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INTRODUCTION 

Common knee pain problems seen by physical therapists 
include overuse injuries, such as patellofemoral pain syn­
drome (PFPS); traumatic injuries, such as anterior cruci­
ate ligament (ACL) tears; and degenerative conditions, 
such as osteoarthritis (OA). Treatment directed at the 
identified source, such as soft tissue injury, may be useful 
after injury to reduce pain and return to function, however 
may not address the cause or contributing factors of the 
condition. One of the proposed contributing factors to 
injury is abnormal movement patterns or movement 
impairments. There is growing support that movement 
impairments may contribute to knee problems such as 
PFPS, I -3 i l iotibial band (ITB) friction syndrome,4-5 ACL 
tears,6 and OA.7,S In addition, studies have shown that 
addressing movement impairments can improve symp­
toms, enhance patient function after injury,9- 12 and 
prevent future injury. 1 3,14 

In this chapter, we will focus on the syndromes and 
treatment of movement impairments proposed to con­
tribute to mechanical knee pain and injury. The diagnosis 
of acute, traumatic injuries, such as ligamentous and 
meniscal tears is described in Chapter 2 .  The treatment 
of acute, traumatic injuries is not discussed in detail here 
because many excellent sources are available to describe 
the rehabilitation of these conditions.* The syndromes 
described in this chapter will, however, assist the thera­
pist in identifying possible underlying movement impair­
ments present during the early stages of rehabil itation. 

Movement system syndromes (MSS) are influenced by 
a variety of factors that are important to consider during 
examination and treatment. Factors to consider are 
intrinsic characteristics, such as age, gender, and 

*Suggested Readings: 

Maxey L, Magnusson J: Rehabilitation for the postsurgical orthopedic 

patient, ed 2, St Louis, Mosby, 2007. 
Cioppa-Mosca J, Cahill JB, Cavanaugh JT, et al: Postsurgical rehabili­

tation guidelines for the orthopedic clinician, St Louis, Mosby, 2006. 
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structural variations, and extrinsic characteristics, such as 
work or sport activity and work environment. For each 
patient, the examiner must consider the contribution of 
individual factors, as wel l  as the possible interaction of 
these factors. OA provides an example of how multiple 
factors may contribute to the progression of a musculo­
skeletal problem. Increased age, 1 5  high body mass, 1 5- 1 7 
structural alignment,S,ls knee laxity, 19,20 and participation 
in activities that involve deep knee flexion2 1 have all been 
shown to increase the risk of knee OA or the progression 
of knee OA. The interaction of these factors may further 
compound the risk. For example, Sharma et a[l 6  found a 
positive relationship between body mass index (BM!) and 
the severity of radiographic OA in the varus-aligned 
knee. How quickly a joint degenerates or an injury occurs 
is l ikely determined by the interaction of multiple factors 
specific to the individual .  These factors must be taken 
into account during the treatment of knee pain 
problems. 

The relationship of the knee to the entire lower 
quarter should be considered when evaluating individuals 
with knee pain problems. The knee is the interface 
between the anklelfoot complex and the hip and is often 
affected by these neighboring joints. Many muscles cross­
ing the knee joint also cross either the hip or the ankle/ 
foot. Thus alignment faults, structural variations, or 
movement impairments at the hip or ankle/foot may 
result in altered stresses at the knee. For example, exces­
sive femoral adduction while performing sit-to-stand 
may result in increased knee valgus, which is an align­
ment that has been associated with knee pain and knee 
injury.3-5 

Based on the theory of relative stiffness/flexibility, as 
described in Chapter 1, the body takes the path of least 
resistance when completing a task. An illustration of rela­
tive stiffness/flexibility between the knee and the hip may 
be seen in a ballet dancer who has a limitation in hip 
lateral rotation as the result of structural femoral antever­
sion. To achieve sufficient turn out for first position, the 
dancer demonstrates lateral rotation of the tibia to 
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I Jre 7·1 Excessive tibial lateral rotation. Ballet dancer in 
sitting position demonsu·ating excessive tibial lateral rotation. 
Excessive tibial lateral rotation may be the consequence of 
limited hip lateral rotation. 

compensate for the lack of hip lateral rotation. 
The tibiofemoral joint is less stiff than the hip and there­
fore moves into lateral rotation more easily (Figure 7 - 1 ) . 
With continued practice of first position using com­
pensatory rotation of the tibia, the knee undergoes 
repeated mechanical stresses that accumulate over time, 
resulting in microtrauma and potentially macrotrauma or 
lI1Jury. 

Relative stiffness/flexibility may also occur between a 
muscle and a joint. The tibiofemoral joint may be rela­
tively less stiff than the tensor fasciae latae-iliotibial band 
(TFL-ITB). The relative stiffness/flexibility of the 
TFL-ITB can be observed during the two-joint hip flexor 
length. If the structures surrounding the tibiofemoral 
joint do not provide sufficient passive stiffness to stabilize 
the joint and the TFL-ITB does not easily stretch because 
of stiffness or shortness, lateral rotation of the tibia may 
be observed. In a sprinter, this relative stiffness/flexibility 
could result in repetitive tibial lateral rotation each time 
the limb initiates swing phase, the position in which the 
TFL-ITB should be in its most lengthened position. The 
stresses of repetitive rotation at the tibiofemoral joint 
may eventually lead to a knee pain problem. 

Using the MSS concepts, a standardized examination22 
is performed to determine the movement system syn­
drome and identify the factors contributing to the syn­
drome. The movement system syndrome is named for 
the direction of motion that is associated with an increase 

in the patient's pain. For example, if the patient reports 
an increase in symptoms during the primary test of a 
single-leg squat and demonstrates femoral adduction 
with knee valgus, then tibiofemoral rotation with valgus 
(TFRVal) is suspected as the movement impairment. To 
confirm that TFRVal is associated with the pain com­
plaint, the patient is asked to perform a secondary test by 
repeating the task while controlling the femoral adduc­
tion and knee valgus and keeping the knee aligned prop­
erly. If the patient reports a decrease in pain during the 
secondary test compared to the primary test, the move­
ment system diagnosis of TFRVal is supported. Further 
substantiation of the diagnosis occurs if the examiner 
finds that the patient demonstrates the same direction of 
motion during multiple test items. 

Specific to the knee, the movement system syndrome 
may not be obvious from the standard examination and 
basic functional activities. This is particularly true in 
high-level athletes because their impairments and/or 
symptoms may not be revealed until the knee is physically 
taxed with higher level activities. Therefore sport-spe­
cific or work-specific tasks may need to be assessed. 
Examples include running, jumping, and landing from a 
jump. In addition, the specific activity that the patient 
reports as most problematic should be assessed. Using 
the concepts of the MSS examination, primary and sec­
ondary tests of the higher level activities can be per­
formed to confirm the suspected movement system 
diagnosis. 

Once the movement system syndrome is identified and 
the stage for rehabilitation is determined, treatment can 
be provided. Treatment emphasis is on educating the 
patient in how to restore precise movement during all 
functional and athletic activities. Therapeutic exercise is 
also prescribed to address physical impairments, such as 
poor muscle performance or reduced muscle extensibil­
i ty, thought to contribute to the movement system syn­
drome. Traditionally, the focus of rehabilitation of the 
knee has been placed on strengthening of the thigh mus­
culature in the sagittal plane (quadriceps and hamstrings) 
with little regard to the influence of transverse or coronal 
plane motion at the tibiofemoral joint. We have found, 
however, that many knee pain problems, including PFPS 
and OA are treated effectively by addressing movement 
impairments related to excessive rotation or varus/valgus 
at the tibiofemoral joint. In addition, fitness activities are 
encouraged; however, modifications may need to be pro­
vided during the early stages of rehabilitation. 

This chapter describes the normal alignment and 
movement of the knee and the actions of the surrounding 
musculature, as well as the structural and acquired faults 
that affect the knee and must be considered as part of the 
overall assessment. Finally, the proposed movement 
system syndrome of the knee and specific treatnlent rec­
ommendations associated with each syndrome are 
described (Table 7- 1) .  Case examples are used to illus­
trate the major points. 
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TABLE 7-1 

Movement System Syndromes of the Knee 

Symptom Source of Pain Treatment 

TIBIOFEMORAL ROTATION (TFR) WITH VALGUS (TFRVAL) OR TFR WITH VARUS (TFRVAR) SYNDROME 

Impaired motion at the tibioJe'flloral joint, transverse or frontal plane 
• Pain location: • Patellofemoral joint 

• Joint line • Hamstrings 
• Peri patellar region • Iliotibial band 

• Pain associated with • Popliteus 
tibiofemoral rotation • Pes anserinus 
(WE or NWB) • Menjscus 

• Saphenous nerve 
• Subchondral bone 
• Synovium 
• Retinaculum 
• Joint capsule and 

ligaments 

TIBIOFEMORAL HYPOMOBILITY (TFHYPO) SYNDROME 

Physiologic loss oj ROM 
• Pain location: 

• Deep in joint 
• Pain with WB that decreases 

with rest 
• Stiffness 

• Collateral ligaments 
• Subchondral bone 
• Patellofemoral joint 
• Meruscus 
• Joint capsule and 

ligaments 

Botb: 
• Education and modification of functional activities that 

contribute to impaired motion between the femur and 
tibia 

• Improve muscle performance of hip lateral rotators and 
abductors 

• Improve extensibility of TFL-ITB 
• Posterior X taping 
• Encourage fitness without increasing symptoms 
TFRVaI: 
• Address pronation at foot 
TFRVnr: 
• Improve shock absorption-heel to toe pattern 

• Instruct in rolling heel-to-toe gait pattern 
• Reduce rotation and compressive forces on joint 
• Improve knee ROM 
• Mobiljzation for ROM and pain relief 
• Strengthen gluteus maxjmus and gastrocnemius muscles 
• Improve extensibility of hip Aexors 
• Encourage fitness without increasing symptoms Bracing 

is an option 
In patients witb OA: 
Caution should be taken to avoid excessive strengthening of 
quadriceps and hamstrings in patients with malalignment or 
larity in the knee10 

KNEE EXTENSION (KEXT) SYNDROME AND KEXT SYNDROME WITH PATELLAR SUPERIOR GLIDE (KEXTSG) SYNDROME 

Associated with dominance or shortness/stiffness oj quadriceps muscle 
Kext Kext Botb 
• Pain location: 

• Suprapatellar region 
KextSG 
• Pain location: 

• Infra patellar or peripatellar 
regIOn 

• Quadriceps tendon 
• Bursa 
KextSG 
• Patellofemoral joint 
• Fat pad 
• Patellar tendon 
• Plica 

KNEE HYPEREXTENSION (KHEXT) SYNDROME 

Associated with dominance oj hamstrings 
• Pain location: • Patellofemoral joint 

• Anterior or posterior joint • Fat pad 
line • Bursa 

• Peri patellar region • Plica 
• Meniscus 
• Joint capsule and 

ligaments 
• Hamstrings 
• Popliteus 

• Education and modification of functional activities to 
reduce recruitment of quadriceps (i .e. , stairs and fitness 
activities 

• Shift weight anteriorly during gait 
• Improve muscle performance of hip extensors 
• Improve extensibility of quadriceps 
• Encourage fitness without increasing symptoms 
KextSG 
• Mobilization: Patellar inferior glide 
• Horseshoe taping of patella may be indicat�d 
• Patellar strap to reduce stresses on the source of the 

symptoms (patellar tendon) 

• Education and modification of functional activities to 
decrease knee hyperextension (i .e. , walking and standing): 
Keep knees unlocked 

• Improve muscle performance of quadriceps and gluteals 
• Lnprove extensibil ity of hamstrings and gastrocnemius 
• Posterior X taping 
• Unloader V taping (source: fat pad) 
• Encourage fitness without increasing symptoms 
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TABLE 7-1 

Movement System Syndromes of the Knee-cont'd 

Symptom Source of Pain 

PATELLAR LATERAL GLIDE (PLG) SYNDROME 

Impaired alignment or tracking of the patella in the trochlear groove 
• Pain location: 

• Peri patellar region 
• Patellofemoral joint 
• Patellar tendon 
• Fat pad 
• Plica 
• Subchondral bone 
• Synovium 
• Retinaculum 
• Joint capsule and 

ligaments 

TIBIOFEMORAL ACCESSORY HYPERMOBILITY (TFAH) SYNDROME 

Excessive 'fllotion at the tibiofemoral joint 
• May or may not have pain. May have deficient 
Inst<lbility or giving way ligamentous integrity 

from previous injury 
• ACL 
• PCL 
• Lateral corner/complex 

KNEE IMPAIRMENT 

Treatment 

• Limit prolonged knee flexion 
• Improve muscle performance of quadriceps 
• Improve extensibility of TFL-ITB 
• Mobilization-patellar medial glide 
• Taping of patella may be indicated 
• Encourage fimess without increasing symptoms 

• Rule out other diagnoses 
• Neuromuscular reu-aining 
• Improve muscle performance of lower exu-emity 

m uscul a ture 
• Posterior X taping 
• Consider bracing 
• Encourage fimess without increasing symptoms 

No movement system syndrome identified or unable to perform a movement examination as occurs in cases of acute trauma or 
post-surgery 
• Pain is associated with U-auma 

or surgery 
Any structure of the knee 

associated with u-auma or 
surgery 

Improve ROM, strength, and neuromuscular control 
according to the healing of the involved su-ucture. 

• Stage 1 :  Tissue protection to reduce stress to injured 
structw-e 

• Stage 2: Gradual progression of activities to gradually 
increase sU-ess to structure without imposing new injury 

• Stage 3: Tissue stress progression to prepare tissue for 
return to normal activities 

ACL, Anterior cruciate ligament; ITB, iliotibial band; LR, lateral rotation; MR, medial rotation; NWB, non-weight-bearing; OA, osteoarthritis; PCL, 

posterior cruciate ligament; ROM, range of motion; TFL, tensor fascia latae; WB, weight-bearing. 

Modified from Harris-Hayes M, Sahrmann SA, Norton BJ, et al: Diagnosis and management of a patient with knee pain using the movement 

system impairment classification system, J Orthop Sports Phys Ther 38(4):203-213, 2008. 

ALIGNMENT OF THE KNEE 

The alignment of the entire lower extremity, including 
the hip, knee, ankle, and foot must be considered when 
assessing an individual with knee pain. Alignment of the 
knee is discussed in detai l ,  and alignment of the hip and 
the ankle and foot is referred to briefly_ Additional infor­
mation on the ankle and foot can be found in Chapter 8, 
and additional information on the hip can be found in 
Sahrmann.21 

When assessillg alignment, one must consider the pos­
sibility of structural impairments and distinguish struc­
tural from acquired impairments. Structural impairments 
are related to bony structure and cannot be corrected 
with training or exercise. Acquired impairments are often 
the result of postural habits and can be changed with 

training. Examples of structural impairments that affect 
the knee include femoral or acetabular anteversion or 
retroversion, genu valgus or varus, tibial varunl, tibial 
torsion, and a rigid supinated foot. Although structural 
impairments cannot be changed or corrected, exercises 
and activities may need to be modified to accommodate 
the structural impairment_ For example, if an individual's 
hip lateral rotation is limited by femoral anteversion, the 
patient should be encouraged not to force hip lateral 
rotation during posterior gluteus medius su-engthening.22 
The patient should also be educated about the problems 
that can occur if he or she participates in activities that 
require excessive hip lateral rotation, such as ballet, 
because compensations often occur at other joints such 
as the knee_ In addition, the patient should be instructed 
to avoid excessive lateral rotation of the hip dur ing all 
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Flgu 'e 7,2 Normal alignment of the knee, Tibia and femur 
should be aligned vertically with the knee angle at approxi­
mately 0 degrees of flexion/extension. 

functional activities such as sitting on the floor in the 
tailor position or stretching during dance warm-ups. 

Normal Alignment 

Sagittal Plane 
Alignment of the lower extremity in the sagittal plane is 
viewed from the lateral aspect of the individual. The tibia 
and femur should be aligned vertical ly with the knee 
angle at approximately 0 degrees of flexion/extension 
(Figure 7-2). The angle of the hip joint, measured by a 
line bisecting the pelvis and a line bisecting the femur, 
should be 0 degrees in normal alignment. The ankle 
should be in a neutral position, with 0 degrees of dorsi­
flexion in relaxed standing. 

Impairments 
Genu recurvatum or knee hyperextension, defined as 
knee extension greater than 5 degrees, is commonly 
observed in children or young adults (Figure 7-3). Genu 
recurvatum may lead to many other impairments, includ­
ing tibial bowing in  the frontal or sagittal plane, altered 
compressive forces at the tibiofemoral joint, functional 
weakness of the quadriceps and gluteus maximus along 
with possible overrecruitment of the hamstrings, and 
posterior capsule stretching with ligamentous laxity,n-24 
The knee may appear hyperextended when there is sig­
nificant posterior bowing of the tibia in the sagittal 
planeY Standing with the knees in flexion is most typi­
cal ly seen in older individuals with end-stage OA or indi­
viduals with an acute injury (Figure 7-4), 

Alignment of the knee may be related to alignment 
deviations of the hip and ankle. For example, knee 

<' re 73. Genu recurvatum. Knee extension greater than 5 
degrees. Note ankle plantarflexion. 

Figure 7 Excessive knee flexion. 

hyperextension is often associated with posterior pelvic 
tilt, hip extension, and ankle plantarflexion,22,23 Knee 
flexion is often present with anterior pelvic tilt, hip 
flexion, and ankle dorsiflexion. 

Frontal Plane 

Normal Alignment 
Frontal plane alignment is viewed from the anterior and 
posterior aspect. The femoral shaft angles medially as a 
result of the angle of inclination of the proximal femur. 
The long axis of the femur diverges about 10 degrees 
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from the long axis of the tibia, therefore knee alignment 
in the frontal plane is a physiologic valgus angle of 170 
to 1 7 5  degrees in the adult (Figure 7_5).25,26 

The amount of physiologic valgus changes with normal 
aging in children. Newborns demonstrate genu va rum 
until about 20 months. Then the angle progresses toward 
valgus and peaks at approximately 1 68 degrees when the 
child reaches about 3 years.27 The valgus then gradually 
decreases and reaches the adult value of approximately 
1 70 to 1 75 degrees by age 6.25,27,28 

Impairments 
If the described angle is less than 1 70 degrees, it is con­
sidered genu valgum (Figure 7-6), and if the angle is 
greater than 180 degrees, it is considered genu varum 
(Figure 7_7).25 Genu valgum may place excessive tensile 
stresses or strain on the structures on the medial side of 
the knee and compressive forces on the lateral compart­
ment of the knee. Genu varum may place excessive tensile 
stresses or strain on the structures on the lateral side of 
the knee and compressive forces on the medial compart­
ment of the knee. In the young adult, genu varum appears 
to be more conUTIon in men than women. 

Malalignment of the tibiofemoral joint in the frontal 
plane has been associated with osteoarthritis and func­
tional limitations. People with knee OA and a varus or 
valgus alignment impairment have an increased risk of 
progression of tibiofemoral ON,1 8,20 and patellofemoral 
OA29-JI In addition, an alignment change of 5 degrees in 
the frontal plane is associated with decreased ability to 
perform sit-to-stand and increased pain in people with 
knee OAIS Alignment impairments may also be associated 
with compartment-specific OA, such as genu varum with 
medial compartment OA, and genu valgum with lateral 
compartment OA, which is discussed in detail in the "Tib­
iofemoral Rotation Syndrome" section.32 

The structure of the tibia and femur should be consid­
ered when assessing frontal plane alignment. Tibial varum 
is present if the distal one third of the tibia deviates medi­
ally from a vertical reference line. Tibial varum has more 
commonly been measured from the posterior view in 
resting calcaneal stance with average amounts ranging 
from 4.6 degrees to 8.3 degrees.3J,34 Our preference is to 
observe and measure tibial varWll from the anterior view 
because the tibial shaftis more visible and palpable. Keeping 
in mind the norms stated above, a reasonable criterion for 
excessive tibial varWll would be a deviation greater than 1 0  
degrees (Figure 7 -8). Tibial varWTI i s  often associated with 
subtalar joint pronation,3J,34 although we have seen it occur 
with a supinated foot. Tibial varum is more conunoniy 
observed with genu varum than genu valgum. 

The structure of the femur may also be associated with 
genu valgum and varum; however, studies to confirm this 
have not been reported. Coxa varwn, an angle of inclina­
tion at the hip that is notably less than 125 degrees,26 may 
contribute to a genu valgum. Coxa valgum, an angle of 
inclination at the hip that is notably greater than 125 

Normal genu valgum 

Longitudinal axis ---;f--t+II 

J 

\ 

B 
n J 7 A and B, Normal physiologic valgus. The normal 
1 25-degree angle of inclination of the proximal femur and the 
longitudinal axis of rotation throughout the entire lower 
extremity are also shown. (E, From euman DA: Kinesiology of 
the musC1lloskeletal system: foundations for rehabilitation, ed 2 ,  St 
Louis, 20 1 0, Mosby.) 
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Fi ur 7-6 A and B, Genu valgum. Excessive frontal plane 
deviations. (B, From Neuman DA: Kinesiology of the 11111SClllosk­
eletnl system: foundations fOl' l'ebnbilitntion, ed 2 ,  St Louis, 20 1 0, 
Mosby.) 

Genu varum 
(bow-leg) 

.. IJ A and B, Genu varum. Excessive frontal plane 
deviations. (B, From Neuman DA: Kinesiology of tbe musClllosk­
e/etrl/ system: falt7ldntionr fa1' 1'ebnbilitntion, ed 2 ,  St Louis, 20) 0, 
Mosby.) 

degrees,26 may contribute to a genu varum through exces­
sive loading on the medial knee compartment that leads 
to a loss of medial knee joint space. 

Transverse Plane 

Normal Alig;nment 
Transverse plane alignment is observed from the anterior 
and posterior aspects. General assessment of the entire 
lower extremity should be performed, fol lowed by a more 
specific assessment of each region, such as the hip or 
knee. Rotation of the femur is assessed from the posterior 

n ur 7· . Tibial varum. A line representing the tibi'll shaft 
deviates from a verticnl l-eJerence line greater than 1 0  degrees. 

view, using the vertical creases that represent the border 
of the hamstrings and comparing the medial crease to the 
lateral crease. The distance of the vertical creases should 
be equal from the medial and lateral aspects of the knee, 
respectively. Another method would be to palpate the 
medial and lateral epicondyles and assess the direction of 
the plane that they are facing (e.g., more medially or 
more laterally compared to the sagittal plane). The ante­
rior view can also be used to assess for consistency; 
however, an impaired alignment of the patella can be 
misleading. See Chapter 8 for a discussion of normal 
alignment of the foot and ankle in the transverse plane. 

Impairments 
Femoral medial rotation is a common alignment impair­
ment observed in patients with knee pain (Figure 7-9). 
When femoral medial rotation is noted in standing al ign­
ment, the possibility of a structural femoral anteversion 
should also be considered and determined with further 
examinationY The appearance of femoral medial rota­
tion may also suggest poor performance of the hip lateral 
rotators or reduced extensibility of the TFL-ITB. These 
muscle properties can be assessed with further testing. 

When the foot is directed laterally during stance, it 
may be the result of an acquired postural impairment, 
such as femoral lateral rotation, or a structural impair­
ment, such as femoral retroversion, tibial external torsion, 
or foot deformity. The location of the impairment should 
be assessed (e.g., femur or tibia) and to determine if the 
impairment is acquired or structural so that treatment 
may be adjusted accordingly. 

Tibial torsion is described as a rotation of the tibial 
shaft. Although we have observed individuals with 
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·ure 7·9. Femoral medial rotation. Note the medial and 
lateral hamstring creases are not an equal distance from the 
medial and lateral aspects of the knee, respectively. In fact, on 
the right lower extremity, the lateral hamstring is barely visible. 

internal tibial torsion, external tibial torsion is much 
more common. External tibial torsion is demonstrated 
when the distal tibia is rotated in the lateral direction 
greater than 20 to 40 degrees3s.37 compared to the proxi­
mal tibia (Figure 7- 1 0). External tibial torsion may be a 
compensation that develops when femoral anteversion is  
present and the individual attempts to correct a toe-in 
alignment. When external tibial torsion is determined to 
be present, the position of the foot should not be cor­
rected. Trying to align the foot straight ahead will com­
promise the normal alignment of the anklelfoot and 
affect the ability of the individual to dorsiflex the ankle.22 
Attempting this correction could a lso affect the knee by 
imposing medial rotation of the tibia on the femur. 

Alignment of the Patellofemoral Joint 

Normal Alignment 
Patellar alignment may be viewed anteriorly. In the 
frontal plane, the patella should be centered in the troch­
lear groove, although imaging has suggested a 
slight lateral deviation.17 In the sagittal plane, patellar 
alignment is represented by a Insall-Salvati ratio.38 The 
Insall-Salvati ratio is the ratio of the patellar tendon 
length compared to the patellar height with the knee in  
60 degrees of  flexion. A normal Insall-Salvati ratio i s  
1±0 .2 .  Although an estimate may be made clinically, mea­
surements are best determined by lateral radiographs. 

Figure 7-10 Tibial torsion on the right. Note position of the 
foot relative to the knee. The femur appears to be in medial 
rotation. However, the foot is laterally deviated, which leads the 
clinician to suspect torsion or tibial lateral rotation. The specific 
test for tibial torsion should then be performed. 

Impairments 
Impaired patellar alignment may lead to abnormal stresses 
on the patellofemoral joint and surrounding soft tissues 
that with time may lead to peripatellar pain. The most 
common alignment impairments of the patella are exces­
sive lateral or excessive superior displacement. Poor per­
formance of the vastus medialis oblique (VMO) muscle 
and a short, stiff TFL-ITB are thought to contribute to 
lateral patellar displacement;39 however, there is limited 
research to demonstrate this correlation. 

By definition, lateral patellar til t  is present when the 
lateral patellar border is posterior to the medial patellar 
border and the lateral border cannot be elevated in the 
anterior direction.-IO The observation of lateral patellar 
tilt has been shown to be associated with a lateral patellar 
tilt angle greater than 1 0  degrees when measured by 
magnetic resonance imaging (MRl). Further study is 
needed, however, to assess the association of lateral patel­
lar tilt and the presence of pain. 

Excessive superior patellar displacement, also known 
as patella alta, is represented by an Insal l-Salvati ratio 
greater than or equal to 1 .2 .  The superior patellar dis­
placement may indicate that the quadriceps are relatively 
more stiff than the patellar tendon. This relationship is 
detailed in the "Knee Extension Syndrome" section. 
Patella baja, or excessive inferior patellar displacement, 
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has an Insall-Salvati ratio less than or equal to 0.8. Patella 
baja may be observed as a complication after surgical 
procedures such as ACL reconstruction, which may be 
related to the scarring down of the patellar tendon after 
a surgical procedure. 

Although patellar malalignment is believed to be a 
contributing factor to various knee pain problems, 
the clinical assessment of patellar alignment is  unreli­
able .41 Therefore the entire clinical picture must be 
considered. 

MOTIONS OF THE KNEE JOINT 

Sagittal Plane 

Knee Flexion and Extension 
In the sagittal plane, the tibiofemoral joint flexes and 
extends about a medial-lateral axis passing transversely 
through the femoral condyles. The axis of rotation does 
not remain in one location but instead shifts and forms 
an evolute during the movement. The range of motion 
(ROM) available varies with age (Table 7-2). Passive 
ROM (PROM) at the tibiofemoral joint does not change 
significantly during the adult years42,43; however, reduced 
extensibility of the rectus femoris and hamstring muscles 
has been shown to significantly contribute to joint limita­
tions in the older individua1.43 

Frontal Plane 

In the frontal plane, tl1e tibiofemoral joint abducts and 
adducts around an anterior to posterior axis. Normal 
values for tibial adduction and abduction relative to 
femur are highly variable, with reported mean total 
values ranging from 2 to 1 4  degrees. 53-57 There is less 
motion available when tl1e knee is extended, with only 
2 to 6 degrees of total abduction and adduction,53,54 com­
pared to when tl1e knee is flexed, and motion can 
increase to 1 4  degrees. 53-57 Abduction and adduction is 
typical ly a passive motion that occurs during activities 
such as gait. 

TABLE 7-2 

Knee Flexion and Extension ROM by Age 

Passive ROM Active ROM 
(Degrees) (Degrees) 

Age Extension* Flexion Extension Flexion 

Neonate 2044-47 1 5046,47 
(0- 1 0  days) 

3 months 1 0  1 454(, 

6 months 3 1 4041) 
Adults up to 5 1 5 548,49 0 14023,49-;2 

age 74 

*Hyperextension is defined as greater than 5 digrees of extension. 
ROM, Range of motion. 

Transverse Plane 

In the transverse plane, the tibiofemoral joint rotates 
around a vertical axis located approximately at ilie inter­
condylar eminence. 58 An individual is expected to have 
approximately twice the amount of lateral rotation as 
medial rotation. 59 Reported values for tibiofemoral rota­
tion ROM are highly variable because of the various 
methods used to assess tibiofemoral rotation. Wiili ilie 
knee flexed to 90 degrees, total rotation ROM is between 
25 to 57 degrees.53,59-63 With the knee fu lly extended, 
there is essentially no rotation available due to the passive 
tension of the surrounding ligaments. 

During either tibial-on-femoral knee extension or 
femoral-on-tibial knee extension, conjunct rotation 
occurs; this is termed the screw-horne mechanism. This 
passive rotary-locking mechanism results in approxi­
mately 1 0  degrees of tibial lateral rotation relative to the 
femur. The major contributing factor to the screw-home 
mechanism is the shape of the medial femoral condyle 
that curves approximately 30 degrees laterally, helping to 
direct the tibia toward its locked position in lateral 
rotation.26 

MOTION OF THE PATELLOFEMORAL JOINT 

In knee extension, the patella is slightly laterally dis­
placed. With flexion from 0 to 30 degrees, it glides infe­
riorly and medially. As the knee flexes greater ilian 30  
degrees, the patella continues to glide inferiorly, but 
changes to a lateral glide.64,65 During extension from a 
flexed position, the patellar motion is the reverse of 
flexion. These motions are so smal l  that they are hardly 
noticeable to the observer when motion is normal. Tilting 
and rotation are also reported to occur in the patella. 
However, there is no consensus in the amount of patellar 
motion and the reliability in evaluation of position and 
movement is limited. 

KNEE MOTION DURING GAIT 

Sagittal Plane 

At initial contact (heel strike), tlle knee flexes 5 degrees, 
then continues to flex to 1 0  to 15 degrees during ilie 
initial 15% of the gait cycle. During iliis time, ilie 
quadriceps are working eccentrically to provide shock 
absorption as the body weight is transferred to the limb. 
The knee reaches almost ful l  knee extension just before 
heel off, and at heel off, it begins to flex again. Approxi­
mately 35 degrees of knee flexion should be noted at toe 
off and about 60 degrees (maximum flexion) is seen at 
midswing.66 The knee then extends again to almost full 
knee extension just before ini tial contact. Children 
demonstrate a similar pattern; however, tlley tend to 
walk with more knee flexion. They do not get as much 
extension as adults during midstance or before initial 
contact.67,68 
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Frontal Plane 

Minimal tibial abduction/adduction may be noted during 
the gait cycle with a maximum of 5 degrees.25,69 

Transverse Plane 

Generally, during gait, the tibia medially rotates from 
heel strike until 20 percent of gait cycle Gust before mid­
stance). The tibia then laterally rotates until toe off and 
medially rotates through swing.25,69 Normal rotation 
between the tibia and femur during the gait cycle should 
be approximately 8 to 9 degrees.25,69 At initial contact, the 
tibia is laterally rotated about 2 to 3 degrees relative to 
the femur. From initial contact through midstance, the 
tibia is medially rotated more than the femur, approach­
ing 5 degrees of tibial medial rotation compared with the 
femur. During swing, the tibia is laterally rotated relative 
to the femur. 

KNEE MOTION DURI NG RUN NING 

Knee motion during running is similar to walking; 
however, the knee is relatively more flexed throughout 
the cycle.66 On heel strike, the stance knee flexes up to 45 
degrees as the quadriceps work eccentrically to aid shock 
absorption. The knee then extends during stance; 
however, it never reaches full extension. At midstance, the 
knee remains flexed approximately 25 degrees. Maximum 
knee flexion of 90 degrees occurs during swing phase. A 
similar pattern of knee motion occurs with all speeds of 
running; however, as speed increases, the amount of knee 
flexion during swing increases as high as 1 30 degrees. 

MUSCLE ACTIONS OF THE KNEE 

Extensors 

The quadriceps muscle is the primary extensor of the 
knee joint and consists of four muscles: vastus interme­
dius, vastus lateralis, vastuS medialis, and rectus femoris 
(Figure 7- 1 1 ) .  The rectus femoris is the only one of these 
muscles that crosses both the hip and knee, allowing it to 
also act as a hip flexor. 

The quadriceps angle, or Q-angle, represents the line 
of the resultant force of the quadriceps that tends to pul l  
the patella superiorly and laterally relative to the patellar 
ligament. The Q-angle is represented by the angle 
between a line connecting the anterior superior i liac 
spine (ASIS) to the midpoint of the patella and a line 
connecting the tibial tubercle to the midpoint of the 
patella (Figure 7 - 1 2). The normal values for Q-angle are 
less than 10 degrees in men25,5 1 ,70 and less than 1 5  degrees 
in women.25,5 1 ,70 A Q-angle larger than normal is pro­
posed to create excessive lateral forces on the patella 
through a bowstring effect that may predispose the patella 
to pathological changes. Q-angle can be influenced by 
excessive femoral anteversion, genu recurvatum, ankle/ 
foot pronation, lateral tibial rotation, genu valgus, 

patellar alignment, and tibial tubercle anomalies.2 ,7o,7 1  
The Q-angle should not  be confused with the physiologic 
valgus of the knee. 

Quadriceps muscle impairments related to knee pain 
may include poor performance or overrecruitment. As 
mentioned previously, the oblique portion of the vastus 
medialis (VMO) may provide an important restraint to 
lateral patellar displacement given the angulation of the 
fibers that attach to the patella. Poor performance of the 
VMO may contribute to excessive lateral patellar 
displacement.39 

With intensive physical training or loading through 
weight training or sports, the quadriceps may become 
relatively too stiff or short and contribute to excessive 
stress on the patella, patellar ligament, or tibial tubercle. 
This excessive pull superiorly may be associated with 
patella alta. In contrast, the quadriceps can become func­
tionally weak when habitual alignment of knee hyperex­
tension is present. 

The articularis genus is a small muscle located on the 
anterior distal femur that inserts into the synovial mem­
brane of the knee joint. As the knee is extended, it assists 
in drawing the synovia l  membrane upward and prevent­
ing folds of the membrane from becoming compressed 
within the knee joint. 

Flexors 

The hamstring muscles are comprised of the semimem­
branosus and semitendinosus muscles medially and the 
biceps femoris muscle laterally (see Figure 7 - 1 6). Their 
primary actions include knee flexion and hip extension; 
however, they also assist with hip medial and lateral rota­
tion and may contribute to tibial medial and lateral rota­
tion. The hamstrings are at risk of overuse when synergists, 
such as the gluteus maximus, are underused. 22 For example, 
when the foot is fixed on the ground, the hamstrings can 
extend the knee by pull ing the knee back to the body 
through its action as a hip extensor. Usually, when ham­
string dominance such as this occurs, the quadriceps and 
gluteus maximus are not performing optimally. This 
movement impairment is commonly seen in individuals 
with a swayback aljgnmenr22 and genu recurvatum. 

Movement impairments in the transverse plane may 
be the result of impaired hamstrings. The medial ham­
strings assist in medial rotation of the hip and can become 
dominant and shorter in length compared to the biceps 
femoris. This imbalance in synergists is seen when an 
individual maintains excessive hip medial rotation or par­
ticipates in sports or activities that tend to position or 
encourage hip medial rotation such as cycling. The biceps 
femoris assists in lateral rotation of the femur and lateral 
rotation of the tibia. When the primary hip lateral rota­
tors are not performing optimally, the biceps femoris 
may compensate by increasing its action in an attempt to 
control hip lateral rotation.22 The overuse of the biceps 
in this way may lead to a muscle strain. The biceps 
femoris may also contribute to lateral rotation or 
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Figure 7 ·11. Quadricep muscles. The quadriceps can be seen here including the reflected 
rectus femoris (the only two joint muscle of the quadriceps), along with the vastus lateralis, 
vastus intermedius and vastus medialis. (From Drake RL, Vogl AW, Mitchell A�: Gmy� 
anatomy for students, ed 2, Baltimore, 2009, Churchill Livingstone.) 

posterolateral displacement of the lower leg relative to 

the femur, given its distal attachment to the fibular head. 
A patient case demonstrating this phenomena is provided 
by Sahrmartn.22 

The sartorius muscle flexes, abducts, and laterally 
rotates the hip and also flexes the knee and rotates it 
medial ly. The gracilis acts primarily to adduct the hip and 
also flexes and medially rotates the knee. Both muscles 
insert below the medial tibial condyle into the pes anse­
rinus along with the semitendinosus tendon. The pes 

anserinus insertion may become injured with excessive 
tibial lateral rotation contributing to medial knee pain. 

The gastrocnemius and soleus muscles are powerful 
ankle plantarflexors; however, the gastrocnemius is also 
a knee flexor (Figure 7- 1 3 ) .  The plantaris also assists with 
ankle plantarflexion and knee flexion. The gastrocnemius 
and soleus are described in more detail in Chapter 8.  
Impairments in length and strength of the gastrocnemius 
are fairly common. Related to the knee, individuals who 
stand in knee hyperextension tend to develop shortness 
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lI�ure 7·12. Q-angle. The overal l l ine-of-force of the quadri­
ceps is shown as well as the separate l ine-of-force of the muscles 
within the quadriceps. The vastus medial is is divided into its 
two predominant fiber groups: the obJiquus and the longus. 
The net lateral pull exerted on the patella by the quadriceps is 
indicated by the Q-angle. PT, Patellar tendon; RF, rectus 
femoris; VI, vastus intermedius; VL, vastus lateralis; VML, 
vastus medialis ("longus"); VMO, vastus medialis ("obliquus"). 
(From Neuman DA: Kinesiology of the 1I1l1sClIIoskeletai system: 
foundations for 1'ehflbilitfltiol1, ed 2 ,  St Louis, 2 0 1 0, Mosby.) 

of the gastrocnemius as a result of the alignment of rela­
tive plantarflexion. L1 movement impairments of the 
knee, poor performance of the ankle plantarflexors may 
be observed as a lack of push-off during gait, a delayed 
heel rise, or excessive dorsiflexion during foot flat. 

The popliteus muscle is a knee flexor and tibial medial 
rotator (see Figure 7- 1 3) .  The popl iteus is also known as 
the key to the knee, because it "unlocks" the knee as it 
moves from the fully extended (locked) position into 
flexion. The popliteus tmlocks the knee either by medi­
ally rotating the tibia in a non-weight-bearing activity or 
laterally rotating the femur in a weight-bearing activity. 

Popliteal fossa 

Jt,.w __ +-- Biceps femoris m. 

Semimembranous 

Semitendinosus m. 

..,.+:,,t-,.'Ir--'-........ - Gastrocnemius m. 

Flexor 
retinaculum 

Calcaneus---t\¥r-

Peroneal 
retinaculum 

Achilles (calcaneal) 
tendon 

Figure 7 ·13. Posterior muscles of the lower leg. The gastroc­
nemius is cut to allow visualization of the soleus muscle. (From 
Mathers, et al :  Clinical anatomy principles, St Louis, 1 996, 

Mosby.) 

The popliteus is mostly active during crouching and may 
help the posterior cruciate ligament (peL) prevent ante­
rior dislocation of the femur.2J ,26 

Other Important Hip Muscles That 
Can Affect the Knee 

Lateral Rotators of the Hip 
The primary hip lateral rotators include the deep (some­
times referred to as short or intrinsic) lateral rotators and 
tl1e gluteus maximus. The intrinsic or deep lateral rota­
tors of the hip include the piriformis, gemellus superior 
and inferior, obturator interIms and externus, and qua­
dratus femoris muscles (Figure 7- 14). The obturator 
externus, however, is generally considered a secondary 
lateral rotator of the hip because its line of force is so 
close to the longitudinal axis of rotation when tl1e hip is 
in the anatomical position. As primary lateral rotators of 
the hip, the deep lateral rotators serve to provide precise 
control of rotation of the femoral head in the acetabulum, 
thus maintaining the integrity and stability of the hip 
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Figure 7-14. Hip lateral rotators. Some of the deep lateral rotators of the hip are depicted 
here-obturator intern us, obturator externus and piriformis. They help to maintqin control 
and stability of the hip joint. When lengthened or weak, they can contribute to femoral medial 
rotation and knee pain. (From Neuman DA: Kinesiology of tbe musculoskeletal system: foundations 
for l'ebabilitation, ed 2, St Louis, 20 1 0, Mosby.) 

similar to the way that the rotator cuff muscles provide 
control of the humeral head in the glenoid. In patients 
with knee pain syndromes, these muscles often become 
lengthened and weak, thus losing the precise control of 
the hip and a llowing hip medial rotation to occur. 

In addition to being a primary lateral rotator, the 
gluteus maximus muscle is a lso a primary hip extensor 
(Figures 7- 15  and 7- 1 6). Individuals who stand in a sway­
back alignment commonly have atrophy of the gluteus 
maximus because their weight line is posterior to their 
center of mass.22•23 In these cases, when the gluteus 
max.imus becomes functionally weak, the hamstrings may 
become the dominant hip ex.tensors instead of the gluteus 
maXlmus. 

A large portion of the gluteus maximus muscle attaches 
into the ITB. Therefore shortness or stiffness of the 
gluteus maximus can contribute to relative stiffness/flex­
ibil ity issues involving the ITB. Relative stiffness/flexibil­
ity as a result of shortness or stiffness of the gluteus 
maximus through the ITB seems to be more common in 
males than females and should be suspected if the patient 
sits in excessive hip abduction. 

The secondary lateral rotators of the hip include the 
sartorius, the biceps femoris, and the posterior fibers of 
the gluteus minimus and medius (Figure 7- 1 6). 

The posterior gluteus medius acts to abduct, extend, and 
laterally rotate the hip. The length and strength of the 
posterior gluteus medius is often affected by postural 
changes at the pelvis and hip. If an individual stands with 
the right i liac crest higher than the left or with the right 
hip in medial rotation, the posterior gluteus medius on 
the right may be lengthened and possibly weak, particu­
larly if tested in the shortened position. Poor perfor­
mance of this muscle is often a key factor in knee pain 
problems. 

Because control of the knee is needed throughout the 
range of hip flexion to hip extension in activities such as 
sit to stand and cutting, the muscle performance of the 
hip lateral rotators should be tested with the hip flexed 
and with the hip extended. A number of the hip lateral 
rotators change their action when the hip is flexed. 
Although they are hip lateral rotators when the hip is in 
o degrees of flexion, the piriformis and portions of the 
gluteal muscles change to medial rotators of the femur as 
the hip is flexed to 90 degrees. This switch in action is 
due to a change in the location of the muscles' moment 
arms relative to the axis of rotation.72.73 Once identified, 
muscle performance deficits can then be targeted with 
specific exercises, with the hip flexed or hip extended. 
Given their likely role in providing stability of the hip, 
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1.5. Gluteus maximus and tensor fasciae latae-iliotib­
ial band. The TFL-ITB is a major contributor to impairments 
of the lower extremity. When it is too short or too dominant, 
it often contributes to femoral medial rotation. Also, the attach­
ment of the TFL-ITB to the patella and the lateral tibial tuber­
osity may result in impairments of the patella and lateral 
rotation of the tibia. From this figure, also note the large con­
tribution of the gluteus maximus into the ITB. (From Mathers 
LH, Chase RA, Dolph ], et al: Clinical anatomy principles, St 
Louis, 1 996, Mosby.) 

specific attention to the deep lateral rotators (hip flexed 
position) is warranted. 

Medial Rotators of the Hip 
The TFL-ITB is a two-joint muscle complex that flexes, 
abducts, and medially rotates the hip and laterally rotates 
the tibia through its insertion onto the lateral tibial tuber­
cle (see Figure 7- 15). The TFL-ITB also assists in stabi­
lizing the knee when the knee is extended, although it 
does not actively extend the knee. 23 ,26 When the TFL-ITB 
becomes short or too stiff, it can cause a compensatory 
motion such as lateral tibial rotation or valgus at the knee. 
The TFL-ITB can also contribute to patellar lateral glide 
as a result of its insertion onto the lateral patellaY 

The anterior fibers of the gluteus medius abduct, flex, 
and medially rotate the hip. Because the anterior fibers of 
the gluteus medius tend to be stronger than the posterior 
fibers, the imbalance often results in excessive medial 
rotation. The anterior gluteus minimus also abducts, 
flexes, and medially rotates the hip, contributing further 
to the potential for excessive medial rotation of the hipY 
When testing performance of the medial rotators of the 
hip, it is important to remember that muscle function may 
be increased when the hip is flexed, compared to when the 

hip is extended.n,7l When the hip is extended, there are 
no primary medial rotators of the lup.26 

MOVEMENT SYSTEM SYN DROMES 
of the Knee 

TIBIOFEMORAL ROTATION SYNDROME 

Tibiofemoral rotation (TFR) syndrome is characterized 
by knee pain associated with impaired rotation of the 
tibiofemoral joint. Excessive rotation between the tibia 
and femur can be seen during tests of alignment, tests of 
movement, and performance of functional activities. 
There are two subcategories of TFR syndrome: TFR 
with valgus (TFRVal) syndrome and TFR with varus 
(TFRVar) syndrome. This text focuses on the most 
common TFR syndrome, TFRVal, and only briefly dis­
cusses TFRVar. 

Symptoms and History 

Individuals that have the diagnosis of TFR syndrome 
(with valgus or varus) report pain along the tibiofemoral 
joint line, the peri patellar regions, or at the insertion of 
the ITB. Pain is often associated with activities that con­
tribute to rotation between the tibia and femur, including 
weight-bearing activities, such as walking and stair climb­
ing, or non-weight-bearing activities, such as sitting with 
the lower leg placed in a rotated position relative to the 
femur. Individuals that demonstrate this movement fault 
may include ballet dancers, runners, equestrians, and sed­
entary workers. Those with OA who report instability74 
are also likely to fal l  into the TFR category. 

TIBIOFEMORAL ROTATION WITH 

VALGUS SYNDROME 

Individuals with TFRVal syndrome demonstrate exces­
sive medial rotation or adduction of the femur relative to 
the tibia, or excessive lateral rotation or abduction of the 
tibia relative to the femur resulting in knee valgus. This 
motion has also been described as medial collapse2,75 or 

poor dynamic knee stability.6,76 Clinically, it appears that 
females are more likely to demonstrate TFRVal than men, 
and this observation appears to be supported in the litera­
ture as well,76-78 Although it  is  more common in women, 
TFRVal syndrome may be present in males, thus the need 
to take an individualized approach to examination. 

Symptoms and History 

Structures that may be injured in an individual 
with TFRVal syndrome include structures of the tibio­
femoral joint, the patellofemoral joint, the ITB, and sur­
rounding musculature. A number of studies have 
demonstrated an association between the movement 
impairment associated with TFRVal syndrome and knee 
injury, I ,4,6,79-84 highlighting the importance of assessing 
the entire lower extremity. In a prospective study, Hewett 
et al6 reported that during the landing phase of a jump, 
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Figure 7 16. The posterior muscles of the hip. The left side highlights the gluteus maximus 
and hamstring muscles (long head of the biceps femoris, semitendinosus, and semimembrano­
sus). The right side highlights the gluteus medius and five of the six short external rotators, 
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(From Neuman DA: Kinesiology of tbe musculoskeletal system: foundations f01' rebabilitation, ed 2, 
St Louis, 20 1 0, Mosby.) 

young women with a knee valgus angle greater than 8 
degrees were more likely to suffer a noncontact ACL 
injury than those with an angle of less than 8 degrees 
(Figure 7- 1 7).  In addition, Hewett's group demonstrated 
that the risk of ACL injury is reduced with training to 
correct the movement impairment. I ),85 

Overuse syndromes, such as PFPS and ITB friction 
syndrome, have also been associated with TFRVal. Tra­
ditional treaunent of PFPS has focused on the movement 
and alignment of the patel la",86,87; however, numerous 
studies have demonstrated that the alignment or move­
ment of the tibia and femur may be associated with 
PFPS. I ,),S I -84 Although repetitive knee extension-flexion 
has been implicated in ITB friction syndrome, a recent 
study demonstrated that increased hip adduction may 
contribute to the onset of ITB friction syndrome.4 

An examination that includes the assessment of move­
ment quality and tests of muscle length and 

muscle performance, in addition to tests to identify injured 
structures, is recommended. Key tests and signs of the 
movement examination are described in the following sec­
tions. Tests to assess specific knee structures, such as the 
ligaments or meniscus, are not the focus of this text; there­
fore the reader is encouraged to consult other available 
sources.* 

Key Tests and Signs 

Alignment Analysis 
While the patient is standing, the examiner assesses the 
overall posture and specific alignment of the lower 
extremities. Alignment is often not predictive of the 
movement impairment; however, alignment may con­
tribute to the movement impairment. From the posterior 

*Suggested reading: Magee DJ: Orthopedic physical assessment, ed 
4, St Louis,  2002, Saunders. 
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f-i sure 7 17. Biomechanical model depicting mean knee joint kinematics during the drop 
vertical jump at initial contact and maximal displacement in the ACL-injured and uninjured 
groups (n = 9 knees and n = 390 knees, respectively). Left, Coronal plane view of knee abduction 
angle at initial contact in the ACL-injured and uninjured groups. Cente/; Coronal plane view 
of maximum knee abduction angle in the ACL-injured and uninjured groups. Right, Sagittal 
plane view of maximum knee flexion angle in the ACL-injured and unjnjured groups. (From 
Hewett TE, Myer GD, Ford KR, et a l :  Biomechanical measures of neuromuscular conu'ol and 
valgus loading of the knee predict anterior cruciate ligament injury risk in female athletes: a 
prospective study, Am J SP017s Med 3 3 :492 ,  2005.) 

view, the patient may demonstrate medial rotation of the 
femur or lateral rotation of the tibia (Figure 7- 1 8) .  The 
patient may also demonstrate knee valgus. From the 
lateral view, posterior pelvic tilt with hip extension and 
knee hyperextension might indicate poor performance of 
the gluteals. A lordotic posture might suggest short or 
stiff hip flexors and poor abdominal control. Excessive 
pronation or supination of the foot should also be noted. 

Movement Impairments 
Standing tests. Single-leg stance should be assessed 

by comparing both lower extremities. During single-leg 
stance on the involved Jjmb, the patient will demonstrate 
excessive medial rotation of the involved femur. The 
patient may also demonstrate excessive ankle pronation. 
During single-leg stance on the uninvolved Jjmb, tibial 
lateral rotation may be noted in the involved limb when 
the knee is flexed to 90 degrees (Figure 7 - 1 9). In addition 
to movement quality, the examiner may observe the 
patient's ability to maintain balance when standing on one 
limb. Poor stability may indicate poor proprioception, 
which may be a contributor to the patient's pain problem. 

During hip and knee flexion in stance (partial squat), 
the patient will demonstrate femoral (hip) adduction/ 

medial rotation and knee valgus (Figure 7-20, A). This 
motion may increase or produce the patient's symptoms. 
When the motion is corrected (Figure 7-20, B), the pain 
typically improves, supporting dle diagnosis of TFRVal 
syndrome. 

Supine tests. When performing the two-joint hip 
flexor lengdl test,88 lateral rotation or abduction of the 
tibia may be observed when the involved limb is lowered 
into hip extension (Figure 7-2 1 ) .  If the patient reports 
pain during the test, the test is repeated with stabilization 
of dle tibia to prevent the observed motion. If the patient's 
symptoms are improved, then dle movement impairment 
of TFR is supported. Further tests would be needed to 
determine if the diagnosis is TFRVal syndrome or 
TFRVar syndrome. 

Prone tests. Lateral rotation of the tibia during knee 
flexion in prone may be observed. If this motion is painful, 
then the secondary test should be performed by repeating 
dle motion while preventing the tibial rotation. If the 
patient's symptoms are improved, dlen the movement 
impairment of TFR is supported. Further tests would be 
needed to determine if the diagnosis was TFRVal syn­
drome or TFRVar syndrome. During the performance 
of hip medial or lateral rotation, the examiner may 
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Figure 7·18. Femoral medial rotation. Note the insertion of the 
medial and lateral hamstrings. The medial hamstrings are more 
prominent, indicating femoral medial rotation. The lateral ham­
string insertion is barely visible on the right lower extremity. 

observe excessive rotation or gliding of the tibia relative 
to the femur. If hip rotation ROM is measured in this 
position, care should be taken to prevent motion of the 
tibia relative to the femur, which may inflate the value of 
hip rotation ROM.89 

Joint Integrity 
In our experience, individuals with TFRVal syndrome 
often demonstrate an overall laxity in the tibiofemoral 
joint in the involved and uninvolved joint; however, this 
laxity has not been quantified. The therapist may suspect 
ligamentous laxity if there is excessive motion at the tib­
iofemoral joint while testing hip rotation. In the absence 
of trauma, tests for l igamentous integrity are often nega­
tive with the patient demonstrating equal motion on both 
limbs. 

Muscle Length Impairments 
A common muscle impairment includes reduced extensi­
bi l ity of the TFL-ITB,90 which may contribute to a rela­
tive lateral rotation of the tibia through its attachment on 
the lateral tibial tubercle. 

Muscle StrengthlPeiformance Impairments 
Impairments of muscle strength and performance include 
poor performance of the hip lateral rotators and hip 

Figure 7·19. Single-leg stance observing the limb being flexed. 
Note the alignment of the foot. A, The left uninvolved foot is 
vertical relative to the floor. B, The right foot is angled away 
from the vertical indicating tibial lateral rotation. 
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Ficure 7 20. Hip and knee flexion i n  standing. A, Note the 
femoral adduction and medial rotation. There is minimal pro­
nation at the foot, which may contribute to excessive stresses at 
the knee. B, Secondary test of hip and knee flexion in standing. 
The movement impairment of femoral adduction and medial 
rotation was corrected. 

B 

Figure 7 21 Tibial lateral rotation during two-joint hip flexor 
length test. A, Starting position of the two-joint hip flexor 
length test. Note position of the right tibia and foot in the 
sagittal plane. B, End position of the two-joint hip flexor length 
test. Note position of the right tibia and foot. Tibia is now more 
lateral ly rotated relative to the femur, secondary to the tension 
of the TFL-ITB as it is being stretched. 
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abductors. 9 1 ,92 Tibial medial rotators may also be impaired, 
restricting their ability to control tibial lateral rotation, 
however these muscles are challenging to assess. 

Functional Activities 
Gait. During gait, excessive medial rotation or adduc­

tion of the femur during stance or tibial lateral rotation 
during swing may be observed. Excessive pronation of 
the foot may also be observed. 

Step-up and step-down .  Most patients with knee 
pain problems will report an increase in their symptoms 
with stair ambulation. A step-up and step-down test may 
be performed to assess the patient's preferred pattern. 
Patients with TFRVal syndrome will demonstrate 
femoral adduction and knee valgus with performance of 
this activity (Figure 7 -22).  If the movement is painful, a 
secondary test is performed by repeating the movement 
and correcting the movement impairment. Because this 
activity introduces significant stresses on the structures 
of the knee, reducing the patient's pain significantly may 
be difficult. If symptoms are not reduced witll movement 
impairment modifications of eitller the tibiofemoral joint 
or the patellofemoral joint (see patellofemoral lateral 
glide syndrome), the patient's pain severity may be too 
high for the activity being performed. 

Tibial lateral rotation may be observed as the patient 
attempts to clear the toes as they raise the involved foot 
to the next step (Figure 7-2 3) .  This movement impair­
ment may indicate that the medial rotators of the tibia 
are not sufficiently stabilizing the tibia as the lateral ham­
strings contract to flex the knee. 

Other Functional Tests 
Activities tllat aggravate the patient's symptoms should 
be assessed for movement impairments. Patients Witll 
TFRVal syndrome exhibit femoral adduction or knee 
valgus during tlle symptomatic activities. Common activ­
ities include prolonged sitting, squatting, and sit-to­
stand. If the patient is an athlete or has low symptom 
irritability, higher level activities may need to be assessed 
to determine the movement impairment. These may 
include running, 1 single-leg squat, I ,93 and various forms 
of jumping or hopping. I ,76,94 

Summary of Examination Findings 

TFRval syndrome presents with the movement impair­
ment of femoral adduction and medial rotation relative 
to the tibia or tibial abduction/lateral rotation relative to 
tlle femur tllat contributes to a knee valgus. Positions or 
movements associated with TFRVal syndrome are often 
painful, and when tlle movement impairments are cor­
rected, pain is reduced. 

Treatment 

Primary Objectives 
The primary objectives of a treaUnent program include 
the following: 

Figure 7·22. Step-down test. Note femoral adduction and knee 
valgus of the left stance limb. 

Figure 7 ·23. Step-up test. Note tibial lateral rotation of the 
swing leg,. indicating movement impairment of tibiofemoral 
rotation. 

1. Correct TFRVal during functional activities. 
2 .  Improve performance of tlle hip lateral rotators, 

abductors and tibial medial rotators. 
3 .  Increase extensibility of tlle TFL-ITB. 
4. Address contributions of tlle foot if necessary. 
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Corrective Exercise Program 
Treatment for this classification includes educating the 
individual on correcting the postural habits and move­
ments that contribute to the movement impairment and 
thus the pain problem. The patient is provided with a 
general description of the impairment: excessive rotation 
between the tibia and femur. Specific instruction for 
alignment and functional activities is provided and prac­
ticed by the patient. The patient is also instructed in 
exercises to address the associated muscle impairments. 

Alignment. First, the patient is educated in correction 
of posture and functional activities. To improve align­
ment between the femur and tibia, the therapist must 
address impairments in both the sagittal and transverse 
planes in an effort to achieve a more neutral or ideal 
alignment. If hyperextension is present, the patient is 
instructed to tUllock the knees. To align the tibia and 
femur in the transverse plane, the patient is asked to align 
knees over feet with neutral rotation of hips and tibias 
by decreasing medial rotation of femur and lateral rota­
tion of tibia. To correct femoral medial rotation, the 
patient is instructed to contract his or her gluteals and 
hip lateral rotators to laterally rotate the femur. However, 
if structural tibial torsion or femoral anteversion is 
present, normal alignment will not be possible and 
attempts to "correct" the patient's alignment may result 
in abnormal stresses to the adjacent joints. Instruction 
to the patient should emphasize proper alignment that 
accommodates for these structural impairments. For 
example, if the patient has tibial torsion, the appearance 
of a lateral foot progression angle or "turn out" should 
be allowed. If the patient demonstrates femoral antever­
sion, the appearance of medial rotation of the femur 
should be allowed. 

Functional activities. Functional activities that con­
tribute to the movement impairment must also be 
addressed. The functional activity that is most bother­
some to the patient should be addressed first, followed 
by the activities in which the patient spends the most time 
such as work or school activities. This chapter covers the 
activities that are useful for most patients; however, the 
therapist is encouraged to use the principles of the MSI 
system to address other functional activities that may not 
be described here. 

Gait. To control femoral adduction and medial rota­
tion during gait, the patient is instructed to contract the 
"buttock muscles" of the stance limb during weight 
acceptance; the goal is to recruit the hip abductors and 
lateral rotators. This is sometimes difficult for the patient 
to achieve on the first visit, therefore an exercise like 
weight-shifting with unilateral muscle contraction may 
be useful to assist the patient who is learning to contract 
the muscles at the appropriate time. The patient should 
also be instructed to avoid rotating on a fixed foot when 
making turns. 

If the patient is having significant pain in the knee, an 
assistive device may be suggested to decrease the forces 
through the affected knee. The cane should be placed in 

the hand opposite the involved limb. Using the cane in 
the opposite hand has been shown to significantly reduce 
external moments95 across the knee. 

Another strategy during gait is to have the patient walk 
with the feet apart. This change in alignment shifts the 
adduction moment toward the medial knee and can 
decrease the pain. As with all recommended alterations 
in alignment or movement patterns, the change in the 
symptoms is the guide to the effectiveness and/or appro­
priateness of the recommendations. 

Sit-to-stand; stand-to-sit. The patient should also be 
instructed to avoid femoral adduction, femoral medial 
rotation, and knee valgus when transitioning from a 
sitting position to a standing position. For proper perfor­
mance of sit-to-stand, the patient is instructed to slide 
forward in the chair and place the feet hip width apart 
and aligned behind the knees. On rising, the patient 
should lean forward to advance the tibias anteriorly over 
the feet, then use the quadriceps and gluteus maximus 
muscles to lift the body up and forward out of chair. 
While performing this, the patient should keep the knee 
and toes aligned in the transverse plane. Common cues 
that are useful include "squeeze your seat and keep your 
knee over your second toe" and "do not let the knees 
come together." If the patient has difficulty with the cor­
rection, a resistive band may be placed around the distal 
femurs and the patient instructed to gently push into the 
band to keep it taut as they rise from the chair. If tlle 
band becomes loose during the performance of the activ­
ity, the patient is provided feedback for the suboptimal 
performance. 

Stairs. The instructions used in the previous para­
graph are also useful for stairs. The patient should avoid 
femoral adduction, femoral medial rotation, and knee 
valgus while ascending and descending stairs. During 
stair ascent, the patient may need to shift tlle weight 
anteriorly (lean forward over the stairs) to more function­
ally engage the gluteals.96 

If the patient has significant pain with stairs, there are 
a number of methods to reduce symptoms during stair 
ambulation. These suggestions are useful for all patients 
with knee pain, despite their movement system syn­
drome. While ascending stairs, the patient is instructed 
to use a step-to pattern, leading with the uninvolved 
extremity and then advancing the involved extremity. As 
the patient improves and begins to use a step-over-step 
method, he or she may still be challenged in completing 
the step-up leading with the involved leg. The patient 
can use the plantarflexors of the uninvolved leg to help 
push-up from the lower step. The patient should also be 
encouraged to use the handrail to reduce the weight 
bearing on the involved limb. 

Descending stairs is often painful for someone with 
knee impairments. While descending stairs, the patient 
may use a step-to pattern first leading with the involved 
extremity and then advancing the uninvolved extremity. 
Patients who are significantly limited may need to descend 
the stairs backward; however, this should be assessed 
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Figure 7-24. Sitting position. A, Patient with TFRVal syn­
dronK and knee pain bilaterally demonstrates her working posi­
tion. She is a transcriptionist and uses a foot pedal regularly. 
Note position of the feet relative to the knees. B, Working posi­
tion corrected. Patient is instructed in a modified position. 
(From Harris-Hayes M, SahrmaIm SA, Norton E], et al: Diag­
nosis and management of a patient with knee pain using the 
movement system impaiment classification system, J 01'thop 
SP01ts Phys TIm· 3 8(4) :203-2 1 3 , 2008.) 

closely to be sure the patient can perform safely. As the 
patient improves and begins to use a step-over-step 
method, a useful method to reduce stress to the involved 
limb while descending stairs is to use the plantarflexors 
eccentrically to absorb some of the body weight as the 
body is lowered onto the lower step. 

Other functional activities. Personal activities related 
to work, school, fitness, and leisure should also be 
addressed. The patient should be instructed to avoid the 
TFRVal movement impairment during functional activi­
ties. For example, in sitting, the patient may sit with the 
foot in a relatively lateral position to the knee. The 
patient should be instructed to modify the position so 
that the knee and foot are aligned in the transverse plane 
(Figure 7 -24). An impairment may also be demonstrated 
in the patient's driving. Some patients change from the 
gas to brake pedal by keeping their heel in contact with 
the floorboard and rotating the tibia to move the foot, 
resulting in repetitive rotation between the tibia and the 
femur. These patients should be instructed to l ift the foot 
from the floor as they change pedals to avoid the repeti­
tive rotation, or they can rotate at the hip rather than the 
knee. After specific instruction in the performance of key 
activities, the patient should understand concepts that 
can be generalized to other activities. 

Fitness activities. If the patient does not have a 
fitness program, then a discussion is warranted to encour­
age a fitness program as a goal. If the patient participates 
regularly in fitness, we encourage continued participation 
in some form of fitness, although the current program 

Figure 7-25. Fitness actJVlty: Cycling. A, Note the valgus 
alignment of the right knee. B, Position is modified to correct 
for TFRVal syndrome. 

may need to be modified. For example, the patient's 
aerobic activities may need to be modified by addressing 
the movement impairment (Figure 7-25) and possibly 
reducing the intensity. The modified intensity level 
should be related to the patient's stage of rehabilitation. 
For example, if the patient's injury is in Stage 1 for reha­
bilitation, then the patient may use one-leg cycling for 
aerobic conditioning and progress to activities in the 
water with the body submerged to reduce stresses to the 
knee. For Stage 2 ,  the person may be instructed to use a 
bike or to start with a walking program while concentrat­
ing on maintaining proper tibiofemoral alignment. The 
intensity is then gradually increased as the patient's 
symptoms improve. Box 7- 1 shows an example program 
to progress an individual back to running after injury.97 
The type of fitness equipment also needs to be consid­
ered. For example, if the patient has tibial torsion then 
Nordic Track or even bicycle pedals that require a fixed 
forward position of the feet can cause injmy to the knee. 

Home Exercise Program 
In addition to modifying the patient's functional activi­
ties, the patient should be instructed in an exercise 
program to improve muscle performance and extensibil­
ity. Exercise prescription should be based on the results 
of the physical examination and include only exercises 
that address limitations specific to the patient. In addi­
tion, patients should be instructed in the appropriate 
response to the exercises. Appropriately, patients may 
feel some muscle soreness or fatigue with activities that 
overload the muscle. The pain will be in the muscle 
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B O X  7- 1 

How to Encourage and Promote Fitness 

without Injury 

STAGE 1 FOR REHABILITATION 
Use of one-leg cyc l i ng for aerobic conditioning after 
surgery.97 

Water activities with the body submerged to reduce 
stresses on the knee . 

STAGE 2 FOR REHABILITATION 
Example: runr�lng 
I. Early in the rehabi l itation stages ,  the emphasis is 

placed on achieving an ideal gait pattern ; speed or 
distance should not be emphasized. Assess gait 
pattern and instruct as a ppropriate. 

I I .  I nterval train ing is  recommended. 
A. Begin with walking program and gradual ly mix I n  

short bouts o f  running. Gradual ly increase the time 
running and decrease the time walking. 
1. Example of progression: Patient should be able 

to walk 30 minutes without an increase in  pain 
or swel l ing to begin .  
a .  R u n  1: Walk 4 minutes ,  r u n  1 minute, repeat 

4 times for a total of 20 minutes 
b. Rest day 
c. Run 2 :  Walk 3 mi nutes, run 2 minutes , repeat 

4 times for a total of 20 minutes 
d. Rest day 
e. Run 3: Walk 2 minutes, run 3 minutes ,  repeat 

4 times for a total of 20 minutes 
f. Continue to progress running appropriately. 

(This example wi l l  not be a ppropriate for al l  
patients and must be adjusted as needed . )  

g .  Once the patient c a n  run 1 mile without 
increasing pa in or swe l l ing, begin to progress 
to previous tra in i ng levels .  

B. It is  expected that the patient may experience some 
generalized discomfort or swe l l ing, particularly after 
surgery, with the in itiation of running. If this general­
ized pain and swe l l ing persists longer than 48 
hours, then the running d istance or intensity must 
be decreased. If the patient describes a stabbing 
pain or a pa in that is  consistent with tissue i njury, 
running should be stopped and the patient 
reeva luated. 

I I I .  Modify surface of tra in ing if indicated. 
A.  Instruct patient to in itiate running with surfaces that 

reduce the ground reaction force on the lower 
extremities. If avai lable,  a track or chip trail would 
be a good surface to start. Concrete should be 
avoided if possible. 

B. Running on a street with a camber may contribute 
to common knee problems such as ITB friction syn­
drome. Runners should be encouraged to either 
avoid the camber or a lternate the direction of their 
run. 

ITB, I l iotibial  band. 

regions and not in the joint. However, they should not 
feel  an increase in their symptoms during the perfor­
mance of their exercises or experience a "pressure sensa­
tion" in the knee. This should be made explicit to patients. 
If either pain or pressure occurs, they should review the 
instructions to the exercise to be sure that they are per­
forming it correctly and try again. If they still experience 
pain or pressure, they should discontinue tllis exercise 
until they return for their next visit. 

Exercises to improve strength and performance of the 
hip abductors and hip lateral rotators may be prescribed. 
Many of these exercises are described in detail by Sah­
rmannY Exercises to improve hip abductor and hip 
lateral rotator strength, listed from easiest to most diffi­
cult, include hip lateral rotator isometrics in prone, hip 
abduction in prone, progressive hip abduction witll 1ateral 
rotation in side lying, hip lateral rotation against resis­
tance bands in sitting, and lunges in standing whjle main­
taining proper alignment of the knee. During the 
performance of tllese exercises, therapists should check 
to be sure that the patient is recruiting the correct muscles 
by palpating the lateral rotators and posterior gluteus 
medius. In addition, it is important that the patient is able 
to feel the contraction in tlle buttock region so tl1at he 
or she can recreate the exercise at home. To specifically 
target the gluteus maximus, the patient can perform hip 
extension in prone with the knee flexed and progress to 
exercises in standing such as hip extension using resis­
tance bands. 

An exercise used to improve the motor recruitment or 
timing of tlle hip lateral rotators and abductors is weight 
shifting with gluteal contraction on the stance lower 
extremity. Once tlle patient has demonstrated good per­
formance of the weight-shifting exercise, the exercise 
may be progressed to standing on one leg with correct 
alignment. Resisted activities of the opposite leg while 
standing on the affected leg may also be used to challenge 
the hip lateral rotators and abductors. 

Exercises to improve the extensibility of the TFL-ITB 
should be prescribed. We recommend tlle following 
exercises: ( 1) prone knee flexion (bilateral [Figure 7-2 6] 
or unilateral), (2) prone hip lateral rotation without tib­
iofemoral motion, (3) two-joint rup flexor lengtll test 
position, and (4) Ober test position. During the perfor­
mance of these exercises, the tibiofemoral joint must be 
stabilized to prevent rotation. The patient is instructed 
to control tibial rotation by stiffening the necessary mus­
culature at the knee. For example, while performing 
prone knee flexion, the patient points the foot toward the 
opposite limb, therefore contracting the tibial medial 
rotators to help stabilize the joint. If the patient is unable 
to control the tibial rotation, the exercises will need to 
be modified. Modifications might include either abduct­
ing the hip or placing a pillow under tlle pelvis to put the 
TFL-ITB on some slack. During all of these stretching 
exercises, the patient should have good abdominal support 
to avoid pelvic anterior tilt or transverse rotation. 
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Figure 7·26. Prone knee flexion. A, Prone bilateral knee 
Aexion to improve the extensibility of the TFL-ITB. B, To 
prevent tibial lateral rotation during performance of the stretch, 
the patient is instructed to keep the toes together and the heels 
in l ine with the tibias. 

Improvement of abdominal performance may be 
needed. The abdominals assist in keeping the pelvis 
stable during activities involving the limbs. Some indi­
viduals may demonstrate poor performance of the 
abdominals as evidenced by increased rotation of the 
pelvis during functional activities such as gait or during 
performance of exercise (for example, pelvic rotation or 
tilting while lifting the leg during hip abductor strength­
ening). If so, he or she should be instructed in exercises 
to improve strength (lower abdominal progression as 
described by Sahrmann22) and recruitment (encourage 
patient to pull in abdominals with functional activities). 

Taping 
If the patient has difficulty correcting the movement 
impairment, taping may be helpful. The posterior X taping 
method, developed by our colleague, Debbie Fleming­
McDonnell,* has been used as a method to prevent or 
reduce rotation at the tibiofemoral joint (Figure 7-2 7). 
The sU'ips of tape that move from proximal-lateral thigh 
around the posterior knee to the distal-medial tibia are 
proposed to assist in reducing femoral medial rotation and 

*PT, DPT, Program in Physical Therapy, Washington University School 
of Medicine, St Louis, Missouri. Figure 7-27. Posterior X taping method for TFRVaJ. A, Ante­

rior view. B, Posterior view. 
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Figure 7·28 Decision-making for orthotics. Patient may not 
benefit from orthotic. Note excessive femoral medial rotation 
and foot supination. Recommend correcting hip impairment 
first. 

tibial lateral rotation. We often add other strips of tape for 
symmetry or to assist in preventing knee hyperextension 
in patients who tend to hyperextend. 

Orthotics 
Most patients improve by addressing deficits of the hip 
only; however, some patients may benefit from orthotics 
to correct pronation at the foot. A number of articles 
related to the use of orthotics for knee pain problems 
have been published; however, the findings are equivo­
ca1.98-I02 We believe the inconclusive findings are related 
to the lack of foot type classification in studies related to 
knee pain. We believe that some individuals may benefit 
from correcting impairments of the foot and others may 
not (Figures 7-28 and 7-29). For example, if a patient 
demonstrates pronation that is excessive or occurs at an 
inappropriate time during gait, abnormal rotation at the 
tibiofemoral joint may result. If pronation is suspected to 
contribute to the rotation at the tibiofemoral joint, an 
orthotic may be appropriate. ' O) If, however, orthotics do 
not reduce excessive tibiofemoral rotation or they increase 
tibiofemoral rotation, they may not be indicated. 

A careful assessment of the foot should be done to 
determine whether the rotation of the femur results in 
rotation at the tibiofemoral joint or motion at the foot. 
If excessive medial rotation of the hip occurs and the 
foot is stiffer than the tibiofemoral joint, whether by foot 
structure or by using an orthotic, tibiofemoral rotation 

Figure 7·29. Decision-making for orthotics. A, Patient may 
benefit from orthotic. Note excessive femoral medial rotation 
and foot pronation. Hip may still be a contributor. Recommend 
correcting contribution of the hip with the addition of orthotics 
if needed. B, Patient may benefit from orthotic; however, cor­
recting standing alignment by reducing hip abduction may 
improve alignment of the knee and foot. 

will be exaggerated. Therefore the therapist must assess 
if the rotation at the tibiofemoral joint is increased or 
decreased if a pronation support is provided. When 
orthotics are indicated, temporary orthotics may be fab­
ricated to assess the usefulness of the orthotic and allow 
the patient to test the correction before deciding to pur­
chase a customized pair of orthotics. 
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Neuromuscular Training 

Impairments of the neuromuscular system, such as poor 
balance or proprioception, may be present with any of 
the movement impairment syndromes. Treatment should 
include neuromuscular training to address impairments 
of proprioception and balance and the ability to accom­
modate to perturbations. When instructing the patient in 
neuromuscular training exercises, the patient should 
avoid motions and positions such as excessive knee valgus 
or femoral medial rotation. Examples of neuromuscular 
retraining activities are provided in Box 7-2 . At time of 
the writing of this text, there are a number of laboratories 
studying this topic in patients with knee disorder. 1 3,\4, I04,I05 
The reader is encouraged to review current studies. 

TIBIOFEMORAL ROTATION WITH 

VARUS SYNDROME 

Symptoms and History 

Individuals with TFRVar syndrome also demonstrate 
excessive rotation at the tibiofemoral joint; however, it is 
associated with a knee varus. The patient may demon­
strate a varus thrust during gait. A varus thrust has been 
described in individuals with injury to the posterolateral 
corner of the knee and recently studied in the osteoar­
thritic knee. 7  Traditionally, varus thrust has been 
described as motion that is primarily in the frontal plane 
and thought to be the consequence of structural changes 
of the medial compartment in the osteoarthritic knee. 
We have observed, however, an apparent varus thrust in 
young individuals witllout radiological evidence of OA or 
ligamentous injury. This apparent varus thrust seems to 
be a result of a combination of hip medial rotation and 
knee hyperextension. 

Structures that may be injured in an individual with 
TFRVar syndrome include the structures of the tibio­
femoral joint, the ITB, and tlle surrounding musculature. 
The medial compartment of the tibiofemoral joint may be 
particularly at risk, given that it is responsible for 60% to 
80% of the total load across tlle knee. Recent interest has 
been placed on the external knee adduction moment and 
its contributions to the load on the medial knee compart­
ment. l l o The external knee adduction moment is defined 
as tlle product of the groul1d reaction force and the per­
pendicular distance to the knee joint (Figure 7-30). Clini­
cally, the alignment associated with the knee adduction 
moment is genu varus. The knee adduction moment has 
been associated with the progression of knee OA. I I I  An 
increase in varus alignment of tlle knee may result in a 
larger moment arm of the ground reaction force and thus 
increase the force through the medial compartment. 

Several authors have reported that using a "toe-out" 
gait pattern reduces the knee adduction moment and thus 
reduces symptoms. 1 1 2- 1 1 4 Two mechanisms have been 
proposed to explain the reduction of symptoms when a 
toe-out pattern is used. In their study of individuals with 

Figure 7-30. The external knee adduction moment is defined 
as the product of the growld reaction force and the perpendicu­
lar distance to the knee joint. G, Growld reaction force vector; 
I, momentum of ground reaction force; K, knee joint center. 
(Modified from ]enkyn TR, Hunt MA, ]ones IC, et a l :  Toe-out 
gait in patients with knee osteoarthritis partially transforms 
external knee adduction moment into Aexion moment during 
early stance phase of gait: a tri-planar kinetic mechanism, J 
Bio111ech 4 1 (2):276-83 ,  2008.) 

knee OA, Jenkyn et al l 1 3 demonstrated that a portion of 
the external knee adduction moment was transformed 
into a flexion moment during the early phase of stance. 
Chang et al l 1 5 provided another theory based on their 
interpretation of a study by Wang et aJ l 1 6: A toe-out gait 
pattern shifts the ground reaction force vector closer to 
the knee joint center. This shift results in a reduction in 
the moment arm of tlle ground reaction force and thus 
the external knee adduction moment. 

Key Tests and Signs 

Alignment Analysis 
A patient with TFRVar syndrome often presents with 
femoral medial rotation and knee varus and may demon­
strate a supinated or a fixed flat foot. The genu varus may 
be due to structural problems, such as OA in the medial 
compartment of the knee, or it may be a postural fault 
cause by femoral medial rotation along with knee hyper­
extension · (Figure 7-3 1 ,  A-D). The examiner should be 
careful not to classify by standing alignment alone. An 
individual may demonstrate a varus alignment in standing 
but demonstrate knee valgus with activities (Figure 7-3 1 ,  
E-F). The examiner must consider the entire movement 
examination and the symptom behavior to determine the 
appropriate diagnosis.  
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BOX 7-2 

Neuromuscular Training 

When instructing the patient in neuromuscular tra i n i ng exer­
cises, it is important to remind the patient to avoid motions 
or a l ignments consistent with his or her specific movement 
system syndrome. 

PROPRIOCEPTION/BAIANCE106 
Activities to improve proprioception of the knee should be 
incorporated as soon as possible. Begin early in treatment 
using activities such as weight sh ifting, progressive 
increases in weight bearing on the involved LE, and then 
eventual ly un i lateral stance . As the patient can take fu l l  
weight o n  the involved knee, activities are progressed to the 
use of a balance board. 

Progression: Activities should be progressed to prepare 
patient to return to dai ly activities, fitness routines, and work 
or sporting activities. As the patient progresses, propriocep­
tion can be chal lenged by asking the patient to stand on 
unstable surfaces (pi l lOWS, trampol i ne ,  or BOSU bal l ) ;  per­
turbations can be appl ied by having the patient catch a bal l  
being thrown t o  h im while standing on o n e  leg o r  by perturb­
ing the surface on which the patient is standing.105 S l iding 
board activities have also been shown to be beneficial  to 
patients after surgery.107 

SPORT-SPECIFIC TRAINING ( I F  APPROPRIATE) 
In preparation to return to sports, sport-specific activities 
should be added . The in itial phases of these activities wi l l  
include straight plane activities a t  a slow pace a n d  then a 
gradual increase in the level of difficu lty by increasing the 
intensity and patterns to incl ude changes of d i rection,  
starts, and stops. 

AGILITY EXERCISES 
Emphasis is placed on proper movement. 
Hopping timed 
Within each level, begin with short bouts of hopping and 
longer rests between (15 seconds on,  30 seconds off), then 
increase on time and decrease off time (30 seconds on, 15 
seconds off). 

1. Hopping bi lateral LEs with s upport of the UEs to 
decrease the amount of stress through the knee 

2.  Bilateral hopping without support 
3. Bilateral hopping in  d ifferent designs:  Side-te-side, 

back and forth, box, V, zigzag hopping 
4. Progress to same activities with un i lateral LEs 

Jumping from short surface, 2 Inches 
Emphasis should be placed on landing on both feet evenly 
with neutral knees over toes (avoid excessive knee valgus or 
femora l adduction or medial  rotation) .  The patient should 
a lso think about landing softly, using the ankle plantarflexors 
and a l lowing the knees to flex to help absorb the landing.13.106 

1. Jump forward, backward, and to each side. 
2.  Progress by increasing the height of the surface. 

Jumping up on to surface 
Begin with shorter surface and increase height when 
appropriate. 
Other plyometrlcs: ladder drills 
NOTE: If plyometrics and resistance tra in ing are to be per­
formed duri ng the same visit, plyometrics should be per­
formed before the resistance train ing activities.106 

LE, Lower extremity; UE, upper extremity. 

RUNNING 
See Box 7-1 for in it ial  running program .  Once the i ndividual 
is able to run 1 mile without a n  i ncrease i n  symptoms or 
swe l l ing, cutting activities may begin .  

1 .  Figure 8 run n i ng, begin ning with a large "8," then 
gradual ly decreaSing the size of the 8 

2 .  Zigzag running with soft cuts , hard cuts , and cut and 
spin 

NOTE: Care should be taken to eva luate how the patient 
chooses to cut. Ofte n ,  particularly i n  patients who have suf­
fered noncontact inj uries, the patient may have adopted a n  
inefficient cutting pattern such as planting t h e  left foot when 
trying to cut to the left. 

JUMPING PROGRAM 
Please refer to article by Hewett et a l Y  for description of 
jumping program .  The following are some of the key con­
cepts used i n  their program .  

1.  Soft landing: U s e  plantarflexors t o  assist in  accepting 
weight 

2. Knee flexion:  Do not land with knee stiff (remains i n  
extension) 

3.  Proper knee a l ignment i n  the fronta l p lane:  No knee 
valgus 

DRILLS 
Once the patient can complete cutting dri l l s  without pain or 
swe l l ing a nd demonstrates good control of the LE, varia­
tions, such as the fol l owing, can be added: 

1.  Dri l l s  with sport speCific equi pment (basketba l l ,  
hockey stick, soccer ba l l )  

2 .  Partner dri l l s  

BASKETBALL SPECIFIC TRAINING 
Please refer to article by Louw et a l 108 for description of 
specific tra i n i ng for basketbal l .  

FUNCTIONAL TESTING 
Consider functional tests before the patient's return to 
sport. There are many functional  tests ava i lable.  The val id ity 
of these tests are controversi a l ;  however, each test can 
offer some insight i n  how the patient may perform i n  h i s  or 
her specific sport. It is  recommended that a battery of tests 
be used to assess the aspects of balance, coordinatio n ,  
agi l ity, and strength. Refer t o  Fitzgera ld e t  a l 109 for a pro­
posed system to test patients returning to sports after non­
operative treatment of ACL tear. Common test items for the 
knee i nc lude the following: 

1.  Single-leg hop for distance 
2. Tri ple-leg hop for d istance 
3. Six-meter hop for time 
4. Crossover hop for d istance 
5.  Six-meter shuttle run 
6. Vertical jump 
7.  Lateral step 
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Figure 7-31. TFRVar Alignment. Patient's alignment during 
examination. Anterior view (A) and posterior view (B). Patient 
demonstrates structural faults of genu va rum and tibial varum. 
Genu varum is increased with postural fault of femoral medial 
rotation and knee hyperextensions. Patient's modified align­
ment (same patient as A and B), anterior view (C), and posterior 
view (D). Patient has been instructed to correct postural faults 
by "unlocking his knees" and contracting the hip lateral rotators 
to reduce femoral medial rotation. Varus alignment in standing 
(E) might suggest TFRVar; however, patient demonstrates 
valgus positioning of the knee (F) during a single leg squat 
indicating that TFRYaI is the L ikely diagnosis. 

Movement Impainllents 

Standing tests. During single-leg stance on the 
involved limb, the patient will demonstrate excessive 
medial rotation of the involved femur with minimal to no 
movement at the foot. Balance may also be a factor in  
this syndrome, although clinically it is not a s  common in  
TFRVar syndrome as  i t  is in TFRVal syndrome. 

Supine tests. Similar to TFRVal syndrome, the 
patient with TFRVar syndrome may demonstrate rota­
tion or abduction of the tibia during the performance of 
the two-joint hip flexor length test (see Figure 7-2 1 ) .  

Joint Integrity 
The patient may demonstrate mild-to-moderate laxity in  
the fibular collateral ligament (lateral collateral liga­
ment); however, overall laxity in the tibiofemoral joint is 
not typically observed in the young individual with 

TFRVar syndrome. Older patients with arthritic changes 
may demonstrate some general joint laxity. 

Muscle Length Impairments 
Common muscle impairments include reduced extensi­
bility of the TFL-ITB.90 

Muscle StrengthlPeiformance Impairments 
Impairments of muscle strength and performance include 
poor performance of the hip lateral rotators and possibly 
hip abductors.91 ,92 

Functional Activities 
Gait. During gait, excessive femoral medial rotation 

and knee hyperextension may contribute to the apparent 
varus thrust during stance. Ankle dorsiflexion and foot 
pronation are often limited, which may increase stresses 
to the tibiofemoral joint. 

Step-up. During a step-up, the patient does not shift 
the body weight forward over the foot and demonstrates a 
faulty movement of pulling the knee back to the body, 
instead of bringing the body forward over the limb. 
Because the foot is anchored on the floor during the step­
up, hip extension performed by the hamstrings may assist 
with knee extension, therefore reducing the need to recruit 
the quadriceps to extend the knee. Gluteal muscles also 
have a reduced ability to extend the hip when the patient's 
body weight is kept in a relative posterior position. 

Other Functional Tests 
Activities that aggravate the patient's symptoms should 
be assessed for a movement impairment. Common activi­
ties include prolonged sitting, squatting, and sit-to-stand. 
If the patient is an athlete or has low irritability of their 
symptoms, higher level activities, such as single-leg squat 
and jumping, may need to be assessed to determine the 
movement impairment. 

Summary of Examination Findings 

TFRVar syndrome presents with the movement impair­
ment of excessive rotation between the tibia and femur 
that is associated with a genu varum. Varum of the 
tibiofemoral joint may be secondary to structural 
changes in the medial joint surfaces as in OA; however, 
an apparent va rum may be secondary to acquired impair­
ments of femoral medial rotation and knee hyperexten­
sion. Positions or movement associated with TFRVar 
syndrome are often painful, and when corrected, pain is 
reduced. 

Treatment 

Primary Objectives 
The primary objectives of a treatment program include 
the following: 

1 .  Correct TFRVar during functional activities. 
2. Improve performance of the hip lateral rotators. 
3 .  Improve shock absorption during gait. 
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Corrective Exercise Prog;ram 
Treaunent for TFRVar syndrome is similar to the treat­
ment for TFRVal syndrome with a few subtle differences; 
only the differences are discussed here. 

Alignment. Instructions to correct alignment are 
similar to those for TFRVal syndrome. To improve align­
ment between the femur and tibia, the therapist must 
address impairments in both the sagittal and transverse 
planes in an effort to achieve a more neutral or ideal align­
ment. Ifhyperextension is present, the patient is instructed 
to unlock the knees. To align the tibia and femur in the 
transverse plane, the patient is asked to align knees over 
feet with neutral rotation of hips by decreasing medial 
rotation of femur. To correct femoral medial rotation, the 
patient is instructed to contract their gluteals and hip 
lateral rotators to laterally rotate the femur. As described 
previously, structural impairments, such as tibial varum 
must be noted and considered when attempting to correct 
alignment (see Figure 7 -3 1 ). 

Functional activities. Instructions to maintain proper 
alignment and movement strategies during functional 
activities are recommended. Cues to correct femoral 
medial rotation are the same as those provided for patients 
with TFRVal syndrome. Genu varum is often challenging 
to correct; however, cues to reduce impact on the knee 
joint may be useful in reducing stresses on tl1e knee joint. 
For example, during gait, patients are encouraged to use 
a heel-to-toe gait pattern and use tlle rolling of the foot to 
provide shock absorption. In severe cases, symptoms may 
be reduced by instructing the patient to walk with a "toe 
out" pattern. I 1 1- 1 H If the patient is experiencing medial 
condyle degenerative changes, the instruction is to walk 
witl1 the feet closer togetller and in slight lateral rotation 
to decrease the stress on the medial condyle. 

If the patient could benefit from a cane, typically, the 
cane is placed in the hand opposite the involved limb. 
Anecdotally, however, some patients have reported 
decreased symptoms when tl1e cane is placed in tl1e ipsi­
lateral hand. Using the cane in the ipsilateral hand may 
decrease tlle forces on the medial knee. To apply weight 
onto tl1e cane, tl1e patient shifts the body weight closer 
to the affected knee, thus reducing tl1e external moment 
arm of the body weight and possibly the amount of force 
through the medial comparunent of the knee. 

Home Exercise Prog;ram 
Exercises to improve strength and performance of the hip 
lateral rotators may be prescribed if  the patient demon­
strates excessive medial rotation. See the "Home Exercise 
Program" section for "Tibiofemoral Rotation with 
Valgus Syndrome" for a description of these exercises. 

Taping/Bracing 
The taping method demonstrated in Figure 7-2 7 is useful 
to prevent or reduce rotation and hyperextension at the 
tibiofemoral joint. In patients with advanced disease, par­
ticularly OA, an unloader brace may be useful. I 1 7, 1  1 8 

Orthotics 
Cushioned shoes and an additional cushioned insert may 
improve shock absorption of tl1e lower extremity, par­
ticularly in patients with a rigid, supinated, or structurally 
(fixed) pronated foot. 

CASE PRESENTATION 

T ibiofemoral Rotation with Val 

Symptoms and History 

A 1 6-year-old female soccer player is referred to physical 
therapy for evaluation and treatment of right knee pain. 
She reports right anteromedial knee pain for 2 months. 
Her pain began during preseason training and limited her 
ability to participate in practice. During practice, her pain 
would increase to 5110 .  The pain could be sharp, particu­
larly with cutting and kicking the soccer ball with the 
involved limb. Her pain improved with rest and ice. Her 
Knee Outcome Score-Activities of Daily Living (KOS­
ADLs) 1 19 is 74% , and her KOS-Sports score is 5 7 % .  
Radiographs show n o  abnormalities o f  the tibiofemoral 
or patellofemoral joint. 

Alignment Analysis 

The patient is 5 feet 1 0  inches and weighs 1 50 pounds. 
In stance, the patient demonstrates medial rotation of the 
femur and greater foot progression angle (toe out) on the 
right. In sitting, the tibia is rotated laterally relative to 
the femur. There are no obvious impairments of patellar 
alignment. 

Movement Analysis 

During single-leg stance on the right, the patient dem­
onstrates excessive medial rotation of the femur and 
pronation of the foot. During a partial squat, the patient 
demonstrates femoral adduction, knee valgus, and foot 
pronation. The patient reports an increase in her pain 
during the performance of the squat. The patient is then 
instructed to keep her knee in line with her toes and 
avoid allowing the knees to come together. She is able 
to correct her performance and reports that her symp­
toms are decreased compared to the uncorrected 
movement. 

During knee flexion in prone, the patient demon­
strates lateral rotation of the tibia and reports an increase 
in her symptoms at the end of the motion. With manual 
correction to control tibial lateral rotation, the patient 
reports a decrease in her symptoms compared to tl1e 
uncorrected movement. 

Joint Integrity 

Accessory motions of the patellofemoral joint are exces­
sive in the medial and lateral directions but equal to the 
uninvolved side. Accessory motions of the tibiofemoral 
joint are also equal bilaterally. The patient reports no 
change in her symptoms with the accessory motion testing. 
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Muscle Length Impairments 

During the two-joint hip flexor length test, the patient 
demonstrates a short, stiff TFL on the right. As the hip 
is extended, the tibia rotates laterally and the patient 
reports an increase in her symptoms. With manual cor­
rection to control the rotation of the tibia, the patient 
reports a decrease in her symptoms compared to the first 
performance. 

Muscle Strength/Performance Impairments 

On the right, the hip lateral rotators are 4-/5 tested in 
sitting, the gluteus maximus is 4/5, the TFL is 4/5, and 
the posterior gluteus medius is 3+/5 . WI1ile testing the 
posterior gluteus medius, the patient's hip flexes and 
medial rotates, indicating that the hip flexors are com­
pensating for performance of the posterior gluteus 
medius. With cueing, she is able to correct the position 
but could only maintain the position against minimal 
pressure to the distal lower extremity. 

Stiffness/Extensibility/Flexibility 

The TFL-ITB is relatively more stiff than the knee joint 
causing compensatory lateral tibial rotation during the 
two-joint hip flexor length test. 

Tests for Source 

The patient reports tenderness with palpation along the 
medial and lateral joint lines, as well as the medial patellar 
facet. McConnell test1 20 and the patellofemoral grind 
test52, 1 20 for patellofemoral pain are negative. Ali ligamen­
tous and meniscal tests are negative. 

Functional Activities 

During sit-to-stand and stair ambulation, the patient 
demonstrates femoral adduction and knee valgus. She 
does not report pain with sit-to-stand; however, she is 
instructed in correcting her movement to reduce femoral 
adduction and knee valgus. She is able to correct easily. 
With cutting activities on the right lower extremity, the 
patient demonstrates femoral adduction and tibial lateral 
rotation. The cutting maneuvers increase her symptoms. 
The patient attempts to correct her movement quality 
during the cutting maneuver; however, she is unable to 
correct the fault completely. 

Diagnosis and Staging 

The diagnosis is TFRval syndrome and the stage for reha­
bilitation is Stage 2. Her prognosis is good to excellent. 
Positive moderators include her young age, overall good 
health, high motivation to return to her activities, and her 
ability to change the simple movement impairments, such 
as partial squat and sit-to-stand, with instruction only. 
Negative moderators include her high activity level. 

Treatment 

The patient was seen once per week for 4 weeks, then 
once every other week for 2 weeks for a total of 6 visits 
over 8 weeks. Treatment included instruction in correct 

performance of functional activities, including her sport­
ing activities. She was also instructed in a home exercise 
program to improve performance of the hip abductors 
and hip lateral rotators and exercises to increase the 
extensibility of the TFL-ITB. Although she reported 
pain in the right knee only, she was encouraged to 
perform the exercises bilateral ly. 

During the first visit, the patient was instructed in 
correct performance of sit-to-stand, stair ambulation, and 
squatting. She was instructed to contract her gluteals to 
control the femoral adduction and knee valgus during the 
activities. She was able to make these corrections quite 
easily. 

To improve the recruitment of the hip musculature 
during functional activity, the patient was instructed in 
the exercises, weight shifting, and single-leg stance. She 
was encouraged to contract her hip lateral rotators when 
weight was shifted onto the ipsilateral lower extremity. 
She was instructed to perform these exercises frequently 
throughout the day if possible. Daily activities, such as 
brushing one's teeth or speaking on the phone, provide 
excellent opportunities to work on weight shifting 
throughout the day. 

To improve performance of the hip lateral rotators 
and hip abductors, side lying hip abduction/lateral rota­
tion was prescribed with tlle hip and knee extended (level 
2 Sahrmann22). The patient was instructed to perform the 
exercise with her back and leg against tlle wall. She was 
instructed to keep tlle shoulders, hips, and heels on the 
wall while performing tlle exercise. The wall provides 
feedback to remind her to keep her hip in the extended 
position and avoiding hip flexion. 

To more specifically target the hip lateral rotators in 
hip flexion, she was instructed in lateral rotation in sitting 
with the feet together.22 An elastic exercise band was 
placed around the distal end of the femurs to provide 
resistance to the hip lateral rotators. These exercises were 
to be performed once a day, in 3 sets, each set to fatigue. 
The repetitions depend on her ability to perform tlle 
exercise correctly. 

Knee flexion in prone .was prescribed to improve tlle 
extensibility of the TFL-ITB. To prevent tibial lateral 
rotation, the patient was instructed to flex both knees 
while keeping her feet together during the exercise. 

Although the patient could easily correct her move­
ment impairments during functional activities, it was 
unlikely that she could correct ber movement strategies 
entirely during her soccer practice, so tlle patient's knee 
was taped with the method shown in Figure 7-27.  She 
was instructed to keep tlle tape in place up to 3 days, as 
long as she did not develop skin irritation. 

At her second visit, 1 week later, the patient reported 
50% compliance with the exercises and 70% compliance 
with the functional activity corrections. She stated tllat 
with tlle tape, she was able to participate in the entire 
soccer practice. She still had an increase in Synlptol11S, 
tllat only increased to a 2/ 1 0  maximum. In a subsequent 
practice after she had removed tlle tape, she was unable 
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to participate in the entire practice. She demonstrated 
correct performance of the exercises, therefore the exer­
cises were progressed. Sidelying hip abduction/ 
lateral rotation was progressed to level 3 .n She was 
also given prone hip extension with the knee flexed. She 
was instructed to place pillows under her · abdomen 
while performing prone hip extension, to allow for ade­
quate motion, which was restricted by her short 
TFL-ITB. 

Also, at her second visit, some of her soccer drills were 
addressed. Recommendations were provided in correct­
ing the movement impairments of hip adduction and 
tibial lateral rotation during her activities. The patient 
was taped again. 

At 1 month, the patient was able to participate in her 
practices without a significant increase in her pain and 
the patient was progressed to Stage 3. Taping was dis­
continued, and exercises were progressed. The strength 
and recruitment of her hip musculature improved, thus 
her program was progressed to exercises in weight 
bearing. She was g'iven resisted shuffles using an elastic 
band around the distal femurs. Resisted hip extension and 
hip abduction in standing were given, using an elastic 
band for resistance. 

Sports-specific drills were practiced while encouraging 
proper alignment of the knees. Neuromuscular training 
was also incorporated. The patient was encouraged to 
incorporate these activities into her regular soccer 
warm-ups. 

Outcome 

The patient was seen for a total of 6 visits over 8 weeks. 
At the time of her last visit, 2 months a fter her initial visit, 
the patient reported that she was playing soccer pain-free 
and continued to use the training drills during her soccer 
practice. FWlction was also improved as demonstrated by 
improved scores: KOS-ADLs is 1 00% and KOS-Sports 
is 1 00%. 

TIBIOFEMORAL HYPOMOBILITY SYNDROME 

The movement impairment of tibiofemoral hypomobility 
(TFHypo) syndrome is associated with a limitation in the 
physiologic motion of the knee. The limitation may 
result from degenerative changes in the joint or from the 
effects of prolonged immobilization. OA of the knee may 
contribute to TFHypo syndrome, although not all indi­
viduals with OA have TFHypo syndrome. The diagnosis 
of tibiofemoral rotation should be considered if a patient 
has radiographic evidence of OA but no limitation in 
knee ROM. 

Symptoms and History 

Individuals with the diagnosis of TFHypo syndrome 
report knee pain located deep in the joint and often 
describe their pain as vague. Synlptoms are typically 
increased with weight-bearing activities, such as walking, 

standing, and stair ambulation, and are relieved with rest. 
Reports of stiffness after prolonged periods of rest are 
common. The most common diagnoses used by a refer­
ring physician include OA and knee contracture. 

Key Tests and Signs 

Alignment Analysis 
During assessment of standing alignment, the patient 
often demonstrates knee flexion; however, individuals 
with OA may demonstrate genu varum or genu valgus. 
The knee joint may also appear to be enlarged or show 
signs of inflammation/swelling. In addition to assessing 
knee alignment, alignment of the hip and foot should also 
be assessed. 

Movement Impairments 
Standing tests. During single-leg stance on the 

involved limb, the patient may demonstrate poor hip and 
trunk control, which is evidenced by pelvic tilt or trunk 
lateral bending. This is often described as a positive 
Trendelenburg sign l 2 1 or a gluteus medius limp when 
severe (notable lateral trunk flexion over involved side). 
The patient may also demonstrate poor balance requiring 
upper extremity support for performance. 

Sitting. During sitting knee extension, the patient 
may demonstrate decreased knee extension ROM. Careful 
observation of this movement is recommended. Some 
patients demonstrate co-contraction of the lower extrem­
ity muscles, particularly quadriceps and hamstrings, while 
attempting to extend the knee. If co-contraction is occur­
ring, the limb moves slowly and the patient appears to be 
using a great deal of effort. If co-contraction is suspected, 
a cue to reduce effort of the activity often results in ease 
of the motion and a reduction in symptoms. Passively 
extending the patient's knee while the patient is sitting in 
a chair with a backrest will provide information about 
hamstring length and stiffness. 

Joint Integrity 
Patients with TFHypo syndrome demonstrate a reduc­
tion of ROM in flexion and extension. Limitations in 
knee ROM may be due to impaired arthrokinematics 
and/or reduced muscle extensibility, therefore assessment 
of joint flexibility, accessory motions, and muscle exten­
sibility is recommended. Often, end-range of motion is 
painful. Patients with TFHypo syndrome associated with 
OA may report a decrease in their end-range pain with 
repeated passive motion. Patients with osteoarthritic 
changes of the joint may demonstrate a capsular pattern, 
defined as a loss in flexion ROM that is greater than the 
loss of extension. 1 22 Recently, however, tlle validity of 
using this pattern to detect individuals with OA has been 
called into question. 1 23, 1 24 

Muscle Length Impairments 
Decreased extensibility of the hip flexors, hamstrings, 
and ankle plantarflexors may also be associated with the 
TFHypo syndrome. 
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Muscle StrengthlPeiformance Impairments 
Common muscle impairments include poor performance 
of the gluteal musculature, hip lateral rotators, gastroc­
nemius, and quadriceps. As described previously, co­
contraction of the quadriceps and hamstrings may be 
visible during exercise or performance of functional 
activities. Co-contraction has been shown to increase 
joint contact pressures that may result in increased injury 
to the joint surfaces. 125 , 1 26 

Functional Activities 
Gait. Patients with TFHypo syndrome demonstrate 

reduced knee ROM throughout their functional activi­
ties. During ambulation, there is a reduction of knee 
excursion in both flexion and extension. Often the knee 
is maintained in flexion throughout the entire gait cycle. 
The patient may also demonstrate a decreased stride 
length and decreased push-off. 

Stairs. While descending stairs, the patient may dem­
onstrate reduced knee flexion excursion on the stance 
limb. This reduced excursion is not solely the result of 
reduced joint flexibility but may be an impaired move­
ment strategy caused by muscle co-contraction. The 
patient demonstrates co-contraction of the lower extrem­
ity muscles l 27 that often results in an increase in symptoms 
and effort. Follow-up instruction to "let go" of the mus­
culamre often results in an improvement in symptoms. 

Sit-to-stand. Reduced knee flexion is also seen as the 
patient moves from a sitting position to standing. Suffi­
cient knee flexion is required to move the tibia anteriorly 
to bring the patient's center of mass (COM) over their 
feet. When the anterior movement of the tibia is reduced, 
the patient compensates with increased hip and trunk 
flexion to advance their COM anteriorly. 

Summary of Examination Findings 

Patients with TFHypo syndrome present with a physio­
logic limitation of knee motion, typically in knee flexion 
and knee extension. They also demonstrate a l imitation of 
knee joint excursion during functional activities such as gait 
and stair ambulation. The observed limitation in ROM 
may be due to limitations in joint flexibility and muscle 
extensibility or an impaired motor recruitment pattern. 

Treatment 

Treatment for this syndrome includes first educating the 
individual on correcting the posmral habits and move­
ments that may be contributing to the movement 
impairment. 

Primary Objectives 
The primary objectives of a treatment program include 
the following: 

1 .  Improve knee flexion and extension ROM. 
2. Improve muscle performance of gluteals, hip lateral 

rotators, quadriceps, and gastrocnemius, similar to 
TFRVal or TFRVar category. 

3 .  Improve aerobic conditioning without an increase 
in pain or swelling. 

4. Educate in performance of functional activities. 
5. Caution against repetitive rotation of the knee with 

the foot fixed. 
6. Consider forces created by compression, particu­

larly in knees that are malaligned. 
7.  Use of an assistive device if necessary during gait to 

decreases the compressive stresses to the involved 
knee. 

Corrective Exercise Program 
The patient is instructed in functional activities and an 
exercise program to address the associated movement 
impairments. All patients should be encouraged to partici­
pate in regular fitness activities to maintain current weight 
or reduce weight if the patient is overweight or obese. 

Alignment. It is often difficult for patients with 
TFHypo syndrome to change alignment immediately; 
however, correct alignment should be encouraged. 

Functional activities. In the early stages of rehabili­
tation, compensatory modifications may be needed to 
accommodate the lack of ROM or to prevent increased 
pain. As the patient's ROM and pain improves, the per­
formance of functional activities should focus on teaching 
the components of ideal motion. If it is determined that 
the limitation in ROM is strucmrally fixed, then compen­
satory techniques should be provided. 

Gait. During gait, the patient is instructed to use a 
"rolling" heel-to-toe gait pattern. This modification's 
intent is to improve the shock absorption contribution of 
the foot and encourage improved push-off. If the patient 
is experiencing severe pain or demonstrates a significant 
malalignment, such as genu va rum, an assistive device 
should be recommended to redistribute the forces on the 
affected knee. See the information on the use of a cane 
in the "Functional Activities" section for "Tibiofemoral 
Rotation with Varus Syndrome." 

Sit-to-stand; stand-to-sit. To rise from a sitting posi­
tion to standing, the patient should be instructed to slide 
forward to the edge of the chair. Once at the front of the 
chair, the patient should position the feet about hip­
width apart and slightly posterior to the knees. If knee 
flexion is significantly limited, tlle patient may keep the 
affected knee comfortably extended while placing the 
unaffected foot appropriately. The patient is instructed 
to lean forward at the hips to be sure his or her center of 
mass is moved forward over his or her base of support. 
The patient is also encouraged to contract tlle quadriceps 
and gluteals and avoid femoral adduction when rising 
&'om the chair. 

When transitioning from standing to a sitting posi­
tion, the patient is instructed again to contract the glu­
teals and quadriceps and slowly lower tllemself into the 
chair. Individuals with significant limitations or pain may 
need to begin practicing tllese movements with a higher 
seat surface and use their upper extremities on the 
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armrests to assist with pushing up from the seat and 
lowering into the seat. Performance of sit-to-stand may 
be progressed by reducing the use of the upper extremi­
ties and lowering the height of the seat. 

Stairs 
Patients with TFHypo syndrome often have a high sever­
ity of symptoms with stair ambulation. Please see the 
"Treaunent" section in the "Tibiofemoral Rotation with 
Valgus Syndrome" section for methods to reduce symp­
toms with stair ambulation. If the patient demonstrates 
co-contraction during the stair descent, cues to " let go" 
or relax their musculature often results in a reduction of 
symptoms. 

Other functional activities. Activities the patient per­
forms throughout the day that may contribute to the 
patient's symptoms should be addressed. For example, 
patients often report increased stiffness and pain after 
prolonged sitting. They should be instructed to decrease 
the amount of time that the knee is maintained in one posi­
tion. They can accomplish this by rising from the chair 
every 20 to 30 minutes and walking or flexing and extend­
ing dle knee if the situation wil l  not allow rising from their 
chair, such as during a business meeting or class. 

Fitness activities. Fiuless acUvlUes should be 
addressed as soon as possible. The appropriate level of 
activity demand should be assessed. In dle early rehabili­
tation stages, the patient should begin widl non-weight­
bearing or reduced weight-bearing activities such as 
swimming, water exercises, and stationary biking without 
resistance. As dle patient improves, weight bearing should 
be gradually increased. Using a StairMaster or elliptical 
cross-trainer can serve as a good transition to walking. 
While initiating strengthening exercises, it is safer for the 
patient to begin with high repetitions of relatively low 
resistance; high levels of resistance are not encouraged 
because of dle high levels of compressive forces through 
the joint. 

Home Exercise Program 
The patient should be provided with a home exercise 
program and instruction on the appropriate response to 
exercise. Specific exercises should be provided to increase 
ROM and improve lower extremity muscle strength and 
muscle extensibility. 

Exercises to improve muscle performance, including 
strengdlening and motor recruiunent of the hip muscu­
lature, are described in detail in the treaUnent description 
of TFRVal syndrome. Patients with TFHypo syndrome 
may also benefit from strengdlening of the gastrocne­
mius muscle, beginning widl elastic band resistance and 
progressing to weight-bearing heel raises. Odler muscles 
that should be considered are the abdominals and the 
quadriceps, if appropriate. 

Historically, quadriceps strengthening has been rec­
ommended for patients with knee OA, based on the theory 
that the quadriceps provide shock absorption at the 

knee. A recent trial involving patients with knee OA 
demonstrated that pain can be decreased widl the imple­
mentation of a strengthening program. 128 However, epi­
demiological studies specific to knee OA have shown that 
increased quadriceps strength can actually accelerate the 
progression of OA in knees with malalignment'6, '8,2o or 
laxity.20 One must consider the compressive forces dlat the 
quadriceps can add to a joint before administering aggres­
sive quadriceps strengthening activities. We recommend 
dlat therapeutic exercises to hypertrophy the quadriceps 
be avoided in patients with malaliglUnent or laxity of the 
knees. However, the functional performance of the quad­
riceps may be enhanced dlrough proper performance of 
functional activities such as sit-to-stand, stand-to-sit, 
step-up and step-down, and partial wall squats. 

Exercises to improve the extensibility of the hip flexors, 
gastrocnemius, and hamstrings are also prescribed.22 To 
improve the extensibility of the hip flexors, the fol lowing 
exercises may be provided: hip and knee extension in 
supine (heel slide) with the opposite hip held passively 
flexed to the chest, knee flexion in prone, and hip lateral 
rotation in prone to specifically stretch the TFL-ITB. To 
improve the extensibi lity of the gastrocnemius, the 
patient may be instructed to perform ankle dorsiflexion 
in sitting widl the knee extended or ankle dorsiflexion in 
standing. Hamstring extensibility may be increased with 
knee extension in sitting (see Figure 7-40). 

Other Interventions 
Accessory and physiologic mobilizations may be used to 
reduce pain and increase ROM. If the patient is having 
pain at rest, a distraction mobilization can be taught to 
dle patient for independent use at home. A trial of gentle 
distraction should be performed to determine if dlis 
technique will be appropriate. For the home technique, 
the patient sits with tlle knees at 90 degrees, with the 
lower leg dangling. A small pillow or rolled-up towel is 
used to elevate the thigh so dlat dle foot is off dle floor. 
A small weight or shoe, approximately 1 to 2 pounds, is 
applied to the distal linlb (Figure 7-3 2). Patient allows 
the leg to dangle up to 1 0  minutes to help relieve dis­
comfort. This may be performed as often as needed to 
relieve pain. 

Bracing may be considered for patients who continue 
to have synlptoms that are limiting their function. Braces 
range from the simple neoprene sleeve thought to provide 
warmtll and possible improvement in proprioception to 
customized Ull10ader braces to redistribute forces in the 
knee. If prescribing a brace, the dlerapist must consider 
the patient's goals and motivation, as well as tlle anthro­
pomorphic characteristics for adequate fit. We recom­
mend a trial of a relatively inexpensive, easy-to-apply 
brace first. If symptoms are not affected, then a custom 
brace might be considered. 

Finally, neuromuscular training may also improve 
function of the lower extremity. Activities in Box 7 -2 may 
need to be modified for the patient's ski l l  level. A program 
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Figure 7-32. Home program for distraction mobilization to 
reduce pain. Patient is instructed to place light weight or heavy 
shoe, approximately 1 to 2 pounds, to the distal limb. Patient 
allows the leg to dangle up to 1 0  minutes to help relieve dis­
comfort. This may be performed as often as needed to relieve 
pam. 

developed for nonoperative ACL has been modified for 
use in the older individual and has preliminary evidence 
indicating success. I 04 

KNEE EXTENSION SYNDROME 

Knee extension (Kext) syndrome is described as knee pain 
associated with quadriceps dominance or stiffness that 
results in an excessive pull on the patella, patellar tendon, 
or tibial tubercle. This movement system syndrome may 
be associated with poor performance of the hip extensors. 
The Kext syndrome has a subcategory of patellar supe­
rior glide (KextSG). Although both conditions are a 
result of quadriceps stiffness, the structures that are 
involved are related to the location of relative stiffness/ 
flexibility. In KextSG syndrome, the patellar tendon and 
surrounding retinacula are relatively more flexible than 
the quadriceps, therefore when the quadriceps contracts, 
the patellar is displaced superiorly in the trochlear groove. 
Excessive stresses may be placed on the patellofemoral 
joint or patella tendon as the patella is pulled superiorly. 
In Kext syndrome, the patella is thought to be relatively 
stable and therefore the strain may be placed on the 
structures superior to the patella. Because the movement 
impairments of the two conditions are similar, they are 
described concurrently; movement impairment of Kext 
syndrome is described and information specific to KextSG 
syndrome is highlighted. 

Symptoms and History 

Patients with Kext syndrome report symptoms superior 
to the patella in structures such as the quadriceps or 
quadriceps tendon. In conu'ast, patients with KextSG 
syndrome report symptoms in the peripatellar region or 
the infra patellar region and may involve the patellofemo­
ral joint structures or the patellar tendon and the patellar 
tendon attachment sites, including the patellar inferior 
pole and tibial tuberosity. In patients with either syn­
drome, symptoms are aggravated with activities tllat 
require repetitive or forceful knee extension such as 
jumping. Patients are often athletes such as runners, foot­
ball linemen, and volleyball players. Common diagnoses 
used by referring physicians include patellar tendinopa­
thy (often called jumper 's knee), quadriceps strain, and 
Osgood-Schlatter disease. 

One impairment that might be associated with KextSG 
syndrome is patella alta. Researchers have identified a 
clear association between patella alta and increased lateral 
displacement and lateral tilt of the patella, particularly 
with a quadriceps contraction . 1 29. 1 J  I Such patellar insta­
bility can occur with patella alta because the patella rests 
superior to the femoral lateral condyle, which typically 
prevents excessive lateral patellar glide. 

In addition, patella alta may also be associated with 
anterior knee pain or chondromalacia in tlle absence of 
patellar instability. I J2.IJ6 One potential mechanism under­
lying the anterior knee pain associated Witll patella alta is 
a decrease in contact area between the patella and tlle 
femur, which has been demonstrated by Ward and his 
colleagues . I J7 , I J8 Because physical stress to biological 
tissue is defined as the force per unit area, any decrease 
in the size of the contact area at a particular joint would 
increase the stress on that joint, potentially leading to 
degenerative changes and pain. 

Current evidence for the treatment of patella alta is 
limited to surgical intervention . 1 J 1 , IH, I J6 In this chapter, 
we provide a conservative treaunent approach for patella 
alta as related to the diagnosis of knee extension. 

Key Tests and Signs 

AlilfFlment Analysis 
The patient witll Kext syndrome or KextSG syndrome 
may demonstrate a swayback posture with a posterior 
pelvic tilt. Overdevelopment of the quadriceps muscula­
ture may be apparent. In addition, patients with KextSG 
syndrome often demonstrate patella alta as described by 
InsallJ8 (Figure 7-3 3) .  

Movement Impairments 
Standing tests. During hip and knee flexion in stance 

(partial squat), the patient with Kext syndrome often 
shifts the body weight posteriorly, keeping the tibia per­
pendicular to tlle floor (Figure 7-34). The secondary test 
for this movement is to instruct the patient to shift the 
body weight anteriorly and allow the tibia to advance 
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Figure 7·33. Patella alta demonstrated. Insall-Salvati ratio 
measured clinically: 1 .67. 

Figure 7 ·34. Movement test item-squat. The patient with 
knee extension often shifts the body weight posteriorly, keeping 
their tibia perpendicular to the floor. If patient reports pain with 
this movement, perform the secondary test. 

forward over the foot (Figure 7-35) .  If symptoms are 
reduced, Kext syndrome should be suspected. If KextSG 
syndrome is suspected (pain located peripatellar or infe­
rior to the patella), the partial squat test may be repeated 
as the examiner places an inferior glide on the patella. If 
symptoms are decreased compared to the primary test, 
KextSG syndrome is supported. 

Figure 7·35. Secondary test: Instruct the patient to shift his or 
her body weight anteriorly and allow the tibia to advance 
forward over the foot. 

Supine tests. While performing the two-joint hip 
flexor length test,88 knee extension may be observed when 
the involved limb is lowered into hip extension. If the 
knee extension persists when the hip is brought into 
abduction, rectus femoris stiffness is implicated. If the 
patient reports pain during the test, the test may be 
repeated while the examiner places an inferior glide on 
the patella. If symptoms decrease, then KextSG syn­
drome is supported. The patient with Kext (without 
superior glide) will likely report an increase in symptoms 
if an inferior glide is placed on the patella, which would 
place additional stress on the structures superior to the 
patella. 

Prone tests. During knee flexion in prone, patients 
with KextSG or Kext syndrome will demonstrate a short 
or stiff rectus femoris and may report pain at the end of 
their motion. For symptoms in the peripatellar or inferior 
patellar region, an inferior glide is placed on the patella 
during the test. A decrease in symptoms with this second­
ary test supports KextSG syndrome as the diagnosis. 
Similar to the two-joint hip flexor length test, an increase 
in symptoms with the inferior glide would implicate Kext 
syndrome (without superior glide) as the diagnosis. 

Sitting tests. The McConnell test120 for pateUofem­
oral pain may be modified to confirm KextSG syndrome. 
In sitting, the patient performs an isometric quadriceps 
contraction against resistance at 1 2 0, 90, 60, 30, and ° 
degrees of knee flexion. If the patient's pain is produced 
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or increased during any of the contractions, the test is 
performed again with a manual correction by the exam­
iner. To assess for KextSG syndrome, the examiner 
places an inferior glide on the patella and asks the patient 
to again perform the isometric contraction. If the pain is 
decreased, the patellofemoral joint is implicated as the 
source of symptoms and KextSG syndrome is implicated 
as the movement system diagnosis. 

Joint Integrity 
Patients with KextSG syndrome may demonstrate 
reduced accessory motion for inferior glide of the patella. 

Muscle Length Impairments 
Patients with KextSG syndrome or Kext syndrome dem­
onstrate a short or stiff quadriceps during prone knee 
flexion or the two-joint hip flexor length tests. 

Muscle StrengthlPeiformance Impairments 
Patients with KextSG syndrome or Kext syndrome often 
demonstrate poor performance of the gluteus maximus 
and hamstrings. Quadriceps musculature may compen­
sate for the reduced performance of the hip extensors. 
The imbalance between the quadriceps and the hip 
extensors may result in an increased demand on the quad­
riceps to perform activities that involve extension of the 
lower extremity. 

Stiffness, extensibility, or flexibil ity. The quadri­
ceps may be short or have increased stiffness due to 
hypertrophy. In patients with KextSG syndrome, the 
quadriceps are relatively more stiff than the patellar 
tendon and the surrounding patellar retinacula and there­
fore the patella is pulled superiorly excessively. This rela­
tive stiffness/flexibility may be observed in a number of 
tests such as the two-joint hip flexor length test and prone 
knee flexion. 

Functional Activities 
During assessment of movements, such as walking 
and m1ming, patients with Kext syndrome and 
KextSG syndrome demonstrate decreased knee flexion 
excursion, particularly between heel strike and foot flat. 
Reduced knee flexion excursion may also be seen while 
landing from a jump. While landing from a jump, 
the knees should flex to assist in absorbing the 
forces associated with the landing. Patients with Kext or 
KextSG syndrome often lack this knee flexion and land 
with a stiff knee, which may be the result of the inability 
of the quadriceps to elongate appropriately during the 
landing. 

Similar to the partial squat test described earlier, the 
patient keeps the body weight shifted posteriorly during 
a step-up or squatting activity. This position may reduce 
the contribution of the hip extensors and increase the 
need for quadriceps participation. The increased quadri­
ceps participation may result in an increased load on the 
patellofemoral joint or peripatellar structures. 

Summary of Examination Findings 

Kext and KextSG syndromes presents with stiffness of 
the quadriceps musculature often associated with quadri­
ceps hypertrophy and activities that require repetitive 
knee extension. The two syndromes differ primarily in 
location of the structures in which the relative stiffness/ 
flexibility is occurring, thus setting up those structures 
for injury. KextSG syndrome, the more common of the 
two, occurs because the quadriceps muscles pull the 
patella superiorly, resulting in injury in the peri patellar 
or infra patellar region. Pain can be reduced by stabilizing 
the patella in an inferior direction during the aggravating 
activities. Kext syndrome is less common and often pres­
ents as a strain to the quadriceps musculature or the 
quadriceps tendon. 

Treatment 

Primary Objectives 
The primary objectives of a treaunent program for Kext 
syndrome and KextSG syndrome include the following: 

1 .  Decrease stiffness of quadriceps. 
2 .  Improve gluteal and hamstring contribution to hip 

extension. 
3 .  Specific to KextSG: Increase inferior glide mobility 

and decrease superior glide mobility of the patella. 

Corrective Exercise Prog;ram 
Treaunent for this classification includes educating the 
patient in correcting the postural habits and movements 
that may be contributing to the movement impairment 
and thus the pain problem. The patient is provided with 
a general description of the impairment, including domi­
nance/stiffness of the quadriceps and reduced perfor­
mance of the hip extensors. Then, specific instruction for 
alignment and functional activities is provided and prac­
ticed by the patient. The patient is also instructed in 
exercises that will address the associated muscle impair­
ments. Treaunent described is appropriate for both Kext 
syndrome and KextSG syndrome, unless otherwise noted. 

Functional activities. Functional activities that con­
tribute to the movement impairment must be addressed. 
The functional activity that is most bothersome to the 
patient should be addressed first, followed by the activi­
ties in which the patient spends the most time such as 
work or school activities. In this chapter, we cover those 
activities that are useful for most patients; however, the 
therapist is encouraged to use the principles of the move­
ment system to address functional activities that may not 
be described in this chapter. 

Sitting. If the patient reports increased symptoms 
during sitting, he or she should be instructed to reduce 
the amount of knee flexion while sitting. As symptoms 
improve, the patient may gradually increase the amount 
of flexion. If superior patellar glide is contributing, the 
patient may be instructed to perform a manual inferior 
glide to the patella to decrease symptoms and to decrease 
quadriceps stiffness. 
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Gait. During gait, the patient is encouraged to 
improve push-off. The patient may also benefit from cues 
to shift their body weight slightly forward. 

Sit-to-stand. To rise from a sitting position to stand­
ing, the patient should be instructed to slide forward to 
the edge of the chair. Once at the front of the ·chair, the 
patient should position the feet about hip-width apart 
and slightly posterior to the knees. The patient is  
instructed to flex forward at the hips to shift the COM 
over their feet. The patient should then contract his or 
her gluteals when rising from the chair while making sure 
the tibia advances forward over the foot. 

Stairs. Similar to rising from a chair, the patient 
should be instructed in flexing at tlle hip and shifting the 
tibia anteriorly to bring the center of mass over tlle foot. 
As tlle patient rises up the step, he or she should use tlle 
gluteals to lift the body weight up and forward to ascend 
stairs. If the patient is unable to ascend or descend stairs 
without an increase in symptoms, compensatory methods 
may need to be provided. Please see the "Functional 
Activities" section in the "Tibiofemoral Rotation with 
Valgus Syndrome" section for methods to reduce symp­
toms with stair ambulation. 

Fitness activities. Patients with Kext syndrome and 
KextSG syndrome often participate in fitness, weight 
training, or sporting activities. These activities may need 
to be modified to reduce symptoms and reduce quadri­
ceps hypertrophy. If the person participates in weight 
training, quadriceps strengthening activities should be 
reduced, and activities to target the gluteals and ham­
strings should be substituted. It is important to remem­
ber that when a muscle hypertrophies through 
strengthening, the stiffness of the muscles also increases. 

The patient's aerobic activities may be modified by 
reducing the intensity to a level appropriate for the 
patient's stage for rehabilitation. The intensity is 
then increased gradually as the patient's symptoms 
Improve. 

If the patient participates in jumping activities on a 
regular basis, jumping activities should be addressed. The 
patient should be instr11cted in achieving sufficient knee 
flexion during landing and to perform a soft landing. The 
patient should begin to practice the new strategy at low 
intensity levels, including small jumps and low impact 
landing. As the patient improves, the technique may be 
progressed to higher intensity jumps and landings if  
symptoms are not aggravated. 

Home Exercise Program 
Exercises to improve the performance of the gluteus 
maximus include prone hip extension with the knee 
flexed, weight shifting, standing on one leg, hip extension 
in standing with resistance, lunges, and squats. Care 
should be taken not to increase the patient's knee SynlP­
toms with any of these exercises, particularly lunges 
and squats, which will incorporate quadriceps par­
ticipation. The appropriate level of exercise depends on 

the stage for rehabilitation and the gluteus maXIll1US 
strength. 

Exercises to improve tlle extensibility of the quadri­
ceps should also be prescribed. We recommend prone 
knee flexion or tlle two-joint hip flexor lengtll test posi­
tion. During all stretching exercises, the patient should 
have good abdominal support to avoid pelvic anterior tilt 
or transverse rotation. Patients with KextSG syndrome 
need to stabilize the patella during these stretches to 
prevent superior glide and isolate the stretch to tlle quad­
riceps. Stabilization of the patella may be accomplished 
by manual assistance of another person or through taping 
(Figure 7-36) .  

If prone knee flexion is prescribed, the patient should 
flex the knee only as far as he or she can without increased 
pain. In addition, the therapist needs to be sure the move­
ment of the patella is not restricted by pressure against 
the supporting surface. In some cases, a folded towel 
needs to be placed under the thigh so the patella is able 
to move inferiorly during knee flexion. 

Other Interventions 
Taping and patellar mobilization may be useful in patients 
with KextSG syndrome. We have developed a method to 
reduce the pull of the quadriceps on tlle patellar tendon 
and tibial tubercle (see Figure 7-36) .  Patients who par­
ticipate in activities that involve repetitive jumping should 
be taught to reinforce the taping technique, because tlle 

Figure 7-36. Horseshoe taping technique: To assist stabiliza­
tion of the patella in patients with knee extension with patellar 
superior glide (KextSG) syndrome. 
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taping may loosen with the repetitive jumping stresses. 
Patellar inferior glides and mobilization with movement 
may be used to help improve the patellar positioning. 
Based on the concept proposed by Mulligan, 139 a mobili­
zation for KextSG syndrome was developed. While in the 
sitting position, the patient performs knee extension and 
flexion. During the eccentric flexion phase, the patient 
performs a manual inferior glide of the patella. 

CASE PRESENTATION 

Knee Extension with Patellar Superior 
Glide Syndrome 

Symptoms and History 

A 2 8-year-old male triathlete is referred to physical 
therapy for evaluation and treatment of left knee pain. 
He reports left knee pain for 5 months that was located 
immediately posterior to the patella. His pain began after 
a recent marathon. He stated that he had no pain during 
or after the race. He took the recommended rest after the 
marathon, then approximately 3 weeks after the mara­
thon, he began to increase his running mileage in prepa­
ration for his next triathlon. After running a set 
of intervals, he noticed a sharp pain behind the left 
kneecap. He had used ibuprofen and ice with minimal 
relief. At the time of the examination, the patient rated 
his pain as a 2 / 10  at rest that increased to 611 0  with 
rwming. His symptoms do not appear to increase with 
cycling or swimming. His KOS-ADUI9 score is 76% , 
and KOS-Sports score is 7 1 % .  No imaging was 
performed. 

Alignment! Appearance 

The patient is 6 feet 3 inches and weighs 2 1 0 pounds with 
a fit appearance. In stance, the patient's alignment was 
unremarkable. 

Movement Analysis 

Standing 

During a partial squat, the patient reports an increase in 
knee pain. No movement faults are noted. For the sec­
ondary test, the partial squat is repeated while the exam­
iner placed a manual patellar glide in the medial direction. 
The patient reports an increase in knee pain similar 
to the previous test. The examiner asks the patient to 
repeat the test while the examiner placed a manual glide 
in the inferior direction. The patient reports no pain with 
the test. 
Prone 

During knee flexion in prone, the patient reports an 
increase in pain that was resolved with the addition of a 
patellar inferior glide. 

Joint Integrity 

Accessory motions of the patellofemoral joint were 
limited in the inferior direction. The patient reports no 
change in synlptoms with the accessory motions. 

Muscle Length Impairments 

During the two-joint hip flexor length test, the patient 
demonstrated a short rectus femoris on the left. As the 
hip was extended, the knee extended and the patient 
reports an increase in his symptoms. With a manual glide 
of the patella in the inferior direction, the patient reports 
a decrease in his pain compared to the first performance. 
Hamstrings are short and stiff. 

Muscle Strength/Performance Impairments 

Using manual muscle testing, the left hip lateral rotators 
are 4+/5,  the gluteus maximus is 4-/5,  the iliopsoas is 4/5 ,  
and the posterior gluteus medius i s  4+/5.  Hamstring and 
quadriceps are strong (5/5); however, the patient reports 
an increase in his pain when resistance is applied to the 
quadriceps. 

Stiffness/Extensibility/Flexibility 

The rectus femoris was relatively more stiff than the 
patellofemoral joint causing superior glide of the patella 
during rectus femoris length tests. 

Tests for Source 

The patient reported tenderness with palpation along the 
medial and lateral patellar facets. There was no tender­
ness along the tibiofemoral joint line. The McConnell 
test120 and the patellofemoral grind test52,1 20 for patello­
femoral pain were positive. During the McConnell test, 
the patient reported pain when resistance is applied with 
the knee in 60 degrees of flexion. This pain is alleviated 
with a manual inferior glide. All ligamentous and menis­
cal tests were negative. 

Functional Activities 

The patient reports an increase in his symptoms 
during a stair ascent. As he pushed off of the step with 
the involved limb, he kept his trunk vertical and did 
not flex forward at the hip. Cues to lean forward and use 
his gluteals to push up to the next step resulted in 
decreased symptoms with the step. Gait was unremark­
able. During landing from a jump, he demonstrates 
reduced knee flexion excursion, giving a stiff knee 
appearance. 

Diagnosis and Staging 

The diagnosis is KextSG syndrome, and the stage for 
rehabilitation is Stage 2 .  His prognosis is good to excel­
lent. Positive moderators include his young age, overall 
good health, high motivation to return to his activities, 
and his ability to change the movement impairments with 
instruction only. Negative moderators include his high 
activity level. 

Treatment 

The patient was seen once per week for 2 weeks, 
then once every other week for 2 weeks for a total of 4 
visits over 7 weeks. Treatment included instruction in 
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correct performance of functional aCOVloes, including 
his sporting activities. He was also instructed in a home 
exercise program to improve performance of the hip 
extensors and hip lateral rotators as well as exercises to 
increase the extensibility of the rectus femoris and 
hamstrings. 

During the first visit, the patient was inso·ucted in 
shifting his COM forward over the feet during functional 
activities such as sit-to-stand and ascencling stairs. This 
was accomplished by leaning forward and dorsi flexing the 
ankle to advance his tibia anteriorly over the foot. He was 
then instructed to use his gluteals while extending the 
lower extremity to raise his body weight up to the next 
step. 

To improve performance of the hip lateral rotators 
and posterior gluteus medius, sidelyjng hip abduction! 
lateral rotation with the hip and knee extended was pre­
scribed. To improve gluteus marimus performance, 
prone hip extension with the knee flexed was prescribed. 
To accomodate rectus femoris stiffness, he performed 
this exercise with pillows under his hips to allow greater 
hip motion. He was instructed to perform the exercises 
one time per day. He was instructed to perform 3 sets, 
each set to fatigue. The repetitions depended on his 
ability to perform the exercise correctly. He was also 
instructed to stop all of tlle exercises that he was using to 
increase quadriceps strengtll such as resisted knee exten­
sion, lunges and squats. He was encouraged instead to 
substitute gluteal strengthening activities such as hip 
extension. 

To improve extensibil ity of the rectus femoris, tlle 
two-joint hip flexor test position was used as a stretching 
technique. He was instructed to extend the hip toward 
the surface of the mat. Once tlle hip was in the final posi­
tion, the patient was instructed to flex the knee. The 
patient was unable to perform the stretch without an 
increase in symptoms, so the examiner applied tlle taping 
method in Figure 7-36 to assist. With the tape applied, 
the patient could perform the stretch without discomfort 
behind the patella. He also reported feeling a good stretch 
in the quadriceps muscles. An alternative stretch, knee 
flexion in prone, was provided for the times that he could 
not be taped. He was instructed to flex the knee tllrough 
the ROM that did not increase his pain. 

Regarding his fimess program, tlle patient was encour­
aged to continue with cycling and swimming according 
to his training schedule. For the rW1l1ing component, he 
was encouraged to avoid interval training that involved 
sprints for 2 weeks. During these 2 weeks, the distance 
he rW1S should be limited to a distance that does not 
increase his symptoms by more than 2 points. For 
example, if he rated his pain at rest as 2/ 10  and increased 
to 5/ 1 0  after the run, he should reduce his distance during 
the next run. He was encouraged to continue using ice 
as needed. 

The patient was also instructed in how to apply the 
tape appropriately. He was inso·ucted to at minimum 

wear the tape during stretching and during his runs. He 
was encouraged to wear the tape throughout the day if 
possible. 

At his second visit, 1 week later, tlle patient reported 
80% compliance with lie exercises and 70% compliance 
with the functional activity corrections. He reported that 
his worst pain in the last week was 2 / 10  after sitting for 
a prolonged time at a conference. He stated tllat tlle tape 
was helpful and discovered tllat he could run longer dis­
tances if the tape was in place. He demonstrated correct 
performance of tlle exercises, therefore the exercises were 
progressed. Sidelying hip abduction/lateral rotation and 
prone hip extension were progressed to standing hip 
abduction!lateral rotation and standing hip extension 
using resistance. The patient's gym had a pul ley resis­
tance system, so he was instructed in lie proper perfor­
mance of the exercises using the pulley system. 

He demonstrated proper performance of the two-joint 
hip flexor lengli stretch; however, he reported that he 
had some difficulty finding an appropriate place to 
perform the stretch. He would l ike to be able to perform 
the stretch before and after runs outside. He was 
instructed in a metllod to perform tlle stretch in a half­
kneeling position (Figure 7-3 7). He was encouraged to 
maintain proper trunk alignment during performance of 
the so·etch. 

On review of functional activities, such as sit-to-stand 
and stair ambulation, the patient was able to demonstrate 
the activities independently. He reported that he no 

Igure 7·37 The two-joint hip flexor length stretch in half­
kneeling position. May be performed in Stage 3 of rehabilita­
tion. The patient is instructed to use the ground to prevent 
superior glide of the patella while performing the stretch. For 
patient comfort, this stretch should not be performed on a hard 
surface. The patient is insu·ucted to maintain proper trlmk 
alignment by using abdominal contraction to prevent lumbar 
extension and to avoid leaning forward. 
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longer had pain with stairs, although he was surprised 
when he had an increase in pain after prolonged sitting. 
With fol low-up questioning, the patient revealed that he 
did not wear the tape on the day of the conference because 
he felt it was not needed. To address this relative stiff­
ness/flexibility, the patient was instructed in a self-mobi­
lization using inferior glide of the patella during knee 
flexion. He was instructed to perform this as often as he 
could throughout the day, particularly during the days he 
was sitting for a prolonged period of time. 

At 5 weeks, the patient reported that he had no pain 
at rest or with his training runs. He stated that he had 
not used tape in the last 2 weeks and felt ready to begin 
interval training again. He demonstrated independence 
is his home program and functional actiyjties. He was 
instructed in how to progress his resistance training for 
the hip musculature and encouraged to continue per­
forming the stretches on a consistent basis. The strength­
ening and stretching routine that he typically performed 
before his injury was reyjewed and suggestions were pro­
vided. For example, during his hamstring stretch, he 
demonstrated increased lumbar flexion. He was instructed 
to avoid lumbar flexion to isolate the stretch to the ham­
strings and to avoid unnecessary stress to the lumbar 
spll1e. 

The examiner agreed that he could initiate his interval 
training. The patient was encouraged to apply tape 
during the first few sessions. If he had no increase in 
symptoms, then he could try a session without tape. 

Outcome 

At the time of his last visit, 7 weeks later, the patient 
reported that he had returned to his preinjury training 
status without tape. Function was also improved as dem­
onstrated by 1 00% on both KOS-ADLI 19 and KOS­
Sports scores. He continued to perform his stretching 
and resistance activities. He also reported beginning a 
yoga class, which he felt was helpful; however, he wanted 
to be sure if that was appropriate. Given the patient's 
inherent stiffuess and high activity level, a regular stretch­
ing program would be appropriate. The examiner 
reviewed the poses that the patient was performing and 
educated him on how to modify particular poses to avoid 
increased stress to the joints. 

KNEE HYPEREXTENSION SYNDROME 

Knee hyperextension (Khext) syndrome is described as 
knee pain associated with an impaired knee extensor 
mechanism. Dominance of the hamstrings and poor per­
fOl·mance of gluteus maximus and quadriceps muscles 
result in hyperextension of the knee placing excessive 
stresses on the knee. Differentiating Khext syndrome 
from TFR syndrome can be a chal lenge; therefore tests 
to rule out TFR syndrome should be performed before 
providing the Khext syndrome diagnosis. 

Symptoms and History 

Patients report pain located in the peripatellar region or 
tibiofemoral joint that is aggravated during prolonged 
standing or with actiyjties that involve rapid knee exten­
sion such as swimming or kiclcing during martial arts. 
Race walkers also demonstrate Khext syndrome as 
they repetitively hyperextend their knee to maintain pro­
longed foot contact during their sport. Common diagno­
ses used by referring physicians include patellofemoral 
pain syndrome and fat pad syndrome, also called Hoffa� 
disease. 140 

The articles that are available related to Khext syn­
drome are limited to describing the effect of knee align­
ment on structures of the knee. Loudon et aF4 provided 
a thorough review of the relationship of knee hyperexten­
sion alignment and tissue injury. Extension of the knee 
is not limited by bony anatomy, thus the soft tissues of 
the posterior knee are primarily responsible for the resis­
tance needed to prevent the knee from further extension. 
Based on the anatomy and principles of biomechanics, a 
reasonable assumption is that prolonged knee hyperex­
tension during standing or repetitive hyperextension 
during gait could result in increased tensile stresses on 
the ACL and the soft tissues of the posterior knee, as well 
as compressive stresses on the anterior structures such at 
the fat pad . 1 41 

There are a few studies that demonstrate a direct asso­
ciation between knee hyperextension and injury. In a 
prospective study of female soccer players, Myer et a[ l42 
reported that knee hyperextension alignment increases 
the odds of sustaining an ACL injury by fivefold. In a 
case-control study, Loudon et a[ l43 used conditional step­
wise logistic regression to find a significant correlation 
between knee hyperextension alignment and ACL injury. 
There is also evidence that women with hyperextension 
of the knee may have reduced knee joint position sense 
that may reduce the indiyjdual's abil ity to control end­
range knee extension movements . l 44 

Although knee hyperextension alignment is implicated 
in knee injury and pain, an individual with Khext syn­
drome can demonstrate signs of hyperextension during 
other tests such as gait and stair ambulation. The diag­
nosis of Khext syndrome should not be given based on 
alignment alone. 

Key Tests and Signs 

Alignment Analysis 
Indiyjduals with Khext syndrome often demonstrate knee 
extension greater than 5 degrees in standing (Figure 
7-38). They may also demonstrate a swayback posture 
with a posterior pelvic tilt and ankle plantarflexion. Cor­
rection of the standing alignment may result in a decrease 
in the patient's symptoms. 

Movement Impairments 
Standing tests. During single-leg stance on the 

involved l imb, the patient may demonstrate an increase 
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Fi u 'e 7-38. Knee hyperextension alignment. Note knee 
extension greater than 5 degrees and ankle plantarflexion. 

in knee hyperextension. If medial rotation of the hip is 
noted during this test, then a tibiofemoral rotation diag­
nosis should be considered. 

Joint Integrity 
Patients in thjs category may demonstrate a general joint 
hypermobility as assessed by the Beighton index'45 ; 
however, this is not a requirement. Some patients appear 
to have general laxity of the ligaments, yet their Beighton 
index is relatively low. The patient may demonstrate knee 
extension PROM that is greater than 1 0  degrees; however, 
in acute flare-ups of the condition, the patient may actu­
ally demonstrate a reduction in knee extension compared 
to the uninvolved side. This is thought to be a protective 
mechanism to reduce stresses to the injured structures. 

Muscle Length Impairments 
The patient may have a short or stiff gastrocnemius; 
however, these l imitations are not seen in all patients with 
Khext syndrome. Hamstring shortness is often associated 
with this syndrome. 

Muscle StrengthlPeiformance Impairments 
Impairments of muscle strength and performance include 
poor performance of gluteus marimus and quadriceps. 
The gluteus marimus often tests weak during manual 
muscle testing (MMT) and demonstrates delayed recruit­
ment during activities such as prone hip extension with 
the knee extended. The gluteus maximus should contract 

early in the motion of limb movement during prone hip 
extension. A notable delay in gluteus maximus contrac­
tion may indicate that the hamstrings are acting as the 
primary hip extensors for the hip movement. The quad­
riceps often tests strong during a MMT; however, the 
patient may display poor functional use of the quadriceps 
during activities such as a step-up or sit-to-stand as evi­
denced by the patient pulling his or her knees back to the 
body. 

Functional Activities 
Gait. During gait, the patient may demonstrate 

hyperextension from heel strike through late stance. The 
patient may also demonsu'ate a prolonged foot flat, 
keeping their heel in contact with the floor longer than 
expected. Noyes et al 1 46 described this gait pattern in 
patients with posterolateral ligament complex injuries; 
however, this pattern has been observed in symptomatic 
patients without documented ligamentous injury. 

Step-up. During a step-up, the patient demonstrates 
a faulty movement of pulling the knee back to the body, 
instead of shifting the body forward over the limb. This 
motion is achieved by using the hamstrings more than 
the quadriceps and gluteus maximus to extend the hip and 
the knee. Because the foot is anchored on the floor, hip 
extension performed by the hamstrings results in knee 
extension and therefore reduces the need to recruit the 
quadriceps to extend the knee. 

Other Functional Tests 
Activities that tend to exacerbate the patient's symptoms 
should be assessed such as sit-to-stand, work require­
ments, or sporting activities. Typically, the individual 
demonstrates a knee hyperextension alignment or move­
ment impairment during these aggravating activities. 

Summary of Examination Findings 

Khext syndrome presents with the movement impairment 
of knee hyperextension during alignment, movement 
tests, and hmctional activities. A special note related to 
secondary tests for Khext syndrome is that patients with 
this syndrome often have a chronic condi tion that does not 
always modify immediately with second31Y tests. The 
patient may need to try modifications for a period of time 
to see the effect. For example, the patient may report no 
change in symptoms with correction of standing align­
ment; however, if  standing alignment is modified whi le at 
work, symptoms may improve dramatically. 

Differentiating between Khext syndrome and tibio­
femoral rotation syndrome can be chal lenging. If signs 
for both Khext syndrome and tibiofemoral rotation syn­
drome are observed, the therapist should fol low U-eat­
ment guidelines for tibiofemoral rotation syndrome, 
which provides treatment related to the rotation compo­
nent and also addresses the hyperextension component. 
Khext syndrome should be reserved for those displaying 
the movement impairment in the sagittal plane only. 



394 Movement System Syndromes of the Knee C H A P  T E R 7 

Treatment 

Primary Objectives 
The primary objectives of a treatment program include 
the fol lowing: 

1 .  Decrease hyperextension of the knee during func­
tional activities. 

2 .  Improve muscle performance of the gluteus maxi­
mus and quadriceps. 

3. Decrease overrecruitment or dominance of the 
hamstrings. 

Corrective Exercise Program 
Treatment for this syndrome includes educating the indi­
vidual in correcting the postural habits and movements 
contributing to the movement impairment and thus the 
pain problem. The patient is provided with a general 
description of the impairment and specific instruction for 
alignment and functional activities. Then the functional 
activities are practiced by the patient. The patient is also 
instructed in exercises that will address the associated 
muscle impairments. 

Alignment. First, the patient is educated in correction 
of posture and functional activities. To improve align­
ment between the femur and tibia, the patient is  instructed 
to relax or unlock the knees to reduce hyperextension of 
the knee. If the patient stands in a posterior pelvic tilt, 
this should also be corrected. A mirror is useful during 
correction of the alignment. Patients often report that 
their position of hyperextension feels "normal ," and the 
correction feels as if their knees are too flexed as in a 
partial squat. The mirror reinforces the proper alignment 
of the knee. 

Functional activities 

Gait. During ambulation, the patient is encouraged to 
use a proper heel-to-toe gait pattern and to land softly 
on the heel at heel strike. The patient is also instructed 
to avoid knee hyperextension and hip hyperextension 
during the stance phase of gait cycle. Most patients with 
knee hyperextension have a delayed heel rise at push-off; 
therefore a helpful cue is to ask the patient to lift the heel 
a little earlier than usual. Another useful cue, as described 
by Noyes et al, 1 46 is to walk with the knee s lightly flexed. 

Sit-to-stand/stairs. During sit-to-stand and stairs, 
the patient is instructed to use the quadriceps and gluteus 
maximus to lift the body up and forward and to avoid 
pulling the knee(s) back to meet the body. The final posi­
tion of the knee should be a neutral position not hyper­
extended. If the patient is unable to ascend or descend 
stairs without an increase in symptoms, compensatory 
metl10ds may need to be provided. Please see tl1e "Func­
tional Activities" section the "Tibiofemoral Rotation 
with Valgus Syndrome" section for methods to reduce 
synlptoms with stair ambulation. 

Standing. Patients with Khext syndrome often report 
increased symptoms witl1 prolonged standing. They 
should be instructed in correcting their alignment during 

stance and to reduce the amount of time tl1at they stand 
in one position. They should be encouraged to change 
their activities as often as possible, including sitting, 
walking and leaning into a support surface. If tl1ey are in 
a situation that does not allow them to change their activ­
ity, weight shifting provides some temporary reduction 
in stresses on the knee. 

Fitness activities. If the patient does not have a 
fitness program, then a discussion is warranted to encour­
age a fitness program as a goal. If tl1e person participates 
regularly in a fitness program, modification may be nec­
essary. The patient's aerobic activities may need to be 
modified by addressing the movement impairment and 
by reducing the intensity. The intensity level of the 
aerobic activity should be related to the patient's stage 
for rehabilitation. For example, if the patient is a speed 
walker and the injury is Stage 1 for rehabilitation, the 
patient may be instructed to use a bike, walk in a pool, 
or start with a slower walking pace or shorter walking 
distance. The intensity is then gradually increased. As the 
patient's symptoms improve, the patient should begin to 
increase the walking distance and then increase the speed. 

Home Exercise Program 
Exercises to improve Strengtl1 and performance of the 
gluteus maximus and quadriceps may be prescribed. To 
improve gluteus maximus performance, exercises, such as 
prone l1ip extension with the knee flexed, weight shifting, 
single-leg stance, and resisted hip extension, are pre­
scribed. When performing prone hip extension with the 
knee flexed, the patient should have at least one pillow 
under the abdomen so that tl1e exercise is performed 
from some hip flexion to neutral and not into hip hyper­
extension. Functional activities that can be used as 
exercise to improve gluteus maximus and quadriceps 
performance include sit-to-stand, wall sits, step-up/step­
downs, lunges, and squats. Abdominal muscle exercises 
may also be appropriate if the patient demonstrates poor 
trunk and/or pelvic control. 

Sitting knee extension with ankle dorsiflexion is an 
exercise tl1at can be performed easily throughout the day 
to improve the extensibility of the hamstrings and gas­
trocnemius. The gastrocnemius can be stretched with 
prolonged passive ankle dorsiflexion in standing, and 
the hamstrings can be stretched with prolonged knee 
extension in the sitting position (see Figure 7-40). To 
properly stretch the hamstrings, be sure that the spine 
does not flex. 

Taping 
Taping rriay be useful in patients with knee hyperexten­
sion. The posterior X taping demonstrated in Figure 7-27 
to treat TFRVal syndrome will also assist with preventing 
Khext syndrome. If the fat pad is very irritable, it may be 
helpful to try the unloading taping technique proposed 
by McConnell (Figure 7-39). 
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Figure 7-39. Taping technique. Unloading taping technique 
proposed by Jenny McConnell. This taping method is proposed 
to reduce stress on the source of symptoms, the fat pad. 

Neuromuscular Training 

Neuromuscular u'aining to improve proprioception, 
balance, and the ability to accommodate to perturbations 
is important (see Box 7-2).  During neuromuscular train­
ing, the patient is instructed to limit the amount of knee 
hyperextensi on. 

CASE PRESENTATION 

Knee H erextension S ndrome 

Symptoms and History 

A 3 5-year-old female is referred to physical therapy for 
evaluation and treaUnent of left knee pain. She reports 
two previous bouts of similar pain that resolved fairly 
quickly without intervention. However, this episode 
began approximately 3 weeks ago and has not improved. 
The pain is located in the posterior aspect of her knee 
and juSt inferior to the patella deep in the joint. She has 
participated in competitive race walking for the past 3 
years. Initially, her pain would only occur during races 
or when training, but the pain progressed to occurring 
with daily walking and stair ambulation. Her pain forced 
her to StOP race walking approximately 2Yz weeks ago, 
and she is very anxious to return to this activity. Her pain 
rating at the time of the initial visit was 311 0 with daily 
activities and increases to 6/ 1 0  if attempting to race walk. 
She describes her pain as a deep aching in the posterior 

knee that becomes sharper when race walking. Nothing 
seems to give her relief except taking Ibuprofen. Her 
KOS-ADU 19 score is 5 1  %, and KOS-SportS score is 
40% .  Radiographs show no abnormalities of the tibio­
femoral or patellofemoral joint. She also states that she 
has a 2 -year-old daughter who she tends to carry on her 
left hip. She was working part-time as a business 
consultant. 

Alignment Analysis 

The patient is 5 feet 6 inches and weighs 1 3 5  pounds. In 
stance, the patient demonstrated tibial varum and genu 
recurvatum bilaterally; however, both faults were greater 
on the left compared to the right. She had a flat lumbar 
spine, posterior pelvic tilt, and hip joint hyperextension 
with a mild swayback alignment. 

Movement Analysis 

During single-leg stance on the left, the patient demon­
strates increased knee hyperextension. The patient did 
not report an increase in pain, although she does express 
a feeling of instability compared to standing on the unin­
volved limb. The patient also demonstrates a pelvic 
lateral tilt (Trendelenburg sign) during single-leg stance 
bilaterally; however, she demonstrated more tilt during 
single-leg stance on the left than on the right. 

During a step-up onto a 1 2-inch stool, the patient kept 
her COM posterior to her base of support and snapped 
her knee back to her body using her hamstrings. She 
reported a mild increase in symptoms during this test. 
She was cued to lean forward to bring her COM over her 
foot, and to think about using her quadriceps and gluteals 
as she stepped up. She performed the step-up correctly 
by following the cues provided. She reported that her 
symptoms did not increase with the corrected metl10d. 

Joint Integrity 

Knee extension PROM tested in supine is 1 5  degrees 
on the left and 1 0  degrees on t11e right. The patient's 
tibiofemoral joints are mildly lax compared to normal, 
which was noted particularly during prone hip rotation 
testing, during which the leg motion was particularly 
evident. 

Muscle Length Impairments 

Hamstring length is tested and found to be short bilater­
ally with 70 degrees passive sU'aight leg raise. Gastrocne­
mius length was also short bilaterally, measuring 1 0  
degrees ankle dorsiflexion with the knees flexed and 0 
degrees with the knees extended. 

Muscle Strength/Performance Impairments 

On the left side, the gluteus maximus MMT reveals a 
grade of 4/5 and shows a delayed onset compared to the 
hamstrings during hip extension with the knee extended. 
The left quadriceps MMT grade is SIS, although poor 
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functional performance is suspected .  For example, during 
a wall squat the left quadriceps fatigued more readily than 
the right, with notable muscle quivering after only 1 0  
seconds. The posterior gluteus medius MMT grade is 
4-/5 bilaterally. 

Tests for Source 

The patient reports tenderness with palpation distal to 
the inferior pole of the patella in the region of the fat pad 
on the left. Mild tenderness is also noted on the postero­
lateral aspect of the knee. All ligamentous and meniscal 
tests are negative. 

Functional Activities 

During sit-to-stand and stair ambulation, the patient 
demonstrates the tendency to pull her knees back to the 
body using her hamstrings, rather than keep her COM 
over her feet and use her quadriceps to extend her knees. 
Increased symptoms are elicited on the left after complet­
ing one flight of stairs. The patient is cued to lean forward 
and to get her shoulders over her feet while concentrating 
on not hyperextending her knees. Although she has some 
difficulty performing the stair ambulation correctly with 
these cues, tlle patient reports no aggravation of her 
symptoms. Gait deficits noted are knee hyperextension 
from heel strike through terminal stance with a delayed 
heel rise bilaterally. When cued to decrease the knee 
hyperextension and attempt an earlier heel rise, the 
patient has trouble trying to change her gait pattern and 
becomes a l ittle frustrated. A bilateral hip drop is also 
noted during gait. 

Diagnosis and Staging 

The diagnosis is Khext syndrome. The stage for rehabili­
tation is Stage 2. Her prognosis is good to excellent. Posi­
tive moderators include her fairly young age, overall good 
healtll, and high motivation to return to her activities. 
Negative moderators include her difficulty making cor­
rections during alignment and functional activities and her 
anxiety about wanting to return to race walking, a sport 
tllat encourages knee hyperextension by demanding that 
one foot be in contact with the ground at all times. 

Treatment 

The patient was seen twice per week for 2 weeks second­
ary to taping needs, tllen decreased to once per week for 
4 weeks for a total of 8 visits over 6 weeks. Treatment 
included instruction in correct performance of functional 
activities, including speed walking. She was also instructed 
in a home exercise program to improve performance of 
the hip abductors, gluteus maximus, and quadriceps, 
along with exercises to increase the extensibility of the 
hamstrings, gastrocnemius, and soleus muscles. Although 
she reported pain only in the left knee, she was encour­
aged to perform tlle exercises bilaterally. 

During the first visit, the patient was instructed to 
correct her standing alignment of knee hyperextension 

by relaxing her knees. A mirror was needed for visual 
feedback of her alignment. Her tendency at first was to 
excessively flex her knees, and she found it very difficult 
and tiresome to maintain normal alignment. Therefore 
it was decided to perform tlle posterior X taping tech­
nique to provide an external source of feedback to her 
when she would start to hyperextend her knees (see 
Figure 7 -27).  The patient was instructed to keep the tape 
on for 1 to 3 days if tolerated and to check her skin care­
fully when the tape was removed. Assuming there would 
be no skin reactions, the plan was for her to return at the 
end of the week to be re-taped. 

She was instructed to try alternating tlle hip she 
used for carrying her child, instead of always holding 
her on the left. Holding her child on tlle left hip resulted 
in prolonged positioning of hip adduction and pelvic 
lateral tilt. This prolonged positioning may have contrib­
uted to her hip weakness and increased knee hyperexten­
sion on the left. The patient was instructed in performance 
of sit-to-stand, attempting to get her shoulders over her 
feet and prevent hyperextending her knees when com­
pleting the standing maneuver. This task was easier for 
her to correct than gait or stair climbing during tlle first 
seSSIOn. 

To improve the functional performance of the 
quadriceps, the patient was instructed in a wall squat 
exercise. She assumed a position of about 45 degrees 
hip and knee flexion and was instructed to start by main­
taining the position for 1 5  seconds and to perform 
5 repetitions. Each day she was to try to add 5 seconds 
onto her hold time during tlle first week. She was also 
cued to avoid hyperextending her knees when returning 
from the squat position to the hip and knee extended 
position. 

To begin to improve the performance of her gluteus 
maximus, tlle patient was instructed to forward bend by 
hip flexion only with knees flexed and practice returning 
by contracting her gluteals to lift her upper body. She 
was also given the exercise of prone hip extension over 3 
or 4 pillows to help place her in enough hip flexion so 
that her knee could stay relaxed in flexion as she extended 
her hip using her gluteus maximus. She was instructed to 
perform the exercise one time per day. She was instructed 
to perform 3 sets, each set to fatigue. The repetitions 
depended on her ability to perform ·tlle exercise 
correctly. 

To improve the recruitment of the posterior gluteus 
medius, the patient was instructed in weight shifting. She 
was instructed to avoid pelvic tilting and knee hyperex­
tension as she shifted. The patient had difficulty main­
taining the appropriate pelvic position, so she was 
encouraged to place her hands on her ASIS to monitor 
the pelvic alignment. She was then able to perform the 
activity correctly. She was also encouraged to maintain 
the trlmk in a neutral position and avoid side bending. She 
was instructed to perform tllis exercise frequently 
throughout tlle day, if possible. 
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To address her limitations in hamstring extensibiEty, 
she was instructed to sit on the edge of a chair with one 
leg extended and to lean forward from her hips keeping 
her spine straight w1til she felt an appropriate stretch to 
her hamstrings. Because her knee would easily assume a 
hyperextended position, the patient had to make a con­
scious effort to keep the knee relaxed in slight flexion 
during the stretch (Figure 7-40). "While stretching her 
hamstrings, she was also instructed to try to dorsiflex her 
ankle without toe extension to provide an additional 
stretch to her gastrocnemius. The patient was instructed 
in the typical standing wall stretch for the gastrocnemius 
as well. 

At her second visit, she reported 7 5 %  compliance with 
the exercises and about 50% compliance with the func­
tional activity corrections, which were still hard for her. 
She stated that the tape behind her knees was definitely 
helpful in relearning how to stand properly. She was able 
to wear the tape for 2 days and had no skin reaction, so 
she requested to have the tape applied again at that visit. 
Her symptoms had decreased to 2/ 10, and she reported 
less pain with stair ambulation. 

She demonstrated correct performance of the exer­
cises, therefore the exercises were progressed. With the 
wall squat, she was now able to sustain the position for 
30 seconds before fatiguing. This exercise was progressed 
by having her place her right foot slightly in front of her 
left, forcing her to increase the load to her left quadri­
ceps. Her weight shifting was progressed to single-leg 
stance with light upper extremity support and using all 
the previous cues. An additional exercise was given to her 
for the posterior gluteus medius. She was instructed in 
the side lying hip abduction/lateral rotation exercise. 
Two to three pil lows were placed between her legs and 
her top leg was aligned in 1 0  to 20 degrees of hip and 
knee flexion. "When the patient attempted to abduct her 
hip off the pillows, she reported feeling muscles working 
in her posterior thigh so it was determined tl1at she was 
substituting with her hamstrings. With much verbal and 
manual cueing and specific palpation of her posterior 
gluteus medius, she was able to perform this exercise 
correctly. The patient was encouraged to start with five 
repetitions and progress toward ten, only if she could feel 
the muscle recruitment in tlle correct location. Because 
she was performing her prone hip extension exercise cor­
rectly, she was encouraged to add more repetitions. 

The patient was re-taped and her gait deviations were 
addressed with the tape applied. The main cues given to 
her were to lean forward slightly while walking, take 
smaller strides and lift her heel earlier at terminal stance. 
Her attempts at these corrections were better than at her 
first visit, although she felt very awkward. The patient 
was instructed to continue with the other exercises, trying 
to be diligent about her hamstring stretching throughout 
the day. 

At tlle fifth visit during the third week, taping was 
discontinued because the patient felt  she was now able to 

Figure 7-40. Hamstring stretching. Proper performance of 
hamstring stretch provided to the patient. A, The patient sits 
on the edge of a chair with one leg extended. B, The patient 
then leans forward from the hips, keeping the spine straight 
until an appropriate stretch is felt. 

control the knee hyperextension on her own. The patient 
reported 0/1 0  symptoms at that time Witll walking and 
with stair ambulation. She admitted to uying to race walk 
for a short distance but developed low level symptoms so 
she decided she was not quite ready. At this visit, she was 
progressed to level 3 of the posterior gluteus medius 
progression. She was now able to perform single-leg 
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stance without any upper extremity support, so the activ­
ity was progressed by performing single-leg stance on an 
unstable surface starting with pil lows and progressing to 
foam pads and a BOSU ball. She also began standing 
lunges and step-ups to strengthen her gluteals and quad­
riceps more functionally, monitoring her movement 
pattern to be sure she was not using her hamstrings to 
pull her knee back to her body. 

During her sixth visit in the fourth week, she began to 
practice walking with increased speed while trying to still 
work on the specific gait cues she had now been practic­
ing for a few weeks. As long as she did not go too fast, 
she was able to achieve some corrections and did not 
experience an increase in symptoms. She was progressed 
to playing catch with a weighted medicine ball while 
balancing on one leg on the BOSU ball. Also, she now 
added 5 pound weights in each hand while performing 
her lunges and step-ups. 

Outcome 

The patient was seen for a total of 8 visits over 6 weeks. 
At her last visit, the patient reported that she could race 
walk for 1 mile without aggravating her symptoms, 
although she stated that she was not yet up to her previ­
ous speed. She reported that it was inlpossible to prevent 
the hyperextension as her speed increased. Since she was 
determined to continue participation in this sport, she 
was instructed to work on her gait corrections as much 
as possible throughout the rest of the day, when not race 
walking. Function was also improved as demonstrated by 
a KOS-ADL score of 93 % and a KOS-Sports score of 
84% . She was instructed to continue her home exercise 
program daily, if possible, even when she was totally 
pain-free with all activities and to think of it like "brush­
ing her teeth." It was explained to her that if she would 
stop the exercises, her pain would likely return after a 
period of time. The patient had no problem with this 
commitment, and she was discharged from physical 
therapy. 

PATELLA R  LATERAL GLIDE SYNDROME 

Patellar lateral glide (PLG) sY1ldrome is described 
as knee pain as a result of an impaired patellar relation­
ship within the trochlear groove. Patients with PLG 
syndrome have an imbalance between the vastus medialis 
oblique (VMO) and the vastus lateralis (VL) muscles 
that may place excessive compressive forces in the lateral 
patellofemoral joint and tensile forces on the medial 
joint structures. Shortness or stiffness of the TFL-ITB 
complex may also contribute to a lateral pull on the 
patella. A similar syndrome has been described by 
McConnell.87 

Symptoms and History 

Patients with PLG report peripatellar or retropatellar 
pain with activities such as stairs, running and squatting. 

They may also report an increase in sY1nptoms with pro­
longed knee flexion when sitting, often called movie goers 
syndrome. PLG rarely occurs in isolation and is often a 
secondary diagnosis associated with a primary diagnosis 
of tibiofemoral rotation or knee hyperextension. Common 
diagnoses used by referring physicians include patello­
femoral pain syndrome and patellar chondromalacia. 

There is a large body of literature related to the 
relationship of the VMO and patellofemoral pain; 
however, the relationship has not been clearly estab­
lished. A number of authors have reported that patients 
with patellofemoral pain demonstrate poor performance 
of the VMO when compared to those without sY1np­
toms. 147. 1 5 1  There are, however, others that report there 
is no difference in VMO performance between those 
with and without patellofemoral pain . 1 52-155 The inconsis­
tent findings demonstrate a need for classification by 
movement impairment. Subjects with patellofemoral 
pain are often included in these studies based on pain 
location; the movement impairment associated with the 
pain complaint is not considered. Patients with TFRVal 
syndrome and patients with PLG sY1ldrome may report 
a similar pain in the peri patellar region, although they 
may display dissimilar movement impairments. A rela­
tionship between VMO performance and patellofemoral 
pain may exist in individuals with PLG sY1ldrome but 
may not exist in individuals with TFRVal sY1ldrome. 
Classification by movement impairments may assist in 
clarifying the research findings. 

Clinical trials of treatnlent that incorporate VMO 
strengthening have demonstrated positive resultsl02; 
however, the isolated treatment effects ofVMO strength­
ening are not known. Often these clinical trials include 
additional treaunents, such as stretching and taping, 
therefore it is difficult to determine the effectiveness of 
VMO strengthening alone. Recently, authors have dem­
onstrated that increasing the VMO force can decrease the 
pressure on tlle lateral patellofemoral joint articular 
cartilage. 1 56 

Key Tests and Signs 

Alig;nment Analysis 
The patient with PLG syndrome may demonstrate a 
lateral patellar tilt or lateral patellar glide. 

Movement Impairments 
Standing tests. During hip and knee flexion in stance 

(partial squat), the patient may report an increase in tlleir 
symptoms; however, a movement impairment may not be 
apparent. A secondary test is performed by asking the 
patient to repeat tlle movement while the examiner places 
a medial glide on the patella. If sY1nptoms are decreased 
compared to tlle primary test, PLG is supported. 

Supine tests. Patients with PLG syndrome may 
report an increase in sY1nptoms during tlle performance 
of the two-joint hip flexor lengtll test.88 The test is then 
repeated while the examiner places a medial glide on the 
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patella. If symptoms decrease, then PLG syndrome is sup­
ported. Symptoms may also be decreased by abducting 
the hip, therefore reducing the stretch on the TFL-ITB. 

Prone tests. During knee flexion in prone, patients 
with PLG syndrome may report pain at the end of their 
motion. Decreased symptoms when a medial glide is  
placed on the patella supports the diagnosis of PLG syn­
drome. Similar to the two-joint hip flexor test, placing 
the hip into abduction reduces the stretch on the TFL­
ITB, which may result in a decrease in the patient's 
symptoms. 

Sitting tests. During knee extension in sitting, the 
examiner may observe sudden lateral movement of the 
patella near the end of the knee motion, a motion often 
referred to as a positive J-sign. This excessive lateral 
patellar motion may also be seen during an isometric 
quadriceps contraction. 

A McConnell testl 20 for patellofemoral pain may be 
performed to assess for PLG syndrome. In sitting, the 
patient perfonns an isometric quadriceps contraction 
against the therapist's resistance at 1 20, 90, 60, 30, and ° 
degrees of knee flexion. If the patient's pain is produced 
or increased during any of the contractions, the test is 
performed again with a manual correction by the exam­
iner. To prevent patellar lateral glide, the examiner places 
a medial glide on the patella and the resisted test is 
repeated. If the pain is decreased, the patellofemoral joint 
is implicated as the source of symptoms and PLG syn­
drome is implicated as the movement impairment. 

Joint Integrity 
Patients with PLG syndrome may demonstrate reduced 
accessory motion for medial glide of the patella. 

Muscle Length Impairments 
Patients may demonstrate short and/or stiff TFL-ITB 
and lateral patellar retinaculum. Though not common, 
sometimes a short and/or stiff gluteus maximus with 
attachment to the ITB may contribute to the lateral pull 
of the patella. 

Muscle Strength and Performance Impairments 
Although weakness of the VMO may contribute to PLG, 
clinical testing specific to the VMO is not possible. Other 
characteristics of muscle performance such as muscle 
timing or endurance have also been suspected to contrib­
ute to PLG. Muscle timing and endurance are also dif­
ficult to observe clinically. Laboratory measurements, 
such as electromyography (EMG), may assist in identify­
ing an imbalance in the timing of contraction between 
the VMO and VL; however, EMG is often not practical 
in the clinic. 

Functional Activities 
During performance of functional activities, observation 
of the movement impairment of PLG syndrome is often 
difficult; however, secondary tests can be used to support 

the diagnosis. For example, during activities such as sit­
to-stand or step-up, a medial glide may be placed on the 
patella. If the patient's symptoms are reduced compared 
to the primary test, then PLG syndrome is supported as 
the diagnosis. 

Treatment 

Primary Objectives 
The primary objectives of a treatment program include 
the following: 

1 .  Decrease stiffness of TFL-ITB. 
2. Improve quadriceps function. 

Corrective Exercise Program 
Treatment for PLG syndrome includes educating the 
individual in correcting the postural habits and move­
ments that may be contributing to the movement impair­
ment and thus the pain problems. The patient is provided 
with a general description of the impairment and specific 
instruction for alignment and functional activities. The 
activities are then practiced by the patient. The patient 
is also instructed in exercises that will address the associ­
ated muscle impairments. 

Functional Activities 

Sifting. If a patient reports increased symptoms 
during sitting, the instruction is to reduce the amoUl1t of 
knee flexion while sitting. If the patient has a stiff or short 
gluteus maximus contributing to the stiffness of the ITB, 
resulting in PLG, the thighs should be slightly abducted 
initially. As symptoms improve, the tlllghs should be 
gradually adducted until the sitting position is normal 
and does not cause symptoms. Patients should be encour­
aged to get out of their chair and flex/extend their knee 
every 30 minutes to reduce the amount of time the knee 
is maintained in a flexed position. Patients should also 
limit the amount of time spent with their legs crossed. 

Sit-to-stand. To rise from a sitting position to stand­
ing, the patient should be instructed to slide forward to 
the edge of the chair. Once at the front of tlle chair, the 
patient should position the feet about hip-width apart 
and slightly posterior to the knees. The patient is 
instructed to contract the quadriceps when rising from 
the chair. If this motion is painful, the patient may use 
the hands to assist by pushing up from tlle armrests 
of the chair. 

Stair ambulation. Similar to rising from a chair, the 
patient should be instructed to use the quadriceps and 
gluteals to ascend the stairs. If the patient is unable to 

ascend or descend stairs without an increase in sytnp­
toms, compensatory methods may need to be provided. 
Please see the "Functional Activities" section in the "Tib­
iofemoral Rotation with Valgus Syndrome" section for 
metl10ds to reduce symptoms with stair ambulation. 

Fitness activities. Recommendations related to 

fitness are provided in the "Functional Activities" section 
in the "Tibiofemoral Rotation with Valgus Syndrome" 
section. 
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Home Exercise Program 
The patient should be provided with a home exercise 
program and instruction on the appropriate response to 
exercise. Exercises specific to PLG syndrome to improve 
the performance of the quadriceps may be prescribed. We 
recommend the use of functional activities to improve 
quadriceps performance. Those exercises, in the order of 
difficulty beginning with least aggressive, are sit-to-stand 
transfers, step-ups, lateral step-ups, squats, lunges, and 
step-downs. Ekstrom et a l 1 57 demonstrated that lunges 
and lateral step-ups produced greater EMG activity in the 
VM:G compared to other rehabilitation exercises. Bio­
feedback to improve timing or recruitment of the VMO 
may be a useful intervention 102 , 1 58, 1 59; however, more clini­
cal studies are needed. In addition, we recommend avoid­
ing open-chain resisted activities in the range of 0 to 45 
degrees of flexion and closed-chain activities in the range 
of 60 to 90 degrees, since these ranges are thought to 
result in increased stresses to the patellofemoral joint. 1 60 

Exercises to improve the extensibil ity of the TFL-ITB 
should also be prescribed. We recommend prone knee 
flexion (either uni lateral or bilateral) or stretching in the 
two joint-hip flexor length test position. During prone 
knee flexion, the patient should initially perform with the 
involved hip in abduction to reduce the pull of the ITB. 
As synlptoms improve, the amount of hip abduction is 
reduced. 

The two-joint hip flexor stretch position may be used 
as the patient's symptoms improve. As the involved limb 
is lowered into extension, the hip should be allowed to 
abduct. Once the hip is in extension, the hip can then be 
adducted to add the stretch to the TFL-ITB. Assuming 
normal anatomy of the femoral lateral condyle, the patella 
will be secured within the trochlear groove prior to 
adding the stretch of the TFL-ITB. 

Patients must not fee l  pressure or pain in the location 
of their symptoms during the stretches. If the symptoms 
occur, the patella is most likely being mobilized and the 
stretch will not be effective. Patients with PLG syndrome 
may need to stabil ize the patella during these stretches. 
Stabilization of the patella may be accomplished by 
manual assistance of another person or through taping 
(Figure 7-4 1 ). During all stretching exercises, be sure 
that the patient has good abdominal support to avoid 
pelvic anterior tilt or rotation. Strengthening the muscles 
that are antagonists of the TFL-ITB, such as the poste­
rior gluteus medius and gluteus maximus, may also help 
to improve TFL-ITB extensibi lity. 

Other Interventions 
Taping and patellar mobilization may be useful in patients 
with PLG syndrome. Taping to reduce patellar lateral 
glide as proposed by McConne1l87 has had clinical success 
(see Figure 7-4 1 ). The evidence consistently supports 
that taping helps to reduce symptoms,87, 16 1 - 1 65 although 
the mechanism behind the symptom reduction has not 

Figure 7-41. Taping technique. Taping to reduce patellar 
lateral glide as proposed by McConnell .H7 The patella is pushed 
medially by the tester and strips of tape are placed along the 
patella, anchored around the medial hamstring muscle bulk. 

been determined. Many believe tllat tape is applied to 
either change the alignment of the patella or improve the 
performance of the VMO; however, the literature is 
mixed. ' 6 1 , '66- ' 72 Although the mechanism is not clear, 
taping is a safe and relatively convenient intervention that 
has had clinical success. 

Patellar mobilizations in tlle medial direction may be 
used to help improve the extensibility of the lateral struc­
tures such as tlle patellar retinaculum and ITB. If the 
patient is in Stage 1 of rehabilitation, gentle mobi liza­
tions may be performed to reduce pain and to initiate 
mobility in the medial direction. As the patient's symp­
toms subside, aggressive grades of mobilization should be 
used to increase extensibility. Patients may be instmcted 
in self-mobilizations to perform along with their home 
exercIse program. 

KNEE IMPAIRMENT 

Thus far, tlle focus of this chapter is on the identification 
and trea01lent of specific movement system syndromes 
for the knee. However, patients are commonly referred 
to physical therapy for rehabilitation of the knee after a 
surgical procedure or after an acute, traumatic knee 
injury. When a patient presents to therapy after eitller a 
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surgical procedure or an acute knee injury, identification 
of a specific movement system syndrome using a thor­
ough examination may not be possible because of pain, 
physician-imposed restrictions, or both. In such cases, 
the physical therapist must recognize the potential patho­
anatomical structure(s) involved, perform . a l imited 
problem-centered examination to identify specific impair­
ments, and provide treatment that is congruent with the 
stage for rehabilitation determined according to the 
guidelines outlined in Chapter 2 .  

In general, patients for which a movement system syn­
drome cannot be determined are classified as having a 
knee impairment, which is a broad term that encompasses 
a wide array of structural impairments or injuries. An 
exhaustive discussion of the potential knee injuries a 
physical tllerapist might treat and tlle surgical procedures 
after which a patient may be referred to physical therapy 
is beyond the scope of this text. However, to provide 
optimal care for the patient, the physical therapist must 
have a thorough understanding of tlle possible structures 
of the knee implicated for a particular injury and be 
familiar witll common surgical procedures used by refer­
ring physicians. See the Chapter 7 Appendix for addi­
tional information regarding specific tissue properties of 
the structures of tlle knee, as well as treaunent guidelines 
for each stage of rehabilitation. 

Because tlle knee impairment classification is rela­
tively nonspecific, the physical tllerapist should provide 
a source diagnosis, if possible, to guide treaunent. Recall 
from Chapter 2 that if  a movement system diagnosis 
cannot be determined, the diagnosis made by the physi­
cal therapist is based on tlle pathoanatomical structure 
involved, as identified by the physician; the procedure 
performed, if any; and the stage for rehabilitation. For 
example, if a patient presents to physical therapy 3 days 
after an ACL reconstruction, the diagnosis made by the 
physical therapist would likely be as follows: ACL tear, 
status/post ACL reconstruction, Stage 1 .  If the specific 
pathoanatomical structure cannot be determined or has 
not been specified by the physician, the classification of 
knee impairment should be used to identify the region 
of the body that is impaired, with an appropriate stage 
for rehabilitation. 

As the patient progresses Witll physical therapy after 
an acute injury or surgical procedure, the physical thera­
pist should attend to any underlying movement impair­
ments that either develop or are identified with a more 
thorough examination. If a movement system syndrome 
can be determined, tlle physical tllerapist should use this 
diagnosis, with the appropriate stage for rehabilitation, 
to guide treaUnent relative to specific movement impair­
ments. If no underlying movement impairment can be 
determined, the physical therapist should continue to 
progress treaU1lent as tolerated according to the stage for 
rehabilitation associated witll the source diagnosis 
provided . I 7J , IH  

CONCLUSION 

This chapter offers the reader the diagnostic framework 
to effectively evaluate and treat chronic, acute, and post­
surgical knee pain. By specifically identifying movement 
impairments and considering tlle tissue characteristics of 
pathoanatomical structures in the knee, tlle physical ther­
apist can be more readily prepared to provide optimal 
treaU11ent and education to patients who present witll 
knee pain than attempting to develop a program without 
identifying an tmderlying syndrome. 
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Tibiofemoral Rotation Syndrome 

The principal movement impairment in tibiofemoral rotation (TFR) syndrome is knee joint pain associated with 

impaired rotation of the tibiofemoral joint (lateral rotation of the tibia and/or medial rotation of the femur). Correc­

tion of impairment often decreases symptoms. The subcategories of TFR syndrome are TFR with valgus (TFRVal) 

syndrome: Valgus knee during static/dynamic activities and TFR with varus (TFRVar) syndrome: Varus knee during 

static/ dyna mic activities. 

Symptoms and History 

• Pain along knee joint line or peri patellar 
pam 

• Pain associated with weight-bearing activities 
(running) or non-weight-bearing activities 
(sitting) 

• History of early stages of OAlDJD 
• Often seen in individuals participating in 

activities requiring LR of the tibia such as 
ballet dancers, soccer players, equestrians, 
skaters, and swimmers (breast stroke) 

• In ITB friction syndrome, diffuse pain is 
l ocated over region of the lateral epicondyle 
of femur. Often aggravated with running 
downhill or cycling 

Common Referring Diagnoses 
• MCL sprain (acute, grade 1, or chronic) 
• Patellofemoral joint dysfunction 
• Hamstring tendinopathy or strain 
• ITB friction syndrome 
• Popliteus tendinopathy or muscle strain 
• Pes anserine bursitis or tendinopathy 
• Meniscal injury 

Key Tests and Signs for Movement Impairment 

Alignment Analysis 

Standing 
• LR of tibia or MR of femur 

• TFRVar: Varus knee, supinated foot; knee hyperextension may be present 
• TFRVal: valgus knee, pronated foot, oblique popliteal crease 

Movement Impairment Analysis 
• Step-down, squat, or single-leg hop: TFR or knee valgus 

• If painful, correction decreases symptoms 
• Gait: Observe MR of femur on stance or LR of tibia during swing 

• Varus: May demonstrate a varus thrust 
• Single-leg stance: Observe MR of femur on stance leg on involved side 

Observe LR of tibia during knee flexion of non-weight-bearing leg on 
involved side 

• Prone knee flexion: Observe LR of tibia 
• Prone hip rotation: Excessive rotation or gliding of tibia relative to femur 
Aggravating or Frequent Functional Activity 
• Observe MR of femur or LR of tibia during activity 

• If painful, correction decreases symptoms 
Muscle Length 
• Hip flexor length test: Short TFL-ITB. 

• May observe rotation of tibia as hip is extended in midline 
• May have pain in neutral hip position 
• Decreased pain with manual correction of tibial rotation 

Muscle Strength/Performance Impairments 
• Weak posterior gluteus medius 
• Weak inu'insic hip LR. Observe LR of tibia with performance 
• WeakTFL 

ACl, Anterior cruciate ligament; AVN, avascular necrosis; DJD, degenerative joint disease; FCl, fibular collateral ligament; ITB, iliotibial band; 

lCl, lateral collateral ligament; lR, lateral rotation; MCl, medial collateral ligament; MR, medial rotation; OA, osteoarthritis; PCl, posterior cruci­

ate ligament; RA, rheumatoid arthritis; ROM, range of motion; SCFE, slipped capital femoral epiphysis; TCl, tibial collateral ligament; TFl, tensor 

fascia latae; TFl-ITB, tensor fascia latae-iliotibial band. 



Source of Signs and Symptoms 

Tibiofemoral Joint Involvement 
• Palpation: Positive pain along joint 

line 
• Meniscal tests: May experience mild 

tenderness with meniscal tests that 
involve rotation 

Patellofemoral Pain 
• Palpation: Positive pain along facets 

of patella and femoral condyles 
ITS Friction Syndrome (ITS FS) 
• Palpation: Positive pain along the 

insertion of ITB over the lateral 
epicondyle 

• I-lip flexor length test: Resisted knee 
extension may increase lateral knee 
pam 

• Noble test: Positive 
Meniscus 
• Suggestive history 
• Locking of knee 
• Two positive provocative tests! 

• McMurray's 
• Joint line palpation (significant 

pain) 
• Apley's 
• Bohler's 
• Steinman's 
• Payr's 

ACL 
• Suggestive history 
• Positive anterior drawer test 
• Positive Lachman's test 
PCL 
• Suggestive history 
• Positive sag sign 
• Positive posterior drawer 
TCL (MCL) 
• Suggestive history 
• Positive valgus test 
FCL (LCL) 
• Suggestive history 
• Positive varus test 
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Associated Signs or Contributing Factors 

Joint Integrity 
• May have excessive tibiofemoral rotation 

ROM 
Muscle Length 
• Short gastrocnemius 
• Active or passive dorsiflexion with the knee 

extended 
• May be painful and may observe tibial LR 
Muscle Strength/Performance 
Impairments 
• Poor functional performance of quads in 

stairs and sit-to-stand 
• May have poor abdominal control 
Structural Variations 
• Femoral antetorsion 
• Genu recurvatum 
• Genu valgus 
• Tibial torsion 
• Tibial varum in frontal or sagittal plane 
• "Hypermobility syndrome" = increased 

general laxity 

Differential Diagnosis 

Movement Diagnosis 
• Patellar lateral glide 
• Tibiofemoral accessOIY 

hypermobility 
• Low back syndrome 
• Femoral syndrome 
• Hip extension/knee extension 
Potential Diagnoses Requiring 
Referral Suggested by Signs 
and Symptoms 

Musculoskeletal 
• Meniscal injury 
• Llternal derangement 
• OAlDJD 
• MCL sprain (grade 2 or 3)  
• LCL sprain 
• Posterolateral corner injury 
• Acute or recurrent patellar 

dislocation or subluxation 
• Fracture 
• Sinding-Larsen-Johansson 

disease 
• AVN of knee 
• Osteochondri tis dissecans: 

Baker's cyst 
• SCFE 
• AVN of hip 
• Legg-Calve-Perthes disease 
• L3-L5 radiculopathy 
Other 
• RA 
• Gout 
• Lyme disease 
• Neoplasm 
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Treatment 

Emphasis of treatment is decreasing excessive rotation 
between the tibia on the femur. 

Patient Education 
The goal of patient education is correction of impaired 
postural habits and movem ents. 
1. Alignment 

A. Improve alignment between femur and tibia. 
1 .  Relax/unlock knees to reduce knee hyperex­

tension if present. 
2. Ideally, align knees over feet with neutral rota­

tion of hips and tibias by decreasing MR of 
femur and LR of tibia. 

3. NOTE: If structural tibial torsion or femoral 
anteversion or retroversion is present, ideal 
alignment will not be possible. Instruct patient 
in proper alignment that accommodates these 
structural impairments. For example, if the 
person has the following: 
a. Tibial torsion: Allow appearance lateral 

deviation of the foot or "turn out" of the 
tibia and the foot. 

b. Femoral anteversion (torsion): Allow the 
appearance of MR of femur. 

B. Valgus: Individuals often stand with foot aligned 
laterally to the hip. The individual may or may 
not be able to correct entirely. Must accommo­
date for structural variations such as structural 
valgus, excessive soft tissue of thigh. 

II. Functional activities that contribute to the move­
ment impairment must be addressed. 
A. Gait 

1 .  Avoid hip MR and knee hyperextension during 
stance phase of gait cycle. 

2 .  Encourage proper heel-to-toe gait pattern 
(common fault is decreased push-off) . 
a. If patient has the impairm ent of hyperex­

tension, cue the patient to " lift the heel" to 
discourage recruitment of the hamstrings. 

b. If patient demonstrates MR of the femur 
without hyperextension, cue the patient to 
contract the gluteal muscles to control 
femoral MR. If the patient has difficulty 
contracting the gluteals on command an 
exercise such as weight shifting may be 
useful to teach proper contraction. Gait can 
then be attempted to see if contraction 
ability improves. 

c. TFRVar: In severe cases, the patient may 
be instructed to walk with a s light toe-out 
gait. Instruct the patient to rotate laterally 
at the hip and avoid lateral rotation at the 
tibiofemoral joint. 

d. Patient may require an assistive device to 
decrease the forces through the affected 
knee. 

(1) Cane is used in the opposite hand of the 
impaired lower extremity. 

(2) EXCEPTION: If patient has a varus align­
ment and using the cane in the opposite 
hand does not reduce symptoms, the 
cane may be placed on the same side of 
the affected knee. Observe gait to deter­
mine if desired effect of reducing varus 
alignment is being achieved. Also use 
the patient's pain response to determine 
the proper side of cane placement. 

B. Sit-to-stand; stand-to-sit 
1. Slide forward in chair. 
2. Feet hip-width apart and al igned behind 

knees. 
3. Use quadriceps and gluteus maximus muscles 

to lift body up and forward out of chair. 
a. Ensure that dle tibia advances over dle foot 

widl performance (shifts weight forward). 
b. Avoid hip MR. 
c. Avoid pulling knees back to meet body. 

C. Stairs 
1 .  Instruct in use of rail to decrease weight bear­

ing on the involved limb. 
2. Ascending stairs. 

a .  Use quadriceps and gluteus maximus mus­
cles to l ift body up and forward. 
(1) Ensure dlat dle tibia advances over dle 

foot widl performance (shifts weight 
forward). 

b. Avoid hip MR. 
c. Avoid pulling knee back to meet body. 

3 .  Descending stairs. 
a .  Avoid hip MR. 
b. If  difficult to perform without pain 

during initial visit, may need to instruct in 
step-to pattern leading widl the involved 
extremity. 

c. If  significandy limited, patient may need to 
descend stairs backward. 

D. Personal activities (work, school, leisure activ­
ities) 
1 .  Address activities dlat patients are performing 

throughout the day dlat may contribute to the 
movement impairment. These may include 
prolonged sitting, driving, and getting in and 
out of a car. 

2. Address fitness activities early to maintain 
patient's routine. Modifications or alternative 
activities may need to be provided. Modify 
intensity of activities to decrease stress to 
injured tissues. 
a. RUillling 

(1) Interval training is recommended. 
(a) Begin with walking program and 

gradually mix in short bouts of 
ruillling. Graduall y  increase the 



time running and decrease the time 
walking. 

(2) Modify surface of training if  indicated. 
(a) L1Struct patient to initiate running 

with surfaces that reduce the ground 
reaction force on the lower extrem­
ities. A track or chip trail is better 
than asphalt, and asphalt is better 
than concrete. Concrete should be 
avoided if possible. 

(b) Running on a street with a camber 
may contribute to common knee 
problems such as IT B friction syn­
drome. Runners should be encour­
aged to either avoid the camber or 
alternate the direction of their run. 

(3) Modify activities that may encourage 
T FL-IT B recruitment over gluteus 
medius/maximus recruitment. 
(a) Biking: Use of toe clips can encour­

age overrecruitment of the T FL­
IT B. Patient should be encouraged 
to focus more on the pushing phase 
of the cycle and less on the pulling 
phase. 

(b) Running: Patients often run with 
their body weight shifted posteri­
orly (referred to as chasing their 
center of gmvity). Cue the patient to 
shift body weight slightly forward 
to encourage better recruitment of 
tlle gluteal muscles. Sometimes, use 
of a small incline will assist patients 
in shifting the weight forward. 

Home Exercise Program 

Patients should be instructed tllat tlley should not feel an 
increase in their synlptoms during the performance of 
meir exercises. In addition to monitoring for synlptoms, 
they should not experience a "pressure" in the knee 
during exercises. If eimer pain or pressure occurs, they 
should review me instructions to tlle exercise to be sure 
mat mey are performing it correctly and try again. If they 
still experience pain or pressure, mey should discontinue 
this exercise until tlley return for meir next visit. 
1. Improve muscle performance 

A. Intrinsic hip lateral rotators and posterior gluteus 
medius muscles 
1. Strengtllening: Progressing from easiest to 

most difficult. 
a. Prone hip lateral rotation isometrics (prone 

foot pushes). 
b. Prone hip abduction. 
c. Sidelying hip abduction with lateral rota­

tion (levell, 2, or 3). 
(1) Monitor to be sure patient feels the 

contraction in the "seat" region; tlle 
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therapist must palpate to be sur e  that 
me patient is recruiting the correct 
muscles. Common cues for improve 
performance of tlle hip lateral rotators 
include tlle following: 
(a) Positioning: T he pelvis may be 

rotated posteriorly too far. Ask the 
patient to roll the pelvis anteriorly. 

(b) Positioning: Place a pillow between 
the knees. 

(c) Spin me thigh arOlmd an axis lon­
gitudinally tllrough tlle femur. 

(d) CAUTION: Do not use foot as a guide 
for lateral rotation of the hip. 

d. Hip lateral rotation against resistance. 
(1) Sitting: Ligaments of the knee are most 

lax w hen tlle knee is in 90 degrees of 
flexion. T his exercise should be moni­
tored closely to be sure tlle patient is 
able to stabilize the tibia while per­
forming this exercise. 

(2) Standing. 
e. Lunges. 

(1) Perform with lower extremity in good 
alignment; initially without weight or 
resistance. 

(2) Progression. 
(a) Resisted: Using an elastic band 

around proximal tlligh, the tllera­
pist pulls in tlle direction of MR 
and adduction. 

(b) Patients can hold weights in their 
hands. 

2. Recruitment. 
a. Weight shifting with gluteal squeeze on the 

stance lower extremity. 
(1) Progress to standing on one leg Wi tll 

correct alignment. 
(2) Progress to resisted activities of the 

opposite leg while standing on the 
affected leg. 

B. Gluteus maximus muscles 
1 .  Prone hip extension with me knee flexed. 

a. Positioning: Patient's tllat have short 
hip flexors witll require a pi llow under the 
pelvis. 

b. Patient must be able to control the tibial 
positioning during prone knee flexion to 
begin this exercise. 

2. Lunges, squats. 
C. Abdominal muscles (if appropriate) 

1 .  Strengtllening: Lower abdominal progression 
as described by Sahrmann.1 

2. Recruitment: Encourage patient to pull in 
abdominals with functional activities. 

D. Quadriceps muscle 
1. Functional activities. 
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a. Sit to stand, stand to sit, step-ups/step­
downs as tolerated. 

b. Lunges, wall sits as tolerated. 
SPECIAL NOTE: Knees with Malalignment or Excessive 
Varus or Valgus 
It is thought that the quadriceps muscles provide some 
shock absorption to the knee; however, recent studies 
show that increased quadriceps activity can actually 
increase the progression of OA in knees with malalign­
ment. One must consider the compression forces that the 
quadriceps can add to a joint before administering quad­
riceps strengthening activities. Quadriceps performance 
should be enhanced only through the proper perfor­
mance of functional activities, and therapeutic exercises 
to hypertrophy the quadriceps should be avoided in 
patients with malalignment of the knees. 

II . Improve extensibility 
A. T FL-IT B and rectus femoris muscles (l isted in 

the order of least aggressive to most aggressive) 
1. During all stretching exercises, be sure that 

the patient has good abdominal support to 
avoid pelvic anterior tilt or rotation. 
a. Prone bilateral knee flexion: With knees 

and feet together, flex both knees at the 
sam e  time, monitor tibial position and 
avoid LR of tibia. 

2. May need to begin with femurs in an abducted 
position and gradually adduct the hips as the 
patient improves. 

3. Prone hip lateral rotation: Monitor tibial posi­
tion and avoid LR of tibia. 

4. llip flexor length test position: Allow the hip 
to abduct as it extends, then actively adduct 
with the tibia in neutral ( foot pointing forward 
or slightly inward). 

5. Ober test position: Hip in LR and tibia in 
neutral to slight MR (level 3 of posterior 
gluteus medius progression). 

B. Gastrocnemius and hamstring muscles 
1. Active sitting knee extension with dorsiflexion 

in neutral hip rotation. 
2. Hamstring muscles: Prolonged paSSive 

stretches in supine. 
3. Gastrocnemius muscles: Standing runners 

stretch. 

III .  Other 

a. Patients with excessive pronation must 
have tlleir arch supported during this 
stretch (shoes on). 

A. Taping 
1 .  Posterior knee X taping may be helpful. 

a. To control rotation during taping, the 
patient should be positioned so tl13t the 
lower extremity is in the desired position 
before applying the tape. T he patient is 
asked to contract the gluteal muscles to lat­
erally rotate the thigh. 

b. IT B friction syndrome: Tape placed along 
the IT B to support tlle tissue. 

B. Bracing 
1 .  Although bracing may not be the first choice 

in treatment for this patient population, it 
may be an option for patients who are not 
achieving adequate pain control with their 
activities. 
a. One theoretical benefit of bracing is mat it 

can increase proprioception of me knee. )·5 

b. Unloader bracing has seemed to be bene­
ficial in patients with OA and malali­
gnment.6,7 Must consider patient goals, 
motivation, and antllropomorprucs. 

C. Ortllotics 
1 .  Temporary orthotics may be tried to deter­

mine if tlley will be helpful; then custom 
orthotics may be ordered if indicated. 
a. Valgus. 

( 1 )  For pronation tllat is flexible: Ormotics 
to assist in controlling motion at me 
foot. 

b. Varus. 
(1) For a rigid supinated foot: Cushioned 

insert to improve shock absorption. 
D. Pain control 

1. Modalities. 
a. I ce as often as needed. 

2. Modify activities to reduce stress to injured 
tissues. 
a. Daily activities. 
b. Fitness activities. 

E .  Neuromuscular training (see Box 7-2) 



NOTES 
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Tibiofemoral Hypomobility Syndrome 

The principal movement impairment in tibiofemoral hypomobility (TFHypo) syndrome is associated with a limitation 

in the physiological motion of the knee. This limitation may result from degenerative changes in the joint or the 

effects of prolonged immobilization. In type I TFHypo syndrome, the potential for recovery of ROM is good; whereas 

the potential for recovery in type II TFHypo syndrome is poor. 

Symptoms and History 

• Pain with weight bearing (gait, standing, stairs), that decreases 
with rest 

• Pain deep in joint and often described as vague 
• Gradual onset 
Degeneration 
• May complain of stiffness, especially after periods of rest 
• History of remote trauma or surgery to the knee 
• Narrowing of joint space seen on standing radiographs 
• Typically seen in older adults >55 years old 
Immobilization 
• History of recent trauma or surgery 
• Knee ROM has not progressed as expected (slow recovery) 
Common Referring Diagnosis 
• OAlDJD 
• Knee pain 
• Patellofemoral joint dysfunction 
• Knee contracture 

Key Tests and Signs for Movement Impairment 

Alignment Analysis 
• Both conditions may have enlarged joint or signs of mild 

inflammation. 
Movement Impairment Analysis 
• Step-down test: Includes pain and impaired movement 

associated with lack of knee flexion. 
• Gait: Antalgic gait. Ambulates with a flexed knee; decreased 

stride length. 
Aggravating or Frequent Functional Activity 
• Observe limitation of knee ROM during activity. 
Joint Integrity 
• ROM: Decreased PROM flexion andlor extension. Includes 

pain at end ROM tested passively. 
Degeneration 
• Repeated passive end-range flexion and extension should 

decrease pain or improve symptoms. 
• May have PROM loss in capsular pattern (flexion greater 

than extension). 



Source of Signs and Symptoms 

Joint Involvement 
• Palpation: Positive paill along 

joint line 
Meniscal Tests 
• May experience mild tenderness 

with meniscal tests that involve 
rotation 
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Associated Signs or Contributing Factors 

• Both conditions may stand in knee flexion. 
Muscle Length 
• Short gastrocnemius 
• Short hi p flexors 
• Short hamstrings 
Muscle Strength/Performance 
Impairments 
• Manual muscle test: Weakness 

• Gluteus maximus 
• Gastrocnemius 
• Gluteus mediuslhip intrinsic LRs 

• Poor functional performance of quadriceps in 
stairs and sit-to-stand 

Structural Variations 
• May have genu varus or genu valgus 

deformity 
Movement Impairments 
• Gait: Decreased use of plantarflexors from 

loading response to preswing to control! 
advance tibia 

• Visible quadriceps atrophy 

Differential Diagnosis 

Movement Diagnosis 
• Tibiofemoral rotation 
Potential Diagnosis Requiring 
Referral Suggested by Signs and 
Symptoms 

Musculoskeletal 
• Fracture 
• AVN of knee 
• Meniscal dysfunction 
• Ligamentous injury (grades 2 and 3)  
• Rapidly increasing varus deformity 
• AVN of llip 
• OA of hip 
• L3-LS radiculopathy 
• Spinal stenosis 
Other 
• Baker's cyst 
• Neoplasm 
• RA 
• Gout 
• Lyme disease 
• Peripheral vascular disease 
• Popliteal artery occlusion 
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Treatment 
Type I Tibiofemoral Hypomobility Syndrome 

The potential for recovery of ROM is good in patients 
with type I TFHypo syndrome. These individuals dem­
onstrate a limitation in ROM; however, duration of limi­
tation is not long. End-feel to PROM may be stiff: 
however, some extensibility is noted. The therapist 
should monitor progression of ROM over time to deter­
mine if the classification of type I is appropriate. If ROM 
does not improve in 3 to 4 weeks and all treatment 
strategies have been investigated, type II should be 
considered. 

Treatment emphasis is on improving ROM, strength, 
and conditioning, without increasing pain and swelling. 
In the treatment of the knee with degeneration, consider 
that rotation may be contributing to the symptoms. 

Patient Education 
The goal of patient education is correction of impaired 
postural habits and movements. 
I. Al ignment 

A. Correct standing alignment as appropriate. 
B. If structural impairment is present, ideal align­

ment may not be possible. 
II. FWlctional activities that contribute to the move­

ment impairment must be addressed. 
A. Gait 

1 .  Avoid hip MR dur ing stance phase of gait 
cycle .  

2.  Encourage a "rolling" heel-to-toe gait pattern 
(common fault is decreased push-off) .  
a. This i s  to  improve the shock absorption 

value of the foot, as well as encourage 
proper gait pattern .  

b. Patient may require an assistive device to 
decrease the forces through the affected 
knee. 
(1) Cane is used in the opposite hand of the 

impaired lower extremity. 
(2) EXCEPTION: If patient has a varus align­

ment and using the cane in the opposite 
hand does not reduce symptoms, the 
cane may be placed on the same side of 
the affected knee. Observe gait to 
determine if the desired effect of reduc­
ing varus alignment is being achieved. 
Also, use the patient's pain response to 
determine the proper side of cane 
placement. 

B. Sit-to-stand; stand-to-sit 
1 .  Slide forward in chair. 
2. Feet hip-width apart and aligned behind 

knees. 
3. Use quadriceps and gluteus maximus muscles 

to lift body up and forward out of chair. 
a. Ensure that the tibia advances over the foot 

with performance (shifts weight forward). 

4. Avoid hip MR. 
S. Avoid pulling knees back to push against chair 

behind them. 
e. Stairs 

1 .  Instruct in use of rail to decrease weight 
bearing on the involved limb. 

2. Ascending stairs. 
a .  Use quadriceps and gluteus maximus 

muscles to lift body up and forward. 
( 1 )  Ensure that the tibia advances over the 

foot with performance (shifts weight 
forward). 

b. Avoid hip MR. 
c. Avoid pulling knee back to meet body. 

3. Descending stairs. 
a. Avoid hip MR. 
b. If difficult to perform without pain 

during in itial visit, may need to instruct in 
step-to pattern leading with the involved 
extremity. 

c. If significantly limited, patient may need to 
descend stairs backward. 

D. Personal activities (work, school, leisure activi­
ties) 
1 .  Address activities that patients are performing 

throughout tlle day tllat may contribute to the 
movement impairment, including prolonged 
sitting, driving, and getting in and out of a 
car. 

2 .  Fitness activities. 
a. Address fitness early to maintain patient's 

routine. Modifications or alternative activi­
ties may need to be provided. 
(a) Degeneration : While initiating exer­

cises, it is safer to begin with high rep­
etitions of relatively low weight. 

b. Modify intensity of activities to decrease 
stress to injured tisslles. 
(a) Reduce weight bearing during in itial 

phases and gradually increase weight 
bearing as tolerated by the patient . 
(i) Swimming, stationary biking 
(ii) Stair master, ell iptical 
(iii) Treadmill 

III. Education 
A. Degeneration :  Artllritis and joint protection 

education 
1. Risk factors for progression of OA. 

a. Previolls injury to ilie meniscus or 
ligament. 

b. Manual labor Witll prolonged positioning 
of knee flexion. 

c. Obesity. 
d. Laxity of the knee. 
e .  Malalignment of ilie knee. 



Home Exercise Program 
Degeneration 

Patients should be instructed that they should not feel  an 
increase in their symptoms during the performance of 
their  exercises. In addition to monitoring for their symp­
toms, they should not experience a "pressure'! in their 
knee during their exercises. I f  either pain or pressure 
occurs, they should review the instructions to the exercise 
to be sure that they are performing it correctly and try 
again. If tlley stil l  experience pain or pressure, they should 
discontinue this exercise until they return for their next 
visit. 

Immobilization 
Patients should be instructed that they will experience 
some discomfort (often described as pain or pressure) 
witll tllei r exercises to improve ROM. Pati ents should be 
encouraged to continue witll the exercises as tolerated. 
Pain medications should be timed so that they are at 
maximum level during exercises. 

I. Improve muscle performance 
A. Intrinsic hip lateral rotators and posterior gluteus 

medius muscle 
l. Strengthening 

a. Prone hip lateral rotation isometrics (prone 
foot pushes). 

b. Prone hip abduction. 
c. Sidelying hip abduction with lateral rota­

tion (levell, 2, or 3). 
( 1 )  Monitor to be sure patient feels the 

contraction in tlle "seat" region ;  the 
therapist must palpate to be sure that 
the patient is recruiting the correct 
muscles. Common cues for improve 
performance of the hip lateral rotators 
include the following: 
(a) Positioning: The pelvis may be 

rotated posteriorly too far. Ask the 
patient to roll the pelvis anteriorly. 

(b) Positioning: Place a pillow between 
the knees. 

(c) Spin the thigh around an axis lon­
gitudinally tllfough the femur. 

(d) CAUTION: Do not use foot as a guide 
for lateral rotation of the hip. 

d. Lunges. 
(1) Perform with lower extremity is good 

alignment; initially without weight or 
resistance. 

(2) Progression. 
(a) Resisted: Using an elastic band 

around proximal thigh, tll e  thera­
pist pulls in the direction of medial 
rotation and adduction. 

(b) Patients can hold weights in tlleir 
hands. 
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2. Recruitment 
a. Weight shifting with gluteal squeeze on tlle 

stance lower extremity 
(1) Progress to standing on 1 leg with 

correct alignment 
(2) Progress to resisted activities of the 

opposite leg while standing on tlle 
affected leg 

B. Gluteus maximus muscle 
1. Prone hip extension with the knee flexed 

a. Positioning: Patient's that have short hip 
flexors with require a pillow wlder the 
pelvis. 

b. Patient must be able to control tlle tibial 
positioning during prone knee flexion in 
order to begin tllis exercise. 

2. Lunges, squats 
a. CAUTION: Aggressive exercise. Must be 

sure patient is able to perform witllout 
difficulty 

C. Gastrocnemius muscle 
l. Elastic band  resistance 
2. Standing heel raises, bilateral to wlilateral 

D. Abdominal muscles (if appropriate) 
l. Strengthening: Lower abdominal progression 

as described by Sahrmann2 
2. Recruitment: Encourage patient to pull in 

abdominals with functional activi ties 
E. Quadriceps muscle 

l. Strengthen with functional activities on ly 
a. Sit to stand, stand to sit, step-ups/step­

downs as tolerated. 

Knees with Degenerative Changes and Malalignment, 
Excessive Varus or Valgus 
It is thought that the quadriceps muscles provide some 
shock absorption to the knee; however, recent studies 
show that increased quadriceps strength can actually 
increase the progression of OA in knees that have 
malalignment. One must consider the compression forces 
that the quadriceps can add to a joint before administer­
ing quadriceps strengthening activities. The quadriceps 
performance should be enhanced on ly through tlle proper 
performance of functional activities, and therapeutic 
exercises to hypertrophy the quadriceps should be avoided 
in patients Witll malalignment of the knees. 

II. Improve extensibility 
A. Hip flexors (listed in the order of least aggressive 

to most aggressive) 
l. During all stretching exercises, be sure tllat 

the patient has good abdominal support to 
avoid pelvic anterior tilt or rotation . 

2. Supine hip and knee extension (heel slide). 
3. Prone bilateral knee flexion : Witll knees and 

feet together, flex both knees at tlle same time; 
mon itor tibia l  position, avoid LR of tibia. 
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a. May need to begin with femurs in and 
abducted position and gradually adduct the 
hips as the patient improves. 

4. Prone hip lateral rotation: Monitor tibial posi­
tion,  avoid LR of tibia. 

E. Gastrocnemius and hamstrings muscles 
1. Active sitting knee extension with dorsi flexion 

in neutral hip rotation. 
III.  Other 

A. Mobilization 
1. Accessory mobilization 

a. If patient is having pain at rest (e.g., in 11011-

weight-bearing positions such as supine), 
distraction mobilization can be taught to 
the patient. A trial of gentle distraction 
should be performed to determine if  this 
technique will be appropriate. 
(1) Home program: Patient i11 sitting posi­

tion witl1 tl1e foot dangling (a towel 
may be placed under tl1e distal thigh to 
raise tl1e thigh). A lightweight shoe may 
be applied (1 lb). Patient allows the leg 
to dangle up to 10 minutes to help 
relieve discomfort. This may be per­
formed as often as needed to relieve 
pam. 

(2) CAUTION: This activity is used only to 
relieve pain at rest. 

b. Joint mobilization. 
( 1 )  Pain relief: Oscillatory I, II; sustained I, 

II. 
(2) Increasing ROM: Oscillatory III, N; 

sustained III. 
2. Physiological mobilization 

a. Assisted active ROM. 
( 1 )  Supine hip and knee flexion (heel 

slides). 
(a) A towel or sheet may used by the 

patient to provide gentle overpres­
sure. 

(2) Sitting knee flexion/extension. 
(3) Prone knee flexion as previously 

described. 
(4) Stationary biking. 

b. Passive ROM. 
(1) Knee extension : Supine or prone. 
(2) Proprioceptive neuromuscular facilita­

tion (PNF) techniques, such as con­
tract/relax and hold/relax, may be 
usef ul. 

B.  Edema and pain control 
1. Modalities 

a. Ice (if tolerated) 
b. Compression wrap for swelling 
c. Ultrasound 
d. Moist heat pack 
e. Electrical stimulation 

e. Bracing 
1. Degeneration 

a. Bracing should be considered for patients 
who continue to have symptoms that are 
f unctionally limiting. 

b. Unloader bracing has seemed to be 
beneficial in patients with OA and malalign­
ment.6,7 Must consider patient goals, moti­
vation, and anmropomorphics. 

2 .  Immobilization 
a. Dynamic splinting/bracing may used to 

provide a low load, long duration stretch. 
D. Neuromuscular train ing (see Box 7-2) 

Type " Tibiofemoral Hypomobility Syndrome 
The potential for recovery of ROM is poor in patients 
with type II TFHypo syndrome. These individuals may 
report a long duration of loss of ROM, either through 
immobilization or long-standing OA. End-feel to PROM 
to tl1e joint are very stiff, witl1 tl1e soft tissues demonstrat­
ing very little extensibility. When in doubt, it is best to 
classify the individual witl1 type I for a trial period and 
assess the patient's progress appropriately. Emphasis is 
on educating the patient in modifications of functional 
activi ties to accommodate for loss of ROM. 
I. Treatment concepts are similar to the treatment of 

type I TFHypo syndrome; however, modifications 
must be made for the limited ROM of me knee. 
A. Emphasis of treatment should be placed on fimc­

tional activities specific to the patient. See treat­
ment suggestions for type I TFHypo syndrome for 
specifics. 

B. Proper footwear to provide shock absorption and 
proper support to the foot. 

e. Independence in home exercise program to main­
tain current ROM of the knee. 

D. Independence in home exercise program to main­
tain proper movement/alignment of. the adjacent 
joints such as the hip, back, and anklelfoot. 

E. If limi tation significantly affects functional activi­
ties, an occupational therapy consult may be 
advised to address more specific modifications. 
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Knee Extension Syndrome and Knee Extension with 
Patellar Superior Glide Syndrome 

The principal movement impairment in knee extension (Kext) syndrome is knee pain associated with dominance of 

quadriceps muscles that results in excessive pull on the patella, patellar tendon/ligament, or tibial tubercle. The 

Kext syndrome has a subcategory of patellar superior glide (KextSG). 

Symptoms and History 

• Pain with activities that require repeated knee extension 
• Associated with large quadriceps musculature 
• Often present in runners, football linemen, and volleyball 

players 
• Kext: Pain located in suprapatellar region 
• KextSG: Pain located in infra patellar or peri patellar region 

Common Referring Diagnoses 
• Jumper's knee 
• Osgood-Schlatter disease 
• Patellofemoral joint dysfunction 
• Patellar tendonitis 
• Anterior knee pain 
• Chondromalacia patella 
• Plica syndrome 
• Quadriceps strain 

Key Tests and Signs for Movement Impairment 

Alignment Analysis 

Standing 
• Swayback, posterior pelvic tilt 
• KextSG: Patella alta 
Movement Impairment Analysis 
• Step-up: May increase peri patellar pain 

• Observe: Does not shift body weight over the foot 
• Kext: Pain decreases when shifts body weight anteriorly 

(allows the tibia to move anteriorly over the foot) 
• KextSG: Pain decreases with inferior glide provided 

manually on the patella 
Aggravating or Frequent Functional Activity 
• Observe limited knee flexion excursion during activity, even 

though PROM is not limited (landing from a jump), 
demonstrates reduced knee flexion excursion 

Muscle Length 
• Short and/or stiff quadriceps 
Muscle Strength/Performance Impairments 
• Weak gluteus maxil11us 



Source of Signs and Symptoms 

Kext 
• Quad riceps stra i n 

• Resisted tests: Quads will be 
painful with resistance, however 
may test strong 

• Palpation: Tenderness of 
quadriceps tendon or superior 
patellar facet 

KextSG 
• Patellofemoral pain 

• Palpation: Positive pain along 
patellar facets and/or femoral 
condyles 

• Patellar tendinopathy 
• Palpation: Tenderness of 

infra patellar tendon, fat pad, or 
peri patellar region 

• Tibial tuberosity 
• Appearance: Enlarged 
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Associated Signs or Contributing Factors 

Muscle Performance 
• Poor muscle performance of gluteus maximus 
• Overuse of quadriceps 
Structural Variations 
• Enlarged tibial tubercle 

Differential Diagnosis 

Movement Diagnosis 
• Tibiofemoral rotation 
• Patellar lateral glide 
Potential Diagnosis Requiring 
Referral Suggested by Signs 
and Symptoms 

Musculoskeletal 
• Fracture 
• Osgood-Schlatter disease 
• Sinding- Larsen-Johansson disease 
• AVN of lmee 
• Osteochondri tis dissecans 
• SCFE 
• AVN of Hip 
• Legg-Calve-Perthes disease 
• L3-LS radiculopathy 
• Baker's cyst 
Other 
• RA 

• Gout 
• Lyme disease 
• Neoplasm 
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Treatment 

Treatment emphasis in Kext syndrome is on decreasing 
the activity of the quadriceps while improving the per­
formance of the hip extensors. In KextSG syndrome, 
treatment emphasis is similar to Kext syndrome; however, 
methods to stabilize the patellar glide may need to be 
implemented. 

Patient Education 
The following treatment is appropriate for both Kext and 
KextSG syndromes unless otherwise noted. The goal of 
patient education is correction of impaired postural 
habits and movements. 
I. Alignment 

A. Correct alignment as appropriate 
II. Functional activities that contribute to the move­

ment impairment must be addressed. 
A. Gait 

1. Encourage proper heel-to-toe gait pattern 
(common fault is decreased push-off). 

2 .  Cue the patient to push off with the toes. 
Patient may also benefit from cues to shift 
weight slightly forward. 

B. Sit-to-stand; stand-to-sit 
1 .  Slide forward in chair. 
2. Feet hip-width apart and aligned behind 

knees. 
3 .  Use quadriceps and gluteus maximus muscles 

to lift body up and forward out of chair. 
a. E nsure that the tibia advances over tlle 

foot with performance (shifts weight 
forward). 

C. Sitting 
1. Patient should avoid prolonged periods of 

increased knee flexion (290 degrees). 
a. Take standing/walking breaks every 30 

minutes. 
b. When unable to take breaks, use sitting 

knee extension to decrease time spent in 
knee flexion. 

c. Patients with short rectus femoris muscles 
may need to sit with the knee in relatively 
less flexion initially. As symptoms improve, 
they should be instructed to gradually flex 
tlle knee until they are at a normal 
position. 

D. Stairs 
1. Instruct in use of rail to decrease weight 

bearing on tlle involved limb. 
2. Ascending stairs. 

a. Emphasize tlle use of the gluteus maximus 
muscle to lift body up and forward. 
( 1 )  E nsure that the tibia advances over the 

foot with performance (shifts weight 
forward). 

3. Descending stairs. 
(1) If difficult to perform without pain 

during initial visit, may need to instruct 

in step-to pattern, leading with the 
involved extremity. 

b. If significantly limited, patient may 
need to descend stairs backward. 

E. Personal activities (work, school ,  leisure activi­
ties) 
1. Address activities that patients perform 

throughout the day that may contribute to the 
movement impairment. These may include 
prolonged standing or sitting. 

2. Fitness activities. 
a. Address fitness early to maintain patient's 

routine. Modifications or alternative activi­
ties may need to be provided. 

b. Modify intensity of activities to decrease 
stress to injured tissues. 
( 1 )  Running 

(a) Interval training is recommended. 
1. Begin witll walking program and 

gradually mix in short bouts of 
running. Gradually increase the 
time running and decrease the 
time walking. 

(b) Modify surface of training if indi­
cated. 
11 .  Instruct patient to initiate rwl­

ning witll surfaces tllat reduce 
the ground reaction force on the 
lower extremities. A track or 
chip trail is better than asphalt  
and asphalt is better than con­
crete. Concrete should be 
avoided if possible. 

(c) Modify strength training. 
1. Patients should be discouraged 

from performing resistance acti­
viti es to increase the hypertro­
phy of the quadriceps muscles. 

(d) Modify activities to encourage 
gluteus medius/maxim us muscle 
recruitnlent. 
1. Biking: Patient should be 

encouraged to focus more on the 
pushing phase of the cycle 
(extension of hip z:: gluts) and 
less on tlle puJling phase (knee 
flexion = hams). 

11 .  RlUU1ing: Patients often run 
Witll thei r body weight shifted 
posteriorly (referred to as chasing 
thei1' center of gravity in Sah­
rmann2). Cue tl1e patient to shift 
body weight slightly forward to 
encourage better recruitment of 
tl1e gluteal muscles. Sometimes, 
use of a small incline will assist 
the pati ent in shifting tl1e weight 
forward. 



Home Exercise Program 

The patient should be instructed that they should not feel 
an increase in their symptoms during the performance of 
their exercises. If this occurs, they should review the 
instructions to the exercise to be sure that they are per­
forming it correctly and try again. If they still experience 
pain, tlley should discontinue this exercise until they 
return for their next visit. 
I. Improve muscle performance 

A. Gluteus maximus muscle 
1. Prone hip extension witl1 the knee flexed. 

a. Patient may require a pillow under the 
pelvis if short hip flexors. 

2. Weight shifting with gluteal squeeze on the 
stance lower extremity. 
a. Progress to standing on 1 leg with correct 

a lignmen t. 
b. Progress to resisted activi ties of the 

opposite leg while standing on the affected 
leg. 

3 .  Lunges, squats. 
a. CAUTION: In patients who have knee exten­

sion, the quadriceps muscles place excessive 
pull on the patellar tendon and tibial tuber­
cle. Quadriceps strengthening would be 
contraindicated in these pati ents. 

II. Improve extensibility 
A. Quadriceps muscles ( l isted in the order of least 

aggressive to most aggressive) 
1. During all stretching exercises, be sure that 

the patient has good abdonUnal support to 
avoid pelvic anterior ti lt or rotation .  
a. KextSG: During performance of exercises 

that stretch the quadriceps, patellar taping 
to reduce patellar glide may be required i f  
the pati ent cannot perform the exercises 
without an increase in symptoms. 

ill. Other 
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b. Prone knee flexion. 
( 1 )  May need to begin witl1 pillows under 

pelvis i f  patient also has short hip 
flexors. 

(2) Perform within range that does not 
increase symptoms. 

c. Prone hip lateral rotation. 
d. Hip flexor length test position: Instruct the 

patient to flex the knee while the hip is in 
neutral rotation and neutral hip abduction/ 
adduction. 

A. Taping or bracing 
1 .  KextSG 

a. Horseshoe taping to discourage supenor 
glide. 

b. Cho-pat strap across tl1e patellar tendon. 
2 .  Patellar joint mobilization 

a. KextSG 
(1) Inferior glides to patella. 

a. Initially may need to perform least 
aggressive grades (I and II) but 
should be able to progress to more 
aggressive grades quickly. Grades ITI 
and IV are usually tolerated well. 
Patient may be instructed in proper 
performance for home exercIse 
program. 

(2) Mobilization witl1 movement. 
b. Sitting knee flexion :  The patient allows the 

knee to flex from the fully extended posi­
tion. As the knee flexes, the patient per­
forms an inferior glide of tl1e patella. 

3 .  Pain control 
a. Modalities. 

(1) Ice as often as needed. 
4. Neuromuscular training (see Box 7-2) 
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Knee Hyperextension Syndrome 

The principal movement impairment in knee hyperextension (Khext) syndrome is knee pain associated with impaired 

knee extensor mechanism. Dominance of hamstrings and poor functional performance of gluteus maximus and 

quadriceps muscles result in hyperextension of the knee placing excessive stresses on the structures of the knee. 

Symptoms and History 

• Pain located peripatelJar, joint line, or 
posterior knee pain; especially with activities 
that require repetitive knee extension 

• Often present in activities that require rapid 
knee extension: Swimming (freestyle or 
breaststroke) , kickboxing, martia l arts 

• Race walkers (prolonged foot flat) 
• Increased pain at end-range extension 

positioning such as standing 
Common Referring Diagnoses 
• Patellofemoral joint dysfunction 
• Fat pad syndrome 
• Anterior knee pain 
• Chondromalacia patella 
• Plica syndrome 
• Baker's cyst 

Key Tests and Signs for Movement Impairment 

Alignment Analysis 

Standing 
• Knee extension >5 degrees 
• Posterior pelvic tilt 
• Ankle plantarflexion 
Movement Impairment Analysis 
• Single-leg stance: Hyperextension of the knee on the stance limb 
• Step-up: May increase pain 

• Observe: Does not shift body weight over the foot and demonstrates 
faulty movement of knee back to body 

• Hyperextension of knee may occur at final phase of step-up 
Aggravating or Frequent Functional Activity 
• Observe hyperextension of the knee during activity 

• If painful, correction decreases symptoms 
Gait 
• Excessive knee hyperextension during gait; ma y occur at heel strike through 

just prior to heel off; may have hard heel strike 
Joint Integrity 
• PROM: Knee extension > 10 degrees; however, acute fl are-ups of pain may 

demonstrate reduced knee extension 
Muscle Strength 
• Prone hip extension 

• Poor muscle performance of gluteus maxim us 
• Overuse of hamsu'ings 



Source of Signs and Symptoms 

• Fat pad 
• Palpation: Tenderness of fat 

pad. 
• Patellofemoral pain 

• Palpation: Positive pain along 
facets of patella and femoral 
condyles. 

• Posterior StrucUlres of the knee 
• Palpation: Tenderness posterior 

knee 
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Associated Signs or Contributing Factors 

Muscle Performance 
• Poor performance of quadriceps 
• Poor performance of abdominals 
Muscle Length/Joint ROM 
• Short gastrocnemius 
Structural Variations 
• "Hypermobility syndrome" = increased 

general laxity 
• 6/9 positive on Beighton's scale8 

Differential Diagnosis 

Movement Diagnosis 
• Tibiofemoral rotation 
• Patellar lateral glide 
Potential Diagnosis Requiring 
Referral Suggested by Signs 
and Symptoms 

Musculoskeletal 
• FracUlre 
• Jumper's knee 
• Osgood-Schlatter disease 
• Sinding-Larsen-Johansson disease 
• AVN of knee 
• Osteochondritis dissecans 
• SCFE 
• AVN of Hip 
• Legg-Calve-Perthes disease 
• L3-L5 radiculopathy 
Other 
• RA 
• Gout 
• Lyn1e disease 
• Neoplasm 
• Baker's cyst 
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Treatment 

Treatment emphasis in knee hyperextension syndrome is 
to decrease hyperextension of the knee. 

Patient Education 
The goal of patient education is correction of impaired 
postural habits and movements. 
1.  Alignment 

A. Improve alignment between femur and tibia. 
1 .  Relax/unlock knees to reduce hyperextension 

of knee. 
a. Improve alignment of pelvis if applicable. 

I I. Functional activities that contr ibute to the move­
ment impairment must be addressed 
A. Gait 

1. Encourage proper heel-to-toe gait pattern. 
a. Knee hyperextension. 

(1) Avoid knee hyperextension during 
stance phase of gait cycle. 

(2) Cue the patient to "lift the heel" to 
discourage overrecruitment of the 
hamstrings. 

(3) Cue to land softly on the heel at heel 
str ike. 

B. Sit-to-stand; stand-to-sit 
1. Slide forward in chair. 
2. Feet hip-width apart and aligned behind 

knees. 
3. Use quadriceps and gluteus maximus muscles 

to lift body up and forward out of chair. 
a. Ensure that the tibia advances over the foot 

with performance. 
4. Avoid pulling knees back to meet body; final 

position of knee should be relaxed knee (not 
hyperextension). 

C. Stairs 
1. Instruct in use of rail to decrease weight 

bearing on the involved limb. 
2 .  Ascending stairs. 

a. Use quadriceps and gluteus maximus mus­
cles to lift body up and forward. 
(1) Ensure that the tibia advances over the 

foot with performance. 
b. Avoid pulling knee back to meet body. 

3 .  Descending stairs. 
a. If patient is unable to perform without pain 

during initial visit, may need to instruct in 
step-to pattern leading with the involved 
extremity. 

b. If significantly limited, patient may need to 
descend stairs backward. 

D. Personal activities (work, school, leisure activi­
ties) 
1. Address actIVItIeS that patients perform 

throughout the day that may contr ibute to the 
movement impairment. These may include 
prolonged standing. 

2. Fitness activities. 
a. Address fitness early to maintain patient's 

routine. Modifications or alternative activi­
ties may need to be provided. 

b. Modify intensity of activities to decrease 
stress to injured tissues. 
(1) Running 

(a) Interval tI·aining is recommended. 
I .  Begin with walking program and 

gradually mix in short bouts of 
running. Gradually increase the 
time running and decrease the 
time walking. 

(b) Modify surface of training if 
indicated. 
I. Instruct patient to initiate rilll­

ning with surfaces that reduce 
the groillld reaction force on the 
lower extremities. A track or 
chip trail is better tllan asphalt 
and asphalt is better than con­
crete. Concrete should be avoi­
ded if possible. 

JI. Running on a street with a 
camber may contribute to 
common knee problems such as 
ITB friction syndrome. Runners 
should be encouraged to eitller 
avoid tlle camber or alternate 
tlle direction of tlleir rilll . 

c. Modify activities to encourage gluteus 
medius/maximus muscle recruitInent. 
( 1 )  Biking: Patients should be encouraged 

to focus more on the pushing phase of 
the cycle (extension of hip = gluts) and 
less on tlle pulling phase (knee flexion 
= hams). 

(2) Running: Patients often run with their 
body weight shifted posteriorly (refer­
red to as cbasing tbe centel' of gmvity in 
Sahnnann2). Cue tlle patient to shift 
body weight slightly forward to encour­
age better recruitInent of tlle gluteal 
muscles. Sometimes, use of a small 
incline will assist the patient in shifting 
the weight forward.  

d. Kickboxing: Educate patients to decrease 
speed of kicks to improve control of l imb. 

e. Swimming: Educate patients to decrease 
intensity of wall push-off with turning. 

Home Exercise Program 
Patients should be instructed that they should not feel an 
increase in their symptoms during the performance of 
their exercises. If tllis occurs, tlley should review the 
instructions to the exercise to be sure that tlley are per­
forming it correctly and try again. If they still experience 



pain, they should discontinue this exerCise until they 
return for their next visit. 
1. Improve muscle performance 

A. Gluteus maximus 
1. Prone hip extension with the knee flexed. 

a. Patient may require a pillow under the 
pelvis if short hip flexors. 

2. Weight shifting with gluteal squeeze on the 
stance lower extremity. 
a. Progress to standing on 1 leg with correct 

alignment 
b. Progress to resisted activities of the oppo­

site leg while standing on the affected leg 
3.  Lunges, squats. 

B. Abdominals (if appropriate) 
1. Strengthening: Lower abdominal progression 

as described by Sahrmann.2 
2. Recruitment: Encourage pati ent to pull in 

abdominals with functional activities. 
C. Quadriceps 

1. Progress quadriceps strengthening according 
to pain and results of resisted testing and func­
tional testing such as stairs. 
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2. Quadriceps: Sit to stand, wall sits, step-ups/ 
step downs, lunges (emphasize correct hip and 
tibial alignment). 

II. Improve extensibility 
A. Gastrocnemius muscles 

1 .  Active sitting knee extension with dorsiflexion 
in neutral hip rotation. 

2. Standing runners stretch. 
B. Hamstrings 

1 .  Prolonged hamstring stretch, maintain proper 
spinal alignment. 

III. Other 
A. Taping or bracing 

1. Knee hyperextension. 
a. Posterior knee X taping to decrease hyper­

extension of the knee 
b. Unloader V taping to unload the fat pad 

B. Pain control 
1. Modaliti es. 

a. Ice as often as needed. 
C. Neuromuscular training (see Box 7-2) 
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Patellar Lateral Glide Syndrome 

The principal movement impairment in patellar lateral glide syndrome is knee pain as a result of an impaired patellar 

relationship within the trochlear groove. Often a secondary diagnosis and therefore the movement impairments of 

tibiofemoral rotation (TFR) or knee hyperextension (Khext) should be considered. Correction of impairment often 

decreases symptoms. 

Symptoms and History 

• Peri patellar or retropatellar pai n with 
any activity that requires loaded knee 
A exion/extension (stairs, running hills, 
squatting) 

• Increased pain with sustained knee 
Aexi on in sitting (movie goen syndl'ome) 

• Often associ ated with tibiofemoral 
rotation 

Common Referring Diagnoses 
• Patellofemoral joi nt dysfunction 
• Ch ondromalacia patella 
• Anterior knee pain 
• Patellar di slocation 
• Pli ca syndrome 

Key Tests and Signs for Movement Impairment 

Alignment Analysis 
• Structural: Patella alta or infera 
• Nonstructural: Lateral, rotated, tilted 
Movement Impairment Analysis 
• Squat test, step-down: Increased peripatellar pain 

• Decreased pain with manual correction of patellar posi tioning 
• Prone knee A exion: May have pain with performance 

• Decreased pain with manual correction of patellar posi tioning 
• Isometric quadriceps contraction: In long sitti ng, patella tracks laterally 
• Sitting knee extension: Excessive lateral glide of the patella 
Aggravating or Frequent Functional Activity 
• Increased pain during acti vity 

• If painful, correcti on of patellar positioning decreases symptoms 
Muscle Length 
• Hip A exor length test: Short TFL-ITB. May have pain in neuu"al hip posi tion 

• Decreased pain with manual correction of patellar positioning 
Muscle Strength/Performance Impairments 
• Possible poor performance of quadriceps, particularly the VaSITIS medialis oblique 

(VMO) 



Source of Signs and Symptoms 

• Patellofemoral pain 
• Palpation: Positive pain along 

patellar facets and/or femoral 
condyle 

• Positive McConnell test 
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Associated Signs or Contributing Factors 

Muscle Length 
• Short/stiff lateral patellar retinacula 
• Short/stiff gluteus maximuslITB 
Muscle Strength/Performance 
Impairments 
• Manual muscle test: Weakness in posterior 

gluteus medius and hip LRs 
Structural Variations 
• Small patellae: May be associated with 

dislocation or subluxation 
• Flat lateral femoral condyle 
• Often associated with other movement 

diagnosis 
• Tibiofemoral rotation 
• Knee hyperextension 

Differential Diagnosis 

Movement Diagnosis 
• Tibiofemoral rotation 
• Knee extension with patellar 

superior glide 
• Knee hyperextension 
Potential Diagnosis Requiring 
Referral Suggested by Signs and 
Symptoms 

Musculoskeletal 
• OAlDJD 
• Acute or recurrent patellar 

disloca tion/su bluxa tion 
• Fracture 
• Sinding-Larsen-J ohansson disease 
• AVN of knee 
• Osteochondritis dissecans 
• SCFE 
• AVN of hip 
• Legg-Calve-Perthes disease 
• L3-L5 radiculopathy 
Other 
• RA 
• Gout 
• Lyme disease 
• Neoplasm 
• Baker's cyst 
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Treatment 

Treaunent emphasis in patellar lateral glide syndrome is 
to address the impairment of patellar tracking. If patellar 
lateral glide syndrome is given as a secondary diagnosis, 
please refer to the treaunent descr ibed for the primary 
diagnosis (tibiofemoral rotation or knee hyperextension) 
in addition to the treaunent described below. 

Patient Education 
The goal of patient education is correction of impaired 
postural habits and movements. 
1. AJignment 

A. Correct alignment as appropriate 
II. Functional activities that contribute to the move­

ment impairment must be addressed 
A. If a primary diagnosis of tibiofemoral rotation or 

knee hyperextension is determined, see treatment 
for the primary diagnosis. 

B. Stairs 
1 .  Instruct in use of rail to decrease weight 

bearing on the involved limb. 
2. Ascending stairs. 

a. Use quadriceps and gluteus maximus to lift 
body up and forward. 

3 .  Descending stairs. 
a. I f  difficult to perform without pain 

during initial visit, may need to instruct in 
step-to pattern leading with the involved 
extremity. 

b. If significantly limited, patient may need to 

descend stairs backwards. 
C. Sitting 

1 .  Patient should avoid prolonged periods of 
increased knee flexion (�90 degrees). 
a. Take standing/walking breaks every 30 

minutes. 
b. When unable to take breaks, use sitting 

knee extension to decrease time spent in 
knee flexion. 

c. In patients with short TFL-ITB, they may 
need to sit Witll the thighs slightly abducted 
initially. As symptoms improve, they should 
be instructed to gradually adduct the thigh 
until they are at a normal position. 

D. Personal activities (work, school, leisure 
activities) 
1 .  Address activities that patients are performing 

throughout tlle day which are pain provoking 
for the patient. 

2. Fitness activities. 

Home Exercise Program 
The patient should be instructed that they should not feel 
an increase in their symptoms during the performance of 
their exercises. In addition to monitoring for their 

symptoms, they should not experience a "pressure" in 
their knee during their exercises. If either pain or pres­
sure occurs, they should review the instructions to tlle 
exercise to be sure that they are perfornling it correctly 
and try again. If tlley still experience pain or pressure, 
they should discontinue this exercise until they return for 
tlleir next visit. 
1. Improve muscle performance 

A. If a primary diagnosis of tibiofemoral rotation or 
hyperextension is determined, see treatment for 
the primary diagnosis. 
1 .  Quadriceps 

a. Recommend use of functional activities to 
improve quadriceps performance (listed in 
order of difficulty beginning with least 
aggressive) 
( 1 )  Sit to stand transfers 
(2) Step-ups may progress to step downs as 

patient's symptoms improve 
(3) Lunges 
(4) Squats 
(5) Biofeedback may be beneficial for 

improving possible timing or recruit­
ment of tlle vastus medialis oblique 
(VMO) muscle 

II. Improve extensibil ity 
A. TFL-ITB 

1 .  Listed in the order of least aggressive to most 
aggressIve. 

2. During all stretching exercises, be sure that 
the patient has good abdominal support to 

avoid pelvic anterior tilt or rotation. 
3 .  During performance of exercises that stretch 

the TFL-ITB, patellar taping to reduce patel­
lar glide may be required if the patient cannot 
perform the exercises without an increase in 
symptoms. 
a. Prone knee flexion 

( 1 )  May need to begin with femurs in an 
abducted position and gradually adduct 
the hips as the patient improves. 

b. Prone hip lateral rotation 
c. Hip flexor length test position :  AJlow the 

hip to abduct as it extends then actively 
adduct with the tibia in neutral 

d. Ober test position : Hip in lateral rotation 
and tibia in neutral to slight medial rotation 
(level 3 of post. glut. med. progression) 

B. Other muscles (as needed) 
1 .  Lateral patellar retinaculum 
2: Gluteus maximus/ITB 

C. Other 
1 .  Patellar taping/bracing 

a. McConnell taping for medial glide 
2 .  Patellar joint mobilization 

a. Medial glide to patella 



b. Initially may need to perform least aggres­
sive grades (1, II), but should be able to 
p rogress to more aggressive grades quickly. 
Grades ill, IVs are usually tolerated well. 
Patient may be instructed in p roper perfor­
mance for home exercise p rogram. 
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3. Pain control 
a. Modalities 

( 1 )  Ice as often as needed 
4. Neuromuscular training (see Box 7-2) 
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Knee Impairment 

Knee impairment is the classification given in the absence 
of a specific movement impairment diagnosis or when a 
diagnosis cannot not be determined because of pain, 
physician-imposed restrictions, or both. If possible, the 
physical therapist should determine the pathoanatomical 
structure involved, as identified by the physician; the 
procedure performed, if any; and the stage for 
reha bilita tion. 

Factors that affect the physical stress of tissue andlor 
thresholds of tissue adaptation and injurylO include the 
following: 
1. Physiological factors 

A. Tissue factors specific to the knee 
1. Bone 

a. Tibial plateau 
( 1 )  Cancellous bone and poor vascular 

supply. 
(2) Often non-weight-bearing for 2 to 3 

months. 
b. Patella fracture: Quad contraction often 

contraindicated 
2. Cartilage 

a. Meniscus 
(1) Red zone: Peripheral one-third vascu­

lar, with good healing potential. 
(2) Pink zone: Middle one-third vascular­

ity, with variable healing potential. 
(3) White zone: Inner one-third avascular, 

with poor healing. 
(4) Increased compression of meniscus at 

90 degrees of knee flexion. 
(5) Aggressive hamstring exercise is con­

traindicated, especially if injury to pos­
terior horn. 

(6) Change in weight-bearing surfaces 
with removal of meniscus. 

3. Muscle 
a. Quad atrophy common postsurgery or 

trauma to knee 
4. Tendon 

a. Quad tendon rupture 
(1) Quad contraction contraindicated. 
( 2) May have flexion ROM restrictions. 

5 .  Ligament 
a. ACL 

(1) New graft is weakest from 4 to 12  
weeks. 

(2) Avoid anterior tibial translation. 
(3) Avoid open-chain resisted knee exten­

sion in early rehabilitation phase. 
b. PCL 

(1) Avoid posterior tibial translation. 
(2) Avoid active hamstring contraction. 

c. MCL 
(1) Adolescent: Separation of distal femoral 

epiphysis can mimic MCL sprain. 
Radiographs must be performed. 

d. Patellar ligament rupture 
(1) Quad contraction contraindicated. 
(2) May have flexion ROM restrictions. 

6. Skin 
7. Nerve 

a. Fibular (peroneal) nerve injury possible 
with surgery or trauma to knee 

B. Types of surgeries (indications) 
l. Stabilization 
2. Osteotomy (malalignment or osteosarcoma) 

a. Femoral 
b. Tibial 

3.  Arthroplasty ( DJD, arthritis, joint destruc­
tion) 
a. Totallunicompartment 

(1) Cemented/uncemented 
4. Debridement (tear, degeneration) 

a. Meniscal 
b. Patellar ligament 
c. Patella 

5. Repair 
a. Ligament reconsu·uction (ACL, PCL) 
b. Meniscal repair 
c. Cartilage repair 

(1) Microfracture 
(2) Mosaicplasty, osteochondral autograft 

transplant (OATS) 
6. Meniscal transplant 
7. Soft tissue release (short tissues or spastic 

muscles) 
(1) ITB 
(2) Hamstrings 
(3) Hip adductors 

C. Medical complications 
1. Baker's cyst 
2. Peroneal nerve neurapraxia 
3 .  Leg length changes (total knee replacement) 

II. Movement and alignment factors 
A. Variations 
B. Standing alignment 

l .  May demonsu·ate protective stance or rota­
tional impairments 

C. Underlying movement impairment syndromes 
1. TFR syndrome 

a. TFR syndrome with valgus 
b. TFR syndrome with varus 

2 . ' TFhypo syndrome 
3 .  Kext syndrome 

a. Kext syndrome with patellar superior glide 
4. Khext syndrome 
5. PLG syndrome 
6. TFAH syndrome 



Treatment for Knee Impainnent 

Emphasis of treatment is to restore ROM of the knee and 
strength of the lower extremity without adding excessive 
stresses to the injured tissues. Underlying movement 
impairments should be addressed during rehabilitation 
and functional activities to ensure optimal stresses to the 
healing tissues. 

Impairments (Body Functions and Structures) 
Pain 
Be sure to clarify the location, quality, and intensity. 
Stage 1 

SUTgical: Within the first 2 weeks of the postoperative 
period, some pain will be associated with exercises. Grad­
ually, over the next few weeks, pain associated with the 
exercise should lessen. Sharp, stabbing pain should be 
avoided. Mild aching is expected after exercises but 
should be tolerable for the patient. This postexercise 
discomfort should decrease within 1 to 2 hours of the 
rehabilitation. Complaints of increasing pain, pain that is 
not decreasing with treatment, or burning pain are all 
"red flag" indicators that treatment is too aggressive or 
there is a disruption in the usual course of healing. Coor­
dinating the use of analgesics with exercise sessions is 
important. Splinting, bracing, and/or assistive devices 
may be used during this period to protect the injured 
tissue. 

Acute Injury: Despite discomfort, tests may need to be 
performed to rule out serious injury. Modalities and 
taping/bracing may be helpful to decrease pain. The 
patient may also require the use of an assistive device in 
the early phases of healing. 
Stage 2 to 3 
SU1'gical/Acute Injury: Pain associated with the specific 
tissue that was involved in the surgery should be signifi­
cantly decreased by weeks 4 to 6. Precautions may be 
lifted during or by postoperative weeks 4 to 6. As activity 
level of the patient is progressed, the patient may report 
increased pain/discomfort with new activities such as 
returning to daily activities and fitness. Pain/discomfort 
location should be monitored closely. Muscle soreness is 
expected, similar to tlle response of muscle to overload 
stimulus (e.g. ,  weight training). General muscle soreness 
should be allowed to resolve, usually 1 to 2 days before 
repeating the bout of activity. Pain described as stabbing 
should always be avoided. 

Edema 
Stage 1 

Surgical/Acute b'ljU1"Y: Edema is quite common in the knee 
sip surgery or injury. Edema has also been implicated in 
ilie inhibition of ilie quadriceps and ilierefore should be 
treated aggressively. I I - I )  The patient should be educated 
in use of edema controlling techniques: 

• Active ROM (AROM) 
• Ice l4 

• Elevation 
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• Compression: Ace wraps, stockings 
Patients should be encouraged to keep ilie lower 

extremity elevated as much as possible particularly in ilie 
early phases (1 to 3 weeks), wiiliout keeping tlle knee in 
a flexed position. Application of ice after exercise is rec­
ommended. Oilier meiliods to control edema in ilie knee 
include electrical stimulation or compression pumps. 
Edema should be measured at each visit. A sudden 
increase in edema may indicate iliat ilie rehabilitation 
program is too aggressive or a possible infection. 
Stage 2 to 3 
SUTgical/Acute Injury: Time until swelling is resolved is 
variable among patients and surgical procedures. As 
patients increase ilie time spent on ilieir feet, in regular 
daily activities, or doing more weight-bearing exercises, 
tlle patient may experience a slight increase in edema. 
This is to be expected; however, ilie patient should be 
furilier encouraged to use techniques stated previously to 
manage ilie edema. 

Appearance 
Stage 1 

Surgical: Infection should be suspected if ilie area around 
ilie incision or ilie involved joint appears to be red, hot, 
and swollen. The physician should be consulted immedi­
ately if infection is suspected. It  is common to observe 
bruising after surgery. This should be monitored con­
tinuously for any changes; an increase in bruising during 
tlle rehabilitation phases may indicate infection. Changes 
in hair growili, perspiration, or color may indicate some 
disturbance to the sympailietic nervous function, espe­
cially if in combination with the complaint of excessive 
pain. Stitches are typically removed in 7 to 1 4  days. 
Stage 2 to 3 
Surgical: Incision should be well healed. Bruising may still 
be present as far as 3 to 4 weeks after surgery but should 
be diminishing. Signs of increased bruising are a red flag 
and should be immediately referred to ilieir physician. 

Range of Motion 
Stage 1 

SUTgical/Acute Injury: Refer to physician's precautions and 
specific protocols for guidelines regarding progression of 
the exercises. The most conservative, common ROM 
precautions include ilie following: 

• ACL reconstruction: Flexion <120 degrees. 
• Meniscal repair: Flexion <90 degrees. 
• Collateral ligament repair: Avoid full extension. 
• Patellar fractures and quadriceps tendon repairs: 

Restrictions can be varied for ilie amount of knee 
flexion allowed and/or when ROM exercises can 
begin. 

• Mobilizations to the joint may be contraindicated. 
Patellar mobilizations should begin as soon as possible 

after surgery. Common time frames to begin patellar 
mobilizations include the following: 
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• ACL reconstruction: Immediately after surgery. 
• Meniscal repair: Immediately after surgery. 
• Patellar fractures and quad tendon repairs: Within 

1 week, however, consult with physician before 
initiation. 

Tibiofemoral mobilizations after ACL reconstruction, 
meniscal repair or debridement, collateral ligament 
repaIr: 

• There is littIe information in the literature that 
describes the "safe time" that mobilizations can 
begin. These mobilizations are not recommended 
until the initial healing phases are complete. If 
mobilizations are indicated, consult with physician 
before initiating. 

• For mobilizations after meniscal debridement, it is 
recommended that distraction be added before per­
forming glides to reduce shear to the meniscus. 

Stage 2 to 3 

Surgical/Acute Injury: Precautions are typically lifted by 
the time the patient reaches this stage. ROM should be 
approaching normal. Exercises may need to be progressed 
using passive force. To increase knee extension, prone 
knee extension, patients can be instructed to hang the 
limb off the edge of mat with weight On ankle. Patients 
should be advised to build up tolerance gradually and 
break up prolonged hang with knee flexion. For knee 
flexion the patient may raise knee toward the chest and 
use hands to add overpressure. Patient should be 
instructed that a stretching discomfort is expected; 
however, sharp pain should be avoided. 

Mobilizations to the tibiofemoral joint may be indi­
cated in later stages of rehabilitation to improve ROM. 
Consult with the physician before initiating joint mobi­
lization after surgery of the knee. 

Strength 
Stage 1 

Surgical/Acute Injury: Strengthening with overload often 
begins after the initial phase of healing (4 to 6 weeks). 
Isometrics and active movement within precautions may 
be started sooner. At times less than 4 weeks, emphasis 
should be placed on proper movement patterns in prepa­
ration for strengthening activities. After 4 weeks, 
strengthening may be gradually incorporated. Progres­
sion to resistive exercise is based on the patient's ability 
to perform ROM with a good movement pattern and 
without significant increase in pain. 

Quadriceps muscles are most commonly affected with 
surgery or injury to the knee; however, others may be 
involved such as tI1e hamstrings or gastrocnemius muscles. 
If the patient is having difficulty recruiting the quadri­
ceps, the fol lowing cues are helpful: 

• Have patient try to pull the knee cap up toward tI1e 
hip. 

• Have patient perform an isometric on the unin­
volved side fi rst. 

• With the patient in short sitting, the clinician raises 
the knee passively into extension. Then the patient 
attempts to hold the leg straight as you gradually 
remove the support of your hands. Be careful not to 
"drop" the limb. Only remove the amount of assis­
tance that allows the patient to perform 
successfully. 

• Light tapping of the fingers on the quadriceps: Be 
careful of incisions. 

• When performing quadriceps isometrics in 
long sitting, monitor for compensation of the ham­
strings. Patients actually use hamstrings to pull the 
tibia posteriorly to extend the knee. Be sure you 
see the quadriceps change shape. If these cues do 
not work, ask patients to reduce their effort. 
Often, they pull harder trying to recruit the quadri­
ceps, but it only increases the activity of the 
hamstrings. 

Electrical stimulation or biofeedback may be used to 
improve strengthening (see the following "Medications/ 
Modalities" section). 

The patient may also have strengthening precautions 
per the physician. Common examples of these precau­
tions include the following: 

• ACL reconstruction: No resisted extension during 
open-chain exercises. 

• Meniscus repair: Restrictions of hamstring 
strengthening. 

• Patellar fractures and quadriceps tendon repatrS: 
Restrictions of quadriceps strengthening. 

NOTE: Caution should be used in single-leg raise in 
patients >55 years of age and patients with history of low 
back pain. 
Stage 2 to 3 
Surgical/Acute Injury: At this stage, precautions are typi­
cally lifted; however, with surgical procedures, such as 
ACL reconstruction/injury, some restrictions on open­
chain resisted extension may still be in place. Strength 
activities can be progressed as tolerated by the patient. 
Common functional activities that can be considered 
strengthening activities include wall slides, lunges, and 
step-downs/step-ups. A common compensation is to shift 
weight away from the involved limb. Be sure that the 
patient maintains the appropriate amount of weight 
bearing during closed-chain activities. 

Proprioception/Balance15 
Stage 1 

Sw'gical/Acute Injury: Activities to improve propriocep­
tion of the knee joint should be incorporated as soon as 
possible. 'Early in treatment, these activities include 
weight shifting, progressive increases in weight bearing 
on the involved lower extremity, and eventually unilateral 
stance. As the patient can take full weight on the involved 
knee, activities are progressed to use of a balance board 
and closed-chained activities such as wall sits, lunges, and 
single-leg stance. 



Stage 2 to 3 

Surgical/Acute Injury: In this stage, precautions are typi­
cally lifted. Activities should be progressed to prepare 
patient to return to daily activities, fitness routines, and 
work or sporting activities. As the patient progresses, 
proprioception can be challenged by as1cing the patient 
to stand on unstable surfaces (pillows, trampoline, or 
BOSU ball), perturbations can be applied through having 
the patient catch a ball being thrown to him or her while 
standing on one leg. Sliding board activities have been 
shown to be beneficial to patients after surgery. 16 See Box 
7-2 for higher level neuromuscular training (Stage 3) .  

Cardiovascular and Muscular Endurance 
Stage 1 

Surgical/Acute Injzt1y: Early in rehabilitation, if the patient 
does not have adequate knee ROM to complete a full 
revolution on a stationary bike, unilateral cycling can be 
performed with the lminvolved extremity. The involved 
extremity is supported on a stationaty surface, while the 
patient pedals with the uninvolved extremity. Water 
wal1cing and swimming are good substitutes for full 
weight-bearing activities. For swimming, if 1cicking 
against the resistance is contraindicated, the patient may 
participate in swim drills that mainly challenge the upper 
extremities for conditioning. Low resistance stationary 
cycling can begin when knee flexion ROM is approxi­
mately 1 10 degrees. As strength improves, resistance may 
be increased. 
Stage 2 to 3 
Surgical/Acute InjU1Y: The patient may then be progressed 
to activities such as water walking � walking on the 
treadmill � elliptical machine � Nordic ski machine � 

StairMaster � running when appropriate. The patient 
should be given specific instruction in gradual progres­
sion of these activities. See Box 7- 1  for progression of 
runnmg. 

Patient Education 
Stages 1 to 3 
Surgical/Acute Injury: Educate the patient in the struc­
tures and tissues involved and the specific medical pre­
cautions when indicated. Patients should also be taught 
schedule for use, and how to don and doff their brace/ 
splint. Educate the patient in the timeline to return to 
activity, often driven by physician's guidelines and 
educate the patient in maintaining precautions during 
various functional activities such as ambulation, stairs, 
and transfers. 

Scarring 
Stage 1 

Surgical: Scarring, although a normal process of healing, 
must be managed well. Exercise, massage, compression, 
silicone gel sheets, and vibration are used to manage 
scars. The use of silicone gel is best supported by evi­
dence in the literature. However, clinical experts also 
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commonly use the other methods of scar management. 
Further research is needed to determine the efficacy of 
these other methods. The gradual application of stress to 
the scar/incision helps the scar remodel so that it allows 
the necessary gliding between structures. A dry incision 
that has been closed and reopens because of the stresses 
applied with scar massage indicates that the scar massage 
is too aggressive. Scars may be classified according to 
type. Linear scars that are immature are confined to the 
area of the incision. They may be raised and pink or 
reddish in the remodeling phase. As they mature they 
become whitish and flatten. A hypersensitive scar requires 
desensitization. See Chapter 5 for the examination of the 
hand and general treatment guidelines and Box 5-3  for 
more treatment suggestions on managing scar. 
Stage 2 to 3 
A scar may continue to remodel for up to 2 years. Scar 
management techniques may be effective until the scar 
matures, although they are probably most effective early 
in the healing process. 

Changes in Status 
Stages 1 to 3 
Surgical/Acute Injury: Consider carefully patient reports 
of increased pain or edema, decreased strength, or sig­
nificant change in ROM, especially in combination. The 
patient should be questioned regarding precipitating 
events such as time of onset, or the activity. If the integ­
rity of the surgery is in doubt, contact the physician 
promptly. If the patient has fever and erythema spreading 
from the incision, the physician should be contacted 
because of the possibility of an infection. 

Function (Activity Limitations/ 
Participation Restrictions) 
Mobility 
Stage 1 

Surgical/Acute Injury: While following medical precau­
tions, patients should be instructed in mobility, as follows: 

• Sit-to-stand:  The patient should be instructed in the 
proper use of an assistive device if a device is 
indicated. 

• Ambulation: The patient may have weight-bearing 
precautions. The patient should be instructed in tlle 
proper use of an assistive device and proper gait 
pattern. Emphasis should be placed on normalizing 
the patient's gait pattern. If the patient is given partial 
or toe-touch weight-bearing restrictions, the patient 
should be instructed in using a heel-to-toe pattern 
while restricting tlle amount of weight that is accepted 
by the lower extremity. The patient should not place 
his or her weight on the ball of the foot only. 

• Stairs: The patient should be instructed in the 
proper stair ambulation with use of an assistive 
device ( if  indicated). In the early phases of healing 
(after surgery or acute injury) the patient should be 
instructed to use a step to cadence, lead with the 
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involved lower extremity when descending stairs 
and lead with the uninvolved lower extremity when 
ascending stairs. 

Stage 2 to 3 
Smgical/Acute Injury: Instructions in mobility should be 
continued while following medical precautions. 

All Mobility: As weight-bearing precautions are lifted, 
the patient should be instructed to gradually reduce the 
level or type of assistive device required. Progression 
away from the device depends on the ability of the patient 
to achieve a normal gait pattern. If the patient demon­
su"ates a significant gait deviation secondary to pain or 
weakness, the patient should continue to use the device. 
This may prevent the adaptation of movement impair­
ment and other pain problems in the future. A progres­
sion may be: walker � crutches � one crutch � cane � 

no assistive device. 
Stairs: As the patient progresses through the healing 

stages and can accept more weight onto the involved leg, 
he or she should be instructed in normal stair 
ambulation. 

Work/School/Higher Level Activities 
Stage 1 

Surgical/Acute Injury: The patient may be off work or 
school in the immediate postoperative period or after 
acute injury. When they are cleared to return to work or 
school, patients should be instructed in gradual resump­
tion of activities. Emphasis should also be placed on 
edema control, particularly elevation and compression. 
Stage 2 to 3 
Surgical/Acute Injzl1'y: The patient should be prepared to 
return to their previous activities. Suggestions for improv­
ing proprioception and balance are provided in the pre­
ceding "Proprioception/Balance" section. In preparation 
to return to sports, sport-specific activities should be 
added. The initial phases of these activities will include 
straight plane activities at a slow pace and then gradually 
Increase the level of difficulty. See Box 7-2 for more 
detail. 

Sleeping 
Stage 1 to 3 
Surgical/Acute Injury: Sleeping is often disrupted in the 
immediate postoperative period or after acute injury. The 
lower extremity should be slightly elevated ( foot higher 
than the knee and knee higher than the hip) to minimize 
edema. Avoid placing pillows so that the knee is held in 
the flexed position throughout the night. 

Support 
Stage 1 

Smgical: A brace may be used to protect the surgical site, 
depending on tlle procedure or type of fracture. The 
brace should fit comfortably. The patient should be edu­
cated in the timeline for wearing the brace. Consult with 
physician if tl1e wearing time is not clear. 

It is common for a patient to complain of patellofemo­
ral pain with rehabilitation after surgery. Taping can be 
helpful in the postoperative period. When applying tape, 
consider the underlying movement impairment (e.g., tib­
iofemoral rotation, patellar glide). 

Acute injury: Taping may help decrease symptoms in 
a patient with acute knee injury. When applying tape, 
consider the underlying movement impairment (e.g., tib­
iofemoral rotation, knee hyperextension) . 
Stage 2 to 3 
Surgical: The recommendations concerning the need for 
bracing long term are varied. Communication among the 
team (patient, physician, and physical therapist) is neces­
sary. Functional bracing is recommended if the patient 
wishes to return to high level sporting activities and dem­
onstrates either of the fol lowing: 

1 .  Laxity in the joint 
2. Performs poorly on functional tests l 7  
Acute Injury: For injuries to tl1e ACL that are not 

repaired or reconstructed, if the patient returns to sport, 
functional bracing is recommended. IS 

Medications/Modalities 
Medications 
Surgical: During the acute stage, physical therapy treat­
ments should be timed with analgesics, typically 30 
minutes after administration of oral medication. If medi­
cation is given intravenously, therapy often can occur 
immediately after administration. Communication with 
nurses and physicians is critical to provide optimal pain 
relief for the patient. 

Acute injury: The patient's medications should be 
reviewed to ensure that they are taking the medications 
appropriately. 

Aquatic Therapy 
Surgical/Acute Injzny: Aquatic therapy to decrease weight 
bearing during ambulation may be helpful in the reha­
bilitation of patients after fracture or surgical procedures. 
Often, this medium is not available but should be con­
sidered if the patient's progress is slowed secondary to 
pain or difficulty maintaining weight-bearing precau­
tions. Incisions should be healed before aquatic tllerapy 
is initiated; however, materials to cover me incision may 
be used to allow patients to get into me water sooner. 

Thermal Modalities 
Surgical/Acute Injury: Insu'uct me patient in proper home 
use of tllermal modalities to decrease pain. Ice has been 
shown to be beneficial, particularly in me immediate 
postoperative phases. l� 

Electrical Stimulation 
Stage lIProgression 
Surgical/Acute Injury: Electrical stimulation can be used 
for three purposes: Pain relief, edema control, and 
strengthening. Interferential current has been shown to 



be helpful in decreasing pain and edema. 19-21 Sensory 
level transcutaneous electrical nerve stimulation (TENS) 
can assist in decreasing pain. Currently, no definitive 
answer exists for electrical stimulation for quadriceps 
strengtllening. It was once believed that electrical stimu­
lation did not provide a distinct advantage 'over high­
intensity exercise trainingY-23 However, more recent 
studies support tlle use of stimulation to improve motor 
recruitment and strength.2J-26 Be sure to check for con­
traindications. Avoid areas where metal is in close 
approximation to the skin (e.g., wires/screws to fix patel­
lar fracture). Electrical stimulation for quadriceps 
strengthening can be used in patients with total knee 
arthroplasty once staples have been removed.25 

Biofeedback 
Stage I1Progression 
Surgical/Acute Injury: Biofeedback has been shown to be 
an effective adjunct to exercise for strengthening the 
quadriceps in early postoperative phases.27 

Discharge Planning 
Stage 1 

Surgical: Equipment, such as the following, may be 
needed, depending on the patient's abilities, precautions, 
and home environment. 

• Assistive devices: Walker, crutches, cane 
• Reacher 
• Tub bench and hand-held shower 
Therapy: Assess the need for physical therapy after 

discharge from the acute phase of recovery or from the 
following: 

• Skilled nursing facility 
• Rehabilitation facility 
• Home healtll 
• Outpatient physical therapy 
After the acute phase of recovery, the patient should 

be reassessed to determine whetller a movement impair­
ment diagnosis exists. Supply the patient with documen­
tation for consistency of care. Documentation should 
include the following: 

• Physician protocol along Witll precautions and pro­
gression of activities 

• Progress of patient during physical therapy 
• Expected outcomes 
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CHAPTER 8 

Movement System Syndromes 
of the Foot and Ankle 
Mary K. Hastings 

INTRODUCTION 
Use of the movement system classification in the exami­
nation and treatment of musculoskeletal pain problems 
of the foot and ankle starts with the basic premise that a 
large component of the stress that causes tissue injury is 
the result of movement. Movement results in injury and 
pain because the motion is completed in an imprecise 
manner (excursion is excessive, insufficient, and/or asyn­
chronous with the functional requirements) and/or the 
repetitions of the motion or the duration the posture is 
maintained exceeds the tissue's capabilities. The physical 
therapist examines muscle length and performance, 
structural variations, and the ease and excursion through 
which the foot, ankle, knee, hip, and spine move. The 
physical therapist determines the component impair­
ments contributing to injurious motions and/or forces at 
wlsuitable distal or proximal anatomical sites within the 
foot and entire lower extremity. Daily activities and 
habits of the patient are also assessed. Additionally, the 
physical therapist considers the impact of body weight, 
age, foot size, and disease on the foot and ankle. 

The foot and ankle have very complex and often 
opposing functional responsibilities during weight-bear­
ing activities. The foot and ankle must be flexible to adapt 
to uneven surfaces, transfer high forces, and allow motion 
of the body in multiple directions around a planted foot. 
During weight-bearing activities, the foot must quickly 
transform into a rigid lever that allows muscular contrac­
tions to propel the body forward, upward, sideways, or 
any combination of these motions. The foot also has an 
important role in balance; sensing body location and 
maintaining an upright posture. 

The most COlllinon movement system syndromes of 
the foot and ankle injury are related to the inability of 
the foot to function equally well as a flexible adapter 
(requiring motion in the direction of pronation) and a 
rigid lever (requiring motion in the direction of supina­
tion). The injured foot often falls toward an extreme of 
one of these two roles (either a great flexible adapter with 
poor ability to transform to a rigid lever or a rigid lever 

with limited flexibility). The movement impairment 
often presents as excessive or incorrect timing of the 
normal motions of pronation and/or supination. 

This chapter outlines key principles involved in tlle 
assessment of alignment, structural variations, move­
ment, and tests of muscle length and strength. The syn­
dromes are described, and suggestions for associated 
impairments in the hip and knee are mentioned. Addi­
tionally, treatment for restoring precise motion through 
limiting hypermobility, addressing limitations in joint 
and muscle extensibility, and training for the change in 
movement in daily activities and habits is provided. 

ALIGNMENT OF THE ANKLE AND FOOT 
Ankle 
The joints of the ankle include the proximal tibiofibular 
joint, distal tibiofibular joint, and the talocrural joint. 
The fibula has a limited weight-bearing ftmction but 
serves as the attachment of the biceps femoris and fibular 
collateral ligament (lateral collateral ligament). Addition­
ally, the fibula has a role in increasing torsional stiffness 
(rotational stability) of the lower limb. I The alignment of 
the fibula at the proximal and distal tibia is challenging 
to assess. The determination of normal or impaired 
alignment is generally by comparison to tlle other side. 

Foot progression angle (toe-out angle) during gait is 
an important alignment factor to consider in the assess­
ment (Figure 8- 1 ) .  The normal values for foot progres­
sion angle are between 7 to 1 3  degrees.2 The foot 
progression angle is the result of rotation at the hip joint, 
rotation at the tibiofemoral joint, femoral torsion, and/ 
or tibial torsion. The contribution of rotation at the hip 
or tibiofemoral joints is determined by assessing joint 
alignment. Femoral and tibial torsion can be more dif­
ficult to determine. The assessment of femoral torsion, 
the twist of the femur in the transverse plane, is discussed 
in detail in the chapter on the hip in Sahnnann.J 

Tibial torsion, tlle twist of the bones of tlle tibia and 
fibula in the transverse plane, is often implicated in the 

439 
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Figure 8-1. Walking with an increased foot progression angle. 

predisposition of the lower extremity to injury. The nor­
mative data describe tibial torsion as usually between 20 
to 40 degrees of lateral rotation.4-6 The measurement 
techniques to collect normative data have generally used 
radiological images or cadaveric analysis. The external 
landmarks available for use by clinicians in determining 
torsion are generally poor. Use of femoral landmarks for 
the proximal alignment of the tibia and fibula compared 
to the medial and lateral malleol? does not allow differ­
entiation of lateral rotation at the tibiofemoral joint from 
torsion of the bones of the lower leg. Use of the tibial 
tuberosity and attempts to palpate the tibial condyles to 
determine proximal alignment is limited by variances in 
anatomy and difficulty in finding the tibial condyles. 
Because of the limitations in the nonradiological deter­
mination of tibial torsion, the clinically measured value 
should not be relied on, but general approach should be 
taken that considers the overall impact of foot progres­
sion angle on the function of the foot. 

An increase in the foot progression angle rotates the 
foot away from the sagittal plane, into greater abduction 
and toward the frontal plane. During walking, the body 
moves forward in the sagittal plane, and rotation of the 
foot out of the plane of primary movement can contrib­
ute to injmy. Body weight is now transferred to the 
medial side of the foot earlier, increasing the stress on 
the medial foot structures (talonavicular and first meta­
tarsophalangeal [MTP] joint, as well as posterior tibialis 
muscle and tendon and the plantar fascia). The primary 
foot and ankle muscles involved in ambulation (the ante­
rior tibialis and gastrocnemius/soleus muscles) are rotated 
out of their plane of primary importance. The fibularis 
(peroneus) longus and brevis become biased to aid in 
propelling the body forward, and the anterior tibialis has 
a decreased role in talocrural dorsiflexion or control of 

plantar flexion and an increase in its fW1Ction in inversion 
and control of eversion. Finally, less talocrural dorsiflex­
ion is needed during walking, which can either contribute 
to a gradual reduction in dorsiflexion or can be a com­
pensation for already reduced dorsiflexion. In summary, 
foot progression angle with walking can contribute to 
excessive stress that increases the risk of injury. 

Foot 
Hindfoot 
The hindfoot includes the talus, calcaneus, and the sub­
talar joint Goint between the talus and calcaneus). Inclu­
sion of the talus in both the ankle and the foot indicates 
the importance of the talus to the function of the foot, as 
well as the function of the leg. The talus is responsible 
for absorbing and transmitting rotatory forces that have 
come from the hip and/or knee but also transmits rota­
tory forces up to the knee and hip that originated in the 
foot. The interconnectedness of the leg to the foot by 
way of the talus has led many to consider alignment of 
the hindfoot key in understanding the mechanics of the 
foot. In assessing alignment of the hindfoot, one can 
begin by assessing standing calcaneal alignment. The cal­
caneal alignment is generally classified as valgus, varus, 
or neutral and generally rests in slight valgus (3.5 
degrees).8 The standing alignment of the calcaneus is 
then compared to the position of the calcaneus in subtalar 
joint neutral. 

Assessment of subtalar joint neutral is the only clinical 
method available to determine structural variation in the 
hind foot. Subtalar joint neutral is difficult to determine 
and measure in a reliable manner. However, the neutral 
alignment is a useful tool in interpreting standing align­
ment and providing a general reference for understand­
ing the function of the foot. The determination of 
subtalar joint neutral occurs in prone. The examiner 
grasps the head of the talus with the thumb and index 
finger of one hand and the fifth metatarsal head with the 
other hand (Figure 8-2). The examiner uses the grasp on 
the fifth metatarsal head to move the forefoot and hind­
foot into abduction and adduction until the fingers on the 
head of the talus palpate an equal proportion of the head 
of the talus on the medial and lateral side (under the 
thumb and index finger). The foot is held in this position 
to assess alignment. The alignment of the vertical bisec­
tion of the calcaneus is compared to the bisection of the 
lower leg. 

The hind foot is determined to be in varus alignment if 
the calcaneus is inverted relative to the lower leg, in valgus 
alignment if the calcaneus is everted relative to the lower 
leg, and neutral if the calcaneus is aligned with the lower 
leg (Figure 8-3, A). The forefoot aligmuent is determined 
to be in subtalar joint neutral by comparing the plane of 
the hindfoot to the plane of the forefoot. If the forefoot is 
inverted on the hindfoot, the forefoot is considered to 
have a varus alignment. If the forefoot is everted on the 
hindfoot, the forefoot has a valgus alignment, and if the 
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Figure 8-2. S ubtalar joint ne utral hand placement on skeleton: Outside hand at fifth metatarsal 
head and inside hand on head and neck of tal us in standard posit ion (A) and dorsal v iew (B). 

Forefoot 
plane 

Hindfoot 
plane 

Figure 8-3. A, Ne utral hind foot alignment with vertical bisection of lower leg in l ine w it h  t he 
vertical bisection of t he calcane us.  B, Ne utral forefoot to hindfoot alignment with t he plane of 
t he hindfoot parallel to t he forefoot. 

hind foot and forefoot planes are parallel, the forefoot has 
a neutral alignment (Figure 8-3, B). 

The alignment of the metatarsal heads can also be 
assessed at this time. The metatarsal heads should be 
aligned along the same plane. Often the first metatarsal 
head will be located in a more plantar position than the 

remaining metatarsal heads. This is called a plantarflexed 
(dropped) first ray, which is a forefoot compensation for 
structural variations of varus at the hind foot or forefoot 
(Figure 8-4). 

The non-weight-bearing subtalar joint neutral align­
ment, providing insight into structure variability, is the 
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Figure 8·4 A, First metat ars al head is pl antarflexed (dropped) below the pl ane of second to 
fourth metatars al heads. B, Correction of the dropped first ray. The forefoot varus alignm ent 
rel ative to the hindfoot is now app arent. 

backdrop for interpreting standing alignment and func­
tion. For example, suppose during prone subtalar joint 
assessment the neutral subtalar joint position was with 
the calcaneus inverted relative to the lower leg (hindfoot 
varus). During the standing alignment assessment, the 
calcaneus is vertical. The hindfoot is assessed as being 
able to compensate for the varus structural deviation 
(hindfoot alignment is termed compensated hindfoot varus); 
however, the standing calcaneal alignment is now under­
stood as potentially harmful as the subtalar joint is being 
maintained near an end-range position. 

Arches 
Standing alignment assessment proceeds to the arches of 
the foot. There is truly only one arch in the foot that is 
continuous from anterior to posterior and medial to 
lateral, but the arch is usually described as three arches: 
the medial longitudinal arch, the lateral longitudinal 
arch, and the transverse arch. Much of the research on 
foot type, function, and injury has used the standing 
alignment of the medial longitudinal arch as the primary 
method of determining foot type.9-1 1 The height of the 
arch is often a key element. Extremes of high arch and 
low arch are relatively easy to classify. The high arch, a 
supinated foot type, is often accompanied by calcaneal 
inversion and an adducted forefoot, and the head of the 
talus and navicular are more prominent on the dorsal 
surface of the foot. The low-arch foot, a pronated foot 
type, is often accompanied by calcaneal eversion and a 
splayed and abducted forefoot, and the head of the talus 
and the navicular are more prominent in the middle of 
the arch (medial bulge). 

The lateral longitudinal arch has greater inherent 
bony stability than the medial longitudinal arch. The 

Figure 8-5. Non-weight-be aring computed tomography image 
of the foot in the frontal p lane with the metat ars als and pha­
l anges removed. Note the wedged sh ape of cunei forms 1 to 3 
contributing to the formation of the arch. 

joint surfaces of the calcaneus and cuboid are concavo­
convex, providing some restriction to movement. 12 The 
lateral longitudinal arch height is much lower, often 
appearing flat in visual assessment. 

The transverse arch is formed in part by the wedge 
shape of the cuneiformsl2 (Figure 8-5). As the transverse 
arch is assessed more distally on the foot, the height of 
the arch decreases until all metatarsal heads are in a level 
plane and capable of bearing weight. 

Forefoot 
The forefoot includes the metatarsals and phalanges. The 
normal alignment of the forefoot includes metatarsal and 
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phalanges all aligned straight on one another. The toes 
should be relatively flat on the ground. 

The common alignment impairment at the first MTP 
joint is hallux valgus. This alignment presents as angula­
tion of the first metatarsal into abduction and the phalanx 
into adduction. The toes will also present with alignment 
faults that usually include a component of metatarsal­
phalangeal hyperextension with flexion at the all inter­
phalangeal joints (claw toes) or flexion at the proximal 
interphalangeal joint and extension at the distal interpha­
langeal joint (hammer toes). 

MOTIONS OF THE ANKLE AND FOOT 
Static alignment determined in subtalar joint neutral and 
standing are only a small part of understanding how the 
foot functions. Examination of how the joints of the foot 
and ankle move and function during walking, running, 
hopping, squatting, and various daily activities provides 
the bulk of the information that directs the diagnosis and 
treatment. 

Ankle 
Proximal and Distal Tibiofibular Joints 
The proximal tibiofibular joint has very little motion, and 
individual variability in the shape of the joint surfaces has 
resulted in a wide variety of associated fibular motions 
reported wi til dorsiflexion and plantarflexion.13 The 
fibula at the proximal tibiofibular joint has been reported 
to glide anterior, lateral, and superior with talocrural 
dorsiflexion and to glide posterior, medial, and inferior 
with talocrural plantarflexion. 1 3  The distal tibiofibular 
joint consists of a convex fibula and a concave tibia. 1 2  

During talocrural joint motion from neutral to  dorsiflex­
ion, the fibula at the distal tibiofibular joint has been 
found to have motions of internal rotation, lateral dis­
placement (widens), and posterior and superior glide. 1 4 

During talocrural motion from dorsiflexion to plan­
tarflexion, tile fibula at the distal tibiofibular joint has 
been fOUlld to be medially displaced.15 

Talocrural Joint 
The axis of motion at the talocrural joint is not uniplanar 
but triplanar, crossing all three planes of motion. The 
motions about the axis are termed pronation and supina­
tion. Table 8- 1 shows component motion description. 
The axis at the talocrural joint, although it crosses all 
three planes, lies primarily in the transverse plane in a 
medial-to-lateral direction. Thus plantarflexion and dor­
siflexion are the primary motions. 

Dorsiflexion. Adequate dorsiflexion motion at the 
talocrural joint is crucial in advancing the tibia over the 
foot in walking, running, jUlllping, squatting, and many 
other weight-bearing activities. A minimum of 10 degrees 
of dorsiflexion (Witll the knee extended) is needed for 
walking and 30 degrees for running. 16 Dorsiflexion 
motion requires adequate length of the gastrocnemius 

muscle, soleus muscle, and calcaneal (Achilles) tendon, as 
well as ligaments and joint structures of the talocrural 
joint. Because the head of the talus is wider anteriorly 
than posteriorly, a small amount of motion is required at 
the tibiofibular joint to fully accept the dome of the 
talus. 1 3  If dorsiflexion is found to be limited, tile source 
of limited talocrural motion can be assessed by measuring 
talocrural dorsiflexion with the knee extended and flexed 
and assessing talocrural joint accessory motion. Addition­
ally, dorsiflexion should be isolated to the talocrural joint, 
and compensations at the foot (e.g., eversion, midtarsal 
dorsiflexion, and pronation) should not be allowed during 
dorsiflexion. The following information is gleaned from 
this test: 

• Gastrocnemius muscle/calcaneal (Achilles) tendon 
short if dorsiflexion is :S:: 1 0  degrees with the knee 
extended but �10 degrees with knee flexed. 

• Soleus muscle short if dorsiflexion is :S:: 1O  degrees 
regardless of knee position and accessory talocrural 
motion is normal. 

• Talocrural joint limitation if dorsiflexion is :S:: 1 0  
degrees regardless of knee position and accessory 
talocrural joint motion is limited (cannot rule out 
soleus muscle limitation in tills case). 

Without adequate motion at the talocrural joint, the 
body can employ a number of strategies for compensat­
ing. The patient can increase the foot progression angle, 
demonstrate an early heel rise, or use a forefoot strike 
pattern (only the forefoot is in contact with the ground) 
during walking and running to compensate for tile lack 
of dorsiflexion. Additionally, the failure to dorsiflex at the 
talocrural joint during stance phase can be compensated 
for by hyperextending tile knee and/or increasing the 
dorsiflexion that occurs at the more distal joints of tile 
foot: talonavicular, naviculocuneiform, calcaneocuboid, 
and/or cuboid-metatarsal joints (Figure 8-6). 

Plantarflexion. Plantarflexion at the talocrural joint 
plays an important role in propelling the body during 
walking, running, and jumping. Normal plantarflexion 
motion during gait is approximately 30 degrees. Plan­
tarflexion at tile talocrural joint alone, however, is rela­
tively ineffective in propelling the body forward . The 
foot (calcaneus to metatarsal heads) must become a rigid 

TABLE 8-1 
Motions at the Hindfoot Associated with Open- and 

Closed-Chain Pronation and Supination 

Open Chain 

Pronation Calcaneal eversion 
Calcaneal dorsiflexion 
Calcaneal abduction 

Supination Calcaneal inversion 
Calcaneal plantarflexion 
Calcaneal adduction 

Closed Chain 

Calcaneal eversion 
'Talar plantarflexion 
Talar adduction 
Calcaneal inversion 
Talar dorsiflexion 
Talar abduction 
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lever to transfer the plantarflexion force through the foot, 
raising the body over the toes. The foot becomes more 
rigid in a number of ways. First, the foot becomes rigid 
through maximizing bony alignment. The contraction of 
the plantarflexors has a supination component. Supina­
tion of the subtalar joint and trans tarsal joint helps place 
the joints in their closed pack, which is a more stable 
position providing some stability to the foot. 

The second way the foot becomes rigid is by the 
passive tensioning function of the plantar aponeurosis. 
The plantar aponeurosis is a thick fascial sheath originat­
ing at the calcaneal tubercle and inserting into multiple 
locations but primarily into the flexor tendons of the foot 
and the base of the fifth metatarsal. fu the heel begins to 
rise at the end of the stance phase, the MTP joints dor­
siflex and the plantar aponeurosis becomes taut. The 
joints of the foot are approximated, the arch rises, and 
the foot becomes more rigid (windlass mechanism). 
Third, the foot is rigid because of the muscular forces 

Figure 8·6. Dorsiflexion at the talocrural joint is limited. Com­
pensation has occurred with dorsiflexion at the midtarsal joint. 

that directly impact joint stability. The posterior tibialis 
muscle/tendon is aligned to provide not only a force that 
produces plantarflexion with supination but also a force 
directed along tlle long axis of tlle foot. The posterior 
tibialis tendon inserts into all the tarsal bones, except the 
talus, as well as the bases of second to fourth metatarsals. 
The posteriorly directed force along the long axis of the 
foot is critical to the function of the foot. The force 
provides muscular "cinching" of the foot bones, increas­
ing foot rigidity and the effectiveness of the ankle plan­
tarflexor muscles. 17 An extreme example of failure of the 
mechanisms that provide rigidity to the midfoot allowing 
plantar flexion at the midfoot is seen in Figure 8-7. (Con­
traction of the gastrocnemius in subject B of Figure 8-7 
would result in isolated plantarflexion of the calcaneus 
without a forceful transfer of plantarflexion to propel the 
body.) The intrinsic muscles of the foot also function to 
support the arch of the foot and provide rigidity to the 
foot during plantarflexion. 

Foot 
Subtalar Joint 
The axis of motion at the subtalar joint is also triplanar. 
The axis, although it crosses all planes, lies primarily 
between the sagittal and transverse plane, allowing more 
inversion and eversion and abduction and adduction than 
plantarflexion and dorsiflexion. 

Inversion and eversion. Motion at the subtalar joint 
is fairly limited because of the lack of symmetry in shape 
of the three talar facets (the posterior talar facet is 
concave, whereas the middle and anterior talar facets are 
flat to convex). Subtalar joint range of motion (ROM) is 
reported to be between 5 to 1 0  degrees of calcaneal ever­
sion and 20 to 30 degrees of calcaneal inversion.ls-2o 

The triplanar motion of the subtalar joint is difficult 
to capture during weight-bearing activities using stan­
dard kinematic techniques. Passive calcaneal motion of 
inversion and eversion are easily measured goniometri­
cally and often used to provide some indication of the 
movement at the subtalar joint. During walking the 
calcaneus contacts tlle ground in slight inversion 

Figure 8-7. A, An individual with diabetes and peripheral neuropathy. Note the normal upward 
inclination of the calcaneus. B, The foot of an individual with diabetes, peripheral neuropathy, 
and Charcot's osteoarthropathy. This individual has lost the necessary rigidity of the foot and 
the pull of the gastrocnemius/soleus muscle through the calcaneal (Achilles) tendon resulted in 
calcaneal plantarflexion. 
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(approximately 2.5 degrees from standing calcaneal posi­
tion). The calcaneus moves into slight eversion through 
heel-off and then begins the return to inversion (approx­
imately 6 degrees from the standing calcaneal position) 
right before toe-off.21 

In the weight-bearing foot, the intimate cOilllection of 
the talus to the lower leg through the talocrural joint 
links medial rotation of the lower leg to subtalar joint 
pronation (talar adduction and calcaneal eversion) and 
vice versa, subtalar joint pronation to lower leg medial 
rotation. The same is true for the linking of lateral rota­
tion of the' lower leg to supination and supination to 
lateral rotation of the leg. The linking of foot and leg 
motion through the subtalar joint illuminates why many 
have worked to assess and understand subtalar alignment, 
motion, and function. 

Transverse Tarsal or Midtarsal Joints 
The transverse tarsal joint is comprised of the talonavicu­
lar and calcaneocuboid joints. The axes of motion at the 
transverse tarsal joints are triplanar, allowing pronation 
and supination. In most feet, motion at the subtalar joint 
is intimately connected to the motions that occur at the 
talonavicular and calcaneocuboid joints. As the subtalar 
joint supinates, it draws the transverse tarsal joint into 
supination, a more stable joint position of the transverse 
tarsal joint (locked position), converting the midfoot into 
a more rigid lever. As the subtalar joint pronates the 
transverse tarsal joint pronates, which creates a more 
loose position of the joints and a more flexible midfoot.22,23 

The transverse tarsal joints are the intermediate joints 
between the hind foot and the forefoot. One of the func­
tions of the transverse tarsal joint is to position the fore­
foot for ground contact during push-off. In performing 
this function, the transverse tarsal joint becomes a fre­
quent site of compensation for structural variances and 
movement impairments of both the hindfoot and fore­
foot. The transverse tarsal joint can become hyperflexi­
ble, limiting the ability of the foot to transform into a 
rigid lever and decreasing the stability of the longitudinal 
arches, which contributes to flat-foot deformities. 

In the high arched or more rigid foot type, the subtalar 
joint and the transverse tarsal joints are maintained in the 
closed pack or locked position. The lack of mobility is 
thought to contribute to injuries at the foot and lower 
extremity as a result the inability of the rigid foot to dis­
sipate the high forces occurring during weight-bearing 
activities. 

Tarsometatarsal Joints 
The tarsometatarsal joints generally have very little 
motion and are critical in providing the structure for the 
transverse arch. Motion that occurs at the tarsometatarsal 
joints is generally witll tlle focus of positioning the fore­
foot flat on the ground for push-off. If the motion that 
has proceeded from the hind foot to the midfoot during 
gait has inadequately prepared tlle forefoot for weight­
bearing, tlle tarsometatarsal joints may assist. For 

example, insufficient pronation of tlle hind foot and 
midfoot from heel strike through midstance might result 
in the medial side of the forefoot being up off the weight­
bearing surface. If there is motion available at the tarso­
metatarsal joints, a pronatory twist will occur at the 
tarsometatarsal joints to bring the forefoot flat.23 A supi­
natory twist will occur in the tarsometatarsal joints if too 
much pronation has occurred at the hindfoot and midfoot 
during early stance phase. The site of compensatory 
motion often becomes the source of symptoms. 

Metatarsophalangeal Joints 
The MTP joints' primary direction of function is into 
dorsiflexion. Adequate MTP dorsiflexion allows the foot 
to roll over the toes as the plantarflexor muscles propel 
the body forward. Additionally, MTP dorsiflexion 
stretches the plantar aponeurosis, elevating the arch and 
assisting in making the foot rigid during push-off. First 
MTP joint dorsiflexion needed for walking is reported to 
be between 30 to 60 degrees.24,25 Lack of first toe exten­
sion prevents the normal pattern of roll-over, and weight 
is transferred eitller medial or lateral of tlle first toe. 
Medial weight transfer increases the abduction force on 
the proximal phalanx, predisposing the individual to 
hallux valgus deformity. Lateral transfer of weight 
increases the force borne by the second and third meta­
tarsal heads, often resulting in pain at the MTP joints. 

First MTP joint dorsiflexion can be limited by the 
length of the flexor hallucis longus, plantar aponeurosis 
(fascia), or joint restrictions. Theoretically, tlle contribu­
tion of flexor hallucis longus muscle lengtll to limited 
MTP joint dorsiflexion motion can be determined by 
comparing MTP dorsiflexion ROM with the talocrural 
joint dorsiflexed (flexor hall ucis longus on stretch) to 
MTP dorsiflexion ROM with tlle talocrural joint plan­
tarflexed (flexor hallucis longus on slack). First MTP 
dorsiflexion in full plantarflexion should measure �60 
degrees. First MTP dorsiflexion in full talocrural dorsi­
flexion is rarely measured. Hopson et a[25 found on average 
85 degrees of MTP dorsiflexion in 0 degrees of talocrural 
dorsiflexion. Nawoczenski et al24 found 3 5  to 45 degrees 
of MTP dorsiflexion in a standing passive and active test. 
Clinically, MTP dorsiflexion measured in talocrural dor­
siflexion is very limited, between 1 0  to 1 5  degrees (Figure 
8-8). Decreased MTP dorsiflexion in full talocrural dorsi­
flexion can indicate flexor hallucis muscle length impair­
ment. However, tlle plantar aponeurosis may also be 
limiting MTP motion in this position because the position 
of maximum MTP and ankle dorsiflexion has been found 
to place maximum stretch on the plantar aponeurosis.26 

Functionally, there is rarely an occasion in which 
maximum MTP dorsiflexion is needed during maximum 
talocrural dorsiflexion. During gait, 30 to 60 degrees of 
first MTP dorsiflexion24,25 is needed during push-off 
when the talocrural joint is in approximately 1 0  to 25  
degrees o f  talocrural plantarflexion.21,23 Thus the most 
functional assessment of first MTP dorsiflexion would be 
to assess MTP dorsiflexion motion in approximately 20 
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Figure 8-8. First metatarsophalangeal extension. A, In talocrural joint dorsiflexion. B, L1 talo­
crural joint plantarflexion. 

degrees of talocrural plantarflexion. In summary, the fol­
lowing information can be gleaned from the test: 

• Flexor hallucis longus short if <30 degrees of MTP 
joint dorsiflexion in talocrural dorsiflexion and �30 
degrees o f  MTP joint dorsiflexion i n  talocrural 
plantarflexion. (Cannot determine the contribution 
of plantar aponeurosis length to test results.) 

• First MTP joint limitation if first MTP joint dorsi­
flexion remains limited regardless of ankle position 
and accessory MTP joint motion is limited (cannot 
rule out flexor hallucis brevis or other one joint 
muscles crossing the MTP joint). 

The contribution of MTP dorsiflexion to engage the 
windlass mechanism of the foot thus increasing foot 
rigidity during push-off is critical. Stretching into first 
MTP dorsiflexion should be approached with caution to 
avoid overlengthening of the foot structures critical for 
engaging the windlass mechanism of the foot. 

Interphalangeal Joints 
The interphalangeal joints have a critical role in increas­
ing the area over which the weight-bearing force is dis­
tributed during push-off. To increase surface area during 
push-off, the toes must be flat on the ground. The intrin­
sic muscles of the foot are critical in stabilizing the MTP 
joints against excessive dorsiflexion (hyperextension) 
while extending the interphalangeal joints of the toes to 
provide a flat surface for force distribution. Without 
appropriate function of the intrinsic muscles of the foot, 
claw toe deformities develop as the extrinsic toe flexors 
and extensors act unopposed. 

MUSCLE ACTIONS 
Leg 
The four muscular compartments of the leg are the 
superficial posterior compartment, the deep posterior 
compartment, the lateral compartment, and the anterior 

compartment. The compartments are separated by fascial 
encasements that are continuations from the tensor fascia 
latae of the thigh.'2 The fascial compartments assist the 
muscle by transferring the contractile force produced by 
the muscle to the bone (Figure 8-9). The fascial compart­
ments also provide spatial constraints to edema and can 
compromise nerve and blood vessel function within a 
compartment when edema increases. 

Posterior Compartments 
The superficial and deep posterior compartments of the 
leg contain the primary plantarflexors of the ankle (the 
gastrocnemius, soleus, tibialis posterior, flexor hallucis 
longus, and flexor digitorum longus muscles), the pos­
terior tibial artery and veins, tibial nerve, and fibular 
(peroneal) artery and veins. All posterior compartment 
muscles insert medial to the midline of the foot and 
therefore also assist in supination. Strong plantarflexion 
with supination is important in the muscular component 
that transforms the foot into the rigid lever for effective 
push off during gait. The posterior compartment also 
has a significant eccentric role during walking and 
running by controlling tibial progression over the foot 
and pronation of the foot from initial contact until the 
start of push-off. 

The posterior tibialis, flexor hallucis longus, and flexor 
digitorum muscles and the posterior tibial artery and 
tibial nerve make a sharp turn around the medial malleo­
lus and travel beneath the flexor retinaculum in the 
region posterior to the medial malleolus. The area in 
which this sharp turn occurs is a frequent site for tendon 
injury, as well as nerve compression. 

Lateral Compartment 
The lateral compartment contains the fibularis (pero­
neus) longus and brevis muscles and the superficial fibular 
(peroneal) nerve. The fibularis muscles are ankle evertors 
and weak ankle plantarflexors. Additionally, the fibularis 
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Figure 8-9. Fasci al co mp artments and components. (From Greene WE: Netter's o1'1:hopaedics, 
Philadelphi a, 2006, S awlders.) 

longus muscle crosses the plantar surface of the foot and 
inserts on the base of the first metatarsal and medial 
cuneiform bone, providing a supportive sling for the foot 
and muscular control of the forefoot position. The fibu­
laris brevis muscle inserts into the base of the fifth meta­
tarsal, providing rigidity to the lateral column of the foot. 

Anterior Compartment 
The anterior compartment contains the tibialis anterior, 
extensor hallucis longus, and the extensor digitorwll 
longus muscles; the anterior tibial artery and veins; and 
the deep fibular (peroneal) nerve. The muscles, the ante­
rior tibial artery, and the deep fibular nerve pass under 
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the supenor and inferior extensor retinaculum. All 
muscles within the anterior compartment are ankle dor­
siflexors. The insertions of the tibialis anterior and exten­
sor hallucis longus are medial to the talocrural joint axis, 
inverting the foot during dorsiflexion. The insertion of 
the extensor digitorum longus is lateral to the talocrural 
joint axis and everts the foot during dorsiflexion. For 
balanced dorsiflexion that occurs primarily in the sagittal 
plane, the anterior tibialis and extensor hallucis longus 
inversion force must be countered by the eversion force 
produced by the extensor digitorum longus. 

The anterior compartment muscles function concen­
trically during the swing phase of walking and running, 
dorsiflexing the foot, and clearing the toe. The anterior 
compartment muscles work eccentrically to control low­
ering of the foot from heel strike to foot flat in a heel­
strike first pattern of walking and running. 

Foot 
The intrinsic muscles of the foot provide important sta­
bilization of the arches and the MTP and interphalangeal 
joints of the foot, as well as help regulate tension and 
direction of force produced by the extrinsic muscles of 
the foot. The quadratus plantae muscle attaches from the 
calcaneus to the tendons of the flexor digitorum longus 
muscle to redirect the diagonal force of the flexor digi­
torum longus so that the toes flex in the sagittal plane 
(Figure 8- 1 0) .  The lumbricals attach from the flexor digi­
torum longus tendon to the medial proximal phalanx and 
on to the dorsal expansion of the extensor digitorum 
longus. When the lumbricals contract, they flex the MTP 
joint, place the flexor digitorum longus tendons on slack, 
and pull on the extensor digitorum longus dorsal expan­
sion to extend the interphalangeal joints. The interossei 
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brevis tendon 

Extensor hood 

"''''!\\\f�t+.IJ..ff-f-- Lumbrical 
muscles 

Flexor haliucis 
longus 

�+++- Flexor digitorum 
longus 
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Figure 8-10. Quadratus p lantae muscle. (From Drake R: Gray's 
anatomy Jontudents, ed 2, Churchill Livingstone, 2009, London.) 

attach to the shafts of the metatarsals and insert onto the 
base of the proximal phalanx, assisting in flexing the 
MTP joint, extending the interphalangeal joints, and 
providing a force to abduct and adduct the toes. Through 
the function of the interossei and lumbricals, hammer 
and claw toe deformities are prevented.23 

The intrinsic muscles, in general, originate and insert 
along the longitudinal axis of the foot (they fW1 proximal 
to distal). Through muscular contraction, the intrinsic 
muscles provide critical stabilization of the foot, assisting 
in the transformation of the foot from a flexible adaptor 
during initial phases of stance to a rigid lever during push 
off. 12 

An important function of the interossei and lumbricals 
is to stabilize the MTP joints during talocrural dorsiflex­
ion. The extensor digitorum assists in producing bal­
anced talocrural dorsiflexion but is also simultaneously 
acting to dorsiflex the MTP joints. MTP joint dorsiflex­
ion during talocrural dorsiflexion is an unwanted action. 
First, the extensor digitorum tendon is shortened over 
both joints (the MTP and talocnlfal joints), decreasing 
the talocrural dorsiflexion torque production capability. 
Second, the plantar fascia is placed on maximum stretch, 
increasing the risk of injury. Finally, repetitive MTP 
extension contributes to hammer and claw toe deformi­
ties. The lumbricals and interossei muscles act to counter 
the action of the extensor digitorum longus and stabilize 
the MTP joints during talocrural dorsiflexion. 

Interestingly, there are no intrinsic foot muscles that 
originate from the talus or calcaneus and attach to the 
navicular or cuboid. The stability of the transtarsal joint 
depends on bony shape, taut ligamentous restraints, and 
extrinsic muscles of the foot that cross this joint. The 
lack of intrinsic muscle joint restraints may contribute 
to the transtarsal joint becoming a frequent site of 
hypermobility. 

Understanding the anatomy and kinesiology of the 
ankle and foot is the fundamental fow1dation necessary 
to critically examine ftmctional activities of the foot and 
to determine the movement system diagnosis. The 
remainder of the chapter uses this knowledge of anatomy 
and kinesiology to assess movement and to determine 
when a movement impairment exists and what factors 
may be contributing to this movement impairment. 

EXAMINATION OF THE ANKLE AND FOOT 
History 
A standard history should be collected by the physical 
therapist and should include the history of the injury, 
pain ratings (symptoms at their worst, best, and average) 
and frequency and the duration of the pain. The standard 
history also includes the effect of daily activities and posi­
tions on symptoms, and the physical therapist must 
become familiar with the patient's daily routine and 
requirements, as well as any changes in activity level that 
may have occurred around the onset of the symptoms. 
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The physical therapist must also ask additional ques­
tions regarding the patient's footwear. Detailed informa­
tion about the type and age of the footwear and the 
frequency and duration that each type of footwear is worn 
should be obtained. The tllerapist should become fanlil­
iar with previous inserts, orthoses, or lower. extremity 
braces the patient has been prescribed and/or worn. 

The systems review should include the patient's 
medical and surgical history and current medications. 
Musculoskeletal, neurovascular, and systemic sources of 
signs and symptoms must be examined and may require 
referral to a physician for additional management. 

Potential Conditions Requiring Referral 
Stress Fracture 
Stress fractures are a common musculoskeletal source of 
undiagnosed foot and ankle symptoms tllat must be ruled 
out before completing a movement system examination 
and prescribing an intervention . Stress fracture pain gen­
erally is local and isolated to the bone, altllough symptom 
presentation can be diffuse and confusing. The six loca­
tions of stress fractures that are at high risk for serious 
sequelae if undertreated are anterior lateral tibial diaphy­
sis, medial malleolus, talus, navicular, fifth metatarsal, 
and sesamoids.27 Local or suspicious signs and symptoms 
in the high risk areas should be immediately referred to 
a physician because delayed treatment or undertreatment 
tends to result in progression to a complete fracture, a 
nonunion, the need for operative intervention, and/or 
recurrence or refracture. 

l)eep vein Jrhror.nboses 
Deep vein thromboses (DVT) can be the source of calf 
pain and edema. The strongest risk factors associated 
with development of a DVT include a fracture of the 
pelvis, femur, or tibia; hip or knee replacement; spinal 
cord injury; major general surgery; or major trauma. The 
Homans' sign28.3o (calf squeeze) has been commonly used 
to assess the presence of DVTs. Unfortunately, Homans' 
sign has little diagnostic value. 3 1  The Clinical Decision 
Rule developed by Wells et al assesses signs and symp­
toms, assigning a score and a probability of the presence 
of a DVT and has been found reliable and valid.32•33 

l)iabetes Mellitus 
The lower extremity is at risk for devastating conse­
quences of diabetes mellitus. Peripheral neuropathy and 
small vessel vascular disease can lead to unperceived 
injury, deformity, and nonhealing ulcers. Lower extrem­
ity amputation is often the outcome. An aggressive and 
complete screening for sensation and blood flow (see the 
"Peripheral Vascular Disease" section) should be com­
pleted on all patients who have suspicious histories. 
Sensation should be tested witll Semmes-Weinstein 
monofilaments. For the foot and ankle, individuals 
are considered to lack protective sensation, which is 
sensation capable of detecting injury, if they are unable 

to feel the 5 .0711 0-gm filament on any location on the 
foot. 

For individuals with diabetes mellitus, the hemoglobin 
A 1 c  level (HbA1 c) measures the percentage of hemoglo­
bin in the blood that has glucose attached, indicating 
blood glucose control over a 3 month period of time. 
Normally, tllls value should be :s;6% .  A higher HbA 1 c  
value indicates poor glucose control and i s  correlated 
with an increase risk of developing complications related 
to diabetes.H 

Peripheral Vascular l)isease 
Peripheral vascular disease can present as claudicating 
pain, which is pain in the lower leg tllat comes on witll 
walking and decreases or resolves with rest. The clinician 
should look for loss of hair on the feet and legs, decreased 
capillary refill, nonpalpable pulses at tlle dorsalis pedis 
and/or posterior tibial arteries, and poor skin color. The 
patient may also report results from an ankle-arm index 
assessment that compares blood pressure in the arms to 

blood pressure in multiple sites in the lower extremity. 
Normal ankle-arm index values should be between 0.91 
to 1 . 3 . 35 There is and increased risk of a cardiovascular 
event with values < 1 .0 and �1 .4. 

Rheur.natoid Arthritis 
Although rare ( 1 6%), an initial presentation of rheuma­
toid arthritis (RA) occurs in tlle foot and ankle.36 Specifi­
cally, individuals complain of forefoot pain. Hindfoot 
pain is often a later manifestation of RA. 

Seronegative Spondyloarthropathies 
Foot and ankle pain are also common complaints in anky­
losing spondylitis, psoriatic arthritis, Reiter's syndrome, 
and inflammatory bowel artllritides. Foot and ankle com­
plaints are generally accompanied by additional signs and 
symptoms specific to the disease. 

Gout 
Gout can present in an acute or chronic manner. The 
pain, redness, and swelling is generally localized to the 
first MTP. 37 

Potential Diagnoses and/or Conditions 
Requiring Referral 
There are a number of undiagnosed conditions that 
should be suspected from tlle history and symptoms. If 
the conditions are not ruled out, they require a referral 
to a physician in addition to physical therapy or before 
physical therapy (see the Chapter 8 Appendix). 

Movement System Syndromes 
of the Ankle and Foot 
A movement system diagnosis is useful because the treat­
ment plan directly addresses the movement pattern 
causing excessive stress on a particular tissue and 
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TABLE 8-2 
Foot and Ankle Syndromes 

Syndrome Key Findings Source of Symptoms 

Pronation Llcorrect timing or amount of motion of the Plantar fascia, posterior and anterior tibialis 
muscle/tendon, metatarsal heads, interdigital 
or tibial nerves, medial column joints and 
ligaments (talocnJral ,  subtalar, talonavicular, 
naviculocuneiform, tarsometatarsal, and MTP 
joints) 

ankle/foot in  the direction of pronation 
during weight-bearing activities (hind foot, 
mid foot, and/or forefoot). 

Supination Incorrect timing or amount of motion of the Plantar fascia, fibular muscle/tendon, 
gastrocnemius/soleus muscle, calcaneal tendon, 
metatarsal heads, lateral colul1U1 joints and 
ligaments (talocrural, subtalar, calcaneocuboid, 
tarsometatarsal, and MTP joints) 

ankle and foot ill the direction of supination 
during weight-bearing activities (hindfoot, 
mid foot, and/or forefoot). 

Llsufficient dorsiflexion illsufficient dorsiflexion during weight-bearing Plantar fascia, gasu'ocnemius/soleus muscle, 
calcaneal tendon, calcaneal bursa, anterior 
tibialis muscle/tendon, deep fibular nerve 

Individual ankle and foot joints 

activities that require the tibia to advance 
over the foot. 

Hypomobility Limitation in physiological and accessory 
motion of the ankle/foot joint(s). 

Foot/ankle impairment Tissue injury from surgery or trauma that illdividual ankle and foot tissues (bone, cartilage, 
muscle, tendon, ligament, skin, nerve) 

Proximal tibiofibular joint 
requires protection for repair. 

Proximal tibiofibular glide Positional fault of the fibula on tibia or 
hypermobil i ty of the tibiofibular joint during 
hamstring contraction. 

MTP, Metatarsophalangeal.  

resulting in injury. The body structures that are stressed 
and injured with a particular movement system syndrome 
are numerous and those that are listed with each move­
ment system syndrome are not meant to be exhaustive 
but reflect those most commonly seen by physical thera­
pists (Table 8-2). The source of symptoms (the body 
structure injured) is not specific to the movement system 
syndromes and should not be used in determining the 
movement impairment diagnosis. In the foot and ankle, 
where almost all muscles cross more than one joint and 
produce multi planar motions, a particular body structure 
can be overstressed and injured by more than one indi­
vidual movement (Table 8-3) .  

PRONATION SYNDROME 
The principal movement impairment associated with 
pronation syndrome is pronation at the foot/ankle during 
weight-bearing activities that is excessive for that indi­
vidual and/or when there is  insufficient movement of the 
foot in the direction of supination in later stance phase. 
The pronation impairment can occur in the hind foot, 
mid foot, and/or forefoot. A foot with the pronation syn­
drome is a flexible foot that provides the path of least 
resistance to motion and the site of compensation for 
various structural and movement impairments within the 
foot, ankle, knee, and hip. 

Symptoms and Pain 
The stress of the pronation movement impairment results 
in tissue injury. The tissues at greatest risk of injury 

include those impacted by excessive tensile forces from 
overstretching or muscular efforts to resist the pronation 
movement and occasionally those tissues that experience 
compression as a result of the excessive joint position. 
The following section of possible sU'uctures involved in 
pronation syndrome is not complete but identifies the 
most common structures and the symptoms reported 
during the h istory component of the examination. 

Plantar Aponeurosis (Fascia) 
Involvement of the plantar aponeurosis is most 
often accompanied by patient complaints of heel pain 
that is worse with the first step out of bed in the morning 
and after a period of prolonged non-weight-bearing 
activities. 

Posterior Tibialis Muscle and Tendon 
The patient complains of pain localized to the muscle at 
distal one-third of the medial tibia or anywhere along the 
tendon as it follows its course around the medial malleo­
lus to the primary insertion at the navicular bone. The 
symptoms are most apparent during the weight-bearing 
phase of activities as the muscle works eccentrically to 
control pronation and/or concentrically to supinate and 
plantarflex the foot and ankle. 

Anterior Tibialis Muscle and Tendon 
Pain is localized to the muscle at the proximal lateral tibia 
and/or the tendon as it inserts into the medial cuneiform 
and first metatarsal .  The synlptoms are often present at 
heel strike as the muscle works eccentrically to control 
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TABLE 8-3 
Differential Diagnoses for the Foot; Ankle 

Referral Referral 

Required: Required: 

Discontinue Continue 

Physical Examination 

Symptom Location Possible Diagnosis Follow-up Tests and Questions Therapy and Treatment 

LOCAL BONE PAIN 
Anterior lateral tibial diaphysis Fracture (stress) Palpation x 

Medial malleolus Vibration of bone at location x 

Talus away from site of symptoms x 

Navicular x 

Proximal (base) of the fifth x 

metatarsal 
Sesamoids x 

Shaft or head of first tlu'ough x 

fi ftll meta tarsals 
Proximal lateral tibia x 

Distal medial tibia x 

Remaining tarsals and x 

phalanges 
Joint symptoms DJD Palpation x 

Osteochondritis desiccans Axial joint compression 
RA End-range joint motions 

Medial ankle and foot pain Posterior tibial tendon Failure to complete a single-leg x 

insufficiency heel rise 
Tibial nerve compression Tinel's distal to proximal along x 

at the tarsal tunnel the nerve path 
Sustained provocative position 
Tinel's in provocative position 

Calf pain DVT Well 's Clinical Decision Rule x 

Compartment syndrome Palpation x 

Pulses 
Dermatomal leg and foot pain Low back referral Sensation tests x 

(L4-S2) Back movement tests 

X, Positive finding requiring referra l .  

0)0, Degenerative joint disease; OVT, deep vein thrombosis; RA, rheumatoid arthritis. 

plantarflexion. Anterior tibialis muscle pain is often called 
shin splints and particularly apparent after running or long 
distance walking. 

Tibial Nerve 
Pain, tingling, and/or numbness is located on the poste­
rior medial ankle and/or the plantar surface of the foot. 
Determining whether the tibial nerve is involved is criti­
cal but also difficult. Tinel's tapping test along the nerve 
pathway and if needed, Tinel's tapping test in the pro­
vocative positions of full dorsiflexion, calcaneal eversion, 
and toe extension can assist the physical therapist is 
determining the source of symptoms.38 

Gastrocnemius/Soleus Muscles and Calcaneal 
(Achilles) Tendon 
The patient complains of pain in the muscle belly or 
tendon, particularly during late stance, as the muscle is 
working eccentrically and the tendon is being placed on 

stretch to control the tibia's progression over the foot and 
during the concentric contraction required during 
push-off. 

Metatarsal Heads 
For the movement impairment of pronation, metatarsal 
pain is localized to the head of the second and third 
metatarsals and increases during the late stance and the 
push-off phases of walking and running (Figure 8- 1 1 ) .  

Interdigital Nerves 
The interdigital nerves can become irritated, producing 
complaints of pain, tingling, or numbness between the 
metatarsals and into the corresponding toes. The most 
common location is between the third and fourth toes. 
The interdigital nerve often receives branches from both 
the medial plantar nerve and the lateral plantar nerve, 
increasing the size of the nerve and the risk of impinge­
ment during weight-bearing activities. 
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Medial Column Joints 
The patient complains of generalized rnidfoot pain, often 
in the joints of the medial colunm (talus, calcaneus, navic­
ular, three cunei forms, or first, second, or third metatar­
sals). The pain can progress to joint degeneration and 
involve the joints of the lateral column. 

Alignment: Structural Variations and 
Acquired Impairments 
Standing foot alignment has been a primary method for 
determining foot type. The typical description of a pro­
nated foot includes a combination of calcaneal eversion, 

Figure 8-11. High pressure at second and third metatarsal 
heads in a subject with pronation during walking. Lateral 
mid foot pressure is related to cuboid subluxation. 

medial bulge (prominence of the talonavicular joint 
medially), low medial longitudinal arch, forefoot abduc­
tion relative to the hindfoot at the transtarsal joint, and 
increased width of the forefoot (splayed forefoot) (Figure 
8- 1 2). Often, as the remainder of the lower extremity 
alignment is examined, there will be alignment impair­
ments proximal to the foot that contribute to pronation 
at the foot. These include medial rotation at the hip, 
medial rotation at the knee, and structural variations of 
the femur and/or tibia that result in an increase in medi­
ally directed forces through the foot (e.g., femoral ante­
version, medial tibial torsion, or genu valgus) (Figure 
8- 1 3) .  

There are a number of  hindfoot and forefoot align­
ment variations that can contribute to the pronation syn­
drome. The most common structural variations are 
subtalar joint neutral alignment of hindfoot and/or fore­
foot varus. If adequate subtalar joint eversion motion is 
available, the calcaneus may evert to compensate for the 
varus alignment in an attempt to get the foot flat on the 
weight-bearing surface. If the midfoot and forefoot are 
flexible, they can also compensate for varus alignment 
faults contributing to a lowering of the medial longitudi­
nal arch, forefoot abduction, and splaying (widening) of 
the forefoot (Figure 8- 14). valgus hindfoot and forefoot 
structural faults that persist with standing can also con­
tribute to the pronated standing alignment. 

Movement Impairments 
Walking and Running 
During walking and running, the pronation movement 
impairments can include excessive calcaneal eversion 
during the early and midstance phases, excessive arch 
flattening in the midstance phase, and/or insufficient 
movement of the foot in the direction of supination in 
the late stance phase (Figure 8- 1 5). Often, there is poor 
conU'action of the gastrocnemius muscle with very little 

Figure 8-12 Left foot, classic standing alignment for pronation impairment: Calcaneal ever­
sion, medial bulge, low medial longitudinal arch, forefoot abduction, and increased width of 
the forefoot. 
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Figure 8-13. A, Individual with calcaneal valgus, dropped medial longitudinal arch, medial 
bulge, and abducted forefoot bilaterally. B, Same individual, is able to minimize foot pronation 
through correcting hip medial rotation and knee hyperextension. 

Figure 8-14. A, Left foot subtalar joint alignment in prone: Hindfoot in neutral alignment 
relative to the leg and a forefoot varus relative to the hindfoot. B, Left foot standing alignment 
includes slight calcaneal eversion, bulge in the medial longitudinal arch, and forefoot abduction. 
Calcaneal eversion indicates the ability of the hind foot to assist in compensating for the forefoot 
varus structural variation. 
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Figure 8-15. Instances in stance in an individual with pronation syndrome. A, Heel strike. 
B, Midstance. C, Heel off. D, Toe off. 

Figure 8-16. High pressure at second and third metatarsal 
heads in a subject with pronation during walking. Lateral 
midfoot pressure is related to cuboid subluxation 

push-off noted. Medial rotation of the hip with an 
increase in medial foot loading can also be viewed. 

Plantar pressure scans taken during barefoot walking 
show an increase in force distributed through the medial 
side of the foot, as well as high pressure through second 
and third metatarsal heads (Figure 8-1 6). 

During running, the pattern used by most people is to 
contact the ground first with the heel of the foot. A heel­
strike pattern of running recruits the anterior compart­
ment muscles to absorb shock and lower the foot down. 
The posterior compartment muscles are then recruited 

to control tibial advancement and assist with plantarflex­
ion force. A running pattern that results in the midfoot 
or forefoot making the initial contact can contribute to 
pronation movement impairments. With a midfoot or 
forefoot initial contact, the force of body weight u'avels 
through the midtarsal joint and encourages dorsiflexion 
motion at the midtarsal joints. Additionally, the anterior 
compartment muscles are not recruited and the posterior 
compartment muscles remain active throughout stance, 
placing additional stress on the gastrocnemius and pos­
terior tibialis muscles. The patient should be encouraged 
to run with a relatively frequent heel -strike-lirst pattern. 
In most cases, the patient does not need to make a com­
plete shift to a heel-strike nllming pattern, but often a 
moderate decrease in the frequency or severity of the 
midfoot or forefoot strike pattern can result in a decrease 
in symptoms. 

If symptoms are reproduced during walking and 
running and the pronation impairment is suspected, the 
secondary tests would be to provide cues to contract the 
gastrocnemius and posterior tibialis muscles, lifting from 
the heel and raising the medial longitudinal arch. If the 
patient is unable to control pronation during walking and 
running, external arch support (inserts, scaphoid pads, or 
arch taping) can be added, and movement and symptom 
reproduction is reassessed. Ifhip and knee medial rotation 
control appears to be an important factor, cues to contract 
the gluteal muscles and intrinsic hip lateral rotators can be 
used to assess the impact of the hip and knee movement 
impairment on foot function and symptom production. 

Single-Leg Hopping 
The patient is asked to repetitively hop on one leg. Indi­
viduals with the pronation syndrome demonsu'ate calca­
neal eversion, dropping of the medial longitudinal arch, 
forefoot abduction, and/or knee and hip medial rotation. 
Poor contraction of the gastrocnemius is often very 
apparent during the single-leg hop test. The patient has 
a decreased jump height and compensates for the lack of 
plantarflexion strength with an increased swing of the 
upper extremities and increased reliance on the quadri­
ceps and/or hip extensors to complete the jump. The 
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contributing movement impairments of medial rotation 
at the hip and/or knee are also easily assessed during 
single-leg hop. If symptoms occur during single-leg hop, 
the secondary tests would be similar to those described 
for the walking and running test: Encourage gastrocne­
mius muscle contraction, add external arch support, and 
correct associated hip and knee movement impairments 
to assess movement and symptom production. 

Step-Down and/or Small Knee Bend 
The patient is asked to perform a step-down and/or a 
small knee bend. The physical therapist assesses the 
movement and symptom reproduction. Movement 
impairments consistent with pronation (calcaneal ever­
sion, arch flattening, and weight transferred over the 
medial side of the foot and knee or hip medial rotation) 
and symptom reproduction support the movement system 
diagnosis of pronation. If symptoms are reproduced or 
the therapist suspects baseline symptoms could be 
reduced, the patient is cued to correct the movement 
impairment raising the arch, transferring weight slightly 
more lateral, and contracting the hip lateral rotators to 
control femoral medial rotation. A decrease in symptoms 
with the correction of tl1e movement impairment sup­
ports the diagnosis of pronation syndrome. 

Joint Integrity and M uscle Length 
Talocrural Dorsiflexion 
See the previous "Dorsi flexionlTalocrural J oint" section. 

Passive First Metatarsophalangeal Dorsiflexion 
Adequate dorsiflexion motion of the first MTP joint is 
required as the tibia advances over the foot and the heel 
begins to rise from the floor. MTP dorsiflexion is mea­
sured in full plantarflexion and in 20 degrees of plantar 
flexion. 

Subtalar Joint Eversion 
In tl1e presence of adequate eversion ROM, varus struc­
tural variations of the hind foot and/or forefoot often 
result in pronation syndrome at tl1e hind foot (calcaneal 
eversion) in weight bearing. 

Muscle Strength/Performance Impairments 
Determining the muscle performance impairments in the 
foot and ankle can be challenging. The forces experi­
enced by the ankle and foot during walking, rmIDing, and 
hopping are often larger than the forces a physical thera­
pist can generate during manual muscle testing (MMT). 
Additionally, tl1e muscles of the foot and ankle often have 
an extremely large eccentric role that is not tested with 
standard MMT. Functional tests should be incorporated 
to determine true muscle performance. 

Gastrocnemius/Posterior Tibialis Muscles 
The gastrocnemius muscle is critical in producing power­
ful plantarflexion during walking and running. Along 

Figure 8-17. This patient has posterior tibialis dyshmction on 
the left. A, Note that on the left the calcaneus remains everted 
and the heel does not rise through full motion. B, Inversion of 
calcaneus during right heel raise. 

with the posterior tibialis, flexor digitorum longus, and 
flexor hallucis longus, the gastrocnemius muscle contrib­
utes to supination of the foot during the late stance phase. 
To assess function, observe the calcaneus during single­
leg heel rise. Together, the ankle plantarflexors should 
contract and result in calcaneal inversion and elevation 
of the calcaneus tl1fough the full available motion. The 
ability to complete 2 5  single-leg heel raises is considered 
norma1.39 Dysfunction of the posterior tibialis tendon and 
muscle is evident during a single-heel rise since the cal­
caneus does not invert, the individual is unable to com­
plete a full heel raise, and often dorsiflexion is seen at tl1e 
midfoot (Figure 8- 1 7) .  During walking and rmIDing, a 
visible and strong contraction of the gastrocnemius 
muscle is expected. Weakness or poor recruitment of the 
plantarflexor muscles contributes to pronation that occurs 
past midstance. 

Posterior Gluteus Medius, Gluteus Maximus, and 
Intrinsic Hip Lateral Rotation Muscles 
Performance impairment of the hip lateral rotators results 
in excessive hip medial rotation. Hip medial rotation can 
cause pronation motion at the foot. 

Intrinsic Muscles of the Foot 
The intrinsic muscles of the foot are important in main­
taining the arches of the foot during weight-bearing 
activities. The strengtl1 assessment is often indirect, 
observing tl1e individual's ability to complete a towel 
crunch witll the toes, lifting the arch, and flexing the 
MTP joints. 

Plantar Callus Findings 
Callus formation is an indication of high stress, either 
friction or force. In the patient with pronation syndrome 
the location of calluses are generally on the second meta­
tarsal head, tlurd metatarsal head, and/or medial side of 
the first toe. Callus formation at the second and tllird 
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Figure 8-18. Right Asics Gel Foundation 8. Firm density 
material at the medial heel with less dense material laterally. 
Gel material is also dual density with firm gel medial and soft 
gel lateral. 

metatarsal heads indicates that the location of force 
during push-off remains in the center of the foot. The 
normal pattern of force during the final phase of push-off 
is through the first and second metatarsal heads. The 
medial toe callus represents late pronation (pronation at 
push-off). 

Footwear Considerations 
Heel Counter 
The heel counter is the posterior component of the shoe 
that wraps around the heel and is attached to the sole of 
the shoe. The purpose of the heel counter is to cup the 
heel and control hindfoot motion. The heel counter 
should fit the heel snugly and should be made of firm 
material. If the material is flexible or absent (e.g., an 
open-back sandal) there is no external assistance to 
control the calcaneal motion of eversion that can contrib­
ute to pronation syndrome. 

Shoe Sole Components 
The density (firmness) of the material used in the sole of 
the shoe impacts the shoe's "resistance" to a particular 
motion. Shoes manufactured to control pronation often 
have a dual or multidensity sole. A material with increased 
firmness is added to the medial side of the shoe (a less 
dense or softer material remains lateral), discouraging 
motion in the direction of pronation (Figure 8 - 18) .  

The location of the firm material as it relates to the 
patient's specific movement impairment is very impor­
tant. For a patient with a neutral calcaneus but increased 
pronation at the mid foot, the firm material should be 
located only at the medial midfoot (Figure 8 - 19) .  For this 

Figure 8-19. Right Asics GT-2 1 S0. Note multiclensity arch 
material to increase support for the miclfoot. 

particular patient, inclusion of firm material at the hind­
foot may encourage a new movement impairment of cal­
caneal inversion and potentially result in new symptoms. 
If the pronation impairment occurs at the hindfoot and 
midfoot, the firm material should run from the heel 
through the midfoot. 

The general flexibility of the sole should be assessed. 
The sole of the shoe should bend easily only at the toe 
break. Where the shoe breaks is in part determined by 
the location of the grooves in the sole material. The 
removal of sole material to form the grooves encourages 
bending at the specific location. The groove on the shoe 
should match the patient's MTP joint line from the first 
to the fifth toes (Figure 8-20) .  Footwear with little sole 
rigidity results in bending at tile midfoot, which encour­
ages dorsiflexion at the mid tarsals and tarsometatarsal 
joints (Figure 8-2 1) .  

Heel-to-Toe Height 
Limited dorsiflexion contributes to pronation as dis­
cussed previously in this chapter. Limited dorsiflexion 
can be compensated for by lifting tile heel slightly above 
the toe. This can be accomplished through footwear and 
is often unnoticed by the individual wearing the shoe 
(Figure 8-22) .  The onset of foot symptoms related to a 
change in footwear may be associated witll a change in 
the heel to forefoot height (tile amount of heel lift). Even 
a small reduction of heel height can increase the stress 
on the foot and result in injury. 

Arch Support 
The amount of direct arch support material in the insole 
of the shoe is generally small and often made of very soft 
(compressible) materials. The location is also fixed and 
may fail to support the arch in the appropriate location. 
External arch pads (scaphoid/navicular pads) can be easily 
added to most any footwear. 

Last Shape 
The last of a shoe is the mold used to shape the shoe. 
The shape of shoes is generally straight, semi-curved, or 
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Figure 8-20. A, Left Air Pegasus+ 26. Note the white line of material at the metatarsal break 
is more distal lateral than medial. B, Left Asics Gel Nimbus 1 1 . The white line of material is  
more proximal lateral than medial. The pattern of sole material removal at the forefoot should 
match the outline of tlle metatarsophalangeal joints where dorsiflexion occurs during walking 
and nmning. 

Figure 8-21. A shoe that bends easily at the mid portion of the sole. 
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Figure 8-22_ Shoe has been cut in half. Note the difference in 
height of the heel of the shoe compared to the toe of the shoe. 

Figure 8-23. Left New Balance 883 . Pronation control shoe 
with a straight last. 

curved .  To assess last shape, bisect the heel into equal 
amounts of sole material, medial and lateral. Continue 
the line that bisects the heel up to the forefoot of the 
shoe. A straight last will have equal amounts of forefoot 
sole material on the medial and lateral sides of the line 
that bisects the heel (Figure 8-2 3) .  Curved lasts will have 
more material on the medial side of the forefoot portion 
of the shoe compared to the lateral side. Individuals with 
pronation syndrome often have a straighter foot and 
would fit best into a straight or semi-curved last. The 
shape of the shoe should not be used to force a change 
in foot shape. 

Summary 

Pronation syndrome is characterized by pronation during 
weight-bearing activities that is excessive for that indi­
vidual and/or is occurring past midstance during walking 
or running. The movement impairment will be observed 
during weight-bearing activities (walking, running, sin­
gle-leg hop, small knee bends, and/or stepping down). 
The movement impairment of pronation occurs in the 
presence of a foot that is flexible and accommodates for 
limitations. The associated limitation can be limited dor­
siflexion motion at the talocrural joint, weakness of the 
foot and ankle supinators and/or foot intrinsic muscles, 
and/or hip lateral rotators. 

Treatment 
walking and Running 
The patient is instructed to work on the specific cues that 
assisted in symptom reduction during the examination or 
the cues that the physical therapist believes, with practice, 
may result in syn1ptom reduction. The following cues are 
among the possibilities that may assist the patient: 

• Contract the gastrocnemius muscle by lifting from 
the heel. 

• Raise the medial longitudinal arch. 
• Contract the gluteal muscles (squeeze the buttock 

of the stance leg). 
• Hit with the heel first. 
Many of the changes being requested of the patient 

during walking and running are similar to a strengthen­
ing program. As such, encourage the patient to have 
focused practice time and gradual implementation to 
avoid injury. 

Muscle Peiformance 
Weakness of the supinators (gastrocnemius and posterior 
tibialis muscles) can be addressed with a progressive 
strengthening program, which includes elastic band resis­
tance exercise into plantarflexion and plantarflexion/ 
inversion, heel raises, and single-leg hopping. During the 
exercise, assess the contraction of the gastrocnemius 
muscle cueing the patient to raise the heel . 

Intrinsic muscles of the foot can be strengthened by 
completing towel crunches using the toes to grab the 
towel and pull the towel under the foot. The movement 
must be accomplished by flexing at the MTP joints, 
raising the arch, and cupping the foot (Figure 8-24, A). 
The patient should not be allowed to complete the towel 
crunch with isolated motion of the flexor digitorum 
longus with flexion occurring only at the proximal and 
distal interphalangeal joints (Figure 8-24, B). Weight can 
be added to the towel to increase resistance. 

Posterior hip muscle strengthening is described in 
detail in Chapter 7, "Corrective Exercises: Purposes and 
Special Considerations," in Sahrmann.3 An appropriate 
strengthening progression activity includes sidelying hip 
lateral rotation progressing to lateral rotation with abduc­
tion and adding weight as appropriate. 
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igure 8-24. A, Towel crunch with toes using intrinsic muscles to flex the metatarsophalangeal 
joints. B, Toe intrinsic exercise done incorrectly using flexor digitorum longus and flexor hal­
lucis longus to curl toes witllout flexing the metatarsophalangeal joint and raising the arch. 

Muscle strengthening occurs when the muscle is over­
loaded. The general reconunendations are that the exer­
cise should be completed at 70% of the patient's maximum 
voluntary contraction for 10 repetitions, 3 sets, 3 to 5 
times/week. In general, exercise or activity is permissible 
if pain remains :<:::2 / 10  on a 0 to 1 0  scale. 

Muscle Length and Joint Integrity 
Decreased length of the gastrocnemius muscle and 
tendon can be addressed with a small lunge stretch at the 
wal l ,  dropping the heel off a ledge, or long sitting dorsi­
flexion towel stretch; all stretches would be done with the 
knee extended. The soleus muscle and tendon can be 
stretched by bending the knee during the wall, heel hang, 
or towel stretch. Unique instructions for patients with 
pronation syndrome include preventing pronation during 
the stretch (this could include active patient correction 
of pronation and wearing good footwear during the 
stretch) and keeping the foot facing forward or in line 
with the femur and tibia. The heel should be kept on the 
ground during the stretch. 

To address talocrural joint limitation, a posterior glide 
or a distraction technique of the talus on the ankle mortise 
is recommended in addition to the stretches described. 
Additionally, a prolonged stretch can be provided by a 
dorsiflexion splint. The splint is a non-weight-bearing 
brace and is generally recommended for night wear but 
could be used during the day if the individual could 
remain non-weight-bearing during splint use. Splint use 
in the foot and ankle is often reserved for patients whose 
symptoms do not respond to the traditional treatment 
plan to improve dorsiflexion. Splint wearing at night can 
be uncomfortable, disrupting sleep, which often results 
in poor patient compliance. 

Limited talocrural dorsiflexion can be compensated 
for by adding a heel l ift in the shoe. A heel lift used long 
term can contribute to loss of talocrural dorsiflexion and 
should be approached with caution. 

Limited extensor digitorum longus muscle and tendon 
extensibility can be addressed by having the patient plan­
tarflex the involved foot with the toes plantarflexed either 
in a sitting position or while on hands and knees and 
rocking back. Limited first MTP dorsiflexion related to 
decreased extensibility of the flexor hallucis longus can 
be addressed with a prolonged stretch into dorsiflexion 
with the ankle in dorsiflexion. To address limitations in 
first MTP joint dorsiflexion, an anterior glide of the 
proximal phalanx on the metatarsal can be performed. 

Stretching should be held for 30 seconds, 2 to 3 repeti­
tions, completed regularly throughout the day (5 to 8 
times/day), and completed 5 to 7 days/week. 

Activity Modification 
Activity level should be modified to decrease forces on 
the foot. If the symptoms are severe, the therapist should 
consider the use of an assistive device or a period of 
immobilization to decrease tissue irritability. 

As the tissue heals, a cautious and gradual increase in 
activity will assist in returning the patient to the previous 
level of activity. If appropriate for the patient's goals, 
activity should progress to dynamic activities such as 
jumping, hopping, shuttle run, cutting, and so on. A 
guide for progressing from walking to running begins 
with a run/walk program. Generally, a 1 :  4 ratio ( 1  minute 
run with a 4 minute walk) is a reasonable place to begin. 
The physical therapist should closely monitor symptoms. 
The symptoms guidelines used in clinical practice are 
that symptoms should remain :<:::2 out of 1 0, and symp­
toms that come on with activity should resolve within a 
very short time after activity (no longer than 1 hour). As 
the tissue tolerance to activity improves, the number of 
run/walk cycles is increased and then duration of running 
is increased while walking duration is decreased. 

The progression to high level agility sport activity 
includes starting with straight plane jogging and jumping 
on a smooth flat surface. The most effective strategy is 
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to work on increasing distance before increasing speed 
because an increase in speed increases the peak forces 
through the foot and is more likely to result in tissue 
injury or reinjury. As the patient's tolerance of weight­
bearing activities improves, the terrain should be varied, 
as well as the addition of hills, cutting, and progressing 
to lmexpected turns. The equipment (balls, cleats, sticks, 
rackets, and so on) associated with the sport of interest 
should be introduced, as well as a plan to gradually intro­
duce other players and to address the dynamics of the 
sport (player contact, single-leg balance activities, speed 
of the sport, or ball movement). 

External Tissue Support 
Footwear. The footwear prescnptJon is specific to 

each individual, but some general guidelines for prona­
tion syndrome can be provided. The last (shape) of the 
shoe should look like the patient's foot. Most often a 
straight or semi-curved last is appropriate. A firm heel 
counter to control hindfoot motion is advisable for most 
all individuals. If pronation occurs at the hindfoot, the 
shoe should include more rigid material at the medial 
heel and less rigid material at the lateral heel. The medial 
structure of the shoe should be made of firm materials, 
and the sole should be rigid from hindfoot through 

A 

midfoot, bending only at the metatarsal heads. The 
shoe length, width, and height of the toe box should 
accommodate the size of the foot and any deformities 
present. 

Orthoses. Orthoses are not recommended for all 
patients. Indications that orthoses may be appropriate 
include ( 1 )  the inability to correct the movement impair­
ment through cueing, (2) significant structural variations, 
(3) the problem is recurrent, or (4) the foot alignment 
places the individual at risk for future problems. A tem­
porary orthosis is a cheap and efficient method to assess 
the usefulness of an orthosis. Components can be easily 
added and removed to aid in determining what is most 
helpful for managing the patient's symptoms. The com­
ponent most often added is arch support (scaphoid/navic­
ular pad). Medial hindfoot and forefoot posts are 
additional options that can assist with limiting motion 
that results in symptoms (Figure 8-25). The goal of the 
orthosis is not to achieve a subtalar joint neutral position 
but to prevent excessive or end-range motion so that the 
symptoms resolve. For local metatarsal pain, a common 
orthoses component is a metatarsal pad (Figure 8-26). 
The pad should be located just proximal (0.5  to 1 cm 
proximal) to the metatarsal head to unload the metatarsal 
heads and limit MTP hyperextension.40 

B 

Figure 8-25 An off-the-shelf orthosis with a (A) scaphoid/navicular pad and (B) hind foot 
medial post. 

FI�ure 8·26. A, Total contact insert with local metatarsal relief. B, Global (all) metatarsal head 
relief. 
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Figure 8-27. Example of a total contact orthosis with professional quality visco elastic polymer 
(Riecken's, Evansville, Ind.) at the medial heel .  

An important orthoses modification for patients with 
tarsal tunnel nerve (tibial nerve) involvement is to avoid 
firm materials in the medial heel of the orthosis or sole 
of the shoe. Firm materials may contribute to nerve com­
pression and irritation (Figure 8-2 7). 

Taping. Taping to support the arch can assist in 
symptom management while additional treatment options 
are being implemented. There are a variety of techniques, 
but most have a common component of restraining lon­
gitudinal motion between the calcaneus and the metatar­
sal heads (Figure 8-2 8). 

CASE PRESENTATION 
Pronation Syndrome 

Symptoms and History 
An internist referred a 42-year-old female for evaluation 
and treatment of right "heel pain." Her heel pain began 
approximately 1 0  weeks ago when she returned to work 
full time as a floor salesperson at a local shopping center. 
The patient has had to decrease her working hours from 
40 to 20 because she was unable to tolerate the heel pain. 
The patient's pain is located on the plantar surface of the 
heel . She states the pain occurs only during weight 
bearing and is much worse in the morning when she first 
gets out of bed (7/1 0) than later in the afternoon (4/1 0). 
She states her pain is worse when walking barefoot or in 
her work shoes, which are dress flats. She reports increas­
ing pain with walking more than 1 5  minutes and has 
difficulty completing daily activities like grocery 
shopping and playjng games with her children. She is 5 
foot 6 inches and weighs 1 90 lb. Her Foot and Ankle 
Ability Measure score is 49% ( 1 00% indicates normal 
function). 

Alignment Analysis 
In standing, the foot alignment shows a vertical calcaneus 
and a normal-to-low arch bilaterally. The alignment of 
the hip and knee includes medial rotation of the femur 
and slight lateral rotation of the tibia bilaterally. Symp­
toms in standing were 3/ 10. In prone the assessment of 
subtalar joint neuu"al reveals a small hindfoot varus and 
neutral forefoot alignment. 

Figure 8-28. Arch taping to provide external arch support 
during weight-bearing activities. 

Movement Analysis 
Walking/running 

During walking, the calcaneus hits in inversion, moves 
into eversion by midstance, and remains in the everted 
position through late stance (right foot greater than left). 
Symptoms during barefoot walking increased to 5/ 10. 
Secondary tests, including cues to raise her heel earlier 
in stance and to contract her gastrocnemius, decreased 
the amount of eversion during midstance to late stance 
and decrease her symptoms minimally (4/1 0). 
Single-leg hopping 

The patient demonstrated decreased use of plantarflexors 
during single-leg hopping. Symptoms were generally less 
(3/ 1 0) when remaining on her toes and avoiding weight 
bearing through the heel. 
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Small knee bend 

An increase in calcaneal eversion and a lowering of the 
arch was noted (right greater than left) during a small 
knee bend. Symptoms remained at 3/10 .  

M uscle Length/Joint ROM Analysis 

TaIOCl'uraI dorsiflexion (knee 
extended) 

Talocrural dorsiflexion (knee 
flexed) 

Calcaneal eversion 
First MTP joint extension (30 

degrees talocrural plantarflexion) 

Right 

o degrees 

5 degrees 

5 degrees 
60 degrees' 

Left 

5 degrees 

1 0  degrees 

5 degrees 
60 degrees 

* I ncreased symptoms at the calcaneal tubercle and into the arch. 

Joint accessory motion assessment found no difference 
in mobility between the right and left talocrural joints 
during an anterior-to-posterior glide of the talus on the 
ankle mortise. 

M uscle Performance Impairments 
• Single-leg heel raise could be completed 1 0  times 

through full plantarflexion and inversion range with 
fatigue, resulting in a decreased height of the heel raise 
and incomplete inversion in subsequent repetitions. 

• Sidelying gluteus medius strength was 3+/5 on the 
right and 4/5 on the left. 
Towel crunch with toes: the toes flexed, the MTP 

joints extended. The patient was able to correct perfor­
mance to l ift arch and plantarflex the MTP joints, but the 
foot cramped after five toe crunches. 
Footwear 

Patient wore her work shoes, which were dress flats. The 
heel counter was flexible, and the sole was made of a 
flexible plastic. 
Palpation 

Symptoms were reproduced with palpation of the calca­
neal tubercle on the right foot. Pain continued with pal­
pation of the plantar aponeurosis into the arch of the 
foot. 

Diagnosis 
Pronation occurred past midstance with no motion in the 
direction of supination during late stance. The primary 
contributing factors to pronation syndrome were 
decreased talocrural dorsiflexion ROM from decreased 
length of the gastrocnemius and soleus muscles and 
weakness of the gluteus medius/hip lateral rotators and 
foot plantarflexors/supinators. There was also a slight 
structural variation (hind foot varus in the presence of 
sufficient calcaneal eversion motion) that could contrib­
ute to pronation. Additionally, the footwear provided 
insufficient support and cushion for a job that requires 
prolonged standing. The stage for rehabilitation is 2. The 
pain rating was moderate to high, she was mobile but 

limited in her ability to complete activities that require 
longer weight bearing, and her Foot and Ankle Ability 
Measure indicates a moderate amount of disability. 
Source of the symptoms was the plantar aponeurosis. 
The patient was seen 1 time/week for 8 weeks to assess 
and modify the treatment plan. 

Treatment and Outcomes 
Table 8-4 includes pronation syndrome interventions 
and outcomes. 
Activity education 

• First-step pain 
• Gentle dorsiflexion stretch before stepping onto 

the foot after a prolonged period of non-weight­
bearing activity (e.g., sleeping). 

• Step directly into her most supportive shoes as she 
gets out of bed and for as long in the morning as 
she is able to avoid the u'auma associated with first­
step pain and morning symptoms. 

• Femoral medial rotation and pronation 
• Patient instructed to squeeze the buttock, keep the 

knee over the toe (not medial), and lift the arch 
during weight-bearing activities. 

• Gluteus medius strengtllening. 
Arch taping resulted in an immediate decrease in symp­
toms witll weight bearing to a 2/10 .  First step morning 
pain decreased to a 4/1 0  within tlle first week after imple­
mentation of the suggested changes to her morning 
routine. The temporary addition of a heel lift and scaph­
oid pad to the shoe was needed to assist with initial 
symptom relief. The patient continued the home exercise 
program to strengt11en the hip, ankle, and foot, increase 
talocrural dorsiflexion motion, and modify tlle medial 
femoral rotation and foot and ankle pronation for approx­
imately 8 weeks before synlptoms consistently remained 
at 0110  with a full 40-hour week of work. 

SUPINATION SYNDROME 
The principal movement impairment associated wim 
supination syndrome is supination of the foot and ankle 
that occurs at the wrong time (heel strike to midstance 
in the gait cycle) or that occurs in an amount that is 
excessive for that individual. The supination impairment 
can occur in the hindfoot, mid foot, and/or forefoot. The 
foot with the supination impairment is generally a rigid 
foot with little or no ability to absorb shock and compen­
sate for structural or movement impairments within tlle 
foot and ankle, knee, or hip. 

Symptoms and Pain 
Plantar Aponeurosis (Fascia) 
Involvement of the plantar aponeurosis is most often 
accompanied by patient complaints of heel pain that is 
worse with the first step out of bed in me morning 
and after a period of prolonged non-weight-bearing 
function. 
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TABLE 8-4 
Pronation Syndrome: Interventions and Outcomes 

Limitation/Initial Prescription Progression Week 1 Progression Week 3 Progression Week 6 

TALOCRURAL DORSIFLEXION 
Wall SU'etch 
Heel hang 
Towel stretch 

Progression of stretches to improve talocrural dorsiflexion may include changing 
from non-weight bearing to weight bearing exercises. All stretches should be 
held for a minimum of 30 seconds and repeated 3 to 5 repetitions and done 
frequently throughout the day (at least 5 times per day). 

Instruction: Prevent foot pronation, hip medial rotation, and keep foot aligned witll the fibia. 

PLANTAR FLEXOR MUSCLE PERFORMANCE 
Elastic band plantar flexion/ inversion Heel raises (Bilateral 

progressing to unilateral) 
Bilateral hopping Single-leg hopping 

Eccentric strengthening: Bilateral 
heel rise, lowering on one foot 

Eccentric strengthening: Add additional weight to a backpack, waist, or leg and 
increase repetitions as tlle patient is able tolerate the exercise. Pain is used as 
an indicator that the stress is excessive and the prescription is too aggressive. 

Instruction: Squeeze me calf and relax me toes. 

INTRINSIC FOOT MUSCLE PERFORMANCE 
Towel crunches wim toes Weight added to towel as 

tolerated 
Instruction: The arch and MTP joints should lift during towel crunches. 

GLUTEUS MEDIUS MUSCLE PERFORMANCE 
Sidelying level 2 Sidelying Level 3 
Instruction: Avoid hip medial rotation and flexion during abduction. 

Bilateral hopping Single-leg hopping 

EXTERNAL SUPPORT 
Arch taping Heel lift and scaphoid pad. Reduce height of heel lift as talocrural dorsiflexion 

increases. 
Footwear Firm heel counter, firm medial heel and midfoot components, increased 

heel-to-toe height ratio. 

MTP, Metatarsophalangeal .  

Fibular (peroneal) Muscles and Tendon 
The patient complains of pain localized to the muscles 
(posterior to the fibula) or anywhere along the tendon as 
it follows its course around the lateral malleolus to the 
insertion at the base of the fifth metatarsal for the fibu­
laris brevis or following the fibularis longus as it runs 
along the lateral border of the cuboid and to the plantar 
surface of the foot. The symptoms are most apparent 
during the weight-bearing phase of activities as the 
muscle works to eccentrically control supination and dor­
siflexion and during push-off as the muscle acts concen­
trically to assist with plantarflexion. 

Gastrocnemius/Soleus Muscles and Calcaneal 
(Achilles) Tendon 
The patient complains of pain in the muscle belly or 
tendon, particularly during late stance, as the muscle is 
working eccentrically and the tendon is being placed on 
stretch to control the tibia's progression over the foot and 
during the concentric contraction required during 
push-off. 

Metatarsal Heads 
The patient complains of metatarsal pain localized to the 
head of the first and fifth metatarsals that becomes worse 
during late stance and the push-off phase of walking and 
runrung. 

Lateral Column Joints 
The patient complains of generalized pain along the 
joints of the lateral column of the foot (talus, calcaneus, 
cuboid, and fourth and fifth metatarsals). 

Alignment: Structural Variations and 
Acquired Impairments 
The description of a supinated foot type includes a com­
bination of calcaneal inversion, lateral bulge (prominence 
of the talonavicular joint dorsal and lateral), high medial 
longitudinal arch, forefoot adduction relative to the hind­
foot at the transtarsal joint, and narrow forefoot width 
(Figure 8-29). Lower extremity aJ jgnment impairments 
that contribute to a supination impairment at the foot 
include lateral rotation at the hip andlor knee or 
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Figure 8-29. Supinated foot with high medial longitudinal arch. 

Figure 8·30 Calcaneus stays vertical and arch is high from heel strike through push-off. 

su-uctural variations of the femur or tibia that seem to be 
associated with a supinated foot (e.g., femoral reu'over­
sion, lateral tibial torsion). 

The most common subtalar joint neutral alignment 
finding in individuals with supination syndrome includes 
a hind foot and/or forefoot varus in which the joint mobil­
ity is limited and there is no ability to compensate with 
subtalar or midtarsal joint motion. Valgus hindfoot and 
forefoot structural variations that are compensated by 
inversion in standing can also contribute to the supinated 
standing alignment. In the prone position, an individual 
with supination syndrome may also have a first metatarsal 
head that is plantarflexed below the plane of the second 
to fifth metatarsal heads; this is called a plantarflexed or 
dropped fiTSt ray and is a common compensation for a 
forefoot varus (see Figure 8-4). 

Movement Impairments 
walking and Running 
During walking and rUlming, the supination movement 
impairment usually includes calcaneal inversion at heel 

strike that remains through push-off. There is generally 
an absence of pronation during the initial portion of 
stance. The center of gravity during stance remains 
lateral on the weight-bearing surface of the foot (Figure 
8-30). There is often a very late whip to the medial side 
of the foot during push-off. The foot is rigid, and there 
is very little shock absorption during walking and nmning, 
which can contribute to synlptoms at the knee, hip, and 
back. The rigid foot can also produce varus Illotion at the 
knee that can contribute to knee symptoms. 

The barefoot plantar pressure assessment in Figure 
8-3 1 is common in individuals with the supination move­
ment impairment. There is no loading of the midfoot, 
which reduces the surface area for force distribution 
(increases localized pressure). The metatarsal head pres­
sure is high, particularly under the first metatarsa1. ln this 
individual, there is also very high medial great toe pres­
sure, evidence of the late transfer of weight medially over 
the first toe. 

If symptoms are reproduced during wallcing and 
running and the movement impairments previously 
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igure 8-31_ Barefoot pressure scan during walking of supi­
nated individual. Note the lack of midfoot loading and the high 
forefoot pressure under the first metatarsal. 

described are noted, the supination impairment is sus­
pected. The secondary tests for supination impairment 
can be challenging to implement as the foot and the 
movement pattern are often fixed and unable to be voli­
tionally corrected. Attempts can be made to control the 
offending motion (calcaneal inversion, late medial 
motion) with verbal cues to avoid extreme lateral loading 
through the foot, to soften the landing with knee flexion, 
and to roll medially sooner. Unfortunately, the rigidity 
of the foot often prevents the individual from changing 
the movement pattern. Attempts can be made to post the 
heel laterally to encourage eversion motion. Additionally, 
an arch support can be added to footwear to assess the 
effect of increasing the contact area over which the load 
is borne. 

Single-Leg Hopping 
The patient is asked to hop repetitively on one foot. The 
rigid foot associated with supination syndrome is an excel­
lent lever for the plantarflexors, transferring the plan­
tarflexor force easily and propelling the body up. Often, 
the patient with supination syndrome is able to jump fairly 
high and with what seems like little effort. The supination 
movement impairment at the foot is generally not appar­
ent during the single-leg hop, since only the forefoot is 
striking the ground. Observation of the single-leg hop 
provides valuable information about plantarflexor muscle 
performance, as well as contributing movement impair­
ments at tl1e knee and hip. If symptoms occur during 

single-leg hop, the secondary test would be cues to address 
hip and knee movement impairments (lateral rotation or 
varus motions) and soften the landing with knee flexion. 
Weakness of the gastrocnemius/soleus complex should 
also be assessed further through single-leg heel rises. The 
addition of arch support may not affect the symptoms 
during the test because the heel and midfoot do not toucb 
the ground during single-leg hopping. 

Step-Down and/or Small Knee Bend 
During a step-down or small knee bend, the most 
common impairment noted is limited dorsiflexion. The 
compensation is often an early heel rise and the rigidity 
of the foot becomes apparent (no decrease in arch height 
during the motion). The lateral distribution of force 
tl1rough the foot can also be seen during the small knee 
bend. Symptom reproduction during low impact activi­
ties like step-downs or small knee bends is rare. However, 
if symptoms are reproduced or tl1e therapist suspects 
baseline symptoms could be reduced, tl1e patient is cued 
to correct the movement impairment keeping weight 
more central (away from the lateral aspect of the foot). A 
decrease in symptoms with the correction of the move­
ment impairment supports the diagnosis of supination 
syndrome. Additionally, tl1e physical therapist can assess 
the role of insufficient dorsiflexion in symptom reproduc­
tion by limiting dorsiflexion motion to avoid end-range 
or adding a small heel lift. If correction of the insufficient 
dorsiflexion results in symptom reduction, tl1e therapist 
needs to consider insufficient dorsiflexion syndrome as a 
possible movement impairment diagnosis (see tl1e follow­
ing "Insufficient Dorsiflexion Syndrome" section). 

M uscle Length/Joint Range 
of Motion Impairments 
Talocrural Dorsiflexion and Passive First 
Metatarsophalangeal Dorsiflexion 
Limitation in motion at the talocrural joint and tl1e first 
MTP joint are also associated with the supination move­
ment impairment. Decreased talocrural dorsiflexion 
during late stance results in either an early heel rise or 
transfer of weight lateral for the tibia to advance over tl1e 
foot. Limited first MTP motion results in a transfer of 
force medial at late stance (push-off) or keeps the force 
lateral. The tests to determine source of limitation are 
described in the "Metatarsophalangeal Joints" section. 

Subtalar Joint Eversion 
Subtalar joint eversion is often limited « 0  degrees) in 
patients with supination syndrome. 

Footwear Considerations 
Heel Counter 
In patients with supination syndrome the heel counter 
should have qualities similar to tl10se recommended for 
pronation syndrome in that the counter should be made 
of firm material and hold the heel snugly. In tl1e case of 
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Figure 8-32. Asics GEL-Nimbus 1 1 .  Manufactured primarily 
for cushion and flexibility with the inclusion of gel and sole 
materials that attenuate shock. 

supination syndrome the heel counter will help to control 
inversion of the calcaneus. 

Shoe Sole Components 
The supinated foot has a decreased ability to absorb 
shock during early stance and may require additional 
attention to cushioning. Sole components, such as air and 
soft materials, are marketed to attenuate shock (Figure 
8-32) .  Footwear manufacturers rarely add firm material 
components to the lateral side of the shoe to encourage 
pronation. However, the individual with supination syn­
drome should not wear a shoe designed for pronation 
syndrome because the shoe would have firm materials 
medially and would encourage the supination movement 
impairment. 

As with pronation syndrome, the sole of the shoe 
should bend easily only at the MTP joint l ine. The 
groove on the forefoot of the shoe should match the 
patient's MTP joint line from the first to the fifth toes. 

Heel-to-Toe Height 
Limited dorsiflexion is also associated with supination 
syndrome and can be compensated for by lifting the heel 
slightly above tlle toe. A reduction in the heel-to-toe 
height ratio can contribute to symptom onset similar to 
that described with pronation syndrome. 

Arch Support 
The lack of contact area of tlle supinated foot during 
walking contributes to high pressure. Footwear should be 
assessed for the ability of the insoles to provide contact, 
support, and force distribution through the entire foot. 

Last Shape 
The most common shape of a supinated foot is forefoot 
adduction relative to tlle hindfoot. A curved last generally 
matches the shape of the supinated foot best (Figure 
8-3 3) .  The shape of tlle shoe should not be used to force 

Figure 8-33. Left Nike Air Pegasus +26. Curved last with 
additional material on the medial forefoot compared to the 
lateral forefoot. 

a change in the shape of the foot or to attempt to alter 
motion of the foot. 

Plantar Callus Findings 
In the patient with supination syndrome, the location of 
calluses are generally on the first metatarsal head, fifth 
metatarsals, and/or medial side of tlle first toe. Callus for­
mation at tlle first and fifth metatarsal heads indicates the 
late lateral loading under the fiftll and often a rigid first ray 
tllat bears a large load. The medial toe callus is a result of 
tlle late pronation tllat occurs during push-off as a result 
of tlle prolonged lateral loading in the supinated foot. 

Summary 
Supination syndrome is characterized by a rigid, high­
arched foot that has little abil ity to compensate for struc­
tural and movement impairments within the foot and 
ankle or up the leg to tlle hip. The high arch, calcaneal 
inversion, and forefoot adduction will be apparent witll 
weight-bearing activities. There is generally poor shock 
absorption and little loading tllrough the midfoot. 

Treatment 

Walking and Running 
The patient is instructed to work on the tasks that use 
specific cues that assisted in symptom reduction during 
the examination or the cues that the physical therapist 
believes with practice may result in symptom reduction. 
Often, the cues are related to softening the landing, 
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hitting more centrally on the heel, and concentrating on 
trying to limit lateral loading through the foot. 

Range of Motion 
The treatment plan for limited motion is similar to that 
described for pronation syndrome. 

Activity Modification 
The general guidelines for activity restriction and pro­
gression described in the "Pronation Syndrome" section 
apply here as well. For supination syndrome, specific 
suggestions include use of softer surfaces when shock 
absorption is a concern. 

External Tissue Support 
Footwear. Footwear for the patient with supination 

syndrome should include a last that looks like the patient's 
foot, most often a semi-curved or curved last. As with 
pronation syndrome, a firm heel counter to control hind­
foot motion and a sole that resists bending from hindfoot 
to mid foot, bending only at the metatarsal heads, is advis­
able for most all individuals. Cushioning is important and 
should be included within the shoe. The cushioning com­
ponent of the footwear may wear down quickly, and foot­
wear may need to be replaced more frequently. Finally, 
for all individuals, shoe length and width and height of 
the toe box should accommodate tlle size of the foot and 
any deformities. 

Orthoses. As with pronation syndrome, ortlloses are 
not recommended for all patients and the indications for 
permanent orthoses include significant structural varia­
tions, a recurrent problem, or if tlle foot alignment places 
the individual at risk for future problems. The temporary 
orthosis components tllat may be appropriate for a patient 
with supination syndrome include arch support to 

Figure 8-34. Calcaneal (Achilles) taping to reduce tensile 
forces at the calcaneal tendon. 

distribute force more evenly but avoid increasing lateral 
forces and inversion ankle instability. 

Taping. Taping to support the arch can be helpful in 
supination syndrome as well . The indications for taping 
are that providing support for the arch and assisting with 
force distribution (arch supports were helpful) decreased 
symptoms during the examination. Calcaneal (Achilles) 
tendon irritation can be assisted with a taping technique 
tllat provides support to the tissue (Figure 8-34) .  

CASE PRESENTATION 

Symptoms and History 

A 3 5-year-old male, who stands 6 foot tall and weighs 
1 75 Ibs, was referred by an internist for evaluation and 
treatment of right foot pain. His foot pain began approxi­
mately 1 month ago during a 1 0-mile run in new shoes. 
He reports running approximately 30 mileslweek, includ­
ing 1 long run ( 1 0  to 1 5  miles) on the weekend. 

The patient's pain is located on the plantar surface of 
tlle fifth metatarsal head. The patient reports limitation 
caused by pain during walking (Si lO), running (7/1 0), as 
well as a very sharp pain (8/ 1 0) when he turns on a 
planted right foot. The pain is reproduced when he man­
ually extends his fifth toe and is generally tender to the 
touch on the plantar surface. When he is standing, symp­
toms are minimal (2/ 1 0) and absent when sitting. His 
Foot and Ankle Ability Measure score was 54% ( 10 0 %  
indicates normal function) and tlle Foot and Ankle Ability 
Measure Sport Scale was 3 2 %  ( 1 00% indicates normal 
function). 

Alignment Analysis 

In standing, the calcaneus is inverted and the arch is high 
bilaterally. The forefoot is slightly adducted on tlle hind­
foot. There is an increase in lateral tibial torsion. In 
prone, tlle assessment of subtalar joint neutral finds hind­
foot and forefoot varus alignment. 

Movement Analysis 
Standing/walking/running 

During walking and running, tlle calcaneus hits in inver­
sion and remains in an inverted position through late 
stance. Push-off occurs through the lateral side of the 
foot, symptoms are SilO. Symptoms increased to 7/1 0 
during running, and cues to roll tllrough the middle of 
the foot (not as lateral) during walking and running 
decreased symptoms to 4/1 0. 
Single-leg hopping 

Lateral loading of the forefoot noted with single-leg 
hopping and patient reports increased pain (7/1 0). A cue 
to load the foot more centrally decreased symptoms to 
4/1 0. 
Small knee bend 

During the small knee bend, the patient demonstrated 
limited talocrural dorsiflexion ROM and weight remained 
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on the lateral aspect of the foot. No symptoms were 
reproduced. 

M uscle Length/Joint ROM Impairments 

Right Left 

'Thlocrural dorsiflexion (knee -5 degrees 0 degrees 
extended) 

'Thlocrural dorsiflexion (knee 0 degrees 1 0  degrees 
flexed) 

First MTP joint extension (30 2 5  degrees 25 degrees 
degrees talocrural plantarflexion) 

Joint accessory motion assessment found limited 
mobil ity bilaterally during an anterior-to-posterior glide 
of the talus on the ankle mortise. 
Footwear 

Patient is wearing his old running shoes and brought his 
new rwuung shoes with him. The new running shoes 
have a curved last, the metatarsal break is distal to the 
first metatarsal head and proximal to the fifth metatarsal 
head, and the sole is flexible, bending easily from the 
middle of the shoe to the toe. 

DiagnosiS 
The patient's movement tests support a movement 
system syndrome of supination. The patient's foot is 
supinated throughout stance with lateral loading of the 
foot throughout. The likely source of symptoms is the 
fifth metatarsal head. The stage for rehabilitation is 2 .  
Although the patient's symptoms are high during weight 
bearing, symptoms were easily reduced with modification 
to the walking pattern. The patient is completing daily 
activities, and the Foot and Ankle Ability Measure indi­
cates moderate disability. The primary contributing 
factor to the movement impairment is a rigid foot that 
has little capacity for changing ROM. There is a varus 
structural variation of the hindfoot and forefoot in the 
presence of limited calcaneal eversion motion that con­
tributes to supination. Additionally, the new footwear 
provided little support and encouraged additional lateral 
loading and hyperextension at the fifth metatarsal joint 
because the metatarsal head break in his new shoe is 
proximal to his joint line. 

Prognosis 
Prognosis is excellent for resolving symptoms witl1 com­
pensations that include modifying footwear with a tem­
porary insert. The patient is relatively young with a short 
time since onset of symptoms. The severity of symptoms 
is fairly high but primarily occur with high impact activ­
ity. Clinical experience has found very little success in 
changing talocrural dorsiflexion and first MTP motion in 
individuals with very rigid and supinated feet. 

Treatment 
The primary goal of treatment is to decrease the 
load borne by the fifth metatarsal head. The patient works 
to avoid exaggerating the pattern of lateral loading that 

his foot structure encourages. Cues to heel strike 
in less inversion and to roll more centrally through his 
foot do decrease his symptoms and should be imple­
mented as part of the treatment plan. Additionally, a 
temporary orthosis can be fabricated that will include a 
metatarsal pad under the fifth metatarsal head to provide 
unloading of the bone during healing. A lateral post to 
encourage pronation can be added as well; however, the 
rigidity of the foot often prevents the lateral post from 
changing motion and symptoms. A stretching program to 
address the talocrural and first MTP motion will be 
implemented. The recommended footwear components 
for his running shoe include a last that is less curved (semi­
curved), a firm heel counter, sole materials and design that 
allows the primary break in the shoe to occur at the loca­
tion that matches his metatarsal joints, and an increased 
heel-to-toe ratio to compensate for limited dorsiflexion. 

Outcome 
The patient was seen 1 timelweek for 8 weeks. The addi­
tion of the temporary orthosis with arch support and a 
metatarsal pad, change in footwear, stretching program, 
and cues for changing weight-bearing patterns reduced 
maximwn symptoms to a 211 0 within 2 visits. Complete 
resolution of symptoms at the fifth metatarsal head 
required a 3 week rest from running. The patient con­
tinued with low-impact aerobic training (bicycling and 
swimming). As the symptoms improved to Ol I O  with 
walking, running was gradually increased with a walk/run 
program in which the patient started with running 1 
minute and walking 4 minutes for 5 bouts (total weight­
bearing time was 2 0  minutes). Gradually, the amow1t of 
time spent running was increased, the amount of time 
walking was decreased, and the number of bouts were 
increased until the patient had returned to rW1ning 1 0  
miles pain-free. 

INSUFFICIENT DORSIFLEXION SYNDROME 
The principal movement impairment associated with 
insufficient dorsiflexion syndrome is insufficient talo­
crural dorsiflexion. The impairment occurs during mid­
stance to push-off or during swing phase and is not 
associated with excessive supination or pronation. Limited 
talocrural dorsiflexion is a common impairment that 
could be present in all other foot and ankle syndromes. 
A patient is given the diagnosis of insufficient dorsiflexion 
only after all other diagnoses have been ruled out (prona­
tion syndrome, supination syndrome, and hypomobility 
syndrome). 

Symptoms and Pain 
Plantar Aponeurosis (Fascia) 
Involvement of the plantar aponeurosis is most often 
accompanied by patient complaints of heel pain that are 
worse with the first step out of bed in the monung and 
after a period of prolonged non-weight-bearing 
activities. 
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Gastrocnemius/Soleus Muscle and Calcaneal 
(Achilles) Tendon 

The patient complains of pain in the muscle belly or 
tendon, particularly during late stance, as the muscle is 
working eccentrically and the tendon is being placed on 
stretch to control the tibia's progression over the foot and 
during the concentric contraction required during 
push-off. 

Bursa 
Pain is reported at posterior calcaneus, most apparent 
with direct · pressure. The pain provoking pressure can 
occur during midstance through push off, when squatting 
or when sitting in a position that applies direct pressure 
to the bursa. 

Anterior Tibialis Muscle and Tendon 
The patient complains of pain localized to the muscle at 
the anterior and lateral proximal fibula or anywhere along 
the tendon as it follows its course to insert on the medial 
cuneiform and base of the first metatarsal bone. The 
symptoms are most apparent from heel strike to foot flat 
as the anterior tibialis is working eccentrically to lower 
the foot to the ground or during swing phase as the ante­
rior tibialis is working concentrically to clear the foot. 

Deep Fibular Nerve 
The patient reports achiness, tingling, and/or numbness 
on the dorsum of foot and can radiate into toes. Symp­
toms are most common when shoes are on (tied tightly 
on the dorsum of the foot) and/or during activities requir­
ing maximum dorsiflexion (running up hills, squatting). 

Talocrural Joint 
The patient reports sharp pinching pain at the anterior 
joint line during end range dorsiflexion activities such as 
squatting and running up hills. The anterior talocrural 
joint is often point tender. 

Metatarsal Heads 
Metatarsal pain localized to the metatarsal head and 
worse during late stance and the push-off phase of walking 
and running. 

Alignment: Structural Variations and Acquired 
Impairments 
Patients witll insufficient dorsiflexion syndrome often 
stand witll knee hyperextension and the ankles in relative 
plantarflexion. There are no specific clinical tests that can 
be performed to evaluate the contribution of structural 
variations to limited talocrural dorsiflexion motion. 

Movement Impairments 
Walking and Running 
During walking and running those with isolated insuffi­
cient talocrural dorsiflexion demonstrate a number of 
gait impairments during stance. The inability of the tibia 
to easily advance over tlle foot during late stance can be 

Figure 8-35. Individual with limited dorsiflexion USlJ1g toe 
extension to compensate. 

compensated for in a number of ways: ( 1 )  early heel rise, 
(2) knee hyperextension, and/or (3) increase in the foot 
progression angle (toe is pointed out). Limited talocrural 
dorsiflexion during swing phase is also visible, often with 
overuse of the extensor digitorum and poor stabilization 
of the metatarsal heads with the intrinsic muscles of the 
foot (Figure 8-3 5).  

Individuals with insufficient talocrural dorsiflexion 
often rely on the passive tension of the gastrocnemius and 
soleus muscles and calcaneal tendon to control the 
advancement of the tibia over the foot during stance. 
There is often poor eccentric use of the gastrocnemius 
muscle in tibial control. 

If synlptoms are reproduced during stance phase of 
walking and running, a secondary test is adding a heel lift 
and assessing synlptom reproduction. Cues to contract 
the gastrocnemius, lifting the heel actively, can be helpful 
in addressing the use of passive tension. The secondary 
test for symptoms produced during swing includes cues 
to relax the toes, avoiding toe hyperextension to see if 
symptoms are reduced. 

Squat 
The contribution of limited dorsiflexion to the patient's 
pain is often overlooked because active ROM (AROM) 
in non-weight-bearing activities often appears equal 
between sides. However, if the patient squats, the tllera­
pist will notice that on the involved side, the heel is 
higher or the tibia is more posterior and this end-range 
position with loading often reproduces tlle patient's com­
plaints (Figure 8-36). 



470 Movement System Syndromes of the Foot and Ankle C H A P  T E R 8 

Figure 8-36. Squat test in an individual with limited talocruraI 
dorsiflexion. Note the right heel is higher (less dorsiflexion) 
than the left. 

The secondary test for symptoms produced during 
end-range squatting is to provide a posterior glide of the 
talus during squatting. 

Step-Down and/or Smail Knee Bend 
During a step-down or small knee bend, an early heel rise 
is noted. A secondary test is to add a posterior glide at 
the talus during the small knee bend or step-down (Figure 
8-3 7). 

M uscle Length/Joint Range-of-Motion 
Impairments 
Talocrural Dorsiflexion 
The tests to determine the source of limitation are 
described in the "Pronation Syndrome" section. 

Footwear Considerations 
Recent Decrease in Heel-to-Toe Height 
Limited talocrural dorsiflexion can be compensated for 
by lifting the heel slightly above the toe. A reduction in 
the heel-to-toe height ratio of the shoe can contribute to 
symptom onset similar to that described witll pronation 

Figure 8-37 .  Application of a posterior/inferior glide on the talus during a step-down. 
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Figure 8-38. Use of tape from talus to calcaneus to stabilize 
the talus during tibial advancement when talocrural joint limita­
tion is present. 

syndrome. Frequent use of shoes with high heels can 
contribute to insufficient dorsiflexion syndrome. 

Summary 
Insufficient dorsiflexion syndrome is characterized by 
limited talocrural dorsiflexion with the absence of other 
movement impairments of pronation, supination, or 
global limitation in motion (hypomobility). The impair­
ment is noted in late stance, during swing, and/or during 
activities requiring maximum talocrural dorsiflexion 
(squatting, step-down, lWlges, and so on). 

Treatment 
TValking and/or Running 
Walking and running cues focus primarily on encourag­
ing active contraction of the gastrocnemius muscle to 
reduce the reliance on the passive tension of the gastroc­
nemius and soleus muscle and calcaneal tendon unit. The 
specific cues are to have the patient actively lift the heel 
during late stance. 

Decreased Range of Motion 
The primary treatment focuses on addressing limited talo­
crural motion. The treatment options related to length of 
the gastrocnemius/soleus muscle and tendon are similar to 
those described for pronation syndrome. Joint mobiliza­
tions to increase dorsiflexion are also useful. A unique 
treatment option to provide a self-mobilization to the 
talocrural joint includes applying a piece of tape from 
the talus anterior progressing inferiorly and posteriorly on 
the medial and lateral side of the talus and attaching the 
tape to the plantar surface of the calcaneus (Figure 8-3 8). 
With the tape in place, the patient performs standing 
activities requiring tibial advancement over a fixed foot 
(lunges, squats). The tape can be used during functional 

Figure 8-39 Use of a towel to provide a posterior glide of the 
talus during closed-chain dorsiflexion activities. 

activities to assist with providing a stabilizing force for the 
talus as the tibia advances over the foot during closed chain 
activities. The tape can be substituted with a towel, and the 
patient can provide the posterior inferior glide of the talus 
with the edge of the towel while actively advancing the 
tibia over the fixed foot (Figure 8-39). 

Activity Modification 
The general guidelines for activity restriction and pro­
gression described in the "Pronation Syndrome" section 
apply here as well .  

External Tissue Support 
Footwear. The last of the shoe should match the 

patient's foot. Additionally, as with most individuals, a 
firm heel counter with a sole that bends at the metatarsal 
head break is generally appropriate. Shoe length and 
width and height of the toe box should accommodate the 
size of the foot and any deformities. An increase in the 
heel-to-toe ratio may be a reasonable compensation, par­
ticularly if the treatment to address talocrural dorsiflex­
ion limitation is unsuccessful. 

Orthoses. A heel l ift may be indicated temporarily or 
permanently, depending on the ability of tlle stretching 
plan to improve talocrural dorsiflexion. 
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CASE PRESENTATION 
Insufficient Dorsiflexion Syndrome 

Symptoms and History 

A 2 7-year-old male was referred to physical therapy by 
the orthopedist for treatment of right ankle pain, with an 
osteochondral defect of the talus and 1 year after micro­
fracture repair. 

The patient reports ankle joint pain (5/ 1 0) when 
performing squats during weight lifting. He has had to 
stop squats. He is also unable to complete some of 
his taekwondo kicks and positions because of ankle 
pain. The patient's pain is located on the anterior talo­
crural joint, primarily lateral. There is no pain with 
walking. He has minor pain (3/10) during running. Foot 
and Ankle Ability Measure score was 95% ( 1 00% indi­
cates normal function), and the Foot and Ankle Ability 
Measure Sport Scale was 68% ( 1 00% indicates normal 
function). 

Alignment Analysis 

In standing, the calcaneus is vertical and the medial lon­
gitudinal arch height is normal. In prone, the assessment 
of subtalar joint neutral finds hind foot and forefoot 
neutral alignment. 

Movement Analysis 
Standing/walking/running 

D uring walking and running, the calcaneus hits in inver­
sion and moves into eversion through midstance. The 
calcaneus moves toward inversion during push-off. The 
same movement pattern is noted during rWU1ing. Ante­
rior talocrural joint pain is reproduced during late stance 
phase. Cues to lift heel earlier in stance phase decreased 
anterior talocrural joint pain. No difference in dorsiflex­
ion ROM is noted during gait assessment. 
Single-leg hopping 

No symptoms were reproduced, and no movement 
impairments noted. 
Small knee bend 

Small knee bend produced no symptoms, and no move­
ment impairment was noted. A full squat was completed 
because of the patient's functional complaint. The heel 
on the right came off the ground earlier than the left. 
Symptoms (a pinching feeling) were reproduced at end­
range. A posterior glide of the talus during the full squat 
relieved symptoms. 

M uscle Length/Joint ROM Impairments 

13locrural dorsiflexion with the knee extended was 
o degrees on the right and 1 0  degrees on the left. With 
the knee flexed, talocrural dorsiflexion was 0 degrees on 
the right and 1 5  degrees on the left. Joint accessory 
mobility was limited with the anterior-to-posterior glide 
on the right. Subtalar joint motion is normal ( 1 0  degrees 
eversion, 20 degrees inversion), and first MTP motion 
was normal bilaterally. 

Talocrural dorsiflexion (knee 
extended) 

Talocrural dorsiflexion (knee 
flexed) 

Subtalar joint inversion 
Subtalar joint eversion 
First MTP joint extension (30 

degrees talocrural plantarflexion) 

Right 

o degrees 

o degrees 

20 degrees 
1 0  degrees 
60 degrees 

Left 

1 0  degrees 

1 5  degrees 

20 degrees 
1 0  degrees 
60 degrees 

Joint accessory motion assessment found limited 
mobility during an anterior-to-posterior glide of the talus 
on the ankle mortise on the right. 
Footwear 

Patient is wearing new running shoes. The last was semi­
curved, and the heel counter is firm. The sole has gel 
pockets for cushion in the heel, increased density of the 
foam under the arch, and bends easily only at the meta­
tarsal head break. The difference between the heel height 
and toe height of the shoe is 1 inch. 

Diagnosis 

The patient's movement tests support a movement 
system diagnosis of insufficient dorsiflexion. The patient's 
foot displays a normal movement pattern of pronation 
during early stance and supination during push-off. The 
likely source of symptoms is the anterior talocrural joint. 
The stage for rehabilitation is 3. Stage 3 is chosen because 
the patient has pain only with high level activities (pain 
is not limiting walking and running). The primary con­
tributing factor to the movement impairment is limited 
talocrural dorsiflexion. 

Prognosis 
The prognosis for resolving symptoms so that high level 
activities can be performed with minimal pain is good. 
The patient is relatively young; however, the duration of 
limited motion is fairly long and the history of cartilage 
damage and surgical intervention leaves the status of the 
anatomy unknown. 

Intervention 

The patient was seen once/week for 4 weeks and then 
once every 2 weeks for 8 weeks to assist him in returning 
to his fitness and sport activities. The primary goal of 
intervention was to increase talocrural joint dorsiflexion. 
The home program included prolonged dorsiflexion 
stretches. The patient was instructed in a self-mobiliza­
tion with movement using a towel at the talus during 
dorsiflexion in kneeling. Additionally, physical therapy 
treatment included anterior-to-posterior glides of the 
talus on the ankle mortise. The patient also experienced 
symptom relief with taping the talus to the calcaneus 
during weight-bearing activities, as well as during stretch­
ing. He was taught to tape himself for his daily fitness 
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activities. No footwear changes were recommended, and 
no heel lift was added. 

Outcome 
The talus taping technique decreased squatting symptoms 
to 211 0. The patient progressed over the next 12 weeks to 
being able to complete all sport activities without symp­
toms. There were occasional days with ankle symptoms, 
generally a day or 2 after a vigorous workout. However, 
the symptoms resolved within 2 to 3 days with rest. 

HYPOMOBILITY SYNDROME 
The principal movement impairment in this syndrome is 
associated with a limitation in the physiological and 
accessory motions of the foot and ankle. This may result 
from degenerative changes in the joint or the effects of 
prolonged immobilization. 

Symptoms and Pain 
Degenerative Changes 
The patient complains of pain with weight bearing (gait, 
standing, and stairs) that decreases with rest. However, 
the patient often reports stiffness in the morning or after 
prolonged periods of rest. The onset of pain is generally 
gradual, and the location and description of symptoms is 
often vague and deep within the joint. Osteoarthritis 
(OA) in the foot and ankle is often associated with a 
previous history of trauma and joint narrowing and irreg­
ular articular surfaces. Rheumatoid arthritis (RA) is asso­
ciated with joint stiffness, destruction, and deformity. 

Immobilization 
The patient reports a relatively recent trauma or surgery 
to the foot and ankle that resulted in a period of immo­
bilization. Foot and ankle motion is not progressing as 
expected. 

Alignment: Structural Variations and 
Acquired Impairments 
There are no common structural variations associated 
with hypomobility. Visually, the calf will appear atro­
phied. General enlargement of the foot and ankle from 
edema may be present, as well as localized enlargement 
from bone and joint changes as a result of the degenera­
tion and/or surgery. 

Movement Impairments 
TValking and Running 
The patient demonstrates a walking pattern that includes 
a decreased step length on the uninvolved side, decreased 
stance time on the involved side, an increase in the foot 
progression angle (toe out), little heel strike, and push­
off. The knee may hyperextend to compensate for limited 
ankle motion. The patient is often dependent on an assis­
tive device and reports limited tolerance of weight-bear­
ing activities. The patient may be unable to run or hop. 

Squat, Step-Down, and/or Small Knee Bend 

The patient has limited mobility during tl1e squat, step 
down, and/or small knee bend. Descending stairs is prob­
lematic, and the patient may need to turn sideways and/ 
or descend the stairs in a nonreciprocal pattern. 

Muscle Length/Joint Range-ot-Motion 
Impairments 
Hypomobility syndrome includes limitations in physio­
logical and accessory joint motion. Hypomobility syn­
drome is differentiated from insufficient dorsiflexion 
syndrome because the limitations in motion are in more 
directions and include more than the talocrural joint. In 
most cases, talocrural dorsiflexion is limited in those with 
hypomobility syndrome, but plantarflexion will also be 
limited and additional joints can be involved (subtalar, 
intertarsal, intermetatarsal, and MTP joints). Decreased 
joint motion related to surgery, trauma, and/or immobi­
lization requires additional research by the physical thera­
pist. A copy of the operative report and/or clarification 
with the surgeon can assure joints were not purposely 
fused or that hardware is not traversing a joint. The physi­
cal therapist needs a clear understanding as to whether 
joint motion should be increased or if compensations 
should be implemented because increasing motion is 
contraindicated. 

During the assessment, if joint limitations are associ­
ated with osteoarthritis, repetition of passive motion 
often improves motion and symptoms. Throughout the 
examination in an individual suspected of hypomobility, 
it is likely that tl1e limited joint motion is being compen­
sated for by proximal and distal joints that do not have 
limited mobility. The hip abduction, knee hyperexten­
sion, and midfoot joint dorsiflexion are especially common 
compensatory motions. 

Muscle Strength/Peiformance Impairments 
MMTs of the ankle and foot muscles find weakness 
throughout. Often the patient is unable to complete even 
one single-leg heel rise through the full ROM. 

Balance and Proprioception Impairment 
The ability to maintain single-leg stance on tl1e involved 
side will be impaired (poor control and decreased 
duration). Lack of ability to balance on one foot is 
often evident with the eyes open, and performance will 
worsen when the patient is instructed to close the eyes, 
limiting visual input and isolating foot and ankle 
proprioception. 

Summary 
Hypomobility syndrome is primarily defined by physio­
logical and accessory joint limitations. Multiple direc­
tions of motions and/or joints will be involved in the loss 
of motion. Associated with the limitation in motion and 
the history of immobilization is general foot and ankle 
weakness and impaired balance and proprioception. 
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Treatment 
Decreased Range of Motion 
Joint stiffness from injury, surgery, and/or immobiliza­
tion often requires an aggressive ROM treatment plan. 
Prolonged stretching with braces, casting, or increasing 
the duration and frequency of home stretches is often 
indicated. In therapy, joint mobilization and manipula­
tion are also indicated. 

Decreased motion caused by OA and RA is addressed 
more gently to avoid joint irritation and worsening of 
symptoms. The limitation to motion often involves 
changes in bone and joint anatomy, and ROM exercises 
are often used before activity to improve function and 
prevent progressive loss of motion not to increase joint 
motion. 

Muscle Peiformance Impairments 
Plantarflexor muscle performance limitations impair 
function the most. Generally, resistance band strength­
ening is an appropriate place to start since weight bearing 
is often painful. Progression to heel raises with a leg-press 
machine, bilateral heel raises, and single-leg heel raises is 
important. Completion of heel raises does not always 
translate into enough strength for push-off with walking 
and running. 

Control of ankle dorsiflexion when landing on the toes 
during hopping, running, sprinting, and descending stairs 
is tlle result of an eccentric contraction of the plantarflex­
ors. Specific eccentric overloading of the plantarflexors is 
critical for patients with high level activity goals.4 1 -43 

Finally, progression to dynamic bilateral and single-leg 
hopping, cutting, and sport specific exercises is required 
for full return of plantar flexor strength. 

Balance and Proprioception Impairments 
Impaired balance and proprioception is often a key con­
tributor to falls and additional injuries. The treatment 
plan should include progression from eyes open to eyes 
closed and from solid surfaces to moving/uneven surfaces 
(mini-trampoline) and should progress to dynamic activi­
ties like high marching over objects, kicking balls, and 
walking backward. When participation in sport activities 
is a goal, balance and proprioception activities must 
include progression to quick stops and starts, maintaining 
balance during player contact, and gradual return to full 
game participation. 

Activity Modification 
The general guidelines for aC\]Vlty restrlC\]On and 
progression described in the section on Pronation Syn­
drome apply here as well .  If the patient has OA and RA, 
continuing with weight bearing, high impact, high­
repetition activities (walking or running for fimess) is 
often contraindicated. The patient often needs to be 
guided into lower impact activities, such as stationary 
bicycling, water aerobics, or StairMasterielliptical, or 
activities, such as rowing, that involve aerobic fimess 

through the upper extremities. Weight loss can also sig­
nificantly impact pain with weight-bearing activities and 
should be discussed if appropriate for tlle patient. Use of 
assistive devices may be temporarily or permanently indi­
cated for patients with arthritis. 

External Tissue Support 
Footwear. For patients with hypomobility syndrome, 

shoe size and shape are particularly important. The 
involved foot and ankle is often larger, and edema fluctu­
ates with weight-bearing activity. A shoe tllat has extra 
depth with laces is helpful to accommodate size and edema 
fluctuation. An increase in tlle heel-to-toe ratio may be a 
reasonable compensation, particularly if the treamlent to 
address talocrural dorsiflexion limitation is unsuccessful. 

For patients with OA or RA, there are a number of 
shoe modifications that can be made to assist with foot 
and ankle symptoms during weight bearing. A steel shank 
in the sole of the shoe (making tlle sole of tlle shoe rigid) 
with a rocker at the toe break allows tlle patient to more 
easily roll over the foot without needing as much talo­
crural dorsiflexion or MTP dorsiflexion. 

Orthoses. For individuals witll OA or RA, a total 
contact insert made of accommodative material is often 
indicated. Deformities of the foot should be considered 
in the design and materials chosen for tlle orthosis. A hee! 
lift may be necessary to manage the loss of dorsiflexion 
ROM. Temporary orthoses or additional arch support 
are often indicated to manage foot pain that is often 
related to the new onset of a pronation impairment that 
results from the limited foot and ankle mobility. 

CASE PRESENTATION 
H 

A 78-year-old male was referred by the orthopedist for 
evaluation and treatment of the right ankle, status/post 
(s/p) open reduction, internal fixation (ORIF). The 
patient states that 6 months ago he fell in his bathroom. 
His right foot was caught under the ca binet, and he heard 
a snap. The patient had surgelY with pins and plates that 
provided internal fixation for a fractured tibia and fibula. 
He was casted for 8 weeks. He had physical therapy 3 
times/week at home for the first 4 weeks. No additional 
physical therapy was ordered by his physician until his 6 
month follow-up visit when the physician noted the con­
tinued limp and the patient complained of limited ability 
to complete many activities required by his daily life 
(taking care of his lawn, walking through the grocery 
store, and completing his daily walk for fimess). His Foot 
and Ankle Ability Measure score was 40% ( 1 00% indi­
cates normal function). 

Alignment Analysis 
The ankle, foot, and toes are moderately swollen making 
assessment of alignment difficult. 
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Movement Analysis 
Standing/walking/running 

Patient has been using a walker since surgery and ambu­
lates limited distances on all surfaces. There is decreased 
step length on the left and decreased stance time on the 
right. His right foot is pointed out. He reports inability 
to descend stairs or a curb leading with the left leg. 

Muscle Performance Impairments 
Patient is unable to tolerate full resistance to any motion. 
Approximate muscle strength of 2-/5 throughout ankle 
musculature� 

Muscle Length/Joint ROM Impairments 

Right Left 

Ankle dorsiflexion - 1 0  degrees 6 degrees 
(knee extended) 

Plantar flexion 10-30 degrees 0-48 degrees 
Inversion 0-4 degrees 0-24 degrees 
Eversion 0-2 degrees 0-8 degrees 
First MTP dorsiflexion 0-20 degrees 0-60 degrees 

Footwear 

The patient is wearing a pair of old canvas slip on shoes 
because his old shoes have not fit since the surgery. 

Diagnosis 
The patient's movement tests support a movement 
system syndrome of hypomobility. The patient is 6 
months postsurgery, the tissues have healed, but ROM 
continues to be limited and general foot function is com­
promised. The stage for rehabilitation is 2 .  Stage 2 is 
chosen because the patient is outside of the tissue protec­
tion phase and requires progression of activity, strength­
ening, and ROM. The primary contributing factor to the 
movement impairment is limited motion at the talocru­
ral, subtalar, and MTP joints. Additionally, ankle and 
foot muscle performance is limited. 

Prognosis 

The prognosis for returning the patient to his full func­
tion is good. He is older and the duration since onset is 
long; however, little intervention has been attempted and 
activity expectations are reasonable. 

Treatment 
The patient was seen initially 3 times/week for 4 weeks. 
Treatment frequency decreased to 1 to 2 times/week for 
8 additional weeks. The primary goals of intervention 
were to increase ROM, address muscle performance, and 
functional limitations. The patient was given a home and 
in-therapy stretching program to address the talocrural 
and first MTP motion and a therapist-assisted subtalar 
joint ROM program. The stretching program began 
gently, with minimal overpressure, 30-second duration 
hold, and 3 to 5 times/day frequency. Mobilizations were 

shy of end-range and were closely monitored for symptom 
response. Patient progress and tolerance was assessed 
with the gentle ROM program. The stretching and 
mobilization treatments were progressed over the first 2 
weeks of physical therapy, and prolonged stretching was 
implemented with tlle use of a night splint (that can be 
used during the day) after 3 weeks of physical therapy. 
Lower extremity strengthening exercises focused on calf, 
anterior thigh (quadriceps), and hip muscles. Addition­
ally, general fitness was addressed with the stationary 
bicycling initially, progressing to treadmill and outside 
walking as patient tolerance increased. Single-limb stance 
tolerance was addressed initially in the parallel bars, pro­
gressing to walking without an assistive device and adding 
surface variations as tolerated. The canvas shoe provided 
very little stability for his foot. With the assistance of a 
trained footwear specialist, he was able to find a shoe tllat 
accommodated his edematous foot yet provided support 
during weight-bearing activities. Edema management 
included a double thickness of Tubigrip (ConvaTec Inc. , 
Stillman, NJ), extending from the tip of the toes to 
midcalf. 

Outcome 
ROM was slow to progress despite tlle aggressive 
program. Dorsiflexion at the talocrural joint progressed 
to 0 degrees, plantar flexion increased to 3 5  degrees, and 
first MTP motion increased to 3 5  degrees by tlle end of 
1 2  weeks of physical therapy. Despite tlle lack of full 
motion, tlle patient's strengtl1, balance and propriocep­
tion, and weight-bearing tolerance increased so that the 
patient could walk without a noticeable limp on all flat 
and uneven surfaces. 

FOOT AND ANKLE IMPAIRMENT 
A key criterion for placement into the foot and ankle 
impairment diagnostic category is the need to protect 
tissue. Usually, the tissue involved is stressed by a surgical 
procedure or trauma and may cause significant pain at 
rest and during movement. The patient is unable to toler­
ate a typical movement system examination. The limita­
tion in movement is not primarily related to a chronic 
pain condition. These are general guidelines and not 
intended to stand alone. Consult the physician for spe­
cific precautions, protocols, and progressions. The physi­
cal therapist must be familiar with the tissues that were 
affected in the surgical procedure or injury. 

The general diagnosis of foot and ankle impairment is 
used if the tissue injured and/or impacted by surgery is 
unknown. The tissue injured and/or impacted by surgery 
is used in the diagnosis when it is known, through the 
physician's referral or the patient's medical record. For 
example, the diagnosis might be tibia and fibula fracture 
sip ORIF. For additional information regarding the 
tissue impairment diagnosis, see Chapter 2 .  
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Unique Physiological Factors for the Foot 
and Ankle 

In most cases, the bones, muscles, tendons, cartilage, and 
ligaments of the foot and ankle respond to stress and 
follow healing patterns similar to structures elsewhere in 
the body. There are some unique physiological factors 
that are specific to the foot/ankle that will help guide the 
physical therapist in decision making regarding the exam­
ination and in planning the treatment program. 

Bone 
Fractures of the base of the fifth metatarsal have a high 
probability of nonunion secondary to the pull of the fibu­
laris brevis. Additionally, stress fractures of the anterior 
lateral tibial diaphysis, medial malleolus, talus, navicular, 
and sesamoids are high-risk areas that often fail to heal; 
re-fractures occur and operative intervention is needed.28 

Muscle 
It is common to loose dorsiflexion ROM and to 
experience gastrocnemius/soleus muscle atrophy with 
immobilization. 

Tendon 
Calcaneal (Achilles) tendon rupture can be treated con­
servatively with cast immobilization or be surgically 
repaired with a period of cast illlinobilization. During the 
healing process, strong gastrocnemius/soleus contrac­
tions and end-range dorsiflexion motions are restricted. 
After the period of immobilization, the physical therapist 
needs to cautiously strengthen the gastrocnemius/soleus 
muscle and tendon. 

If severe, a posterior tibial tendon injury or insuffi­
ciency may result in significant deformity of the arch 
(flattening). If treated conservatively, this injury or insuf­
ficiency may require long periods of immobilization. Sur­
gical repair with a tendon transfer is often required for 
resolution of the symptoms. Cast immobilization is 
typical after posterior tibial tendon repair and tendon 
transfer. Contraction of the posterior tibial muscle would 
be contraindicated until adequate healing has occurred. 

Ligament 
Lateral ankle sprains can be accompanied by fractures. 
The Ottawa Ankle Rules indicate that indications for 
additional imaging after ankle sprain include the inability 
to bear weight or tenderness at the base of the fifth meta­
tarsal, navicular, or the posterior edge or tip of either 
malleolus.44 

Syndesmotic ankle sprain ("high ankle sprain") is asso­
ciated with greater discomfort during weight bearing and 
longer healing time and may require immobilization.4; 

Skin 
Edema has the potential to limit mobility and compro­
mise the space occupied by nerves and arteries. The areas 
where space is limited and nerves and arteries pass include 

Figure 8-40. Patient 8 weeks after an open reduction internal 
fixation of a tibia/fibular fracture. Note dorsal pitting edema. 

the compartments within the leg, the extensor retinacu­
lum and the flexor retinaculum. 

It is important to inspect the surgical incision. The 
therapist should note the location, appearance, mobility, 
sensitivity of the incision, and if the incision appears 
healed (approximately 1 0  days). Sigm of infection (red, 
warm, drainage, patient fever, or lymph streaking) should 
be reported to the physician immediately. 

Nerve 
The common fibular (peroneal) nerve is superficial and 
easily injured as it wraps around the head of the fibula. 
The deep fibular (peroneal) nerve can be compromised 
as it runs through the anterior compartment of the leg 
and/or beneath the extensor retinaculum. The tibial 
nerve can be compressed as it runs through the posterior 
compartment and/or beneath the flexor retinaculum 
(tarsal tunnel). The interdigital nerve can be compro­
mised between the metatarsals. The most common site 
of symptoms is between the third and fourth metatarsals. 
The interdigital nerve between the third and fourth 
metatarsals is often enlarged because it can receive nerve 
fibers from both the medial and lateral plantar nerves. 

Unique Assessment and Treatment for the Foot 
and Ankle 
A full and detailed list of items to assess and guidelines 
for test completion and interpretation are outline in 
Chapter 2 .  The items unique to tlle foot and ankle are 
highlighted here. 

Edema 
The foot and ankle are prone to edema after trauma and/ 
or surgery, and this edema warrants close examination, 
documentation, treatment, and monitoring (Figure 8-40) 
Treatment often requires the use of compression gar­
ments, as well as basic techniques of ice and elevation. 

Appearance 
Loss of the gastrocnemius/soleus muscle bulk is the most 
apparent change after a prolonged period of lower 
extremity immobilization. However, all lower extremity 
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muscles (hip, lmee, and foot and ankle) on the involved 
side will be affected by a period of immobilization. 

Proprioception/Balance 
When appropriate, given weight-bearing precautions, 
the ability to maintain single-leg stance with eyes open 
and with eyes closed should be assessed. Treatment must 
include activities with the eyes closed to remove visual 
compensation. Additionally, progression to dynamic 
activities on variable surfaces is important, including 
uneven (grass, rocks) and moving (wobble board) sur­
faces. If interested in returning to sport activities, balance 
during cutting or rapid changes in direction and sport­
specific activities must be assessed. 

Functional Mobility 
Lower extremity injuries often require the use of an assis­
tive device. The patient's ability to complete all mobility 
tasks while maintaining weight-bearing precautions is 
critical (sit to and from stand, ambulation, stairs, and 
transfers in and out of a car). 

Plantarflexion function during walking and running 
should be assessed, when allowed. Often, the patient is 
able to complete single-leg heel raises in standing; 
however, dynamic plantar flexion function during walking 
is impaired and the heel fails to rise appropriately during 
push-off. During running and sprinting the patient will 
complain of an inability to remain on their toes. Improv­
ing gastrocnemius/soleus muscle function can be chal­
lenging. A progressive overload program must be 
established and include the addition of hopping and 
rUlU1ll1g. 

Summary 

Foot and ankle impairment is a classification system that 
allows the therapist to clarify the tissue involved, as well 
as the surgery. The examination is guided by the thera­
pist's assessment of the rehabilitation stage and his or her 
knowledge of the surgical procedure, precautions, and 
rehabilitation protocol. This classification is used when 
there is no apparent and contributing movement impair­
ment, or symptoms are so severe that a full movement 
system examination cannot be completed. 

CASE PRESENTATION 
Ankle 1m airment Sta e 1 
Symptoms and History 
The patient is a 40-year-old female referred by the ortho­
pedist for physical therapy 6 weeks sip right ankle bimal­
leolar fracture, ORIE The patient reports that 6 weeks 
ago she missed the last step going down to her basement 
and fractured her right tibia and fibula. The patient reports 
non-weight-bearing activity in a cast for 2 weeks after 
surgery and progressed to partial weight bearing in a 
walking cast for 4 weeks. The physician started her on full 
weight-bearing activity 3 days ago in a boot. She reports 

she always has a bit of pain even when sitting or resting 
(3/1 0). Pain increases to 511 0  with attempts at full weight 
bearing activity. Her Foot and Ankle Ability Measure 
score was 1 0% ( 1 00% indicates normal function). 

Alignment Analysis 
Patient is obese with visible psoriatic patches noted on 
bilateral lower and upper extremities. The ankle, foot, 
and toes are moderately swollen with pitting edema of 
the right ankle and foot. 

Girth measurements: 
• Figure 8 at the ankle: 60 cm right and 58 cm left 
• Calf: 42 .8 cm right and 44.3 cm left 
Scar: Incision closed, no redness, no warmth, no 

drainage. Scar is slightly adhered centrally with very mild 
hypersensitivity to touch. 

Movement Analysis 
Standing/walking 

Assessed in boot only Witllout assistive device. Patient 
walks with decreased stance time right, no push-off on 
right, and decreased step length on left. 

Muscle Performance Impairments 
Not assessed this visit. 

Muscle Length/Joint ROM Impairments 

Right Left 

Ankle dorsiflexion (k!1ee extended) 
Ankle dorsiflexion (knee flexed) 
Plantar flexion 
Inversion 
Eversion 

Diagnosis 

- 1 6  degrees 
- 1 0  degrees 

5 1  degrees 
40 degrees 

2 degrees 

-4 degrees 
2 degrees 

54 degrees 
43 degrees 

8 degree's 

The patient's evaluation supports a diagnosis of bimalleo­
lar fracture, sip open reduction internal fixation, Stage 1 .  
The patient is 6 weeks postsurgery and just beginning to 
progress toward full weight-bearing activities and is still 
in an immobilization boot. The patient would likely 
progress to Stage 2 quickly once weight-bearing toler­
ance improves. The primary contributing factor to the 
foot and ankle impairment is tlle need to protect and 
gradually load tissue after surgical intervention. Weight­
bearing tolerance is limited, talocrural dorsiflexion in 
decreased, and edema is present. 

Prognosis 

The prognosis for returning tlle patient to her full 
weight-bearing function is good. The patient's increased 
weight will likely delay tolerance of full weight-bearing 
activities. 

Treatment 

The patient was seen 3 times/week for 4 weeks and then 
1 to treaOnent times/week for 8 additional weeks. The 
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initial goals of treatment were to increase weight­
bearing tolerance and wean her from wearing the boot. 
A home program was implemented to address decreased 
ROM and as appropriate, strength. The patient received 
education about edema management and scar 
mobilization. 

Outcome 
Initial attempts at weaning from the immobilization boot 
were met with an increase in irritation of the posterior 
tibialis tendon from increased pronation during weight 
bearing. The patient required the addition of a heel lift, 
scaphoid pad, and arch taping to manage the posterior 
tibialis tendon symptoms. Two weeks were required for 
the patient to wean from the boot to regular footwear for 
ambulation. Talocrural dorsiflexion ROM improved to 
-5 degrees but remained limited at 6 months after surgery. 
The patient was instructed to continue with talocrural 
dorsiflexion stretching, but she continued to need a small 
heel lift to avoid posterior tibialis tendon irritation. 

PROXIMAL TIBIOFIBULAR 
GLIDE SYNDROME 
The principal movement impairment is posterior and/or 
superior motion of the fibula on the tibia during active 
hamstring contraction (especially during running). The 
principal positional impairment is the fibula located ante­
rior, posterior, superior, or inferior to the normal posi­
tion on the tibia after trauma, particularly an ankle sprain. 

Symptoms and Pain 
Pain in posterolateral or lateral aspect of tibiofibular joint 
is often associated with running or general tibiofibular 
pain is associated with a history of lateral ankle sprains. 
Tingling or numbness can also be reported if the fibular 
head is compressing the common fibular (peroneal) 
nerve. The location of the tingling or numbness can be 
locally at the lateral knee or referred to the lateral distal 
leg and/or dorsum of the foot. 

Alignment: Structural Variations and 
Acquired Impairments 
Palpation of fibula location on tibia, relative to unin­
volved side, reveals malalignment (anterior, posterior, 
and/or superior). A glide in the direction of the positional 
or movement impairment increases pain. A glide in the 
opposite direction of the positional or movement impair­
ment will decrease symptoms. 

Movement Impairments 
Walking/Running 
The movement impairment is very small and not visible 
during motions. Symptoms are localized to the fibular 
head, or referred to areas innervated by the common 
fibular (peroneal) nerve or its branches, during walking 
and running. If the symptoms are reduced or go away 

with stabilization of the tibiofibular joint the diagnosis of 
proximal tibiofibular glide syndrome is supported. 

Sitting 
Resisted hamstring contraction can reproduce symptoms 
in an individual with proximal tibiofibular glide syndrome, 
and the symptoms are reduced with joint stabilization. 

Talocrural dorsiflexion has associated tibiofibular 
motions and can reproduce syn1ptoms. If symptoms are 
related to proximal tibiofibular glide syndrome, stabiliza­
tion at the proximal tibiofibular joint will reduce 
symptoms. 

Muscle Length/Joint Range-ot-Motion 
Impairments 
Hamstring length and talocrural dorsiflexion impairment 
are common with this diagnosis. Positions when the ham­
string are stretched or when the talocrural joint is at end­
range of motion can reproduce symptoms. Stabilization of 
the fibular head during the stretch decreases symptoms. 

Summary 
Proximal tibiofibular glide syndrome is either a positional 
fault generally occurring after ankle and foot tral1l11a 
(ankle sprain) or a movement impairment as a result of 
hamstring contraction pulling the fibula posteriorly. The 
positional or movement impairments are difficult to see 
and palpate, but when correction of a suspected posi­
tional impairment or stabilization against a suspected 
motion decreases symptoms, the diagnosis is supported. 

Treatment 
Alignment Impairments 
Positional impairments of the tibiofibular joint can be 
addressed by gliding the fibula on the tibia as indicated 
by evaluation findings. 

Decreased Range of Motion 
Hamstring and talocrural dorsiflexion limitations should 
be addressed with a home program. 

External Tissue Support 
Taping. Taping to immobilize or limit motion 

between the proximal tibia and fibula can help reduce 
symptoms (Figure 8-4 1 ). Caution should be taken to 
avoid compression of the common fibular nerve as it 
passes superficially around the fibular head. Taping of the 
fibula is a required precursor to hamstring and talocrural 
stretching exercises that assist in stabilizing the joint 
during the prescribed exercise. Taping of the fibula is also 
helpful after mobilization treatments correcting posi­
tional in1pairments. 

CONCLUSIONS 
The foot and ankle are a complex chain of joints that 
must convert quickly from a flexible adapter and shock 
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Figure 8-41. Example of fibular taping, avoiding the fibular (peroneal) nerve while providing 
resistance to posterior motion of the fibular head. 

attenuator to a rigid lever capable of propelling the body 
in all different directions. The ability of the foot to 
perform these diverse and opposing functions and pre­
cisely time the function to the intended task is impacted 
by a number of factors. Joint stability, muscle function, 
and motor coordination are critical to the foot and ankle. 
However, function at the foot and ankle is intimately 
connected to the function and alignment of the knee and 
hip. The physical therapist is the most highly trained 
health professional with the ability to evaluate weight­
bearing activities, understand the functional require­
ments of the lower extremity, recognize the movement 
impairment(s), assess the factors that contribute to the 
movement impairment, and develop a focused and effec­
tive treatment plan. 
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Pronation Syndrome 

The principal movement impairment in pronation syndrome is pronation at the foot and ankle. Pronation is consid­

ered abnormal and an impairment when the amount of pronation during weight-bearing activities is excessive for 

that individual and/or when there is insufficient movement of the foot in the direction of supination in later stance 

phase. The pronation impairment can occur in the hindfoot, midfoot, and/or forefoot. A foot with a pronation move­

ment impairment is a flexible foot that compensates for various structural and movement impairments within the 

foot and ankle, as well as those at the knee and hip. 

Symptoms and History 

• Plantar fascia: Heel pain with first 
step in morning or after 
prolonged non-weight-bearing 
function 

• Posterior and antel-iol- tibialis 
muscle/tendon: Pain in muscle or 
tendon, most apparent with 
weight bearing as the muscle 
works to control pronation 

• Tibial nerve: Pain, tingling, and/ 
or numbness on the posterior, 
medial ankle and/or into the 
plantar surface of the foot 

• GastTocnemius/soleus muscle/ 
calcaneal tendon: Pain in muscle or 
tendon as tibial forward 
progression is controlled in 
stance and during propulsion 
phase of weight bearing 

• Metata1"Sal beads: Pain localized to 
the second and tllird metatarsal 
heads 

• Interdigital nerve: Pain, tingling, 
or numbness between metatarsal 
heads (most often mird and 
fourm) radiating into 
corresponding toes 

• Medial column joints: Generalized 
foot pain (often in me midfoot) 
in the medial column joints; pain 
can progress to joint degenera­
tion and involvement of me 
joints of me lateral column 

Common Referring Diagnoses 
• Shin splints 
• Stress fracture 

• Tibia 
• Meta tarsals 

• Posterior/anterior tendonitis 
• Plantar fasciitis 
• Foot pain 
• 'TIll·sal tunnel syndrome 
• Metatarsalgia 
• Digital neuroma 

Key Tests and Signs for Movement 
Impairment 

Alignment Analysis 
• Hindfoot: Calcaneal eversion 
• Midfoot: Talonavicular joint dropped down 

(medial bulge) 
• Low medial longitudinal arch 
• Forefoot: Abduction in relationship to the 

hindfoot at the transtarsal joint 
• Increased width of forefoot 
• Hip/knee medial rotation or compensation for 

h ip/knee lateral rotation 
Movement Impairment Analysis 

Standing 

Gait/1'ltnning 
• Excessive calcaneal eversion in stance phase 
• Excessive arch flattening in stance phase 
• Insufficient movement of the foot in the 

direction of supination in later stance phase 
• Poor plantar flexor contraction and push-off 

• Support of the arch (supinator contraction, 
tape, scaphoid pad) decreases symptoms in 
the four impairments 

• Hip/knee medial rotation 
• Gluteal muscle contraction decreases medial 

rota tion and symptoms 
Single-leg bopping 
• Calcaneus everted 
• Arch flattening 
• Poor plantarflexor contraction (decreased jump 

height) 
• Plantarflexion contraction improves jump 

and decreases symptoms 
• Contraction of gluteal muscles decreases 

medial rotation and symptoms 
Step-down or small knee bend 
• Calcaneal eversion 
• Arch flattening 
• Knee/hip medial rotation 
• Weight transferred over medial column of foot 
Sitting 

Active first MTP extension 
• First MPT extension results in plantar flexion 

at the first metatarsocuneiform and 
prominence of the MTP on the plantar surface 
of the foot. Symptoms may be produced at the 
MTP and/or metatarsocuneiform joints 

• MTP or metatarsocuneiform stabilization 
decreases symptoms 

Source of Signs and Symptoms 

Heel and/or Arch Symptoms 

Plantar Fascia 
• Special test: Toe extension increases 

symptoms with/without palpation 
along the fascia 

• Palpation: Tender at tlle insertion 
of plantar fascia on medial calcaneal 
tubercle and can be tender along 
me fascia into me mid foot 

Posterior and Anterior Tibialis 

Muscle/Tendon 
• Special test: Soft tissue differential 

may be weak and painful or strong 
and painful wim appropriate 
resisted contraction in neutral foot 
position (",,10 degrees plantar 
flexion) 

Palpation 
• Posterior tibialis muscle and 

tendon: Tender distal, posterior, 
medial tibia to plantar navicular 

• Anterior tibialis muscle and tendon: 
Tender at me proximal lateral tibia, 
dorsal/medial to first cuneiform 
and/or base of first met1tarsal 

Tibial Nerve 
• Special test: Positive Tinel's, 

placement in provocative position 
(dorsiflexion, toes extended, and 
calcaneus everted) or Tinel's in 
provocative position 

Hindfoot Symptoms 

Gastrocnemius/Soleus Muscle/ 

Calcaneal Tendon: 
• Palpation: Tender posterior calf 

and tendon to calcaneus 
Forefoot Symptoms 
Metatarsal Heads 
• Palpation: Tender at tlle second 

and third metatarsal heads 
Interdigital Nerves 
• Special test: Squeeze test positive 

(most common between tllird and 
fourtll metatarsals) 

DJD, Degenerative joint disease; DVT, deep vein thrombosis; MTP, metatarsophalangeal; RA, rheumatoid arthritis; ROM, range of motion. 



Associated Signs or Contributing Factors 

Structural Variations 

Foot 
• Subtalar joint neutral findings modified by weight bearing 
• Uncompensated hindfoot valgus 
• Uncompensated forefoot valgus 
• Compensated hindfoot varus 
• Compensated forefoot varus 

Femur/Tibia 
• Long leg on pronated side 
• Femoral anteversion 
Muscle Length/Joint ROM Impairments 

Talocrural Dorsiflexion 

• Limited if dorsiflexion <10 degrees with knee extended 
• Gastrocnemius short if dorsiflexion <':10 degrees with knee flexed 
• Soleus short if dorsiflexion :510 degrees with knee flexed and normal 

accessory talocrural motion 
• 13 I ocrura I joint limitation if dorsiflexion :510 degrees, regardless of knee 

position and limited accessory taloCl"ural joint motion (cannot rule out 
soleus limitation in thjs case) 

Passive First MTP Extension 
• Limited if <60 degrees in full plantar flexion without stabilizing MTP 
• Limited if <30 degrees in 30 degrees of ankle plantar flexion 

• Flexor hallucis longus short if <':30 degrees of first MTP extension in full 
plantar flexion compared to 30 degrees of plantar flexion 

• First MTP joint limitation if first MTP extension remains limited, 
regardless of ankle position, and accessory MT P motion is limited 
(cannot rule out flexor hallucis brevis or other I-joint muscles crossing 

the MTP) 
Subtalar Joint Eversion 
• Hindfoot pronation-eversion ROM is available 
Muscle Strength/Performance Impairments 
• Gastrocnemius/soleus weakness 
• Posterior gluteus medius, intrinsic rup lateral rotators 
• Inadequate stabilization of MTP joints by the intrinsic muscles of the foot 

results in extension of the MTPs during active talocrural dorsiflexion 
• Dominance of extensor digitorum longus results in dorsiflexion with 

eversion 
Improper Footwear 

• Flexible heel counter 
• Shoe sole components 
• Recent decrease in heel-to-toe height 
Activity Level 
• Recent increase in activity level 

Plantar Callus Findings 
• Second and third metatarsals 
• Medial first toe 
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Differential Diagnosis 

Movement Diagnosis 
• Insufficient dorsiflexion 
• Supination 
Potential Diagnosis Requiring Referral 

Suggested by Signs and Symptoms 

Musculoskeletal 
• Stress fracture 
• DJD 
• Low back (L4-S2) 
• Posterior tibialis tendon insufficiency 

Neurovascular 
• DVT 

• Well's Clinical Decision Rule 
• Homans' sign 

• Compartment syndrome 
• Tarsal tunnel syndrome 

Systemic 
• RA 
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Treatment 
Inflammation and Pain Control 

• Ice 
• Iontophoresis 
• Electrical stimulation 

Walking and/or Running 

The patient is instructed to work on the specific cues 
that assisted in symptom reduction during the examina­
tion or the cues that the physical therapist believes with 
practice may result in symptom reduction. The following 
cues are among the possibilities that may assist the 
patient: 

• Contract the gastrocnemius muscle by lifting from 
the heel. 

• Raise the medial longitudinal arch. 
• Contract the gluteal muscles (squeeze the buttocks). 
• Hit with the heel first. 
Many of the changes being requested of the patient 

during walking and running are similar to a strengthen­
ing program. As such, the patient should be encouraged 
to have focused practice time and gradual implementa­
tion to avoid injury. 

Muscle Performance 

• Supinators (gastrocnemius, posterior tibialis) 
• Thera-Band resistance exercise into plantarflexion 

and plantarflexion inversion 
• Heel raises 
• Hopping 

• Intrinsic muscles of the foot 
• Towel crunches: Towel placed on the floor, use toes 

to grab towel and pull it under the foot. Weight can 
be added to the towel to increase resistance. The 
arch should lift; do not allow the patient to only use 
the flexor digitorum longus. 

• Posterior hip muscles 
• Sidelying hip lateral rotation progressing to lateral 

rotation with abduction adding weight as appropri­
ate. Patient may need a pillow between knees for 
comfort. 

• Prone hip extension with the knee flexed. Patient 
should be over a pillow. 

• Posterior hip muscle strengthening must progress to 
weight-bearing dynamic activities to prepare the 
muscles for walking, runnmg, and jumping 
activities. 

After the injured tissue has been protected from exces­
sive stresses and the inflammation has subsided, the 
involved muscle and tendon should undergo a progres­
sive strengthening program and a progressive return to 
activity. In general, exercise or activity is permissible if 
pain remains at 2/10 on a 0 to 10 scale. The strengthen­
ing exercise should be completed at a minimum of 70% 
maximal voluntary contraction for 10 repetitions, 3 sets, 
3 to 5 times/week. 

Decrease Range of Motion 

• Short gastrocnetnius/soleus muscle/calcaneal (Achil­
les) tendon. 
• Wal l  stretch: The knee is extended for gasu'ocne­

mius muscle shoru1ess and flexed for soleus muscle 
length deficits. The patient should prevent prona­
tion (active patient correction and wearing good 
footwear). The patient should be instructed to keep 
the foot facing forward or in line with the femur and 
tibia. The heel should be kept on the growld during 
the stretch. 

• Heel hang stretch: The knee can be extended or 
flexed as described for the wall stretch. The patient 
should prevent pronation through active correction 
and by wearing good footwear. 

• Long sitting towel-assisted dorsiflexion: The patient 
should prevent pronation through active correction 
and by modifying the direction of force through the 
towel. 

• Talocrural joint limitation: In addition to the standing 
stretches, joint limitations can be addressed with 
mobilization. 
• Mobilize the talocrural joint using a posterior glide 

of the talus on the ankle mortise. 
• Mobilize the talocrural joint using a distraction 

technique. 
• Heel lift in the shoe until length changes are 

apparent. 
• Night splint to maintain dorsiflexion position. 

• Short extensor digitorum longus. 
• Patient p lantar flexes the involved foot with the toes 

flexed. Can be completed in sitting or can be 
stretched in hands and knees rocking back. 

• First MTP extension limitation: 
• Mobilize the MTP joint using an anterior glide of 

the proximal phalanx on the metatarsal. 
• Passive ROM (PROM) into first MTP extension 

(talocrural dorsiflexion with first MTP extension). 
Stretching should be held for 3 0  seconds, 2 to 3 repeti­

tions, completed regularly throughout the day (5 to 8 
times/day), and completed 5 to 7 days/week. 

Activity 

• Modify activity level to decrease forces on the foot. 
May require use of an assistive device if symptoms are 
severe. 

• If appropriate for the patient's goals, progress to 
dynamic activities such as jumping, hopping, shuttle 
run, cutting, and so on. 

• Running progression rules: 
• Start with a run/walk program gradually progressing 

to all running. 
• Start with straight plane jogging and jumping on a 

smooth flat surface. 
• Work on distance tolerance first. 
• Increase speed as tolerated. 



• Add varied terrain, hills, and cutting (these can 
include figure 8s). 

• Finally, add cuts and turns that are unexpected. For 
example, have the patient run straight forward and 
call cut right. He or she is expected to change direc­
tions immediately. Mix the calls, including cut left, 
1 80 degrees turn, 3 60 degrees turn, and bend down. 

External Tissue Support 

Footwear 
• A last that looks like the foot. The most conunon last 

for a pronated foot is a straight or semi-curved last. 
• Firm heel COWl tel' to control hind foot motion. If pro­

nation is occurring at the hind foot, the shoe should 
include rigid material at the medial heel and less rigid 
material at the lateral heel. 

• A sole that bends only at the metatarsal heads and rigid 
from hindfoot to midfoot. 

• Adequate arch support with medial structures of the 
footwear generally made of firm, controlling 
materials. 
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• Appropriate width and depth to accommodate the foot 
• Cushion indicated as needed for appropriate shock 

absorption. 
OrthosesfTaping 
• The orthosis should prevent pronation. Start with 

adding an arch support, then if necessary post at the 
hindfoot, then the forefoot. If the metatarsal heads are 
involved, the orthosis may also need to include a meta­
tarsal pad. 

• For calcaneal tendon involvement, hindfoot eversion 
must be correct with a medial hind foot post to maxi­
mize tendon alignment. 

• For tarsal tunnel involvement, hindfoot orthosis addi­
tions must be soft to avoid nerve compression. 

• Arch taping: Used most frequently for involvement of 
tile plantar fascia but is appropriate for any condition 
that would benefit from additional arch support and 
prevention of pronation. 
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Supination Syndrome 

The principal movement impairment in supination syndrome is supination at the foot and ankle. Supination is 

considered abnormal and an impairment when the amount of supination during weight-bearing activities is excessive 

for that individual or when it occurs from heel strike to midstance in the gait cycle. The supination impairment can 

occur in the hindfoot, midfoot, and/ or forefoot. The foot with a supination impairment is generally a rigid foot with 

little or no ability to absorb shock and compensate for structural or movement impairments within the foot and 

ankle, knee, or hip. 

Symptoms and History 

• Plantar fascia: Heel pain with first step 
in the morning or after prolonged 
non-weight-bearing function 

• Fibular muscles/tendon: Pain in muscle 
or tendon, most apparent with weight 
bearing as the muscle works to control 
supination 

• Gastrocnemius/soleus muscles/calcaneal 
tendon: Pain in muscle or tendon as 
tibial forward progression is controlled 
in stance and during propulsion phase 
of weight bearing 

• Metatanal heads: Pain localized to the 
first and fifth metatarsal heads 

• Lateral colu'l1tn joint: Lateral column 
joint pain with weight bearing 

• Generalized foot pain, knee, hip, or 
low back pain associated with a "rigid" 
foot 

Common Referring Diagnoses 
• Stress fracture 

• Tibia 
• First or fifth metatarsal 

• Fibularis muscle strain or tendonitis 
• Plantar fasciitis 
• Foot pain 
• Metatarsalgia 

Key Tests and Signs for 
Movement Impairment 

Alignment Analysis 
• Hindfoot: Calcaneal inversion 
• Midfoot: Talonavicular joint located 

more dorsal (lateral bulge) 
• Forefoot: Adduction in relationship to 

the hind foot at the transtarsal joint 
• High medial longitudinal arch 
• Femur and/or tibia excessive lateral 

rotation 
• Decreased width of the forefoot 
Movement Impairment Analysis 

Standing 

Gait/1Nunning 
• Decreased calcaneal eversion 
• Minimal flattening of the arch from 

heel strike through midstance 
• Hip/lmee lateral rotation 
• Knee varus moment 
• Late stance (heel off) foot moves into 

pronation 
Single-leg hopping 
• Efficient plantar flexor force Qump is 

high and well controlled) 
• Hip/knee lateral rotation 
• Knee varus moment 
Step-down or small knee bend 
• Limited dorsiflexion 
• Arch moves velY little from initial 

position 
• Weight transferred over lateral 

colunul 

Source of Signs and Symptoms 

Heel and/or Arch Symptoms 

Plantar Fascia 
• Special test: Toe extension increases 

symptoms witlllwithout palpation 
along tlle fascia 

• Palpation: Tender at tlle insertion of 
plantar fascia on medial calcaneal 
tubercle and can be tender along the 
fascia into tlle nlidfoot 

Lateral Ankle/Foot Symptoms 

Fibularis Muscle/Tendon 
• Special test: Soft tissue differential 

Illay be weak and painful or strong and 
painful with appropriate resisted 
contraction in neutral foot position 
(=10 degrees plantar flexion) 

• Palpation: Tender posterior and lateral 
to the fibula, posterior to the lateral 
malleolus, to the base of tlle fifth 
MTP or at the cuboid as the longus 
runs on the plantar surface of the foot 

Hindfoot Symptoms 

Gastrocnemius/Soleus Muscle/ 

Calcaneal Tendon 
• Special test: Soft tissue differential 

may be weak and painful or strong and 
painful with appropriate resisted 
contraction in neutral foot position 
(=10 degrees plantar flexion) 

• Palpation: Tender posterior calf and 
tendon to calcaneus 

Forefoot Symptoms 

Metatarsal Heads/Sesamoids 
• Palpation: Tender at the first and fifth 

metatarsal heads 



Associated Signs or Contributing Factors 

Structural Variations 

Foot 

• Subtalar joint neutral findings modified by weight bearing 
e Uncompensated hind foot vams 
• Uncompensated forefoot varus 
• Compensated hind foot valgus 
• Compensated forefoot valg"us 
• Plantar flexed first ray 
Femur/Tibia 

• Short leg on supinated side 
• Femoral retroversion 
• T ibial torsion 
Muscle Length/Joint ROM Impairments 

Talocrural Dorsiflexion 
• Limited if dorsiflexion <10 degrees with knee extended 

• Gastrocnemius short if dorsiflexion �10 degrees with knee flexed 
• Soleus muscle short if dorsiflexion �10 degrees with knee flexed and 

normal accessory talocmral motion 
• Talocrural joint limitation if dorsiflexion �IO degrees, regardless of knee 

position and limited accessOlY talocrural joint motion (calUlot rule out 
soleus muscle limitation in this case) 

Passive First MT P Extension 

• Limited if <60 degrees in full plantar flexion without stabilizing MT P 
• Limited if <30 degrees in 30 degrees of ankle plantarflexion 

• Flexor hallucis longus short if �30 degrees of first MT P extension in full 
plantarflexion compared 30 degrees of plantarflexion 

• First MT P joint limitation if first MT P extension remains limited, 
regardless of ankle position, and accessory MT P motion is limited (cannot 
rule out flexor hallucis brevis or other I-joint muscles crossing the MT P) 

Subtalar Joint Eversion 
• Hindfoot eversion ROM is limited 
Extensor Digitorum Longus 
• Toe flexion ROM is decreased when the talocrural joint is plantarflexed 

compared to dorsiflexion 
Improper Footwear 
• Insufficient cushion 
• Straight last 
• Sole structure that encourages supination (lateral soft material in combination 

with medial rigid materials) 
Activity Level 

• Recent increase in activity level 
Plantar Callus Findings 
• First and fifth metatarsals 
• Medial first toe 
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Differential Diagnosis 

Movement Diagnosis 
• Llsufficient dorsiflexion 
Potential Diagnosis Requiring Referral 

Suggested by Signs and Symptoms 
• S tress Era cture 
• DJD 
• Low back (L4-S2) 

Neurovascular 
• DVT 

• Well's Clinical Decision Rule 
• Homans' sign 

• ComparOllent syndrome 
Systemic 
• RA 
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Treatment 
Inflammation and Pain Control 

• Ice 
• Iontophoresis 
• Electrical stimulation 

Walking and/or Running 

The patient is instructed to work on the specific cues that 
assist in symptom reduction during the examination or 
the cues that the physical therapist believes, with practice, 
may result in symptom reduction. Often, the cues are 
related to softening the landing, hitting more centrally 
on the heel, and concentrating on trying to limit lateral 
loading through the foot. 

Muscle Performance 

• Gastrocnemius/soleus muscle 
• Thera-Band resistance exercise into plantar flexion 
• Heel raises 
• Hopping 

• Fibularis (peroneus) longus and brevis 
• Thera-Band resistance exercise into plantar flexion 

and plantarflexion eversion 
After the tissue injury has been protected from exces­

sive stresses and the inflammation has subsided, the 
involved muscle and tendon should undergo a progres­
sive strengthening program and a progressive return to 
activity. In general, exercise or activity is permissible if 
pain remains at 2/10 on a 0 to 10 scale. The strengthen­
ing exercise should be completed at a minimum of 70% 
maximal voluntary contraction for 10 repetitions, 3 sets, 
3 to 5 times/week. 

Decreased Range of Motion 

• Short gastrocnemius/soleus muscle length 
• Wall stretch: The knee is extended for gastrocne­

mius muscle shortness and flexed for soleus muscle 
length deficits. The patient should be instructed to 
keep the foot facing forward or in line with the 
femur and tibia. The heel should be kept on the 
ground during the stretch. The patient should 
prevent foot supination correction and by wearing 
good footwear. The stretch should be held for 3 0  
seconds, complete 2 to 3 time/session, and done 
regularly throughout the day (5 to 8 times/day). 

• Heel hang stretch: The knee can be extended or 
flexed as described for the wall stretch. The patient 
should prevent subtalar joint supination through 
active correction and by wearing good footwear. 

• Long sitting towel-assisted dorsiflexion. The patient 
should prevent foot supination through active cor­
rection and by modifying the direction of force 
through the towel .  

• A night splint to maintain dorsiflexion position is 
often helpful. 

• Talocrural joint limitation 
• Mobilize the talocrural joint using a posterior glide 

of the talus on the ankle mortise 
• Mobilize the talocrural joint using a distraction 

technique 
• May need to include a heel lift in the shoe until 

length changes are apparent 
• Talocrural joint limitation 

• Decreased length of extensor digitorum longus 
• Patient plantarflexes the involved foot with the toes 

flexed. Can be completed in sitting or if extremely 
short, can be stretched in hands and knees rocking 
back 

• Decreased great toe extension 
• Mobilize the MTP joint using an anterior glide of 

the proximal phalanx on the metatarsal .  
• Passive ROM into great toe extension. Patient dor­

siflexes the talocrural joint and then extends the 
great toe. 

Stretching should be held for 30 seconds, 2 to 3 repeti­
tions, completed regularly through out the day (5 to 8 
times/day), and completed 5 to 7 days/week. 

Activity 

• Modify activity level to decrease forces on the foot. 
May require use of an assistive device if symptoms are 
severe. 

• If appropriate for the patient's goals, progress to 
dynamic activities such as jumping, hopping, shuttle 
run, cutting, and so on . 

• RurU1ing progression rules: 
• Start with straight plane jogging and jllmping on a 

smooth flat surface. 
• Work on distance tolerance first. 
• Increase speed as tolerated. 
• Add varied terrain, hills, and cutting (tllese can 

include figure 8s). 
• Finally, add cuts and turns that are unexpected. 

For example, have tlle patient run straight forward 
and call cut right. He or she is expected to change 
directions immediately. Mix tlle calls, including cut 
left, 1 80 degrees turn, 3 60 degrees turn, or bend 
down. 

Footwear 
• A last that looks like tlle foot. The most common last 

for a supinated foot is a curved last. 
• Firm heel counter to control hindfoot motion. The 

hindfoot sole material should NOT include a material 
density' differential that would encourage calcaneal 
1I1verSlOn. 

• Cushioned, conforming insole is a key component in 
treating the supinated foot. 

• Appropriate width and deptll to accommodate the foot. 
• Adequate arch support. 



External Tissue Support 

• Accommodative insert with soft materials. May need 
additional arch support to assist in distributing force 
through greater weight-bearing surface. If the meta­
tarsal heads are involved, the orthotic may also need to 
include a metatarsal pad. 
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• Arch taping: Used most frequently for plantar 
fascia involvement but is appropriate for any 
condition that would benefit from additional arch 
support. 

• Calcaneal (Achilles) tendon taping: Used to reduce 
stress on tlle calcaneal tendon. 
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Insufficient Dorsiflexion Syndrome 

The principal movement impairment in insufficient dorsiflexion syndrome is insufficient dorsiflexion. The impairment 

can occur during midstance to push-off or during swing phase and is not associated with excessive supination or 

pronation. 

Symptoms and History 

• Plantar fascia: Heel pain with first step in the 
morning or after prolonged non-weight bearing 

• Gastrocnemius/soleus muscle/calcaneal (Achilles) tendon: 
Pain in muscle/tendon 
• Symptoms most apparent from midstance 

through push-off 
• Blwsa: Pain at posterior calcaneus 

• Symptoms most apparent with direct pressure. 
• The pain-provoking pressure can occur during 

midstance through push-off or when squatting 
as the calcaneal tendon is pressing the bursa or 
when sitting with direct pressure is on the bursa 

• Anterior tibialis muscle/tendon: Pain in muscle/ 
tendon, most apparent during the swing phase of 
walking or jogging as the anterior tibialis attempts 
to dorsiflex the foot 

• Deep fibular nerve: Achy, tingling, and numbness on 
the dorsum of foot and can radiate into toes; most 
common when shoes are on and activities requiring 
maximum dorsiflexion (running up hills, squatting) 

• Talocrural joint: Sharp pinching pain at end-range 
dorsiflexion such as squatting and running up hills 
• The talocrural joint is often point tender 

• Metatarsal heads/sesamoids: Pain localized to the 
metatarsal heads 

Common Referring Diagnoses 
• Achilles tendonitis 
• Bursitis 
• Shin splints 

Key Tests and Signs for Movement Impairment 

Alignment Analysis 
• Knee hyperextension 
• Ankle in relative plantar flexion 
Movement Impairment Analysis 

Standing 

Gait/running 
• Early heel rise after midstance as the tibia attempts to advance over the 

foot 
• Knee hyperextension during stance 
• Increase in foot progression angle 
• Increase in knee flexion during stance phase 
• Uses passive tension of gastrocnemius/soleus muscle/calcaneal tendon 

to control tibia position during stance 
• Limited dorsiflexion during swing phase of gait 
Full squat 
• Limited dorsiflexion 
• Heel is higher on involved side and/or tibia is more posterior 
Step-down or small knee bend 
• Early heel rise, inability to keep heel on the ground 
Sitting 
A ctive dorsiflexion 
• Completes with toe extension. Poor stabilization of the MT P joints 

with the foot intrinsics 
Muscle Length/Joint ROM Impairments 

Talocrural Dorsiflexion 

• Limited if dorsiflexion < 1 0  degrees with lmee extended 
• Gastrocnemius short if dorsiflexion �10  degrees with knee flexed 
• Soleus muscle short if dorsiflexion :::;1 0  degrees with knee flexed and 

normal accessory tal-crural motion 
• Talocrural joint limitation if dorsiflexion :::;1 0  degrees, regardless of 

knee position and limited accessory talocrural joint motion (cannot 
rule out soleus muscle length limitation in this case) 



Source of Signs and Symptoms 

Hindfoot Symptoms 

Plantar Fascia 
• Special test: Toe extension increases symptoms 

with or without palpation along the fascia 
• Palpation: 1ender at the insertion of plantar 

fascia on medial calcaneal tubercle and can be 
tender along the fascia into the midfoot 

Gastrocnemius/Soleus Muscle/Calcaneal 

Tendon 
• Special test: Soft tissue differential may be weak 

and painful or strong and painful with appropriate 
resisted contraction in neutral foot position (=,J 0 
degrees plantarAexion) 

• Palpation: Tender posterior calf and tendon to 
calcaneus 

Bursa 
• Symptoms reproduced with any motion that 

compresses the bursa (active or passive 
dorsiflexion, active plantar flexion) 

• Palpation: Tender at posterior heel 
Anterior Ankle/Foot Symptoms 

Anterior Tibialis Muscle/Tendon 
• Special test: Soft tissue differential may be weak 

and painful or sU'ong and painful with appropriate 
resisted contraction in neutral foot position (==1 0  
degrees plantar Aexion) 

• Palpation: Anterior tibialis muscle and tendon: 
Tender at the proximal lateral tibia, dorsal/medial 
to first cuneiform and/or base of first metatarsal 

Deep Fibular Nerve 
• Special test: Positive T inel's 

Talocrural Joint 
• Palpation: Tender at talocrural joint space 
Forefoot Symptoms 

Metatarsal Heads/Sesamoids 

• Palpation: Tender at metatarsal heads 

C H A P T E R  8 Appendix 491 

Associated Signs or Contributing 

Factors 

Muscle Length/Joint ROM 

Impairments 

Extensor Digitorum Longus 
• PlantarAexion ROM decreases when 

toes are Aexed compared to when toes 
are extended 

Improper Footwear 
• Recent change to a shoe with a lower 

heel 
• Frequent wearing of high heels 

Activity Level 
• Recent increase in activity level 
Visual Appraisal 
• Local signs of inflammation may be 

present, including edema, redness, or 
increased tem pera ture 

Differential Diagnosis 

Movement Diagnosis 
• Pronation 
• Supination 
• Hypomobility 
Potential Diagnosis 

Requiring Referral 
Suggested by Signs and 

Symptoms 

Musculoskeletal 
• Stress fracture 
• DJD 
• Low back (L4-S2) 

Neurovascular 
• DVT 

• Well's Clinical Decision 
Rule 

• Homans' sign 
• Compartment syndrome 

Systemic 
• RA 
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Treatment 
Inflammation and Pain Control 

• Ice 
• Iontophoresis 
• Electrical stimulation 

Walking and/or Running 

• Walking and running cues focus primarily on encour­
aging active contraction of the gastrocnemius muscle 
to reduce the reliance on the passive tension of the 
gastrocnemius/soleus muscle/calcaneal tendon unit. 
The specific cues are to have the patient actively lift 
the heel during late stance. 

Muscle Performance 

• Weakness of the anterior tibialis: 
• Thera-Band resistance exercise into dorsiflexion 

inversion with toes curled. 
• Weakness of the intrinsic muscles of the foot. 

• Towel cnmches: Towel placed on the floor, use toes 
to grab towel and pull it under the foot. Weight can 
be added to the towel to increase resistance. The 
arch should lift; do not allow the patient to only use 
the flexor digitorum longus. 

After the tissue injury has been protected from exces­
sive stresses and the inflammation has subsided, the 
involved muscle and tendon should undergo a progres­
sive strengthening program and a progressive return to 
activity. In general, exercise or activity is permissible if 
pain remains at 2/ 10  on a 0 to 10 scale. The strengthen­
ing exercise should be completed at a minimum of 70% 
maximum voluntary contraction for 10 repetitions, 3 sets, 
3 to 5 times/week. 
I>ecreased l)ors�exion 
• Short gastrocnemius/soleus muscle/calcaneal tendon 

• Wall stretch: The knee is extended for gastrocne­
mius muscle shortness and flexed for soleus muscle 
length deficits. The patient should be instructed to 
keep their foot facing forward or in  line with the 
femur and tibia. The heel should be kept on the 
ground during the stretch. The patient should 
prevent subtalar joint pronation through active cor­
rection and by wearing good footwear. The stretch 
should be held for 3 0  seconds, completed 2 to 3 
times/session, and done regularly throughout the 
day (5 to 8 times/day). 

• Heel hang stretch: The knee can be extended or 
flexed as described for the wal l  stretch. The patient 
should prevent subtalar joint pronation through 
active correction and by wearing good footwear. 

• Long sitting towel-assisted dorsiflexion: The patient 
should prevent subtalar joint pronation through 
active correction and by modifying the direction of 
force through the towel . 

• A night splint to maintain dorsiflexion position is 
often helpful. 

• Stretches should be held for 30 seconds, 2 to 3 rep­
etitions, completed regularly throughout the day (5 

to 8 times/day), and done 5 to 7 days/week. 
• Talocrural joint limitation 

• Mobilize the talocrural joint using a posterior glide 
of the talus on the ankle mortise. 

• Mobilize the talocrural joint using a distraction 
technique. 

• May need to include a heel lift in the shoe until 
length changes are apparent. 

Activity 

• Modify activity level to decrease forces on the foot 
until healed. May require use of an assistive device if 
symptoms are severe. 

• If appropriate for the patient's goals, progress to 
dynamic activities such as jumping, hopping, shuttle 
run, cutting etc. 

• Running progression rules: 
• Start with straight plane jogging and jumping on a 

smooth flat surface. 
• Work on distance tolerance first. 
• Increase speed as tolerated. 
• Add varied terrain, hills, and cutting. 
• Finally, add cuts and turns that are unexpected. For 

example, have the patient run straightforward and 
call cut right. He or she is expected to change direc­
tions immediately. Mix tl1e calls, including cut left, 
1 80 degrees turn, 3 60 degrees turn, and bend down. 

External Tissue Support 

Footwear 
• Heel-to-toe height of the shoe that accommodates for 

the lack of dorsiflexion ROM. However, the goal 
would be to increase dorsiflexion ROM to avoid 
needing a shoe witl1 a heel. 

• Appropriate width and depth to accommodate the foot. 
• A last that looks like the foot. May be curved, straight, 

or in between (midlast), depending on the shape of the 
individual's foot. 

• Footwear should include the standard shoe compo­
nents to provide the necessary support and cushion. 
This includes a firm heel counter, the appropriate 
amount of arch support, and cushion indicated as 
needed for shock absorption. 

• The angle formed by tl1e heel cOlmter and the sole of 
tl1e shoe at tl1e posterior heel to the vertical line from 
the floor at the most-posterior portion of the sole of 
the shoe should be relatively smal l .  A large angle 
increases the work demand on tl1e anterior tibialis 
muscle and tendon. 

• Witl1 involvement of the bursa, pain may occur with 
pressure from the heel of the shoe on the bursa. The 
patient may need to wear open-heeled shoes 
temporarily. 



011:hoseslTaping 
• Insert a heel lift into the shoe to relieve stress from 

decreased talocrural dorsiflexion motion. As the indi­
vidual completes their home stretching program, the 
height of the heel lift can be reduced. 
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• Calcaneal tendon taping: Tape the ankle posteriorly to 
support the tendon, place the foot in plantarflexiol1, 
tape from the distal posterior calf to midarch of the 
foot. 
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Hypomobility Syndrome 

The principal movement impairment in hypomobility syndrome is associated with a limitation in the physiological 

and accessory motion of the foot and ankle. This may result from degenerative changes in the joint or the effects 

of prolonged immobilization. 

Symptoms and History 

Degenerative Changes ( OA, RA) 
• Pain with weight bearing (gait, standing, stairs), that 

decreases with rest 
• Pain location deep in joint and often described as 

vague 
• Gradual onset 
• May complain of stiffness, especially after periods of 

rest 
• I-listOlY of remote trauma or surgery to the ankle/ 

foot 
• Narrowing of joint space seen on standing x-rays 
• Typically seen in older adults >55 years old 

Immobilization 
• History of recent trauma or surgery 
• Ankle/foot ROM has not progressed as expected 

(slow recovery) 

Common Referring Diagnoses 

• ORIF of ankle and/or foot 
• Fracture of ankle and/or foot 
• Tendon or muscle rupture/repair 
• M icrofracture surgelY (most often on talus) 
• Osteochondritis dissecans 
• OA 
• RA 

Key Tests and Signs for Movement Impairment 

Alignment Analysis 
• Atrophy of calf and foot muscles 
• Edema 
• Signs of inflammation in foot and ankle 
Movement Impairment Analysis 

Standing 

Gait/running 
• Antalgic gait: Decreased step length on wlinvolved side or bilaterally 

secondary to joint pain and ROM l imitation of ankle/foot 
• Poor tolerance of full weight bearing 
• Dependent on assistive device for ambulation 
Step-down or small knee bend 
• Limited ankle mobiljty 
• Descending stairs forward is Iimjted by ankle mobility; patient may 

need to turn sideways, backward, or avoid descending reciprocally 
Single-Leg Stance 
• The ability to maintain single-leg stance on the involve side will be 

impaired (poor control and decreased duration). 
• Lack of ability to balance on one foot is often evident with the eyes 

open and performance worsens when the patient is instructed to 
close their eyes, limiting visual input and isolating foot and ankle 
proprioception. 

Muscle Length/Joint ROM Impairments 

• Based on length, ROM tests, and accessOlY joint assessments 
• Limited physiological and accessory motion of involved and 

surrounding foot and ankle joints 
• With degenerative changes, repeated passive ROM to end-range 

should decrease pain or improve symptollls 

MMT, Manual muscle testing; OA, osteoarthritis; ORIp, open reduction internal fixation; ROM, range of motion. 



Source of Signs and Symptoms 

Joint/Bone Symptoms 
• Joint clearing tests (end-range 

joint motion with overpressure) 
wil l  be painful 
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Associated Signs or Contributing Factors 

• Palpation: Tenderness at the site of fracture/ 
surgery 

• The foot is generally sore 
Muscle Strength/Performance Impairments 
• Based on MMT and/or functional 

performance 
• Weakness in all foot and ankle musculature, 

particularly the gastrocnemius 
Balance/Proprioception 
• Inability to maintain single-leg stance on the 

involved side with the control and for the 
duration that is performed on the uninvolved 
side; performance worsens with eyes closed 

Differential Diagnosis 

Movement Diagnosis 
• Tissue impairment 
Potential Diagnosis Requiring 
Referral Suggested by Signs 
and Symptoms 
• Unstable fracture 
• DJD 
• Sympathetically maintained pain 



496 Appendix C H A P  T E R 8 

Treatment 
Inflammation and Pain Control 

• Ice (may be contraindicated if patient is hypersensitive 
or with OA or RA) 

• Heat is often helpful in decreasing feelings of joint 
stiffness and pain 

• Compression garment 

Walking and/or Running 

• The presence of OA and/or RA often requires the 
individual to discontinue weight-bearing, high impact, 
and high repetition activities (wal1cing or running for 
fitness). The patient often needs to be guided into 
lower impact activities, such as stationary bicycling, 
water aerobics, or use of a StairMaster/elliptical, or 
activities, such as rowing, that involve aerobic fitness 
through the upper extremities. Weight loss can also 
significantly impact pain with weight-bearing activities 
and should be discussed if appropriate for the patient. 

• Wal1cing with a limp can result in injury to other areas 
of the body (knee, hip, back, or uninvolved foot). All 
efforts to correct the gait pattern should be employed, 
including work on weight shifting, a gradual increase 
in weight-bearing tolerance, and addressing the 
strength and motion impairments contributing to the 
gait pattern. Use of assistive devices may be temporar­
ily or permanently indicated for patients. 

Muscle Performance 

• Weakness of tl1e plantarflexors (gastrocnemius, poste­
rior tibialis muscles) 
• Thera-Band resistance exercise into plantar flexion 

and plantar flexion inversion 
• Heel raises 
• Eccentric training 
• Bilateral and single-leg hopping 
• Cutting, sprinting, and sport-specific activities 

• Weakness of tl1e anterior tibialis muscle 
• Thera-Band resistance exercise into dorsiflexion 

and/or inversion 
• Weakness of the fibular (peroneal) muscles 

• Thera-Band resistance exercise into plantarflexion 
and/or eversion 

• Weakness of tl1e intrinsic muscles of the foot 
• Towel crw1ches: Towel is placed on the floor, using 

toes to grab towel, then pull it under the foot. 
Weight can be added to the towel to increase resis­
tance. The arch should lift; do not allow the patient 
to only use the flexor digitorum longus. 

After the tissue injury has been protected from exces­
sive stresses and the inflammation has subsided, the 
involved muscle and tendon should undergo a progres­
sive strengthening program and a progressive return to 
activity. In general, exercise or activity is permissible if  
pain remains at 21 10  on a 0 to 10  scale. The strengthen­
ing exercise should be completed at a minimum of 70% 
maximum voluntary contraction for 10 repetitions, 3 sets, 
3 to 5 times/week. 

Decreased Range of Motion 

• Decreased dorsiflexion: Short gastrocnemius/soleus 
muscle/calcaneal tendon 
• Wall stretch: The knee is extended for gastrocne­

mius muscle shortness and flexed for soleus length 
deficits. The patient should be instructed to keep the 
foot facing forward or in line with the femur and 
tibia. The heel should be kept on the ground during 
the stretch. The patient should prevent subtalar 
joint pronation through active correction and by 
wearing good footwear. The stretch should be held 
for 30 seconds, completed 2 to 3 times/session, and 
done regularly throughout tl1e day (5 to 8 times/ 
day). 

• Heel-hang stretch : The knee can be extended or 
flexed as described for the wall stretch. The patient 
should prevent subtalar joint pronation through 
active patient correction and/or wearing good 
footwear. 

• Long sitting towel-assisted dorsiflexion: The patient 
should prevent subtalar joint pronation through 
active correction and by modifying the direction of 
force through tl1e towel .  

• A night splint to maintain dorsiflexion position is 
often helpful. 

• Stretches should be held for 30 seconds, 2 to 3 rep­
etitions, completed regularly throughout tl1e day (5 
to 8 times/day), and done 5 to 7 days/week. 

• Talocrural joint limitation 
• Mobilize the talocrural joint using a posterior glide 

of the talus on the ankle mortise. 
• Mobilize the ta I OCl"ura I joint using a distraction 

technique. 
• May need to include a heel lift in the shoe until 

length changes are apparent. 
• Decreased plantar flexion: Short dorsiflexor muscles 

• Hands and knees roc1cing back. 
• Sustained active ROM (AROM) and PROM. 

• Decreased inversion/eversion: Subtalar joint 
limitation 

• Mobilize the subtalar joint using lateral and medial 
glides. 

• Decreased intertarsal mobility 
• Mobilize specific intertarsal joints primarily using 

anterior and posterior glides. 
• Decreased MTP and interphalangeal flexion and 

extension 
• Mobilize MTP and IP joint primarily using anterior 

(for extension) and posterior (for flexion) glides. 
General ROM Activities 

• Stationary bike. 
• Baps board or wobble in Slttll1g when weight­

bearing tolerance is limited, progressing to standing 
activities when weight-bearing tolerance increases. 

Activity 

• Progress weight bearing gradual ly, reducing depen­
dence on and type of assistive device. 



• Address cardiovascular fitness with use of low impact 
activities (stationary bike, swimming, rowing, or Stair­
Master/elliptical training). 

• If appropriate for the patient's goals, progress to 
dynamic activities such as jumping, hopping, shuttle 
rUll, cutting, and so on. 

• Running progression rules: 
• Start with straight plane jogging and jumping on a 

smooth flat surface. 
• Work on distance tolerance first. 
• Increase speed as tolerated. 
• Add varied terrain, hills, and cutting (these can 

include figure 8s). 
• Finally, add cuts and turns that are unexpected. For 

example, have the patient run straight forward and 
call cut right. He or she is expected to change direc­
tions immediately. Mix the calls, including cut left, 
1 80 degrees turn, 3 60 degrees turn, and bend down. 

External Tissue Support 

Footwear 
• Appropriate size, width, and depth to accommodate 

edematous foot. 
• A last that looks like the foot. May be curved, straight, 

or in between (midlast), depending on the shape of the 
individual's foot. 

• Footwear should include tlle standard shoe compo­
nents to provide the necessary support and cushion. 
This includes a firm heel counter, the appropriate 
amount of arch support, and cushion, which is indi­
cated only as needed for shock absorption. 

• For individuals witll OA or RA or those who have had 
fusion of joints in their foot, a steel shank in the sole 
of the shoe will make the sole of the shoe rigid and a 
rocker at the toe break will allow the patient to more 
easily roll over the foot without needing as much talo­
crural dorsiflexion or MTP dorsiflexion. 

Orthoses 
• For individuals with OA or RA, a total contact insert 

made of accommodative material is often indicated. 
Deformjties of the foot should be considered in the 
design and materials chosen for the ortllosis. 

• A heel lift may be necessary to manage the loss of 
dorsiflexion ROM. 
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• Temporary orthoses with additional arch support are 
often indicated to manage foot pain that is often related 
to the new onset of a pronation impairment that results 
from the limited foot and ankle mobility. 

Scar 

• Firm and raised 
• TopiGel sheeting (chemical reaction) 
• Pressure 

• ln1mobile 
• Gradual application of stress to scar helps tlle scar 

remodel in such a way tl1at it allows gliding between 
structures. 

• AROM and PROM 
• Immobile or adhered scar 

• Massage: Use circular motions and friction, 
minimum 5 to 6 times/day, 5 minutes each time. 
Using Dycem or wearing a latex glove on the unin­
volved hand may help increase friction. 

Hypersensitivity 

• Desensitization exercises 
• Progress from light touch to more firm touch. 
• Progress from soft texture to a rough texture. 
• Add additional sensation such as vibration and 

tapping as tolerated. 
• Emphasize weight-bearing and ROM exercises. 
• Activity and exercise is better tolerated if heat has 

been applied (hot pack or exercise in warm whirlpool 
or pool). 

Balance and Proprioception 

• Stand on tlle involved leg with eyes open. 
• Stand on the involved leg with eyes closed. 
• Stand on the involved leg on foam or Ulleven surface 

with eyes open. 
• Stand on the involved leg on foam or uneven surface 

with eyes closed. 
• Stand on one leg and do the following: 

• Kick and stop a ball. 
• Throw and catch a ball. 
• Reach with hand. 

• Do similar activities on a mini-trampoline or other 
challenging surface. 
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Foot and Ankle Impairment 

A key criterion for placement into the foot and ankle 
impairment classification is the need to protect tissue. 
Usual ly, the tissue involved is stressed by a surgical pro­
cedure or trauma and may cause significant pain at rest 
and during movement. The patient is unable to tolerate 
a typical movement system examination. The limitation 
in movement is not primarily related to a chronic pain 
condition. Tissue healing and normal movement are 
expected. These are general guidelines and not intended 
to stand alone. Consult the physician's protocol for spe­
cific precautions and progressions. The physical therapist 
must be familiar with the tissues that were affected in the 
surgical procedure. 

Symptoms and H istory 
• Patient has history of surgery or acute injury. 
• Knowledge of specific surgical approach or injury is 

mandatory. 
• Patient may report severe pain. 

Physiological Factors 
Factors that affect the physical stress of tissue and/or 
thresholds of tissue adaptation and injuryl specific to the 
foot are as follows. 

Tissue Factors 

• Bone 
• Fractures of the base of the fifth metatarsal have a 

high probability of nonunion secondary to the pull 
of the fibularis brevis. Additionally, stress fractures 
of the anterior lateral tibial diaphysis, medial mal­
leolus, talus, navicular, and sesamoids are high-risk 
areas that often fail to heal, re-fracture, and/or need 
operative intervention.2 

• Cartilage 
• Muscle 

• Common to lose dorsiflexion ROM with 
immobilization. 

• Common to experience atrophy of gastrocnemius/ 
soleus muscle with immobilization. 

• Tendon 
• Calcaneal tendon rupture: Gastrocnemius/soleus 

muscle contraction contraindicated; may have dor­
siflexion ROM restrictions. 

• Posterior tibial tendon injury or insufficiency: If 
severe, may result in significant deformity of the 
arch (flattening); may require long periods of 
immobilization or surgery. Contraction of the pos­
terior tibial muscle would be contraindicated after 
surgery. 

• Ligament 
• Lateral ankle sprain: Often accompanied by an avul­

sion fracture of the lateral malleolus. 
• Syndesmotic ankle sprain ("high ankle 

Associated with greater discomfort 
sprain"): 

during 

weight-bearing function and longer healing time 
and may require immobilization .] 

• Skin 
• Edema has the potential to limit mobility and com­

promise the space occupied by nerves and arteries; 
often encountered under the extensor retinaculum 
and the flexor retinaculum; note location and 
measure extent of edema; assess whether it is brawny 
or pitting. 

• Scar: Note location, appearance, mobility, sensitiv­
ity, and if incision appears healed (approximately 1 0  
days). 

• Color: Note location and size of discoloration, 
including bruising and other important changes in 
color (red, white, blue, or black). 

• Temperature: Note location of warmth. 
• Nerve 

• Deep fibular (peroneal) nerve can be compromised 
as it runs beneath the extensor retinaculum. 

• Tibial nerve can be compressed as it runs beneath 
the flexor retinaculum. 

• Interdigital nerve. 

Types of Surgeries (Indications) 

• Stabilization (fracture, avascular necrosIs [AVNJ , 
osteosarcoma) 
• O RIF 
• External fixation 
• Fusion 
• Bone graft 

• Osteotomy (malalignment or osteosarcoma) 
• Calcaneal 
• Metatarsal 
• Phalangeal 

• Arthroplasty (DJD, arthritis, joint destruction) 
• Compartment decompression (crush injury, overuse 

with loss of arterial blood flow) 
• Debridement (tear, arthritis, or infection) 

• Capsule 
• Cartilage 
• Wound 

• Repair (tear, graft, or cell injections-open or 
arthroscopic) 
• Ligament 
e Cartilage 
• Tendon 

• Soft tissue release (short tissue or spastic muscle) 
• Gastrocnemius/soleus muscle/calcaneal tendon 
• Plantar fascia 

• Excision 
• Neur0mas 
• Tumors 
• Bone 

Medications 

• Consider side effects and effects of medications on 
tissue, exam, and intervention 
• Nonsteroidal antiinflammatory drugs (NSAIDs) 



• Muscle relaxants 
• Analgesics 
• Steroids 

Medical Complications 

• DVT 
• Pulmonary embolus 
• Fibular (peroneal) nerve neurapraxia 
• Neurovascular compromise 
• Compartment syndrome 
• Infection 
• Nonunion and malunion 

Movement and Alignment Factors 
• Variations 

• Anthropomorphics 
• Structural impairments 
• Scar adhesions 
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• Standing alignment 
• May demonstrate protective stance or rotational 

impairments 
Underlying Movement Impairment Syndromes 

• Pronation 
• Supination 
• Insufficient dorsiflexion 
• Hypomobility 

Extrinsic Factors 
• Assistive devices to unload extremity 
• Orthotic devices or braces 

Psychosocial Factors 
• Response to pain and/or anxiety 
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Treatment for Foot and 
Ankle Impairment 

Emphasis of treatment is to restore ROM of the ankle 
and strength of the lower extremity without adding 
excessive stresses to the injured tissues and within the 
precautions outlined by the physician. Underlying move­
ment impairments should be addressed during rehabilita­
tion and functional activities to ensure optimal stresses to 
the healing tissues. 

Impairments 
Pain 

Be sure to clarify the location, quality, and intensity of 
the pain . 
Stage 1 

SU1'gical: Witllin the first 2 weeks of tlle postoperative 
period, some pain wil l  be associated with exercises. 
Gradually over tlle next few weeks, pain associated with 
the exercise should lessen. Pain can be used as a guide to 
rehabi l itation. Sharp, stabbing pain should be avoided. 
Mild aching is expected after exercises but should be 
tolerable for the patient. This postexercise discomfort 
should decrease within 1 to 2 hours of the rehabilitation. 
A sudden increase in symptoms or symptoms that last 
longer than 2 hours after exercise may indicate that the 
rehabil itation program is too aggressive. Coordinating 
the use of analgesics with exercise sessions is  important. 

Acute Injury: Despite discomfort, tests may need to be 
performed to rule out serious injury. Modalities and 
taping/bracing may be helpful to decrease pain. The 
patient may also require the use of an assistive device, 
walker, or crutches in tlle early phases of healing. 
Stage 2 to 3 
SU1-gical/Acute Injury: Pain associated witll the specific 
tissue that was involved in the surgery should be decreased 
by weeks 4 to 6. As the activity level of the patient is 
progressed, the patient may report increased pain or dis­
comfort with new activities such as reulrning to daily 
activities and fitness. Pain or discomfort location should 
be monitored closely. Muscle soreness is expected, similar 
to the response of muscle to overload stimulus (e.g., 
weight training). General muscle soreness should be 
al lowed to resolve, usually 1 to 2 days before repeating 
the bout of activity. Pain described as stabbing should 
always be avoided. 

Edema 

Stage 1 

Stwgical/Acute InjulY: Edema is quite common in the foot 
and ankle sip surgery or injury. The patient should be 
educated in use of edema-controlling techniques, such as 
the following: 

• Ice4 
• Elevation 
• Compression: Ace wraps, compression stockings 

Patient should be encouraged to keep extremity ele­
vated as much as possible particularly in the early phases 
( 1  to 3 weeks). Application of ice after exercise is recom­
mended. Other methods to control edema in the foot and 
ankle include electrical stimulation or compression pumps. 

Measurement of edema should be taken at each visit. 
A sudden increase in edema may indicate that the reha­
bilitation program is too aggressive or tlle patient pos­
sibly has an infection. 
Stage 2 to 3 
Surgical/Acute Injury: Time until swelling is resolved is 
variable among patients and surgical procedures. As the 
patient increases the time spent on their feet in regular 
daily activities or more weight-bearing exercises, the 
patient may experience a slight increase in edema. This 
is to be expected; however, tlle patient should be encour­
aged to continue to use techniques stated previously to 
manage the edema. 

Appearance 

Stage 1 

Surgical: Infections should be suspected if the area around 
the incision or tlle involved joint is red, hot, and/or 
swollen. An increase in drainage from tlle incision, par­
ticularly if it has a foul odor or is no longer a clear color, 
is also indication of an infection. Red streaks following 
the lymphatic system can also appear witll infection. The 
physician should be consulted immediately if infection is 
suspected. It is  common to observe bruising after surgery. 
This should be monitored continuously for any changes; 
an increase in bruising during the rehabilitation phases 
may indicate infection. Stitches are typically removed in 
7 to 1 4  days. 
Stage 2 to 3 
Surgical: Incisions should be well healed. Bruising may 
still be present for as long as 3 to 4 weeks; however, it 
should be diminishing. Signs of increased bruising are a 
red flag and should be immediately referred to the 
physician. 

ROM 

Stage 1 

Surgical/Acute Injzwy: To prevent contracrure, ROM 
exercises should begin as soon as possible as allowed by 
the precautions. In the early phases of rehabilitation, the 
patient should perform ROM exercises at least three 
times per day and all exercises should be performed 
within pain tolerance. All uninvolved lower extremity 
joints should be exercised to prevent tlle development 
of restricted ROM at those joints. The typical exercise 
progressiofl begins with gentle PROM, assisted AROM, 
or AROM. The choice between PROM, assisted 
AROM, and AROM is based in part on the tissue injured 
or repaired. If resistance is allowed, proprioceptive neu­
romuscular facilitation (PNF) techniques, such as 
contract-relax or hold-relax, can assist in achieving 
greater ROM. During Stage 1 ,  resistance should be very 



gentie and can be progressed to a submaximum level as 
tile patient tolerates. When performing ROM exercises 
of ilie ankle in ilie patient wiili a fracture, attention to 
hand placement during tile exercises can minimize ilie 
stresses placed on tile healing fracture site. Decreasing 
pain and edema and improving ROM are typical signs 
tilat it is safe to progress ilie exercises. Refer to specific 
protocols for guidelines regarding progression of ilie 
exerCIses. 

The patient may have ROM precautions per ilie phy­
sician. A common example is tendon transfer wiili no 
ROM of ilie ankle. 

Mobilizations to tile following specific joints may be 
indicated (see ilie next section): 

• Talocrural joint 
• Midtarsal joints 
• Tarsometatarsal joints 
• Metatarsophalangeal and interphalangeal joints 

Stage 2 to 3 
Surgical/Acute Injury: Precautions are typically lifted by 
ilie time ilie patient reaches iliis stage. ROM should be 
approaching normal .  Exercises may need to be progressed 
using passive force. Patient should be instructed iliat a 
stretching discomfort is expected; however, sharp pain 
should be avoided. Mobilizations may be indicated in 
later stages of rehabilitation to improve ROM. Consult 
wiili ilie physician before initiating joint mobilization 
after surgery of ilie knee. 
Decreased Dorsiflexion 
• Short gastrocnemius/soleus muscle/calcaneal tendon 

• Wall stretch: The knee is extended for gastrocne­
mius muscle shorU1ess and flexed for soleus muscle 
lengili deficits. The patient should be instructed to 
keep ilieir foot facing forward or in line wiili ilie 
femur and tibia. The heel should be kept on ilie 
ground during ilie stretch. The patient should 
prevent subtalar joint pronation ilirough active cor­
rection and by wearing good footwear. The stretch 
should be held for 3 0  seconds, completed 2 to 3 
times/session, and done regularly iliroughout ilie 
day (5 to 8 times/day). 

• Heel hang stretch: The knee can be extended or 
flexed as described for tile wall stretch. The patient 
should prevent subtalar joint pronation ilirough 
active correction and by wearing good footwear. 

• Long sitting towel-assisted dorsiflexion: The patient 
should prevent subtalar joint pronation ilirough 
active correction and by modifying ilie direction of 
force through ilie towel .  

• A night splint to maintain dorsiflexion position is 
often helpful. 

• Stretches should be held for 3 0  seconds, 2 to 3 rep­
etitions, completed regularly throughout ilie day (5 

to 8 times/day), and done 5 to 7 days/week. 
• Talocrural joint limitation 

• Mobilize ilie talocrural joint using a posterior glide 
of tile talus on tile ankle mortise. 
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• Mobilize tile talocrural joint usmg a distraction 
technique. 

• May need to include a heel l ift in ilie shoe until 
lengili changes are apparent. 

Decreased Plantar Flexion 
• Short dorsiflexor muscles 

• Hands and knees rocking back 
• Sustained AROMIPROM 

• Talocrural joint limitation 
• Mobilize ilie talocrural joint using an anterior glide 

of ilie talus on ilie ankle mortise. 
• Mobilize the talocrural joint using a distraction 

technique. 
Decreased Inversion/Eversion 
• Subtalar joint limitation 

• Mobilize ilie subtalar joint using lateral and medial 
glides. 

Decreased Intertarsal Mobility 
• Mobilize specific intertarsal joints, primarily usmg 

anterior and posterior glides. 
Decreased Metatarsophalangeal and Interphalangeal 
Flexion and Extension 
• Mobilize MTP and interphalangeal joints, primarily 

using anterior (for extension) and posterior (for flexion) 
glides. 

General Range-oI-Motion Activities 
• Stationary bike. 
• Baps board or wobble in sitting when weight-bearing 

tolerance is limited, progressing to standing activities 
when weight-bearing tolerance increases. 

Muscle Performance 

Stage 1 

Surgical/Acute Injury: Strengtilening often begins after 
ilie initial phase of healing (4 weeks). The emphasis 
should be placed on proper movement patterns in prepa­
ration for strengthening activities. After 4 weeks, 
strengiliening may be gradually incorporated. Progres­
sion to resistive exercise is based on the patient's ability 
to perform ROM with a good movement pattern and 
without increase in pain. Weights, Thera-Band, or iso­
kinetic equipment may be used. Specific exercise proto­
cols provided by physicians and physical therapists should 
be evaluated to ensure that all exercises are appropriate 
for the individual's situation. Gastrocnemius/soleus 
muscles are most commonly affected with surgery or 
injury to the ankle; however, oiliers may be involved. 
Electrical stimulation or biofeedback may be used to 
improve strengthening (see tile "Medications, Modali­
ties, and Additional Interventions" section). The patient 
may have strengthening precautions per tile physician. 
Stage 2 to 3 
Surgical/Acute Injury: After the tissue injury has been pro­
tected from excessive stresses and the inflammation has 
subsided, the involved muscle and tendon should undergo 
a progressive strengthening program and a progressive 
return to activity. At this stage, precautions are typically 
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l ifted. Strength activities can be progressed as tolerated 
by the patient. In general, exercise or activity is permis­
sible if pain remains at 2 / 10  on a 0 to 1 0  scale. The 
strengthening exercise should be completed at a minimum 
of 70% maximum voluntary contraction for 1 0  repeti­
tions, 3 sets, 3 to 5 times/week. 
• Plantarflexors (gastrocnemius, posterior tibialis mus­

cles) 
• Thera-Band resistance exercise into plantarflexion 

and plantarflexion inversion. 
• Heel raises: This exercise can be started with both 

feet on the ground with greater weight on the unin­
volved side. As strength improves, the patient is 
instructed to increase weight on the involved extrem­
ity with the goal of completing the heel raise with 
al l  of the individual 's weight on the involved side 
(single heel raise). The exercise should be performed 
with good control during the concentric and eccen­
tric portions of the exercise. 

• Bilateral and single-leg hops. 
• Anterior tibialis muscle 

• Thera-Band resistance exercise into dorsiflexion 
inversion: Have the patient curl the toes down if the 
extensor cligitorum and extensor hallucis are 
dominant. 

• Fibular (peroneal) muscles 
• Thera-Band resistance exercise into plantarflexion 

everSIOn. 
• Intrinsic muscles of the foot 

• Towel crunches: Towel placed on the floor, use the 
toes to grab the towel, pulling it under the foot. 
Weight can be added to the towel to increase resis­
tance. The arch should l ift; do not allow the patient 
to only use the flexor digitorum longus. 

Proprioception and Balance5-12 

Stage 1 

Surgical/Acute Injury: Activities to improve propriocep­
tion of the lower extremity should be incorporated as 
soon as possible. Begin early in treatment, using activities 
such as weight shifting, progressive increases in weight­
bearing function on the involved lower extremity, and 
then eventually unilateral stance. As the patient improves, 
the eyes should be closed to increase the challenge for 
the l ower extremity. As the patient can take full  weight 
on the involved lower extremity, activities are progressed 
to use of a balance board and closed chained activities 
such as wal l  sits and lunges. 
Stage 2 to 3 
Surgical/Acute Injury: In this stage, precautions are typi­
cally l i fted. Activities should be progressed to prepare 
patient to return to daily activities, fitness routines, and 
work or sporting activities. As the patient progresses, 
proprioception can be challenged by asking the patient 
to stand on unstable surfaces (pillows, trampoline, or 
BOSU ball), perturbations can be applied through having 
the patient catch a ball being thrown to him or her while 

standing on one leg. Sliding board activities have been 
shown to be beneficial to patients after surgery. l l  The 
prescription regarding frequency and duration of pro­
prioceptive exercise training remains unclear, but research 
in this area supports a measurable and sustainable change 
in balance measures with a maximum of 1 0  weeks of 
training, 3 to 5 days/week, for 1 0  to 1 5  minutes.6- 1 2  

Cardiovascular and Muscular Endurance 

Stage 1 

Surgical/Acute Injury: Stationary bicycle riding can be 
started early in the rehabilitation if the patient's weight­
bearing precautions allow. If weight-bearing precautions 
prohibit riding with the involved extremity, wlilateral 
cycling can be performed with the wlinvolved extremity. 
The involved extremity is supported on a stationary 
surface, while the patient pedals with the uninvolved 
extremity. The individual should start with low resistance 
stationary cycling and as strength improves, resistance 
should be increased. Water walking and swimming are 
good substitutes for full weight-bearing activities. For 
swimming, if kicking against the resistance is contraindi­
cated, the patient may participate in swim dri lls that 
mainly challenge the upper extremities for conditioning. 

Stage 2 to 3 

SUI'gical/Acute Injury: The patient may be progressed to 

activities such as water walking, to walking on a treadmill, 
to an elliptical machine, to a Nordic ski machine, to a 
StairMaster, and then running and hopping when appro­
priate. The patient should be given specific instructions 
in gradual progression of these activities. See the "Work, 
School, and Higher-Level Activities" section for progres­
sion of running. 

Patient Education 

Stage 1 to 3 
Surgical/Acute Injury: Educate the patient 111 specific 
medical precautions when indicated. 

• Instruct the patient in proper method to don and 
doff brace if indicated. 

• Educate the patient in timeline to return to activity, 
often driven by physician's guidelines. 

• Educate the patient in maintaining precautions 
during various functional activities (e.g., ambula­
tion, stairs, and u-ansfers). 

• Educate the patient in appropriate wound care and 
monitoring. 

Scar and Sensitivity 

Stage 1 to '3 
Surgical: The gradual application of stress to scars, inci­
sions, or port holes helps the scar remodel. Exercise, 
massage, compression, silicone gel sheets, and vibration 
are used in the management of scar. A hypersensitive scar 
requires desensitization. A dry incision that has been 
closed and reopens as the result of the stresses applied 



with scar massage indicates that the scar massage is too 
aggressive. Refer to specific guidelines for management 
of scar for more treatment suggestions. Scars may require 
desensitization exercises as follows: 

• Progress from light touch to more firm touch. 
• Progress from soft texture to a rough texture. 
• Add additional sensation such as vibration and 

tapping as tolerated. 
• Emphasize weight-bearing and ROM exercises. 
• Activity and exercise is better tolerated if heat has 

been applied (hot pack or exercise in warm whirl­
pool or pool). 

Changes in Status 

Stage 1 to 3 
Surgical/Acute Injury: Consider carefully reports of 
increased pain or edema or significant change in ROM, 
especially in combination. The patient should be ques­
tioned regarding precipitating events (e.g., time of onset, 
activity, and so on). If the integrity of the surgery is in 
doubt, contact the physician promptly. If the patient has 
fever and erytllema spreading from the incision, the phy­
sician should be contacted because of the possibility of 
infection. 

Functional Mobility 
Basic Mobility 

Stage 1 

Surgical/Acute Injury: The patient should be instructed in 
mobility while following medical precautions. 

Sit to Stand: The patient should be instructed in the 
proper use of assistive device if a device is indicated 
and performance maintains prescribed weight-bearing 
precautions. 

Ambulation: The patient may have weight-bearing pre­
cautions. The patient should be instructed in the proper 
use of an assistive device and proper gait pattern. Empha­
sis should be placed on normalizing the patient's gait 
pattern. If the patient is given partial or toe-touch weight­
bearing restrictions, the patient should be instructed in 
using a heel-to-toe pattern while restricting the amount 
of weight that is accepted by the lower extremity. The 
patient should not place his weight on the ball of his 
foot only. 

Stairs: The patient should be instructed in the proper 
stair ambulation with use of an assistive device (if indi­
cated). In the early phases of healing (sip surgery or acute 
injury), the patient should be instructed to use a step-to 
cadence, lead wim tlle involved lower extremity when 
descending stairs, and lead wim the uninvolved lower 
extremity when ascending stairs. 
Stage 2 and 3 
Surgical/Acute Injury: 

All Mobility: As weight-bearing precautions are lifted, 
tlle patient should be instructed to gradually reduce the 
level or type of assistive device required. Progression 
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away from the device depends on the ability of the 
patient to achieve a normal gait pattern. If the patient 
demonstrates a significant gait deviation secondary to 
pain or weakness, the patient should continue to use the 
device. This may prevent the adaptation of movement 
impairment and development of pain problems in me 
future. A progression may be as follows: walker to 
crutches to one crutch to cane to no assistive device. 

Stairs: As the patient progresses through the healing 
stages and can accept more weight on me involved leg, 
he or she should be instructed in normal stair ambulation 
for ascending and descending. 

Work, School, and Higher-Level Activities 

Stage 1 

Surgical/Acute Injury: The patient may be off work or 
school in the immediate postoperative period or after 
acute injury. \\Then the patient is cleared to return to 
work/school, he or she should be instructed in gradual 
resumption of activities. Emphasis should also be placed 
on edema control, particularly elevation and 
compreSSIOn. 
Stage 2 and 3 
Surgical/Acute Injury: The patient should be prepared to 
return to their previous activities. Suggestions for improv­
ing proprioception and balance are provided in a previous 
section. In preparation for the return to sports, sport­
specific activities should be added. The initial phases of 
these activities will include straight plane activities at a 
slow pace and then gradually increase the level of diffi­
culty. The following sections are examples of activity 
progreSSIOn: 

Agility Exercises: Emphasis is placed on proper form. 
• Hopping timed: Within each level, begin with short 

bouts of hopping and longer rests between ( 1 5  
seconds on, 3 0  seconds oft), then increase on time 
and decrease off time (30 seconds on, 1 5  seconds oft). 

• Hopping bilateral lower extremities wim support of 
the upper extremities to decrease the amount of 
stress through the knee. 

• Hopping bilateral lower extremities wimout support. 
• Hopping bilateral lower extremities in different 

directions: Side-to-side, back and forth, box, v, and 
zigzag hopping. 

• Progress to same activities with unilateral lower 
extremities. 

• Jumping from short surface (2 inches). Emphasis 
should be placed on landing on both feet evenly, 
knees flexed, and with neutral knees over toes (avoid 
excessive valgus or femoral medial rotation).The 
patient should also think about landing softly to help 
absorb the landing.;,14 

• Jump forward, backward, and off to each side. 
• Progress by increasing the height of the surface. 
• Jumping up on to surface: Begin with shorter surface 

and increase height when appropriate. 
• Other plyometrics: Ladder drills. 
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Running: Early in the phases of running, the emphasis 
is placed on achieving an ideal gait pattern; speed or dis­
tance should not be emphasized. Assess gait pattern and 
instruct as appropriate. Cues are often needed to achieve 
a heel-toe gait pattern. The patient should run on even 
and soft surfaces initially. It is expected that the patient 
may experience some generalized discomfort or swelling 
with the initiation of running. If this generalized pain and 
swelling persists longer than 48 hours, then the running 
must be decreased. If the patient describes a stabbing pain 
or a pain that is consistent with tissue injury, running 
should be stopped and the patient reevaluated. 

• Patient should be able to walk 30 minutes without 
an increase in pain or swelling to begin. 

• Run 1 :  Walk  4 minutes, run 1 minute, repeat 4 times 
for 20 minutes. 

• Rest day. 
• Run 2: Walk  3 minutes, run 2 minutes, repeat 4 

times for 2 0  minutes. 
• Rest day. 
• Run 3 :  Walk  2 minutes, run 3 minutes, repeat 4 

times for 2 0  minutes. 
• Continue to progress running appropriately. This 

example will not be appropriate for all patients and 
must be adjusted as needed. 

Once the patient can run 1 mile without increasing 
pain or swelling, begin with other running dri l ls  such as 
the following: 

• Figure 8 running, beginning with a large "8," then 
decreasing the size of the "8" gradually. 

• Zigzag running with soft cuts, hard cuts, cut and 
spin: Care should be taken to evaluate how the 
patient chooses to cut. Often (particularly in non­
contact injuries), you will note that the patient has 
adopted in inefficient cutting pattern such as plant­
ing the left foot when trying to cut to the left. 

Drills: Once the patient can complete cutting drills 
without pain or swelling and demonstrates good control 
of the lower extremity, variations can be added such as 
the following: 

• Drills with sport-specific equipment (e.g., basket­
ball, hockey stick, soccer ball) 

• Partner drills 
Special notes: If plyometrics and strengthening are to 

be performed during the same visit, plyometrics should 
be performed before the strengthening activities.5 

Functional testing: Consider functional tests before the 
patient's return to sport. There are many functional tests 
available. The validity of these tests is controversial; 
however, each test can offer some insight to how the 
patient may perform in their specific sport. It is  recom­
mended that a battery of tests be used to assess the aspects 
of balance, coordination, agility, and strength. Common 
test items for the anklelfoot include the following: 

• Single-leg hop for distance' 5  
• Triple-leg hop for distance '5 
• 6-Meter hop for time 1 5, 16  

• Crossover hop for distance ' 5  
• 6-Meter shuttle run1 7, 1 8  
• Vertical jumpl9,20 

• Lateral step2 1 

Sleeping 

Stage 1 to 3 
Surgical/Acute Injury: S leeping is often disrupted in the 
immediate postoperative period or after acute injury. The 
lower extremity should be slightly elevated (foot higher 
than the knee and knee higher than the hip) to minimize 
edema. 

Support 

Stage 1 

Surgical: A brace may be used to protect tlle surgical site, 
depending on the procedure or type of fracture. A brace 
should fit comfortably. The patient should be educated 
in the timeline for wearing the brace. Refer to specific 
protocol or consult with physician if the wearing time is 
not clear. 
Stage 2 to 3 
Surgical: The recommendations concerning the need for 
bracing long term are varied. Communication among the 
team (patient, physician, and physical therapist) is neces­
sary. Functional bracing is recommended if the patient 
wishes to return to high level sporting activities and dem­
onstrates either laxity in the joint and/or performs poorly 
on functional tests. 

Medications, Modalities, and 
Additional Interventions 
Medications 

Surgical: During the acute stage, physical cl:erapy treat­
ments should be timed with analgesics, typically 30 
minutes after administration of oral medication. If  medi­
cation is given intravenously, therapy often can occur 
immediately after adminisu·ation. Communication witll 
nurses and physicians is critical to provide optimal pain 
relief for the patient. 

Acute Injury: The patient's medications should be 
reviewed to ensure that the patient is taking the medica­
tions appropriately. 

Modalities: T hermal 

Surgical/Acute Injury: Instruct the patient in proper home 
use of thermal modalities to decrease pain. Ice has been 
shown to be beneficial, particularly in tlle immediate 
postoperative phases.22 
Electrical Stimulation 
Stage 1 to ·3 
Surgical/Acute Injury: Electrical stimulation can be used 
for three purposes: Pain relief, edema control, and 
strengthening. Interferential current has been shown to 
be helpful in decreasing pain and edema.23-25 Sensory 
level transcutaneous electrical stimulation (TENS) can 
assist in decreasing pain. 



Currently, tllere is no definitive answer for lie use of 
electrical stimulation for gastrocnemius/soleus muscle 
strengliening. It was once believed tllat electrical stimu­
lation did not provide a distinct advantage over high­
intensity exercise training.26,27 However, more recent 
studies support lie use of stimulation to improve motor 
recruitment and strengtll.27•JO When sU'engliening the 
gasu'ocnemius/soleus muscles, portable units may not 
provide adequate stimulation and wall units are preferred; 
however, recent advances have produced more efficient 
portable units. 

Be sure to check for contraindications. Avoid areas 
where metal is in close approximation of lie skin. 
Aquatic Therapy 
Surgical/Acute InjU1Y: Aquatic therapy to decrease weight 
bearing during ambulation may be helpful in tlle reha­
bilitation of patients after fracture or surgical procedures. 
Often, this medium is not available but should be con­
sidered if tlle patient's progress is slowed secondary to 
pain or lie patient has difficulty maintaining weight­
bearing precautions. Incisions must be healed before 
aquatic tllerapy is initiated. 
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Discharge Planning: Equipment 

Stage 1 

Surgical: Equipment liat may be needed depends on the 
patient's abilities, precautions, and home environment. 

• Assistive device: Walker, crutches, or cane 
• Reacher 
• Tub bench and hand-held shower 

Discharge Planning: Therapy 

Assess lie need for physical lierapy after discharge from 
an acute stay at a skilled nursing or rehabilitation facility, 
or if  lie patient has been discharged from a home health 
program or outpatient physical therapy. 

After the acute phase of recovery, the patient should 
be reassessed to determine whelier a movement impair­
ment diagnosis exists. The patient should be given docu­
mentation for consistency of care. Documentation should 
include the following: 

• Physician protocol, including precautions and pro­
gression of activities 

• Progress of patient during physical therapist's care 
• Expected outcomes 
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Proximal Tibiofibular Glide Syndrome 

The principal movement impairment in proximal tibiofibular glide syndrome is posterior or superior motion of the 

fibula on the tibia during active hamstring contraction (especially during running). The principal positional impair­

ment is the fibula located anterior, posterior, superior, or inferior to the normal position on the tibia after trauma, 

particularly an ankle sprain. 

Symptoms and History 

• Pain in posterolateral or lateral aspect 
of tibiofibular joint often associated 
with rW1lling or a history of lateral 
ankle sprains 

• Numbness in the lateral/anterolateral 
knee and/or leg 

Common Referring Diagnoses 

• Knee pain 
• Hamstring tendinopathy 
• Fibular (lateral) collateral ligament 

sprall1 
• Posterolateral corner injmy 
• Entrapment of superficial fibular nerve 

Key Tests and Signs for Movement 

Impairment 

Alignment Analysis 
• Palpation of the fibula location on 

tibia, relative to uninvolved side 
reveals malalignment (anterior, 
posterior, and/or superior). 
• A glide in the direction of the 

positional or movement impairment 
. . 
lI1creases pam. 

• A glide in the opposite direction of 
the positional or movement 
impairment decreases symptoms. 

Movement Impairment Analysis 

Sitting 

• Resisted hamstring contraction 
increases pain at the tibiofibular joint. 
• Manual stabilization of tibiofibular 

joint during hamstring contraction 
decreases pain. 

Muscle Length/Joint ROM 

Impairments 
• Positioning of limb at end-range of 

hamstrings muscle length (single-leg 
raise position of sitting knee extension) 
increases symptoms. 

Source of Signs and Symptoms 

Proximal Tibiofibular Joint 

Symptoms 

• Palpation reveals local tenderness at 
the joint 

Common Fibular ( Peroneal) Nerve 
Symptoms 

• Positive Tinel's test 



Associated Signs or Contributing Factors 

Muscle Length/Joint ROM Impairments 

• Based on length or ROM tests 
Talocrural Dorsiflexion 

• Limited if dorsiflexion < 10  degrees with knee extended 
• Gastrocnemius muscle short if dorsiflexion :::: 1 0  degrees with 

knee flexed 
• Soleus muscle short if dorsiflexion :<;; 1 0  degrees with knee 

flexed and normal accessory talocrural motion 
• Talocrural joint lirnitation if dorsiflexion :<;; 1 0  degrees, 

regardless of knee position and limited accessory talocrural 
joint motion (cannot rule out soleus muscle length 
limitation in this case) 

Hamstring Muscle Length 

• Knee extension limited >20 degrees from full extension 
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Differential Diagnosis 

Movement Diagnosis 
• Hip extension with knee extension 
• Hip extension with medial rotation 
• Tibiofemoral rotation 
• Knee extension 
Potential Diagnosis Requiring Referral Suggested by 

Signs and Symptoms 

Musculoskeletal 

• L3-L5 radiculopathy 
• Meniscal injury 
• Fibular (lateral) collateral ligament sprain 
• Posterolateral corner injury 
• Fracmre 

Neurological 
• Fibular nerve compression palsy 
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Treatment 

Inflammation and Pain Control 

• Ice 
• Iontophoresis 
• Electrical stimulation 

Walking and/or Running 

• Walking and running cues focus on using proximal hip 
extensors and lateral rotator (gluteus maximus, gluteus 
medius, and intrinsic hip lateral rotators) to assist with 
controlling hip motion and decreasing use of lateral 
hamstrings. 

Muscle Performance 

• Gluteus maximus 
• Prone hip extension with the knee flexed. 
• Positioning: Patient's that have short hip flexors will 

require a pillow under the pelvis. Patient must be 
able to control the tibial positioning during prone 
knee flexion to begin this exercise. 

• Lunges, squats. 
• Intrinsic hip lateral rotators and posterior gluteus 

medius (if indicated) 
• Prone hip lateral rotation isometrics (prone foot 

pushes) 
• Prone hip abduction 
• Sidelying rup abduction with lateral rotation (level 

1 ,  2, or 3)  
Monitor that patient feels the contraction in  the "seat" 

region; the therapist must palpate to be sure that the 
patient is recruiting the correct muscles. Common cues 
for improve performance of the hip lateral rotators 
include the following: 

• Positioning: The pelvis may be rotated posteriorly 
too far. Ask the patient to rol l  the pelvis anteriorly. 

• Positioning: Place a pi l low between the knees. 
• Spin the thigh around an axis longitudinally through 

the femur. 
• Weight shifting with gluteal squeeze on the stance 

lower extremity; progress to standing on one leg 
with correct alignment; progress to resisted activities 
of the opposite leg while standing on the affected leg. 

• Lunges: Resisted; using Thera-Band around proxi­
mal thigh, the therapist pulls in the direction of 
medial rotation and adduction. 

After the tissue i njury has been protected from exces­
sive stresses and the inflammation has subsided, the 
involved muscle and tendon should undergo a progres­
sive strengthening program and a progressive return to 
activity. In general, exercise or activity is permissible i f  
pain remains at 2 / 10  on a 0 to 1 0  scale. The strengthen­
ing exercise should be completed at a minimum of 70% 
maximum voluntary contraction for 10 repetitions, 3 sets, 
3 to 5 times/week. 
Decreased Dorsiflexion 
• Short gastrocnemius/soleus muscle/calcaneal tendon 

• Wall stretch: The knee is extended for gastrocne­
mius muscle shortness and flexed for soleus muscle 

length deficits. The patient should be instructed to 
keep their foot facing forward or in line with the 
femur and tibia. The heel should be kept on the 
ground during the stretch. The patient should 
prevent subtalar joint pronation through active 
patient correction and by wearing good footwear. 
The stretch should be held for 30  seconds, com­
pleted 2 to 3 times/session, and done regularly 
throughout the day (5 to 8 times/day). 

• Heel hang stretch: The knee can be extended or 
flexed as described for the wal l  stretch. The patient 
should prevent subtalar joint pronation through 
active correction and by wearing good footwear. 

• Long sitting towel-assisted dorsiflexion. The patient 
should prevent subtalar joint pronation through 
active correction and by modifying the direction of 
force through the towel. 

• A night splint to maintain dorsiflexion position is 
often helpful. 

• Stretches should be held for 30 seconds, 2 to 3 rep­
etitions, completed regularly throughout the day (5 
to 8 times/day), and done 5 to 7 days/week. 

• Talocrural joint limitation 
• Mobilize the talocrural joint using a posterior glide 

of the talus on the ankle mortise. 
• Mobilize the talocrural joint using a disu·action 

technique. 
• May need to include a heel l ift in the shoe until 

length changes are apparent. 
Decreased Hamstring Muscle Length 
• Hamstrings 

• Active sitting knee extension with dorsiflexion with 
rup in neutral rotation. 

Positional Fault 

• Mobil ization/manipulation of the fibula 011 the tibia as 
indicated by evaluation findings. 
• The choice of which grade of movement to 

choose depends on how much shortening has 
occurred to the associated joint structures. Chronic 
conditions typically have shortening of the tissues 
surrounding the joint. Thus chronic conditions 
usually respond to prolonged stretching (creep) of 
the tissues gained with grade IV oscillations, primar­
ily ending with grade III osci llations to ease the joint 
gently out of tlle grade IV stretching that was just 
performed. 

• Acute conditions are not l ikely to have shortening of 
surrounding tissues and often are too painful to be 
mobilized back and forth. Rather, a high-velocity 
movement is much less painful and corrects tlle 
fault. 

External Tissue Support 

OrthoseslTaping 
• Potential to develop a taping strategy to attempt to 

immobil ize or limit motion between the proximal 
tibia and fibula 
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