ani 

FIGURE 6.44 FIGURE 6.46 Arrow indicates level of cross section. 

Range of Motion 

Two-joint muscle. No specific 
range of motion can be 
assigned solely to the tensor. 

Table 6.5 HIP ABDUCTION FROM FLEXION 

1.D. Muscle Origin Insertion Function 

185 Tensor fasciae lliac crest (outer lip) lliotibial tract (between its Hip flexion 
latae Fasciae latae (deep) two layers, ending 4 of the Hip internal (medial) 

Anterior superior iliac spine =way down) rotation 
(lateral surface) 

Others 

183 Gluteus medius 

184 Gluteus minimus 
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HIP ABDUCTION FROM FLEXED POSITION 

(Tensor fasciae latae) 

The tensor fascia lata (TFL) helps to stabilize and steady 
the hip and knee joints by putting tension on the iliotibial 
band of fascia. It helps to maintain one foot in front of 

Grade 5, Grade 4, and Grade 3 

Position of Patient: Side-lying. Uppermost limb (test 
limb) is flexed to 45° and lies across the lowermost limb 
with the foot resting on the table (Fig. 6.47). 

Instructions to Therapist: Stand behind patient at level 
of pelvis. Ask patient to flex hip and lift leg to 30°. If 
successful, place hand for resistance on lateral surface of 
the thigh just above the knee. Hand providing stabilization 
is placed on the crest of the ilium (Fig. 6.48). 

FIGURE 6.47 

FIGURE 6.48 
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the other as in walking. It is tiny muscle, inferior to the 
iliotibial band. 

Test: Patient abducts hip through approximately 30° of 
motion. Resistance is given downward (toward floor) from 
the lateral surface of the distal femur. 

Instructions to Patient: “Lift your leg and hold it. Don’t 
let me push it down.” 

Grading 

Grade 5: Holds test 
resistance. 

position against maximum 

Grade 4: Holds test position against strong to moderate 
resistance. 

Grade 3: Completes movement; holds test position but 
without resistance (Fig. 6.49). 

FIGURE 6.49 



HIP ABDUCTION FROM FLEXED POSITION 

Grade 2 

Position of Patient: Patient is in long-sitting position, 
supporting trunk with hands placed behind body on table. 
Trunk may lean backward up to 45° from vertical 
(Fig. 6.50). 

Instructions to Therapist: Stand at side of limb to be 
tested. (Note: Fig. 6.50 deliberately shows therapist on 
wrong side to avoid obscuring test positions.) One hand 
supports the limb under the ankle; this hand will be used 
to reduce friction with the surface as the patient moves 
but should neither resist nor assist motion. The other 
hand paipates the tensor fasciae latae on the proximal 
anterolateral thigh where it inserts into the iliotibial band. 

Test: Patient abducts hip through 30° of range. 

Instructions to Patient: “Bring your leg out to the side.” 

Grading 

Grade 2 Completes hip abduction motion to 30°. 

FIGURE 6.50 

Chapter 6 

(Tensor fasciae latae) 

Grade 1 and Grade 0 

Position of Patient: Long sitting. 

Instructions to Therapist: One hand palpates the inser- 
tion of the tensor at the lateral aspect of the knee. The 
other hand palpates the tensor on the anterolateral thigh 
(Fig..6:515), 

Test: Patient attempts to abduct hip. 

Instructions to Patient: “Try to move your leg out to 
the side.” 

Grading 

Grade 1: Palpable contraction of tensor fibers but no 
limb movement. 

Grade 0: No discernable palpable contractile activity. 

FIGURE 6.51 
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HIP ADDUCTION 

(Adductors magnus, brevis, and longus; Pectineus and Gractlts) 

Adductor Pectineus 

brevis 

Adductor 

Gracilis 

Adductor To: 

ts Femoral n. 

To: Pectineus 

L2-L3 

FIGURE 6.54 

ARTES FIGURE 6.53 

FIGURE 6.52 

Adductor brevis 

minimus 

Pectineus 

Adductor 

magnus 

ay 
WV /) 

\ 
ih Wy) 

Mant Y 

FIGURE 6.55 Arrow indicates level of cross section, 
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L2 

L3 

L4 

Obturator n. 
Adductor magnus 
L2-L4 
Adductor brevis 
L2-L4 
Adductor longus 
L2-L4 
Gracilis 
L3-L4 



HIP ADDUCTION 
SSS SSS SSS SSS SSS SSS 

(Adductors magnus, brevis, and longus; Pectineus and Gracilis) 

Table 6.6 HIP ADDUCTION 

Range of Motion 

0°-15°-20° 

ILD. Muscle Origin 

- 181 Adductor magnus _ Ischial tuberosity 
(inferolateral) 
Ischium (inferior ramus) 
Pubis (inferior ramus) 
Fibers from pubic ramus 
to femur (gluteal 
tuberosity), offen 
named the Adductor 
minimus 

180 Adductor brevis Pubis (body and inferior 
ramus) 

179 = Adductor longus Pubis (anterior aspect 
between crest and 
symphysis) 

177. ~=— Pectineus Pubic pectin 
Fascia of pectineus 

178 Gracilis Pubis (body and inferior 
ramus) 
Ischial ramus 

Others 

188 Obturator externus 

182 Gluteus maximus 
(lower) 

Insertion 

Femur (linea aspera via 
aponeurosis, medial 
supracondylar line, and 
adductor tubercle on 
medial condyle) 

Femur (via aponeurosis 
to linea aspera) 

Femur (linea aspera via 
aponeurosis) 

Femur (on a line from 
lesser trochanter to linea 
aspera) 

Tibia (medial shaft distal 
to condyle) 
Pes anserinus 
Deep fascia of leg 

Function 

Hip adduction 
Hip extension from a 
position of hip flexion 
toward extension (inferior 
fibers) 
Hip flexion (superior fibers; 
weak) if the hip is moving 
from extension toward 
flexion® 
The role of the adductor 
magnus in rotation of the 
hip is dependent on the 
position of the thigh' 

Hip adduction 
Hip flexion 

Hip adduction 
Hip flexion (accessory) 
Hip rotation (depends on 
position of thigh) 

Hip adduction 
Hip flexion (accessory) 

Hip adduction 
Knee flexion 
Internal (medial) rotation of 
knee (accessory) 

The adductor magnus comprises 63% of the mass of 
adductor volume.” The hip adductors are required to 
work under both closed chain (e.g., in the stance leg, 
with the axial compression forces from gravity) and open 
chain (e.g., during kicking). The adductor longus may 

be more active during open chain activities than the 
adductor magnus. The adductor magnus is most active 
in weight-bearing tasks such as sit-to-stand and walking 
up stairs and during loading and initial contact phases of 
gate 
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HIP ADDUCTION 
2 SSS 

(Adductors magnus, brevis, and longus; Pectineus and Gracilis) 

Grade 5, Grade 4, and Grade 3 

Position of Patient: Side-lying with test limb (lowermost) 
resting on the table. 

Instructions to Therapist: Stand behind patient at knee 
level. Support uppermost limb (non-test limb) in 25° of 
abduction with forearm, the hand supporting the limb 
on the medial surface of the knee (Fig. 6.56). Alternatively, 
the upper limb can be placed on a padded stool straddling 
the test limb and approximately 9 to 12 inches high (not 
shown). Ask the patient to lift the bottom leg to the 
uppermost one. If successful, place hand giving resistance 
on the medial surface of the distal femur of the lower 
limb, just proximal to the knee joint. Resistance is directed 
straight downward toward the table (Fig. 6.57). 

Test: Patient adducts hip until the lower limb contacts 
the upper one. 

Instructions to Patient: “Lift your bottom leg up to 
your top one. Hold it. Don’t let me push it down.” 

For Grade 3: “Lift your bottom leg up to your top 
one. Don’t let it drop!” 

Grading 

Grade 5: Holds test maximal 

resistance. 

position against 

Grade 4: Holds test position against strong to moderate 
resistance. 

Grade 3: Completes full range; holds test position but 
without resistance (Fig. 6.58). 

FIGURE 6.56 

FIGURE 6.57 
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HIP ADDUCTION 

(Adductors magnus, brevis, and longus; Pectineus and Gracilts) 

Grade 2 

Position of Patient: Supine. The non-test limb is 
positioned in some abduction to prevent interference with 
motion of the test limb. 

Instructions to Therapist: Stand at side of test limb at 
knee level. One hand supports the ankle and elevates it 
slightly from the table surface to decrease friction as the 
limb moves across the table (Fig. 6.59). The therapist 
uses this hand neither to assist nor to resist motion. The 
opposite hand palpates the adductor mass on the inner 
aspect of the proximal thigh. In the supine test position 
for Grades 2, 1, and 0, the weight of the opposite limb 
stabilizes the pelvis, so there is no need for manual stabiliza- 
tion of the non-test hip. 

FIGURE 6.59 

Test: Patient adducts hip without rotation. Toes stay 
pointed toward the ceiling. 

Instructions to Patient: “Bring your leg in toward the 
other one.” 

Grading 

Grade 2: Patient adducts limb through full range with 
gravity minimized. 
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HIP ADDUCTION 
a..

. 

(Adductors magnus, brevis, and longus; Pectineus and Gracilis) 

Grade 1 and Grade 0 

Position of Patient: Supine. Grading 

Instructions to Therapist: Stand on side of test limb. Grade 1: Palpable contraction, no limb movement. 

One hand supports the limb under the ankle. The other 
hand palpates the adductor mass on the proximal medial Grade 0: No discernable palpable contraction. 

thigh (Fig. 6.60). 

Test: Patient attempts to adduct hip. 

Instructions to Patient: “Try to bring your leg in.” 

Substitution 

Hip flexor substitution: The patient may attempt to 
substitute the hip flexors for the adductors by internally 
rotating the hip (Fig. 6.61). The patient will appear 
to be trying to turn supine from side-lying. Maintenance 
of true side-lying is necessary for an accurate test. 

FIGURE 6.60 

FIGURE 6.61 

e Greater atrophy of the adductor magnus muscle 
occurs with bed rest, alluding to its function as a Su ggested Exercis es 
hip stabilizer.'® : 

e The adductor muscles produce an extensor torque for Hip Adductor s 
when the hip is markedly flexed, assisting the primary ° Ball squeeze with hip in neutral (long lever)!” 
hip extensors. When the hip is flexed, the adductors e Copenhagen exercise”? 
augment the other extensor muscles.* As an example, e Side-lying hip adduction 
when runners were permitted to use foot blocks in : : 
the Olympics during the 1930s (or dig a trough to Suggested Exercise for Pectineus 
permit a crouch position), times for the 100 m race e Supine hip flexion?! 
were notably reduced as the adductors contributed 
explosive force to bring the femur from flexion 
toward extension. 
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HIP EXTERNAL ROTATION 

(Obturators internus and externus, Gemelli superior and inferior, Piriformis, Quadratus femoris, Gluteus 

Obturator 

externus 

FIGURE 6.62 

Piriformis 

Gemellus 
superior 

Gemellus 

inferior 

Obturator Quadratus 

internus femoris 

FIGURE 6.63 

Inferior gluteal n. 
To: Gluteus maximus 

L5-S2 

To: 

maximus [posterior |) 

Wf L4 
{7 

 ——— OtUTalor fi. 

Vs L5 To: Obturator 

externus 

L3-L4 

S1 

n. to 

To: Piriformis 

$3" $1-S2 

S4 

n. to Quadratus femoris 

To: Quadratus femoris 

L5-S1 

Gemellus inferior 

L5-S1 

n. to Obturator internus 

Obturator internus 

L5-S1 

Gemellus superior 
L5-S1 

FIGURE 6.64 

Range of Motion 
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HIP EXTERNAL ROTATION 

(Obturators internus and externus, Gemelli superior and inferior, Piriformis, Quadratus femoris, Gluteus 

maximus [posterior |) 

Table 6.7 HIP EXTERNAL ROTATION 

1.D. Muscle Origin 

Obturator membrane 
(external surface) 
Ischium (ramus) 
Pubis (inferior ramus) 
Pelvis (lesser pelvic cavity, 
inner surface) 

188 Obturator externus 

187 Pubis (inferior ramus) 
Ischium (ramus) 
Obturator fascia 
Obturator foramen 
(margin) 
Obturator membrane 
Upper brim of greater 
sciatic foramen 

Obturaftor internus 

Ischial tuberosity (external 
aspect) 

191 Quadratus femoris 
(may be absent) 

186 Piriformis Sacrum (anterior surface) 
lum (gluteal surface near 
posterior inferior iliac 
spine) 
Sacrotuberous ligament 
Capsule of sacroiliac joint 

189 Gemellus superior Ischium (spine, dorsal 
(may be absent) surface) 

190 Gemellus inferior Ischial tuberosity (upper 

part) 

182 Gluteus maximus lium (posterior gluteal line 
Posterior fibers and crest) 

Sacrum (dorsal and lower 
aspects) 
Coccyx (side) 
Sacrotuberous ligament 
Aponeurosis over gluteus 
medius 

Others 

195 Sartorius 

192 Biceps femoris (long 
head) 

183 Gluteus medius 
(posterior) 

174 Psoas major 

181 Adductor magnus 
(position-dependent) 

Adductor longus 

Popliteus (tibia fixed) 

Insertion 

Femur (trochanteric fossa) 

Femur (greater trochanter, 
medial) 
Tendon fuses with gemelli 

Femur (quadrate tubercle 
on trochanteric crest) 

Femur (greater trochanter, 
medial side) 

Femur (greater trochanter, 
medial surface) 
Blends with tendon of 
obturator internus 

Femur (greater trochanter, 
medial surface) 
Blends with tendon of 
obturator internus 

Femur (gluteal tuberosity) 
lliotibial tract of fascia lata 

Function 

Hip external (lateral) 
rotation 
Hip adduction (assist) 

Hip external (lateral) 
rotation 
Abduction of flexed hip 
(assist) 

Hip external (lateral) 
rotation 

Hip external (lateral) 
rotation 
Abducts the flexed hip 
(assist) (muscle 
probably too small to 
do much of this) 

Hip external (lateral) 
rotation 
Hip abduction with hip 
flexed (accessory) 

Hip external (lateral) 
rotation 
Hip abduction with hip 
flexed (weak assist) 

eee 

The gluteus maximus is potentially the most powerful 
external rotator of the hip, depending on its line of force.”* 
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HIP EXTERNAL ROTATION 

(Obturators internus and externus, Gemelli superior and inferior, Piriformis, Quadratus femoris, Gluteus 

Grade 5, Grade 4, Grade 3, and Grade 2 

Position of Patient: Short sitting with thighs fully sup- 
ported on table and legs hanging over the edge. (Trunk 
may be supported by placing hands flat or fisted at sides 
of chair or table [ Fig. 6.65 ].) 

Instructions to Therapist: Sit on a low stool or kneel 
beside limb to be tested. Ask the patient to turn the leg 
in. If sufficient range is present, position leg in mid position 
between internal and external rotation. Place the hand 
providing resistance on the medial aspect of the ankle 
just above the malleolus (Fig. 6.66). The other hand, 
which will offer counter-pressure, is contoured over the 
lateral aspect of the distal thigh just above the knee. 
Stabilization is provided in a medially directed force at 
the knee counteracting the resistance provided at the 
ankle. The two forces are applied in counter-directions 
for this rotary motion (see Fig. 6.66). 

Test: Patient externally rotates the hip. 

Instructions to Patient: “Don’t let me turn your leg 
outs 

Grading 

Grade 5: Holds test position in midrange against maximal 
resistance. 

Grade 4: Holds test position in midrange against strong 
to moderate resistance. 

maximus [posterior |) 

Grade 3: Able to complete full range of motion with 
mild to no resistance (this is a gravity-eliminated position, 
so if the patient is able to exert mild resistance, grade the 
effort a 3) (Fig. 6.67). 

Grade 2: Completes full range of motion without resis- 
tance (this is a gravity-minimized position). Care needs 
to be taken to ensure that gravity is not the predominant 
force. 

FIGURE 6.66 

FIGURE 6.65 FIGURE 6.67 
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HIP EXTERNAL ROTATION 

(Obturators internus and externus, Gemelli superior and inferior, Piriformis, Quadratus femorts, Gluteus 

maximus [posterior ]) 

Grade 2 Alternate Test (if Patient 
Cannot Sit) 

Position of Patient: Supine. Test limb is in internal 
rotation. 

Instructions to Therapist: Stand at side of limb to be 
tested. The therapist may need to support the limb in 
internal rotation because gravity tends to pull the limb 
into external rotation. 

Test: Patient externally rotates hip in available range of 
motion (Fig. 6.68). One hand may be used to maintain 
pelvic alignment at lateral hip. 

Instructions to Patient: “Roll your leg out.” 

Grading 

Grade 2: Completes external rotation range of motion. 
As the hip rolls past the midline, minimal resistance can 
be offered to offset the assistance of gravity. 

FIGURE 6.68 
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Grade 1 and Grade 0 

Position of Patient: Supine with test limb placed in 
internal rotation. 

Instructions to Therapist: Stand at side of limb to be 
tested. 

Test: Patient attempts to externally rotate hip. 

Instructions to Patient: “Try to roll your leg out.” 

Grading 

Grade 1 and Grade 0: The external rotator muscles, 
except for the gluteus maximus, are not palpable. If there 
is any discernable movement (contractile activity), a grade 
of 1 should be given; otherwise, a grade of 0 is assigned 
on the principle that whenever uncertainty exists, the 
lesser grade should be awarded. 

e There is wide variation in the amount of hip external 
rotation range that can be considered normal. It is 
imperative therefore that a patient’s accurate range (in 
each test position) be known before manual muscle 
testing takes place. Muscles that are lengthened often 
test weak, which is why testing in the mid position 
between ER and IR is recommended.* 

e There is greater range of rotation at the hip when 
the hip is flexed than when it is extended, probably 
secondary to laxity of hip joint structures. 

e In short-sitting tests, the patient should not be 
allowed to use the following motions, lest they add 
visual distortion and confound the test results: 
a. Lift the contralateral buttock off the table or lean 

in any direction to lift the pelvis; 
b. Increase flexion of the test knee; 
c. Abduct the test hip. 

Suggested Exercises 
for Hip External 
Rotation 

¢ Clamshell exercise against resistance 
e Seated external rotation against pulley 



HIP INTERNAL ROTATION 

(Glutet minimus and medius; Tensor fasciae latae) 

Superior gluteal n. L4 
To: Gluteus medius 

L4-S1 

Gluteus minimus L5 
L4-S1 

Tensor fasciae latae 

L4-S1 Sy 

Gluteus 
minimus 

FIGURE 6.70 

LATERAL Range of Motion 

FIGURE 6.69 

Table 6.8 HIP INTERNAL ROTATION 

1.D. Muscle Origin Insertion Function 

184 Gluteus minimus llium (outer surface Femur (greater trochanter, Hip abduction 
(anterior fibers) between anterior and anterior aspect) Hip internal 

inferior gluteal lines) Fibrous capsule of hip joint (medial) rotation 
Greater sciatic notch 

185 Tensor fasciae latae lliac crest (outer lip) lliotipial tract (between its Hip flexion 
Fascia lata (deep) two layers ending % down Hip internal 
Anterior superior iliac femur) (medial) rotation 
spine (lateral surface) 

183 Gluteus medius lium (Outer surface Femur (greater trochanter, Internal with hip 
(anterior fibers) between crest and lateral surface) flexion” 

posterior gluteal line) 
Gluteal fascia 

Others Gluteus maximus Internal rotator with 

(anterior fibers) hip flexed to 90° 

193 Semitendinosus 

194 Semimembranosus 

181 Adductor magnus 
(position-dependent) 

179 Adductor longus 
(position-dependent) 
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HIP INTERNAL ROTATION 

(Glutet minimus and medius; Tensor fasciae latae) 

Muscular imbalance, such as relative increased internal 
rotation and weakness of the abductors, external rotators, 
and hip extensors, often plays a role in biomechanical 

Grade 5, Grade 4, Grade 3, and Grade 2 

Position of Patient: Short sitting with thighs fully sup- 
ported on table and legs hanging over the edge. (Trunk 
may be supported by placing hands flat or fisted at sides.) 

Instructions to Therapist: Sit or kneel in front of patient. 
Ask the patient to move leg out, away from the other leg 
while maintaining hip stabilization. If sufficient range is 
present, position leg in mid position between internal 
and external rotation. Place the hand providing resistance 
on the lateral surface of the ankle just above the malleolus 
(Fig. 6.71). The other hand, which offers counter-pressure, 
is contoured over the medial surface of the distal thigh 
just above the knee. Stabilization is provided in a medially 
directed force at the knee counteracting the lateral 
resistance provided at the ankle. Give resistance in a 
medially directed force at the ankle. 

Test: The limb should be placed in mid-range of hip 
rotation for best results (see Fig. 6.69).”* 

alignment at the knee.’ Therefore it is critical to consider 
the role of strength at the hip when knee pain or dysfunc- 
tion is present. 

Grading 

Grade 5: Holds _ test maximal 

resistance. 

position against 

Grade 4: Holds test position against strong to moderate 
resistance. 

Grade 3: Able to complete full range of motion with 
mild to no resistance (this is a gravity-eliminated position, 
so if the patient is able to exert mild resistance, grade the 
effort a 3) (Fig. 6.72). 

Grade 2: Able to complete full range of motion but cannot 
tolerate resistance (this is a gravity-minimized position). 
Care needs to be taken to ensure that gravity is not the 
predominant force. 

FIGURE 6.71 
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Alternate Grade 2 for the Patient Who 
Cannot Sit 

Position of Patient: Supine. Test limb in partial external 
rotation. 

Instructions to Therapist: Stand next to test leg. Palpate 
the gluteus medius proximal to the greater trochanter 
and the tensor fasciae latae (Fig. 6.73) over the antero- 
lateral hip below the ASIS. 

Test: Patient internally rotates hip through available range. 

Instructions to Patient: “Roll your leg in toward the 
other one.” 

Grading 

Grade 2: Holds test position. As the hip rolls inward past 
the midline, minimal resistance can be offered to offset 
the assistance of gravity. 

FIGURE 6.73 

HIP INTERNAL ROTATION 

(Glutet minimus and medius; Tensor fasciae latae) 

Grade 1 and Grade 0 

Position of Patient: Patient supine with test limb placed 
in external rotation. 

Instructions to Therapist: Stand next to test leg. 

Test: Patient attempts to internally rotate hip. One hand 
is used to palpate the gluteus medius (over the postero- 
lateral surface of the hip above the greater trochanter). 
The other hand is used to palpate the tensor fasciae latae 
(on the anterolateral surface of the hip below the ASIS). 

Instructions to Patient: “Try to roll your leg in.” 

Grading 

Grade 1: Palpable contractile activity in either or both 
muscles. 

Grade 0: No discernable contractile activity. 

Helpful Hints 

e The patient should neither be allowed to extend 
the knee nor adduct and extend the hip during 
performance of the test. These motions contaminate 
the test by offering visual distortion to the 
therapist. 

e There is greater range of rotation at the hip when 
the hip is flexed than when it is extended, probably 
secondary to laxity of hip joint structures. 

e In short-sitting tests, the patient should not be 
allowed to use the following motions, lest they add 
visual distortion and confound the test results: 
a. Lift the contralateral buttock off the table or lean 

in any direction to lift the pelvis; 
b. Increase flexion of the test knee; 
c. Adduct the test hip. 

Suggested Exercises 
for Hip Internal 
Rotation?°® 

e Prone isometric with knee in 90° of flexion (can 
use opposite leg for resistance) 

e Reverse clams 
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KNEE FLEXION 

(All hamstring muscles) 

L5 

S1 

$2 

$3 

Common 
peroneal 

<< Sciatic (tibial) n. 
To: Semimembranosus 

L5-S2 
Semitendinosus 
L5-S2 
Biceps femoris (long head) 
L5-S2 

Biceps 

femoris 
Semitendinosus Sciatic (common peroneal) n. 

To: Biceps femoris (short head) 
L5-S2 

Semimembranosus FIGURE 6.76 

POSTERIOR FIGURE 6.75 

FIGURE 6.74 

Semimembranosus 

Semitendinosus 

FIGURE 6.77 Arrow indicates level of cross section. 
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Table 6.9 KNEE FLEXION 

(All hamstring muscles) 

Range of Motion 

rm cm 

Insertion 

Aponeurosis (posterior) 
Fibula (head, lateral 
aspect) 
Fibular collateral ligament 

Tibia (lateral condyle) 

Function 

Knee flexor 
Hip extensor 
Knee external rotation 

Hip extension and 
external rotation (long 
head) 

Knee flexion 

I.D. | Muscle Origin 

192 Biceps femoris 

Long head Ischium (tuberosity) 
Sacrotuberous ligament 

Short head Femur (linea aspera and 
lateral condyle) 
Lateral intermuscular 
septum 

193 Semitendinosus Ischial tuberosity (inferior 
medial aspect) 
Tendon via aponeurosis 
shared with biceps 
femoris (long) 

194 Semimembranosus Ischial tuberosity 
Sacrotuberous ligament 

Others 

178 Gracilis 

185 Tensor fasciae 
latae (knee flexed 
more than 30°) 

195 Sartorius 

202 Popliteus 

205 Gastrocnemius 

207 Plantaris 

Knee flexion 
Knee internal rotation 
Hip extension 
Hip internal rotation 
(accessory) 

Tibia (proximal shaft) 
Pes anserinus 
Deep fascia of leg 

Knee flexion 
Knee internal rotation 
Hip extension 
Hip internal rotation 
(accessory) 

Distal aponeurosis 
Tibia (medial condyle) 
Oblique popliteal ligament 
of knee joint 

Knee flexion 
Knee internal rotation 

(proximal attachment 
fixed) 
Hip external rotation 
Ctibia fixed) 

Hamstring muscle strain injuries have the highest preva- 
lence in sport and especially in track and field. One of 
the proposed risk factors for acute hamstring injuries in 
track and field athletes is muscle weakness during con- 
centric and/or eccentric contractions. The hamstring 

muscles act as hip extensors and knee flexors during both 
stance and swing phase of sprinting, the most common 
mechanism of injury in track and field athletes. They work 
eccentrically during the late stance phase of gait and during 
the late swing phase of overground running.”® 
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KNEE FLEXION 

(All hamstring muscles) 

Grade 5, Grade 4, and Grade 3 

There are three basic muscle tests for the hamstrings at 
Grades 5 and 4. The therapist should test first for the 
aggregate of the three hamstring muscles (with the foot 
in midline). Only if there is deviation (or asymmetry) in 
the movement or a question in the therapist’s mind is 
there a need to test the medial and lateral hamstrings 
separately. The hamstrings are two joint muscles, and 
should be tested in mid-range. 

HAMSTRING MUSCLES IN AGGREGATE 

Position of Patient: Prone with legs straight and toes 
hanging over the edge of the table. A towel roll placed 
just above the knee may make this position more comfort- 
able (not shown in Figue 6.78). 

Instructions to Therapist: Stand next to limb to be 
tested. Ask the patient to flex the knee as far as possible. 
Observe possible tightness in the rectus femoris that may 
be indicated by limited knee flexion or the hip flexing. 
If sufficient range is present, place limb in about 45° of 
knee flexion (mid-range). Hand provides resistance on 
posterior surface of the leg just above the ankle (Fig. 
6.78). The other hand provides stabilization over the 
hamstring tendons on the posterior thigh (optional). Firm 
pressure with the stabilizing hand may offset any cramping 
of the hamstring muscles. Resistance is applied in the 
direction of knee extension for Grades 5 and 4. 

Test: Patient holds knee in 45° of knee flexion while 

maintaining leg in neutral rotation. 

Instructions to Patient: “Hold it! Don’t let me straighten 
eg 

MEDIAL HAMSTRING TEST 
(SEMITENDINOSUS AND 
SEMIMEMBRANOSUS) 

Position of Patient: Prone with knee flexed to 45°. Leg 
in internal rotation (toes pointing toward midline). 

Instructions to Therapist: Therapist resists knee flexion 
at the ankle using a downward and outward force (Figure 
6.79). 

Test: Patient flexes knee, maintaining the leg in internal 
rotation (heel toward therapist, toes pointing toward 
midline). 

FIGURE 6.78 
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KNEE FLEXION 

(All hamstring muscles) 

LATERAL HAMSTRING TEST (BICEPS FEMORIS) 

Position of Patient: Prone with knee flexed to 45°. Leg 
is in external rotation (toes pointing laterally). 

Instructions to Therapist: Therapist resists knee flexion 
at the ankle using a downward and inward force (Fig. 
6.80). 

Test: Patient flexes knee, maintaining leg in external 
rotation (heel away from therapist, toes pointing toward 
therapist) (see Fig. 6.78). 

Grading the Hamstring Muscles (Grade 5, Grade 
4, and Grade 3) 

Grade 5 for All Three Tests: Patient holds test position 
against maximal resistance. 

Grade 4 for All Three Tests: Holds test position against 
strong to moderate resistance. 

Grade 3 for All Three Tests: Patient completes full range 
of motion without external resistance (Fig. 6.81). 

FIGURE 6.80 FIGURE 6.81 
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KNEE FLEXION 

(All hamstring muscles) 

Grade 2 

Position of Patient: Side-lying with test limb (uppermost 
limb) supported by therapist or resting on suitable height 
stool. Lower limb flexed for stability. 

Instructions to Therapist: Stand behind patient at knee 
level. One arm is used to cradle thigh, providing hand 
support at medial side of knee. Other hand supports the 
leg at the ankle just above the malleolus (Fig. 6.82). 

Test: Patient flexes knee through available range of 
motion. 

Instructions to Patient: “Bend your knee.” 

Grading 

Grade 2: Completes available range of motion in side-lying 
position, with gravity minimized. 

FIGURE 6.82 
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Grade 1 and Grade 0 

Position of Patient: Prone. Limbs are straight with toes 
extending over end of table. Knee is partially flexed and 
supported at ankle by therapist. 

Instructions to Therapist: Stand next to test limb at 
knee level. (Therapist shown on opposite side to avoid 
obscuring test position.) One hand supports the flexed 
limb at the ankle (Fig. 6.83). The opposite hand palpates 
both the medial and the lateral hamstring tendons just 
above the posterior knee. 

Test: Patient attempts to flex knee. 

Instructions to Patient: “Try to bend your knee.” 

Grading 

Grade 1: Tendons become prominent, but no visible 
movement occurs. 

Grade 0: No discernable contraction of the muscles; 
tendons do not stand out. 

FIGURE 6.83 



KNEE FLEXION 

(All hamstring muscles) 

e Hip flexion substitution: The prone patient may e If the biceps femoris is stronger than the medial 
flex the hip to start knee flexion. The buttock on hamstrings, the leg will externally rotate during knee 
the test side will rise as the hip flexes, and the flexion. Similarly, if the semitendinosus and semi- 
patient may appear to roll slightly toward supine membranosus are the stronger components, the leg 
(Fig. 6.84). will internally rotate during knee flexion. This is the 
Gastrocnemius substitution: Do not permit the situation that, when observed, indicates asymmetry 
patient to strongly dorsiflex in an attempt to use and the need to test the medial and lateral hamstrings 
the tenodesis effect of the gastrocnemius. separately. 

e Ifthe hip flexes at the end of the knee flexion range 
of motion, check for a tight rectus femoris muscle 
because this tightness will limit the range of knee 

(¢_/ == SS motion. 
A, e The optimum quadriceps to hamstring strength ratio 

of 1:1 has been proposed as a rehabilitation goal 
in many types of knee injuries, especially the anterior 
cruciate ligament deficient and repaired knee. 

FIGURE 6.84 

Suggested Exercises 
f or Hamstrings 

Single-leg deadlifts 
Slide leg curl”® 
Good mornings with at least 25% body weight’ 
Nordic hamstring exercise 
Eccentric leg curls 
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KNEE EXTENSION 

(Quadriceps femoris) 

Vastus 

intermedius 

Rectus 
femoris 

Vastus 

medialis” t 
Femoral n. 

To: Quadriceps femoris 
(all five heads) 
L2-L4 

Vastus 

lateralis 

FIGURE 6.87 

*Illustration does not differentiate 

the long and oblique heads of 
the vastus medialis. 

FIGURE 6.85 ANTERIOR 

FIGURE 6.86 
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KNEE EXTENSION 

(Quadriceps femoris) 

Rectus 
femoris 

Vastus 
Vastus 

intermedius 

Vastus 

rectus femoris 

Vastus 
medialis 

Vastus 
intermedius 

Vastus V7 
lateralis 

Range of Motion 

135° to 2° 
FIGURE 6.88 Arrows indicate level of cross section. 
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KNEE EXTENSION 
per et tr 

(Quadriceps femoris) 

Table 6.10 KNEE EXTENSION 

1.D. Muscle Origin 

lium (anterior inferior 
iliac spine) 
Acetabulum (groove 
above) 
Capsule of hip joint 
Aponeurosis (anterior) 

196 Rectus femoris 

198 Vastus Femur (shaft, upper % 
intermedius lateral and anterior 

surfaces) 
Intermuscular septum 
(lateral) 

197 Vastus lateralis Femur 
Linea aspera (lateral lip) 
Greater trochanter 
(inferior) 
Intertrochanteric line (via 
aponeurosis) 
Gluteal tuberosity (lateral 

lip) 
Lateral intermuscular 
septum 

199 Vasius medialis 
longus (two 
parts) 

Femur (linea aspera, 
medial lip; 
intertrochanteric line) 
Origin of vastus medialis 
oblique 
Tendon of adductor 
magnus 
Intermuscular septum 
(medial) 

200 Vastus medialis Femur: linea aspera 
oblique (distal); supracondylar 
(considered part line 
of the vastus Tendon of adductor 
medialis) (see magnus 
Fig. 6.86) Intermuscular septum 

The quadriceps femoris muscles are tested together as a 
functional group. None of the four muscle heads can be 
separated from any other by manual muscle testing. The 
rectus femoris may be partially isolated from the other 
quadriceps during a hip flexion test. At one time, the 
vastus medialis was thought to be activated during the 
terminal 15° of knee extension; however this has been 
conclusively disproven.***° 

Knowledge of the patient’s knee flexion range of motion 
is useful before conducting tests for knee extension 
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Insertion | 

Aponeurosis (posterior) 
Patella (base via 
quadriceps tendon) 
Tibial tuberosity via 
ligamentum patellae 

Aponeurosis (anterior 
forming deep quadriceps 
tendon) 
Patella (base, lateral 
aspect) 
Tibia (lateral condyle) 
Tibial tuberosity via 
ligamentum patellae 

Aponeurosis (deep surface, 
distal) 

Patella (base and lateral 
border via quadriceps 
tendon) 
Lateral expansion to 
capsule of knee joint and 
iliotibial tract 
Tibial tuberosity via 
ligamentum patellae 

Aponeurosis (deep) 
Patella (medial border) 
Tibial tuberosity via 
ligamentum patellae 

Aponeurosis to capsule of 
knee joint 
Patella (medial aspect) 
Quaadriceps tendon 
(medial) 
Tibial tuberosity via 
ligamentum patellae 

Function 

Hip flexion (by rectus 
femoris, which crosses 
the hip joint) 

Knee extension (none 
of the heads functions 
independently) 

Knee extension (none 
of the heads functions 
independently) 

Knee extension (none 
of the heads functions 
independently) 

Knee extension 
(none of the heads 
functions 
independently) 

strength, because tight (shortened) hamstrings will limit 
knee extension. The shorter the hamstrings, the greater 
the backward trunk lean in short sitting. 

A combined force of 1.1 N-m-kg™ is the minimum 
strength threshold of the knee extensors required for 
walking.’ Knee extensor strength contributes to maximum 
walking speed; however strength greater than a com- 
bined knee extensor force of 2.3 N-m-kg™ is considered 
reserve and does not further increase maximum walking 
speed. 



Grade 5, Grade 4, and Grade 3 

Position of Patient: Short sitting. Place a towel roll 
under the patient’s distal thigh for comfort. The patient’s 
hands rest on the table on either side of the body for 
stability or may grasp the table edge. The patient should 
be allowed to lean backward slightly to relieve hamstring 
muscle tension. Do not allow the patient to hyperextend 
the knee because this may lock the knee into position, 
thus masking weakness. 

Instructions to Therapist: Stand at side of limb to be 
tested. Ask the patient to straighten the knee. If sufficient 
range is present, position the knee in approximately 15° 
of knee flexion. Place the palm of the hand providing 
resistance over the anterior surface of the distal leg just 
above the ankle, using a straight arm technique because 
of the potential strength of these muscles. For Grades 5 
and 4, resistance is applied in a downward direction toward 
the floor (Fig. 6.89). 

Test: Patient extends knee through available range of 
motion but not beyond 0°. 

Instructions to Patient: “Hold it! Don’t let me bend 

he,” 

FIGURE 6.89 
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KNEE EXTENSION 

(Quadriceps femoris) 

To prevent the patient’s pelvis from rising (a common 
occurrence in a Grade 4 or 5 test), the patient may be 
secured to the testing surface by a belt or strap (not 
shown). 

Grading 

Grade 5: Holds test position against maximal resistance. 
The therapist should not be able to break the Grade 5 
knee extensors. 

Grade 4: Holds test position against strong to moderate 
resistance. 

Grade 3: Completes available range, including the last 
15° (Hig. 6.90): 

FIGURE 6.90 
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KNEE EXTENSION 

(Quadriceps femoris) 

Grade 2 

Position of Patient: Side-lying with test limb uppermost. 
Lowermost limb may be flexed for stability. Limb to be 
tested is held in about 90° of knee flexion. The hip should 
be in full extension. 

Instructions to Therapist: Stand behind patient at knee 
level. One arm cradles the test limb around the thigh 
with the hand supporting the underside of the knee (Fig. 
6.91); alternatively, the test limb may be placed on a 
powder board. The other hand holds the leg just above 
the malleolus. 

Test: Patient extends knee through the available range 
of motion. The therapist supporting the limb provides 
neither assistance nor resistance to the patient’s voluntary 
movement. 

Instructions to Patient: “Straighten your knee.” 

Grading 

Grade 2: Completes available range of motion. 

FIGURE 6.91 
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Grade 1 and Grade 0 

Position of Patient: Supine. 

Instructions to Therapist: Stand next to limb to be 
tested at knee level. Hand used for palpation should be 
on the quadriceps tendon just above the knee with the 
tendon “held” gently between the thumb and fingers. 
The therapist also may want to palpate the patellar tendon 
just below the knee (Fig. 6.92). 

Test: Patient attempts to extend knee. 
As an alternate test, the therapist may place one hand 

under the slightly flexed knee; palpate either the quadriceps 
or the patellar tendon while the patient tries to extend 
the knee. 

Instructions to Patient: “Push the back of your knee 
down into the table.” OR “Tighten your kneecap” 
(quadriceps setting). 

For Alternate Test: “Push the back of your knee down 
into my hand.” 

Grading 

Grade 1: Contractile activity can be palpated in muscle 
through the tendon. No joint movement occurs. 

Grade 0: No discernable contractile activity. 

FIGURE 6.92 



KNEE EXTENSION 

(Quadriceps femoris) 

Substitution Suggested Exercises 
for Quadriceps 

he or she may use the hip internal rotators to substitute e 
for the quadriceps, thereby allowing the knee to fall 
into extension. 

When the patient is side-lying (as in the Grade 2 test), 

Squats (knee angle and hip position will selectively 
recruit different quad muscles) 
Back squats 
Split squats 
Single-leg press 
Lunges 

e To assess functional strength, the quadriceps can 
be tested by a chair stand test (see description in 
Chapter 8, page 334) where strength equal to half 
the body weight is needed to rise from a chair 
unassisted (no arm use).*! 

e In stair descent, the forces transmitted through the 
knee are equal to nearly 3x/body weight,*”** neces- 
sitating a greater magnitude of strength than can 
be detected in a manual muscle test. 

° To avoid over-grading the quadriceps, quantitative 
methods can be used such as hand-held muscle 
dynamometry (Chapter 9) or a 1-repetition maximum 
leg press (see Chapter 7). These tests have age- and 
sex-appropriate norms. 
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ANKLE PLANTAR FLEXION 

(Gastrocnemius and Soleus) 

a 

L5 

S1 

$2 

Soleus 

| <—_——Tibial n. 
Tibial n.—» To: Gastrocnemius 

To: Soleus $1-S2 

$1-S2 

Gastrocnemius 

FIGURE 6.95 

POSTERIOR 

FIGURE 6.94 
FIGURE 6.93 

Gastrocnemius 
Gastrocnemius (medial) 

(lateral) 

FIGURE 6.96 Arrow indicates level of cross section. 
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Table 6.11 PLANTAR FLEXION 

ANKLE PLANTAR FLEXION 

(Gastrocnemtius and Soleus) 

Range of Motion 

.D. Muscle 

206 Soleus 

205 Gastrocnemius 

Medial head 

Lateral head 

Others 

204 Tibialis posterior 

207 Plantaris 

208 Fibularis longus 

209 Fibularis brevis 

213 Flexor digitorum 
longus 

222 Flexor hallucis 
longus 

Origin 

Fibula (head, posterior 
aspect, and proximal ’, of 
shaft) 
Tibia (soleal line and middle 
J, of medial shaft) 
Aponeurosis between tibia 
and fibula over popliteal 
vessels 
Aponeurosis (anterior) 

Femur (medial condyle, 
popliteal surface) 
Capsule of knee joint 

Femur (lateral condyle, lateral 
surface, and supracondylar 
line) 
Capsule of knee joint 
Aponeurosis (posterior) 

If the gastrocnemius-soleus complex is paralyzed, there 
is negligible capacity for the accessory muscles to substitute 
for the action of plantar flexion. 
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Insertion Function 

Aponeurosis (posterior; 
tendinous raphe in midline 
of muscle) 
Tendo calcaneus when 
tendon of soleus joins 
tendon of gastrocnemius 
Calcaneus via tendo 
calcaneus 

Ankle plantar flexion 
Foot inversion 

Ankle plantar flexion 
Knee flexion 
(accessory) 
Foot eversion 

Anterior aponeurosis 
Tendo calcaneus (tendon 
of Achilles) formed when 
tendon of gastrocnemius 
joins tendon of soleus 

Calcaneus (posterior) 
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ANKLE PLANTAR FLEXION 

(Gastrocnemius and Soleus) 

The two ankle plantar flexors make up the triceps surae 
group. They differ in structure, anatomical position, 
function, and fiber-type characteristics. The medial gas- 
trocnemius is the larger of the two heads. The gastroc- 
nemius has 49% type 1 fibers compared to 80% in the 
soleus. This difference in fiber type makes the gastrocnemius 

GASTROCNEMIUS AND SOLEUS TEST 

Grade 5, Grade 4, and Grade 3 

Position of Patient: Patient stands on limb to be tested 
with knee extended, facing a wall. Patient is likely to need 
external support; thus, fingers can be placed on the wall, 
above shoulder height. Alternatively, no more than one 
or two fingers should be used on a table (or other hori- 
zontal surface) (Fig. 6.98). 

Instructions to Therapist: Assess range of motion of 
the ankle to assure sufficient range is present. Demonstrate 

FIGURE 6.97 
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more amenable to faster, more explosive movements while 
the soleus is more active during lower intensity and longer 
duration activities.** Because of the architecture and size 
of the soleus, the soleus generates 2.5 to 3x the force 
compared with the gastrocnemius. The soleus is isolated 
by flexing the knee during heel rise (Fig. 6.97). 

heel rise to patient. Then stand or sit with a lateral view 
of test limb to ascertain height of heel rise. Ask patient 
to lift heel while keeping knee straight. If patient can 
clear the floor by 2 inches, ask the patient to continue 
lifting the heel until the patient can no longer achieve | 
inch of rise. This is when the test is terminated. Patient 
should not bear weight through arms. 

} 
t 

FIGURE 6.98 



Grade 5, Grade 4, and Grade 3 Continued 

Test: Patient raises heel from floor consecutively through 
maximum available range at a rate of one rise every 2 
seconds until patient no longer achieves 50% of initial 
plantar range (Fig. 6.99). 

Instructions to Patient: “Stand on one leg. Lift your 
heel. Now down. Repeat this as many times as possible, 
lifting your heel as high as you can.” Repeat test for other 
limb, if both are tested. 

FIGURE 6.99 

Table 6.12 AVERAGE VALUES OF UNTRAINED SUBJECTS 

ANKLE PLANTAR FLEXION 

(Gastrocnemius and Soleus) 

Grading 

Grade 5; Patient successfully completes 25 heel rises 
through full range of motion without a rest between 
rises.*°°° Twenty-five heel rises elicit approximately 60% 
of the maximum electromyographic activity of the plantar 
flexors.'’ In the current standardized tests that have been 
in use for many years, 25 repetitions is the accepted norm. 
However, a more recent study suggests that the average 
number of repetitions in the sample studied is less than 
25 repetitions (Table 6.12).°” The therapist should be 
aware that strength.deficits in the plantar flexors are 
common, particularly with advancing age, and strength 
deficits will affect the heel rise portion of the gait cycle 
and thus reduce gait speed. 

Grade 4: A grade of 4 is conferred when the patient 
completes between 2 and 24 heel rises of at least 50% of 

initial heel raise height at a consistent rate of one rise 
every 2 seconds using correct form in all repetitions. The 
criterion for Grade 4 is not well defined. 

Grade 3: Able to hold body weight once in a heel up 
position, but unable to raise body weight from* neutral 
more than one time. 

If the patient cannot complete at least one correct 
full-range heel rise in the standing position, the grade 
must be less than 3. Regardless of the force of resistance 
in a non-standing position for any reason, the patient 
must be given a grade of less than 3.*° 

MALES (BY AGE) FEMALES (BY AGE) 
Lunsford Lunsford 
and Jan Jan Jan and Jan Jan Jan 
Perry*® et al.”’ et al.*’ et al.*”? Perry*® et al.*” et al.?? et all.” 

Age (mean orrange) 34.7 (8.5) 21-40 41-60 61-80 29.3 (5.0) 21-40 41-60 61-80 

Mean repetitions 27 OKO 220 O68) 12.1166) Al.9): 264,0:8) 16.167) 93.186) 2a i) 

Range of repetitions 6-70 9-46 4-30 0-7 7-51 6-30 9-19 0-5 

80th percentile Te: iy, 2 10 5 ] 
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ANKLE PLANTAR FLEXION 

(Gastrocnemius and Soleus) 

Grade 2 

Position of Patient: Prone with feet off end of table. 

Instructions to Therapist: Stand at foot of patient. Ask 
patient to flex and extend ankle to assure sufficient range 
is present. Hand giving resistance is placed against the 
plantar surface at the level of the metatarsal heads with 
foot in 80° of dorsiflexion. These muscles are capable of 
tremendous force, which is why a more stable point of 
resistance is needed (Fig. 6.100). 

Test: Patient plantar flexes ankle against manual 
resistance. 

Grading 

Grade 2: Holds test position against maximal manual 
resistance.*° Because of the functional strength of these 
muscles, the therapist should not expect to break the 
contraction in a Grade 2 (prone) test. 

FIGURE 6.100 
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Grade 1 and Grade 0 

Position of Patient: Prone with feet off end of table. 

Instructions to Therapist: Stand at end of table in front 
of foot to be tested. One hand palpates gastrocnemius- 
soleus activity by monitoring tension in the Achilles 
tendon just above the calcaneus (Fig. 6.101). The muscle 
bellies of the two muscles also may be palpated (not 
illustrated). 

Test: Patient attempts to plantar flex the ankle. 

Instructions to Patient: “Point your toes down, like a 
ballet dancer.” 

Grading 

Grade 1: Able to move through partial range. Contractile 
activity may be palpated in muscle bellies. The best location 
to palpate the gastrocnemius is at midcalf with thumb 
and fingers on either side of the midline but above the 
soleus. Palpation of the soleus is best done on the pos- 
terolateral surface of the distal calf. In most people with 
calf strength of Grade 3 or better, the two muscles can 
be observed and differentiated during plantar flexion testing 
because their definition is clear. 

Grade 0: No discernable palpable contraction. 

FIGURE 6.101 



ANKLE PLANTAR FLEXION 

(Gastrocnemtius and Soleus) 

e Patient may try to flex knee and rock forward to for Gastrocnemius and 
ball of foot to raise heel from floor in standing test, Soleus 
which indicates weakness (Grade 2 or less). 

¢ If for any reason the patient cannot lie prone for 
Grades 2, 1, or 0, an alternative for any of these 
tests is to use the supine position for non-weight— 
bearing testing. The highest grade awarded in this 
case is a Grade 2. 

e During standing plantar flexion tests, the tibialis 
posterior and the fibularis longus and brevis muscles 
must be Grades 5 or 4 to stabilize the forefoot to 
attain and hold the tiptoe position. 

e Because of the potential strength of the gastrocne- 
mius soleus muscles, even if the patient is unable 
to raise the heel in a standing position, it may be 
advantageous to use a wall to support the therapist’s 
weight while resisting plantar-flexion in the prone 
position. However, even with therapist stabilization, 
hand-held dynamometry of this muscle group in 
prone or supine is not reliable. 

e Care must be taken to avoid transferring weight 
through the finger tips used for balance. Therefore 
it is recommended to place the patient’s arms above 
the head on the wall in front of the patient. However, 
be sure that the patient maintains a fully erect 
posture. If the subject leans forward or flexes the 
knee, such posture can bring the heel off the ground, 
creating a testing artifact. 

° Normative repetitions for children (5-12) are**: 
e Ages 5-6: 12.5+5.4 
© Ages 7-8: 18.1 =/- 3.6 
© Ages 9-10: 22.3 =/- 8.0 
¢ Ages 11-12: 31.6 =/- 12.5 

e¢ Young women who wear shoes with a heel height 
of at least 5 cm high for 40 hours or more/week 
for 1 year demonstrated decreased strength and 
power in the soleus and reduced ankle range.*” 

Suggested Exercises 

© Straight leg heel raises for gastrocnemius™* 
e Seated calf machine for soleus* 
e Agility drills on toes 
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GROSS SECTIONS OF THE LEG 

Tibialis anterior 

Extensor 
hallucis longus 

Extensor 
digitorum longus 

Peroneus 

longus 

Peroneus 

brevis 

i 
Ga GB 

Gastrocnemius 

Tibialis anterior 

Extensor 

hallucis longus 

Extensor 
digitorum longus 

Peroneus 

Peroneus 

brevis 

Flexor hallucis 

longus 

Tibialis anterior 

Extensor 
hallucis longus 

Extensor 

digitorum a 

Peroneus —_INk474 

longus Y 

longus 

Tendon 
gastrocnemius 

Tibialis posterior 

Popliteus 

Soleus 

Gastrocnemius 

Tendon plantaris 

Tibialis posterior 

Flexor digitorum 

Flexor digitorum 
longus 

Tendon plantaris 

Soleus and tendon 

PLATE 7 

| Testing the Muscles of the Lower Extremity 

MID LEG 
AT UPPER PORTION OF 
GASTROCNEMIUS AND 
SOLEUS AT LARGEST 
CIRCUMFERENCE OF CALF 

LOWER LEG 
NEAR END OF MUSCULAR 
PORTIONS OF TRICEPS 
SURAE. GASTROCNEMIUS 
IS ALL TENDINOUS. 

HIGH ANKLE 
LOWER LEG WHERE 
GASTROCNEMIUS, 
SOLEUS, AND PLANTARIS 
ARE TENDINOUS 



FOOT DORSIFLEXION AND INVERSION 

(Tibialis anterior) 

Tibialis anterior 

Deep peroneal n. 
To: Tibialis anterior 

L4-S1 

FIGURE 6.103 

ANTERIOR 

FIGURE 6.102 
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FIGURE 6.104 Arrow indicates level of cross section. 
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FOOT DORSIFLEXION AND INVERSION 

(Tibialis anterior) 

Range of Motion 
0°-25°22 

Table 6.13 FOOT DORSIFLEXION AND INVERSION 

1.D. Muscle _ Origin 

203 Tibialis anterior Tibia (lateral condyle 
and proximal % of 
lateral shaft) 
Interosseous 
membrane 
Fascia cruris (deep) 
Intermuscular septum 

Others 

210 Fibularis (oberoneus) 
Tertius 

211 Extensor digitorum 
longus 

221 Extensor hallucis 
longus 

Ankle dorsiflexion strength and range are critical functions 
of gait and balance*® and therefore of mobility. Reduced 
ankle dorsiflexion strength is a consequence of many 
diseases and conditions such as stroke, some types of 
cancer, idiopathic peripheral neuropathy, diabetes mellitus, 

All Grades 

Position of Patient: Supine. (Note: The authors recom- 
mend the supine position for this test, rather than an 
anti-gravity position, because of the mechanical advantage 
it affords the therapist when providing adequate resistance 
to this very strong muscle.) 

Instructions to Therapist: Stand at foot of patient with 
patient’s heel resting on table. Ask patient to bring the 
foot up and in, towards the body (Fig. 6.105). If sufficient 
range exists, place hand providing resistance on the medial 
aspect of the foot over the first ray. Resistance is provided 
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Insertion Function 

lst (medial) 
cuneiform (on 
medial and plantar 
surfaces) 
lst metatarsal (base) 

Ankle dorsiflexion (talocrural 
joint 
Foot inversion and 
adduction (supination) at 
subtalar and midtarsal joints 
Supports medial-longitudinal 
arch of foot in walking 

Ankle dorsiflexion 
Foot eversion (accessory) 

and cerebral palsy. Extreme weakness can result in foot 
drop. Reduced ankle strength, power, and range are factors 
in falls in people of all ages, especially in older adults. 
Reduced ankle strength and power are also factors in 
ankle instability that can increase risk for ankle sprains. 

FIGURE 6.105 



FOOT DORSIFLEXION AND INVERSION 

All Grades Continued 

down and out (Fig. 6.106). This is a strong muscle, so 
applying resistance with the hand and flexed forearm can 
help provide enough resistance for a valid test. Additionally, 
this position is not against gravity, so this test should be 
graded stringently. 

Test: Patient dorsiflexes ankle and inverts foot, keeping 
toes relaxed. 

Instructions to Patient: “Bring your foot up and in. 
Hold it! Don’t let me pull it down.” 

Grading 

Grade 5: Holds test position against maximal resistance. 

Grade 4: Holds test position against strong to moderate 
resistance. 

Grade 3: Completes available range of motion without 
resistance (see Fig. 6.105). 

Grade 2: Completes only a partial range of motion. 

Grade 1: Therapist will be able to detect some contractile 
activity in the muscle, or the tendon will “stand out.” 
There is no joint movement. 

Palpate the tendon of the tibialis anterior on the 
anteromedial aspect of the ankle at about the level of the 

FIGURE 6.106 
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(Tibialis anterior) 

malleoli (Fig. 6.107). Alternatively, palpate the muscle 
for contractile activity over its belly just lateral to the 
“shin” (not shown). 

Grade 0: No discernable palpable contraction. 

(fh 4 

FIGURE 6.107 

Substitution 

Substitution by the extensor digitorum longus and the 
extensor hallucis longus muscles results in toe extension. 
Instruct the patient therefore to keep the toes relaxed 
so that they are not part of the test movement. 

e In the sitting and supine positions, make sure the 
knee is flexed to put the gastrocnemius on slack. If 
the knee is extended and there is gastrocnemius 
tightness, the patient will not be able to achieve full 
dorsiflexion range. 

e Because the supine position is not against gravity, 
the therapist should expect to give maximum 
resistance utilizing body weight of the therapist. A 
pull force will be more protective of the therapist’s 
shoulder than a push force. 

Suggested Exercises 
for Tibialis Anterior 

e Resisted dorsiflexion using elastic resistance or pulling 
against a pedal or other object 

e Foot taps 
e Heel walking 
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FOOT INVERSION 

(Tibtalis posterior) 

Ne ee) 

el 

Tibialis 

posterior 

Tibial (medial popliteal) n. 
To: Tibialis posterior 

i L4-L5 and sometimes S1 

FIGURE 6.109 

POSTERIOR VIEW OF LEG 
PLANTAR VIEW OF FOOT 

FIGURE 6.108 
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FIGURE 6.110 Arrow indicates level of cross section. 

Range of Motion 
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Table 6.14 FOOT INVERSION 

(Tibtalis posterior) 

Insertion Function 

Foot inversion 
(supination) 
Ankle plantar flexion 
(accessory) 

Navicular bone 
(tuberosity) 
Cuneiform bones 
Sustentaculum tali (distal) 
Metatarsals 2-4 (via 
tendinous band) 

1.D. Muscle Origin 

204 Tibialis posterior Tibia (proximal 2% of 

posterior lateral shaft below 
soleal line) 
Interosseous membrane 
(posterior) 
Fibula (shaft, proximal 
posterior medial % ) 
Deep transverse fascia 
Intermuscular septa 

Others 

203 ‘Tibialis anterior 

213 Flexor digitorum longus 

222 ~——- Flexor hallucis longus 

206 Soleus 

221 Extensor hallucis longus 

The tibialis posterior muscle provides function of the 
subtalar and midtarsal joints during the stance phase of 
gait, providing an inversion moment at the subtalar joint 
and stabilizing the medial longitudinal arch. Dysfunction 

Grade 5, Grade 4, Grade 3, and Grade 2 

Position of Patient: Sitting with ankle in slight plantar 
flexion. 

Instructions to Therapist: Sit on low stool in front of 
patient or on side of test limb (anti-gravity position). 
With patient’s heel resting on therapist’s thigh, ask the 
patient to move the foot down and in. Perform this 
movement passively if needed. If sufficient active range 
exists, place stabilizing hand on the posterior calf just 
above the malleoli (Fig. 6.111). The majority of resistance 
is toward forefoot abduction (up and out direction). Hand 
providing resistance is placed on the foot with the 
hand providing resistance over the medial side of the 
forefoot. 

Test: Patient inverts foot through available range of 
motion. 

Instructions to Patient: “Turn your foot down and in. 
Hold it. Don’t let me move it.” 

of the tibialis posterior tendon, a relatively recently rec- 
ognized degenerative and progressive condition, is a 
common cause of adult-acquired flat-footedness and 
tendon rupture. 

FIGURE 6.111 
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FOOT INVERSION 
T_T

 

(Tibtalis posterior) 

Grade 5, Grade 4, Grade 3, and Grade 2 
Continued 

Grading 

Grade 5: The patient holds the test position against 
maximal resistance. 

Grade 4: The patient holds the test position against strong 
to moderate resistance. 

Grade 3: The patient will be able to invert the foot 
through the full available range of motion (Fig. 6.112). 

Grade 2: The patient will be able to complete only partial 
range of motion. 

FIGURE 6.112 

FIGURE 6.113 
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Grade 1 and Grade 0 

Position of Patient: Sitting or supine. 

Instructions to Therapist: Sit on low stool or stand in 
front of patient. Palpate tendon of the tibialis posterior 
between the medial malleolus and the navicular bone 
(Fig. 6.113). Alternatively, palpate tendon above the 
malleolus. 

Test: Patient attempts to invert foot. 

Instructions to Patient: “Try to turn your foot down 
and in.” 

Grading 

Grade 1: The tibialis posterior tendon will stand out if 
there is contractile activity in the muscle. If palpable activity 
occurs in the absence of movement, the grade is 1. 

Grade 0: No discernable palpable contraction. 

Substitution 

Flexors of the toes should remain relaxed to prevent 
substitution by the flexor digitorum longus and flexor 
hallucis longus. 

Helpful Hints 

The single-leg heel raise is painful or impossible in the 
presence of tibialis posterior dysfunction. 

If heel inversion does not occur or is asymmetrical 
during the heel rise, this may indicate insufficiency in 
tibialis posterior. 

The action of the tibialis posterior is to plantarflex 
and invert the ankle having the effect of placing the 
forefoot into adduction. To isolate the tibialis posterior, 
resisted forefoot adduction should be the primary force 
with less force toward dorsiflexion (producing the up 
and out movement). 

Suggested Exercises 
for Tibialis Posterior 

e Foot inversion exercise (pushing soles of feet 
together) 

e Eccentric foot inversion exercise with elastic resistance 
° Heel rise with inversion (heels together) 



FOOT EVERSION WITH PLANTAR FLEXION 

(Fibularis longus and brevis—previously called Peroneus longus and brevis) 

Peroneus 

longus 

Superficial peroneal n. 
To: Peroneus longus 

Peroneus brevis 
L5-S1 

Peroneus 
brevis 

FIGURE 6.116 

ANTEROLATERAL 
FIGURE 6.115 

FIGURE 6.114 
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FIGURE 6.117 Arrow indicates level of cross section. 
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FOOT EVERSION WITH PLANTAR FLEXION 

(Fibularis longus and brevis—previously called Peroneus longus and brevis) 

Range of Motion 

Table 6.15 FOOT EVERSION 

I.D. Muscle 

With Plantar Flexion 

208 

209 

Fibularis 
longus 
(peroneus 
longus) 

Fibularis brevis 
(peroneus 
brevis) 

With Dorsiflexion 

211 

210 

Other 

205 

Extensor 
digitorum 
longus 

Fibularis tertius 

Gastrocnemius 

Origin 

Fibula (head and proximal 
%, of shaft, lateral aspect) 
Tibia (lateral condyle, 
occasionally) 
Fascia cruris 
Intermuscular septa 

Fibula (distal and lateral % 
of shaft) 
Crural intermuscular septum 

Tibia (lateral condyle on 
lateral side) 
Fibula (shaft: upper % of 
medial surface) 
Interosseous membrane 
(anterior surface) 
Deep crural fascia and 
intermuscular septum 

Fibula (distal 4 of medial 
surface) 
Interosseous membrane 
(anterior) 
Intermuscular seotum 

DIP, Distal phalanges; MP, metatarsophalangeal; PIP, proximal phalanges. 

Insertion 

lst metatarsal (base and 
lateral aspect) 
Medial cuneiform (base and 
lateral aspect) 
Other metatarsals 
occasionally 

5th metatarsal (tuberosity at 
base, lateral aspect) 

Tendon of insertion divides 
into four tendon slips to 
dorsum of foot that form an 
expansion over each toe: 
Toes 2-5: middle phalanges 
(PIP joints) of the four lesser 
toes (intermediate slip to 
dorsum of base of each) 
Distal phalanges (two lateral 
slips fo dorsum of base of 
each) 

Sth metatarsal (dorsal surface 
of base; shaft, medial aspect) 

Function 

Foot eversion 
Ankle plantar fiexion 
(assist) 
Depression of 1st 
metatarsal 
Support of longitudinal 
and transverse arches 

Foot eversion 
Ankle plantar fiexion 
(accessory) 

MP extension of four 
lesser toes 
PIP and DIP extension 
(assist) of four lesser 
Toes 
Ankle dorsiflexion 
(accessory) 
Foot eversion 
(accessory) 

Ankle dorsiflexion 
Foot eversion 

(accessory) 
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FOOT EVERSION WITH PLANTAR FLEXION 

(Fibularis longus and brevis—previously called Peroneus longus and brevis) 

Grade 5, Grade 4, Grade 3, and Grade 2 

Position of Patient: Sitting with ankle in neutral position 
(midway between dorsiflexion and plantar flexion). Test 
also may be performed with patient supine. 

Instructions to Therapist: Sit on low stool in front of 
patient or stand at end of table if patient is supine. Ask 
patient to turn foot down and out (eversion). If sufficient 
range is present, place stabilizing hand at the ankle just 
above the malleoli. Take care not to squeeze the distal 
tibia. Hand providing resistance is contoured around the 
dorsum and lateral border of the forefoot (Fig. 6.118). 
Resistance is directed toward inversion and slight dorsi- 
flexion (up and in). 

Test: Patient everts foot with depression of first metatarsal 
head and some plantar flexion. 

FIGURE 6.118 

Chapter 6 | 

Instructions to Patient: “Turn your foot down and out. 
Hold it! Don’t let me move it in.” 

Grading 

Grade 5: Patient holds test position against maximal 
resistance. 

Grade 4: Patient holds test position against strong to 
moderate resistance. 

Grade 3: Patient completes available range of eversion 
but without resistance (Fig. 6.119). 

Grade 2: Patient will be able to complete only a partial 
range of eversion motion. 

FIGURE 6.119 
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FOOT EVERSION WITH PLANTAR FLEXION 

(Fibularis longus and brevis—previously called Peroneus longus and brevis) 

Grade 1 and Grade 0 

Position of Patient: Short sitting or supine. 

Instructions to Therapist: Sit on low stool or stand at 
end of table. To palpate the fibularis longus, place fingers 
on the lateral leg over the upper one-third just below the 
head of the fibula. The tendon of the muscle can be felt 
posterior to the lateral malleolus but behind the tendon 
of the fibularis brevis. 

To palpate the tendon of the fibularis brevis, place 
index finger over the tendon as it comes forward from 
behind the lateral malleolus, proximal to the base of the 
fifth metatarsal (Fig. 6.120). The belly of the fibularis 
brevis can be palpated on the lateral surface of the distal 
leg over the fibula. 

FIGURE 6.120 

° Foot eversion is accompanied by either dorsiflexion 
or plantar flexion. The toe extensors are the primary 
dorsiflexors accompanying eversion because the fibu- 
laris tertius is not always present. 

e The primary motion of eversion with plantar flexion 
is accomplished by the fibularis brevis because the 
fibularis longus is primarily a depressor of the first 
metatarsal head rather than an evertor. 

e The fibularis brevis cannot be isolated if both longus 
and brevis are innervated and strong. 
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e Ifthere is a difference in strength between the fibularis 

Grading 

Grade 1: Palpation will reveal contractile activity in either 
or both muscles, which may cause the tendon to stand 
out. No motion occurs. 

Grade 0: No discernable palpable contractile activity. 

Isolation of Fibularis Longus 

Give resistance against the plantar surface of the head of 
the first metatarsal in a direction toward inversion and 

dorsiflexion. 

Foot Eversion With Dorsiflexion 

If the fibularis tertius is present, it can be tested by asking 
the patient to evert and dorsiflex the foot. In this motion, 
however, the extensor digitorum longus participates. 

The tendon of the fibularis tertius can be palpated on 
the lateral aspect of the dorsum of the foot, where it lies 
lateral to the tendon of the extensor digitorum longus 
slip to the little toe. 

longus and the fibularis brevis, the stronger of the 
two can be ascertained by the relative amount of 
resistance taken in eversion versus the resistance taken 
at the first metatarsal head. If greater resistance is 
taken at the first metatarsal head, the fibularis longus 
is the stronger muscle. 

Suggested Exercise 
for Foot Eversion 

Lateral hop*! 



HALLUX AND TOE MP FLEXION 

(Lumbricales and Flexor hallucis brevis) 

Flexor digitorum longus 

Lumbricales 

Flexor 

hallucis 
brevis 4th Lumbrical 

3'd Lumbrical 
Lateral plantar n. 

To: 2nd, 3rd, and 4th 

Lumbricales 
2nd Lumbrical So2S3 

— <— Medial plantar n. 

41st Lumbrical To: Begs hallucis brevis 

1st Lumbrical 

PLANTAR SURFACE L5-S1 

FIGURE 6.121 FIGURE 6.122 

Range of Motion 

Great toe, 0°-45° 

Lateral four toes, 0°-40° 
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HALLUX AND TOE MP FLEXION 

(Lumbricales and Flexor hallucis brevis) 

Table 6.16 FLEXION OF MP JOINTS OF TOES AND HALLUX 

1.D. Muscle Origin Insertion Function 

Toes 

218 Lumbricales Tendons of flexor digitorum All: foes 2-5 Toes 2-5: MP 
longus near angles of (proximal flexion 
separation phalanges and Toes 2-5: PIP and 
lst lumbrical (by a single dorsal expansions DIP extension 
head, tendon of flexor of the tendons of (assist) 
digitorum longus bound for extensor digitorum 
toe 2) longus) 
2nd--4th lumbricales (arise by 
dual heads from adjacent 
sides of tendons of flexor 
digitorum longus bound for 
toes 3-5) 

Hallux 

223 Flexor hallucis brevis Hallux abduction 
(rises by 2 heads) (away from toe 2) 

Hallux MP flexion 

Lateral head Cuboid bone (plantar Hallux (proximal 
surface) phalanx on both 
Lateral cuneiform bone sides of base) 

Blends with 
adductor hallucis 

Medial head Medial intermuscular septum Hallux (proximal 
Tibialis posterior (tendon) phalanx on both 

sides of base) 
Blends with 
abductor hallucis 

Others 

219, 220 = Interossei, dorsal and 
plantar 

216 Flexor digiti minimi brevis 

213 Flexor digitorum longus 

214 Flexor digitorum brevis 

222 Flexor hallucis longus 

224 Abductor hallucis 

225 Adductor hallucis 

DIP, Distal interphalangeal; MP, rnetatarsophalangeal; PIP, proximal interphalangeal. _ 
ee 
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HALLUX MP FLEXION (Flexor ballucis brevis) 

Grades 5. to 0 

Position of Patient: Sitting (alternate position: supine) 
with legs hanging over edge of table. Ankle is in neutral 
position (midway between dorsiflexion and plantar flexion). 

Instructions to Therapist: Sit on low stool in front of 
patient. Alternate position: stand at side of table near 
patient’s foot. 

Test foot rests on therapist’s lap. Ask the patient to 
bend the big toe over finger. If sufficient range is present, 
place stabilizing hand over the dorsum of the foot just 
below the ankle (Fig. 6.123). The index finger of the 
other hand is placed beneath the proximal phalanx of the 
great toe. Alternatively, the tip of the finger (with very 
short fingernails) is placed up under the proximal phalanx. 

Test: Patient flexes great toe. 

Instructions to Patient: “Bend your big toe over my 
finger. Hold it. Don’t let me straighten it.” 

FIGURE 6.123 
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HALLUX AND TOE MP FLEXION 

(Lumbricales and Flexor hallucis brevis) 

Grading 

Grade 5: Patient holds 

resistance. 

position against strong 

Grade 4: Patient holds test position against moderate to 
mild resistance. 

Grade 3: Patient completes available range of metatar- 
sophalangeal (MP) flexion of the great toe without 
resistance. 

Grade 2: Patient completes only partial range of motion. 

Grade 1: Therapist may note contractile activity but no 
toe motion. 

Grade 0: No discernable contractile activity. 

Helpful Hints 

e The muscle and tendon of the flexor hallucis brevis 
cannot be palpated. 

e When the flexor hallucis longus is not functional, 
the flexor hallucis brevis will flex the metatarsopha- 
langeal joint but without flexion of the interpha- 
langeal joint. In the opposite condition, when the 
flexor hallucis brevis is not functional, the IP joint 
flexes and the metatarsophalangeal joint may hyper- 
extend. (When this condition is chronic, the posture 
is called hammer toe.) 

e Loss of the flexor hallucis longus results in balance 
instability as it stabilizes the big toe against the 
ground during each step. 
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HALLUX AND TOE MP FLEXION 

(Lumbricales, Interosset) 

TOE MP FLEXION 

Grades 5 to 0 

Position of Patient: Sitting with foot on therapist’s lap. 
Alternate position: supine. Ankle is in neutral (midway 
between dorsiflexion and plantar flexion). 

Instructions to Therapist: Sit on low stool in front of 
patient. Alternate position: stand next to table beside test 
foot. Ask the patient to bend the toes over therapist’s 
fingers. If sufficient range is present, place stabilizing hand 
over the dorsum of the foot (as in test for flexion of the 
hallux) (Fig. 6.124). The index finger of the other hand 
is placed under the MP joints of the four lateral toes to 
provide resistance to flexion. 

FIGURE 6.124 
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Test: Patient flexes lateral four toes at the MP joints, 
keeping the interphalangeal (IP) joints neutral. 

Instructions to Patient: “Bend your toes over my finger. 
Hold it!” 

Grading 

Grading is the same as that used for the great toe. 

In actual practice, the great toe and the lateral toes 
are rarely tested independently. Many patients cannot 
separate hallux motion from motion of the lateral toes, 
nor can they separate metatarsophalangeal and inter- 
phalangeal motions. 

The therapist could test each toe separately because 
the lumbricales are notoriously uneven in strength. 
This may not, however, be practicable. 

Suggested Exercises 
fo r Hallux and Toe 
MP Flexion 

e Picking up marbles with the toes (occurs in conjunc- 
tion with flexor halluces and flexor digitorum longus) 

e Scrunching a towel with the toes 



HALLUX AND TOE DIP AND PIP FLEXION 

(Flexor digitorum longus, Flexor digitorum brevis, Flexor hallucis longus) 

Common 
Flexor peroneal 
digitorum 

longus Flexor 

hallucis 

longus 

Tibial n. 
To: Flexor digitorum 

Flexor ih, longus 
digitorum a \\Y L5-S2 
brevis a! i 

are 
hallucis longus 

L5-S2 
— Medial plantar n. 

To: Flexor digitorum brevis 
$1-S2 

PLANTAR VIEW OF FOOT FIGURE 6.127 

POSTERIOR VIEW OF LEG 
FIGURE 6.126 

FIGURE 6.125 
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FIGURE 6.128 Arrow indicates level of cross section. 
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HALLUX AND TOE DIP AND PIP FLEXION 

(Flexor digitorum longus, Flexor digitorum brevis, Flexor hallucis longus) 

Range of Motion 

PIP flexion, four lateral toes: 

0°-35° 

DIP flexion, four lateral toes: 

0°-60° 

IP flexion of hallux: 0°-90° 

Table 6.17 FLEXION OF IP JOINTS OF HALLUX AND TOES 

1.D. Muscle Origin Insertion Function 

DIP, Toes 

213 Flexor digitorum Tibia (shaft, posterior aspect Toes 2-5 (distal phalanges, Toes 2-5: MP, PIP, and 
longus of middle % ) plantar surfaces, and base) _ DIP flexion 

Fascia over tibialis posterior Ankle plantar flexion 
(accessory) 
Foot inversion (accessory) 

PIP, Toes 

214 Flexor digitorum Calcaneus (tuberosity, Toes 2-5 (by 4 tendons to Toes 2-5 MP and PIP 
brevis medial process) middle phalanges, both flexion 

Plantar aponeurosis sides) 
Intermuscular septum 

IP, Hallux 

222 ~Flexor hallucis Fibula (shaft, % of posterior Slip of tendon to flexor Hallux IP flexion 
longus aspect) digitorum longus Hallux MP fiexion 

Interosseous membrane Hallux (distal phalanx, base, (accessory) 

Intermuscular septum plantar aspect) Ankle plantar flexion and 

(posterior crural) foot inversion (accessory) 
Fascia over tibialis posterior 

Others 

DIP, Toes 

217. Quadratus 
plantae 

PIP, Toes 

213 ~Flexor digitorum 
longus 

DIP, Distal interohalangeal; IP, interohalangeal; MP, metatarsophalangeal; PIP, proximal interphalangeal. 
—— eee 
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HALLUX AND TOE DIP AND PIP FLEXION 

(Flexor digitorum longus, Flexor digitorum brevis, Flexor hallucis longus) 

Grades 5 to 0 

Position of Patient: Sitting with foot on therapist’s lap, 
or supine. 

Instructions to Therapist: Sit on a short stool in front 
of the patient or stand at the side of the table near the 
patient’s foot. Ask the patient to curl toes (or big toe). 
If sufficient range is present, place stabilizing hand over 
the anterior foot with the fingers placed across the dorsum 
of the foot and the thumb under the proximal phalanges 
(PIP) or distal phalanges (DIP) or under the IP of the 
hallux (Figs. 6.129, 6.130, and 6.131). The other hand 
applies resistance using the four fingers or the thumb 
under the middle phalanges (for the IP test) (see Fig. 
6.129), under the distal phalanges for the DIP test (see 
Fig. 6.130), and with the index finger under the distal 
phalanx of the hallux (see Fig. 6.131). Resistance will be 
minimal. 

Test: Patient flexes the toes or hallux. 

Instructions to Patient: “Curl your toes; hold it. Curl 
your big toe and hold it.” 

Grading 

Grade 5 and Grade 4: Patient holds test position of toes 
and then hallux; resistance in both tests may be minimal. 

Grade 3 and Grade 2: Patient holds test position without 
resistance (Grade 3) or completes only a partial range 
(Grade 2). 

Grade 1 and Grade 0: Minimal to no palpable contractile 
activity occurs. Tendon of the flexor hallucis longus may 
be palpated on the plantar surface of the proximal phalanx 
of the great toe. 

FIGURE 6.129 

FIGURE 6.130 

FIGURE 6.131 

e As with all toe motions, the patient may not be able 
to move one toe separately from another or separate 
MP from IP activity among individual toes. 

e Some people can separate hallux activity from toe 
motions, but fewer can separate MP from IP hallux 
activity. 

e Many people can “pinch” with their great toe 
(adductor hallucis), but this is not a common clinical 
test. 

e The abductor hallucis is not commonly tested because 
it is only rarely isolated. Its activity can be observed 
by resisting adduction of the forefoot, which will 
bring the great toe into abduction, but the lateral 
toes commonly extend at the same time. 
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HALLUX AND TOE MP AND IP EXTENSION 

(Extensor digitorum longus and brevis, Extensor hallucis longus) 

Extensor 
digitorum 
longus 

Extensor 

<——— Deep peroneal n. 
To: Extensor digitorum longus 

L5-S1 
Extensor digitorum brevis 
L5-S1 
Extensor hallucis longus Extensor 

digitorum 
brevis 

FIGURE 6.134 

ANTEROLATERAL VIEW FIGURE 6.133 

FIGURE 6.132 

Ah 

Extensor 
hallucis longus 

\ Tibia 
Extensor YX UN] 
digitorum q gee 

longus / Tr Ns 

Fibula Ze 
q eee 

put 
FIGURE 6.135 Arrow indicates level of cross section. 
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HALLUX AND TOE MP AND IP EXTENSION 

(Extensor digitorum longus and brevis, Extensor hallucis longus) 

Range of Motion 

Hallux: 0°-75°-80° 

Digits 2-5: 0°-40° 

Table 6.18 EXTENSION OF MP JOINTS OF TOES AND IP JOINT OF HALLUX 

1.D. Muscle Origin Insertion Function 

211 Extensor Tibia (lateral condyle) Toes 2-5 (to each middle MP extension of four lesser toes 
digitorum Fibula (shaft, proximal and each distal phalanx, PIP and DIP extension (assist) of 
longus ¥, Of medial surface) dorsal surface) four lesser toes 

Fascia cruris (deep) Ankle dorsiflexion (accessory) 
Inferosseous Membrane Foot eversion (accessory) 
(anterior) 
Intermuscular septum 

212 Extensor Calcaneus (anterior Ends in four tendons: hallux Hallux (great toe): MP 
digitorum brevis superolateral surface) (proximal phalanx, dorsal extension 

Lateral talocalcaneal surface (may be named Toes 2-4: MP extension 
ligament extensor hallucis brevis)) Toes 2-4: IP extension (assist) 
Extensor retinaculum Toes 2-4: join tendons of 
(inferior) extensor digitorum longus 

(lateral sides) 

221 Extensor hallucis Fibula (shaft, middle 4% — Hallux distal phalanx, Hallux: MP and IP extension 
longus of medial aspect) dorsal aspect of base) Ankle dorsiflexion (accessory) 

Interosseous Membrane Expansion to proximal Foot inversion (accessory) 
phalanx 
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HALLUX AND TOE MP AND IP EXTENSION 

(Extensor digitorum longus and brevis, Extensor hallucis longus) 

Grades 5 to 0 

Position of Patient: Sitting with foot on therapist’s lap. 
Alternate position: supine. Ankle in neutral (midway 
between plantar flexion and dorsiflexion). 

Instructions to Therapist: Sit on low stool in front of 
patient, or stand beside table near the patient’s foot. Ask 
patient to straighten big toe or all the toes. 

302 Chapter 6 | Testing the Muscles of the Lower Extremity 

Lateral Toes: One hand stabilizes the metatarsals with 
the fingers on the plantar surface and the thumb on the 
dorsum of the foot (Fig. 6.136). The other hand is used 
to give resistance with the thumb placed over the dorsal 
surface of the proximal phalanges of the toes. 

FIGURE 6.136 



HALLUX AND TOE MP AND IP EXTENSION 

(Extensor digitorum longus and brevis, Extensor hallucis longus) 

Grades 5 to 0 Continued 

Hallux: Stabilize the metatarsal area by contouring the 
hand around the plantar surface of the foot with the 
thumb curving around to the base of the hallux (Fig. 
6.137). The other hand stabilizes the foot at the heel. 
For resistance, place thumb over the MP joint (see Fig. 
6.136) or over the IP joint (Fig. 6.138). 

Test: Patient extends lateral four toes or extends hallux. 

Instructions to Patient: “Straighten your big toe. Hold 
it.” OR “Straighten your toes and hold it.” 

FIGURE 6.137 

FIGURE 6.138 

Chapter 6 

Grading 

Grade 5 and Grade 4: Patient can extend the toes fully 
against variable resistance (which may be small). 

Grade 3 and Grade 2: Patient can complete range of 
motion with no resistance (Grade 3) or can complete a 
partial range of motion (Grade 2). 

Grade 1 and Grade 0: Tendons of the extensor digitorum 
longus can be palpated or observed over dorsum of 
metatarsals. Tendon of the extensor digitorum brevis often 
can be palpated on the lateral side of the dorsum of the 
foot just in front of the malleolus. 

Palpable contractile activity is a Grade 1; no discernable 
palpable contractile activity is a Grade 0. 

e Many (if not most) patients cannot separate great 
toe extension from extension of the four lateral toes. 
Nor can most separate MP from IP activity. 

e The test is used not so much to ascertain strength 
as to determine whether the toe muscles are active. 

e Normal strength in the ankle and foot muscles allows 
us to walk on uneven surfaces and supplies the major 
muscle forces needed for balance. 
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ALTERNATIVES TO MANUAL MUSCLE TESTING . 

INTRODUCTION 

Manual muscle testing is a foundational measure of 
strength that is widely used across the health professions 
for both diagnosis and rehabilitation. Yet manual muscle 
testing has specific limitations, as discussed in Chapter 2. 
Consequently, alternative strength measures are needed 
in certain cases. Examples include: when strength exceeds 
a functional threshold, strength of the patient is greater 
than that of the therapist, subtle differences exist between 
sides or between the agonist and antagonist, or power 
or endurance need to be measured. Equipment-based 
tests are the most commonly used alternatives to manual 
muscle testing. 

There are many options for equipment-based testing, 
and each has its advantages and disadvantages. Choosing 
the best option depends on clinic space constraints, avail- 
able budget, the type of patient, the goals of treatment, 
and how comprehensive the evaluation needs to be. For 
example, in a small outpatient clinic where most patients 
have low back or neck pain, the approach to equipment- 
based testing will differ substantially from that required 
in most acute care settings. Strength-testing instruments 
that can be used effectively for children and older adults 
will differ from those used for a sports team. The 
equipment-based tests presented in this chapter represent 
the more popular approaches, are appropriate for adults 
regardless of age, and have demonstrated reliability and 
validity. 

Tips for Achieving Optimal 

General Testing Considerations 

It is presumed that any therapist conducting a strength- 
testing session, particularly one requiring maximal effort 
from a large muscle group, will perform a prescreening 
exam for red flag conditions. Maximal strength testing 
for the trunk flexors in a patient with severe osteoporosis 
or a recent compression fracture, for example, may not 
be appropriate. Likewise, patients with unstable blood 
pressure may have an adverse reaction while exerting 
maximum effort on a leg press, particularly if the patient— 
incorrectly—holds his or her breath. It is also presumed 
that muscular strength will be assessed after the patient 
has warmed up the muscle before testing. The typical 
warm-up includes completing three to five submaximal 
contractions at 40% to 50% of maximum using the muscle 
or muscle group that is being tested.’ Active range of 
motion should be assessed to determine if adequate joint 
range and muscle length will allow maximum effort in 
the correct test position. 

Results in 
Alternative Muscle Testing 

Before starting any of the alternative muscle tests 
described in this chapter, have all the tools and data 
collection materials ready so recording proceeds smoothly. 
Efficiency in testing will grow with clinical experience. 

1. Calibrate the device (if appropriate). Any device that 
records force or torque will drift away from accuracy 
over time. All testing devices should be routinely 
calibrated at least once a month, sometimes each 
session if deviations are suspected. 

2. Provide a conducive test environment. The more 
diversions there are (such as radio noise or crowding), 
the more unlikely it is that an optimal effort will be 
made. 

3. Once the patient is in the clinic, the first thing to do 
is educate the patient. Explain and demonstrate each 
test. Allow the patient to practice using light weights. 
This practice could be incorporated into the warm 
up (see below). Patient cooperation is critical for 
achieving accurate results. 

4. Provide a warm-up of some sort. Some therapists will 
have their patients walk on a treadmill or pedal a 
stationary cycle for 5 min before muscles are tested. 
It is also feasible to warm up cold muscles by perform- 
ing the test with three to five submaximal contractions 
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at 40% to 50% of maximum using the muscle or 
muscle group that is being tested, as described 
previously. 

5. If there is suspected asymmetry in muscle performance, 
test the uninvolved side first. Side-to-side comparisons 
are critical, and testing the uninvolved side also permits 
the patient to “feel” what the test is going to entail 
on their weaker limb. 

6. Stabilize the body part and patient. Depending on 
the test, each patient may need a seat belt, a stabilizing 
belt across the pelvis, or towels to position the arm 
or leg. After a part or extremity is stable, the test can 
be performed easily and accurately. 

7. Standardize therapist commands to ensure that the 
test is performed the same way each time. 

8. Allow patient to rest between efforts. No one can 
duplicate a maximum effort without at least 30 s of 
rest before the next repetition. 

9. Provide feedback on the test. It is part of human 
nature to desire knowing if side-to-side differences 
exist, if test 1 is different from test 2, and so forth. 
Including the patient in the testing procedure opti- 
mizes their participation. 



ALTERNATIVES TO MANUAL MUSCLE TESTING 

One-repetition Maximum Test 

The one-repetition maximum (1-RM) test is regarded as 
the “gold standard” of standardized muscle strength 
testing. The 1-RM refers to the amount of load a patient 
can move | time (and 1 time only) through full range in 
a controlled manner with good form." It is a safe technique, 
perhaps safer than a submaximum strength test, even 
though muscle soreness may occur and blood pressure 
may spike during a maximum exertion test.’ 1-RM tests 
are highly reliable when specific procedures are followed, 
more so than any other type of strength assessment.* In 
addition, the fundamental method for establishing 1-RM 
is the same for each muscle group and thus the 1-RM 
test is more precise than most. 

One-repetition maximum testing serves several func- 
tions. Obtaining a patient’s maximum strength ability 
may serve to establish the amount of resistance needed 
for an exercise prescription; it may help to determine the 
progress of a progressive, resistive exercise program; or 
it may be used to compare a patient to established norms. 
Many normative values for men and women of all ages 
exist for movements such as bench press, latissimus dorsi 
pull-down, leg press, and knee extension and are included 
throughout this chapter. 

Technique 

There are several methods that can be used to determine 
a 1-RM. For patients with health conditions, especially 
known cardiovascular disease, or pulmonary or metabolic 
diseases, a conservative approach is recommended, such 
as a multiple RM, described later in this section. The 
technique described below is chosen because it works 
well in the clinic and is recommended by the American 
College of Sports Medicine (ACSM).' The basic steps 
for performing a 1-RM are as follows’: 
1. Warm up by completing 3 to 5 submaximum repetitions. 

This warm-up also allows the patient to become familiar 
with the movement and the therapist to correct the 
form, if needed. 

2. Select an initial weight that is within the patient’s 
perceived capacity (~50%-70% of capacity). 

3. Determine the 1-RM within four trials with rest periods 
of 3 to 5 minutes between tests. 

4. Increments of weight should be increased by 5 to 10 Ib 
until the patient cannot complete a repetition. 

5. All repetitions should be performed at a constant and 
consistent rate of speed. 

6. All repetitions should be performed through full range 
of motion (or the same range of motion if full range 
is not possible). 

The final weight that the patient can move successfully 
1 time only is recorded as the definitive 1-RM. 

Selecting the Starting Weight 

Selecting the amount of the starting weight is crucial 
because the fewer repetitions to reach 1-RM the better, to 
avoid muscular fatigue and to prevent an underestimation 
of the true 1-RM. It is helpful for the tester to have 
knowledge of norms. For example, standing from a chair 
requires quadriceps strength of nearly half a person’s body 
weight, no matter what the age. Therefore, when perform- 
ing a 1-RM using a leg press to test the quadriceps of a 
person who can successfully, but with difficulty stand from 
a chair without using one’s arms, a starting weight might 
be 60% of patient’s body weight. Alternatively, norms 
exist for the leg press based on age. These norms might 
present a starting point for establishing a 1-RM. Other 
variables that can be factored into the clinical decision of 
initial load are body size (muscular versus thin), fitness 
level, the presence of pain, and patient’s self-perception 
of ability. 

Other considerations that should be attended to 
during 1-RM testing include breathing, form, and 
pain. First and foremost, patients should mot hold their 
breath during the test. Thus breath control should be 
practiced during the warm-ups. Second, the patient should 
maintain correct form throughout the test. For example, 
the patient should not be permitted to pitch the trunk 
forward during the knee extension test, to avoid muscle 
substitution or the use of momentum. Joint movements 

during the test should be executed smoothly and con- 
sistently throughout the entire concentric and eccentric 
phase, in a controlled manner without jerking the bar 
or weight. If the test causes pain, an alternative to the 
1-RM test should be selected, such as a multiple repetition 
maximum test. 
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ALTERNATIVES TO MANUAL MUSCLE TESTING 

Multiple-repetition Maximum Test 

A multiple-RM test is based on the principles of a 1-RM 
test. The multiple-RM test is the number of repetitions 
performed using good form and proper breath technique 
at the point of muscle failure. Although not as exact as 
a 1-RM, a multiple-RM test may be desirable for certain 
situations. For example, some untrained adults are not 
comfortable exerting the kind of effort necessary for a 
true 1-RM. A multiple-RM test may be a safer option 
when joint or soft tissues are compromised (e.g., connective 
tissue disease, rotator cuff tear, ligamentous injury, post 
surgery). For individuals without an exercise history and 
for patients who cannot tolerate high joint compression 
forces, such as those with osteoarthritis and rheumatoid 
arthritis, or with systemic weakness, the multiple-RM test, 
such as an 8- or 10-RM test is safer than the 1-RM test. 
Also, as mentioned above, a multiple-RM test is preferred 
if the patient has a health condition such as cardiovascular 
disease, or a pulmonary or metabolic condition.’ 

A 1-RM test can be estimated from a multiple-RM 
test (Table 7.1), although this estimation has been shown 
to be quite variable (Table 7.2).* The general principle 
is as the percentage of 1-RM increases, the number of 
repetitions decreases (Table 7.3). Large muscle group 
exercises allow the completion of more repetitions than 
small muscle groups at the same relative intensity.” Because 
the volume of work is greater with a 10-RM than a 1-RM, 
fatigue will be a factor. The 1-RM and multiple-RM tests 
can be performed using the same equipment. 

The number of repetitions performed at a given percent 
of 1-RM is influenced by the amount of muscle mass 

available. For example, more repetitions can be performed 
during the back squat than either the bench press or arm 
curl.” The 4- to 6-RM is more accurate than the 10-RM. 
Variability in RM increases with decreased loads.° 

Definition of Terms 

The kinetic chain refers to all the muscles and joints 
that are involved in producing a given movement. For 
example, in gait, the kinetic chain consists of the trunk, 
hip, knee, and ankle. Most exercises and tasks involve 
more than one muscle group and joint, which work 
simultaneously to produce the movement. Exercises 
in the kinetic chain can be performed two ways, open 
and closed, referred to as open chain and closed chain. 

Open chain exercises are performed such that the 
distal end of the kinetic chain is free to move. An 
example of an open chain activity is quadriceps knee 
extension sitting on a plinth where the leg moves from 
90° of flexion to full extension. 

Closed chain exercises are performed with the distal 
end of the kinetic chain fixed. An example of a closed 
chain exercise for the quadriceps is squatting. The knee 
is again moving through 90° of movement, but the 
leg is fixed in place and the thigh is moving over the 
fixed leg. 

Table 7.1 ESTIMATING ONE-REPETITION MAXIMUM FROM A MULTIPLE-REPETITION MAXIMUM TEST 

GIVEN A 1-RM OF 100 POUNDS: 

TRM 2-RM 3-RM 4RM 5-RM 6RM 7RM~ 8-RM~- 9-RM 

Multiple-RM loads are: 100 95 93 90 87 85 83 80 Va 79 

Mikepcmioamanncumen st) a SS eg ae or a a oak Teena 4 

Table 7.2 NUMBER OF REPETITIONS PERFORMED AT 80% OF THE ONE-REPETITION MAXIMUM‘ 

TRAINED _UNTRAINED 

Exercise Men Women Men Women 

Leg press 19 PD 15 12 

Lat pull-down 12 10 10 10 

Bench press 2 14 10 10 

Leg extension 2 10 9 8 

Sit-up 12 12 8 i 

Arm curl 1] 7 8 6 

Leg curl i 5 6 6 
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Table 7.3 MAXIMUM WEIGHT THAT CAN BE LIFTED DECREASES WITH THE NUMBER OF REPETITIONS 

Given: 1-RM 2-RM 3-RM 4RM 5RM- 6RM 7RM = =8-RM-—s9-RM 10-RM 

The load would be (lb) 100 95 93 90 87 85 83 80 77 75 

Number of repetitions ] Z 3 

RM, Repetition maximum. 

EQUIPMENT-BASED STRENGTH TESTING 

Because practice patterns have changed extensively since 
the advent of manual muscle testing, methods to identify 
muscle weakness have also evolved. The days of polio- 
myelitis are behind us, and the need to identify deficiencies 
related to sports-related injuries, trauma, aging, and a 
host of other clinical conditions has resulted in the 
development of new and more specific testing techniques 
for the characterization of muscle weakness. This chapter 
segment will present an overview of some of the more 
popular approaches. 

Equipment-based strength tests offer many advantages. 
The main advantage of using equipment (such as a 
strength-testing device) for repetition maximum testing 
is that the stability afforded by the device is far greater 
than in manual muscle testing and thus allows for highly 
controlled, single-plane movements and increased patient 
safety. In addition, normative data for many movements 
are available with equipment-based testing. The disad- 
vantages of using equipment for testing are they take up 
space and may not be readily available, can test only one 
plane of movement, and can test only a finite number of 
muscle groups. 

Interpretation of Equipment-Based 
Strength Testing Data 

Equipment-based strength testing data are informative 
only if used in context with other clinical findings. For 
example, if the therapist identifies side-to-side strength 
differences for shoulder flexion in conjunction with dif- 
ficulty lifting or the presence of pain on the weaker side, 
the therapist’s clinical decision-making is enhanced and 
treatment can be confidently and competently applied. 
If gait speed is slow and there is evidence of gait deviation, 
equipment-based strength testing will help to inform the 
therapist about the reasons for the deviation and thus 
enhance treatment planning. Equipment-based strength 
testing, as with manual muscle testing, is only as good 
as the technique applied and is useful only in conjunction 
with other important functional findings. Clinical com- 
petence develops with practice, practice, and more practice, 
which includes all testing procedures, particularly those 
that provide information about strength deficits. Investing 
the time to learn correct testing procedures results in 
improved treatment planning, more targeted goal setting, 
better documentation of the patient’s status and rate of 
improvement, and greater success in receiving reimburse- 
ments from health care providers. 

Sitting Unilateral Knee Extension Test 

Purpose: The sitting unilateral knee extension test is used 
primarily to determine quadriceps strength when the 
strength of the patient exceeds the strength of the therapist. 
If manual muscle testing reveals Grade 4 or better strength 
with the therapist’s maximum resistance, the test cannot 
discriminate whether strength is greater than Grade 4 or 
Grade 5 and manual resistance is insufficient to elicit a 
maximum patient effort. Therefore the sitting unilateral 
knee extension test can be used to distinguish side-to-side 
differences in quadriceps force output and elicit a true 
maximum effort. 

Position of Patient: Seated comfortably on a knee 
extension machine that has been adjusted for leg length. 
If necessary, padding may be placed beneath the thigh 
being tested, for patient’s comfort. 

The resistance pad should be positioned at distal third 
of tibia. A seat belt may be placed around the patient’s 
pelvis, if needed, to provide stability (Fig. 7.1; seat belt 
not shown in figure). 

FIGURE 7.1 
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Sitting Unilateral Knee Extension Test 
Continued 

Instructions to Therapist: To achieve a 1-RM, select 
an initial weight from the weight stack, based on the 
screening exam. A good place to start is approximately 
25% of body weight if the screening exam verifies the 
patient can stand unassisted. Note that the weight lifted 
will be less than on a leg press machine. Standing at the 
side of patient, with patient sitting and arms at sides, 
holding the handles, have patient completely extend the 
knee through full range of motion with the selected weight. 
If successful, after a minimum 60-second rest, another 
repetition with a higher weight is performed through full 
range of motion. After the load cannot be moved through 
full range or patient loses form, patient is asked to perform 
another repetition at that weight, after the appropriate 
rest period, to verify muscle failure and confirm that patient 
cannot complete another repetition. 

Instructions to Patient: “Lift the weighted bar, com- 
pletely straightening your knee.” 

Scoring 

Record the highest weight the patient lifted 1 time to 
reach full knee extension for a 1-RM. The multiple RM 
is recorded as the weight lifted at last repetition and the 
number of repetitions the patient performed at that weight 
to achieve muscle failure. (Note: Knee extension through 
full range of motion, particularly the last 15° to 0°, must 
be achieved for a successful test.) 

e A patient will move less weight on a single-joint 
machine, such as a unilateral knee extension machine, 
than on a multiple-joint machine, such as a unilateral 
leg press, because of the amount of muscle mass 
involved (e.g., quadriceps-only versus quadriceps, 
gastrocnemius/soleus, and gluteals combined). 
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Leg Press Test 

The leg press machine is one of the most useful devices 
in a clinic as it is a closed chain activity, thus mimicking 
a common aspect of function such as standing, walking, 
and rising from a chair. The force output generated by 
a patient will tell the therapist whether a patient has enough 
strength to be functional in activities of daily living or 
with sport activities requiring a large amount of strength, 
such as soccer. 

Purpose: The leg press assesses the force output of all 
extensor muscles in the lower extremities (hip and knee 
extensors and plantar-flexors). 

Position of Patient: Seated comfortably on leg press 
machine, with head and spine in contact with seat back, 
both feet on the foot plate, approximately 12 in. apart, 
knees bent approximately 90° over the hips and in line 
with feet (avoid knees dropping toward each other in hip 
adduction), and hands on grab bars (Fig. 7.2). Feet on 
the footplate in either the low position (Fig. 7.3) or the 
high foot position (see Fig. 7.2). 

FIGURE 7.3 
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Leg Press Test Continued 

Instructions to Therapist: Ensure the patient has painless 
and sufficient hip, knee, and ankle range to perform the 
test and is warmed up sufficiently. Select the initial weight 
that is 50% to 70% of capacity (see Table 7.4 for leg press 
norms), and ask the patient to fully extend the legs with 
feet against the footplate so that shins are parallel with 
the floor. The knees should be softly extended at the end 
of the push (avoid a “locked out” position). Note: Some 
leg press machines require therapist to place weights on 
either side of the footplate bar (e.g., two 25-lb weights) 
and lock the weights in place. Other machines will require 
the patient to sit upright. Obtain 1-RM. 

Instructions to Patient: “Push the plate until your legs 
are straight. Don’t hold your breath during the test or 
lock your knees out. Keep your knees in line with your 
feet?” 

Scoring 

Record the highest weight patient can push | time (for 
1-RM) or for a multiple RM, the weight achieved, and 
number of repetitions with the end weight that produced 
muscle failure. 

H elpful Hints 

The leg press uses the closed chain approach (distal 
end of the kinetic chain is fixed). 
Foot position low on the plate (see Fig. 7.3) elicits 
greater muscle activity from the rectus femoris and 
gastrocnemius at 80% 1-RM than high foot position 
(see Fig. 7.2), suggesting that the feet should 
routinely be positioned low on the plate when using 
a 40% or 80% 1-RM.” 
The high foot position elicits gluteus maximus more 
than low foot position.’ 
Not all patients can comfortably assume a low-foot 
position; in terms of importance, comfort should 
outweigh desired muscle activation. 
There are established norms for leg press for men 
and women ages 20 through early 60s, which is 
hardly comprehensive of all age groups. Nonetheless, 
it is important to understand what should be 
expected in terms of “normal” strength. Norms are 
expressed as a ratio of force output to body weight. 
Thus a typical ratio for a young woman in her 
twenties is 2.05, meaning that she should be able 
to generate force equivalent to twice her body 
weight. Normative data for the leg press compiled 
from hundreds of men and women that have been 
tested by the Cooper Institute are presented in 
Table 7.4. 

Table 7.4 LEG PRESS NORMS FOR MEN AND WOMEN IN VARIOUS AGE GROUPS; VALUES REFLECT ONE- 
REPETITION MAXIMUM/BODY WEIGHT 

20-29 YEARS 30-39 YEARS 40-49 YEARS 50-59 YEARS 60+ YEARS 

Percentile Men Women Men Women Men Women Men Women Men Women 

90th 2, 2105 2.07 Zs 1.92 1.63 1.80 ies) 73 1.40 

80th 2:13 1.66 1.93 1.00 1.82 1.46 val 1.30 1.62 leZS 

70th 2,05 1,42 RSS 1.47 lee Bs 1.64 (24! 1,56 1.18 

60th 1.97 1.36 hi AZ o2 1.68 IEZO 1.58 1.18 1.49 ied ks 

50th 1.9] eZ ee 1.26 1,62 1.19 eZ 1.09 1.43 1.08 

40th 1,83 125 1.65 21 ley 1.12 1.46 O38 1.38 1.04 

30th 1.74 28 1.59 Lille 1:91 1.03 1.39 0.95 1.30 0.98 

20th 1,63 ers OZ 1,09 1.44 0.94 po2 0.86 125 0.94 

10th 15] 1.02 1.43 0.94 1.35 0.76 1,22 0.75 1.16 0.84 

Descriptors for percentile rankings: 90, well above average; 70, above average; 50, average; 30, below average; 10, well below average. 

Data for men provided by The Cooper Institute for Aerobics Research, The Physical Fitness Specialist Manual. Dallas, TX, 2005; http://hk.hAumankinetics. 

com/AdvancedFitnessAssessmentandeExercisePrescription/IG/269618.indd.odf; and Data for women provided by the Women’s Exercise Research 

Center, The George Washington University Medical Center, Washington, DC, 1998. 
in eee 
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Latissimus Dorsi Pull-Down Test 

The latissimus dorsi pull-down test (lat pull-down test) 
is a general measure of bilateral scapular adduction and 
scapular downward rotation. The lat pull-down machine 
is commonly available in clinics, wellness centers, and 
workout facilities. The test is one of the safest and easiest 
to perform of all upper extremity exercises. This test is 
feasible for most adults without shoulder or neck 
problems. 

Purpose: To measure the collective force of the latissimus 
dorsi muscles, rhomboids, and middle and lower 
trapezius. 

Position of Patient: Seated, facing the weight stack, 
feet flat on floor. Arms overhead with hands on bar in 
overhand grip (pronation) (Fig. 7.4). Head position should 
be over shoulders, with attention to avoiding a forward 
head position. Forearms in supination (underhand grip) 
is easier (not shown). 

eo ee! pe | ee ee i eS i 
re 

AN 

AO) 

FIGURE 7.4 

314 Chapter 7 | Alternatives to Manual Muscle Testing 

Instructions to Therapist: Ensure the patient has no 
shoulder pain and sufficient elbow range to perform the 
test. Bring the overhead bar to the patient. Hands placed 
on the bar should be in an overhand grip with hands 
slightly wider than shoulders. Select a weight based on 
the initial physical therapy screening that is relatively easy 
(e.g., can patient pull against manual resistance easily?), 
such as 20 lb for a woman and 40 Ib for a man. Adjust 
the soft pad above the thighs so that it is comfortable 
and contributes to stability. The therapist then stands 
behind the patient to monitor the position of the scapulae. 
Correct form is when the bar is pulled down to shoulder 
height in front of the body with shoulders retracted 
(scapular adduction and downward rotation) and leaning 
slightly backwards. The position of pulling down in front 
of the head provides the greatest activation of the latissimus 
dorsi. Depending on performance of the first repetition, 
increase or decrease weight as indicated to achieve a 1- or 
multiple RM. 

Instructions to Patient: “In a smooth manner, pull the 
bar down in front of you level with your shoulders, while 
pulling your shoulder blades back and down. Don’t hold 
your breath.” 

Scoring 

Record the highest weight and number of repetitions the 
patient performs without losing form for a 1-RM or 
multiple RM. Norms for the latissimus pull-down activity 
are typically 66% of body weight for young men and 50% 
of body weight for young women.” Norms for men and 
women who are middle-aged and older have not been 
established. 
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Free Weights Testing 

Free weights are the gold standard for reliability and validity 
of the 1-RM method because of their ease of application 
and specificity. They offer important advantages for muscle 
testing, such as permitting therapist to assess strength in 
both the concentric and eccentric modes. Free weights 
are readily available in any clinical setting and are readily 
accessible in the home, where household items can easily 
be substituted for weights. They can also be used through 
full range and through multiple planes. 

Moreover, movements with free weights require greater 
motor coordination and better balance (if standing), 
resulting in greater muscle recruitment. They use important 
stabilizing muscles to complete a lift, compared with 
machines, which do not emphasize the stabilizing mus- 
culature because movements occur in only one plane of 
motion. And they allow the therapist the freedom to test 
different movement variations that can inform an exercise 
prescription. 

However, several disadvantages of using free weights 
exist. Greater control is required through all planes of 
movement because of the stabilization required. Free 
weights can challenge the entire kinetic chain, thus stressing 
the “weakest link” rather than the targeted muscle or 
movement, unless proper stabilization is provided. 
Maximum muscle loading occurs only at the weakest point 
in the range, thus requiring an attentive therapist. Proper 
positioning is critical for safety and test reliability. Spotting 
is. necessary because the weight can be unexpectedly 
dropped, potentially causing injury. 

Examples of Free-Weights Testing 

Biceps Curl 

The biceps curl is an example of using free weights to 
determine a 1-RM or multiple RM. In this instance the 
biceps, brachialis, and brachioradialis are the muscles that 
will be challenged, particularly the biceps and brachialis. 
This test can easily discern side-to-side differences and 
whether strength is adequate for lifting during work. 

Purpose: To determine maximum force capability of the 
biceps brachii and brachialis, as well as the brachioradialis 
and, to less extent, the pronator teres muscles. 

Position of Patient: Either standing or seated comfortably 
in a standard chair with no arms. Provide seat belt if 
needed. Elbow should be straight, with arm at the side, 
forearm supinated. Standing requires stabilization of the 
trunk, which may be a more functional position although 
more difficult. 

Instructions to Therapist: Based on prescreening, which 
may include questions such as “can you easily carry a bag 
of groceries” (approximately 10 lb) or “how much do 
you normally curl,” and determination that full range of 
motion can be achieved painlessly, the therapist should 

select a weight that is reasonably challenging, generally 
50% more than what is routinely lifted. Standing next to 
the patient, place the weight in the patient’s hand with 
the forearm supinated and ask the patient to flex the 
elbow through full range of motion in a supinated position 
(Fig. 7.5). After a rest of a minimum of 60 seconds, 
increase or decrease weight in appropriate intervals based 
on performance to achieve a 1-RM or multiple RM. 

Instructions to Patient: “While holding the weight, bend 
your elbow until the weight touches your upper arm.” 

Scoring 

Record 1-RM or multiple RM. Normative strength is 
approximately 25% of body weight for women and 33% 
of body weight for men.° 

Note: The incremental increase in weight lifted is far 
less for the upper extremity compared with the lower 
extremity because of the difference in muscle mass. 

A hammer curl is performed in the same manner but 
keeping the forearm in a neutral position with hand 
towards body. 

Bench Press Test 

The bench press is one of the most popular tests of upper 
extremity strength because it provides a composite value 
for many muscles, similar to the leg press. 

Purpose: To achieve a repetition maximum while maxi- 
mally challenging the larger anterior scapulohumeral 
muscles: pectoralis major, pectoralis minor, anterior deltoid, 
infraspinatus, serratus anterior, and upper and lower 
trapezius. In addition, the triceps brachii is critical to 
extend the elbow. 

FIGURE 7.5 
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Examples of Free-Weights Testing Continued 

Position of Patient: Supine on the testing bench, back 
flat against bench with feet flat on the floor. Nipple line 
is directly below the weight bar. Hand position is pronated 
(overhand grip) and slightly wider than shoulders (Fig. 
7.6). 

Instructions to Therapist: Prescreen the patient to ensure 
the presence of full, painless range. Observe the patient’s 
muscle bulk, and ask prescreening questions such as “Do 
you chest press regularly?” Then select two equal weight 
plates and place them at each end of the bench press bar, 
locking the weights in place. Provide for a warm-up period. 
Once warmed up, adjust weight to approximately 40% 
of body weight for women and 50% body weight for 
men. Be sure to consider the weight of the bar itself, 
which often is 40 lb. 

Stand at the patient’s head to “spot” the patient 
throughout the movement (see Fig. 7.6). Have the patient 
grasp the bar with a pronated grip. At a signal from the 
patient, assist the patient in moving the bar off the supports 
and lowering the bar directly over the chest. Release the 
bar smoothly after you are confident the patient is in 

FIGURE 7.6 
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control of the bar. Ask the patient to lower the bar to 
the nipple level, keeping head flat against bench. Then 
ask the patient to push the bar overhead until the elbows 
are fully extended. The back should not extend (come 
off the bench). The weight is either decreased (if first 
attempt is not successful) or increased if the patient 
indicates multiple repetitions can be performed. Provide 
the patient a minimum of 60 seconds of rest between 
lifts. Test failure is observed when the patient is unable 
to complete full range of motion. At test failure, grasp 
the bar with alternating overhand and underhand grips 
(see Fig. 7.6), and place it on the rack supports. 

Instructions to Patient: “Lower the weight slowly and 
smoothly, then push the bar straight up overhead until your 
elbows are completely straight. Do not hold your breath. 
Be sure to tell me if you need assistance with the bar.” 

Scoring 

Record 1-RM or multiple RM . The norms for men and 
women are listed in Table 7.5. 

¢ Many bench press bars weigh up to 40 lb, and this 
must be taken into consideration when determining 
ultimate load. 

e It may be necessary for the therapist to take the 
weight bar away from the patient at test failure, so 
the therapist should be sure (in advance) that he or 
she is physically capable of handling the weight bar 
being lifted. 

e Ifthere is no weight bench and the patient is lying 
on a plinth, the therapist must place the fully loaded 
lifting bar into position above the patient, again 
approximately 6 in. above the chest at nipple level. 
Help may be needed if the therapist is unable to 
handle the loaded weight bar. “Spotting” the patient 
is even more important in this adaptation of the 
bench press. 
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Table 7.5 BENCH PRESS NORMS BY GENDER AND AGE VALUES REFLECT ONE-REPETITION MAXIMUM/BODY 
WEIGHT (IN POUNDS) 

20-29 YEARS =—_ 30-39 YEARS 40-49 YEARS 50-59 YEARS 60+ YEARS 70+ YEARS 
Percentile Men Women Men Women Men Women Men Women Men Women Women 

90th ASU 0,54 1.24 0.49 IFOR O46 0.97 0.40 0.89 0.41 0.44 

80th 1.32 0.49 i2s 0.45 ro Qa0 OOM Ors, 0.82 0.38 0.39 

70th 1.22 02 1.04 0:42 0.93 0.38 O84 10535 OF O36 0.33 

60th AS. OFZ) 0.98 O41 0.88 0.37 OF 9 OSS O22 O32 0.31 

SOth 1.06 0.40 0.93 0.38 0.84 0.34 OL7AS) ES 0.68 0.30 0,27 

40th ODOT NO 37, 0.88 0.37 0.80 0.32 Ov/demnOZ3 0.66 0.29 0.25 

30th O93) 035 0.83 0,34 Vo, Ose 0.68 0.26 eS Yama, 9 | 0.24 

20th 0:88 | 0.33 O78, 0.32 OW2 OWL7 aves Os 0.57 0.26 0.21 

10th OSO MOD OL7 lege O27 0.65 0.19 0,25 0.20 

Data for women are derived from the Women’s Exercise Research Center, The George Washington University Medical Center, Washington, DC, 
1998; and Data for men were provided by the Cooper Institute for Aerobics Research, The Physical Fitness Specialist Manual, Dallas, TX, 2005. 

Isokinetic Testing 

Isokinetic testing was, developed in the 1960s and has 
gained popularity, especially for research, because of its 
objectivity. The advantages of isokinetic testing for evaluat- 
ing muscle strength and contraction speed include testing 
through a spectrum of movement speeds (e.g., 0° to 400° 
per second), providing highly reliable data, and providing 
safety in testing by ensuring movement control. Most 
importantly, isokinetic machines (e.g., Cybex, Biodex, 
KinCom) allow maximal resistance throughout the entire 
range of motion, something that no other testing method 
can provide. Eccentric strength can also be objectively 
assessed. 

The disadvantages of isokinetic testing include: 
¢ The prohibitive cost and space requirements of the 

oversized testing equipment 
e The time required to set up the tests 
e The fact that only single planes of movement can be 

tested 

e The fact that many sports-specific movements are faster 
than any isokinetic machine 

e The fact that isokinetic contractions are nonphysiologic 
An isokinetic machine allows the speed to remain 

constant but the force generated through the range is 
not consistent, which means that muscle demand (percent- 
age of force required) is highly variable throughout the 
range of motion. To use the knee extensors as an example, 
under physiologic conditions, quadriceps strength demand 
is greatest at the end of the range, where length-tension 
and the patella lever-arm are poorest. 

Although the setup for isokinetic testing is protocol 
driven, the actual test execution requires skill, computer 
interaction, and know-how that is beyond the scope of 
this book. For complete instruction in isokinetic testing, 
the reader is referred to the remarkable amount of material 
on the internet and the instruction booklets from the 
makers of isokinetic machines and instrumentation.'° 
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Elastic Band Testing 

Elastic band testing is a common form of strength testing 
that uses elastic resistance that is color coded according 
to level of resistance. Resistance of the band is based on 
the amount and kind of material used in the band. Thicker 
bands provide more resistance. Some bands use a polymer- 
ized synthetic rubber, whereas others use a natural rubber 
latex (TheraBand) that may provide better elasticity and 
lower susceptibility to rupture. The force of elastic resis- 
tance depends on its percentage of elongation, regardless 
of initial length. The elastic band should be the same 
length as the lever arm being tested to ensure elongation 
remains less than 200%.'' For example, if the length of 
the patient’s leg, from hip to heel, is 50 in., then a band 
of 50 in. should be used. Force elongation in pounds for 
100% elongation of TheraBand elastic bands is listed in 
Table 7.6. 

In addition to elastic band availability in nearly all clinics 
and ease of application for home use, there are several 
other advantages to elastic band testing. Elastic bands 
produce a curvilinear length-tension profile, which can 
be used to challenge the end range, potentially producing 
a higher peak force than might be achieved with a free 
weight or machine.'” Elastic bands increase the agonist- 
antagonist cocontraction, challenging stability. Eccentric 
contractions are especially challenged with elastic bands. 
Patients receive immediate feedback about their progress 
because the color of band changes according to strength 
increases. The cost of bands is low compared with other 
methods of strength testing. Any movement can be tested, 
with a little creativity. 

Disadvantages of elastic band testing include the need 
for stabilization and the patient’s muscle activation is at 
the weakest link in the kinetic chain, as mentioned with 
free weights. Greater force is required with elongation of 
the band, which may prohibit correct performance. There 
is difficulty standardizing elements of band elongation and 
the patient and/or extremity positioning, and quantifying 
test interpretation is dependent on the manufacturer. For 
example, if you have two patients and one patient abducts 
the hip only 10° against a gray elastic band (high strength 
demand) whereas another abducts the hip 20° against a 
green elastic band (low strength demand), which patient 
has more strength? Strength indexes help to standardize this 
issue; however, they are widely known only for TheraBand 
elastic bands.'* Different manufacturers use different 

color codes, and published strength indexes are not 
interchangeable. 

For safety, test positions can be adapted. For example, 
testing of the elbow flexors can be done with the patient 
sitting or standing. See Fig. 7.7 for an illustration of 
elastic band testing used to test shoulder abduction 
strength. 

FIGURE 7.7 

Table 7.6 FORCE ELONGATION FOR THERABAND ELASTIC BANDS AT 100% ELONGATION (VALUE = FORCE 
IN POUNDS) 

Elongation (%) Yellow 

100 (twice the length of the band) 3 4 

The percentage of elongation (change in length) is calculated with the following formula: 

Percentage of elongation 

= (final length) — (resting length)/(resting length) x 100. 

Red Green 

5 =4 

Blue Black Gray 

5.8 73 10.2 

Gold 

14.2 

http://www.thera-bandacademy.com/resource/x-showResource, aspx?id=5534, 
ese 
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Example of Elastic Band Testing 

Testing the Shoulder Abductors 

Purpose: To test the maximum strength of the shoulder 
abductors (deltoid and rotator cuff). Muscles also involved 
are the serratus anterior and upper/lower trapezius to 
upwardly rotate the scapula to support the humerus. 

Position of Patient: Standing. If patient cannot stand, 
the test can be performed in sitting. 

Instructions to Therapist: Before patient testing, 
shoulder abduction should be assessed for available range 
and the absence of pain. To assess strength, a color elastic 
band based on prescreening is selected for use. In general, 
a medium band is feasible for most trained patients who 
are without shoulder pain. Measure the band so that it 
is the same length as the length of the arm. Secure one 
end to an immovable object or knot the end and have 
the patient stand on the end of the band with knot on 
the inside of the foot. Stand to the side and slightly 
behind patient. Ask patient to hold the other end of band, 
with any slack in band removed. Ask the patient to lift 
the arm into 90° of abduction to height of shoulder, 
keeping the hand/forearm pronated and the elbow straight. 
At this position, the band should be elongated 2x (100%) 
its original length. Then ask the patient to slowly lower 
the arm (generally 3x slower than the lifting phase). 
Decrease the resistance color of the band if the patient 
is unable to complete full range or has discomfort, and 
increase resistance if the patient can perform multiple 
repetitions. Therapist should monitor form to include 
stabilization of the trunk, head and neck position, prona- 
tion of the forearm/hand, and scapular adduction and 
downward rotation. 

Instructions to Patient: “Lift your arm out and away 
from the side of your body to the height of your shoulder. 
Keep your elbow straight and hand pointed down. Don’t 
hold your breath during the test.” 

Scoring 

Record the color of the band used to complete a full 90° 
of abduction and how many repetitions were performed 
to muscle failure, if more than one repetition was com- 
pleted. Consult appropriate chart for force in pounds 
(depending on manufacturer of band). Force elongation 
for 100% elongation of TheraBand elastic bands as 
described by the manufacturer is listed in Table 7.6. 

e¢ Some companies sell handles to attach to the end 
of the band, thus making it more feasible for patients 
to use the band. 

e With repeated use and age of the band, elastic bands 
lose their elasticity and/or become brittle and should 
be replaced. Bands should always be inspected for 
small tears or holes that may weaken the band and 
cause it to break during elongation. Periodic calibra- 
tion will determine if it is time to discard the original 
band. 

e If the therapist underestimated the strength of the 
patient, the patient’s force may overcome the elastic 
properties of the band and cause it to break, creating 
a potentially unpleasant and unsafe condition. 
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Isometric Cable Tensiometry Testing 

A cable tensiometer is an objective and precise device 
that can be used to measure isometric muscle contraction. 
The cable gauge (dynamometer) is attached to a static 
object and to the distal end of the limb. No limb move- 
ment is allowed. Advantages of cable tensiometry include 
the numerical data that are produced from the patient’s 
efforts and reproducibility of repeat tests and the isometric 
nature of the test, which makes this type of instrumentation 
safer than most. Disadvantages of cable tensiometry are 
its lack of availability and only one muscle group in one 
plane can be tested. Consequently, only a limited number 
of muscle groups can be tested using this method. 

Squat Test 

Purpose: To assess maximum isometric strength of the 
quads, hip, and back extensors (primary movers) 

Position of Patient: Stand facing the tensiometer with 
feet shoulder width apart. Knees should be bent approxi- 
mately 110°. Arms should hang down naturally to grasp 
handle in an overhand grip (pronated). In this position 
the back should be bent slightly forward at the hips, the 
head should be held upright, and the patient should look 
straight ahead. 

Instructions to Therapist: Attach tensiometer to the 
floor or to an immobile object that can be stabilized on 
the floor. Reset the dial to zero. With the patient standing 
with arms hanging down, adjust the chain so that the 
knees are bent at approximately 110° with no slack in 
the chain. Ask the patient to grab the bar in an overhand 
grip and to pull it as hard as possible in a smooth motion 
(Fig. 7.8). The pull should be held between 3 and 5 
seconds. Reset the needle on the tensiometer dial back 
to zero, and repeat the test a second time. 

Instructions to Patient: “Pull the bar up as hard as you 
can. Now pull a little harder.” 

Scoring 

Average the two trials or record the highest value. 
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Summary 

Except for the leg press, the procedures presented in this 
chapter are either isometric or concentric and patients 
are tested using the open chain approach. Day-to-day 
function requires performance of activities using a closed 
chain approach (e.g., sitting down or climbing stairs). 
Activities that include multiple joints are often multiplanar, 
require some degree of balance, and are speed dependent. 
There are few instrumented options available for specifically 
and accurately assessing strength using the closed chain 
functional approach, but change is likely on the horizon. 
Currently, power and functional tests are the best options 
for use in the clinical setting. 

FIGURE 7.8 
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POWER TESTING 

Power testing, also known as maximal anaerobic power 
testing, was initially developed to assess explosive strength 
in a sports setting. Maximal power is defined as force per 
unit of time, and thus a power measure includes not just 
muscular force production but the rate of force develop- 
ment. The specific formula for power is: 

Power = work/seconds 

Powerful athletes can accelerate rapidly with explosive 
force output (e.g., the Olympic 100-m dash). In addition, 
the rate of force development may be the critical deter- 
minant of a person’s safety, especially in unexpected or 
emergency situations. For example, a patient must go 
from gas pedal to brake quickly enough to prevent a 
crash. Another important reason for rapid force develop- 
ment is to prevent a fall. Once a person loses balance, 
only the power of rapid limb movement can rescue the 
individual. Recently, power has been identified as a major 
determinant of functional impairment in the older adult 
and is now considered even more important than strength 
(e.g., in the chair rise).'* Thus power is an important 
aspect of muscle performance. 

Power testing is in its infancy. Although the concept 
of power determination has been around for half a century, 
actual tests for its measurement are limited. It is expected 
that more tests for power will be developed in the future 
or adaptations of existing tests will be made to include 
patients with muscular weakness and poor muscular 
endurance. 

The power tests in the next section have been selected 
because they do not require special equipment or extensive 
preparation. In addition, these tests require maximum 
muscle power. Because maximal muscular activity is 
involved in performing power tests, they are anaerobic 
and are of short duration. 

Margaria-Kalamen Stair Sprint Test’* 

Since the early 1960s, numerous adaptations of the original 
Margaria stair sprint test'* have been made as the relevance 
and importance of power testing has become evident. 
Modified versions include running two stairs at a time 
and shortening the starting distance. Regardless, the test 
is of short duration (lasting less than 5 seconds). It is 
considered a standard test for determining peak power. 
A disadvantage of the test is that typically only the young 
and healthy can perform it. 

Purpose: To measure maximal anaerobic strength and 
. . & 

power of the lower extremities. 

Test Instructions’®: Ensure the patient can safely negoti- 
ate nine stairs, three steps at a time. Weigh patient in 
kilograms. Each stair should be 17.5 cm (~7 in.) tall. The 
therapist should stand at the bottom of the stairs to 
monitor the effort. A timer start switch mechanism is 
placed on the third step, and a stop switch mechanism 
placed on the ninth step. With the patient positioned 6 
meters (20 ft) from the bottom stair, ask the patient to 
run towards stairs, taking three steps at a time at maximal 
speed. Repeat the test 2x with a 3-minute recovery period 
between each trial. 

Scoring 

The time from third- to ninth-step contact is determined 
to the nearest 0.01 seconds using the timing system. 
Power in watts is calculated according to the following 
formula: 

Power (in watts) = Weight (body weight in kg) x 9.807 
x Vertical height of six stairs in meters 
(step 3—step 9)/Time (seconds) 

Example: Mark weighs 210 Ib and scored a best attempt 
of 1.2 seconds when climbing six steps with a combined 
height of 49.5 inches. 

21ONb = 25.25 ke 

Vertical height = 17.5 cm stairs x 6 = 1.05 meters 

Power = (92.25 9.807) x 1.05)/1.2 = 831 watts 

Normative data are described in Table 7.7. 
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Table 7.7 MARGARIA-KALAMEN STAIR SPRINT TEST NORMATIVE DATA (WATTS) 

AGE GROUPS (YEARS) 
15-20 20-30 : 30-40 40-50 Over 50 

Classification M F M F M F M F M F 

Excellent Over Over Over Over Over Over Over Over Over Over 

2197 1785 2059 1648 1648 1226 1226 961 961 736 

Good 1844-2197 1491-1785 1726-2059 1383-1648 1383-1648 1040-1226 1040-1226 814-961 814-961 608-736 

Average 1471-1824 1187-1481 1373-1716 1098-1272 1098-1373 834-1030 834-1030 647-804 647-804 481-598 

Fair 1108-1461 902-1177 1040-1363 834-1089 834-1088 637-824 637-824 490-637 490-637 373-471 

Poor Under Under Under Under Under Under Under Under Under Under 

1108 902 1040 834 834 637 637 490 490 373 

(1993). The Physiological Basis for Exercise and Sport (Sth ed.). Dubuque, lowa: Wm C. Brown, 676, with permission of the McGraw-Hill Companies; based 

on data from Kalamen, J. (1968). Measurement of Maximum Muscular Power in Man, Doctoral Dissertation, The Ohio State University, and Margaria, R., 
Aghemo, |., & Rovelli, E. (1966). Measurement of muscular power (anaerobic) in man. Journal of Applied Physiology, 21, 1662-1664. 
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Medicine Ball Throw Test 

Purpose: To determine the power of important scapu- 
lothoracic and glenohumeral muscles, particularly the 
pectoralis major and minor, anterior deltoid, supraspinatus, 
and infraspinatus. 

Test Instructions: With the patient seated, assess the 
ability of the patient to throw a medicine ball from the 
chest.’ Weight of the ball usually ranges from 1.5 to 
4 kg. Athletes perform this test seated on the floor with 
legs extended in front and back against the wall. If the 
patient can perform the task, place a 1.5 to 4-kg ball in 
patient’s hands close to the chest (like a basketball) (Fig. 
7 .9A). Ask the patient to push the ball forward as rapidly 
as possible. An alternate method is depicted in Fig. 7.9B. 
In this instance, the patient throws the ball using an 
overhead technique. Either technique is acceptable. 

Scoring 

The test is repeated 3 times. Record the maximum or 
average distance from the front of the chair to where the 
medicine ball lands. No normative data exist and scores 
depend on the weight of the ball. However, the top score 
in the 2013 NHL Combine using a 4-kg ball was 6.25 
meters (sitting on the floor).'° Older men and women 
(mean age 72.4 years) threw a 1.5 kg ball a range of 2 
to 6 meters and a 3-kg ball a range of 2 to 4.5 meters.'™ 

Shot Put Test 

Purpose: As with the medicine ball throw, the shot put 
test challenges the musculature of the glenohumeral and 
scapulothoracic muscles. However, the test is unilateral, 
which permits side-to-side comparisons. Because the test 
is done standing, it also challenges balance. The test can 
also been done sitting, similar to the two-handed medicine 
ball throw test. 

Test Instructions: Assess the patient’s ability to throw 
a shot put from overhead. If the patient can perform the 
test, select a “shot” that is appropriate for patient (1—7 kg). 
The therapist then places the shot put in the patient’s 
hand. Ask the patient to bring the shot put to the shoulder, 
then rapidly thrust the shot put away from body as far 
as possible. The technique requires the patient momentarily 
balancing the shot put on the shoulder and chin (Fig. 
7.10). The trial is repeated 3 times and the furthest distance 
recorded. 

FIGURE 7.9A and B 
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Shot Put Test Continued 

Scoring 

The trial is repeated 3 times and the furthest distance 
recorded. No normative data exist; however, distances of 
more than 20 meters have been recorded for female and 
male athletes. 

Alternative Shot Put Test: Standing and using two 
hands, the patient leans forward, brings the shot down 
between the legs, and throws the shot forward as far as 
possible. The throw is underhand instead of overhand 
and involves both arms instead of just one. This test is 
easier for the patient to perform. To score, record the 
distances of the effort. 

FIGURE 7.10 

324 Chapter 7 | Alternatives to Manual Muscle Testing 

Vertical Jump Test 

Purpose: The vertical jump test assesses maximum muscle 
power and strength. It specifically challenges the extensors 
of the lower extremity, particularly the gluteus maximus 
and minimus, the hamstrings, quadriceps, gastrocnemius, 
and soleus. Only those with adequate balance can perform 
the test. 

Test Instructions: Tape a yardstick or piece of paper 
with height markings onto the wall. The therapist chalks 
the patient’s fingers on the dominant hand. Ask the patient 
to reach as high as possible with the dominant hand, 
touching the wall while keeping the feet flat. Note chalk 
mark that serves as starting position. Standing flat-footed 
without preparation, ask the patient to jump as high 
as possible, swinging arms backwards before reaching 
overhead, touching dominant, chalked hand to wall (Fig. 
7.11). The patient may flex knees and hips with jump. 
Repeat test. 

Scoring 

The total distance jumped is recorded, which is the highest 
mark minus the initial mark. Score the best of the two 

trials. Normative data are listed in Table for athletes in 

various sports (Table 7.8). 

FIGURE 7.11 
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Table 7.8 VERTICAL JUMP DESCRIPTIVE DATA FOR VARIOUS GROUPS 

3 : Vertical Jump 
Group, Sport, or Position (in./cm) 

NCAA Division | college football split ends, strong safeties, offensive and defensive backs 31.5/80 

NCAA Division | college football wide receivers and outside linebackers 31/79 

NCAA Division | football linebackers, tight ends, and safeties 29.5/75 

NCAA Division | college football quarterbacks 28.5/72 

NCAA Division | college basketball players (men) 28/71 

High school football backs and receivers 24/6) 

College baseball players (men) 23/58 

College tennis players (men) 23/58 

17 year-old boys 20/51 

NCAA Division | college basketball Girls) 17.5-19/44-48 

18-34 year-old men 16/41 

18-34 year-old sedentary women 8/20 

17 year-old girls 13/33 

NCAA, National Collegiate Athletic Association. 

NSCA Essentials of Strength Training and Conditioning, ed 3, p. 278. 
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Hop and Standing Long Jump Tests 

There are several variations on long jump power tests. 
As depicted in Fig. 7.12, the tests can be done on one 
leg, alternating from side to side or on both (Fig. 7.13). 
For a more challenging examination (done frequently in 
athletic training centers), the patient is required to clear 
an obstacle with each jump, with some obstacles being 
218 in. 

Purpose: To test the power of the lower extremity exten- 
sors and pelvic stabilizers, particularly the gluteals, 
quadriceps, and plantar flexors. Patients require adequate 
abdominals and balance control. 

Test Instructions: For both tests, measure a 20-foot 
long area. Draw line on the floor as the starting position. 

Single hop test: Ensure that the patient can balance 
easily on dominant leg. If able, ask the patient to stand 
on the line with feet just behind the line. Then ask the 
patient to leap upward and forward on dominant leg, 
completing three consecutive single leg hops (see Fig. 
7.12). The total distance achieved in the three hops is 
measured and recorded. 

Standing long yump: With both feet behind the starting 
line, ask the patient to jump | time, as far forward as 

FIGURE 7.12 
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possible (see Fig. 7.13). The patient must land on both 
feet for the jump to be scored. Measure from the starting 
line to the patient’s heel. Repeat for two trials. 

Scoring 

Hop Jump: The cumulative total distance achieved in the 
three hops is recorded. 

Standing Long Jump: Best of two trials is the score. 
Long jump scores for young athletes range from 1.88 m 
to 3.76 m. (1.2 to 2x body height for a 5- and 6-foot 
individual, respectively. For older adults, twice the length 
of patient’s feet is considered “excellent.”!” 

More difficult power tests are available, but it is rarely 
appropriate to use tests that are at the higher end of 
physical performance capacity in active rehabilitation. For 
more definitive work on this aspect of testing, the reader 
is referred to other sources.'*!” Most power tests were 
developed for the young athlete. However, therapist 
judgment regarding the patient’s abilities should be the 
key element, not age alone, in deciding whether a test is 
appropriate. Extreme care should be exercised in choosing 
a power test for those with significant weakness (Grade 
3 or lower) or patients with painful conditions. 

FIGURE 7.13 
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BODY-WEIGHT TESTING 

Using body weight as resistance provides important 
information about the ability of patients to use the strength 
they possess to move their bodies in space. These tests 
are also effective exercises for strengthening the core as 
well as specific muscle groups. Several functional tests 
presented in Chapter 8 use body-weight resistance. 
Presented next are several other tests that use body mass 
as resistance. These tests are high demand and should 
not be used for patients with specific weakness. 

Pull-ups (Chin-ups) Test 

Purpose: The pull-up test uses patient’s body weight to 
challenge the shoulder extensors (latissimus dorsi, teres 
major, triceps brachii, and posterior deltoid). The middle 
and lower trapezius, pectoralis minor, and rhomboids 
pull the scapula down. To pull the body up to the chin-up 
bar, the biceps brachii, brachialis and brachioradialis are 
contracting vigorously at the elbow. The wrist and finger 
flexors must also contract to hold the body on the bar. 

Test Instructions: Assess the patient’s ability to fully 
flex the shoulders and extend the elbows. If adequate 
range is present and no complaints of pain are presented, 
ask the patient to stand below an overhead bar that should 

be higher than the patient’s outstretched arms. Have 
patient stand on a stool if unable to reach the bar. Ask 
the patient to grasp bar with an underhand (supinated) 
grip and hang from the bar with the elbows fully extended. 
Then, ask the patient to lift the entire body multiple times 
to muscle failure. For each repetition to count, the body 
must be raised so that the chin is brought above the bar. 
Subsequently, the body is lowered to the original starting 
position with each repetition. 

Scoring 

The number of pull-ups that can be performed successfully 
is recorded. Normative data for men and women are listed 

inables7 9% 

e Norms for young boys and girls can be found at 
http://www.exrx.net/Testing/YouthNorms. 
html#anchor581034 

e Norms used by the Marine Corps can be found at 
http://www.military.com/military-fitness /marine- 
corps-fitness-requirements/usme-physical-fitness 
-test 

Table 7.9 NORMS FOR ADULTS FOR THE PULL-UP BY GENDER 

Gender Excellent Above Average 

Male =13 9-13 

Female >6 5-6 

Adapted from Davis, B, et al: Physical education and the study of sport, 4th ed, London, 2000, Harcourt, p, 124. 

Average Below Average Poor 

6-8 3-5 <3 

3-4 1-2 0 
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Push-up Test 

Purpose: A test of strength for the shoulder flexors, 
scapular stabilizers (especially serratus anterior), and triceps 
brachii. Push-ups are used not only as a test of strength 
but as a test of endurance, particularly in the US Armed 
Forces. 

Test Instructions: Ensure that the patient does not have 
shoulder or any upper extremity pain and that adequate 
range of the shoulder, elbow, and wrist is present. Then, 
on the floor or other low surface, ask the patient to assume 

the starting position or “up” position with the hands 
shoulder width apart, back straight, head up, and using 
the toes as the pivotal point. The patient then lowers the 
body until the arms are parallel to the floor (Army stan- 
dard) or until the chest touches the therapist’s fist held 

vertically against the ground (ACSM standard). The Army 
uses the same position on toes for men and women. The 
ACSM allows women to perform push-ups on bent knees 
with ankles crossed. For both men and women, the back 
should be straight at all times and the patient must push 
up to a straight arm position.’ 

Scoring 

The Army standard is as many repetitions as possible 
within a timed 2-minute period. The patient may only 
pause in the up position. For the ACSM standard, as 
many repetitions as possible are performed until failure. 
Norms for the ACSM and Army personnel are listed in 
Tables7 10nd Gide? 

Table 7.10 CONVERTING THE PUSH-UP SCORE (NUMBER) TO A HEALTH BENEFIT RATING 

Age Zone Male Female 

15-19 Excellent 239 233 

Very Good 29-38 25-32 

Good 23-28 18-24 

Fair 18-22 12-17 

Poor <17 <1] 

20-29 Excellent 236 >30 

Very Good 29-35 21-29 

Good 22-28 15-20 

Fair 17-2] 10-14 

Poor <16 <9 

30-39 Excellent >30 227 

Very Good 22-29 20-26 

Good 17-2] 13-19 

Fair 12-16 8-12 

Poor <1] <7 

Age Zone Male Female 

40-49 Excellent 220 >24 

Very Good ]7-24 15-23 

Good 13-16 11-14 

Fair 10-12 5-10 

Poor <9 <4 

50-59 Excellent 22] 22] 

Very Good 13-20 11-20 

Good 10-12 7-10 

Fair 7-9 2-6 

Poor <6 <] 

60-69 Excellent 218 PAW 

Very Good 11-17 12-16 

Good 8-10 5-1] 

Fair 5-7 2-4 

Poor <4 <] 

Canadian Society for Exercise Physiology - Physical Activity Training for Health (CSEP-PATH®) Resource Manual © 2013, page 82. Used with the 
permission of Canadian Society for Exercise Physiology. All rights reserved. 
——— 
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Table 7.11 PUSH-UP STANDARDS FOR U.S. ARMY PERSONNEL 

PUSH-UP STANDARDS FOR US ARMY PERSONNEL REPETITIONS IN 2 MINUTES Age 
Range M F M F M F M EF M 

17-21 6 is 20 Dime 2B sien Oe- OO 
22-26 5 14 Zaviir *3) 

27-31 1 1 20 30 

32-36 7 17 26 

37-4] ce) 15 24 

42-46 12 21 

47-51 8 ey 

52-56 1] 

57-61 9 

62+ 8 

Points 10 20 30 40 50 
Awarded 

60 points is passing, 90 points is excellent. 

Men and women start in up position on toes. 

FM FMF M F > MF M_F 

Io 742 ~ 19° Q9~ 2on=t07-. 153) (OS. eOGu is Je te 

OA * SAG? 2A 2 ASB  O2P OO = Soon AS 

WO S98 gy ds) Ao 225s 08. S34 OC AZ ald an 

O90 2-15" 46" 23" 30 80S" OS? VSS) 975" 45 

Dp AS, (Ad 20) Od 2d OS ip i Oe AD 

G4 30 “12 SO. * AS ae eos oy tS | OO sy 

20,10) yoda 164 42 22 Ol 26 Sy ae oe 

20 F229 MANGE 30) ZU aye. OMe oon a4 

18 S.i2?. IS. 80m, 16° 38a 6 28" So 28 

16 7@ 29-0 NEO FSS. AO AD EEN OOM 

60 70 80 90 100 

http://www.military.com/military-fitness/army-fitness-requirements/army-physical-fitness-test-score-chart. 

CYRIAX METHOD OF TESTING 
CONTRACTILE LESIONS 

A common reason for strength testing in orthopedics is 
to diagnose the tissues contributing to musculoskeletal 
pain lesions. Because manual muscle testing typically 
requires completion of full range of motion to assign a 
grade, an alternative system is needed. James Cyriax 
developed a system to differentiate between painful 
contractile and noncontractile (inert) soft tissues.” 
Contractile tissues are parts of the muscle (belly, tendon, 
and their bony insertions). Inert tissues are those without 
the capacity to contract or relax, such as joint capsule, 
ligaments, nerve roots, and the dura mater. The therapist 
selects passive movements to specifically test inert tissue 
and resisted movements to specifically stress contractile 
tissue. If passive movement is painful, it may be that inert 
tissues are at fault. If resisted movement is painful, the 
contractile tissue may be at fault. Active movement stresses 
both inert and contractile tissue. As an example, if a patient 
has a biceps tendonitis (long head), then resisted flexion 
(isometric, mid-range) will provoke pain. Passive movement 
through the flexion range of motion should not provoke 
pain because the biceps is relaxed. Theoretically, after the 
specific tissue is identified, the therapist can provide the 
appropriate treatment. 

To test a muscle and its components (e.g., a contractile 
tissue), the therapist uses an isometric force to an immo- 
bilized limb segment so that the joint does not move. 
The joint is held in mid-range to keep from compromising 
the inert tissue. No joint movement should occur to direct 
the tension on the contractile tissue. If a contractile lesion 
is present, the resisted movement may provoke pain or 
demonstrate weakness, occasionally both. Normal contrac- 
tions are strong and painless. 

Because of the inherent strength of a normal muscle, 
the therapist should stand in a position of maximum 
advantage with proper hand placement to exert the 
strongest possible force as appropriate. In addition, the 
following rules, similar to manual muscle testing, should 
be followed: 
¢ Muscles must be tested in such a way that the therapist’s 

and patient’s strength are evenly matched. 
e The therapist uses one hand for resistance, the other 

hand for stabilization. 
e Muscles other than those being tested must not be 

included. Proper hand placement should help to isolate 
the muscle(s) (e.g., preventing supination when isolating 
the brachialis muscle). 

e The joint that the muscles control must not move and 
should be held at near mid-range. 

e The patient must be encouraged to try as hard as 
possible. 
Only one study was found that has examined the 

reliability of the Cyriax selective tissue tension method.” 
In this small study of otherwise healthy individuals between 
the ages of 20 and 40 years, with either unilateral shoulder 
or knee pain of undiagnosed origin, intrarater reliability 
for the knee ranged from 0.74 to 0.82 and interrater 
reliability ranged from 0.42 to 0.46. Both intrarater and 
interrater reliability were highest for knee flexion. For the 
shoulder, intrarater reliability ranged from 0.44 to 0.67 
and interrater reliability ranged from 0.00 to 0.45, with 
the highest values for shoulder abduction.** Nearly all 
the disagreements between therapists came from whether 
a contraction was painful or not. The authors concluded 
that intrarater reliability for the knee was acceptable, but 
for the shoulder it was not. Interrater reliability was not 
acceptable for either joint. 
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TESTING FUNCTIONAL PERFORMANCE 

Current clinical practice presents a growing need to 
emphasize the relationship between strength and functional 
movement, especially in older adults. Each person has a 
threshold of strength that is minimal for the performance 
of activities of daily living (ADLs). The larger or taller 
the person is, for example, the more strength will be 
needed. Third-party payers require that therapists show 
a relationship between strength and function in their 
treatment plans, frequently denying payment if their 
assessments fail to show this relationship. It has always 
been important for therapists to show that patients have 
strength deficits, but it is now critical for them to show 
that strength deficits are tied to the patient’s ability, or lack 
thereof, to independently complete ADLs, perform a job 
task (such as bricklaying), or play with their children or 
grandchildren. This chapter presents a series of functional 
tests, particularly relevant to older individuals, that require 
strength to be of a minimum threshold. Once a specific 
weakness is pinpointed, a strengthening program can be 
designed to help patients achieve their functional goals. 

The functional assessment tests described in this chapter 
have been correlated to specific essential muscles. The 
list of muscles for each task is not comprehensive, but it 
provides a starting point for the beginning therapist to 
design a plan for muscle tests when a functional deficit is 
observed. Normative values are provided when available. 
Specific exercises for each muscle are listed after each 
muscle test in Chapters 5 and 6. In some cases, patients 
may be able to accomplish a task by compensating for 
a specific muscle weakness, so the therapist should be 
observant to accurately identify specific muscle weaknesses. 

INTRODUCTION 

Functional abilities represent a broad range of movements 
that require muscles to act in highly specific-ways to 
achieve a desired purpose. These abilities include ADLs 
such as dressing, eating, bathing, transferring, and walking, 
as well as other tasks of mobility such as rising from a 
chair, climbing stairs, lifting, and rising from the floor. 
These functional activities are basic tasks of mobility that 
are required for all individuals to be independent in the 
home and community. Functional activity performance 
is especially important for older adults who may be at 
risk for institutionalization. An inability to independently 
perform specific functional tasks may lead to institution- 
alization. Many higher-level functional abilities such as 
those required for sports and work are discussed in Chapter 
7, Alternatives to Manual Muscle Testing. 

The Nagi Model of Disablement’ and the newer 
International Classification of Functioning (ICF) disable- 
ment model’ describe the impact of disease and pathology 
within the context of both function and societal roles 
and provide a conceptual model to guide clinical practice. 
In these models, diminished muscle strength is an impair- 
ment that affects a person’s ability to perform functional 
tasks or to fulfill societal roles. Muscle strength testing 
takes place at the impairment level, whereas testing 
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functional task performance occurs at the function level. 
One goal of this chapter is to integrate impairment 
(strength deficit) and physical performance (function). 

It is generally accepted that in the normal person, 
performance of basic functional tasks requires a relatively 
small amount of muscle strength in relation to the total 
amount of strength that existed before the injury, before 
a lifestyle of inactivity, or before the passage of years. The 
minimum amount of strength required is referred to as 
a “functional threshold.” If patients have strength above 
the required threshold amount, they are unlikely to show 
deficits in performance. The relationship of strength to 
function up to a functional threshold is illustrated in Fig. 
8.1. According to the principle illustrated in this graph, if 
the patient’s strength sufficiently improves to the point at 
which the curve flattens out, the patient should be strong 
enough to perform the task. For example, about 45% of 
one’s body weight is required to rise from a chair without 
using the arms.” If a person is unable to rise from a chair 
unassisted because of weakness in the lower extremities, 

strengthening will help to improve that function. Further 
strengthening will allow the person to rise more quickly 
and efficiently and will create a strength reserve to help 
preserve the ability to perform the task in the future. 

Functional Testing 

An analysis of any functional task shows that movements 
are multiplanar and asymmetrical, incorporate rotation, 
and are speed and balance dependent. Therefore, simply 
testing a muscle’s maximum ability to generate force will 
not accurately represent its functional ability. Observation 
of the individual performing the functional task is the 
only way to accurately test functional ability. Such observa- 
tion provides information about the quality of the per- 
formance, which in turn informs the therapist’s clinical 
decision making. Inferring that a specific muscle has 
functional strength without direct observation of the 
functional task is incorrect and should be avoided as noted 
in Chapter 2. Table 8.1 shows the key muscles required 
for some basic functional tasks. 

High Functioning 

Function 

Frailty 

Strength > 

FIGURE 8.1 Conceptual diagram of curvilinear relationship 
between strength and function, 
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Table 8.1 KEY MUSCLES ESSENTIAL FOR 
FUNCTIONAL MOVEMENTS 

Functional 
Movement 

Bed mobility 

Transfers and 
squats 

Ambulation and 
stair climbing 

Floor transfers 

Fast gait and 
jumping 

Key Muscles 

Abdominals, erector spinae, 
gluteus maximus 

Gluteus maximus, medius, and 
obturator externus, piriformis, 
quadriceps 

Abdominals, erector spinae, 
gluteus maximus and medius, 
obturator externus, piriformis, 
quadriceps, and anterior tibialis 
and gastrocsoleus 

Abdominals, erector spinae, 
gluteus maximus and medius, 
obturator externus, piriformis, 
quadriceps and gastrocsoleus 

Gastrocsoleus, gluteus 
maximus and medius, 
quadriceps 

Measurement 

Functional task performance is measured in several ways. 
Ordinal scales showing hierarchical levels of performance 
are commonly used in both manual muscle testing and 
in some functional tests. In ordinal scales, numbers are 
sequentially and hierarchically assigned in accordance with 
the difficulty of the task. However, ordinal scales are 
limited by their susceptibility to subjectivity and their lack 
of responsiveness to small changes in performance. 
Therefore, using ratio scales, such as time, to measure 
individual patient performance, is the preferred method. 
Timing task performance provides a strong measure of 
reliability and responsiveness. However, when a functional 
task is timed, such as when a patient is instructed to rise 
from a chair as quickly as possible, it should be noted 
that power is a component in addition to strength. Ratio 
measures such as time and distance allow the therapist 
to compare an individual patient’s performance against 
available normative data of similar individuals. This 
comparison aids in clinical decision making. 
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Purpose: The chair stand test is a test of mobility specifi- 
cally targeting the force production of the leg muscles. 
There are two versions: the number of completed sit-to- 
stand motions (chair rises) completed in 30 seconds (30s 

STS) and the time required to complete five chair rises 
(ST-STS). 

Essential Muscle Movements for Task Performance: Hip 
extension, hip abduction from a flexed position, hip external 
rotation, knee extension, ankle plantar flexion, ankle dor- 
siflexion and inversion,® and trunk extension and flexion. 

Reliability: Test-retest reliability for all versions of the 
Chair Stand Test (7 = 0.89).* 

Validity: The 30s STS test correlates with measures of 
lower extremity strength, walking speed, stair-climbing 
ability, and balance*® and correlates with one-repetition 
maximum (1-RM) leg press (7 = 0.78 for men, 0.71 for 
women).* The 5T-STS is a valid measure of dynamic 
balance and functional mobility in older adults.’ Inability 
to complete the 5T-STS in less than 13.7 seconds is 
highly predictive of future mobility disability.* 

Equipment: A standard, armless chair, 17 in. (43 cm) 
high, and a stopwatch. 

Testing Procedure: Both test versions are always done 
without the use of the patient’s arms. Assess the ability 
of the patient to stand without the use of arms. If able, 
proceed to testing. If indicated, the therapist should 
demonstrate the sit-to-stand movement before testing. 

30-Second Version: The patient rises from a sitting position 
and stands to a fully erect position as many times as 
possible in 30 seconds. The therapist starts timing when 
the patient begins to move (rather than on “Go!”). 

Timed Five-Repetition Version: The patient comes to 
a full standing position 5 times as quickly as possible. 

FIGURE 8.2 
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The therapist begins timing on the command “Go!” The 
therapist times the effort from the command “Go!” until 
the patient returns to a seated position after five repetitions. 

Position of Patient: Sitting with arms crossed over the 
chest. Feet are planted on the floor in the position chosen 
by the patient (Fig. 8.2). 

Therapist Position: Stand to fully view the patient’s 
quality of movement (Fig. 8.3). 

Patient Position 

30-Second Version: “When youre ready, stand up as many 
times as you can in 30 seconds without using your arms. 
Pll keep count. Make sure you stand all the way up.” 

Timed Five-Repetition Version: “When you are ready, 
stand up 5 times, as quickly as you can without using 
your arms. I will be timing you. Make sure you stand all 
the way up.” 

Scoring 

30-Second Version: The number of repetitions is the 
patient’s score. Count the repetition if the patient is more 
than halfway standing. If the patient cannot complete 
one repetition without the use of the arms, the score for 
the 30-second version is zero. 

Timed Five-Repetition Version: The time taken to 
complete five repetitions is the score. If 60 seconds 

FIGURE 8.3 
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elapse before five repetitions are accomplished, the test The minimal detectable change is 2.5 seconds.’ Scores of 
is terminated and the score of 60 seconds is recorded greater than 10 s increase the risk of developing disability 
with a notation. The odds of being disabled increases 1.4 within 2 years.’ 
times for every one-second increase in the 5T-STS test. 

Helpful Hints 

¢ Do not use a folding chair, a very soft chair, a deep 
chair, or a chair on wheels for the chair stand test. 
The chair should be placed against the wall for safety 
purposes. 

e Chair heights from 80% to 90% of the patient’s lower 
(tibia) leg length are optimal for the test.'° 

e Allow the patient to perform the sit-to-stand move- 
ment first, without coaching. If the patient has dif- 
ficulty rising, then offer tips such as scooting to the 
edge of the chair, leaning forward, etc. 

e It is useful to observe the position of the hips while 
the patient is attempting to stand and sit. If the hips 
are adducted and/or internally rotated, this may 
indicate weakness and specific muscle testing is 
indicated, especially of the gluteus medius (Fig. 8.4). 

e Excessive bending forward of the trunk to stand may 
indicate that the patient has weak quadriceps (Fig. 
So). 

e Although it is preferable to have the patient cross 
the arms over the chest, some patients may need to 
extend their arms forward to help them stand. If this 
occurs, it could indicate that the patient’s legs are 
weak or balance is impaired (Fig. 8.6). 

e Ifyou suspect the patient will not be able to complete 
five repetitions, the 30s STS version is the preferred 
test because the patient is required to only complete 
a minimum of one repetition for a successful test. 

FIGURE 8.5 FIGURE 8.6 

: ee ; ie 
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Tables 8.2 and 8.3 show normative ranges for physically 
active older men and women. Eight repetitions may be 

performing two or more ADL tasks. The Women’s Health 
and Aging Study (of moderately to severely disabled 

women) found a mean time of 15.3 seconds for women 

ages 65 to 85 and older.’’ The more time required, the 
more likely it is that the individual is frail.’ 

the threshold for physical disability.* 
Table 8.4 shows 5T-STS test normative ranges for mod- 

erately disabled women—that is, those who have difficulty 

Table 8.2 NORMAL RANGE OF CHAIR STANDS BY 
SEX AND AGE (MIDDLE 50% OF 
POPULATION) 

Age M F 

60-64 14-19 12-17 

65-69 12-18 11-16 

70-74 12-17 10-15 

75-79 11-17 10-15 

80-84 10-15 9-14 

85-89 8-14 8-13 

90-94 7-12 4-1] 

F, Female; M, male. 

From Jones CJ, Rikli RE. Measuring functional fitness of older adults. J 

Act Aging. 2002;March-April:24-30, 

Table 8.3 NORMATIVE DATA* FOR 30-SECOND CHAIR STAND TEST FROM 1000 AUSTRALIANS 

Age 3-9 10-19 20-59 60+ 
M F M F M F M F 

Mean 23.1 23.4 25.5 24.2 24.2 22.6 18.3 15.9 
(SD) (6.6) (6.1) (5.7) (5.9) (6.0) (6.2) (5.73) (4.8) 

*Each decade included 100 people (20 to 80+), 7 

F, Female; M, male. 

Data from McKay MJ, Baldwin JN, Ferreira P, Simic M, Vanicek N, Burns J. 1000 Norms Project Consortium. Normative reference values for strength 
and flexibility of 1,000 children and adults. Neurology. 2017;88(1):36-43. 

Table 8.4 CHAIR STAND PERFORMANCE FOR MODERATELY DISABLED WOMEN 

Total 65-74 Years 75-84 Years — 85+ Years 
5-Repetition Chair Stand N= 1002 N= 388 N= 311 N = 303 

Unable to do (%) Qo W.8 200 44.9 

Mean Time to rise 5 x (s) 15.3 14,7 15.7 16.3 

oth percentile 24.5 21.9 25.5 24.1 

25th percentile 17,4 16.7 17.5 18.5 

50th percentile 14.2 13,9 14.4 15.0 

75th percentile 12'3 12.1 12.4 7 

95th percentile 10.0 9.6 10.3 10.0 

Moderately disabled women were those with difficulty in two or more activities of daily living tasks. 

Data from Guralnik JM, Fried LP, Sirmonsick EM, Kasper JD, Lafferty ME, eds. The Women’s Health and Aging Study; Health and Social Characteristics 
of Older Women with Disability. Darby PA: Diane Pub Co; 1995:44, 
eee 
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GAIT SPEED 

Purpose: Gait speed is a functional test of one’s ability to 
walk at a comfortable (usual) speed. A fast-paced walk can 
demonstrate available reserve and the ability to accelerate 
rapidly, such as in the need to get across a street. Possible 
gait speed times range from the fastest sprinters to the 
slowest possible gait, often seen in individuals residing 
in nursing homes. Gait speed has been called the sixth 
vital sign because of its validity in predicting functional 
ability, frailty, nursing home placement, and the ability 
to walk in the community.’* It can be measured in any 
person who can walk, even those using assistive devices. 

Essential Muscle Movements for Task Performance: 
Core; hip extension, abduction, and adduction; quadriceps 
and hamstrings; ankle plantar flexion; and ankle dorsiflexion 
with inversion.'*!° Hip flexion also contributes to walking 
velocity.’° The reader is referred to the gait section of 
this chapter for a more specific list of muscles that are 
imperative for smooth and normal gait. 

Reliability: 7 = 0.78%” 

Validity: Gait speed is related to age (Fig. 8.7) and muscle 
mass.'*'” Gait speed at “usual pace” was found to be a 
consistent predictor of disability, cognitive impairment, 
institutionalization, falls, and/or mortality.'* Fast gait speed 
is a robust predictor of disability when the annual decline 
exceeds —0.22 m/s.'? A speed of less than 0.8 m/s is a 
predictor of 8-year mortality in predisabled women 75 
years or older.”” Women who had gait speeds of less than 
0.60 m/s were 2.5 times more likely to die prematurely 
than those with faster gait speeds.”! A speed of less than 
1.2 m/s is highly predictive of future mobility disability.* 

Equipment: A 4- to 8-m-long walkway and a stopwatch. 
It is helpful to have 1 to 2 m or so before and after the 
4-m test course to allow for acceleration and deceleration, 
especially in people with stroke.” However, although this 
extra distance is desirable, it is not necessary to perform 
the test in people without pathology. However, each test 
administration should be performed the same way for 

Walking Speed by Gender and Age 

Meters/second 

ine) 

6-12 Teens 20s 30s 40s 50s 60s 70s >80 

—— Female —1t#— Male 

FIGURE 8.7 Self-selected walking speed categorized by 

gender and age. 

consistency of results and accuracy of interpretation. The 
length of the walkway does not influence the consistency 
of results.”* 

Testing Procedure: First, describe the test clearly to the 
individual. Assure the patient is safe to walk independently 
(without another person). Demonstrate the test if needed, 
taking care not to walk too fast. Then, have the patient 
perform two trials with adequate rest in between, scoring 
the faster one. Test both comfortable (usual) and fast 
gait speeds. Begin timing the individual when the first 
foot crosses the line at the beginning of the course (Fig. 
8.8A) and stop timing when the first foot crosses the end 
line (Fig. 8.8B). Any part of the foot will do; it is just 
important to be consistent. 

FIGURE 8.8 
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Position of Patient: Standing, facing a marked-off Table 8.5 CONVERSIONS FOR GAIT SPEED 
walkway. Patient may use an assistive device if needed. Meters/ Feet/ Minutes/ Miles/ 

Second Second Mile Hour 
Therapist Instructions: Stand and hold the stopwatch 
perpendicular to the starting line. The therapist should 0.25 0.82 106.7 0.6 
walk with the patient to obtain an accurate view of when 0.30 0.98 88.9 0.7 
the first foot Crosses the finish line without pacing the 0.35 115 16.2 08 
patient. The therapist begins timing when the patient’s 
first foot (or part of the first foot) crosses the start line 0.40 1.31 66.7 0.9 
of the 4-m walkway (see Fig. 8.8A). 0.45 1.48 59.3 1.0 

Patient Instructions: “Walk at your usual and comfort- 0.50 1.04 $3.3 Vd 
able speed from this line to (or past) the other line on 0,55 1.80 48.5 2 
the floor (indicate which line). I will be timing you. The 0.60 1.97 ALA 14 
first trial is for practice and then we’ll time you. OK? ne Hes 
Ready, Go!” Two trials are given. The same directions 0.65 2.13 
are given for the fast-paced walk, with the patient instructed 0.70 2.30 38.1 146 
to walk as quickly, but as safely, as possible. Adequate 7 216 35.6 17 
rest should be provided as needed between trials. cee 

0.80 Zor 33.3 1.8 

Scoring 0.85 219 31.4 1.9 

To determine a result in meters per second (m/s), the ee aS 29,0 2.0 
walkway distance is divided by the time taken (in seconds) 0.95 Sel2 28.1 251 
to cover that distance. There are many gait speed standards. 1.00 3.98 26.7 23 
Gait speeds of 1.75 to 2.25 m/s are normal in high- rae aye a 
functioning older adults, whereas gait speeds slower than 1.10 ; 
0.5 m/s are common in nursing home residents. In one 1.20 3.94 Ze2 Deh 
study, the mean gait speed used by 139 pedestrians was 1.30 4.26 20.5 29 
Eo2 (SD 30 3.) m/s. 

Table 8.5 indicates some conversions from meters/ 1.40 4.59 19.0 3.2 
second to feet/second and miles/hour. Tables 8.6 to 8.9 1.50 4.92 17.8 34 
list normative values for gait speed by age. 1.60 5 95 167 ae 

1.70 5.58 15.7 3.8 

1.80 5.90 14.8 4] 

1.90 6.23 14.0 43 

2.00 6.56 13.3 45 

‘Helpful Hints. 
e Gait speed can be measured in patients who use an 

assistive device. When retesting performance in the 
same patient, retest using the same assistive device. 

e Studies have shown that additional distance for 
acceleration and deceleration is not necessary; however, 
we recommend using a further end-point target to 
prevent patients from slowing down as they approach 
the finish line or the instructions, “walk past the line” 
(see Fig. 8.8B). 

¢ Reliability improves with longer distances, up to 
LOM” 

e If walking with the individual, be careful not to set 
the pace but walk slightly behind the individual. This 
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will allow you to get a more realistic view of the 
patient’s actual performance. While always maintaining 
a safe test situation, do not inhibit the individual by 
standing too close or providing too many instructions. 
Certainly, use a gait belt if it is warranted. 

e Knowing when to start and stop timing requires skill 
and practice. It is recommended to use a specific 
“event,” such as when the first foot crosses the line, 
as the moment to begin and end timing but any such 
event will do; just be consistent! 



Table 8.6 MEAN FAST GAIT SPEED TIME FOR MEN 
AND WOMEN AGE 20 YEARS AND OLDER 

MAXIMUM GAIT SPEED (m/s) 
MEAN AND SD 

Age Men Women 

20s 2.93 (0.29) 2.47 (0.25) 

30s 2.46 (0.32) 2.34 (0.34) 

4Os 2.46 (0.36) Z42(0.26) 

50s 2074045) 2.01 (0.26) 

60s 1.93 (0.36) 1.77 (0.25) 

70s 2.08 (0.36) 1.75 (0.28) 

Data from Bohannon RW. Comfortable and maximum walking speed 

of adults aged 20-79 years: reference values and determinants. Age 

Ageing. 1997;26(1):15-19. 

Table 8.7 NORMATIVE RANGES OF USUAL GAIT 
SPEED FOR HEALTHY ADULTS AGES 20-99 

GAIT SPEED IN m/s 

Age Men Women 

20-29 1,.22-],47 ].08-1.50 

30-39 1.32-1.54 1.26-1.42 

40-49 1.27-1.47 ].22-1.42 

50-59 1.12-1.49 1.10-1.56 

60-69 ].03-1.59 0.97-1.45 

70-79 0.96-1.42 0.83-1.50 

0.56-1.17 

a descriptive meta-analysis. Physiotherapy. 2011;97(3):182-189. 

GAIT SPEED 

Table 8.8 NORMS FOR USUAL GAIT SPEED TIME 
(M/S) FOR MODERATELY DISABLED 
WOMEN AGE 65 AND OLDER 

Total 
(n= 1002) 65-74 75-84 85+ 

Mean 0.6 0.7 0.6 0.4 

oth percentile 0.2 0.3 0.2 0.1 

25th percentile 0.4 0.5 0.4 Ose 

50th percentile 0.6 0.6 0.6 0.6 

75th percentile 0.7 0.7 0.8 0.6 

95th percentile 1.1 1.1 le 0.8 

m/s, Meters per second; n, number of subjects, 

Moderately disabled women were those with difficulty in two or more 

activities of daily living tasks. 

Subjects were asked to walk at their usual and customary pace for 4 m. 

Modified from Ferrucci L, Guralnik JM, Bandeen-Roche KL, ef al. 

Performance measures from the women’s health and aging study. http:// 

www.grc.nia.nih.gov/branches/ledb/whasbook/chap4/chap4.htm. 

Accessed 08.01.12. 

Table 8.9 NORMS FOR FAST GAIT SPEED TIME 
(M/S) FOR MODERATELY DISABLED 
WOMEN AGE 65 AND OLDER 

Total 
(n= 1002) 65-74 75-84 85: 

Mean 0.9 ] 0.9 0.7 

5th percentile 0.2 0.4 0.3 0.2 

25th percentile 0.6 0.8 0.6 0.4 

50th percentile 0.9 ] 0.9 0.7 

75th percentile 1.1 13 Voll 0.9 

95th percentile 1.7 hed hav les 

m/s, Meters per second; n, number of subjects, 

Moderately disabled women were those with difficulty in two or more 

activities of daily living tasks, 

Modified from Ferrucci L, Guralnik JM, Bandeen-Roche KL, ef al. 

Performance measures from the women’s health and aging study. http:// 

www.grc.nia.nih.gov/branches/ledb/whasbook/chap4/chap4.htm. 

Accessed 08.01.12. 
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PHYSICAL PERFORMANCE TEST AND MODIFIED PHYSICAL 

PERFORMANCE TEST 
SS 

Purpose: The physical performance test (PPT) measures 
aspects of physical function and ADLs in older adults 
using nine items that emphasize mobility tasks. There are 
two versions of the PPT test: one with seven items and 
one with nine; the nine-item version also includes stair- 
climbing tasks. 

The Modified Physical Performance Test (M-PPT) 
includes most of the items of the PPT but substitutes 
three balance tests and a timed 5T-STS for the writing 
and eating task. 

Essential Muscle Movements for Physical Performance 
Test Task Performance 

Writing Task: (If the arm is supported, only hand and 
wrist muscles may be essential.) Wrist flexion and extension, 
finger metacarpophalangeal (MP), proximal phalanges 
(PIP), and distal phalanges (DIP) flexion. 

Eating Task: Shoulder flexion, shoulder internal rotation, 
elbow flexion, forearm supination and pronation, wrist 
flexion and extension, and finger MP, PIP, and DIP flexion. 

Essential Muscle Movements for Physical Performance 
Test and Modified Physical Performance Test Task 
Performance 

Lifting a Book: Scapular protraction and upward rota- 
tion; shoulder flexion; shoulder external rotation; elbow 
flexion and extension; forearm supination and pronation; 
wrist flexion and extension; and finger MP, PIP, and DIP 
flexion. 

Putting On and Taking Off a Garment (Depending on 
Technique): Scapular protraction and upward rotation; 
shoulder flexion; shoulder external rotation; elbow flexion 
and extension; forearm supination and pronation; wrist 
flexion and extension; and finger MP, PIP, and DIP flexion. 
Core stability (for sitting or standing). If the task is 
performed while standing: hip extension and abduction, 
knee extension, ankle plantar flexion, and ankle dorsiflexion 
with inversion. 

Picking Up a Coin: Back extension; hip extension, knee 
extension; ankle plantar flexion; elbow flexion and exten- 
sion; forearm supination and pronation; wrist flexion and 
extension; and finger MP, PIP, and DIP flexion. 

360° Turn: Ankle dorsiflexion with inversion, plantar 
flexion, foot inversion, foot eversion with plantar flexion, 
knee extension, hip abduction and extension, and core 
stability. 

Walking Task: Hip extension and abduction, knee exten- 
sion, ankle plantar flexion, and ankle dorsiflexion with 
inversion.'* Hip flexion also contributes to walking 
velocity.!° The reader is referred to the gait section of 
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this chapter for a more specific list of muscles that are 
imperative for smooth and normal gait. 

Stair Climb Tasks: Ascent: hip flexion and extension, 
knee extension and flexion, ankle plantar flexion, ankle 
dorsiflexion, spine extension, and core stability. Descent: 
eccentric knee extension, hip flexion, and core muscles.”° 
Balance is also a key component of successful stair ascent 
and descent. 

Reliability: The intraclass correlation coefficient (ICC) 
for interrater reliability is 0.96 for the eight-item version 
(omitting the last item of four flights of stairs).°° The 
ICC of test-retest reliability in the eight-item version is 
0.88.*° There is no reliability data for the M-PPT. 

Validity: Predictive validity for classifying level of care 
as dependent or independent.”* Construct validity based 
on self-reported ADL and instrumental ADL perfor- 
mance.”” Predictive of major health outcomes such as 
death and nursing home placement.” Predictive of first 
time fall (within 12 months)*? and recurrent falls.*’ The 
M-PPT can indicate whether an individual is frail.*” 

Equipment for Both Versions 
Scoring form 
Stopwatch 
Table and chair (PPT) 
Bowl (PPT) 
Spoon (PPT) 
Coffee can (PPT) 
Five dry (uncooked) kidney beans (PPT) 
5.5-lb book 
Two adjustable shelves 
Patient’s jacket or front-button sweater or extra-large lab 

coat, hospital gown, or other front-opening garment 
25-foot walkway 
One flight of stairs (10 to 12 stairs) 

Testing Procedure 

Physical Performance Test and Modified Physical Per- 
formance Test: Both versions take about 10 minutes to 
complete. The test items can be done in any order; 
however, they will be described here in the order in which 
they appear on the scoring forms. Each task is timed, 
except for the 360° turn and climbing four flights of 
stairs. Two trials of each task are performed, except for 
the stair-climbing task. 

An assistive device can be used for the walking and 
stair-climbing tasks, but not for the other tasks. All tasks 
are to be completed unassisted and without support. As 
in all tests, the patient’s safety should be assured. Although 
assistance from the therapist is not permitted during 
performance of the test, the therapist should be vigilant 
for balance problems. A gait belt is always recommended 
during test performance. 



PHYSICAL PERFORMANCE TEST AND MODIFIED PHYSICAL 

The nine PPT tasks are: 
. Writing a sentence 
. Simulated eating 
. Lifting a book onto a shelf 
. Putting on and taking off a garment 
. Picking up a coin from the floor 
360° turn 

. 50-foot walk 

. Climbing one flight of stairs 
. Climbing four flights of stairs 

Physical Performance Test Tasks 

1. Writing a Sentence 

Testing Procedure: The patient writes a sentence. The 
sentence can be written on the back of the test form so 
there will be a record of the result. The therapist writes 
the sentence first: “Whales live in a blue ocean.” A period 
is placed at the end of the sentence. Then, on the command 
of “Go!” the patient writes the same sentence. Timing 
begins on Go! and ends when the period is placed at the 
end of the sentence. The therapist records the time it 
takes the patient to write the sentence legibly (Fig. 8.9). 

Instructions to Patient: “The first task is a writing task. 
I am going to write the sentence ‘Whales live in a blue 
ocean.’ Then I want you to write the same sentence while 
I time you. Are you ready? Go!” 

2. Eating Task 

Testing Procedure: The second task is a simulated eating 
task. Five kidney beans are placed in a bowl 5 in. from 

PERFORMANCE TEST 

The nine M-PPT tasks are: 
1. Standing static balance 

a. Side-by-side stance 
b. Semi-tandem stance 
c. Full tandem stance 

. Chair stand (five repetitions) 

. Lifting a book onto a shelf 

. Putting on and taking off a garment 

. Picking up a coin from the floor 

. 360° turn 

. 50-foot walk 

. Climbing one flight of stairs 

. Climbing four flights of stairs OONA MTA Wh 

the edge of the table in front of the patient. An empty 
coffee can is placed on the table at the patient’s non- 
dominant side. A teaspoon is placed in the patient’s 
dominant hand. The therapist may demonstrate the task. 
The patient is asked on the command “Go!” to pick up 
the beans, one at a time with the spoon, and place them 
in the coffee can (Fig. 8.10). Timing begins with the 
command “Go!” and ends when the last bean is heard 
hitting the bottom of the can. The patient can use the 
nondominant hand to steady the bowl, but not to move 
it in any way. The nondominant hand cannot help steady 
the can or complete the task except to help pick up a 
dropped bean. If the patient drops a bean, timing continues 
while the patient picks up the bean. 

Instructions to Patient: “This next task is an eating 
task. When I say ‘Go!’ I want you to use your spoon to 
move one bean at a time from this can to the bowl. You 
cannot use your other hand except to steady the bowl. 
Are you ready? Go!” 

PPT and M-PPT 

FIGURE 8.9 FIGURE 8.10 
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PHYSICAL PERFORMANCE TEST AND MODIFIED PHYSICAL 
PERFORMANCE TEST 

Physical Performance Test Tasks Continued 

3. Lifting a Book Onto a Shelf 

Testing Procedure: This task is done with the patient 
sitting on a chair (or other surface) (Fig. 8.11), or standing 
(Fig. 8.12), depending on whether you want to assess 
the patient’s standing or sitting balance while lifting. It 
is handy to use an open cabinet with multiple and/or 
two adjustable shelves, usually available in a clinic. Having 
multiple or two adjustable shelves helps accommodate 
the patient’s height. The countertop can serve as the 
starting position for the book placement. 

Adjust the higher shelf so that it is 12 in. above the 
patient’s shoulders. A 5.5-lb book, similar to a Physicians’ 
Desk Reference, is placed on the edge of the counter, with 
the book hanging slightly off the edge of the counter to 
make it easy for the patient to grab. The patient is asked 
to lift the book from the lower shelf to the upper shelf 
while the effort is ttmed. The therapist should demonstrate 
this task to ensure understanding. 

Timing is stopped when the patient’s hand is removed 
from the book after it is placed on the top shelf. In the 
original PPT test, the patient is seated during the task 
(see Fig. 8.11). However, the task can be performed 
standing if desired (see Fig. 8.12). The time is recorded 
on the scoring form. 

Instructions to Patient: “For this task, I want you to 
lift this book to this shelf while I time you. Do you 
understand? Now, Ill demonstrate. OK, when I say ‘Go!’ 
you may begin.” 

4. Putting on and Taking Off a Garment 

Testing Procedure: This task involves putting on and 
removing a garment in a standing position. An extra-large 

bathrobe, front-buttoned shirt, or hospital gown can be 
used and put on so that it opens in the front. If the 
patient has a jacket or sweater that opens in the front, 
use that. Make sure the garment is large enough to put 
on over any clothes the patient is wearing. To start, the 
garment is held so the label inside the garment is facing 
the patient (Fig. 8.13). 

FIGURE 8.12 

FIGURE 8.11 
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FIGURE 8.13 



PHYSICAL PERFORMANCE TEST AND MODIFIED PHYSICAL 
PERFORMANCE TEST 

Physical Performance Test Tasks Continued 

The patient is instructed to start with arms at sides 
and on “Go!” to take the garment, put it on (Fig. 8.14), 
square it on the shoulders, and then remove it completely, 
holding it out to the therapist. Timing begins on “Go!” 
and ends when the patient hands the jacket to the 
therapist. 

Instructions to Patient: “This task involves putting on 
and taking off this jacket while I time you. When I say 
‘Go!’ I want you to take the jacket from me, put it on 
so that it is square on your shoulders, and then take it 
off and hand it back to me. Now Go!” 

5. Picking Up a Coin From the Floor 

Testing Procedure: This is a timed task of the patient’s 
ability to pick up a coin from the floor. A coin is placed 
approximately 12 in. from the patient’s foot (usually the 
dominant side). On the command “Go!” the patient picks 
up the coin from the floor and returns to a fully upright 

FIGURE 8.14 

position (Fig. 8.15). The timing will begin with the 
command “Go!” and end when the patient is standing 
erect with coin in hand. 

Instructions to Patient: “I’m going to put a coin on 
the floor and on ‘Go!’ I want you to pick it up, completely 
stand up, and hand it to me. OK. Are you ready?” 

Helpful Hint 

If working with a patient with low vision, someone 
who may not be able to see a coin on the floor, 
substitute a larger-sized item such as a pencil or pen. 
Substituting a larger item obviates the need for a patient 
to spend excess time with their head down near the 
ground because they can’t find the coin. 

FIGURE 8.15 
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PERFORMANCE TEST 

Physical Performance Test Tasks Continued 

6. 360° Turn 

Testing Procedure: The 360° turn task examines the 
patient’s ability to turn in a complete circle in both direc- 
tions (Fig. 8.16). This effort is not timed, but rather 
scored for the quality and safety of the effort. 

Demonstrate the task. The demonstration speed of 
turning should not be so fast that it encourages the patient 
to mimic it, thus compromising his or her safety. Ask the 
patient to turn 360° at a comfortable pace (in either 
direction) beginning with the toes pointed forward and 
ending when the toes are pointed forward again. The 
performance is evaluated for continuity of movement and 
steadiness. 

Instructions to Patient: “I want you to turn in a full 
circle so that your toes are back on this line. You can 
choose whichever direction you want to go toward first, 
since I will ask you to go in the other direction next. I 
will not be timing you.” Upon completion, ask the patient 
to turn in the other direction, evaluating for continuity 
of movement and steadiness. 

FIGURE 8.16 
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Both directions will be examined, so it does not matter 
which direction is performed first. Typically, the patient 
will choose his or her best direction to perform first. 

7. Timed 50-Foot Walk 

Testing Procedure: This is a timed 50-foot walk task 
designed to examine the speed and observe the quality 
of the patient’s gait. The patient stands at the start of a 
50-foot walk test course that consists of a walkway 25 ft 
out and 25 ft back. No acceleration or deceleration distance 
is needed because of the distance. Timing begins with 
the command “Go!” and ends when the starting line is 
crossed on the way back. The time is recorded on the 
scoring form. An assistive device may be used, and the 
type of device should be documented. Typically, dem- 
onstration is not needed on this task because walking is 
a familiar task. 

Instructions to Patient: “I’d like you to walk out and 
back as quickly but as safely as you can. You will turn 
around at the end of the walkway and return to this spot. 
I will be timing you. Ready? Go!” 

Helpful Hints 
e Completing the 50 ft (15.24 m) distance in 15 s is 

equal to a 1.0 m/s pace. You can calculate the 
patient’s gait speed by dividing the distance walked 
by the time. 

e Gait speeds of more than 0.8 m/s are typically 
required for safe community ambulation. 

Once the seven tasks are performed, the seven-item 
version of the PPT is complete. If you do not intend to 
have the patient perform stair climbing, add up the scores 
for the seven items now. If you are performing the M-PPT, 
the stairs are included. 



PHYSICAL PERFORMANCE TEST AND MODIFIED PHYSICAL 

Physical Performance Test Tasks Continued 

8. Climbing One Flight of Stairs* 

Testing Procedure: Explain to the patient that he or 
she has the option of climbing up to four flights of stairs. 
Ask the patient if he or she feels comfortable and is willing 
to perform these tasks. Ask the patient to tell you of any 
symptom such as chest pain or shortness of breath, which 
should terminate the task. Vital signs should be monitored 
as indicated. Indications to monitor vital signs include 
evidence of more than ordinary effort expended in any 
previous task such as complaints of fatigue and the need 
to rest between tasks. 

Ask the patient to climb one flight of stairs that has 9 
to 12 steps. The timing starts with the command “Go!” 
and ends when the patient’s first foot reaches the top of 
the top step. The patient may use a handrail and/or 
assistive device and this should be noted on the scoring 
form as well as the time taken to climb one flight of stairs. 

Instructions to Patient: “This task involves climbing a 
flight of stairs as quickly but as safely as you can (Fig. 
8.17). You may use the handrail if you need to. For this 
task, you are only required to go up to the landing. Stair 
climbing may require more than usual effort, so please 
let me know if you experience any tightness or pain in 
your chest or if you are short of breath and need to stop. 
OK? Go!” 

flights of stairs) may be performed together, but they are scored separately. 

Generally, only one trial is given. 

PERFORMANCE TEST 

If the patient is willing, he or she may continue the 
stairs to achieve up to four flights. This effort is not timed. 

9. Climbing Four Flights of Stairs 

Testing Procedure: The patient is asked to climb up to 
four flights of stairs. The scoring is based on how many 
flights, up and down, the patient completes. The patient 
descends the first flight of stairs, counted as one, and 
ascends the same flight up to four repetitions. This stair 
climbing and descent continues until the patient feels 
tired and wishes to stop, or until four flights, four ups 
and four downs total, have been completed. 

Record the number of flights (maximum of four) 
climbed (up and down is one flight). A handrail and/or 
an assistive device may be used. 

Instructions to Patient: “Now, the next task is to climb, 
up and down, as many times as you are comfortable, up 
to four times. You can determine how many flights you 
feel comfortable doing. Are you willing to try? How many 
flights do you think you can do?” Ready? Go! 

e Typically, a demonstration is not needed and only 
one trial is given. 

e Prior to beginning the stair tasks, it is helpful to 
ask the patient how many flights he or she thinks 
can be completed to give some idea of the anticipated 
level of performance. 

e Patients should be gently encouraged, but not 
coerced or forced, to do more than they feel they 
can safely and comfortably do. 

e Taking vital signs pre and post stair climbing or 
asking the patient to identify the level of exertion 
via the Borg Scale of Exertion may provide additional 
information to help inform the therapist’s clinical 
decision making. 

The stair tasks complete the nine-item PPT. See Fig. 
8.18 for the PPT scoring form. To complete the M-PPT, 
ask the patient to perform the next two tasks. 
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PERFORMANCE TEST 

Physical Performance Test Scoring Sheet 

Physical Performance Test 

Scoring | Score 

Writing task: 

(Write the sentence “Whales live ina 

blue ocean.”) 

Time 

Sec* <10 sec =4 

10.5-15 sec=3 

15.5-20 sec = 2 

>20 sec = 1 

unable = 0 

Eating task 

(simulated eating) 

<10sec=4 

10.5-15 sec=3 

15.5-20 sec = 2 

S20isec = 1 

unable = 0 

Lift a book and put it on a shelf 

Book: approximately 5.5 Ibs 

Bed height: 23 in 

Shelf height: 46 in 

Sec <2 sec =4 

2.5-4 sec =3 

4.5-6 sec =2 

>6 sec = 1 

unable = 0 

Put on and remove a garment 

1. Standing 

or hospital gown 

2. Use of bathrobe, button-down shirt, 

<10sec=4 

10.5-15 sec=3 

15.5-20 sec =2 

>20 sec = 1 

unable = 0 

Pick up a coin from the floor 

Turn 360° 

a 50-foot walk test (15.24 meters) 

<15 sec = 3.33 feet/sec or 1.0 m/sec 

Discontinuous steps = 0 

Continuous steps = 2 

Unsteady (grabs, staggers) = 0 

Steady = 2 

<15sec=4 

15.5-20 sec =3 

20.5—25 sec = 2 

>25 sec = 1 

unable = 0 

8 Climb one flight of stairs <5 sec =4 

5.5-10 sec=3 

10.5-15 sec =2 

>15 sec =1 

unable = 0 

9 Climb four flights of stairs Number of flights of stairs up and 
down (maximum of 4) 

TOTAL SCORE (maxium 36 for 

nine-item; 28 for seven-item) 
ae 

*For time measurements, round to nearest 0.5 seconds 

;—— 

Total score 
Ss! 

Data from: Reuben DB, Siu AL. An objective measure of physical function of elderly outpatients (the Physical Performance Test). 
Journal of the American Geriatric Society 1990; 38(10): 1105-1112. 

FIGURE 8.18 Physical performance test (PPT) scoring form. 
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Modified Physical Performance Test 

The modified physical performance test does not include 
the PPT tasks 1 (writing) and 2 (simulating eating). 
Instead, the following balance test is done first, followed 
by the chair stand test. Then tasks 3 to 9 from the physical 
performance test are performed. 

1. Testing Procedures for 
Standing Static Balance Tasks 

These balance tasks examine the patient’s ability to stand 
in three positions: side-by-side, semi-tandem, and full 
tandem. The three positions should be tested in order 
because they increase in difficulty. The duration of the 
three balance positions is timed. If the patient cannot 
perform one position, then the next position is not 
performed but rather is scored as “unable.” These positions 
are designed to maximally challenge balance, so the 
therapist should be alert for balance difficulties and 
maintain the patient’s safety at all times. 

Each balance position is timed for a maximum of 10 
seconds. The semi-scoring tandem and tandem positions 
are tested with each foot forward. No out-toeing is permit- 
ted. Foot positioning should be strictly observed. If the 
patient cannot attain the proper position, the score is 
zero for that stance task. Only one trial is allowed for 
each position. 

Each position is demonstrated before testing. If desired, 
ask the patient to practice the position. The patient may 
be assisted to assume the positions, but when timing 
starts, no support is given. Once the patient appears to 
be steady, the therapist begins timing, relinquishing 
support if it was initially needed to assume the correct 
position. The timing is continued until the patient moves 
a foot, uses a hand for support, or 10 seconds have elapsed. 
Record any time less than 10 seconds to the nearest 
hundredth of a second on the test form. 

a. Feet Together Stance 

Testing Procedure: The first balance task is feet together 
stance. In this position, the patient is asked to stand for 
10 seconds with the feet together in a side-by-side stance 
position (Fig. 8.19). 

Instructions to Patient: “These three balancing tasks 
require you to stand in three different positions for up 
to 10 seconds. First we’ll start with the feet together 
stance position. You can use me to get into the position 
but then you have to stand by yourself. I will be timing 
you when you are ready. 

“First, I want you to place your feet completely 
together, like this. Then hold the position as long as you 
can. Ready? Begin.” 

PERFORMANCE TEST 

If the patient was able to hold the position for 10 
seconds, proceed to the next balance position. If the 
position was held less than 10 seconds, record the seconds 
and proceed to the chair stand test. 

b. Semi-tandem Stance 

Testing Procedure: The second balance task is the semi- 
tandem stance position. Demonstrate the position. The 
patient stands with the heel of one foot placed to the 
side of and touching the big toe of the other foot. Either 
foot can be placed in the forward position. The position 
should be timed (Fig. 8.20). (Note: This task should be 
performed only in patients who were able to perform the 
previous feet together stance task for 10 seconds.) Score 
the worst performance. 

Instructions to Patient: “Move one foot in front of the 
other so that the heel of the front foot is against the side 
of the big toe of the other foot, like this. Make sure you 
do not turn your foot out. You can choose whichever 
foot you like. Begin!” 

If able to complete 10 seconds, proceed to the third 
balance test. If unable to hold the semi-tandem position 
for 10 seconds, record the time held and proceed to the 
chair stand test. 

FIGURE 8.19 FIGURE 8.20 
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PERFORMANCE TEST 

Modified Physical Performance Test Continued 

c. Full Tandem Stance 

Testing Procedure: The third and final position is the 
tandem stance position. Demonstrate the position. Ask 
the patient to place the heel of one foot directly in front 
of the toes of the other foot. Either foot can be placed 
in the forward position (Fig. 8.21). (Note: This task should 
be performed only in patients who were able to perform 
the semi-tandem stance for 10 seconds.) 

Instructions to Patient: “Place the heel of one foot 
directly in front of the toes of the other foot, like this.” 
“Either foot can be placed in the forward position. Are 
you ready? Begin.” 

e Allowing the patient to choose which foot to place 
forward in the semi-tandem or full tandem stance 
may indicate which foot the patient feels is stronger. 
Only one foot forward position is tested. 

e The original instructions, stated here, were for 
research purposes. In the clinical situation, patients 
may not be able to assume the ideal position because 
of severe valgus, for example. Therefore, some lati- 
tude may be required. 

FIGURE 8.21 
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2. Chair Stand (Five-Repetition) 

Testing Procedure: The chair stand task is a test of leg 
strength and mobility. The patient is asked to stand from 
the chair with the arms folded across the chest while the 
therapist observes. If the patient is able to rise from the 
chair once, the patient is then asked to stand up and sit 
down five times as quickly as possible. Timing begins as 
soon as the command to stand is given and continues 
until the patient is fully upright at the end of the fifth 
stand. 

Position of Patient: Seated, with arms crossed over the 
chest. Feet are planted on the floor in a comfortable 
position (Fig. 8.22). 

Instructions to Patient: “Fold your arms across your 
chest and sit so that your feet are on the floor. Then, 
stand up, keeping your arms folded across your chest.” 
(After it is observed that the patient can safely stand 
independently without the use of the arms, proceed to 
the timed five-repetition part of the chair stand task.) 
“Now stand up straight, as quickly as you can, five times, 
without stopping in between. Keep your arms folded 
across your chest. [’ll be timing you with a stopwatch.” 

Helpful Hints 
e Place the chair against a wall, to avoid any 

movement. 
¢ Observe the quality of the movement such as the 

position of the hips, reflected in valgus. 
e Refer to the chair stand test on page 334. 

FIGURE 8.22 
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Modified Physical Performance Test 
Continued 

Scoring 

Each task’s performance is recorded on the PPT scoring 
form (see Fig. 8.18) or M-PPT scoring form (Fig. 8.23) 
using a scale of 0 to 4. Total possible scores for the 
seven-item version of the PPT is 28, whereas the nine-item 
version PPT is 36. The M-PPT total possible score is 36. 
Reuben and Siu established percentile norms for the PPT 
based on the performance of a 79-year-old male who is 
independent in all ADIs.” 
25th percentile ... 21 (9-item), 15 (7-item) 
75th percentile ... 29 (9-item), 22 (7-item) 
90th percentile ... 31 (9-item), 24 (7-item) 

See Table 8.10 for mean scores for men and women 
aged 60 to 101 for the PPT.** Reuben determined that 
the following scores indicated a degree of frailty.*” 
32 to 36 = not frail 
25,t0.32 = mild frailty. 
17 to 24 = moderate frailty 
<17 = unlikely to be able 

community. 
The minimal important difference in older adults is 

2.4 points.”® 

to function in the 

PERFORMANCE TEST 

e Timing a patient during task performance should 
be done with the utmost awareness of the influence 
of timing. Many patients may move faster than is 
safe, because of a competitive nature. In some cases, 
it may not be best practice to tell the patient the 
task is timed, especially in cases where balance is 
significantly impaired. 

e It is recommended to use the lowest score because 
of the need to accurately record the patient’s per- 
formance in the clinical setting. Although perfor- 
mance may improve with repeated trials, the most 
genuine real-life performance may be the lowest 
timed or poorest performance. 

Table 8.10 7-ITEM PHYSICAL PERFORMANCE TEST 
SCORES* 

Age Male Female 

60-69 26 26.4 (0.9) 

70-79 24.6 (1.7) 25.1 (0.9) 

80-89 20.4 (4.8) 19.5 (3.8) 

90-101 16.5 (6.4) 16.2 (6.0) 

*Subjects were able to use an assistive device. 

Data from Lusardi MM, Pellecchia GL, Schulman M. Functional 

performance in community living older adults. J Geriatr Phys Ther. 

2003;26: 14-22 
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PERFORMANCE TEST 

Modified Physical Performance Test 

Standing Static Balance | Feet Together: sec | Semi-tandem: Tandem: Score 

LJ 10 sec LI 10 sec L) 10 sec 1) 4 

.} 10 sec LJ 10 sec CL) 3-9.9 sec 03 

L) 10 sec LJ 10 sec (J 0-2.9 sec 2 

L) 10 sec L) 0-9 sec Unable Ch 4 

L) 0-9 sec Unable Unable Oo 
SD | 

Time Scoring values Score 

Chair stand (5 x without arms) <11 sec=4 
11.1-14 sec =3 

14.1-17 sec =2 

>17 sec=1 

unable = 0 

Lift a book and put it on a shelf <2 sec=4 

2.1—4 sec =3 

4.1-6 sec =2 

>6 sec = 1 

unable = 0 

Put on and remove a garment <10 sec =4 

10.1-15 sec =3 

15.1-20 sec = 2 

>20 sec = 1 

unable = 0 

Pick up a coin from the floor <2 sec=4 

2.1-4 sec =3 

4.1-6 sec =2 

>6 sec = 1 

unable = 0 a 
Turn 360° Discontinuous steps = 0 

Continuous steps = 2 

Unsteady (grabs, staggers) = 0 

Steady = 2 

50-foot walk <15sec=4 

15.1-20 sec = 3 

201-25 sec'= 2 

>25'sec = 1 

unable = 0 

Climb one flight of stairs <5 sec =4 

5.1-10 sec=3 

10.1-15 sec =2 

SIO SeC= 1 

unable = 0 

Climb four flights of stairs Number of flights of stairs up and down 
(maximum 4) 

oe tt 

TOTAL SCORE 9-item score 

FIGURE 8.23 Scoring form for modified physical performance test (M-PPT). 
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TIMED UP AND GO 

Purpose: The timed up and go test (TUG) is a test of 
general mobility that involves standing from a standard- 
height chair, walking, turning, and sitting down.*# 
The test can be performed with an assistive device.*® 
Typically, the use of an assistive device indicates slower 
performance. 

The TUG takes only seconds to perform and can be 
used in all health-care settings because of the minimal 
equipment and space required. The test can be used to 
identify impairments related to mobility. 

Essential Muscle Movements for Task Performance: Hip 
extension, hip abduction from a flexed position, hip 
external rotation, knee extension, ankle plantar flexion, 
ankle dorsiflexion and inversion,’ and trunk extension 
and flexion. Hip flexion also contributes to walking veloc- 
ity.'° The reader is referred to the gait section of this 
chapter for a more specific list of muscles that are impera- 
tive for smooth and normal gait. 

Reliability: ICC = 0.99; test-retest reliability, ICC = 
0.99.*° In individuals with Alzheimer disease, ICC = 0.97.°” 

Validity: Construct validity is for independence in mobility 
(the time taken is strongly correlated to the level of 
functional mobility). Similar to gait speed, it can predict 
global health and new ADL difficulty. Those who required 
more than 20 seconds to perform the TUG had a 50% 
chance of having difficulty performing household chores.*® 
It has limited ability to predict falls in community-dwelling 
older adults and should not be used in isolation to identify 
individuals at risk for falls.*? 

Equipment: Standard 17-in.-high chair with arms, 
stopwatch, and 3 m measured on the floor. 

Testing Procedure: A chair with arms is placed against 
a wall to prevent the chair from moving. Measure a distance 
of 3 m from the front legs of the chair. A line or other 
object should indicate the 3-m mark (Fig. 8.24). Dem- 
onstrate the task for the patient, using an assistive device 
if the patient will be using one. Ask the patient to walk 
at a usual and comfortable speed 3 m to a specified mark 
on the floor, turn around and walk back to the chair, 
sitting all the way back in the chair. Timing starts on 
“Go!” rather than when the patient starts to rise. Be clear 
so that the patient knows you are about to start the test. 
Stop timing when the patient is fully seated with his or 
her back against the chair. A practice trial is given before 
the two test trials are performed. 

Position of Patient: Seated in a chair with arms, feet 
on the floor, and back against the back of the chair. 

Position of Therapist: Stand to the side of the patient. 
The therapist may choose to walk with the patient if safety 
is a concern (Fig. 8.25). 

Instructions to Patient: “On ‘Go!’ I want you to stand 
up and walk as quickly but as safely as you can to the 

mark on the floor, turn, and return to the chair, sitting 
down with your back against the back of the chair. [’ll 
be timing you, OK? Go!” 

1m 

2m 

3m 

FIGURE 8.24 

FIGURE 8.25 
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Scoring 

The fastest trial time taken to perform the TUG is the 
score. 

10 seconds or faster indicates the patient is freely mobile. 
30 seconds or slower indicates the patient is dependent 

in mobility.” 
A score greater than 9 seconds is predictive of develop- 

ing disability within 2 years.*! 

Norms 

A total of 92% of community-dwelling older adults had 
TUG times of less than 12 seconds, whereas only 9% of 
institutionalized patients performed the TUG in that time. 
Community-dwelling women between 65 and 85 years 
of age should be able to perform the TUG in 12 seconds 
or less.*” 

TUG times are worse than average if they exceed 9.0 
seconds for 60- to 69-year-olds, 10.2 seconds for 70- to 
79-year-olds, and 12.7 seconds for 80- to 89-year-olds.** 
Table 8.11 lists normative values for the TUG test. 

Table 8.11 NORMATIVE REFERENCE VALUES FOR 
THE TIMED UP AND GO TEST 

Age Group Time in Seconds 
(Years) (95% Confidence Interval) 

60-69 8.1 (7.1-9.0) 

70-79 9.2 (8.2-10.2) 

80-89 11.3 (10.0-12.7) 

Data from Bohannon RW. Reference values for the timed up and go 

test: a descriptive meta-analysis. J Geriatr Phys Ther. 2006;29(2):64-68., 
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e Make sure the patient can hear you and waits for 
your “Go!” 

e If using an object to mark the farthest point of the 
3-m distance, make sure it is moved forward of 
the 3-m mark to avoid lengthening the course as 
the patient walks around the object (see Fig. 8.25). 

e Always retest using the same assistive device as used 
in the original test. 

e Avoid overcoaching. Valuable information that will 
inform clinical decision making can be obtained 
from observing how the patient chooses to perform 
the test. 

e Using the general procedure for the TUG, a timed 
performance can be obtained from any surface, such 
as a couch or car seat, to assist in clinical decision 
making and objective documentation. 

e Scoring may be either the fastest, the slowest, or 
an average of the trials. Each repeat test should 
reflect the same choice. 



STAIR CLIMB 

Purpose: The stair climb test assesses the ability to climb 
a flight of stairs. Qualitative and quantitative assessment 
can be made to determine the amount of assistance a 
patient needs, identify impairments that may contribute 
to stair climbing, and indicate how quickly and/or safely 
the patient can accomplish the task. The stair climb test 
is also used as a functional test of power.*** 

Essential Muscle Movements for Task Performance: 
Ascent: hip extension, knee flexion and extension, ankle 
plantar flexion, ankle dorsiflexion, spine extension, and 
core stability. Descent: eccentric knee extension, hip 
flexion, and core muscles. For a test that requires stability 
and balance, however, any lower extremity muscle or 
group will be used at some point during the task. 

Reliability: ICC = 0.99*° 

Validity: Moderate validity as a functional measure with 
correlations to other functional measures such as TUG, 
gait speed, and sit-to-stand movement.” Also correlates 
with balance tests and lower extremity strength and power. 

Equipment: Any flight of stairs with a railing can be 
used. The pediatric version (timed up and down stairs 
[TUDS]) requires 11 stairs to compare the score with 
normative data. 

Testing Procedure: Timing starts when the patient’s 
first foot is lifted from the floor and is stopped when both 
feet are on the top stair. Because descent is typically more 
difficult, the therapist should time ascent and descent 
separately. The therapist should document the use of 
handrails, assistive devices, gait belts, and the number of 

stairs. 

Position of Therapist: Safety of the patient should be 
the therapist’s primary concern. Therefore the therapist 
may need to closely guard the patient, ascending and 
descending the stairs with the patient (Fig. 8.26). If the 
therapist is confident of the safety of the patient, the 
therapist can choose to remain at the bottom of the flight 
of stairs during the test. 

Instructions to Patient: “I want to see how safely and 
how quickly you can climb this flight of stairs. Do you 
feel safe to climb these stairs? You may hold onto the 
railing if you want to. Please stop at the top of the stairs 
before coming down so I can time how long it takes you 
to descend. Ready? Go!” 

FIGURE 8.26 
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Scoring 

Scoring the time it takes the patient to ascend and descend 
stairs must include the number of stairs. Time is calculated 
by dividing the number of stairs in the flight by the time 
taken to go up and down. 

In nondisabled adult individuals, 0.5 second per stair 
(up and down) is typical (Table 8.12).*” Stair ascent and 
descent (combined) decreases with age from 2.5 stairs 
per second in 20- to 39-year-olds to 1.2 stairs per second 
in 90+ year olds.** In children ages 8 to 14, 8.1 seconds 
for 14 steps (0.58 second per step) was determined to 
be normal for combined ascent and descent (Table 8.13). 

Table 8.12 GROUP DATA FOR STAIR CLIMB TIME 
FROM SYSTEMATIC REVIEW 

Age Ascent Descent 

18-49 0,48 4 0,14 *O30'0,14 

50-65 0A64 0,17 7054 20,20 

>65 06S+0:41 ~ 1420.55 

>65 with decreased mobility 0.95+0.44 1.11 +0.47 

Neurological L0V4'0:57—- 09-2 0.47 

Medical O62 O01S OU 8l Os 

0.82+0.33 0.96+0.41 Musculoskeletal 

Data from Nightengale EJ, Pourkazemi F, Hiller CE. Systemic review of 

timed stair tests, J Rehabil Res Dev. 2014;51(3):335-350, 

Helpful Hints 

e Carefully observe the patient’s use of the handrail. 
The patient may use the handrail for balance or may 
use the handrail for weight bearing to off-load a painful 
joint or compensate for weakness. Watch for the 
patient pulling on the handrail. This observation can 
inform clinical decision making. 

e Note the position of the feet during stair descent, 
which may indicate compensation for muscle weakness 
or pain. 

e Stair climbing without a handrail typically increases 
ground reaction forces by seven times the body 
weight.°°*? 

e Ifa patient with eyeglasses has difficulty descending 
stairs, don’t encourage him or her to move faster. 

Glasses sometimes cause the patient to see a step 
where it isn’t and increased speed may result in a fall. 

e It typically takes longer to ascend than descend stairs, 
in the healthy population. Stair ascent and descent 
time increase with age, with stair descent time increas- 
ing to a greater extent.” 

e Single-leg squats can identify independent stair 
negotiation ability in older adults.*? 

e Standardization recommendations include a flight of 
at least 10 stairs timing ascent and descent times 
separately, and asking the patient to perform as quickly 
as possible with the handrail to be used for balance 
only.*” 

Table 8.13 TIME OF COMBINED ASCENT AND DESCENT ON FLIGHT OF 11 STAIRS (SEC/STAIR) 

3-9 Years 10-19 Years 20-59 Years 60+ Years 
M F M F M F M F 

95th percentile DW DS | 0.73 0.84 0.78 0.97 1S BO 

F, Female; M, male. 

Data from McKay MJ, Baldwin JN, Ferreira P, Simic M, Vanicek N, Burns J. 1000 Norms Project Consortium. Normative reference values for strength 
and flexibility of 1,000 children and adults. Neurology. 2017;88(1):36-43. 
oe hee 

Chapter 8 | Testing Functional Performance 354 



FLOOR RISE 

Purpose: Floor rise ability is necessary for a patient’s 
safety and confidence. Anyone who falls should be able 
to rescue themselves from the floor (unless they have 
become seriously injured). The floor rise test assesses the 
patient’s ability to rise from the floor, thereby identifying 
impairments, functional ability, and informing clinical 
decision making. 

Essential Muscle Movements for Task Performance: 
Knee extension, ankle plantar flexion, hip extension, core 
stability, and trunk rotation. If arms are needed to assist, 
scapular adduction and downward rotation, scapular 
depression and adduction, elbow extension, and shoulder 
horizontal adduction. 

Reliability: Excellent reliability 

Validity: An inability to rise from the floor is associated 
with older age, increased mortality, and lower functional 
abilities and risk for serious injury.** 

Equipment: Stopwatch, chair with arms, and an unob- 
structed floor surface that allows the patient to lie flat. 

Testing Procedure: The therapist should demonstrate 
the lowering of the body to the floor, lying supine, and 
rising again. During the test, the patient should lie supine 
so that 75% of the body is in contact with the floor. The 
patient may choose to place the head and trunk flat on 
the floor, bending the knees or lying flat with only the 
head and shoulders raised (Fig. 8.27). Either position is 
acceptable. A chair should be nearby to be used by the 
patient if needed. Timing begins on “Go!” and ends 
when the patient is fully standing again and steady. 
Document the type of assistance needed to rise, as 
appropriate. 

Instructions to Patient: “I want you to get onto the 
floor, without assistance if possible, lying flat so that most 
of your body is flat on the floor, then get up again. You 
may get up in any way you choose and if you need to, 
you may use this chair. I can help you if you can’t get 
up by yourself. I will demonstrate. I will be timing you 
and will stop timing when you are fully standing and 
steady. Are you ready? Good. Go!” 

Scoring 

The score is the time it takes to complete the floor transfer. 
There are no norms for this test, but in the author’s 
experience, more than 10 seconds often involves the need 
for assistance with the transfer. The therapist may score 
only the time it takes to rise from the floor, rather than 
the combined floor descent and rise. 

FIGURE 8.27 
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floor, it often involves an inability to shift weight at 
the hips and roll onto the side as in side-sitting to 
the knees. 
The therapist should note the “cause” of any difficulty 
in rising—such as pain, weakness, or an inability to 
motor plan. These causes may form the basis of a 
treatment plan. 
Because there are several ways to rise from the floor, 
the method used by the patient should be noted in 
the documentation. The position requiring the most 
strength is rising without assistance (Fig. 8.28); using 
one knee to rise requires less strength (Fig. 8.29); 
and using assistance such as a chair requires the least 
amount of strength (Fig. 8.30). 

FIGURE 8.28 

FIGURE 8.29 FIGURE 8.30 
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Human gait is a remarkable feat. Each step is a complex 
integration of muscular and neural events, all of which 
have to occur in proper sequence and magnitude to prevent 
loss of balance and maintain a smooth and integrated 
forward progression with the least expenditure of 
energy.°*°> Loss of muscle strength has a devastating effect 
on gait, particularly velocity, safety, and energy cost.°°°” 
An entire issue of the journal Physical Therapy was devoted 
to this and related topics in 2010.°8 

This chapter segment is focused only on five events in 
the gait cycle that occur smoothly and successfully if the 
muscles involved are sufficiently strong. Weakness in the 
gluteus medius, tibialis anterior, quadriceps, gluteus 
maximus, or gastroc-soleus will significantly blunt gait 
velocity and interrupt the integration of gait events and 
the limb segments involved. 

Because locomotion is so important to humans, reha- 
bilitation is often focused on its restoration. The key to 
successful rehabilitation, however, is the identification of 
the muscles or muscle groups that are weak. What follows 
are some common deviations in the gait cycle that are 
directly linked to specific muscle weakness. These deviations 
are easily observed, and once observed, the therapist can 
perform specific muscle testing for confirmation. 

Gluteus Medius Weakness 

During the loading phase of the gait cycle, as the stance 
limb is accepting the entire weight of the body (single 
limb support), the gluteus medius contracts vigorously 
to keep the pelvis from dropping to the opposite side. 
When electromyographic output during gait is measured 
and compared to the electromyographic output generated 
during a maximal isometric contraction, the demand on 
the gluteus medius appears to be approximately 25% of 
its maximum force capacity. Thus, in general, strength 
must be at least Grade 3 to prevent the pelvis from drop- 
ping.” If pelvic drop is observed, strength must be restored 
because gait velocity slows and the energy required to 
walk increases in the presence of gluteus medius 
weakness.°° 

Inman calculated the demand on the gluteus medius 
during single limb stance (most of the gait cycle) as 2.5 
times the weight of the head, arms, and trunk.®’ Thus, 
for a 150-lb individual, the gluteus medius must generate 
approximately 100 lb of torque with each step. If the 
therapist is strength testing with a handheld dynamometer, 
a minimum of 100 Ib should be the expected value in a 
150-Ib person. 

Tibialis Anterior Weakness 

Immediately following heel strike, the tibialis anterior 
(TA) decelerates the foot to the floor.***” This eccentric 
contraction is a rapid event that places high demand on 
the muscle, estimated at between 45% and 75% of its 
maximum strength.°”*! A demand this high requires a 
manual muscle grade of at least 4. Weakness of the TA 

GAIT 

immediately eliminates the foot-lowering portion of the 
normal gait cycle. With moderate weakness (approximately 
Grade 3) the therapist will observe a foot flat gait.°? Stride 
length is shortened to permit the foot flat landing. A 
shorter stride results in slower gait velocity. Thus, if the 
therapist observes a patient who fails to execute heel strike 
and approaches each step with a foot flat approach, muscle 
test the TA to confirm its strength loss. If there is severe 
weakness, the therapist will observe (and hear) a foot 
slap gait. 

Quadriceps Weakness 

Another key event in the stance phase of gait is shock 
absorption at the knee shortly after heel strike.°? During 
this instant in the gait cycle, the knee (in a normal person) 
rapidly goes from full extension to 15° of flexion and the 
quadriceps absorb a high amount of force, estimated to 
be 75% of maximum.*? With shock absorption, the 
quadriceps permit a smooth transition to mid-stance. If 
the quadriceps are weak the entire shock absorption process 
disappears, which is another observable event. Instead of 
a brisk knee flexion following heel strike, the patient with 
weak quadriceps will shorten the stride and approach the 
entire first half of the stance phase with a nearly extended 
knee. No shock absorption takes place. Strength estimates 
vary, but the quadriceps must be at least a Grade 3 to 
absorb the shock of knee flexion immediately after heel 
strike.°? If the therapist observes a failure of knee flexion 
during the initial phase of stance, quadriceps strength 
should be evaluated. 

Gluteus Maximus Weakness 

The highest strength demand on the gluteus maximus 
occurs during loading response and is complete by the 
mid-stance phase of gait.° Once total body weight is 
transferred onto the stance leg, the gluteus maximus must 
assume responsibility for the upright trunk (muscle acting 
on its origin). If muscle weakness is present, the patient 
will exhibit a forward trunk lean. Forward trunk lean may 
occur during the entire stance phase or occur suddenly, 
a “pitching forward,” suggesting a sudden failure of the 
muscles to hold the trunk upright. Gluteus maximus 
strength should be sufficient to hold the weight of the 
head, arms, and trunk, or about 60% of body mass.’ If 
suspected gluteus maximus weakness exists, as evidenced 
by a forward trunk lean during stance, with subsequent 
slowing of gait, further muscle testing is indicated for 
confirmation. 

Gastrocnemius-Soleus Weakness 

When the gastrocnemius and soleus act on their insertion, 
they produce plantar flexion and stabilize the ankle during 
roll-off.°"°** The soleus is one of the most important 
muscles of the leg because it works not just to control 
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Gastrocnemius-Soleus Weakness Continued 

the foot and ankle complex but has a critical role in stabiliz- 
ing the knee.°° Equally important is the role of the soleus 
to prevent forward translation of the tibia toward the end 
of the stance phase. If the soleus is functioning adequately, 
the ankle is stable and heel rise occurs.’ The demand on 
the gastrocnemius and soleus is extremely high, measured 
at 75% of maximum for the gastrocnemius and at more 
than 80% for the soleus. When gastrocnemius-soleus muscle 
strength is at least Grade 4, the ankle will lock and heel 
rise will occur, which is another key event in the gait 
cycle that markedly influences velocity.® If heel rise is 
noticeably diminished or nonexistent, further muscle 
testing is indicated. 

Each of the five gait events described has been identified 
as one of the “critical determinants of gait.”°*°” Without 
these five critical determinants, gait velocity is markedly 
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diminished, and as noted, if gait speed slows enough, 
community ambulation is no longer feasible and/or 
independence may be lost. Indeed, loss of gait function 
is a major reason for nursing home placement in a person’s 
later years.® 

Hicks and colleagues reported that the collective 
strength of 24% of normal is required to walk.” If strength 
is below 24% of normal, profound changes in gait speed 
have already occurred, and a person with this much 
weakness is on the threshold of frailty, loss of independence, 
and in need of an assistive device.” Physical therapists 
can recognize subtle but highly observable gait deviations 
long before strength losses become catastrophic. Muscle 
testing techniques as presented in this book permit 
identification of strength losses in the early phase of loss, 
when rehabilitation is more feasible and successful. 
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HANDHELD MUSCLE DYNAMOMETRY 

INTRODUCTION 

Handheld dynamometry (HHD), also referred to as 
handheld myometry, is a manual muscle testing procedure 
by which a dynamometer is held in the hand of an examiner 
to quantitatively measure the strength of specific muscle 
actions of the limbs or trunk. Essentially, it is an extension 
of the human hand. The handheld dynamometer comes 
with different pads to be used for different body segments. 
HHD measures force on a continuous scale in Newtons 
(N), pounds (lb), or kilograms (kg) from 3.6 N up to 
1320 N (0.2 to 300 Ib), depending on the device. HHD 
should not be confused with grip strength dynamometry 
(see page 218) in which an instrument held in the hand 
of a patient is used to measure that patient’s hand-grip 
strength. 

Research published over the past 100 years describes 
the use of at least a dozen different handheld dynamom- 
eters.’ Although handheld dynamometers are commonly 
used in research, they are less commonly used in the 
clinic, perhaps because the HHD technique is not routinely 
taught in entry-level programs. However, HHD has been 
used in a variety of settings that reflect the scope of physical 
therapist practice such as acute care,” inpatient rehabilita- 
tion,** home care,” and outpatient.° 

Handheld dynamometers are accurate, easy to use, 
portable, and afford an objectivity that is lacking in manual 
muscle testing (MMT). The continuous scale used in 
HHD allows the identification of subtle differences in 
side-to-side comparisons and avoids the ceiling effect of 
MMT. HHD is also more responsive, making it possible 
to discern changes in strength within Grades 4 and 5. 
However, many of the issues and limitations of MMT 
discussed in Chapters 1 and 2 are relevant to the application 
of HHD. The reader is referred to these chapters to 
review the limitations of MMT and to extend the recom- 
mendations for enhancing the reliability of MMT to HHD, 
recognizing that the same procedures apply to HHD. 
The reader is reminded that HHD values are influenced 
by the tester’s strength, position, ability to stabilize the 
body segment and the technique used. Large muscle forces 
(over 250 N) may not be accurate due to stabilization 
and tester strength issues.’ The inability of some handheld 
dynamometers to record the high forces generated by 
strong muscles (¢.g., quadriceps and plantar flexors), lack 
of clear meaning of the scores, and the lack of standardiza- 
tion of positions are additional limitations of HHD. 

362 Chapter 9 | Handheld Muscle Dynamometry 

Clinimetric Properties 

The clinimetric properties of strength measures obtained 
by HHD have been researched extensively over the past 
few decades. Research on HHD reveals conflicting results 
for both test-retest and intertester reliability, in part because 
of the methodological quality of studies and lack of 
standardization of method (e.g., lack of stabilization, 
patient position, rate of force applied, use of make or 
break tests).*” Reliability tends to be lower when stronger 
actions, such as knee extension or plantar flexion, stronger 
patients, or weaker testers are involved.'°"* 

A systematic review of the intraexaminer reliability of 
HHD measurements obtained from the upper extremity 
demonstrated acceptable intra-rater and inter-rater reli- 
ability (ICC > 0.90) for only elbow flexion and extension; 
however, subsequent studies show similar intra-rater and 
inter-rater reliability (ICC > 0.90) for shoulder internal 
and external rotation tested in the 0 degrees and 90-90 
shoulder-elbow position in sitting, prone and supine.'*'* 
Strength measurements are internally consistent when 
performed by a tester with adequate strength.’° Intersession 
reliability is better than intrasession reliability.*'” Unfor- 
tunately, standardization of position and method ts lacking 
in HHD; therefore the reliability demonstrated in these 
studies may not necessarily be applied to the positions 
described in this chapter. 

The validity of HHD is supported by considerable 
research. Specifically, correlations between measurements 
obtained by HHD and measurements obtained by isokinetic 
dynamometry support the criterion validity of HHD.’ 
Convergent validity is supported by correlations between 
lower limb strength measured by HHD and performance 
of activities such as dressing, toileting and transferring," 
bed mobility,”” sit-to-stand,*”° level ground ambulation,”)” 
and stair negotiation.** Known groups validity is upheld by 
differences in the dynamometrically measured strength of 
normal adults and adults with pathologies and problems as 
diverse as renal failure,”’ stroke,” osteoporosis,”* diabetes,” 
osteoarthritis,” dementia,'* and fear of falling.?”78 

The responsiveness of HHD has been described mostly 
through reporting of minimal detectable change.'°”? 
Responsiveness is variable and is affected by HHD 
methods. Generally, a change of greater than 22 N in 
the upper extremity must be attained for confidence in 
a true difference.'**° Minimal clinically important differ- 
ences in force measured using HHD are lacking. 

Normative reference values have been published for 
dynamometrically obtained measures of upper and lower 
limb strength.”*'*” These norms are limited by the posi- 
tions and type of dynamometer used and the use of make 
or break tests. Nevertheless, they provide some indication 
of what might be expected from healthy adults. 
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General Procedures 

The tests described in this chapter use the same manual 
muscle testing positions described elsewhere in this book, 
and thus the same testing procedures are followed. First, 
the position of the patient is described. Then the patient 
is asked to perform the test action to assess the quality 
and quantity of the action and to determine if application 
of resistance is appropriate (e.g., in the presence of pain 
or inflammation). Although HHD may be used on a 
muscle action that does not produce full range, it is 
important to discern what limitations prevent full range 
such as weakness, joint restrictions, or pain. If weakness 
is below a Grade 3 (i.e., the patient cannot tolerate any 
resistance other than gravity), HHD may not be practical. 
Next, appropriate stabilization is applied and is a critical 
element in HHD testing. The assistance of another person 
may be needed if the therapist suspects the patient’s muscle 
action could overcome the therapist’s strength or adequate 
stabilization cannot be achieved without extra help. Once 
adequate stabilization is achieved, place the HHD on the 
body segment and ask the patient to push or pull against 
the HHD with maximum effort. This effort should occur 
within 2 to 5 seconds adhering to the procedures outlined 
on page 309. The use of a break test elicits a slightly 
stronger and eccentric contraction®” than a make test and 
thus is used in this text, similar to the recommended 
procedure for MMT. However, there may be times when 
a make test is more appropriate (e.g., in the presence of 
joint instability, patient cooperation, pain). To enhance 
reliability, a monotone command such as “push, push, 
push” is provided. At the completion of the effort, peak 
force is read from the dynamometer. Although a single 
effort may suffice in the experienced clinician,** a second 
or third trial should be conducted for the inexperienced 
therapist and patient. If multiple efforts are attained, the 
tester can choose whether to average the results, using 
the highest or lowest value. Allow a rest of at least 30 
seconds between efforts. Scoring is recorded in Newtons, 
rather than as muscle grades. 

Box 9.1 Muscle Actions 

Shoulder flexion 

Shoulder extension 

Shoulder abduction 

Shoulder external rotation 

Shoulder internal rotation 

Elbow flexion 

Elbow extension 

Wrist extension 

Hip abduction 

Testing Specific Actions 

Various methods of testing over 25 different actions of 
the limbs and trunk using HHD have been described in 
the literature. Procedures vary, revealing a lack of stan- 
dardization. Therefore, we have chosen the standard muscle 
testing positions described in this book, which are known 
to be valid testing positions. Consistent positions may 
encourage adoption and broader use, especially as validity 
studies on these positions are published. The therapist 
should review the helpful hints for each muscle action 
described in previous chapters (Box 9.1). 

Reference Scores 

The lack of standardization of HHD makes the interpreta- 
tion of normative scores difficult. In this chapter, we have 
used normative data from studies using positions similar 
to the standard MMT positions. These positions often 
require some dynamic stabilization that may influence 
the muscle force generated. The reader is cautioned to 
analyze any differences in scores achieved with normative 
scores achieved in different positions. We have used 
normative scores for the dominant upper limb. The reader 
should be aware that in normal adults without pain or 
muscle disease, the stronger side does not exceed the 
weaker one by more than 22%.’ When normative scores 
do not exist for the MMT positions, we have used studies 
of large samples. Results from break tests are included 
whenever available. Because of the variability of normative 
scores across studies, we have opted to use mean scores 
and standard deviations using decade data. If more precise 
scores are desired, the reader is encouraged to read the 
referenced study. The mean score should give the beginner 
user an idea of approximate values for specific muscle 
actions. Scores are always recorded in Newtons. When 
normative scores were recorded in Kg, they were converted 
to Newtons, by multiplying Kg x 9.8. The reader is also 
cautioned about placing undue emphasis on values and 
results exceeding 250 N, because 250 N most likely 
exceeds the force necessary for the performance of most 
functional tasks’ and may have reduced reliability as 
compared to lower values. Additionally, most therapists 
will not be able to effectively stabilize or resist muscle 
forces exceeding 250 N. Examples are the knee extensors 
and plantar flexors. 

Hip flexion 
Hip extension 
Hip flexion 
Hip external rotation 
Hip internal rotation 
Knee extension 
Knee flexion 
Foot dorsiflexion and inversion 
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SHOULDER FLEXION 

(Anterior deltoid, Rotator cuff, Clavicular portion of pectoralis major, and Coracobrachtalts) 

Position of Patient: Short sitting with arms at sides, 
elbow slightly flexed, forearm pronated. 

Instructions to Therapist: Stand at the test side. Ask 
the patient to raise the arm forward to shoulder height 
(see Fig. 5.50 on page 120). If application of resistance 
is appropriate, proceed to test. Position the patient’s arm 
in 90° of flexion with the forearm in neutral rotation and 
the arm in the sagittal plane. Ask the patient to hold the 
position. Place the hand with the handheld dynamometer 
over the distal humerus just above the elbow. The other 
hand stabilizes the shoulder (Fig. 9.1). Resistance is given 
in a downward direction. 

FIGURE 9.1 
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Test: The patient holds the shoulder in 90° of flexion 
without rotation or horizontal movement (see Fig. 9.1 
and Fig. 5.50 on page 120). The scapula should be allowed 
to abduct and upwardly rotate. 

Instructions to Patient: “Hold your arm. Don’t let me 
push it down. Hold ... hold ... hold.” 

Reference Scores 

Normative scores with standard deviations below are for 
a break test in sitting®: 
Mean for 20- to 59-year-old men = 203.4 (43.1) 
Mean for 20- to 59-year-old women = 102.6 (35.6) 



SHOULDER EXTENSION 

(Posterior deltoid, Latissimus dorsi, Teres major, Long head of triceps) 

Position of Patient: Prone with arms at sides and shoulder 
internally rotated (palm up). Head turned toward the 
side being tested (see Fig. 5.56 on page 124). 

Instructions to Therapist: Stand at the test side. Ask 
the patient to lift the arm as high as possible. If application 
of resistance is appropriate, proceed to test. Position the 
arm in full extension. Ask the patient to hold the position. 
Place the hand with the handheld dynamometer over the 
posterior arm just above the elbow. Stabilization is 
provided by the prone position. Resistance is applied in 
a downward direction (Fig. 9.2). 

FIGURE 9.2 

Test: Patient holds the arm off the table, with the elbow 
straight (see Fig. 5.58 on page 124). 

Instructions to Patient: “Hold your arm. Don’t let me 
push it down. Hold ... hold ... hold.” 

Reference Scores 

Normative scores with standard deviations below are for 
a break test in the sitting position®: 
Mean for 20- to 59-year-old men = 162.9 (41.7) 
Mean for 20- to 59-year-old women = 80.9 (31.3) 
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SHOULDER ABDUCTION 

(Middle deltoid and Supraspinatus) 

Position of Patient: Short sitting with arm at side and 
elbow slightly flexed. 

Instructions to Therapist: Stand behind the patient. 
Ask the patient to lift the arm out to the side to shoulder 
level with the forearm in neutral, thumb pointed up. If 
application of resistance is appropriate, proceed to test. 
Position the patient’s arm in 90° of abduction in the 
frontal plane. Ask the patient to hold the position. Place 
the hand with the handheld dynamometer over the arm, 
just above the elbow. Resistance is given in a downward 
direction. Stabilize at the top of the shoulder, if needed 
(Fig, 923): 

FIGURE 9.3 
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Test: Patient abducts the arm to 90°, with the elbow 
straight and forearm pronated (see Fig. 5.65 on page 
128). 

Instructions to Patient: “Hold your arm. Keep your 
elbow straight. Don’t let me push it down. Hold ... hold 
atihold.2 

Reference Scores 

Normative scores with standard deviations below are for 
a break test in sitting®’: 
Mean for 20- to 59-year-old men = 167.0 (47.2) 
Mean for 20- to 59-year-old women = 84.4 (31.8) 



Position of the Patient: Short sitting, with elbow flexed 
to 90° and forearm in neutral. 

Instructions to Therapist: Stand in front of or sit beside 
the patient. Ask the patient to move the forearm away 
from the trunk (see Fig. 5.86 on page 141). If application 
of resistance is appropriate, proceed to test. Position the 
patient’s arm in neutral shoulder rotation with the elbow 
flexed to 90°. Ask the patient to hold the position. Place 
the hand with the handheld dynamometer over the dorsal 
(extensor) surface of the forearm, just proximal to the 
wrist. The other hand stabilizes the medial aspect of the 
elbow. Resistance is given with a medially directed force 
on the outside of the forearm. Because this is not an 
antigravity position, maximal resistance should be used, 
if appropriate (Fig. 9.4). 

Test: Patient holds the shoulder and forearm in neutral 

position against a medially directed force. 

FIGURE 9.4 

SHOULDER EXTERNAL ROTATION 

(Infraspinatus and Teres minor) 

Instructions to Patient: “Push your forearm against my 
hand. Hold it. Don’t let me move it. Hold ... hold ... 
hold.” 

Reference Scores 

Normative scores with standard deviations below are for 

a break test in sitting®’: 
Mean for 20- to 59-year-old men = 107.4 (31.5) 
Mean for 20- to 59-year-old women = 59.2 (22.9) 

Normative scores for a make test in sitting? 
Mean for 20- to 59-year-old men = 134.7 (39.6) 
Mean for 20- to 59-year-old women = 82.2 (20.9) 
Mean for 60- to 80+-year-old men and older = 96.7 

(25:3) 
Mean for 60- to 80+-year-old women and older = 63.3 

(19 7Z) 
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SHOULDER INTERNAL ROTATION 

(Subscapularis) 

Position of Patient: Short sitting with elbow flexed to 
90° and forearm in neutral. 

Instructions to Therapist: Stand in front of or sit beside 
the patient and ask the patient to move the forearm toward 
the trunk (see Fig. 5.94 on page 146). If application of 
resistance is appropriate, proceed to test. Position the 
shoulder in neutral rotation with the elbow flexed to 90°. 
Ask the patient to hold the position. Place the hand with 
the handheld dynamometer over the volar (flexor) surface 
of the forearm, just proximal to the wrist. The other hand 
stabilizes the lateral aspect of the elbow with one hand. 
Resistance is given in a lateral direction away from the 
trunk (Fig. 9.5). Because this is not an antigravity position, 
maximal resistance should be used, if appropriate. 

FIGURE 9.5 
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Test: Patient holds the shoulder and forearm in neutral 

against a laterally directed force. 

Instructions to Patient: “Pull your forearm in toward 
your stomach. Hold it. Don’t let me move it. Hold ... 
hold ... hold.” 

Reference Scores 

Normative scores with standard deviations below are for 
a break test in sitting®”: 
Mean for 20- to 59-year-old men = 112.7 (44.0) 
Mean for 20- to 59-year-old women = 52.4 (22.1) 



ELBOW FLEXION 

Position of Patient: Short sitting with arms at sides. 
Elbow flexed with forearm supinated. 

Instructions to Therapist: Stand in front of the patient 
toward the test side. Ask the patient to bend the elbow. 
If testing is appropriate, proceed to test. Position the 
patient’s elbow in 120° of flexion with the shoulder in the 
sagittal plane and forearm in supination (Fig. 9.6). Ask 
the patient to hold the position. Place the hand holding 
the handheld dynamometer over the volar (flexor) surface 
of the forearm proximal to the wrist in the direction of 
extension (Fig. 9.7). The other hand provides stabilization 
on the anterior surface of the shoulder. Resistance is given 
in a downward direction toward elbow extension. 

Test: Patient holds the elbow position. 

(Biceps, Brachialis, and Brachioradialis) 

Instructions to Patient: “Hold your elbow. Don’t let 
me move it. Hold ... hold ... hold.” 

Reference Scores 

Normative scores with standard deviations below are for 
a break test in sitting®: 
Mean for 20- to 59-year-old men = 287.5 (83.8) 
Mean for 20- to 59-year-old women = 163.3 (49.6) 
Normative scores for a make test in supine*?: 
Mean for 60- to 80+-year-old men and older = 209.4 

(48.4) 
Mean for 60- to 80+-year-old women and older = 129.7 

(3382) 

FIGURE 9.6 FIGURE 9.7 
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ELBOW EXTENSION 

(Triceps brachit) 

Position of Patient: Prone on the table with the patient’s 
head facing toward the test side. The patient starts the 
test with the shoulder in 90° of abduction and the elbow 
flexed to 90° and in neutral rotation with the thumb 
down. The forearm hangs over the side of the table (see 
Fig.15:Li3con: page: 157); 

Instructions to Therapist: Stand to the side of the 
patient. Ask the patient to straighten the elbow. If the 
application of resistance is appropriate, proceed to test. 
Position the elbow in 160° (not full extension to avoid 
hyperextension or “locking”). Ask the patient to hold 
the position. Place the hand with the handheld dyna- 
mometer on the distal surface of the extended forearm 
just proximal to the wrist. Provide support of the arm 
just above the elbow with one hand. No stabilization is 
needed in this position. Resistance is applied in a downward 
direction (Fig. 9.8). 

FIGURE 9.8 
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Test: Patient holds the position of elbow extension. 

Instructions to Patient: “Hold it. Don’t let me bend 

your elbow. Hold ... hold ... hold.” 

Reference Scores 

Normative scores with standard deviations below are for 
a break test in sitting*’: 
Mean for 20- to 59-year-old men = 184.2 (46.7) 
Mean for 20- to 59-year-old women = 120.0 (34.3) 
Normative scores below are for a make test in supine* 
Mean for 60- to 80+-year-old men and older = 162.1 

(36.8) 
Mean for 60- to 80+-year-old women and older = 102.8 

(2573) 

1 



WRIST EXTENSION 

(Extensor carpi radialis longus, Extensor carpi radialis brevis, and Extensor carpi ulnaris) 

Position of Patient: Short sitting with elbow flexed and 
forearm supported on a table. The forearm is fully 
pronated. 

Instructions to Therapist: Sit or stand at a diagonal in 
front of the patient. Ask the patient to lift the hand. If 
resistance is appropriate, proceed to test. Position the 
wrist in full extension with forearm fully pronated. Ask 
the patient to hold the position (Fig. 9.9). Place the hand 
holding the handheld dynamometer over the dorsal 
(extensor) surface of the hand. Stabilization is provided 
by the resting position of the forearm on the table. 
Resistance is given in a downward direction (Fig. 9.10) 

FIGURE 9.9 

Test: For the combined test of the three wrist extensor 
muscles, the patient holds full wrist extension. Do not 
permit extension of the fingers. 

Instructions to Patient: “Hold your wrist. Don’t let 
me push it down. Hold ... hold ... hold.” 

Reference Scores 

Normative scores with standard deviations below are for 
a break test in sitting®: 
Mean for 20- to 59-year-old men = 186.1 (48.8) 
Mean for 20- to 59-year-old women = 107.9 (41.2) 

FIGURE 9.10 
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HIP FLEXION 

(Psoas Major and Iliacus) 

Position of Patient: Short sitting with thighs fully sup- 
ported on the table and legs hanging over the edge. The 
patient may use the arms to provide trunk stability by 
grasping the table edge or with hands on the table at 
each side. 

Instructions to Therapist: Stand next to the limb being 
tested. Ask the patient to lift the thigh off the table (see 
Fig. 6.5 on page 228). If the application of resistance is 
appropriate, proceed to test. Position the hip in maximum 
hip flexion. Ask the patient to hold the position. Place 
the hand holding the handheld dynamometer over the 
distal thigh just proximal to the knee joint. Stabilization 
is provided by the patient’s arms. Resistance is given in 
a downward direction (Fig. 9.11). 

FIGURE 9.11 
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Test: Patient holds the hip at the end range, clearing the 
table and maintaining neutral rotation. 

Instructions to Patient: “Sit tall and hold your thigh 
up. Don’t let me push it down. Hold ... hold ... hold.” 

Reference Scores 

Normative scores with standard deviations below are for 
a make test in supine*’: 
Mean for 20- to 59-year-old men = 247.0 (17.0) 
Mean for 20- to 59-year-old women = 80.0 (22.0) 

Normative scores below are for a break test in supine 
position**: 
Mean for 60- to 69-year-old men = 247.0 (17.0) 
Mean for 60- to 69-year-old women = 167.0 (20.0) 



Test is for the aggregate of all hip extensor muscles 

Position of Patient: Prone. Arms may be at the side of 
the body or abducted to hold the sides of the table. 
(Note: If there is a hip flexion contracture, immediately 
go to the test described for hip extension modified for 
hip flexion tightness [see Fig. 9.13].) 

Instructions to Therapist: Stand at the level of the pelvis 
on the side of the limb to be tested. (Note: The figure 
shows the therapist on the opposite side to avoid obscuring 
activity.) Ask the patient to lift the leg off the table as 
high as possible, while keeping the knee straight and the 
pelvis stabilized against the table. Stabilization can be 
applied over the gluteus maximus to keep the pelvis from 
rising, if needed. If the application of resistance is appropri- 
ate, proceed to test. Position the leg in full extension 
with no pelvic rotation. Ask the patient to hold the 
position. Place the hand holding the handheld dynamom- 
eter on the posterior thigh just above the knee. Resistance 
is applied in a downward direction (Fig. 9.12). 

Test: Patient holds the thigh up off table in the maximum 
available range. 

Instructions to Patient: “Lift your leg off the table as 
high as you can. Don’t bend your knee. Hold it. Don’t 
let me push it down. Hold ... hold ... hold.” 

FIGURE 9.12 

HIP EXTENSION 

(Gluteus maximus and hamstrings) 

Reference Scores 

Not available. 

HIP EXTENSION TESTS MODIFIED FOR 
HIP FLEXION TIGHTNESS 

Position of Patient: Patient stands with hips flexed and 
leans over the table so that the anterior superior iliac 
spine (ASIS) is “hooked” on the end of the table. The 
arms are used to “hug” the table for support. The knee 
of the nontest limb should be flexed to allow the test 
limb to rest on the floor at the start of the test. 

Instructions to Therapist: Stand at the side of the limb 
to be tested. (Note: The figure shows the therapist on 
the opposite side to avoid obscuring the test position.) 
Ask the patient to lift the leg toward the ceiling. If the 
application of resistance is appropriate, proceed to test. 
Place the hand holding the handheld dynamometer over 
the posterior thigh just above the knee. The opposite 
hand stabilizes the pelvis laterally to maintain hip and 
pelvis posture Resistance is applied downward, toward 
the floor (Fig. 9.13), 

Test: Patient holds the hip in full extension. 

Instructions to Patient: “Lift your leg off the floor as 
high as you can. Keep your knee straight. Don’t let me 
push it down. Hold ... hold ... hold.” 

Reference Scores 

Not available 

FIGURE 9.13 
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HIP ABDUCTION 

(Gluteus medius and gluteus minimus) 

Position of Patient: Side-lying with test leg uppermost. 
The patient’s hip is slightly extended beyond the midline 
and the pelvis rotated slightly forward (see Fig. 6.36 on 
page 245). Lowermost leg is flexed for stability. 

Instructions to Therapist: Stand behind the patient. 
Ask the patient to lift the leg as high as possible with 
verbal cues as needed to prevent the leg from rotating 
and the hip from flexing. The raised ankle should be in 
line with the pelvis. Stabilization on the hip may be needed. 
If the application of resistance is appropriate, proceed to 
test. Position the leg into full abduction with the ankle 
in line with the iliac crest. Place the hand holding the 
handheld dynamometer just proximal to the knee. Resis- 
tance is applied in a downward direction (Fig. 9.14). 

Test: Patient holds the abducted hip at the end of the 
available range of motion without flexing the hip or 
rotating it in either direction. 

FIGURE 9.14 
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Instructions to Patient: “Hold your leg. Don’t let me 
push it down. Hold ... hold ... hold.” 

Reference Scores 

Side-lying hip abduction using a strap to fix the handheld 
dynamometer to the distal thigh (not shown) has a high 
reliability (ICC = 0.95)** and may improve scores and 
reliability. Widler® found a 30% higher force value in the 
side-lying position, using a fixed dynamometer as compared 
to supine using a fixed dynamometer. However, normative 
scores do not exist for the side-lying position in large 
sample sizes. 

Normative scores with standard deviations below are 
for a make test in the supine position.* 
Mean for 20- to 59-year-old men = 170.7 (43.9) 
Mean for 20- to 59-year-old women = 113.1 (32.4) 
Mean for 60-year-old men and older = 124.8 (32.8) 
Mean for 60-year-old women and older = 83.8 (23.5) 



HIP EXTERNAL ROTATION 

(Obturators internus and externus, Gemelli superior and inferior, Piriformis, Quadratus femoris, Gluteus 

Position of Patient: Short sitting with thighs fully sup- 
ported on the table and legs hanging over the edge. 
(Trunk may be supported by placing hands flat or fisted 
at the patient’s side on the table). 

Instructions to Therapist: Sit on a low stool or kneel 
beside limb to be tested. Ask the patient to turn the leg 
in toward the other leg without moving the thigh (see 
Fig. 6.67 on page 259). 

If the application of resistance is appropriate, proceed 
to test. Position the leg into neutral rotation. Place the 
hand with the handheld dynamometer on the medial 
aspect of the ankle just above the malleolus. Extra padding 
may be needed under the dynamometer for the patient’s 
comfort (not shown). The other hand, which will offer 
counterpressure, is contoured over the lateral aspect of 
the distal thigh just above the knee. Resistance is applied 
as a laterally directed force at the ankle. Stabilization 
is provided in a medially directed force at the knee 
counteracting the resistance provided at the ankle. The 

maximus [posterior |) 

two forces are applied in counter-directions for this rotary 
motion (Fig. 9.15). 

Test: Patient attempts to externally rotate the hip against 
maximum resistance. 

Instructions to Patient: “Hold your leg. Don’t let me 
turn your leg out. Hold ... hold ... hold.” 

Reference Scores 

Normative scores with standard deviations below are for 
a make test in sitting*’: 
Mean for 20- to 59-year-old men = 169.4 (45.8) 
Mean for 20- to 59-year-old women = 100.7 (29.1) 
Mean for 60- to 80+-year-old men and older = 125.5 

(33.9) 
Mean for 60- to 80+-year-old women and older = 76.3 

(23.7) 

FIGURE 9.15 
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HIP INTERNAL ROTATION 

(Glutet minimus and medius; Tensor fasciae latae) 

Position of Patient: Short sitting with thighs fully sup- 
ported on the table and legs hanging over the edge. 
(Trunk may be supported by placing hands flat or fisted 
at the patient’s sides on the table.) 

Instructions to Therapist: Sit or kneel in front of the 
patient. Ask the patient to move the lower leg out, away 
from the other leg without letting the thigh move (see 
Fig. 6.72 on page 262). If application of resistance is 
appropriate, proceed to test. Position the leg in mid 
position between internal and external rotation. Place the 
hand with the handheld dynamometer on the lateral surface 
of the ankle just above the malleolus. The other hand, 
which offers counterpressure, is contoured over the medial 
surface of the distal thigh just above the knee. Resistance 
is given in a medially directed force at the knee as a 
counterforce (Fig. 9.16). 

FIGURE 9.16 
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Test: The patient holds the mid-range of hip rotation 
against resistance. 

Reference Scores 

Normative scores with standard deviations below are for 
a make test in sitting*?: 
Mean for 20- to 59-year-old men = 217.0 (62.4) 
Mean for 20- to 59-year-old women = 136.1 (44.0) 
Mean for 60- to 80+-year-old men and older = 169.7 

(55.0) 
Mean for 60- to 80+-year-old women and older = 108.4 

(33.8) 



Position of Patient: Prone with legs straight and toes 
hanging over the edge of the table. A towel roll placed 
just above the knee may make this position more 
comfortable. 

Instructions to Therapist: Stand next to the limb to 
be tested. Ask the patient to flex the knee as far as possible 
(see Fig. 6.81 on page 267). If the application of resistance 
is appropriate, proceed to test. Position the knee in about 
45° of knee flexion (mid-range). Ask the patient to hold 
the position. Place the hand holding the handheld dyna- 
mometer on the posterior surface of the leg just above 
the ankle. Extra padding under the handheld dynamometer 
may be needed. The other hand provides stabilization 

KNEE FLEXION 

(All hamstring muscles) 

over the hamstring tendons on the posterior thigh 
(optional). Firm pressure with this hand may offset any 
cramping of the hamstring muscles. Resistance is applied 
downward in the direction of knee extension (Fig. 9.17). 

Test: Patient holds the knee in 45° of knee flexion. 

Instructions to Patient: “Hold your leg. Don’t let me 
straighten your knee. Hold ... hold ... hold.” 

References Scores 

Normative scores not available. 

FIGURE 9.17 
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KNEE EXTENSION 

(Quadriceps femoris) 

Patient Position: Short sitting. Place either a wedge or 
a hand under the patient’s distal thigh to cushion the 
thigh from the surface. The patient’s hands rest on the 
table on either side of the body for stability or may grasp 
the table edge. The patient should be allowed to lean 
backward slightly to relieve hamstring muscle tension. 
Do not allow the patient to hyperextend the knee. 

Instructions to Therapist: Stand at the side of the limb 
to be tested. Ask the patient to straighten the knee. If 
the application of resistance is appropriate, proceed to 
test. Position the knee in approximately 10° to 15° of 
knee flexion (avoiding hyperextension or the ability of 
the patient to “lock” the knee). Ask the patient to hold 
the position. Place the hand holding the handheld dyna- 
mometer over the anterior surface of the distal leg just 
above the ankle. Padding under the handheld dynamometer 
may be necessary for patient comfort. Resistance is applied 
in a downward direction toward the floor with both hands 
if necessary (Fig. 9.18). 

FIGURE 9.18 
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Very often the patient’s strength can overpower the 
therapist’s strength during this muscle action. To prevent 
the patient’s pelvis from rising (a common occurrence in 
a maximum effort test), the patient may be secured to 
the testing surface by a belt or strap. 

Test: Patient holds the knee in 10° to 15° of knee flexion. 

Instructions to Patient: “Hold your leg. Don’t let me 
bend it. Hold ... hold ... hold.” 

Reference Scores 

Normative scores with standard deviations below are for 
a make test in sitting**: 
Mean for 20- to 59-year-old men = 551.2 (86.1) (20 

subjects surpassed 650 N) 
Mean for 20- to 59-year-old women = 398.7 (94.48) 

(1 subject surpassed 650 N) 
Mean for 60- to 79-year-old men = 386.9 (94.2) 
Mean for 60- to 79-year-old women = 241.9 (81.6) 



FOOT DORSIFLEXION AND INVERSION 

Position of Patient: Supine with the foot at the end of 
the table.* 

Instructions to Therapist: Stand at the foot of the table 
with the patient’s heel resting on the table. Ask the patient 
to bring the foot up and in, toward the body. If the 
application of resistance is appropriate, proceed to test. 
Position the foot in maximum dorsiflexion. Ask the patient 
to hold the position. Place the hand holding the handheld 
dynamometer over the dorsum of the foot just proximal 
to the toes. No stabilization is needed in this position. 
Resistance is given by pulling down and out (Fig. 9.19). 
You may need to use both hands to appropriately resist 
this potentially strong muscle action. 

Test: Patient holds the position of full ankle dorsiflexion 
and inversion, keeping toes relaxed. 

Instructions to Patient: “Bring your foot up and in. 
Hold it. Don’t let me pull it down. Hold ... hold ... 
hold.” 

FIGURE 9.19 

*We recommend the supine position, rather than an antigravity position, 

because of the mechanical advantage afforded the therapist in providing ad- 

equate resistance to this very strong muscle. 

(Tibialis anterior) 

Reference Scores 

Normative scores with standard deviations below are for 
a make test in long sitting*’: 
Mean for 20- to 59-year-old men = 224.6 (48.2) 
Mean for 20- to 59-year-old women = 166.5 (41.6) 

Mean for 60- to 80-year-old men and older = 173.3 
(44.0) 

Mean for 60- to 80-year-old women and older = 131.5 
(38.9) 

Normative scores with standard deviations below are 
for a break test in supine*: 
Mean for 20- to 59-year-old men = 279.3 (23.0) 
Mean for 20- to 59-year-old women = 240.3 (26.0) 
Mean for 60- to 69-year-old men = 266.0 (30.0) 
Mean for 60- to 69-year-old women = 216.0 (31.0) 
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Secondary to Muscle 
Weakness 
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Secondary to Muscle 
Weakness 

Case 4, Muscle Weakness 
Following Nerve Injury 

Case 5. Muscle Weakness 
Following Hip Surgery 

Case 6, Muscle Weakness 
Following Childbirth 



CASE STUDIES 

INTRODUCTION 

This chapter serves as a brief summary of the muscle-testing 
performance concepts presented throughout this book. 
Concepts are amplified using a series of case studies that 
illustrate the need for various forms of muscle testing. 
Each case features a real patient with a need for specific 

GA Case 1. Shoulder Pain 

The patient was a 56-year-old male investment banker who 

developed right shoulder pain after a weekend of working with 
his arms extended over his head while painting the ceilings in 

his home. Initial observation reveals forward shoulders and 
abducted scapulae. Because of his forward shoulder posture, 
weakness of scapular stabilizers was suspected. Testing of the 

scapular upward rotators revealed Grade 3 strength. Muscle 

testing of the glenohumeral muscles revealed Grade 3 of the 
right external rotators (teres minor and infraspinatus) and 

Grade 4 strength of the shoulder abductor (middle deltoid), 

with pain that limited full effort. Shoulder internal rotation, 

flexion, and extension strength were all Grade 5 and non-painful 
and considered non-contributing. Given his response of pain 

to shoulder abduction and weakness of the scapular upward 

rotators, faulty scapular-thoracic and glenohumeral mechanics 

were suspected as contributing to pain at the shoulder. 

Attention to scapular function was part of the evaluation 

because glenohumeral joint movement is only possible if the 
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data to verify clinical findings and understand functional 
deficits. An overview of the problem-solving approach 
used by the therapist is presented for each. 

The variety of tests available to therapists is illustrated 
in these case studies. The diagnoses presented are common, 
and each case is intended to highlight the rationale for 
specific muscle test selection. 

scapula also moves simultaneously. It was thought that focusing 

on the glenohumeral joint would not resolve this patient’s 

problem because of weakness of the scapulohumeral muscles, 

specifically the serratus anterior and lower trapezius. Strengthen- 

ing of the scapular stabilizers repositions the scapula. When 

the scapula is repositioned through strength and muscle re- 

education, the humerus will be reseated properly in the glenoid 

fossa, thus opening the sub-acromial space and allowing more 

freedom for the supraspinatus to slide beneath the acromion 

process. This is likely to improve the joint mechanics, relieve 

pain, and possibly prevent a recurrence. 

This case example reflects a typical patient who is referred 

to physical therapy. The original symptom was pain, but 

the patient’s discomfort was the consequence of mechani- 

cal dysfunction related to muscle weakness. Knowledge of 
anatomy, kinesiology, and manual muscle testing enabled the 

therapist to isolate the root causes of the patient’s painful 
condition. 



The patient is a 68-year-old retired man. One weekend he 

went to the movies with his wife and, after 2 hours of sitting, 

found he could not get up from the chair without a great 

amount of effort. This embarrassing incident prompted him 

to seek help, and he referred himself to an older-adult wellness 
clinic. 

Evaluation revealed a pleasant-appearing gentleman with 

flexed hips (~20°) and knees (~15°) when standing upright. 

With therapist cueing, his lower extremity positioning could 
be corrected to a more erect posture, but only momentarily. 

He was of average height (68 in.) but was overweight, stating 

that he weighed approximately 240 lb at the time of initial 

evaluation (body mass index = 36, which is obese). 

Observation revealed clear difficulty rising from the standard 
17-in chair in the waiting room, as evidenced by using his 

arms and rocking back and forth several times before he could 

stand up. A physical activity history showed low activity, sitting 

being the predominant activity, and difficulty walking three 

blocks. Clinical impression was sarcopenia secondary to physical 

inactivity and age. Functional testing was conducted first, to 

focus the muscle strength exam. The gait evaluation revealed 

the following: slow usual gait speed (2 mph or 0.9 m/s), 
forward trunk lean during the entire gait cycle, pelvic drop 

bilaterally during the stance phase (exhibited by a “waddling” 

gait), failure to flex the knee at loading, and an absence of 

heel rise at the end of the stance phase as exhibited by a flat 

foot and shortened stride. These observations suggested possible 

weakness of the following muscle groups: core, hip extensors, 

hip abductors, knee extensors, and plantar flexors. Thus 

additional muscle testing was done. 

Because this man was large, it became immediately apparent 

to the therapist that manual muscle testing was not feasible 

given the therapist’s size in relation to the patient’s. Therefore 

alternative testing using the leg press and the one-repetition 

maximum (1-RM) method was chosen. The patient was also 

tested using the standard 25x heel rise test for plantar flexors 

(described on page 278). 

Total Lower Extremity Strength Testing 

The leg press provides a composite value for total lower 

extremity extension (ankle plantar flexion, knee extension, 

and hip extension). The leg press is ideal because norms are 

available for men and women of all ages (see Table 7.4, page 

313). Initial resistance was based on the norms for a 68-year-old 

man that were 1.4 times his body weight. However, because 

of this patient’s difficulty in rising from a chair, a functional 

task that requires a minimum of 50% of the body’s weight 

(120 pounds), RM testing was started at 120 pounds (50% 

of body weight). However, he could not move the weight 

stack, informing the therapist why he had difficulty rising from 

a chair unassisted. Further adjustments downward over two 

trials achieved a 3-RM at 90 pounds (~40% body weight). 

GA Case 2. Compromised Gait and Function Secondary to Muscle Weakness 

CASE STUDIES 

Hip Extension 

A prone hip extension test was performed bilaterally and the 

patient was able to lift one thigh from the table, but not 

complete full range. He was unable to lift the other leg from 

the table (Grade 2 bilaterally). To establish the appropriate 

amount of resistance for effective strengthening, RM testing 

was chosen next. Cuff weights were attached to his ankle (one 

side at a time) to provide resistance. In a standing position, 

the patient was able to extend his hip with 7 pounds for six 

repetitions on the right side, and 5 pounds for six repetitions 

on the left while using arm support for balance and stability. 

Knee Extension 

A RM using the leg extension machine (open chain approach) 

was used to isolate the knee extensors. The patient was seated 
on the leg extension machine, and initially 50 pounds was 

selected from the weight stack to test one leg at a time. Fifty 

pounds was chosen because it is slightly less than half of the 

bilateral leg press 1-RM. The patient was not able to complete 

the full range, so the weight was decreased by 10 pounds. 

He was then able to complete full range with utmost effort. 

To confirm the RM, the patient was asked to perform as many 

repetitions as possible. He was unable to do another repetition 

with full range; therefore his 1-RM for the first leg was 40 

pounds. The test was then repeated on the other side and 

achieved a 4-RM at 30 pounds. (Note: Open chain movements 

generally produce less force than what is achieved on the leg 

press because of the isolation of the knee extensors.) 

Hip Abduction 

Manual muscle testing in a side-lying position revealed an 

inability to lift either leg against gravity, Grade 2, that was 

confirmed with the ability to abduct each leg in supine through 

full range. To provide a RM to inform the exercise prescription, 

the only feasible option for accurate testing given the patient’s 

size was a cable tensiometer affixed to an immovable object 

such as the wall. The patient stood with his back against the 

wall using the back of a chair for balance and stability, with 

a cuff attached to the cable tensiometer around his ankle. He 
was asked to abduct his leg with as much force as possible 

while keeping his opposite heel against the wall. The tensi- 

ometer cable was set so that the contraction elicited was 

isometric in the nearly hip neutral position, which is consistent 

with the strength demand in gait. Three repetitions were 

requested and the top value of 67 pounds was recorded. The 

weight of this patient’s head, arms, and trunk (i.e., the demand 

on his hip abductors) would be approximately 160 pounds. 

Thus a 67-pound force output is not sufficient to keep his 

pelvis in the midline during gait. Additionally, this lack of 

strength would increase the work of walking and increase his 

fatigue. Although not reported, the other hip was also tested 

and values were comparable. 

Continued 
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CASE STUDIES 

Plantar Flexion 

The patient’s plantar flexors were tested using a standing 

plantar flexion test because of its ease and functionality. Given 

a lack of heel rise during gait, it was expected the patient 

would be in the lower part of the range of normal. Testing 
of each leg revealed an ability to accomplish five repetitions 

on the right and four on the left, which corresponds to a 

Grade 4. The traditional plantar flexion test (see page 278) 

requires 25 repetitions of at least 2-inch clearance.’ Norms 

for a male of 60+ years require completing from 4 to 27 heel 

raises of at least 2-inch clearance.’ 

Core testing 

Core testing was conducted using a modified plank test as 

the patient was unable to assume a full plank secondary to 

inflexible feet. Core testing was conducted because of the 

patient’s flexed posture and fatigue when walking three blocks. 

The RM was 4 seconds. A “normal” plank is 60 seconds in 

a full plank (legs extended and weight on toes). His result is 

The patient was a physical therapy student participating in 

the muscle testing laboratory. During testing it was noticed 

that he could not walk on his toes symmetrically, and on 

questioning he admitted that he had calf muscle fatigue after 

walking across campus which seemed to affect his ability to 

walk quickly. On further questioning, he reported a history of 

multiple ankle sprains on the left side, with the most recent 

being 6 months earlier while he was playing volleyball. Initially 

he treated the sprain with ice and compression and had limited 

his weight-bearing until the swelling decreased. He never 

sought the consultation of a physician or physical therapist 

after any of his sprains. It took several months for the ankle 

stiffness to resolve, and he reported there was some swelling 

after activity such as walking across campus. He was playing 

volleyball once again but did not feel he had regained his ability 

to jump, cut side to side, or go for a ball with confidence. 

There was no ankle pain at examination, but there was 

limited range of motion at the end range of dorsiflexion, 

eversion, and inversion. Strength was evaluated using manual 

muscle testing. Manual muscle testing was chosen for the 

following reasons: the therapist can compare strength values 

side to side, the forces produced by the evertors and invertors 

are small enough to resist manually, and body-weight resistance 

is used to challenge the plantar flexors. 

The standing plantar flexion test revealed his ability to rise 

25 times on the unaffected ankle clearing at least 2 inches 
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consistent with individuals who exhibit a forward-leaning 

posture such as when using a walker. These individuals who 

cannot walk upright independently can exhibit trunk weakness 

of 85% or more. 
In summary, this patient’s knee extension strength was 

Grade 4 with a 4-RM of 30 pounds and 40 pounds, hip 

extensors were Grade 2 with 6 and 5 pounds at 6-RM, hip 

abductors were Grade 2 with RM of 67 pounds, and plantar 

flexors were Grade 4 with a 4- and 5-RM. Modified plank 

for core strength equaled 4 seconds. These grades indicate 

muscle weakness of a magnitude that compromises physical 

activity, alters the normal gait pattern, and explains his inability 

to rise from a chair without using the arms. The instrumented 

tests provided specific numbers that could be used in context 

with the body weight demands of daily activities and help 

establish the appropriate amount of resistance for an effective 

exercise program. It should be noted that this individual walked 

into the clinic unassisted and yet demonstrated profound muscle 

weakness when isolated testing was performed. This scenario 

is quite common. 

with each repetition (Grade 5). On the sprained side, he 

completed seven repetitions with difficulty before muscle fatigue 

occurred as evidenced by the inability to lift his heel the 

required 2 inches (Grade 4). 

Inversion and eversion were then tested using manual 

resistance. 

The unaffected side was tested first and was evaluated as 

Grade 5 in both movements secondary to a negative break 

test against maximum resistance. Strength on the affected side 

was Grade 5 for inversion but Grade 3 for eversion. It took 

minimal resistance before the fibularis longus and brevis (i.e., 

peroneal muscles) failed to hold against resistance. There was 

no pain with muscle resistance. 

This case reflects a common finding: residual muscle strength 

deficits following what appears to be a simple injury. His 

involved plantar flexors were Grade 4, and his evertors were 

Grade 3. Given his commonplace injury, he expected a complete 

return of strength and range and did not seek the services of 

a clinician. He could have gone through life unable to fully 

participate in sports at his level of inherent skill and strength. 

It was the serendipity of being a student in a clinical program 

that resulted in evaluation and subsequent treatment. How 

many other men and women are “getting by” with diminished 
strength following a simple injury? 



GA Case 4. Muscle Weakness Following Nerve Injury 

The patient is a 34-year-old male who was referred to the 

clinic because of weakness in his forearm, wrist, and hand. 

History taking revealed the patient was caught in the 2010 

earthquake in Haiti and suffered a crush injury of the arm 

when a portion of a wall collapsed on it. He had open reduction 

internal fixation surgery to repair the crush damage to the 

radius and ulna, and his arm and forearm were in a cast for 

3 months (due to a lack of orthopedic physicians). After cast 

removal, he was placed in a cast brace that permitted some 

movement at the elbow, wrist, and fingers. The patient wore 

the cast brace for approximately 4 more months again because 

of the inconsistency of medical personnel providing follow-up 

care. He had his first physical therapy visit 2 months after 

removal of the cast brace. At that time his fractures were 

healed and he was cleared for all resistance activities for the 
upper extremity including wrist and hand. 

The patient complained of an inability to hold onto objects 

including a water glass. The patient’s fingers were swollen 

and stiff but movement was observable toward finger closure, 

finger opening, and spreading the fingers a small distance 

(abduction). Thumb movement was minimal in all directions. 

Gross sensory testing revealed diminished sensation along the 

forearm over the muscle bellies of the wrist extensors and 

over the dorsum of the thumb. Sensation was also diminished 

on the thumb pad and over the skin of the thumb web. 

The initial findings were severe muscle weakness following 

almost 1 year of reduced mobility; generalized hand/finger 
stiffness; reduced range of motion throughout the forearm, 

wrist, and hand; and diminished sensation at multiple sites. 

The therapist suspected a nerve injury and chose to do a 

manual muscle test to rule out or confirm nerve injury. 

Establishing a strength and muscle involvement baseline 

was needed in this case. Muscle tests performed: 
Elbow flexion and extension: To confirm that nerve damage 

is below the elbow. 

Elbow flexion: Grade 5 

Elbow extension: Grade 5 

Radial nerve: Wrist extension (flexor carpi radialis, ulnaris, 

metatarsophalangeal (MP) extension, thumb MP, and inter- 

phalangeal (IP) extension). 

CASE STUDIES 

Results 

Wrist extension: Grade 4 

Finger extension: Grade 2 

Thumb (DIP and IP) extension: Grade 2 

Thumb MP: Grade 2 

Thumb IP extension: Grade 2 

Median nerve: pronation, wrist flexion, MP flexion, proximal 

phalanges (PIP) flexion (flexor digitorum superficialis), distal 

phalanges (DIP) flexion (flexor digitorum profundus), thumb 

MP and IP flexion, thumb abduction (abductor longus and 

brevis tests) and thumb opposition. 

Results 

Wrist flexion: Grade 3 

PIP flexion: Grade 2 

DIP flexion: Grade 2 

MP flexion: Grade 2 

Thumb opposition: Grade 2 

Thumb PIP flexion: Grade 2 

Thumb adduction: Grade 2 

Thumb IP flexion: Grade 2 

Ulnar nerve: Finger abduction and adduction, thumb 

adduction. 

Results 

Finger abduction: Grade 2 

Thumb abduction: Grade 2 

Grip strength was 4 pounds as measured with a handheld 

dynamometer, barely enough to hold a glass of water. 

It is not uncommon for physical therapists to diagnose 

unsuspected findings, and in this instance, it was incomplete 

radial and median nerve damage. The patient reported signs 

of recovery beginning to occur. 

Manual muscle testing was ideal in this instance because 

there were small muscles involved where the therapist could 

apply appropriate resistances and easily position the limbs and 

segments. In addition, specific knowledge was needed to define 

muscle loss. Grip strength testing could not have provided 
the important insights gained through individualized muscle 

testing necessary to diagnose the nerve injury. 
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The patient is a 78-year-old woman weighing 170 lb (BMI 
= 26.6) who broke her right hip after a fall from her bicycle. 

She had an open reduction, internal fixation of the hip 7 

months ago and had physical therapy for 5 weeks immediately 

following the surgery in a long-term care setting. Now the 

patient is reluctant to return to road cycling for fear of falling, 

so elected to regain her fitness level by training on a stationary 

cycle. Immediately after beginning her stationary cycling, she 

found her right leg (affected side) would not perform as well 

as her left. Her complaint was “lack of push power” on the 

right and that her leg “wore out” in seconds rather than 

minutes. Her goal was to cycle vigorously for 30 minutes 

daily and take a brisk walk every other day. 

A posterior approach that bisects the gluteus maximus and 

medius was performed for the fracture repair, affecting strength. 

Following surgery she was non—-weight bearing for nearly 3 
months and used a walker to ambulate. At month 4 she was 

permitted toe-touch ambulation and over the next few months 

progressed to walking with a single-point cane. Gait observation 

indicated a shorter stride length on the right and a gluteus 
medius limp that was masked by the cane. As soon as the 

patient placed the cane on her arm and attempted to walk 

unaided, her gluteus medius limp became evident and the 

short stride on the right became even shorter. 

Given the age and sex of the patient and the likely muscles 

involved, a manual muscle test was selected for use. In addi- 

tion, a single-limb leg press was used bilaterally to provide 

side-to-side comparisons. Two functional tests were utilized: 
the 30-second chair rise test, and the timed stair climb for 

one flight and the total number of consecutive flights. Manual 

muscle testing for the gluteus medius was performed side 

lying. The patient was unable to lift her involved side against 

gravity (Grade 2). Her uninvolved side was Grade 4. Manual 

The patient gave birth to her second child 2 years ago. 
Postpartum exercises were never initiated, and she had no 

history of engaging in any routine physical activity other than 

childcare. Now she is having difficulty with urine leakage when 

laughing, coughing, and lifting her toddler. The stress incon- 

tinence prompted her to seek help. 

Muscles of the pelvic floor and abdomen elongate 
enormously to accommodate pregnancy and childbirth. In 

many women the stretched musculature fails to return to its 

prepartum strength and length. This pelvic floor/abdominal 

weakness scenario is especially likely in women who have had 

multiple births, particularly if they did not perform postpartum 

exercises. 

For this woman, manual muscle testing of the abdominals 

and pelvic floor was chosen because these muscles are often 
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GA Case 5. Muscle Weakness Following Hip Surgery 

on Case 6. Muscle Weakness Following Childbirth 

muscle testing of the hip adductors, extensors, and internal and 
external rotators was performed, beginning with active range 

against resistance and then applying resistance, if successful, or 

changing the position to a Grade 2 if unsuccessful. Also tested 

were the muscles above and below the affected site, the knee 

flexors and extensors, and the core (abdominals, back extensors) 

because it is rare that weakness is present at one segment only. 

The modified plank position was used for the core muscles 

as the patient could not attain a full plank or perform a 

lateral plank. 

Results 

Core: Grade 3 
Hip extensors: Grade 4 left, Grade 2 right 

Hip abductors: Grade 4 left, Grade 2 right 

Hip adductors: Grade 4 left, Grade 3 right 

Internal rotation: Grade 4 left, Grade 4 right 

External rotation: Grade 4 left, Grade 3 right 

Knee flexion: Grade 4 left, Grade 4 right 

Unilateral leg press: 140 pounds left, 45 pounds right 

Chair rises: Without using the chair arms, the patient was 

able to do one chair rise and this one repetition required 

multiple attempts. 

Stair climb: The patient ascended one flight of nine stairs 

up and down in 39 seconds. 

This case illustrates the fairly classic scenario of patient 

discharge long before rehabilitation is complete. Fortunately, 

the patient had a long exercise history and her current state 

of weakness and reduced function were unacceptable to her. 

Thus she was a prime candidate for a home program of 

strengthening and endurance work and a continuing community 
exercise program. 

found to be weak following childbirth. Muscle testing revealed 
the following. 

Abdominal curl: seven repetitions with difficulty 
Prone plank: 3 seconds 

Pelvic floor (manual test): Grade 3 

In summary, childbirth weakened the pelvic floor and 

abdominal musculature. Even though this weakness is present 

in nearly all women after delivery, too few are counseled to 

perform pelvic floor exercises or strengthen abdominals. If 

the condition persists, urinary incontinence is likely. Standard 

muscle testing techniques were used to identify weakness. 
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A 
Abdominals, exercises for, 630 
Abductor digiti minimi 

finger abduction and, 196 
finger MCP extension and, 191#192¢ 

Abductor pollicis brevis 
metacarpals, stabilization of, 211, 211f 
opposition (thumb to little finger) and, 

25 
palpation of, 211, 211f 
substitution in, 2110 
thumb abduction and, 209, 209¢, 211 

Abductor pollicis longus 
substitution in, 2104 
tendon, palpation of, 210, 210f 
thumb abduction and, 209-210, 209+, 

2106 
Achilles tendon, monitoring tension in, 

280, 280f 
Acromioclavicular joint, 92, 92f 
Active resistance test, 2 

Activities of daily living (ADLs), 332 
Acute care facilities, manual muscle testing 

(usage), 13-14 
Acute rehabilitation facilities, manual muscle 

testing (usage), 14 
Adductor longus, hip internal rotation, 261¢ 

Adductor magnus 
hip internal rotation, 2614 
inferior, hip extension, 235¢ 

Adductor pollicis 
palpation of, 214, 214f 
thumb adduction and, 212, 212r 

Adjoining fingers, middle phalanx (grasping) 
On, WOW, WOHF 

ADLs. see Activities of daily living 
Alternate form of plank testing, 67 
Alternate rhomboid test, 111 
Ankle plantar flexion, 276-280, 276f, 2816 

Achilles tendon, monitoring tension in, 
280, 280f 

calcaneus, movement of, 280, 280f 

cross section, 276f 
fingers, used, 278, 278f 
flexor digitorum longus, 277t 
flexor hallucis longus, 277t 
gastrocnemius, 276, 277t 
initial plantar range, 279, 279f 

muscle, 277t 

plantaris, 277+ 

posterior, 276f 
range of motion, 2776 
soleus, 276, 277t 
stable point of resistance in, 280, 280f 

tibialis posterior, 277t 
untrained subjects, average values of, 279t 

Anterior deltoid, shoulder flexion and, 118 
Anterior superior iliac spine (ASIS), 233, 

233] 
Arms 

abduction of 
elbow extension (accomplishment) in, 

USS), Wee 
external rotation and, 163f 

adduction of, 110, 110f 
cross section of, 164f 
hand resistance in, 95, 95f 
maintenance, 97, 97f 
support of, 106, 106f 

INDEX 

Page numbers followed by “f” indicate figures, “¢” indicate tables, and “b” indicate boxes. 

Arms (Continued) 

in flexion/abduction range, 137, 137f 
in shoulder abduction, 143, 143f 
in shoulder position, 110, 110f 153 

weight, support, 103, 103f 
ASIS. see Anterior superior iliac spine 
Available range of motion, 5-6 
Axilla (inferior margin), teres minor 

(palpation) on, 142, 142f 

Back extensor, endurance capacity of, 48 
Belly press test, 149 
Bench press test, 315-316, 316f 

Biceps 
antecubital space, tendon (palpation) in, 

sys), Niskey 
elbow flexion and, 150 

shoulder abduction and, 127¢ 

shoulder flexion and, 119¢ 
suggested exercise for, 1540 

Biceps brachii 
elbow flexion and, 151t 

forearm supination and, 151, 151f 

160-163, 16l¢ 
substitution in, 1300 

Biceps curl, 315, 315f 
Biceps femoris 

knee flexion, 2657 

long head 

hip extension, 235¢ 
knee flexion, 265t 

short head, knee flexion, 265f 

Body-weight testing, 327-328 
pull-ups (chin-ups) test, 327, 3270, 327t 

push-ups test, 328, 328#:329¢ 
Book, lifting, 342, 342f 

in modified physical performance test, 
340 

Brachialis 
elbow flexion and, 150, 151+¢ 

forearm, in pronation, 152, 152f 

suggested exercise for, 1540 
Brachioradialis 

elbow flexion and, 150, 151¢ 

forearm and 

lateral surface, palpation of, 153, 153f 
in mid position, 152, 152f 

suggested exercise for, 1540 
Break test, 2 

alternative of, 2 

in MMT, 17 

Bulbocavernosus, in pelvic floor, 83¢ 

Lo 
Cable tensiometry testing, isometric, 320, 

320f 
Calcaneus, 280, 280f 

Capital extension, 21-24, 21f 240 
example of, 25f 
grade 2, grade 1, and grade 0, 24, 24f 

srade 3, 23, 237 

grade 5 and grade 4, 23, 23f 
muscles in, 22t 

posterior view of, 21f 
range of motion, 210 

Capital extensors 
palpation of, 24 
weakness, 31 

Capital flexion (chin tuck), 30-33, 30f, 330 
anterior view of, 30f 
deep muscles of, palpation of, 33 
example of, 25f 
forward head posture in, 31, 31f 

grade 2, grade 1, and grade 0, 33, 33f 
grade 3, 32-33, 32f 
grade 5 and grade 4, 32, 32f 
impairment/absence of, 33 

muscles in, 30¢ 

patient, starting position of, 31, 31f 
range of motion, 306 
small muscles of, palpation of, 33 

Capital flexor muscles, palpation of, 33 
Carpometacarpal (CMC) joint, angle of, 

203 
Case studies, 383-389 

in knee extension, 385 

in muscle weakness 
compromised gait and function 

secondary to, 385-3860 
fatigue secondary to, 3860 
following childbirth, 3880 
following hip surgery, 3880 
following nerve injury, 3870 

in plantar flexion, 386 
in shoulder pain, 3840 

Central nervous system (CNS) signs, 
presence of, 33 

Cervical extension, 26-29, 29b 
example of, 25f 
grade 2, grade 1, and grade 0, 29, 29f 

grade 3, 28-29, 28f 
grade 5 and grade 4, 28, 28f 
innervation of, 26f 
muscles in, 27t 

posterior view of, 26f 

range of motion, 260 
Cervical flexion, 34-37, 34f 

anterior view of, 34f 
example of, 25f 
grade 2, grade 1, and grade 0, 37, 37f 
grade 3, 36, 36f 
grade 5 and grade 4, 36, 36f 

muscles in, 35¢ 

range of motion, 340 

substitution in, 370 

Cervical rotation, participating muscles in, 
396 

Chair stand, 334-336, 3350 

arms extended in, 335, 335f 

feet position in, 334, 334f 
five-repetition, 348, 3480, 348f 

in moderately disabled women, 336, 336t 

modified physical performance test and, 
So28 

normal range of, 336¢ 
quality of movement in, 334, 334f 

sit-to-stand move in, 335 
testing of gluteus medius in, 335, 335f 
30-second version, 334 

timed five-repetition version, 334 
trunk, excessive bending forward of, weak 

quadriceps and, 335, 335f 

Chest, cross sections of arm muscles in, 

Ll6f 



Childbirth, muscle weakness following, case 
study in, 3882 

Chin tuck. see Capital flexion 
Clavicle (medial half), pectoralis major 

(palpation) on, 137, 137f 
Clavicular head 

cervical flexion, 35r 

grades 5/4, shoulder horizontal 
adduction and 

patient instructions in, 136 
patient position in, 135 
test of, 136 

therapist instruction in, 136, 136f 
Clavicular part 

shoulder horizontal adduction and, 135+ 

shoulder internal rotation and, 145t 

Closed chain, 3100 

Cohen, weighted Kappa, 16 
Coin, picking up of, 343, 3430, 343f 

in modified physical performance test, 
340 

Community mobility requirements, 150 
Compromised gait, secondary to muscle 

weakness, case study in, 3854-3860 
Concentric contraction, 9b 
Contractile activity, detection ability of, 12 
Contractions, types of, 9 
Contracture, impact, 5-6 

Contralateral shin, 233, 233f 

Coracobrachialis, shoulder flexion and, 118, 
119¢ 

Core muscles, 64f-65f, 65t 
tests for, 64-70 

alternate form of plank testing, 67 
front abdominal power test, 69, 69f 

isometric trunk flexor endurance test, 
69, 69f 

prone plank test, 66, 66f, 66¢ 
side bridge endurance test, 67, 670, 

67f 
timed partial curl up test, 68, 68f 

68t 
unilateral supine bridge test, 70, 70f 

Core strength, 64-70 
exercises for, 700 

Core testing, 386 
Cuff muscles, shoulder abduction and, 

127t 
Cyriax method, of testing contractile 

lesions, 329 

D 
Deep back muscles, in trunk rotation, 59f 
Deep muscles, of capital flexion, palpation 

of, 33 
Delirium, presence of, 12 
Deltoid 

palpation of, 129, 129f 
superior/anterior surfaces, palpation of, 

121, 121¢ 
supraspinatus, work (combination) and, 

130 
testing, 117 

Deltoid (anterior) 
shoulder flexion and, 119¢ 
shoulder horizontal adduction and, 135t 
suggested exercise for, 1210 

Deltoid (middle) 
shoulder abduction and, 127t 

shoulder horizontal abduction and, 131¢ 

suggested exercise for, 1256, 1300 
Deltoid (posterior) 

shoulder extension and, 123t 

shoulder external rotation and, 140¢ 

shoulder horizontal abduction and, 
131t 

suggested exercise for, 1256 
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Diaphragm 
maximal expiratory pressure, 76 
maximal inspiratory pressure, 76, 76f 
preliminary examination of, 75 
in quiet inspiration, 71f, 73t-74t 

Digastric muscle, in capital flexion, 30 
Direct force measurements, 4 
Distal interphalangeal (DIP) finger flexion, 

muscles and, 181¢ 

Distal interphalangeal (DIP) tests, 185 
for flexor digitorum profundus, 185 
grade 2, grade 1, and grade 0 of, 185 
grade 5, grade 4, and grade 3 of, 185, 

185f 
substitutions in, 1850 

Distal phalanx, of thumb, 207, 207f 
Distal thigh, for comfort, 273, 273f 
Dorsal interossei 

finger abduction and, 195 
finger MCP extension and, 189z, 

191#-192¢ 

palpation of, 196, 196f 
Duchenne muscular dystrophy, intrarater 

reliability of, 16 

E 
Ear, temporal area above, hand placement 

on, 38, 38f 
Eating task, physical performance test and, 

340 
Eccentric contraction, 9b 
Elastic band testing, 318, 318f 318z, 

3196 
Elbow extension, 155-158, 1594, 159f, 

370, 370f 
cross section level of, 155f 
grade 2, grade 1, and grade 0 of, 158 

grade 5, grade 4, and grade 3 of, 157, 
157f 

illustration of, 155f 
limb, parallel position of, 158, 158f 
muscles and, 156t 

posterior view of, 155f 
prone position test for, 159 
range of motion of, 1562 
substitutions in, 1598 

via external rotation, 159, 159f 
via horizontal adduction, 159, 159f 

triceps brachii and, 155 
triceps tendon, tension in, 158, 158f 

Elbow flexion, 108, 108f 150-154, 1544, 
369, 369f 

anterior view of, 150f 
biceps and, 150 
brachialis and, 150 

brachioradialis and, 150 
cross section level of, 150f 
forearm supination in, 151, 151f 
grade 1 and grade 0 of, 154 
grade 2 of, 153 
grade 5, grade 4, and grade 3 of, 

151-152 
illustrations of, 150f 
manual resistance, absence of, 132f 
muscle and, 151¢ 

range of motion of, 1510 
scapular adduction in, 102, 102f 
sitting position, alternate, 153, 153f 

Elbows 

counterforce at, 148, 148f 

cupping of, 152, 152f 
distal humerus, resistance of, 105-106, 

105f 
extension of, 95, 95f 

flexors, position of, 153 
hand resistance in, 128, 128f 

posterior arm contour in, 132, 132f 

Elbows (Continued) 

outside, stabilization of, 146, 146f 
resistance of, 108, 108f 

downward, 136, 136f 

outward, 136, 136f 
stabilization, hand resistance of, 141, 

141f 
straightness of, 124, 124f 

support of, 96, 96f 
Endurance, 64-70 
Equipment-based strength testing, 311-320 

elastic band testing, 318, 318f, 318¢, 
3196 

free weights testing, 315, 315f-316f 
316, 317¢ 

interpretation of, 311 
isokinetic testing, 317 
isometric cable tensiometry testing, 320, 

320f 
latissimus dorsi pull-down test, 314, 314f 

leg press test, 312-313, 312f, 313, 313¢ 
sitting unilateral knee extension test, 

311-312, 311f, 3128 
Erector spinae, in core, 65¢ 

Exercises, of muscle test, 9 
Extensor carpi radialis brevis, wrist extension 

and, 174, 175t, 178 
Extensor carpi radialis longus 

elbow flexion and, 151t 
wrist extension and, 174, 1754, 178 

Extensor carpi ulnaris, wrist extension and, 
174, 175t, 178 

Extensor digiti minimi 
finger MCP extension and, 186, 187¢, 

1914192t 
test of, 188 

wrist extension and, 175r 
Extensor digitorum 

finger MCP extension and, 186, 1872, 

191#192t 
test of, 188 

wrist extension and, 175t 

Extensor digitorum longus 
foot dorsiflexion and inversion, 284t 

foot eversion, with plantar flexion, 290t 
Extensor hallucis longus 

foot dorsiflexion and inversion, 284t 
foot inversion, 287t 

Extensor indicis 

finger MCP extension and, 186, 187t 
test of, 188 

wrist extension and, 175t 

Extensor pollicis brevis 
first metacarpal base, abductor pollicis 

longus tendon (palpation) of, 210, 
210f 

thumb abduction and, 209+ 

thumb MCP and IP extension and, 205, 
206t 

Extensor pollicis longus 

F 

tendon, palpation of, 208, 208f 
thumb MCP and IP extension and, 205, 

206t 

Fatigue, secondary to muscle weakness, case 
study in, 3860 

FHP. see Forward head posture 
Fibularis brevis 

ankle plantar flexion, 277t 
plantar flexion, 277t 

Fibularis longus 
ankle plantar flexion, 277t 
plantar flexion, 277t 

Fibularis (peroneus) tertius 
foot dorsiflexion and inversion, 284t 

foot eversion with plantar flexion, 290t 



Fifth metacarpal (radial side), opponens 
digiti minimi (palpation) on, 217, 
217 p 

Finger abduction, 195-199 
dersal interossei and, 195 

dorsal view of, 195f 
grade 2, gradel, and grade 0 of, 196 
grade 5 and grade 4 of, 195-196, 
IO? 

illustration of, 195f 
range of motion of, 1956 

palmar interossei and, 197, 198, 198f 

adjoining fingers, middle phalanx 
(grasping) of, 197, 197f 

grade 2, grade 1, and grade 0 of, 
198 

grade 5 and grade 4 of, 197-198 
illustration of, 197f 
palmar view of, 197f 
range of motion of, 1970 
resistance of, 197, 197f 

substitution in, 1984 

thumb muscles and, 199 

Finger MCP extension, 186-194 
extensor digitorum, extensor indicis, and 

extensor digiti minimi, 186, 1884 
cross section level of, 186f 
dorsal views of, 186f 
grade 2, grade 1, and grade 0 of, 188 
grade 5, grade 4, and grade 3 of, 188 
illustration of, 186f 
IP joints, in flexion, 188, 188f 
long finger, dorsal interossei (test) of, 

196, 196f 
muscles and, 187¢ 

range of motion of, 1876 
substitution in, 1884 

interossei and lumbricals, 190, 1946 

grade 2, grade 1, and grade 0 of, 194 
grade 5, grade 4, and grade 3 of, 193, 
13h 

illustration of, 190f 
muscles and, 191#192¢ 

palmar view of, 190f 
range of motion of, 1900 
substitution of, 1940 

Finger PIP and DIP flexion, 180-182 
cross section level of, 180f 
flexor digitorum profundus and, 180, 

181¢ 
flexor digitorum superficialis and, 180, 

181¢ 
grade 5, grade 4, and grade 3 of, 182, 

1825 
illustration of, 180f 

muscle and, 181¢ 
palmar view of, 180f 
range of motion of, 1814 

First metacarpal, opponens pollicis 
(palpation) of, 217, 217f 

Five-repetition chair stand, 348, 3480, 348f 

Fixed joint limitation, impact, 5-6 
Flexor carpi radialis 

elbow flexion and, 151¢ 
forearm pronation and, 166t 
tendons, palpation of, 173, 173f 

test of 
enadessuOnwl 2 lai 

grade 5 and 4 of, 171, 171f 

wrist flexion and, 169, 171f 
Flexor carpi ulnaris 

elbow flexion and, 151¢ 

tendons, palpation of, 173, 173f 
test of 

grade 3 of, 172, 172f 
grade 5 and 4 of, 171, 171f 

wrist flexion and, 169, 171f 
Flexor digiti minimi brevis, finger MCP 

extension and, 191¢+-)92¢ 

Flexor digitorum longus 
ankle plantar flexion, 277t 
foot inversion, 287t 
plantar flexion, 277¢ 

Flexor digitorum profundus 
DIP tests for, 185 

finger MCP extension and, 191#192t 
finger PIP and DIP flexion and, 180, 

181¢ 
wrist flexion and, 171f 

Flexor digitorum superficialis 
finger MCP extension and, 191#192¢ 
finger PIP and DIP flexion and, 180, 181¢ 
palpation of, 184, 184f 
wrist flexion and, 171f 

Flexor hallucis brevis, hallux and toe MP 

flexion, 293, 294t 

Flexor hallucis longus 
ankle plantar flexion, 277+ 
foot inversion, 287¢ 
plantar flexion, 277¢ 

Flexor pollicis brevis 
opposition (thumb to little finger) and, 

Zisit 
thumb MP/IP flexion and, 201, 202t 

Flexor pollicis longus 
tendon location/palpation of, 203, 

203f 
thumb MP/IP flexion and, 201, 202¢ 
wrist flexion and, 171f 

Floor rise, 355, 3560 

assistance in, 356, 356f 

head and shoulders raised, 355, 355f 

strength in, requirement for, 356, 356f 
Foot, plantar view of, 297f 
Foot dorsiflexion and inversion, 283-285, 

2833p, 280UN O19. 37 Of 
anterior, 283f 
cross section, 283f 
extensor digitorum longus, 2847 
extensor hallucis longus, 284¢ 

fibularis (peroneus) tertius, 2847 
muscles, 284¢ 

range of motion, 2840, 284t 

completion, 284f, 285 
resistance, 284-285, 285f 
substitution, 2850 

tibialis anterior, 283, 284r 
palpation of, 285, 285f 

Foot eversion, with plantar flexion, 
289-292, 289f, 2926 

anterolateral, 289f 
cross section, 289f 
extensor digitorum longus, 290¢ 
fibularis tertius, 290¢ 
gastrocnemius, 290¢ 
muscle, 290t 
peroneus brevis, 289, 290t 

tendon, palpate, 292, 292f 
peroneus longus, 289, 290¢ 
range of motion, 2908 

Eesistances 290 ly, 
without, 291, 291f 

Root inversion, 286-288, 286f, 288, 379, 

379f 
cross section, 286f 
extensor hallucis longus, 287+ 
flexor digitorum longus, 287¢ 
flexor hallucis longus, 287t 
muscle, 287¢ 

plantar view, 286f 
range of motion, 2860 

full, 288, 288f 
resistance, 287, 287f 

soleus, 287t 

substitution, 2886 
tibialis anterior, 287t 

tibialis posterior, 286, 287¢ 
palpate tendon, 288, 288f 

Forced expiration, 78, 780 

grading, 78 
muscles of, 79+80t 

Forearm pronation, 165-168, 1684 
cross section level of, 165f 
grade ] and grade 0 of, 168 
grade 3, grade 4, and grade 3 of, 

167 
illustrations of, 165f 
muscles and, 166t 

palmar view of, 165f 
pronator quadratus and, 165 
pronator teres and, 165 

palpation of, 168, 168f 
range of motion of, 1662 
resistance, absence of, 167, 167f 

shoulder rotation/abduction of, 1684, 

168f 
substitution in, 1684 
volar (flexor) surface, hypothenar 

eminence (resistance application) 
over, 167, 167f 

Forearm supination, 160-163, 1630 
anterior view of, 160f 
biceps brachii and, 160 
cross section level of, 160f 
grade 1 and grade 0, 163 
grade 5, grade 4, and grade 3, grade 2 of, 

161-162 
hands, grasping of, 161, l6lf 
illustration of, 160f 
muscles and, 161¢ 

partial range of motion of, 162, 162f 
range of motion of, 1618 
substitution in, 1630, 163f 

supinator and, 160, 161¢ 
wrist, in neutral position, 171, 171f 

finger, test of, 182, 182f 
Forearms 

cross section of, 164f 
distal surface support of, 133, 133f 
dorsal surface, hand (downward 

resistance) on, 157, 157f 

hanging, 157, 157f 
lateral surface, palpation of, 153 
in mid position 

brachioradialis, 152, 152f 
elbow support, 172, 172f 

movement of, 141 f 
friction elimination in, 142, 142f 

positions, of elbow flexion, 152 
in pronation, brachialis, 152, 152f 

in supination, biceps brachii, 151, 151f 
support, supinator palpation in, 163, 

163 
volar (flexor) of 

hand resistance at, 146, 146f 

wrist, hand resistance over, 151f, 
152 

Forefoot, hand, resistance of, 291, 291f 

Forward head posture (FHP), in capital 
flexion, 31, 31f 

Fourth dorsal interossei, finger test for, 196, 

196f 
Frailty, diagnostic criteria for, 140 
Free weights testing, 315, 315f-316f 3168, 

317¢ 
Front abdominal power test, 69, 69f 

Functional abilities, representation by, 

332 
Functional assessment tests, 332 
Functional movement, muscles essential for, 

333t 
Functional performance 

measurement of, 333 

testing of, 331-360, 334f 
Functional task performance, measurement 

of, 333 

Functional testing, 332 c 
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G 
Gait, 357-358 

compromised, secondary to muscle 
weakness, case study in, 3854-3860 

critical determinants of, 358 

Gait speed, 337-338, 3380 
conversions for, 338t 

mean usual gait speed, 339¢ 
moderately disabled women, noms for, 

339t 
norms for, 339t 

self-selected walking speed in, 337f 
timing of, beginning of, 337, 337f 

Garment, putting and taking off of, 
342-343, 342f-343f 

modified physical performance test and, 
340 

Gastrocnemius 
ankle plantar flexion, 277t 
foot eversion with plantar flexion, 290t 
knee flexion, 265t 

plantar flexion, 277¢ 
substitutions, 269 

test, 278-280 
weakness of, 357-358 

Geniohyoid muscle, in capital flexion, 30t 
Gluteus maximus 

in core, 65f 
hip abduction, 244-247 
hip adduction, 253¢ 
hip extension, 234, 235¢ 

hip internal rotation, 261¢ 
isolate, hip extension test to, 238-239, 

2396, 239f 
strength demand for, 357 
in trunk extension, 43+44t 

weakness of, 357 
Gluteus medius 

hip abduction, 244-247, 244+, 249r 
hip extension, 235f 
hip flexion, 227t 
hip internal rotation, 261¢ 
Trendelenburg sign in, 5 
weakness of, 357 

Gluteus minimus 
hip abduction from flexed position, 249+ 
hip internal rotation, 261¢ 

Gracilis, knee flexion, 265¢ 
Grade 0 muscle, 5 

Grade 1 muscle, 4-5 

Grade 2 muscle, 4 

Grade 3 muscle, 4 

Grade 4 muscle, 4 
revisited, 5 

Grade 5 muscle, 4 

Gravity, elimination of, 142 
Grip strength, 218, 2194 

patient instructions in, 218, 218f 

patient position in, 218, 218f 
scoring of, 218, 219¢ 
therapist instruction in, 218, 218f 

H 
Hallux, IP joints, flexion of, 298¢ 

Hallux and toe DIP and PIP flexion, 
297-299, 297 f, 29905 2995 

cross section, 297f 
muscle, 298¢t 

range of motion, 2984 
Hallux and toe MP and IP extension, 

300-303 
anterolateral view, 300f 
cross section, 300f 
extensor digitorum brevis, 301¢ 
extensor digitorum longus, 301¢ 
extensor hallucis longus, 301¢ 
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Hallux and toe MP and IP extension 
(Continued) 

MP joint, thumb in, 303, 3030, 303f 
muscle, 301¢ 
range of motion, 3010 

thumb, dorsum, 302f 
Hallux and toe MP flexion, 293, 293f 

flexor hallucis brevis, 293, 294¢ 

lumbricales, 293, 294t 

muscle, 294t 

plantar surface, 293f 
range of motion, 2930 

Hallux MP flexion, 295, 2954, 295f 

Hamstrings 
in aggregate, 266, 266f 
in core, 65¢ 

grading, 267, 267f 
hip extension, 234 

palpation of, 237, 237f 
Handheld dynamometry (HHD), 361-381 

clinimetric properties in, 362 
elbow extension in, 370, 370f 
elbow flexion in, 369, 369f 
foot dorsiflexion and inversion in, 379, 

379f 
general procedures in, 363 
hip abduction in, 374, 374f 
hip extension in, 373, 373f 
hip external rotation in, 375, 375f 

hip flexion in, 372, 372f 
hip internal rotation in, 376, 376f 
knee extension in, 378, 378f 
knee flexion in, 377, 377f 

reference scores in, 363 
shoulder abduction in, 366, 366f 
shoulder extension in, 365, 365f 
shoulder external rotation in, 367, 367f 

shoulder flexion in, 364, 364f 
shoulder internal rotation in, 368, 368f 

testing specific actions in, 363, 3636 
wrist extension in, 371, 371f 

Handheld myometry. see Handheld 
dynamometry 

Hands 
elevation, wrist support and, 177, 177f 
friction, elimination of, 142, 142f 
muscles of, testing of, 179 

extrinsic, 179 

intrinsic, 189, 189¢ 
palm, resistance (application) over, 171, 

IAG 
Head ‘ 

flexion and extension of, 25f 
position of, 100, 100f 

Heel rise, failure of, 5 
HHD. see Handheld dynamometry 
Hip abduction, 244-247, 244f 248), 374, 

374f 
ankle, resistance, 245 
case study in, 385 
external rotation, 247, 247f 
from flexed position, 249-251, 249f 

anterolateral thigh, palpation of tensor 
fasciae latae on, 251, 251f 

crest of the ilium, hand providing 
stabilization in, 250, 250f 

cross section, 249f 
lateral, 249f 
muscles, 249t 

range of motion, 2496 
tensor fasciae latae, 249, 249+ 
trunk, lean, 251, 251f 
uppermost limb, 250, 250f 
without resistance, 250, 250f, 254, 

254f 
gemellus inferior, 244¢ 
gemellus superior, 244¢ 
gluteus maximus, 244¢ 
gluteus medius, 244, 244+ 

Hip abduction (Continued) 
gluteus minimus, 244, 244¢ 
hand, resistance of, 245f-246f, 246 
hip-hike substitution, 247, 247f 

knee, medial surface of, 254, 254f 

lateral, 244f 
limb, partial abduction range, 247, 247f 
obturator internus, 2447 
pelvis rotated, 245, 245f 
range of motion, 2440 
resistance, straight downward, 254, 254f 

sartorius, 244¢ 

substitutions, 247b, 247f 

tensor fasciae latae, 244¢ 
without resistance, 246, 246f 

Hip adduction, 252-256, 252f, 256 
adductor magnus, brevis, and longus, 

DD Dot 
anterior, 252f 
cross section, 252f 
gracilis, 252, 253¢ 
hip flexor substitution, 256, 256f 

limb, decrease friction, 255, 255f 
muscles, 253t 
obturator externus, 253t 
pectineus, 252, 253t 
proximal medial thigh, adductor mass on, 

256, 256f 
range of motion, 2530 
substitution, 2564, 256f 

Hip extension, 234-243, 373, 373f 
case study in, 385 
cross section, 234f 
gluteus maximus, 234, 235t 
grade 1 and grade 0, 237, 237f 
grade 25 237, 2377, 
grade 5, grade 4, and grade 3, 236, 2360, 

236f 
hamstrings, 234 
ischial tuberosity, hamstring palpation, 

2372387 i. 
locking, 243, 243f 

posterior, 234f 
range of motion, 2350 

substitutions, 2370 
test limb, therapist support, 237, 2374, 

237f 
Hip extension test, 238-239 

for hip flexion tightness, 240-241, 2404, 

240f 
modified, avoid obscuring test positions, 

240, 2404, 240f 
pelvis, alignment of, stabilize or maintain, 

238, 238f 
supine hip extension test, 242-243, 

2436 
without resistance, 238, 238f 

Hip extensor muscles, aggregate, 236, 
236b, 236f 

Hip external rotation, 257-260, 2570, 257f, 
DOOfTSTOsOT Of 

grade 2 alternate test, 260, 260%, 260f 
muscle, 258¢ 
no resistance, 259, 259f 
range of motion, 2576 

present, 259f 
Hip flexion, 226-229, 226f, 2304, 372, 

We 
abduction, and external rotation with 

knee flexion, 231-233 

distal leg, medial-anterior surface of, 
I). Hedy 

grade 1 and grade 0, 233, 233f 
grade) 25.233, 2330, 233F 
grade 5, grade 4, and grade 3, 232, 

232f 
muscles, 232¢ 

sartorius, 231, 231f, 233b 
substitution, 233% 



Hip flexion (Continued) 
anterior, 226f 
grade 1 and grade 0, 229, 229F 
grade 2, 229, 229f 
grade 5, grade 4, and grade 3, 228, 2280, 

228f 
iliacus, 226 

level of cross section, 226f 
muscles, 227+ 

psoas major, 226 
range of motion, 2270 
substitutions, 2300, 230f 
tightness, hip extension tests modified 

for, 240-241, 373, 373f 
Hip flexion substitution, 269, 269f 
Hip-hike substitution, 247, 247f 
Hip internal rotation, 261-263, 261f, 376, 

376f 
glutei medius, 261 
glutei minimus, 261 
grading, 262, 262f£263f, 2636 
lateral, 261f 
muscle, 261¢ 
range of motion, 2616 
tensor fasciae latae, 261 

Hips 
extension, weakness, 45, 45f 
extensor, strong, 470 
flexor 

stabilization, 55, 55f 

substitution, 2568, 256f 
internally rotating, 256, 256f 

Hip surgery, muscle weakness following, 
case study in, 3882 

Home health setting, manual muscle testing 
of, 15 

Hop tests, 326, 326f 
Horizontal adduction, usage of, 159, 159f 
Humeral head, forearm pronation and, 166¢ 
Hypothenar, finger MCP extension and, 

189¢ 
Hypothenar eminence 

resistance application with, 167, 167f 
usage of, 171, 171f 

| 
Iliacus, hip flexion, 226, 227t 
Iliococcygeus, in pelvic floor, 83t 
Iliocostalis cervicis, in cervical extension, 27t 
Iliocostalis lumborum 

in pelvis elevation, 50¢ 
in trunk extension, 43t-44t 

Iliocostalis thoracis, in trunk extension, 

431+-44t 
Ilium, crest, hand providing stabilization, 

20,2507 
Inferior oblique head, in cervical flexion, 35¢ 

Infraspinatus 
shoulder abduction and, 127¢ 
shoulder external rotation and, 139, 140¢ 

shoulder horizontal abduction and, 131t 

suggested exercise for, 1430 
Innervation, example of, 26f 
Inspiratory training, exercise for, 770 
Intercostales externi, in quiet inspiration, 

73t-74t 
Intercostales interni 

in forced expiration, 79t-80t 
in quiet inspiration, 73t-74t 

Intercostales intimi, in quiet inspiration, 
73t-74t 

International Classification of Functioning 
(ICF) disablement model, 332 

Interphalangeal (IP) joints 
extension of, 194, 194f 

MCP joints, in flexion, 188, 188f 
position of, 203, 203f 

Interspinales cervicis, in cervical extension, 

27t 
Interspinales lumborum, in trunk extension, 

43144r 
Interspinales thoracis, in trunk extension, 

43144¢ 
Intertransversarii cervicis, in cervical 

extension, 27¢ 

Intertransversarii lumborum, in trunk 
extension, 43+-44t 

Intertransversarii thoracis, in trunk 

extension, 43444tf 
Intrinsics-plus test, 192, 192f 
Ischial tuberosity, palpate hamstring at, 237, 

DBT 
Ischiococcygeus, in pelvic floor, 83¢ 
Isokinetic dynamometry, 362 
Isokinetic testing, 317 
Isometric cable tensiometry testing, 320, 

320f 
Isometric contraction, 9b 

Isometric trunk flexor endurance test, 69, 
o9f 

J 
Jobe test, 127 

Joint range of motion (limitation), 

contracture/fixed joint limitation 
(impact), 5-6 

K 
Kendall examination, 130 

Kinetic chain, 3100 

Knee extension, 270-274, 270f, 273, 

2750, 378, 378f 
anterior, 270f 

case study in, 385 
cross section, 271f 

grading, 273, 273f 
muscles, 272t 

patellar tendon, palpate, 274, 274f 
quadriceps femoris, 270 
range of motion, 2710 
rectus femoris, 272t 

resistance, 273 

substitutions, 2756 

underside, support, 274, 274f 
vastus intermedius, 272t 

vastus lateralis, 272¢ 

vastus medialis longus, 272t 
vastus medialis oblique, 272t 

Knee flexion, 264-268, 264f, 2690, 377, 

377f 
cross section, 264f 
grade 1 and grade 0, 268, 268f 
grade 2, 268, 268f 
hamstring muscles, 264, 266 

leg, posterior surface of, 266 
muscle, 265t 
posterior, 264f 
range of motion of, 2650 
resistance, 266, 266f 

substitutions, 2690 

L 
Lateral hamstring test (biceps femoris), 

267-268, 267f 

Lateral head, elbow extension and, 156¢ 

Latissimus dorsi 

alternate test for, 115 
in forced expiration, 79t-80r 
grade 5, grade 4, and grade 3, grade 2, 

and grade 1 of, 114, 114f 

Latissimus dorsi (Continued) 

illustrations of, 112/-113f 
muscle and, 113¢ 

in pelvis elevation, 50t 

posterior view of, 112f 
scapular depression/adduction and, 105¢, 

112-115 

shoulder extension and, 123t 

shoulder internal rotation and, 145¢ 

suggested exercise for, 1154 
Latissimus dorsi pull-down test, 314, 314f 

Leg extension machine, in knee extension, 

385 

Leg press test, 312-313, 312f 3130, 313¢ 
Legs 

cross sections of, 282f 

lift, 240, 240f 

posterior surface, hand provides resistance 
on, 266 

posterior view of, 286f, 297f 
Levator ani, in pelvic floor, 83t 

Levator scapulae 
in cervical extension, 27t 

in cervical rotation, 390 

scapular adduction (retraction) and, 102¢ 

scapular adduction/downward rotation 
and, 108¢ 

scapular elevation and, 99t 
Levatores costarum, in quiet inspiration, 

73t-74t 
Limbs 

parallel position of, 158 
partial abduction range, 247, 247f 

Locomotion, importance of, 357 

Long finger dorsal interossei, test for, 196, 

196f 
Long head, elbow extension and, 156¢ 

Longissimus capitis 
in capital extension, 22¢ 
in cervical rotation, 390 

Longissimus cervicis, in cervical extension, 

fir 
Longissimus thoracis, in trunk extension, 

43t-44t 
Long-term care facilities, manual muscle 

testing (usage) of, 14-15 

Longus capitis 
in capital flexion, 30¢ 
in cervical rotation, 39) 

Longus colli 
in cervical flexion, 35t 

inferior oblique, in cervical rotation, 390 

Lumbar spine 
exercises for, 480 

in trunk extension, 45, 45f, 48 

Lumbricales 

hallux and toe MP flexion, 293, 294t 

toe MP flexion, 296 

Lumbricals, finger MCP extension and, 
1894, 191#£192t 

M 
Mandible, hands under, cupping of, 32, 32f 
Manual muscle examination, documentation 

of, 7f-9F 
Manual muscle testing (MMT) 

accuracy of, 3 
applicability of, 17 
break test in, 17 

ceiling effect in, 17 

diagnostic validity in, 17 
enhancement of, 16-17 
handheld dynamometers and, 362 
in hip abduction, 385 

history of, 12 
limitations of, 16-17 

objectivity of, 16 
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Manual muscle testing (MMT) (Continued) 

patient, influence of, 13 
population variation of, 16 
principles of, 1-10 
relevance of, 11-18 
reliability in, 16-17 
sensitivity of, 17 

Multifidi 
in cervical extension, 27t 

in core, 65¢ 
in trunk extension, 43+44¢ 

Multiple-repetition maximum test, 310, 
310¢+-311¢ 

Muscle actions, 3636 

Muscles 

O 
Oblique head, thumb adduction and, 212¢ 
Obliquus capitis inferior 

in capital extension, 22t 
in cervical rotation, 394 

Obliquus capitis superior, in capital 
extension, 22t 

strength testing technique of, 12 
tester strength of, 17 
usage, in clinical setting, 13-16 
validity of, 16-17 
variability of, 17 

Manual muscle testing alternatives, 
307-330 

body-weight testing, 327-328 
pull-ups (chin-ups) test, 327, 3278, 

327t 
push-ups test, 328, 328329t 

considerations, 308 
Cyriax method of testing contractile 

lesions, 329 

equipment-based strength testing, 
311-320 

elastic band testing, 318, 318f 318z, 
319b 

free weights testing, 315, 315f-316f, 
3168, 317¢t 

interpretation of, 311 
isokinetic testing, 317 
isometric cable tensiometry testing, 

320, 320f 
latissimus dorsi pull-down test, 314, 

314f 
leg press test, 312-313, 312f 3138, 

313¢ 
sitting unilateral knee extension test, 

311-312, 311f, 3126 
multiple-repetition maximum test, 310, 

310¢-311¢ 
one-repetition maximum test, 309 
power testing, 321-326 

hop and standing long jump tests, 326, 
326f 

Margaria-Kalamen stair sprint test, 321, 
322t 

medicine ball throw test, 323, 323f 

shot put test, 323-324, 324f 

vertical jump test, 324, 324f; 325t 
tips for, 3086 

Manual resistance, application of, 2 
Margaria-Kalamen stair sprint test, 321, 

322t 
Mat table, firmness of, 6 
Medial hamstring test, knee extension, 266, 

266f 
Medial head, elbow extension and, 156t 

Medicine ball throw test, 323, 323f 
Metacarpals, stabilization of, 210, 210f 

in thumb adduction, 213, 213f 
Middle deltoid, shoulder abduction and, 

126 
Middle finger, finger adduction toward, 

198, 198f 
MMT. see Manual muscle testing 
Moderately disabled women, chair stand in, 

336, 336¢ 
Modified physical performance test, 

340-349 
chair stand (five-repetition) and, 348, 

3484, 348f 
full tandem stance in, 348f 
lifting book in, 340 
picking up a coin in, 340 
scoring of, 3496, 349t 

form for, 350f 
standing static balance task in, 347 

feet together stance in, 347, 347f 

full tandem stance in, 348, 3484 

semi-tandem stance in, 347, 347f 
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belly, grasping (avoidance), 12 
contour and bulk, differences (sensitivity) 

iho, J 
essential for functional movements, 

333t 
fibers, direction of, 12 
function of, 12 
location and anatomic features of, 12 
scapular adduction (retraction) and, 

102¢ 
Muscle strength scoring convention, 2 
Muscle test, 2-10 

available range of motion of, 5-6 
contractile activity, detection ability of, 

12 
contractions, types of, 9b 
criteria for assigning, 3-6 

grade 0 muscle, 5 
grade 1 muscle, 4-5 
grade 2 muscle, 4 
grade 3 muscle, 4 
grade 4 muscle, 4 
grade 4 muscle revisited, 5 
grade 5 muscle, 4 
plus (+) and minus (-) grades, 5 

example, short lever (usage), 2 

exercises of, 9 
external force (resistance), application of, 

2-3 
grading system of, 2 
making test, 2 
method, standardization of, 12 
numeric 0 to 5 system of, 2 
numerical score, 2t 

patient, position, importance of, 6 
positioning, usage (consistency) of, 12 
preparation for, 6-9 
prime movers of, 10 
principles of, 1-10 
procedures 

modification ability of, 12 
overview of, 2-3 

qualitative score, 2t - 
range of motion values, deviation of, 12 
results, fatigue of, 12 
stabilization of, 3 

usage (consistency) of, 12 
surface friction, control, 6 

therapist shortcuts, avoidance of, 12 
usage, 2 

value, examiner (relationship) of, 12-13 
Muscle weakness, case study in 

compromised gait and function secondary 
to, 3856-3866 

fatigue secondary to, 3860 
following childbirth, 3884 
following hip surgery, 3886 
following nerve injury, 3876 

Mylohyoid muscle, in capital flexion, 30¢ 

N 
Nagi model of Disablement, 332 
Neck 

flexion and extension of, 25f 
muscles of, testing, 19-40, 39% 

Nerve injury, muscle weakness following, 
case study in, 3876 

Nondominant arm, force (elicitation) of, 
168 

Obliquus externus abdominis 
in forced expiration, 79t-80t 
in pelvis elevation, 50¢ 
in trunk flexion, 54¢ 
in trunk rotation, 59¢ 

Obliquus internus, in forced expiration, 

79t-80t 
Obliquus internus abdominis 

in pelvis elevation, 50¢ 
in trunk flexion, 54¢ 
in trunk rotation, 59¢ 

Occiput, resistance over, 23, 23f 

Omohyoid muscle, in cervical flexion, 35 
One-repetition maximum test, 309 
Open chain, 3100 
Opponens digiti minimi 

finger MCP extension and, 1914-1927 
opposition (thumb to little finger) and, 

OMe PASS 2 
resistance for, 216, 216f 

Opponens pollicis 
opposition (thumb to little finger) and, 

215; 215¢ 
resistance, application of, 216, 216f 

Opposition (thumb to little finger), 
215-217, 2176 

fifth metacarpal (radial side), opponens 
digiti mini (palpation) on, 217, 217f 

first metacarpal, opponens pollicis 
(palpation) of, 217, 217f 

grade 5 to grade 0 of, 216-217, 216f 
illustration of, 215f 
muscles and, 215¢ 

opponens digiti minimi and, 215 
opponens pollicis and, 215 
palmar view of, 215f 
range of motion of, 2154 
substitutions in, 2176 

Outpatient clinics, manual muscle testing 
(usage), 15 

P 

Palmar interossei 
finger adduction and, 197, 1984, 198f 
finger MCP extension and, 189z, 

1914+192t 
Palmaris longus, thumb abduction and, 

209t 
Parieto-occipital area, resistance over, 28, 

28f 
Patellar tendon, palpate, 274, 274f 
Pectineus, hip flexion, 227t 
Pectoralis major 

clavicular fibers 
palpation of, 137, 137f 
shoulder flexion and, 119¢ 

in quiet inspiration, 73t-74t 
scapular depression/adduction and, 105¢ 
shoulder horizontal abduction and, 134, 

1376 
shoulder internal rotation and, 145¢ 
suggested exercise for, 137b 

Pectoralis minor 
scapular abduction and upward rotation 

and, 94¢ 

scapular depression/adduction and, 105r 
Pelvic floor, 81-85 

anatomy of, 82, 82f 
functions of, 81 



Pelvic floor (Continued) 

instrumented testing, 85 
musculature, sexual dysfunction, 81 
rectal testing, 85 
risk management considerations in, 

85 
strength, 81 
vaginal testing, 85 

Pelvic floor muscles, 83¢ 
activation, presence, 82 
function, assessment of, 82 
grading of, 83-84 

scales, 83-84 

Modified Oxford Scale in, 83-84 
perineum, 83¢ 
as sling, 81, 81f 
strength 

quantification of, 82 
visualization of, 82 

test description and procedure, 83, 
83f 

testing of, 78f, 83-84 
visualization difficulty, 82 
weakened, 81 

Pelvis, alignment, stabilization and 
maintenance, 236 

Pelvis elevation 
grade 1 and grade 0, 52 
grade 3 and grade 2, 51, 51f 
grade 5 and grade 4, 51, 51f 
hint in, 520 
muscles in, 50¢ 

posterior, 49f 
range of motion, 494 
substitution in, 526 

Perineometer, 84-85, 844 

Perineometer test, 84, 84f 

Physical performance test, 340-349 
climbing stairs in : 

four flights of, 345, 3456 
one flight of, 345, 345f 

eating task in, 341, 341f 
lifting book in, 342, 342f 
modified, 340-349 

feet together stance in, 347, 347f 
scoring for, 3494, 350f 
semi-tandem stance in, 347, 347f 
standing static balance task in, 

347 
picking up a coin from the floor in, 343, 

3430, 343f 
putting on and taking off a garment, 

342-343, 342f-343f 
scoring form for, 346f 
360° turn in, 344, 3446, 344f 
timed 50-foot walk in, 344, 3440 
writing a sentence in, 341, 341f 

Physical therapy, strength testing technique 
in, 1 

Physically active older adults, chair stand 
normative ranges for, 336, 336t 

Plantar flexion, case study in, 386 

Plantaris 
ankle plantar flexion, 277t 
knee flexion, 265t 
plantar flexion, 277t 

Plinth, firmness of, 6 
Poliomyelitis epidemic, MMT (appearance) 

of, 12 
Popliteus, knee flexion, 265¢ 
Population variation, in MMT, 16 
Posterior deltoid 

fibers, palpation of, 133, 133f 
shoulder horizontal abduction and, 131, 

1336 
suggested exercise for, 1330 

Posterior leg, resistance on, 236, 236f 
Postoperative patient, strength assessment 

in, 13-14 

Power testing, 321-326 
hop and standing long jump tests, 326, 

326f 
Margaria-Kalamen stair sprint test, 321, 

S227, 
medicine ball throw test, 323, 323f 
shot put test, 323-324, 324f 
vertical jump test, 324, 324f, 325t 

Pronator quadratus, forearm pronation and, 
165, 166¢ 

Pronator teres 
elbow flexion and, 151¢ 
forearm pronation and, 165, 166t 
palpation of, forearm pronation and, 168, 

168f 
Prone plank test, 66, 66f, 66t 
Prone test, 280 

Proximal interphalangeal (PIP) finger 
flexion, muscles and, 181¢ 

Proximal interphalangeal (PIP) tests, 
183-184, 1845 

for flexor digitorum superficialis, 183 
palpation of, 184, 184f 

grade 2, grade 1, and grade 0 of, 184 
grade 5, grade 4, and grade 3 of, 183, 

183f 
range of motion, resistance (absence) of, 

183, 183f 
substitutions in, 1842 

Proximal medial thigh, adductor mass on, 
256, 256f 

Proximal phalanx, base, dorsal interosseus 

(palpation) of, 196, 196f 
Psoas major 

hip flexion, 226, 227t 
in trunk flexion, 54t 

Psoas minor, in trunk flexion, 54¢ 
Pubococcygeus, in pelvic floor, 83¢ 
Puborectalis, in pelvic floor, 83¢ 
Pull-ups (chin-ups) test, 327, 3276, 327t 

Push-ups test, 328, 328+-329¢ 

Q 
Quadratus lumborum 

in pelvis elevation, 50¢ 
in trunk extension, 43+44t 

Quadriceps 
functional strength, assessment, 2750 
weakness of, 357 

Quadriceps femoris, knee extension, 

270 
Quiet inspiration, 71-77, 71f-72f 

diaphragm, 71f, 75-76, 75f-76f, 760 
intercostals, 77 

muscles of, 73#-74t 

range of motion, 726 

R 
Range of motion 

availability of, 5-6 
resistance in, absence of, 38, 38f 

values, deviation of, 12 
Rectus abdominis 

in core, 65t 

in forced expiration, 79t-80t 
in trunk flexion, 54t 

Rectus capitis anterior, in capital flexion, 
30t 

Rectus capitis lateralis, in capital flexion, 
30t 

Rectus capitis posterior major 
in capital extension, 22 
in cervical rotation, 39b 

Rectus capitis posterior minor, in capital 
extension, 22¢ 

Rectus femoris 
hip flexion, 227¢ 
knee extension, 272t 

Resistance 

application of, 2-3 
term, usage, 2 

Rhomboid major 
scapular adduction (retraction) and, 102t 

scapular adduction/downward rotation 
and, 108r 

scapular elevation and, 99¢ 
shoulder horizontal abduction and, 131t 

Rhomboid minor 
scapular adduction (retraction) and, 102t 
scapular adduction/downward rotation 

and, 108¢ 
scapular elevation and, 99¢ 

Rhomboids, suggested exercise for, 111 
Rhomboid test, alternate, 111 
Rib cage, scapula, proximity of, 91 
Rotator cuff, 138 
Rotatores cervicis 

in cervical extension, 27t 

in cervical rotation, 396 
Rotatores lumborum, in trunk extension, 

43t-44t 
Rotatores thoracis, in trunk extension, 

434-44r 

S 
Sartorius, 231 

hip flexion, 227t 
knee flexion, 265¢ 

Scalenus anterior 
in cervical flexion, 35r 

in cervical rotation, 39% 

in quiet inspiration, 73t-74t 
Scalenus medius 

in cervical flexion, 35t 

in cervical rotation, 396 

in quiet inspiration, 73#-74t 
Scalenus posterior 

in cervical flexion, 35t 

in cervical rotation, 390 

in quiet inspiration, 73#-74t 
Scapulae 

axillary borders, fingers, extension of, 92 
cardinal planes of, 90f 
observation of, 91, 91f 
position of, 91, 91f 

abnormality, 93, 936, 93f 
range of motion of, 92 
rest, position (abnormality), 93, 936, 93f 

symmetry of, 91, 91f 
vertebral border motion of, 92, 92f 

winging of, 91 
Scapular abduction 

direction of, 111, 111f 

muscles and, 94r 
range of motion of, 92 
serratus anterior, 94 

grading of, 95 
trapezius, middle fibers and rhomboid 

major and minor, 101 
upward rotation and, 94-97, 94t, 97b 

grade 1 and grade 0 of, 97 
grade 2 of, 96 
grade 5, grade 4, and grade 3 of, 95 

muscles and, 94¢t 

range of motion of, 944 

Scapular adduction (retraction), 101-103, 

1034 
cross section level of, LOLF 

grade 2, grade 1, and grade 0 of, 103 
grade 5, grade 4, and grade 3 of, 

102-103, 102fF-103f 
illustrations of, LOIf 
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Scapular adduction (retraction) (Continued) 

muscles and, 102r 

range of motion of, 1020 
substitution in, 1030 

Scapular adduction (retraction)/downward 
rotation, 107-111, 1118 

alternate Rhomboid test, 111 

cross section level of, 107f 

grade 2, grade 1, and grade 0 of, 110 
grade 5, grade 4, and grade 3 of, 

108-109, L09fF 
illustration of, 107f 
manual resistance, absence of, 109, L09f 

maximal resistance in, 109, LO9f 
muscles and, 108¢ 

posterior view of, 107f 
range of motion of, 1080 
rhomboids and, 107 

Scapular depression/adduction, 104-106, 
1066 

cross section level of, 104f 
grade 2, grade 1, and grade 0 of, 106 
grade 5, grade 4, and grade 3 of, 

105-106, 105f 
illustration of, 104f 
muscles and, 105r 

range of motion of, 1040 
trapezius, lower and middle fibers, 104 

Scapular elevation, 98-100, 1000 

cross section level of, 98f 
grade 2, grade 1, and grade 0 of, 100 
grade 5, grade 4, and grade 3 of, 99-100, 

100f 
illustration of, 98f 
muscles in, 99¢ 

posterior view of, 98f 
range of motion of, 994 
trapezius, upper fibers and levator scapula, 

98 
Scapular vertebral border, 108f 109 
Scapulohumeral rhythm, 91 
Screening tests, 6 
Second dorsal interossei, finger test for, 

196, 196f 
Semimembranosus 

hip extension, 235¢ 
hip internal rotation, 261t 
knee flexion, 265t 

medial hamstring test, 266 
Semispinalis capitis 

in capital extension, 22t 
in cervical rotation, 39% 

Semispinalis cervicis 
in cervical extension, 27t 

in cervical rotation, 390 

Semispinalis thoracis, in trunk extension, 
43¢-441 

Semitendinosus 
hip extension, 235¢ 
hip internal rotation, 261f 
knee flexion, 265t 

medial hamstring tests, 266 
Serratus anterior 

scapular abduction and, 94 
origin/insertion of, 94¢ 

suggested exercise for, 970 
weakness, sign of, 91 

Shot put test, 323-324, 324f 
Shoulder abduction, 126-129, 1300, 1682, 

168f, 366, 366f 
arm 

by sliding, 129, 129f 
support, 143, 143f 

biceps brachii substitution and, 1300 
cross section level of, 126f 
grade 1 and grade 0 of, 129 
grade 2 of, 129 

grade 5, grade 4, and grade 3 of, 128 
illustration of, 126f 
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Shoulder abduction (Continued) 

lateral view of, 126f 
manual resistance of, 128, 128f 
middle deltoid and, 126 

muscle and, 127¢ 

range of motion of, 1260 
supraspinatus and, 126 

Shoulder abductors, testing, 319 
Shoulder extension, 122-125, 365, 365f 

cross section level of, 122f 
grade | and grade 0 of, 125, 125f 
grade 5, grade 4, and grade 3 of, 124, 

124f 
illustration of, 122f 
lateral view of, 122f 
latissimus dorsi and, 122 

long head of triceps and, 122 
muscles and, 123¢ 
posterior deltoid and, 122 
range of motion of, 1230 
teres major and, 122 

Shoulder external rotation, 139-143, 1434, 

367, 367f 
cross section level of, 139f 
dorsal view of, 139f 
grade 2, grade 1, and grade 0 of, 142 
grade 5, grade 4, and grade 3 of, 141 

alternate position for, 143, 143f 
illustration of, 139f 
infraspinatus and, 139 
manual resistance, absence of, 141 

muscles and, 140¢ 

range of motion of, 1400 
teres minor and, 139 

Shoulder flexion, 118-121, 364, 364f 

anterior deltoid and, 118 

anterior view of, 118f 
clavicular portion of pectoralis major and, 

118 
coracobrachialis and, 118 

grade 2, grade 1, and grade 0 of, 121 
grade 5, grade 4, and grade 3 of, 120, 

120f 
illustration of, 118f 
muscles and, 119¢ 

range of motion of, 1196 
rotator cuff and, 118 

substitutions in, 1216, 121f 
supraspinatus and, 120 

Shoulder horizontal abduction, 131-137 

pectoralis major and, 134, 1370 
cross section level of, 134f 
grade 2, grade 1, and grade 0 of, 

137 
grade 5 and grade 4 of, 135-136 
illustrations of, 134f 
muscles and, 135¢ 

range of motion of, 1354 
posterior deltoid and, 131, 133% 

grade 2, grade 1, and grade 0 of, 133 
grade 5, grade 4, and grade 3 of, 132 
illustration of, 131f 

muscle and, 131¢ 

posterior view of, 131f 
range of motion of, 1310 
triceps brachii substitution in, 1330 

Shoulder internal rotation, 144-149, 1494, 

368, 368f } 
anterior view of, 144f 
belly press test for, 149 
cross section level of, 144f 
grade 2, grade 1, and grade 0 of, 147, 

147f 
grade 5, grade 4, and grade 3 of, 146 

alternate test for, 148-149, 149f 
illustration of, 144f 
muscles and, 145¢ 

range of motion of, 1458 
subscapularis and, 144 

Shoulder pain, case study in, 3840 

Shoulders 
elevates (shrugs), 99, 99f 
girdle strength testing, 91-93 

preliminary examination of, 91-93 
gravity, elimination of (shoulder external 

rotation test), 142 
internal rotation of, 108, 108f 

arm extension/adduction, 110, 110f 
pronation, aitempt, 168, 168f 

joints, deltoid, superior/anterior surfaces 

(palpation) of, 121, 121f 
range of motion, improvement of, 92 
stabilization of, 120, 120f 

hand, usage of, 120, 120f 

superior aspect, stabilization of, 133, 133f 
supine position, rotation (testing) during, 

142 
Side bridge endurance test, 67, 67b, 67f 
Sitting position, alternate, 153, 153f 
Sitting unilateral knee extension test, 

311-312, 311f, 3120 
Small muscles, of capital flexion, palpation 

Oi 

Soleus 
ankle plantar flexion, 276, 277t 

foot inversion, 287t 

heel rise, failure of, 5 
plantar flexion, 277¢ 
test, 278-280, 278f 
weakness of, 357-358 

Sorensen lumbar spine extension test, 48, 
48b, 48f, 48r 

Sphincter urethrae, in pelvic floor, 83t 
Spinalis capitis, in capital extension, 22t 
Spinalis cervicis, in cervical extension, 27t 

Spinalis thoracis, in trunk extension, 
43t-44t 

Splenius capitis 
in capital extension, 22t 
in cervical rotation, 394 

Splenius cervicis 
in cervical extension, 27t 

in cervical rotation, 390 

Squat test, 320, 320f 

Stability, 64-70 
Stabilization, techniques, usage 

(consistency) of, 12 
Stair climb test, 353-354, 353f 3540, 354¢ 

four flights of, 345, 3450 
in modified physical performance test, 

340 
one flight of, 345, 345f 

Standing long jump tests, 326, 326f 
Standing static balance task, 347 

feet together stance in, 347, 347f 
full tandem stance in, 348, 3484 
semi-tandem stance in, 347, 347f 

Starting weight, in one-repetition maximum 
test, 309 

Sternal head 
in cervical flexion, 35¢ 

grades 5/4, shoulder horizontal 
adduction and 

patient instructions in, 136 
patient position in, 135 
test of, 136 

therapist instruction in, 136, 136f 
Sternal part, shoulder horizontal adduction 

and, 135¢ 

Sternoclavicular joints, 92, 92f 
Sternocleidomastoid muscle 

in cervical flexion, 35t 

in cervical rotation, 39f 

flexion to isolate, 38 

grade 2, grade 1, and grade 0, 38, 38f 
grade 5, grade 4, and grade 3, 38, 38f 
range of motion, 38b 

Sternohyoid muscle, in cervical flexion, 35t 



Sternothyroid muscle, in cervical flexion, 
35t 

Strength 
assessment, indications of, 13 
clinimetric properties of, handheld 

dynamometry in, 362 
curvilinear relationship (conceptual 

design), 332f 
testing, total lower extremity, case study 

in, 385 

Stylohyoid muscle, in capital flexion, 30¢ 
Subscapularis 

shoulder abduction and, 127t 

shoulder internal rotation and, 144, 145t 
suggested exercise for, 1496 
tendon, palpation for, 147, 147f 

Superior oblique head, in cervical flexion, 
35t 

Supination, occurrence of, 142 
Supinator 

forearm supination and, 160, 161¢ 

palpation, forearm support in, 163, 163f 
Supine hip extension test, 242-243, 243b 

hip flexion, 243, 243f 
leg, lift, 242, 242f 

Supine (grade 0) muscle, shoulder 
horizontal abduction (alternate test) 
for, 133 

Supraspinatus 
peak activation of, 130 
shoulder abduction and, 126, 127¢ 

shoulder external rotation and, 140¢ 
shoulder flexion and, 119¢ 

suggested exercise for, 1214, 1308 
testing, 1276 

T 
Tensor fasciae latae 

hip flexion, 227+ 
hip internal rotation, 261, 261¢ 
knee flexion, 265t 

Teres major 
shoulder extension and, 123t 
shoulder internal rotation and, 145¢ 

suggested exercise for, 1376 
Teres minor 

palpation of, 142, 142f 
shoulder abduction and, 127¢t 

shoulder external rotation and, 139, 140¢ 
shoulder horizontal abduction and, 131¢ 

suggested exercise for, 1430 
Thenar, finger MCP extension and, 189¢ 
Thenar eminence 

abductor pollicis brevis palpation in, 211, 
AMG? 

flexor pollicis longus tendon (palpation) 
in, 203, 203f 

Thigh, cross sections of, 241f 
Thoracic wall (lateral aspects), latissimus 

dorsi (fiber palpation) on, 115, 115f 
360° turn, 344, 3440, 344f 

in modified physical performance test, 
340 

Thumb abduction, 209 
abductor pollicis brevis and, 209, 211 

grade 2, grade 1, and grade 0 of, 211 
grade 5, grade 4, and grade 3 of, 211 
substitution in, 2110 

abductor pollicis longus and, 209-210, 
2106 

grade 5 to grade 0 of, 210 
substitution in, 2100 

dorsal view of, 209f 
illustration of, 209f 
muscles and, 209t 

palmar view of, 209f 
range of motion of, 2090 

Thumb adduction, 212-214, 214b 
adductor pollicis and, 212 

palpation of, 214, 214f 
grade 2 and grade | of, 214 
grade 5, grade 4, and grade 3 of, 213 
illustration of, 212f 
metacarpals, stabilization of, 213, 213f 
muscles and, 212¢ 

palmar view of, 212f 
range of motion of, 2120 
substitutions in, 2144, 214f 

wrist, stabilization of, 214, 214f 

Thumb MCP and IP extension, 205, 2080 

cross section level of, 205f 
dorsal views of, 205f 
extensor pollicis brevis and, 205 
extensor pollicis longus and, 205 
grade 2, grade 1, and grade 0 of, 208 
grade 5, grade 4, and grade 3 of, 207 
illustration of, 205f 
joint extension in, 208, 208f 
muscles and, 206¢ 

range of motion of, 2064 
substitution in, 2080 

Thumb MCP and IP flexion, 201 
cross section level of, 20if 
distal phalanx, resistance of, 204, 204f 

flexor pollicis brevis and, 201 
flexor pollicis longus and, 201 
grade 5 to grade 0 of, 203-204 
illustration of, 201f 
muscles and, 202t 

palmar view of, 201f 
range of motion of, 2024 
substitution in, 2034-2040 

Thumbs 
in adduction, 203 

distal joint extension of, 208, 208f 
distal phalanx of, 207, 207f 
medial rotation of, 216, 216f 
motions of, 200f 
muscles of, 199 

Thyrohyoid muscle, in cervical flexion, 35t 

Tibialis anterior 
foot dorsiflexion and inversion, 283, 284t 

foot inversion, 287t 

weakness of, 357 

Tibialis posterior 
ankle plantar flexion, 277t 
foot inversion, 286, 287t 

palpate tendon of, 288, 288f 
plantar flexion, 277t 

Timed 50-foot walk, 344, 344d 
Timed partial curl up test, 68, 68f 687 
Timed up and go (TUG), 351-352, 351f 

normative reference values for, 352t 

norms, 352, 3526 

Toe MP flexion, 293, 293f 296, 2966, 

296f 
dorsum, stabilizing of, 295, 295f 

flexor hallucis brevis, 2947 
lumbricales, 293, 294r 

muscle, 294t 

plantar surface, 293f 
range of motion, 2930 

Toes, IP joints, flexion of, 298¢ 
Total lower extremity strength testing, case 

study in, 385 
Transverse head, thumb adduction and, 

212¢ 
Transversus abdominis 

in core, 65t 

in forced expiration, 79#80¢ 
Transversus perinei profundus, in pelvic 

floor, 83t 

Transversus perinei superficialis, in pelvic 
floor, 83t 

Transversus thoracis, in forced expiration, 

79t-80t 

Trapezius 
in cervical extension, 27t 

on slack, 130 
Trapezius (lower) 

scapular abduction and upward rotation 
and, 94t 

scapular adduction (retraction) and, 102t 

scapular depression/adduction and, 105+ 
suggested exercise for, 1060 

Trapezius (middle) 
fibers, palpation of, 103, 103f 
scapular adduction (retraction) and, 102t 

scapular depression/adduction and, 105t 
shoulder horizontal abduction and, 131¢ 

suggested exercise for, 1030 
Trapezius (upper) 

in cervical rotation, 39b 

scapular abduction and upward rotation 
and, 94¢ 

scapular adduction (retraction) and, 102¢ 

scapular elevation and, 99¢ 
suggested exercise for, 1000 

Trendelenburg sign, positive value of, 5 
Triceps brachii 

elbow extension and, 155, 156r 

long head 
shoulder extension and, 123¢r 

substitution by, 1330 
suggested exercise for, 1590 

Triceps tendon, tension in, 158, 158f 

Trunk, muscles of, testing, 41-87, 850 
Trunk extension, 42-48 

lumbar spine, 45, 45f 48 

muscles, 43¢44r 

posterior, 42f 
range of motion, 426 

thoracic spine, 46-48, 46f-47f, 470 
Trunk flexion, 53-58 

anterior, 53f 
grade 2, grade 1, and grade 0, 57-58, 

57f-58f 
grade 3, 56, 56f 
grade 4, 56, 56f 
CLAS LOMO OOO 

hints in, 580 

muscles, 54t 

range of motion, 530 
testing, 12 

Trunk rotation, 59-63 

anterior, 59f 
grade 1 and grade 0, 63, 63f 
grade 2, 62, 62f 
grade 3, olf 
grade 4, 61, 6lf 
grade 5, 60, 600, 60f 
muscles, 59t 

range of motion, 594 
TUG. see Timed up and go 

U 
Ulnar head, forearm pronation and, 166t 

Unilateral knee extension test, sitting, 

SIs 2S SI SI2y 
Unilateral supine bridge test, 70, 70f 
Untrained subjects, average values for, ankle 

plantar flexion, 279t 
Upper back stabilization, forearm in, usage 

Of 2929 
Upper extremity, muscles of, 89-223 
Upper trapezius, scapular elevation and, 99¢ 
Upward rotation and scapular abduction, 

94-97, 94t, 97b 
grade 1 and grade 0 of, 97 
grade 2 of, 96 
grade 5, grade 4, and grade 3 of, 95 
muscles and, 94¢ 
range of motion of, 944 
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V 
Vastus intermedius, knee extension, 272t 

Vastus lateralis, knee extension, 272t 

Vastus medialis longus, knee extension, 
272¢ 

Vastus medialis oblique, knee extension, 
MONE 

Vertical intermediate head, in cervical 
flexion, 35¢ 

Vertical jump test, 324, 324f 325¢ 
Volar (flexor) surface, hand resistance over, 

WEIS ey, 

W 
Walking 

speed, gender/age differentiation of, 337f 
task, in modified physical performance 

test, 340 
timed 50-foot, 344, 3440 

Weakened muscles, 3 
Wellness clinics, manual muscle testing of, 

16 
Whole muscle, grades 5/4, shoulder 

horizontal adduction and 
patient position in, 135 
test of, 136, 136f 
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Wrist 
dorsal surface of 

resistance, application, 161, 16lf 
tendon palpation, 178, 178f 

dorsum, tendon palpation on, 178, 
178f 

flexor muscles, relaxation of, 153 
lateral palmar aspect, flexor carpi radialis 

(location) on, 171f, 173 
neutral position of, finger, test, 183, 

183f 
palmar surface, palpation of, 184, 184f 

Wrist extension, 174-178, 178%, 371, 
oii 

cross section level of, 174f 

dorsal surface, tendon palpation on, 178, 
178f 

dorsal views of, 174f 
dorsum, tendon palpation on, 178, 178f 

extensor carpi radialis brevis and, 174, 

WDE 
extensor carpi radialis longus and, 174, 

175t 
extensor carpi ulnaris and, 174, 175¢ 
extensor digit minimi and, 175¢ 
extensor digitorum and, 175¢ 
extensor indicis, and, 175¢ 

grade 1 and grade 0 of, 178 
grade 2 of, 177 

Wrist extension (Continued) 
grade 5, grade 4, and grade 3 of, 

175-176, 175f-176f 
illustration of, 174f 
muscles and, 175¢ 
range of motion of, 1754 
substitution in, 1780 
suggested exercise of, 1780 
wrist support, hand elevation and, 177, 

WT 
Wrist flexion, 169-173, 1736 

cross section level of, 169f 
elbow support in, 172, 172f 
flexor carpi radialis and, 169 

tendons, palpation of, 173, 173f 
flexor carpi ulnaris and, 169 

tendons, palpation of, 173, 173f 
grade | and grade 0 of, 173 
grade 2 of, 172 
grade 3 of, 172 
grade 5 and grade 4 of, 171 
illustration of, l69f 
muscles and, 170¢ 

neutral position, forearm supination in, 

Ale, ZAG F 
palmar view of, 169f 
range of motion of, 1708 

Writing task, physical performance test and, 
340 
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List of Muscles by Region ; ee ee 

HEAD AND FOREHEAD 
1 Occipitofrontalis 
2 Temporoparietalis 

EYELIDS 
3 Levator palpebrae superioris 
4 Orbicularis oculi 
5 Corrugator supercilii 

OCULAR MUSCLES 
6 Rectus superior 
7 Rectus inferior 
8 Rectus medialis 
9 Rectus lateralis 

10 Obliquus superior oculi 
11 Obliquus inferior oculi 

NOSE 
12 Procerus 
13 Nasalis 
14 Depressor septi 

MOUTH 
15 Levator labii superioris 
16 Levator labii superioris 

alaeque nasi 
17 Levator anguli oris 
18 Zygomaticus major 
19 Zygomaticus minor 
20 Risorius 
21 Mentalis 
22 Transversus menti 
23 Depressor anguli oris 
24 Depressor labii inferioris 
25 Orbicularis oris 
26 Buccinator 

EAR : 
27 Auriculares 

JAW (MASTICATION) 
28 Masseter 
29 Temporalis 
30 Lateral pterygoid 
31 Medial pterygoid 

TONGUE 
32 Genioglossus 
33 Hyoglossus 
34 Chondroglossus 
35 Styloglossus 
36 Palatoglossus 
37 Superior longitudinal 
38 Inferior longitudinal 
39 Transverse lingual 
40 Vertical lingual 

PHARYNX 
Al Inferior pharyngeal constrictor 
42 Middle pharyngeal constrictor 
43 Superior pharyngeal 

constrictor 
44 Stylopharyngeus 
45 Salpingopharyngeus 
49 Palatopharyngeus (see under 

Palate) 

PALATE 
46 Levator veli palatini 
47 Tensor veli palatini 
48 Musculus uvulae 
36 Palatoglossus (see under 

Tongue) 
49 Palatopharyngeus 

LARYNX 
50 Cricothyroid 
51 Posterior cricoarytenoid 
52 Lateral cricoarytenoid 

53 Arytenoid 
- Oblique 
- Transverse 

55 Thyroarytenoid 

NECK 
56 Rectus capitis posterior major 
57 Rectus capitis posterior minor 
58 Obliquus capitis superior 
59 Obliquus capitis inferior 
60 Longissimus capitis 
61 Splenius capitis 
62 Semispinalis capitis 
63 Spinalis capitis 
64 Longissimus cervicis 
65 Semispinalis cervicis 
66 Iliocostalis cervicis 
67 Splenius cervicis 
68 Spinalis cervicis 
69 Interspinales cervicis 
70 Intertransversarii cervicis 
71 Rotatores cervicis 
72 Rectus capitis anterior 
73 Rectus capitis lateralis 
74 Longus capitis 
75 Mylohyoid 
76 Stylohyoid 
77 Geniohyoid 
78 Digastricus 
79 Longus colli 
80 Scalenus anterior 
81 Scalenus medius 
82 Scalenus posterior 
83 Sternocleidomastoid 
84 Sternothyroid 
85 Thyrohyoid 
86 Sternohyoid 
87 Omohyoid 
88 Platysma 

BACK 
61 Splenius capitis (see under Neck) 
67 Splenius cervicis (see under Neck) 
66 Iliocostalis cervicis (see under 

Neck) 
89 Iliocostalis thoracis 
90 Iliocostalis lumborum 
60 Longissimus capitis (see under 

Neck) 

64 Longissimus cervicis (see 
under Neck) 

91 Longissimus thoracis 
63 Spinalis capitis 
68 Spinalis cervicis 
92 Spinalis thoracis 
62 Semispinalis capitis (see under 

Neck) 

65 Semispinalis cervicis (see 
under Neck) 

93 Semispinalis thoracis 
94 Multifidi 
71 Rotatores cervicis 
95 Rotatores thoracis 
96 Rotatores lumborum 
69 Interspinales cervicis 
97 Interspinales thoracis 
98 Interspinales lumborum 
70 Intertransversarii cervicis 
99 Intertransversarii thoracis and 

lumborum 
100 Quadratus lumborum 

THORAX 
(RESPIRATION) 
101 Diaphragm 
102 Intercostales externi 

103 Intercostales interni 

104 Intercostales intimi 

105 Subcostales 
106 Transversus thoracis 

107 Levatores costarum 
108 Serratus posterior superior 
109 Serratus posterior inferior 

ABDOMEN 
110 Obliquus externus abdominis 
111 Obliquus internus abdominis 
112 Transversus abdominis 
113 Rectus abdominis 
114 Pyramidalis 

PERINEUM 
115 Levator ani 

- Iliococcygeus 

- Pubococcygeus 
- Puborectalis 

116 Coccygeus 
117 Cremaster 
118 Transversus perinei 

superficialis 
119 Transversus perinei profundus 
120 Bulbospongiosus 
121 Ischiocavernosus 
122 Sphincter urethrae 
123 Sphincter ani externus 

UPPER EXTREMITY 
Shoulder Girdle 
124 Trapezius 
125 Rhomboid major 
126 Rhomboid minor 
127 Levator scapulae 
128 Serratus anterior 
129 Pectoralis minor 

Vertebrohumeral 
130 Latissimus dorsi 
131 Pectoralis major 

Shoulder 
132 Subclavius 
133 Deltoid 
134 Subscapularis 
135 Supraspinatus 
136 Infraspinatus 
137 Teres minor 
138 Teres major 
139 Coracobrachialis 

Elbow 
140 Biceps brachii 
141 Brachialis 
142 Triceps brachii 
143 Brachioradialis 
144 Anconeus 

Forearm 
145 Supinator 
146 Pronator teres 

147 Pronator quadratus 
140 Biceps brachii (see under Elbow) 

Wrist 
148 Extensor carpi radialis longus 
149 Extensor carpi radialis brevis 
150 Extensor carpi ulnaris 
151 Flexor carpi radialis 
152 Palmaris longus 
153 Flexor carpi ulnaris 

Fingers 
154 Extensor digitorum 
155 Extensor indicis 
156 Flexor digitorum superficialis 
157 Flexor digitorum profundus 
163 Lumbricales 
164 Interossei, dorsal 

165 Interossei, palmar 

Little Finger and 
Hypothenar Muscles 
158 Extensor digiti minimi 
159 Abductor digiti minimi 

160 Flexor digiti minimi brevis 
161 Opponens digiti minimi 
162 Palmaris brevis 

Thumb and Thenar 

Muscles 
166 Abductor pollicis longus 
167 Extensor pollicis longus 
168 Extensor pollicis brevis 
169 Flexor pollicis longus 
170 Flexor pollicis brevis 
171 Abductor pollicis brevis 
172 Opponens pollicis 
173 Adductor pollicis 

LOWER EXTREMITY 
Hip and Thigh 
174 Psoas major 
175 Psoas minor 

176 Iliacus 

177 Pectineus 

178 Gracilis 
179 Adductor longus 
180 Adductor brevis 
181 Adductor magnus 
182 Gluteus maximus 
183 Gluteus medius 
184 Gluteus minimus 
185 Tensor fasciae latae 

186 Piriformis 
187 Obturator internus 
188 Obturator externus 

189 Gemellus superior 
190 Gemellus inferior 

191 Quadratus femoris 
192 Biceps femoris 
193 Semitendinosus 

194 Semimembranosus 

195 Sartorius 

Knee 
196-200 Quadriceps femoris 

196 Rectus femoris 
197 Vastus lateralis 

198 Vastus intermedius 
199 Vastus medialis longus 

200 Vastus medialis oblique 
192 Biceps femoris 
193 Semitendinosus 
194 Semimembranosus 

Ankie 
203 Tibialis anterior 

204 Tibialis posterior 
205 Gastrocnemius 
206 Soleus 

207 Plantaris 

208 Fibularis longus 
209 Fibularis brevis 

210 Fibularis tertius 

Lesser Toes 
211 Extensor digitorum longus 
212 Extensor digitorum brevis 
213 Flexor digitorum longus 
214 Flexor digitorum brevis 
215 Abductor digiti minimi 
216 Flexor digiti minimi brevis 
217 Quadratus plantae 
218 Lumbricales 
219 Interossei, dorsal 

220 Interossei, plantar 

Great Toe (Hallux) 
221 Extensor hallucis longus 
222 Flexor hallucis longus 
223 Flexor hallucis brevis 
224 Abductor hallucis 
225 Adductor hallucis 
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