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C
oncussion (also called mild traumatic brain injury) 
can occur across the lifespan. Concussion may be 
caused by sports or by falls, accidents, and acts of 
violence. Excessive force to the head, either through 
direct impact or force transmission through the body 

and neck, is a concussive event. After a concussive event, there 
can be injury not only to the brain, but also to other structures 

such as the cervical spine and vestibular system. The clinical 
practice guideline published in the April 2020 issue of JOSPT 
outlines the role of physical therapy examination and manage-
ment after a concussive event.2 Because the forces that cause 
concussion can also cause injury to the neck and/or disrupt 
normal vestibular function, we use the term concussive event 
to describe the injury.

WHAT WE KNEW
Although some people recover from a concussive 
event after a brief period of rest and gradual 
resumption of activity, others have persistent 
impairments that may respond well to physical 
therapy management. Headache, dizziness, or 
oculomotor disturbance can have multiple and 
sometimes overlapping causes, including brain 
injury, neck injury, vestibular system dysfunction, 
or other diagnoses. Accurate differential diagnosis 
followed by an appropriate treatment and referral 
to other clinicians, if indicated, are critical physical 
therapy competencies.

WHAT WE DID
Clinicians and researchers with expertise in different 
physical therapy specialties (orthopaedics, sports, 
neurology, pediatrics) collaborated to develop 
physical therapy–focused guidance for rehabilitation 
management after a concussive event (postacute 
phase). We searched for and evaluated the quality 
of the best available evidence, using standardized 
appraisal tools and guided by a methodologist and 
the American Physical Therapy Association Clinical 
Practice Guideline Process Manual.1

WHAT WE FOUND
Physical therapists have a role in the evaluation 
and treatment of 4 areas of impairment: (1) cervical 
musculoskeletal, (2) vestibulo-oculomotor, (3) 
autonomic dysfunction/exertional intolerance, and 
(4) motor function. Recommendations from this 
clinical practice guideline may be reasonably applied 
to patients aged 8 years and older. Evidence for 
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Concussive Events
Using the Evidence to Guide Physical Therapist Practice

BOTTOM LINE FOR PRACTICE
Physical therapists should screen for potential red or yellow flags that might 

require timely referral to other physical therapists or disciplines with specialty 
diagnostic and treatment skills. We recommend screening for specific cervical, 
vestibulo-oculomotor, exertional, and functional mobility impairments that may 
respond to physical therapy intervention. 

We also suggest sequencing the assessments to account for symptom irritabil-
ity. For example, screen for cervical impairments and neck pain at the first visit, 
as some vestibulo-ocular system tests require cervical motion that may exacerbate 
existing neck pain. Symptom irritability guides treatment progression. Avoid ex-
tended periods (greater than 48 hours) of complete rest. Encourage gradual re-
sumption of activities that do not cause significant symptom exacerbation. Teach 
self-management skills, and screen and refer appropriately if there are mental 
health concerns (eg, anxiety, depression, posttraumatic stress disorder).

JOSPT PERSPECTIVES FOR PRACTICE is a service of the Journal of Orthopaedic & Sports Physical Therapy®. The information and recommendations 
summarize the impact for practice of the referenced research article. For a full discussion of the findings, please see the article itself. The official journal of the 
Academy of Orthopaedic Physical Therapy and the American Academy of Sports Physical Therapy of the American Physical Therapy Association (APTA) and a 
recognized journal with 35 international partners, JOSPT strives to offer high-quality research, immediately applicable clinical material, and useful supplemental 
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specific physical therapy management of patients 
after a concussive event is limited. Evidence 
supports the use of progressive subsymptom-
threshold aerobic exercise to improve exercise 
intolerance. Previously published clinical practice 
guidelines for common areas of impairment that 
present after a concussive event (neck pain, 
vestibular disorders) are also applicable.

This JOSPT Perspectives for Practice was written by 
Karen L. McCulloch, PT, PhD, FAPTA, with a team of 
JOSPT’s Special Features Editorial Board, including 
Alexander Scott, BSc(PT), PhD, led by Editor-in-Chief 
Clare L. Ardern, PT, PhD, and staff. The flow chart on 
the following page was produced by Kate Minick, PT, 
DPT, OCS, of Intermountain Healthcare, Rehabilitation 
Services, Salt Lake City, UT.

For this and more topics, visit JOSPT Perspectives for Practice online at www.jospt.org.
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Diagnosis/Classification of Concussion: Evaluation of Clinical Findings

Assessment

Cervical Musculoskeletal 
Impairments

Vestibulo-oculomotor
Impairments

Autonomic/Exertional Tolerance 
Impairments

Motor Function
Impairments

Intervention Strategies

Clinical Practice Guideline: Physical Therapy After a Concussive Event

Screening and Di�erential Diagnosis – A
• All patients with a potential concussive event must be assessed for symptoms, impairments, functional limitations, signs of medical emergency, and severe pathology; referrals 

should be made as indicated
• Should screen for mental health, cognitive impairment, and di�erential diagnoses and refer for additional services as indicated
Examination
• Examine for impairments in the domains below – B
• Determine level of irritability. Sequence/delay examination procedures, if needed. Triage neck pain irritability first, then dizziness and/or headache – F

• When headache is a symptom, determine the type in accordance with the International Classification of Headache Disorders – B
• Establish the presence or absence of all impairments and their levels of irritability to support the selection of intervention strategies and priorities– E
• Elicit and evaluate factors related to self-e�cacy, self-management, and potential psychological and sociological factors that may influence recovery, such as (1) coping 

strategies, (2) support systems, (3) risk factors, (4) attitude toward recovery, and (5) access to resources/equipment to support recovery – E
• Determine and document plan for outcome measurement – F

Communication and Education
• Reassurance that most patients recover quickly – A
• Self-management of symptoms – B
• Importance of relative rest – B
• Benefits of progressive re-engagement in activities – B
• Importance of sleep – B
• Safe return-to-activity pacing strategies – B
Potential Signs/Symptoms of the Need for Follow-up Care – B
• Refer for consultation: persistent migraine or other chronic headaches; vision impairments, including ocular alignment; auditory impairments; sleep disturbances; mental health 

symptoms; and cognitive problems

Symptoms: neck pain, headache, 
dizziness, fatigue, balance problems, 
di�culty with visual focus– C

Test: range of motion, muscle strength 
and endurance, tenderness to 
palpation, joint position error– C

If benign paroxysmal positional vertigo is 
suspected, assess using the Dix-
Hallpike test or another suitable test – A

Symptoms: headache, dizziness, vertigo, 
nausea, fatigue, balance problems, 
visual motion sensitivity, blurred 
vision, di�culty focusing  – B

Examine: vestibular and oculomotor 
function related to ocular alignment, 
smooth pursuits, saccades, vergence 
and accommodation, gaze stability, 
dynamic visual acuity, visual motion 
sensitivity, light-headedness, vertigo  – B

Test: orthostatic hypotension and 
autonomic dysfunction by evaluating 
heart rate and blood pressure in 
supine, sitting, and standing – B

Conduct a symptom-guided, graded 
exertional tolerance test, optimizing 
safety and appropriateness – B

If vestibulo-oculomotor or cervical spine 
impairments/symptoms are present, 
use stationary bike for testing – C

Examine: static balance, motor 
coordination and control, 
dual/multitasking – B

Cervical Musculoskeletal 
Impairments

Vestibulo-oculomotor
Impairments

Autonomic/Exertional Tolerance 
Impairments

Motor Function
Impairments

Exercises and manual therapy to 
address cervical and thoracic spine 
dysfunction, such as strength, range 
of motion, postural position, and/or 
sensorimotor function – B

Benign paroxysmal positional vertigo: 
use canalith repositioning 
interventions – A

Individualized vestibular and oculomotor 
rehabilitation plan, visual-motion 
habituation program – B

Therapists without appropriate training 
in vestibular and oculomotor 
rehabilitation should refer patients 
with these impairments to a clinician 
with appropriate expertise – F

Symptom-guided, progressive aerobic 
exercise training program considering 
goals, comfort level, lifestyle, and 
equipment access, with 
moderate/low irritability – A

Target identified or suspected motor 
function impairments, including static 
balance, dynamic balance, motor 
coordination and control, and 
dual/multitasking – C

Based on the guidelines, the grades in this flow chart may be translated as follows: A, strong evidence; B, moderate evidence; C, weak evidence; D, conflicting evidence; E, 
theoretical/foundational evidence; F, expert opinion. Figure produced for JOSPT by Kate Minick, PT, DPT, OCS, of Intermountain Healthcare, Salt Lake City, UT.
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L
ow back pain (LBP) is a common condition with a lifetime 
prevalence of 39%.23,29 Low back pain is the primary cause 
of years lived with disability and absenteeism and results in 
high socioeconomic costs.5,6,23,30,47 About 80% of patients have 

nonspecific LBP, when a known specific pathology is absent.32,36 
Clinical practice guidelines and systematic reviews recommend a range 
of interventions, including general exercise, tai chi, yoga, Pilates, and 

motor control exercise, to improve pain 
and disability in patients with chronic 
LBP.1,18,45,56 However, there is good evi-
dence that the average benefit of dif-
ferent types of exercise may be similar 
among patients with chronic LBP.1,26,48 
Furthermore, the magnitude of the 
treatment effect is typically small to 
moderate.45

Patients with nonspecific LBP present 
a diversity of characteristics (psychologi-
cal, physical, clinical, and demographic) 
and a variable clinical course.18,31 Thus, 
it is unlikely that a standardized inter-
vention for this heterogeneous condition 
would be effective for all patients.18,31 
Classification and identification of pa-
tients with nonspecific chronic LBP into 
subgroups who respond best to specific 
interventions are important to optimize 
the treatment effect of existing interven-
tions.31 Clinical prediction rules (CPRs) 
have been used to identify patients who 
are likely to benefit from a specific in-
tervention.10,20,46 Recent studies have 
investigated whether specific exercise 
programs, such as the McKenzie method, 
motor control exercises, and Pilates, are 

	U OBJECTIVE: To investigate whether 2 previ-
ously published classification approaches, the 
updated treatment-based classification system 
and a Pilates subgroup defined by a preliminary 
clinical prediction rule, could identify patients 
with chronic low back pain who would benefit 
more from Pilates exercises compared to an 
educational booklet.

	U DESIGN: Secondary analysis of a randomized 
controlled trial.

	U METHODS: Two hundred twenty-two patients 
received advice and were randomly allocated to 
a group that received an educational booklet with 
no additional treatment (n = 74) or a group that 
received Pilates-based exercise treatment (n = 
148) 2 or 3 times a week. At baseline, using a treat-
ment-based classification system, patients were 
classified as having a good prognosis (positive 
movement control) or a poor prognosis. Similarly, 
using the Pilates clinical prediction rule, patients 
were classified as having a good prognosis (posi-

tive) or a poor prognosis (negative). The analysis 
was conducted using linear regression models to 
analyze the interaction between subgroup charac-
teristics and treatment effect size, with changes in 
pain and disability from baseline to 6 weeks after 
randomization as dependent variables.

	U RESULTS: None of the interaction terms for pain 
and disability were statistically significant. The 
treatment effect of Pilates versus an educational 
booklet was similar in all subgroups.

	U CONCLUSION: The treatment-based classifica-
tion system and the Pilates clinical prediction 
rule did not differentiate subgroups of patients 
with chronic low back pain who were more or 
less likely to benefit more from Pilates compared 
to an educational booklet. J Orthop Sports Phys 
Ther 2020;50(4):189-197. Epub 23 Aug 2019. 
doi:10.2519/jospt.2019.8839

	U KEY WORDS: low back pain, Pilates, rehabilita-
tion, subgroup

1Masters and Doctoral Programs in Physical Therapy, Universidade Cidade de São Paulo, São Paulo, Brazil. 2Department of Health Sciences, Faculty of Science, Vrije Universiteit 
Amsterdam and Amsterdam Movement Sciences, Amsterdam, the Netherlands. 3Department of Health Professions, Faculty of Medicine and Health Sciences, Macquarie 
University, Macquarie Park, Australia. The protocol of this study was approved by the Research Ethics Committee of Universidade Cidade de São Paulo, and the study was 
prospectively registered at www.ClinicalTrials.gov (NCT02241538). The São Paulo Research Foundation provided a scholarship to Dr Miyamoto and one to Diego Amaral (process 
numbers 2013/26321-8, 2015/18974-7, and 2016/07915-2). Dr Miyamoto was an instructor of NeoPilates courses at the time of data collection. NeoPilates is a type of exercise 
that integrates the principles of Pilates with characteristics of functional training and circus activities. Although NeoPilates has a similar name to the Pilates method, the exercises 
are performed with different approaches and with different equipment. The other authors certify that they have no affiliations with or financial involvement in any organization 
or entity with a direct financial interest in the subject matter or materials discussed in the article. Address correspondence to Dr Gisela Cristiane Miyamoto, Rua Cesário Galero, 
448/475, Tatuapé, São Paulo, SP, Brazil 03071-000. E-mail: gfisio_miyamoto@hotmail.com t Copyright ©2020 Journal of Orthopaedic & Sports Physical Therapy®

DIEGO DIULGEROGLO VICCO AMARAL, PT1  •  GISELA CRISTIANE MIYAMOTO, PhD1,2  •  KATHERINNE FERRO MOURA FRANCO, PhD1

YURI RAFAEL DOS SANTOS FRANCO, PhD1  •  NAIANE TEIXEIRA BASTOS DE OLIVEIRA, PhD1  •  MARK JONATHAN HANCOCK, PhD3

MAURITS W. VAN TULDER, PhD2  •  CRISTINA MARIA NUNES CABRAL, PhD1

Examination of a Subgroup of Patients 
With Chronic Low Back Pain Likely to 

Benefit More From Pilates-Based Exercises 
Compared to an Educational Booklet
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more effective in specific subgroups of 
patients with LBP.22,46,50

Pilates has been recommended for the 
treatment of patients with chronic LBP, 
though the effects are small to moderate.56 
Stolze et al50 developed a preliminary CPR 
to identify a subgroup of patients with 
LBP who benefit from Pilates. This CPR 
suggested that patients with 3 or more 
variables, including left or right hip inter-
nal or external rotation range of motion 
of 25° or more, total trunk flexion range 
of motion of 70° or less, body mass index 
of 25 kg/m2 or more, no leg symptoms 
in the last week, and duration of current 
symptoms of 6 months or less, have a 54% 
to 93% probability of improvement of 
symptoms after Pilates-based treatment. 
However, in a cohort study it is not pos-
sible to distinguish whether the CPR iden-
tified is prognostic or an effect modifier.49 
The study by Stolze et al50 did not include 
a control group, and it is essential to test 
this CPR in a randomized controlled trial 
to determine whether the rule is an effect 
modifier for Pilates. Effect modifiers are 
characteristics indicative of subgroups of 
patients who respond differently to the 
same treatment.25

Another classification system that 
could identify patients who respond best 
to Pilates is the updated treatment-based 
classification system (TBCS).2,18 The sub-
groups defined by this system include (1) 
a symptom modulation group, with rec-
ommendations of directional preference 
exercises, mobilization/manipulation, 
traction, and active rest; (2) a movement 
control group, with recommendations of 
sensorimotor, stabilization, and flexibility 
exercises; and (3) a functional optimiza-
tion group, with recommendations of 
work- or sport-specific tasks, strengthen-
ing, conditioning, and aerobic and general 
fitness exercises.2 The main aim of Pilates 
exercises is to improve muscle control, 
core stability, flexibility, strength, and pos-
ture.53 Thus, the movement control sub-
group would be expected to benefit most 
from Pilates. Because Pilates exercises 
also focus on strengthening, they could 
provide benefit for the functional optimi-

zation subgroup. However, that subgroup 
focuses on work- and sport-specific tasks, 
conditioning, and aerobic and general fit-
ness exercises, in contrast to Pilates.

We are not aware of studies that have 
evaluated the reliability of the TBCS. 
Whether these subgroups act as effect 
modifiers for these interventions has yet 
to be tested in a randomized controlled 
trial. The aim of this study was to inves-
tigate whether 2 previously published 
classification approaches (the CPR and 
TBCS) could identify patients with non-
specific chronic LBP who are likely to 
benefit more from Pilates-based exercises 
compared to an educational booklet.

METHODS

Study Design and Setting

T
his study is a secondary analysis 
using data from a randomized con-
trolled trial.38 Details of the study 

design have been described elsewhere.38,39 
The study was conducted at a physical 
therapy clinic and a Pilates clinic in São 
Paulo, Brazil. The protocol of this study 
was approved by the Research Ethics 
Committee of Universidade Cidade de 
São Paulo, and the study was prospec-
tively registered at www.ClinicalTrials.
gov (NCT02241538).

The randomized controlled trial as-
sessed the effectiveness and cost-ef-
fectiveness of the addition of different 
doses of Pilates exercises to advice in the 
treatment of patients with nonspecific 
chronic LBP.38 Two hundred ninety-six 
patients, recruited from the community, 
were randomized to 1 of 4 groups (n = 74 
per group) who received an educational 
booklet (educational booklet group), 
Pilates exercises for 1 session per week 
(Pilates group 1), Pilates exercises for 2 
sessions per week (Pilates group 2), and 
Pilates exercises for 3 sessions per week 
(Pilates group 3). The main results of this 
randomized controlled trial showed that 
all of the Pilates groups were more effec-
tive than the educational booklet group at 
improving pain and disability at 6 weeks. 
However, only Pilates groups 2 and 3 were 

considered to have clinically important 
effect sizes compared to the educational 
booklet group for pain and disability at 6 
weeks. At the 6-month assessment, only 
Pilates group 2 was more effective than 
the educational booklet group at improv-
ing pain and disability, but the effect was 
small. At the 12-month assessment, none 
of the Pilates groups provided additional 
effects compared to the educational book-
let group. For this secondary analysis, we 
therefore prospectively decided to only in-
clude the educational booklet group (n = 
74) and Pilates groups 2 and 3 combined 
(Pilates group, n = 148), and to analyze 
only the 6-week follow-up data, where 
main effects were larger.

Patients
Two hundred twenty-two patients, be-
tween 18 and 80 years of age, with non-
specific chronic LBP of more than 12 
weeks in duration32,52 were included in 
this study. Low back pain was defined as 
discomfort or pain localized below the 
costal margin and above the inferior glu-
teal folds, with or without referred lower 
extremity pain.1 Patients with serious 
spinal pathologies (eg, tumors, fractures, 
and inflammatory diseases), previous or 
scheduled spinal surgery, nerve root com-
promise, pregnancy, Pilates treatment for 
LBP in the previous 3 months, and any 
contraindication to physical exercise (as-
sessed by the Physical Activity Readiness 
Questionnaire)17 were excluded. All pa-
tients provided written informed consent 
prior to their participation.

Assessment
Baseline assessment included demo-
graphic information and clinical charac-
teristics of pain and physical examination 
findings. This assessment provided all 
the data required for the subgroup clas-
sifications investigated in this study. The 
physical examination included the posi-
tive prone instability test and goniometer 
measures of total trunk flexion range of 
motion, hip flexion range of motion, and 
hip internal and external rotation range 
of motion.21,28,35,37
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Primary Outcomes
Patients completed the assessment of pain 
and disability at 6 weeks after randomiza-
tion. Pain intensity was assessed using the 
11-point numeric pain-rating scale, with 0 
representing “no pain” and 10 represent-
ing “pain as bad as could be.”14 Patients 
were asked to rate their average pain dur-
ing the last 7 days. The numeric pain-rat-
ing scale has good levels of reproducibility 
(intraclass correlation coefficient [ICC] = 
0.85; 95% confidence interval [CI]: 0.77, 
0.90), responsiveness (standardized effect 
size, 1.16), and construct validity.14 Disabil-
ity was assessed using the Roland-Morris 
Disability Questionnaire, which ranges 
from 0 to 24 points, with scores close to 
24 indicating greater limitation.14,15,42 The 
Roland-Morris Disability Questionnaire 
has good levels of reproducibility (ICC = 
0.94; 95% CI: 0.91, 0.96), responsiveness 
(standardized effect size, 0.70), internal 
consistency (Cronbach α = .90), and con-
struct validity.14

Subgroup Classification
Patients were classified into subgroups 
of the TBCS2 and the Pilates subgroup by 
2 independent assessors using the CPR50 
on the baseline data. Disagreements were 
resolved by discussion and then by a third 

assessor when a consensus could not be 
reached. A customized sheet was used 
to extract relevant information for each 
subgroup classification.

In the TBCS, patients were classified 
into 1 of 3 subgroups: symptom modu-
lation, movement control, or functional 
optimization.2 Criteria for classification 
were based on pain intensity (high to 
moderate, moderate to low, and low to 
absent), disability level (high, moderate, 
and low), and clinical status (volatile, sta-
ble, and well controlled). Details of the 
classification are presented in TABLE 1. We 
hypothesized that the movement control 
subgroup would respond best to Pilates 
compared with the symptom modulation 
and functional optimization subgroups. 
Pilates is considered a mind-body exer-
cise, with focus on breathing, posture, 

muscle control, core stability, strength, 
and flexibility,53 presenting some of the 
characteristics recommended in the in-
tervention prescribed for the movement 
control subgroup.2 Thus, we combined 
the symptom modulation and functional 
optimization subgroups into 1 subgroup, 
called the “negative movement control” 
subgroup (poor prognosis for response to 
Pilates), and compared it with the posi-
tive movement control subgroup (good 
prognosis for response to Pilates).

Using the Pilates CPR for patients 
with LBP, which consists of 5 predictors 
(TABLE 2),50 patients were also classified 
into a positive Pilates subgroup (good 
prognosis for response to Pilates) and a 
negative Pilates subgroup (poor progno-
sis for response to Pilates). The inclusion 
criterion for the positive Pilates subgroup 

	

TABLE 1 Subgroups of the Treatment-Based Classification System

Adapted with permission from Alrwaily et al.2

Outcome Symptom Modulation Movement Control Functional Optimization

Pain intensity High to moderate (7-10 points) Moderate to low (4-6 points) Low to absent (0-3 points)

Disability High (14-24 points) Moderate (6-13 points) Low (1-5 points)

Clinical status Volatile (symptoms predominate)
Means: the patient’s clinical status can easily be 

aggravated, the patient is highly irritable (ie, minor 
lumbar spine movements easily provoke pain), 
and occasionally the patient’s presentation does 
not permit physical examination

Examination: the patient avoids specific postures 
(flexion or extension of the spine), range of 
motion is limited, spine movement is painful, and 
lower-limb pain and serious functional limitations 
(difficulty with standing more than 15 minutes, 
sitting more than 30 minutes, or walking more 
than 250 m) are present

Stable (movement impairments predominate)
Means: the patient’s clinical status can increase with 

certain movements, postures, or tests but returns 
to baseline level relatively quickly

Examination: pain is worst during sudden movement, 
active movement is complete but can be abnor-
mal/aberrant, and there are a flexibility deficit (hip 
flexion less than 70°), positive prone instability 
test, and moderate functional limitations (difficulty 
with housework, mowing grass, or lifting heavy 
objects)

Well controlled (performance deficits predominate)
Means: the patient’s clinical status is asymptomatic 

most of the time but can be aggravated when 
performance demands are increased

Examination: without flexibility deficits (hip flexion 
more than 90°), negative prone instability test, 
and low functional limitations (difficulty with 
activities of great physical demand and long dura-
tion, such as handling heavy materials, participat-
ing in sports, or doing heavy housework)

TABLE 2
Criteria of the Clinical Prediction 

Rule for Pilates50

Criterion Definition of “Positive”

Leg symptoms Not having symptoms in the last week

Body mass index ≥25 kg/m2

Total trunk flexion range of motion ≤70°

Hip rotation range of motion 1 hip with ≥25° of internal or external rotation

Duration of symptoms ≤6 mo
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was the presence of 3 or more of the 5 
predictor variables.

Intervention
Details of the intervention have been 
published elsewhere.19,38 All patients re-
ceived an educational booklet containing 
information about LBP, anatomy of the 
spine, and recommendations related to 
activities of daily living and posture.8 The 
booklet group did not receive additional 
treatment. The Pilates group received an 
individual Pilates-based exercise pro-
gram 2 or 3 times a week over 6 weeks.

In the first session of the Pilates 
group, patients received instructions on 
the Pilates principles and training for 
the activation of the deep abdominal 
muscles while exhaling during all exer-
cises.40,41 The Pilates-based exercise pro-
gram consisted of 5 minutes of warm-up 
(breathing and mobility exercises), 
50 minutes of Pilates-based exercises 
(stretching and strengthening exercises 
for muscles of the trunk and the lower 
and upper limbs), and 5 minutes of cool-
down (relaxation exercises and massage 
with a ball). The Pilates-based exercises 
were performed in single series, with the 
number of repetitions varying from 8 to 
12, and at 3 levels of difficulty (basic, in-
termediate, and advanced). The progres-
sion of the exercises was individualized 
with respect to the physical condition, 
comfort level, and postural compensa-
tions of each patient.3,4

Physical Therapists
The treatment of patients was performed 
by 5 physical therapists certified in Pi-
lates. These physical therapists had a 
minimum of 3 years and a maximum of 
8 years of experience in the treatment 
of patients with LBP using Pilates. As 
the physical therapists were certified at 
different Pilates schools, they received 
specific training on the Pilates-based ex-
ercise program used in this study.

Statistical Analysis
A subgroup analysis was conducted us-
ing linear regression models, considering 

change in pain intensity and disability 
from baseline to 6 weeks after random-
ization as dependent variables. The TBCS 
and the CPR were investigated in sepa-
rate models. Each model included terms 
for treatment group, subgroup, and the 
interaction term (group by subgroup). As 

this was an exploratory secondary analy-
sis and likely underpowered, we assessed 
both the statistical significance (P<.05) 
and the point estimates of the interaction 
term (the interaction between character-
istics of the subgroup and the effect size 
of treatment). We considered interac-

TABLE 3 Baseline Characteristics of the Patientsa

aValues are mean ± SD unless otherwise indicated.
bValues are median (range).
cThe patient was classified as positive psychosocial status when presenting with 2 or more of 3 psy-
chological characteristics: 49 points or more on the Tampa Scale of Kinesiophobia (17-64 points), 30 
points or more on the Pain Catastrophizing Scale (0-52 points), and feeling depressed during the last 
month (yes or no).

Variable Booklet Group (n = 74) Pilates Group (n = 148)

Age, y 48.6 ± 15.8 47.9 ± 15.5

Sex, n (%)

Male 18 (24.3) 38 (25.7)

Female 56 (75.7) 110 (74.3)

Weight, kg 71.3 ± 15.1 71.6 ± 14.2

Height, m 1.6 ± 0.1 1.6 ± 0.1

Body mass index, kg/m2 26.9 ± 5.3 26.4 ± 4.5

Family income, USD/mo 2413 ± 1700 2261 ± 1731

Duration of symptoms, mob 48.0 (3-372) 48.0 (3-480)

Marital status, n (%)

Single 23 (31.1) 40 (27.0)

Married 35 (47.3) 81 (54.7)

Divorced 12 (16.2) 17 (11.5)

Widower 4 (5.4) 10 (6.8)

Academic level, n (%)

Primary education 17 (23.0) 30 (20.3)

Secondary education 24 (32.4) 45 (30.4)

Tertiary education 33 (44.6) 73 (49.3)

Smoking, n (%)

No 70 (94.6) 137 (92.6)

Yes 4 (5.4) 11 (7.4)

Psychosocial status, n (%)c

Negative 45 (60.8) 106 (71.6)

Positive 29 (39.2) 42 (28.4)

Disability at baseline (0-24 points) 12.3 ± 5.5 11.7 ± 4.8

Pain intensity at baseline (0-10 points) 6.3 (1.8) 6.2 (2.3)

Treatment-based classification system

Negative movement control subgroup 48 (64.9) 86 (58.1)

Symptom modulation 41 (55.4) 73 (49.3)

Functional optimization 7 (9.5) 13 (8.8)

Positive movement control subgroup 26 (35.1) 62 (41.9)

Clinical prediction rule

Negative Pilates subgroup 31 (41.9) 66 (44.6)

Positive Pilates subgroup 43 (58.1) 80 (54.1)

 J
ou

rn
al

 o
f 

O
rt

ho
pa

ed
ic

 &
 S

po
rt

s 
Ph

ys
ic

al
 T

he
ra

py
®

 
 D

ow
nl

oa
de

d 
fr

om
 w

w
w

.jo
sp

t.o
rg

 a
t o

n 
O

ct
ob

er
 1

7,
 2

02
4.

 F
or

 p
er

so
na

l u
se

 o
nl

y.
 N

o 
ot

he
r 

us
es

 w
ith

ou
t p

er
m

is
si

on
. 

 C
op

yr
ig

ht
 ©

 2
02

0 
Jo

ur
na

l o
f 

O
rt

ho
pa

ed
ic

 &
 S

po
rt

s 
Ph

ys
ic

al
 T

he
ra

py
®

. A
ll 

ri
gh

ts
 r

es
er

ve
d.



journal of orthopaedic & sports physical therapy  |  volume 50  |  number 4  |  april 2020  |  193

tion terms of greater than 1 point on the 
numeric pain-rating scale and of greater 
than 3 points on the Roland-Morris Dis-
ability Questionnaire as clinically im-
portant at 6-week follow-up. Interaction 
terms represent how much more effective 
a treatment is, compared to a control, in 
the patients in a subgroup compared to 
those who are not in a subgroup. There is 
no consensus on what constitutes a clini-
cally important interaction for pain or 
disability, as it depends on the main effect 
size and the cost and harm of an inter-
vention.25 We selected the values for the 
interaction term after considering these 

factors. The assumptions of normal-
ity, multicollinearity, and linearity were 
not violated in both models and were 
considered present in the occurrence of 
tolerance lower than 0.10. A test of nor-
mal distribution of the linear regression 
models was conducted by plotting both 
residuals and normal distribution.

RESULTS

T
ABLE 3 describes the participants’ 
characteristics. Most patients were 
women, married, overweight, with 

tertiary education, and nonsmokers. 

From the 222 patients assessed, 1 patient 
was excluded due to being diagnosed with 
cancer during the study, 13 patients did 
not answer the assessment of pain inten-
sity and disability at 6-week follow-up (5 
patients in the educational booklet group 
and 8 patients in the Pilates group), and 2 
patients did not provide sufficient infor-
mation for classification into the Pilates 
CPR subgroup. Thus, 208 patients were 
analyzed in the TBCS analysis and 206 
patients in the Pilates CPR subgroup 
analysis. Considering the TBCS, 64.9% 
of patients in the educational booklet 
group and 58.1% in the Pilates group 
were classified into the negative move-
ment control subgroup. According to 
the Pilates CPR, 58.1% of patients in the 
educational booklet group and 54.1% in 
the Pilates group were classified into the 
positive Pilates subgroup.

TABLES 4 and 5 present the results of 
subgroup analyses for pain intensity and 
disability, respectively. None of the in-
teraction terms (the positive movement 
control subgroup or positive Pilates CPR 
subgroup) for pain intensity and disabil-
ity were statistically significant, and point 
estimates did not exceed the threshold 
determined for clinical importance. FIG-

URE 1A and FIGURE 2A show means for pain 
intensity and disability, respectively, at 
baseline and 6-week follow-up for the 
Pilates and educational booklet groups, 
separated by the positive movement con-
trol subgroup and the negative movement 
control subgroup. The effect of treatment 
(Pilates group versus educational booklet 
group) was similar in participants in both 
the positive movement control subgroup 
and negative movement control subgroup 
(FIGURES 1 and 2). FIGURE 1B and FIGURE 2B 
show the mean pain intensity and disabil-
ity, respectively, at baseline and 6-week 
follow-up for the Pilates and educational 
booklet groups, separated by the positive 
Pilates subgroup and the negative Pi-
lates prognosis. The effect of treatment 
(Pilates group versus educational booklet 
group) was similar in participants in both 
the positive Pilates subgroup and nega-
tive Pilates subgroup (FIGURES 1 and 2).

TABLE 4
Results of the Linear Regression Model 
for Pain Intensity at 6-Week Follow-up

Abbreviations: CPR, clinical prediction rule; TBCS, treatment-based classification system.
aValues in parentheses are 95% confidence interval.
bInteraction terms provide the critical information for assessing whether effect modification exists. 
Negative interactions mean that the effect was in the opposite direction to that hypothesized. Positive 
interactions mean that the direction of the effect was in favor of the hypothesis.

Variable βa P Value

TBCS: movement control subgroup

Treatment 2.3 (1.3, 3.2) <.001

Positive movement control subgroup –0.9 (–2.2, 0.4) .16

Interactionb: treatment versus movement control subgroup –0.3 (–1.9, 1.3) .73

CPR: Pilates subgroup

Treatment 1.7 (0.5, 2.9) <.001

Positive Pilates subgroup –0.1 (–1.4, 1.1) .82

Interactionb: treatment versus Pilates subgroup 0.6 (–0.9, 2.2) .19

TABLE 5
Results of the Linear Regression Model 

for Disability at 6-Week Follow-up

Abbreviations: CPR, clinical prediction rule; TBCS, treatment-based classification system.
aValues in parentheses are 95% confidence interval.
bInteraction terms provide the critical information for assessing whether effect modification exists. 
Negative interactions mean that the effect was in the opposite direction to that hypothesized. Positive 
interactions mean that the direction of the effect was in favor of the hypothesis.

Variable βa P Value

TBCS: movement control subgroup

Treatment 5.0 (3.0, 6.9) <.001

Positive movement control subgroup –0.5 (–3.2, 2.1) .69

Interactionb: treatment versus movement control subgroup –2.4 (–5.6, 0.9) .15

CPR: Pilates subgroup

Treatment 3.7 (1.2, 6.1) <.001

Positive Pilates subgroup 0.3 (–2.6, 2.9) .80

Interactionb: treatment versus Pilates subgroup 0.3 (–2.9, 3.4) .87
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DISCUSSION

Principal Findings

T
he purpose of this secondary 
analysis of a randomized controlled 
trial was to investigate whether 

the movement control subgroup of the 
TBCS or the positive Pilates defined by 
a CPR could identify patients with non-
specific chronic LBP who would benefit 
more from Pilates-based exercises com-
pared to an educational booklet. Based 
on our results, neither of the subgroups 
investigated was an effect modifier for 
response to Pilates. The results were 
consistent for the 2 assessed outcomes 

(change in pain intensity and change in 
disability). While the CIs for the inter-
actions are somewhat wide, 2 of the 4 
interaction terms were contradictory to 
the hypothesis. The limits of the CIs in 
the direction of the hypothesis were rela-
tively small (less than 1.3 for pain and 
less than 3.4 for disability), suggesting 
that we did not miss important modera-
tion effects.

Strengths and Weaknesses of the Study
A strength of this study was that the data 
were derived from a randomized con-
trolled trial.38 Furthermore, this study 
was designed before the beginning of 

the randomized controlled trial. Thus, 
the variables and clinical outcomes were 
collected prospectively, with the purpose 
of investigating effect modification.51 
This secondary analysis is the first study 
to investigate whether Pilates exercises 
provide more benefits in a specific TBCS 
subgroup of patients with nonspecific 
chronic LBP. Although, theoretically, 
Pilates may be a good approach for pa-
tients in the movement control subgroup 
of the TBCS, the TBCS was not specifi-
cally developed to identify patients who 
are likely to respond best to Pilates. In 
addition, this is the first hypothesis-test-
ing study to validate the Pilates CPR in 
a randomized controlled trial. However, 
the randomized controlled trial was pow-
ered for the evaluation of differences in 
effect between the intervention groups. 
Consequently, a limitation of this study 
was the lack of statistical power for the 
subgroup analysis.7 In secondary analysis 
with interaction tests, a randomized con-
trolled trial with 80% power for overall 
effect has only 29% power to detect an 
interaction effect of the same magnitude.7 
However, the relatively tight CIs sug-
gested that we did not miss an important 
interaction effect.

Comparison With Other Studies
The main criteria used for the TBCS2 are 
pain intensity and disability levels. A pro-
spective cohort study44 found that higher 
pain intensity and disability at baseline are 
associated with greater clinical improve-
ment in patients with chronic LBP after 
4 weeks of treatment, regardless of the 
intervention.44 As the symptom modula-
tion subgroup of the TBCS2 is defined by 
high levels of pain intensity and disability, 
it may not be surprising that the effect of 
Pilates was greater in participants in the 
negative movement control subgroup 
than in those in the positive movement 
control subgroup. Furthermore, in our 
study, most patients presented significant 
symptoms and were classified into the 
symptom modulation subgroup (55.4% of 
patients in the educational booklet group 
and 49.3% in the Pilates group).
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FIGURE 1. Means for pain intensity at baseline and 6-week follow-up for the (A) movement control subgroup of the 
treatment-based classification system and (B) Pilates subgroup defined by a clinical prediction rule.
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FIGURE 2. Means for disability at baseline and 6-week follow-up for the (A) movement control subgroup of the 
treatment-based classification system and (B) Pilates subgroup defined by a clinical prediction rule.
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In our study, the Pilates subgroup 
based on a CPR did not respond best to 
Pilates. This Pilates subgroup was devel-
oped in a cohort study50 without a control 
group, so it is not surprising that the CPR 
did not identify those who would respond 
best to Pilates when tested in a random-
ized controlled trial. Clinical prediction 
rules developed in cohort studies can-
not distinguish whether predictors are 
simply prognostic factors regardless of 
treatment or are effect modifiers.49 Pre-
vious studies have shown that lack of leg 
symptoms24,43 and shorter duration of 
current symptoms13,16 are general prog-
nostic factors, regardless of treatment. 
Other CPRs developed in cohort stud-
ies9,11,27 have failed to validate as effect 
modifiers when tested in randomized 
controlled trials.10,12,46 This likely occurs 
because CPRs developed in cohort stud-
ies are prone to identifying prognostic 
factors rather than effect modifiers. Fur-
thermore, patients in this hypothesis-
testing study had similar characteristics 
compared to the CPR study (age, body 
mass index, moderate pain and disability 
at baseline). There were some differences 
in the patients included in the Stolze et 
al50 study (patients with acute, subacute, 
and chronic LBP) and ours (patients with 
chronic LBP), and we cannot rule out 
that these may have contributed to the 
different results. However, although the 
CPR study included patients with acute, 
subacute, and chronic LBP, most patients 
experienced symptoms for more than 6 
months.

Meaning of the Study and 
Future Research
Although the randomized controlled trial 
showed that Pilates is more effective than 
an educational booklet for patients with 
chronic LBP,38 the present study was un-
able to identify effect modifiers for Pilates 
exercises. Pilates is an individualized 
exercise program adapted to individual 
patient characteristics.33,34,40,41,54,55 It is 
possible that the Pilates approach had 
relatively consistent effects across the 
included population and that no impor-

tant subgroups exist. Given the current 
evidence26,48,56 that there is no specific 
exercise that produces greater effects 
than other forms of exercise, and the in-
ability to identify clear effect modifiers 
for different types of exercise, the choice 
of exercise approach should be based on 
patient preference and clinician exper-
tise. Future research can be conducted to 
investigate other potential effect modifi-
ers for patients with nonspecific chronic 
LBP who are most likely to benefit from 
Pilates exercises. This could be conducted 
in a randomized controlled trial to iden-
tify new variables with a stronger biologi-
cal rationale that have not been tested as 
effect modifiers (eg, hip flexion range of 
motion, positive prone instability test, 
aberrant movements).

CONCLUSION

T
he results of this study suggest 
that the TBCS movement control 
subgroup and CPR Pilates subgroup 

were not treatment effect modifiers for 
patients with nonspecific chronic LBP. 
Therefore, specific exercises did not pro-
duce greater effects than other types of 
exercise, thus the choice of exercise ap-
proach can be based on patient preference 
and clinician expertise. t

KEY POINTS
FINDINGS: The results of this study show 
the inability to identify Pilates exercises 
as clear effect modifiers.
IMPLICATIONS: The choice of exercise ap-
proach should be based on patient pref-
erence and clinician expertise.
CAUTION: A limitation of this study was 
a lack of statistical power for the sub-
group analysis. However, the relatively 
tight confidence intervals suggested that 
we did not miss an important interac-
tion effect.
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A 
48-year-old man reported 
right hip pain and low back pain, 
which started 2 months prior after 

a forceful hip flexion injury while free-
ing his foot from under his motorcycle. 
He was referred to physical therapy by 
an orthopaedic surgeon after magnetic 
resonance imaging revealed an L1-2 sym-
metrical disc bulge. His chief complaint 
was worsening right groin pain. He de-
nied night pain, weight change, recent 
infection, fever, or chills.

Upon examination, he demonstrated 
reduced stance phase on the right leg 
during gait. Lumbar range of motion 
(ROM) was within normal limits; exten-
sion reproduced groin pain but not back 
pain. Neural tension tests from L1 to S1 
were unremarkable. Passive hip ROM 
was comparable to that of the left side, 

but painful at end ranges in all planes, in-
cluding combined flexion, adduction, and 
internal rotation (FADIR) and combined 
flexion, abduction, and external rotation 
(FABER). Right hip flexion during left 
single-leg stance reproduced significant 
groin pain. Right single-leg stance repro-
duced a minimal anterolateral hip ache. 
A severe hip flexor strain with labral in-
volvement was suspected based on pre-
sentation and injury mechanism.1

The patient attended 3 treatment visits 
over 7 days, which consisted of grade I to 
II hip accessory mobilizations and pain-
free hip active ROM. However, each visit 
exacerbated the patient’s groin pain, so the 
physical therapist recommended the pa-
tient return to his surgeon for hip imaging.

Radiographs revealed a right proximal 
femur osseous lesion (FIGURES 1 and 2). 
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Osteosarcoma in a Man Referred 
for Lumbar Radiculopathy

Magnetic resonance imaging was subse-
quently performed (FIGURES 3 and 4, avail-
able at www.jospt.org, and FIGURE 5), and 
a biopsy established the diagnosis of os-
teosarcoma. Physical therapy ceased and 
the patient underwent further medical 
management. After tumor excision, che-
motherapy, and megaprosthesis total hip 
replacement (FIGURE 6, available at www.
jospt.org), he returned 6 months later to 
address hip ROM, gait instability, and 
strength deficits.

This case highlights the importance 
of differential diagnosis, regardless of 
referral diagnosis, and demonstrates 
the importance of timely referral back 
to a physician when physical therapy 
management is not effective. t J Or-
thop Sports Phys Ther 2020;50(4):214. 
doi:10.2519/jospt.2020.9131
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FIGURE 1. Anteroposterior radiograph of the pelvis 
showing a proximal femur osseous lesion (arrow).

FIGURE 2. Frog-leg radiograph of the right femur showing 
a proximal femur osseous lesion (arrow).

FIGURE 5. Coronal, contrast-enhanced, proton-density 
magnetic resonance image of the right hip demonstrating 
osteosarcoma of the proximal femur (arrow). The mass 
extends into the proximal metadiaphysis of the femur and 
into the base of the femoral neck, the lesser trochanter, and 
the base of the greater trochanter.
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A 
74-year-old man was referred 
to physical therapy by his primary 
care physician for insidious onset of 

right shoulder pain, which limited over-
head range of motion (ROM). He had 
impaired sleeping tolerance for 5 months 
and also reported years of morning stiff-
ness to his neck, left hip, and low back 
that lasted 1 to 2 hours but improved with 
exercise. Pertinent medical history in-
cluded gout and type 2 diabetes mellitus.

Right shoulder assessment revealed 
ROM loss in a capsular pattern with 
symptom provocation. Despite clear 
mechanical shoulder impairments, 
his ROM and joint mobility loss were 
not typical of age-related degenerative 
changes and suggested systemic inflam-
matory disorder. Further examination 
revealed 75% loss in cervical, thoracic, 

and lumbar spine ROM in all directions.1 
Significant hypomobility was noted 
along the entire spine during accessory 
testing. Spinal radiographs and the hu-
man leukocyte antigen (HLA-B27) test, 
which is used to identify common auto-
immune disorders, were completed.

The radiographs revealed multilevel 
changes consistent with diffuse idiopath-
ic skeletal hyperostosis (DISH) (FIGURES 

1 through 3, FIGURE 4 available at www.
jospt.org). The HLA-B27 test, positive in 
8% of individuals with DISH, was posi-
tive. The primary care physician recom-
mended changes to the patient’s diet and 
changed his insulin dosage to be consis-
tent with current recommendations for 
spondyloarthropathy.3 Physical therapy 
intervention included education; activity 
modification; spine, shoulder joint, and 
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Diffuse Idiopathic Skeletal Hyperostosis 
in a Patient With Shoulder Pain

soft tissue mobilizations; periscapular 
and trunk strengthening; and cardiovas-
cular exercise. After 10 weeks, he report-
ed improved tolerance to sleeping, yard 
work, and household tasks.

The prevalence of DISH increases be-
tween the ages of 70 and 79 years.2 Fur-
ther, the relationship between DISH and 
enthesopathy might have contributed 
to his impairments. Clinicians should 
be aware of systemic inflammatory pre-
sentations, their relationship to previous 
medical history or musculoskeletal com-
plaints, and the appropriate testing. Ap-
propriate referral and additional medical 
assessment assisted the identification of 
DISH, which enhanced management and 
improved this patient’s function. t J Or-
thop Sports Phys Ther 2020;50(4):215. 
doi:10.2519/jospt.2020.9243
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FIGURE 1. Lateral-view radiograph of the cervical spine, 
showing multilevel spondylosis with bridging osteophytes 
(arrows).

FIGURE 2. Lateral-view radiograph of the thoracic spine, 
showing characteristic flowing ossifications at the 
anterolateral aspect of the spine (arrows).

FIGURE 3. Lateral-view radiograph of the lumbar spine, 
showing anterior bridging osteophytes at multiple levels 
(arrows).
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I
n a refreshingly honest account, Hammerseng-Edin4 highlighted 
the dark side of elite sport culture and called for discussion about 
the balance between protecting the athlete’s health and pursuing 
athletic greatness in elite sport. When a former athlete warns us 

that the load on athletes is too high, we should take it seriously. Many 
parties are involved in this issue, most of all managers, coaches, athletes, 
and members of the health team. As sports physical therapists, we offer 
our perspective.
Robust Systems Help Clinicians and 
Athletes Manage Health Risk
Some clubs have established systems that 
reduce the health risks for the athletes. 
These systems may include expert health 
teams in close contact with athletes, a 
well-functioning load-monitoring sys-
tem, strict guidelines for return to sport 
after injury, and regular injury preven-
tion training. Robust systems require re-
sources,4 and the investments of a club or 
federation will influence the health risk of 
the athlete. However, between the limits 
of what the club considers to be an un-
acceptable cost or demand of the athlete 
and what the club considers to be unac-
ceptable health consequences, there is 
room for individual decisions that either 
increase or decrease the health risk for 
the athlete (FIGURE).

A one-sided focus on short-term 
athletic gain and a success-at-all-costs 
mentality may drive decisions toward 
the limit of unacceptable health conse-
quences. Opposing forces push decisions 
toward the lower end of health risk: long-
term athletic success depends on athletes 
being healthy enough to perform.3 Public 
discussions, such as the one initiated by 
Hammerseng-Edin,4 increase our aware-
ness of the problem, and injury preven-
tion campaigns successfully reduce sports 
injury incidence.7

The Sports Physical Therapist’s 
Roles and Responsibilities
Deciding whether an athlete should play 
is important, and the sports physical 
therapist’s role in this decision may vary 
in different contexts. The decision may be 

to return to play after an injury, to modify 
training due to an overuse problem, or to 
end an athletic career for health reasons. 
Sometimes, the sports physical therapist 
is the only member of the health team; at 
other times, we work in large teams with 
limited authority. Our roles and responsi-
bilities must be clearly defined within the 
specific context in which we work. It is 
incontrovertible that there is a difference 
between coaching responsibilities and 
medical responsibilities—the manager 
does not make medical decisions and the 
sports physical therapist does not decide 
the team tactics. Like the athlete who 
faces tremendous pressure to compete 
when she should not, we are not immune 
to pressure from athletes, coaches, me-
dia, and sponsors. Protecting the athlete’s 
health at the potential cost of short-term 
athletic success does not come without 
risks to our career.8

Duty of Care and Ethical Obligations  The 
code of ethics of the International Fed-
eration of Sports Physical Therapy offers 
guidelines and key ethical principles5 to 
guide practicing sports physical thera-
pists: “The basis of the relationship with 
the athlete should be that of absolute 
confidence and mutual respect,” and our 
advice and decisions should only be influ-
enced by the health risk of the athlete, not 
by coaches or the outcome of the com-
petition.5 The sports physical therapist’s 
role is to provide advice about whether 
an athlete should play, and the sports 
physical therapist should not delegate 
this advice.5 Yet return-to-sport decisions 
are often made by the athlete.4 We sus-
pect the biggest problem is simply that 
the club has not allocated enough money 

HEGE GRINDEM, PT, PhD1,2  •  GRETHE MYKLEBUST, PT, PhD1

Be a Champion for Your Athlete’s Health

	U SYNOPSIS: Many athletes push themselves 
beyond their limits and sacrifice short-term well-
being and long-term health for a chance at victory. 
Elite sport shapes a certain type of character: 
mentally and physically tough, and unrelenting 
in the pursuit of the marginal gains that separate 
champions from the second best. The difficult 
question, especially for elite sports, is, “How do 
managers, coaches, athletes, and members of the 
health team find the balance between protecting 
the athlete’s health and pursuing athletic great-
ness?” In this Viewpoint, we offer 4 perspectives 

on the roles and responsibilities of sports physical 
therapists: (1) the care of, and ethical obligations 
to, the elite athlete, (2) decision making that is in 
the athlete’s best interest, (3) building a working 
relationship with the athlete, and (4) support-
ing athletes who face end-of-career decisions. 
J Orthop Sports Phys Ther 2020;50(4):173-175. 
doi:10.2519/jospt.2020.0605

	U KEY WORDS: athletic health, physical therapy, 
return to sport, sports injury, sports physical 
therapy
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to health personnel. The sports physical 
therapist is therefore not always present 
when the decision is made.

Core ethical documents from other 
national and international professional 
organizations are also relevant. One fun-
damental principle endorsed by most 
organizations is that physical therapists 
should always act in the best interests 
of the patient.5,9,10 Sports physical thera-
pists who are employed by a club have 
a responsibility to help the club achieve 
its sporting goals. Although the interests 
of the athlete and the club often align, 
sometimes there might be disagreement. 
In these situations, the ethical guidelines 
for physical therapists clearly instruct us 
to act in the interests of the athlete.

What Is in the Athlete’s Best Interest?
Decisions to play are too often left to 
the athlete, without adequate support 
to make an informed decision.4 External 
pressure and internal motivation compel 
elite athletes to make decisions that are 
not in their best long-term interest. For 
return-to-sport decisions, strict criteria 
can help us decide. Norway’s national 
handball team provides a good example: 
players with anterior cruciate ligament 
reconstructions must pass return-to-
sport criteria and wait for 1 year after 
surgery before they can play matches.

For overuse injuries, regular monitor-
ing with instruments like the Oslo Sports 
Trauma Research Center overuse injury 
questionnaire2 can detect problems early 
and serve as a guide to manage load. But 
these decisions are complex, and, in most 
scenarios, it is the athlete who must de-
termine whether the reward of playing is 
worth the risk. Even if health care profes-
sionals fully understand the health risks, 
determining what is in the athlete’s best 
interest requires in-depth knowledge 
about how playing (and not playing) will 
affect the athlete’s life in the short and 
long term. Most athletes will probably 
confirm that participating in the Olym-
pics is worth the risk of a hamstring re-
injury, but the health team cannot make 
that decision alone.1 The athlete should 
have the final say about the level of risk 
that is acceptable and, therefore, must be 
involved in the decision.

Mutual Respect and Trust
Of all health care professionals, sports 
physical therapists are often in closest 
contact with the athlete. To protect the 
athlete’s health, it is paramount to build a 
relationship of mutual respect and trust. 
We offer 4 suggestions to help sports phys-
ical therapists build that relationship.
1.	 Respect confidentiality. Do not reveal 

information to other people affiliated 

with the team or to the media un-
less the athlete consents. The athlete 
should feel free to discuss his or her 
problems honestly, without fear of 
consequences.

2.	 Give strong recommendations when it 
is obvious that playing carries a sub-
stantial health risk, and justify your 
recommendations to the athlete and 
the coach.

3.	 Provide consistent information to the 
athlete and the coach. Never down-
play the severity of an injury when you 
talk to an athlete.

4.	 Build a relationship with the coach and 
get to understand his or her point of 
view. Mutual respect is needed if he or 
she is to follow our recommendations.

Is It Time for Life After Sports?
Sports physical therapists who work for 
the athlete’s club can help the athlete 
decide when it is time to retire. During 
the athlete’s career, we gain important 
insight into her medical and personal 
history. However, in situations where 
the interests of the club and athlete do 
not align, there is an inherent conflict of 
interest. Therefore, consulting a health 
care professional with no connections 
to the team may be appropriate for ath-
letes who are considering retirement for 
health reasons. Although members of the 
club’s health team assess and treat most 
injuries sustained by athletes, athlete 
contracts should never restrict the ath-
lete’s right to an assessment of risks to 
long-term health by someone who is un-
affiliated with the club. If the discussion 
takes place with the club’s health team, 
then an athlete-centered approach6 can 
lay the necessary foundation to approach 
this difficult topic.

SUMMARY

Sports physical therapists play 
an important role in protecting the 
health of athletes while they push 

their limits to pursue athletic success. 
Our close connection with the athlete 
offers the opportunity to help her make 
good choices on a range of topics, includ-

Health Risk

Resources

Unacceptable costs
or athlete demands

Unacceptable health 
consequences

Short-term athletic gain

“Success at all costs” mindset

Long-term athletic gain, injury prevention 
campaigns, media exposure

FIGURE. Model of the dynamic system within a club or federation that influences the health risk for athletes. The 
space for individual decisions is inside the blue circle. White arrows contain examples of forces that can drive the 
health risk up or down.
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ing return to sport after injury, strategies 
to reduce the risk of injury, and when to 
retire. Working with ambitious athletes is 
rewarding, but we must remember that, 
first and foremost, we are health care 
professionals. In the jungle of advice and 
pressure from athletes, coaches, spon-
sors, parents, and media, we owe it to 
our athletes to base our practice on sound 
evidence and clinical experience.

Key Points
Building a relationship of mutual respect 
and trust between health care profession-
als, coaches, and athletes can be facili-
tated by
•	 Respecting confidentiality. Do not 

reveal information to other people af-
filiated with the team or to the media 
unless the athlete consents

•	 Delivering strong recommendations 
when it is obvious that playing carries 
a substantial health risk to the athlete

•	 Providing consistent and accurate 
information to the athlete and the 
coach

•	 Striving to understand the coach’s 
point of view t

injury? Empower, engage, provide feedback 
and be transparent: 4 habits! Br J Sports Med. 
2019;53:526-527. https://doi.org/10.1136/
bjsports-2018-099109
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A
larm bells are ringing because the total load on elite athletes is 
too high. Many factors contribute to the total load, including 
the intensity and frequency of matches and practices, sponsor 
assignments, frequent traveling, and media pressure. Some 

athletes may handle it, but for the rest of us, being the best comes 
with a high price tag. There is no easy solution—athletes, coaches, 
and managers will not lower their ambitions. We in the elite sports 
community cannot wait until athletes 
start complaining, because elite athletes 
do not complain. We proudly push our 
bodies beyond their limits. This is our 
trademark.

Athletes who manage extreme train-
ing loads are idols. They set the bar. Who 
would dare to raise their head above the 
parapet and shout, “I can’t take this. It 
is too much!”? Few will risk their posi-
tion by admitting they can’t deal with the 
load. Coming forward might not lead to 
severe consequences, but, in the mind of 
the athlete, the possibility of blowback 
is often enough. It is better to be silent. 
Those who have a rock-solid position on 
a team might be in a position to speak up, 
but even for them it is tough. I know—I 
have been one of them (FIGURE).

Some athletes go through surgery af-
ter surgery to continue to compete. They 
keep fighting until there are no reason-
able treatment options left and pay a 
high price in retirement: knees, hips, 
shoulders, and other body parts worn out 
to the point where it is hard to sleep, to 
work, to function. I made my own deci-
sion about when to retire and kept play-
ing handball until I was 37. Should I have 
retired sooner? Time will tell, but I have 
certainly had enough injuries to have an 
opinion on this topic.

Athletes Who Are Passionate About 
Their Sport Often Lose the Ability to 
Think Rationally About Load and Injuries
In this Viewpoint, I focus on the athletes 
who sometimes underreport or ignore 

their injuries and on those whose con-
cerns are not taken seriously. I want to 
start a discussion about how to ensure 
that the total load is manageable over the 
athlete’s career.
Team Culture  Ambitious athletes who 
are part of a good team culture are rare-
ly lazy. Many worry about not training 
enough, which leads to overtraining. I 
was a poor role model for my teammates 
in the last few years I played. I rarely 
skipped a training session and did not 
ask for adjustments, even though I was 
in pain from accumulated injuries. I used 
painkillers almost daily and saw others 
do the same. I took nonsteroidal anti-
inflammatory drugs before practices and 
matches, and powered through. I loved 
to play and wanted to be a leader, yet I 
contributed to a culture that expected me 
to play with pain and injuries—to play at 
all costs.

As a team player, I always put my team 
first. If it was important for the team that 
I play, I pushed myself beyond my limits. 
When so many others were playing with 
injuries, it was easy to think that I should 
ignore mine. A vicious cycle.
Increasing Pressure on Today’s Elite 
Athletes  Today’s elite athletes experi-
ence extreme pressure to perform at their 
highest level, both inside and outside the 
sports arena. I know several athletes who 
have said that they feel some relief when 
they sustain an injury. Finally, a chance to 
slow down—the injury being a valid rea-
son to step out of the circus for a while. 
This happens at the top levels of profes-

GRO HAMMERSENG-EDIN1

The Alarm Bells Are Ringing: A Call to Action 
From a Newly Retired Professional Athlete

	U SYNOPSIS: The total load on elite athletes is 
too high. There is no easy solution to this prob-
lem—athletes, coaches, and managers do not want 
to lower their ambitions. We cannot wait to ad-
dress the problem until athletes start complaining, 
because elite athletes do not complain. We proudly 
push our bodies beyond the limits, and that is our 
trademark. Very few athletes will risk their position 
by admitting they can’t deal with the load. What I 
need you to take seriously is that athletes who are 
passionate about their sport often lose the ability 

to think rationally about load and injuries. This 
Viewpoint is about athletes who sometimes under-
report or ignore their injuries and whose concerns 
are not taken seriously. I want to start a discussion: 
how do we in the elite sports community ensure 
load is manageable across the athlete’s career? 
J Orthop Sports Phys Ther 2020;50(4):170-172. 
doi:10.2519/jospt.2020.0604

	U KEY WORDS: athlete perspective, athletic 
health, physical therapy, return to sport, sports 
injury, training load
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herself too far and finishing her career 
with her health intact.

I encourage coaches, club manage-
ment, health teams, and all others who 
are responsible for the athlete’s health to 
implement solid routines, including inju-
ry prevention strategies, close follow-up, 
and reasonable training loads. My recom-
mendations for sports physical therapists 
are to:
1.	 Champion a culture that considers 

masking injuries to be unprofessional 
and taking competition breaks to be 
healthy and admirable.

2.	 Make it clear to athletes that they 
can, and are expected to, let you know 
when they are in pain before they feel 
completely worn out. Let the athlete 
be the one to decide how much in-
formation should be passed on to the 
coaching team.

3.	 Foster close and honest communica-
tion between athletes and the health 
team. Build trust and get to know the 
athletes so that they give honest an-
swers to your questions and concerns.

4.	 Recognize that sometimes the athlete 
may be incapable of making the final 
decision. When it is obvious that the 
right decision is to sit on the bench, 
make the decision for the athlete.

Coach Responsibility
The coach will often listen to the opinions 
of the physician, the physical therapist, 
and the athlete, but still has a responsi-
bility to protect the athlete’s health. The 
coach knows that athletes will do every-
thing they can to be in the starting lineup 
or to qualify for the national team and 
championships.

Coaches see the athlete in daily prac-
tice and know the training schedule. A 
good coach will (1) know when to pay 
closer attention to the athlete’s total load; 
(2) protect the athlete when the number 
of training hours, matches, travel days, 
championships, sponsor assignments, 
media pressure, etc, is too high; and (3) 
respect and collaborate with the health 
team and not overrule decisions made to 
protect the athlete’s health.

falling behind, or not making the team. 
I was proud to be someone who rarely 
complained and was acknowledged for 
that ability. Not complaining became my 
trademark, and I had to live up to that 
image. I truly appreciate my ability to 
push myself to the limit, but I want to 
warn athletes that there is a fine line be-
tween being resilient and torturing your 
body so much that it will not function 
well for the rest of your life. I did not 
always consider the long-term conse-
quences. Not until someone brutally ex-
plained the consequences to me, straight 
to my face. But even then, I sometimes 
chose to play.

Physical Therapists Are Key Allies
I have been privileged to work with physi-
cal therapists who helped me make good 
decisions in my career. You are invalu-
able! When you are pressured to push 
your limits as a health care professional, 
remember, professional sport takes an 
extreme toll on the athlete’s body. You 
might stand between the athlete pushing 

sional sports. The same athletes have 
also accepted that being an elite athlete 
means they will have pain and often feel 
exhausted. The thrill of competing makes 
the sacrifice feel worth it.
Should the Athlete Make the Decision 
to Play?  It is too often up to the injured 
athlete to decide when she is ready to 
train. Through most of my career, I ap-
preciated being the one who made the 
decision. But looking back, I’m not sure I 
should have been. I understand that only 
the athlete can feel her pain and make 
decisions based on what she feels. The 
problem is, we will not always tell you 
what we feel. Many clubs do not have the 
resources to provide appropriate medical 
support. Therefore, coaches and players 
become responsible for decisions they are 
not qualified to make. It is too easy to be 
blinded by emotions and external factors, 
such as the important game next week.

I lost my head too many times. I was 
so hungry to play, to be part of the team. 
I valued the recognition and feedback 
my professional life brought. I feared 

FIGURE. Gro Hammerseng-Edin is a former national team handball player and captain for Norway. She was the 
International Handball Federation World Handball Player of the Year in 2007, is a 3-time European champion (2004, 
2006, 2010), is an Olympic champion (2008), and is a 6-time champion of the Norwegian League, Playoff, and 
Cup. She also has silver medals from the European Championship (2002) and World Championship (2001, 2007). 
Photograph reprinted with permission from the Norwegian Handball Federation.
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A Culture Shift in Professional Sports
A culture shift will only happen if ath-
letes fight for it. Top athletes from lead-
ing nations in the sport must lead the 
culture change. There is a cost to fight-
ing this battle, but it helps when influ-
ential athletes use their position to bring 
attention to important causes. These 
athletes are also often the ones who risk 
the least by confronting potentially un-
popular topics.

To promote a culture shift in pro-
fessional sports, athletes should do the 
following:
1.	 Think of recovery, sleep, nutrition, 

and injury prevention training as 
equally important as technical or 
physical training. We must educate 
athletes from an early age!

2.	 Recognize that they have a profes-
sional duty to work with the coach to 
regulate their load when it is too high. 
Athlete monitoring systems can help 

quantify loads of various kinds, but 
the athlete alone knows how she is 
actually feeling.

3.	 Applaud other athletes when they 
make choices that lead to a healthier 
life. The “athlete hero” should be the 
one who stands up for health, not the 
one who can endure the most pain.

4.	 Consider organizing for improved and 
enforced employee rights. It is easier 
to create change from a united front. 
A single voice is not effective in nego-
tiating issues like match scheduling, 
tournament frequency, and vacation 
periods.

SUMMARY

Too many elite athletes suffer 
the consequences of pushing their 
bodies beyond the breaking point. 

The extreme pressure of professional 
sports and a culture that idolizes pain 
and personal sacrifice contribute to the 

problem. Physical therapists, coaches, 
and athletes can all play an important 
role in securing a healthy future for pro-
fessional athletes. Let us stop telling the 
athletes, who have sacrificed their health 
for sport, that it was simply part of the 
game.

Key Points
Physical therapists can help athletes stay 
healthy by
•	 Championing a culture where mask-

ing injuries is considered unprofes-
sional behavior

•	 Helping athletes understand that they 
can, and are expected to, report pain 
before they feel completely worn out

•	 Fostering close and honest commu-
nication between the athlete and the 
health team

•	 Recognizing that sometimes athletes 
are incapable of making the final deci-
sion about playing their sport t

BROWSE Collections of Articles on JOSPT’s Website

JOSPTs website (www.jospt.org) o�ers readers the opportunity to browse 
published articles by Previous Issues with accompanying volume and issue 
numbers, date of publication, and page range; the table of contents of the 
Upcoming Issue; a list of available accepted Ahead of Print articles; and 
a listing of Categories and their associated article collections by type 
of article (Research Report, Case Report, etc).

Features further curates 3 primary JOSPT article collections: 
Musculoskeletal Imaging, Clinical Practice Guidelines, and Perspectives 
for Patients, and provides a directory of Special Reports published 
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letter to the editor-in-chiefletter to the editor-in-chief

Letters to the Editor are reviewed 
and selected for publication based on the 
relevance, importance, appropriateness, 
and timeliness of the topic. Please see 
submission guidelines at www.jospt.
org for further information. J Orthop 
Sports Phys Ther 2020;50(4):216-217. 
doi:10.2519/jospt.2020.0202

CAN “STRONG” 
RECOMMENDATIONS BE MADE 
FOR EXERCISE AND MANUAL 

THERAPY IN TREATING 
SUBACROMIAL SHOULDER PAIN?

In their recent review of systematic 
reviews on subacromial shoulder pain 
(SSP), Pieters et al5 make several strong 
conclusions. We would like to com-
ment on 2 of these. First, the authors 
claim that “evidence for exercise as an 
intervention for SSP is increasing and 
strengthening.” Second, we discuss their 
decision to make a “strong recommenda-
tion” for the use of manual therapy in the 
initial treatment phase.

First, based on this review, it is not 
clear that the evidence for the use of ex-
ercise for SSP is increasing or strengthen-
ing. It might be accurate to say that the 
volume of research evidence is increas-
ing, but this is not the same as suggesting 
that the evidence in favor of exercise for 
SSP is increasing and strengthening. To 
substantiate this recommendation would 
require clear evidence of increasingly 
consistent, clinically important effect 
sizes over time, which does not appear to 
be the case, or at least cannot be derived 
from the data provided in this review of 
systematic reviews. As the authors reflect, 
there is considerable uncertainty around 
the optimal type, dose, and duration of 
exercise for SSP, or, indeed, whether these 
characteristics of exercise programs mat-
ter greatly in terms of patient outcomes. 
Most of the included systematic reviews 
do not comment on effect size or the clin-
ical importance of the between-group dif-
ferences observed. In those that do, we 

would like to draw readers’ attention to 
the wide confidence intervals (indicat-
ing uncertainty). We therefore believe it 
would be more accurate to conclude that, 
based on the rating system used in this 
review of systematic reviews, there is evi-
dence for using exercise for SSP, but the 
clinical importance of the size of the dif-
ferences observed is uncertain.

Second, their “strong recommenda-
tion” for the use of manual therapy in the 
short term needs further consideration to 
ensure accurate interpretation. Pieters et 
al5 write that they have based this recom-
mendation on the number of studies that 
report high-, moderate-, and low-quality 
evidence for each treatment. However, 
they seem to overstate the strength of the 
evidence described in these reviews. Of 
the 4 reviews underpinning their strong 
recommendation for manual therapy, 
it is true that both Page et al4 and Haik 
et al3 describe the level of evidence they 
found as “high.” But Page et al4 report 
high evidence for no clinically important 
differences between exercise and manual 
therapy versus placebo. Further, Des-
jardins-Charbonneau et al2 describe the 
evidence as “low to moderate,” and Steuri 
et al6 as “very low quality,” not moderate, 
as Pieters et al5 report for both. If these 
studies were reclassified as low quality, 
then Pieters and team’s5 strong recom-
mendation could not be made.

In addition to our concerns about the 
basis for this strong recommendation, 
we would like to add that the recommen-
dation reflects the authors’ conclusions 
about the quality of the evidence, but 
it does not represent the size or clinical 
importance of the effect of exercise or 
exercise combined with manual therapy. 
Statistical significance is not the same as 
clinical importance. In fact, the conclu-
sions of these systematic reviews are far 
more tentative than the phrase “strong 
recommendation” might imply. Indeed, 
Desjardins-Charbonneau et al2 write that 
the effect “may or may not be clinically 
important,” and the study by Page et al,4 
a Cochrane systematic review, reports “no 

clinically important difference between 
groups in any outcome.”

Hence, we believe it would be more 
accurate to conclude, based on the rating 
system used by Pieters et al,5 that there 
is evidence for using exercise combined 
with manual therapy for SSP, but the 
clinical importance of any benefits ob-
served is uncertain. Such a conclusion 
would be in keeping with the only sham-
controlled trial on this topic, by Bennell 
et al,1 which found that a standardized 
program of manual therapy and home 
exercise did not confer additional im-
mediate benefits for pain and function 
compared with a realistic placebo treat-
ment, but at 22 weeks there was a statis-
tically significant difference between the 
treatment groups that did not meet the 
threshold for clinical importance.

We hope this letter helps readers to 
accurately interpret the findings of this 
recent review of systematic reviews of 
treatments for SSP.

Chris Littlewood, PhD
Tom Jesson, BSc
Nadine Foster, DPhil
School of Primary, Community and  

Social Care
Keele University
Staffordshire, UK

Dr Littlewood has recently collaborated 
and published with the lead author 
(Louise Pieters) and senior author (Filip 
Struyf) of the work under commentary. 
No financial support was received for 
writing this letter. The authors certify that 
they have no affiliations with or financial 
involvement in any organization or 
entity with a direct financial interest in 
the subject matter or materials discussed 
in the letter.
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RESPONSE

We would like to thank Dr Littlewood 
and his colleagues for their interest in our 
paper,5 and for taking the time to express 
their concerns.

We address 3 key points. First, Dr 
Littlewood and his colleagues note con-
cern with the statement of increasing 
and strengthening evidence for the use of 
exercise as an intervention for SSP. We 
acknowledge that the volume of research 
evidence is increasing, and that this is not 
the same as suggesting that the evidence 
in favor of exercise for SSP is increasing 
or strengthening.

In order to support our statements, 
we need clear evidence of increasingly 
consistent, clinically important effect 
sizes over time. As not all included sys-
tematic reviews reported effect sizes, only 
the available ones were reported in our 
paper.5 In Littlewood et al’s3 2013 review, 
exercise therapy was mentioned as a pos-
sibly effective intervention for SSP. Since 
2013, there have been more studies in 

favor of exercise therapy, which makes a 
stronger conclusion possible. We agree 
that there might be a risk of misinterpre-
tation. We believe that the strengths of 
our systematic review far outweigh the 
weaknesses in accomplishing this goal.

Second, we agree that continued re-
search is needed to better understand the 
uncertainty around the ideal type, dose, 
and duration of exercise for SSP, and to 
what extent these characteristics matter 
in terms of patient outcomes. The main 
goal of our review5 was to provide an 
overview of conservative physical therapy 
interventions and their effectiveness. The 
key conclusion is that there is evidence 
supporting exercise for SSP. However, 
what constitutes the most appropriate 
exercise regime is unclear.

Third, Dr Littlewood and his col-
leagues have concerns about the “strong 
recommendation” for the use of manual 
therapy in the short term. Of the 4 reviews 
underpinning our strong recommenda-
tion, Haik et al2 and Page et al4 describe 
the level of evidence as “high.” For Des-
jardins-Charbonneau et al,1 the evidence 
is described as “low to moderate,” but the 
addition of manual therapy to an exercise 
program was significantly effective for 
pain reduction. Steuri et al’s6 description 
is ambiguous, but they describe different 
moderate effects of manual therapy on 
both pain and function. The word “strong” 
can also be used in different ways. When 
describing the quality of the evidence to 
be included in a review, a system needs to 
be put in place to describe differences and 
similarities that will be included. Not fol-
lowing such a process would be counter-
intuitive to the purpose of systematically 
reviewing research. One way to reduce 
bias is to clearly define criteria before 
analysis, a process we followed. The term 
“strong” was defined at the protocol devel-
opment stage, before the search was con-
ducted and before the data were analyzed.

We emphasize that all possible effects 
of manual therapy for SSP are seen in 
the short term following treatment, in 
the initial phase of rehabilitation, and al-

ways when manual therapy is used in ad-
dition to an exercise program. No effects 
of manual therapy as a solitary treatment 
were described.
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L
umbar spine stenosis (LSS) is a highly prevalent chronic 
condition, marked by compression and narrowing of the 
lumbar spine canal and associated with decreased walking 
tolerance (neurogenic claudication), that currently affects around 

30% of older adults.10 In cases of more severe LSS, or for those who

60%.6,9,16,17 Several factors may contrib-
ute to the variability in postoperative 
LSS surgery outcomes, specifically the 
high proportion of suboptimal outcomes. 
Some of these factors include psychologi-
cal considerations, such as anxiety26 and 
depression,8,20 and patients’ expectations 
regarding their physical function after 
surgery.7 Another such factor may also be 
the preparation phase prior to surgery. A 
recent meta-analysis by Wallis and Tay-
lor24 found low to moderate evidence that 
preoperative exercise, in conjunction with 
education programs, is beneficial to pa-
tients’ postoperative physical function and 
physical activity. However, that meta-anal-
ysis was performed in studies of patients 
awaiting hip or knee replacement surgery. 
Presently, the literature describing com-
mon preoperative LSS surgery protocols 
is lacking, and there are no standardized 
guidelines for preoperative care.

Data gathered via focus groups are 
beneficial for understanding patients’ 
and physical therapists’ views on pre-
operative rehabilitation and education. 
To our knowledge, no other qualitative 
study has evaluated perspectives on care 
before LSS surgery from focus group data 
of both patients and physical therapists. 

	U OBJECTIVES: To gain the perspectives of 
patients who underwent lumbar spinal stenosis 
(LSS) surgery and physical therapists who treat 
spine-related disorders regarding rehabilitation 
and other care prior to LSS surgery.

	U DESIGN: Qualitative focus group study.

	U METHODS: Sixteen patients (4 female; average 
± SD age, 64.3 ± 8.8 years; time since surgery, 9.9 
± 4.4 months) and 10 physical therapists (2 female; 
average ± SD age, 40.9 ± 6.6 years; time in practice, 
17.2 ± 7.7 years) participated. Four groups were con-
ducted: 2 with patients post LSS surgery and 2 with 
physical therapists who treat spine-related disorders. 
Participants were asked open-ended questions by 
a trained facilitator regarding their perceptions of 
preoperative LSS education and rehabilitation. Tran-
scripts were coded and themes were identified.

	U RESULTS: Analyses revealed 4 themes within 
the discussions: (1) desire for helpful information, 
(2) benefits of preoperative rehabilitation, (3) 

downfalls of preoperative rehabilitation, and (4) 
desire for coordinated care. Varying opinions on 
preoperative physical therapy between patients 
and physical therapists were discussed, revealing 
that similar numbers of participants held positive 
and negative perceptions of preoperative physical 
therapy. A desire for more thorough preopera-
tive education and care was expressed by both 
groups.

	U CONCLUSION: There is a clear need for 
standardized preoperative LSS care and education. 
This may decrease misunderstandings about LSS 
surgery and its treatments in the future as well 
as improve coordinated care between surgeons 
and physical therapists. J Orthop Sports Phys 
Ther 2020;50(4):198-205. Epub 30 Oct 2019. 
doi:10.2519/jospt.2020.8887

	U KEY WORDS: education, physical therapy, 
preoperative rehabilitation, qualitative, stenosis
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A Qualitative Study of Preparation 
for Lumbar Spinal Stenosis 

Surgery: Perceptions of Patients 
and Physical Therapists

fail conservative management, surgery 
is the preferred method of treatment.3 
Lumbar spine stenosis surgery is one of 
the fastest-growing inpatient procedures 

among adults,4 with annual Medicare 
costs exceeding $1 billion.25

Despite the rise in utilization of LSS 
surgery, the success rate is only around 
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The purpose of this study was to gain the 
perspectives and opinions of patients 
who underwent LSS surgery and the 
physical therapists who treat such pa-
tients through the collection of qualita-
tive focus group data.

METHODS

F
our focus groups were conduct-
ed: 2 groups consisting of patients 
post LSS surgery and 2 groups con-

sisting of physical therapists who com-
monly treat patients before and after LSS 
surgery. Patients who underwent surgery 
for LSS within the past 2 years were re-
cruited via letters sent directly from sur-
geons’ offices. Physical therapists were 
recruited with the assistance of a physi-
cal therapist facility director from the 
University of Pittsburgh Medical Center 
(UPMC). The physical therapist facil-
ity director identified physical therapists 
who commonly treat spine-related disor-
ders and invited them via letters to par-
ticipate in a focus group. Both samples 
of participants were recruited via conve-
nience sampling.

Focus groups were conducted by a 
trained facilitator from the Qualitative 
Data Analysis Program at the Univer-
sity of Pittsburgh. This facilitator had a 
masters degree and 18 years’ experience 
in qualitative and survey research. She 
was unknown to all participants in focus 
groups, and participants were only given 
her name and job title. Participants were 
aware that the facilitator was not a physi-
cian, surgeon, or physical therapist. Focus 
groups were held around a large, round 
table in a conference room at the Univer-
sity of Pittsburgh. The trained facilita-
tor introduced herself and reiterated the 
purpose of the study to the participants, 
once again informing them that their 
opinions and views may help guide the 
development of future LSS preoperative 
protocols. An interpretive description 
approach21 was used, with the facilita-
tor asking open-ended questions of the 
participants (see the APPENDIX, available 
at www.jospt.org, for the full list of ques-

tions asked to each group). Questions 
for patients focused on the information 
and treatment received prior to surgery. 
Physical therapists received a separate set 
of questions regarding their preoperative 
goals for the patients and challenges they 
face in treating these patients.

Responses from each focus group 
were audio-recorded in duplicate, with 
2 recording devices present in case one 
of them proved faulty, and a trained 
note taker was also present. Each focus 
group session lasted between 75 and 105 
minutes. At the end of each focus group 
session, the trained facilitator provided 
a verbal summary of the discussion and 
asked participants whether they would 
like to clarify any points or add anything 
to the discussion that hadn’t already been 
covered. Sessions were then transcribed 
verbatim, with names replaced by ID 
numbers. Participants were not given 
copies of the transcripts.

Data management and analysis 
were performed using ATLAS.ti quali-
tative data analysis software (Version 
7.5.11; ATLAS.ti Scientific Software De-
velopment GmbH, Berlin, Germany). 
Transcripts were simultaneously and 
independently coded by 2 coders.22 A 
codebook was created and used by both 
coders. An interpretive description ap-
proach was used to iteratively develop 
the codebook. Two coders reviewed the 
focus group transcripts independently, 
each proposing code names and defini-
tions based on themes emerging from 
the data. The coding team discussed the 
2 versions to arrive at 1 initial codebook. 
Each coder then independently coded 
1 of the patient transcripts and 1 of the 
physical therapist transcripts using AT-
LAS.ti. The coding team adjudicated 
discordant coding and revised the code-
book. The coders used this final version 
of the codebook to code the remaining 
2 transcripts. After comparing codes, 
discrepancies were resolved through 
discussion. Emergent themes were de-
rived from the data. Quotations were ex-
tracted from the transcripts to highlight 
the themes, and certain quotations were 

flagged as “mentions” within a theme; 
however, the frequencies of these men-
tions did not relate to the development 
of the themes. Themes were very similar 
across both patient and physical thera-
pist groups, and the 2 coders agreed that 
data saturation had been achieved.

Intercoder reliability was assessed after 
the coding of the transcripts by calculat-
ing kappa statistics after the first round 
of coding, using Eusebius (K. Christine 
Scarpinatto, Pittsburgh, PA). The kappa 
statistic is a measure of interobserver 
agreement, with values ranging from –1 
to 1. A value of 1 indicates perfect agree-
ment, a value of 0 indicates chance agree-
ment, and a negative value indicates 
agreement that is lower than what would 
be expected by chance.23 The Institutional 
Review Board at the University of Pitts-
burgh granted this study an exempt status 
(PRO17020245); therefore, participants 
were not required to sign a consent form.

RESULTS

Participants

S
ixteen patients who had under-
gone LSS surgery (4 female; average 
± SD age, 64.3 ± 8.8 years; time since 

surgery, 9.9 ± 4.4 months) participated in 
this study. Ten physical therapists (2 fe-
male; average ± SD age, 40.9 ± 6.6 years; 
time in practice, 17.2 ± 7.7 years) also par-
ticipated in focus groups. There were 8 
patients in each of the separate patient 
focus groups, and 5 physical therapists 
in each of the separate physical therapist 
focus groups. The identification markers 
for quotations cited from patients (“P”) 
and physical therapists (“PT”) denote 
which focus group the speaker participat-
ed in, with patient markers ranging from 
P1 to P16 and physical therapist markers 
from PT1 to PT10. All participants who 
agreed to participate arrived and com-
pleted the full focus group session.

Interrater Agreement
A kappa statistic of 0.50 was calcu-
lated, indicating moderate interrater 
agreement.13
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Themes
Several major themes arose from the dis-
cussions in these focus groups. Analysis 
found similar themes between the patient 
and physical therapist groups. The ma-
jor themes included (1) desire for helpful 
educational information, (2) benefits of 
preoperative rehabilitation, (3) downfalls 
of preoperative rehabilitation, and (4) de-
sire for coordinated care. Theme 4 was 
the only theme that arose solely from the 
physical therapist focus groups; all other 
themes arose from discussion within both 
patient and physical therapist groups.
Theme 1: Desire for Helpful Educational 
Information  Many patients described 
having received very little educational in-
formation prior to their surgery. A major-
ity of patients reported that they received 
detailed information about rehabilitation 
and care following their surgery, but they 
stated that they would have liked to have 
received much more of this detailed in-
formation before their surgery. Some of 
the participants’ comments suggested 
that more educational information would 
have improved their recovery.

Other responses focused more on the 
lack of knowing what to expect during 
the immediate postoperative period and 
what one ought to expect in terms of re-
covery over time. One participant shared 
this experience:

“I received virtually no informa-
tion prior unless I specifically 
asked a question … I thought I was 
prepared very well for what to ex-
pect when I left. But as far as before 
it started? If I didn’t think to ask it, 
I didn’t find out what information 
I needed. And I didn’t know what 
to ask. So I went in purely trusting 
my surgeon because I had no infor-
mation.” (P5)
The desire for more thorough preop-

erative education came up 28 times in 
the coding analysis of the patient groups 
(14 mentions in each group). In terms 
of feeling prepared for LSS surgery, the 
number of times patients mentioned 
feeling unprepared, somewhat pre-
pared, and well prepared totaled 16 (6 
in patient group A and 10 in patient 
group B), 13 (9 in patient group A and 

4 in patient group B), and 19 (9 in pa-
tient group A and 10 in patient group 
B), respectively.

Similarly, physical therapists fre-
quently stated that surgeons provide 
inadequate preoperative education and 
information about the surgical pro-
cedures to patients preparing for LSS 
surgery (29 mentions; 11 in physical ther-
apist group A and 18 in physical therapist 
group B). They also talked about the lack 
of setting realistic postoperative expecta-
tions when consulting with these patients 
before surgery.

More quotations related to helpful in-
formation prior to preoperative physical 
therapy are found in the TABLE.
Theme 2: Benefits of Preoperative Re-
habilitation  Many patients found value 
in preoperative physical therapy. Preop-
erative physical therapy typically aims 
to maximize patients’ physical function 
and strength prior to surgery in order to 
offset atrophy and decreased activity and 
function after surgery. Patient education 
is typically a crucial element of preop-
erative physical therapy as well, so that 

	

TABLE Supporting Quotations of Themes

Theme/Group Illustrative Quotations

1.	 Desire for helpful information

Patients P5	 “Next time, if there is a next time, I would want to know exactly what he’s going to do, literally exactly how long it’s going to take, and I’d probably 
feel better in my recovery because I would know at least what he did. I just think any information would have helped me”

P14	 “...but if I would have wished for anything, it would have been more specific [instructions]—not just, ‘go for a walk or walk more frequently,’ but 
just some real very specific, ‘if you do these 5 things, these 3 times a week, you’ll improve.’ Or, ‘You won’t improve.’ Or, ‘You’ll get used to not 
being able to tie your shoe the whole way down anymore.’ Just to get that information would be really helpful to me”

P15	 “You need the surgery, then okay I need it. And you sign the paper and schedule it outside and you’re out the door. I mean he didn’t explain anything”
P7	 “I didn’t know until I was being [discharged from the hospital] that I basically was going to be either walking or [lying] down because [for] 2.5 

weeks I was only allowed to sit up for 3 times a day for 20 minutes”

Physical therapists PT1	 “A lot of patients have the misplaced notion that the surgery is going to fix all of their symptoms, including their back pain … and those are the 
times where you start to worry, ‘Are we going in the right direction now? Is this really the best alternative for you to have this surgery?’ Because 
again, we’ve got an expectation and a possible outcome here that aren’t necessarily going to align themselves”

PT6	 “A lot of [patients] ask things like, ‘What is the surgeon going to do?’ You kind of just give them the basic idea about what the surgery entails and 
what you’re hoping for and the fact that we’re hoping to fix more of the leg pain. You know what the realistic expectations may be for afterwards 
and that you’re trying to [help them] regain function. A lot of them come in and the doctors will give them a brief overview, but they really don’t 
know what’s going on”

PT4	 “I think they need to know what they’re in for”
PT6	 “…them being able to access [educational information], whether it’s online or with handouts, whichever way they decide to go, and then a 

visit with a therapist after they’ve reviewed that material, I think, is very helpful because they’re still going to have questions. How many of your 
patients say, ‘My doctor never told me that’? And so they love the fact that you’re sitting there for hopefully 30 to 40 minutes, and if they’ve got a 
question, ‘Oh, I’ve read this, what does that mean?’ And we can say, well, that’s just simply this”

Table continues on page 201.
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a patient learns what to expect from the 
recovery process. One patient appreci-
ated preoperative physical therapy as a 
way of confirming the need for surgical 
intervention. Overall, patients reported a 
positive perception of preoperative physi-
cal therapy more often than a negative 
perception. This indicates that patients 

had a more positive than negative expe-
rience with preoperative physical therapy. 
One patient shared:

“…the surgeon gave me a script for 
PT, and I did four sessions. But 
he said that was to strengthen my 
muscles around my back to help 
me afterwards. And I don’t know 

if they helped or not at that point, 
but I could tell you afterwards I 
wouldn’t be walking straight if I 
didn’t have physical therapy.” (P4)
Similarly, physical therapists report-

ed that they perceived high value in pa-
tients attending physical therapy prior to 
surgery.

	

TABLE Supporting Quotations of Themes (continued)

Theme/Group Illustrative Quotations

2.	 Benefits of preoperative 
rehabilitation

Patients P12	 “...your physical therapist should have a protocol for you that you go through these exercises to do core strengthening. It won’t cure you, but it 
strengthens the muscles around that area before you have the surgery so that they don’t go into a deep atrophy. If you didn’t have that therapy 
before you went for the surgery, then the changes to those muscles are going to take a lot longer to come back”

P6	 “I think the [physical therapy] before the surgery is good because when I found out that I really would need the surgery is when I went through 
some physical therapy and it didn’t work. So I knew I needed to do something else”

Physical therapists PT7	 “There are other barriers to patients’ outcomes that start to surface that were unknown to the surgeon or other folks in the medical community”
PT8	 “I think you’re also, at that point, setting up a relationship with that patient preoperatively. So that if things do go wrong, you’re going to know 

about them much earlier in [the] postoperative phase or they’re going to feel much more comfortable with you, I guess, push—or moving them 
forward a little bit quicker than if they didn’t have that sort of preoperative relationship with you”

PT10	 “I think [preoperative physical therapy] works well. I think [patients] appreciate the time we spend with them. Their fears are alleviated before 
the surgery, so I think that works well. That’s the best model”

PT7	 “I think a lot of my goals [preoperatively] are from an educational standpoint for them and what their future may look like postoperatively. Trying 
to discuss things to think about in terms of body mechanics, ergonomics, what they’re going back to occupationally, in the home as a parent 
or grandfather, who knows what their role may be in that period of time. And then sort of looking at the impairments they’re coming in with. Is 
there presurgical weakness or other limitations, flexibility, motion? They also have to know we can educate them on what’s happening, why this is 
going on. I think from a pathology standpoint and from the educational models that I’ll show them what’s happening and empower them, if you 
will, to make gains in those areas”

3.	 Downfalls of preoperative 
rehabilitation

Patients P2	 “…when they put you on physical therapy, okay, they think it might help. You could take physical therapy for years, but as soon as you leave, one 
month later, let me tell you what’s going to happen: you’re back to square one. So physical therapy, in my opinion, doesn’t work at all, not before 
[surgery]”

P3	 “…I believe [physical therapy] makes it worse prior to surgery”
P16	 “I had some therapy before my first surgery, and I don’t think it helped me. I had just as much pain after that, so [from] then on I didn’t have any 

therapy. I just went straight to the surgery”

Physical therapists PT4	 “I think the main [challenge in treating these patients] is their preconceived notions. ‘I’m having surgery anyway, what’s the point [of preoperative 
physical therapy]?’ You know they’ve got barriers from the cost, you know, copays, time. A lot of them are getting up there in age, so transporta-
tion to or from therapy can be a thing. They want to save their money for rehab following surgery”

PT2	 “[Patients] have no notion that they can gain something from [preoperative physical therapy]. I think patients are kind of, like, ‘This is just a 
waste of time to me, I’m not going to improve. I’m getting surgery. Why am I coming here? All because the insurance company made me’”

PT2	 “I think there’s more anxiety coming into our clinic because [patients] have already been warned that, ‘Hey, [preoperative physical therapy] isn’t 
going to get you better.’ They’re so anxious coming to see us just to move a little bit because they think all we’re going to do is make them worse”

4.	 Desire for coordinated care

Physical therapists PT6	 “If the surgeon wants something done a specific way, he’s the guy in there, [the surgeon] knows what the limitations are going to be coming out. 
So I definitely want that surgeon to say, ‘Hey, yeah, green light on this or no bending, no lifting.’ So I definitely want their input. Whether we want 
to set up a team to get together with a couple of them and say, ‘Hey, this is what [physical therapy] does; do you agree?’ and vice versa”

PT7	 “In speaking with a patient, having a conversation such as, ‘What Mr [name] said is what Dr [name] said as well, and I’m also in the same mes-
sage.’ So it’s not blurred, it’s clear—in that situation, the patients continue to hear the same message over and over again, which I think for them 
can calm fears and certainly create more clarity into the future”

PT9	 “I think [surgeons] buy into the coordination of care. That both sides are on the same team. Where it’s not adversarial. If it’s a cooperation 
of, ‘All right, you’re going to have surgery; we need to get you prepared for this,’ then I think this is better if we look at it along that line and the 
continuum of the care”
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Other physical therapists mentioned 

how preoperative physical therapy is ben-
eficial in terms of laying the foundation 
for an ongoing patient-therapist relation-
ship that could continue after surgery. 
Another physical therapist mentioned 
how addressing psychosocial issues as 
part of preoperative physical therapy 
would serve the patient well. Further il-
lustrative quotations regarding the posi-
tive aspects of preoperative rehabilitation 
are found in the TABLE.
Theme 3: Downfalls of Preoperative Re-
habilitation  A number of patients felt 
that preoperative physical therapy was 
simply not personally beneficial. Rather, 
it was seen as a hurdle one must jump 
over in order to have surgery. Most pa-
tients felt that their physical therapists 
presented physical therapy as a substitute 
treatment for surgery, instead of provid-
ing physical therapy in the preoperative 
phase to better prepare them for surgery.

The physical therapists largely felt 
that these patients generally did not 
buy into the idea of physical therapy be-
ing effective before LSS surgery. They 
found it challenging to engage patients 
who did not appear invested in trying to 
improve their physical function during 
preoperative physical therapy, and were 
simply there because the surgeon and/
or insurance provider mandated them to 
attend. This may be related to some pa-
tients’ view that their physical therapists 
presented physical therapy as a possible 
alternative to surgery instead of a helpful 
addition to their surgeon’s plan of care. 
In addition, physical therapists often la-
mented that very few patients with LSS 
attended preoperative physical therapy 
more than once, if at all. One therapist 
described the mindset that he often saw 
in patients:

“I typically don’t find that people 
[are] very open to [managing 
their pain conservatively]. They’ve 
already received the [message that] 
‘I’m getting surgery, so this is going 
to fix [the pain].’” (PT5)
The physical therapists appeared to 

have a slightly more negative view of 

preoperative physical therapy (40 nega-
tive mentions: 17 in physical therapist 
group A and 23 in physical therapist 
group B and 34 positive mentions: 12 
in physical therapist group A and 22 in 
physical therapist group B) than the pa-
tients. In the full analysis of both patient 
and physical therapist focus group tran-
scripts, the topic of preoperative physi-
cal therapy was mentioned positively as 
often as it was mentioned negatively (50 
and 51 mentions, respectively). Neutral 
perceptions were much less frequently 
observed (19 mentions; 10 from patients 
and 9 from physical therapists). Further 
quotations illustrating theme 3 are found 
in the TABLE.
Theme 4: Desire for Coordinated 
Care  Although the topic of coordinated 
care did not come up within the patient 
focus groups, the physical therapists 
discussed it at length during their focus 
groups. They felt that their patients’ out-
comes could improve if the surgeons and 
physical therapists were working togeth-
er as coordinating members of the health 
care team, rather than as separate enti-
ties with different agendas. A team-based 
model of health care delivery to patients, 
including bundled insurance payments 
(such as those for knee replacements), 
was seen as essential to producing bet-
ter postsurgical patient outcomes. One 
physical therapist stated:

“And [the patients] would see … 
that, ‘You know, my surgeon and 
my therapist actually are thinking 
the same thing and they wanted me 
to have this [therapy], so my out-
come would be better.’” (PT9)
More quotations illustrating coordi-

nated care are found in the TABLE.

DISCUSSION

B
ased on the findings from these 
focus groups with patients and 
physical therapists, there is a need 

for greater standardization of pre–LSS 
surgery rehabilitation protocols. When 
combining the results of both patient and 
physical therapist groups, positive per-

ceptions of preoperative physical therapy 
were mentioned as frequently as negative 
perceptions of physical therapy. Physical 
therapists appeared to have a slightly 
more negative view of preoperative phys-
ical therapy, while more patients saw 
preoperative physical therapy as slightly 
more positive. These varying experiences 
before LSS surgery further highlight the 
lack of standardization of physical thera-
py protocols before this surgery.

Along with greater standardization 
of preoperative rehabilitation proto-
cols, the desire for more thorough pre-
operative education was also discussed 
at length by both patients and physical 
therapists. This demonstrates an overall 
lack of education in current preoperative 
information methods. Some patients re-
ported receiving no preoperative educa-
tion, while others reported dissatisfaction 
with the methods of delivery of preopera-
tive information. This may lead to disil-
lusionment and unrealistic expectations 
after LSS surgery. Patients may think 
that their pain will disappear and physi-
cal function will be completely restored. 
More thorough preoperative education, 
and perhaps more robust informed con-
sent and shared-decision-making mod-
els, would help these patients to better 
understand what happens during LSS 
surgery, and what can be realistically ex-
pected while recovering from this proce-
dure in terms of pain, quality of life, and 
physical function.

Currently, there are very limited 
qualitative data from patients with LSS 
regarding rehabilitation. One recent 
study involved focus groups with pa-
tients with LSS who had participated 
in a clinical trial of various nonopera-
tive treatments. There was a common 
misunderstanding of the pathology of 
LSS and the mechanism of treatments 
designed to improve LSS symptoms.14 
Patients also expressed a mistrust of 
physicians and noted that they frequent-
ly turned to the Internet or television for 
educational information.2,14 This may 
lead to high levels of misunderstand-
ing of expectations for LSS treatments, 
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as many patients received information 
from sources that lack credibility. Ken-
nedy and colleagues11 performed a qual-
itative study of individuals undergoing 
elective hip and knee replacement sur-
gery and found that patients want more 
education, particularly with respect to 
pain management. Pain management 
was surprisingly not mentioned often 
during the focus group discussions in 
the present study. It is unclear whether 
this indicates that education regarding 
pain management is more thorough for 
patients in the present study, or whether 
the participants in this study simply did 
not have concerns about postoperative 
pain management. A qualitative study 
by Malley and Young15 explored patients’ 
perceptions of preoperative care for un-
specified surgeries. This study revealed 
that patients felt there was a lack of pre-
operative education from the surgeons 
and, similar to the current study, did 
not feel like they knew what to expect 
after surgery.15 Results of this study sug-
gest that a general lack of education or 
knowledge about the surgery may be a 
common theme across many disciplines 
and types of surgeries.

Although not mentioned during the 
focus group discussions, there are several 
additional factors that may relate to the 
confusion experienced by patients post 
LSS surgery. Overall literacy and health 
literacy of patients were not assessed, and 
this may affect how patients understand 
the reasons they need LSS surgery and 
what to expect after surgery. Older adults 
(aged 65 years and older) have the lowest 
average literacy scores compared to all 
other adult age groups.12 Due to low lit-
eracy, patients may not comprehend the 
medical terminology used by physicians to 
explain LSS pathology and its treatment 
outcomes, leading to a misunderstanding 
of what to expect after LSS surgery.

Surgeons must relay information to 
patients in a short time (physicians gen-
erally report spending around 13 to 16 
minutes with each patient, according to 
the 2016 Medscape Physician Compen-
sation Report).18 While supplementary 

educational materials may be offered, it 
is also well documented that patient edu-
cational material provided by spine sur-
geons is often overcomplicated and too 
difficult for patients to understand.1,5,19 
Within the limited face-to-face time 
with the surgeon during an office visit, 
patients may not have sufficient time to 
grasp the material and generate mean-
ingful questions for the surgeon. As one 
patient mentioned in theme 1, if patients 
had not thought to ask the question, then 
they may have never received an answer. 
The emotional state of patients must also 
be taken into account, as the environ-
ment of a hospital room or health care 
office may not offer much comfort when 
patients are told they need major lumbar 
surgery.

Physical therapists expressed dis-
satisfaction with their current role in 
the preoperative rehabilitation pro-
cess. Both physical therapists and pa-
tients mentioned that some insurers 
require patients to trial physical thera-
py before qualifying for surgery. Conse-
quently, physical therapists encounter 
resistance from some patients, who 
see the physical therapist as a barrier 
to undergoing surgery instead of as a 
provider who may improve their pain 
and function or better prepare them for 
postoperative recovery. Also, the time 
between consenting to and undergoing 
LSS surgery ranges from 4 to 6 weeks, 
which often is not sufficient time for the 
physical therapist to help reverse pa-
tients’ impairments before surgery. Ac-
cording to the physical therapists, this 
short duration leads many patients to 
believe that preoperative physical ther-
apy is unhelpful in both their rehabili-
tation and recovery. Overall, physical 
therapists dislike how they are viewed 
by patients attending physical therapy 
for pre–LSS surgery rehabilitation and 
desire improved coordination with sur-
geons. This coordination may help to 
ease patients’ minds entering surgery 
and help to convince them that pre-
operative physical therapy will benefit 
their recovery. Surgeons, physical ther-

apists, and other members of the health 
care team should consider developing 
more protocol-based “prehabilitation” 
programs to help ensure that patients 
receive comprehensive preoperative 
education and exercise interventions to 
prepare them for LSS surgery.

Limitations
This study was conducted within the 
UPMC system. All patients were treated 
by UPMC surgeons and physical thera-
pists, and all physical therapists in the 
focus groups worked within UPMC re-
habilitation clinics. It is possible that 
other local and nonlocal surgeons and 
hospital systems may have different 
preoperative education and rehabilita-
tion protocols; the results of this study 
are not largely generalizable to the US 
health care system as a whole. There-
fore, other health care systems may 
have established protocols prior to LSS 
surgery that were not assessed in this 
study. For the patient focus groups, the 
degree of compliance with and intensity 
of preoperative rehabilitation were not 
gathered for each participant; therefore, 
the patients might have differed accord-
ing to their adherence to, as well as their 
values regarding, preoperative physical 
therapy. Also, there may be different 
characteristics between the participants 
(both patients and physical therapists) 
and those who were contacted but did 
not participate in the focus groups. 
Patients who participated might have 
experienced different postoperative 
outcomes compared to those who chose 
not to participate. Recall bias within the 
patient focus groups may have affected 
the results of this study, but on average, 
surgery was 10 months prior to these fo-
cus groups; therefore, the information 
recalled by the patients was relatively 
recent. Last, this study contained a small 
sample size of both patients and physical 
therapists, so the results may not be rep-
resentative of the full range of opinions 
and experiences of patients who received 
LSS surgery and physical therapists who 
treat such patients.
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CONCLUSION

I
ndividuals who had received sur-
gery for LSS and physical therapists 
who treat spine disorders both reported 

varying opinions on preoperative physi-
cal therapy and a strong desire for better 
educational information before surgery. 
The results of this study highlight the 
lack of standardization in preoperative 
rehabilitation and education protocols 
for individuals with LSS. Future studies 
should examine the role that standard-
ized preoperative care may play in LSS 
surgical success rates. t

KEY POINTS
FINDINGS: The results of this qualitative 
study indicate that patients who un-
dergo surgery for lumbar spinal stenosis 
desire more thorough preoperative pa-
tient education. Physical therapists who 
treat such patients would like greater 
coordination of care between all mem-
bers of the health care team.
IMPLICATIONS: Physical therapists and 
surgeons should work together with all 
members of the health care team to en-
sure that patients receive all necessary 
information prior to undergoing surgery 
for lumbar spinal stenosis. Development 
of standardized preoperative protocols, 
perhaps including “prehabilitation,” may 
aid in patient preparation and recovery.
CAUTION: This was a qualitative focus 
group study conducted at a single site, 
with a relatively small number of patients 
and physical therapists, so the results 
may not be generalizable to all patients 
with lumbar spinal stenosis or all physi-
cal therapists who treat spine disorders.

STUDY DETAILS
AUTHOR CONTRIBUTIONS: Drs Schneider 
and Piva conceived of and designed the 
work. All authors were involved in the 
acquisition, analysis, and interpretation 
of data. All authors drafted and revised 
the manuscript and gave final approval 
of the version to be published, and all 
authors agreed to be accountable for all 
aspects of the work.

DATA SHARING: Data are available on 
request. Original deidentified data, 
deidentified focus group transcripts, 
and methods of qualitative analysis are 
available by contacting the correspond-
ing author.
PATIENT AND PUBLIC INVOLVEMENT: Patients 
were not directly involved in the design 
or interpretation of this study. Study 
participants were patients recruited 
from local surgeons' offices.

ACKNOWLEDGMENTS: The authors would like 
to thank Kris Gongaware for his assistance 
in organizing the focus groups.

REFERENCES

	 1.	 Agarwal N, Feghhi DP, Gupta R, et al. A compara-
tive analysis of minimally invasive and open 
spine surgery patient education resources. J 
Neurosurg Spine. 2014;21:468-474. https://doi.
org/10.3171/2014.5.SPINE13600

	 2.	 Bove AM, Lynch AD, Ammendolia C, Schneider 
M. Patients’ experience with nonsurgical treat-
ment for lumbar spinal stenosis: a qualitative 
study. Spine J. 2018;18:639-647. https://doi.
org/10.1016/j.spinee.2017.08.254

	 3.	 Costandi S, Chopko B, Mekhail M, Dews T, 
Mekhail N. Lumbar spinal stenosis: therapeutic 
options review. Pain Pract. 2015;15:68-81. 
https://doi.org/10.1111/papr.12188

	 4.	 Deyo RA, Gray DT, Kreuter W, Mirza S, Martin 
BI. United States trends in lumbar fusion 
surgery for degenerative conditions. Spine 
(Phila Pa 1976). 2005;30:1441-1445; discus-
sion 1446-1447. https://doi.org/10.1097/01.
brs.0000166503.37969.8a

	 5.	 Eltorai AE, Cheatham M, Naqvi SS, et al. Is 
the readability of spine-related patient educa-
tion material improving? An assessment of 
subspecialty websites. Spine (Phila Pa 1976). 
2016;41:1041-1048. https://doi.org/10.1097/
BRS.0000000000001446

	 6.	 Hägg O, Fritzell P, Ekselius L, Nordwall A. 
Predictors of outcome in fusion surgery for 
chronic low back pain. A report from the Swedish 
Lumbar Spine Study. Eur Spine J. 2003;12:22-33. 
https://doi.org/10.1007/s00586-002-0465-z

	 7.	 Iversen MD, Daltroy LH, Fossel AH, Katz JN. The 
prognostic importance of patient pre-operative 
expectations of surgery for lumbar spinal ste-
nosis. Patient Educ Couns. 1998;34:169-178. 
https://doi.org/10.1016/s0738-3991(97)00109-2

	 8.	 Johnston M, Vögele C. Benefits of psychological 
preparation for surgery: a meta-analysis. Ann 
Behav Med. 1993;15:245-256.

	 9.	 Junge A, Fröhlich M, Ahrens S, et al. Predictors 
of bad and good outcome of lumbar spine 

surgery: a prospective clinical study with 2 years’ 
follow-up. Spine (Phila Pa 1976). 1996;21:1056-
1064; discussion 1064-1065. https://doi.
org/10.1097/00007632-199605010-00013

	10.	 Kalichman L, Cole R, Kim DH, et al. Spinal steno-
sis prevalence and association with symptoms: 
the Framingham Study. Spine J. 2009;9:545-550. 
https://doi.org/10.1016/j.spinee.2009.03.005

	 11.	 Kennedy D, Wainwright A, Pereira L, et al. A 
qualitative study of patient education needs for 
hip and knee replacement. BMC Musculoskelet 
Disord. 2017;18:413. https://doi.org/10.1186/
s12891-017-1769-9

	12.	 Kutner M, Greenberg E, Jin Y, Paulsen C. The 
Health Literacy of America’s Adults: Results From 
the 2003 National Assessment of Adult Literacy. 
Washington, DC: National Center for Education 
Statistics; 2006.

	13.	 Landis JR, Koch GG. The measurement of observ-
er agreement for categorical data. Biometrics. 
1977;33:159-174. https://doi.org/10.2307/2529310

	14.	 Lynch AD, Bove AM, Ammendolia C, Schneider 
M. Individuals with lumbar spinal stenosis seek 
education and care focused on self-manage-
ment—results of focus groups among partici-
pants enrolled in a randomized controlled trial. 
Spine J. 2018;18:1303-1312. https://doi.org/ 
10.1016/j.spinee.2017.11.019

	15.	 Malley AM, Young GJ. A qualitative study of 
patient and provider experiences during preoper-
ative care transitions. J Clin Nurs. 2017;26:2016-
2024. https://doi.org/10.1111/jocn.13610

	16.	 Mannion AF, Denzler R, Dvorak J, Grob D. Five-
year outcome of surgical decompression of 
the lumbar spine without fusion. Eur Spine J. 
2010;19:1883-1891. https://doi.org/10.1007/
s00586-010-1535-2

	 17.	 Martin BI, Mirza SK, Comstock BA, Gray DT, 
Kreuter W, Deyo RA. Reoperation rates follow-
ing lumbar spine surgery and the influence of 
spinal fusion procedures. Spine (Phila Pa 1976). 
2007;32:382-387. https://doi.org/10.1097/01.
brs.0000254104.55716.46

	18.	 Peckham C. Medscape Physician Compensation 
Report 2016. Available at: https://www.medscape.
com/features/slideshow/compensation/2016/
public/overview#page=1. Accessed March 2, 2020.

	19.	 Ryu JH, Yi PH. Readability of spine-related 
patient education materials from leading ortho-
pedic academic centers. Spine (Phila Pa 1976). 
2016;41:E561-E565. https://doi.org/10.1097/
BRS.0000000000001321

	20.	 Spengler DM, Freeman CW. Patient selection for 
lumbar discectomy: an objective approach. Spine 
(Phila Pa 1976). 1979;4:129-134. https://doi.
org/10.1097/00007632-197903000-00006

	21.	 Thorne S, Kirkham SR, MacDonald-Emes J. 
Interpretive description: a noncategorical 
qualitative alternative for developing nursing 
knowledge. Res Nurs Health. 1997;20:169-
177. https://doi.org/10.1002/(sici)1098-
240x(199704)20:2<169::aid-nur9>3.0.co;2-i

	22.	 Thurston WE, Coupal S, Jones CA, et al. 
Discordant indigenous and provider frames 

 J
ou

rn
al

 o
f 

O
rt

ho
pa

ed
ic

 &
 S

po
rt

s 
Ph

ys
ic

al
 T

he
ra

py
®

 
 D

ow
nl

oa
de

d 
fr

om
 w

w
w

.jo
sp

t.o
rg

 a
t o

n 
O

ct
ob

er
 1

7,
 2

02
4.

 F
or

 p
er

so
na

l u
se

 o
nl

y.
 N

o 
ot

he
r 

us
es

 w
ith

ou
t p

er
m

is
si

on
. 

 C
op

yr
ig

ht
 ©

 2
02

0 
Jo

ur
na

l o
f 

O
rt

ho
pa

ed
ic

 &
 S

po
rt

s 
Ph

ys
ic

al
 T

he
ra

py
®

. A
ll 

ri
gh

ts
 r

es
er

ve
d.

https://doi.org/10.3171/2014.5.SPINE13600
https://doi.org/10.3171/2014.5.SPINE13600
https://doi.org/10.1016/j.spinee.2017.08.254
https://doi.org/10.1016/j.spinee.2017.08.254
https://doi.org/10.1111/papr.12188
https://doi.org/10.1097/01.brs.0000166503.37969.8a
https://doi.org/10.1097/01.brs.0000166503.37969.8a
https://doi.org/10.1097/BRS.0000000000001446
https://doi.org/10.1097/BRS.0000000000001446
https://doi.org/10.1007/s00586-002-0465-z
https://doi.org/10.1016/s0738-3991(97)00109-2
https://doi.org/10.1097/00007632-199605010-00013
https://doi.org/10.1097/00007632-199605010-00013
https://doi.org/10.1016/j.spinee.2009.03.005
https://doi.org/10.1186/s12891-017-1769-9
https://doi.org/10.1186/s12891-017-1769-9
https://doi.org/10.2307/2529310
https://doi.org/
https://doi.org/10.1111/jocn.13610
https://doi.org/10.1007/s00586-010-1535-2
https://doi.org/10.1007/s00586-010-1535-2
https://doi.org/10.1097/01.brs.0000254104.55716.46
https://doi.org/10.1097/01.brs.0000254104.55716.46
https://www.medscape.com/features/slideshow/compensation/2016/public/overview#page=1
https://www.medscape.com/features/slideshow/compensation/2016/public/overview#page=1
https://www.medscape.com/features/slideshow/compensation/2016/public/overview#page=1
https://doi.org/10.1097/BRS.0000000000001321
https://doi.org/10.1097/BRS.0000000000001321
https://doi.org/10.1097/00007632-197903000-00006
https://doi.org/10.1097/00007632-197903000-00006
https://doi.org/10.1002/(sici)1098-240x(199704)20:2<169::aid-nur9>3.0.co;2-i
https://doi.org/10.1002/(sici)1098-240x(199704)20:2<169::aid-nur9>3.0.co;2-i


journal of orthopaedic & sports physical therapy  |  volume 50  |  number 4  |  april 2020  |  205

explain challenges in improving access to arthri-
tis care: a qualitative study using constructivist 
grounded theory. Int J Equity Health. 2014;13:46. 
https://doi.org/10.1186/1475-9276-13-46

	23.	 Viera AJ, Garrett JM. Understanding interob-
server agreement: the kappa statistic. Fam Med. 
2005;37:360-363.

	24.	 Wallis JA, Taylor NF. Pre-operative interventions 
(non-surgical and non-pharmacological) for 

patients with hip or knee osteoarthritis awaiting 
joint replacement surgery – a systematic review 
and meta-analysis. Osteoarthritis Cartilage. 
2011;19:1381-1395. https://doi.org/10.1016/j.
joca.2011.09.001

	25.	 Weinstein JN, Lurie JD, Olson PR, Bronner KK, 
Fisher ES. United States’ trends and regional vari-
ations in lumbar spine surgery: 1992-2003. Spine 
(Phila Pa 1976). 2006;31:2707-2714. https://doi.

org/10.1097/01.brs.0000248132.15231.fe
	26.	 Wilson JF. Behavioral preparation for surgery: 

benefit or harm? J Behav Med. 1981;4:79-102. 
https://doi.org/10.1007/bf00844849

MORE INFORMATION
WWW.JOSPT.ORG@

GO GREEN By Opting Out of the Print Journal

JOSPT subscribers and APTA members of the Orthopaedic and Sports 
Physical Therapy Sections can help the environment by “opting out” of 
receiving JOSPT in print each month as follows. If you are:

•  A JOSPT subscriber: Email your request to jospt@jospt.org or call 
the JOSPT o�ce toll-free at 1-877-766-3450 and provide your name 
and subscriber number.

•  APTA Orthopaedic or Sports Section member: Go to 
http://www.apta.org/, log in, and select My Profile. Next click 
on Email Management/GoGreen. Toward the bottom of the list, you 
will find the Publications options and may opt out of receiving 
the print JOSPT. Please save this preference.

Subscribers and members alike will continue to have access to JOSPT 
online and can retrieve current and archived issues anytime and anywhere 
you have Internet access. J

ou
rn

al
 o

f 
O

rt
ho

pa
ed

ic
 &

 S
po

rt
s 

Ph
ys

ic
al

 T
he

ra
py

®
 

 D
ow

nl
oa

de
d 

fr
om

 w
w

w
.jo

sp
t.o

rg
 a

t o
n 

O
ct

ob
er

 1
7,

 2
02

4.
 F

or
 p

er
so

na
l u

se
 o

nl
y.

 N
o 

ot
he

r 
us

es
 w

ith
ou

t p
er

m
is

si
on

. 
 C

op
yr

ig
ht

 ©
 2

02
0 

Jo
ur

na
l o

f 
O

rt
ho

pa
ed

ic
 &

 S
po

rt
s 

Ph
ys

ic
al

 T
he

ra
py

®
. A

ll 
ri

gh
ts

 r
es

er
ve

d.

https://doi.org/10.1186/1475-9276-13-46
https://doi.org/10.1016/j.joca.2011.09.001
https://doi.org/10.1016/j.joca.2011.09.001
https://doi.org/10.1097/01.brs.0000248132.15231.fe
https://doi.org/10.1097/01.brs.0000248132.15231.fe
https://doi.org/10.1007/bf00844849
http://www.jospt.org


journal of orthopaedic & sports physical therapy  |  volume 50  |  number 4  |  april 2020  |  a1

[ research report ]
APPENDIX

PATIENT FOCUS GROUP QUESTIONS

1.	 In preparation for your surgery, what sort of information was provided to you about the surgical procedure itself and what to expect after surgery (eg, 
length of the recovery process, realistic pain expectation, appropriate physical activities after surgery, the need [versus not] to exercise or do physical 
therapy)? Follow-up questions:
a.	How was the information provided (from the surgeon, office staff, rehabilitation providers, online, pamphlet, video, etc)?
b.	How did the information help with the recovery process?
c.	What could have been done differently in terms of education to enhance surgical recovery?

2.	Did the surgeon refer you to a physical therapist, chiropractor, or physical medicine and rehabilitation doctor before the surgery (ie, in the period 
between surgical consultation and the surgery)? Follow-up questions:
a.	Did you have to pay for that? What was the cost?
b.	What aspects of the physical therapist/chiropractor/physical medicine and rehabilitation doctor care did you find helpful before your surgery? Did 

they talk with you about what to expect after your surgery and goals for postoperative rehabilitation?
c.	What could have been done differently during presurgical physical therapist/chiropractor/physical medicine and rehabilitation doctor care to en-

hance your surgical recovery?

3.	Some individuals who undergo surgery for lumbar spinal stenosis may be concerned that something could go wrong with their surgery, some may be 
overly cautious that physical activity after the surgery may be harmful, and others may not feel confident in their ability to actively participate in the 
recovery process. Did you experience some of these feelings before surgery? Follow-up questions:
a.	How do you think these feelings might have affected your recovery process?
b.	What could be done before surgery to decrease these feelings and promote confidence in your ability to exercise and more fully participate in your 

recovery process after surgery?

PHYSICAL THERAPIST FOCUS GROUP QUESTIONS

1.	 In the past year, approximately how many patients did you see who were referred to physical therapy prior to their lumbar spinal stenosis surgery (ie, 
after they see the surgeon but before they have the surgery)? On average, how many physical therapy sessions did each of these patients attend?

2.	What are your main goals for physical therapy when providing care to these patients? What aspects of physical therapy do you find helpful to these 
patients’ recovery?

3.	How confident do you feel in preparing these patients (ie, do you feel well prepared or unprepared to provide presurgical care)? Why?

4.	What are the challenges in treating these patients? Follow-up questions:
a.	Is the timeline for physical therapy appropriate (ie, the number of weeks available before surgery)?
b.	What goals or expectations have the surgeons given to the patients who they are referring to physical therapy before surgery?
c.	Are the patients motivated to attend physical therapy before surgery?

5.	What else could be done differently during the care of these patients before surgery that you think would enhance their recovery?
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Summary of Recommendations*

SCREENING AND DIAGNOSIS
Diagnosis

A Physical therapists must screen all individuals who have 
experienced a potential concussive event and document 

the presence or absence of symptoms, impairments, and func-
tional limitations that may relate to a concussive event.

Screening for Indicators of Emergency Conditions

A Physical therapists must screen patients who have experi-
enced a recent potential concussive event for signs of 

medical emergency or severe pathology (eg, more serious brain 
injury, medical conditions, or cervical spine injury) that warrant 
further evaluation by other health care providers. Referral for fur-
ther evaluation should be made as indicated (FIGURE 1).

Differential Diagnosis

A Physical therapists must evaluate for potential signs and 
symptoms of an undiagnosed concussion in patients who 

have experienced a concussive event but have not been diag-
nosed with concussion. Evaluation should include triangulation of 
information from patient/family/witness reports, the patient’s 
past medical history, physical observation/examination, and the 
use of an age-appropriate symptom scale/checklist (see FIGURE 1 
for diagnostic criteria).

F For patients who have experienced a concussive event 
and do not report or demonstrate signs and symptoms 

consistent with a concussion diagnosis, physical therapists 
should evaluate for other potential diagnoses and follow stan-
dard-of-care procedures in accordance with their findings.

F For patients who have experienced a concussive event 
and report or demonstrate signs and symptoms consis-

tent with a concussion diagnosis, physical therapists should de-
termine whether a comprehensive physical therapy evaluation is 
appropriate using information from a comprehensive intake inter-
view and clinical judgment (see FIGURE 1 for potential 
considerations).

A Physical therapists should screen patients who have ex-
perienced a concussive event for mental health, cognitive 

impairment, and other potential coinciding diagnoses and refer 
for additional evaluation and services as indicated.

F For patients not deemed appropriate for a comprehen-
sive physical therapy examination (ie, those who present 

with severe mental health concerns or health conditions that re-
quire medical clearance prior to comprehensive physical exam-
ination), physical therapists should provide education regarding 
concussion symptoms, prognosis, and self-management strate-

gies and refer for consultation with other health care providers 
as indicated.

Comprehensive Intake Interview

A Physical therapists must conduct and document a com-
prehensive intake of past medical history, review of men-

tal health history, injury-related mechanisms, injury-related 
symptoms, and early management strategies for patients who 
have experienced a concussive event.

EXAMINATION
Systems to Be Examined

B For patients identified as safe and appropriate for a com-
prehensive examination, physical therapists must deter-

mine and document a need for physical therapy to facilitate 
recovery from a concussive event, based on findings from a com-
prehensive multisystem physical therapy examination and evalu-
ation. Examination procedures should include examination for 
impairments in the domains of cervical musculoskeletal function, 
vestibulo-oculomotor function, autonomic dysfunction/exertional 
tolerance, and motor function through foundational standard-of-
care screening strategies (FIGURE 2).

Sequencing of Examination Based on Levels of Irritability

F Prior to initiating a comprehensive physical examination 
for patients who have experienced a concussive event, 

physical therapists should determine probable levels of irritabil-
ity for movement-related symptoms and impairments and plan 
to strategically sequence and/or delay examination procedures 
as needed, based on patients’ symptom types and probable lev-
els of irritability. Physical therapists are encouraged to first tri-
age for neck pain irritability and then for dizziness and/or 
headache (FIGURE 2).

F For patients who have experienced a concussive event 
and have high neck pain irritability but exhibit no signs of 

serious neck or systemic pathology, physical therapists should 
first examine the cervical and thoracic spines for sources of mus-
culoskeletal dysfunction and address findings appropriately to 
promote symptom relief (eg, stretching, soft tissue mobilization, 
therapeutic exercise, modalities) and to support tolerance of ex-
amination of other body systems.

F For patients who have experienced a concussive event and 
report dizziness, vertigo, and/or headache, physical thera-

pists should thoroughly examine for sources of cervical and tho-
racic spine dysfunction, vestibular and oculomotor dysfunction, 
and orthostatic hypotension/autonomic dysfunction that may 
contribute to the emergence or exacerbation of these symptoms 
(FIGURE 2). Physical therapists should start with the tests that are 
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anticipated to be the least irritable and proceed with the tests an-
ticipated to be the most irritable, based on patient tolerance.

F After triaging and screening for neck pain, dizziness, and 
headache, physical therapists should proceed with multi-

system comprehensive examination of any untested domains of 
cervical musculoskeletal function, vestibulo-oculomotor function, 
autonomic dysfunction/exertional tolerance, and motor function 
by sequencing tests and measures based on clinical judgment as 
indicated (FIGURE 2).

Cervical Musculoskeletal Impairments

C Physical therapists should examine the cervical and tho-
racic spines for potential sources of musculoskeletal dys-

function for patients who have experienced a concussive event 
with reports of any of the following symptoms: neck pain, head-
ache, dizziness, fatigue, balance problems, or difficulty with visu-
ally focusing on a target. Recommended cervical musculoskeletal 
tests and measures include range of motion, muscle strength and 
endurance, tenderness to palpation of cervical and scapulotho-
racic muscles, passive cervical and thoracic spine joint mobility, 
and joint position error testing.

F Physical therapists may examine the cervical spine, tho-
racic spine, and temporomandibular joint for potential 

sources of musculoskeletal dysfunction for patients who do not 
report the symptoms listed to determine whether subtle impair-
ments are present and may be contributing to symptoms.

Vestibulo-oculomotor Impairments

B Physical therapists should examine vestibular and oculo-
motor function for patients who have experienced a con-

cussive event with reports of any of the following symptoms: 
headache, dizziness, vertigo, nausea, fatigue, balance problems, 
visual motion sensitivity, blurred vision, or difficulty with focusing 
on stable or moving targets.

B Physical therapists should examine vestibular and oculo-
motor function related to the following: ocular alignment, 

smooth pursuits, saccades, vergence and accommodation, gaze 
stability, dynamic visual acuity, visual motion sensitivity, 
light-headedness caused by orthostatic hypotension, and vertigo 
caused by benign paroxysmal positional vertigo (BPPV).

A If BPPV is suspected, physical therapists should assess 
the patient using a Dix-Hallpike test or other appropriate 

positional test(s).

F Physical therapists may examine patients who have expe-
rienced a concussive event for vestibulo-oculomotor func-

tion, even if vestibulo-oculomotor symptoms are not reported, to 
identify potential subtle impairments that may be contributing to 
symptoms.

Autonomic/Exertional Tolerance Impairments

B Physical therapists should test for orthostatic hypoten-
sion and autonomic dysfunction (eg, resting and postural 

tachycardia or fast rise in heart rate with positional changes) by 
evaluating heart rate and blood pressure in supine, sitting, and 
standing positions.

B Physical therapists should conduct a symptom-guided, 
graded exertional tolerance test for patients who have expe-

rienced a concussive event and report exertional intolerance, dizzi-
ness, headache, and/or a desire to return to high-level exertional 
activities (ie, sports, active military duty, jobs that entail manual la-
bor). Timing, modality, and protocol should be tailored to optimize 
safety and individual appropriateness. For patients who are highly 
symptomatic at rest, the symptom-guided, graded exertional toler-
ance test should be delayed until symptoms are stable and more 
tolerable at rest. Likewise, physical therapists may decide to post-
pone graded exertional testing until later in the course of care if the 
clinical judgment is that other symptoms and impairments are of 
higher priority. Testing modality (eg, treadmill versus stationary bi-
cycle) and protocol selection should be based on clinical judgment, 
patient comfort, and the availability of necessary equipment. Heart 
rate and blood pressure should be monitored periodically through-
out the test and afterward to identify any significant concerns for 
atypical responses to exercise testing.

C If vestibulo-oculomotor or cervical spine impairments or 
symptoms are present, physical therapists should use a 

stationary bicycle for testing to reduce the risk of exacerbating 
impairments or compromising the validity of the test results.

C Physical therapists may use assessments for orthostatic 
hypotension/autonomic dysfunction and symptom-guid-

ed, graded exertional tolerance tests for patients who do not re-
port exertional intolerance to help determine the role that 
autonomic dysfunction, deconditioning, or general fitness may 
play in symptoms (eg, headache, fatigue, fogginess).

F Physical therapists may conduct exertional tests for pa-
tients who have experienced a concussive event and do 

not report symptoms indicative of exertional intolerance in order 
to rule out subtle autonomic dysfunction in response to exertion, 
establish initial postconcussion performance level, and identify 
exertional targets for aerobic exercise training that may be incor-
porated to promote brain health and healing.

Motor Function Impairments

B Physical therapists should examine patients who have ex-
perienced a concussive event for motor function impair-

ments, including static balance, dynamic balance, motor 
coordination and control, and dual/multitasking (eg, having the 
patient perform motor tasks along with cognitive tasks or com-
plex tasks with multiple subtasks involved). Selection and timing 
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of motor performance assessments should be based on clinical 
judgment about which evaluation strategies are most appropriate 
for the patient’s age and ability and will provide the most insight 
into current functional levels relative to goal levels.

Classification of Examination Findings Into Impairment Profiles

E Physical therapists should establish and document the 
presence or absence of all impairments and their levels of 

irritability to support the selection of treatment priorities and 
strategies for patients who have experienced a concussive event.

B For patients who have experienced a concussive event and 
report headache as a symptom, physical therapists should 

determine and document the potential headache type in accor-
dance with the International Classification of Headache Disorders.

Psychological and Sociological Factors

E Physical therapists should elicit, evaluate, and document 
factors related to self-efficacy and self-management abili-

ties, potential psychological and sociological factors that may 
significantly influence recovery processes and outcomes for 
physical therapy interventions. Examples of factors to consider 
include (1) the patient’s expression and demonstration of good, 
healthy coping strategies in response to stressful situations, (2) 
the type of support system the patient has to enable self-man-
agement of her or his symptoms and impairments, (3) the num-
ber and type of potential risk factors that may contribute to 
delayed or complicated recovery (eg, history of mental health or 
substance use disorders), (4) the patient’s understanding and at-
titude toward recovery (eg, the patient expresses a positive out-
look for recovery versus a more negative mindset or high anxiety 
toward recovery), and (5) the patient’s access to resources and 
equipment that may facilitate recovery (eg, access to athletic 
trainer or other health care providers to support recovery).

E When evaluating self-efficacy and self-management fac-
tors, physical therapists should explain and emphasize 

that most symptoms and impairments after concussion do 
improve.

Outcome Measure Selection

F Physical therapists should determine and document a 
plan for outcome measurement for patients who have ex-

perienced a concussive event for any impairment domains that 
will be targeted with physical therapy interventions and/or were 
previously untested due to poor tolerance.

INTERVENTIONS
Communication and Education

B Physical therapists must educate patients who have expe-
rienced a concussive event about self-management of 

symptoms, the importance of relative rest (rest as needed) in-
stead of strict rest, the benefits of progressive re-engagement in 

activities, the importance of sleep, safe return-to-activity pacing 
strategies, and potential signs and symptoms of the need for fol-
low-up care with a physician, physical therapist, or other health 
care provider.

A Physical therapists must educate patients who have expe-
rienced a concussive event and their families/caregivers 

about the various symptoms, impairments, and functional limita-
tions that are associated with concussion, and stress that most 
patients with concussion recover relatively quickly. Providing this 
information can help avoid inadvertent reinforcement of poorer 
recovery expectations.

Movement-Related Impairments

F Physical therapists should use findings from the examina-
tion to triage patients who have experienced a concussive 

event into 1 of 2 categories: (1) patients with movement-related 
impairments and dysfunction who are good candidates for physi-
cal therapy interventions, or (2) patients with no identified move-
ment-related impairments or dysfunction (FIGURE 3). Time since 
injury may influence level of irritability of symptoms, but should 
not be a primary determinant for decisions regarding when physi-
cal therapy interventions are appropriate. Evidence indicates that 
physical therapy early after concussion is safe, and that earlier 
initiation of physical therapy interventions may facilitate a faster 
recovery.

B Physical therapists should design a personalized interven-
tion plan for patients who have experienced a concussive 

event and have movement-related impairments that aligns inter-
ventions with the patient’s identified impairments, functional lim-
itations, participation limitations, self-management capabilities, 
and levels of irritability.

B Physical therapists should refer patients who have experi-
enced a concussive event for further consultation and fol-

low-up with other health care providers as indicated. Of specific 
note, high-quality clinical practice guidelines recommend referral 
for specialty evaluation and treatment in cases of persistent mi-
graine-type and other chronic headaches, vision impairments (in-
cluding ocular alignment), auditory impairments, sleep 
disturbances, mental health symptoms, cognitive problems, or 
any other potential medical diagnosis that may present with con-
cussion-like symptoms or coincide with concussion symptoms 
(eg, lesions/tumors or endocrine abnormalities such as posttrau-
matic diabetes insipidus).

Cervical Musculoskeletal

B Physical therapists should implement interventions aimed 
at addressing cervical and thoracic spine dysfunction, 

such as strength, range of motion, postural position, and/or sen-
sorimotor function (eg, cervicocephalic kinesthesia, head posi-
tion control, cervical muscle dysfunction) exercises and manual 
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therapy to the cervical and thoracic spines, as indicated, for pa-
tients who have experienced a concussive event.

Vestibulo-oculomotor

A If BPPV is identified as a potential impairment, physical 
therapists should use canalith repositioning interventions.

B Physical therapists with appropriate expertise in vestibu-
lar and oculomotor rehabilitation should implement an in-

dividualized vestibular and oculomotor rehabilitation plan for 
patients who have experienced a concussive event and exhibit 
vestibular and/or oculomotor dysfunction. If visual vertigo/visual 
motion sensitivity (dizziness provoked by repetitive or moving vi-
sual environments) is identified, an individualized visual-motion 
habituation program may also be beneficial. Patients with neck 
pain or other cervical impairments may exhibit worsening of cer-
vical impairments due to repetitive head movement as part of 
vestibular rehabilitation. Therefore, the implications of head-rota-
tion interventions on the possible concomitant cervical impair-
ments should also be considered and addressed.

F Physical therapists who lack appropriate training in ves-
tibular and oculomotor rehabilitation should refer patients 

who exhibit vestibular and/or oculomotor impairments to a clini-
cian with appropriate expertise.

Exertional Tolerance and Aerobic Exercise

A Physical therapists should implement a symptom-guid-
ed, progressive aerobic exercise training program for pa-

tients who have experienced a concussive event and exhibit 
exertional intolerance and/or are planning to return to vigorous 
physical activity levels. Selection of modality and protocol for 

training with a specific focus on the patient’s goals, comfort lev-
el, lifestyle, and access to equipment is encouraged. Timing of 
the initiation of the aerobic exercise training program may vary 
by patient, but as soon as the patient’s symptoms have stabi-
lized to a moderate or lower level of irritability may be used as a 
guiding criterion.

E Physical therapists may implement progressive aerobic 
training for all patients who have experienced a concus-

sive event, including those who do not exhibit exertional intoler-
ance and those who do not intend to engage in vigorous physical 
activity, in order to reduce risk for deconditioning, promote func-
tional brain healing, and provide a nonpharmaceutical option to 
improve mental health.

Motor Function

C Physical therapists should implement motor function in-
terventions that address identified or suspected motor 

function impairments and help progress the patient toward high-
er-level functional performance goals. Motor function interven-
tions that target the following impairments are strongly 
encouraged: static balance, dynamic balance, motor coordination 
and control, and dual/multitasking. Additionally, interventions 
that directly help improve motor function for work/recreation/ac-
tivity-specific tasks are strongly encouraged.

Monitoring and Progressing Patients

F Physical therapists should regularly document symptoms, 
provide reassessments of movement-related impair-

ments, and administer selected outcome measures as needed or 
indicated for patients with movement-related impairments post 
concussion.

*These recommendations and clinical practice guidelines are based on the scientific literature accepted for publication prior to January 2019.

List of Abbreviations

ADHD: attention-deficit hyperactivity disorder
AGREE II: Appraisal of Guidelines for Research and 
Evaluation II instrument
APTA: American Physical Therapy Association
BPPV: benign paroxysmal positional vertigo
CDC: Centers for Disease Control and Prevention
CPG: clinical practice guideline
CT: computed tomography
DHI: Dizziness Handicap Inventory
DVAT: dynamic visual acuity testing
ED: emergency department

GDG: Guideline Development Group
HiMAT: High-level Mobility Assessment Tool
ICD: International Classification of Diseases
ICF: International Classification of Functioning, Disability 
and Health
mTBI: mild traumatic brain injury
PECARN: Pediatric Emergency Care Applied Research 
Network
RCT: randomized controlled trial
VOMS: Vestibular/Ocular Motor Screening
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Introduction

AIM AND PURPOSE OF THE GUIDELINE
The American Physical Therapy Association (APTA) and the 
various academies associated with the APTA encourage the 
creation of clinical practice guidelines (CPGs) for physical 
therapy management of patients with physical impairments 
and functional limitations described in the World Health 
Organization’s International Classification of Functioning, 
Disability and Health (ICF).224

The purpose of this endeavor by the APTA and its associated 
academies is to produce clinical guidelines that
•	 Describe evidence-based physical therapy practice, includ-

ing diagnosis, prognosis, intervention, and assessment of 
outcome approaches for disorders commonly managed by 
physical therapists

•	 Classify these conditions using World Health Organization 
terminology related to impairments of body structure and 
function, activity limitations, and participation restrictions

•	 Identify interventions supported by current best evidence 
to address impairments of body function and structure, ac-
tivity limitations, and participation restrictions associated 
with common conditions

•	 Identify appropriate outcome measures to assess changes 
resulting from physical therapy interventions in body func-
tion and structure as well as in activity and participation of 
the individual

•	 Provide a description to policy makers, using internationally 
accepted terminology, of the practice of physical therapists

•	 Provide information for payers and claims reviewers re-
garding the practice of physical therapy for common neu-
rologic and musculoskeletal conditions

•	 Create a reference publication for physical therapy clini-
cians, academic instructors, clinical instructors, students, 
interns, residents, and fellows regarding the best current 
practice of physical therapy

STATEMENT OF INTENT
This CPG is not intended to be construed or to serve as a 
standard of medical care. Standards of care are determined 
on the basis of all clinical data available for an individual 
patient and are subject to change as scientific knowledge and 
technology advance and patterns of care evolve. These pa-
rameters of practice should be considered as guidelines only. 
Adherence to them will not ensure a successful outcome in 
every patient, nor should they be construed as including all 
proper methods of care or excluding other acceptable meth-
ods of care aimed at the same results. The ultimate judgment 
regarding a particular clinical procedure or treatment plan 
must be made based on clinician experience and expertise in 
light of the clinical presentation of the patient; the available 

evidence; the available diagnostic and treatment options; and 
the patient’s values, expectations, and preferences. However, 
we suggest that significant departures from strong recom-
mendations should be documented in the patient’s medical 
records at the time the relevant clinical decision is made.

SCOPE
For the purposes of this CPG, the term concussion is used 
synonymously with mild traumatic brain injury (mTBI) 
and is defined as a traumatic injury that affects the brain, 
induced by biomechanical forces transmitted to the head by 
a direct blow to, or forces exerted on, the body,141,153,159 but that 
does not result in an extended period of unconsciousness, 
amnesia, or other significant neurological signs indicative of 
a more severe brain injury. Concussions occur via many dif-
ferent mechanisms and in a variety of contexts, including but 
not limited to falls, motor vehicle crashes, blast exposures, 
sporting and recreational injuries, or assault. The nature 
of such mechanisms and contexts constitutes a concussive 
event. Considering an injury of this nature as a concussive 
event is useful because the forces that induce concussion may 
result in damage to brain function ( justifying the classifica-
tion of the injury as a “mild traumatic brain injury”) but also 
concomitant injury to other body structures and functions, 
especially areas in close proximity to the brain, such as the 
cervical spine and vestibular system. The Guideline Devel-
opment Group (GDG) embraced the perspective that all 
concussions stem from a concussive event to ensure a broad-
er consideration of the other structures, tissues, and body 
systems that may be involved when a physically traumatic 
incident occurs.

The intended scope of this CPG is to guide physical ther-
apist clinical decision making for individuals who have ex-
perienced a concussive event resulting in movement-related 
symptoms, impairments, and functional limitations. It is 
important to acknowledge that there is potential for an in-
dividual to have experienced a concussive event but to have 
never been evaluated for a medical diagnosis of concussion 
prior to a physical therapy encounter. Therefore, the starting 
criterion for implementation of this CPG is a physical ther-
apy encounter with a patient who has sustained a potential 
concussive event, regardless of whether or not the patient has 
a medical diagnosis of concussion. The CPG may be imple-
mented whether the potential injury occurred recently or in 
the more distant past. Implementation adjustments for the 
CPG should not be based on time since injury (or acuity), but 
rather on clinical judgment of patient presentation, examina-
tion results, and response to interventions in alignment with 
the recommendations and decision trees provided.
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Recommendations in this CPG are focused on the evaluation 
and treatment of individuals 8 years of age and older, with 
no more than mild cognitive impairment prior to or after the 
concussive event. Theoretically, the recommendation state-
ments provided in this document may be able to be applied to 
children under the age of 8 years and individuals with more 
severe cognitive impairments. However, current manage-
ment strategies for concussion rely heavily on reliable patient 
reports of their symptom responses to provocation tests and 
interventions. There are limited data available on symptom 
assessment in children under the age of 8 years,70,141,142 which 
may limit the applicability of these recommendations for 
clinical decision making with young children.

It is not the intent of this CPG to address acute concussion 
screening or diagnosis (eg, sideline assessment), neurocog-
nitive/neuropsychological management, or pharmacologi-
cal management. These issues are well covered in consensus 
statements and CPGs that are published by various pro-
fessional groups and associations (eg, the Ontario Neu-
rotrauma Foundation,153 Centers for Disease Control and 
Prevention [CDC],141 US Department of Veterans Affairs 
and Department of Defense149). We encourage physical ther-
apists to become familiar with other CPGs to enrich their 
understanding of postconcussion assessments and interven-
tions that are often used but may fall outside the scope of 
physical therapy care.

CPG Framework
The complexity of concussion-related symptoms and impair-
ments often necessitates the involvement of multidisciplinary 
teams that include a variety of medical and rehabilitation 
professionals.34,107,108,159 The conventional approach to man-
aging individuals with concussion was to encourage rest 
until symptom resolution.34,192 One rationale in support of 
prescribing rest, especially in the first few days after a concus-
sion, is that it may help alleviate symptoms and ease the dis-
comfort individuals with concussion often experience.66,166,167 
It has also been hypothesized that rest may facilitate the 
brain’s recovery by reducing energy demands and attenuating 
the acute neurometabolic and inflammatory responses to a 
concussive injury.133,192 Moreover, concerns over potential risk 
for catastrophic injury from another head injury occurring 
prior to recovery from the first concussion have led to cul-
tural and policy shifts designed to prevent individuals from 
returning to high-risk activities too soon.159

Recently, authors have questioned the value of rest un-
til symptom resolution and suggest that an earlier, 
gradual return to activity may be beneficial.34,192 Observa-
tional and experimental studies have demonstrated that 
both extremes of strict rest and intense bouts of cognitive 
or physical activity acutely after injury may be associat-

ed with delayed recovery trajectories.23,33,36,39,45,50,62,63,69,73, 

76,88,98,117,127,132,145,146,157,158,167,168,175,192,194,197,204,208 Prolonged rest, spe-
cifically, may lead to development of secondary effects that 
are similar to common postconcussion symptoms (eg, decon-
ditioning with exertional intolerance, anxiety or depression 
due to social isolation and/or reduced participation), making 
it difficult to discern whether the source of ongoing symp-
toms is the prescribed rest or the injury itself.76,192

Most recent CPGs and guidance documents include recom-
mendations to encourage 24 to 48 hours of complete rest or 
“relative rest” (gradual reintegration of usual activity with the 
recommendation to “rest as needed”), followed by phased ac-
tivity progressions based on symptom response to increasing 
activity.141,153,159 While randomized controlled trials (RCTs) in 
this area are sparse, current clinical recommendations typi-
cally advocate for the resumption of low levels of activity in 
the presence of mild symptoms, as long as symptom exacer-
bation does not occur.141,153,159,160

Another emerging paradigm that contrasts with the rest-fo-
cused “wait-and-see” approach leverages active interven-
tions, often referred to as “active rehabilitation.” Many of 
these active intervention strategies incorporate skilled re-
habilitation techniques within physical therapists’ scope of 
practice.4,5,9,18,34,38,47,51,53,54,62,98,117,125,132,133,137,145,152,178,191,192,194,220,225,226 
Consequently, physical therapists are increasingly involved as 
key members in an interdisciplinary approach to caring for 
individuals with concussion.53,159,192

This CPG addresses active rehabilitation for management 
of patients who have experienced a concussive event using 
an overarching framework comprising 3 components: (1) a 
process for determining appropriateness of physical thera-
py concussive event examination, (2) physical therapy ex-
amination and evaluation processes for patients who have 
experienced a concussive event, and (3) developing and im-
plementing a physical therapy plan of care for patients who 
have experienced a concussive event. Recommendations 
are broken down into sections that directly align with each 
component, and visual decision trees are provided to sup-
port implementation of the recommendations within the 
components. Within components 2 and 3, examination and 
treatment strategies are further broken down into primary 
impairment domains. Based on a synthesis of the literature, 
the GDG identified 4 overarching impairment domains that 
align with physical therapists’ scope of practice: (1) cervi-
cal musculoskeletal impairments, (2) vestibulo-oculomotor 
impairments, (3) exertional tolerance impairments, and (4) 
motor function impairments. These impairment domains 
are described in a later section and serve as focal points for 
the examination and intervention recommendations pro-
vided in this CPG.
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Examination and intervention strategies for movement-relat-
ed impairments often require procedures that are intended to 
provoke symptoms to determine whether an impairment is 
present, and, in some cases, to treat the impairment. Irritabil-
ity is a term used by rehabilitation practitioners to reflect the 
tissue or body system’s ability to handle physical or physiolog-
ical stress,170 and is presumably related to physical status and 
the extent of injury and inflammatory activity. The GDG con-
cluded that information gleaned during the intake interview 
can be used to help determine probable levels of irritability for 
the affected systems, which in turn can be used to help identify 
priorities and sequencing for examination procedures to al-
low for a greater number and accuracy of assessments. Deter-
mining probable levels of irritability may also help clinicians 
plan for modifications to examination procedures that would 
address safety concerns, patient comfort, and/or patient and 
family goals and preferences. Likewise, irritability levels for 
specific impairments can guide prioritization and selection of 
physical therapy interventions. Therefore, the concept of irrita-
bility is applied throughout this CPG to guide the sequence of 
screening, examination, and management of individuals who 
have experienced a concussive event. The GDG has also pub-
lished a related clinical commentary article that provides more 
details on the rationale for and potential clinical approaches 
to using irritability to guide physical therapy treatments for 
individuals who have experienced a concussive event.1

CPG Rationale
Over the last decade, numerous concussion evidence-based 
CPGs, consensus statements, and clinical guidance docu-
ments have been published.19,34,61,141,149,153,159,160 These docu-
ments have typically focused on the diagnosis of concussion 
and medical management of individuals post concussion, but 
provide little specific guidance for physical therapy manage-
ment of concussion and its associated impairments. Further, 
many of these guidance documents have targeted specific 
populations (eg, athletes and military personnel) in specific 
care contexts (eg, sideline assessments and return-to-activ-
ity decision making).34,159 The lack of guidance for manage-
ment of a wider scope of patients is particularly problematic 
for physical therapists, as they may encounter patients with 
concussions from a variety of injury mechanisms and con-
texts (eg, children injured in recreational activities, military 
personnel in active-duty service, older adults after falls, or 
passengers in motor vehicle collisions). Practice settings also 
vary across the continuum of care, from acute inpatient set-
tings to ambulatory outpatient clinics.

The growing body of evidence for using active rehabilitation 
strategies for postconcussion impairments192 prompts the 
need for recommendations regarding how physical thera-
pists should approach the management of individuals who 
have experienced a potential concussive event. Furthermore, 

a CPG for physical therapists may be useful in informing oth-
er health professionals and stakeholders about the expertise 
and services physical therapists can provide to patients diag-
nosed with a concussion. The primary purpose of this CPG 
is to provide a set of evidence-based recommendations for 
physical therapist management of the wide spectrum of pa-
tients who have experienced a concussive event.

Specific objectives of this CPG are to
•	 Systematically review the available scientific evidence per-

taining to physical therapist management of patients who 
have experienced a concussive event

•	 Provide evidence-based recommendations to guide physi-
cal therapist treatment

•	 Educate all stakeholders regarding physical therapy strat-
egies for management of patients who have experienced a 
concussive event

Secondary objectives are to
•	 Identify current gaps in knowledge related to physical ther-

apist management of concussion
•	 Provide consensus-based recommendations for physical 

therapist management where evidence is lacking

Special Considerations for Physical Therapist Management  
of a Concussive Event
This CPG is the first to provide a comprehensive set of evi-
dence-based recommendations for examination, evaluation, 
treatment, and outcome measurement strategies for physi-
cal therapist management of patients who have sustained 
a potential concussive event. Many of the symptoms, im-
pairments, and functional limitations often reported after 
concussion are conditions and functional limitations that 
physical therapists are specifically trained to evaluate and 
treat (eg, vestibular impairments causing dizziness and im-
balance; cervical impairments resulting in neck pain, head-
ache, and cardiorespiratory deconditioning). However, the 
treatment for these conditions is supported, in large part, by 
CPGs derived from evidence that is not specific to concus-
sion. The complex and multifactorial nature of concussion 
requires that physical therapists use clinical reasoning to ap-
ply CPGs and evidence for common complaints (eg, head-
ache, dizziness, neck pain, and chronic pain management) 
that were developed without a specific focus on concussion. 
More research is needed to evaluate the appropriateness 
and feasibility of using guidelines that were developed for 
impairments common after a concussive event but have not 
been tested for use with people who have experienced a con-
cussive event.

CPG Limitations
The recommendations provided in this CPG were based on 
a critical appraisal of the studies published and/or available 
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as an electronic publication through December 31, 2018. The 
literature on concussion/mTBI is rapidly expanding. There 
have been many studies pertinent to the CPG since the end 
of 2018. Given the GDG’s systematic search time frame, there 
are a number of 2019 articles that are highly relevant but 
were not integrated. Additionally, external reviewers raised 
a number of important suggestions for future topics that are 
relevant to physical therapy care but were outside the search 
processes and scope of the current CPG. Therefore, revision/
updated versions of this CPG should begin critical appraisal 
from January 1, 2019 and consider inclusion of the following 
topics in the literature search: explicit headache manage-
ment approaches, primary concussion prevention strategies, 
and self-management assessments and interventions.

Barriers and Facilitators to Implementation
A potential barrier to implementation of this CPG is that 
physical therapist management of patients who have ex-
perienced a concussive event may require evaluation and 
treatment strategies that are typically provided by physical 
therapy specialists. Therefore, effective physical therapist 
management of concussion may necessitate referral to phys-
ical therapy specialists or other health care providers with 
necessary expertise appropriate across the continuum of 
management. For example, an individual with complex neck 
pain or cervical spine dysfunction may normally be treated 
by a physical therapist with expertise in orthopaedic manual 
therapy techniques, while an individual with dizziness may 
typically be managed by physical therapists who specialize in 
vestibular rehabilitation. After a concussive event, however, a 
patient may need both types of interventions. These challeng-
es are compounded by the practice of having patients with 
brain injuries managed by physical therapists who specialize 
in more severe neurologic conditions that may not commonly 
progress to a level where advancement in high physical per-
formance is needed (eg, sports, military, tactical professions 
such as police, fire, or other emergency medical personnel). 
Therapists in outpatient orthopaedic and sports settings 
may be more familiar with progressing people to high per-

formance levels, but have less expertise in managing patients 
with brain injuries. Therefore, it is important for physical 
therapists to be mindful of their clinical strengths and limita-
tions and refer to and/or consult with other physical therapist 
colleagues as needed to help ensure their patients receive the 
necessary care. Physical therapists who plan to treat patients 
with concussion regularly are encouraged to seek specialized 
training and coursework that prepare them to manage the 
unique and multifactorial nature of postconcussive symp-
toms and impairments.

Additional barriers to implementation may include costs as-
sociated with training clinicians, lack of equipment, cultur-
al barriers with local practice coordination or patterns that 
contrast with recommendations, and the additional time 
needed to examine, evaluate, and treat patients who have ex-
perienced a concussive event and have multiple impairments. 
Physical therapists are encouraged to use this CPG to sup-
port collaboration with the other care providers managing 
patients with concussion in their local practice settings. The 
contents of this CPG may also be useful to inform discussions 
with clinic managers and administrators on how to set up 
infrastructure to ensure adequate time and resources, and to 
ensure that referral sources are dedicated to provide optimal 
care for patients who have experienced a concussive event.

Facilitators to implementing this CPG may include a local 
practice culture that embraces evidence-based practice and 
physical therapists who are trained to specifically manage 
patients who have experienced a concussive event. Another 
facilitator to implementation may be access to a multidisci-
plinary clinic or network of health care providers who can 
work together to help manage patients who have experienced 
a concussive event. Last, the complexity of concussive injuries 
may lead to highly variable care-delivery processes. Clinical 
pathways that support optimal patient referral and treatment 
flows that align with the recommendations proposed in this 
CPG are encouraged to facilitate direct integration into local 
practice settings.

Methods

GUIDELINE DEVELOPMENT OVERVIEW
The composition of the GDG was strategically designed to 
ensure representation of diverse perspectives and experienc-
es within the profession of physical therapy. Representatives 
from the APTA, Academy of Orthopaedic Physical Therapy, 
American Academy of Sports Physical Therapy, Academy 
of Neurologic Physical Therapy, and Academy of Pediatric 
Physical Therapy were recruited to ensure a GDG composed 

of people with sufficient and complementary clinical and 
research expertise to address the wide range of neurologic, 
orthopaedic, age-related, and functional impairments that 
are commonly present among individuals who have experi-
enced a concussive event. The CPG development process was 
guided by a trained methodologist who was an integral part 
of the team, using standards consistent with the Institute of 
Medicine101 and subsequently outlined in the 2018 edition 
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of the APTA’s Clinical Practice Guideline Process Manual.6 
In addition, the authors received methodological guidance 
and support from leading methodologists in the field. See the 
Affiliations and Contacts section at the end of the CPG for a 
full list of acknowledgments.

The authors declared relevant relationships and conflicts 
of interest and submitted a conflict-of-interest form to the 
Academy of Orthopaedic Physical Therapy. Articles identified 
for review that were authored by GDG members or volunteer 
reviewers were assigned to alternate reviewers. Throughout 
the CPG development process, the GDG received support 
through an APTA grant and sponsorship from the Academy 
of Orthopaedic Physical Therapy, the American Academy 
of Sports Physical Therapy, and the Academy of Neurologic 
Physical Therapy for training, travel, software, and librarian 
assistance. The funding bodies did not have any influence 
over the recommendations proposed.

Background Information Resources
Due to the large volume of background literature on con-
cussion, the heterogeneity of the available literature, and the 
lack of specific relevance to physical therapy techniques and 
strategies, the GDG judged systematic review and critical ap-
praisal to be outside the intended scope of this CPG for the 
following topics: incidence, risk, and clinical course. There-
fore, these sections are provided as background information, 
using recent articles with the highest level of evidence as key 
informational sources.

Systematic Literature Searches
The recommendations provided in this CPG are based on 
the scientific literature published in print or as an electron-
ic publication ahead of print prior to December 31, 2018.  
APPENDICES A through H (available at www.jospt.org) provide 
details about the search strategies, database search results, 
inclusion/exclusion criteria, critical appraisal tools, a flow 
chart of included articles, and appraisal syntheses. The re-
view of the evidence for this CPG encompassed a range of 
physical impairments that may be relevant when making a 
differential diagnosis after a concussive event, with the goal 
of determining the underlying cause(s) of presenting signs 
and symptoms and matching them with intervention prior-
ities. The GDG worked with a librarian from the University 
of North Carolina at Chapel Hill to engage in the 2 phases 
of the literature search process (preliminary searches and 
systematic searches), as recommended by the APTA Clinical 
Practice Guideline Process Manual.6 EndNote X8 (Clarivate 
Analytics, Philadelphia, PA) and DistillerSR software (Evi-
dence Partners, Ottawa, Canada) were used to manage the 
literature searches, coordinate evidence selection, carry out 
critical appraisals, and store notes and information about the 
evidence sources.

Evidence Selection
Title and Abstract Screening
Potential original research studies were initially screened in-
dependently by at least 2 GDG members by title and abstract. 
Screening criteria for this phase were that the document ap-
peared to have potential relevance to inform physical thera-
pists’ examination or intervention processes. In cases where 
the screeners disagreed or the abstract was not clear enough 
to make a determination, the article was carried forward to 
the full-text-review stage.

Full-Text Review
Each article carried forward from the title and abstract screen 
was independently reviewed by 2 GDG members using previ-
ously established inclusion and exclusion criteria (APPENDIX C). 
Reviewers were given the option to identify and retain an article 
that was not in direct alignment with the inclusion/exclusion 
criteria if it might prove relevant for background information. 
The articles identified in this category could then be reviewed 
and considered level V (expert opinion) evidence to help inform 
the GDG’s drafting of action statements and research recom-
mendations when higher-level evidence was lacking. In cases of 
disagreement on inclusion, the reviewers were asked to resolve 
the conflict through discussion. If needed, a third reviewer was 
consulted to help make a final determination.

Critical Appraisals of Evidence
Each article was critically appraised by 2 independent, 
trained reviewers who were either GDG members or volun-
teers (Eugene Boeglin, Katherine Lynch), using a designat-
ed critical appraisal tool based on study type in accordance 
with the APTA Clinical Practice Guideline Process Manual.6 
All reviewers were trained in the use of the critical appraisal 
tools by appraising test articles to establish interrater reli-
ability. When a study arose that was authored by a member 
of the GDG, the article was appraised by other GDG mem-
bers. Each dyad compared scores for agreement and resolved 
conflicts through discussion, and submitted a single critical 
appraisal form for determination of the level of evidence. In 
cases where the appraisers were unable to agree, the GDG 
discussed the article as a group to achieve consensus. The 
final step entailed the GDG’s assessment of the identified 
risks of bias and relative importance of those risks to the 
procedures or specific outcome of interest to designate the 
article into 1 of 4 quality ratings: (1) high quality, (2) accept-
able quality, (3) low quality, and (4) unacceptable quality. If 
a study was deemed as unacceptable quality, it was removed 
from consideration for inclusion for recommendations relat-
ed to that area.

Conceptual, Theoretical, and Expert Consensus Documents
Given the rapidly evolving practice standards and relatively 
new treatment paradigm of active concussion rehabilitation, 
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a number of conceptual models, theory-focused commentar-
ies, and expert consensus documents have emerged in the 
literature. Systematic critical appraisal for such types of docu-
ments is challenging and largely subjective in nature. Howev-
er, several manuscripts and documents identified through the 
search process provided valuable strategies for framing how 
to approach physical therapy examination and intervention 
processes, for which evidence is currently lacking. Two GDG 
members independently reviewed conceptual, theoretical, and 
expert consensus documents identified during the systematic 
searches, and determined the appropriateness for inclusion in 
the CPG based on the criteria provided in APPENDIX C.

Strength of Evidence
Using the critical appraisal ratings, each article was assigned 
a level of evidence in accordance with the designations and 
procedures described in APPENDIX F. An abbreviated version 
of the level-of-evidence rating system is provided below. An 
individual article or recommendation statement from a pre-
viously published CPG could be assigned multiple levels of 
evidence if it was linked to more than 1 outcome of interest.

I
Evidence obtained from high-quality diagnostic studies, prospec-

tive studies, randomized controlled trials, or systematic reviews

II

Evidence obtained from lesser-quality diagnostic studies, 
prospective studies, systematic reviews, or randomized 
controlled trials (eg, weaker diagnostic criteria and reference 
standards, improper randomization, no blinding, less than 
80% follow-up)

III Case-control studies or retrospective studies

IV Case series

V Expert opinion

Development of Recommendations
The GDG developed recommendations based on the strength 
and limitations of the body of evidence, including how direct-
ly the studies addressed the clinical questions posed. Addi-
tionally, the authors considered potential health benefits, side 
effects, and risks of tests and interventions. The GDG used 
BRIDGE-Wiz Version 3.0 (Yale University, New Haven, CT) 
to write implementable and transparent recommendations 
that meet the Institute of Medicine CPG standards.101 The 
GDG worked with the editors and staff of the target journal 
for publication and APTA CPG leaders to refine the recom-
mendations and supporting documentation structure into a 
publishable format.

Selection and Adaptation of Recommendations  
From Previously Published CPGs
Numerous evidence-based CPGs and expert consensus 
guidance documents on concussion have been published. 
Likewise, several CPGs applicable to physical therapy ex-
amination and intervention strategies relevant to impair-

ments and functional limitations common with concussive 
events have been developed and endorsed by the APTA and 
its associated academies. The GDG determined it was im-
portant to minimize redundancy in the literature and avoid 
replication of general practice recommendations by using a 
process of critical appraisal to adapt recommendations from 
previously published, high-quality CPGs relevant to general 
management of patients who have experienced a concussive 
event. As CPGs are often reviewed and updated, the group 
continued to monitor publication of updates and releases of 
new CPGs through December 31, 2018 for potential inclu-
sion in this document. This ensured the inclusion of existing 
guidelines appropriate for endorsement and integration in 
this CPG.

Recommendations from previously published CPGs were 
eligible for inclusion if they met the following criteria: 
(1) published on January 1, 2015 or later, (2) included a 
multidisciplinary team for authorship, (3) based on a sys-
tematic review and appraisal of the literature, (4) includ-
ed recommendations that pertained to movement-related 
impairments, and (5) rated as acceptable quality based on 
critical appraisal by 2 trained independent reviewers using 
the Appraisal of Guidelines for Research and Evaluation 
II (AGREE II) tool.22 The AGREE II instrument consists 
of 23 items categorized under 6 domains, rated using a 
7-point scale. A rating of 7 represents the highest possible 
score. Three CPGs were identified that met these criteria: 
(1) guidelines produced by a working group for the On-
tario Neurotrauma Foundation in 2015,153 (2) guidelines 
produced by a working group for the US Department of 
Veterans Affairs and Department of Defense in 2016,149 and 
(3) guidelines for pediatric patients produced by a working 
group for the CDC in 2018.141 Recommendations in this CPG 
that were developed based on an adaptation of previously 
published CPGs were assigned a level of evidence in accor-
dance with the table below.

LEVEL
EVIDENCE LEVEL RATING FOR RECOMMENDATIONS ADAPTED FROM 
PREVIOUSLY PUBLISHED CPGS ON CONCUSSION MANAGEMENT

I
The recommendation being adapted was generated from level 

I evidence

II
The recommendation being adapted was generated from level 

II evidence

III
The recommendation being adapted was generated from level 

III evidence

IV
The recommendation being adapted was generated based on 

expert consensus of the authors of the published CPG

GRADES OF RECOMMENDATION
Grades for each recommendation were assigned through a 
consensus-generation process in accordance with the recom-
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mended grades and definitions provided below. The wording 
of the clinician level of obligation used in the recommenda-
tions was designed to align with the recommended language 
for linking evidence, grades of recommendation, and strength 
of obligation (Level of Obligation column). Unanimous 
agreement among all GDG members was required to include 
recommendations adapted from previously published CPGs. 
The GDG determined the grade of recommendation based 
on synthesis of the relevant recommendations.

AGREE II Review
To ensure the CPG was of high quality and implementable, 
the complete draft of the CPG was reviewed by members of 
the Academy of Neurologic Physical Therapy evidence-based 
Practice Committee, using the AGREE II instrument.22 Do-
main scores for the CPG were strong overall, with individ-
ual ratings ranging from 5 to 7 on all domains. Scores and 
comments provided by the AGREE II reviewers were dis-
cussed by the GDG. When deemed feasible and appropriate, 
the GDG edited the CPG to address reviewer concerns and 
suggestions.

External Stakeholder Review Processes
Guideline development methods, policies, and implementa-
tion processes are reviewed at least yearly by the Academy 
of Orthopaedic Physical Therapy, APTA, Inc’s ICF-based 
Clinical Practice Guideline Advisory Panel, which includes 
consumer/patient representatives, external stakeholders, and 
experts in physical therapy practice guideline methodology. 
This CPG underwent multiple formal reviews. The complete 
draft was reviewed by invited stakeholders representing CPG 
methodology and a variety of clinical perspectives, includ-
ing physical therapists, physicians, athletic trainers, neuro-
psychologists, occupational therapists, and speech language 
pathologists. Acknowledgments for specific reviewers are 
provided at the end of the CPG. The draft was also posted for 
public comment in September 2019 on websites for the com-
ponents of the APTA that supported the development process 
(the Academy of Orthopaedic Physical Therapy, the Ameri-
can Academy of Sports Physical Therapy, and the Academy of 
Neurologic Physical Therapy). Notices encouraging contribu-
tions to the request for public comment were sent via e-mail 
and electronic newsletter to members of APTA components 

GRADES OF RECOMMENDATION STRENGTH OF EVIDENCE LEVEL OF OBLIGATION

A

Strong evidence A preponderance of level I and/or level II 
studies support the recommendation. 
This must include at least 1 level I 
study

Must: benefits substantially outweigh harms
Should: benefits moderately outweigh harms
May: benefits minimally outweigh harms or benefit-harm ratio is value 

dependent
Should not: harms minimally or moderately outweigh benefits or evidence 

of no effect
Must not: harms largely outweigh benefits

B

Moderate evidence A single high-quality randomized con-
trolled trial or a preponderance of level 
II studies support the recommendation

Should: benefits substantially outweigh harms
May: benefits moderately or minimally outweigh harms or benefit-harm 

ratio is value dependent
Should not: evidence that harms outweigh benefits or evidence of no effect

C

Weak evidence A single level II study or a preponderance 
of level III and IV studies, including 
statements of consensus by content 
experts, support the recommendation

Should: benefits substantially outweigh harms
May: benefits moderately or minimally outweigh harms or benefit-harm 

ratio is value dependent
Should not: harms minimally or moderately outweigh benefits

D

Conflicting evidence Higher-quality studies conducted on this 
topic disagree with respect to their 
conclusions. The recommendation is 
based on these conflicting studies

May: conflicting evidence; the benefit-harm ratio is value dependent

E

Theoretical/ 
foundational  
evidence

A preponderance of evidence from animal 
or cadaver studies, from conceptual 
models/principles, or from basic 
sciences/bench research support this 
conclusion

May: in the absence of evidence from clinical studies, theoretical and/or 
foundational evidence supports benefit

Should not: in the absence of evidence from clinical studies, theoretical 
and/or foundational evidence suggests risk of harms

F

Expert opinion Best practice based on the clinical experi-
ence of the GDG

Must: strongly supported by consensus-based best practice/standard of 
care

Should: moderately supported by best practice/standard of care
May: supported by expert opinion in the absence of consensus
Should not: best practice/standard of care indicates potential harms
Must not: potential harms are strongly supported by consensus-based best 

practice/standard of care
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for orthopaedics, sports, neurology, pediatrics, and geriatrics, 
as well as to individuals who inquired about the CPG during 
its development. Comments, concerns, and suggestions from 
each round of reviews were considered by the GDG with each 
successive draft of the document.

ORGANIZATION OF THE GUIDELINE
This CPG covers topics related to concussion incidence, risk 
factors for prolonged recovery, physical therapist examina-
tion strategies, and physical therapist intervention strategies. 
At the end of the document, decision trees are provided that 
align with the recommendations and address the flow of de-
cisions for triage (process to help determine priorities) and 
sequencing of activities.

CLASSIFICATION
The primary International Classification of Diseases, 10th 
revision (ICD-10) code associated with concussion is S06.0 
Concussion. Additional codes that may be directly associat-
ed with the brain injury aspect of concussive events include 
S06.9X Unspecified intracranial injury, S06.2X Diffuse 
traumatic brain injury, and F07.81 Postconcussional syn-
drome. Due to its complex nature, there are many ICD-10 
codes related to physical impairments that may result from 
a concussive event. Studies have defined core sets of ICF in-
dicators following concussion, spine trauma, or vestibular 
complaints.61,75,206 Issues that would reasonably be addressed 
by physical therapy were identified from these sources, and 
consensus of the GDG confirmed their inclusion, resulting in 
the lists summarized in TABLES 1 and 2.

TABLE 1

ICD-10 Codes Related 
to Physical Impairments 

Associated With Concussive 
Events (continued)

Code Description

H51.1 Convergence insufficiency and excess

H81.1 Benign positional vertigo

H81.3 Other peripheral vertigo

H81.39 Vertigo, peripheral

H81.4 Vertigo of central origin

H81.8 Unspecified disorder of vestibular function

H81.9 Vestibular function disorder

H82 Vertiginous syndromes

H83.2 Imbalance, labyrinth

M24.28 Vertebral ligament disorder

M25.60 Joint stiffness

M26.62 Pain, temporomandibular joint

M26.69 Derangement, temporomandibular joint

M46.01 Enthesopathy, spinal, occiput-atlas-axis

M46.02 Enthesopathy, spinal, cervical region

M50.90 Cervical disc disorder

M53.1 Pain, cervicobrachial; cervical root syndrome

M53.2 Instability, joint, posttraumatic, spine

M53.82 Dorsopathy, cervical region

M54.2 Cervicalgia

M79.1 Pain, myofascial

R26.8 Other abnormalities of gait and mobility

R29.3 Imbalance, postural

R42 Dizziness and giddiness

R51 Headaches

R52 Pain, acute

R53.83 Fatigue

S04.6 Injury, acoustic nerve

S06.06 Concussion

S06.2X Diffuse traumatic brain injury

S06.9X Unspecified intracranial injury

S09.31 Injury, blast, ear

S10 Superficial injury of neck

S10.9 Injury, superficial neck, unspecified part

S12.9 Fracture, cervical

S13.4 Sprain of ligaments of cervical spine

S13.4 Whiplash injury

S16 Injury of muscle, fascia, and tendon at neck level

S16.9 Injury, neck muscle, unspecified

S19.9 Injury, neck, unspecified

TABLE 1

ICD-10 Codes Related 
to Physical Impairments 

Associated With 
Concussive Events

Code Description

G43 Migraines

G43.909 Headache, migraine

G44.209 Headache, tension type

G44.309 Headache, posttraumatic

G44.319 Headache, posttraumatic, acute

G44.329 Headache, posttraumatic, chronic

G44.84 Headache, exertional

G89.11 Pain, due to trauma

G89.21 Pain, chronic due to trauma

G89.29 Pain, chronic

G89.4 Pain, chronic pain syndrome

G96.9 Central nervous system disorder

Table continues in next column.
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Postconcussive Event Impairment Domains
The GDG identified 4 domains that are relevant to physical 
therapist examination and intervention processes and may 
be useful to identify specific patient needs and develop treat-
ment plans. These domains should not be treated as mutually 
exclusive classifications, as patients may exhibit impairments 
that fall into more than 1 category. The 4 domains are pre-
sented below, with specific rationales about the associations 
between impairments and concussive events.

Cervical Musculoskeletal Impairments
Cervical musculoskeletal impairments can lead to a variety 
of symptoms that are also commonly reported by individuals 
with a diagnosis of concussion (eg, neck pain, headache with 
or without neck pain, dizziness, and diminished balance/pos-
tural control).57,98,106,152,165,195 Currently, the incidence of cervi-
cal musculoskeletal impairment associated with concussive 
events has not been comprehensively studied or well report-
ed. However, given the biomechanical mechanism of many 
concussive injuries, it is hypothesized that cervical muscu-
loskeletal impairments may be present.35,54,217 In patients 
with neck pain in the absence of concussion, there is strong 
evidence that impairments such as diminished range of mo-
tion, poor strength, and insufficient muscle endurance and 
control exist.16 There is also evidence that sensorimotor con-
trol deficits may originate from alterations in cervical affer-
ent input.64,83,84,114,209-212 These deficits may include impaired 
cervical reflex responses and cervical proprioception that can 
affect the visual and vestibular systems and lead to dizziness, 
visual dysfunction, balance problems, and difficulties with 
head and eye movement control.58,83 Therefore, even when 
neck pain is not present in a patient who has experienced 
a concussive event, cervical musculoskeletal impairments 
may serve as an underlying source driving other symptoms, 
particularly dizziness, imbalance, and headache. This over-
lapping of symptoms can make determining symptom origin 
difficult in patients after a concussive event.

Vestibulo-oculomotor Impairments
Numerous studies indicate that vestibular and oculomotor 
deficits are common after concussion.165 Such deficits can 
contribute to many postconcussion symptoms, impairments, 
and functional limitations, including dizziness, balance prob-
lems, vertigo, blurred vision, headaches, nausea, sensitivity 
to light, sensitivity to sound, mental fogginess, difficulty 
reading, difficulty concentrating, anxiety, and fatigue.82 Pre-
cise incidence rates for these impairments remain unclear, 
and they may be driven by different factors and/or multiple 
factors.82,103,165,186,198 Physical therapy examination and inter-
vention strategies for both the vestibular and oculomotor sys-
tems are linked, especially relative to the literature pertaining 
to concussions/mTBIs. Therefore, it is practical to view these 
as a single impairment domain for examination and treat-

TABLE 2
ICF Codes for Physical 
Impairments Associated 
With Concussive Events

Code Description

Body functions

b130 Energy and drive functions

b134 Sleep functions

b140 Attention functions

b147 Psychomotor functions

b156 Perceptual functions

b210 Seeing functions

b215 Functions of structures adjoining the eye/oculomotor 
function

b235 Vestibular functions

b240 Sensations associated with hearing and vestibular 
function

b260 Proprioceptive functions

b280 Sensation of pain, headache, neck pain/other pain

b455 Exercise tolerance functions

b710 Mobility of joint functions

b730 Muscle power functions

b735 Muscle tone functions

b740 Muscle endurance

b760 Control of voluntary movement functions

b770 Gait pattern functions

Body structures

s110 Structure of brain

s260 Structure of inner ear

s410 Structure of cardiovascular system

s710 Structure of head and neck region

Activities and 
participation

d220 Undertaking multiple tasks

d410 Changing basic body positions

d415 Maintaining a body position

d430 Lift and carry objects

d450 Walking

d455 Moving around (includes running, jumping)

d460 Moving around in different locations

d469 Walking and moving, other specified and unspecified

d475 Driving

d640 Doing housework

d810-839 Education

d840-859 Work and employment

d910 Community life

d920 Recreation and leisure
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ment purposes. Regardless, it is important for physical ther-
apists to consider the interplay and overlap between cervical 
and vestibular causes of dizziness, oculomotor dysfunction, 
and imbalance.

Autonomic Dysfunction and Exertional Intolerance
Mounting evidence indicates that reduced tolerance of phys-
ical exertion is common after concussion, with many individ-
uals reporting an increase in a variety of concussion-related 
symptoms with physical exertion.47,53,54,66,85,104,123,126,133,152,159,192 
Poor tolerance of physical exertion may also be associated with 
higher reports of fatigue, as the effects of physical exertion may 
not occur during actual exercise but may emerge later.47,118 The 
extent to which physical exertion intolerance is present among 
individuals with concussion has not been systematically stud-
ied, nor are the specific mechanisms that drive exertion in-
tolerance fully understood. However, autonomic dysfunction 
resulting from the brain injury itself may be a contributing 
factor.9,15,33,123,133 It has been hypothesized that concussions 
can lead to an uncoupling of the central autonomic nervous 
system and the heart, leading to a reduced ability to maintain 
and adjust cerebral blood flow, blood pressure, and/or heart 
rate in response to increases and decreases in physical exer-
tion.15,53,66,85,133 While confirmatory studies for these hypoth-
eses are needed, preliminary work in this area suggests that 
concussions may be associated with altered autonomic regu-
lation.17,65,66,85 This autonomic dysregulation has been linked 
to higher perceived rates of exertion after concussion in com-
parison to individuals who have not recently sustained a con-
cussion,85 and may be captured by assessments for orthostatic 
hypotension.187 Another potential source of poor tolerance of 
physical exertion is general deconditioning or secondary phys-
ical inactivity/lifestyle changes that may be recommended or 
occur as a result of the concussive injury.191,192,204

Motor Function Impairments
A variety of studies have reported that individuals who have 
experienced a concussive event may present with altered mo-
tor function abilities, including static and dynamic balance/

postural control impairments, changes in dual/multitasking 
impairments, delayed motor reaction time, and increased dif-
ficulty with motor coordination (especially with more com-
plex environments or tasks).43,44,64,111 These motor function 
impairments may be relatively subtle and difficult to capture 
without laboratory equipment.28-30,91,93,136 Studies also suggest 
that these underlying impairments may persist for months to 
years and may be present even when symptoms have seem-
ingly resolved.13,44 The extent to which such subtle motor 
function impairments may interfere with daily function and 
activity participation is unclear, and the prevalence of these 
impairments remains unknown. However, these types of im-
pairments may lead to increased risk for future concussions 
and other injuries among athletes and those in high-activity/
high-risk jobs (eg, active-duty military, firefighters, and po-
lice officers).87,162,185

DISSEMINATION AND IMPLEMENTATION 
PLANS AND TOOLS
In addition to the publication of this document, this CPG 
will be freely available on APTA Academy websites, including 
www.orthopt.org, and posted in a searchable CPG database 
hosted by the APTA. The initial presentation of the CPG draft 
was presented January 24, 2019 at the APTA Combined Sec-
tions Meeting in Washington, DC. Additional plans are in 
place for ongoing presentation of this CPG at educational 
conferences and webinars for clinicians. Planned implemen-
tation tools include a patient-oriented guideline summary, 
read-for-credit continuing education units, and suggestions 
for common data elements and minimal data sets for contri-
bution to the Physical Therapy Outcomes Registry.

Plan for Updating the Guideline
The plans for updating this CPG include monitoring the ev-
idence on a monthly basis and publishing a revision in ap-
proximately 5 years. If evidence of sufficient quality becomes 
available that directly contradicts or would result in substan-
tial changes to the recommendations in this CPG prior to the 
planned 5 years, a revised CPG may be needed sooner.
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CLINICAL PRACTICE GUIDELINES

Impairment/Function-Based  
Diagnosis

INCIDENCE
Evidence Summary
Concussion is increasingly recognized as a major public 
health concern due to high incidence rates and the potential 
for long-term effects.4,107,108,141,159 Overall incidence rates for 
concussion have varied greatly across studies. The CDC esti-
mates that 1.6 to 3.8 million concussions occur during sports 
and recreational activities annually.121 For 2008, the Agency 
for Healthcare Research and Quality reported 43 802 emer-
gency department (ED) visits for sports-related concussion, 
and more than 12 times as many reported non–sports-related 
concussions during the same period.227 However, it may be 
that this ratio is different for non-ED contexts. Even so, it 
illustrates that while media reports have often focused on 
the high incidence and dangers of concussion in sports, it is 
important to recognize that the mechanisms and contexts of 
concussive events vary greatly, and frequently occur outside 
of sports contexts (ie, falls, motor vehicle crashes, and mili-
tary injuries).25,37,227 Furthermore, recent epidemiological re-
ports indicate that incidence rates for concussions have been 
on the rise, likely as a direct result of the increases in research 
and media coverage indicating the substantial impact of con-
cussive events and mild brain injuries.25,41

A commonly acknowledged limitation of incidence estimates 
is that not all individuals who experience a concussive event 
seek medical care.41,46,55,56,107,120,121 Additionally, many concus-
sive events go unrecognized or unreported,41 and the symp-
toms, impairments, and functional limitations associated 
with concussion can be subtle, vary in presentation, and be 
easily confused with other common illnesses or injuries.34,41,107 
For example, headaches, fatigue, and dizziness commonly oc-
cur after a concussive event; however, they are also associated 
with other injuries and illnesses.141,142,149,153 Collectively, these 
factors are significant challenges to providing accurate esti-
mates of the incidence and prevalence of concussion.34,107,142,159

Gaps in Knowledge
Future research should investigate the prevalence of patients 
participating in physical therapy who do not have a medical 
diagnosis of concussion yet experienced a concussive event 
and exhibit signs and symptoms indicative of a concussion. 
Research in this regard would help provide estimates for un-
diagnosed concussion among individuals referred to physical 
therapy.

RISK FACTORS
Evidence Summary
There is growing recognition that concussion recovery trajec-
tories are complex, highly variable, and influenced by a range 
of factors (eg, age, sex, prior history of concussion, premorbid 
diagnoses).34,102,107,108 A recent systematic review highlighted 
preinjury factors, injury-related factors, and postinjury factors 
associated with prolonged recovery after a concussion.102 It has 
been suggested that preinjury factors such as history of con-
cussion, female sex, younger age, attention-deficit hyperactivity 
disorder (ADHD), history of migraine, and genetics may all be 
associated with prolonged recovery from concussion.102 Inju-
ry-related factors associated with prolonged recovery include 
loss of consciousness, anterograde amnesia, retrograde amne-
sia, and delayed removal from sports participation.102 Postinjury 
factors associated with prolonged recovery include symptoms of 
dizziness, headache, migraine, or depressive symptoms.102 How-
ever, studies have also documented a lack of association between 
prolonged recovery and many of the aforementioned factors.102 
Consequently, definitive characterization of risk factors asso-
ciated with poor concussion recovery remains unclear.102,107,108

Two emerging areas of research highlight additional factors 
that may influence recovery outcomes: (1) psychosocial fac-
tors (eg, perceived competence, tenacity, tolerance of neg-
ative affect, and positive acceptance of change)107,119,138-140,176 
and (2) early concussion management factors (eg, strict rest 
versus relative rest versus active rehabilitation).34,107,137 Iden-
tification of risk factors and implementation of management 
approaches have continued to evolve quickly as new knowl-
edge is gained and alternative strategies are proposed. This 
fast-paced evolution of evidence likely contributes to varia-
tion in care, which in turn adds to the difficulty in defining 
natural concussion recovery trajectories and the extent to 
which various strategies directly affect outcomes.107,108

Gaps in Knowledge
More research is needed to determine risk factors related to 
poor recovery from concussion and how timing and utiliza-
tion of physical therapy services may affect recovery.

CLINICAL COURSE
Evidence Summary
Concussions are associated with a wide array of complaints, 
including headache, dizziness, balance problems, neck pain, 
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sensitivity to light and sound, fatigue, disorientation, mental 
fogginess, sleep disturbances, and difficulty regulating emo-
tions, among others.41,107,142 Many studies report that most 
individuals who sustain a concussion “recover” within a rel-
atively short period of time (approximately 7-14 days post 
injury).34,41,102 However, definitions for concussion and the 
strategies to measure recovery have been inconsistent.102,107 
In recent years, the notion that most individuals recover fully 
from concussion within a few days or weeks has been increas-
ingly challenged.34,102,159 Studies have demonstrated that as 
many as 5% to 58%96,107 of individuals who sustain a concus-
sion have persistent symptoms, impairments, and/or limita-
tions that affect daily function. The timing of these complaints 
ranges from a few days to a few weeks or longer.96,144,151,196

Although it is often reported that symptoms, impairments, 
and functional limitations follow a gradual pattern of im-
provement, the trajectory may not be linear.197 Rather, many 
patients experience symptom exacerbations during their re-
covery period.197 In some cases, these exacerbations may be 
an immediate reaction to a specific mechanism (eg, change 
of position or intense bout of physical or cognitive exertion),47 
or delayed reaction associated with activities over the pre-
ceding 24-hour period.197 Some studies indicate that subtle, 
underlying impairments may continue to be present after 
concussion43,44,144 and put individuals at risk for additional 

injuries105,162 or more chronic/long-term sequelae (eg, chronic 
pain, persistent motor control deficits).43,44,74,151

Since approximately 2007, clinical commentaries and stud-
ies have supported postconcussion assessment, manage-
ment, and skilled rehabilitation techniques that fall within 
physical therapists’ scope of practice (eg, progressive aerobic 
exercise, vestibular and oculomotor interventions, manual 
therapy and exercises targeting the cervical spine, balance 
training).4,5,9,18,34,38,47,51,53,54,62,98,125,132,133,145,152,178,191,192,194,220,225 Sys-
tematic reviews support active rehabilitation strategies for 
concussions under the direction of a physical therapist as 
a promising management approach for facilitating recov-
ery.178,192 Consequently, physical therapists have become key 
members in an interdisciplinary approach to caring for indi-
viduals with concussion.53,159

Gaps in Knowledge
Despite a growing body of evidence on the safety and primar-
ily positive outcomes for physical therapy interventions, addi-
tional research is needed to provide more specific insight into 
factors that affect patient responsiveness to physical therapy 
for concussion-related symptoms, impairments, functional 
limitations, and participation restrictions. Additionally, stud-
ies evaluating the prevalence of the different types of move-
ment-related impairments would be informative.
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CLINICAL PRACTICE GUIDELINES

Screening and Diagnosis
DIAGNOSIS

I
Two high-quality CPGs strongly emphasize the 
need to recognize and diagnose a concussion as 
soon as possible to promote positive health out-

comes and mitigate poor health outcomes and secondary 
effects of concussion.149,153

Evidence Synthesis
High-quality concussion CPGs and consensus-based guid-
ance documents consistently acknowledge (1) the impor-
tance of identifying and diagnosing a potential concussion 
as early as possible, (2) the importance of the involvement 
of a trained medical professional for determining the con-
cussion diagnosis, and (3) common signs and symptoms 
that should be used to diagnose a concussion. Given the 
known problems of underreporting and underrecognition 
of concussions, physical therapists may encounter patients 
who have experienced a concussive event and exhibit con-
cussion-related symptoms, impairments, and functional 
limitations, yet have not been diagnosed with a concussion. 
The benefits of identifying an undiagnosed concussion and 
associated impairments may outweigh the potential costs of 
time, resources, and overidentification that may occur with 
more expansive screening efforts.

Recommendation

A
Physical therapists must screen all individuals who 
have experienced a potential concussive event and 
document the presence or absence of symptoms, 

impairments, and functional limitations that may relate to a 
concussive event.

SCREENING FOR INDICATORS OF EMERGENCY CONDITIONS

I
Two high-quality CPGs included recommenda-
tions emphasizing the importance of screening for 
more serious neurological or musculoskeletal con-

ditions that may require emergency evaluation and 
treatment.141,153

Evidence Synthesis
Although incidence is relatively low, there is potential for an 
individual with an initial presentation of mild brain injury 
to develop signs of decline that may be indicative of more 
moderate to severe brain pathology. In many cases, physical 
therapists are likely to encounter patients who are outside 
the most vulnerable period for signs of moderate to severe 
injury, so screening for indicators of emergency will align 

with standard-of-care practice patterns for general systems 
review. However, in some cases, physical therapists may be 
the patient’s first health care providers (eg, through direct 
access, sideline coverage for certified sports specialists, 
providing coverage in an ED, or other contexts). In these 
cases, more in-depth screening procedures may be needed. 
Clinical practice guidelines for concussion/mTBI provide 
specific guidance on this type of screening.141,153

FIGURE 1 provides a synthesis of key signs and symptoms in 
screening to determine the need for emergency evaluation. 
The use of the Glasgow Coma Scale and the Canadian com-
puted tomography (CT) head rule may be useful to support 
screening of individuals for brain injury of greater severi-
ty than concussion.149,153 If patients demonstrate relative-
ly normal mental status (alertness/behavior/cognition) at 
least 4 hours post injury, do not report severe headache, 
do not have signs of focal neurological deficit, and do not 
demonstrate high-risk factors for further imaging/scans (eg, 
Glasgow Coma Scale score of less than 13 two hours after 
injury, suspected open skull fracture or sign of base skull 
fracture, vomiting more than twice, and younger than 65 
years of age), then concern for more severe brain injury re-
quiring neurosurgical intervention is low. For patients aged 
8 to 18 years presenting within the first 24 hours of head 
injury, the Pediatric Emergency Care Applied Research 
Network (PECARN) has developed a validated prediction 
rule to help identify children at very low risk of needing 
acute-care intervention, versus those who are showing signs 
of more moderate or severe brain injury.116 Signs that CT 
imaging and other acute monitoring are not likely needed 
include normal mental status, no loss of consciousness, no 
vomiting, nonsevere injury mechanism, no signs of basilar 
skull fracture, and no severe headache.116

Additionally, given the mechanisms of a concussive event, 
screening for potential cervical spine pathology is also war-
ranted, regardless of presence of neck pain. When screening 
for significant cervical spine pathology, signs indicative of 
infection, cancer, cardiac involvement, arterial insufficiency 
(ie, dizziness in combination with neurologic signs), upper 
cervical ligamentous insufficiency (ie, positive transverse or 
alar ligament testing), unexplained cranial nerve dysfunc-
tion, signs of central cord compression (ie, positive upper 
motor neuron tests), or fracture (ie, findings suggesting im-
aging is required based on the Canadian cervical spine rules 
and/or the National Emergency X-Radiography Utilization 
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Study criteria) warrant further assessment and referral for 
consultation with physicians or other members of the health 
care team (FIGURE 1).10,16,201,202

Recommendation

A
Physical therapists must screen patients who have 
experienced a recent potential concussive event for 
signs of medical emergency or severe pathology (eg, 

more serious brain injury, medical conditions, or cervical 
spine injury) that warrant further evaluation by other health 
care providers. Referral for further evaluation should be 
made as indicated (FIGURE 1).

DIFFERENTIAL DIAGNOSIS

I
Evidence and recommendations from a high-qual-
ity CPG emphasized a need to conduct a compre-
hensive intake on various aspects of the patient’s 

past medical history, review of mental health history, inju-
ry-related mechanisms, injury-related symptoms, and early 
management strategies.153

I
Evidence and recommendations from high-quality 
CPGs did not support the use of imaging for imme-
diate diagnosis in the absence of more severe brain 

injury concerns.141,149,153 The use of biomarkers and the con-
sideration of helmet-based measurement devices for diag-
nosing concussion are not recommended outside the context 
of research studies.141,149,153

I
Evidence and recommendation from 2 high-quality 
CPGs support using a symptom checklist or symp-
tom rating scale to help evaluate/assess for concus-

sion signs and symptoms and multisystem evaluations.141,153 
However, there are no clear evidence-based endorsements to 
support specific symptom scales or system measures.

I
Evidence indicates that computerized neurocogni-
tive assessments are an option to complement di-
agnostic evaluation for concussion, but the 

reliability, validity, and utility across patient populations re-
main unclear.2,3,149

II
Evidence from a high-quality CPG further supports 
that multiple tools should be used to assess children 
with concussion, but does not provide endorsement 

of any specific tools.141

II
Evidence from the CDC CPG, providing recommen-
dations specific to children, indicates that age-ap-
propriateness may be an important consideration 

for selection of concussion symptom scales, as there are dif-
ferent scales developed for specific age ranges.141

II
Evidence and recommendations from 1 high-qual-
ity CPG support evaluation for cognitive difficulties 
through focused clinical interviews and symptom 

checklists.153 Evidence and recommendations from a 
high-quality CPG recommend against the use of comprehen-
sive and focused neurocognitive assessments in the first 30 
days, instead encouraging general screening until symptoms 
appear to be persistent.149

IV
Evidence from expert consensus documents and 
case studies provides further support for a compre-
hensive intake for factors that may affect or be af-

fected by recovery from concussion.61,159,160

Evidence Synthesis
Available guidance documents indicate the multidimensional 
factors that should be considered and that triangulation of in-
formation sources should be used to identify concussion as the 
likely cause of the presenting signs and symptoms (FIGURE 1). 
As recognized by high-quality CPGs and numerous epidemio-
logical studies, memory problems and confusion are common 
symptoms associated with concussion. Reports from individu-
als who know a patient well can be used to help verify and ex-
pand upon information the patient provides. Symptom scales 
or checklists are commonly used and cited. However, there 
is no clear gold standard for the most appropriate diagnostic 
tools based on previously published guidelines, and compara-
tive studies between tools are limited.

A comprehensive systematic review of all potential diagnostic 
tools for concussion was outside the scope of the GDG goals 
for this CPG. Based on the evidence that was identified with-
in the searches that were performed, the GDG determined 
that there is insufficient evidence to specifically endorse any 
of these assessments due to uncertain reliability, validity, and 
utility for the wide array of types of patients physical thera-
pists may encounter.

Recommendations

A
Physical therapists must evaluate for potential 
signs and symptoms of an undiagnosed concussion 
for patients who have experienced a concussive 

event but have not been diagnosed with concussion. Evalua-
tion should include triangulation of information from pa-
tient/family/witness reports, the patient’s past medical 
history, physical observation/examination, and the use of an 
age-appropriate symptom scale/checklist (see FIGURE 1 for di-
agnostic criteria).

F
For patients who have experienced a concussive 
event and do not report or demonstrate signs and 
symptoms consistent with a concussion diagno-

sis, physical therapists should evaluate for other potential 
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diagnoses and follow standard-of-care procedures in accor-
dance with their findings.

F
For patients who have experienced a concussive 
event and report or demonstrate signs and symp-
toms consistent with a concussion diagnosis, phys-

ical therapists should determine whether a comprehensive 
physical therapy evaluation is appropriate using information 
from a comprehensive intake interview and clinical judgment 
(see FIGURE 1 for potential considerations).

A
Physical therapists should screen patients who 
have experienced a concussive event for mental 
health, cognitive impairment, and other potential 

coinciding diagnoses and refer for additional evaluation and 
services as indicated.

F
For patients not deemed appropriate for a compre-
hensive physical therapy examination (ie, they 
present with severe mental health concerns or 

health conditions that require medical clearance prior to 
comprehensive physical examination), physical therapists 
should provide education regarding concussion symptoms, 
prognosis, and self-management strategies and refer for con-
sultation with other health care providers as indicated.

COMPREHENSIVE INTAKE INTERVIEW

I
Evidence and recommendations from a high-qual-
ity CPG emphasized the need to conduct a compre-
hensive intake on various aspects of the patient’s 

past medical history, reviewing mental health history, inju-
ry-related mechanisms, injury-related symptoms, and early 
management strategies.153

II
Evidence from a high-quality CPG further supports 
that multiple tools should be used to assess children 
with concussion, but does not provide endorsement 

of any specific tools.141

IV
Evidence from expert consensus documents and 
case studies provides further support for a compre-
hensive intake for factors that may affect or be af-

fected by recovery from concussion.61,159,160

Recommendation

A
Physical therapists must conduct and document a 
comprehensive intake of past medical history, re-
viewing mental health history, injury-related 

mechanisms, injury-related symptoms, and early manage-
ment strategies for patients who have experienced a concus-
sive event.
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CLINICAL PRACTICE GUIDELINES

Examination
SYSTEMS TO BE EXAMINED

II
Evidence and recommendations from a high-qual-
ity CPG153 and moderate-quality systematic re-
view147 consistently emphasize the importance of a 

multisystem physical examination to help discern specific 
impairments that may need to be monitored or targeted with 
rehabilitation strategies. Systems to be evaluated included 
neurological (including specific screens for vision, auditory, 
sensory processing, cognition, and motor control and coor-
dination impairments), cardiovascular/autonomic, musculo-
skeletal, and vestibular systems.

IV
Four recent expert consensus statements provide ro-
bust evaluation of potential physical examination 
techniques and domains, with varying strengths of 

recommendation based on clinical expertise.19,61,159,160 Recom-
mendations for examination approaches most relevant to this 
CPG included assessments for musculoskeletal function (espe-
cially in the cervical spine), vestibular and oculomotor function, 
exertional tolerance, gait, balance, and dual/multitasking.

Evidence Synthesis
There is strong evidence to support high risk for concussive 
events to result in multiple system impairments that affect 
and are affected by movement. There are no well-validated, 
evidence-based approaches or tools to guide how the mul-
tiple systems should be evaluated. Recent expert consensus 
statements provide insight into what may be considered best 
practice at this time.19,61 However, it should be acknowledged 
that these recommendations were meant for more global 
management of concussion and are not specific to physical 
therapy management of concussion. Recent evidence offers 
some potential screening options that include screening for 
movement-related impairments (eg, Buffalo Concussion Phys-
ical Examination77,124). There is also insufficient evidence to 
support the validity, reliability, and utility of these screening 
tools for physical therapy purposes. Therefore, while there is 
moderate to strong evidence to suggest that it is important to 
assess the domains identified, the recommendations in this 
CPG are intentionally vague with regard to which assessments 
should be used. As previously mentioned in the Clinical Course 
section, the GDG identified 4 overarching system domains that 
align with movement-related impairments pertinent to phys-
ical therapists’ scope of practice: (1) cervical musculoskeletal 
impairments, (2) vestibulo-oculomotor impairments, (3) auto-
nomic dysfunction/exertional tolerance impairments, and (4) 
motor function impairments. Identifying impairments in each 

of these domains will help in the development of treatment 
plans tailored to the needs of each patient.31

Gaps in Knowledge
Future research to develop, test, and optimize a specific bat-
tery of physical therapy examination strategies for individu-
als who have sustained a concussive event is needed.

Recommendation

B
For patients identified as safe and appropriate for a 
comprehensive examination, physical therapists 
must determine and document a need for physical 

therapy to facilitate recovery from a concussive event, based 
on findings from a comprehensive multisystem physical ther-
apy examination and evaluation. Examination procedures 
should include examination for impairments in the following 
domains: cervical musculoskeletal function, vestibulo-oculo-
motor function, autonomic dysfunction/exertional tolerance, 
and motor function, through foundational standard-of-care 
screening strategies (FIGURE 2).

SEQUENCING OF EXAMINATION BASED  
ON LEVELS OF IRRITABILITY
Evidence Synthesis
No evidence was identified to address sequencing of physical 
therapy examination of patients who have experienced a con-
cussive event. However, screening and examination for move-
ment-related impairments often require procedures that are 
intended to provoke symptoms to determine whether an 
impairment is present. The consensus of the GDG was that 
transient increases in symptoms are expected in response to 
physical therapy examination processes. Because of the mul-
tisystem effects, it is possible that examination procedures 
for one system may increase symptoms to a level that may 
make it difficult to proceed or could compromise the validi-
ty of additional tests for other systems. The extent to which 
symptoms are provoked, and their duration, can be assessed 
and a level of irritability assigned.

FIGURE 2 provides a triage system (a process to help determine 
priorities) to guide examination sequencing that is based 
solely on the GDG’s consensus of expert opinion. The focus 
is on using anticipated levels of irritability to strategically 
sequence exam procedures. Recommended irritability con-
siderations with regard to symptom reports and examination 
procedures include (1) frequency of symptom provocation, 
(2) vigor of movement required to reproduce symptom(s), 
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(3) severity of symptoms once provoked, (4) how easily symp-
toms are provoked, (5) which factors ease the symptoms, and 
(6) how much, how quickly, and how completely the symp-
toms resolve (FIGURE 2).

Gaps in Knowledge
Future research is needed to test the utility and value of this 
triage strategy.

Recommendations

F
Prior to initiating a comprehensive physical exam-
ination for patients who have experienced a concus-
sive event, physical therapists should determine 

probable levels of irritability for movement-related symptoms 
and impairments and plan to strategically sequence and/or 
delay examination procedures as needed, based on patients’ 
symptom types and probable level of irritability. Physical ther-
apists are encouraged to first triage for neck pain irritability 
and then for dizziness and/or headache (FIGURE 2).

F
For patients who have experienced a concussive event 
and have high neck pain irritability but exhibit no 
signs of serious neck or systemic pathology, physical 

therapists should first examine the cervical and thoracic spines 
for sources of musculoskeletal dysfunction and address find-
ings appropriately to promote symptom relief (eg, stretching, 
soft tissue mobilization, therapeutic exercise, modalities) and 
to support tolerance of examination of other body systems.

F
For patients who have experienced a concussive 
event and report dizziness, vertigo, and/or head-
ache, physical therapists should thoroughly exam-

ine for sources of cervical and thoracic spine dysfunction, 
vestibular and oculomotor dysfunction, and orthostatic hy-
potension/autonomic dysfunction that may contribute to the 
emergence or exacerbation of these symptoms (FIGURE 2). 
Therapists should start with the tests that are anticipated to 
be the least irritable and proceed with the tests anticipated 
to be the most irritable, based on patient tolerance.

F
After triaging and screening for neck pain, dizziness, 
and headache, physical therapists should proceed 
with multisystem comprehensive examination of any 

untested domains of cervical musculoskeletal function, ves-
tibulo-oculomotor function, autonomic dysfunction/exertion-
al tolerance, and motor function by sequencing tests and 
measures based on clinical judgment as indicated (FIGURE 2).

EXAMINATION FOR CERVICAL MUSCULOSKELETAL 
IMPAIRMENTS

IV
Multiple consensus documents and lower-level 
studies emphasize that cervical musculoskeletal 
dysfunction is complex and may contribute to vari-

able types of symptoms.115,152,186,188,217 However, evidence and 
consensus statements encourage attempts to differentiate 
between the sources that may be causing the symptoms when 
possible.186,188,217 When there is a report of neck pain with con-
cussion, the potential for cervical spine musculoskeletal dys-
function is high. However, the potential for dizziness to be 
caused by cervical dysfunction post concussion is less clear.188 
Low-level evidence indicates that examination of cervical 
musculoskeletal, vestibulo-oculomotor, and autonomic func-
tions may help clinicians differentiate between dizziness 
caused by cervical spine dysfunction and other sources.188

IV
Several level IV studies, including a Delphi study, 
provide examples of cervical musculoskeletal assess-
ments that may be useful to identify impairments 

that may contribute to neck dysfunction and cervicogenic diz-
ziness.106,187,188 Proposed examination techniques include active 
range of motion of the neck, testing for the presence of pain 
during active range of motion, manual passive joint mobility 
assessment, active trigger point assessment and tenderness to 
palpation, the cranial cervical flexion test, cervical flexion-ro-
tation test, smooth pursuit neck torsion test, head-neck differ-
entiation test, vibration tests, and motor control assessment 
of deep cervical flexors and extensors. Results of a Delphi 
study indicated a consensus of strong clinical utility for the 
following tests in patients with sports-related concussion: the 
Dix-Hallpike test, orthostatic hypotension testing, sponta-
neous nystagmus, head impulse test, roll test, gaze-hold nys-
tagmus, saccade testing, vestibulo-ocular reflex cancellation, 
head-shake test, and smooth pursuit testing.188 The authors 
noted that these tests identify dizziness originating from the 
vestibular or central nervous system. This Delphi study also 
achieved consensus categorizing the following tests as having 
weak clinical utility: the cervical flexion-rotation test, neck 
torsion test, vibration tests, head-neck differentiation test, and 
motor control assessments of deep cervical flexors and exten-
sors. There was no clear consensus on the clinical utility of 
static and dynamic balance tests, convergence assessment, 
dynamic visual acuity testing (DVAT), reproduction of dizzi-
ness through manual passive joint mobility, the joint position 
error test, neck pain and related dizziness, or reproduction of 
dizziness through palpation of cervical musculature.

V
A number of expert opinions, narrative reviews, and 
theoretical/conceptual papers have provided ratio-
nales and theoretical support for the potential role 

and relatively high prevalence of cervical musculoskeletal im-
pairments that may coincide with symptom reports of dizziness 
and headache with proposed assessment strategies.31,54,152,165

Evidence Synthesis
There is clear evidence to suggest that the cervical spine 
should be examined after a concussive event, but there is 
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limited evidence on examination procedures for cervical 
musculoskeletal dysfunction specific to patients who have 
experienced a concussive event. Low-level evidence suggests 
that a concussive event can cause cervical injury, and that 
cervical musculoskeletal impairments can cause symptoms 
that are often reported after a concussive event. Given the 
postulated connection between cervical musculoskeletal im-
pairments and concussive events, the GDG consensus was 
that examination to detect impairments is useful for patients 
who have experienced a concussive event. Recommended 
tests and measures include passive and active range of motion 
of the neck, muscle strength and endurance for cervical and 
scapulothoracic muscles, tenderness to palpation of cervical 
and scapulothoracic muscles, passive cervical and thoracic 
spine joint mobility, and cervical joint position error. When 
dizziness is reported, the cervical spine should be examined 
to determine the potential for musculoskeletal dysfunction 
as a source of the dizziness. The GDG also agreed that the 
2017 revision of the Academy of Orthopaedic Physical Ther-
apy neck pain CPG16 may be used as a resource for guiding 
physical therapist examination procedures. Musculoskeletal 
evaluations are part of all physical therapy curricula and 
are standard-of-care procedures for patients with suspected 
musculoskeletal dysfunction. Therefore, the GDG decided to 
set the level of obligation as “should” instead of “may,” despite 
the relatively weak state of the evidence.

Gaps in Knowledge
Future research is needed to test the direct utility and im-
plementability of the neck pain CPG16 for patients who have 
experienced a potential concussive event. Although the scope 
of the systematic search process did not specifically cover the 
role of neck strength in mitigating subsequent concussion risk, 
numerous studies and expert opinion reports have hypothe-
sized and demonstrated a potential link between concussion 
risk and neck strength and control.152 Given the theoretical and 
hypothesized linkages between concussion risk, the potential 
dangers of subsequent concussions, and the expertise of physi-
cal therapists to address cervical spine dysfunction, the benefit 
of identifying potential cervical spine musculoskeletal impair-
ments outweighs the potential costs and burden of examining 
the spine, even among those patients who do not report neck 
pain, headache, or dizziness. Future research to evaluate the 
value of examining neck strength and control among individ-
uals in physical therapy when headache, neck pain, and dizzi-
ness are not reported would be beneficial.

Recommendations

C
Physical therapists should examine the cervical and 
thoracic spines for potential sources of musculo-
skeletal dysfunction for patients who have experi-

enced a concussive event with reports of any of the following 
symptoms: neck pain, headache, dizziness, fatigue, balance 

problems, or difficulty with visually focusing on a target. Rec-
ommended cervical musculoskeletal tests and measures in-
clude range of motion, muscle strength and endurance, 
tenderness to palpation of cervical and scapulothoracic mus-
cles, passive cervical and thoracic spine joint mobility, and 
joint position error testing.

F
Physical therapists may examine the cervical spine, 
thoracic spine, and temporomandibular joint for 
potential sources of musculoskeletal dysfunction 

for patients who do not report the symptoms listed to deter-
mine whether subtle impairments are present and may be 
contributing to symptoms.

EXAMINATION FOR VESTIBULO-OCULOMOTOR 
IMPAIRMENTS

I
One CPG specific to concussion and a CPG not di-
rectly addressing individuals who have experienced 
a concussive event indicate that benign paroxysmal 

positional vertigo (BPPV) may be present and support the 
use of the Dix-Hallpike test/positional tests to assess for 
BPPV.14,153

II
Evidence from a CPG specific to concussion pro-
vides strong support for examination to detect ves-
tibular and oculomotor dysfunction that may 

contribute to postconcussive symptoms.153 A moderate-qual-
ity systematic review reported the following as examination 
techniques that have been used in research to detect postcon-
cussive oculomotor impairments: saccadic eye movement, 
smooth pursuits, vergence, and accommodation.99

II
A prospective cohort study comparing preinjury 
baseline data and postinjury scores for 63 athletes 
indicated that both total and change scores on the 

Vestibular/Ocular Motor Screening (VOMS) may help iden-
tify vestibular and oculomotor impairments in athletes who 
have experienced a concussive event.52

II
A cross-sectional study comparing 64 athletes with 
concussion and 78 healthy controls provided pre-
liminary support for adequate internal consistency, 

sensitivity, and utility of the VOMS assessment.169

III
Evidence from CPGs and systematic reviews using 
level III studies, as well as additional level III stud-
ies, further supports the use of vestibular and ocu-

lomotor evaluations to identify potential sources of 
postconcussive symptoms.26,32,82,103,141,149,155,173,198

IV
A retrospective chart review of 167 youth patient 
records indicated that poorer scores on the VOMS 
in any of the domains except for near-point conver-
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gence may be predictive of delayed recovery after sport-relat-
ed concussion.8

IV
Expert consensus from 2 Delphi studies and pre-
liminary evidence from other studies indicate that 
the following tests may have clinical utility for in-

vestigating various sources of dizziness after a concussive 
event, including dizziness of vestibular or oculomotor origin: 
ocular alignment, the Dix-Hallpike test, orthostatic hypoten-
sion testing, spontaneous nystagmus, head impulse test, roll 
test, gaze-hold nystagmus, saccade testing, vestibulo-ocular 
reflex testing, vestibulo-ocular cancellation testing, head-
shake test, smooth pursuit testing, motion sensitivity, opto-
kinetic stimulation, and DVAT.27,71,161,187,188,228

IV
A retrospective chart review indicated that pediat-
ric patients who showed signs of vestibular abnor-
mality on initial clinical examination at a sports 

medicine clinic took a significantly longer time to return to 
school or be fully cleared for return to sport.38

IV
Multiple descriptive cohort studies indicate that 
dizziness, which is often tied to vestibulo-oculomo-
tor dysfunction, is likely multifactorial and that it 

may be difficult to differentiate the specific impairments 
leading to the reports of dizziness.38,82,152,186-188

V
A number of expert opinions, narrative reviews, 
and theoretical/conceptual papers have provided 
rationales and theoretical support for the poten-

tial role and relatively high prevalence of vestibular and 
oculomotor impairments that may coincide with symptom 
reports of dizziness and headache and proposed assessment 
strategies.31,54,135,152,156,219

Evidence Synthesis
Although evidence is available regarding evaluation for 
vestibular and oculomotor dysfunction, there is limited 
evidence specifically derived from patients who have expe-
rienced a concussive event. Various strategies to assess for 
impairments in vestibular and oculomotor function have 
been proposed. The VOMS is a vestibular and oculomo-
tor functional screening tool that is commonly cited in the 
literature and was developed and has been tested for use 
specifically in athletes with concussion. Preliminary study 
of the VOMS supports its use for diagnosing sport-relat-
ed concussions and predicting prolonged recovery. The 
VOMS captures self-reported symptom provocation with 
assessment of 5 areas: smooth pursuit, horizontal and ver-
tical saccades, convergence, horizontal and vertical vestib-
ular-oculomotor reflex, and visual motion sensitivity. The 
VOMS has demonstrated strong internal consistency and 
significant correlation with the Post-Concussion Symptom 

Scale, and has potential to help differentiate individuals 
with concussion from healthy controls. However, it is im-
portant to emphasize that the VOMS was not designed as a 
comprehensive tool for vestibular and oculomotor function 
and may not encompass all of the screening strategies nec-
essary to examine all aspects of vestibular and oculomotor 
dysfunction. Therefore, it may be useful as a screening tool, 
but is not appropriate as a replacement for a comprehensive 
vestibular and oculomotor assessment.

The GDG determined that the following examination strat-
egies may be useful for patients who have experienced a 
concussion: ocular alignment, head impulse testing, smooth 
pursuits, saccades, vergence and accommodation, gaze sta-
bility, dynamic visual acuity, and visual motion sensitivity. 
When symptoms indicate it, the use of positional tests (eg, 
the Dix-Hallpike test) may help to identify BPPV. Addition-
ally, the CPGs for vestibular hypofunction80 and BPPV14 and 
their associated implementation tools may be useful to help 
guide examination and evaluation procedures.

Gaps in Knowledge
Various strategies to examine vestibular and oculomotor 
function have been proposed. At this time, there is limited 
evidence to support one strategy over others for examining 
patients who have experienced a concussive event. More re-
search is needed to determine the utility and implementabil-
ity of the CPGs for vestibular hypofunction80 and BPPV14 and 
other oculomotor-vestibular assessment protocols for use in 
individuals who have experienced a concussive event.

Recommendations

B
Physical therapists should examine vestibular and 
oculomotor function for patients who have experi-
enced a concussive event with reports of any of the 

following symptoms: headache, dizziness, vertigo, nausea, fa-
tigue, balance problems, visual motion sensitivity, blurred vi-
sion, or difficulty with focusing on stable or moving targets.

B
Physical therapists should examine vestibular and 
oculomotor function related to the following: ocu-
lar alignment, smooth pursuits, saccades, vergence 

and accommodation, gaze stability, dynamic visual acuity, 
visual motion sensitivity, light-headedness caused by ortho-
static hypotension, and vertigo caused by BPPV.

A
If BPPV is suspected, then physical therapists 
should assess the patient using the Dix-Hallpike 
test or other appropriate positional test(s).

F
Physical therapists may examine patients who have 
experienced a concussive event for vestibulo-oculo-
motor function, even if vestibulo-oculomotor 

 J
ou

rn
al

 o
f 

O
rt

ho
pa

ed
ic

 &
 S

po
rt

s 
Ph

ys
ic

al
 T

he
ra

py
®

 
 D

ow
nl

oa
de

d 
fr

om
 w

w
w

.jo
sp

t.o
rg

 a
t o

n 
O

ct
ob

er
 1

7,
 2

02
4.

 F
or

 p
er

so
na

l u
se

 o
nl

y.
 N

o 
ot

he
r 

us
es

 w
ith

ou
t p

er
m

is
si

on
. 

 C
op

yr
ig

ht
 ©

 2
02

0 
Jo

ur
na

l o
f 

O
rt

ho
pa

ed
ic

 &
 S

po
rt

s 
Ph

ys
ic

al
 T

he
ra

py
®

. A
ll 

ri
gh

ts
 r

es
er

ve
d.



journal of orthopaedic & sports physical therapy  |  volume 50  |  number 4  |  april 2020  |  cpg25

Concussion: Clinical Practice GuidelinesConcussion: Clinical Practice Guidelines

symptoms are not reported, to identify potential subtle im-
pairments that may be contributing to symptoms.

EXAMINATION FOR AUTONOMIC/EXERTIONAL  
TOLERANCE IMPAIRMENTS

I
A high-quality systematic review appraised the evi-
dence on strategies for evaluating responses to phys-
ical exertion after mTBI/concussion for clinical and 

research purposes.177 Findings indicate that testing may identify 
impairments that would not otherwise be detected based on 
symptom reports or physiologic measures taken with the pa-
tient at rest. Additionally, patient responses to exertional tests 
may result in a slight, short-term exacerbation of symptoms.

I
Evidence from an RCT indicates that evaluation of 
exercise tolerance testing for adolescents within 1 
week of sports-related concussion did not affect re-

covery, and that the extent of early exercise intolerance may 
be strongly associated with prolonged recovery time.131

II
Evidence from a scoping review of the literature for 
postconcussion assessment strategies indicates that 
graded exercise tests are becoming more prominent 

in research and clinical practice, and they may provide valu-
able insight into concussion recovery trajectories and poten-
tial impairments.78

II
Two cohort studies indicate that treadmill and sta-
tionary bicycle graded exercise testing could be use-
ful tools for capturing impairment after concussion 

and while monitoring recovery.47,174

III
A mildly blunted heart rate response, altered heart 
rate variability, and higher ratings of perceived exer-
tion have been observed among individuals who have 

experienced a concussive event during graded exercise testing, 
suggesting potential autonomic dysfunction.65,66,85,174 Findings 
indicated that exertional testing may identify impairments that 
would not otherwise be detected based on symptom reports or 
physiologic measures taken with the patient at rest,65,85 and that 
results may be predictive of recovery trajectory.79,174

IV
A variety of case series and other lower-level study 
designs indicate that graded exertional tests are 
safe, tolerable, and can be clinically valuable for as-

sessing individuals who have experienced a concussive 
event.36,42,112 Additionally, graded exertional tests have be-
come recognized as an option for assessment via expert con-
sensus documents and workgroups.19,159

V
The use of graded exertional tests is further sup-
ported by numerous theoretical papers, clinical 
commentaries, and narrative review papers de-

scribing the potential value of postconcussive exertional 
tests.53,54,123,126,128,133,134,156

Evidence Synthesis
Collectively, the evidence suggests that evaluating symptoms 
and physiological metrics at rest (eg, heart rate, respiration 
rate, and blood pressure) is not sufficient to effectively detect 
lingering postconcussion exertional intolerance. Strong evi-
dence indicates that (1) exertional assessments using symp-
tom thresholds can provide important insights into recovery, 
and (2) exertional tolerance tests are a key assessment strate-
gy for individuals with concussion with persistent symptoms 
and who desire to return to high-exertion activities (eg, sports, 
active military duty). Common outcome measures used with 
exertional tests include self-reported symptom exacerbation, 
heart rate, and blood pressure. Potential risks, harms, and im-
plementation considerations related to exertional intolerance 
examinations include (1) exacerbation of concussion-related 
symptoms, (2) varying comfort levels and preferences of pa-
tients for exercise in general or with certain exercise modali-
ties,150,163,177 (3) a general lack of fitness that may limit the utility 
of an exertional assessment for identifying specific injury-re-
lated impairment, and (4) for some patients with cardiovas-
cular, orthopaedic, or vestibular conditions or impairments, 
inability to tolerate certain types of exertional modalities or 
protocols. Emerging evidence suggests that exertional tests 
are safe and may be beneficial for athletes to help make re-
turn-to-play decisions, and may be administered within the 
first week of injury. Additionally, given the growing body of 
evidence supporting aerobic exercise training for promoting 
brain healing and health after concussion (evidence report-
ed in the Interventions section), the GDG group consensus 
was that exertional tests may be useful for providing initial 
postconcussion measures and setting target exertion levels for 
promoting brain healing and health, regardless of whether ex-
ertional intolerance is suspected.

Gaps in Knowledge
Additional studies are needed to help clarify optimal testing 
modes, protocols, and interpretation for exertional tests with 
individuals who have experienced a concussive event. Another 
important knowledge gap is that a majority of the exertion 
testing studies for individuals who have experienced a concus-
sive event have been conducted with athletes and/or individ-
uals diagnosed with sport-related concussion. More research 
is needed to determine whether there is the same type of need 
for testing and whether the same type of testing protocols are 
appropriate for individuals who are not athletes.

Recommendations

B
Physical therapists should test for orthostatic hypo-
tension and autonomic dysfunction (eg, resting and 
postural tachycardia or rapidly accelerating heart 
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rate with positional changes) by evaluating heart rate and 
blood pressure in supine, sitting, and standing positions.

B
Physical therapists should conduct a symp-
tom-guided, graded exertional tolerance test for 
patients who have experienced a concussive event 

and report exertional intolerance, dizziness, headache, and/
or a desire to return to high-level exertional activities (ie, 
sports, active military duty, jobs that entail manual labor). 
Timing, modality, and protocol should be tailored to opti-
mize safety and individual appropriateness. For patients 
who are highly symptomatic at rest, the symptom-guided, 
graded exertional tolerance test should be delayed until 
symptoms are stable and more tolerable at rest. Likewise, 
physical therapists may decide to postpone graded exertion-
al testing until later in the course of care if clinical judgment 
deems that other symptoms and impairments are of higher 
priority. Testing modality (eg, treadmill versus stationary 
bicycle) and protocol selection should be based on clinical 
judgment, patient comfort, and the availability of necessary 
equipment. Heart rate and blood pressure should be moni-
tored periodically throughout the test and afterward to 
identify any significant concerns for atypical responses to 
exercise testing.

C
If vestibulo-oculomotor or cervical spine impair-
ments or symptoms are present, physical therapists 
should use a stationary bicycle for testing to reduce 

risk for exacerbating impairments or compromising the va-
lidity of the test results.

C
Physical therapists may use assessments for ortho-
static hypotension/autonomic dysfunction and 
symptom-guided, graded exertional tolerance tests 

for patients who do not report exertional intolerance to help 
determine the role that autonomic dysfunction, decondition-
ing, or general fitness may play in symptoms (eg, headache, 
fatigue, fogginess).

F
Physical therapists may conduct exertional tests for 
patients who have experienced a concussive event 
and do not report symptoms indicative of exertion-

al intolerance in order to rule out subtle autonomic dysfunc-
tion in response to exertion, establish initial postconcussion 
performance level, and identify exertional targets for aerobic 
exercise training that may be incorporated to promote brain 
health and healing.

EXAMINATION FOR MOTOR FUNCTION IMPAIRMENTS

I
A high-quality cohort study demonstrated that con-
cussion may affect postural control during gait as 
far as 2 months post injury and that a dual-task 

assessment may help capture these deficits.92

III
A low-quality systematic review provided founda-
tional evidence that response times and postural 
control deficits are greater and gait strategies are 

less efficient under divided-attention tasks among individu-
als who have experienced a concussion.183

III
Multiple cohort and case-control studies and sys-
tematic reviews of moderate-quality evidence 
found potential motor function impairments that 

may be present after a concussive event, including impair-
ments in static and dynamic balance, dual-task/multitasking 
gait activities, and motor coordination with complex move-
ment tasks, which may or may not correlate with symptom 
reports.11,13,20,21,44,49,58,59,68,86,89,90,93-95,100,144,154,183,190,195,218,221,223

III
Studies indicate that the measurement properties 
for evaluation of motor tasks are uncertain, with 
numerous potential limitations in the reliability, 

validity, utility, and interpretability of the various measures 
currently in the literature, especially with regard to age and 
complexity of task used for assessments.11,12,24,40,172,182,183 Sever-
al studies indicate that examination techniques most sensi-
tive for detecting concussion-related motor function 
impairments may necessitate special equipment (eg, force 
plates or accelerometers) and/or advanced analyses (eg, en-
tropy analyses or complexity metric analyses), thus limiting 
clinical implementability and practicality.93,172,173,180,199

IV
Additional case series and case-control studies in-
dicate that age/developmental factors and the pres-
ence of headache (versus no headache) may 

influence motor function assessment scores for individuals 
with concussion.97,179,184

IV
Multiple case series and retrospective analyses in-
dicate that subtle, subclinical motor function im-
pairments (eg, postural control/sway metrics or 

sensory integration ability) may persist beyond the presence 
of easily observable and detectable impairments (eg, balance 
tests).28,180,200,207,221

IV
Multiple evidence-based expert consensus docu-
ments based on lower-level study designs encour-
age the use of motor function assessments for 

motor function abilities such as dual task/multitask, balance, 
and motor coordination for individuals who have experi-
enced a concussive event.19,60,94,109,141,159,160,181,190

Evidence Synthesis
A variety of tools and assessment strategies for motor func-
tion impairments related to concussion are available, some 
of which are cited more often than others. However, most 
have been designed for sideline and clinical evaluation for 
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symptoms and impairments that may indicate a probable 
concussion. Many studies pertaining to this topic did not 
meet the relevance or inclusion/exclusion criteria set forth 
by the GDG. Consequently, at this time, there is insufficient 
evidence to support a clear set of motor function measures 
for individuals who have experienced a concussive event. For 
patients with lower-level function, the CPG titled “A Core Set 
of Outcome Measures for Adults With Neurologic Conditions 
Undergoing Rehabilitation”164 may be useful. However, for 
patients with higher motor function abilities, the recom-
mended measures are likely to have limited clinical utility, 
as their motor impairments may be too subtle. There is a 
growing set of evidence looking into dual/multitask assess-
ments to identify subtle motor impairments after concussion. 
However, these studies have primarily used laboratory-grade 
motion-analysis equipment and more complex protocols that 
are not easily implemented in clinical contexts. There are 
inherent challenges in determining how useful, valid, and 
reliable a given test is when used by a physical therapist to 
inform plan of care, monitor progress, and determine epi-
sode-of-care end points for discharge from physical therapy. 
These challenges are compounded by an ever-growing body 
of new technologies or approaches that have only been test-
ed in laboratory conditions and/or with healthy participants. 
In fact, the US Food and Drug Administration recently re-
leased a safety communication in March 2019 warning that 
products marketed for the assessment, diagnosis, or manage-
ment of head injuries often lack validity and are not appro-
priately validated or vetted for accuracy and safety.216 Current 
research suggests that more advanced and sophisticated as-
sessment and analytic techniques (eg, complex analyses of 
postural sway, accelerometry, or other technologically ad-
vanced instrumentation) may improve the capacity to detect 
subtle motor function impairments in the future.

Gaps in Knowledge
Due to insufficient evidence to inform selection of motor 
function assessments specific to physical therapy needs and 
purposes for individuals who have suffered a concussive 
event, GDG consensus for motor function assessments is 
to use standard-of-care practices for testing these hypothe-
sized motor function impairments. More research is needed 
to identify specific tests and measures that would inform 
clinical decision making and physical therapy intervention 
selection for individuals who have experienced a concussive 
event.

Recommendation

B
Physical therapists should examine patients who 
have experienced a concussive event for motor 
function impairments, including static balance, dy-

namic balance, motor coordination and control, and dual/
multitasking (eg, motor tasks along with cognitive tasks or 

complex tasks with multiple subtasks involved). Selection 
and timing of motor performance assessments should be 
based on clinical judgment about which evaluation strategies 
are most appropriate for the patient’s age and ability and will 
provide the most insight into current functional levels rela-
tive to goal levels.

CLASSIFICATION OF EXAMINATION FINDINGS INTO 
IMPAIRMENT PROFILES

III
Recommendations from 2 CPGs for patients who 
have experienced a concussion and report headache 
encourage clinicians to align evaluation and treat-

ment planning based on headache phenotype (International 
Classification of Headache Disorders).149,153

IV
A cross-sectional study of athletes between the ages 
of 10 and 23 years with a diagnosis of concussion 
found that many of the patients with a complaint of 

dizziness post concussion demonstrated deficits in a variety 
of tests that indicate that dizziness was not attributable to 
one main type of dysfunction, but rather was multifactorial 
in nature.187

IV
An expert consensus document indicated that there 
was strong agreement among participating experts 
that “matching targeted and active treatments to 

clinical profiles may improve recovery trajectories after con-
cussion,” and that “[t]here is growing empirical support for 
the heterogeneity of this injury and clinical profiles, but ad-
ditional research in these areas is warranted.34

V
Several conceptual schemas promote the idea that 
although patients who experience concussions have 
variable clinical presentations and recovery trajec-

tories, it may be possible to identify specific clinical profiles 
of diagnoses associated with concussion that can be targeted 
with specific rehabilitation techniques.35,53,54,143

Evidence Synthesis
Historically, individuals who experienced a concussion were 
conceptualized as a homogeneous patient population with 
similar responses to the trauma and relatively parallel recov-
ery experiences and trajectories. There are several clinical 
commentaries and expert opinion documents that propose 
new conceptual schemas suggesting that individuals with 
concussion should be viewed in a more heterogeneous way 
through clustering or characterizing patients into phenotypic 
profiles. The current proposed schemas vary in the specific 
profile groups they suggest and the methods for determining 
which profile or profiles a patient fits best. However, these 
classification models have also not been thoroughly validated 
and tested. Additionally, there is growing expert consensus 
that patients may not directly fit any one classification but 
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rather exhibit a profile that incorporates patterns consistent 
with multiple classifications.

Gaps in Knowledge
Although clinically important and conceptually compelling, 
current classification models have not been thoroughly vali-
dated and tested. At this time, there is insufficient evidence 
to support the endorsement of one classification system over 
others. The GDG consensus was to encourage physical ther-
apists to identify all potential impairments that could be ad-
dressed with physical therapy interventions, as well as their 
levels of irritability, to formulate a treatment plan that is in-
dividualized to each patient. A comprehensive description of 
the GDG consensus and rationale for the profile is outside 
the scope of this CPG. However, the GDG team published a 
manuscript detailing this perspective and its collective opin-
ions on this topic that clinicians may refer to for further clar-
ification and context.1 Future research is needed to identify 
an optimal classification or profiling system for patients who 
have experienced a concussive event and are experiencing 
movement-related impairments and symptoms.

Recommendations

E
Physical therapists should establish and document 
the presence or absence of all impairments and 
their levels of irritability to support the selection of 

treatment priorities and strategies for patients who have ex-
perienced a concussive event.

B
For patients who have experienced a concussive 
event and report headache as a symptom, physical 
therapists should determine and document the po-

tential headache type in accordance with the International 
Classification of Headache Disorders.

PSYCHOLOGICAL AND SOCIOLOGICAL FACTORS
Evidence Synthesis
No studies directly related to physical therapy and psycho-
logical and sociological implications were identified. How-
ever, there is theoretical and foundational epidemiological 
evidence indicating that psychological and sociological resil-
ience (personal qualities and social factors that enable one 
to thrive in the face of adversity) and psychological and so-
cial vulnerabilities (psychological and social factors that may 
put one at risk for poor recovery) may play important roles 
in recovery.107,119,138-140,205 These theoretical and foundational 
studies also suggest that various preinjury and postinjury 
psychological and sociological variables may contribute to 
who recovers well naturally as well as to who may respond 
well to specific interventions. For example, positive, healthy 
coping skills and a good social support system may facilitate 
recovery, whereas an absence of these factors may be det-
rimental to recovery (eg, increased use of alcohol or other 

substances to cope with stress and symptoms). These studies 
are further supported by a number of theoretical and concep-
tual expert opinion documents highlighting the likelihood of 
psychological and sociological factors as important consider-
ations for prognosis and intervention selection.107,176 Specific 
assessments and evaluative decisions based on these factors 
have not been thoroughly tested.

Gaps in Knowledge
More research is needed to help apply available measures 
and/or develop specific evaluation measures for identifying 
potential psychological and sociological factors that may 
influence optimal physical therapy intervention and dosing 
selection.

Recommendations

E
Physical therapists should elicit, evaluate, and doc-
ument factors related to self-efficacy and self-man-
agement abilities, potential psychological and 

sociological factors that may significantly influence recovery 
processes and outcomes for physical therapy interventions. 
Examples of factors to consider include (1) the patient’s ex-
pression and demonstration of good, healthy coping strate-
gies in response to stressful situations; (2) the type of support 
system the patient has to enable self-management of symp-
toms and impairments; (3) the number and type of potential 
risk factors that may contribute to delayed or complicated 
recovery (eg, history of mental health or substance use disor-
ders); (4) the patient’s understanding and attitude toward 
recovery (eg, expressing a positive outlook on recovery versus 
a more negative mindset or high anxiety toward recovery); 
and (5) the patient’s access to resources and equipment that 
may facilitate recovery (eg, access to an athletic trainer or 
other health care providers to support recovery).

E
When evaluating self-efficacy and self-management 
factors, physical therapists should explain and em-
phasize that most symptoms and impairments after 

concussion do improve.

OUTCOME MEASURE SELECTION

II
Evidence from high-quality CPGs informed by 
moderate-level evidence indicates that postconcus-
sion symptom assessments/checklists should be 

used to monitor recovery, with perhaps more comprehensive 
outcome measures to specifically evaluate certain symptoms 
(eg, dizziness, headache, fatigue, and neck pain).141,142,149,153

III
Evidence from a moderate-quality cohort study in-
dicates that the Dizziness Handicap Inventory 
(DHI) and DVAT may be useful as outcome mea-

sures for individuals who have experienced a concussion and 
exhibit vestibular impairments.72
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III
A moderate-quality diagnostic study provided pre-
liminary reliability, validity, and responsiveness of 
the High-level Mobility Assessment Tool (HiMAT) 

for individuals who have experienced a concussive event and 
reported balance problems 3 months post injury.110

IV
Two recent expert consensus documents provide 
recommendations for a variety of outcome mea-
sures that may be useful for monitoring postcon-

cussion recovery.19,61

Evidence Synthesis
Systematic and repeated outcome assessments provide a 
mechanism to evaluate the end results of care at the patient 
and population levels. Many outcome measures have been 
proposed for use with patients who have experienced a con-
cussive event. However, the utility and appropriateness of 
these measures for physical therapy purposes are unclear. 
Many comparative studies related to postconcussion out-
come measurement had insufficient quality and uncertain 
relevance for use in physical therapy contexts. Moderate-level 
evidence was available to support the ongoing use of symp-
tom checklists or scales; however, there was no consensus on 
the most appropriate symptom assessment method for out-
come measurement. There is weak evidence to support the 
use of the HiMAT; however, there is a large ceiling effect, and 
it may not be useful for detecting outcomes related to more 
subtle movement-related impairments. Expert consensus 
recommendations have proposed a variety of data elements 
that would be worth collecting, but the clinical utility and im-
plementability for physical therapy purposes have not been 
tested. There was also weak evidence to support the DHI and 
DVAT; however, additional research is needed to evaluate the 
validity and reliability of these measures for patients diag-
nosed with concussion.

The GDG did not find sufficient evidence to endorse any 
specific outcome measures for use with patients with con-
cussions. Ongoing measurement of symptoms using an 

age-appropriate scale or checklist may be valuable to help 
monitor for progress in postconcussion symptom presenta-
tion. Measures recommended in the Academy of Neurologic 
Physical Therapy’s core set CPG,164 the Academy of Ortho-
paedic Physical Therapy’s neck pain CPG,16 and the Acad-
emy of Neurologic Physical Therapy’s peripheral vestibular 
hypofunction CPG80 may be useful for some patients. Ad-
ditionally, given the challenge of making sure interventions 
meet the individual needs and goals of younger and older 
patients, goal attainment scaling may be an option to help in-
dividualize outcome tracking while still retaining the ability 
to compare achievement levels across patients.81,113,148,213-215,229 
However, the utility and implementability for patients who 
have experienced a concussive event also remain untested. 
The GDG consensus at this time is that selection of specific 
outcome measure use should be based on clinician judgment 
of best fit for the patient’s functional status, age, goals, needs, 
and prognosis.

Gaps in Knowledge
Future studies are strongly encouraged to develop, test, and 
optimize a battery of outcome measures that may include 
self-report measures, observation/performance-based mea-
sures, and clinically useful technology for patients who have 
experienced a concussive event. Self-management may be a 
key element for concussion recovery. Research into specific 
outcome measures for self-management and concussion for 
use as part of physical therapy examination and monitoring 
would be beneficial. Additionally, decision tools for selection 
of appropriate outcome measures given various impairment 
profiles may also be investigated.

Recommendation

F
Physical therapists should determine and docu-
ment a plan for outcome measurement for patients 
who have experienced a concussive event for any 

impairment domains that will be targeted with physical ther-
apy interventions and/or were previously untested due to 
poor tolerance.
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CLINICAL PRACTICE GUIDELINES

Interventions
COMMUNICATION AND EDUCATION

I
Evidence from high-quality CPGs highlights the 
importance of educating and providing assurance 
to patients who have experienced a concussion that 

most people recover well and typically do not have significant 
difficulties that last more than 1 to 3 months post 
injury.141,153

III
High-quality CPGs based on moderate-level evi-
dence and other studies indicate that after an initial 
period of rest for the first 24 to 48 hours, patients 

with concussion should be encouraged to avoid activities that 
have a high risk for another concussion but gradually resume 
normal activity, based on their tolerance.141,142,153,159,192

IV
Consensus-based recommendations from a panel 
of experts indicate that patients with concussion 
can benefit from education on lifestyle and 

self-management of symptoms to decrease the impact of 
symptoms on quality of life and to facilitate recovery.160

Evidence Synthesis
Several guidance documents stressed the importance of how 
the diagnosis of concussion is communicated to patients 
and their families. The rationale for clear communication 
and education about concussion diagnosis and prognosis is 
to establish an expectation for recovery and to avoid unin-
tentional reinforcement of insecurities, fears, or a trajecto-
ry of catastrophizing about the injury. Published guidelines 
for concussion management also consistently emphasize 
the importance of patient education regarding the risks for 
subsequent injury during high-risk activities, management 
strategies, and return-to-activity progressions.

Recommendations

B
Physical therapists must educate patients who have 
experienced a concussive event about self-manage-
ment of symptoms, the importance of relative rest 

(rest as needed) instead of strict rest, the benefits of progres-
sive re-engagement in activities, the importance of sleep, safe 
return-to-activity pacing strategies, and potential signs and 
symptoms of the need for follow-up care with a physician, 
physical therapist, or other health care providers.

A
Physical therapists must educate patients who have 
experienced a concussive event and their families/
caregivers about the various symptoms, impair-

ments, and functional limitations that are associated with 
concussion, and stress that most patients with concussion 
recover relatively quickly. Providing this information can 
help physical therapists avoid inadvertent reinforcement of 
poorer recovery expectations.

INTERVENTIONS FOR MOVEMENT-RELATED IMPAIRMENTS

II
Two systematic reviews of moderate-quality study 
designs indicate that personalized physical therapy 
interventions targeting movement-related impair-

ments (eg, therapeutic exercises for cervical spine impair-
ments, vestibulo-oculomotor impairments, and aerobic 
exercise training) are safe and result in clinical improvement 
(ie, reduced symptoms, improved ability to return to prein-
jury activities) after an initial period of relative rest, and po-
tentially biological and physiological improvement.178,192

II
A randomized controlled feasibility study that com-
pared a group of adolescents with concussion and 
dizziness up to 14 days after injury who received 

early personalized physical therapy to a control group 
demonstrated a shorter recovery time in the experimental 
group.189 The median number of days to medical clearance 
for the experimental group was 15.5 (versus 26 for the con-
trols), and the median number of days to symptomatic recov-
ery was 13.5 for the experimental group (versus 17 for the 
controls).

II
Recommendations from high-quality CPGs based 
on moderate-quality evidence indicate that in ad-
dition to movement-related impairments, patients 

may also experience a range of other persistent postconcus-
sion symptoms and impairments that may require treatment 
from other health care professionals.141,142,149,153

IV
Numerous retrospective cohort studies and case 
series provide further support for the potential for 
multimodal physical therapy approaches to safely 

facilitate recovery after concussion.48,62,63,73,98,137 Further, sev-
eral of these studies indicate that these interventions can be 
safely introduced within a few days to weeks post injury, with 
earlier initiation potentially resulting in better outcomes for 
patients.48,122,137

Evidence Synthesis
Timing of initiation of physical therapy services is highly 
variable, with many earlier studies and guidelines focusing 
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on individuals who experienced persistent symptoms lasting 
2 or more weeks. Recent studies support considering the ini-
tiation of physical therapy interventions as early as the first 
week of injury. Studies have not found that early physical 
therapy contributes to significant safety concerns or worse 
outcomes. This is not surprising, as study designs and clinical 
practice patterns are often guided by theoretical and clin-
ical judgments that are based on minimizing the potential 
for adverse events. Collectively, these studies suggest that 
time since injury should not independently drive decisions 
about the appropriateness and potential benefit of physical 
therapy for individuals who have experienced a concussive 
event. Additionally, some impairments may require special-
ized treatment that is not within physical therapists’ scope 
of practice, including auditory impairments, vision impair-
ments (including impairments of ocular alignment), cogni-
tive impairments, sleep problems, and migraine and other 
chronic headache symptoms.

Gaps in Knowledge
Despite evidence of safety and positive outcomes for physical 
therapy interventions targeting postconcussion symptoms, 
impairments, functional limitations, and participation re-
strictions, there are limited data regarding specific patient 
and injury characteristics impacting responsiveness to phys-
ical therapy interventions. Given the large volume of patients 
who recover naturally or with general education about activ-
ity progression, there are presumably some individuals who 
may be able to self-manage mild movement-related impair-
ments with education and a home exercise program. We pro-
pose a triaging plan in FIGURE 3 to help differentiate patients 
who may be able to self-manage their symptoms and impair-
ments from those who would benefit from skilled physical 
therapy care. Research investigating the proposed triaging 
system would be beneficial. Additionally, more research is 
needed to develop a system for identifying those patients who 
can optimally benefit from physical therapy interventions to 
facilitate recovery after experiencing a concussive event.

Recommendations

F
Physical therapists should use findings from the 
examination to triage patients who have experi-
enced a concussive event into 1 of 2 categories: (1) 

patients with movement-related impairments and dysfunc-
tion who are good candidates for physical therapy interven-
tions, or (2) patients with no identified movement-related 
impairments or dysfunction (FIGURE 3). Time since injury may 
influence level of irritability of symptoms, but should not be 
a primary determinant for decisions regarding when physical 
therapy interventions are appropriate. Evidence indicates 
that physical therapy early after concussion is safe, and that 
earlier initiation of physical therapy interventions may facil-
itate a faster recovery.

B
Physical therapists should design a personalized 
intervention plan for patients who have experi-
enced a concussive event and have movement-re-

lated impairments that aligns interventions with the patient’s 
identified impairments, functional limitations, participation 
restrictions, self-management capabilities, and levels of 
irritability.

B
Physical therapists should refer patients who have 
experienced a concussive event for further consulta-
tion and follow-up with other health care providers 

as indicated. Of specific note, high-quality CPGs recommend 
referral for specialty evaluation and treatment in cases of per-
sistent migraine-type and other chronic headaches, vision 
impairments (including ocular alignment), auditory impair-
ments, sleep disturbances, mental health symptoms, cognitive 
problems, or other potential medical diagnoses that may pres-
ent with concussion-like symptoms or coincide with concus-
sion symptoms (eg, lesions/tumors or endocrine abnormalities 
such as posttraumatic diabetes insipidus).

CERVICAL MUSCULOSKELETAL INTERVENTIONS

II
Evidence from RCTs indicates that physical therapy 
interventions that address the cervical spine can 
independently, and in combination with other ther-

apies (eg, vestibular interventions), lead to improvement in 
symptoms, function, and return to activity after concus-
sion.189,194 Individuals receiving a combined cervical and ves-
tibular intervention were 3.91 times more likely to be 
medically cleared for return to sport by 8 weeks than those in 
the control group.194

IV
Retrospective chart reviews and case series provide 
further support for cervical musculoskeletal inter-
ventions to improve symptoms and function for in-

dividuals who have experienced a concussive event.73,98,106,152,193

V
A narrative systematic review of studies related to 
the cervical spine and concussion highlighted sev-
eral low-quality studies and theoretical papers em-

phasizing the potential for stronger neck muscles and 
anticipatory cervical muscle activation to reduce risk for fu-
ture concussions.165

Evidence Synthesis
Few studies have been dedicated specifically to the study 
of physical therapy interventions for cervical musculo-
skeletal impairments in patients who have experienced a 
concussive event or been diagnosed with a concussion. The 
treatment studies identified typically incorporated interven-
tions to address cervical musculoskeletal impairments in 
combination with other types of interventions (eg, aerobic 
exercise training and/or oculomotor-vestibular interven-
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tions). Regardless of the underlying mechanisms leading 
to these symptoms, several studies indicate that patients 
with concussion who exhibit signs of cervical musculo-
skeletal impairment may respond well to physical therapy 
interventions for cervical spine dysfunction alone and in 
combination with other active rehabilitation strategies. 
Additionally, neck strength and muscle strength imbal-
ances have been shown to be associated with concussion 
risk. Therefore, even when cervical spine impairments are 
not present as a result of concussion, it may be valuable for 
physical therapists to provide cervical spine musculoskel-
etal interventions, with the goal of decreasing a patient’s 
risk for subsequent concussive injuries. Evidence guiding 
specific postconcussion cervical spine interventions for pa-
tients who have experienced a concussive event is limited at 
this time. The consensus of the GDG is to use best-practice 
standards for selecting and implementing cervical musculo-
skeletal interventions. The neck pain CPG16 guiding general 
management of cervical spine dysfunction may be useful to 
inform intervention strategies.

Gaps in Knowledge
Future research is needed to determine, test, and optimize 
cervical musculoskeletal interventions for individuals who 
have experienced a concussive event and exhibit cervical 
musculoskeletal impairments.

Recommendation

B
Physical therapists should implement interven-
tions aimed at addressing cervical and thoracic 
spine dysfunction, such as strength, range of mo-

tion, postural position, and/or sensorimotor function (eg, 
cervicocephalic kinesthesia, head position control, cervical 
muscle dysfunction) exercises and manual therapy to the cer-
vical and thoracic spine, as indicated, for patients who have 
experienced a concussive event.

VESTIBULO-OCULOMOTOR INTERVENTIONS

I
A CPG supported by level I evidence recommended 
that if BPPV is identified as a potential source of 
dizziness, then canalith repositioning maneuvers 

should be used.153

II
A systematic review including 2 RCTs provided 
weak-to-moderate evidence that vestibulo-oculo-
motor rehabilitation improved outcomes.171 Evi-

dence from a moderate-quality RCT indicates that 
rehabilitation strategies targeting vestibulo-oculomotor im-
pairments, independently and in combination with other 
physical therapy interventions, may be feasible even within 
the first 10 days after a concussive injury and can be effective 
in reducing symptoms, reducing time to recovery, and im-
proving function.189 For 1 RCT, individuals in the treatment 

group who received cervical and vestibular rehabilitation 
were 3.91 times more likely to be medically cleared for return 
to sport by 8 weeks.194

IV
Multiple clinician survey studies, case series, and 
retrospective cohort studies without comparators 
indicate that vestibular rehabilitation, including 

canalith repositioning maneuvers for BPPV, is commonly 
used by physical therapists to treat individuals who have ex-
perienced a concussive event5 and may help reduce dizziness 
and improve gait and balance dysfunction for these 
patients.4,103,163,193,203

Evidence Synthesis
Studies suggest that physical therapists commonly integrate 
vestibular and oculomotor rehabilitation strategies when 
working with patients who have experienced a concussive 
event. Vestibulo-oculomotor rehabilitation, when prescribed 
in isolation or in conjunction with other rehabilitation in-
terventions, is associated with reduced dizziness, improved 
balance, and faster return to sport. It is expected that vestibu-
lo-oculomotor rehabilitation exercises cause a mild transient 
increase in symptoms. The American Academy of Otolaryn-
gology–Head and Neck Surgery recommends that patients 
with posterior and lateral canal BPPV should be treated with 
canalith repositioning procedures (a series of head maneu-
vers that can help correct BPPV).14 Although repositioning 
maneuvers can be effective in treating BPPV, a patient may 
require additional interventions in the presence of concomi-
tant vestibular hypofunction.14

Evidence guiding specific vestibulo-oculomotor intervention 
protocols for patients who have experienced a concussive 
event is limited at this time. However, the Academy of Neu-
rologic Physical Therapy’s peripheral vestibular hypofunction 
CPG80 may provide some guidance for treatment strategies. 
Additionally, the American Academy of Otolaryngology–
Head and Neck Surgery’s CPG for BPPV may also be a useful 
resource for physical therapists.14

Gaps in Knowledge
More research is needed to evaluate the implementation of 
these guidelines in patients who have experienced a concus-
sive event.

Recommendations

A
If BPPV is identified as a potential impairment, 
then physical therapists should use canalith repo-
sitioning interventions.

B
Physical therapists with appropriate expertise in 
vestibular and oculomotor rehabilitation should 
implement an individualized vestibular and ocu-

 J
ou

rn
al

 o
f 

O
rt

ho
pa

ed
ic

 &
 S

po
rt

s 
Ph

ys
ic

al
 T

he
ra

py
®

 
 D

ow
nl

oa
de

d 
fr

om
 w

w
w

.jo
sp

t.o
rg

 a
t o

n 
O

ct
ob

er
 1

7,
 2

02
4.

 F
or

 p
er

so
na

l u
se

 o
nl

y.
 N

o 
ot

he
r 

us
es

 w
ith

ou
t p

er
m

is
si

on
. 

 C
op

yr
ig

ht
 ©

 2
02

0 
Jo

ur
na

l o
f 

O
rt

ho
pa

ed
ic

 &
 S

po
rt

s 
Ph

ys
ic

al
 T

he
ra

py
®

. A
ll 

ri
gh

ts
 r

es
er

ve
d.



journal of orthopaedic & sports physical therapy  |  volume 50  |  number 4  |  april 2020  |  cpg33

Concussion: Clinical Practice GuidelinesConcussion: Clinical Practice Guidelines

lomotor rehabilitation plan for patients who have experi-
enced a concussive event and exhibit vestibular and/or 
oculomotor dysfunction. If visual vertigo/visual motion 
sensitivity (dizziness provoked by repetitive or moving visu-
al environments) is identified, an individualized visual-mo-
tion habituation program may also be beneficial. Patients 
with neck pain or other cervical impairments may exhibit 
worsening of cervical impairments due to repetitive head 
movement as part of vestibular rehabilitation. Therefore, 
the implications of head-rotation interventions on the pos-
sible concomitant cervical impairments should also be con-
sidered and addressed.

F
Physical therapists who lack appropriate training 
in vestibular and oculomotor rehabilitation 
should refer patients who exhibit vestibular and/

or oculomotor impairments to a clinician with appropriate 
expertise.

EXERTIONAL TOLERANCE AND AEROBIC EXERCISE 
INTERVENTIONS

I
A high-quality systematic review that included 5 
RCTs provides strong evidence that monitored, pro-
gressive, symptom-guided aerobic exercise training 

is feasible, safe, and may accelerate symptom resolution and 
neurologic recovery after a concussive event.118 The exertion 
training protocols varied by exercise mode, exertion protocols, 
and dosage of training. Despite these discrepancies in the 
studies, the meta-analysis results indicated that exercise re-
sulted in significant decreases in symptom scores as measured 
by Post-Concussion Symptom Scale score (mean difference, 
–13.06; 95% confidence interval: –16.57, –9.55; P≤.001), re-
action time score among RCTs that used the Immediate 
Post-Concussion Assessment and Cognitive Testing (mean 
difference, –0.43; 95% confidence interval: –0.90, –0.06; P = 
.02), number of days off work (17.7 days versus 32.2 days, 
P<.05), and percent of patients with full function at the end 
of the study period (72% versus 17%, P = .02).

I
A high-quality RCT comparing adolescent athletes 
who followed an aerobic exercise program in the 
first 10 days after a sports-related concussion to a 

group that followed a progressive stretching program found 
that early aerobic exercise may help speed recovery (inter-
quartile ranges, 10-18.5 days for the aerobic group versus 13 
to 23 days for the stretching group).129

II
A quasi-experimental study provided evidence indi-
cating that aerobic exercise training among males 
with sport-related concussion initiated within the 

first few days after injury may reduce total time to recovery 
compared to relative rest.130 A second quasi-experimental 
study provided evidence of improved quality of life and less 

anger among youths who are slow to recover after concussion 
and who follow an exercise-based active rehabilitation 
intervention.67

IV
Numerous case series and small pilot studies pro-
vide further support for the safety, feasibility, and 
potential benefits of aerobic training among indi-

viduals who have experienced a concussive event.7,48,73,98,112,132,137 
Additionally, a recent retrospective case series with propen-
sity scoring analysis indicated that earlier time to aerobic 
exercise training may facilitate faster recovery for athletes 
and help mitigate prolonged recovery from concussion for 
athletes and nonathletes.137

Evidence Synthesis
Both alone and coupled with other impairment-specific ac-
tive rehabilitation interventions, aerobic exercise training has 
been linked to faster symptom resolution and rate of return 
to sport and enhanced neurologic recovery. Many of the effi-
cacy studies have been performed with patients who were 4 
to 6 weeks post injury. However, preliminary evidence from 
case series with propensity scoring analysis provides some 
initial support that introducing physical exertion activities 
earlier after injury may be safe, feasible, and potentially ad-
vantageous. An RCT with adolescent athletes indicated that 
implementation of an aerobic training protocol early after 
injury may result in faster recovery.129

There is limited evidence for the best mode, protocol, pro-
gression parameters, dosing, and timing of initiation for aer-
obic exercise training after concussion. Currently available 
studies have utilized multiple modes, including treadmill 
training, bicycling, elliptical training, and multimodal train-
ing (eg, resistance training coupled with cardiovascular train-
ing and/or sport-specific training). However, there are no 
studies directly comparing modes or protocols. Additionally, 
protocols across studies have varied in terms of progression 
parameters. Some studies used systematic progressions guid-
ed by heart rate or ratings of perceived exertion. Others were 
time based, with more generic specifications about intensity. 
A common assertion from experts in consensus statements 
and commentaries has been that aerobic training interven-
tions should be guided by symptoms, in that significant ex-
acerbation of symptoms beyond a mild degree should result 
in exercise termination for the session, and an absence of 
symptom exacerbation can provide support for progressing 
exercise intensity and duration.159,192 Symptom exacerbations 
may occur with aerobic activity, but they should be mild and 
temporary in nature.9,47

Gaps in Knowledge
Research is needed to determine optimal protocols for 
timing, progressing, and dosing strategies for exertion and 
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aerobic exercise interventions for individuals who have ex-
perienced a concussive event.

Recommendations

A
Physical therapists should implement a symp-
tom-guided, progressive aerobic exercise training 
program for patients who have experienced a con-

cussive event and exhibit exertional intolerance and/or are 
planning to return to vigorous physical activity levels. Selec-
tion of modality and protocol for training with a specific fo-
cus on the patient’s goals, comfort level, lifestyle, and access 
to equipment is encouraged. Timing of the initiation of the 
aerobic exercise training program may vary by patient, but 
the stabilization of the patient’s symptoms to a moderate or 
lower level of irritability may be a guiding criterion.

E
Physical therapists may implement progressive aer-
obic training for all patients who have experienced 
a concussive event, including those who do not ex-

hibit exertional intolerance and those who do not intend to 
engage in vigorous physical activity in order to reduce risk for 
deconditioning, promote functional brain healing, and pro-
vide a nonpharmaceutical option to improve mental health.

MOTOR FUNCTION INTERVENTIONS

IV
Expert consensus from CPGs based on weak evi-
dence from case series studies and expert opinion 
consensus documents suggest that interventions 

that target motor function impairments after concussion may 
be beneficial.34,98,149,153,160

V
An expert opinion article provides guidance for 
physical therapy interventions for armed service 
members with mTBI that includes suggestions for 

balance and dual-task activities.222

Evidence Synthesis
At this time, there is limited evidence regarding the efficacy 
and effectiveness of interventions to target motor function im-
pairments. Given the volume of evidence indicating the poten-
tial for motor function impairments, the GDG consensus was 
that motor function interventions are likely to be beneficial, 
even if the impairments are subclinical and difficult to identify 
as part of the clinical examination process. Expert consensus 
and low-level studies indicate that gradual, progressive return 
to higher-level motor function tasks and challenges, including 
return to work and return to physical activity/sport, could be 
supported through physical therapy interventions and pro-
gressions directly targeting motor function.

Gaps in Knowledge
Research is needed to evaluate the outcomes and value of 
interventions that target motor function.

Recommendation

C
Physical therapists should implement motor func-
tion interventions that address identified or sus-
pected motor function impairments and help 

progress the patient toward higher-level functional perfor-
mance goals. Motor function interventions that target the 
following impairments are strongly encouraged: static bal-
ance, dynamic balance, motor coordination and control, and 
dual/multitasking. Additionally, interventions that directly 
help improve motor function for work/recreation/activi-
ty-specific tasks are strongly encouraged.

MONITORING AND PROGRESSING PATIENTS
Evidence Synthesis
The systematic search did not yield any evidence to specif-
ically inform recommendations for how to make decisions 
regarding monitoring and progressing physical therapy in-
terventions for patients who have experienced a concussive 
event. Studies that informed the Clinical Course section of 
this CPG indicate that it is important for clinicians to under-
stand that patients’ symptoms, impairments, and functional 
limitations may change and/or become more apparent during 
episodes of care. Thus, continual monitoring and re-evalua-
tion of patients’ responses to treatment and emerging clinical 
presentation are critical for providing an optimal match of 
interventions throughout each patient’s episode of care. It is 
important to appreciate that patients may present differently 
at various points in the recovery process and may experience 
exacerbations and setbacks as they reintegrate and introduce 
new activities into their daily routines. Follow-up with physi-
cal therapy and referrals for follow-up with other health care 
providers should be encouraged as needed or indicated.

Gaps in Knowledge
Studies specifically designed to help inform intervention dos-
ing parameters, monitoring and reassessment strategies, and 
criteria for progressions and discharge would be beneficial.

Recommendation

F
Physical therapists should regularly document symp-
toms, provide reassessments of movement-related 
impairments, and administer selected outcome mea-

sures as needed or indicated for patients with movement-related 
impairments post concussion. The following data elements and 
monitoring frequencies are recommended.

Symptoms
•	 Age-appropriate symptom scale/checklist at least weekly 

until discharge
Cervical Spine Musculoskeletal Impairments
•	 Active neck range of motion, pain with active neck range of 

motion, and other cervical spine measures as determined 
by the physical therapist at the initial visit and at least every 
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2 weeks until discharge
•	 Cervical flexor and extensor strength and endurance at the 

initial visit and approximately every 4 weeks until impair-
ments are resolved

•	 Joint position error or cervical proprioception assessments 
at the initial visit and approximately every 4 weeks until 
discharge

•	 Self-report outcome scales/measures (eg, Neck Disability 
Index, Headache Disability Inventory) as indicated at the 
initial visit and at least every 2 weeks until discharge

Vestibulo-oculomotor Impairments
•	 If BPPV is present, the Dix-Hallpike test should be performed 

at the initial visit and at least weekly until BPPV is resolved
•	 Vestibular and oculomotor tests and measures as indicated 

at the initial visit and at least every 2 weeks until impair-
ments are resolved

•	 Self-report outcome scales/measures (eg, DHI) as indi-

cated at the initial visit and at least every 2 weeks until 
discharge

Exertional Test
•	 Graded exertion test completed during at least 1 visit 

for individuals reporting symptoms related to exertional 
intolerance

•	 Graded exertion test completed during at least 1 visit and as 
needed to determine readiness to return to play or work for 
athletes and/or individuals with high-exertion activity needs

Motor Function
•	 Age- and functional-level tests and measures as indicated 

at the initial visit and at least every 2 weeks until impair-
ments are resolved

Self-management
•	 Qualitative assessment of the patient’s ability to self-man-

age symptoms and adhere to physical therapy recommen-
dations at the initial visit and every visit until discharge
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Physical Therapy Management Decision Trees

Visual decision tree models can provide valuable guidance 
for how physical therapists plan and make decisions during 
a patient’s episode of care after a concussive event. The pro-
posed decision tree model is depicted in FIGURES 1 through 3 
and broken down into the following components: (1) process 
for determining the appropriateness of physical therapy con-
cussive-event examination, (2) physical therapy examination 
and evaluation processes for patients who have experienced 
a concussive event, and (3) developing and implementing 
a physical therapy plan of care for patients who have expe-
rienced a concussive event. Recommendations are broken 
down into sections that directly align with each component, 
such that clinicians can use the component narrative over-
views below, the figures, and the recommendations together 
to inform their decision-making processes. The ovals in the 
decision trees indicate start and end points in that compo-
nent. Rectangular boxes indicate a process or procedure to be 
implemented. Diamonds indicate a decision point that will 
lead to one pathway (versus another pathway).

COMPONENT 1: PROCESS FOR DETERMINING 
APPROPRIATENESS OF PHYSICAL THERAPY  
CONCUSSIVE-EVENT EXAMINATION
A triaging process may help determine whether a patient 
who has experienced a concussive event is appropriate for a 
more comprehensive examination to identify potential move-
ment-related symptoms and impairments related to that event 
(FIGURE 1). The starting point for component 1 is a physical ther-
apy encounter with a patient who has experienced a potential 
concussive event. Physical therapists should screen all patients 
who have experienced a potential concussive event for the pos-
sibility of a concussion, regardless of previous screening for a 
diagnosis of concussion related to that event. The first step in 
this component is observation and interview to evaluate for in-
dicators of potential medical emergency and need for referral 
(FIGURE 1). Next, the physical therapist will determine whether 
the patient is presenting with signs and symptoms that align 
with the diagnostic criteria for a concussion (FIGURE 1). This 
screening may be useful even if the concussive event was not 
recent, as residual symptoms could be the result of an undiag-
nosed concussion injury. If the patient’s history and presenting 
criteria are consistent with a diagnosis of concussion, the phys-
ical therapist will then decide whether the patient is appropri-
ate for a comprehensive physical therapy examination, based 
on a multifaceted interview (FIGURE 1).

COMPONENT 2: PHYSICAL THERAPY EXAMINATION AND 
EVALUATION PROCESSES FOR PATIENTS WHO HAVE 
EXPERIENCED A CONCUSSIVE EVENT
Differential evaluation of clinical findings from patient in-

terviews and physical examination can help determine the 
most relevant and key physical impairments associated with 
the diagnosis of concussion and also identify existing func-
tional limitations. Determining probable movement-related 
impairments and levels of irritability (FIGURE 2) may help 
clinicians plan the examination, including the selection, 
sequencing, and modification needs to address safety con-
cerns, patient comfort, and/or patient and family goals and 
preferences. Targeted follow-up questions from findings 
obtained during the intake can help clinicians determine 
which examination tests and measures are most appropriate 
for a patient. Neck pain is the first priority for sequencing, 
as neck pain irritated by movement limits the feasibility and 
accuracy of other tests, particularly vestibulo-oculomotor 
tests. If neck pain is present, pain relief interventions could 
be provided to potentially support tolerability and accuracy 
for additional tests. Dizziness and headache are symptoms 
that require more complex assessments and clinical reason-
ing to identify potential sources of impairment that may 
contribute to complaints. When dizziness and/or headache 
are reported, physical therapists are encouraged to conduct 
tests that are expected to be the least irritable for the patient 
first, then progress to tests expected to be most irritable 
per patient tolerance. Sequencing in this way should help 
increase the likelihood of patient tolerance for testing of all 
domains and improve the utility of the results obtained. If 
no specific reports of neck pain, dizziness, or headache are 
identified, clinical judgment should be used to determine 
optimal sequencing based on reported levels of irritabil-
ity and disability, patient needs and preferences, and pa-
tient ability to tolerate tests. Therapists are encouraged to 
identify and document a complete set of impairments that 
physical therapy interventions could potentially address. 
Identification and consideration of psychological and so-
ciological facilitators and vulnerabilities and the potential 
need for follow-up testing are also encouraged. As part of 
the examination process, the physical therapist should de-
termine and document a plan for follow-up testing and out-
come measure administration.

COMPONENT 3: DEVELOPING AND IMPLEMENTING A 
PHYSICAL THERAPY PLAN OF CARE FOR PATIENTS WHO 
HAVE EXPERIENCED A CONCUSSIVE EVENT
Development and implementation of a plan of care should 
be based on findings from the physical therapy clinical ex-
amination, in combination with patient and family needs 
and preferences (FIGURE 3). Education regarding the risks 
and prognosis for patients, self-management, and activi-
ty-related recommendations and potential signs of the need 
for follow-up care are important for patients who have expe-
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rienced a concussive event. Movement-related impairments 
may not be identified for patients who have experienced a 
concussive event. In these cases, educate patients about po-
tential signs and symptoms that may emerge and encourage 
them to follow up for further physical therapy evaluation 
and treatment as indicated. Intervention strategies for pa-
tients may vary depending on their impairment diagnosis 
profiles and level of irritability. Dosing parameters (fre-
quency, intensity, timing, and type of intervention) for each 

impairment domain should be adjusted in accordance with 
the patient’s level of irritability. Additionally, it is import-
ant for clinicians to understand that patients’ symptoms, 
impairments, and functional limitations often change and/
or become more apparent during an episode of care. Thus, 
continual monitoring and re-evaluation of the patient’s 
response to treatment and emerging clinical presentation 
are critical for providing optimal matching of interventions 
throughout a patient’s episode of care.
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Screen for indicators of emergency 
medical condition(s) via 

observation, examination, and 
patient and family/witness 

interview (sidebar 1)

Screen for indicators of 
concussion (sidebar 2)

Proceed to physical therapy 
examination decision tree 

(FIGURE 2)

Process for Determining Appropriateness of Physical Therapy Concussive Event Examination

Sidebar 1
Indicators for immediate emergency medical evaluation
• Declining level or loss of consciousness, cognition, or orientation 

(Glasgow Coma Scale score of less than 13)
• New onset of pupillary asymmetry, seizures, repeated vomiting, or 

other focal neurologic signs
• Severe or rapidly worsening headache or neurologic deficits
• Signs/symptoms indicating undiagnosed skull fracture
• Serious cervical spine fracture, dysfunction, or pathology (eg, 

vertebrobasilar artery insu�ciency, cervical ligamentous instability, 
signs of central cord compression)

Sidebar 3
Patient intake process and interview
• Type, severity, frequency, and irritability of concussion-related 

symptoms
• Preinjury medical history with emphasis on previous concussions 

or brain injuries, medical conditions that could result in/present 
with symptoms similar to concussion-related symptoms (eg, 
learning challenges or disabilities, mood or emotional disorders, 
depression, frequent headaches), history of personal or familial 
migraine, sleep quality/history

• Any conditions or diseases that would limit or serve as a 
contraindication to comprehensive physical therapy evaluation or 
interventions

• Details regarding injury, including mechanism of injury and early 
signs and symptoms associated with the injury

• Medical/pharmacologic strategies implemented since the injury; 
reflection on things that seem to result in worsening or improve-
ment of symptoms

• Physical function goals, priorities, and perceived limitations
• Mental health and substance use screens for referral needs

Sidebar 2
Concussion diagnosis criteria
A direct blow to the head, face, or neck, or an impulsive force 
elsewhere on the body that is transmitted to the head, followed 
by any of the following:
• Any period of decreased orientation or loss of consciousness
• Posttraumatic amnesia
• Any alteration in cognition or mental state immediately related to 

the concussive event: confusion, disorientation, slowed 
thinking/processing, problems with attention/concentration, 
forgetfulness, decreased executive control

• Physical symptoms: headache, dizziness, balance disorders, 
nausea, vomiting, fatigue, sleep disturbance, blurred vision, 
sensitivity to light, hearing di�culties, tinnitus, sensitivity to noise, 
seizure, transient neurological abnormalities, numbness, tingling, 
neck pain, exertional intolerance

• Emotional/behavioral symptoms: depression, anxiety, agitation, 
irritability, impulsivity, aggression

• Glasgow Coma Scale (best available score in first 24 hours) of 13-15
• Brain imaging (if available) is normal
• Signs/symptoms not otherwise explained by drug, alcohol, or 

medication
• Symptoms are present that cannot be explained by preinjury 

history of medical diagnoses. If preinjury diagnoses were present, 
the patient reports or is observed to demonstrate an exacerbated 
state of symptoms

No

Patient with 
suspected 
concussive 

event

Exit
decision

tree

Urgent/
emergent 
conditions 
identified?

Refer for 
emergency 

medical 
assessment and 

treatment

Yes

Determine appropriateness of 
physical therapy concussion 

examination based on comprehen-
sive patient intake interview and 

screen (sidebar 3)

Yes

Signs and 
symptoms consistent 

with diagnosis of 
concussion?

Evaluate for other 
potential physical 

therapy 
diagnoses and 

follow 
standard-of-

care procedures

No

Yes

Does patient’s 
intake indicate signs of 

impairments in musculoskeletal, 
vestibulo-oculomotor, autonomic/ 

exertional tolerance, or 
motor function?

Provide education 
about concussion 

and refer for 
additional 

evaluation and 
services as 
indicated

No

FIGURE 1. Process for determining appropriateness of physical therapy concussive-event examination.
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• Determine probable movement-related 
impairments (sidebar 1) and levels of 
irritability (sidebar 2)

• Strategically plan and sequence 
examination procedures based on 
symptom types and levels of irritability

Physical Therapy Examination and Evaluation Processes for Patients Who Have Experienced a Concussive Event

Sidebar 1
Impairment domains
• Cervical musculoskeletal 

impairments
• Vestibulo-oculomotor impairments
• Autonomic dysfunction/exertional 

tolerance impairments
• Motor function impairments

Sidebar 2
Irritability considerations
• Frequency of symptom provocation
• Vigor of movement required to 

reproduce symptom(s)
• Severity of symptoms once 

provoked
• How quickly and easily symptoms 

are provoked
• Which factors ease the symptoms
• How much, how quickly, and how 

easily the symptoms resolve

Reports 
neck pain at 
rest or with 
movement?

• Examine for cervical musculoskeletal 
impairments*

• Provide basic interventions as 
indicated for pain relief to support 
additional testing

• Proceed with additional tests as 
indicated and tolerated

Examine/evaluate for cervical musculoskele-
tal, vestibulo-oculomotor, and orthostatic 
hypotension/autonomic impairments that 
may contribute to dizziness and/or headache, 
in order from the anticipated least to most 
irritable*
• Provide basic interventions as indicated 

for symptom relief to support additional 
testing

• Delay tests until future session as needed 
according to patient tolerance

• Proceed with assessment of motor 
function impairments per patient 
tolerance*

Yes

No

Reports 
dizziness and/or 

headache at rest or 
with movement?

Yes

Patient 
appropriate for 

physical therapy 
examination

Examine any movement-related 
impairment domains* (sidebar 1) and 
administer selected outcome measures 
not yet examined or administered and 
sequence based on
• Levels of irritability and disability 

(sidebar 2)
• Patient’s needs and preferences
• Patient’s ability to tolerate tests

Determine and document
• Patient’s impairments and irritability levels 

(sidebars 1 and 2)
• Potential headache type in accordance 

with the International Classification of 
Headache Disorders

• Self-management capabilities and other 
psychological and sociological factors for 
recovery

• Need for follow-up testing
• Plan for outcome measure administration*

Proceed to physical 
therapy plan of care and 
implementation decision 

tree (FIGURE 3)

No

FIGURE 2. Physical therapy examination and evaluation processes for patients who have experienced a concussive event. *The vagueness regarding specific examination/
assessment procedures is intentional, as evidence is lacking to endorse specific tests and measures in some cases and too complex to describe in others. Readers are 
encouraged to review the body of the text for examination/assessment strategies and the degree of evidence supporting them.
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Educate about self-management, 
importance of being active and relative 
rest, safe return-to-activity pacing, and 
potential signs of the need for urgent 

follow-up care

Develop individualized goals and a physical therapy plan of care that
• Addresses specific impairment areas identified during the examination
• Matches patient’s level of irritability in those areas
• Incorporates plans for delayed examination tests
• Includes plans for regular reassessments and outcome measure administration
• Considers the patient’s values, preferences, and priorities
• Aligns with the patient’s indicators for self-management (sidebar 2)
• Integrates injury prevention and brain health promotion strategies (sidebar 3)

Implement, adjust, and progress plan in the following ways:
• Provide individualized targeted interventions for identified impairment areas
• Match interventions and dosing to level of irritability in those areas
• Monitor symptoms and identified impairments at every session
• Periodically assess/reassess all impairment domains and selected outcome 

measures and adjust/progress plan of care as indicated
• Monitor mental health, patient’s recovery mindset, and patient/family barriers, 

preferences, and priorities and adjust plan of care to accommodate as indicated
• Incorporate injury prevention and brain health promotion strategies (sidebar 3)

Developing and Implementing a Physical Therapy Plan of Care for Patients Who Have Experienced A Concussive Event

Sidebar 1
Impairment domains
• Cervical musculoskeletal impairments
• Vestibulo-oculomotor impairments
• Autonomic dysfunction/exertional tolerance impairments
• Motor function impairments

Sidebar 2
Indicators for self-management capabilities
• Symptoms and movement system impairments are minor 

and can likely be addressed with a home exercise program
• Patient has good social support system
• Patient has few or no risk factors for poor recovery
• Patient and family appear to understand injury and feel 

confident trying to self-manage independently
• Patient and family preference to independently self-manage 

and express good/healthy coping strategies
• Good accessibility to resources and/or equipment

Sidebar 3
Subsequent injury prevention and recovery optimization 
strategies
• Optimize neck strength and sensorimotor control
• Complex environmental stimuli and tasks for vestibular 

and oculomotor systems
• Cardiorespiratory exercise training
• Complex motor tasks (eg, dual/multitasking)
• Sports/occupation/recreation-specific tasks

Provide reassurance about the high 
probability for a good recovery outcome

Refer for follow-up with other health care 
providers as indicated

Movement-
related impairments 

identified?
(sidebar 1)

Patient with 
completed initial 
physical therapy 

examination

Schedule for follow-up and refer to 
other health care providers as 

needed or indicated

Yes

Exit
decision

tree

No

FIGURE 3. Developing and implementing a physical therapy plan of care for patients who have experienced a concussive event.
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LITERATURE SEARCH DETAILS

The review of the evidence for this clinical practice guideline 
(CPG) encompassed a consideration of the range of physical 
impairments that may be relevant when making a differential 
diagnosis after a concussive event, with the goal of determining 
the underlying cause(s) of presenting signs and symptoms and 
matching them with intervention priorities. The Guideline Devel-
opment Group (GDG) worked with a librarian from the University 
of North Carolina at Chapel Hill to engage in the 2 phases of the 
literature search process (preliminary searches and systematic 
searches), as recommended by the American Physical Therapy 
Association’s Clinical Practice Guideline Process Manual.6 End-
Note X8 (Clarivate Analytics, Philadelphia, PA) and DistillerSR 
software (Evidence Partners, Ottawa, Canada) were used to man-
age the literature searches, coordinate evidence selection, carry 
out critical appraisals, and store notes and information about the 
evidence sources.

The first phase of the literature search process was conducted 
in October 2014 and entailed preliminary searches to help de-
termine the extent to which a reasonable body of evidence was 
present to support the development of a guideline, and to identify 
existing guidelines and systematic reviews available at the time 

on concussion management. The preliminary searches explored 
the use of the following key words separately and in various 
combinations: “concussion,” “mild traumatic brain injury,” “mild 
closed head injury,” “rehabilitation,” “physical therapy,” “physio-
therapy,” and “exercise.” Databases searched included PubMed, 
SPORTDiscus, and PsycINFO. The preliminary searches helped 
identify previously published CPGs, systematic reviews, and 
meta-analyses pertaining to the topic of concussion. From these 
preliminary searches, the GDG refined the scope and plan for the 
CPG and developed a formal strategy for the second phase.

The second phase entailed iterative systematic searches per-
formed for studies through April 30, 2015; May 1, 2015 to October 
31, 2015; November 1, 2016 to March 31, 2017; April 1, 2017 to 
December 31, 2018. The second-phase searches entailed the 
high-level key word searches from phase 1 and added the fol-
lowing additional search terms, separately and in combination, 
to ensure a wide breadth and comprehensive search process to 
capture impairments in vestibular, cervical, physical exertion, and 
functional mobility. The electronic systematic searches were sup-
plemented through manual searching of journals and bibliogra-
phies, Google and Google Scholar searches, and word of mouth.

Search Strategies for All Databases Searched
Database Search Terms

MEDLINE, CINAHL, Embase (“Brain Injuries”[MeSH] AND (mild[tiab] OR moderate[tiab] OR minor[tiab] OR concussion[tiab] OR con-
cussions[tiab] OR concussive[tiab] OR mtbi[tiab] OR “posttraumatic”[tiab] OR posttraumatic[tiab] OR 
postconcussion[tiab] OR postconcussive[tiab] OR “postconcussion”[tiab] OR “postconcussive”[tiab] 
OR “postconcussional”[tiab] OR postconcussional[tiab])) AND (“Physical Therapy Modalities”[mesh] 
OR “Rehabilitation”[mesh] OR “Physical and Rehabilitation Medicine”[mesh] OR “Exercise”[mesh] 
OR “Disability Evaluation”[mesh] OR “Recovery of Function”[mesh] OR “physical therapy”[all fields] 
OR (“rehabilitation”[Subheading] OR “rehabilitation”[All Fields] OR “rehabilitation”[MeSH Terms]) 
OR physiotherapy[tiab] OR “rehabilitation”[Subheading] OR neurorehabilitation[all fields] OR “neu-
ro-rehabilitation”[all fields]) AND (Randomized Controlled Trial[ptyp] OR (“Meta-analysis”[pt] OR 
“Practice Guideline”[pt] OR “Randomized Controlled Trial”[pt] OR “Longitudinal Studies”[MeSH] OR 
systematic[ti] or “Follow-up Studies”[mh] OR “Retrospective Studies”[mh] OR “Clinical Trial”[pt])AND 
(“2000/01/01”[PDAT]: “2018/12/31”[PDAT]) AND English[lang])

(“Brain Injuries”[MeSH] OR brain[ti]) AND (mild[tiab] OR moderate[tiab] OR minor[tiab] OR concus-
sion[tiab] OR concussions[tiab] OR concussive[tiab] OR mtbi[tiab] OR “posttraumatic”[tiab] OR 
postconcussion[tiab] OR postconcussive[tiab] OR “postconcussion”[tiab] OR “postconcussive”[tiab]) 
AND (“Physical Therapy Modalities”[mesh] OR “Rehabilitation”[mesh] OR “Physical and Rehabilitation 
Medicine”[mesh] OR “Exercise”[mesh] OR “Disability Evaluation”[mesh] OR “Recovery of Func-
tion”[mesh] OR “physical therapy”[tiab] OR rehabilitation[tiab] OR physiotherapy[tiab] OR “rehabilita-
tion”[Subheading] OR (“neurological rehabilitation”[MeSH Terms] OR (“neurological”[All Fields] AND 
“rehabilitation”[All Fields]) OR “neurological rehabilitation”[All Fields] OR “neurorehabilitation”[All 
Fields])) AND (“2000/12/01”[PDAT]: “2018/12/31”[PDAT])

Table continues on page CPG51.
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Database Search Terms

SPORTDiscus, PsycINFO Cervical and dizziness, cervical and concussion, cervical and mTBI, cervicogenic dizziness and concus-
sion, cervicogenic and mTBI

Balance and concussion, balance and mTBI, balance and cervical
Dizziness and concussion, dizziness and mTBI, vertigo and concussion, vertigo and mTBI
Concussion and fatigue, concussion and mTBI, concussion and exertion, exertion and mTBI
Dual task and concussion, dual task and mTBI
Vision and concussion, vision and mTBI, ocular motor and concussion, ocular motor and mTBI
Cervical complications: (“Brain Concussion”[mh] OR concussion[tw] OR concussions[tw] OR mtbi[tw] 

OR “mild traumatic brain”[tw] OR concussive[tw] OR “postconcussion”[tw] OR “postconcussive”[tw] 
OR postconcussion[tw]) AND (“Neck”[mh] OR “Neck Pain”[mh] OR “Cervical Vertebrae”[mh] OR 
“neck”[tw] OR “cervical”[tw] OR cervicogenic[tw]) AND English[lang] AND (“2000/01/01”[PDAT]: 
“2016/12/31”[PDAT]) NOT (Case Reports[ptyp] OR “case report”[ti])

Balance: (“Brain Concussion”[mh] OR concussion[tw] OR concussions[tw] OR mtbi[tw] OR “mild 
traumatic brain”[tw] OR concussive[tw] OR “postconcussion”[tw] OR “postconcussive”[tw] OR post-
concussion[tw]) AND (“Postural Balance”[Mesh] OR “Proprioception”[Mesh] OR “Gait”[mh] OR bal-
ance[ti] OR equilibrium[ti]) AND English[lang] AND (“2000/01/01”[PDAT]: “2016/12/31”[PDAT]) NOT 
(Case Reports[ptyp] OR “case report”[ti])

Dizziness/vertigo: (“Brain Concussion”[mh] OR concussion[tw] OR concussions[tw] OR mtbi[tw] OR 
“mild traumatic brain”[tw] OR concussive[tw] OR “postconcussion”[tw] OR “postconcussive”[tw] 
OR postconcussion[tw]) AND (“Dizziness”[Mesh] OR “Vertigo”[Mesh] OR dizzy[ti] OR dizziness[ti] 
OR vertigo[ti]) AND English[lang] AND (“2000/01/01”[PDAT]: “2016/12/31”[PDAT]) NOT (Case Re-
ports[ptyp] OR “case report”[ti])

Fatigue/exertion: (“Brain Concussion”[mh] OR concussion[tw] OR concussions[tw] OR mtbi[tw] 
OR “mild traumatic brain”[tw] OR concussive[tw] OR “postconcussion”[tw] OR “postconcus-
sive”[tw] OR postconcussion[tw]) AND (“Fatigue”[Mesh] OR “Physical Exertion”[Mesh] OR “Exer-
cise”[Mesh] OR fatigue[ti] OR fatigued[ti] OR exertion[ti] OR exercise[ti]) AND English[lang] AND 
(“2000/01/01”[PDAT]: “2016/12/31”[PDAT]) NOT (Case Reports[ptyp] OR “case report”[ti])

Dual task: (“Brain Concussion”[mh] OR concussion[tw] OR concussions[tw] OR mtbi[tw] OR “mild 
traumatic brain”[tw] OR concussive[tw] OR “postconcussion”[tw] OR “postconcussive”[tw] OR post-
concussion[tw]) AND (“dual task” OR “divided attention” OR “Stroop Test”[mh] OR Stroop[tw]) AND 
English[lang] AND (“2000/01/01”[PDAT]: “2016/12/31”[PDAT]) NOT (Case Reports[ptyp] OR “case 
report”[ti])

Vision/ ocular motor: (“Brain Concussion”[mh] OR concussion[tw] OR concussions[tw] OR mtbi[tw] OR 
“mild traumatic brain”[tw] OR concussive[tw] OR “postconcussion”[tw] OR “postconcussive”[tw] OR 
postconcussion[tw]) AND (“Vision, Ocular”[Mesh] OR “Visual Perception”[Mesh] OR vision[ti] OR 
visual[ti] OR “ocular motor”[ti] OR oculomotor[ti]) AND English[lang] AND (“2000/01/01”[PDAT]: 
“2016/12/31”[PDAT]) NOT (Case Reports[ptyp] OR “case report”[ti])
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SEARCH RESULTS

Search Result

April 30, 2015 210

October 31, 2015 823

March 31, 2017 103

December 31, 2018 1136

Hand searches 76

Totala 2348
aAll databases and hand searches combined, with duplicates removed.
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ARTICLE INCLUSION AND EXCLUSION CRITERIA

Inclusion Criteria
CPGs
•	 Published on January 1, 2015 or later
•	 Included a multidisciplinary team for authorship
•	 Recommendations based on a systematic review and appraisal 

of the literature
•	 Included recommendations that pertained to movement-relat-

ed impairments
•	 Determined to be acceptable based on critical appraisal by 2 

trained, independent reviewers using criteria on the AGREE II 
tool

Original Studies and Systematic Reviews
•	 Included human participants with clear designation of a con-

cussion or history of concussive event
•	 Two trained, independent reviewers appraised the study as rel-

evant to the scope of the CPG
•	 Critical review of the document by 2 trained, independent re-

viewers appraised it as having an acceptable level of quality for 
inclusion

Expert Consensus Documents
•	 Two trained, independent reviewers appraised the document as 

relevant to the scope of the CPG
•	 Based on a systematic search of the literature OR a Delphi 

study methodology
•	 Described sound methods for consensus generation
•	 Adequate evidence of applicable expertise of participants/au-

thors was provided

•	 Critical review of the document by 2 trained, independent re-
viewers appraised it as having an acceptable level of quality for 
inclusion

Conceptual and Theoretical Documents
•	 Two trained, independent reviewers appraised the document as 

relevant to the scope of the CPG
•	 Source was perceived as trustworthy
•	 Critical review of the document by 2 trained, independent re-

viewers appraised it as having an acceptable level of quality for 
inclusion

Exclusion Criteria
•	 Not available in English
•	 Determined to not be relevant to the CPG scope by 2 indepen-

dent reviewers
•	 Inclusion of only healthy participants (no participants with his-

tory of concussive event)
•	 No clear delineation of outcomes specific to individuals with 

concussion/mild traumatic brain injury when the study also 
included participants with more severe brain injury

•	 Participant or target population mean age was younger than 8 
years

•	 Case study/series with fewer than 4 participants
•	 Commentary that was not evidence based
•	 Critical appraisal that resulted in a rating of unacceptable 

quality

Abbreviations: AGREE II, Appraisal of Guidelines for Research and Evaluation II 
instrument; CPG, clinical practice guideline.
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FLOW CHART OF ARTICLES

Titles and abstracts screened after 
duplicates removed, n = 2272

Selected for full-text review, n = 433

Selected for critical appraisal from 
database searches, n = 77

Selected for inclusion for 
recommendations, n = 122

Excluded, n = 31
• Outside of scope of physical therapy practice, n = 29                          
• Unacceptable quality for any recommendations, n = 2

Excluded, n = 356
• Outside of scope/background only, n = 313
• Not specific to concussion, n = 17
• Commentary that was not evidence based, n = 21
• Case studies/series with fewer than 4 participants, n = 5

Articles identified for critical appraisal 
through hand search, n = 76
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ARTICLES INCLUDED IN RECOMMENDATIONS BY TOPIC

Component 1: Process for Determining Appropriateness  
of Physical Therapy Concussive-Event Examination
Diagnosis
Management of Concussion-mild Traumatic Brain Injury Working 

Group. VA/DoD Clinical Practice Guideline for the Management of 
Concussion-Mild Traumatic Brain Injury. Washington, DC: US Depart-
ment of Veterans Affairs/Department of Defense; 2016.

Marshall S, Bayley M, McCullagh S, et al. Updated clinical practice 
guidelines for concussion/mild traumatic brain injury and persistent 
symptoms. Brain Inj. 2015;29:688-700. https://doi.org/10.3109/026
99052.2015.1004755

Screening for Indicators of Emergency Conditions
Lumba-Brown A, Yeates KO, Sarmiento K, et al. Centers for Dis-

ease Control and Prevention guideline on the diagnosis and 
management of mild traumatic brain injury among children. 
JAMA Pediatr. 2018;172:e182853. https://doi.org/10.1001/
jamapediatrics.2018.2853

Marshall S, Bayley M, McCullagh S, et al. Updated clinical practice 
guidelines for concussion/mild traumatic brain injury and persistent 
symptoms. Brain Inj. 2015;29:688-700. https://doi.org/10.3109/026
99052.2015.1004755

Differential Diagnosis
Alsalaheen B, Stockdale K, Pechumer D, Broglio SP. Measurement error 

in the Immediate Postconcussion Assessment and Cognitive Testing 
(ImPACT): systematic review. J Head Trauma Rehabil. 2016;31:242-
251. https://doi.org/10.1097/HTR.0000000000000175

Alsalaheen B, Stockdale K, Pechumer D, Broglio SP. Validity of the 
Immediate Post Concussion Assessment and Cognitive Testing 
(ImPACT). Sports Med. 2016;46:1487-1501. https://doi.org/10.1007/
s40279-016-0532-y

Gagnon I, Friedman D, Beauchamp MH, et al. The Canadian Pediatric 
Mild Traumatic Brain Injury Common Data Elements project: har-
monizing outcomes to increase understanding of pediatric concus-
sion. J Neurotrauma. 2018;35:1849-1857. https://doi.org/10.1089/
neu.2018.5887

Lumba-Brown A, Yeates KO, Sarmiento K, et al. Centers for Dis-
ease Control and Prevention guideline on the diagnosis and 
management of mild traumatic brain injury among children. 
JAMA Pediatr. 2018;172:e182853. https://doi.org/10.1001/
jamapediatrics.2018.2853

Management of Concussion-mild Traumatic Brain Injury Working 
Group. VA/DoD Clinical Practice Guideline for the Management of 
Concussion-Mild Traumatic Brain Injury. Washington, DC: US Depart-
ment of Veterans Affairs/Department of Defense; 2016.

Marshall S, Bayley M, McCullagh S, et al. Updated clinical practice 
guidelines for concussion/mild traumatic brain injury and persistent 
symptoms. Brain Inj. 2015;29:688-700. https://doi.org/10.3109/026
99052.2015.1004755

McCrory P, Meeuwisse W, Dvorak J, et al. Consensus statement on 
concussion in sport—the 5th International Conference on Concussion 
in Sport held in Berlin, October 2016. Br J Sports Med. 2017;51:838-
847. https://doi.org/10.1136/bjsports-2017-097699

McCulloch KL, Goldman S, Lowe L, et al. Development of clinical 
recommendations for progressive return to activity after military 
mild traumatic brain injury: guidance for rehabilitation providers. 
J Head Trauma Rehabil. 2015;30:56-67. https://doi.org/10.1097/
HTR.0000000000000104

Comprehensive Intake Interview
Gagnon I, Friedman D, Beauchamp MH, et al. The Canadian Pediatric 

Mild Traumatic Brain Injury Common Data Elements project: har-
monizing outcomes to increase understanding of pediatric concus-
sion. J Neurotrauma. 2018;35:1849-1857. https://doi.org/10.1089/
neu.2018.5887

Lumba-Brown A, Yeates KO, Sarmiento K, et al. Centers for Dis-
ease Control and Prevention guideline on the diagnosis and 
management of mild traumatic brain injury among children. 
JAMA Pediatr. 2018;172:e182853. https://doi.org/10.1001/
jamapediatrics.2018.2853

Marshall S, Bayley M, McCullagh S, et al. Updated clinical practice 
guidelines for concussion/mild traumatic brain injury and persistent 
symptoms. Brain Inj. 2015;29:688-700. https://doi.org/10.3109/026
99052.2015.1004755

McCrory P, Meeuwisse W, Dvorak J, et al. Consensus statement on 
concussion in sport—the 5th International Conference on Concussion 
in Sport held in Berlin, October 2016. Br J Sports Med. 2017;51:838-
847. https://doi.org/10.1136/bjsports-2017-097699

McCulloch KL, Goldman S, Lowe L, et al. Development of clinical 
recommendations for progressive return to activity after military 
mild traumatic brain injury: guidance for rehabilitation providers. 
J Head Trauma Rehabil. 2015;30:56-67. https://doi.org/10.1097/
HTR.0000000000000104

Component 2: Physical Therapy Examination and  
Evaluation Processes for Patients Who Have Experienced  
a Concussive Event
Systems to Be Examined
Broglio SP, Kontos AP, Levin H, et al. National Institute of Neurological 

Disorders and Stroke and Department of Defense Sport-Related 
Concussion Common Data Elements version 1.0 recommenda-
tions. J Neurotrauma. 2018;35:2776-2783. https://doi.org/10.1089/
neu.2018.5643

Gagnon I, Friedman D, Beauchamp MH, et al. The Canadian Pediatric 
Mild Traumatic Brain Injury Common Data Elements project: har-
monizing outcomes to increase understanding of pediatric concus-
sion. J Neurotrauma. 2018;35:1849-1857. https://doi.org/10.1089/
neu.2018.5887

Makdissi M, Schneider KJ, Feddermann-Demont N, et al. Approach 
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to investigation and treatment of persistent symptoms following 
sport-related concussion: a systematic review. Br J Sports Med. 
2017;51:958-968. https://doi.org/10.1136/bjsports-2016-097470

Marshall S, Bayley M, McCullagh S, et al. Updated clinical practice 
guidelines for concussion/mild traumatic brain injury and persistent 
symptoms. Brain Inj. 2015;29:688-700. https://doi.org/10.3109/026
99052.2015.1004755

McCrory P, Meeuwisse W, Dvorak J, et al. Consensus statement on 
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LEVELS OF EVIDENCE TABLEa

Level Intervention/Prevention

Pathoanatomic/Risk/
Clinical Course/Prognosis/
Differential Diagnosis

Diagnosis/Diagnostic 
Accuracy

Prevalence of Condition/
Disorder Exam/Outcomes

I Systematic review of 
high-quality RCTs

High-quality RCTb

Systematic review of pro-
spective cohort studies

High-quality prospective 
cohort studyc

Systematic review of 
high-quality diagnostic 
studies

High-quality diagnostic 
studyd with validation

Systematic review, 
high-quality cross-sec-
tional studies

High-quality cross-sectional 
studye

Systematic review of pro-
spective cohort studies

High-quality prospective 
cohort study

II Systematic review of 
high-quality cohort 
studies

High-quality cohort studyc

Outcomes study or ecologi-
cal study

Lower-quality RCTf

Systematic review of retro-
spective cohort study

Lower-quality prospective 
cohort study

High-quality retrospective 
cohort study

Consecutive cohort
Outcomes study or ecologi-

cal study

Systematic review of explor-
atory diagnostic studies 
or consecutive cohort 
studies

High-quality exploratory 
diagnostic studies

Consecutive retrospective 
cohort

Systematic review of stud-
ies that allows relevant 
estimate

Lower-quality cross-section-
al study

Systematic review of low-
er-quality prospective 
cohort studies

Lower-quality prospective 
cohort study

III Systematic reviews of 
case-control studies

High-quality case-control 
study

Lower-quality cohort study

Lower-quality retrospective 
cohort study

High-quality cross-sectional 
study

Case-control study

Lower-quality exploratory 
diagnostic studies

Nonconsecutive retrospec-
tive cohort

Local nonrandom study High-quality cross-sectional 
study

IV Case series Case series Case-control study Lower-quality cross-sectional 
study

V Expert opinion Expert opinion Expert opinion Expert opinion Expert opinion

Abbreviation: RCT, randomized clinical trial.
aAdapted from Phillips B, Ball C, Sackett D, et al. Oxford Centre for Evidence-based Medicine - Levels of Evidence (March 2009). Available at: http://www.
cebm.net/index.aspx?o=1025. Accessed August 4, 2009. See also APPENDIX G.
bHigh quality includes RCTs with greater than 80% follow-up, blinding, and appropriate randomization procedures.
cHigh-quality cohort study includes greater than 80% follow-up.
dHigh-quality diagnostic study includes consistently applied reference standard and blinding.
eHigh-quality prevalence study is a cross-sectional study that uses a local and current random sample or censuses.
fWeaker diagnostic criteria and reference standards, improper randomization, no blinding, and less than 80% follow-up may add bias and threats to validity.
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PROCEDURES FOR ASSIGNING LEVELS OF EVIDENCE

•	 Level of evidence is assigned based on the study design using 
the Levels of Evidence table (APPENDIX F), assuming high quali-
ty (eg, for intervention, randomized clinical trial starts at level I)

•	 Study quality is assessed using the critical appraisal tool, and 
the study is assigned 1 of 4 overall quality ratings based on the 
critical appraisal results

•	 Level of evidence assignment is adjusted based on the overall 
quality rating:
-	 High quality (high confidence in the estimate/results): study 

remains at assigned level of evidence (eg, if the randomized 
clinical trial is rated high quality, its final assignment is level 
I). High quality should include:
•	 Randomized clinical trial with greater than 80% follow-up, 

blinding, and appropriate randomization procedures
•	 Cohort study includes greater than 80% follow-up

•	 Diagnostic study includes consistently applied reference 
standard and blinding

•	 Prevalence study is a cross-sectional study that uses a 
local and current random sample or censuses

-	 Acceptable quality (the study does not meet requirements 
for high quality and weaknesses limit the confidence in the 
accuracy of the estimate): downgrade 1 level
•	 Based on critical appraisal results

-	 Low quality: the study has significant limitations that sub-
stantially limit confidence in the estimate: downgrade 2 
levels
•	 Based on critical appraisal results

-	 Unacceptable quality: serious limitations—exclude from  
consideration in the guideline
•	 Based on critical appraisal results
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APPRAISALS

AGREE II Appraisal Scores
Domaina

Study 1 2 3 4 5 6 Overall Scoreb

Marshall et al153 92% 92% 84% 69% 77% 50% 5

Lumba-Brown et al141 94% 69% 79% 86% 42% 84% 5

MCMTBIWG149 92% 75% 69% 92% 44% 50% 5

Abbreviations: AGREE II, Appraisal of Guidelines for Research and Evaluation II instrument; MCMTBIWG, Management of Concussion-mild Traumatic 
Brain Injury Working Group.
aDomains: (1) scope and purpose, (2) stakeholder involvement, (3) rigor of development, (4) clarity of presentation, (5) applicability, (6) editorial indepen-
dence.
bA quality judgment based on the average of the 2 Guideline Development Group members who performed the appraisal using a range of 1 to 7, where 1 rep-
resents the lowest rating and 7 represents the highest rating.

AMSTARa Scores for Systematic Reviews
Itemb

Study 1 2 3 4 5 6 7 8 9 10 11 Qualityc

Alsalaheen et al2 Y Y Y Y N Y Y Y NA N N Acceptable

Alsalaheen et al3 Y Y Y Y N Y Y Y N N Y High

Bell et al11 Y N Y N Y Y N N N N N Low

Broglio and Puetz20 Y Y Y Y N Y N N Y Y Y High

Fino et al59 Y Y Y N Y N Y Y N N N Acceptable

Haider et al78 Y Y Y Y N Y Y Y NA N N Acceptable

Hunt et al99 Y Y Y N N Y NA Y NA N Y Acceptable

Lal et al118 Y Y Y N N Y Y Y Y N N Acceptable

Lumba-Brown et al142 Y Y Y N N N Y Y N N Y Acceptable

Makdissi et al147 Y Y Y N N Y Y Y NA N N Acceptable

Murray et al171 Y N Y Y N Y Y Y N N N Acceptable

Quatman-Yates et al178 Y Y Y Y N Y Y Y N Y N High

Quatman-Yates et al177 Y Y Y Y N Y Y Y NA N N Acceptable

Register-Mihalik et al183 Y Y Y N N Y N N N N N Low

Schneider et al192 Y Y Y N N Y Y Y Y Y N High

Abbreviations: AMSTAR, A MeaSurement Tool to Assess systematic Reviews; N, no; NA, not applicable; Y, yes.
aCriteria from Shea BJ, Grimshaw JM, Wells GA, et al. Development of AMSTAR: a measurement tool to assess the methodological quality of systematic reviews. 
BMC Med Res Methodol. 2007;7:10. https://doi.org/10.1186/1471-2288-7-10
bYes/no. Items: 1, Was an a priori design provided? 2, Was there duplicate study selection and data extraction? 3, Was a comprehensive literature search per-
formed? 4, Was the status of publication (ie, gray literature) used as an inclusion criterion? 5, Was a list of studies (included and excluded) provided? 6, Were 
the characteristics of the included studies provided? 7, Was the scientific quality of the included studies assessed and documented? 8, Was the scientific quality 
of the included studies used appropriately in formulating conclusions? 9, Were the methods used to combine the findings of studies appropriate? 10, Was the 
likelihood of publication bias assessed? 11, Was the conflict of interest included?
cScores of 8 or greater were considered high, 6 or 7 acceptable, 4 or 5 low, and 3 or below very low.

Diagnosis: Clinical Practice Guidelines
Study Appraisal Levela Qualityb

Marshall et al153 I Acceptable

Management of Concussion-mild Traumatic Brain Injury Working Group149 I Acceptable
aBased on the critical appraisal tool and review results.
bOverall assessment of the methodological quality of the study (high, acceptable, low, unacceptable).
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Screening for Indicators of Emergency Conditions: Clinical Practice Guidelines
Study Appraisal Levela Qualityb

Marshall et al153 I Acceptable

Lumba-Brown et al141 I Acceptable
aBased on the critical appraisal tool and review results.
bOverall assessment of the methodological quality of the study (high, acceptable, low, unacceptable).

Differential Diagnosis
Study Study Type Appraisal Levela Qualityb

Alsalaheen et al2 Systematic review I Acceptable

Alsalaheen et al3 Systematic review I High

Gagnon et al61 Expert opinion IV Acceptable

Lumba-Brown et al141 Clinical practice guideline I-II Acceptable

Marshall et al153 Clinical practice guideline I Acceptable

McCrory et al159 Expert opinion IV Acceptable

McCulloch et al160 Expert opinion IV Acceptable

Management of Concussion-mild Traumatic Brain Injury Working Group149 Clinical practice guideline I-II Acceptable
aBased on the critical appraisal tool and review results.
bOverall assessment of the methodological quality of the study (high, acceptable, low, unacceptable).

Comprehensive Intake Interview
Study Study Type Appraisal Levela Qualityb

Gagnon et al61 Expert opinion IV Acceptable

Lumba-Brown et al141 Clinical practice guideline II Acceptable

Marshall et al153 Clinical practice guideline I Acceptable

McCulloch et al160 Expert opinion IV Acceptable

McCrory et al159 Expert opinion IV Acceptable
aBased on the critical appraisal tool and review results.
bOverall assessment of the methodological quality of the study (high, acceptable, low, unacceptable).

Systems to Be Examined
Study Study Type Appraisal Levela Qualityb

Broglio et al19 Expert opinion IV Acceptable

Gagnon et al61 Expert opinion IV Acceptable

Makdissi et al147 Systematic review II Acceptable

Marshall et al153 Clinical practice guideline II Acceptable

McCrory et al159 Expert opinion IV Acceptable

McCulloch et al160 Expert opinion V Acceptable
aBased on the critical appraisal tool and review results.
bOverall assessment of the methodological quality of the study (high, acceptable, low, unacceptable).
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Examination for Cervical Musculoskeletal Impairments
Study Study Type Appraisal Levela Qualityb

Cheever et al31 Expert opinion V Acceptable

Ellis et al54 Expert opinion V Acceptable

Kennedy et al106 Case series IV Low

Kuczynski et al115 Case series IV Acceptable

Marshall et al152 Case series IV Acceptable

Morin et al165 Expert opinion V Acceptable

Reneker et al186 Case series IV Acceptable

Reneker et al187 Cohort study IV Acceptable

Reneker et al188 Expert opinion IV Acceptable

van der Walt et al217 Case series IV Acceptable

Leddy et alc Cohort study ... Unacceptable
aBased on the critical appraisal tool and review results.
bOverall assessment of the methodological quality of the study (high, acceptable, low, unacceptable).
cLeddy JJ, Baker JG, Merchant A, et al. Brain or strain? Symptoms alone do not distinguish physiologic concussion from cervical/vestibular injury. Clin J 
Sport Med. 2015;25:237-242. https://doi.org/10.1097/JSM.0000000000000128

Examination for Vestibulo-oculomotor Impairments
Study Study Type Appraisal Levela Qualityb

Anzalone et al8 Case series IV Acceptable

Capó-Aponte et al26 Case-control study III Acceptable

Capó-Aponte et al27 Case-control study IV Acceptable

Corwin et al38 Case series IV Acceptable

Cheever et al31 Expert opinion V Acceptable

Cheever et al32 Cohort study III Acceptable

Elbin et al52 Cohort study II Acceptable

Ellis et al54 Expert opinion V Acceptable

Goodrich et al71 Expert opinion IV Acceptable

Heyer et al82 Cohort study III-IV Acceptable

Hunt et al99 Systematic review II Acceptable

Józefowicz-Korczyńska et al103 Cohort study III Acceptable

Lei-Rivera et al135 Expert opinion V Acceptable

Lumba-Brown et al141 Clinical practice guideline III Acceptable

Marshall et al153 Clinical practice guideline I Acceptable

Marshall et al152 Case series IV Acceptable

Master et al155 Cross-sectional study III Acceptable

Matuszak et al156 Expert opinion V Acceptable

McDevitt et al161 Case-control study IV Acceptable

Mucha et al169 Cross-sectional study II Acceptable

Murray et al173 Cohort study III Acceptable

Reneker et al186 Case series IV Acceptable

Reneker et al187 Cohort study IV Acceptable

Reneker et al188 Expert opinion IV Acceptable

Skóra et al198 Cohort study III Acceptable

Management of Concussion-mild Traumatic Brain Injury Working Group149 Clinical practice guideline III Acceptable

Ventura et al219 Clinical practice guideline V Acceptable

Zhou and Brodsky228 Case series IV Acceptable
aBased on the critical appraisal tool and review results.
bOverall assessment of the methodological quality of the study (high, acceptable, low, unacceptable).

APPENDIX H

 J
ou

rn
al

 o
f 

O
rt

ho
pa

ed
ic

 &
 S

po
rt

s 
Ph

ys
ic

al
 T

he
ra

py
®

 
 D

ow
nl

oa
de

d 
fr

om
 w

w
w

.jo
sp

t.o
rg

 a
t o

n 
O

ct
ob

er
 1

7,
 2

02
4.

 F
or

 p
er

so
na

l u
se

 o
nl

y.
 N

o 
ot

he
r 

us
es

 w
ith

ou
t p

er
m

is
si

on
. 

 C
op

yr
ig

ht
 ©

 2
02

0 
Jo

ur
na

l o
f 

O
rt

ho
pa

ed
ic

 &
 S

po
rt

s 
Ph

ys
ic

al
 T

he
ra

py
®

. A
ll 

ri
gh

ts
 r

es
er

ve
d.



journal of orthopaedic & sports physical therapy  |  volume 50  |  number 4  |  april 2020  |  cpg69

Concussion: Clinical Practice GuidelinesConcussion: Clinical Practice Guidelines

Examination for Autonomic/Exertional Tolerance Impairments
Study Study Type Appraisal Levela Qualityb

Broglio et al19 Expert opinion IV Acceptable

Cordingley et al36 Case series IV Acceptable

Darling et al42 Case series IV Acceptable

Dematteo et al47 Cohort study II Acceptable

Ellis et al54 Expert opinion V Acceptable

Ellis et al53 Expert opinion V Acceptable

Gall et al66 Case-control study III Acceptable

Gall et al65 Case-control study III Acceptable

Haider et al78 Systematic review II Acceptable

Haider et al79 Case-control study III Acceptable

Hinds et al85 Cohort study III Acceptable

Kozlowski et al112 Case-control study IV Acceptable

Leddy et al133 Expert opinion V Acceptable

Leddy et al123 Expert opinion V Acceptable

Leddy et al126 Expert opinion V Acceptable

Leddy et al129 Randomized controlled trial I High

Leddy et al128 Expert opinion V Acceptable

Leddy et al134 Expert opinion V Acceptable

Matuszak et al156 Expert opinion V Acceptable

McCrory et al159 Expert opinion IV Acceptable

Orr et al174 Cohort study II Acceptable

Quatman-Yates et al177 Systematic review I High
aBased on the critical appraisal tool and review results.
bOverall assessment of the methodological quality of the study (high, acceptable, low, unacceptable).
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Examination for Motor Function Impairments
Study Study Type Appraisal Levela Qualityb

Bell et al11 Systematic review III Low

Benedict et al12 Cross-sectional study III Acceptable

Berkner et al13 Case-control study III Acceptable

Broglio et al19 Expert opinion IV Acceptable

Broglio and Puetz20 Systematic review III High

Broglio et al21 Cohort study III Acceptable

Buckley et al24 Cohort study III Acceptable

Cavanaugh et al28 Case series IV Acceptable

Cossette et al40 Case-control study III Acceptable

De Beaumont et al44 Case-control study III Acceptable

Dorman et al49 Case-control study III Acceptable

Findling et al58 Cohort study III Acceptable

Fino et al59 Systematic review III Acceptable

Furman et al60 Case-control study IV Acceptable

Gera et al68 Case-control study III Acceptable

Howell et al93 Cohort study III Acceptable

Howell et al92 Cohort study I High

Howell et al95 Cohort study III Acceptable

Howell et al86 Cohort study III Acceptable

Howell et al89 Case-control study III Acceptable

Howell et al94 Case-control study IV Acceptable

Hugentobler et al97 Cross-sectional study IV Acceptable

Inness et al100 Cross-sectional study III Acceptable

King et al109 Case series IV Acceptable

Lumba-Brown et al141 Clinical practice guideline IV Acceptable

Lynall et al144 Cross-sectional study III Acceptable

Massingale et al154 Case-control study III Acceptable

McCrory et al159 Expert opinion IV Acceptable

McCulloch et al160 Expert opinion IV Acceptable

Murray et al173 Case-control study III Acceptable

Murray et al172 Systematic review III Acceptable

Quatman-Yates et al180 Case-control study III Acceptable

Quatman-Yates et al179 Case-control study IV Acceptable

Radomski et al181 Case-control study IV Acceptable

Register-Mihalik et al183 Systematic review III Low

Register-Mihalik et al184 Case series IV Acceptable

Sambasivan et al190 Cross-sectional study III-IV Acceptable

Schneider et al195 Cohort study III Acceptable

Solomito et al199 Case-control study III Acceptable

Sosnoff et al200 Case series IV Low

Teel et al207 Case-control study IV Acceptable

Vartiainen et al218 Case-control study III Acceptable

Walker et al221 Cross-sectional study III-IV Acceptable

Wilkerson et al223 Cohort study III Acceptable
aBased on the critical appraisal tool and review results.
bOverall assessment of the methodological quality of the study (high, acceptable, low, unacceptable).
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Concussion: Clinical Practice GuidelinesConcussion: Clinical Practice Guidelines

Classification
Study Study Type Appraisal Levela Qualityb

Collins et al34 Expert opinion IV Acceptable

Collins et al35 Expert opinion V Acceptable

Ellis et al53 Expert opinion V Acceptable

Ellis et al54 Expert opinion V Acceptable

Lundblad143 Expert opinion V Acceptable

Marshall et al153 Clinical practice guideline III Acceptable

Reneker et al187 Cohort study IV Acceptable

Management of Concussion-mild Traumatic Brain Injury Working Group149 Clinical practice guideline III Acceptable
aBased on the critical appraisal tool and review results.
bOverall assessment of the methodological quality of the study (high, acceptable, low, unacceptable).

Outcome Measure Selection
Study Study Type Appraisal Levela Qualityb

Broglio et al19 Expert opinion IV Acceptable

Gagnon et al61 Expert opinion IV Acceptable

Gottshall et al72 Cohort study III Acceptable

Kleffelgaard et al110 Cohort study III Acceptable

Lumba-Brown et al141 Clinical practice guideline II Acceptable

Lumba-Brown et al142 Systematic review II Acceptable

Marshall et al153 Clinical practice guideline II Acceptable

Management of Concussion-mild Traumatic Brain Injury Working Group149 Clinical practice guideline II Acceptable
aBased on the critical appraisal tool and review results.
bOverall assessment of the methodological quality of the study (high, acceptable, low, unacceptable).

Communication and Education
Study Study Type Appraisal Levela Qualityb

Lumba-Brown et al141 Clinical practice guideline I-III Acceptable

Lumba-Brown et al142 Systematic review III Acceptable

Marshall et al153 Clinical practice guideline I-III Acceptable

McCulloch et al160 Expert opinion IV Acceptable

McCrory et al159 Expert opinion IV Acceptable

Schneider et al192 Systematic review III Acceptable
aBased on the critical appraisal tool and review results.
bOverall assessment of the methodological quality of the study (high, acceptable, low, unacceptable).
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Physical Therapy Interventions for Movement-Related Impairments
Study Study Type Appraisal Levela Qualityb

Dobney et al48 Case series IV Acceptable

Hugentobler et al98 Case series IV Acceptable

Grabowski et al73 Case series IV Acceptable

Gagnon et al62 Case series IV Acceptable

Gagnon et al63 Case series IV Acceptable

Lawrence et al122 Case series IV Acceptable

Lennon et al137 Case series IV Acceptable

Lumba-Brown et al141 Clinical practice guideline II Acceptable

Lumba-Brown et al142 Systematic review II Acceptable

Marshall et al153 Clinical practice guideline II Acceptable

Quatman-Yates et al178 Systematic review II Acceptable

Reneker et al189 Randomized controlled trial II Acceptable

Schneider et al192 Systematic review II Acceptable

Management of Concussion-mild Traumatic Brain Injury Working Group149 Clinical practice guideline II Acceptable
aBased on the critical appraisal tool and review results.
bOverall assessment of the methodological quality of the study (high, acceptable, low, unacceptable).

Cervical Musculoskeletal Interventions
Study Study Type Appraisal Levela Qualityb

Grabowski et al73 Case series IV Acceptable

Hugentobler et al98 Case series IV Acceptable

Kennedy et al106 Case series IV Acceptable

Marshall et al152 Case series IV Acceptable

Morin et al165 Expert opinion V Acceptable

Reneker et al189 Randomized controlled trial II Acceptable

Schneider et al194 Randomized controlled trial II Acceptable

Schneider et al193 Case series IV Acceptable
aBased on the critical appraisal tool and review results.
bOverall assessment of the methodological quality of the study (high, acceptable, low, unacceptable).

Vestibulo-oculomotor Interventions
Study Study Type Appraisal Levela Qualityb

Alsalaheen et al4 Case series IV Acceptable

Alsalaheen et al5 Expert opinion IV Acceptable

Józefowicz-Korczyńska et al103 Cohort study IV Acceptable

Marshall et al153 Clinical practice guideline I Acceptable

Moore et al163 Cohort study IV Low

Murray et al171 Systematic review II Acceptable

Reneker et al189 Randomized controlled trial II Acceptable

Schneider et al194 Randomized controlled trial II Acceptable

Schneider et al193 Case series IV Acceptable

Storey et al203 Cohort study IV Acceptable

Gottshall and Hofferc Cohort study ... Unacceptable
aBased on the critical appraisal tool and review results.
bOverall assessment of the methodological quality of the study (high, acceptable, low, unacceptable).
cGottshall KR, Hoffer ME. Tracking recovery of vestibular function in individuals with blast-induced head trauma using vestibular-visual-cognitive interac-
tion tests. J Neurol Phys Ther. 2010;34:94-97. https://doi.org/10.1097/NPT.0b013e3181dead12
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Concussion: Clinical Practice GuidelinesConcussion: Clinical Practice Guidelines

Exertional Tolerance and Aerobic Exercise Interventions
Study Study Type Appraisal Levela Qualityb

Anderson et al7 Case-control study IV Acceptable

Dobney et al48 Case series IV Acceptable

Gauvin-Lepage et al67 Case-control study II Acceptable

Grabowski et al73 Case series IV Acceptable

Hugentobler et al98 Case series IV Acceptable

Kozlowski et al112 Case-control study IV Acceptable

Lal et al118 Systematic review I High

Leddy et al132 Case series IV Acceptable

Leddy et al129 Randomized controlled trial I High

Leddy et al130 Cohort study II Acceptable

Lennon et al137 Case series IV Acceptable
aBased on the critical appraisal tool and review results.
bOverall assessment of the methodological quality of the study (high, acceptable, low, unacceptable).

Motor Function Interventions
Study Study Type Appraisal Levela Qualityb

Collins et al34 Expert opinion IV Acceptable

Hugentobler et al98 Case series IV Acceptable

Marshall et al153 Clinical practice guideline IV Acceptable

McCulloch et al160 Expert opinion IV Acceptable

Management of Concussion-mild Traumatic Brain Injury Working Group149 Clinical practice guideline IV Acceptable

Weightman et al222 Expert opinion V Acceptable
aBased on the critical appraisal tool and review results.
bOverall assessment of the methodological quality of the study (high, acceptable, low, unacceptable).

APPENDIX H
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L
ow back pain (LBP) is one of the most common health 
problems globally11,22 and is the leading cause of disability 
and loss of or limitations at work.12,21 Low back pain is a 
recurrent problem, and it has been estimated that 65% 

of patients still experience pain after 12 months.24 However, 
a specific cause for most cases of LBP has not been identified, and 
LBP is not fully explained by tissue pathology or damage alone.3,12,16

ence of sciatica, and psychological 
factors such as fear-avoidance be-
liefs, depressive mood, and pain 
behavior have been shown to be 
useful predictors,14,28,36,40 whereas 

the clinical findings of physical exami-
nation seem to hold limited prognostic 
value.13 The prognostic value of more 
general physical task performance mea-
sures such as physical fitness level, mus-
cle strength, or walking distance among 
patients with LBP has been more sparsely 
evaluated. Although some studies in-
dicate that physical task performance 
levels alone do not predict outcomes in 
patients with LBP,4,33 measuring sensitiv-
ity to such task performance tests could 
be of value.41,42 Sensitivity to task perfor-
mance, also called task-specific sensitiv-
ity, is measured by assessing pain before 
and after a physical function test. Studies 
of patients with knee osteoarthritis have 
found that increasing discomfort during 
physical function tests was associated 
with pain and disability scores.41,42 Com-
parable findings have been reported by 
Sullivan et al,39 who found physical activ-
ity of low to moderate intensity produced 
similar sensitized pain responses among 
patients with LBP, whereas other stud-
ies have found exercise to reduce pain 
sensitivity, measured by pressure pain 

	U OBJECTIVE: To investigate the prognostic value 
of task-specific sensitivity in patients with low back 
pain by exploring whether task-specific sensitivity 
during physical function testing was associated 
with self-reported change in pain and disability.

	U DESIGN: Prospective cohort study nested in a 
randomized controlled trial.

	U METHODS: The study included 260 patients 
with low back pain, referred for evaluation in a 
secondary care setting. All patients completed 
questionnaires and underwent clinical examination 
by a physical therapist. Patients rated their pain 
intensity before and after completing a test battery 
measuring physical function and were classified 
into 4 categories—worse, unchanged, better, or 
no pain—depending on their pain response. At 
3-month follow-up, outcomes were obtained by a 
postal questionnaire.

	U RESULTS: Task-specific sensitivity signifi-
cantly predicted pain, after adjusting for known 
prognostic factors. Patients in the no pain, better, 
and unchanged groups improved their pain score 
significantly more than patients in the worse pain 
group. Patients in the no pain group also improved 
their disability score significantly more compared 
to patients in the worse pain group, after adjusting 
for known prognostic factors.

	U CONCLUSION: Task-specific sensitivity predicted 
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Task-Specific Sensitivity in Physical 
Function Testing Predicts Outcome in 

Patients With Low Back Pain

Due to this discrepancy, there is increas-
ing attention on prognosis studies in 
LBP.16 Identifying prognostic factors is 
a high priority in research and clinical 
practice, as understanding factors related 
to future outcomes could improve treat-

ment and inform lifestyle decisions.15,18 
A number of prognostic factors for poor 
outcome in patients with LBP have been 
identified16; however, few of these factors 
are consistent across studies.15 Previous 
LBP episodes, greater disability, the pres-
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thresholds.20 Although the underlying 
mechanisms of task-specific sensitivity 
are not fully understood, sensitivity to 
physical activity has been linked to sen-
sitization of the central nervous system,42 
fear of movement due to pain,30,39,42 and 
work disability31 in persistent musculo-
skeletal pain conditions, including whip-
lash-associated disorder, chronic LBP, 
and knee osteoarthritis. Thus, address-
ing pain response in relation to physical 
activity may be important when trying to 
predict responses to different interven-
tions for LBP. The cross-sectional nature 
of previous studies does not allow any 
firm conclusions to be drawn with respect 
to the ability of task-specific sensitivity to 
predict outcome over time, and further 
research is needed to explore its useful-
ness as a prospective predictor.

Thus, the objective was to investigate 
the prognostic value of task-specific sen-
sitivity in patients with LBP, by exploring 
whether task-specific sensitivity during 
physical function testing is associated 
with self-reported change in pain and 
disability after 3 months.

METHODS

Design and Populations

T
he study was conducted as a 
prospective cohort study with 3 
months’ follow-up nested in a pre-

viously published randomized controlled 
trial (RCT).25 The aim of the RCT was 
to explore the effect of counseling by an 
occupational physician that addressed 
workplace barriers to and enhancement 
of physical activity as part of outpatient 
treatment of pain, disability, and sick 
leave. The RCT included 360 patients 
referred for specialized evaluation at 
rheumatologic clinics due to LBP. The 
inclusion criteria were LBP with or with-
out sciatica, aged 18 to 63 years, paid 
work employment, willingness to accept 
a workplace visit if needed, concerns 
about ability to maintain current job, 
and spoken Danish. Exclusion criteria 
were referral for low back surgery, preg-
nancy, or serious comorbidities causing 

disability (eg, severe heart disease, can-
cer) or hindrance to the planned testing 
and intervention. A flow chart is shown 
in FIGURE 1. Of the 360 patients included 
in the RCT, 60 patients were allocated to 
another study, while 40 patients did not 
complete the baseline physical function 
test. Informed consent was obtained from 
all participants. The study was approved 
by the Danish Data Protection Agency 
(number 2006-41-6190) and registered 
with the Central Denmark Region Com-
mittees on Biomedical Research Ethics.

Procedures
Data were collected between November 
2006 and July 2009. All patients at-
tended a baseline session to provide de-
mographic information and complete a 
questionnaire. Demographic information 
included sex, age, job, and workers’ com-
pensation status. The questionnaire in-
cluded questions on pain, disability, and 
psychosocial factors. The patients under-
went a clinical examination by a rheuma-
tologist and were classified according to 
the Quebec Task Force classification sys-

tem.37 Subsequently, patients’ physical 
function was tested by 1 of 3 experienced 
physical therapists. At 3-month follow-
up, a questionnaire was sent to patients.

Outcome
Primary explanatory outcomes for the 
present study were changes in back-spe-
cific measures of pain and disability from 
baseline to 3-month follow-up, as recom-
mended.6 Average LBP intensity during 
the previous 3 months was scored on 
an 11-point numeric rating scale (NRS) 
from 0 (no pain) to 10 (worst imaginable 
pain).9 The NRS has acceptable test-
retest reliability, construct validity, and 
responsiveness,8 but with measurement 
error being slightly higher than the rec-
ommended minimal important change 
(MIC) of 2 points.35 Although the con-
tent validity of single-item pain scales 
has been questioned,8 the NRS remains 
the most preferred measure of pain in-
tensity among researchers, clinicians, 
and patients.5 The Roland-Morris Dis-
ability Questionnaire (RMDQ) was used 
to assess back-specific disability. The ag-

Patients with low back pain assessed for eligibility, 
n = 1461

Baseline assessment, n = 360

Included in the cohort study, n = 260

Completed 3-mo follow-up for pain, n = 238
Completed 3-mo follow-up for disability, n = 249

Excluded, n = 1048
• Age not 18-63 y, n = 178
• Disability pension, n = 150
• Unemployed, n = 173
• Student, n = 77
• Insu�cient language skills, n = 101
• Referred for surgery, n = 280
• No need for advice, n = 61
• Other reasons,a n = 28
Refused to participate, n = 53

Allocated to another study, n = 60
No physical function test, n = 40

Lost to follow-up (pain), n = 22
Lost to follow-up (disability), n = 11

FIGURE 1. Flow chart of participants in the cohort study. aDid not want to inform employer about health problems; 
in the process of changing job; other illnesses; pregnancy; inhabitant from other region/country; workplace visit 
not possible (offshore installation).
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gregated score ranges form 0 (no disabil-
ity) to 23 (severely disabled). The RMDQ 
has been translated and cross-culturally 
adapted to the Danish population among 
patients with LBP.1 The RMDQ has sat-
isfactory measurement properties with 
respect to test-retest reliability, con-
struct validity, and responsiveness, with 
measurement error being equal to or 
slightly lower than the estimated MIC of 
5 points.7,35

Task-Specific Sensitivity
Task-specific sensitivity was measured 
during the test session with a physical 
therapist. Patients rated their current 
pain intensity using an 11-point NRS im-
mediately before and after completing a 
test battery of physical function. Task-
specific sensitivity was calculated as a 
pain response, by subtracting patients’ 
posttest pain score from their pretest 
pain score, of at least a 1-point change. 
Task-specific sensitivity was divided 
into 4 categories: worse, unchanged, 
better, or no pain, depending on pain 
response. Worse was defined as patients 
who had a negative pain response (expe-
rienced more pain) to physical testing, 
unchanged was defined as patients who 
had no pain response (experienced un-
changed pain), and better was defined 
as patients who had a positive pain re-
sponse (experienced less pain) to physi-
cal testing. Patients who rated their pain 
as 0 before testing were classified as no 
pain, regardless of whether they experi-
enced a negative pain response or had no 
pain response. The test battery consisted 
of a balance test (1-leg stance), the Bier-
ing-Sorensen test to assess the endur-
ance of the trunk extensor muscles,26 the 
modified Kraus-Weber test to assess the 
endurance of the abdominal muscles,23 
and the Åstrand cycle ergometer test to 
estimate maximum oxygen uptake (mL 
02/min/kg).2

Other Prognostic Factors
To control for the potential influence of 
other factors, we included 5 additional 
available variables—age, sex, ongoing 

workers’ compensation, sciatica, and 
fear-avoidance beliefs—thought to be 
associated with physical activity task 
performance31,39,41,42 and predictive of 
poor outcomes in patients with LBP.15,40 
This information was obtained from 
the baseline questionnaire and clini-
cal examination. Fear-avoidance beliefs 
were measured with the Fear-Avoidance 
Beliefs Questionnaire physical activ-
ity subscale (FABQ-PA), which has been 
cross-culturally validated in Danish.32 
Information on the presence of sciatica 
was assessed by a rheumatologist during 
the clinical examination at baseline, us-
ing the Quebec Task Force classification 
system.37 The Quebec Task Force classi-
fication has demonstrated good predic-
tive ability and can discriminate between 
those with and without radiating pain.29

Statistical Analysis
Descriptive statistics were calculated 
for all variables for the study popula-
tion, categorical variables were cross-
tabulated, and normality of distribution 
for continuous variables was checked 
using normal quantile plots. Numbers 
of patients with missing data for each 
variable and follow-up rate were esti-
mated. Differences in baseline charac-
teristics between the study population 
and those who were lost to follow-up 
were tested using Student’s t test for 
normally distributed continuous data, 
the Mann-Whitney U test for nonnor-
mal distribution, and the chi-square 
test for categorical data. Data that were 
absent or unclear were treated as miss-
ing. Associations between task-specific 
sensitivity and changes in pain and dis-
ability were estimated using linear re-
gression. One model was fitted for each 
of the outcome measures (changes in 
pain and disability). To control for the 
potential influence of other factors, mul-
tivariate analysis was then performed 
for each outcome, including a priori–se-
lected baseline variables (ie, factors re-
lated to the individual, clinical findings, 
psychosocial factors, and intervention 
group) and respective baseline values of 

the outcome. Regression coefficients are 
reported with 95% confidence intervals 
(CIs). The associations were tested using 
tests for trends, and a significance level 
of .05 was selected. Underlying assump-
tions for linear regression were checked 
for each model by residual scatter plots 
and residuals versus fitted-values plots. 
For the statistical analysis, Stata Version 
15 (StataCorp LLC, College Station, TX) 
was used.

RESULTS

Participants

O
f the 260 patients who com-
pleted baseline testing, 22 (8.5%) 
and 11 (4.2%) patients were lost 

to follow-up due to missing pain and 
disability scores, respectively. The final 
study population included 238 and 249 
patients with complete follow-up data on 
pain and disability, respectively. A flow 
chart illustrating the course of the study 
is available in FIGURE 1.

Baseline Characteristics
Baseline characteristics of the study 
sample, classified by task-specific sensi-
tivity groups, are available in TABLE 1. Of 
260 included patients, 54 (20.8%) were 
classified by task-specific sensitivity as no 
pain, 117 (45.0%) as better, 56 (21.5%) as 
unchanged, and 33 (12.7%) as worse. At 
baseline, 6.5% and 20.0% of patients did 
not answer the NRS and FABQ-PA ques-
tionnaire, respectively. Questions about 
ongoing workers’ compensation were un-
answered by 8.9%. Missing responses for 
other baseline variables did not exceed 
3%. There were no differences in baseline 
characteristics between the patients who 
were included and those who were lost to 
follow-up (TABLE 2). The mean follow-up 
time was 103 days.

Main Results
Pain intensity improved significantly 
for all 4 task-specific sensitivity groups 
at 3-month follow-up (FIGURE 2), with 
an overall mean difference of 2.3 points 
(95% CI: 1.9, 2.6). The between-group 
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differences in the nonadjusted analy-
sis were small and not statistically sig-
nificant (TABLE 3), though an association 
between task-specific sensitivity and 
changes in pain was found (P = .05). Af-
ter adjusting for factors related to the in-
dividual, clinical findings, psychosocial 
factors, and intervention group, we found 
that between-group differences increased 
significantly (P<.01) in favor of the bet-
ter, unchanged, and no-pain groups. The 
largest mean difference, 2.2 points (95% 
CI: 1.0, 3.5), was between the worse 
group and the no-pain group. Disabil-
ity improved significantly for all groups 
(mean difference, 2.7 points; 95% CI: 
2.1, 3.3) (FIGURE 2), but there was no sta-
tistically significant difference between 
groups in the nonadjusted analysis (TABLE 

4). In the adjusted analysis, the mean dif-
ference in disability scores between the 
worse and no-pain groups reached sta-
tistical significance (2.5 points; 95% CI: 
0.2, 4.7) (TABLE 4).

	

TABLE 1
Baseline Characteristics of the Study Population, Divided 

Based on Task-Specific Sensitivity Groupa

Abbreviations: FABQ, Fear-Avoidance Beliefs Questionnaire; RMDQ, Roland-Morris Disability Questionnaire.
aValues are mean ± SD unless otherwise indicated. The variation in n is due to missing values.
bn = 116.
cn = 259.
dGroup values: no pain, n = 50; better, n = 106; unchanged, n = 52; worse, n = 29; total, n = 237.
eValues are median (interquartile range).
fGroup values: no pain, n = 46; better, n = 84; unchanged, n = 48; worse, n = 30; total, n = 208.
gGroup values: no pain, n = 51; better, n = 110; unchanged, n = 54; worse, n = 28; total, n = 243.
hGroup values: no pain, n = 52; better, n = 114; unchanged, n = 56; worse, n = 31; total, n = 253.

No Pain (n = 54) Better (n = 117) Unchanged (n = 56) Worse (n = 33) Total (n = 260)

Age, y 44.3 ± 9.2 45.3 ± 10.2 44.4 ± 11.4 44.4 ± 10.3 44.8 ± 10.2

Sex (female), n (%) 26 (48.2) 65 (55.6) 34 (60.7) 19 (57.6) 144 (55.4)

Body mass index, kg/m2 25.9 ± 4.8 26.9 ± 4.5b 25.4 ± 4.7 27.0 ± 4.6 26.4 ± 4.7c

Current job, n (%)

Professionals, highly educated 19 (35.2) 37 (31.6) 13 (23.2) 6 (18.2) 75 (28.9)

Office, teaching, and nursing 23 (42.6) 59 (50.4) 27 (48.2) 22 (66.7) 131 (50.4)

Blue collar 12 (22.2) 21 (18.0) 16 (28.6) 5 (15.2) 54 (20.8)

Quebec Task Force classification, n (%)

Without radiating pain 6 (11.1) 32 (27.4) 20 (35.7) 8 (24.2) 66 (25.4)

With radiating pain above knee level 16 (29.6) 31 (26.5) 17 (30.4) 4 (12.1) 68 (26.2)

With radiating pain below knee level 32 (59.3) 54 (46.2) 19 (33.9) 21 (63.6) 126 (48.5)

Ongoing workers’ compensation, n (%)d 7 (14.0) 11 (10.4) 8 (15.4) 9 (31.0) 35 (14.8)

FABQ-physical activity (0-24)ef 12 (6) 9 (8) 11 (7) 11.5 (6) 11 (7)

Numeric rating scale (0-10)eg 6 (3) 6 (3) 6 (3) 6 (2) 6 (3)

RMDQ (0-23)eh 11 (10) 11 (9) 13 (9) 13 (9) 11 (9)
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FIGURE 2. Mean (95% confidence interval) scores for (A) pain and (B) disability at baseline and 3-month follow-
up, according to task-specific sensitivity classification. Abbreviations: NRS, numeric rating scale; RMDQ, Roland-
Morris Disability Questionnaire.
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DISCUSSION

T
his study explored the predic-
tive value of task-specific sensitiv-
ity among patients with LBP for 

changes in pain and disability. The prin-
cipal finding was a significant associa-
tion between task-specific sensitivity and 
change in pain and disability, when tak-
ing into account other known prognostic 
factors. The change in pain for patients 
classified as better, unchanged, and no 
pain, compared to patients classified as 
worse, showed significant improvement; 
the change in disability, however, only 
reached statistical significance for the 
no-pain group.

An important strength of this study 
is its prospective design with a 3-month 

follow-up, which ensured that the pre-
dictive value of task-specific sensitiv-
ity could be evaluated over time, when 
taking into account other prognostic 
variables. The prospective design also 
prevented selection bias in participa-
tion, as the outcomes were unknown at 
the point of selection. However, loss to 
follow-up might be differentially related 
to task-specific sensitivity and outcomes. 
Follow-up rates at 3 months were high 
(greater than 90%), and there were no 
differences in baseline characteristics 
or task-specific sensitivity classification 
between the patients who completed the 
study and those who were lost to follow-
up. Thus, the risk of bias due to study at-
trition may be regarded as low. Because 
LBP is a fluctuating condition,27 its in-

tensity can vary over time, for example, 
between days or even within the same 
day. This means that task-specific sensi-
tivity classification could vary from day 
to day, which is a limitation of the cur-
rent study. However, such fluctuation in 
pain often occurs between neighboring 
groups27 (eg, from worse to unchanged 
or from unchanged to better), and mis-
classification would likely be nondif-
ferential and would not explain the 
observed differences between groups. 
The use of at least a 1-point cutoff level 
for classification of task-specific sensi-
tivity was a pragmatic choice. It could 
be debated whether we should have 
used at least a 2-point cutoff, which has 
been suggested as the MIC threshold for 
pain assessment on an 11-point NRS.35 
However, assessment of recalled pain or 
spontaneous pain that does not involve 
physical activity may be quite differ-
ent from assessment of pain related to 
physical activity (ie, movement-evoked 
pain),10 and it is unknown whether mea-
surement properties (eg, measurement 
error and MIC values) are transferable. 
Because fewer than half of the patients 
in the worse category who provided fol-
low-up data exceeded a 2-point thresh-
old, we could not explore a higher cutoff 
value. Information on outcomes was col-
lected using valid and reliable outcome 
measures, but the lack of blinding of pa-
tients could nonetheless have resulted 
in differential misclassification of the 
outcomes, because patients were aware 
of the exposure. However, it seems very 
unlikely that pain and disability report-
ed at the 3-month follow-up would be 
differentially related to task-specific sen-
sitivity groups. We adjusted for a priori–
selected prognostic factors known to be 
associated with poor outcome in patients 
with LBP.14,40 However, other prognos-
tic variables could have been included, 
such as pain catastrophizing and previ-
ous LBP episodes. It is unknown how 
these variables would have affected our 
results. In addition, the relatively large 
number of missing responses observed 
in the FABQ-PA prevented full adjust-

TABLE 2
Baseline Characteristics of the Study 

Population and Patients Lost to Follow-upa

Abbreviations: FABQ, Fear-Avoidance Beliefs Questionnaire; RMDQ, Roland-Morris Disability 
Questionnaire.
aValues are mean ± SD unless otherwise indicated. The variation in n is due to missing values.
bn = 237.
cGroup values: study population, n = 221; lost to follow-up, n = 16.
dValues are median (interquartile range).
eGroup values: study population, n = 189; lost to follow-up, n = 19.
fn = 5.
gGroup values: study population, n = 236; lost to follow-up, n = 17.

Study Population (n = 238) Lost to Follow-up (n = 22)

Age, y 44.5 ± 10.2 48.0 ± 9.8

Sex (female), n (%) 135 (56.7) 9 (40.9)

Body mass index, kg/m2 26.2 ± 4.6b 28.0 ± 5.0

Current job, n (%)

Professionals, highly educated 69 (29.0) 6 (27.3)

Office, teaching, and nursing 122 (51.3) 9 (40.9)

Blue collar 47 (19.8) 7 (31.8)

Quebec Task Force classification, n (%)

Without radiating pain 62 (26.1) 4 (18.2)

With radiating pain above knee level 60 (25.2) 8 (36.4)

With radiating pain below knee level 116 (48.7) 10 (45.5)

Ongoing workers’ compensation, n (%)c 34 (15.4) 1 (6.3)

FABQ-physical activity (0-24)de 11 (7) 12 (8)

Task-specific sensitivity, n (%)

Worse 28 (11.8) 5 (22.7)

Unchanged 53 (22.3) 3 (13.6)

Better 107 (45.0) 10 (45.5)

No pain 50 (21.0) 4 (18.2)

Numeric rating scale (0-10)d 6 (3) 6 (1)f

RMDQ (0-23)dg 11 (9) 12 (10)
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ment of that variable in multivariable 
analyses. Dividing patients into 4 task-
specific sensitivity groups based on their 
pain response to physical testing yield-
ed different patterns across outcomes. 
A lack of difference between the better 
and unchanged groups suggests that 
task-specific sensitivity may hold the 
same predictive value. Absence of LBP 
at baseline is predictive of continued ab-
sence of LBP, and patients with LBP at 
baseline consistently report LBP.27 This 
indicates that pain status at baseline 
is predictive of the future course, and 
that patients with and without LBP at 
baseline have different outcomes. In our 
study, patients who had no pain prior 
to physical testing had the most favor-
able outcome at 3 months, which adds 
to these previous findings.

The present study shows that some 
patients with LBP experience worsening 
pain after physical function tests. This is 
in agreement with findings by Sullivan 
et al,39 who found that certain patients 
with chronic LBP experience an increase 
in pain following physical activity of low 
to moderate intensity. In another study, 
Wideman et al42 found that patients 
with knee osteoarthritis also experienced 
worsening discomfort following a test of 
physical function, and that this sensitized 
response predicted both pain and disabil-
ity. The present study somewhat confirms 
these results by demonstrating that task-
specific sensitivity significantly predicted 
pain but was more limited in regard to 
disability. The differences in the findings 
of these studies could be due to design 
differences or different populations. The 
total group in the present study exceeded 
the MIC for pain, with an overall mean 
improvement of 2.3 points (95% CI: 1.9, 
2.6), but not for disability (2.7 points; 
95% CI: 2.1, 3.3). That NRS pain but not 
RMDQ disability scores exceeded the 
MIC may explain the difference in the 
prognostic value of task-specific sensi-
tivity. Another reason could also be that 
the measure of task-specific sensitivity is 
directly related to pain, but not to disabil-
ity, and therefore is a better predictor for 

pain-related outcomes. Previous research 
has reported limited prognostic value of 
physical task performance tests.4,33

In contrast, our results suggest that 
measuring patients’ pain response to 
such performance tests may hold prog-
nostic value. Prognostic research is es-
sential for clinical decision making; it 

may help to inform patients about their 
possible course, as well as help clinicians 
to make decisions regarding stratified 
management.17,19,38 The findings of the 
present study show that patients with 
LBP respond differently to exercise, 
which is in line with previous research 
suggesting that sensitization may be 

TABLE 3
Linear Regression Analysis With 

the NRS as the Outcome

Abbreviation: NRS, numeric rating scale.
aValues in parentheses are 95% confidence interval.
bThe variation in n is due to missing values.
cAdjusted for age, sex, radiating pain, intervention group, workers’ compensation, fear-avoidance 
beliefs, and baseline NRS score.

Task-Specific Sensitivity Mean Differencea P Value

Nonadjusted (n = 238)b

Worse Reference

Unchanged 0.6 (–0.7, 1.9) .36

Better 1.0 (–0.2, 2.1) .11

No pain 1.3 (–0.1, 2.6) .06

Test for trend .05

Adjusted (n = 175)bc

Worse Reference

Unchanged 1.3 (0.1, 2.6) .04

Better 1.4 (0.2, 2.5) .02

No pain 2.2 (1.0, 3.5) <.01

Test for trend <.01

TABLE 4
Linear Regression Analysis With 

the RMDQ as the Outcome

Abbreviation: RMDQ, Roland-Morris Disability Questionnaire.
aValues in parentheses are 95% confidence interval.
bThe variation in n is due to missing values.
cAdjusted for age, sex, radiating pain, intervention group, workers’ compensation, fear-avoidance 
beliefs, and baseline RMDQ score.

Task-Specific Sensitivity Mean Differencea P Value

Nonadjusted (n = 249)b

Worse Reference

Unchanged 0.8 (–1.4, 3.0) .46

Better 1.4 (–0.6, 3.3) .17

No pain 1.6 (–0.6, 3.8) .16

Test for trend .12

Adjusted (n = 184)bc

Worse Reference

Unchanged 1.8 (–0.5, 4.0) .12

Better 2.0 (–0.2, 4.1) .07

No pain 2.5 (0.2, 4.7) .03

Test for trend .05
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present only in certain patients with 
LBP.34 It could be argued that the dif-
ferences observed, when comparing the 
worse group to the unchanged and better 
groups, were below clinical relevance, as 
the differences did not exceed the pro-
posed MIC values for pain. On the other 
hand, as the magnitude of these differ-
ences increased when adjusted for other 
existing prognostic factors, assessment 
of task-specific sensitivity seems to pro-
vide additional prognostic information, 
which contributes to the overall under-
standing and improvement of treatment 
pathways in LBP. These findings are in 
line with contemporary pain models, 
suggesting assessment of pain in rela-
tion to physical activity to be particularly 
important to understanding the under-
lying mechanisms of persistent mus-
culoskeletal conditions.10 Task-specific 
sensitivity may be a useful clinical test 
and easy to implement. However, future 
research will need to evaluate the reli-
ability and measurement error of task-
specific sensitivity classification for pain 
before and after testing. Furthermore, 
the test battery of physical function 
used in the present study lasted about 
45 minutes and we do not, therefore, 
know whether a shorter session might 
have yielded the same pain response 
results. As the study population was an 
unselected population, the findings can 
be generalized to patients with LBP who 
are not referred for surgery and have a 
connection to the workplace. However, 
caution is warranted when generalizing 
to populations not similar to the popula-
tion of the present study.

CONCLUSION

P
atients with LBP experienced 
different pain responses during 
physical function testing. Task-

specific sensitivity was predictive of 
self-reported pain intensity after 3 
months in patients with LBP with mod-
erate to severe symptoms. Patients who 
had a decrease in pain or stable pain 
response during physical function test-

ing had a more favorable prognosis, as 
compared to those in whom pain in-
creased. The predictive value of task-
specific sensitivity was more limited 
in respect to self-reported disability 
among patients with LBP. t

KEY POINTS
FINDINGS: Task-specific sensitivity dur-
ing physical function testing predicted 
short-term self-reported pain intensity, 
but yielded limited prognostic value in 
regard to disability, among patients with 
low back pain referred for evaluation in 
secondary care and with moderate to 
severe symptoms.
IMPLICATIONS: Measuring task-specific 
sensitivity to physical function testing 
may help clinicians evaluate patients’ 
treatment potential and provide more 
accurate prediction of outcomes.
CAUTION: Because of a 3-month follow-up 
period, only the short-term prediction 
value of task-specific sensitivity was as-
sessed. Also, the generalization of the 
findings may be limited to patients with 
low back pain who are seen in outpa-
tient clinics and have moderate to severe 
symptoms.

STUDY DETAILS
AUTHOR CONTRIBUTIONS: Nûno Trolle and 
Drs Maribo and Christiansen planned 
and designed the study. Nûno Trolle 
performed the statistical analyses and 
drafted the manuscript. All authors 
contributed to the interpretation of the 
results and critical revision of the manu-
script. All authors read and approved 
the final manuscript.
DATA SHARING: The data set from the 
current study cannot be made publicly 
available according to Danish regula-
tions. However, an anonymous version 
of the data sets used and analyzed dur-
ing the current study is available from 
the corresponding author on reasonable 
request.
PATIENT AND PUBLIC INVOLVEMENT: No pa-
tients or public partners were involved 
in the design, conduct, interpretation, 
and/or translation of the research.

REFERENCES

	 1.	 Albert HB, Jensen AM, Dahl D, Rasmussen MN. 
[Criteria validation of the Roland Morris question-
naire. A Danish translation of the international 
scale for the assessment of functional level in 
patients with low back pain and sciatica]. Ugeskr 
Laeger. 2003;165:1875-1880.

	 2.	 Åstrand PO, Rodahl K, Dahl HA, Strømme SB. 
Textbook of Work Physiology: Physiological 
Bases of Exercise. 4th ed. Champaign, IL: Human 
Kinetics; 2003.

	 3.	 Brinjikji W, Luetmer PH, Comstock B, et al. 
Systematic literature review of imaging features 
of spinal degeneration in asymptomatic popula-
tions. AJNR Am J Neuroradiol. 2015;36:811-816. 
https://doi.org/10.3174/ajnr.A4173

	 4.	 Budtz CR, Krogsgaard LW, Schiøttz-Christensen 
B, Maribo T. Is improved fitness associated with 
reduced pain intensity in patients with low back 
pain? J Spine Care. 2016;1:8-11. https://doi.
org/10.15761/JSC.1000102

	 5.	 Chiarotto A, Boers M, Deyo RA, et al. Core 
outcome measurement instruments for 
clinical trials in nonspecific low back pain. Pain. 
2018;159:481-495. https://doi.org/10.1097/j.
pain.0000000000001117

	 6.	 Chiarotto A, Deyo RA, Terwee CB, et al. Core out-
come domains for clinical trials in non-specific 
low back pain. Eur Spine J. 2015;24:1127-1142. 
https://doi.org/10.1007/s00586-015-3892-3

	 7.	 Chiarotto A, Maxwell LJ, Terwee CB, Wells GA, 
Tugwell P, Ostelo RW. Roland-Morris Disability 
Questionnaire and Oswestry Disability Index: 
which has better measurement properties for 
measuring physical functioning in nonspecific 
low back pain? Systematic review and meta-
analysis. Phys Ther. 2016;96:1620-1637. https://
doi.org/10.2522/ptj.20150420

	 8.	 Chiarotto A, Terwee CB, Ostelo RW. Choosing 
the right outcome measurement instruments 
for patients with low back pain. Best Pract Res 
Clin Rheumatol. 2016;30:1003-1020. https://doi.
org/10.1016/j.berh.2017.07.001

	 9.	 Clement RC, Welander A, Stowell C, et al. A pro-
posed set of metrics for standardized outcome 
reporting in the management of low back pain. 
Acta Orthop. 2015;86:523-533. https://doi.org/ 
10.3109/17453674.2015.1036696

	10.	 Corbett DB, Simon CB, Manini TM, George SZ, 
Riley JL, 3rd, Fillingim RB. Movement-evoked 
pain: transforming the way we understand and 
measure pain. Pain. 2019;160:757-761. https://
doi.org/10.1097/j.pain.0000000000001431

	 11.	 Global Burden of Disease Study 2013 
Collaborators. Global, regional, and national 
incidence, prevalence, and years lived with dis-
ability for 301 acute and chronic diseases and 
injuries in 188 countries, 1990-2013: a systematic 
analysis for the Global Burden of Disease Study 
2013. Lancet. 2015;386:743-800. https://doi.
org/10.1016/S0140-6736(15)60692-4

	12.	 Hartvigsen J, Hancock MJ, Kongsted A, et al. 

 J
ou

rn
al

 o
f 

O
rt

ho
pa

ed
ic

 &
 S

po
rt

s 
Ph

ys
ic

al
 T

he
ra

py
®

 
 D

ow
nl

oa
de

d 
fr

om
 w

w
w

.jo
sp

t.o
rg

 a
t o

n 
O

ct
ob

er
 1

7,
 2

02
4.

 F
or

 p
er

so
na

l u
se

 o
nl

y.
 N

o 
ot

he
r 

us
es

 w
ith

ou
t p

er
m

is
si

on
. 

 C
op

yr
ig

ht
 ©

 2
02

0 
Jo

ur
na

l o
f 

O
rt

ho
pa

ed
ic

 &
 S

po
rt

s 
Ph

ys
ic

al
 T

he
ra

py
®

. A
ll 

ri
gh

ts
 r

es
er

ve
d.

https://doi.org/10.3174/ajnr.A4173
https://doi.org/10.15761/JSC.1000102
https://doi.org/10.15761/JSC.1000102
https://doi.org/10.1097/j.pain.0000000000001117
https://doi.org/10.1097/j.pain.0000000000001117
https://doi.org/10.1007/s00586-015-3892-3
https://doi.org/10.2522/ptj.20150420
https://doi.org/10.2522/ptj.20150420
https://doi.org/10.1016/j.berh.2017.07.001
https://doi.org/10.1016/j.berh.2017.07.001
https://doi.org/
https://doi.org/10.1097/j.pain.0000000000001431
https://doi.org/10.1097/j.pain.0000000000001431
https://doi.org/10.1016/S0140-6736(15)60692-4
https://doi.org/10.1016/S0140-6736(15)60692-4


journal of orthopaedic & sports physical therapy  |  volume 50  |  number 4  |  april 2020  |  213

What low back pain is and why we need to pay 
attention. Lancet. 2018;391:2356-2367. https://
doi.org/10.1016/S0140-6736(18)30480-X

	13.	 Hartvigsen L, Kongsted A, Hestbaek L. Clinical 
examination findings as prognostic factors in low 
back pain: a systematic review of the literature. 
Chiropr Man Therap. 2015;23:13. https://doi.
org/10.1186/s12998-015-0054-y

	14.	 Hayden JA, Chou R, Hogg-Johnson S, Bombardier 
C. Systematic reviews of low back pain prognosis 
had variable methods and results—guidance 
for future prognosis reviews. J Clin Epidemiol. 
2009;62:781-796.e1. https://doi.org/10.1016/j.
jclinepi.2008.09.004

	15.	 Hayden JA, Côté P, Steenstra IA, Bombardier C, 
QUIPS-LBP Working Group. Identifying phases of 
investigation helps planning, appraising, and ap-
plying the results of explanatory prognosis stud-
ies. J Clin Epidemiol. 2008;61:552-560. https://
doi.org/10.1016/j.jclinepi.2007.08.005

	16.	 Hayden JA, Dunn KM, van der Windt DA, Shaw 
WS. What is the prognosis of back pain? Best 
Pract Res Clin Rheumatol. 2010;24:167-179. 
https://doi.org/10.1016/j.berh.2009.12.005

	 17.	 Hayden JA, van der Windt DA, Cartwright JL, 
Côté P, Bombardier C. Assessing bias in stud-
ies of prognostic factors. Ann Intern Med. 
2013;158:280-286. https://doi.org/10.7326/ 
0003-4819-158-4-201302190-00009

	18.	 Hemingway H, Croft P, Perel P, et al. Prognosis 
research strategy (PROGRESS) 1: a framework  
for researching clinical outcomes. BMJ. 2013; 
346:e5595. https://doi.org/10.1136/bmj.e5595

	19.	 Hingorani AD, van der Windt DA, Riley RD, et al. 
Prognosis research strategy (PROGRESS) 4: strat-
ified medicine research. BMJ. 2013;346:e5793. 
https://doi.org/10.1136/bmj.e5793

	20.	 Hoffman MD, Shepanski MA, MacKenzie SP, 
Clifford PS. Experimentally induced pain percep-
tion is acutely reduced by aerobic exercise in 
people with chronic low back pain. J Rehabil Res 
Dev. 2005;42:183-190. https://doi.org/10.1682/
jrrd.2004.06.0065

	21.	 Hoy D, Bain C, Williams G, et al. A systematic 
review of the global prevalence of low back pain. 
Arthritis Rheum. 2012;64:2028-2037. https://doi.
org/10.1002/art.34347

	22.	 Hoy D, March L, Brooks P, et al. The global bur-
den of low back pain: estimates from the Global 
Burden of Disease 2010 study. Ann Rheum 
Dis. 2014;73:968-974. https://doi.org/10.1136/
annrheumdis-2013-204428

	23.	 Ito T, Shirado O, Suzuki H, Takahashi M, 
Kaneda K, Strax TE. Lumbar trunk muscle 
endurance testing: an inexpensive alternative 
to a machine for evaluation. Arch Phys Med 
Rehabil. 1996;77:75-79. https://doi.org/10.1016/
s0003-9993(96)90224-5

	24.	 Itz CJ, Geurts JW, van Kleef M, Nelemans P. 
Clinical course of non-specific low back pain: a 
systematic review of prospective cohort studies 
set in primary care. Eur J Pain. 2013;17:5-15. 
https://doi.org/10.1002/j.1532-2149.2012.00170.x

	25.	 Jensen LD, Maribo T, Schiøttz-Christensen B, et 
al. Counselling low-back-pain patients in second-
ary healthcare: a randomised trial addressing 
experienced workplace barriers and physical ac-
tivity. Occup Environ Med. 2012;69:21-28. https://
doi.org/10.1136/oem.2010.064055

	26.	 Latimer J, Maher CG, Refshauge K, Colaco 
I. The reliability and validity of the Biering-
Sorensen test in asymptomatic subjects and 
subjects reporting current or previous non-
specific low back pain. Spine (Phila Pa 1976). 
1999;24:2085-2089; discussion 2090. https://
doi.org/10.1097/00007632-199910150-00004

	27.	 Lemeunier N, Leboeuf-Yde C, Gagey O. The 
natural course of low back pain: a sys-
tematic critical literature review. Chiropr 
Man Therap. 2012;20:33. https://doi.
org/10.1186/2045-709X-20-33

	28.	 Linton SJ. A review of psychological risk fac-
tors in back and neck pain. Spine (Phila 
Pa 1976). 2000;25:1148-1156. https://doi.
org/10.1097/00007632-200005010-00017

	29.	 Loisel P, Vachon B, Lemaire J, et al. 
Discriminative and predictive validity assessment 
of the Quebec Task Force classification. Spine 
(Phila Pa 1976). 2002;27:851-857. https://doi.
org/10.1097/00007632-200204150-00013

	30.	 Mankovsky-Arnold T, Wideman TH, Larivière 
C, Sullivan MJ. Measures of spontaneous and 
movement-evoked pain are associated with 
disability in patients with whiplash injuries. J 
Pain. 2014;15:967-975. https://doi.org/10.1016/j.
jpain.2014.06.010

	31.	 Mankovsky-Arnold T, Wideman TH, Thibault P, 
Larivière C, Rainville P, Sullivan MJL. Sensitivity 
to movement-evoked pain and multi-site pain 
are associated with work-disability following 
whiplash injury: a cross-sectional study. J Occup 
Rehabil. 2017;27:413-421. https://doi.org/10.1007/
s10926-016-9672-z

	32.	 Mogensen KM, Jacobsen JS. Fear-Avoidance 
Beliefs Questionnaire: Translation Into Danish 
and Test of the Danish Version on Ten Low Back 
Pain Patients. Aarhus, Denmark: VIA University 
College; 2007.

	33.	 Moradi B, Benedetti J, Zahlten-Hinguranage A, 
Schiltenwolf M, Neubauer E. The value of physi-
cal performance tests for predicting therapy 
outcome in patients with subacute low back 
pain: a prospective cohort study. Eur Spine J. 
2009;18:1041-1049. https://doi.org/10.1007/
s00586-009-0965-1

	34.	 Nijs J, Van Houdenhove B, Oostendorp RA. 

Recognition of central sensitization in patients 
with musculoskeletal pain: application of pain 
neurophysiology in manual therapy practice. Man 
Ther. 2010;15:135-141. https://doi.org/10.1016/j.
math.2009.12.001

	35.	 Ostelo RW, Deyo RA, Stratford P, et al. Interpreting 
change scores for pain and functional status in 
low back pain: towards international consensus 
regarding minimal important change. Spine 
(Phila Pa 1976). 2008;33:90-94. https://doi.
org/10.1097/BRS.0b013e31815e3a10

	36.	 Pincus T, Burton AK, Vogel S, Field AP. A 
systematic review of psychological factors as 
predictors of chronicity/disability in prospec-
tive cohorts of low back pain. Spine (Phila 
Pa 1976). 2002;27:E109-E120. https://doi.
org/10.1097/00007632-200203010-00017

	37.	 Quebec Task Force on Spinal Disorders. Scientific 
approach to the assessment and management 
of activity-related spinal disorders. A monograph 
for clinicians. Report of the Quebec Task Force 
on Spinal Disorders. Spine (Phila Pa 1976). 
1987;12:S1-S59.

	38.	 Riley RD, Moons KGM, Snell KIE, et al. A guide to 
systematic review and meta-analysis of prognos-
tic factor studies. BMJ. 2019;364:k4597. https://
doi.org/10.1136/bmj.k4597

	39.	 Sullivan MJ, Thibault P, Andrikonyte J, Butler H, 
Catchlove R, Larivière C. Psychological influences 
on repetition-induced summation of activity-re-
lated pain in patients with chronic low back pain. 
Pain. 2009;141:70-78. https://doi.org/10.1016/j.
pain.2008.10.017

	40.	 Wertli MM, Rasmussen-Barr E, Weiser S, 
Bachmann LM, Brunner F. The role of fear avoid-
ance beliefs as a prognostic factor for outcome 
in patients with nonspecific low back pain: a 
systematic review. Spine J. 2014;14:816-836.e4. 
https://doi.org/10.1016/j.spinee.2013.09.036

	41.	 Wideman TH, Edwards RR, Finan PH, 
Haythornthwaite JA, Smith MT. Comparing 
the predictive value of task performance and 
task-specific sensitivity during physical function 
testing among people with knee osteoarthritis. 
J Orthop Sports Phys Ther. 2016;46:346-356. 
https://doi.org/10.2519/jospt.2016.6311

	42.	 Wideman TH, Finan PH, Edwards RR, et al. 
Increased sensitivity to physical activity among 
individuals with knee osteoarthritis: relation 
to pain outcomes, psychological factors, and 
responses to quantitative sensory testing. Pain. 
2014;155:703-711. https://doi.org/10.1016/j.
pain.2013.12.028

MORE INFORMATION
WWW.JOSPT.ORG@

 J
ou

rn
al

 o
f 

O
rt

ho
pa

ed
ic

 &
 S

po
rt

s 
Ph

ys
ic

al
 T

he
ra

py
®

 
 D

ow
nl

oa
de

d 
fr

om
 w

w
w

.jo
sp

t.o
rg

 a
t o

n 
O

ct
ob

er
 1

7,
 2

02
4.

 F
or

 p
er

so
na

l u
se

 o
nl

y.
 N

o 
ot

he
r 

us
es

 w
ith

ou
t p

er
m

is
si

on
. 

 C
op

yr
ig

ht
 ©

 2
02

0 
Jo

ur
na

l o
f 

O
rt

ho
pa

ed
ic

 &
 S

po
rt

s 
Ph

ys
ic

al
 T

he
ra

py
®

. A
ll 

ri
gh

ts
 r

es
er

ve
d.

https://doi.org/10.1016/S0140-6736(18)30480-X
https://doi.org/10.1016/S0140-6736(18)30480-X
https://doi.org/10.1186/s12998-015-0054-y
https://doi.org/10.1186/s12998-015-0054-y
https://doi.org/10.1016/j.jclinepi.2008.09.004
https://doi.org/10.1016/j.jclinepi.2008.09.004
https://doi.org/10.1016/j.jclinepi.2007.08.005
https://doi.org/10.1016/j.jclinepi.2007.08.005
https://doi.org/10.1016/j.berh.2009.12.005
https://doi.org/10.7326/
0003-4819-158-4-201302190-00009
https://doi.org/10.1136/bmj.e5595
https://doi.org/10.1136/bmj.e5793
https://doi.org/10.1682/jrrd.2004.06.0065
https://doi.org/10.1682/jrrd.2004.06.0065
https://doi.org/10.1002/art.34347
https://doi.org/10.1002/art.34347
https://doi.org/10.1136/annrheumdis-2013-204428
https://doi.org/10.1136/annrheumdis-2013-204428
https://doi.org/10.1016/s0003-9993(96)90224-5
https://doi.org/10.1016/s0003-9993(96)90224-5
https://doi.org/10.1002/j.1532-2149.2012.00170.x
https://doi.org/10.1136/oem.2010.064055
https://doi.org/10.1136/oem.2010.064055
https://doi.org/10.1097/00007632-199910150-00004
https://doi.org/10.1097/00007632-199910150-00004
https://doi.org/10.1186/2045-709X-20-33
https://doi.org/10.1186/2045-709X-20-33
https://doi.org/10.1097/00007632-200005010-00017
https://doi.org/10.1097/00007632-200005010-00017
https://doi.org/10.1097/00007632-200204150-00013
https://doi.org/10.1097/00007632-200204150-00013
https://doi.org/10.1016/j.jpain.2014.06.010
https://doi.org/10.1016/j.jpain.2014.06.010
https://doi.org/10.1007/s10926-016-9672-z
https://doi.org/10.1007/s10926-016-9672-z
https://doi.org/10.1007/s00586-009-0965-1
https://doi.org/10.1007/s00586-009-0965-1
https://doi.org/10.1016/j.math.2009.12.001
https://doi.org/10.1016/j.math.2009.12.001
https://doi.org/10.1097/BRS.0b013e31815e3a10
https://doi.org/10.1097/BRS.0b013e31815e3a10
https://doi.org/10.1097/00007632-200203010-00017
https://doi.org/10.1097/00007632-200203010-00017
https://doi.org/10.1136/bmj.k4597
https://doi.org/10.1136/bmj.k4597
https://doi.org/10.1016/j.pain.2008.10.017
https://doi.org/10.1016/j.pain.2008.10.017
https://doi.org/10.1016/j.spinee.2013.09.036
https://doi.org/10.2519/jospt.2016.6311
https://doi.org/10.1016/j.pain.2013.12.028
https://doi.org/10.1016/j.pain.2013.12.028
http://www.jospt.org

