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A 
69-year-old man was referred 
to physical therapy by his primary 
care physician for an insidious on-

set of right medial knee pain that had 
been present for over 4 weeks. Primary 
complaints included knee pain of 6/10 
on the numeric pain-rating scale, swell-
ing, and limited knee range of motion 
(ROM). He reported full but painful 
function with activities of daily living, 
recreational hiking, and his gym routine 
consisting of aerobic and resistance train-
ing (5 days per week). His past medical 
history was unremarkable.

Physical examination revealed joint 
effusion, limited flexion and extension 
ROM, quadriceps weakness, and limited 
weight-bearing tolerance consistent with a 
clinical diagnosis of osteoarthritis. He was 

instructed in non–weight-bearing lower 
extremity strengthening and ROM exer-
cises and in self-mobilization techniques.

One week later, symptoms worsened, 
with a numeric pain-rating scale score 
of 8/10, decreased weight-bearing toler-
ance, and warmth to palpation, without 
constitutional signs or symptoms. Due to 
the disproportionate response following 
seemingly benign initial management, he 
was referred to an orthopaedist for imag-
ing, with suspicion of an articular lesion.

Magnetic resonance imaging revealed 
medial femoral condyle osteopenia, bone 
marrow edema, and subchondral bone 
collapse (FIGURES 1 and 2). He was diag-
nosed with spontaneous osteonecrosis of 
the knee, with associated impaction frac-
turing (FIGURE 3).
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Spontaneous Osteonecrosis of the Knee

Four weeks of non–weight bearing and 
immobilization in extension, as recom-
mended by the orthopaedist, produced a 
significant reduction in pain with func-
tional activities. Currently, he has re-
sumed gym routines 3 days per week and 
performs activities of daily living pain free.

Clinicians should be aware of rare 
differential diagnoses of common knee 
pain presentation that worsen after ini-
tial conservative treatment. In this case, 
worsening symptoms and appropriate 
clinical decision making led to mag-
netic resonance imaging, which showed 
spontaneous osteonecrosis of the knee 
and altered the clinician’s management 
of the patient. t J Orthop Sports Phys 
Ther 2018;48(10):824. doi:10.2519/
jospt.2018.7923

FIGURE 1. Coronal, fat-suppressed, proton density–
weighted magnetic resonance image of the right knee, 
demonstrating subchondral bone collapse (arrow), bone 
marrow edema, and osteopenia of the medial femoral 
condyle extending into the metaphysis.

FIGURE 2. Axial, fat-suppressed, proton density–
weighted magnetic resonance image of the right knee, 
demonstrating significant bone marrow edema and 
osteopenia of the medial femoral condyle.

FIGURE 3. Sagittal, fat-suppressed, T2-weighted magnetic 
resonance image of the right knee, demonstrating cortical 
irregularity of the medial femoral condyle and curvilinear 
hypointensity at the articular surface (arrows).
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UU BACKGROUND: The evaluation of patient-
reported outcome measures for the neck from 
multiple systematic reviews will provide a broader 
view of, and may identify potential conflicting 
or consistent results for, their psychometric 
properties.

UU OBJECTIVES: The purpose of this study was 
to conduct an overview of systematic reviews 
and synthesize evidence to establish the current 
state of knowledge on psychometric properties of 
patient-reported outcome measures for patients 
with neck disorders.

UU METHODS: In this overview of systematic 
reviews, an electronic search of 6 databases (MED-
LINE, Embase, CINAHL, ILC, the Cochrane Central 
Register of Controlled Trials, and LILACS) was con-
ducted to identify reviews that addressed at least 
one measurement property of outcome measures 
for people with neck pain. Only systematic reviews 
with patient-reported outcome measures were 
included in the analysis. Risk of bias was assessed 
with A MeaSurement Tool to Assess systematic Re-
views (AMSTAR). Data on measurement properties 
were extracted from each systematic review.

UU RESULTS: From 13 systematic reviews, 8 
patient-reported outcome measures were evalu-
ated in 2 or more reviews. Risk-of-bias scores 
ranged from moderate (5-7) to high (4 and lower). 
Findings on internal consistency, test-retest 
reliability, construct validity, responsiveness to 
change, and content and structural validity were 
synthesized for the Neck Disability Index (NDI) 

in 11 systematic reviews; the Northwick Park 
Neck Pain Questionnaire and Neck Pain and 
Disability scale (NPDS) in 6 systematic reviews; 
the Copenhagen Neck Functional Disability Scale 
in 5 systematic reviews; the Neck Bournemouth 
Questionnaire in 4 systematic reviews; the Core 
Neck Pain Questionnaire and Patient-Specific 
Functional Scale in 3 systematic reviews, and the 
Whiplash Disability Questionnaire in 2 systematic 
reviews.

UU CONCLUSION: High-quality evidence was found 
of good to excellent internal consistency and 
moderate to excellent test-retest reliability for the 
NDI. Moderate-quality evidence was found of good 
to excellent internal consistency and good test-
retest reliability for the Northwick Park Neck Pain 
Questionnaire. High-quality evidence was found of 
excellent test-retest reliability and good to strong 
construct validity with pain scales for the Copen-
hagen Neck Functional Disability Scale. Moderate-
quality evidence was found of unclear to excellent 
internal consistency and moderate to strong 
concurrent associations with the NDI and global 
assessment of change for the Neck Pain and Dis-
ability scale. Moderate-quality evidence was found 
of excellent internal consistency for the Whiplash 
Disability Questionnaire and of high test-retest 
reliability for the Patient-Specific Functional Scale. 
J Orthop Sports Phys Ther 2018;48(10):775-788. 
Epub 22 Jun 2018. doi:10.2519/jospt.2018.8131

UU KEY WORDS: neck pain, overview, psychometric, 
questionnaires

N
eck pain has been associ-
ated with high disability 
and increased health care 
cost, and it is considered 

a major musculoskeletal burden.4 
About 70% of adults experience 
an event of neck pain during 
their life span, and many of those
are chronic or recurring.9,20 People with 
neck pain regard it as a substantial bur-
den that limits their daily activity or 
work, reporting recurrent cycles of pain 
and disability that extend for short or 
long periods.23

Diagnostic imaging is rarely able to 
identify the cause of neck pain after seri-
ous pathology has been ruled out, and only 
weak associations between imaging and 
patient symptoms have been found.13,15 As 
a result, patient-reported outcome mea-
sures have recently been proposed as a 
critical component of evaluating and mon-
itoring spinal musculoskeletal pain.3,40 
However, there is currently little consis-
tency in selection or implementation of 
patient-reported outcome measures for 
neck pain.38 An international survey re-
vealed a variety of patient-report and im-
pairment measures used inconsistently by 
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health care providers. Of those, evidence 
to support their measurement properties 
was often lacking.39

Neck pain is associated with a range of 
impairments and disabilities, from pain 
and stiffness through balance, cognitive, 
and emotional dysfunction.8,26,36 Indi-
vidual studies typically provide a limited 
view of the full breadth of the experience 
of neck pain. As a first step toward cre-
ation of a core set of outcome measures 
(patient-reported and observational), the 
current evidentiary base needs to be syn-
thesized. The evaluation of psychometric 
properties of patient-reported outcome 
measures from multiple systematic re-
views may provide a broader view, and 
identify conflicting or consistent results, 
of the current knowledge in the field. The 
development of critical appraisal tools de-
signed specifically for psychometric stud-
ies has supported the recent emergence of 
systematic reviews in this area of research. 
Evidence-based recommendations on pa-
tient-reported outcome measures should 
assist researchers and clinicians when 
selecting appropriate tools. The purpose 
of this study was to conduct an overview 
of systematic reviews and synthesize 
evidence to establish the current state of 
knowledge on psychometric properties of 
patient-reported outcome measures for 
patients with neck disorders.

METHODS

Study Design

A
n overview of systematic re-
views is a procedure to synthesize 
findings from systematic reviews.10 

An overview of systematic reviews can be 
useful when a broader array of literature 
needs to be summarized and there is a 
substantial pool of systematic reviews ad-
dressing relevant research. The detailed 
methods of our overview of systematic re-
views are published in a separate paper30 
and summarized below.

Search Methods
A search for reviews published between 
January 2000 and September 2017 was 

conducted in the following databases 
without language restriction: MEDLINE, 
CINAHL, Embase, ILC, LILACS, and the 
Cochrane Central Register of Controlled 
Trials. The search strategy was designed to 
locate a systematic review that addressed 
at least one measurement property of an 
outcome measure in patients with neck 
pain or musculoskeletal neck conditions. 
The search strategy, including key words 
and Boolean operators, is shown in the  
APPENDIX (available at www.jospt.org).

Study Selection
Retrieved articles were entered into Dis-
tillerSR software (Evidence Partners, 
Ottawa, Canada) and reviewed indepen-
dently by 2 authors. Titles and abstracts 
were reviewed, and articles were includ-
ed for full-text review if they assessed at 
least 1 outcome measure for neck pain 
and at least 1 of the following psychomet-
ric properties: validity, reliability, respon-
siveness, Rasch analysis, factor analysis, 
cross-cultural validation, interpretability, 
and floor/ceiling effect. Reviews that ad-
dressed clinician-based outcomes and 
performance-based tests only were ex-
cluded from the review.

Risk-of-Bias Assessment
Two review authors applied A MeaSure-
ment Tool to Assess systematic Reviews 
(AMSTAR),33 a tool for the assessment of 
the risk of bias of systematic reviews. The 
AMSTAR is composed of 11 items and has 
adequate support for face and content va-
lidity33 for measuring the quality of system-
atic reviews. Reviews that achieved a score 
of 8 or higher on the 11-point AMSTAR 
scale were considered to have low risk of 
bias, moderate risk of bias was assigned for 
scores ranging between 5 and 7, and high 
risk of bias for scores of 4 or less.33 Cohen’s 
kappa was used to measure agreement be-
tween the 2 raters. A score of 0.60 to 0.80 
is considered to be good agreement. Dis-
crepancies were resolved by consensus.

Data Extraction
The standardized data-extraction form 
was adapted from previous systematic 

reviews of outcome measures.7,14,21,28,29,37 
Two review authors were trained and cal-
ibrated on the use of the data-extraction 
form. Data extraction was completed by a 
single person (P.B.) and checked by a sec-
ond (J.M.). Descriptive elements extract-
ed from systematic reviews included the 
type of studies included in the reviews, 
sample size, the patient population, the 
purpose of the study, and the psycho-
metric properties investigated. Also, 
data extracted from systematic reviews 
included recommendations made by dif-
ferent authors about improving the neck 
pain patient-reported outcome measures.

Data Synthesis
Due to heterogeneity across studies, a 
quantitative synthesis of the studies was 
not possible; therefore, a qualitative 
synthesis was conducted. High-quality 
evidence was defined as instances where 
similar findings were reported in at least 
2 systematic reviews with low to moder-
ate risk of bias; moderate-quality evi-
dence was defined as that coming from 
1 or more systematic reviews with mod-
erate risk of bias and similar findings, 
with or without conflicting findings from 
high-risk-of-bias reviews; and low-qual-
ity evidence was defined as that occur-
ring in 1 or more reviews with high risk 
of bias. Conflicting evidence was defined 
as when reviews of similar quality report-
ed different conclusions. The strength of 
measurement properties reported in the 
evidence was based on COnsensus-based 
Standards for the selection of health sta-
tus Measurement INstruments (COS-
MIN) criteria (“poor,” “fair,” “good,” or 
“excellent”) for each separate measure-
ment property (eg, reliability, concur-
rent validity). These were extracted and 
synthesized as reported in the included 
systematic reviews, relying on the judg-
ment and reporting of the review authors, 
without extracting or rescoring data from 
the primary studies included in the re-
view. Data were analyzed and presented 
from those patient-reported outcome 
measures that were included in 2 or more 
systematic reviews.
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RESULTS

T
he results of the search and 
screening are included in the FIGURE. 
The electronic search resulted in a to-

tal of 490 articles. After the duplications 
and prior versions of updated systematic 
reviews were removed, 95 articles and ac-
companying abstracts were screened for 
inclusion in full-text review. Forty articles 
were retained and assessed at a full-text 
level. Eleven reviews were excluded at this 
stage because psychometric properties of 
at least one patient-reported outcome 
measure were not evaluated. At the end of 
the selection procedure, 13 reviews were 
eligible for extraction and, from these, 26 
different patient-reported outcome mea-
sures were evaluated in the systematic 
reviews (TABLE 1), sorted from greatest to 
lowest frequency of evaluation. All the 
included reviews targeted patients with 
neck pain and incorporated a wider test-
ing population, such as cervical radicu-
lopathy, cervical myelopathy, whiplash, 
nonspecific neck pain, chronic neck pain, 
and neck dysfunction. The characteristics 
of the included reviews are described and 
summarized in TABLE 2. One systematic 
review6 did not include additional details 
about the tested population and was as-
sumed to be applicable to patients with 
both specific and nonspecific neck pain.

Risk-of-Bias Assessment  
of Systematic Reviews
All systematic reviews provided an a pri-
ori hypothesis, and 12 of the 13 system-
atic reviews conducted a comprehensive 
search by including multiple databases. 
More than half of the reviews reported 
duplicate study selection and data ex-
traction. Eleven reviews provided a list 
with the characteristics of the included 
studies. The ninth component of AM-
STAR, which describes the methods that 
were used to combine the findings of the 
studies, was rated as “not applicable” 
for all the included reviews. None of the 
systematic reviews assessed publication 
bias, and none of them provided sources 
of support in both the systematic review 

Records after duplicates removed, 
n = 95

Records screened, n = 95

Full-text articles assessed for 
eligibility, n = 40
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Records identified through 
database searching, n = 490

Additional records identified 
through other sources, n = 55

Records excluded, n = 55

Studies included in qualitative 
synthesis, n = 13

Full-text articles excluded, n = 27

FIGURE. PRISMA flow diagram of citations screened and eligible studies for this overview.

TABLE 1
Neck PROMs Evaluated in the  
Included Systematic Reviews

Abbreviations: ADL, activities of daily living; DASH, Disabilities of the Arm, Shoulder and Hand ques-
tionnaire; MOS, Medical Outcomes Study; NASS, North American Spine Society; NHANES, National 
Health and Nutrition Examination Survey; PROM, patient-reported outcome measure; QuickDASH, 
shortened version of the Disabilities of the Arm, Shoulder and Hand questionnaire.

Measure Reviews, n
Neck Disability Index 11

Northwick Park Neck Pain Questionnaire 6

Neck Pain and Disability scale 6

Copenhagen Neck Functional Disability Scale 5

Neck Bournemouth Questionnaire 5

Patient-Specific Functional Scale 4

Core Neck Pain Questionnaire 2

Whiplash Disability Questionnaire 2

Core Outcome Measure Index 2

Core Whiplash Outcome Measure 1

Functional Rating Index 1

Short Core Neck Pain Questionnaire 1

NHANES ADL Scale 1

Current Perceived Health-42 Questionnaire 1

Global Assessment of Neck Pain 1

Myelopathy Disability Index 1

Japanese Orthopaedic Association Scale 1

MOS 36-Item Short-Form Health Survey 1

NASS Lumbar Spine Outcome Assessment 1

Pain Disability Index 1

McGill Pain Questionnaire 1

Visual analog scale 1

Numeric pain-rating scale 1

Neck and Upper Limb Index 1

DASH 1

QuickDASH 1
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moderate risk of bias consistently re-
ported internal consistency (reported as 
Cronbach’s alpha) as moderate to high. 
Schellingerhout and colleagues32 (moder-
ate quality) reported the alpha range to 
be .87 to .92, while MacDermid and col-
leagues14 (moderate quality) reported it to 
be .70 to .93. Only 1 high-risk-of-bias re-
view reported alpha values, of .79 to .93.6

Test-retest reliability was reported in 5 
systematic reviews, 3 of moderate risk11,14,32 
and 2 of high risk of bias.6,27 Findings 
were consistent across the reviews that 
test-retest reliability (most commonly in-
dicated by the intraclass correlation coef-
ficient [ICC]) was moderate (ICC = 0.50; 

and the included studies. The agreement 
(Cohen’s kappa) between the 2 raters on 
quality was very good (κ = 0.89). Among 
the systematic reviews (n = 13), 9 had 
moderate risk of bias and 4 had high risk 
of bias. TABLE 3 shows the details of the 
AMSTAR ratings.

Properties of Specific Patient-Reported 
Outcome Measures
Neck Disability Index  Psychometric 
properties of the original version of the 
Neck Disability Index (NDI) were sum-
marized in 4 reviews with moderate 
bias11,14,24,32 and 3 reviews with high risk 
of bias6,17,27 (TABLE 4). Two reviews with 

Schellingerhout et al32) to excellent (ICC = 
0.50-0.98; MacDermid et al14). Two high-
risk-of-bias reviews6,27 reported test-retest 
reliability as moderate to high. More spe-
cifically, Rodine and Vernon27 reported 
an ICC range of 0.30 to 0.90, Holly and 
colleagues11 reported an ICC of 0.68, and 
Ferreira and colleagues6 reported an ICC 
range of 0.62 to 0.97. Minimum detect-
able change (MDC) was reported by Holly 
et al11 (moderate risk) and MacDermid et 
al14 (moderate risk) as 10 to 10.2 points for 
patients with cervical radiculopathy.

Three reviews14,24,32 of moderate risk 
of bias consistently reported moderate 
to strong (r>0.53) concurrent associa-

	

TABLE 2 Characteristics of the Eligible Systematic Reviews

Abbreviations: CNFDS, Copenhagen Neck Functional Disability Scale; CNPQ, Core Neck Pain Questionnaire; COMI, Core Outcome Measure Index; CWOM, 
Core Whiplash Outcome Measure; DASH, Disabilities of the Arm, Shoulder and Hand questionnaire; NBQ, Neck Bournemouth Questionnaire; NDI, Neck Dis-
ability Index; NPDS, Neck Pain and Disability scale; NPQ, Northwick Park Neck Pain Questionnaire; NULI, Neck and Upper Limb Index; PSFS, Patient-Spe-
cific Functional Scale; QuickDASH, shortened version of the Disabilities of the Arm, Shoulder and Hand questionnaire; WAD, whiplash-associated disorder; 
WDQ, Whiplash Disability Questionnaire.
*Included study populations within the eligible studies of the review.

Study/Risk of Bias Studies, n Study Population* Patient-Reported Outcomes

Alreni et al1

Moderate
11 Workers with neck and upper-limb dysfunction, shoulder and/or 

arm pain
NULI, DASH, QuickDASH

Pellicciari et al22

Moderate
66 Neck pain (acute, subacute, and chronic), mechanical neck pain, 

neck complaints
Italian translated versions of the NDI, NPDS, NBQ, COMI, and 

NeckPix

Yao et al42

Moderate
24 Neck pain with or without radicular findings with degenerative joint 

or disc disease, neck pain with or without WAD
Translated versions of the NDI (Arabic, Catalan, Chinese, Finnish, 

French, Greek, Persian, Japanese, Korean, Polish, Spanish, Thai, 
and Turkish)

Murphy and Lopez19

High
10 Chronic neck pain, nonspecific neck pain, posttraumatic neck pain Spanish versions of the NPQ, COMI, and NDI

Schellingerhout et al32

Moderate
25 Nonspecific and mechanical neck pain, cervical radiculopathy, WAD NDI, NPDS, NBQ, NPQ, WDQ, CNFDS, CNPQ, CWOM

Rodine and Vernon27

High
6 Cervical radiculopathy NDI

Horn et al12

Moderate
13 Cervical radiculopathy, neck dysfunction PSFS

Schellingerhout et al31

Moderate
27 Neck pain Translated versions of the NDI, NPDS, NPQ, NBQ, CNFDS, CNPQ

Misailidou et al17

High
86 Neck pain, chronic neck pain, nonspecific neck pain NBQ, CNFDS, NPDS, NDI, NPQ, PSFS, WDQ

Ferreira et al6

High
18 Neck pain NDI, NPQ, CNFDS, NPDS, NBQ

Holly et al11

Moderate
11 Cervical radiculopathy PSFS, NDI

MacDermid et al14

Moderate
36 Nonspecific neck pain, chronic neck pain NDI

Pietrobon et al24

Moderate
15 Mechanical neck pain, WAD, chronic neck pain, neck dysfunction NDI, PSFS, CNFDS, NPQ, NPDS
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tions between the NDI and pain inten-
sity using a visual analog scale (VAS) or 
the McGill Pain Questionnaire. One re-
view27 with high risk of bias also found 
strong associations with the shortened 
version of the Disabilities of the Arm, 
Shoulder and Hand (QuickDASH) ques-
tionnaire (r = 0.83), and 1 high-risk-of-
bias review6 found moderate (at least r = 
0.70) associations with the McGill Pain 
Questionnaire. Only 1 moderate-risk-of-
bias review, by Holly et al,11 reported that 
the NDI failed to demonstrate construct 
validity.

Two reviews with moderate risk of 
bias14,32 summarized responsiveness, as 
indicated by area under the receiver op-
erating characteristic curve (AUC), for 
discriminating between those with and 
without meaningful change. Those 2 sys-
tematic reviews reported an AUC of 0.79 
from the same primary study. However, 
the most recent systematic review32 report-
ed 2 primary studies, one with moderate 
responsiveness (AUC = 0.79) and the other 
with low responsiveness (AUC = 0.57).

Properties of translated versions of the 
NDI were evaluated and summarized in 3 
moderate-risk-of-bias reviews22,32,42 and 1 
high-risk-of-bias review.19 Three system-
atic reviews22,31,42 (moderate risk of bias) 
summarized the psychometric properties 
of 14 different translations (Arabic, Cata-
lan, Chinese, Finnish, French, Greek, Per-
sian, Italian, Japanese, Korean, Polish, 
Spanish, Thai, and Turkish) and reported 
moderate to strong internal consistency 
(α = .70-.90) and good test-retest reli-
ability (ICC>0.70) for all translations. 
The high-risk-of-bias systematic review19 
explored the properties of the Spanish 
version and found that translation to 
have excellent test-retest reliability (ICC 
= 0.97). Concurrent associations of the 
translated versions with pain intensity 
were consistent with those of the English 
version only (r = 0.64).19

Our findings indicate high-quality 
evidence of good to excellent internal 
consistency, high-quality evidence of 
moderate to excellent test-retest reliabil-
ity, moderate- to high-quality evidence 

of moderate to good cross-sectional con-
vergent validity with related constructs 
(pain and upper extremity function), 
moderate-quality evidence of poor to 
moderate responsiveness, and high-
quality evidence that the internal con-
sistency and test-retest reliability of up 
to 13 translations share similar proper-
ties with those of the original English 
version.
Northwick Park Neck Pain Question-
naire  The psychometric properties of 
the original version of the Northwick 
Park Neck Pain Questionnaire (NPQ) 
were reported in 4 systematic reviews, 2 
of moderate risk of bias24,32 and 2 of high 
risk of bias6,17 (TABLE 5). Only 1 high-risk-
of-bias review6 reported an alpha value 
(.79). Two reviews6,24 reported on test-
retest reliability, with an ICC of 0.62 and 
a kappa coefficient of 0.62 (range, 0.53-
0.73). Only 1 review32 reported a positive 
correlation (r = 0.56) between the NPQ 
and the problem elicitation technique. 
In the same review, a moderately positive 
finding was reported for responsiveness 

	

TABLE 3
Risk-of-Bias Assessment of the Systematic Reviews That Examined the  

Psychometric Properties of the Neck Pain Patient-Reported Outcomes*

Abbreviations: AMSTAR, A MeaSurement Tool to Assess systematic Reviews; CA, can’t assess; N, no; NA, not applicable; Y, yes.
*Scores of 8 or higher were considered as low risk of bias, scores of 5 through 7 as moderate risk of bias, and scores of 4 or less as high risk of bias.
†1, Was an a priori design provided? 2, Was there duplicate study selection and data extraction? 3, Was a comprehensive literature search performed? 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 characteris-
tics 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?

Study 1 2 3 4 5 6 7 8 9 10 11 Quality

Alreni et al1 Y Y Y N Y Y Y Y NA N N Moderate

Pellicciari et al22 Y Y Y N Y Y Y Y NA N N Moderate

Yao et al42 Y Y Y Y Y Y N Y NA N N Moderate

Murphy and Lopez19 Y N Y N N Y N NA NA N N High

Schellingerhout et al32 Y Y Y N N Y Y Y NA N N Moderate

Horn et al12 Y Y Y Y N Y Y Y NA N N Moderate

Rodine and Vernon27 Y N N N N Y N NA NA N N High

Schellingerhout et al31 Y Y Y N N Y Y Y NA N N Moderate

Misailidou et al17 Y N Y N N N N NA NA N N High

Ferreira et al6 Y CA Y N N N N NA NA N N High

Holly et al11 Y N Y N N Y Y Y NA N N Moderate

MacDermid et al14 Y Y Y N N Y Y Y NA N N Moderate

Pietrobon et al24 Y N Y Y N Y N NA NA N N High

AMSTAR Items†
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(r = 0.60), without specifying further de-
tails. No floor or ceiling effects were de-
tected. Minimum important change was 
reported as unclear, and differences in 
scores between subgroups have not been 
evaluated. Responsiveness was reported 
as 0.93 (large) from a single high-risk-of-
bias review.6

Two additional systematic reviews19,31 
of high19 and moderate31 risk of bias re-
ported the psychometric properties of 
translated versions of the NPQ. The 

review with high risk of bias19 reported 
the test-retest reliability of the Spanish 
version (ICC = 0.63). The review with 
moderate risk of bias31 reported that the 
Chinese and Turkish versions showed 
excellent and fair reliability, respectively. 
Chinese, Turkish, French, and Spanish 
versions were reported to have poor in-
ternal consistency and large measure-
ment error.

A correlation between the VAS and the 
Spanish NPQ was reported by a review 

with high risk of bias19 (r = 0.51), which 
also found a retest association of r = 0.74 
between days 1 and 15. Chinese, French, 
and Spanish versions were rated as having 
poor content and structural validity and 
poor responsiveness, and hypothesis test-
ing ranged from poor to fair as reported in 
a review with moderate risk of bias.31

Our findings indicate moderate-quality 
evidence of good to excellent internal 
consistency; moderate-quality evidence 
of good test-retest reliability; limited 

	

TABLE 4
Summary of the Psychometric Properties of the  

NDI in Included Systematic Reviews

Abbreviations: AUC, area under the curve; CID, clinically important difference; ICC, intraclass correlation coefficient; ICF, International Classification of 
Functioning, Disability and Health; MCID, minimum clinically important difference; MDC, minimum detectable change; MIC, minimum important change; 
MPQ, McGill Pain Questionnaire; NA, not applicable; NBQ, Neck Bournemouth Questionnaire; NDI, Neck Disability Index; NPDS, Neck Pain and Disability 
scale; NRS, numeric rating scale; PROM, patient-reported outcome measure; QuickDASH, shortened version of the Disabilities of the Arm, Shoulder and Hand 
questionnaire; SF-36, Medical Outcomes Study 36-Item Short-Form Health Survey; VAS, visual analog scale.

Study/Risk of Bias Reliability Validity Responsiveness Other Reports

Pellicciari et al22

Moderate
Internal consistency was found to be 

high, ranging from .72 to .99, with 
ICC values ranging from 0.81 to 
0.99; 2 other studies reported very 
low reliability values

Moderate to strong correlations with 
the VAS for pain, NRS, SF-36, and 
other disability PROMs (eg, NPDS 
and NBQ)

MCID ranging from 3.5 to 9.5 points 
on a 50-point scale in studies of 
excellent quality, but the MDC 
showed very large variability, 
ranging from 1.66 to 23.3 points, in 
studies of fair quality

For reliability, all studies were of poor to 
fair quality, and no firm conclusions 
can be drawn

Yao et al42

Moderate
Cronbach α = .70-.90; ICC>0.70 Content validity No reports Japanese version found to show floor or 

ceiling effect (direction not specified)

Murphy and Lopez19

High
Cronbach α = .93-.94; ICC = 0.97 Construct validity of the NDI and VAS; 

r = 0.64-0.74
No reports NA

Schellingerhout 
et al32

Moderate

Cronbach α = .87-.92; MIC was 
undetermined; ICC = 0.50

Good correlation (r = 0.53-0.70) with 
pain and/or physical functioning

AUC = 0.79 and 0.57 No floor and ceiling effects were 
detected

Rodine and Vernon27

High
ICC = 0.68, 0.30, 0.90 QuickDASH and NDI: r = 0.83 No reports NA

Schellingerhout 
et al31

Moderate

ICC>0.70 Inconsistent results Inconsistent results NA

Misailidou et al17

High
Good to high reliability Strong correlation Medium responsiveness NA

Ferreira et al6

High
Cronbach α = .79-.93; ICC = 0.62-0.97 r = 0.6 (pain VAS), r = 0.7 (MPQ) No reports The NDI had all its sections classified 

into the ICF, with 4 items categorized 
as body functions and structures 
and 6 items classified as activity and 
participation

Holly et al11

Moderate
ICC = 0.68; MDC, 10.2 NDI failed to demonstrate construct 

validity
… No reports

MacDermid et al14

Moderate
Cronbach α = .70-.93; ICC = 0.50-0.98 Strongly correlated (>0.70) to several 

similar indices and moderately 
related to physical and mental 
aspects of general health

AUC = 0.79 MDC is 5/50 for uncomplicated neck 
pain and up to 10/50 for cervical ra-
diculopathy. The CID is inconsistent, 
ranging from 5/50 to 19/50

Pietrobon et al24

Moderate
No report r = 0.6 between the NDI and VAS,  

r = 0.7 between the NDI and MPQ
No reports NA
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findings of moderate-quality evidence of 
good construct validity; limited findings 
of low-quality evidence of responsiveness 
to change; low-quality evidence of inter-
nal consistency of the Spanish version 
and low-quality evidence of fair to excel-
lent reliability for Chinese, Turkish, and 
French versions; and limited findings of 
moderate-quality evidence of poor con-
tent and structural validity for Spanish, 
Chinese, and French versions of the NPQ.
Copenhagen Neck Functional Disability 
Scale  Five systematic reviews reported 
the psychometric properties of the origi-
nal version of the Copenhagen Neck 
Functional Disability Scale (CNFDS), 
2 of moderate24,32 and 2 of high6,17 risk 
of bias (TABLE 6). One high-risk-of-bias 
review6 reported internal consistency 
(Cronbach α = .90-.92) and test-retest 
reliability (ICC = 0.83). One moderate-
risk-of-bias review24 reported test-retest 
reliability with short-term (same day) 
and between-day (evaluated by mail 2 
days later) analyses, achieving Pearson 

correlation coefficients of 0.99 and 0.98, 
respectively.

Consistent findings from 2 reviews 
with moderate risk of bias24,32 and 1 re-
view with high risk of bias6 reported 
a good correlation (r ≥0.64) with pain 
scales, such as the VAS and numeric 
pain-rating scale (NPRS). A single high-
risk-of-bias review6 reported a correla-
tion between the CNFDS and the doctor 
global assessment of change, with a value 
of r = 0.56.

A single high-risk-of-bias review6 re-
ported a small effect size for detecting 
change over 6 weeks (0.49), a small effect 
over 4 months (0.48), and a moderate ef-
fect at 12 months (0.54).

Only 1 systematic review31 with moder-
ate risk of bias provided the psychometric 
properties of English, French, and Turk-
ish versions of the CNFDS. The English 
and French versions were reported to have 
poor internal consistency, reliability, and 
measurement error, while the Turkish 
version was found to have fair reliability. 

Poor validity and fair responsiveness were 
reported for the Turkish and English ver-
sions. The quality of the translation pro-
cess was underreported or not described.

Our findings indicate low-quality evi-
dence of excellent internal consistency; 
high-quality evidence of excellent test-
retest reliability; high-quality evidence 
of good to strong construct validity with 
pain scales; limited findings of low-
quality evidence of moderate responsive-
ness to change; and limited findings of 
moderate-quality evidence of poor inter-
nal consistency, reliability, measurement 
error, validity, and responsiveness for the 
translated versions (English, Turkish, 
and French).
Neck Pain and Disability Scale  The 
psychometric properties of the original 
version of the Neck Pain and Disability 
scale (NPDS) were examined in 4 sys-
tematic reviews (TABLE 7).6,17,24,32 Two sys-
tematic reviews6,17 with high risk of bias 
reported conflicting findings regarding 
internal consistency. Schellingerhout et 

	

TABLE 5
Summary of the Psychometric Properties  

of the NPQ in Included Systematic Reviews

Abbreviations: ICC, intraclass correlation coefficient; MIC, minimum important change; NDI, Neck Disability Index; NPQ, Northwick Park Neck Pain Ques-
tionnaire; PET, problem elicitation technique; VAS, visual analog scale.

Study Reliability Validity Responsiveness Other Reports

Murphy and Lopez19 Test-retest reliability was good (ICC 
= 0.63)

Correlation between pain (VAS) and 
the NPQ score was acceptable 
in the test (r = 0.51) and retest 
(r = 0.74)

Not reported Not reported

Schellingerhout et al32 No methodologically sound 
studies evaluating the internal 
consistency, measurement error, 
or reliability

No methodologically sound studies 
evaluating the content validity or 
structural validity. Positive correla-
tion (r = 0.56) between the NPQ 
and PET

There is moderate positive evidence 
for responsiveness (r = 0.60)

No floor or ceiling effects were 
detected. Differences in scores 
between subgroups were not 
evaluated. The MIC is unclear

Schellingerhout et al31 Chinese, Turkish, French, and Spanish 
versions: poor internal consistency 
and measurement error, excellent 
reliability (Chinese version), fair 
reliability (Turkish version)

Chinese, French, and Spanish 
versions had poor content and 
structural validity

Poor responsiveness Hypothesis testing was poor to fair

Misailidou et al17 Similar to NDI Similar to NDI Similar to NDI Similar to NDI

Ferreira et al6 Internal consistency, Cronbach α 
= .79; test-retest reliability, ICC 
= 0.62

Not reported Responsiveness to change, 0.93; 
large effect size

Not reported

Pietrobon et al24 Test-retest reliability with a 3-day 
interval between tests had a 
kappa coefficient of 0.62 (range, 
0.53-0.73)

Not reported Total scores correlated linearly with 
the question for pain from 3 days 
to 1 month, but correlation was not 
linear between 1 and 3 months

Not reported
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al32 reported no methodologically sound 
studies for internal consistency, while 
Pietrobon et al24 reported internal con-
sistency of α = .93. A high-risk-of-bias 
systematic review6 reported internal con-
sistency of α = .93 and test-retest reliabil-
ity of ICC = 0.97.

Two high-risk-of-bias6,17 reviews re-
ported correlations between the NPDS 
and NDI (r = 0.86) and between the 
NPDS and global assessment of change 
(r = 0.59). One moderate-risk-of-bias 
systematic review32 reported the results 
of hypothesis-based (concurrent) validity 
testing (r = 0.52-0.78) and responsive-
ness (r = 0.59).

Two moderate-risk-of-bias systematic 
reviews22,31 reported the psychometric 
properties of 9 translated versions of the 
NPDS (Dutch, Finnish, French, German, 
Italian, Hindi, Persian, Korean, Turkish). 
Only the Finnish, German, and Italian 
translations of the NPDS were recom-
mended to be used in clinical practice.

In summary, we found moderate-
quality evidence of unclear to excellent 
internal consistency, limited findings of 

low-quality evidence of excellent test-
retest reliability, limited findings of 
moderate-quality evidence of moderate 
to strong (r ≥0.59) concurrent associa-
tions between the NPDS and NDI and 
global assessment of change, and limited 
findings of moderate-quality evidence of 
translated versions of the NPDS (Finnish, 
German, and Italian) recommended by a 
moderate-quality systematic review to be 
used in clinical practice.
Whiplash Disability Questionnaire  The 
psychometric properties of the Whiplash 
Disability Questionnaire were examined 
in 2 systematic reviews, 1 of moderate 
risk and 1 of high risk of bias (TABLE 8).17,32

One systematic review with moderate 
risk of bias32 reported an internal con-
sistency (Cronbach’s alpha) of .95 to .96, 
and a systematic review with high risk of 
bias17 found an ICC of 0.96 for test-re-
test reliability over time in patients with 
whiplash. Only 1 systematic review with 
moderate risk of bias32 reported a respon-
siveness value (r = 0.67), without specify-
ing what was being correlated. No floor 
or ceiling effects were detected, and in-

formation on other aspects of interpret-
ability is lacking.

In summary, we found limited find-
ings of moderate-quality evidence of 
excellent internal consistency, limited 
findings of low-quality evidence of ex-
cellent test-retest reliability, and limited 
findings of low-quality evidence of posi-
tive responsiveness.
Patient-Specific Functional Scale  The 
psychometric properties of the Pa-
tient-Specific Functional Scale (PSFS) were 
reported in 3 systematic reviews, 1 with 
high risk of bias17 and 1 of moderate risk of 
bias12 (TABLE 8).

We found consistent findings from 2 
reviews with moderate11,12 of high test-re-
test reliability (ICC = 0.82) in patients 
with cervical radiculopathy.

There were consistent findings, from 2 
reviews with moderate11,12 risk of bias, of 
concurrent validity associations between 
PSFS activities and the NDI in patients 
with neck dysfunction (r = 0.82; lower 
95% confidence limit, 0.68) and at dis-
charge (r = 0.83; lower 95% confidence 
limit, 0.69). The PSFS scores (r = 0.64; 

	

TABLE 6
Summary of the Psychometric Properties  

of the CNFDS in Included Systematic Reviews

Abbreviations: CNFDS, Copenhagen Neck Functional Disability Scale; ICC, intraclass correlation coefficient; MCID, minimum clinically important difference; 
MIC, minimum important change; NDI, Neck Disability Index; NRS, numeric rating scale.

Study Reliability Validity Responsiveness Other Reports

Schellingerhout et al32 No methodologically sound studies 
evaluating internal consistency, 
measurement error, or reliability

The CNFDS correlates with the NRS 
for pain (r = 0.64)

No methodologically sound studies 
evaluating responsiveness

There is no information available on 
floor effects, differences in scores 
between subgroups, or the MIC

Schellingerhout et al31 Poor internal consistency (English, 
French, and Turkish versions), 
reliability (fair for Turkish version), 
and measurement error

Poor validity Fair responsiveness for Turkish and 
English versions

The translation process is not 
described, so the quality of this 
process is unknown

Misailidou et al17 Similar to NDI Similar to NDI Similar to NDI Similar to NDI

Ferreira et al6 Internal consistency, Cronbach α = 
.90-.92 (excellent); test-retest reli-
ability, ICC = 0.83 (excellent)

Pain NRS: excellent validity (patient 
global assessment; 0.89) and 
adequate validity (doctor global 
assessment; 0.56)

Responsiveness sensitivity to change: 
0.49 at 6 weeks (small), not re-
ported, 0.48 at 4 months (small), 
0.54 at 12 months (moderate)

Not reported

Pietrobon et al24 Test-retest reliability was evaluated 
with short-term (same-day) and 
between-day (evaluated by mail 
2 days later) reliability analysis, 
achieving Pearson correlation 
coefficients of 0.99 and 0.98, 
respectively

Pearson correlation coefficients were 
high for pain scores (r = 0.83) and 
for the patients’ global assess-
ment (r = 0.89). It was moderate 
for doctors’ global assessment 
(r = 0.56) 

Moderate correlations were dem-
onstrated with pain scores at 6 
weeks (r = 0.49), 4 months  
(r = 0.48), and 12 months  
(r = 0.54) 

No quantification-estimated MCID 
was reported
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lower 95% confidence limit, 0.40) had 
a similar strength relationship to that of 
the NDI scores at discharge (r = 0.66; 
lower 95% confidence limit, 0.40).12

Score change between the PSFS and 
the NPRS was r = 0.80 (P<.001). A high 
correlation between change scores of the 
PSFS and the global rating of change (r 
= 0.82, P<.001) in patients with cervical 
radiculopathy was also reported.12

Limited findings were reported for the 
MDC: 0.99 PSFS points for an average of 
3 activities and 1.18 PSFS points for an 
individual activity. Limited findings were 
reported for the minimum clinically im-
portant difference in patients with cervi-
cal radiculopathy, ranging from 2.0 to 3.0 
points.12

In summary, we found moderate-
quality evidence of high test-retest reli-
ability; low-quality evidence of strong 
concurrent associations between the 
PSFS and NDI, as well as between the 
PSFS and the NPRS and global rating 

of change; and low-quality evidence of 
MDC, as well as of the minimum clini-
cally important difference.
Core Neck Pain Questionnaire  The psy-
chometric properties of the Core Neck 
Pain Questionnaire (CNPQ) were evalu-
ated in 2 systematic reviews of moderate 
risk of bias (TABLE 8).31,32 Limited findings 
were reported for reliability (ICC>0.70). 
Also, limited findings were reported 
for a positive correlation of the CNPQ 
with the NDI (r>0.60). No floor or ceil-
ing effects were detected, and there 
was no information on other aspects of 
interpretability.

Only 1 systematic review31 with mod-
erate risk of bias reported a translated 
version of the CNPQ (in Spanish). Limit-
ed findings were reported of an excellent 
translation process, although internal 
consistency, responsiveness, and hypoth-
esis testing were rated as poor.

In summary, we found limited find-
ings of low-quality evidence of good 

test-retest reliability and limited find-
ings of low-quality evidence (Spanish 
version of the CNPQ) of poor internal 
consistency, responsiveness, and hy-
pothesis testing.
Neck Bournemouth Questionnaire  Two 
systematic reviews6,32 reported the psy-
chometric properties of the original 
version of the Neck Bournemouth Ques-
tionnaire (TABLE 9).

One systematic review32 with mod-
erate risk of bias reported no method-
ologically sound studies for internal 
consistency, measurement error, reli-
ability, and content or structural valid-
ity. A systematic review6 with high risk 
of bias reported (Cronbach α = .86) high 
internal consistency and test-retest reli-
ability (ICC = 0.91). Convergent valid-
ity was found to have a value of r = 0.69 
(VAS).

Moreover, 2 systematic reviews22,31 
reported the psychometric properties of 
the Neck Bournemouth Questionnaire in 

	

TABLE 7
Summary of the Psychometric Properties  

of the NPDS in Included Systematic Reviews

Abbreviations: AUC, area under the curve; ICC, intraclass correlation coefficient; ICF, International Classification of Functioning, Disability and Health; 
MCID, minimum clinically important difference; NDI, Neck Disability Index; NPDS, Neck Pain and Disability scale; NPQ, Northwick Park Neck Pain Ques-
tionnaire; SF-36, Medical Outcomes Study 36-Item Short-Form Health Survey; VAS, visual analog scale.

Study Reliability Validity Responsiveness Other Reports

Pellicciari et al22 Internal consistency was high, with 
Cronbach’s alpha for the total 
score ranging from .86 to .97

The ICC values were above 0.75, but 
only in a few studies of lower qual-
ity did they exceed the minimum 
required value of 0.90

Strong correlations with the NPQ and 
NDI, moderate to strong correlations 
with the VAS, weak to moderate 
correlations with the SF-36, good 
face validity

The MCID was close to 10 points 
for the Italian version in a study 
of excellent quality (AUC = 0.91; 
sensitivity, 0.93; specificity, 0.83)

No floor or ceiling effects were 
found

Schellingerhout et al32 No methodologically sound 
studies evaluating the internal 
consistency, measurement error, 
or reliability

No content validity, 4-factor structure, 
hypothesis testing (r = 0.52-0.78)

Responsiveness, r = 0.59 No floor or ceiling effects were 
detected

Schellingerhout et al31 Translated versions Translated versions Translated versions Translated versions

Misailidou et al17 No reports Scores strongly correlated with the NDI 
(r = 0.86); good content validity

No reports No reports

Ferreira et al6 Internal consistency, Cronbach α 
= .93 (excellent); test-retest reli-
ability, ICC = 0.97 (excellent)

Adequate validity for patient global 
assessment of improvement  
(r = 0.59)

No reports The NPDS had 11 items classified 
in the ICF as body functions 
and structures, 8 in activity and 
participation, and 1 in environ-
mental factors

Pietrobon et al24 Internal consistency reliability, .93; 
test-retest reliability not reported

Validity scores compared between pa-
tients with neck pain or dysfunction 
and controls to establish face validity

No reports No reports
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In summary, we found limited find-

ings of low-quality evidence of excellent 
internal consistency, low-quality evi-
dence of unknown to excellent test-retest 
reliability, and limited findings of low-
quality evidence of strong correlations 
with the pain VAS and with responsive-
ness to change.

DISCUSSION

A 
systematic synthesis of system-
atic reviews resulted in an overview 
of the current state of knowledge for 

8 different neck-specific patient-reported 
outcome measures. Only the NDI and 

CNFDS were supported by high-quality 
evidence of internal consistency, and only 
the CNFDS was supported by high-qual-
ity evidence of test-retest reliability and 
construct validity. Consistent problems 
in reporting of psychometrics for many 
of the studies included the following: (1) 
the specific type of psychometric prop-
erty was not reported, (2) the population 
was not specifically defined other than 
stating only neck pain, and (3) values 
of psychometric properties were not re-
ported. While many properties drawn 
largely from classical test theory–based 
analyses have been reported for several 
of the tools, there is a lack of reporting of 

Dutch, Italian, and French. The transla-
tion process of the Dutch version31 was 
rated as “excellent” and the French version 
as “poor.” Hypothesis testing was rated as 
“poor” for the Dutch version and “fair” for 
the French version. The reliability and 
measurement error were rated as “inde-
terminate” for the Dutch version. For the 
French version, the reliability was found 
to be “poor” and responsiveness was rated 
as “moderate.” The Italian version of the 
Neck Bournemouth Questionnaire was 
found to have Cronbach alpha values 
ranging from .79 to .92 and moderate to 
strong correlations with the NDI, NPDS, 
and CNFDS.

	

TABLE 8
Summary of Psychometric Properties of the WDQ, PSFS,  

and CNPQ Reported in Systematic Reviews

Abbreviations: CNPQ, Core Neck Pain Questionnaire; ICC, intraclass correlation coefficient; MCID, minimum clinically important difference; MDC, mini-
mum detectable change; NDI, Neck Disability Index; NPRS, numeric pain-rating scale; PSFS, Patient-Specific Functional Scale; WDQ, Whiplash Disability 
Questionnaire.

Measure/Study Reliability Validity Responsiveness Other Reports

WDQ

Schellingerhout et al32 Internal consistency, Cronbach α = 
.95-.96

Not reported There is limited positive evidence 
for responsiveness (r = 0.67)

No floor or ceiling effects were 
detected; information on other 
aspects of interpretability is lacking

Misailidou et al17 Whiplash-specific ICC = 0.96 Not reported Not reported Not reported

PSFS

Horn et al12 Test-retest reliability, ICC = 0.82 PSFS activity and the NDI in neck 
dysfunction (r = 0.82; lower 95% 
confidence limit, 0.68) and at 
discharge (r = 0.83; lower 95% 
confidence limit, 0.69). PSFS scores 
(r = 0.64; lower 95% confidence limit, 
0.40) at discharge (r = 0.66; lower 
95% confidence limit, 0.40)

PSFS and NPRS (r = 0.80), PSFS scores 
and the global rating of change (r = 
0.82 in cervical radiculopathy)

Responsiveness for neck dysfunc-
tion: the MDC was calculated 
to be 0.99 PSFS points for an 
average of 3 activities, and 1.18 
PSFS points for an individual 
activity

The MCID for cervical radiculopathy 
was found to be between 2.0 and 
3.0 points

Misailidou et al17 Not reported Not reported Not reported Very sensitive to functional changes in 
individual patients

Holly et al11 The PSFS demonstrated excellent 
test-retest reliability (ICC = 
0.82) for patients with cervical 
radiculopathy

The PSFS showed construct validity, as 
there was a significant difference in 
scores between stable and improved 
patients based on the global rating of 
change (P<.001)

Not reported Not reported

CNPQ

Schellingerhout et al32 The reliability of the total score of the 
CNPQ has not been studied, but 4 
of the 6 items have an ICC greater 
than 0.70

There was a positive correlation of the 
CNPQ with the NDI (r>0.60)

Not reported No floor or ceiling effects were de-
tected; there is no information on 
other aspects of interpretability

Schellingerhout et al31 Poor internal consistency (Spanish 
version)

… Poor responsiveness Poor hypothesis testing and excellent 
translation process
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clinical responsiveness that will limit easy 
translation to practice.

Our synthesis found a moderate 
to high risk of bias in the reporting of 
many systematic reviews of patient-re-
ported outcome measures for the neck, 
as described by the AMSTAR criteria. 
Common sources of bias included the fol-
lowing: (1) did not assess publication bias, 
(2) did not describe appropriate methods 
to combine findings, and (3) did not re-
port sources of financial support in either 
the systematic review or the included pri-
mary studies. Several authors6,32,42 have 
highlighted the importance of following 
predefined criteria and guidelines for the 
evaluation of psychometric properties of 
neck patient-reported outcomes. There 
are at least 3 checklists available for 
evaluation of the properties of patient-re-
ported outcome measures, including the 
guidelines for the process of cross-cultur-
al adaptation of self-report measures,2,16 
the COSMIN checklist,18 and quality 
criteria for psychometric properties of 
health status questionnaires.35 Authors of 
future reviews are strongly encouraged to 
make use of these tools to facilitate trans-
parency and knowledge syntheses.

The selection of patient-reported out-

come measures should be informed by 
what is known about the measurement 
properties of the available tools, and must 
go beyond statistics alone. Face validity, 
being the interpretation that items in a 
scale appear “on the face” to be tapping 
into correct constructs, is generally con-
sidered necessary but not sufficient to 
support the adequate performance of a 
tool; however, it can be quite important 
in real-world application.18 Clinicians 
should consider questions such as, Do 
the items make sense? Can they likely be 
interpreted properly by my patients? Will 
the responses give me useful information 
for making clinical decisions? Clinicians 
should also consider the construct being 
captured (eg, function, symptom sever-
ity, well-being) and the information that 
can be gleaned from the response options 
(eg, intensity of experience, frequency of 
experience, opinion or agreement with a 
set of statements). One way to standard-
ize patient-reported outcome measures 
by construct would be to map the items 
within a tool to the International Clas-
sification of Functioning, Disability and 
Health41 to determine the level and type 
of disability construct being captured (eg, 
impairment, activity, or participation).

While the intention of this over-
view was not to re-examine the primary 
studies within the systematic reviews, 
it was apparent from many of the sys-
tematic reviews included in our synthe-
sis that design and evaluation for many 
neck-specific patient-reported outcome 
measures appear to suffer from consistent 
threats to validity. These include small or 
unjustified sample sizes for the analyses 
performed, lack of a priori hypotheses 
defined for concurrent or longitudinal 
validity assessment, and poorly defined 
constructs that impair the ability to ap-
praise content validity. Common threats 
to external validity appear to be poorly 
defined patient recruitment and unspeci-
fied inclusion/exclusion criteria (ie, often 
referred to simply as “neck pain”), which 
do not recognize the heterogeneity of this 
musculoskeletal condition.14 We also note 
that face validity of the patient-reported 
outcome measures was not considered in 
our overview, as the criteria within the 
COSMIN checklist25 list face validity as 
an aspect of content validity, the meas-
urement property that is to be evaluated; 
the current checklist does not require 
assessment of face validity independ-
ent from content validity. Our overview 

	

TABLE 9
Summary of the Psychometric Properties  

of the NBQ in Included Systematic Reviews

Abbreviations: CNFDS, Copenhagen Neck Functional Disability Scale; ICC, intraclass correlation coefficient; ICF, International Classification of Functioning, 
Disability and Health; MCID, minimum clinically important difference; MDC, minimum detectable change; NBQ, Neck Bournemouth Questionnaire; NDI, 
Neck Disability Index; NPDS; Neck Pain and Disability scale; VAS, visual analog scale.

Study Reliability Validity Responsiveness Other Reports

Pellicciari et al22 Cronbach’s alpha for the total score 
ranged from .79 to .92

Moderate to strong correlations with 
the NDI, NPDS, and CNFDS, and 
weak to moderate correlations 
with a pain VAS

The MCID ranged from 4.4 to 5.5 
points, but there were higher 
raw change scores of 13 points 
or more

The MDC of the questionnaire has 
never been calculated

Schellingerhout et al32 No methodologically sound 
studies evaluating the internal 
consistency, measurement error, 
or reliability

No methodologically sound studies 
evaluating content validity or 
structural validity

Limited positive evidence for respon-
siveness (r = 0.42-0.82)

Limited positive evidence for hypoth-
esis testing (r = 0.63)

Schellingerhout et al31 The Dutch NBQ: ICC = 0.92; 
measurement error of the NBQ is 
indeterminate

The French NBQ with an instrument 
measuring pain and physical 
functioning: r = 0.61-0.67

Limited negative evidence for the 
responsiveness of the French NBQ 
(r = 0.42)

The Dutch NBQ had excellent 
methodological quality of the 
translation process, but the French 
NBQ had poor quality

Ferreira et al6 Internal consistency, Cronbach α 
= .86 (excellent); test-retest reli-
ability, ICC = 0.91 (excellent)

Convergent validity correlation of 0.69 
(excellent) with a pain VAS

Not reported The NBQ had 3 items classified in ICF 
body functions and structures and 
3 in activity and participation
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showed that the original studies did not 
consistently report on the specific subtype 
of participants with neck pain used in the 
study. As such, we cannot state with any 
confidence whether the patient-reported 
outcome measures included in this over-
view function differently with respect to 
the type of neck pain (eg, traumatic, in-
sidious, radicular, coordination deficit); 
the exception is the Whiplash Disability 
Questionnaire, which is specific to this 
neck disorder subtype. The original re-
views and studies were also limited in 
specifying general participant charac-
teristics (eg, between sexes, age groups, 
ethnic or cultural backgrounds), which 
makes it difficult to allow clinicians to 
interpret scale scores across clinically rel-
evant subgroups. These are critical gaps 
in knowledge given the global ubiquity of 
neck pain.

Internal consistency, most commonly 
reported using the Cronbach alpha sta-
tistic, appears to have been one of the 
most common properties assessed. This 
statistic, ranging from .0 to 1.0, is cal-
culated using the pairwise correlations 
of each item on a scale with each of the 
other items, and can be interpreted as the 
degree to which items all represent a sim-
ilar latent construct. It has been suggested 
that a desirable range for alpha is between 
.80 and .95.18 This is one of the few sta-
tistics where a very high value (above .95) 
may not be desirable, as it indicates like-
ly redundancy in items, suggesting that 
not all are required to adequately locate 
the patient along the latent construct of 
interest.34 Beyond providing some de-
gree of confidence that the items on the 
scale all appear to be informed by the 
latent construct, it is arguably one of the 
least valuable properties for selecting a 
patient-reported outcome measure to as-
sist clinical decision making. Despite the 
almost universal reporting of Cronbach’s 
alpha, we note during our overview that it 
has rarely been interpreted to a degree be-
yond reporting the value, and we suggest 
it is of questionable value in defending the 
adequacy of a patient-reported outcome 
measure. Surprisingly, other measure-

ment properties (especially responsive-
ness) were conspicuously absent in the 
eligible systematic reviews; this points to 
the need for more studies to assess these 
critical measurement properties of these 
patient-reported outcome measures.

Responsiveness to change is a differ-
ent construct from reliability; the former 
explores the meaning of changes in score 
when clinical change has occurred, while 
the latter explores stability of scores when 
no change is expected to have occurred. 
While the different types of reliability are 
important properties to estimate the nat-
ural “noise” in a score, responsiveness is 
more valuable to clinicians by providing 
a threshold value that is most likely to 
represent a minimum level of clinically 
meaningful change (the minimal import-
ant change, also known as the clinically 
important change).5 Different methods 
to estimate responsiveness have been 
described, including anchor-based and 
distribution-based approaches. While it 
is beyond the scope of this overview to 
contrast the different approaches, our 
synthesis did reveal that very few pa-
tient-reported outcome measures have 
either had an evaluation of their respon-
siveness or have not been synthesized in 
the eligible systematic review. Clearly, 
this important knowledge gap will not as-
sist clinicians in making decisions about 
which patient-reported outcome measure 
to use in their daily practice and serves as 
a key barrier to widespread implementa-
tion of any of them.

This overview study has some limi-
tations that must be taken into account 
when interpreting our findings. Over-
view methodology requires the report-
ing of measurement properties and the 
conclusions that were determined within 
the original systematic review.30 We ob-
served an overlap among the primary 
studies included in different systematic 
reviews evaluating the same patient-re-
ported outcome measure, and therefore 
overlap of the measurement properties of 
patient-reported outcome measures. Al-
though the included systematic reviews 
had different objectives and eligibility 

criteria (ie, different populations), the 
overlap resulted in syntheses and con-
clusions that were generally consistent 
across reviews. Furthermore, we limited 
our analysis to patient-reported outcome 
measures that were evaluated in 2 or 
more systematic reviews, and, therefore, 
we did not report the assessment of the 
measurement properties of other patient-
reported outcome measures (n = 15) eval-
uated in the eligible systematic reviews. 
We acknowledge that patient-reported 
outcome measures that are frequently 
evaluated in systematic reviews (ie, more 
than 2 systematic reviews) may not have 
better psychometric properties than oth-
er patient-reported outcome measures 
that were not included in our analysis; 
however, they do likely reflect patient-
reported outcome measures frequently 
selected for use in clinical practice. Fi-
nally, we note that the AMSTAR risk-
of-bias tool may not adequately capture 
all aspects of importance in the critical 
appraisal of systematic review methods 
and does not assess the adequacy with 
which the measurement properties of 
the patient-reported outcome measures 
included in the reviews were assessed.

There are several important research 
gaps that our overview has identified, and 
this leads to several key areas for future 
research. These include reporting issues 
such as (1) clear specification of the popu-
lation used to establish the measurement, 
with adequate description of the partici-
pant characteristics as well as neck dis-
order type; (2) specification of a priori 
hypotheses defined for concurrent or 
longitudinal validity assessment; and (3) 
clearly defined constructs to assess con-
tent validity. Moreover, future research 
in establishing patient-reported outcome 
measure measurement properties could 
include (1) more head-to-head compari-
son of different patient-reported outcome 
measures in the same patient population 
and clinical context to evaluate the rela-
tive performance of these instruments; 
(2) assessment of responsiveness and 
both anchor- and distribution-based ap-
proaches (from a clinical perspective, this 
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is critical); and (3) adequate sample-size 
calculations. Finally, the COSMIN check-
list has been modified to be used to assess 
risk of bias,25 and its use in future system-
atic reviews will allow for a better under-
standing of the methodological quality of 
the studies.

CONCLUSION

H
igh-quality evidence found the 
NDI to have good to excellent in-
ternal consistency and moderate to 

excellent test-retest reliability. Moderate-
quality evidence found the NPQ to have 
good to excellent internal consistency and 
good test-retest reliability. High-quality 
evidence found the CNFDS to have ex-
cellent test-retest reliability and good to 
strong construct validity with pain scales. 
Moderate-quality evidence found the 
NPDS to have unclear to excellent inter-
nal consistency and moderate to strong 
concurrent associations with the NDI and 
the global assessment of change. Moder-
ate-quality evidence found the Whiplash 
Disability Questionnaire to have excellent 
internal consistency, and high test-retest 
reliability was found for the PSFS. t

KEY POINTS
FINDINGS: Only the Neck Disability Index 
(NDI) and Copenhagen Neck Func-
tional Disability Scale (CNFDS) were 
supported by high-quality evidence 
of internal consistency, and only the 
CNFDS was supported by high-quality 
evidence of test-retest reliability and 
construct validity.
IMPLICATIONS: Very few patient-reported 
outcome measures have either had an 
evaluation of their responsiveness or 
have not been synthesized in the eligible 
systematic reviews. Clearly, this import-
ant knowledge gap will not assist clin-
icians in making decisions about which 
patient-reported outcome measures to 
use in their daily practice and serves as a 
key barrier to widespread implementa-
tion of them.
CAUTION: The patient-reported outcome 
measures that are frequently evaluated 

in systematic reviews (more than 2) may 
not have better psychometric properties 
than other patient-reported outcome 
measures that were not included in our 
analysis.
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SEARCH TERMS USED WITHIN MEDLINE FOR ALL AREAS IN THE OVERVIEW OF REVIEWS 
ACROSS DIFFERENT CLINICAL AREAS FOR THE MANAGEMENT OF NECK PAIN

ICON-Diagnosis
MEDLINE-Ovid (September 13, 2010)
1.	 Neck Pain/
2.	 exp Brachial Plexus Neuropathies/
3.	 exp neck injuries/ or exp whiplash injuries/
4.	 cervical pain.mp.
5.	 neckache.mp.
6.	 whiplash.mp.
7.	 cervicodynia.mp.
8.	 cervicalgia.mp.
9.	 brachialgia.mp.
10.	 brachial neuritis.mp.
11.	 brachial neuralgia.mp.
12.	 neck pain.mp.
13.	 neck injur*.mp.
14.	 brachial plexus neuropath*.mp.
15.	 brachial plexus neuritis.mp.
16.	 thoracic outlet syndrome/ or cervical rib syndrome/
17.	 Torticollis/
18.	 exp brachial plexus neuropathies/ or exp brachial plexus neuritis/
19.	 cervico brachial neuralgia.ti,ab.
20.	 cervicobrachial neuralgia.ti,ab.
21.	 (monoradicul* or monoradicl*).tw.
22.	 or/1-21
23.	 exp headache/ and cervic*.tw.
24.	 exp genital diseases, female/
25.	 genital disease*.mp.
26.	 or/24-25
27.	 23 not 26
28.	 22 or 27
29.	 neck/
30.	 neck muscles/
31.	 exp cervical plexus/
32.	 exp cervical vertebrae/
33.	 atlanto-axial joint/
34.	 atlanto-occipital joint/
35.	 Cervical Atlas/
36.	 spinal nerve roots/
37.	 exp brachial plexus/
38.	 (odontoid* or cervical or occip* or atlant*).tw.
39.	 axis/ or odontoid process/
40.	 Thoracic Vertebrae/
41.	 cervical vertebrae.mp.
42.	 cervical plexus.mp.
43.	 cervical spine.mp.
44.	 (neck adj3 muscles).mp.
45.	 (brachial adj3 plexus).mp.
46.	 (thoracic adj3 vertebrae).mp.
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47.	 neck.mp.
48.	 (thoracic adj3 spine).mp.
49.	 (thoracic adj3 outlet).mp.
50.	 trapezius.mp.
51.	 cervical.mp.
52.	 cervico*.mp.
53.	 51 or 52
54.	 exp genital diseases, female/
55.	 genital disease*.mp.
56.	 exp *Uterus/
57.	 54 or 55 or 56
58.	 53 not 57
59.	 29 or 30 or 31 or 32 or 33 or 34 or 35 or 36 or 37 or 38 or 39 or 40 or 41 or 42 or 43 or 44 or 45 or 46 or 47 or 48 or 49 or 50 or 58
60.	 exp pain/
61.	 exp injuries/
62.	 pain.mp.
63.	 ache.mp.
64.	 sore.mp.
65.	 stiff.mp.
66.	 discomfort.mp.
67.	 injur*.mp.
68.	 neuropath*.mp.
69.	 or/60-68
70.	 59 and 69
71.	 Radiculopathy/
72.	 exp temporomandibular joint disorders/ or exp temporomandibular joint dysfunction syndrome/
73.	 myofascial pain syndromes/
74.	 exp “Sprains and Strains”/
75.	 exp Spinal Osteophytosis/
76.	 exp Neuritis/
77.	 Polyradiculopathy/
78.	 exp Arthritis/
79.	 Fibromyalgia/
80.	 spondylitis/ or discitis/
81.	 spondylosis/ or spondylolysis/ or spondylolisthesis/
82.	 radiculopathy.mp.
83.	 radiculitis.mp.
84.	 temporomandibular.mp.
85.	 myofascial pain syndrome*.mp.
86.	 thoracic outlet syndrome*.mp.
87.	 spinal osteophytosis.mp.
88.	 neuritis.mp.
89.	 spondylosis.mp.
90.	 spondylitis.mp.
91.	 spondylolisthesis.mp.
92.	 or/71-91
93.	 59 and 92
94.	 exp neck/
95.	 exp cervical vertebrae/
96.	 Thoracic Vertebrae/
97.	 neck.mp.
98.	 (thoracic adj3 vertebrae).mp.
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99.	 cervical.mp.
100.	cervico*.mp.
101.	 99 or 100
102.	exp genital diseases, female/
103.	genital disease*.mp.
104.	exp *Uterus/
105.	or/102-104
106.	101 not 105
107.	 (thoracic adj3 spine).mp.
108.	cervical spine.mp.
109.	 94 or 95 or 96 or 97 or 98 or 106 or 107 or 108
110.	 Intervertebral Disk/
111.	 (disc or discs).mp.
112.	 (disk or disks).mp.
113.	 110 or 111 or 112
114.	 109 and 113
115.	 herniat*.mp.
116.	 slipped.mp.
117.	 prolapse*.mp.
118.	 displace*.mp.
119.	 degenerat*.mp.
120.	 (bulge or bulged or bulging).mp.
121.	 115 or 116 or 117 or 118 or 119 or 120
122.	 114 and 121
123.	 intervertebral disk degeneration/ or intervertebral disk displacement/
124.	 intervertebral disk displacement.mp.
125.	 intervertebral disc displacement.mp.
126.	 intervertebral disk degeneration.mp.
127.	 intervertebral disc degeneration.mp.
128.	 123 or 124 or 125 or 126 or 127
129.	 109 and 128
130.	28 or 70 or 93 or 122 or 129
131.	 animals/ not (animals/ and humans/)
132.	 130 not 131
133.	 exp *neoplasms/
134.	exp *wounds, penetrating/
135.	 133 or 134
136.	 132 not 135
137.	 (sensitiv* or diagnos*).mp. or di.fs.
138.	 136 and 137
139.	 meta-analysis.pt,ti,ab,sh.
140.	 (meta anal$ or metaanal$).ti,ab,sh.
141.	 ((methodol$ or systematic$ or quantitativ$) adj3 (review$ or overview$ or survey$)).ti.
142.	 ((methodol$ or systematic$ or quantitativ$) adj3 (review$ or overview$ or survey$)).ab.
143.	 ((pool$ or combined or combining) adj (data or trials or studies or results)).ti,ab.
144.	 (medline or embase or cochrane or pubmed or pub med).ti,ab.
145.	 or/142-144
146.	 review.pt,sh.
147.	 145 and 146
148.	or/139-141
149.	 147 or 148
150.	guidelines as topic/
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151.	 practice guidelines as topic/
152.	 guideline.pt.
153.	 practice guideline.pt.
154.	 (guideline? or guidance or recommendations).ti.
155.	 consensus.ti.
156.	or/150-155
157.	 149 or 156
158.	 138 and 157
159.	 limit 158 to yr=”2000 -Current”

ICON-Outcomes
MEDLINE-Ovid
1.	 exp “outcome and process assessment (health care)”/ or “outcome assessment (health care)”/ or treatment outcome/
2.	 outcome?.ti.
3.	 exp “Range of Motion, Articular”/
4.	 Pain Measurement/
5.	 exp disability evaluation/
6.	 “Recovery of Function”/
7.	 Questionnaires/
8.	 self-report.tw.
9.	 ((impairment or disability or function) adj2 (measure? or scale? or evaluation?)).tw.
10.	 range of motion.tw.
11.	 (strength adj2 (measure? or scale? or evaluation?)).tw.
12.	 (outcome? adj2 (measure* or scale? or indicator?)).tw.
13.	 or/1-12
14.	 “reproducibility of results”/
15.	 exp “Sensitivity and Specificity”/
16.	 reliability.mp.
17.	 validity.mp.
18.	 responsiveness.mp.
19.	 Psychometrics/
20.	 rasch.mp.
21.	 factor analysis, statistical/
22.	 factor analysis.tw.
23.	 differential functioning.mp.
24.	 (validity or validation).mp. [mp=title, original title, abstract, name of substance word, subject heading word, unique identifier]
25.	 (validity or validation).mp.
26.	 item difficulty.mp.
27.	 translation.tw.
28.	 or/14-27
29.	 13 and 28
30.	 Neck Pain/
31.	 exp Brachial Plexus Neuropathies/
32.	 exp neck injuries/ or exp whiplash injuries/
33.	 cervical pain.mp.
34.	 neckache.mp.
35.	 whiplash.mp.
36.	 cervicodynia.mp.
37.	 cervicalgia.mp.
38.	 brachialgia.mp.
39.	 brachial neuritis.mp.
40.	 brachial neuralgia.mp.
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41.	 neck pain.mp.
42.	 neck injur*.mp.
43.	 brachial plexus neuropath*.mp.
44.	 brachial plexus neuritis.mp.
45.	 thoracic outlet syndrome/ or cervical rib syndrome/
46.	 Torticollis/
47.	 exp brachial plexus neuropathies/ or exp brachial plexus neuritis/
48.	 cervico brachial neuralgia.ti,ab.
49.	 cervicobrachial neuralgia.ti,ab.
50.	 (monoradicul* or monoradicl*).tw.
51.	 or/30-50
52.	 exp headache/ and cervic*.tw.
53.	 exp genital diseases, female/
54.	 genital disease*.mp.
55.	 or/53-54
56.	 52 not 55
57.	 51 or 56
58.	 neck/
59.	 neck muscles/
60.	 exp cervical plexus/
61.	 exp cervical vertebrae/
62.	 atlanto-axial joint/
63.	 atlanto-occipital joint/
64.	 Cervical Atlas/
65.	 spinal nerve roots/
66.	 exp brachial plexus/
67.	 (odontoid* or cervical or occip* or atlant*).tw.
68.	 axis/ or odontoid process/
69.	 Thoracic Vertebrae/
70.	 cervical vertebrae.mp.
71.	 cervical plexus.mp.
72.	 cervical spine.mp.
73.	 (neck adj3 muscles).mp.
74.	 (brachial adj3 plexus).mp.
75.	 (thoracic adj3 vertebrae).mp.
76.	 neck.mp.
77.	 (thoracic adj3 spine).mp.
78.	 (thoracic adj3 outlet).mp.
79.	 trapezius.mp.
80.	 cervical.mp.
81.	 cervico*.mp.
82.	 80 or 81
83.	 exp genital diseases, female/
84.	 genital disease*.mp.
85.	 exp *Uterus/
86.	 83 or 84 or 85
87.	 82 not 86
88.	 58 or 59 or 60 or 61 or 62 or 63 or 64 or 65 or 66 or 67 or 68 or 69 or 70 or 71 or 72 or 73 or 74 or 75 or 76 or 77 or 78 or 79 or 87
89.	 exp pain/
90.	 exp injuries/
91.	 pain.mp.
92.	 ache.mp.
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93.	 sore.mp.
94.	 stiff.mp.
95.	 discomfort.mp.
96.	 injur*.mp.
97.	 neuropath*.mp.
98.	 or/89-97
99.	 88 and 98
100.	Radiculopathy/
101.	 exp temporomandibular joint disorders/ or exp temporomandibular joint dysfunction syndrome/
102.	myofascial pain syndromes/
103.	exp “Sprains and Strains”/
104.	exp Spinal Osteophytosis/
105.	exp Neuritis/
106.	Polyradiculopathy/
107.	 exp Arthritis/
108.	Fibromyalgia/
109.	 spondylitis/ or discitis/
110.	 spondylosis/ or spondylolysis/ or spondylolisthesis/
111.	 radiculopathy.mp.
112.	 radiculitis.mp.
113.	 temporomandibular.mp.
114.	 myofascial pain syndrome*.mp.
115.	 thoracic outlet syndrome*.mp.
116.	 spinal osteophytosis.mp.
117.	 neuritis.mp.
118.	 spondylosis.mp.
119.	 spondylitis.mp.
120.	spondylolisthesis.mp.
121.	 or/100-120
122.	 88 and 121
123.	 exp neck/
124.	 exp cervical vertebrae/
125.	 Thoracic Vertebrae/
126.	neck.mp.
127.	 (thoracic adj3 vertebrae).mp.
128.	 cervical.mp.
129.	 cervico*.mp.
130.	128 or 129
131.	 exp genital diseases, female/
132.	 genital disease*.mp.
133.	 exp *Uterus/
134.	or/131-133
135.	 130 not 134
136.	 (thoracic adj3 spine).mp.
137.	 cervical spine.mp.
138.	 123 or 124 or 125 or 126 or 127 or 135 or 136 or 137
139.	 Intervertebral Disk/
140.	 (disc or discs).mp.
141.	 (disk or disks).mp.
142.	 139 or 140 or 141
143.	 138 and 142
144.	 herniat*.mp.
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145.	 slipped.mp.
146.	prolapse*.mp.
147.	 displace*.mp.
148.	degenerat*.mp.
149.	 (bulge or bulged or bulging).mp.
150.	 144 or 145 or 146 or 147 or 148 or 149
151.	 143 and 150
152.	 intervertebral disk degeneration/ or intervertebral disk displacement/
153.	 intervertebral disk displacement.mp.
154.	 intervertebral disc displacement.mp.
155.	 intervertebral disk degeneration.mp.
156.	 intervertebral disc degeneration.mp.
157.	 152 or 153 or 154 or 155 or 156
158.	 138 and 157
159.	 57 or 99 or 122 or 151 or 158
160.	animals/ not (animals/ and humans/)
161.	 159 not 160
162.	 exp *neoplasms/
163.	 exp *wounds, penetrating/
164.	 162 or 163
165.	 161 not 164
166.	29 and 165
167.	 guidelines as topic/
168.	practice guidelines as topic/
169.	 guideline.pt.
170.	 practice guideline.pt.
171.	 (guideline? or guidance or recommendations).ti.
172.	 consensus.ti.
173.	 or/167-172
174.	 meta-analysis/
175.	 exp meta-analysis as topic/
176.	 (meta analy* or metaanaly* or met analy* or metanaly*).tw.
177.	 review literature as topic/
178.	 (collaborative research or collaborative review* or collaborative overview*).tw.
179.	 (integrative research or integrative review* or intergrative overview*).tw.
180.	(quantitative adj3 (research or review* or overview*)).tw.
181.	 (research integration or research overview*).tw.
182.	 (systematic* adj3 (review* or overview*)).tw.
183.	 (methodologic* adj3 (review* or overview*)).tw.
184.	exp technology assessment biomedical/
185.	 (hta or thas or technology assessment*).tw.
186.	((hand adj2 search*) or (manual* adj search*)).tw.
187.	 ((electronic adj database*) or (bibliographic* adj database*)).tw.
188.	((data adj2 abstract*) or (data adj2 extract*)).tw.
189.	 (analys* adj3 (pool or pooled or pooling)).tw.
190.	mantel haenszel.tw.
191.	 (cohrane or pubmed or pub med or medline or embase or psycinfo or psyclit or psychinfo or psychlit or cinahl or science citation indes).ab.
192.	 or/174-191
193.	 173 or 192
194.	 166 and 193
195.	 limit 194 to yr=”2000 -Current”
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ICON-Prognosis
MEDLINE-Ovid
1.	 Neck Pain/
2.	 exp Brachial Plexus Neuropathies/
3.	 exp neck injuries/ or exp whiplash injuries/
4.	 cervical pain.mp.
5.	 neckache.mp.
6.	 whiplash.mp.
7.	 cervicodynia.mp.
8.	 cervicalgia.mp.
9.	 brachialgia.mp.
10.	 brachial neuritis.mp.
11.	 brachial neuralgia.mp.
12.	 neck pain.mp.
13.	 neck injur*.mp.
14.	 brachial plexus neuropath*.mp.
15.	 brachial plexus neuritis.mp.
16.	 thoracic outlet syndrome/ or cervical rib syndrome/
17.	 Torticollis/
18.	 exp brachial plexus neuropathies/ or exp brachial plexus neuritis/
19.	 cervico brachial neuralgia.ti,ab.
20.	 cervicobrachial neuralgia.ti,ab.
21.	 (monoradicul* or monoradicl*).tw.
22.	 or/1-21
23.	 exp headache/ and cervic*.tw.
24.	 exp genital diseases, female/
25.	 genital disease*.mp.
26.	 or/24-25
27.	 23 not 26
28.	 22 or 27
29.	 neck/
30.	 neck muscles/
31.	 exp cervical plexus/
32.	 exp cervical vertebrae/
33.	 atlanto-axial joint/
34.	 atlanto-occipital joint/
35.	 Cervical Atlas/
36.	 spinal nerve roots/
37.	 exp brachial plexus/
38.	 (odontoid* or cervical or occip* or atlant*).tw.
39.	 axis/ or odontoid process/
40.	 Thoracic Vertebrae/
41.	 cervical vertebrae.mp.
42.	 cervical plexus.mp.
43.	 cervical spine.mp.
44.	 (neck adj3 muscles).mp.
45.	 (brachial adj3 plexus).mp.
46.	 (thoracic adj3 vertebrae).mp.
47.	 neck.mp.
48.	 (thoracic adj3 spine).mp.
49.	 (thoracic adj3 outlet).mp.
50.	 trapezius.mp.
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51.	 cervical.mp.
52.	 cervico*.mp.
53.	 51 or 52
54.	 exp genital diseases, female/
55.	 genital disease*.mp.
56.	 exp *Uterus/
57.	 54 or 55 or 56
58.	 53 not 57
59.	 29 or 30 or 31 or 32 or 33 or 34 or 35 or 36 or 37 or 38 or 39 or 40 or 41 or 42 or 43 or 44 or 45 or 46 or 47 or 48 or 49 or 50 or 58
60.	 exp pain/
61.	 exp injuries/
62.	 pain.mp.
63.	 ache.mp.
64.	 sore.mp.
65.	 stiff.mp.
66.	 discomfort.mp.
67.	 injur*.mp.
68.	 neuropath*.mp.
69.	 or/60-68
70.	 59 and 69
71.	 Radiculopathy/
72.	 exp temporomandibular joint disorders/ or exp temporomandibular joint dysfunction syndrome/
73.	 myofascial pain syndromes/
74.	 exp “Sprains and Strains”/
75.	 exp Spinal Osteophytosis/
76.	 exp Neuritis/
77.	 Polyradiculopathy/
78.	 exp Arthritis/
79.	 Fibromyalgia/
80.	 spondylitis/ or discitis/
81.	 spondylosis/ or spondylolysis/ or spondylolisthesis/
82.	 radiculopathy.mp.
83.	 radiculitis.mp.
84.	 temporomandibular.mp.
85.	 myofascial pain syndrome*.mp.
86.	 thoracic outlet syndrome*.mp.
87.	 spinal osteophytosis.mp.
88.	 neuritis.mp.
89.	 spondylosis.mp.
90.	 spondylitis.mp.
91.	 spondylolisthesis.mp.
92.	 or/71-91
93.	 59 and 92
94.	 exp neck/
95.	 exp cervical vertebrae/
96.	 Thoracic Vertebrae/
97.	 neck.mp.
98.	 (thoracic adj3 vertebrae).mp.
99.	 cervical.mp.
100.	cervico*.mp.
101.	 99 or 100
102.	exp genital diseases, female/
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103.	genital disease*.mp.
104.	exp *Uterus/
105.	or/102-104
106.	101 not 105
107.	 (thoracic adj3 spine).mp.
108.	cervical spine.mp.
109.	 94 or 95 or 96 or 97 or 98 or 106 or 107 or 108
110.	 Intervertebral Disk/
111.	 (disc or discs).mp.
112.	 (disk or disks).mp.
113.	 110 or 111 or 112
114.	 109 and 113
115.	 herniat*.mp.
116.	 slipped.mp.
117.	 prolapse*.mp.
118.	 displace*.mp.
119.	 degenerat*.mp.
120.	 (bulge or bulged or bulging).mp.
121.	 115 or 116 or 117 or 118 or 119 or 120
122.	 114 and 121
123.	 intervertebral disk degeneration/ or intervertebral disk displacement/
124.	 intervertebral disk displacement.mp.
125.	 intervertebral disc displacement.mp.
126.	 intervertebral disk degeneration.mp.
127.	 intervertebral disc degeneration.mp.
128.	 123 or 124 or 125 or 126 or 127
129.	 109 and 128
130.	28 or 70 or 93 or 122 or 129
131.	 animals/ not (animals/ and humans/)
132.	 130 not 131
133.	 exp *neoplasms/
134.	exp *wounds, penetrating/
135.	 133 or 134
136.	 132 not 135
137.	 incidence/ or exp mortality/
138.	 follow-up studies/
139.	 prognos*.tw.
140.	predict*.tw.
141.	 course*.tw.
142.	 or/137-141
143.	 136 and 142
144.	 animals/ not (animals/ and humans/)
145.	 143 not 144
146.	meta-analysis/
147.	 exp meta-analysis as topic/
148.	 (meta analy* or metaanaly* or met analy* or metanaly*).tw.
149.	 review literature as topic/
150.	 (collaborative research or collaborative review* or collaborative overview*).tw.
151.	 (integrative research or integrative review* or intergrative overview*).tw.
152.	 (quantitative adj3 (research or review* or overview*)).tw.
153.	 (research integration or research overview*).tw.
154.	 (systematic* adj3 (review* or overview*)).tw.
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155.	 (methodologic* adj3 (review* or overview*)).tw.
156.	exp technology assessment biomedical/
157.	 (hta or thas or technology assessment*).tw.
158.	 ((hand adj2 search*) or (manual* adj search*)).tw.
159.	 ((electronic adj database*) or (bibliographic* adj database*)).tw.
160.	 ((data adj2 abstract*) or (data adj2 extract*)).tw.
161.	 (analys* adj3 (pool or pooled or pooling)).tw.
162.	 mantel haenszel.tw.
163.	 (cohrane or pubmed or pub med or medline or embase or psycinfo or psyclit or psychinfo or psychlit or cinahl or science citation indes).ab.
164.	or/146-163
165.	 145 and 164
166.	guidelines as topic/
167.	 practice guidelines as topic/
168.	guideline.pt.
169.	 practice guideline.pt.
170.	 (guideline? or guidance or recommendations).ti.
171.	 consensus.ti.
172.	 or/166-171
173.	 145 and 172
174.	 165 or 173
175.	 limit 174 to yr=”2000 -Current”

ICON TREATMENT DETAILED SEARCH STRATEGIES FOR MEDLINE

ICON-Physical Medicine/Treatment
MEDLINE-Ovid
1.	 Neck Pain/
2.	 exp Brachial Plexus Neuropathies/
3.	 exp neck injuries/ or exp whiplash injuries/
4.	 cervical pain.mp.
5.	 neckache.mp.
6.	 whiplash.mp.
7.	 cervicodynia.mp.
8.	 cervicalgia.mp.
9.	 brachialgia.mp.
10.	 brachial neuritis.mp.
11.	 brachial neuralgia.mp.
12.	 neck pain.mp.
13.	 neck injur*.mp.
14.	 brachial plexus neuropath*.mp.
15.	 brachial plexus neuritis.mp.
16.	 thoracic outlet syndrome/ or cervical rib syndrome/
17.	 Torticollis/
18.	 exp brachial plexus neuropathies/ or exp brachial plexus neuritis/
19.	 cervico brachial neuralgia.ti,ab.
20.	 cervicobrachial neuralgia.ti,ab.
21.	 (monoradicul* or monoradicl*).tw.
22.	 or/1-21
23.	 exp headache/ and cervic*.tw.
24.	 exp genital diseases, female/
25.	 genital disease*.mp.
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26.	 or/24-25
27.	 23 not 26
28.	 22 or 27
29.	 neck/
30.	 neck muscles/
31.	 exp cervical plexus/
32.	 exp cervical vertebrae/
33.	 atlanto-axial joint/
34.	 atlanto-occipital joint/
35.	 Cervical Atlas/
36.	 spinal nerve roots/
37.	 exp brachial plexus/
38.	 (odontoid* or cervical or occip* or atlant*).tw.
39.	 axis/ or odontoid process/
40.	 Thoracic Vertebrae/
41.	 cervical vertebrae.mp.
42.	 cervical plexus.mp.
43.	 cervical spine.mp.
44.	 (neck adj3 muscles).mp.
45.	 (brachial adj3 plexus).mp.
46.	 (thoracic adj3 vertebrae).mp.
47.	 neck.mp.
48.	 (thoracic adj3 spine).mp.
49.	 (thoracic adj3 outlet).mp.
50.	 trapezius.mp.
51.	 cervical.mp.
52.	 cervico*.mp.
53.	 51 or 52
54.	 exp genital diseases, female/
55.	 genital disease*.mp.
56.	 exp *Uterus/
57.	 54 or 55 or 56
58.	 53 not 57
59.	 29 or 30 or 31 or 32 or 33 or 34 or 35 or 36 or 37 or 38 or 39 or 40 or 41 or 42 or 43 or 44 or 45 or 46 or 47 or 48 or 49 or 50 or 58
60.	 exp pain/
61.	 exp injuries/
62.	 pain.mp.
63.	 ache.mp.
64.	 sore.mp.
65.	 stiff.mp.
66.	 discomfort.mp.
67.	 injur*.mp.
68.	 neuropath*.mp.
69.	 or/60-68
70.	 59 and 69
71.	 Radiculopathy/
72.	 exp temporomandibular joint disorders/ or exp temporomandibular joint dysfunction syndrome/
73.	 myofascial pain syndromes/
74.	 exp “Sprains and Strains”/
75.	 exp Spinal Osteophytosis/
76.	 exp Neuritis/
77.	 Polyradiculopathy/

APPENDIX

 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
 2

3,
 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
01

8 
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 48  |  number 10  |  october 2018  |  d13

APPENDIX

78.	 exp Arthritis/
79.	 Fibromyalgia/
80.	 spondylitis/ or discitis/
81.	 spondylosis/ or spondylolysis/ or spondylolisthesis/
82.	 radiculopathy.mp.
83.	 radiculitis.mp.
84.	 temporomandibular.mp.
85.	 myofascial pain syndrome*.mp.
86.	 thoracic outlet syndrome*.mp.
87.	 spinal osteophytosis.mp.
88.	 neuritis.mp.
89.	 spondylosis.mp.
90.	 spondylitis.mp.
91.	 spondylolisthesis.mp.
92.	 or/71-91
93.	 59 and 92
94.	 exp neck/
95.	 exp cervical vertebrae/
96.	 Thoracic Vertebrae/
97.	 neck.mp.
98.	 (thoracic adj3 vertebrae).mp.
99.	 cervical.mp.
100.	cervico*.mp.
101.	 99 or 100
102.	exp genital diseases, female/
103.	genital disease*.mp.
104.	exp *Uterus/
105.	or/102-104
106.	101 not 105
107.	 (thoracic adj3 spine).mp.
108.	cervical spine.mp.
109.	 94 or 95 or 96 or 97 or 98 or 106 or 107 or 108
110.	 Intervertebral Disk/
111.	 (disc or discs).mp.
112.	 (disk or disks).mp.
113.	 110 or 111 or 112
114.	 109 and 113
115.	 herniat*.mp.
116.	 slipped.mp.
117.	 prolapse*.mp.
118.	 displace*.mp.
119.	 degenerat*.mp.
120.	 (bulge or bulged or bulging).mp.
121.	 115 or 116 or 117 or 118 or 119 or 120
122.	 114 and 121
123.	 intervertebral disk degeneration/ or intervertebral disk displacement/
124.	 intervertebral disk displacement.mp.
125.	 intervertebral disc displacement.mp.
126.	 intervertebral disk degeneration.mp.
127.	 intervertebral disc degeneration.mp.
128.	 123 or 124 or 125 or 126 or 127
129.	 109 and 128
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130.	28 or 70 or 93 or 122 or 129
131.	 animals/ not (animals/ and humans/)
132.	 130 not 131
133.	 exp *neoplasms/
134.	exp *wounds, penetrating/
135.	 133 or 134
136.	 132 not 135
137.	 Neck Pain/rh [Rehabilitation]
138.	exp Brachial Plexus Neuropathies/rh
139.	 exp neck injuries/rh or exp whiplash injuries/rh
140.	 thoracic outlet syndrome/rh or cervical rib syndrome/rh
141.	 Torticollis/rh
142.	 exp brachial plexus neuropathies/rh or exp brachial plexus neuritis/rh
143.	 137 or 138 or 139 or 140 or 141 or 142
144.	 Radiculopathy/rh
145.	 exp temporomandibular joint disorders/rh or exp temporomandibular joint dysfunction syndrome/rh
146.	myofascial pain syndromes/rh
147.	 exp “Sprains and Strains”/rh
148.	exp Spinal Osteophytosis/rh
149.	 exp Neuritis/rh
150.	Polyradiculopathy/rh
151.	 exp Arthritis/rh
152.	 Fibromyalgia/rh
153.	 spondylitis/rh or discitis/rh
154.	 spondylosis/rh or spondylolysis/rh or spondylolisthesis/rh
155.	 or/144-154
156.	59 and 155
157.	 exp Combined Modality Therapy/
158.	Exercise/
159.	 Physical Exertion/
160.	exp Exercise Therapy/
161.	 exp Electric Stimulation Therapy/
162.	 Transcutaneous Electric Nerve Stimulation/
163.	 pulsed electro magnetic field.mp.
164.	pulsed electromagnetic field.tw.
165.	 Electromagnetic Fields/
166.	Magnetic Field Therapy/
167.	 Electric Stimulation/
168.	exp Orthotic Devices/
169.	 kinesiotaping.tw.
170.	 taping.tw.
171.	 oral splints.tw.
172.	 Occlusal Splints/
173.	 pillow?.tw.
174.	 collar?.tw.
175.	 Traction/
176.	 traction.tw.
177.	 exp Laser Therapy/
178.	 laser therapy.tw.
179.	 exp Rehabilitation/
180.	Ultrasonic Therapy/
181.	 exp Phototherapy/
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182.	Lasers/
183.	exp Physical Therapy Modalities/
184.	 repetitive magnetic stimulation.tw.
185.	 exp Cryotherapy/
186.	Hydrotherapy/
187.	 exp Hyperthermia, Induced/
188.	vapocoolant spray.mp.
189.	 Cryoanesthesia/
190.	Ice/
191.	 postur* correction.mp.
192.	 Feldenkrais.mp.
193.	 (alexander adj (technique or method)).tw.
194.	Relaxation Therapy/
195.	 Biofeedback, Psychology/
196.	faradic stimulation.mp.
197.	 or/157-196
198.	136 and 197
199.	 143 or 156 or 198
200.	animals/ not (animals/ and humans/)
201.	199 not 200
202.	guidelines as topic/
203.	practice guidelines as topic/
204.	guideline.pt.
205.	practice guideline.pt.
206.	(guideline? or guidance or recommendations).ti.
207.	 consensus.ti.
208.	or/202-207
209.	201 and 208
210.	 136 and 208
211.	 209 or 210
212.	 limit 211 to yr=”2006 -Current”
213.	 limit 211 to yr=”1902 - 2005”
214.	 meta-analysis/
215.	 exp meta-analysis as topic/
216.	 (meta analy* or metaanaly* or met analy* or metanaly*).tw.
217.	 review literature as topic/
218.	 (collaborative research or collaborative review* or collaborative overview*).tw.
219.	 (integrative research or integrative review* or intergrative overview*).tw.
220.	(quantitative adj3 (research or review* or overview*)).tw.
221.	 (research integration or research overview*).tw.
222.	(systematic* adj3 (review* or overview*)).tw.
223.	(methodologic* adj3 (review* or overview*)).tw.
224.	exp technology assessment biomedical/
225.	(hta or thas or technology assessment*).tw.
226.	((hand adj2 search*) or (manual* adj search*)).tw.
227.	 ((electronic adj database*) or (bibliographic* adj database*)).tw.
228.	((data adj2 abstract*) or (data adj2 extract*)).tw.
229.	(analys* adj3 (pool or pooled or pooling)).tw.
230.	mantel haenszel.tw.
231.	 (cohrane or pubmed or pub med or medline or embase or psycinfo or psyclit or psychinfo or psychlit or cinahl or science citation indes).ab.
232.	or/214-231
233.	201 and 232
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234.	limit 233 to yr=”2006 -Current”
235.	limit 233 to yr=”1902 - 2005”

OR

ICON-Manual Therapy/Treatment
MEDLINE-Ovid
1.	 Neck Pain/
2.	 exp Brachial Plexus Neuropathies/
3.	 exp neck injuries/ or exp whiplash injuries/
4.	 cervical pain.mp.
5.	 neckache.mp.
6.	 whiplash.mp.
7.	 cervicodynia.mp.
8.	 cervicalgia.mp.
9.	 brachialgia.mp.
10.	 brachial neuritis.mp.
11.	 brachial neuralgia.mp.
12.	 neck pain.mp.
13.	 neck injur*.mp.
14.	 brachial plexus neuropath*.mp.
15.	 brachial plexus neuritis.mp.
16.	 thoracic outlet syndrome/ or cervical rib syndrome/
17.	 Torticollis/
18.	 exp brachial plexus neuropathies/ or exp brachial plexus neuritis/
19.	 cervico brachial neuralgia.ti,ab.
20.	 cervicobrachial neuralgia.ti,ab.
21.	 (monoradicul* or monoradicl*).tw.
22.	 or/1-21
23.	 exp headache/ and cervic*.tw.
24.	 exp genital diseases, female/
25.	 genital disease*.mp.
26.	 or/24-25
27.	 23 not 26
28.	 22 or 27
29.	 neck/
30.	 neck muscles/
31.	 exp cervical plexus/
32.	 exp cervical vertebrae/
33.	 atlanto-axial joint/
34.	 atlanto-occipital joint/
35.	 Cervical Atlas/
36.	 spinal nerve roots/
37.	 exp brachial plexus/
38.	 (odontoid* or cervical or occip* or atlant*).tw.
39.	 axis/ or odontoid process/
40.	 Thoracic Vertebrae/
41.	 cervical vertebrae.mp.
42.	 cervical plexus.mp.
43.	 cervical spine.mp.
44.	 (neck adj3 muscles).mp.
45.	 (brachial adj3 plexus).mp.
46.	 (thoracic adj3 vertebrae).mp.
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47.	 neck.mp.
48.	 (thoracic adj3 spine).mp.
49.	 (thoracic adj3 outlet).mp.
50.	 trapezius.mp.
51.	 cervical.mp.
52.	 cervico*.mp.
53.	 51 or 52
54.	 exp genital diseases, female/
55.	 genital disease*.mp.
56.	 exp *Uterus/
57.	 54 or 55 or 56
58.	 53 not 57
59.	 29 or 30 or 31 or 32 or 33 or 34 or 35 or 36 or 37 or 38 or 39 or 40 or 41 or 42 or 43 or 44 or 45 or 46 or 47 or 48 or 49 or 50 or 58
60.	 exp pain/
61.	 exp injuries/
62.	 pain.mp.
63.	 ache.mp.
64.	 sore.mp.
65.	 stiff.mp.
66.	 discomfort.mp.
67.	 injur*.mp.
68.	 neuropath*.mp.
69.	 or/60-68
70.	 59 and 69
71.	 Radiculopathy/
72.	 exp temporomandibular joint disorders/ or exp temporomandibular joint dysfunction syndrome/
73.	 myofascial pain syndromes/
74.	 exp “Sprains and Strains”/
75.	 exp Spinal Osteophytosis/
76.	 exp Neuritis/
77.	 Polyradiculopathy/
78.	 exp Arthritis/
79.	 Fibromyalgia/
80.	 spondylitis/ or discitis/
81.	 spondylosis/ or spondylolysis/ or spondylolisthesis/
82.	 radiculopathy.mp.
83.	 radiculitis.mp.
84.	 temporomandibular.mp.
85.	 myofascial pain syndrome*.mp.
86.	 thoracic outlet syndrome*.mp.
87.	 spinal osteophytosis.mp.
88.	 neuritis.mp.
89.	 spondylosis.mp.
90.	 spondylitis.mp.
91.	 spondylolisthesis.mp.
92.	 or/71-91
93.	 59 and 92
94.	 exp neck/
95.	 exp cervical vertebrae/
96.	 Thoracic Vertebrae/
97.	 neck.mp.
98.	 (thoracic adj3 vertebrae).mp.
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99.	 cervical.mp.
100.	cervico*.mp.
101.	 99 or 100
102.	exp genital diseases, female/
103.	genital disease*.mp.
104.	exp *Uterus/
105.	or/102-104
106.	101 not 105
107.	 (thoracic adj3 spine).mp.
108.	cervical spine.mp.
109.	 94 or 95 or 96 or 97 or 98 or 106 or 107 or 108
110.	 Intervertebral Disk/
111.	 (disc or discs).mp.
112.	 (disk or disks).mp.
113.	 110 or 111 or 112
114.	 109 and 113
115.	 herniat*.mp.
116.	 slipped.mp.
117.	 prolapse*.mp.
118.	 displace*.mp.
119.	 degenerat*.mp.
120.	 (bulge or bulged or bulging).mp.
121.	 115 or 116 or 117 or 118 or 119 or 120
122.	 114 and 121
123.	 intervertebral disk degeneration/ or intervertebral disk displacement/
124.	 intervertebral disk displacement.mp.
125.	 intervertebral disc displacement.mp.
126.	 intervertebral disk degeneration.mp.
127.	 intervertebral disc degeneration.mp.
128.	 123 or 124 or 125 or 126 or 127
129.	 109 and 128
130.	28 or 70 or 93 or 122 or 129
131.	 animals/ not (animals/ and humans/)
132.	 130 not 131
133.	 exp *neoplasms/
134.	exp *wounds, penetrating/
135.	 133 or 134
136.	 132 not 135
137.	 Neck Pain/rh, th [Rehabilitation, Therapy]
138.	exp Brachial Plexus Neuropathies/rh, th
139.	 exp neck injuries/rh, th or exp whiplash injuries/rh, th
140.	 thoracic outlet syndrome/rh, th or cervical rib syndrome/rh, th
141.	 Torticollis/rh, th
142.	 exp brachial plexus neuropathies/rh, th or exp brachial plexus neuritis/rh, th
143.	 or/137-142
144.	 Radiculopathy/rh, th
145.	 exp temporomandibular joint disorders/rh, th or exp temporomandibular joint dysfunction syndrome/rh, th
146.	myofascial pain syndromes/rh, th
147.	 exp “Sprains and Strains”/rh, th
148.	exp Spinal Osteophytosis/rh, th
149.	 exp Neuritis/rh, th
150.	Polyradiculopathy/rh, th

APPENDIX

 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
 2

3,
 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
01

8 
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 48  |  number 10  |  october 2018  |  d19

APPENDIX

151.	 exp Arthritis/rh, th
152.	 Fibromyalgia/rh, th
153.	 spondylitis/rh, th or discitis/rh, th
154.	 spondylosis/rh, th or spondylolysis/rh, th or spondylolisthesis/rh, th
155.	 or/144-154
156.	59 and 155
157.	 acupuncture/ or chiropractic/
158.	exp Musculoskeletal Manipulations/
159.	 massage.tw.
160.	mobili?ation.tw.
161.	 Acupuncture Therapy/
162.	 (acupuncture or acu-puncture or needling or acupressure or mox?bustion).tw.
163.	� ((neck or spine or spinal or cervical or chiropractic* or musculoskeletal* or musculo-skeletal*) adj3 (adjust* or manipulat* or mobiliz* or mobi-

lis*)).tw.
164.	 (manual adj therap*).tw.
165.	 (manipulati* adj (therap* or medicine)).tw.
166.	 (massag* or reflexolog* or rolfing or zone therap*).tw.
167.	 Nimmo.mp.
168.	exp Vibration/tu [Therapeutic Use]
169.	 (vibration adj5 (therap* or treatment*)).tw.
170.	 (Chih Ya or Shiatsu or Shiatzu or Zhi Ya).tw.
171.	 (flexion adj2 distraction*).tw.
172.	 (myofascial adj3 (release or therap*)).tw.
173.	 muscle energy technique*.tw.
174.	 trigger point.tw.
175.	 proprioceptive Neuromuscular Facilitation*.tw.
176.	 cyriax friction.tw.
177.	 (lomilomi or lomi-lomi or trager).tw.
178.	 aston patterning.tw.
179.	 (strain adj counterstrain).tw.
180.	(craniosacral therap* or cranio-sacral therap*).tw.
181.	 (amma or ammo or effleuurage or petrissage or hacking or tapotment).tw.
182.	Complementary Therapies/
183.	 ((complement* or alternat* or osteopthic*) adj (therap* or medicine)).tw.
184.	 (Tui Na or Tuina).tw.
185.	 or/157-184
186.	136 and 185
187.	 143 or 156 or 186
188.	animals/ not (animals/ and humans/)
189.	 187 not 188
190.	guidelines as topic/
191.	 practice guidelines as topic/
192.	 guideline.pt.
193.	 practice guideline.pt.
194.	 (guideline? or guidance or recommendations).ti.
195.	 consensus.ti.
196.	or/190-195
197.	 189 and 196
198.	 limit 197 to yr=”2006 -Current”
199.	 limit 197 to yr=”1902 -2005”
200.	meta-analysis/
201.	exp meta-analysis as topic/
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202.	(meta analy* or metaanaly* or met analy* or metanaly*).tw.
203.	review literature as topic/
204.	(collaborative research or collaborative review* or collaborative overview*).tw.
205.	(integrative research or integrative review* or intergrative overview*).tw.
206.	(quantitative adj3 (research or review* or overview*)).tw.
207.	 (research integration or research overview*).tw.
208.	(systematic* adj3 (review* or overview*)).tw.
209.	(methodologic* adj3 (review* or overview*)).tw.
210.	exp technology assessment biomedical/
211.	 (hta or thas or technology assessment*).tw.
212.	 ((hand adj2 search*) or (manual* adj search*)).tw.
213.	 ((electronic adj database*) or (bibliographic* adj database*)).tw.
214.	 ((data adj2 abstract*) or (data adj2 extract*)).tw.
215.	 (analys* adj3 (pool or pooled or pooling)).tw.
216.	 mantel haenszel.tw.
217.	 (cohrane or pubmed or pub med or medline or embase or psycinfo or psyclit or psychinfo or psychlit or cinahl or science citation indes).ab.
218.	or/200-217
219.	 189 and 218
220.	limit 219 to yr=”2006 -Current”
221.	 limit 219 to yr=”1902 -2005”

OR

ICON-Drug Therapy/Treatment
MEDLINE-Ovid
1.	 Neck Pain/
2.	 exp Brachial Plexus Neuropathies/
3.	 exp neck injuries/ or exp whiplash injuries/
4.	 cervical pain.mp.
5.	 neckache.mp.
6.	 whiplash.mp.
7.	 cervicodynia.mp.
8.	 cervicalgia.mp.
9.	 brachialgia.mp.
10.	 brachial neuritis.mp.
11.	 brachial neuralgia.mp.
12.	 neck pain.mp.
13.	 neck injur*.mp.
14.	 brachial plexus neuropath*.mp.
15.	 brachial plexus neuritis.mp.
16.	 thoracic outlet syndrome/ or cervical rib syndrome/
17.	 Torticollis/
18.	 exp brachial plexus neuropathies/ or exp brachial plexus neuritis/
19.	 cervico brachial neuralgia.ti,ab.
20.	 cervicobrachial neuralgia.ti,ab.
21.	 (monoradicul* or monoradicl*).tw.
22.	 or/1-21
23.	 exp headache/ and cervic*.tw.
24.	 exp genital diseases, female/
25.	 genital disease*.mp.
26.	 or/24-25
27.	 23 not 26
28.	 22 or 27
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29.	 neck/
30.	 neck muscles/
31.	 exp cervical plexus/
32.	 exp cervical vertebrae/
33.	 atlanto-axial joint/
34.	 atlanto-occipital joint/
35.	 Cervical Atlas/
36.	 spinal nerve roots/
37.	 exp brachial plexus/
38.	 (odontoid* or cervical or occip* or atlant*).tw.
39.	 axis/ or odontoid process/
40.	 Thoracic Vertebrae/
41.	 cervical vertebrae.mp.
42.	 cervical plexus.mp.
43.	 cervical spine.mp.
44.	 (neck adj3 muscles).mp.
45.	 (brachial adj3 plexus).mp.
46.	 (thoracic adj3 vertebrae).mp.
47.	 neck.mp.
48.	 (thoracic adj3 spine).mp.
49.	 (thoracic adj3 outlet).mp.
50.	 trapezius.mp.
51.	 cervical.mp.
52.	 cervico*.mp.
53.	 51 or 52
54.	 exp genital diseases, female/
55.	 genital disease*.mp.
56.	 exp *Uterus/
57.	 54 or 55 or 56
58.	 53 not 57
59.	 29 or 30 or 31 or 32 or 33 or 34 or 35 or 36 or 37 or 38 or 39 or 40 or 41 or 42 or 43 or 44 or 45 or 46 or 47 or 48 or 49 or 50 or 58
60.	 exp pain/
61.	 exp injuries/
62.	 pain.mp.
63.	 ache.mp.
64.	 sore.mp.
65.	 stiff.mp.
66.	 discomfort.mp.
67.	 injur*.mp.
68.	 neuropath*.mp.
69.	 or/60-68
70.	 59 and 69
71.	 Radiculopathy/
72.	 exp temporomandibular joint disorders/ or exp temporomandibular joint dysfunction syndrome/
73.	 myofascial pain syndromes/
74.	 exp “Sprains and Strains”/
75.	 exp Spinal Osteophytosis/
76.	 exp Neuritis/
77.	 Polyradiculopathy/
78.	 exp Arthritis/
79.	 Fibromyalgia/
80.	 spondylitis/ or discitis/
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81.	 spondylosis/ or spondylolysis/ or spondylolisthesis/
82.	 radiculopathy.mp.
83.	 radiculitis.mp.
84.	 temporomandibular.mp.
85.	 myofascial pain syndrome*.mp.
86.	 thoracic outlet syndrome*.mp.
87.	 spinal osteophytosis.mp.
88.	 neuritis.mp.
89.	 spondylosis.mp.
90.	 spondylitis.mp.
91.	 spondylolisthesis.mp.
92.	 or/71-91
93.	 59 and 92
94.	 exp neck/
95.	 exp cervical vertebrae/
96.	 Thoracic Vertebrae/
97.	 neck.mp.
98.	 (thoracic adj3 vertebrae).mp.
99.	 cervical.mp.
100.	cervico*.mp.
101.	 99 or 100
102.	exp genital diseases, female/
103.	genital disease*.mp.
104.	exp *Uterus/
105.	or/102-104
106.	101 not 105
107.	 (thoracic adj3 spine).mp.
108.	cervical spine.mp.
109.	 94 or 95 or 96 or 97 or 98 or 106 or 107 or 108
110.	 Intervertebral Disk/
111.	 (disc or discs).mp.
112.	 (disk or disks).mp.
113.	 110 or 111 or 112
114.	 109 and 113
115.	 herniat*.mp.
116.	 slipped.mp.
117.	 prolapse*.mp.
118.	 displace*.mp.
119.	 degenerat*.mp.
120.	 (bulge or bulged or bulging).mp.
121.	 115 or 116 or 117 or 118 or 119 or 120
122.	 114 and 121
123.	 intervertebral disk degeneration/ or intervertebral disk displacement/
124.	 intervertebral disk displacement.mp.
125.	 intervertebral disc displacement.mp.
126.	 intervertebral disk degeneration.mp.
127.	 intervertebral disc degeneration.mp.
128.	 123 or 124 or 125 or 126 or 127
129.	 109 and 128
130.	28 or 70 or 93 or 122 or 129
131.	 animals/ not (animals/ and humans/)
132.	 130 not 131
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133.	 exp *neoplasms/
134.	exp *wounds, penetrating/
135.	 133 or 134
136.	 132 not 135
137.	 Neck Pain/dt
138.	exp Brachial Plexus Neuropathies/dt
139.	 exp neck injuries/dt or exp whiplash injuries/dt
140.	 thoracic outlet syndrome/dt or cervical rib syndrome/dt
141.	 Torticollis/dt
142.	 exp brachial plexus neuritis/dt
143.	 or/137-142
144.	 Radiculopathy/dt
145.	 exp temporomandibular joint disorders/dt or exp temporomandibular joint dysfunction syndrome/dt
146.	myofascial pain syndromes/dt
147.	 exp “Sprains and Strains”/dt
148.	exp Spinal Osteophytosis/dt
149.	 exp Neuritis/dt
150.	Polyradiculopathy/dt
151.	 exp Arthritis/dt
152.	 fibromyalgia/dt
153.	 spondylitis/dt or discitis/dt
154.	 spondylosis/dt or spondylolysis/dt or spondylolisthesis/dt
155.	 or/144-154
156.	59 and 155
157.	 exp Drug Therapy/
158.	exp analgesics/
159.	 exp anti-inflammatory agents/
160.	exp muscle relaxants, central/
161.	 exp psychotropic drugs/
162.	 exp neuromuscular agents/
163.	 exp antidepressive agents/
164.	 exp tranquilizing agents/
165.	 exp Botulinum Toxins/
166.	botulin*.tw.
167.	 botox.tw.
168.	Prilocaine/
169.	 exp Nerve Block/
170.	 Injections, Intra-Articular/
171.	 injections, intramuscular/ or injections, epidural/ or injections, subcutaneous/ or injections, intradermal/
172.	 Lidocaine/
173.	 Morphine/
174.	 Methylprednisolone/
175.	 exp Glucocorticoids/
176.	 or/157-175
177.	 136 and 176
178.	 143 or 156 or 177
179.	 guidelines as topic/
180.	practice guidelines as topic/
181.	 guideline.pt.
182.	practice guideline.pt.
183.	 (guideline? or guidance or recommendations).ti.
184.	consensus.ti.
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185.	 or/179-184
186.	178 and 185
187.	 limit 186 to yr=”2006 -Current”
188.	 limit 186 to yr=”1902 -2005”
189.	 meta-analysis/
190.	exp meta-analysis as topic/
191.	 (meta analy* or metaanaly* or met analy* or metanaly*).tw.
192.	 review literature as topic/
193.	 (collaborative research or collaborative review* or collaborative overview*).tw.
194.	 (integrative research or integrative review* or intergrative overview*).tw.
195.	 (quantitative adj3 (research or review* or overview*)).tw.
196.	(research integration or research overview*).tw.
197.	 (systematic* adj3 (review* or overview*)).tw.
198.	(methodologic* adj3 (review* or overview*)).tw.
199.	 exp technology assessment biomedical/
200.	(hta or thas or technology assessment*).tw.
201.	((hand adj2 search*) or (manual* adj search*)).tw.
202.	((electronic adj database*) or (bibliographic* adj database*)).tw.
203.	((data adj2 abstract*) or (data adj2 extract*)).tw.
204.	(analys* adj3 (pool or pooled or pooling)).tw.
205.	mantel haenszel.tw.
206.	(cohrane or pubmed or pub med or medline or embase or psycinfo or psyclit or psychinfo or psychlit or cinahl or science citation indes).ab.
207.	 or/189-206
208.	178 and 207
209.	limit 208 to yr=”2006 -Current”
210.	 limit 208 to yr=”1902 -2005”

ICON-Treatment/Patient Education
MEDLINE-Ovid
1.	 Neck Pain/
2.	 exp Brachial Plexus Neuropathies/
3.	 exp neck injuries/ or exp whiplash injuries/
4.	 cervical pain.mp.
5.	 neckache.mp.
6.	 whiplash.mp.
7.	 cervicodynia.mp.
8.	 cervicalgia.mp.
9.	 brachialgia.mp.
10.	 brachial neuritis.mp.
11.	 brachial neuralgia.mp.
12.	 neck pain.mp.
13.	 neck injur*.mp.
14.	 brachial plexus neuropath*.mp.
15.	 brachial plexus neuritis.mp.
16.	 thoracic outlet syndrome/ or cervical rib syndrome/
17.	 Torticollis/
18.	 exp brachial plexus neuropathies/ or exp brachial plexus neuritis/
19.	 cervico brachial neuralgia.ti,ab.
20.	 cervicobrachial neuralgia.ti,ab.
21.	 (monoradicul* or monoradicl*).tw.
22.	 or/1-21
23.	 exp headache/ and cervic*.tw.
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24.	 exp genital diseases, female/
25.	 genital disease*.mp.
26.	 or/24-25
27.	 23 not 26
28.	 22 or 27
29.	 neck/
30.	 neck muscles/
31.	 exp cervical plexus/
32.	 exp cervical vertebrae/
33.	 atlanto-axial joint/
34.	 atlanto-occipital joint/
35.	 Cervical Atlas/
36.	 spinal nerve roots/
37.	 exp brachial plexus/
38.	 (odontoid* or cervical or occip* or atlant*).tw.
39.	 axis/ or odontoid process/
40.	 Thoracic Vertebrae/
41.	 cervical vertebrae.mp.
42.	 cervical plexus.mp.
43.	 cervical spine.mp.
44.	 (neck adj3 muscles).mp.
45.	 (brachial adj3 plexus).mp.
46.	 (thoracic adj3 vertebrae).mp.
47.	 neck.mp.
48.	 (thoracic adj3 spine).mp.
49.	 (thoracic adj3 outlet).mp.
50.	 trapezius.mp.
51.	 cervical.mp.
52.	 cervico*.mp.
53.	 51 or 52
54.	 exp genital diseases, female/
55.	 genital disease*.mp.
56.	 exp *Uterus/
57.	 54 or 55 or 56
58.	 53 not 57
59.	 29 or 30 or 31 or 32 or 33 or 34 or 35 or 36 or 37 or 38 or 39 or 40 or 41 or 42 or 43 or 44 or 45 or 46 or 47 or 48 or 49 or 50 or 58
60.	 exp pain/
61.	 exp injuries/
62.	 pain.mp.
63.	 ache.mp.
64.	 sore.mp.
65.	 stiff.mp.
66.	 discomfort.mp.
67.	 injur*.mp.
68.	 neuropath*.mp.
69.	 or/60-68
70.	 59 and 69
71.	 Radiculopathy/
72.	 exp temporomandibular joint disorders/ or exp temporomandibular joint dysfunction syndrome/
73.	 myofascial pain syndromes/
74.	 exp “Sprains and Strains”/
75.	 exp Spinal Osteophytosis/
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76.	 exp Neuritis/
77.	 Polyradiculopathy/
78.	 exp Arthritis/
79.	 Fibromyalgia/
80.	 spondylitis/ or discitis/
81.	 spondylosis/ or spondylolysis/ or spondylolisthesis/
82.	 radiculopathy.mp.
83.	 radiculitis.mp.
84.	 temporomandibular.mp.
85.	 myofascial pain syndrome*.mp.
86.	 thoracic outlet syndrome*.mp.
87.	 spinal osteophytosis.mp.
88.	 neuritis.mp.
89.	 spondylosis.mp.
90.	 spondylitis.mp.
91.	 spondylolisthesis.mp.
92.	 or/71-91
93.	 59 and 92
94.	 exp neck/
95.	 exp cervical vertebrae/
96.	 Thoracic Vertebrae/
97.	 neck.mp.
98.	 (thoracic adj3 vertebrae).mp.
99.	 cervical.mp.
100.	cervico*.mp.
101.	 99 or 100
102.	exp genital diseases, female/
103.	genital disease*.mp.
104.	exp *Uterus/
105.	or/102-104
106.	101 not 105
107.	 (thoracic adj3 spine).mp.
108.	cervical spine.mp. (6506)
109.	 94 or 95 or 96 or 97 or 98 or 106 or 107 or 108
110.	 Intervertebral Disk/
111.	 (disc or discs).mp.
112.	 (disk or disks).mp.
113.	 110 or 111 or 112
114.	 109 and 113
115.	 herniat*.mp.
116.	 slipped.mp.
117.	 prolapse*.mp.
118.	 displace*.mp.
119.	 degenerat*.mp.
120.	 (bulge or bulged or bulging).mp.
121.	 115 or 116 or 117 or 118 or 119 or 120
122.	 114 and 121 (2018)
123.	 intervertebral disk degeneration/ or intervertebral disk displacement/
124.	 intervertebral disk displacement.mp.
125.	 intervertebral disc displacement.mp.
126.	 intervertebral disk degeneration.mp.
127.	 intervertebral disc degeneration.mp.
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128.	 123 or 124 or 125 or 126 or 127
129.	 109 and 128
130.	28 or 70 or 93 or 122 or 129
131.	 animals/ not (animals/ and humans/)
132.	 130 not 131
133.	 exp *neoplasms/
134.	exp *wounds, penetrating/
135.	 133 or 134
136.	 132 not 135
137.	 Patient Education as Topic/
138.	exp Professional-Patient Relations/
139.	 exp Health Education/
140.	exp Consumer Satisfaction/
141.	 Patient Advocacy/
142.	 Patient Participation/
143.	 exp Patient Compliance/
144.	� (professional patient communication or physician patient communication or doctor patient communication or nurse patient communication or 

dentist patient communication).tw.
145.	 (professional patient relation: or physician patient relation: or doctor patient relation: or nurse patient relation: or dentist patient relation:).tw.
146.	 (professional patient interaction: or physician patient interaction: or dentist patient interaction: or chiropractor patient interaction:).tw.
147.	 (patient physician communication or patient doctor communication or patient nurse communication or patient dentist communication).tw.
148.	 (patient professional relation: or patient physician relation: or patient doctor relation: or patient nurse relation: or patient dentist relation:).tw.
149.	� (patient professional interaction: or patient physician interaction: or patient doctor interaction: or patient nurse interaction: or patient dentist inter-

action:).tw.
150.	 (educat: adj (patient: or consumer: or health:)).tw.
151.	 (information adj (patient: or consumer: or health:)).tw.
152.	 (advice adj (patient: or consumer: or health:)).tw.
153.	 consumer health information.tw.
154.	 (shared decisionmaking or informed choice).tw.
155.	 (shared decision making or informed choice).tw.
156.	pamphlets/ or exp teaching materials/
157.	 Self Care/
158.	 Information Dissemination/
159.	 Information Services/
160.	Teaching/
161.	 or/137-160
162.	 136 and 161
163.	 exp randomized controlled trials as topic/
164.	 randomized controlled trial.pt.
165.	 controlled clinical trial.pt.
166.	 (random* or sham or placebo*).tw.
167.	 placebos/
168.	 random allocation/
169.	 single blind method/
170.	 double blind method/
171.	 ((singl* or doubl* or trebl* or tripl*) adj25 (blind* or dumm* or mask*)).ti,ab.
172.	 (rct or rcts).tw.
173.	 (control* adj2 (study or studies or trial*)).tw.
174.	 or/163-173
175.	 162 and 174
176.	 limit 175 to yr=”2006 -Current”
177.	 limit 175 to yr=”1902 - 2005”
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178.	 guidelines as topic/
179.	 practice guidelines as topic/
180.	guideline.pt.
181.	 practice guideline.pt.
182.	 (guideline? or guidance or recommendations).ti.
183.	 consensus.ti.
184.	or/178-183
185.	 162 and 184
186.	 limit 185 to yr=”2006 -Current”
187.	 limit 185 to yr=”1902 - 2005”
188.	meta-analysis/
189.	 exp meta-analysis as topic/
190.	(meta analy* or metaanaly* or met analy* or metanaly*).tw.
191.	 review literature as topic/
192.	 (collaborative research or collaborative review* or collaborative overview*).tw.
193.	 (integrative research or integrative review* or intergrative overview*).tw.
194.	 (quantitative adj3 (research or review* or overview*)).tw.
195.	 (research integration or research overview*).tw.
196.	(systematic* adj3 (review* or overview*)).tw.
197.	 (methodologic* adj3 (review* or overview*)).tw.
198.	exp technology assessment biomedical/
199.	 (hta or thas or technology assessment*).tw.
200.	((hand adj2 search*) or (manual* adj search*)).tw.
201.	((electronic adj database*) or (bibliographic* adj database*)).tw.
202.	((data adj2 abstract*) or (data adj2 extract*)).tw.
203.	(analys* adj3 (pool or pooled or pooling)).tw.
204.	mantel haenszel.tw.
205.	(cohrane or pubmed or pub med or medline or embase or psycinfo or psyclit or psychinfo or psychlit or cinahl or science citation indes).ab.
206.	or/188-205
207.	 162 and 206
208.	limit 207 to yr=”2006 -Current”
209.	limit 207 to yr=”1902 - 2005”
210.	 (ae or to or po or co).fs.
211.	 (safe or safety or unsafe).tw.
212.	 (side effect* or side event*).tw.
213.	 ((adverse or undesirable or harm* or injurious or serious or toxic) adj3 (effect* or event* or reaction* or incident* or outcome*)).tw.
214.	 (abnormalit* or toxicit* or complication* or consequence* or noxious or tolerabilit*).tw.
215.	 or/210-214
216.	 162 and 215
217.	 limit 216 to yr=”2006 -Current”
218.	 limit 216 to yr=”1902 - 2005”
219.	 limit 185 to yr=”2000 -Current”
220.	from 219 keep 1-21
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M
usculoskeletal pain is a common global condition. The 
prevalence of this condition is high, and musculoskeletal 
pain causes many years lived with disability. For instance, 
global prevalence for low back pain (LBP) is 9.4%, and

LBP ranks first among causes of years 
lived with disability.41,58 Musculoskeletal 
pain also poses an economic burden on 
society. Direct health care costs, social 
compensation, retirement pensions, and 
other indirect costs contribute to this 
load.3,60 To reduce this burden, effective 
management of pain and physical func-
tion for individuals with musculoskel-
etal pain is a challenge to society and 
clinicians.

Emotions, thoughts, beliefs, behav-
iors, and perceptions are increasingly 
accepted as important elements in the 
management of musculoskeletal pain.39 
Illness perceptions are the organized rep-
resentations patients have about their 
illness and belong to the core concepts 
of the Common-Sense Model of Self-
Regulation of Health and Illness (CSM). 
The CSM is based on a parallel-process-
ing model that describes behavior in re-
sponse to health threats. In this model, 
a health threat is theorized to generate 
both cognitive representations (danger 
control) and emotional states of fear and 
distress (fear control).33 Based on initial 
clinical research, 5 illness perception di-
mensions have been identified.

UU BACKGROUND: In the literature, illness 
perceptions have been reported to be impor-
tant psychological factors associated with pain 
intensity and physical function in individuals with 
musculoskeletal pain.

UU OBJECTIVE: To assess the relationship of 
illness perceptions with pain intensity and physical 
function in individuals with noncancer musculo-
skeletal pain.

UU METHODS: In this systematic review, relevant 
literature databases, including PubMed, Embase, 
PsycINFO, CINAHL, and SPORTDiscus, were 
searched from inception through December 12, 
2017. Two authors (E.D.R. and H.W.) independently 
performed the search procedures, according to the 
Preferred Reporting Items for Systematic Reviews 
and Meta-Analyses and the A MeaSurement Tool 
to Assess systematic Reviews guidelines, and 
the risk-of-bias assessment, using the QUality In 
Prognosis Studies tool. A qualitative best-evidence 
synthesis was performed.

UU RESULTS: A total of 26 articles were included 
in the review. There were 11 cross-sectional studies 
concerning associations of illness perceptions with 
pain intensity and 11 cross-sectional studies of asso-

ciations of illness perceptions with physical function. 
For the prognosis of pain intensity by illness percep-
tions, the authors found 4 longitudinal studies, and 
for the prognosis of physical function by illness 
perceptions, the authors found 12 longitudinal stud-
ies. All studies except 1 had high risk of bias. Across 
15 cross-sectional studies on 9 different musculo-
skeletal conditions, the researchers found limited to 
moderate evidence for a consistent direction of the 
relationship of illness perceptions with pain intensity 
and physical function. Higher maladaptive illness 
perceptions imply stronger pain intensity and more 
limitation in physical function. Evidence in longitudi-
nal studies is lacking, especially on pain.

UU CONCLUSION: There is limited to moder-
ate evidence for the cross-sectional relation-
ship between illness perceptions and various 
musculoskeletal conditions. The prognostic 
value, however, remains unclear. Future research 
is recommended to investigate the longitudinal 
relationship between illness perception domains 
and outcomes in greater detail. J Orthop Sports 
Phys Ther 2018;48(10):789-800. Epub 10 May 
2018. doi:10.2519/jospt.2018.8072

UU KEY WORDS: disability, low back pain, pain 
management
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1.	 Identity: the label or name given to 

the condition by patients and the 
symptoms that are perceived to go 
with it

2.	 Timeline-chronic: how long the pa-
tient believes the illness will last

3.	 Consequences: how strong the impact 
of the patient’s illness is on, for exam-
ple, pain or physical function

4.	 Causal beliefs: the patient’s beliefs 
about what causes the illness

5.	 Control beliefs: the patient’s beliefs 
about how to control or recover from 
the illness
Ongoing research has explored and 

added the dimensions of timeline-cy-
clical (periodic changes in symptoms), 
coherence (making sense of the illness), 
emotional representations (impact on 
emotional level), and concern (anxious-
ness about the illness) to the CSM.6,43

Recent research shows that illness 
perceptions have associations with sever-
al outcomes in acute and chronic illness, 
including self-management behaviors 
and quality of life.35 These perceptions 
are associated with outcomes in a vari-
ety of diseases.19 Although promising, the 
literature is not unambiguous. For in-
stance, the illness perception dimensions 
of timeline-chronic, consequences, and 
control beliefs have been recognized as 
prognostic factors for limitation in physi-
cal function in patients with LBP.12,40 But, 
other studies have shown different per-
ception dimensions to be associated with 
outcomes of LBP.2,15

It has been suggested that changes 
in illness perceptions may predict sub-
sequent physical function in conditions 
such as LBP, but relatively few interven-
tion studies have been conducted. In 
a randomized controlled trial for LBP, 
Siemonsma et al53 concluded that there 
were improvements in patient-relevant 
physical activities at 18-week follow-up 
after cognitive treatment of illness per-
ceptions. This study and others have 
shown that influencing perceptions can 
improve physical functioning.42

Evaluating and addressing illness 
perceptions may be an important com-

ponent in the treatment of patients with 
musculoskeletal pain. However, to the 
authors’ knowledge, no systematic review 
has evaluated the relationship between 
illness perceptions and pain intensity and 
physical functioning in individuals with 
musculoskeletal pain. Therefore, this re-
view explores the relationship of illness 
perceptions with pain intensity and phys-
ical function in patients with musculo-
skeletal pain in both cross-sectional and 
longitudinal studies. This review specifi-
cally asked (1) what associations illness 
perceptions may have with pain intensity 
and physical function in patients with 
musculoskeletal pain and (2) whether 
illness perceptions may be prognostic for 
pain intensity and physical function in 
patients with musculoskeletal pain.

METHODS

T
his systematic review was writ-
ten in accordance with Preferred Re-
porting Items for Systematic Reviews 

and Meta-Analyses guidelines38 and the A 
MeaSurement Tool to Assess systematic 
Reviews checklist.52 Details of the protocol 
for this study were registered with PROS-
PERO and can be accessed at http://www.
crd.york.ac.uk/PROSPERO/display_ 
record.asp?ID=CRD42016026759.

The following terms with their defi-
nitions were used in this review: mus-
culoskeletal pain is pain felt within the 
context of the following musculoskeletal 
conditions, according to the European 
Musculoskeletal Conditions Surveillance 
and Information Network11: (1) joint 
conditions (ie, rheumatoid arthritis, os-
teoarthritis), (2) bone conditions (ie, os-
teoporosis), (3) spinal disorders (ie, LBP), 
(4) regional and widespread pain disor-
ders, (5) musculoskeletal injuries, and 
(6) multisystem inflammatory diseases. 
Illness perceptions are the organized rep-
resentations patients have about their ill-
ness that belong to the core concepts of the 
CSM.34 Illness perceptions can be assessed 
by 3 validated questionnaires: (1) the Ill-
ness Perception Questionnaire (IPQ),59 
(2) the Illness Perception Questionnaire 
revised (IPQ-R),43 and (3) the Brief IPQ.29 
All 3 questionnaires have good psycho-
metric properties.36 TABLE 1 presents the 
number of questions per illness percep-
tion dimension and their outcome scores.

The authors of this systematic review 
hypothesized that a high score on the 
dimensions of consequences, timeline, 
identity, concern, and emotional represen-
tations would be indicative of maladaptive 
illness perceptions. On the dimensions of 
control beliefs and coherence, a low score 

TABLE 1
Number of Questions Per Illness Perception 
Dimension and Their Outcome Score Ranges

Abbreviations: IPQ, Illness Perception Questionnaire; IPQ-R, Illness Perception Questionnaire revised.
*Scored on a 5-point Likert scale (1-5).
†Scored on a numeric rating scale (0-10).
‡Psychological, risk, immune, chance.

Domain IPQ IPQ-R Brief IPQ

Consequences 7 items (7-35)* 6 items (6-30)* 1 item (0-10)†

Timeline-chronic 3 items (3-15)* 6 items (6-30)* 1 item (0-10)†

Timeline-cyclical 4 items (4-20)*

Control beliefs-personal 6 items (6-30)* 6 items (6-30)* 1 item (0-10)†

Control beliefs-treatment 5 items (5-25)* 1 item (0-10)†

Identity 12 items 14 items 1 item (0-10)†

Concern 1 item (0-10)†

Coherence 5 items (5-25)* 1 item (0-10)†

Emotional representations 6 items (6-30)* 1 item (0-10)†

Causal beliefs 18 items (no sum) 19 items (4 categories,‡ no sum) 1 item (open)
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would indicate maladaptive illness percep-
tions.4 The authors considered a positive 
association between illness perceptions 
and higher pain intensity or limited phys-
ical function to constitute maladaptive 
illness perceptions. Therefore, the asso-
ciations found for the illness perception 
dimensions of control beliefs (personal/
treatment) and coherence were converted 
before being presented in this study’s re-
sults. The illness perception dimension 
of causal beliefs is the only dimension 
that has a nominal measurement scale. 
Because of this nominal scale, it was not 
possible within this review to report an as-
sociation or prognostic value of the illness 
perception dimension of causal beliefs 
with pain intensity or physical function.

Pain is defined as an unpleasant sen-
sory and emotional experience associated 
with actual or potential tissue damage 
or described in terms of such damage.30 
Questionnaires assessing pain intensity 
may have opposing scores. For instance, 
a high score on the numeric pain-rating 
scale indicates higher pain intensity, 
whereas a high score on the bodily pain 
dimension of the Medical Outcomes 
Study 36-Item Short-Form Health Sur-
vey indicates less pain. To resolve such 
discrepancies, the authors converted all 
pain measurement scales so that high-
er scores would indicate higher pain 
intensity.

Physical function is the self-reported 
capability to perform physical activities, 
rather than an objective assessment of 
performance. This includes the function-
ing of one’s upper extremities (dexterity), 
lower extremities (walking or mobility), 
and central regions (neck, back), as well 
as instrumental activities of daily living, 
such as running errands.23 Question-
naires assessing physical function may 
also have opposing scores. For instance, 
a high score on the Roland-Morris Dis-
ability Questionnaire indicates more 
limitation, but a high score on the physi-
cal functioning dimension of the Medi-
cal Outcomes Study 36-Item Short-Form 
Health Survey indicates less limitation. 
To resolve such differences, the reported 

association was converted so that higher 
scores would indicate more limitation in 
physical function.

Because most longitudinal studies 
had follow-up assessments at 3, 6, and 
12 months, the authors summarized the 
data from the longitudinal studies by 
time intervals of less than 6 months, 6 to 
12 months, and greater than 12 months.

Data Sources and Searches
Potentially relevant studies were identi-
fied through searches in the following 
electronic databases: PubMed, Embase, 
PsycINFO, CINAHL, and SPORTDis-
cus. The databases were searched from 
inception to December 12, 2017. A com-
prehensive search strategy was developed 
in consultation with a medical informa-
tion specialist (J.M.). The search strategy 
consisted of 2 major elements: musculo-
skeletal pain and illness perceptions. The 
authors used 2 search strategies for mus-
culoskeletal pain and combined the re-
sults: one strategy used terms regarding 
pain in combination with musculoskel-
etal diseases and/or musculoskeletal sys-
tems, and the other strategy used terms 
regarding musculoskeletal pain. For each 
search, the researchers used all known 
synonyms and related terms to develop 
as sensitive a search as possible. The key 
terms were mapped to medical subject 
headings, and title and abstract search 
words and phrases were added.

The authors built the search string 
for PubMed and then translated it to 
the other databases. All databases were 
individually searched. The researchers 
imported identified references into Ref-
Works (ProQuest LLC, Ann Arbor, MI) 
and removed duplicates with the close 
deduplication algorithm from RefWorks. 
They manually verified the result of the 
automatic deduplication. The search 
strings for all databases are available on 
request from the corresponding author. 
In addition to the database searches, the 
authors also searched the gray literature, 
including the following electronic sources 
up to October 5, 2016: the DART-Europe 
E-theses Portal, Open Access Theses and 

Dissertations, Networked Digital Library 
of Theses and Dissertations, ClinicalTri-
als.gov, and World Health Organization 
International Clinical Trials Registry 
Platform. In addition, the references of 
the included articles and recently pub-
lished review articles were screened for 
additional publications.

Study Selection
In the first round, 2 authors (E.D.R. and 
H.W.) independently reviewed all titles 
and abstracts and excluded all studies 
that did not fulfill the inclusion criteria. 
If an abstract was noninformative but po-
tentially relevant, the full-text article was 
read. In the second round, the full texts 
of all articles were read for fulfillment 
of all inclusion criteria and selected by 
2 independent authors. Articles on psy-
chometric properties or with qualitative 
designs were excluded. Any disagreement 
was resolved by discussion and consensus 
with a third author (R.O.).

The studies had to meet the follow-
ing criteria for final inclusion: (1) study 
population of individuals with musculo-
skeletal pain, as defined by the European 
Musculoskeletal Conditions Surveillance 
and Information Network,11 (2) measures 
of illness perceptions with questionnaires 
based on the CSM, (3) measures of pain 
and physical function with self-reported 
questionnaires, and (4) study designs that 
included cohort studies, cross-sectional 
studies, and randomized controlled trials.

To answer the research questions 
concerning associations of illness per-
ceptions with pain intensity and physical 
function, the authors considered cross-
sectional studies or longitudinal studies 
most appropriate. To answer the research 
questions concerning prognoses by ill-
ness perceptions of increased pain inten-
sity and increased limitation in physical 
function, the researchers considered lon-
gitudinal studies most appropriate. They 
excluded qualitative studies.

Data Extraction and Quality Assessment
Two authors developed and independent-
ly completed the data-extraction form, 
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which included author, publication year, 
study design, number of participants, 
study setting, characteristics of the study 
population (eg, musculoskeletal disorder, 
type of illness perceptions), measure-
ment instruments of pain and limitation 
in physical function, and outcome and 
statistical measures (correlations, odds 
ratios, and regression coefficients).

The risk of bias was assessed using the 
QUality in Prognosis Studies (QUIPS) 
tool27 by 2 authors independently. This 
tool has 31 items that are scored as “yes” 
(fulfilled), “/” (partial), “no” (not fulfilled), 
or “?” (unclear whether criterion is ful-
filled). The 31 items cover 6 domains for 
potential bias: study participation, study 
attrition, prognostic factor measurement, 
outcome measurement, study confound-
ing, and statistical analysis. These do-
mains are labeled “high,” “moderate,” or 
“low” risk of bias, based on the individual 
item’s score within each domain, as de-
scribed by Hayden et al.22 A study has a 
low risk of bias if all 6 domains are rated 
as low risk of bias. Any disagreement was 
resolved by discussion and consensus. It is 
recommended not to report a total score 
of the 31 items for overall study quality.22

Data Synthesis and Analysis
Descriptive statistics were used to sum-
marize the medical condition, number of 
participants, age, sex, study design, and 
questionnaires used for illness percep-
tions/pain intensity/physical function 
across all included studies. Extraction of 
results focused on obtaining unadjusted 
and adjusted correlations, regression co-
efficients, relative risks, odds ratios, and 
95% confidence intervals. To explore 
possible publication bias or outcome re-
porting bias, funnel plots were made by 
plotting all extracted data against the 
number of participants in each study.

To assess statistical heterogeneity, the 
I2 test was used. As proposed by Higgins 
et al,24 a value higher than 50% was con-
sidered an indicator of substantial het-
erogeneity. As outcomes were considered 
too heterogeneous, the authors refrained 
from statistical pooling and summarized 

the evidence qualitatively, according to 
Hayden et al21 (TABLE 2).

RESULTS

Study Selection

T
he literature search generated 
a total of 1418 references: PubMed, 
411; PsycINFO, 381; Embase, 314; CI-

NAHL, 253; and SPORTDiscus, 59. A total 
of 114 references were identified in the gray 
literature. After screening for duplicates 

(J.M.), 1045 were included for screening. 
Two authors (E.D.R. and H.W.) indepen-
dently screened all 1159 studies for eligibil-
ity, using the inclusion/exclusion criteria. 
A total of 26 studies met these criteria and 
were included in the review (FIGURE).

Study Characteristics
TABLE 3 shows the study characteristics of 
the 26 included papers. The number of 
participating patients in studies varied 
from 1117 to 2113.25 Twelve different mus-

TABLE 2 Levels of Evidence21

Level Description

Strong Consistent findings (defined as greater than 75% of studies showing the same direction of effect) 
in multiple low-risk-of-bias studies

Moderate Consistent findings in multiple high-risk-of-bias studies and/or 1 study with low risk of bias

Limited 1 study available

Conflicting Inconsistent findings across studies

No evidence No association between variables for association or prognosis

Records screened, n = 1159

Id
en

tifi
ca

tio
n

Sc
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en
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g
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ty
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ed

Records identified through database 
searching, n = 1418

Records after duplicates removed, 
n = 1045

Additional records identified through 
other sources, n = 114

Records excluded, n = 1036
• Qualitative design 
• Psychometric studies
• No patients with musculoskeletal 

pain 
• Surgery intervention studies

Full-text articles assessed for eligibility, n = 123

Studies included in qualitative synthesis, n = 26

Full-text articles excluded, n = 97
• No original research (ie, 

congress poster or abstract)
• No pain intensity or physical 

function outcome measures
• No illness perception measures

FIGURE. Flow chart.
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culoskeletal conditions were identified: 
(1) rheumatoid arthritis,18,45,48,50,51,56 (2) 
LBP,2,7,12,16,37,49 (3) chronic pain,14,32,42,44 (4) 
chronic headache,4 (5) fibromyalgia,55,57 
(6) systemic lupus erythematosus,17 (7) 
hand problems,26 (8) chronic repetitive 
strain injuries,54 (9) acute injury,8 (10) 
chronic orofacial pain,13 (11) gout,9 and 
(12) osteoarthritis of the knee.27

For this study’s research questions 
concerning associations of illness per-

ceptions with pain intensity, the authors 
found 11 cross-sectional studies (APPENDIX 

A, available at www.jospt.org), and for ill-
ness perceptions with physical function, 
11 cross-sectional studies (APPENDIX B, 
available at www.jospt.org). The study of 
Groarke et al18 has a longitudinal design, 
but cross-sectional associations were also 
reported and were used to answer the 
questions of illness perceptions’ associa-
tion with pain intensity or physical func-

tion. For the prognosis of pain intensity by 
illness perception, the researchers found 4 
longitudinal studies (APPENDIX C, available 
at www.jospt.org), and for the prognosis 
of physical function by illness perception, 
10 longitudinal studies (APPENDIX D, avail-
able at www.jospt.org).

Risk of Bias
All studies but 1 had a high risk of bias 
(TABLE 4). The study by Foster et al12 was 

	

TABLE 3 Study Characteristics

Study Condition Study Sample Study Design IP Pain
Physical 
Function Comments

Scharloo et al50 RA, 12.0 ± 8.2 y n = 84; 51.7 ± 12.6 y; 
75% female

Cross-sectional IPQ … SF-20, HAQ SF-20: higher score, fewer limitations; 
HAQ: higher score, more limitations

Scharloo et al51 RA, 12.4 ± 8.5 y n = 71; 52.2 ± 12.2 y; 
75% female

Longitudinal IPQ VAS HAQ Time interval, 12 ± 2 mo
VAS: higher score, more pain; HAQ: 

higher score, more limitations

Groarke et al18 RA, 12.6 ± 10.8 y n = 75 at baseline and 
n = 52 at follow-up; 
60.1 ± 12.1 y; 100% 
female

Cross-sectional, 
longitudinal

IPQ AIMS AIMS Time interval, 12 and 24 mo
AIMS: higher score, more pain and more 

limitations

Goodman et al17 Systemic lupus erythema-
tosus

n = 11; age and sex 
unknown

Longitudinal IPQ-R … SF-36 Time interval, 7 wk
SF-36: higher score, fewer limitations

Stuifbergen et al55 Fibromyalgia, >1 y n = 160; 18-75 y; 100% 
female

Cross-sectional IPQ-R … SF-36 SF-36: higher score, fewer limitations

Hill et al26 Musculoskeletal hand 
problems (chronic)

n = 2113; 65.4 ± 9.6 y; 
63% female

Cross-sectional IPQ-R AIMS AIMS AIMS: higher score, more pain and more 
limitations

Moss-Morris et al42 Chronic pain, 7.1 ± 6.9 y n = 98; 42.4 ± 9.5 y; 
65% female

Longitudinal IPQ-R ... SF-36 Time interval, 4 wk
SF-36: higher score, fewer limitations

Sluiter and Frings-
Dresen54

Chronic RSI, 5.8 ± 3.2 y n = 1121; 40.8 ± 8.7 y; 
67% female

Cross-sectional Brief IPQ SF-36, VAS SF-36 VAS: higher score, more pain; SF-36: 
higher score, less pain and fewer 
limitations

Foster et al12 LBP, >1 mo to <3 y n = 1591; 43.9 ± 10.3 y; 
59% female

Longitudinal IPQ-R … RMDQ Time interval, 6 mo
RMDQ: higher score, fewer limitations

van Wilgen et al57 Fibromyalgia, about 10 y n = 51; 44.0 ± 10.0 y; 
92% female

Cross-sectional IPQ-R NRS … NRS: higher score, more pain

Broadbent et al4 Persistent headache n = 65; age and sex 
unknown

Cross-sectional Brief IPQ NRS … NRS: higher score, more pain

Chaboyer et al8 Injury (acute) n = 114; <45 y, 24%; 
33% female

Longitudinal IPQ-R … SF-36 Time interval, 6 mo
SF-36: higher score, fewer limitations

Galli et al13 Chronic orofacial pain, 
>3 mo

n = 82; 45.7 ± 16.0 y; 
75% female

Longitudinal IPQ-R NRS GCPS Time interval, 3 and 6 mo
NRS: higher score, more pain; GCPS: 

higher score, more limitations

Nicklas et al44 Nonmalignant chronic pain, 
10 y (6 mo to 42 y)

n = 217; age and sex 
unknown

Cross-sectional IPQ-R NRS … NRS: higher score, more pain

Dalbeth et al9 Gout, <10 y n = 132; 57 y (21-85 y); 
0% female

Longitudinal Brief IPQ … HAQ Time interval, 12 mo
HAQ: higher score, more limitations

Patient Characteristics Measurement Instruments

Table continues on page 794.
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scored as low risk on all 6 domains. There 
was considerable variance between stud-
ies in percentages of items scored “yes,” 
ranging from 29%47 to 87%,2,12,13,28,45 with 
an average of 66%. The QUIPS domain 
“study confounding” was most frequent-
ly scored as high risk of bias, and “study 
participation” was scored most frequently 
as low risk of bias. After initial assess-
ment, there was 82% agreement on the 
risk-of-bias assessment of the 6 QUIPS 
domains between the 2 independent re-
viewers (E.D.R. and H.W.). Differences 

were resolved between the 2 assessors 
without the need to consult a third as-
sessor. Funnel plots were processed and 
showed risk of publication bias for all ill-
ness perception dimensions.

Results of Individual Studies
The data extraction for all 26 studies is 
presented in tables comprising APPENDI-

CES A through D. The authors found a total 
of 321 different variables for illness per-
ceptions’ association with or prognosis 
for pain intensity and physical function. 

These variables ranged from univari-
ate, multivariate, beta, and odds ratio to 
relative risk. For the prognostic value of 
illness perceptions for pain, the research-
ers found only 4 studies with short- or 
medium-term results.16,18,27,51 They found 
no studies with long-term results of more 
than 1 year.

Synthesis of Results
The authors considered methodologi-
cal heterogeneity based on the I2 test of 
more than 50% on all associations and 

	

TABLE 3 Study Characteristics (continued)

Abbreviations: AIMS, Arthritis Impact Measurement Scales; CPGS, Chronic Pain Grade Scale; CT, chiropractic; EQ-5D, EuroQol-5 dimensions; GCPS, Graded 
Chronic Pain Scale; HAQ, Health Assessment Questionnaire; IP, illness perception; IPQ, Illness Perception Questionnaire; IPQ-R, Illness Perception Question-
naire revised; LBP, low back pain; MPQ, McGill Pain Questionnaire; NRS, numeric rating scale; OA, osteoarthritis; ODI, Oswestry Disability Index; PT, 
physical therapy; RA, rheumatoid arthritis; RAPS, Rheumatoid Arthritis Pain Scale; RMDQ, Roland-Morris Disability Questionnaire; RSI, repetitive strain 
injury; SF-20, Medical Outcomes Study 20-Item Short-Form Health Survey; SF-36, Medical Outcomes Study 36-Item Short-Form Health Survey; VAS, visual 
analog scale; WOMAC, Western Ontario and McMaster Universities Osteoarthritis Index.

Study Condition Study Sample Study Design IP Pain
Physical 
Function Comments

van Os et al56 RA, 12.5 ± 10.7 y n = 230; 57.3 ± 15.1 y; 
76% female

Cross-sectional IPQ-R EQ-5D HAQ EQ-5D: higher score, more pain; HAQ: 
higher score, more limitations

Gillanders et al14 Chronic pain, >6 mo n = 150; 50.8 ± 13.2 y; 
67% female

Cross-sectional IPQ-R MPQ RMDQ MPQ: higher score, more pain; RMDQ: 
higher score, fewer limitations

Campbell et al7 LBP, 22.3% for >3 y n = 488; 47.4 ± 9.0 y; 
62% female

Longitudinal IPQ-R … CPGS Time interval, 6 mo and 5 y
CPGS: higher score, more pain-related 

limitations

Glattacker et al16 Chronic LBP, 96% for >1 y n = 105; 54.9 ± 11.0 y; 
63% female

Longitudinal IPQ-R VAS SF-36, ODI Time interval, 1 mo and 6 mo
VAS: higher score, more pain; SF-36: 

higher score, fewer limitations; ODI: 
higher score, more limitations

Norton et al45 RA, 5.7 ± 5.7 y n = 227; 57.7 ± 15.0 y; 
76% female

Cross-sectional IPQ-R EQ-5D HAQ EQ-5D: higher score, more pain; HAQ: 
higher score, more limitations

Rezaei et al48 RA, 12.5 ± 10.7 y n = 100; 45.5 ± 14.0 y; 
72% female

Cross-sectional Brief IPQ RAPS … RAPS: higher score, less pain

Bishop et al2 LBP, 12.6% for <6 wk n = 485; 55.0 ± 15.1 y; 
69% female

Longitudinal Brief IPQ … RMDQ Time interval, 2 wk, 3 and 6 mo
RMDQ: higher score, fewer limitations

Hirsch27 OA of the knee, 6.3 ± 7.3 y n = 141; 63.8 ± 11.2 y; 
62% female

Longitudinal IPQ-R VAS, WOMAC … Time interval, 3 and 9 wk
VAS: higher score, more pain

Roios et al49 LBP, >3 mo CT group, n = 213 and 
PT group, n = 125; 
46.2 ± 11.6 y and 
48.0 ± 13.0 y; 51% 
female and 70% 
female

Cross-sectional IPQ-R … ODI ODI: higher score, more limitations

Järemo et al32 Chronic pain n = 152; 46.3 ± 14 y; 
91% female

Cross-sectional IPQ-R SF-36 SF-36 SF-36: higher score, fewer limitations

Leysen et al37 Chronic LBP, >3 mo n = 48; 47.0 ± 15 y; 61% 
female

Cross-sectional IPQ-R … ODI ODI: higher score, more limitations

Patient Characteristics Measurement Instruments
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prognostic outcome scores of the includ-
ed studies.24 Clinical heterogeneity dif-
fered among studies due to the diversity 
of study characteristics, such as number 
of patients, age, musculoskeletal con-
dition, and duration of symptoms. The 
measurement instruments of illness 
perceptions, pain intensity, and physical 
function were also diverse across stud-
ies. Three different versions of the IPQ 
were used: the IPQ,59 the IPQ-R,43 and 
the Brief IPQ.6 For the outcome mea-
sures of pain intensity, 8 different instru-
ments were used, and for limitations in 
physical function, 8 instruments were 
employed (TABLE 3).

Due to heterogeneity, the authors 
could not perform a meta-analysis; the 
data were summarized qualitatively.

TABLE 5 shows the level of evidence, 
according to Hayden et al,21 for illness 
perception dimensions related to pain 
intensity or physical function in muscu-
loskeletal pain.

Association of Illness Perceptions  
With Pain or Physical Function
Pain Intensity  There is moderate evi-
dence in 9 cross-sectional studies for 
a positive association (ie, maladaptive 
illness perceptions are associated with 
higher levels of pain), based on univari-

ate regression, of all illness perception 
dimensions with pain intensity (TABLE 

5). This positive direction of the associa-
tions of all illness perceptions with pain 
intensity was consistent across 8 different 
conditions (APPENDIX A). The strongest as-
sociations were found for the illness per-
ception dimensions of consequences and 
identity. For instance, the study by Gil-
landers et al14 reported a positive associa-
tion of illness perception (consequences 
domain) with increased pain (r = 0.47) in 
150 patients with chronic pain, meaning 
a high score on the dimension of conse-
quences is associated with increased pain 
intensity.

	

TABLE 4 Scores on Methodological Quality Assessment

Study Study Participation Study Attrition
Prognostic Factor 
Measurement

Outcome 
Measurement Study Confounding

Statistical Analysis 
and Reporting

Cross-sectional designs

Scharloo et al50 Moderate Not applicable Low Low Moderate Low

Groarke et al18 Low Not applicable High Low High Low

Stuifbergen et al55 Moderate Not applicable Low Low High Low

Hill et al26 Low Not applicable Low Low High Low

Sluiter and Frings-Dresen54 Moderate Not applicable Moderate Low High Low

van Wilgen et al57 Moderate Not applicable Low Low High Low

Broadbent et al4 High Not applicable Moderate Moderate High Low

Nicklas et al44 Low Not applicable Moderate Moderate High Low

van Os et al56 Moderate Not applicable Low Low Low Low

Gillanders et al14 Low Not applicable Low Low High Low

Norton et al45 Low Not applicable Low Low High Low

Rezaei et al48 Low Not applicable Low Low High Low

Roios et al49 Low Not applicable Low Low High Low

Järemo et al32 Low Not applicable Moderate Low High Low

Leysen et al37 Low Not applicable Low Low High Low

Longitudinal designs

Scharloo et al51 Low High High Low Low Low

Groarke et al18 Low Moderate High Low High Low

Goodman et al17 High High Moderate Low High Low

Moss-Morris et al42 Low Moderate Moderate Low High Low

Foster et al12 Low Low Low Low Low Low

Chaboyer et al8 Low High Moderate Low High Moderate

Galli et al13 Low High Low Low Low Low

Dalbeth et al9 Low Low Low Low High Low

Glattacker et al16 Low Moderate Low Low Low Low

Campbell et al7 Low Low Low Low High Low

Bishop et al2 Low Moderate Low Low Low Low

Hirsch27 Low Low Moderate Low Low Low

 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
 2

3,
 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
01

8 
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.



796  |  october 2018  |  volume 48  |  number 10  |  journal of orthopaedic & sports physical therapy

[ research report ]

Physical Function  The authors found 
moderate evidence in 10 cross-sectional 
studies for a positive association (ie, mal-
adaptive illness perceptions are associat-
ed with limitations in physical function), 
based on univariate regression, of all ill-
ness perception dimensions with physical 
function (TABLE 5). The positive direction 
of the relationship of all illness perception 
domains with physical function was con-
sistent across 8 different conditions. The 
strongest associations were found for the 
dimensions of consequences and identity 
(APPENDIX B). For instance, the study by 
Sluiter and Frings-Dresen54 reported a 
positive association between illness per-
ception (consequences domain) and in-
creased limitation in physical function (r 
= 0.49) in 1122 patients with chronic re-
petitive strain injury, meaning that a high 
score on the illness perception dimension 
of consequences was associated with in-
creased limitations in physical function.

Prognostic Value of Illness Perceptions 
for Pain Intensity or Physical Function
Pain Intensity  Two longitudinal stud-
ies16,27 with a time interval of less than 
6 months found moderate evidence of 
illness perceptions being prognostic for 
greater pain intensity on the dimension 
of consequences, and limited evidence 
for maladaptive illness perceptions being 

prognostic for greater pain intensity on 
the dimensions of control beliefs (person-
al/treatment), coherence, and emotional 
representations (APPENDIX C).

Three longitudinal studies,16,18,51 with 
time intervals of 6 to 12 months found 
limited evidence for illness perceptions 
being prognostic for more pain intensity 
on the illness perception dimensions of 
consequences, timeline-chronic, and 
identity (APPENDIX C).

None of the studies reported evidence 
for pain at the time interval of greater 
than 12 months.
Physical Function  Nine longitudinal 
studies7-9,12,13,16-18,42 with a time interval of 
less than 6 months found moderate evi-
dence for illness perceptions being prog-
nostic for more limitations in physical 
function on the illness perception dimen-
sions of consequences, timeline (chronic/
cyclical), control beliefs (personal), iden-
tity, and emotional representations, and 
limited evidence for illness perceptions 
being prognostic for more limitations in 
physical function on the dimensions of 
concern and coherence (APPENDIX D). The 
positive direction of the relationship of 
these illness perceptions with physical 
function is consistent across 8 different 
conditions.

One longitudinal study16 with a time 
interval of 6 to 12 months found limited 

evidence for illness perceptions being 
prognostic for more limitations in physi-
cal function on the dimensions of time-
line-chronic, control beliefs (treatment), 
and identity (APPENDIX D).

Two longitudinal studies,2,7 with a 
time interval of greater than 12 months, 
found moderate evidence for illness per-
ceptions being prognostic for more limi-
tations in physical function on the illness 
perception dimensions of consequences, 
control beliefs (personal), and identity, 
and limited evidence for maladaptive 
illness perceptions being prognostic for 
more limitations in physical function 
on the dimensions of timeline-chronic, 
concern, and emotional representations 
(APPENDIX D).

DISCUSSION

T
he aim of this study was to sys-
tematically review the relationship 
between illness perceptions and pain 

intensity or physical function in patients 
with musculoskeletal pain. For cross-
sectional study designs, there is moder-
ate evidence for all illness perception 
dimensions being positively associated 
with pain intensity and physical function. 
Overall, the evidence for the longitudinal 
relationship was less evident. For pain 
intensity, there is moderate evidence for 

	

TABLE 5
Evidence for Illness Perception Dimensions Related  

to Pain or Physical Function in Musculoskeletal Pain*

 Strong     Moderate     Limited     Conflicting     No evidence
Abbreviations: PF, physical function; T1, time interval of less than 6 months; T2, time interval of 6 to 12 months; T3, time interval of greater than 12 months.
*From Hayden et al.21

Dimension Pain PF T1 T2 T3 T1 T2 T3

Consequences + + + + + +

Timeline-chronic + + + + +

Timeline-cyclical + + +

Control beliefs-personal + + + + +

Control beliefs-treatment + + + +

Identity + + + + + +

Concern + + + +

Coherence + + – +

Emotional representations + + + + +

Cross-sectional Longitudinal: Pain Longitudinal: PF
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the illness perception dimension of con-
sequences to be prognostic at a time in-
terval of less than 6 months. For physical 
function, there is moderate evidence that 
the dimensions of consequences, time-
line (chronic/cyclical), control beliefs 
(personal), and identity are prognostic 
factors for physical function at a time 
interval of less than 6 months. In addi-
tion, there is moderate evidence that the 
illness perception dimensions of conse-
quences, control beliefs (personal), and 
identity are prognostic factors for physi-
cal function at a time interval of greater 
than 12 months.

Across studies, the strength of asso-
ciations and prognoses varied among all 
illness perception domains (APPENDICES 

A through D). The authors found no ex-
planation for this variation, based on dif-
ferences in number of participants, age, 
symptom duration, or the questionnaires 
used to assess illness perceptions, pain 
intensity, and physical function. Com-
parison of these findings with previous 
systematic reviews on illness perception 
and musculoskeletal pain is not possible, 
due to an absence of these studies in the 
scientific literature. Comparing the rel-
evance of the present study’s results with 
other reviews in the field of illness per-
ception, the authors found their results 
to be in line. In 2 meta-analyses on illness 
perception, the same sizes of associations 
are reported.10,19 One study19 included a 
total of 23 illnesses (mostly nonmusculo-
skeletal) and outcome measures concern-
ing physical health–related quality of life. 
The other study10 included a total of 31 
conditions (varying from musculoskeletal 
to cancer) and outcome measures on de-
pression, anxiety, and quality of life. This 
means that the strength of the observed 
relations of illness perceptions with pain 
intensity and physical function in this 
review is comparable to those found in 
other studies on this topic.

Prognosis is the probable course 
and outcome of a health condition 
over time, and in explanatory prognos-
tic research, 3 phases can be identi-
fied20: phase 1, identifying associations; 

phase 2, testing independent asso-
ciations; and phase 3, understand-
ing prognostic pathways. The authors 
identified no phase 3 studies, 9 phase 
2 studies,2,10,12,13,16,27,28,31,51 and 20 phase 1 
studies.4,7,8,9,14,17,18,25,32,37,42,44,45,48,49,50,54,55,56,57 

This means for phase 1 studies that illness 
perceptions, as prognostic factors, were 
reported without controlling for other 
prognostic factors. Therefore, the inter-
pretation of reported associations and 
prognoses should be treated with caution.

This is the first review to the authors’ 
knowledge that focuses on the relation-
ship between illness perceptions and 
pain intensity and physical function in 
individuals with musculoskeletal pain. 
The search strategy was designed in col-
laboration with a librarian information 
specialist (J.M.). It is known that the 
contribution of a librarian information 
specialist in designing a search strategy 
for systematic reviews is highly correlated 
with the quality of the reported search 
strategy.47 Therefore, the authors consid-
er their search strategy a strong element 
of the study. The risk-of-bias assessment 
was performed according to the recom-
mendation of Hayden et al,22 and led to 
determination of high risk of bias for all 
studies but 1.

The quality of the studies included in 
this review is not in line with the report-
ed study quality found in another review 
on prognostic factors of musculoskel-
etal pain.1 After performing a sensitivity 
analysis, that study used a cutoff point of 
9 on a 15-item scale (60%) as indicating 
a low-risk-of-bias study, while the pres-
ent study did not employ a total score to 
indicate overall study quality. As a result, 
this assessment of risk of bias may be 
called strict, a characteristic that should 
be considered when interpreting conclu-
sions about the quality of each individual 
study included in this review.

Limitations
There are several limitations of this sys-
tematic review to be considered. First, the 
diversity of musculoskeletal pain condi-
tions included may have influenced this 

synthesis. However, despite this diversity, 
the direction of the association is consis-
tent throughout the included studies. 
Second, the strength of the association 
could not be assessed in a meta-analy-
sis; therefore, a qualitative analysis of 
the data was performed. Because of this 
limitation, the authors cannot report on 
the strength of the pooled association or 
prognostic factor.

The association of illness percep-
tions with prognosis for pain intensity 
and physical function, though small in 
strength for cross-sectional studies and 
limited in evidence for longitudinal 
studies overall, seems to be independent 
of the nature of the musculoskeletal con-
dition. This finding aligns with another 
systematic review that focused on generic 
prognostic factors for musculoskeletal 
pain.1 The authors found 15 possible rele-
vant prognostic factors identified in stud-
ies of patients with at least 2 different 
pain sites. Regardless of the location of 
the musculoskeletal pain, generic factors 
such as pain intensity, widespread pain, 
high functional disability, somatization, 
and movement restriction were reported 
as prognostic factors for pain. The au-
thors see the same pattern in the present 
study; regardless of the musculoskeletal 
pain condition, the direction of the rela-
tionship was consistent. As a result, this 
study provides supplementary informa-
tion for understanding the role of illness 
perception in musculoskeletal pain.

The authors considered higher scores 
on the illness perception domains of con-
sequences, timeline, identity, concern, 
and emotional representations, and low-
er scores on the domains of control be-
liefs (personal/treatment) and coherence, 
to be maladaptive, because they are posi-
tively associated with, or prognostic for, 
increased pain intensity and increased 
limitations in physical function. The con-
sistency of these findings, independent of 
musculoskeletal pain condition, contrib-
utes to understanding the role of illness 
perception in musculoskeletal pain. For 
instance, baseline assessment of mal-
adaptive illness perceptions in patients 
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with musculoskeletal pain provides some 
insight in how patients themselves think 
about their pain or physical function.

For clinicians, addressing patients’ 
illness perceptions may open new possi-
bilities for management. In this review, 
the authors found 3 validated question-
naires for illness perception assessment. 
These findings show no real differences 
of strength of association between illness 
perceptions and pain or physical function 
among these questionnaires. The most 
used questionnaire was the IPQ-R, which 
consists of 71 items. The Brief IPQ has 9 
items. The latter might have less patient 
burden and so may be preferred for use 
in daily practice.

Changing maladaptive illness percep-
tions may have a positive influence on 
pain and physical function. The authors 
found 1 randomized controlled trial that 
addressed maladaptive illness percep-
tions of patients with chronic LBP with 
a cognitive treatment protocol, which 
showed promising results in a better level 
of patient-specific physical function after 
18 weeks.14 The cognitive treatment tar-
geted maladaptive illness perceptions of 
patients about their back pain and aimed 
to alter these perceptions. In 10 to 14 
one-hour treatment sessions, maladap-
tive illness perceptions were assessed 
and challenged, and alternative illness 
perceptions were formulated. This was 
done by mapping the illness perceptions 
with the IPQ-R and further exploring 
these perceptions with a Socratic style of 
dialog. More research on incorporating 
maladaptive illness perceptions in inter-
vention studies for the management of 
musculoskeletal pain is recommended, 
as well as research on the prognoses of 
illness perceptions for pain and physical 
function.

CONCLUSION

T
here is limited to moderate evi-
dence for the cross-sectional rela-
tionship between illness perceptions 

and various musculoskeletal pain condi-
tions. The prognostic value of these re-

lationships, however, remains unclear. 
For future research, the authors suggest 
investigating the longitudinal relation-
ship between illness perception domains 
and outcome in more detail. In addition, 
studies on the feasibility and impact of 
incorporating illness perceptions in in-
terventions for the management of mus-
culoskeletal pain are recommended. t

KEY POINTS
FINDINGS: There is limited to moderate 
evidence from cross-sectional studies 
showing that illness perceptions are 
related to pain intensity and physical 
function in individuals with a range of 
musculoskeletal pain conditions. The 
authors of this systematic review rec-
ommend investigating the longitudinal 
relationship between illness perception 
domains and outcome in more detail.
IMPLICATIONS: Addressing patients’ illness 
perceptions opens new possibilities for 
clinical management. Studies on the 
feasibility and impact of incorporating 
illness perceptions in interventions for 
the management of musculoskeletal 
pain are recommended.
CAUTION: Due to the heterogeneity of 
included studies, these findings are not 
robust and should be interpreted with 
caution.
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APPENDIX A

CROSS-SECTIONAL ASSOCIATIONS BETWEEN ILLNESS PERCEPTION  
DOMAINS AND MUSCULOSKELETAL PAIN AT BASELINE

Illness/Study/Measure Consequences
Timeline-
Chronic

Timeline-
Cyclical

Control 
Beliefs-
Personal

Control Beliefs-
Treatment Identity Concern Coherence

Emotional 
Representations

Rheumatoid arthritis

Groarke et al18

AIMS* ß = 0.21 ß = –0.05 r = 0.38†

ß = 0.31†

ß = 0.23

van Os et al56

EQ-5D‡ r = 0.34† r = 0.09 r = 0.08 r = 0.15§ r = 0.19† r = 0.32† r = 0.01

Norton et al45

EQ-5D‡ r = 0.54 r = 0.15 r = 0.20 r = 0.35 r = 0.35 r = 0.54 r = 0.12 r = 0.29

Rezaei et al48

RAPS‖ r = 0.54† r = 0.41† r = –0.34† r = –0.11 r = 0.34† r = 0.25§ r = –0.18 r = 0.39†

Chronic pain

Nicklas et al44

NRS‡ r = 0.33† r = 0.23† r = –0.14§ r = 0.21† r = 0.24 r = 0.06 r = 0.14§ r = 0.27†

Gillanders et al14

MPQ‡ r = 0.47† r = 0.34† r = 0.02 r = 0.07 r = 0.22 r = 0.50† r = 0.12 r = 0.29†

Järemo et al32

SF-36‡ r = 0.47† r = 0.13 r = 0.06 r = 0.23† r = 0.17§ r = 0.41† r = 0.11 r = 0.24†

Fibromyalgia

van Wilgen et al57

NRS‡ r = 0.28 r = –0.23 r = 0.23 r = –0.01 r = 0.02 r = 0.10 r = 0.20 r = 0.09

Musculoskeletal hand 
problems

Hill et al26

AIMS‡ 1.29 (1.25, 1.32)¶ 2.51 (2.07, 3.04)¶

Chronic RSI

Sluiter and Frings-
Dresen54

VAS-intensity‖ r = 0.51 r = 0.18 r = 0.36 r = 0.19 r = 0.64 r = 0.46 r = 0.16 r = 0.35

SF-36‖ r = 0.62 r = 0.15 r = 0.42 r = 0.21 r = 0.67 r = 0.49 r = 0.19 r = 0.41

Headache

Broadbent et al4

NRS-average‖ r = 0.34† r = 0.25§ r = 0.30§ r = 0.05 r = 0.32§ r = 0.45† r = 0.10 r = 0.14

NRS-worst‖ r = 0.37† r = 0.30§ r = 0.15§ r = –0.06 r = 0.36§ r = 0.27§ r = 0.12 r = 0.12

Abbreviations: AIMS, Arthritis Impact Measurement Scales; EQ-5D, EuroQol-5 dimensions; MPQ, McGill Pain Questionnaire; NRS, numeric rating scale; 
RAPS, Rheumatoid Arthritis Pain Scale; RSI, repetitive strain injury; SF-36, Medical Outcomes Study 36-Item Short-Form Health Survey; VAS, visual analog 
scale.
*Correlated with the Illness Perception Questionnaire.
†P<.01.
‡Correlated with the Illness Perception Questionnaire revised.
§P<.05.
‖Correlated with the Brief Illness Perception Questionnaire.
¶Values are adjusted odds ratio (95% confidence interval).

 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
 2

3,
 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
01

8 
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.



e2  |  october 2018  |  volume 48  |  number 10  |  journal of orthopaedic & sports physical therapy

[ research report ]

APPENDIX B

CROSS-SECTIONAL ASSOCIATIONS BETWEEN ILLNESS PERCEPTIONS  
AND MUSCULOSKELETAL PHYSICAL FUNCTION

Illness/Study/Measure Consequences
Timeline-
Chronic

Timeline-
Cyclical

Control 
Beliefs-
Personal

Control 
Beliefs-
Treatment Identity Concern Coherence

Emotional 
Representations

Rheumatoid arthritis

Scharloo et al50

SF-20* (T0) ß = 0.25†‡ ß = –0.33†§

HAQ* (T0) ß = –0.24†‡ ß = 0.50†‡

Groarke et al18

AIMS* (T0) r = 0.35‡

ß = 0.23‖
ß = 0.05‖ ß = –0.20‖¶ r = 0.38§

ß = 0.29‖¶

AIMS* (T1) r = 0.55‡

ß = 0.14‖
r = 0.03
ß = 0.10‖

ß = –0.13‖ r = 0.34§

ß = 0.14‖

AIMS* (T2) r = 0.43‡

ß = 0.25‖
ß = 0.07‖ ß = –0.06‖ ß = 0.10‖

van Os et al56

HAQ# (T0) r = 0.55§ r = 0.10 r = 0.03 r = 0.22§ r = –0.18§ r = 0.34§ r = 0.03

Norton et al45

HAQ# (T0) r = 0.56 r = 0.12 r = 0.30 r = –0.32 r = 0.42 r = –0.05 r = 0.23

Chronic pain

Gillanders et al14

RMDQ# (T0) r = 0.60¶ r = 0.40¶ r = –0.07 r = 0.13 r = 0.30¶ r = 0.34¶ r = 0.04 r = 0.37¶

Järemo et al32

SF-36 PF# (T0) r = 0.36§

ß = 0.49†§

r = 0.13 r = 0.11 r = 0.33§

ß = 0.66†§

r = 0.22¶ r = 0.28¶

ß = 0.83†§

r = 0.07 r = 0.04

Fibromyalgia

Stuifbergen et al55

SF-36 PF# ß = 0.33‖

Musculoskeletal hand 
problems

Hill et al26

AIMS# (T0) 1.26 (1.23, 1.29)**
1.26 (1.22, 1.29)††

1.18 (1.14, 1.23)‡‡

5.34 (4.29, 6.64)**
5.34 (4.19, 6.81)††

2.32 (1.73, 3.12)‡‡

Chronic RSI

Sluiter and Frings-
Dresen54

SF-36 PF§§ (T0) r = 0.49 r = 0.16 r = 0.34 r = 0.15 r = 0.49 r = 0.30 r = 0.12 r = 0.25

Chronic low back pain

Roios et al49

CT: ODI# (T0) ß = 0.18†

PT: ODI# (T0) ß = –0.10† ß = 0.18†

Leysen et al37

ODI# (T0) ß = 1.25¶ ß = 0.64¶ ß = 0.92¶ ß = 0.64¶

Abbreviations: AIMS, Arthritis Impact Measurement Scales; CT, chiropractic; GCPS, Graded Chronic Pain Scale; HAQ, Health Assessment Questionnaire; 
ODI, Oswestry Disability Index; PF, physical functioning; PT, physical therapy; RMDQ, Roland-Morris Disability Questionnaire; RSI, repetitive strain in-
jury; SF-12, Medical Outcomes Study 12-Item Short-Form Health Survey; SF-20, Medical Outcomes Study 20-Item Short-Form Health Survey; SF-36, Medical 
Outcomes Study 36-Item Short-Form Health Survey; T0, baseline; T1, time interval of less than 6 months; T2, time interval of 6 to 12 months.

Legend continues on page E3.
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*Correlated with the Illness Perception Questionnaire.
†Values are unadjusted.
‡P<.001.
§P<.01.
‖Values are adjusted.
¶P<.05.
#Correlated with the Illness Perception Questionnaire revised.
**Values are unadjusted odds ratio (95% confidence interval).
††Values are odds ratio (95% confidence interval) adjusted for age/sex/perceived diagnoses.
‡‡Values are odds ratio (95% confidence interval) adjusted for all other variables.
§§Correlated with the Brief Illness Perception Questionnaire.

APPENDIX B

 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
 2

3,
 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
01

8 
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.



e4  |  october 2018  |  volume 48  |  number 10  |  journal of orthopaedic & sports physical therapy

[ research report ]

APPENDIX C

LONGITUDINAL ASSOCIATIONS BETWEEN ILLNESS PERCEPTIONS  
AND MUSCULOSKELETAL PAIN

Illness/Study/Measure Consequences
Timeline-
Chronic

Timeline-
Cyclical

Control Beliefs-
Personal

Control Beliefs-
Treatment Identity Concern Coherence

Emotional 
Representations

Rheumatoid arthritis

Scharloo et al51

VAS* (T2) ß = 0.37‡

Groarke et al18

AIMS* (T2) r = 0.39§

Low back pain

Glattacker et al16

VAS‖ (T1) ß = 0.24† ß = 0.17†

SF-36 BP‖ (T1) ß = 0.33† ß = –0.20†

VAS‖ (T2) ß = 0.28†

SF-36 BP‖ (T2) ß = 0.38†

Knee osteoarthritis

Hirsch27

VAS‖ (3 wk) 0.90 (0.84, 0.97)¶

0.93 (0.86, 1.01)#

1.25 (1.1, 1.4)¶

1.40 (1.1, 1.8)#

VAS‖ (9 wk) 0.82 (0.75, 0.90)¶

0.83 (0.75, 0.93)#

1.25 (1.08, 1.44)¶

1.24 (1.05, 1.47)#

0.91 (0.84, 0.98)¶

0.99 (0.90, 1.09)#

POA subset

VAS‖ (3 wk) 0.81 (0.73, 0.91)¶

0.92 (0.82, 1.02)#

1.14 (1.01, 1.28)¶ 1.30 (1.09, 1.50)¶

1.20 (1.0, 1.45)#

VAS‖ (9 wk) 0.81 (0.73, 0.90)¶

0.82 (0.75, 0.93)#

1.20 (1.05, 1.40)¶

1.12 (0.94, 1.33)#

1.30 (1.09, 1.50)¶

1.27 (1.01, 1.59)#

0.90 (0.83, 0.99)¶

0.96 (0.86, 1.07)#

Abbreviations: AIMS, Arthritis Impact Measurement Scales; BP, bodily pain; POA, primary osteoarthritis; SF-36, Medical Outcomes Study 36-Item Short-
Form Health Survey; T1, time interval of less than 6 months; T2, time interval of 6 to 12 months; VAS, visual analog scale.
*Correlated with the Illness Perception Questionnaire.
†Values are adjusted.
‡P<.01.
§P<.05.
‖Correlated with the Illness Perception Questionnaire revised.
¶Values are unadjusted odds ratio (95% confidence interval).
#Values are adjusted odds ratio (95% confidence interval).
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LONGITUDINAL ASSOCIATIONS BETWEEN ILLNESS PERCEPTIONS  
AND MUSCULOSKELETAL PHYSICAL FUNCTION

Illness/Study/
Measure Consequences

Timeline-
Chronic

Timeline-
Cyclical

Control Beliefs-
Personal

Control Beliefs-
Treatment Identity Concern Coherence

Emotional 
Representations

Rheumatoid arthritis

Groarke et al18

AIMS* (T1) r = 0.35†

Low back pain

Foster et al12

RMDQ‡ (T1) 1.61 (1.2, 2.1)§

1.38 (1.0, 1.9)‖
2.00 (1.5, 2.6)§

1.83 (1.4, 2.5)‖
0.97 (0.7, 1.3)§

1.09 (0.8, 1.4)‖
1.59 (1.2, 2.1)§

1.49 (1.1, 2.0)‖
1.52 (1.2, 2.0)§

1.40 (1.1, 1.8)‖
1.19 (0.9, 1.5)§

1.04 (0.8, 1.4)‖
1.11 (0.8, 1.5)§

1.08 (0.8, 1.5)‖
1.34 (1.0, 1.8)§

1.23 (0.9, 1.7)‖

Campbell et al7

CPGS‡ (T1) 1.09 (1.1, 1.1)§

1.09 (1.1, 1.1)‖
1.07 (1.0, 1.1)§

1.09 (1.1, 1.1)‖

1.04 (1.0, 1.1)¶#

1.00 (0.96, 1.0)§

1.01 (0.97, 1.1)‖
0.93 (0.90, 0.97)§

0.91 (0.88, 0.95)‖
0.93 (0.90, 0.97)§

0.90 (0.86, 0.94)‖
1.15 (1.1, 1.2)§

1.16 (1.1, 1.2)‖
1.02 (0.99, 1.0)§

1.03 (1.0, 1.1)‖
1.07 (1.1, 1.1)§

1.06 (1.0, 1.1)‖

CPGS‡ (T3) 1.01 (0.97, 1.1)§

1.03 (0.97, 1.1)‖
1.04 (1.0, 1.1)§

1.06 (1.0, 1.1)‖

1.06 (1.0, 1.1)†¶

0.97 (0.93, 1.0)§

0.98 (0.97, 1.0)‖
1.03 (0.97, 1.1)§

1.01 (0.95, 1.1)‖
1.02 (0.95, 1.1)§

0.98 (0.90, 1.1)‖
1.01 (0.98, 1.1)‖ 1.07 (0.97, 1.1)§

0.95 (0.91, 0.99)‖

0.98 (0.94, 1.0)¶

Glattacker et al16

SF-36 PF‡ (T1) ß = 0.12#**

SF-36 SF‡ (T1) ß = 0.26#** ß = 0.17#**

ODI‡ (T1) ß = 0.22#**

SF-36 PF‡ (T2) ß = 0.20#**

SF-36 SF‡ (T2) ß = 0.26#**

ODI‡ (T2) ß = 0.20#**

Bishop et al2

RMDQ††: BPE 
(T3)

ß = 1.04†** ß = –0.03** ß = 0.24#** ß = –0.02** ß = 0.39#** ß = 0.13** ß = –0.12** ß = 0.16**

RMDQ††: WPE 
(T3)

ß = 0.35†** ß = –0.02** ß = 0.24†** ß = 0.13** ß = 0.34†** ß = 0.28†** ß = 0.13#** ß = 0.26†**

Orofacial pain

Galli et al13

GCPS‡ (3 mo) r = 0.30# r = –0.04 r = 0.05 r = 0.04 r = 0.004 r = –0.01

GCPS‡ (6 mo) r = 0.16 r = –0.07 r = 0.12 r = 0.15 r = –0.04 r = –0.11

Chronic pain

Moss-Morris et al42

SF-36 PF‡ (T1) ß = 0.29†** ß = 0.01** ß = –0.05** ß = 0.07** ß = 0.07**

Systemic lupus 
erythematosus

Goodman et al17

SF-36‡ (T1) r = 0.26 r = 0.29 r = 0.39# r = 0.16 r = 0.16 r = 0.58‡‡ r = 0.28 r = 0.20

Injury

Chaboyer et al8

SF-36 PF‡ (T1) ß = –11.19
ß = –0.51

ß = –3.30
ß = –0.27

APPENDIX D

Table continues on page E6.
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Illness/Study/
Measure Consequences

Timeline-
Chronic

Timeline-
Cyclical

Control Beliefs-
Personal

Control Beliefs-
Treatment Identity Concern Coherence

Emotional 
Representations

Gout

Dalbeth et al9

HAQ†† (T1) ß = 0.29** ß = 0.23** ß = 0.24** ß = 0.22**

Abbreviations: AIMS, Arthritis Impact Measurement Scales; BPE, between-persons effect; CPGS, Chronic Pain Grade Scale; GCPS, Graded Chronic Pain Scale; 
HAQ, Health Assessment Questionnaire; ODI, Oswestry Disability Index; PF, physical functioning; RMDQ, Roland-Morris Disability Questionnaire; SF, 
social functioning; SF-36, Medical Outcomes Study 36-Item Short-Form Health Survey; T1, time interval of less than 6 months; T2, time interval of 6 to 12 
months; T3, time interval of greater than 12 months; WPE, within-persons effect.
*Correlated with the Illness Perception Questionnaire.
†P<.01.
‡Correlated with the Illness Perception Questionnaire revised.
§Values are unadjusted relative risk (95% confidence interval).
‖Values are adjusted relative risk (95% confidence interval).
¶Values are final-model relative risk (95% confidence interval).
#P<.05.
**Values are adjusted.
††Correlated with the Brief Illness Perception Questionnaire.
‡‡P<.001.

APPENDIX D
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A
nterior cruciate ligament (ACL) injuries commonly occur during 
sports requiring jumping, cutting, and pivoting. Although 
select individuals may attempt conservative management,25 
the vast majority undergo reconstructive  surgery, with some 

300 000 anterior cruciate ligament reconstructions (ACLRs) performed

37% never returning to their prior levels 
of sports participation.5 Additionally, and 
perhaps more alarmingly, up to 30% of 
individuals may incur a second ACL inju-
ry,23 resulting in higher health care costs 
and increased disability.

Postoperative rehabilitation can play 
a vital role in successful recovery follow-
ing ACLR by optimizing function and 
reducing the risk of a second ACL in-
jury.21,38 Historically, rehabilitation pro-
gression following ACLR relied heavily 
on time-based standards, respecting the 
processes of graft maturation and physi-
ological healing.17 However, rehabilita-
tion recommendations have evolved over 
time, and most contemporary protocols 
recommend a more comprehensive de-
cision-making framework, using a syn-
thesis of time and objective functional 
performance criteria to guide postopera-
tive progression.1,7,26,27 Nonetheless, a re-
cent systematic review found that more 
than 70% of published studies excluded 
functional measures in return-to-play 
decision making, revealing a discrepancy 
between current recommendations for 
best practice and published literature.6

Further, literature analysis reveals 
significant variation in published reha-
bilitation protocols and inconsistent rec-
ommendations of specific performance 
measures or criteria for decision making 

UU BACKGROUND: Recovery from anterior cruci-
ate ligament reconstruction (ACLR) requires an 
intensive course of postoperative rehabilitation. 
Although guidelines outlining evidence-based 
rehabilitation recommendations have been 
published, actual practice patterns of physical 
therapists are unknown.

UU OBJECTIVES: To analyze the current landscape 
of clinical practice as it pertains to rehabilitation 
progression and the use of time and objective 
criteria in rehabilitation following ACLR.

UU METHODS: In this cross-sectional study, an 
online survey was distributed to members of the 
Academy of Orthopaedic Physical Therapy, the 
American Academy of Sports Physical Therapy, 
and the Private Practice Section of the American 
Physical Therapy Association between January 
and March 2017.

UU RESULTS: The study analyzed a sample of 
1074 responses. Supervised physical therapy was 
reported to last 5 months or less by 56% of survey 
respondents. The most frequent time frames for 
activity progression were 3 to 4 months (58%) for 
jogging, 4 to 5 months (50%) for modified sports 
activity, and 9 to 12 months (40%) for unrestricted 

sports participation. More than 80% of respondents 
reported using strength and functional measures 
during rehabilitation. Of those physical therapists 
who assessed strength, 56% used manual muscle 
testing as their only means of strength testing. 
Single-limb hop testing (89%) was the most 
frequently reported measure used to allow patients 
to begin modified sports activity following ACLR. 
Performance criteria for strength and functional 
tests varied significantly across all phases of reha-
bilitation. The 45% of respondents who reported 
using patient-reported outcome measures indicated 
that just under 10% of those measures involved fear 
or athletic confidence scales.

UU CONCLUSION: Considerable variation in 
practice exists among American Physical Therapy 
Association members regarding rehabilitation 
following ACLR. This variability in practice may 
contribute to suboptimal outcomes and confusion 
among practitioners and patients. J Orthop Sports 
Phys Ther 2018;48(10):801-811. Epub 22 May 2018. 
doi:10.2519/jospt.2018.8264

UU KEY WORDS: ACL, anterior cruciate ligament, 
physical therapy, physical therapy survey, postop-
erative rehabilitation
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Rehabilitation Practice Patterns Following 
Anterior Cruciate Ligament Reconstruction: 

A Survey of Physical Therapists

annually in the United States alone.12 De-
spite continued advancements in surgical 
techniques and rehabilitation, outcomes 

following ACLR may be less than desir-
able, with only 33% of athletes returning 
to sports within 1 year after surgery4 and 
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regarding activity progression through-
out all phases of rehabilitation.32,43 This 
discordance contributes to a complicated 
practice environment, which may lead to 
confusion or inconsistent clinical practice 
patterns among physical therapists treat-
ing patients after ACLR.

The purpose of this study was to 
understand the current landscape of 
clinical practice among members of the 
American Physical Therapy Association 
(APTA), as it pertains to rehabilitation 
decision making and the use of objective 
tests to guide activity progression fol-
lowing ACLR. The findings are analyzed 
within the context of current literature 
to determine whether clinical practice 
reflects up-to-date recommendations 
and scientific evidence. Additionally, the 
relationship of clinical practice patterns 
to clinician characteristics was analyzed 
to understand some of the underlying 
factors that may be related to individual 
clinical decision making.

METHODS

Survey Development

A 
team of clinicians (3 physical 
therapists and 1 orthopaedic sur-
geon) highly experienced in manag-

ing patients following ACLR collaborated 
to develop an electronic survey using the 
Research Electronic Data Capture (RED-
Cap) tool (Vanderbilt University, Nash-
ville, TN) hosted at the Children’s Hospital 
of Philadelphia.20 The initial phase of sur-
vey development consisted of identifying 
key rehabilitation transitional phases and 
writing preliminary questions based on 
previously published reports and clinical 
expertise.32-34 Due to differences that may 
exist in rehabilitation and activity pro-
gression based on patient characteristics 
such as age, activity level, surgery type, 
graft type, and concomitant injuries, the 
researchers determined that the question-
naire should be grounded in a standard-
ized case vignette that represent typical 
patients encountered in a sports or ortho-
paedic setting. Survey participants were 
asked to answer the survey items based 

on their typical treatment in the following 
case: “Your patient is a 17-year-old female 
soccer player who underwent ACL recon-
struction using a hamstring autograft. 
There were no concomitant injuries and 
she is having an uncomplicated postop-
erative recovery. Her goal is to return to 
soccer competition at the collegiate level 
upon full recovery.”

Each survey participant was instruct-
ed to answer all questions that related 
to his or her clinical practice of treating 
patients after ACLR. To be time efficient, 
the electronic survey incorporated the 
use of branching logic, which prompted 
specific follow-up questions only if per-
tinent responses were selected in previ-
ous questions. Thus, the total number of 
questions answered by each participant 
varied based on respondents’ individual 
practice patterns.

The survey consisted of 6 sections: (1) 
clinician demographics and clinical prac-
tice information, (2) clinical decisions 
related to jogging, (3) clinical decisions 
related to modified sports activity (eg, 
agilities, sport-specific drills/skills), (4) 
return to unrestricted sports, (5) use of 
injury prevention programs, and (6) use 
of functional bracing upon return to sport.

The initial development team re-
viewed and tested the survey among 
themselves for format, inclusivity of con-
tent, clarity, and survey functionality. 
After all initial revisions were made, the 
survey was pilot tested among a group of 
5 physical therapists and 3 orthopaedic 
surgeons. All suggestions were consid-
ered, and modifications to the survey 
were made after consultation among all 
authors. During pilot testing, the survey 
took approximately 4 to 7 minutes to 
complete. The complete survey instru-
ment is available in the APPENDIX (avail-
able at www.jospt.org).

Survey Distribution
Physical therapists were recruited through 
e-mail invitations sent to members of the 
APTA Academy of Orthopaedic Physi-
cal Therapy and American Academy of 
Sports Physical Therapy. In addition, par-

ticipation was solicited from members of 
the APTA Private Practice Section via an 
embedded link in that section’s electronic 
newsletter. These groups were selected 
based on the likelihood that their mem-
bers would treat the intended patient pop-
ulation. A single reminder e-mail was sent 
near the halfway point in the survey time 
frame to American Academy of Sports 
Physical Therapy members only. All other 
possible participants only received a single 
invitation at the study’s outset.

The invitation provided a brief study 
description and encouraged physical 
therapists who actively treat patients 
after ACLR to participate. Interested 
participants clicked the electronic link 
connecting them to a more detailed study 
description, which included eligibility 
criteria. Access to the survey was granted 
after selecting “yes” to the question in-
dicating their informed consent to par-
ticipate. No identifying information was 
collected on any of the participants, thus 
participation was completely anonymous.

Survey responses were collected over 
2 months between January and March 
2017. Before it began, this study received 
approval from the Institutional Review 
Board of The Children’s Hospital of 
Philadelphia (protocol 16-013163). The 
Checklist for Reporting Results of In-
ternet E-Surveys was used to ensure the 
quality of reporting the findings of this 
study.16

Data Analysis
Data were analyzed using SPSS Version 
24.0 (IBM Corporation, Armonk, NY). 
The primary analysis involved the use of 
descriptive statistics to summarize the 
distribution, frequency, and dispersion 
of respondents’ responses. A secondary 
analysis using the chi-square statistic 
was conducted to determine whether 
relationships existed between clinician 
characteristics that indicated advanced 
clinical proficiency (years of experience, 
volume of patients treated following 
ACLR, and board-certified specialist 
certification) and rehabilitation progres-
sion after ACLR. These groups were 
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operationally defined as follows: (1) ex-
perienced versus less experienced practi-
tioners were those with either 16 or more 
years or those with 0 to 4 years of clinical 
experience, respectively; (2) high- ver-
sus low-volume practitioners were those 
treating more than 10 or those treat-
ing 5 or fewer patients following ACLR 
per year; and (3) board-certified versus 
non–board-certified practitioners were 
divided between those who possessed 
orthopaedic clinical specialist (OCS) or 
sports clinical specialist (SCS) certifica-
tions and those who did not.

For dichotomous analysis, significance 
values were set at P<.05. For analysis 
within which multiple comparisons were 
made, appropriate Bonferroni correc-
tion was used to determine statistical 
significance.

RESULTS

Survey Response

A 
total of 1084 survey responses 
were recorded; 10 responses were 
excluded from data analysis (7 

failed to consent and 3 were not licensed 
physical therapists). Therefore, a total of 
1074 responses were included in the anal-
yses. Of these, 593 (55.2%) respondents 
accessed the survey from the Academy of 
Orthopaedic Physical Therapy e-mail in-
vitation, while 403 (37.5%) accessed the 
survey from the American Academy of 
Sports Physical Therapy invitation. The 
remaining 78 (7.3%) respondents ac-
cessed the survey through other means, 
including the Private Practice Section 
newsletter or word of mouth.

Respondents’ Profile
Demographic and professional charac-
teristics of respondents are presented in 
TABLE 1. All states but 1 (Rhode Island) 
were represented in the sample. Respon-
dents were well distributed across various 
years of clinical practice and volume of pa-
tients post ACLR treated annually. Most 
respondents treated patients primarily 
in a private practice (42.8%) or hospital-
based outpatient facility (35.8%). Though 

nearly all respondents were members of 
the APTA (92.5%), half held either OCS 
or SCS board certifications (52.5%).

Decision Making Regarding  
Activity Progression
A large proportion of this sample (80.1%) 
indicated that progression of activity af-

ter ACLR was largely a collaborative 
process, with shared decision making 
between the orthopaedic surgeon and the 
physical therapist.

Time Criterion
“For the patient described, how long would 
your typical course of rehabilitation be? 

TABLE 1 Demographics of the Study Respondents

Abbreviations: ABPTS, American Board of Physical Therapy Specialties; ACL, anterior cruciate liga-
ment; APTA, American Physical Therapy Association; OCS, orthopaedic clinical specialist; SCS, sports 
clinical specialist.
*Two (0.2%) respondents did not identify primary practice setting.
†Twenty-eight (2.6%) respondents did not identify state of practice.
‡Two (0.2%) respondents did not identify whether they were ABPTS certified in orthopaedics or sports.
§Twelve (1.1%) respondents did not identify whether they were a current APTA member.

Characteristic Value, n (%)

Time in practice as a physical therapist, y

0-4 246 (22.9)

5-10 218 (20.3)

11-15 157 (14.6)

≥16 451 (42.0)

Primary practice setting*

Private practice 460 (42.8)

Hospital-based outpatient 384 (35.8)

Corporate-owned outpatient practice 118 (11.0)

Academic/collegiate facility 73 (6.8)

Other 37 (3.4)

Region of practice†

South Atlantic (DE, FL, GA, MD, NC, SC, VA, WV) 200 (18.6)

Middle Atlantic (NJ, NY, PA) 157 (14.6)

East North Central (IL, IN, MI, OH, WI) 162 (15.1)

West North Central (IA, KS, MN, MO, NE, ND, SD) 107 (10.0)

East South Central (AL, KY, MS, TN) 37 (3.5)

West South Central (AR, LA, OK, TX) 85 (7.9)

New England (CT, ME, MA, NH, RI, VT) 144 (13.4)

Pacific (AK, CA, HI, OR, WA) 149 (13.9)

Mountain (AZ, CO, ID, MT, NV, NM, UT, WY) 95 (8.9)

ACLs treated per year, n

0 11 (1.0)

1-5 (low volume) 347 (32.3)

6-10 (medium volume) 309 (28.8)

>10 (high volume) 407 (37.9)

ABPTS certification (OCS or SCS)‡

Yes 564 (52.5)

No 508 (47.3)

Current APTA member§

Yes 993 (92.5)

No 69 (6.4)
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(ie, How long would you treat them within 
an office setting?)”

The length of supervised rehabilita-
tion spanned from 1 to 3 months (15.6%) 
to 12 months (11.2%), although the ma-
jority reported 4 to 5 months (40.6%) 
and 6 to 8 months (32.1%). Significant 
associations between length of rehabili-
tation and clinician characteristics are 
detailed in TABLE 2. Clinicians with less 
clinical experience, higher volumes of pa-
tients post ACLR, and OCS or SCS certifi-
cation indicated a longer overall duration 
of clinical care.

“I would typically allow the athlete in 
this example to begin [jogging, modified 
sports activity, or unrestricted return to 
sports] at ______ months postsurgery.”

Response frequencies pertaining 
to transitional time points of jogging, 
modified sports activity, and unrestricted 
return to sports are presented in TABLE 3. 
Nearly all physical therapists indicated 
that they would initiate jogging 
between 2 and 5 months post surgery, 
with the majority (58%) reporting the 
introduction of jogging at 3 to 4 months. 
Modified sports activity (eg, agility and 

coordination drills) was most often 
initiated at 4 to 5 months (50.1%) and 
6 to 7 months (31.4%). Progression 
to unrestricted sports was reported to 
occur most frequently between 9 and 12 
months post surgery (39.8%); however, 
responses within this phase were more 
widely distributed compared to the other 
2 transition points.

Criterion-Based Measures
Progression to Jogging, Modified Sports 
Activity, and Unrestricted Return to 
Sports  “Are there specific physical tests, 
examination findings, or criteria that 
you utilize in order to assist in the de-
cision to progress to [jogging, modified 
sports activity, or unrestricted return to 
sports]?” The most often reported crite-
ria to initiate jogging and modified sports 
activity were knee strength (91.6% and 
80%, respectively), functional/balance 
tests (86.9% and 82.5%, respectively), 
knee range of motion (80.3% and 61.9%, 
respectively), and degree of knee effu-
sion (70.6% and 59.6%, respectively). In 
regard to unrestricted return to sports, 
a majority of respondents (54.7%) in-
dicated that they did not require any 
additional testing to progress patients 
following ACLR to this stage of rehabili-
tation (FIGURE 1).
Knee Strength  Knee strength was often 
reported as key to determining readi-
ness for activity progression throughout 
all phases of rehabilitation. If a respon-
dent included knee strength as part of 
the assessment, then additional data 
were gathered about the method of test-
ing, which are represented in FIGURE 2. 
Of those who relied on knee strength 
to initiate jogging and modified sports 
activity, manual muscle testing (MMT) 
was the most common assessment 
method used, by 80.6% (n = 793/984) 
and 74.3% (n = 638/859) of respon-
dents, respectively. Further, 54.9% (n = 
472/859) used at least 1 method of ob-
jective measure (isometric dynamome-
try or handheld dynamometry [HHD], 
isokinetics, or repetition-maximum 
testing). Of those who relied on MMT 

TABLE 2
Associations Between Length of Treatment 

Course and Physical Therapist Characteristics

Abbreviations: ACL, anterior cruciate ligament; OCS, orthopaedic clinical specialist; SCS, sports clini-
cal specialist.
*Significant (P<.05).

<6 mo of 
Treatment, n

>6 mo of 
Treatment, n χ2 P Value Effect Size

Experience, y

0-4 102 143 34.253 <.001* 0.222

≥16 291 159

ACLs treated per year, n

1-5 212 134 15.200 <.001* 0.142

>10 190 214

OCS or SCS certification

No 309 198 8.909 .003* 0.091

Yes 291 270

TABLE 3
Time-Based Responses to Initiate Functional 

Milestones Following ACLR*

Abbreviation: ACLR, anterior cruciate ligament reconstruction. 
*Values are n (%). Those who answered “typically do not treat patients at this functional milestone”: 
jogging, 9 (0.8%); modified sports activity, 47 (4.4%); and unrestricted return to sport, 158 (14.7%).

Time, mo Jogging Modified Sports Activity Unrestricted Return to Sport

<3 66 (6.2)

2-3 200 (18.6)

3-4 622 (57.9)

4-5 204 (19.0) 538 (50.1) 22 (2.1)

>6 38 (3.5)

6-7 337 (31.4) 251 (23.4)

7-8 157 (14.7)

8-9 46 (4.3)

9-12 27 (2.5) 426 (39.8)

>12 3 (0.3) 57 (5.3)
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to begin modified sports activity, 56.1% 
(n = 358/638) reported using MMT as 
their only means of strength assess-
ment, while the remaining 43.9% (n = 
280/638) used it in conjunction with 
more objective measures.

High-volume practitioners and certi-
fied specialists were more likely to use 
objective strength measures, while low-
volume practitioners and non–certified 
specialists were more likely to rely solely 
on MMT (χ2 = 22.088, P<.001 and χ2 = 
7.804, P = .005). There was no associa-
tion between the amount of clinician ex-
perience and type of strength measure 
(χ2 = 0.264, P = .608).

Quadriceps limb symmetry index 
(LSI) standards were recorded from 
those respondents who used isometric 
dynamometry or HHD, isokinetics, or 
repetition-maximum testing for both 
jogging and modified sports activity 
phases of rehabilitation (FIGURE 3). Al-
though there was significant variation 
in responses, a quadriceps LSI of greater 
than 80% was the most commonly cited 
criterion to initiate jogging, regardless of 
testing mode. However, when progress-
ing to modified sports activity, those who 
performed repetition-maximum, isomet-
ric dynamometry, or HHD testing more 
often required a more stringent criterion 
(greater than 90% LSI) than those who 
employed isokinetic assessments (greater 
than 85% LSI).
Functional Testing  The lateral step-
down test (70%), Y Balance Test (YBT) 
or Star Excursion Balance Test (SEBT) 
(55.6%), and Functional Movement 
Screen (31.4%) were the most frequently 
cited functional tests used to initiate jog-
ging. To determine readiness for modi-
fied sports activity, single-limb hop tests 
were used by the majority of respon-
dents (89.2%), followed by the YBT or 
SEBT (48.8%) and the drop vertical 
jump (39.5%) (TABLE 4). Of those who 
used single-limb hop testing, 79.4% re-
ported using at least 2 types of hop tests, 
with the single hop (89.4%) and triple 
hop (80%) used most frequently (TABLE 

5). Approximately 60% of the sample 

required an LSI of 90% or greater for 
progression to modified sports activity, 
while the remainder of respondents re-
ported that they considered an LSI of 
75% to 85% acceptable.

Though one of the more common 
responses, cutoff criteria varied for the 
YBT, SEBT, and Functional Movement 
Screen. Of those respondents who used 
the YBT or SEBT to initiate jogging, 
42% said they require an anterior reach 
side-to-side difference of less than 4 cm, 
while 72.6% require a between-limb 
composite reach score of greater than 

90%. Similarly, of those who reported 
using the Functional Movement Screen, 
51.9% consider the overall score, 61.1% 
stress the performance on isolated 
movements, and 82.3% rely on side-to-
side movement symmetry during unilat-
eral movements.

High-volume practitioners were 
more likely to use the YBT or SEBT (χ2 
= 10.895, P = .001) and drop vertical 
jump (χ2 = 14.576, P<.001). Less expe-
rienced clinicians were also more likely 
to employ the YBT or SEBT (χ2 = 17.46, 
P<.001) (FIGURE 4).

1.2

28.5

45.3

59.6

61.9

82.5

80

0.3

28.9

42.7

70.6

80.3

86.9

91.6

0 10 20 30 40 50 60 70 80 90 100

None

ACL laxity test

PROMs

Knee e�usion

Knee ROM

Functional/balance
testing

Knee strength

Response, %

Jogging Modified sports activity

FIGURE 1. Criterion-based responses for initiating jogging and modified sports activity following ACL 
reconstruction (n = 1074). Abbreviations: ACL, anterior cruciate ligament; PROM, patient-reported outcome 
measure; ROM, range of motion.

Response, %

Jogging (n = 984) Modified sports activity (n = 859)

28.5

19.6

16.8

74.3

27.6

17.3

17.3

80.6

0 10 20 30 40 50 60 70 80 90

RM testing

Isokinetics

Isometric
dynamometry

or HHD

MMT

FIGURE 2. Mode of strength testing from those who responded that they use strength testing in decision making 
to initiate running and modified sports activity. Abbreviations: HHD, handheld dynamometry; MMT, manual muscle 
testing; RM, repetition maximum.
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Patient-Reported Outcome Measures
Patient-reported outcome measures were 
used by 45.3% of physical therapists to 
progress patients to modified sports ac-
tivity. Among clinicians using these tools, 
the Lower Extremity Functional Scale 
was most widely reported (39.2%), while 
scales related to fear or athletic confi-
dence were less commonly cited (9.7%) 
(FIGURE 5). There were no significant asso-
ciations between clinician characteristics 
and the use of patient-reported outcome 
measures.

Postrehabilitation Factors: Injury Preven-
tion Programs and Functional Bracing
Although most physical therapists 
(74.9%) recommend injury prevention 
programs after ACLR, high-volume 
practitioners (χ2 = 20.266, P<.001) and 
certified specialists (χ2 = 4.007, P = .045) 
were more likely to incorporate them into 
their plan of care. There was no clear con-
sensus around program preference; most 
used the Prevent Injury and Enhance 
Performance program (31.3%), Fédéra-
tion Internationale de Football Asso-
ciation 11+ (21.4%), or an individually 
adapted program (29.7%). Overall, 41.1% 
of physical therapists favored the use of 
functional bracing on return to sports, 
with certified specialists being less likely 
to recommend it (χ2 = 4.767, P = .029).

DISCUSSION

T
he results of this survey provide 
a detailed description of physical 
therapy practice patterns for post-

operative care of young athletes following 
ACLR. One of the most noticeable find-
ings was the degree of variability in clinical 
testing and decision making, particularly 
within the later phases of rehabilitation, 
during the transition back to sports activ-
ity. Although surprising, this result may 
reflect the lack of well-defined clinical evi-
dence to guide practice, as currently there 
is no consensus about the ideal postopera-
tive rehabilitation program.15,43

The incorporation of time-based cri-
teria into ACLR rehabilitation protocols 

TABLE 4
Functional Test Selection Used to Initiate 

Jogging and Modified Sports Activity*

Abbreviations: FMS, Functional Movement Screen; LESS, Landing Error Scoring System; SEBT, Star 
Excursion Balance Test; YBT, Y Balance Test.
*Values are n (%).

Test Jogging (n = 933) Modified Sports Activity (n = 886)

Lateral step-down test 653 (70) …

YBT or SEBT 519 (55.6) 432 (48.8)

FMS 293 (31.4) 276 (31.2)

Straight leg raise 262 (28.1) …

Balance assessment tool 130 (13.9) 107 (12.1)

Single-limb hop test … 790 (89.2)

Drop vertical jump … 350 (39.5)

LESS … 94 (10.6)

Vail Sport Test … 66 (7.4)

Other test not listed 233 (25) 112 (12.6)
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Quadriceps LSI Criteria
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Quadriceps LSI Criteria 

5
1.6

21.6
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2
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, %

RM leg press (n = 186) RM knee extension (n = 69)

Isokinetics (n = 145) Isometric dynamometry or HHD (n = 143)

RM leg press (n = 199) RM knee extension (n = 72)

Isokinetics (n = 164) Isometric dynamometry or HHD (n = 142)

FIGURE 3. Requirements of quadriceps LSIs for various modes of strength testing to initiate (A) jogging and (B) 
modified sports activity. Abbreviations: HHD, handheld dynamometry; LSI, limb symmetry index; RM, repetition 
maximum.
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has been advocated, based on biological 
features of graft strength, stiffness, and 
strength of fixation.44 The results of this 
survey show that agreement regarding 
time-based criteria decreased as the re-
habilitation course progressed. While a 
majority (defined as greater than 50% of 
the sample) of physical therapists agreed 
that jogging and return to modified sports 
activity should occur from 3 to 4 and 4 to 
5 months post surgery, respectively, agree-
ment about progression to unrestricted 
return to sports was less apparent. These 
results likely reflect the complexity of de-
cision making in the later phases of reha-
bilitation, which may include type of sport 
and patient-specific factors. However, this 
finding may also reflect the variability in 
guidelines, with published reports demon-
strating similar variation, calling for this 
transition as early as 4 or greater than 9 
months post surgery.1,24,44

Interestingly, 88.3% of the sample in-
dicated a typical duration of supervised 
rehabilitation of 8 months or less, while 
45.1% indicated that they do not recom-
mend unrestricted return to sports until 
9 to 12 or more months after surgery. 
These findings imply that there may be 
a long gap between the discontinuation 
of supervised rehabilitation and return to 
activity. While other rehabilitation pro-
fessionals, such as athletic trainers, may 
be able to advise athletes during this pe-
riod, a recent survey demonstrated that 
only 37% of public secondary schools 
provide full-time athletic training ser-
vices.37 As a result, most patients would 
be responsible for self-managing this 
advanced phase of recovery without any 
professional supervision.

The subgroup analysis revealed that 
less experienced clinicians, high-volume 
practitioners, and certified specialists 
advocated for a longer duration of super-
vised care. One possible explanation for 
this finding is that these groups are more 
cognizant of contemporary ACLR reha-
bilitation models, which call for more 
prolonged time frames prior to return-
ing to sports,8,15,24 resulting in the desire 
for a longer duration of supervised reha-

bilitation. Alternatively, this finding may 
also be explained by more experienced 
clinicians having established a network 
of community-based alternative prac-
titioners (eg, athletic trainers, personal 
trainers, coaches) to entrust supervision 
of late-phase rehabilitation for these 
athletes. Future research is necessary 
to explore these observations and un-
derstand the driving force behind time-
based decisions among these groups of 
practitioners.

More than 80% of respondents agreed 
on the importance of a multidimensional 
approach to informed decision making 
after ACLR, using physical measures 
such as strength, lower extremity func-
tion, and dynamic stability. This response 
aligns with recommendations in pub-
lished literature.3,15,43

Despite significant agreement on 
these principles, physical therapists 
varied in their mode and interpretation 
of these measures. For example, while 

A

B

C

FMS
YBT or SEBT

Single-limb hop tests
Drop vertical jump

Balance assessment tool
LESS

Vail Sport Test

0 10 20 30 40 50 60 70 80 90 100
Response, %

Whole sample (n = 1074) High-volume practitioner (n = 407) Low-volume practitioner (n = 347)

0 10 20 30 40 50 60 70 80 90 100
Response, %

Whole sample (n = 1074) ≥16 y (n = 451) 0-4 y (n = 246)

0 10 20 30 40 50 60 70 80 90 100
Response, %

Whole sample (n = 1074) No OCS/SCS certification (n = 508) OCS/SCS certification (n = 564)

x2 = 1.414, P = .234

x2 = 10.895, P = .001*

x2 = 1.344, 
P = .246

x2 = 14.576, P<.001*

x2 = 0.151, P = .697

x2 = 3.98, P = .046

x2 = 4.048, P = .044

x2 = 4.748, P = .029

x2 = 17.46, P<.001*

x2= 2.909, 
P = .088

x2 = 1.675, P  =.196

x2 = 0.055, P = .814 

x2 = 0.216, P = .642

x2 = 3.758, P = .053

FMS
YBT or SEBT

Single-limb hop tests
Drop vertical jump

Balance assessment tool
LESS

Vail Sport Test

x2 = 2.131, P = .144 

x2 = 1.632, P = .201

x2 = 0.185,
P = .667 

x2 = 2.041, P = .153 

x2 = 1.062, P = .303

x2 = 0, P = .989

x2 = 3.455, P = .063

FMS
YBT or SEBT

Single-limb hop tests
Drop vertical jump

Balance assessment tool
LESS

Vail Sport Test

FIGURE 4. Associations of functional test selection and clinician characteristics indicative of advanced clinical 
proficiency, including (A) volume of anterior cruciate ligaments seen per year, (B) years of clinical experience, 
and (C) specialty certification to determine readiness for modified sports activity. *Significant (P≤.00625) after 
Bonferroni correction. Abbreviations: FMS, Functional Movement Screen; LESS, Landing Error Scoring System; 
OCS, orthopaedic clinical specialist; SCS, sports clinical specialist; SEBT, Star Excursion Balance Test; YBT, Y 
Balance Test.
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more than 90% of the sample reported 
incorporating thigh muscle strength as-
sessment, testing procedures and LSI cri-
terion values varied considerably across 
respondents. Of note, more than half of 
the sample indicated that they used MMT 
as the only strength measure to progress 
their patients to modified sports activity. 
Although MMT is a basic skill universally 
applied across all areas of rehabilitation, 
this test may lack the sensitivity to detect 
residual strength deficits that may be 
present at this phase of recovery,9 lead-
ing to poorly informed decision making.

The subgroup analysis indicated that 
high-volume practitioners and certified 
specialists were more likely to incorpo-
rate objective strength measures. This 
may reflect a higher level of training or 
a greater appreciation for the precision 
offered by these more sensitive measures 

of strength. Conversely, less use of these 
measures among physical therapists who 
treat a low volume of patients after ACLR 
may be explained by an economic cost-
benefit analysis, as additional equipment 
costs, additional training, and time re-
quirements spent on performing more 
involved testing procedures may not be 
justified from a business perspective.

Variability continues to be perpetuat-
ed when analyzing LSI criteria identified 
to progress patients through the various 
phases of rehabilitation. Independent of 
testing mode, physical therapists were 
unable to reach a majority (greater than 
50% agreement) on the required strength 
LSI for functional advancement. This 
finding may reflect a lack of clear evi-
dence to guide practice, as suggested by 
the large variability of LSI thresholds 
found in the published literature.1,32,39-41,44 

Alternatively, research has shown that a 
significant time lag exists before new 
evidence trickles down to routine clinical 
practice, and that an individual clinician’s 
willingness to adapt clinical practice to 
this evidence varies.11,13,35 Thus, these 
findings could be explained by variability 
in individual adoption of contemporary 
strength LSI recommendations. This hy-
pothesis may explain why a large propor-
tion of physical therapists indicated using 
cutoff values of less than 90% LSI to re-
turn to sports-related activities, while 
many recently published reports advo-
cate for greater than 90% LSI.1,6,39,40,42,43

Understanding the driving forces 
behind these findings is important, as 
this variation in clinical practice may 
contribute to substandard outcomes fol-
lowing ACLR. While optimal thresholds 
for strength requirements are unknown, 
evidence suggests that an LSI of less than 
90% may increase the risk of reinjury 
upon resumption of level 1 sports.19 Im-
proving the use of objective strength test-
ing, along with implementing strategies 
to facilitate the adoption of standardized 
LSI requirements among treating clini-
cians, will lead to more empowered deci-
sion making at the time of return to sport 
and improved ability to conduct compar-
ative outcomes research.

Practice variation diminishes when 
it comes to the use of functional testing 
procedures, with nearly 90% of the sam-
ple reporting the use of single-leg hop 
testing as part of their practice to deter-
mine a patient’s readiness to begin modi-
fied sports activity. Since first appearing 
in the literature in the early 1990s, the 
battery of single-limb hop tests described 
by Noyes et al36 have been almost univer-
sally adopted as a necessary performance 
test for return-to-play decision making 
after ACLR.15,31 These hop tests are reli-
able, easy to administer, require mini-
mal equipment or physical space, and 
have demonstrated good discriminative 
accuracy and predictive abilities.10,29,36 
The consistency of this recommendation 
along with the simplicity of testing proce-
dure may be the driving forces behind the 

TABLE 5
Hop Test Selection for Decision Making  
to Return to Modified Sports Activity*

*Values are n (%).
†Hop tests included the single hop for distance, triple hop for distance, triple crossover hop for distance, 
and timed 6-m hop.

Utilized Hop Test Battery† (n = 790) Value

One hop test only 154 (19.5)

At least 2 types of hop tests 627 (79.4)

At least 3 types of hop tests 426 (53.9)

Four types of hop tests 214 (27.1)

0.4

1.2

1.6

7.2

9.7

11.3

14.2

39.2

Pedi-FABS

PROMIS

SF-36

Other scale

Fear or athletic confidence

IKDC

KOS

LEFS

Response, %

0 105 15 20 25 30 35 40 45

FIGURE 5. Frequencies of type of patient-reported outcome measures used from those respondents who 
reported their use in decision making to initiate modified sports activity. Abbreviations: IKDC, International Knee 
Documentation Committee Subjective Knee Evaluation Form; KOS, Knee Outcome Survey; LEFS, Lower Extremity 
Functional Scale; Pedi-FABS, Pediatric Functional Activity Brief Scale; PROMIS, Patient-Reported Outcome Measure 
Information System; SF-36, Medical Outcomes Study 36-Item Short-Form Health Survey.
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level of agreement seen within the survey 
results.

Interestingly, high-volume practitio-
ners and less experienced clinicians re-
ported including more novel measures of 
limb function, such as the YBT or SEBT 
or the drop vertical jump, in their test 
batteries. This result may reflect a deeper 
appreciation or early adoption of recom-
mendations in current literature that 
seek to include measures of functional 
limb control and movement quality to 
improve recognition of performance defi-
cits or risk factors for reinjury.18,22,43

Use of knee-specific patient-reported 
outcome measures, such as the Knee 
Outcome Survey or International Knee 
Documentation Committee Subjective 
Knee Evaluation Form, is often advocat-
ed to quantify functional deficits that may 
impact a patient’s successful return to 
activity following ACLR.1,14 Regrettably, 
less than half of physical therapists in this 
sample reported using patient-reported 
outcome measures as part of their deci-
sion-making criteria to progress patients 
to modified sports activity. Moreover, it 
has become clear that physical recovery 
alone is not sufficient to ensure successful 
return to sports, and many authors have 
emphasized the importance of assess-
ing psychological readiness and fear of 
reinjury.2,14,15,28 Despite these recommen-
dations, just under 10% of this sample 
indicated incorporation of patient-re-
ported outcome measures related to fear 
or athletic confidence, neglecting the 
holistic framework highlighted within 
the biopsychosocial approach to patient 
management.

Limitations
There are several limitations to this study 
that should be recognized. The survey 
questionnaire was not previously vali-
dated, and although efforts were made to 
ensure clarity and accurate interpretation 
during development and pilot testing, 
individual variations in the interpreta-
tion of questions may exist. Nearly all of 
the sample were members of the APTA, 
which may limit the generalizability of 

these results to the larger population of 
nonmember physical therapists. Due to 
this relative homogeneous trait of the 
surveyed population, it is possible that 
these findings may underestimate the 
true degree of variability that does exist.

Due to the electronic distribution 
methods and anonymous nature of the 
survey, the authors were unable to ac-
count for e-mails that were undelivered, 
unopened, or received in duplicate by 
members of more than 1 APTA section; 
thus, they are unable to determine a 
true response rate. To ensure honesty 
in respondent answers, this survey was 
anonymous; no information was collect-
ed regarding the individual, which may 
have allowed some to access the survey 
more than once if they wished to do so.

Last, while the authors attempted to 
understand some of the driving forces be-
hind clinical practice patterns identified 
within the survey results, there were no 
questions related to the effects of third-
party payer regulations or other external 
influences on practice, thus the authors 
cannot account for these confounding 
variables.

CONCLUSION

T
his survey is the first to char-
acterize the clinical practice patterns 
of physical therapists responsible 

for the treatment of patients after ACLR. 
The results indicate that there is a large 
degree of variation in rehabilitation pro-
gression among APTA members, par-
ticularly with regard to timing of activity 
progression, strength assessment, and 
use of patient-reported outcome mea-
sures. This pattern of inconsistency esca-
lated as the time from surgery increased. 
Physical therapists who treated a larger 
volume of patients after ACLR, more re-
cent graduates, and those with specialty 
certifications generally reported clinical 
practice patterns that were more consis-
tent with current best evidence.30,31 Fu-
ture research should be directed toward 
understanding which factors contribute 
to this variability in clinical approach, as 

such inconsistency may foster feelings of 
confusion among patients and impact 
outcomes following ACLR. t

KEY POINTS
FINDINGS: Physical therapists report a 
large degree of variation in rehabilita-
tion practice patterns after anterior 
cruciate ligament reconstruction, par-
ticularly with regard to time, strength 
assessment, and use of standardized 
outcome measures.
IMPLICATIONS: This variability in clinical 
practice standards may contribute to 
suboptimal outcomes and cause confu-
sion among patients and families.
CAUTION: These results should be in-
terpreted with caution, as this sample 
represents only a small portion of all 
licensed physical therapists who may be 
treating individuals following anterior 
cruciate ligament reconstruction.
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APPENDIX

PHYSICAL THERAPIST SURVEY

03/05/2018 6:21pm www.projectredcap.org

ACLR PT/Ortho Survey

Dear Colleagues,

Anterior Cruciate Ligament (ACL) reconstruction is a common surgical procedure and patients often require an 
intensive and progressive course of rehabilitation. Although there has been extensive research on ACL reconstruction, 
clinical practice patterns detailing rehabilitation are currently unclear. In an attempt to gain insight into this factor, 
The Sports Medicine and Performance Center at The Children's Hospital of Philadelphia invites you to participate in this
survey.

In order to participate you need to be a physical therapist or orthopaedic surgeon who currently works with patients 
following ACL reconstruction. The survey takes approximately 5-7 minutes to complete. Your participation is 
completely voluntary and your responses are anonymous. The survey includes a few demographics questions followed
by a series of questions regarding your rehabilitation practices in the management of athletes after ACL 
reconstruction surgery.

Your responses will be kept completely confidential and analyzed anonymously. Please feel free to contact Dr. Elliot 
Greenberg (greenberge@email.chop.edu) or Dr. Theodore Ganley (ganley@email.chop.edu) with any questions, 
concerns or technical problems. If you have questions about your rights as a research subject, you can contact the 
Orthopedics research office at Children’s Hospital of Philadelphia (267) 426-7607.

If you are interested in participating in this study, please select this option in the consent question below. 
Thank you in advance for your participation.

Dr. Elliot M. Greenberg, PT, PhD, OCS
Dr. Theodore J. Ganley, MD

1. Consent I consent to participate in the study
I do not consent to participate in the study

2. Are you an orthopaedic surgeon or a physical Orthopaedic surgeon 
therapist? Physical therapist

Neither
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PRACTICE PATTERNS

3. How many anterior cruciate ligament (ACL) None 
reconstructions do you treat per year? 1-5

6-10
10+

4. What is your primary practice setting? Private practice
Hospital-based outpatient facility 
Corporate-owned outpatient practice 
Academic/collegiate rehabilitation facility 
Other

4a. Other:
(Please specify)

5. How many years have you been practicing? 0-4 years
5-10 years
11-15 years
16 or more

6. Are you currently an APTA member? Yes
No

7. Are you an APTA Orthopedic (OCS) or Sports (SCS) Yes
Certified Specialist? No
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8. What state do you practice in?
Alabama 
Alaska 
Arizona 
Arkansas 
California 
Colorado 
Connecticut 
Delaware 
Florida 
Georgia 
Hawaii
Idaho 
Illinois 
Indiana 
Iowa 
Kansas 
Kentucky 
Louisiana 
Maine 
Maryland
Massachusetts 
Michigan 
Minnesota 
Mississippi 
Missouri 
Montana 
Nebraska 
Nevada
New Hampshire
New Jersey 
New Mexico 
New York 
North Carolina 
North Dakota 
Ohio
Oklahoma 
Oregon 
Pennsylvania 
Rhode Island 
South Carolina 
South Dakota 
Tennessee 
Texas
Utah Vermont 
Virginia 
Washington 
West Virginia 
Wisconsin 
Wyoming

9. Where did you hear about this survey? Orthopedic section email 
Sports section email 
Other email
Social media (Facebook, Twitter, etc.)
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For the remainder of this survey, please answer the questions based upon your typical 
treatment of the patient described below.

"Your patient is a 17-year-old female soccer player who underwent ACL reconstruction using a 
hamstring autograft. There were no concomitant injuries and she is having an uncomplicated 
post-operative recovery. Her goal is to return to soccer competition at the collegiate level upon
full recovery."

10. For the patient described above, how long would your                       1-3 months 
typical course of rehabilitation be? (i.e. how long                                      4-5 months 
would you treat them within an office setting?)                                  6-8 months

9-12 months
>12 months

11. Who is responsible for determining this athlete's Orthopaedic surgeon
readiness to begin to run, initiate plyometric and Rehabilitation specialist (PT, ATC)
agility training and unrestricted return to sports? Both the orthopeadic and rehabilitation specialist

Other

11a. Other:

PROGRESSION TO JOGGING AFTER ACL RECONSTRUCTION

12. I would typically allow the athlete in this example                            2-3 months 
to begin jogging at                months post-surgery.                             3-4 months 
(fill in the blank from the choices available)                                          4-5 months

6+ months

13. Are there specific physical tests, examination Knee range of motion
findings, or criteria that you utilize in order to Strength assessment (manual muscle testing) 
assist in the decision to progress to jogging? Strength assessment (handheld dynamometry) 
(Check all that apply) Strength assessment (isokinetic testing)

Knee effusion
Lower extremity functional testing or balance 
assessment
Patient-reported outcome measures
ACL laxity test (e.g. Lachmans, Anterior Drawer, 
etc.)
None
Other

(Check all that apply)

13a. Other:

If “Knee strength” is selected:
14. Strength Assessment: What tests do you use? Manual Muscle Testing (MMT)

(Check all that apply) Isometric Testing (i.e. Hand Held Dynamometry
(HHD))
Isokinetic testing
Repetition maximum (RM) testing
Other

(Check all that apply)

14a. Other:
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If “Isometric testing or isokinetic testing” is selected:
15. What QUADRICEPS strength criteria is required for Side-to-side deficit of less than 30% 
progression to jogging? Side-to-side deficit of less than 25% 

Side-to-side deficit of less than 20%
Side-to-side deficit of less than 15% 
Side-to-side deficit of less than 10% 
Other

15a. Other:

16. What HAMSTRINGS strength criteria is required for Side-to-side deficit of less than 30% 
progression to jogging? Side-to-side deficit of less than 25% 

Side-to-side deficit of less than 20%
Side-to-side deficit of less than 15% 
Side-to-side deficit of less than 10% 
Other

16a. Other:

If “Isokinetic testing” is selected:
17. What speed(s) of testing do you utilize for 60 degrees per second 
isokinetic testing? (Check all that apply) 120 degrees per second

180 degrees per second
240 degrees per second
300 degrees per second
Other

(Check all that apply)

17a. Other:

If “Repetition maximum testing” is selected:
18. Repetition maximum (RM) Testing: What means of Leg Press         

RM testing do you utilize? Knee Extension
(Check all that apply) Knee Flexion

Other

18a. Other:

If “Leg press” is selected:
19. Leg Press: What criteria is required for progression Side-to-side deficit of less than 30% 
to jogging? Side-to-side deficit of less than 25% 

Side-to-side deficit of less than 20%
Side-to-side deficit of less than 15%   
Side-to-side deficit of less than 10%   
Other

19a. Other:

If “Knee extension” is selected:
20. Knee Extension: What criteria is required for Side-to-side deficit of less than 30% 
progression to jogging? Side-to-side deficit of less than 25% 

Side-to-side deficit of less than 20%
Side-to-side deficit of less than 15% 
Side-to-side deficit of less than 10% 
Other

20a. Other:

 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
 2

3,
 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
01

8 
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.



f6  |  october 2018  |  volume 48  |  number 10  |  journal of orthopaedic & sports physical therapy

[ research report ]

APPENDIX

03/05/2018 6:21pm www.projectredcap.org

If “Knee flexion” is selected:
21. Knee Flexion: What criteria is required for Side-to-side deficit of less than 30% 
progression to jogging? Side-to-side deficit of less than 25% 

Side-to-side deficit of less than 20%
Side-to-side deficit of less than 15% 
Side-to-side deficit of less than 10% 
Other

21a. Other: _______________________________

If “Lower extremity functional testing…” is selected:
22. Functional performance: What tests do you use to Straight leg raise
assist with the decision to progress to jogging? Functional movement screen (FMS) 
(Check all that apply) Y or Star balance testing

Lateral step down test
Balance assessment tool (e.g. Balance Error
Scoring System BESS) 
Other

22a. Other:

If “Functional movement screen” is selected:
23. What is your criteria for advancement on functional Composite FMS score
movement screen? (Check all that apply) Performance on isolated movements

Side-side symmetry for unilateral movements
Other

23a. Other:

If “Y-balance test” is selected: 
24. What is your criteria for advancement on Y-Balance Anterior reach difference of less than 4cm
Test? (Check all that apply) Composite reach with less than 10% side-to-side

asymmetry
Other

24a. Other:

If “Patient-reported outcome measures” is selected:
25. Patient-Reported Outcome Measures(PROM): What Lower Extremity Functional Scale (LEFS)
PROM do you use to assist with the decision to progress International Knee Disability Committee (IKDC)
to jogging? (Check all that apply) Knee Outcome Survey (KOS) 

Short-Form 36 (SF-36)
PROMIS Quality of Life Measures
Pedi-Fabs Scale
Fear or Self-Efficacy Based Survey (e.g. Tampa
Scale of Kinesiophobia) 
Other

(Check all that apply)

25a. Other:
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PROGRESSION TO MODIFIED SPORTS ACTIVITY AFTER ACL RECONSTRUCTION

26. I would typically allow the athlete in this example                      ≤ 3 months 
to begin modified sports-specific activities                                          4-5 months 
(agilities, sports-specific drills/skills, etc) at                                             6-7 months
              months post-surgery. (fill in the blank                                        8-9 months 

from the choices available)                                                                 9-12 months
12 or more months
I typically do not see patient's during this phase 
of rehabilitation

27. Are there specific physical tests, examination Knee range of motion 
findings, or criteria that you utilize in order to Knee strength
assist in the decision to progress to                                                           Knee effusion
sports-specific training? (Check all that apply) Lower extremity functional testing or balance 

assessment
Patient-reported outcome measures
ACL laxity test (e.g. Lachmans, Anterior Drawer, 
etc.)
None
Other

(Check all that apply)

27a. Other:

If “Knee strength” is selected:
28. Strength Assessment: What tests do you use? Manual Muscle Testing (MMT)

(Check all that apply) Isometric Testing (i.e. Hand Held Dynamometry
(HHD))
Isokinetic testing
Repetition maximum (RM) testing
Other

(Check all that apply)

28a. Other:
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If “Isometric testing or isokinetic testing” is selected:
29. What QUADRICEPS strength criteria is required for Side-to-side deficit of less than 25% 
progression to sport-specific activities? Side-to-side deficit of less than 20% 

Side-to-side deficit of less than 15%
Side-to-side deficit of less than 10% 
Side-to-side deficit of less than 5% 
Other

29a. Other:

30. What HAMSTRINGS strength criteria is required for Side-to-side deficit of less than 25% 
progression to sport-specific activities? Side-to-side deficit of less than 20% 

Side-to-side deficit of less than 15%
Side-to-side deficit of less than 10% 
Side-to-side deficit of less than 5% 
Other

30a. Other:

If “Isokinetic testing” is selected:
31. What speed(s) of testing do you utilize for 60 degrees per second 
isokinetic testing? (Check all that apply) 120 degrees per second

180 degrees per second
240 degrees per second
300 degrees per second
Other

(Check all that apply)

31a. Other:

If “Repetition maximum testing” is selected:
32. Repetition maximum (RM) Testing: What means of Leg Press         

RM testing do you utilize? Knee Extension
(Check all that apply) Knee Flexion

Other

32a. Other:

If “Leg press” is selected:
33. Leg Press: What criteria is required for progression Side-to-side deficit of less than 25% to
sport-specific activities? Side-to-side deficit of less than 20% 

Side-to-side deficit of less than 15%
Side-to-side deficit of less than 10%    
Side-to-side deficit of less than 5%   
Other

33a. Other:

If “Knee extension” is selected:
34. Knee Extension: What criteria is required for Side-to-side deficit of less than 25% 
progression to sport-specific activities? Side-to-side deficit of less than 20% 

Side-to-side deficit of less than 15%
Side-to-side deficit of less than 10% 
Side-to-side deficit of less than 5% 
Other

34a. Other:
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If “Knee flexion” is selected:
35. Knee Flexion: What criteria is required for Side-to-side deficit of less than 25% 
progression to sport-specific activities? Side-to-side deficit of less than 20% 

Side-to-side deficit of less than 15%
Side-to-side deficit of less than 10% 
Side-to-side deficit of less than 5% 
Other

35a. Other: _______________________________

If “Lower extremity functional testing…” is selected:
36. Functional Performance: what tests do you use to Functional movement screen (FMS)
assist with the decision to progress to Y balance test sport-
specific activities? (Check all that apply) Single leg hop test

Drop vertical jump
Balance assessment tool (e.g. Balance Error
Scoring System BESS)
Patient-reported outcome measure Landing
Error Scoring System (LESS) test Vail sport 
test
Other

(Check all that apply)

36a. Other:

If “Functional movement screen” is selected:
37. What is your criteria for advancement on functional Composite FMS score
movement screen? (Check all that apply) Performance on isolated movements

Side-side symmetry for unilateral movements
Other

37a. Other:

If “Y-balance test” is selected: 
38. What is your criteria for advancement on Y-Balance Anterior reach difference of less than 4cm
Test? (Check all that apply) Composite reach with less than 10% side-to-side

asymmetry
Other

38a. Other:

If “Single leg hop test” is selected:
39. What hops do you use on hop testing? Single hop 
(Check all that apply) Triple hop

Cross-over triple hop
6M timed hop
Other

39a. Other:

40. What is your criteria for advancement on single leg Side-to-side deficit of less than 25% 
hop testing? Side-to-side deficit of less than 20% 

Side-to-side deficit of less than 15%
Side-to-side deficit of less than 10% 
Side-to-side deficit of less than 5% 
Other

40a. Other:
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If “Patient-reported outcome measures” is selected:
41. Patient-Reported Outcome Measures(PROM): What Lower Extremity Functional Scale (LEFS)
PROM do you use to assist with the decision to progress International Knee Disability Committee (IKDC)
to sport-specific activities? (Check all that apply) Knee Outcome Survey (KOS) 

Short-Form 36 (SF-36)
PROMIS Quality of Life Measures
Pedi-Fabs Scale
Fear or Self-Efficacy Based Survey (e.g. Tampa
Scale of Kinesiophobia) 
Other

(Check all that apply)

41a. Other:

PROGRESSION TO FULL UNRESTRICTED SPORTS ACTIVITY

42. I would typically allow the athlete in this example                       ≤ 3 months    
to begin unrestricted sports at                months                              4-5 months 
post-surgery. (fill in the blank from the choices                                 6-7 months 
available)                                                                                             7-8 months

9-12 months
12 or more months
I typically do not see patients during this phase 
of rehabilitation

43. Are there any additional tests, measures, or Yes 
criteria, beyond those needed to initiate No 
sports-related activities, that you require before
allowing an athlete to participate in UNRESTRICTED
sports activity?

43a. What additional tests or measures do you require?

RECOMMENDATION OF ONGOING INJURY PREVENTION PROGRAM

44. Would you recommend an ACL injury prevention program       Yes for
this patient at discharge?       No

If ACL prevention program recommended:
45. What ACL prevention program do you recommend? Sportsmetrics

Prevent Injury, Enhance Performance (PEP) Program
FIFA 11+ 
Other

45a. Other:

USE OF FUNCTIONAL BRACING AT TIME OF RETURN TO SPORTS

46. Would you typically recommend the use of a knee brace Yes 
during sports activities for this patient? No

If brace recommended:
47. What type of brace do you typically recommend? Functional ACL brace 

Neoprene knee sleeve 
Other

47a. Other:
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T
he World Health Organization defines telehealth as the 
delivery of health care services, where distance is a critical 
factor, by all health care professionals using information 
and communication technologies for the exchange of valid 

information for diagnosis, treatment, and prevention of disease 
and injuries; for research and evaluation; and for the continuing 
education of health care providers, all in the interests of advancing
the health of individuals and their com-
munities.18 The American Physical Thera-
py Association (APTA) defines telehealth 
as the use of secure electronic communi-
cations to provide and deliver a host of 
health-related information and health 
care services, including but not limited 
to physical therapy–related information 
and services for patients and clients.1

Internationally, physical therapists 
utilize telerehabilitation as the common 
term for telehealth applications. For ex-
ample, the Australian Physiotherapy As-
sociation’s position statement2 describes 
the provision of rehabilitation across 
the spectrum of acute, subacute, and 
community settings at a distance, using 
telecommunication technology to deliver 
real-time audio and video conferencing 
between providers and patients as syn-
chronous telehealth. Other telehealth 
applications include secure electronic 
transmission of clinical information and 
medical data, described as asynchronous 
or store-and-forward telehealth.

Operationally, a health care profes-
sional at a distant site may interact 
with a patient who is at the originating 
site via synchronous and asynchronous 
telehealth. In addition, remote patient 
monitoring has gained support alongside 
the advent of emerging biotechnology, 
virtual reality, and wearable technol-
ogy. Rehabilitation professionals utilize 
telerehabilitation to deliver physical, 
occupational, and speech therapy, while 
physicians, nurse practitioners, and other 
health care professionals utilize telemedi-
cine in practice. As the digital health field 
grows with new technologies, an absolute 
definition of telehealth, telerehabilita-
tion, and telemedicine remains elusive.18

Telehealth may enhance patient sat-
isfaction, overcome barriers to access 
to physical therapy services, and reduce 
the costs of musculoskeletal care in so-
ciety. Russell and colleagues16 reported 
high patient satisfaction with a 6-week 
telerehabilitation intervention compared 
to usual care in outpatients after total 

knee arthroplasty in Australia. Palsbo12 
reported that telerehabilitation helped 
Medicaid programs in the United States 
deliver specialized physical therapy care to 
locations with provider shortages in rural 
communities. Tousignant and colleagues19 
found a cost differential in favor of the 
telerehabilitation group compared to the 
usual-care group after a patient following 
total knee arthroplasty had to travel more 
than 30 km (round trip) from home to a 
physical therapy clinic in Canada.

Overall, telehealth physical therapy 
has the potential to transform many 
critical areas of care in musculoskeletal 
practice. However, the amount of hype 
around telehealth needs to be carefully 
examined, because widespread imple-
mentation has been stalled by payment 
and regulatory barriers in physical ther-
apy.8,9 Therefore, the purposes of this 
Viewpoint are to highlight (1) the current 
level of implementation, (2) telehealth 
musculoskeletal evidence, and (3) future 
opportunities in the digital age.

Telehealth Implementation  
in Musculoskeletal Practice
Various health systems around the world 
have utilized telehealth to improve access 
to care in musculoskeletal practice. Nu-
merous innovative musculoskeletal prac-
tices have emerged with the advancement 
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of smart technologies, such as apps, mo-
bile devices, and wearable technologies. 
More importantly, use of digital technol-
ogy and devices has become ubiquitous in 
developed countries.

In the United States, the Department 
of Veterans Affairs and the Indian Health 
Service utilize telehealth to facilitate the 
need for musculoskeletal physical ther-
apy expertise where provider shortages 
exist.8 Kaiser Permanente, a US-based 
health maintenance organization, utilizes 
telehealth physical therapy for musculo-
skeletal triage and consultations.8 In the 
United Kingdom, PhysioDirect telephone 
consultation services for patients with 
musculoskeletal problems are advanc-
ing toward a telehealth delivery model.20 
Online physical therapy musculoskeletal 
practice has emerged in Australia, while 
Alberta, Canada has allowed physical 
therapy across provincial borders with 
the courtesy register process for telere-
habilitation.13 Other international col-
laborations between 4 European Union 
member states (Italy, the Netherlands, 
Spain, and Poland) are establishing 
telerehabilitation delivery standards to 
achieve accreditation from their respec-
tive governmental agencies.6

As telehealth implementation in 
physical therapy ramps up, it is help-
ful to address real-world barriers, such 
as unpredictable weather hampering 
internet connectivity or the inability to 
manually assist or assess a patient dur-
ing a telehealth encounter. Recently, the 
US Federation of State Boards of Physical 
Therapy developed its model regulation 
of telehealth to assist regulatory physi-
cal therapy stakeholders in addressing 
administrative, ethical, and technical 
standards in practice.4 For example, pa-
tient-informed consent and verification 
of identity during a telehealth encoun-
ter, as well as privacy, patient safety, and 
emergency procedures, must be in place 
prior to telehealth practice. In addition, 
principles and guidelines developed by 
the American Telemedicine Association 
indicate a practitioner’s ethical responsi-
bility to discuss with a patient his or her 

right to refuse or discontinue a telehealth 
service.15 The APTA, in partnership with 
the Private Practice Section and the 
Academy of Orthopaedic Physical Ther-
apy, has developed educational webinars, 
monographs, and frequently-asked-
questions documents for practitioners to 
address barriers and support implemen-
tation of telehealth.1 Last, the Frontiers in 
Rehabilitation, Science, and Technology 
Council was established to advance sci-
ence and technology in physical therapy, 
in concert with APTA leadership and ap-
proved by the APTA Board of Directors.

Hence, current guidelines and re-
sources in telehealth should be reviewed 
by musculoskeletal practitioners (TABLE). 
Most recently, the World Confederation 
for Physical Therapy (WCPT) and the 
International Network of Physiotherapy 
Regulatory Authorities announced a 
formal collaboration to develop a model 
regulation of providing telehealth physi-
cal therapy rehabilitation services.20 
Therefore, musculoskeletal physical 
therapy practitioners have an opportu-
nity to collaborate with international 
organizations, including the WCPT and 
International Network of Physiotherapy 
Regulatory Authorities, to improve ac-
cess to quality care in physical therapy 
with telerehabilitation in the digital age. 
Overall, global engagement of telereha-
bilitation physical therapy professionals 
in musculoskeletal practice could address 
the WCPT goals of knowledge sharing 

and recognition of value for the physical 
therapy profession in the world.

Telehealth Musculoskeletal Evidence
As reported in the literature, technol-
ogy advancement in the global market-
place has generated telerehabilitation 
research in musculoskeletal physical 
therapy.5 Several academic research 
centers, including the University of 
Queensland (Australia) and the Univer-
sity of Sherbrooke (Canada), have led 
research evidence in musculoskeletal 
telerehabilitation. Early investigations 
in telehealth focused on the reliability 
and validity of musculoskeletal exami-
nations of upper and lower extremities, 
as well as musculoskeletal dysfunction.17 
More recently, telehealth feasibility in 
total joint replacement was examined.11 
A systematic review of telehealth vid-
eoconferencing for physical therapy in 
people with musculoskeletal conditions 
noted a moderate quality of intervention 
and a positive impact on health out-
comes and satisfaction.5 However, this 
review and past systematic reviews8 in-
dicate lack of cost analysis as a weakness 
to remedy before promotion of delivery 
of telehealth musculoskeletal practice. 
The main justification for telerehabilita-
tion was local shortages of practitioners, 
especially in rural areas.12 Therefore, fu-
ture telehealth research addressing the 
physical therapist workforce and cost 
analysis is urgently needed.

TABLE
Key Topics Covered  

in Telehealth Resources1,2,4,15

Topics in Telehealth Resources APA2 (Under Review) APTA1 ATA15 FSBPT4

Administrative x x

Clinical x x x x

Education x

Ethical x x x x

Regulation x x x

Research x

Technical x x x

Abbreviations: APA, Australian Physiotherapy Association; APTA, American Physical Therapy 
Association; ATA, American Telemedicine Association; FSBPT, Federation of State Boards of 
Physical Therapy.
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In academia, a US-based study involv-

ing 139 nurse practitioner, occupational 
therapy, and physical therapist students 
(who comprised half of the sample) as-
sessed student perceptions of telehealth 
in treating patients as interprofessional 
teams in both simulated and actual out-
patient musculoskeletal clinics.14 Find-
ings revealed that students, although 
remaining positive about telehealth, per-
ceived that it introduced barriers to the 
treatment process, particularly in estab-
lishing rapport with patients and other 
members of the health care team. The 
study, which corroborates similar find-
ings from the literature,10 recommends 
that physical therapy education about 
telehealth include content that specifi-
cally addresses potential barriers and 
ethical delivery, while optimizing the ad-
vantages that the technology can provide 
in the continuum of care.

According to one musculoskeletal re-
searcher (Trevor G. Russell) in a March 
2018 e-mail, a state-of-the-art telereha-
bilitation clinic is used at the University 
of Queensland (Australia), with physical 
and occupational therapy, speech pathol-
ogy, and audiology students under the su-
pervision of clinical educators, to develop 
unique skill sets in telehealth. Students 
are introduced to the theory and practi-
cal aspects of telehealth service delivery 
through online learning modules, includ-
ing clinical scenarios, and also through a 
hands-on practicum in which students 
and clinical educators can work through 
clinical cases via telehealth. Overall, fur-
ther academic research is necessary for 
telehealth, as a means for physical thera-
pist musculoskeletal practice, to become 
a reality.

Future Telehealth Opportunities
Regulations allowing cross-state practice 
represent telehealth implementation op-
portunities in the future.3,13 As of March 
2018, 21 states in the United States have 
enacted legislation to allow cross-state 
physical therapy practice, known as the 
interstate compact.3 The purpose of the 
compact is to increase consumer access 

to physical therapy services by reducing 
regulatory barriers to interstate practice. 
In Canada, a memorandum of under-
standing for cross-border physical thera-
py has been established as well.13 Similar 
telemedicine regulatory actions removed 
barriers for nursing and medical profes-
sionals to address provider shortages 
and access to quality health care.8 Given 
the potential importance of telehealth to 
reduce health care disparities associated 
with limited access to medical services, 
funding support for health services re-
search with community collaborations 
for ethical delivery should be established 
within the physical therapy profession. 
These initiatives necessarily require col-
laboration between physical therapy pro-
fessionals and their professional societies 
to advance telehealth in musculoskeletal 
practice.

Diffusion of telehealth practice will 
require clear solutions to key topics 
identified in the literature (TABLE). Expe-
rienced telehealth practitioners should 
lead in educating novice users and stu-
dents on practical applications and les-
sons learned from the real world. For 
example, interpersonal aspects of physi-
cal therapist–patient communication 
using telehealth require unique verbal 
and nonverbal behaviors for information 
giving and seeking, social conversation, 
and partnership building.10 By offering 
both in-person clinic visits and follow-
up telehealth encounters with patients 
and caregivers, the opportunity for per-
sonalized care can be further established 
with secure technology. Hence, we invite 
musculoskeletal professionals in health 
services, engineering, and academic re-
search to collaborate with the Frontiers 
in Rehabilitation, Science, and Technol-
ogy Council and the WCPT to advance 
science and technology that will favor-
ably influence the future of musculoskel-
etal telehealth practice.

As the aging population and health 
care expenditures grow in the future, 
telehealth in musculoskeletal practice 
may assist in solving the looming health 
care crisis. Currently, physical therapists 

are not listed as Medicare-eligible tele-
health providers in the United States.8 
This barrier alone limits opportunities 
for millions of older adults to access high-
quality physical therapy services via tele-
health, as traveling to a physical therapy 
clinic can be a challenge for some older 
adults. In the literature, Medicaid pro-
grams have supported physical therapy 
telehealth services,12 and cost benefits 
have been demonstrated by in-home 
telerehabilitation in Canada.19 There-
fore, we believe it is time to advocate for 
Medicare eligibility for telehealth physi-
cal therapy by funding musculoskeletal 
telehealth research, supporting payment 
policy, and educating providers in prac-
tice. Ultimately, telehealth is a tool to 
provide high-quality personalized physi-
cal therapy as part of musculoskeletal 
practice in society.

Conclusion
The use of telehealth in musculoskeletal 
practice has been stalled by implemen-
tation, research, and policy barriers in 
physical therapy.7-9 Systematic reviews 
in musculoskeletal telehealth literature 
demonstrate comparable outcomes and 
patient satisfaction.5 Barriers to con-
sumer access to physical therapy services 
are being lessened by physical therapy 
stakeholders.3,13 In the future, telehealth 
in musculoskeletal research and practice 
must aim to establish equitability in ac-
cess, cost-effectiveness, clinical outcomes, 
and ethical delivery in the digital age. t
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T
hree-dimensional motion capture has been used extensively to 
measure movement in a variety of orthopaedic settings, from 
research6 to clinical practice.27 Previous studies have shown 
that 3-D motion-capture systems measure motion accurately 

and with small measurement error.6,19 Because 3-D motion capture

is a noninvasive method that does not 
involve radiation, it has become the gold 
standard for assessing frontal plane mo-
tions of the lower extremity and trunk.9,27

For example, in a prospective study 
of female athletes, 3-D motion capture 
was used to identify risk factors for an-
terior cruciate ligament injury, such as 
increased knee valgus angle and mo-
ment during landing from a jump task.9 
Similarly, uses of 3-D motion capture in 
persons with patellofemoral pain have 
ranged from investigating potential risk 
factors related to athletic tasks26 to real-
time gait retraining to improve pain lev-
els and function in this population.30

Although 3-D motion capture is used 
to assess kinematics across different 
fields, its clinical applicability is limited 
due to the expense of the equipment and 
the requirement that system operators 
undergo extensive training.20,22 As a re-
sult, it is unrealistic to expect this form of 
analysis to be carried out on a large scale; 
in fact, most biomechanical studies have 
limited sample sizes.

UU BACKGROUND: Two-dimensional (2-D) analysis 
is commonly used to quantify frontal plane kine-
matics of the trunk and lower extremity. However, 
there are conflicting results regarding the reliability 
and validity of these measurements.

UU OBJECTIVE: To synthesize the current literature 
to determine whether 2-D analysis is a reliable 
and valid method of measuring frontal plane 
kinematics of the trunk and lower extremity during 
squatting, landing, and cutting tasks.

UU METHODS: For this systematic review with me-
ta-analysis, MEDLINE, CINAHL, Embase, Scopus, 
and SPORTDiscus databases were searched from 
inception until March 2017. The authors included 
16 studies that evaluated the reliability and/or 
validity of 2-D measurements of frontal plane trunk 
and/or lower extremity kinematics when compared 
to 3-D measurements during any of the following 
tasks: squatting, landing, or cutting.

UU RESULTS: Intrarater reliability (intraday and 
interday) and interrater reliability of the 2-D video 

measurements varied from moderate to excellent. 
In terms of validity, there was poor agreement 
between the 2-D and 3-D methods, with no cor-
relation between 2-D knee frontal plane projection 
angle and 3-D knee frontal plane angles (r = 0.127, 
P = .094) for the single-leg squat, but a moderate 
to good relationship (r = 0.619, P<.001) for the 
landing task.

UU CONCLUSION: Two-dimensional video analysis 
of frontal plane trunk and lower extremity kinemat-
ics is reliable, but this appears to be dependent 
on the task and the type of reliability evaluated. 
The current evidence does not support the use of 
2-D video analysis for measuring trunk and lower 
extremity frontal plane kinematics when accurate 
measures are required.

UU LEVEL OF EVIDENCE: Diagnosis, level 3.  
J Orthop Sports Phys Ther 2018;48(10):812-822. 
Epub 12 Jun 2018. doi:10.2519/jospt.2018.8006

UU KEY WORDS: 2-D motion, 3-D motion, biome-
chanics, kinematics, video analysis
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However, recent advances in tech-
nology and affordability of high-speed, 
high-resolution cameras have made it 
possible to use 2-dimensional (2-D) vid-
eo analysis to measure joint motion in 
athletic and clinical environments. For 
example, previous studies have shown 
an association between frontal plane 
projection angle (FPPA) and lower ex-
tremity kinematics during a single-leg 
squat task in persons with patellofemo-
ral pain.39 Recent evidence has shown 
that during a unilateral drop vertical 
jump task, a combination of increased 
knee valgus and ipsilateral trunk motion 
measured by 2-D video may identify fe-
male athletes at risk for noncontact knee 
injury.3

Before recommending its wide-
spread use, though, it is important to 
establish the reliability and validity of 
2-D video analysis for assessing frontal 

plane kinematics of the trunk and low-
er extremity during different athletic 
tasks, such as squatting, landing, and 
cutting.8,9 Therefore, this systematic 
review sought to review and synthesize 
the existing literature regarding the 
reliability and validity of 2-D video to 
measure frontal plane kinematics of the 
trunk and lower extremity during vari-
ous athletic tasks.

METHODS

Protocol and Registration

T
his systematic review followed 
the recommendations of the Pre-
ferred Reporting Items for Sys-

tematic Reviews and Meta-Analyses 
(PRISMA) checklist.24 The review proto-
col was registered with the International 
Prospective Register of Systematic Re-
views (CRD42017060988).

Data Sources and Search Strategy
The authors conducted a systematic 
search of the databases MEDLINE, CI-
NAHL, Embase, Scopus, and SPORTDis-
cus from inception to March 2017. The 
researchers used the following terms: 
reliability/validity, athletic tasks (cut-
ting, landing, squatting), and 2-D/3-D 
motion-capture systems (FIGURE 1 , APPEN-

DIX D). No restrictions were placed on the 
study type, population or language, or 
participant age and sex.

Study Selection
Titles and abstracts were independently 
screened by 2 blinded investigators. If at 
least 1 of the investigators included a pa-
per during the abstract and title screening 
phase, then that study was included for the 
full-text screening. For full-text screen-
ing, the authors followed a previously de-
scribed procedure, and any disagreement 

A
Content 1 Content 2 Content 3 Content 4 Content 5
2D video validity inter-rater reliability athletic tasks  limb alignment

OR OR OR OR OR
two dimensional video validation intra-rater reliability cutting kinematics

OR OR OR OR OR
3D video concurrent validity reliability landing lower extremity alignment

OR OR OR OR OR
three dimensional video reproducibility of results interrater agreement squat dynamic knee valgus

OR OR OR OR OR
markerless motion capture validation studies test-retest reliability single leg squat frontal plane knee motion

OR OR OR OR
motion capture system intra-rater agreement functional tests FPPA

OR OR OR OR
real-time assessment intraclass correlation coe�cient drop vertical jump frontal plane projection angle

OR OR OR OR
observational screening intrasession reliability single leg step down knee abduction angle

OR OR OR OR
motion analysis system ICC biomechanics lower extremity kinematics

OR OR OR
movement analysis  drop-jump landings  joint angles

OR OR OR
screening tests performance tests knee control

OR OR OR
injury screenings squatting frontal plane angle

OR OR
movement knee angles

OR

B hip angles
OR

trunk angles
OR

hip motion
OR

knee motion
OR

trunk motion

AND AND AND AND

(TITLE-ABS-KEY ( "2D video*" OR "Two dimensional video*" OR  "3D video*"  OR  "three dimensional video*" OR 
"Markerless motion capture" OR "motion capture system" OR "real-time assessment" OR "Observational Screening" OR 
"motion analysis system" ) OR TITLE-ABS-KEY ( "movement analysis"  OR  "screening tests"  OR  "injury screenings" )  AND 
TITLE-ABS-KEY ( validity OR validation OR "concurrent validity" OR "Validation studies" ) AND  TITLE-ABS- KEY ( "athletic 
tasks*" OR cutting OR landing OR squat OR squatting OR "Single Leg Squat" OR "functional tests" OR "Drop Vertical Jump" 
OR "single leg step down" OR biomechanics OR "Drop-Jump Landings" OR movement OR "Performance tests" ) AND 
TITLE-ABS-KEY ( "limb alignment" OR kinematics OR "Lower Extremity Alignment" OR "dynamic knee valgu" OR "frontal 
plane knee motion" OR fppa OR "frontal plane projection angle" OR "knee abduction angle" OR "lower extremity 
kinematics" OR "joint angles" OR "knee control" ) OR TITLE-ABS-KEY ( "Frontal plane angle" OR "Knee angles" OR "Hip 
angles" OR "Trunk angles" OR "Hip motion" OR "knee motion" OR "Trunk motion" ) )

FIGURE 1. (A) Search strategy (content table), and (B) Scopus database search strategy. Abbreviations: FPPA, frontal plane projection angle; ICC, intraclass correlation coefficient.
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between investigators over the eligibility 
of a study was discussed and resolved.15 Fi-
nally, the investigators independently re-
viewed references of the selected full-text 
articles to determine whether additional 
studies should be assessed for inclusion.

Studies were included if they evalu-
ated the reliability or validity of 2-D 
video measurements of trunk or lower 
extremity kinematics during any of the 
following tasks: cutting, landing, and 
squatting. The authors excluded stud-
ies that evaluated running or gait, used 
only 3-D motion-capture systems (in-
cluding those that calculated 2-D angles 
from the 3-D motion-capture system), 
employed methods that were not based 
on kinematic angles (ie, Landing Error 
Scoring System), or did not report frontal 
plane kinematics. The investigators also 
excluded studies that were not full-text 
manuscripts (ie, abstracts, theses, disser-
tations), studies that did not assess 2-D 
and 3-D motion simultaneously, and 
studies that did not assess living human 
beings (ie, animals or human cadavers).

Risk-of-Bias Evaluation
Two pairs of independent investigators 
assessed the quality of the included stud-
ies, using the Quality Appraisal of Diag-
nostic Reliability (QAREL)16,17 checklist 
for reliability studies and the Quality As-
sessment of Diagnostic Accuracy Studies 
(QUADAS-2)18,38 tool for validity studies. 
If there was any disagreement, a consen-
sus was reached through discussion.

The QAREL tool, created in 2010, has 
been used to assess the methodological 
quality of reliability studies. It contains 
11 items divided into the following do-
mains: items 1 and 2, review of sampling 
bias and how representative participants 
and raters are; items 3 to 7, rater blind-
ing; item 8, whether the test sequence 
varied; item 9, whether the time interval 
between measures was sufficient; item 
10, whether the test was conducted and 
interpreted correctly; and item 11, the ap-
propriateness of the statistical analyses. 
Furthermore, each item can be answered 
“yes,” “no,” “unclear,” or “not applicable” 

(items 3, 4, 5, 6, and 8), where a “yes” re-
sponse suggests a good-quality feature of 
the study and a “no” response suggests a 
poor-quality feature.

The QUADAS-2 tool is frequently 
used in systematic reviews to evaluate the 
accuracy of diagnostic tests.38 This tool 
contains 4 domains (patient selection, 
index test, reference standard, and flow 
and timing) with signaling questions that 
can be answered as “yes,” “no,” or “un-
clear.” The risk of bias is assessed for each 
domain, and the first 3 domains are also 
assessed for applicability concerns. In 
accordance with the QUADAS-2 instruc-
tions,38 if all signaling questions within 
a specific domain are answered “yes,” 
then the risk of bias should be graded as 
“low,” but if any question is graded “no,” 
then potential risk of bias exists. Finally, 
an “unclear” answer should be avoided 
and used only when insufficient data are 
provided.

Data Extraction
One investigator extracted the following 
data independently: study population, 
participant demographics and character-
istics, details of the intervention (reliabil-
ity or validity study), number of raters, 
tested leg, task performed, and relevant 
biomechanical variables. Two additional 
investigators double-checked these data 
for discrepancies and quality control.

For the meta-analysis, when the 
study reported results from either the 
left and right legs or both the dominant 
and nondominant legs, the investiga-
tors extracted data from the right or the 
dominant leg, as these were more com-
monly reported. In addition, when more 
than 1 type of landing task was reported 
by the same study (ie, cutting and jump-
ing tasks), the researchers extracted the 
data most similar to those derived from 
a jumping task, as the latter was more 
commonly reported. For reliability stud-
ies, when the authors reported results of 
more than 1 rater, data from the first rater 
or the most experienced rater were used. 
Furthermore, when more than 2 test ses-
sions were reported for reliability, the re-

sults comparing the first 2 sessions were 
used for analysis. Finally, the investiga-
tors extracted and presented data from 
the reliability studies based on the defini-
tions provided by Portney and Watkins31 
as well as Koo and Li13 for different types 
of reliability studies.

As for the studies evaluating 2-D vid-
eo FPPA measurements, the researchers 
separated the reliability studies into in
trarater reliability when the 2-D FPPA 
was measured by 1 rater across 2 or more 
different days, interrater reliability when 
2 or more raters measured the same 
group of participants on the same trials, 
and intraday intrarater reliability when 1 
rater assessed the same participant with-
in the same test session or same day.

Data Analysis
Comprehensive Meta-Analysis Version 
3.3.070 (Biostat, Inc, Englewood, NJ) 
software was used for the meta-analysis. 
For reliability, the investigators entered 
the mean intraclass correlation coef-
ficient (ICC), the ICC lower limit (95% 
confidence interval [CI]), and sample 
size to calculate the pooled ICC.5 The 
Pearson correlation coefficient strength 
(r) and sample size were used for validity. 
A random-effects model33 was used and 
a heterogeneity value (I2) of 50% or less 
was accepted, as higher values represent 
substantial heterogeneity, which might 
bias the study’s conclusion.10,33 There-
fore, as per Schroll et al,33 sensitivity 
analysis was performed in the presence 
of high heterogeneity (I2 greater than 
50%). The level of significance was set a 
priori at α = .05.

The strength of the correlation coeffi-
cients (ICC and Pearson) was interpreted 
according to Koo and Li13 and Portney 
and Watkins,31 respectively. For the ICC 
interpretation, the following categories 
were used, considering the 95% CI as 
previously suggested13: less than 0.50 
indicated poor reliability, 0.50 to 0.75 
indicated moderate reliability, 0.75 to 
0.90 indicated good reliability, and 0.90 
or greater indicated excellent reliability.13 
A Pearson correlation coefficient strength 
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(r) of 0.00 to 0.25 was interpreted as lit-
tle or no correlation, 0.25 to 0.50 as a fair 
relationship, 0.50 to 0.75 as a moderate 
to good relationship, and 0.75 or greater 
as a good to excellent relationship.31

Sensitivity Analysis
Reliability Studies  For the single-leg 
squat task, 1 study25 increased the hetero-
geneity (I2 greater than 50%) for intra-
rater and intraday intrarater reliability; 
however, as the overall result did not 
change after removing this study, the au-
thors retained it in the meta-analysis and 
reported both results (with and without 
the study).33

Validity Studies  Of all studies that used 
a landing task, only 1 performed a uni-
lateral landing task,20 so the investiga-
tors performed a sensitivity analysis that 
included only bilateral tasks and then 
combined bilateral and unilateral land-
ing tasks. As the overall result did not 
change, the authors combined both types 
of tasks for the meta-analysis.33

Two studies that used a landing task 
were assessed as having a high risk of 
bias, as they only included participants 
with specific characteristics29 and ex-
cluded some participants from the 
statistical analysis.2,29 Therefore, the in-
vestigators decided to run a sensitivity 
analysis excluding these studies to evalu-
ate whether the results would change. 
As the overall result did not change, the 
authors retained both studies for the 
meta-analysis.33

RESULTS

Study Selection

A 
total of 16 studies2,4,7,11,12,20-22, 

25,28,29,32,34-36,39 met the inclusion cri-
teria and 13 were included in the 

quantitative analysis. Three studies12,28,35 
did not provide enough data in the pa-
pers or after contacting their authors. 
Eight studies4,7,12,21,25,28,35,36 reported data 
on reliability of the 2-D video analysis 
only, 4 only reported data on the concur-
rent validity between the 2-D video and 
3-D motion-capture system,20,29,34,39 and 

4 studies reported data on the reliability 
and concurrent validity2,11,22,32 (FIGURE 2). 
For the title/abstract and full-text screen-
ing, the agreement rates between both 
raters were 94% (54 disagreements in 
904 studies) and 85% (5 disagreements 
in 34 studies), respectively.

Study Characteristics
Across all studies that reported data on 
reliability, 11 presented data on intrarater 
reliability,4,7,11,21,22,25,28,29,32,35,36 6 on inter-
rater reliability,4,11,12,22,32,36 and 4 on intra-
day test-retest reliability,12,25,32,35 including 
a total of 308 participants. Eight stud-
ies2,11,20,22,29,32,34,39 that reported data on con-
current validity included 278 participants 
in total.

Overall, participants in the studies 
evaluated were predominantly female (8 
of 16 studies), collegiate or elite athletes 
(7 of 16 studies), and had a mean age 
ranging from 15 to 24 years. Most studies 
(10 of 16) used a landing task (bilateral 
or unilateral) and almost all studies as-

sessed the knee joint, with only 3 studies 
assessing different joints (ie, trunk, hip, 
and ankle joints). Characteristics of in-
cluded studies are shown in TABLE 1.

Risk of Bias
Reliability Studies  The agreement be-
tween both raters for risk of bias was 
91% (12 disagreements in 132 questions). 
Overall, studies included participants 
considered representative of the popula-
tion for which the results were intended 
to be used, respected the time interval 
between repeated measures, used and 
interpreted the test correctly, and per-
formed the correct statistical analysis. 
The primary sources of bias were found 
in studies in which raters had not been 
blinded from prior analyses and other 
raters’ assessments, and many studies did 
not vary the assessments’ order (APPENDIX 

A, available at www.jospt.org).
Validity Studies  The agreement between 
both raters for risk of bias was 91% (5 
disagreements in 56 questions). Overall, 

Records after duplicates removed, 
n = 904

Title and abstract screened, 
n = 904

Full-text articles assessed for 
eligibility, n = 34

Id
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Records identified through 
database searching, n = 1668

Additional records identified 
through other sources, n = 6

Records excluded, n = 870

Studies included in qualitative 
synthesis, n = 16

Studies included in quantitative 
synthesis (meta-analysis), 
n = 13

Full-text articles excluded, n = 18
• Not kinematic angles, n = 5
• 2-D analysis caluclated from 

3-D, n = 2
• Not 2-D video analysis, n = 4
• Not frontal plane, n = 2
• Not full text, n = 1
• Not humans, n = 1
• Not original research, n = 1
• Not an athletic task, n = 1
• Assessment on di�erent days, 

n = 1

FIGURE 2. PRISMA flow diagram of study selection.

 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
 2

3,
 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
01

8 
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.



816  |  october 2018  |  volume 48  |  number 10  |  journal of orthopaedic & sports physical therapy

[ research report ]
	

TABLE 1 Study Characteristics

Study Participant Characteristics

Intrarater/ 
Interrater 
Reliability

Intraday 
Test-Retest 
Reliability Raters, n Tested Leg

Validity 
Study

Task/Body 
Region

2-D and 3-D Kinematic Variables 
Used as Outcome Measures

McLean et al20 Collegiate athletes, female 
(age, 21.2 ± 3.0 y; 
height, 176 ± 11.1 cm; 
weight, 76.1 ± 12.4 kg) 
and male (20.2 ± 1.9 y; 
184.7 ± 8.0 cm; 81.9 ± 
9.8 kg)

NA
NA

NA Unclear Right Yes (n = 
20)

Side jump
Knee

FPPA (2-D): peak frontal plane knee 
angle

Dynamic knee valgus angle (3-D): 
combination of tibia and femur 
static alignment and dynamic 
motion

Both measures were time normal-
ized to 100% of stance phase

Nagano et al29 Female collegiate athletes 
(age, 21 ± 1 y; height, 
1.66 ± 0.8 m; weight, 
58.8 ± 7.7 kg)

NA
NA

NA Unclear Dominant Yes (n = 
20)

Continuous 
jump test

Knee

Knee valgus (2-D): frontal plane 
angle at maximum knee flexion 
minus knee frontal plane angle at 
standing position

Knee abduction/adduction angle 
(3-D): knee angular displace-
ments were defined as a variation 
from the position in the static 
standing trial

Willson and 
Davis39

Young women with and 
without PFP (age, 23.7 ± 
3.6 y; height, 1.70 ± 0.06 
m; weight, 61.1 ± 5.4 kg)

NA
NA

NA 1 (not defined) Random Yes (n = 
40)

SL squat
Knee

FPPA (2-D): frontal plane angle at 
maximum knee flexion minus 
knee frontal plane angle at stand-
ing position

Knee abduction angle (3-D): calcula-
tion not clearly defined

Stensrud et 
al35

Female handball players 
(age, 22 ± 4 y; height, 
173 ± 7 cm; weight, 70 
± 8 kg)

Yes (n = 20)
NA

Yes (n = 18) 1 (not defined) Right and left NA SL squat, SL 
DVJ, and DVJ

Knee

FPPA (2-D): knee frontal plane angle 
at maximum flexion subtracted 
from 180°

Miller and 
Callister21

Personal training students, 
female and male (age, 
23.7 y; range, 21.2-26.3 
y)

Yes (n = 48)
NA

NA 1 inexperi-
enced 
tester

Right and left NA SL DVJ
Knee

Knee frontal plane (2-D): ankle, knee, 
and quadriceps angle, formed by 
the distal anterior tibial margin 
and the mid-patella and mid-thigh 
markers at maximum knee flexion

Munro et al25 Recreationally active 
adults, female (age, 21.5 
± 2.3 y; height, 170.1 ± 
6.1 cm; weight, 66.2 ± 
10.2 kg) and male (22.6 
± 3.1 y; 177.9 ± 6.0 cm; 
75.8 ± 7.9 kg)

Yes (n = 10); 
yes (n = 
10)

Yes (n = 
10); yes 
(n = 10)

1 (not defined) Average of left and 
right

NA SL squat, DVJ, 
and SL 
landing

Knee

FPPA (2-D): the angle formed be-
tween the line from the markers 
on the proximal thigh to the knee 
joint and the line from the knee 
joint to the ankle at the point of 
maximum knee flexion

Mizner et al22 Female collegiate athletes 
(age, 19.6 ± 1.2 y; BMI, 
25 ± 2 kg/m2)

Yes (n = 36)
Yes (n = 36)

NA 2 experienced 
raters

Dominant Yes (n = 
36)

DVJ
Knee

FPPA (2-D): knee frontal plane angle 
at the point of peak knee flexion 
during the initial landing phase 
(prior to starting the jump phase)

Knee abduction angle (3-D): knee 
abduction angle at peak knee 
flexion during landing

Harris-Hayes 
et al7

Undergraduate and gradu-
ate students, female and 
male (age, 19.3 ± 4.5 y; 
BMI, 23.8 ± 3.6 kg/m2)

Yes (n = 15)
NA

NA 1 research 
assistant

Unclear NA SL squat
Knee

FPPA (2-D): knee frontal plane angle 
at maximum knee flexion minus 
frontal plane angle at the standing 
position

Table continues on page 817.
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TABLE 1 Study Characteristics (continued)

Study Participant Characteristics

Intrarater/ 
Interrater 
Reliability

Intraday 
Test-Retest 
Reliability Raters, n Tested Leg

Validity 
Study

Task/Body 
Region

2-D and 3-D Kinematic Variables 
Used as Outcome Measures

Jones et al11 Female collegiate athletes 
(age, 19.4 ± 2.4 y; 
height, 170.3 ± 9.2 cm; 
weight, 65.8 ± 8.9 kg)

Yes (n = 35)
Yes (n = 35)

NA 2 experienced 
physical 
therapists

Random Yes (n = 
81)

Step-down 
squat task

Knee

FPPA (2-D): knee frontal plane angle 
at maximum flexion subtracted 
from 180°

Knee abduction angle (3-D): knee 
abduction angle at peak knee 
flexion

King and 
Belyea12

College students, female 
and male (age, 21 ± 1 
y; height, 1.73 ± 0.11 m; 
weight, 72.3 ± 13.8 kg)

NA
Yes (n = 23)

Yes (n = 23) 2 novice 
raters and 
2 expert 
raters

Right NA DVJ
Knee

FPPA (2-D): calculated by subtract-
ing initial contact values from 
maximum knee flexion values

Myer et al28 Female high school volley-
ball athletes (age, 15.27 
± 1.0 y; height, 1.69 ± 
0.42 m; weight, 61.08 
± 7.9 kg)

Yes (n = 19)
NA

NA 3 (not defined) Right and left NA DVJ
Knee

FPPA (2-D): maximum frontal 
plane knee angle was calculated 
from hip, knee, and ankle joint 
centers at maximum medial knee 
displacement

Dingenen 
et al4

Elite female athletes (age, 
21.1 ± 3.4 y; height, 
170.0 ± 8.3 cm; weight, 
65.2 ± 8.0 kg)

Yes (n = 15)
Yes (n = 15)

NA 2 (not defined) Dominant and 
nondominant

NA SL squat and 
SL DVJ

Trunk

LTM (2-D): the angle between a 
vertical line starting at the ipsi-
lateral ASIS and the line between 
the ipsilateral ASIS and the 
manubrium sterni. Smaller LTM 
angles represent more LTM in the 
direction of the supporting leg. 
The LTM angle was negative when 
the manubrium sterni was more 
lateral than the ipsilateral ASIS

Belyea et al2 Healthy subjects, female 
and male (age, 21 ± 1.4 
y; height, 1.73 ± 0.12 m; 
weight, 71 ± 13 kg)

Yes (n = 21)
NA

NA 1 student 
researcher

Random Yes (n = 
19)

DVJ
Knee

FPPA (2-D): calculated by subtract-
ing initial contact values from 
maximum knee flexion values

Knee abduction ROM (3-D): knee 
frontal plane angle at peak knee 
flexion minus frontal plane angle 
at initial contact

Tate et al36 College students (sex not 
specified)

Yes (n = 20)
Yes (n = 20)

NA 1 novice rater 
and 1 expert 
rater

Dominant NA SL squat
Knee

FPPA (2-D): measured as the angle 
formed between a line drawn 
from the middle of the ankle joint 
to the middle of the knee joint and 
a line from the middle of the knee 
joint extended to bisect the thigh 
at maximum knee flexion

Schurr et al34 Physically active adults, 
female and male (age, 
22.26 ± 2.99 y; height, 
1.70 ± 0.12 m; weight, 
67.43 ± 12.24 kg)

NA
NA

NA 1 clinician Average of left and 
right

Yes (n = 
26)

SL squat
Ankle, knee, hip, 

and trunk

FPPA (2-D): joint displacement at the 
trunk, hip, knee, and ankle in the 
frontal plane. Frontal plane angle 
calculated at maximum knee 
flexion minus frontal plane angle 
at the standing position

Knee abduction ROM (3-D): joint 
frontal plane angle at peak knee 
flexion minus frontal plane angle 
at the standing position

Table continues on page 818.
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most studies presented no risk of bias for 
the patient selection domain. One study29 
excluded 8 participants who presented 
with knee varus displacement at baseline, 
as the study’s purpose was to assess par-
ticipants with knee valgus displacement 
only. On the other hand, there was no risk 
of bias for the index test and reference 
standard domains, as both devices (index 
and reference standard) were tested si-
multaneously. This prevented raters from 
having access to the reference standard’s 
results. However, for the flow and timing 
domain, 2 studies2,29 were graded as high 
risk of bias, as they excluded participants 
from the statistical analysis. Finally, for the 
applicability concerns domain, all studies 
were graded as low risk of bias (TABLE 2).

2-D Video Reliability
Single-Leg Squat Intrarater Reliabili-
ty  Regarding knee FPPA reliability, meta-
analysis revealed that there was good to 
excellent intrarater reliability (FIGURE 3),  
and excellent reliability (ICC = 0.99; 
95% CI: 0.97, 1.00) when the Munro et 
al25 study was excluded after sensitivity 
analysis (I2 = 0%). Studies that were not 
included in the meta-analysis due to lack 
of data reported mean ICC values ranging 
from 0.9235 to 0.99.11

Scholtes and Salsich32 reported excel-
lent reliability for hip FPPA (ICC = 0.99; 
95% CI: 0.97, 1.00), while Dingenen et 
al4 reported excellent reliability (ICC 
= 0.99; 95% CI: 0.95, 1.00) for lateral 
trunk motion (LTM).

Single-Leg Squat Interrater Reliabili-
ty  Meta-analysis revealed that there was 
excellent interrater reliability for the knee 
FPPA (ICC = 0.97; 95% CI: 0.92, 1.00) 
(APPENDIX B, available at www.jospt.org). 
One study that was not included in the 
meta-analysis due to lack of data report-
ed similar results (mean ICC = 0.94).11

For hip FPPA, Scholtes and Salsich32 
reported good to excellent reliability (ICC 
= 0.97; 95% CI: 0.88, 0.99), while Din-
genen et al4 reported good to excellent 
reliability for LTM (ICC = 0.98; 95% CI: 
0.86, 1.00).
Single-Leg Squat Intraday Intrarater 
Reliability  For knee FPPA, meta-anal-
ysis revealed that there was moderate to 
excellent intraday intrarater reliability 

	

TABLE 1 Study Characteristics (continued)

Abbreviations: ASIS, anterior superior iliac spine; BMI, body mass index; DVJ, drop vertical jump; FPPA, frontal plane projection angle; LTM, lateral trunk 
motion; NA, not available; PFP, patellofemoral pain; ROM, range of motion; SL, single leg.

Study Participant Characteristics

Intrarater/ 
Interrater 
Reliability

Intraday 
Test-Retest 
Reliability Raters, n Tested Leg

Validity 
Study

Task/Body 
Region

2-D and 3-D Kinematic Variables 
Used as Outcome Measures

Scholtes and 
Salsich32

Young women with and 
without PFP (age, 22.4 
± 4.3 y; BMI, 22.4 ± 3.2 
kg/m2)

Yes (n = 15)
Yes (n = 10)

Yes (n = 
36)

2 experienced 
physical 
therapists

Symptomatic leg 
(PFP partici-
pants) and ran-
dom for healthy 
participants

Yes (n = 
36)

SL squat
Knee and hip

FPPA (2-D): hip and knee angles 
were obtained at peak knee 
flexion. The knee FPPA was 
calculated as 180° minus the 
angle between the thigh segment 
and the shank segment

Knee abduction angle (3-D): knee 
frontal plane angle at peak knee 
flexion

	

TABLE 2 Results of the QUADAS-2 Quality Assessment

Abbreviation: QUADAS, Quality Assessment of Diagnostic Accuracy Studies.

Study Patient Selection Index Test Reference Standard Flow and Timing Patient Selection Index Test Reference Standard

McLean et al20 Low Low Low Low Low Low Low

Nagano et al29 High Low Low High Low Low Low

Willson and Davis39 Low Low Low Low Low Low Low

Mizner et al22 Low Low Low Low Low Low Low

Jones et al11 Low Low Low Low Low Low Low

Belyea et al2 Low Low Low High Low Low Low

Schurr et al34 Low Low Low Low Low Low Low

Scholtes and Salsich32 Low Low Low Low Low Low Low

Risk of Bias Applicability Concerns
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(ICC = 0.74; 95% CI: 0.57, 0.90; I2 = 73%) 
(APPENDIX C, available at www.jospt.org). 
When male participants were excluded 
from Munro et al25 based on the sensitiv-
ity analysis, moderate to good reliability 
was observed (ICC = 0.66; 95% CI: 0.53, 
0.79; I2 = 0%). One study that was not 
included in the meta-analysis due to lack 
of data reported moderate intraday intra-
rater reliability (mean ICC = 0.57).35 Last, 
Scholtes and Salsich32 reported moderate 
to excellent reliability (ICC = 0.83; 95% 
CI: 0.73, 0.91) for hip FPPA.
Landing Task Intrarater Reliability  For 
knee FPPA, meta-analysis revealed that 
there was moderate to good reliability 
for unilateral landing tasks and good to 
excellent reliability for bilateral landing 
tasks (FIGURE 3). Studies that were not 
included in the meta-analysis because of 
lack of data reported a knee FPPA mean 
ICC of 0.8935 (unilateral landing task) and 
0.9522,35 (bilateral landing task). Dingenen 
et al4 reported excellent reliability (ICC = 
0.99; 95% CI: 0.98, 1.00) for LTM.
Landing Task Interrater Reliability  Be-
cause of a lack of data, it was not possible 
to run a meta-analysis for the bilateral 
landing task; however, 2 studies reported 
good and excellent knee FPPA reliability 
(mean ICC = 0.8922-0.9212). For LTM, 
Dingenen et al4 reported excellent reli-
ability (ICC = 0.98; 95% CI: 0.94, 0.99).
Landing Task Intraday Intrarater Reli-
ability  Knee FPPA reliability for unilat-
eral landing tasks was moderate to good 
(ICC = 0.77; 95% CI: 0.68, 0.87), and 
for bilateral tasks was good to excellent 
(ICC = 0.86; 95% CI: 0.81, 0.92) (AP-

PENDIX C). Studies that were not included 
in the meta-analysis due to lack of data 
reported moderate reliability for the uni-
lateral landing task (mean ICC = 0.58)35 
and good to excellent reliability (mean 
ICC = 0.8912,35 to 0.9128) for the bilateral 
landing task.

2-D Video Validity
Single-Leg Squat Validity  There was no 
correlation between 2-D knee FPPA and 
3-D knee frontal plane angle (FIGURE 4). 
Importantly, the Bland-Altman plots 

provided by Schurr et al34 revealed poor 
agreement between the 2-D video and 
3-D motion-capture system, as evident by 
the wider limits of agreement (LoA) for 
all frontal plane movements, such as the 
trunk (7.92°; 95% LoA: –6.65°, 22.50°), 
hip (–8.72°; 95% LoA: –21.90°, 4.45°), 
knee (–6.62°; 95% LoA: –29.83°, 16.59°), 
and ankle (3.03°; 95% LoA: –7.96°, 
14.02°).

Schurr et al34 also reported no correla-
tion between both methods for the trunk, 
knee, and ankle 2-D frontal plane angles. 

Conflicting results were found for 2-D 
frontal plane hip angles, as Scholtes and 
Salsich32 reported a good to excellent re-
lationship between 2-D and 3-D systems 
(r = 0.825, P<.001), while Schurr et al34 
reported no relationship (r = 0.150, P = 
.469). Due to high heterogeneity (I2 = 
93%) and lack of studies, it was not pos-
sible to run a meta-analysis for the 2-D 
hip frontal plane angle.
Landing Task Validity  The meta-anal-
ysis revealed that there was a moderate 
to good relationship between the 2-D 

Intrarater Reliability: Single-Leg Squat

Study n ICC (95% CI) P Value ICC (95% CI)

Munro et al25

–1.0 –0.50 0.0 0.50 1.0

Female 10 0.720 (0.581, 0.859) <.001

Male 10 0.880 (0.828, 0.932) <.001

Harris-Hayes et al7 15 0.980 (0.953, 1.000) <.001

Tate et al36 20 0.910 (0.788, 1.000) <.001

Scholtes and Salsich32 15 0.990 (0.974, 1.000) <.001

Total* 70 0.926 (0.873, 0.980) <.001

Abbreviations: CI, confidence interval; ICC, intraclass correlation coefficient.
*Heterogeneity: τ2 = 0.003, Q = 30.185, df (Q) = 4 (P<.001), I2 = 87%. Test for overall effect: z = 34.024 
(P<.001).

Intrarater Reliability: Unilateral Landing Task

Study n ICC (95% CI) P Value ICC (95% CI)

Miller and Callister21 48 0.642 (0.448, 0.836) <.001

–1.0 –0.50 0.0 0.50 1.0

Munro et al25

Female 10 0.820 (0.733, 0.907) <.001

Male 10 0.800 (0.713, 0.887) <.001

Total* 68 0.795 (0.736, 0.853) <.001

Abbreviations: CI, confidence interval; ICC, intraclass correlation coefficient.
*Heterogeneity: τ2 = 0.001, Q = 2.725, df (Q) = 2 (P = .256), I2 = 27%. Test for overall effect: z = 21.525 
(P<.001).

Intrarater Reliability: Bilateral Landing Task

Study n ICC (95% CI) P Value ICC (95% CI)

Munro et al25

–1.0 –0.50 0.0 0.50 1.0

Female 10 0.910 (0.875, 0.945) <.001

Male 10 0.890 (0.838, 0.942) <.001

Total* 20 0.904 (0.875, 0.933) <.001

Abbreviations: CI, confidence interval; ICC, intraclass correlation coefficient.
*Heterogeneity: τ2 = 0.000, Q = 0.394, df (Q) = 1 (P = .530), I2 = 0%. Test for overall effect: z = 61.434 
(P<.001).

FIGURE 3. Forest plots describing the knee frontal plane projection angle intrarater reliability.
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knee FPPA and 3-D knee frontal plane 
angle (FIGURE 4). As previously reported, 
a moderate to good relationship also was 
found when the only study that used a 
unilateral task20 was excluded (r = 0.53, 
P = .001, I2 = 14%) and when both stud-
ies that presented high risk of bias were 
removed from the analysis (r = 0.62, P 
= .04, I2 = 82%). On the other hand, the 
Bland-Altman plots provided by Belyea 
et al2 revealed poor agreement between 
the 2-D and 3-D methods for the knee 
FPPA measurements (approximately 
6.0°; approximate 95% LoA: –29°, 17°).

DISCUSSION

T
he main findings of the current 
meta-analysis were as follows: (1) 
the reliability of 2-D video analysis 

varies from moderate to excellent, de-
pending on the reliability type and task 
performed; and (2) measurement of fron-
tal plane angles using 2-D video is not 
comparable to 3-D measures.

2-D Video Reliability
For a device or measurement to be con-
sidered valid, it must first be reliable.31 
Although there is no consensus on what 
constitutes good reliability, as this is con-
text dependent, it is suggested that an 
ICC higher than 0.90 is desirable when 
a diagnosis or a clinical decision is the 
main purpose.31 In the current study, for 
almost all tasks and joints, intrarater and 
interrater reliability for 2-D frontal plane 
angles ranged from good to excellent, 
with most results presenting a mean ICC 
higher than 0.90.

Considering that the 2-D kinematic 
assessment is rater dependent, these re-
sults are important and provide a certain 
degree of confidence that, regardless of 
rater or knee, hip, and trunk frontal plane 
angle, reliability will be within acceptable 
values. Although the knee FPPA intrarat-
er reliability (ICC = 0.79; 95% CI: 0.72, 
0.86) and intraday intrarater reliability 
(mean ICC = 0.74-0.86) for the unilateral 
task ranged from moderate to good, these 

results are still within the acceptable val-
ues for clinical practice.37

Despite these acceptable ICC values, 
however, it is important to highlight the 
possibility of bias and overestimation re-
lated to these results, as almost none of 
the studies reported whether raters were 
blinded from their own or other raters’ 
scores, and it is unclear whether assess-
ment order varied in most studies. There-
fore, the authors recommend that future 
studies on this topic follow the QA-
REL16,17 checklist and use the Guidelines 
for Reporting Reliability and Agreement 
Studies14 for reporting purposes.

2-D Video Validity
Of the 8 studies that compared 2-D 
video with the 3-D motion-capture sys-
tem, only 2 studies2,34 reported the level 
of agreement in Bland-Altman plots. 
These studies reported, regardless of 
body region, poor agreement between 
the 2 methods and a clinically unaccept-
able LoA. Although there is no consensus 
regarding an acceptable LoA for lower 
extremity frontal plane angles, a previ-
ous study evaluating low back motion 
suggested that an LoA of less than 5° in 
either direction (–5° to +5°) would be 
clinically acceptable.23 Therefore, based 
on the current evidence, the findings of 
this systematic review concur with previ-
ous suggestions that 2-D video may not 
be a valid assessment of lower extremity 
frontal plane motion.1,2,20,39

The poor agreement between 2-D 
and 3-D methods may be explained by 
the fact that the 2-D video system is 
not able to capture the rotational move-
ments (transverse plane) that occur 
concomitantly with frontal plane move-
ments during some athletic tasks, such 
as the single-leg squat and drop jump 
tests.1,39 For instance, knee valgus is the 
combined result of hip adduction, hip 
internal rotation, and ankle eversion.8 
Previous research has shown that knee 
FPPA during a single-leg squat is greatly 
affected by hip rotation angle, maybe 
even to a greater extent than 3-D knee 
valgus/varus angle.1 Recent studies have 

Single-Leg Squat Task

Study n Correlation P Value Correlation (95% CI)

Willson and Davis39 40 0.210 .195

–1.0 –0.50 0.0 0.50 1.0

Jones et al11 81 0.070 .536

Schurr et al34 26 0.310 .124

Scholtes and Salsich32 36 0.036 .836

Total* 183 0.127 .094

Abbreviation: CI, confidence interval.
*Heterogeneity: τ2 = 0.000, Q = 1.662, df (Q) = 3 (P = .645), I2 = 0%. Test for overall effect: z = 1.676  
(P = .094).

Landing Task

Study n Correlation P Value Correlation (95% CI)

McLean et al20 20 0.800 <.001

–1.0 –0.50 0.0 0.50 1.0

Nagano et al29 20 0.580 .006

Mizner et al22 36 0.381 .021

Belyea et al2 19 0.690 .001

Total* 95 0.619 <.001

Abbreviation: CI, confidence interval.
*Heterogeneity: τ2 = 0.050, Q = 5.999, df (Q) = 3 (P = .112), I2 = 50%. Test for overall effect: z = 4.554 
(P<.001).

FIGURE 4. Forest plots describing the correlation between the knee frontal plane projection angle and 3-D knee 
frontal plane angle.
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tried to combine the 2-D hip and knee 
FPPA measures to compare to 3-D mo-
tion-capture measures32; however, more 
studies are needed to confirm that this 
approach provides meaningful results.

Although the 2-D video system does 
not appear to be a valid method to assess 
frontal plane kinematics for the trunk 
and lower extremity joints during athlet-
ic tasks, especially for the knee joint, this 
method may have the potential to cor-
rectly identify people with excessive knee 
valgus displacement.20 In the current 
study, the meta-analysis revealed a mod-
erate to good relationship (r = 0.619, P< 
.001) between the 2-D video (knee FPPA) 
and 3-D motion-capture system (knee 
frontal plane angle) when a landing task 
was assessed. However, there was no re-
lationship between the 2 methods during 
the single-leg squat (r = 0.127, P = .094).

Based on these findings, the inves-
tigators speculate that as landing tasks 
become more challenging, greater knee 
displacement makes this motion more 
detectable. For the less demanding squat-
ting task, knee displacement values may 
be more closely clustered and harder to 
detect on 2-D video, which may have 
implications for validity findings. It has 
been suggested that the accuracy of the 
2-D video system to measure knee fron-
tal plane motion is task and participant 
dependent.20,29 For instance, 2-D knee 
FPPA may have better association with 
3-D knee abduction angle for those ath-
letes who land with excessive knee valgus 
(ie, greater than 15°).29

In the clinical or athletic setting, 
where the goal may be to identify athletes 
at high risk of injury (eg, with excessive 
knee valgus) and measurement accuracy 
is less important, 2-D video analysis may 
be useful.

Strengths and Limitations
This study has several strengths, in that 
the authors followed a systematic ap-
proach and a strict protocol controlling 
all steps of the systematic review process. 
Moreover, the investigators are confident 
that there is a low chance of missing stud-

ies reporting the reliability and validity of 
the 2-D FPPA for measuring trunk and 
lower extremity frontal plane angles.

The current study also has some limi-
tations. For instance, most studies did 
not report the 95% CI for the ICC, and 
although the researchers contacted the 
respective authors of these studies twice, 
they only received a reply from 1 author. 
Therefore, the authors of the present 
study were not able to include all studies 
in the reliability meta-analysis. In addi-
tion, most studies that assessed reliability 
did not report important methodological 
considerations to minimize bias, such as 
blinding raters from their own results or 
varying the order of their assessments.

CONCLUSION

T
he current systematic review 
revealed that reliable measurements 
of frontal plane trunk and lower 

extremity kinematics can be obtained 
using 2-D video analysis; however, reli-
ability varies depending on the task and 
type of reliability. Conversely, the current 
evidence does not support the use of 2-D 
video analysis for measuring trunk and 
lower extremity frontal plane angles when 
accurate (valid) measures are required. t

KEY POINTS
FINDINGS: Two-dimensional (2-D) mea-
sures of trunk and lower extremity 
frontal plane kinematics appear to be 
reliable, but their reliability varies de-
pending on the task and reliability type. 
On the other hand, 2-D video is not 
valid for measuring knee FPPA during 
the single-leg squat, but may be useful 
for landing tasks.
IMPLICATIONS: Clinicians and researchers 
should be aware that 2-D video analysis 
is not recommended when accurate 
trunk and lower extremity frontal plane 
kinematics are required. Moreover, 
there is poor evidence to support the use 
of 2-D video to measure knee FPPA, es-
pecially during the single-leg squat task.
CAUTION: Most studies that assessed reli-
ability did not blind raters from their 

own results or vary the assessment order 
as recommended. As such, these results 
should be viewed with caution.
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APPENDIX A

QUALITY APPRAISAL OF DIAGNOSTIC RELIABILITY (QAREL CHECKLIST*)

Study 1 2 3 4 5 6 7 8 9 10 11

Miller and Callister21 Y N NA N NA NA U N Y Y Y

Stensrud et al35 Y U NA N NA NA U N Y Y Y

Jones et al11 Y Y N N NA NA U N Y Y Y

Mizner et al22 Y Y N N NA NA U N Y Y Y

Munro et al25 Y U NA N NA NA U N Y Y Y

Myer et al28 N U NA N NA NA U N Y Y Y

Harris-Hayes et al7 Y Y NA N NA NA U N Y Y Y

Dingenen et al4 Y U Y N NA NA U N Y Y Y

Belyea et al2 Y Y NA Y NA NA U N U Y Y

King and Belyea12 Y Y N N NA NA U N Y Y Y

Tate et al36 Y Y N N NA NA U Y Y Y Y

Scholtes and Salsich32 N Y N N NA NA U N Y Y Y

Abbreviations: N, no; NA, not applicable; QAREL, Quality Appraisal of Diagnostic Reliability; U, unclear; Y, yes.
*Used with permission from Lucas et al.17

†1, Was the test evaluated in a sample of subjects who were representative of those to whom the authors intended the results to be applied? 2, Was the test per-
formed by raters who were representative of those to whom the authors intended the results to be applied? 3, Were raters blinded to the findings of other raters 
during the study? 4, Were raters blinded to their own prior findings of the test under evaluation? 5, Were raters blinded to the results of the accepted reference 
standard or disease status for the target disorder (or variable) being evaluated? 6, Were raters blinded to clinical information that was not intended to be pro-
vided as part of the testing procedure or study design? 7, Were raters blinded to additional cues that were not part of the test? 8, Was the order of examination 
varied? 9, Was the stability (or theoretical stability) of the variable being measured considered when determining the suitability of the time interval between 
repeated measures? 10, Was the test applied correctly and interpreted appropriately? 11, Were appropriate statistical measures of agreement used?

Item†
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INTERRATER RELIABILITY: SINGLE-LEG SQUAT

Study n ICC (95% CI) P Value ICC (95% CI)

Tate et al36 20 0.920 (0.817, 1.000) <.001

–1.0 –0.50 0.0 0.50 1.0

Scholtes and Salsich32 10 0.990 (0.963, 1.000) <.001

Total* 30 0.973 (0.915, 1.000) <.001

Abbreviations: CI, confidence interval; ICC, intraclass correlation coefficient.
*Heterogeneity: τ2 = 0.001, Q = 1.661, df (Q) = 1 (P = .197), I2 = 40%. Test for overall effect: z = 32.685 (P<.001).

APPENDIX B
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INTRADAY INTRARATER RELIABILITY: SINGLE-LEG SQUAT

Study n ICC (95% CI) P Value ICC (95% CI)

Munro et al25

–1.0 –0.50 0.0 0.50 1.0

Female 10 0.590 (0.347, 0.833) <.001

Male 10 0.860 (0.782, 0.938) <.001

Scholtes and Salsich32 36 0.682 (0.528, 0.836) <.001

Total* 56 0.737 (0.571, 0.902) <.001

Abbreviations: CI, confidence interval; ICC, intraclass correlation coefficient.
*Heterogeneity: τ2 = 0.015, Q = 7.363, df (Q) = 2 (P = .025), I2 = 73%. Test for overall effect: z = 8.733 (P<.001).

INTRADAY INTRARATER RELIABILITY: UNILATERAL LANDING TASK

Study n ICC (95% CI) P Value ICC (95% CI)

Munro et al25

–1.0 –0.50 0.0 0.50 1.0

Female 10 0.750 (0.603, 0.897) <.001

Male 10 0.790 (0.669, 0.911) <.001

Total* 20 0.774 (0.680, 0.867) <.001

Abbreviations: CI, confidence interval; ICC, intraclass correlation coefficient.
*Heterogeneity: τ2 = 0.000, Q = 0.169, df (Q) = 1 (P = .681), I2 = 0%. Test for overall effect: z = 16.198 (P<.001).

INTRADAY INTRARATER RELIABILITY: BILATERAL LANDING TASK

Study n ICC (95% CI) P Value ICC (95% CI)

Munro et al25

–1.0 –0.50 0.0 0.50 1.0

Female 10 0.880 (0.811, 0.949) <.001

Male 10 0.830 (0.735, 0.925) <.001

Total* 20 0.863 (0.807, 0.919) <.001

Abbreviations: CI, confidence interval; ICC, intraclass correlation coefficient.
*Heterogeneity: τ2 = 0.000, Q = 0.692, df (Q) = 1 (P = .406), I2 = 0%. Test for overall effect: z = 30.164 (P<.001).
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SEARCH STRINGS
Date of Search: March 29, 2017

MEDLINE
1.	 2D video*.mp.
2.	 Two dimensional video*.mp.
3.	 3D video*.mp.
4.	 three dimensional video*.mp.
5.	 “Reproducibility of Results”/
6.	 Markerless motion capture*.mp.
7.	 motion capture system*.mp.
8.	 real-time assessment*.mp.
9.	 Observational Screening*.mp.
10.	 Movement/
11.	 motion analysis system*.mp.
12.	 movement analysis*.mp.
13.	 screening tests*.mp.
14.	 injury screenings*.mp.
15.	 movement*.mp.
16.	 1 or 2 or 3 or 4 or 5 or 6 or 7 or 8 or 9 or 10 or 11 or 12 or 13 or 14 or 15
17.	 Validity*.mp.
18.	 Validation Studies/
19.	 Validation*.mp.
20.	 “Reproducibility of Results”/
21.	 concurrent validity*.mp.
22.	 17 or 18 or 19 or 20 or 21
23.	 inter?rater reliability*.mp.
24.	 intra?rater reliability*.mp.
25.	 inter?rater agreement*.mp.
26.	 reliability*.mp.
27.	 intra?rater agreement*.mp.
28.	 interrater agreement*.mp.
29.	 intrarater agreement*.mp.
30.	 Intraclass Correlation Coefficient*.mp.
31.	 Intrasession Reliability*.mp.
32.	 ICC*.mp.
33.	 23 or 24 or 25 or 26 or 27 or 28 or 29 or 30 or 31 or 32
34.	 athletic tasks*.mp.
35.	 cutting*.mp.
36.	 landing*.mp.
37.	 Squat*.mp.
38.	 Single Leg Squat*.mp.
39.	 functional tests*.mp.
40.	 Drop Vertical Jump*.mp.
41.	 single leg step down*.mp.
42.	 Biomechanics*.mp.
43.	 Drop-Jump Landings*.mp.
44.	 Performance tests*.mp.
45.	 Squating*.mp.
46.	 34 or 35 or 36 or 37 or 38 or 39 or 40 or 41 or 42 or 43 or 44 or 45
47.	 limb alignment*.mp.

APPENDIX D
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48.	 kinematics*.mp.
49.	 Lower Extremity Alignment*.mp.
50.	 dynamic knee valgus*.mp.
51.	 frontal plane knee motion*.mp.
52.	 FPPA*.mp.
53.	 frontal plane projection angle*.mp.
54.	 knee abduction angle*.mp.
55.	 lower extremity kinematics*.mp.
56.	 joint angles*.mp.
57.	 knee control*.mp.
58.	 Frontal plane angle*.mp.
59.	 Knee angles*.mp.
60.	 Hip Angles*.mp.
61.	 Trunk angles*.mp.
62.	 hip motion*.mp.
63.	 Knee motion*.mp.
64.	 trunk motion*.mp.
65.	 47 or 48 or 49 or 50 or 51 or 52 or 53 or 54 or 55 or 56 or 57 or 58 or 59 or 60 or 61 or 62 or 63 or 64
66.	 16 and 22 and 46 and 65
67.	 16 and 33 and 46 and 65
68.	 16 and 22 and 33 and 46 and 65

Scopus
(TITLE-ABS-KEY ( “2D video*” OR “Two dimensional video*” OR “3D video*” OR “three dimensional video*” OR “Markerless motion capture” OR “mo-
tion capture system” OR “real-time assessment” OR “Observational Screening” OR “motion analysis system” ) OR TITLE-ABS-KEY ( “movement analy-
sis” OR “screening tests” OR “injury screenings” ) AND TITLE-ABS-KEY ( validity OR validation OR “concurrent validity” OR “Validation studies” ) AND 
TITLE-ABS- KEY ( “athletic tasks*” OR cutting OR landing OR squat OR squatting OR “Single Leg Squat” OR “functional tests” OR “Drop Vertical Jump” 
OR “single leg step down” OR biomechanics OR “Drop-Jump Landings” OR movement OR “Performance tests” ) AND TITLE-ABS-KEY ( “limb alignment” 
OR kinematics OR “Lower Extremity Alignment” OR “dynamic knee valgu” OR “frontal plane knee motion” OR fppa OR “frontal plane projection angle” 
OR “knee abduction angle” OR “lower extremity kinematics” OR “joint angles” OR “knee control” ) OR TITLE-ABS-KEY ( “Frontal plane angle” OR “Knee 
angles” OR “Hip angles” OR “Trunk angles” OR “Hip motion” OR “knee motion” OR “Trunk motion” ) )

SPORTDiscus
S66.	 S13 AND S18 AND S31 AND S44 AND S63
S65.	 S13 AND S31 AND S44 AND S63
S64.	 S13 AND S18 AND S44 AND S63
S63.	 S45 OR S46 OR S47 OR S48 OR S49 OR S50 OR S51 OR S52 OR S53 OR S54 OR S55 OR S56 OR S57 OR S58 OR S59 OR S60 OR S61 OR S62
S62.	 Trunk motion*
S61.	 knee motion*
S60.	 Hip motion*
S59.	 Trunk angles*
S58.	 Hip Angles*
S57.	 Knee angles*
S56.	 Frontal plane angle*
S55.	 knee control*
S54.	 joint angles*
S53.	 lower extremity kinematics*
S52.	 knee abduction angle*
S51.	 frontal plane projection angle*
S50.	 FPPA*
S49.	 frontal plane knee motion*
S48.	 dynamic knee valgus*
S47.	 Lower Extremity Alignment*
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S46.	 kinematics*
S45.	 limb alignment*
S44.	 S32 OR S33 OR S34 OR S35 OR S36 OR S37 OR S38 OR S39 OR S40 OR S41 OR S42 OR S43
S43.	 Performance tests*
S42.	 Movement*
S41.	 Drop-Jump Landings*
S40.	 Biomechanics*
S39.	 single leg step down*
S38.	 Drop Vertical Jump*
S37.	 functional tests*
S36.	 Single Leg Squat*
S35.	 Squat*
S34.	 Landing*
S33.	 cutting*
S32.	 athletic tasks*
S31.	 S19 OR S20 OR S21 OR S22 OR S23 OR S24 OR S25 OR S26 OR S27 OR S28 OR S29 OR S30
S30.	 intrarater reliability*
S29.	 intrarater agreement*
S28.	 ICC*
S27.	 Intraclass Correlation Coefficient*
S26.	 Intrasession Reliability*
S25.	 interrater reliability*
S24.	 Intra-session Reliability*
S23.	 Test-retest reliability*
S22.	 interrater agreement*
S21.	 reliability*
S20.	 intra-rater reliability*
S19.	 inter-rater reliability*
S18.	 S14 OR S15 OR S16 OR S17
S17.	 Validation studies*
S16.	 concurrent validity*
S15.	 Validation*
S14.	 Validity*
S13.	 S1 OR S2 OR S3 OR S4 OR S5 OR S6 OR S7 OR S8 OR S9 OR S10 OR S11 OR S12
S12.	 injury screenings*
S11.	 screening tests*
S10.	 movement analysis*
S9.	 motion analysis system*
S8.	 Observational Screening*
S7.	 real-time assessment*
S6.	 motion capture system*
S5.	 Markerless motion capture*
S4.	 three dimensional*
S3.	 3D video*
S2.	 Two dimensional video*
S1.	 2D video*

Embase
1.	 2D video*.mp.
2.	 Two dimensional video*.mp.
3.	 3D video*.mp.
4.	 three dimensional video*.mp.
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5.	 Markerless motion capture*.mp.
6.	 motion capture system*.mp.
7.	 real-time assessment*.mp.
8.	 Observational Screening*.mp.
9.	 motion analysis system*.mp.
10.	 movement analysis*.mp.
11.	 screening tests*.mp.
12.	 injury screenings*.mp.
13.	 movement*.mp.
14.	 1 or 2 or 3 or 4 or 5 or 6 or 7 or 8 or 9 or 10 or 11 or 12 or 13
15.	 concurrent validity/
16.	 validity/
17.	 Validity*.mp.
18.	 Validation*.mp.
19.	 concurrent validity*.mp.
20.	 accuracy/
21.	 Accuracy*.mp.
22.	 15 or 16 or 17 or 18 or 19 or 20 or 21
23.	 inter?rater reliability*.mp.
24.	 intra?rater reliability*.mp.
25.	 inter?rater agreement*.mp.
26.	 reliability*.mp.
27.	 intra?rater agreement*.mp.
28.	 interrater agreement*.mp.
29.	 intrarater agreement*.mp.
30.	 Intraclass Correlation Coefficient*.mp.
31.	 Intrasession Reliability*.mp.
32.	 ICC*.mp.
33.	 23 or 24 or 25 or 26 or 27 or 28 or 29 or 30 or 31 or 32
34.	 athletic tasks*.mp.
35.	 cutting*.mp.
36.	 landing*.mp.
37.	 Squat*.mp.
38.	 Single Leg Squat*.mp.
39.	 functional tests*.mp.
40.	 Drop Vertical Jump*.mp.
41.	 single leg step down*.mp.
42.	 Drop-Jump Landings*.mp.
43.	 Performance tests*.mp.
44.	 Squating*.mp.
45.	 34 or 35 or 36 or 37 or 38 or 39 or 40 or 41 or 42 or 43 or 44
46.	 limb alignment*.mp.
47.	 kinematics*.mp.
48.	 Lower Extremity Alignment*.mp.
49.	 dynamic knee valgus*.mp.
50.	 frontal plane knee motion*.mp.
51.	 FPPA*.mp.
52.	 frontal plane projection angle*.mp.
53.	 knee abduction angle*.mp.
54.	 lower extremity kinematics*.mp.
55.	 joint angles*.mp.
56.	 knee control*.mp.

 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
 2

3,
 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
01

8 
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.



g8  |  october 2018  |  volume 48  |  number 10  |  journal of orthopaedic & sports physical therapy

[ research report ]

57.	 Frontal plane angle*.mp.
58.	 Knee angles*.mp.
59.	 Hip Angles*.mp.
60.	 Trunk angles*.mp.
61.	 hip motion*.mp.
62.	 Knee motion*.mp.
63.	 trunk motion*.mp.
64.	 Biomechanics*.mp.
65.	 46 or 47 or 48 or 49 or 50 or 51 or 52 or 53 or 54 or 55 or 56 or 57 or 58 or 59 or 60 or 61 or 62 or 63 or 64
66.	 14 and 22 and 45 and 65
67.	 14 and 33 and 45 and 65
68.	 14 and 22 and 33 and 45 and 65

CINAHL
S69.	 S14 AND S20 AND S32 AND S47 AND S66
S68.	 S14 AND S32 AND S47 AND S66
S67.	 S14 AND S20 AND S47 AND S66
S66.	 S48 OR S49 OR S50 OR S51 OR S52 OR S53 OR S54 OR S55 OR S56 OR S57 OR S58 OR S59 OR S60 OR S61 OR S62 OR S63 OR S64 OR S65
S65.	 “Trunk motion*”
S64.	 “knee motion*”
S63.	 “Hip motion*”
S62.	 “Trunk angles*”
S61.	 “Hip Angles*”
S60.	 “Knee angles*”
S59.	 “Frontal plane angle*”
S58.	 “knee control*”
S57.	 “joint angles*”
S56.	 “lower extremity kinematics*”
S55.	 “knee abduction angle*”
S54.	 “frontal plane projection angle*”
S53.	 “FPPA*”
S52.	 “frontal plane knee motion*”
S51.	 “dynamic knee valgus*”
S50.	 “Lower Extremity Alignment*”
S49.	 “kinematics*”
S48.	 “limb alignment*”
S47.	 S33 OR S34 OR S35 OR S36 OR S37 OR S38 OR S39 OR S40 OR S41 OR S42 OR S43 OR S44 OR S45 OR S46
S46.	 (MH “Athletic Performance”)
S45.	 “Performance tests*”
S44.	 “Movement*”
S43.	 “Drop-Jump Landings*”
S42.	 “Biomechanics*”
S41.	 “single leg step down*”
S40.	 “Drop Vertical Jump*”
S39.	 “functional tests*”
S38.	 “Single Leg Squat*”
S37.	 “Squat*”
S36.	 (MH “Squatting”)
S35.	 “Landing*”
S34.	 “cutting*”
S33.	 “athletic tasks*”
S32.	 S21 OR S22 OR S23 OR S24 OR S25 OR S26 OR S27 OR S28 OR S29 OR S30 OR S31

APPENDIX D
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APPENDIX D

S31.	 “Intrasession reliability*”
S30.	 “Intra-session Reliability*”
S29.	 “Test-Retest Reliability*”
S28.	 (MH “Test-Retest Reliability”)
S27.	 “interrater agreement*”
S26.	 “Interrater Reliability*”
S25.	 (MH “Intraclass Correlation Coefficient”)
S24.	 (MH “Interrater Reliability”)
S23.	 “reliability*”
S22.	 “intra-rater reliability*”
S21.	 “inter-rater reliability*”
S20.	 S15 OR S16 OR S17 OR S18 OR S19
S19.	 “Validation studies*”
S18.	 (MH “Validation Studies”)
S17.	 “concurrent validity*”
S16.	 “Validation*”
S15.	 “Validity*”
S14.	 S1 OR S2 OR S3 OR S4 OR S5 OR S6 OR S7 OR S8 OR S9 OR S10 OR S11 OR S12 OR S13
S13.	 “injury screenings*”
S12.	 “screening tests*”
S11.	 “movement analysis*”
S10.	 “motion analysis system*”
S9.	 “real-time assessment*”
S8.	 “Observational Screening*”
S7.	 “motion capture system*”
S6.	 (MH “Motion Analysis Systems”)
S5.	 “Markerless motion capture*”
S4.	 “three dimensional video*”
S3.	 “3D video*”
S2.	 “Two dimensional video*”
S1.	 “2D video*”
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A
n 18-year-old woman presented 
to a direct-access military physical 
therapy clinic after a fall directly 

onto the knee, with subsequent medial 
knee pain. Pain at rest was aggravated 
with higher-impact activities. Localized 
edema was present at the medial femo-
ral condyle and tibial plateau, without 
loss of range of motion. A National Col-
legiate Athletic Association Division I 
swimming recruit, she recently incorpo-
rated land-based training 6 weeks prior 
to initiating service academy training. 
She was screened for female athlete triad 
upon intake, without positive findings, 
though decreased bone mineral density 
was probable.

The patient’s history, rapid activity 

progression, absence of clinical signs of 
ligamentous or meniscal involvement, 
and pain with palpation to the medial 
femoral condyle and tibial plateau led 
the physical therapist to order radio-
graphs to evaluate for bone stress injury. 
Radiographs revealed a pre-existing me-
taphyseal fibrous defect, common in 30% 
to 40% of adolescents1 (FIGURE 1). On the 
same day, an orthopaedic consultation 
recommended magnetic resonance imag-
ing (FIGURE 2) and computed tomography 
(FIGURES 3 and 4, available at www.jospt.
org), which showed a progression from a 
benign cortical defect to disruption of the 
posterior femur and surrounding bone 
marrow edema consistent with bone 
stress injury.

RONALD P. MILLER, PT, DPT, OCS, SCS, FAAOMPT, �Tactical Sports and Orthopedic Manual Physical Therapy Fellowship, US Air Force Academy, CO.
R. JUDD ROBINS, MD, �Orthopedic Sports Medicine Service, US Air Force Academy, CO.

SHANE D. DIECKMAN, DO, �10th Medical Group, US Air Force Academy, CO.

Differential Diagnosis of Complicated 
Bone Stress Injury in a Female  

Collegiate Swimmer

The physical therapist recommended 
partial weight bearing until the patient’s 
pain resolved, which occurred in approxi-
mately 3 weeks. The patient returned to 
competitive swimming pain free and re-
mained asymptomatic, reducing her im-
pact activity to preinjury levels.

This case exemplifies the occurrence 
of bone stress injury in young adult bone 
when subjected to a rapid increase in land-
based training. Under similar conditions, 
benign lesions may progress to pathologic 
fractures. Finally, in direct-access environ-
ments, thorough subjective screening and 
utilization of imaging can assist in differ-
ential diagnoses to optimize care. t J Or-
thop Sports Phys Ther 2018;48(10):823. 
doi:10.2519/jospt.2018.7731

References
1.	 Betsy M, Kupersmith LM, Springfield DS. Metaphyseal fibrous defects. J Am Acad Orthop Surg. 2004;12:89-95.
2.	�Nattiv A, Kennedy G, Barrack MT, et al. Correlation of MRI grading of bone stress injuries with clinical risk factors and return to play: a 5-year prospective study in collegiate 

track and field athletes. Am J Sports Med. 2013;41:1930-1941. https://doi.org/10.1177/0363546513490645

FIGURE 1. Lateral radiograph view of the right knee showing a nonaggressive-appearing, 
eccentrically located, cortically based mixed lytic and sclerotic bone lesion (arrow) in the 
posteromedial distal femoral metaphysis, with a sclerotic rim and narrow zone of transition 
most consistent with fibroxanthoma. There is no evidence of periosteal reaction or fracture 
of the medial tibial plateau.

FIGURE 2. Coronal, T1-weighted magnetic resonance image with mostly isointense 
internal T1 signal to muscle, and mild surrounding marrow and soft tissue edema with 
corresponding decreased T1 marrow signal surrounding the lesion (indicated by arrows), 
indicative of bone stress injury.2
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T
he knee is one of the most vulnerable joints for overuse injuries 
in jumping sports such as basketball, and patellar tendinopathy 
is the most common overuse injury among jumping athletes.8,24 
Nonetheless, the prevalence and etiology of patellar tendinopa-

thy has yet to be fully described due to the daunting task of diagnosing 
patellar tendinopathy, particularly in large surveillance studies. The

diagnosis of patellar tendinopathy re-
mains a challenge, because there is 
currently no gold standard diagnostic 
technique.13,23

Clinical evaluation involving patient 
history of pain during or after physical 
activity and physical examination of lo-
cal tenderness at the inferior pole of the 
patella is currently regarded as the refer-
ence standard.23 However, some experts 
have cautioned against relying solely on 
palpation at the inferior pole of the patel-
la for diagnosing patellar tendinopathy in 
youth athletes7 and, instead, have advo-
cated the use of functional loading tests, 
such as the single-leg decline squat.15,21 In 
studies involving the diagnosis of patel-
lar tendinopathy by a clinician, research-
ers have used clinical evaluation with or 
without the single-leg decline squat stress 
test.3,7,12,14,21,22

Although a remarkable number of 
studies have been published on the prev-
alence of patellar tendinopathy,7,8,12,25 
these studies are often cross-sectional 
designs, and their methodologies require 
further validation to expose the true bur-
den of patellar tendinopathy. Further, 
most studies are of adult elite players, 
and literature on youth sport remains 

UU BACKGROUND: To engage clinicians in diagnos-
ing patellar tendinopathy in large surveillance stud-
ies is often impracticable. The Oslo Sports Trauma 
Research Centre-patellar tendinopathy (OSTRC-P) 
questionnaire, a self-report measure adapted from 
the OSTRC questionnaire, may provide a viable 
alternative.

UU OBJECTIVES: To evaluate the diagnostic ac-
curacy of the OSTRC-P questionnaire in detecting 
patellar tendinopathy in youth basketball players 
when compared to clinical evaluation.

UU METHODS: Following the STAndards for Re-
porting of Diagnostic accuracy studies guidelines, 
the researchers recruited 208 youth basketball 
players (13-18 years of age) for this prospective 
diagnostic accuracy validation study. Participants 
completed the OSTRC-P questionnaire (index 
test) prior to a clinical evaluation (reference stan-
dard) by a physical therapist blinded to OSTRC-P 
questionnaire results. Sensitivity, specificity, 
predictive value, likelihood ratio, and posttest 
probability were calculated. Linear regression 
was used to examine the association between 
the OSTRC-P questionnaire severity score and 

the patellar tendinopathy severity rating during a 
single-leg decline squat.

UU RESULTS: The final analysis included 169 play-
ers. The OSTRC-P questionnaire had a sensitivity 
of 79% (95% confidence interval [CI]: 65%, 90%), 
specificity of 98% (95% CI: 94%, 100%), positive 
predictive value of 95% (95% CI: 83%, 99%), nega-
tive predictive value of 92% (95% CI: 86%, 96%), 
positive likelihood ratio of 48 (95% CI: 12, 191), and 
negative likelihood ratio of 0.21 (95% CI: 0.12, 0.37). 
The posttest probabilities were 95% and 8%, given 
positive and negative results, respectively. A positive 
association was found between OSTRC-P question-
naire severity score and single-leg decline squat 
rating (β = 0.08; 95% CI: 0.03, 0.12; P = .001).

UU CONCLUSION: The OSTRC-P questionnaire is 
an acceptable alternative to clinical evaluation for 
self-reporting patellar tendinopathy and grading its 
severity in settings involving youth basketball players.

UU LEVEL OF EVIDENCE: Diagnosis, level 1b. J 
Orthop Sports Phys Ther 2018;48(10):758-766. 
Epub 27 Apr 2018. doi:10.2519/jospt.2018.8088

UU KEY WORDS: epidemiology, jumper’s knee, 
OSTRC questionnaire, overuse injury
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sparse. Recent evidence suggests that 
regular and consistent monitoring of 
tendinopathy is imperative for a robust 
understanding of the true burden and eti-
ology of tendinopathy and other overuse 
injuries.2,4,10,19 However, field diagnosis of 
patellar tendinopathy by a physician or 
physical therapist is expensive and im-
practicable for large surveillance studies 
involving weekly or biweekly monitoring 
of tendinopathy in athletes.

van der Worp et al25 and de Vries et 
al8 have published the most comprehen-
sive studies on the etiology of patellar 
tendinopathy to date. These studies used 
a self-administered pain map to detect 
patellar tendinopathy in adult basketball 
and volleyball athletes 18 to 35 years of 
age. The participants were classified as 
having patellar tendinopathy when they 
indicated having pain at the inferior pole 
of the patella. However, the self-report 
tool was not previously validated. There 
is currently no criterion-validated ques-
tionnaire for reporting tendinopathy in 
surveillance studies.

In order to accurately quantify the 
problem of overuse injuries in sports, 
the Oslo Sports Trauma Research Cen-
ter (OSTRC) developed and validated 
an Overuse Injury Questionnaire.5 This 
questionnaire has been used to describe 
the prevalence and severity of overuse in-
juries in numerous sports.1,4,10,19 However, 
this questionnaire does not provide infor-
mation about individual overuse injuries 
and, therefore, is limited in its scope of 
application to specific injury types and 
diagnoses, such as patellar tendinopathy.

Given that overuse injuries can be 
captured through self-report and that 
the clinical diagnosis of patellar tendi-
nopathy hinges on an initial self-report 
of anterior knee pain localized to the in-
ferior pole of the patella,13,23 the authors 
of the current study posited that it would 
be possible to identify ongoing patellar 
tendinopathy (ie, irritable tendon pain) 
using an adapted version of the OSTRC 
Overuse Injury Questionnaire specifi-
cally designed for self-reporting patellar 
tendinopathy: the Oslo Sports Trauma 

Research Center-patellar tendinopathy 
(OSTRC-P) questionnaire (FIGURE 1). The 
OSTRC-P comprises the original OS-
TRC Overuse Injury Questionnaire and 
features additional questions about knee 
injury onset and symptoms for identify-
ing patellar tendinopathy. If reasonable 
diagnostic accuracy could be determined, 
then this new questionnaire could pro-
vide sport injury prevention researchers, 
experts in tendinopathy research, and 
clinicians with a simple and low-cost in-
strument for reporting and monitoring 
patellar tendinopathy in athletes. This 
would be significant for advancing the 
prevention and management of patellar 
tendinopathy in athletes who participate 
in sports, such as basketball, in which 
overuse injuries are common.

The authors hypothesized that there 
would be minimal discordance between 
the OSTRC-P questionnaire and a refer-
ence standard of clinical evaluation by 
a physical therapist for the presence or 
absence of patellar tendinopathy in com-
petitive youth basketball players with or 
without other knee conditions. There-
fore, the objective of this study was to 
evaluate the diagnostic accuracy of the 
OSTRC-P questionnaire in detecting 
patellar tendinopathy in this population, 
using clinical evaluation as a reference 
standard. Further, the researchers exam-
ined the criterion-based validity of the 
OSTRC-P questionnaire severity score 
against the patellar tendinopathy sever-
ity rating during clinical evaluation using 
the single-leg decline squat test.

METHODS

Design and Setting

A 
prospective diagnostic accu-
racy validation study was con-
ducted within a larger cohort study 

aimed at examining risk factors for patel-
lar and Achilles tendinopathy (PAT). The 
PAT Prevention Study was a prospective 
cohort study in 518 youth basketball play-
ers during the 2016-2017 high school 
and club basketball seasons in Calgary, 
Canada (Research Ethics Board approval 

REB16-0864). The objectives of the cur-
rent substudy were formulated within the 
larger PAT Prevention Study a priori. A 
total of 208 players (34 teams) were invit-
ed from the PAT Prevention Study cohort 
in January and February (school basket-
ball) and May and June (club basketball) 
2017 to participate in the present study, 
based on feasibility. All players were 
asked to complete the weekly OSTRC-P 
questionnaire (index test) as part of the 
PAT Prevention Study. The index test was 
then followed up to a week later with an 
“on-court” clinical evaluation (reference 
standard) by the study physical therapist 
(O.O.) for all players present at scheduled 
team practices. The STAndards for Re-
porting of Diagnostic accuracy studies 
guidelines6 were followed for this study.

The OSTRC-P questionnaire and 
clinical evaluation were used to assess 
for patellar tendinopathy on both knees 
in players. Further, specific questions on 
the OSTRC-P questionnaire and a func-
tional stress test of the single-leg decline 
squat (using player-perceived patellar 
tendinopathy pain rating) during clinical 
examination were used to evaluate patel-
lar tendinopathy severity.

Index Test
The OSTRC-P questionnaire (FIGURE 1) is a 
10-item questionnaire designed to detect 
patellar tendinopathy in epidemiologi-
cal studies in youth basketball. Six new 
questions were added to the 4 original 
questions in the OSTRC Overuse Injury 
Questionnaire, relating to self-reported 
problems of the knee in the previous 
week.5 These new questions, appropriately 
designed for adolescent basketball players, 
probe any ongoing knee pain to “rule in” 
or “rule out” patellar tendon pain. Only 
players with potential patellar tendinopa-
thy based on self-reported knee pain are 
prompted to answer all additional ques-
tions, which follow in sequence until the 
final question of whether a player’s ante-
rior knee pain is “on the bottom tip of the 
kneecap” (FIGURE 1).

The 6 additional questions were for-
mulated by research team members and 
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face validated through a consortium of 
clinicians and 2 high school basketball 
teams after a round of reviews and mul-
tiple drafts. Specifically, these additional 
questions underwent a 3-step screening 
process: (1) initial draft and review by a 

large group of researchers, comprising all 
study coauthors and a team of expert col-
laborators in the fields of epidemiology, 
medicine, rehabilitation, strength and 
conditioning, coaching, and biomechan-
ics, on the PAT Prevention Study; (2) 

pilot testing and feedback among 2 high 
school basketball teams (1 boys team and 
1 girls team), each comprising 2 coach-
es and 12 youth basketball players; and 
(3) subsequent reviews and corrections 
by the same group of researchers and  

FIGURE 1. The OSTRC-patellar tendinopathy questionnaire: adapted OSTRC Overuse Injury Questionnaire for patellar tendinopathy. Abbreviation: OSTRC, Oslo Sports Trauma 
Research Center. Adapted from Clarsen et al,5 with permission from BMJ Publishing Group Ltd. Copyright ©2012 BMJ Publishing Group Ltd.
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collaborators to produce a final version of 
the questionnaire.

All participants were asked to com-
plete the OSTRC-P questionnaire weekly, 
either online using a mobile phone or by 
hand using an identical hardcopy paper 
version. The response to the last query 
in the questionnaire, which as described 
above is dependent on the preceding 
questions, classified a player as either hav-
ing patellar tendinopathy or not having 
it. The first 4 questions of the OSTRC-P 
questionnaire (as in the original OSTRC 
Overuse Injury Questionnaire) were used 
to calculate players’ patellar tendinopathy 
severity score as instructed by Clarsen et 
al.5 Each of these items has a score rang-
ing from 0 (no problems) to 25 (the maxi-
mum level), with the sum of the scores on 
all 4 items ranging from 0 to 100.

Reference Standard
Currently, there is no gold standard for 
the clinical diagnosis of patellar tendi-
nopathy. The reference standard chosen 
for comparison with the OSTRC-P ques-
tionnaire in the current study was clini-
cal evaluation. All players were examined 
by the same physical therapist (O.O.), a 
clinician-scientist (ie, a physical thera-
pist with extensive additional training in 
health research) with 13 years of experi-
ence in sports physical therapy practice 
and research. The physical therapist was 
blinded to the outcomes on the OSTRC-P 
questionnaire for all participants during 
the testing periods.

The criteria used for the diagnosis of 
patellar tendinopathy were standardized 
by 2 of the study’s authors (O.O. and J.W., 
an experienced sports medicine physician) 
and were informed by current evidence for 
best practice.11,13,21-23 This involved the fol-
lowing 3-step process: (1) the participant 
reported ongoing or history of pain (previ-
ous week) localized to the inferior pole of 
the patella during or after basketball prac-
tice or a game; (2) the examining physical 
therapist conducted a focused physical ex-
amination in which the knee was placed in 
extension and the patella pushed distally 
(participant in long sitting), and pain was 

reproduced with palpation at the inferior 
pole of the patella (localized tenderness); 
and (3) pain was reproduced during the 
single-leg decline squat test up to 90° of 
knee flexion or to the threshold of pain 
tolerance on a 25° decline board (Physio-
foam.co.uk; Physiofoam Ltd, Knebworth, 
UK). Participants needed to have a posi-
tive result in step 1 to proceed to step 2, 
and in step 2 to proceed to step 3.

To assess ongoing patellar tendinopa-
thy severity (pain intensity) during clini-
cal evaluation, participants with patellar 
tendinopathy were asked to rate their pain 
on a numeric pain-rating scale, with 0 as 
no pain and 10 as the worst pain imag-
inable, while completing the single-leg 
decline squat test. Cases in which patel-
lar tendinopathy was identified as coex-
isting with other knee conditions were 
regarded as mixed diagnosis. For a “yes 
patellar tendinopathy” to be legitimate, 
participants needed to have the minimum 
severity score on each of the test measures 
(ie, 6/100 on the OSTRC-P questionnaire 
and 1/10 on the single-leg decline squat 
test during clinical evaluation).

Data and Statistical Analysis
Player characteristics and other descrip-
tive variables were presented using mean 
± SD values, frequencies, and percentages 
where applicable. Players were classified 
as either “no patellar tendinopathy” or 
“yes patellar tendinopathy” on each knee 
for the index (OSTRC-P questionnaire) 
and reference (clinical evaluation) tests. 
Final diagnosis of patellar tendinopa-
thy was decided by clinical evaluation. 
Because limbs were not independent of 
each other in individuals, players rather 
than knees were used as the unit of anal-
ysis to avoid the possibility of inflating 
the association between the OSTRC-P 
questionnaire and clinical evaluation.16,17 
However, because some players with bi-
lateral patellar tendinopathy might have 
a combination of accurate and inaccurate 
results on the OSTRC-P questionnaire 
when compared with clinical evaluation, 
the authors decided that in such players, 
the more severe knee (based on severity 

rating during the clinical evaluation us-
ing the single-leg decline squat) would be 
considered for data analyses.

Instances of “no patellar tendinopathy” 
included completely injury- and symptom-
free knees or knees with other conditions 
aside from patellar tendinopathy. Instanc-
es of “yes patellar tendinopathy” included 
all knees reported or diagnosed as patellar 
tendinopathy, with or without other acute 
or overuse knee injuries (referred to as 
mixed diagnosis). Sensitivity (true posi-
tives), specificity (true negatives), positive 
and negative predictive values, positive 
and negative likelihood ratios, and pretest 
and posttest probabilities with associated 
confidence intervals (CIs) were calculated 
for the outcome of yes or no patellar ten-
dinopathy. Because there are currently no 
recommended thresholds for sensitivity, 
specificity, and predictive values, the re-
searchers operationally determined an 
acceptable/important level of accuracy in 
this study to be 66.6% (the ability of the 
OSTRC-P questionnaire to detect at least 
2 of 3 youth basketball players with patel-
lar tendinopathy). For likelihood ratio es-
timates, positive likelihood ratios greater 
than 5 and negative likelihood ratios less 
than 0.2 were considered important based 
on the thresholds suggested by Portney 
and Watkins.20

Exploratory analysis investigating the 
effect of age groups—individuals young-
er than 16 years of age (younger players, 
aged 13 to 15 years) and those younger 
than 19 years of age (older players, aged 
16 to 18 years)—on the sensitivity and 
specificity of the OSTRC-P question-
naire was also performed. Finally, to 
validate the OSTRC-P questionnaire se-
verity score against ongoing patellar ten-
dinopathy severity rating during clinical 
evaluation using the single-leg decline 
squat, simple linear regression analyses 
(α = .05) were conducted.

RESULTS

O
verall, 187 of 208 players (90%) 
aged 13 to 18 years (30 teams) com-
pleted the OSTRC-P questionnaire 
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between 1 and 4 days prior to clinical 
evaluation. Of these 208 players, 169 
(81%) completed the clinical evaluation 
and were included in final analyses. The 
flow of participants through this study 
and reasons for exclusion from the final 
analysis are described in FIGURE 2, and 
participant characteristics are provided 
in TABLE 1. Six of 48 patellar tendinopathy 
cases diagnosed (12.5%, all males) by the 
study physical therapist were reported as 
mixed diagnosis, in which patellar tendi-
nopathy coexisted with other conditions 
such as patellofemoral pain syndrome, 
Osgood-Schlatter disease, and quadri-
ceps tendinitis. All players with positive 
results on either or both the OSTRC-P 
questionnaire and/or the clinical evalu-
ation (step 2) reported severity scores 
of at least 6 and 1, respectively. There 

were no adverse events reported by any 
player from completing the OSTRC-P 
questionnaire or undergoing the clinical 
evaluation.

The OSTRC-P questionnaire detect-
ed 38 of 48 patellar tendinopathy cases 
diagnosed through clinical evaluation, 
estimating a sensitivity of 79% (95% 
CI: 65%, 90%). Further, the OSTRC-
P questionnaire cleared 119 of the 121 
cases as not having patellar tendinopa-
thy, estimating a specificity of 98% (95% 
CI: 94%, 100%). Details of the positive 
predictive values, negative predictive val-
ues, and likelihood ratios are presented in 
TABLE 2. The pretest probability of patellar 
tendinopathy in this study was 28% (95% 
CI: 22%, 36%). Given a positive result, 
the posttest probability of the OSTRC-P 
questionnaire was 95% (95% CI: 83%, 

99%), and given a negative result, the 
posttest probability was 8% (95% CI: 
5%, 13%).

Exploratory analysis investigating the 
effect of age groups on the sensitivity and 
specificity of the OSTRC-P questionnaire 
is presented in TABLE 3. A sensitivity of 83% 
(95% CI: 69%, 93%) was reported in older 
players, and a sensitivity of 50% (95% CI: 
12%, 88%) was found in younger players.

A significant positive association was 
found between OSTRC-P questionnaire 
score and clinical evaluation single-leg 
decline squat rating of patellar tendi-
nopathy severity, as demonstrated in lin-
ear regression analysis (β = 0.08; 95% CI: 
0.03, 0.12; P = .001; R2 = 0.29).

DISCUSSION

T
he objective of this study was 
to evaluate the diagnostic accuracy 
of an adapted version of the OSTRC 

Overuse Injury Questionnaire, referred 
to as the OSTRC-P questionnaire, in 
comparison with a clinical evaluation. 
Beyond the basic measures of accuracy 
for a new test or tool, which are sensi-
tivity and specificity,6 the researchers 
evaluated other relevant measures of di-
agnostic test accuracy such as predictive 
value, likelihood ratio, and pretest/post-
test probability of patellar tendinopathy 
in order to thoroughly examine the diag-
nostic utility of the OSTRC-P question-
naire in youth basketball players.

Based on the thresholds the authors 
considered as clinically important, find-
ings from this study demonstrate that 
overall, the OSTRC-P questionnaire, 
with a sensitivity of 79% and specificity 
of 98%, offers an acceptable level of ac-
curacy in detecting patellar tendinopa-
thy among youth basketball players. The 
OSTRC-P questionnaire showed excel-
lent predictive values and likelihood ra-
tios. For example, among those who had 
a positive test result, the probability of 
patellar tendinopathy truly occurring was 
95%, and among those who had a nega-
tive result, the probability of not having 
patellar tendinopathy was 92%. Also, the 

Players recruited to diagnostic accuracy 
study, n = 208

Completed OSTRC-P questionnaire, n = 187

“No patellar tendinopathy” result, 
n = 145

Clinical evaluation done, n = 129 Clinical evaluation done, n = 40

“Yes patellar tendinopathy” result, 
n = 42

No questionnaire response, n = 21
• No storage space on phone to 

download questionnaire, n = 5
 • No specific reasons given,  

n = 16

Final diagnosis
• Patellar tendinopathy present, 

n = 10
• Patellar tendinopathy absent, 

n = 119

Final diagnosis
• Patellar tendinopathy present, 

n = 38
• Patellar tendinopathy absent, 

n = 2

No clinical 
evaluation, 
n = 16

• Absent at 
practice, n = 16

No clinical 
evaluation, 
n = 2

• Absent at 
practice, n = 2

FIGURE 2. Flow of players through the study. Abbreviation: OSTRC-P, Oslo Sports Trauma Research Center-patellar 
tendinopathy.
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positive likelihood ratio of 48 found in 
this study is far greater than 5 (a thresh-
old for an important effect), indicating 
that patellar tendinopathy is likely to be 
present with a positive test.20 Similarly, 
the negative likelihood ratio of 0.21 from 
this study approximates 0.2, a threshold 
that indicates that the disorder has a 
likelihood of being absent with a nega-
tive test.20 Additionally, the high posttest 

probability of 95% for a positive test re-
sult on the OSTRC-P questionnaire pro-
vides assurance of the presence of patellar 
tendinopathy, and the low probability of 
8% for a negative test result provides rea-
sonable assurance of the absence of the 
condition. These findings will potentially 
improve clinicians’ and researchers’ con-
fidence about the diagnostic certainty of 
the OSTRC-P questionnaire.

However, exploratory evaluation of 
the effects of age on the accuracy of the 
OSTRC-P questionnaire in stratified data 
analysis suggests that the questionnaire 
may be less sensitive in younger adoles-
cents (sensitivity of 50% in players 13 to 
15 years of age versus 83% in players 16 
to 18 years of age). Although the original 
OSTRC Overuse Injury Questionnaire 
has been used in players younger than 
15 years of age,19 it was originally vali-
dated in athletes older than 15 years of 
age, and its use is primarily with older 
athletes.1,5,10,19 This explains, in part, the 
reason why the OSTRC-P questionnaire 
recorded a low sensitivity in younger 
players. Nonetheless, it is possible that 
the small sample size and very few cases 
of patellar tendinopathy in the stratified 
analysis impacted the sensitivity esti-
mate reported. The diagnostic utility of 
the OSTRC-P questionnaire in athletes 
younger than 16 years of age demands 
further investigation.

The secondary objective of this study 
was to investigate the association be-
tween the OSTRC-P questionnaire se-
verity score and the patellar tendinopathy 
severity rating based on clinical examina-
tion. Although a linear regression analy-
sis was used to explore this relationship, 
the researchers’ intention was not to pre-
dict patellar tendinopathy severity rating 
from the OSTRC-P questionnaire, but to 
examine whether these variables would 
be practically associated with each other.

Accordingly, the previously validated 
severity measure in the original OSTRC 

TABLE 1 Player Characteristics*

*Values are mean ± SD unless otherwise indicated.

Variable Overall (n = 169)

Age, y 16.3 ± 1.3

Weight, kg 65.5 ± 15.7

Height, m 1.75 ± 0.12

Age group, n (%)

<16 y 41 (24.3)

<19 y 128 (75.7)

Sex, n (%)

Male 117 (69.2)

Female 52 (30.8)

Play position, n (%)

Post 44 (26.0)

Guard 53 (31.4)

Combo 45 (26.6)

Missing 27 (16.0)

Dominant leg, n (%)

Right 111 (65.6)

Left 29 (17.2)

Missing 29 (17.2)

Setting, n (%)

School basketball 91 (53.8)

Club basketball 78 (46.2)

	

TABLE 2
Diagnostic Accuracy of the OSTRC-P Questionnaire in Comparison With  
Clinical Evaluation as Criterion Standard in Youth Basketball Players*

Abbreviations: –LR, negative likelihood ratio; +LR, positive likelihood ratio; OSTRC-P, Oslo Sports Trauma Research Center-patellar tendinopathy; –PV, 
negative predictive value; +PV, positive predictive value.
*Values are percent (95% confidence interval) unless otherwise indicated.

OSTRC-P Questionnaire Yes No Sensitivity Specificity +PV –PV +LR –LR

Condition present, n 79 (65, 90) 98 (94, 100) 95 (83, 99) 92 (86, 96) 48 (12, 191) 0.21 (0.12, 0.37)

Yes 38 2

No 10 119

Clinical Examination:  
Condition Present, n
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Overuse Injury Questionnaire,5 which 
the current study’s authors adapted in the 
OSTRC-P questionnaire, may be specifi-
cally useful in estimating patellar tendi-
nopathy severity in surveillance studies 
and in clinical settings. The OSTRC-P 
questionnaire severity scores demon-
strated a significant positive linear re-
lationship with patellar tendinopathy 
severity ratings during clinical evalua-
tion. The regression model suggests that 
on average, for each unit rise in OSTRC-P 
questionnaire severity score, the patellar 
tendinopathy severity rating based on 
clinical examination using the single-leg 
decline squat test increases by 0.08. Al-
though the R2 value suggests that 29% 
of the variation in clinical patellar tendi-
nopathy severity score may be explained 
by the linear relationship with the OS-
TRC-P questionnaire severity score, the 
hypothesis test demonstrates that the 
overall relationship is statistically sig-
nificant (P = .001). Thus, the initial 4 
questions on the OSTRC-P questionnaire 
potentially provide added benefit when 
scoring severity in patellar tendinopathy 
cases identified in any given population of 
young basketball athletes using prespeci-
fied calculations.5 Researchers, coaches, 
and clinicians are then able to monitor 
players’ conditions. This is particularly 
useful for decisions on load modification 
in players with patellar tendinopathy and 
in prospective studies with panel designs 

of weekly or biweekly overuse injury sur-
veillance, similar to what was done in 
previous studies for nonspecific overuse 
problems in athletes.1,4,10,19

The original questionnaire, the OSTRC 
Overuse Injury Questionnaire, was devel-
oped to monitor overuse problems in spe-
cific body regions in athletes. However, 
the 4 questions contained therein would 
only identify region-specific problems 
(eg, knee problems) in the past week. 
To specifically report whether the prob-
lem identified by the questionnaire is an 
acute or overuse knee injury, a clinician/
researcher would need to follow up with 
the athlete via phone conversation at the 
least. This has been the practice in most 
of the studies that have used the OSTRC 
Overuse Injury Questionnaire.1,4,5,10,19

The authors adapted the OSTRC 
Overuse Injury Questionnaire to allow 
athletes to self-report all details relat-
ing to knee problems experienced in the 
previous week. This comprises reporting 
whether the knee problem includes ongo-
ing pain; is acute, overuse, recurrent, or 
new; affects the right, left, or both knees; 
affects the anterior knee; and, ultimately, 
whether there is pain at the inferior pole 
of the patella. Apart from providing other 
specific and important information on 
the knee problems and/or pain reported 
by a player (eg, differentiating acute in-
juries from overuse), the OSTRC-P ques-
tionnaire helps identify the presence of 

patellar tendinopathy, negating the need 
for any initial or follow-up contact with 
a clinician and providing an opportunity 
for continued player monitoring.

The OSTRC-P questionnaire is a prac-
tical and economical tool that can be used 
to detect the prevalence and severity of 
patellar tendinopathy in a large sample of 
youth basketball players. The OSTRC-P 
questionnaire may also be useful for con-
tinued player monitoring during treat-
ment/rehabilitation. The questionnaire 
may be administered either electronically 
(eg, via e-mail or software application on 
mobile phones) or in paper form. The au-
thors are confident that this simple tool 
will be invaluable in future studies and 
has the potential to advance knowledge in 
the field of patellar tendinopathy research.

Study Limitations
In this study, the researchers estimated 
all relevant measures of diagnostic ac-
curacy to enhance the potential use of 
the OSTRC-P questionnaire in other set-
tings. However, application of this ques-
tionnaire in settings other than youth 
basketball should be made with caution. 
Further research is needed to evaluate 
the validity of the OSTRC-P question-
naire in other sports. Further validation 
of the OSTRC-P questionnaire is par-
ticularly warranted in sports with high 
patellar tendinopathy prevalence, such 
as volleyball and running.

The OSTRC-P questionnaire lacks 
the ability to rule out other knee condi-
tions when they coexist with patellar 
tendinopathy. The extent to which cases 
of mixed diagnosis affect the accuracy of 
the OSTRC-P questionnaire is unknown, 
as this was not evaluated in the current 
study due to the small number of cases 
designated as mixed diagnosis. Further, 
this study lacked the power for stratified 
analyses to fully investigate the possible 
effects of age and sex on the diagnostic 
accuracy of the OSTRC-P. Thus, the au-
thors only evaluated the sensitivity and 
specificity of the OSTRC-P questionnaire 
in comparison to clinical evaluation in 
an exploratory analysis to gain an insight 

Abbreviation: OSTRC-P, Oslo Sports Trauma Research Center-patellar tendinopathy.
*Values in parentheses are 95% confidence interval.

OSTRC-P Questionnaire Yes No Yes No

Condition present, n

Yes 3 1 35 1

No 3 34 7 85

Sensitivity, %* 50 (12, 88) 83 (69, 93)

Specificity, %* 97 (85, 100) 99 (94, 100)

TABLE 3
Exploratory Analysis of the Sensitivity  

and Specificity of the OSTRC-P  
Questionnaire by Age Group

Clinical Examination

<16 y: Condition Present, n <19 y: Condition Present, n
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into potential differences in the accuracy 
of the questionnaire between older and 
younger adolescents. Future research 
with larger samples will aid a more ro-
bust understanding of the potential ef-
fects of age on the diagnostic accuracy of 
the OSTRC-P questionnaire.

It was impracticable for the study 
physical therapist to evaluate the entire 
cohort in the PAT Prevention Study (ie, 
both patellar tendinopathy cases and 
non–patellar tendinopathy cases) within 
days of completing the OSTRC-P ques-
tionnaire; thus, the sample in the present 
study was based on a convenience sam-
pling of participants through enrollment 
of teams that were approached and will-
ing to participate. The extent to which this 
sample is biased is unknown. Also, the 
small number of participant cases/non-
cases in some of the 2-by-2 cells resulted 
in wide CIs reported for some of the diag-
nostic accuracy estimates, especially in the 
positive likelihood ratio value, suggesting 
imprecision in the plausible range of val-
ues around the point estimate. However, 
the lower limit of the positive likelihood 
ratio (12) and the upper limit of the nega-
tive likelihood ratio (0.37) are within the 
thresholds considered to be important.

The OSTRC-P questionnaire was 
compared with a reference standard and 
not a gold standard test, which would 
have been ideal. Therefore, its accuracy 
depends on the validity of clinical evalua-
tion as a reference standard in diagnosing 
patellar tendinopathy. The pretest prob-
ability (prevalence) of patellar tendinop-
athy reported in this study is probably 
due to convenience sampling; a patellar 
tendinopathy prevalence of 28.4% is high 
compared to the 7% reported by Cook 
et al7 on clinical grounds 18 years ago. 
However, so much has changed in ten-
dinopathy research, and given the level 
of competitiveness among youth partici-
pants since then, it is very likely that the 
prevalence of patellar tendinopathy has 
increased accordingly.

Nevertheless, it is possible that a few 
cases reported as patellar tendinopa-
thy are actually other conditions with a 

similar pattern of pain in the anterior 
knee region. For example, it is clini-
cally impossible to differentiate between 
Sinding-Larsen-Johansson syndrome 
and patellar tendinopathy in adolescents.
Sinding-Larsen-Johansson syndrome 
may be clinically considered as part of a 
spectrum of tendon pathology in adoles-
cents in this age bracket. Furthermore, 
the authors acknowledge that a report 
of 6 of 48 cases (12.5%) as mixed diag-
nosis may well be an underestimation. 
The clinical evaluation process described 
in this study was focused on diagnosing 
patellar tendinopathy only and was not a 
complete knee evaluation. It is possible 
that the on-court clinical evaluation pro-
cess missed a few other conditions that 
would need further diagnostic processes. 
Although clinical evaluation is not with-
out limitations, it remains the reference 
standard of choice for diagnosing patel-
lar tendinopathy, as there is currently no 
gold standard test.13,23

Finally, the OSTRC-P questionnaire 
was administered both electronically and 
in paper form. It is unknown whether 
the means of delivering the question-
naire had any impact on its accuracy. 
The researchers did not do a subanaly-
sis of data to evaluate this because that 
was not included in the present study’s 
objectives. Nevertheless, it is unlikely 
that there are differences in the accuracy 
of these 2 methods, as there is extensive 
evidence from systematic reviews show-
ing that electronic and paper administra-
tions of patient-reported outcomes are 
comparable.9,18

CONCLUSION

T
his study demonstrates that the 
OSTRC-P questionnaire has an ac-
ceptable level of diagnostic accuracy 

for self-report of patellar tendinopathy 
and patellar tendinopathy severity. This 
questionnaire provides a low-cost alter-
native to clinical evaluation for detect-
ing patellar tendinopathy and grading its 
severity in large-scale surveillance stud-
ies and athlete care. These findings have 

implications for future development of 
primary and secondary prevention strate-
gies for tendinopathy in youth, school, and 
community basketball settings. t

KEY POINTS
FINDINGS: The authors adapted (and tested 
against a physical therapist’s clinical 
evaluation) a questionnaire that was pre-
viously developed for any knee problem 
to specifically identify patellar tendi-
nopathy in youth basketball players. This 
study found that the adapted question-
naire, the Oslo Sports Trauma Research 
Center-patellar tendinopathy (OSTRC-P) 
questionnaire, is a viable alternative to a 
physical therapist’s clinical evaluation in 
detecting patellar tendinopathy.
IMPLICATIONS: The OSTRC-P question-
naire offers the opportunity for close 
monitoring of youth basketball play-
ers for patellar tendinopathy. This tool 
provides the opportunity for future de-
velopment of prevention and treatment 
strategies for tendinopathy in youth 
basketball.
CAUTION: Use of the OSTRC-P question-
naire in younger adolescent athletes 
(younger than 16 years of age) and set-
tings other than youth basketball war-
rants caution and further investigation.
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UU BACKGROUND: It has been proposed that 
training intensity and training volume are as-
sociated with specific running-related injuries. If 
such an association exists, secondary preventive 
measures could be initiated by clinicians, based on 
symptoms of a specific injury diagnosis.

UU OBJECTIVES: To test the following hypoth-
eses: (1) a running schedule focusing on running 
intensity (S-I) would increase the risk of sustaining 
Achilles tendinopathy, gastrocnemius injuries, 
and plantar fasciitis compared with hypoth-
esized volume-related injuries; and (2) a running 
schedule focusing on running volume (S-V) would 
increase the risk of sustaining patellofemoral 
pain syndrome, iliotibial band syndrome, and 
patellar tendinopathy compared with hypothesized 
intensity-related injuries.

UU METHODS: In this randomized clinical trial 
and etiology study, healthy recreational runners 
were included in a 24-week follow-up, divided 
into 8-week preconditioning and 16-week 
specific-focus training periods. Participants 
were randomized to 1 of 2 running schedules: 
S-I or S-V. The S-I group progressed the amount 
of high-intensity running (88% maximal oxygen 
consumption [VO2max] or greater) each week, 
and the S-V group progressed total weekly 
running volume. A global positioning system 

watch or smartphone collected data on run-
ning. Running-related injuries were diagnosed 
based on a clinical examination. Estimates were 
reported as risk difference and 95% confidence 
interval (CI).

UU RESULTS: Of 447 runners, a total of 80 
sustained an injury (S-I, n = 36; S-V, n = 44). Risk 
differences (95% CIs) of intensity injuries in the 
S-I group were  –0.8% (–5.0%, 3.4%) at 2 weeks, 
–0.8% (–6.7%, 5.1%) at 4 weeks, –2.0% (–9.2%, 
5.2%) at 8 weeks, and –5.1% (–16.5%, 6.3%) at 16 
weeks. Risk differences (95% CIs) of volume inju-
ries in the S-V group were –0.9% (–5.0%, 3.2%) at 
2 weeks, –2.0% (–7.5%, 3.5%) at 4 weeks, –3.2% 
(–9.1%, 2.7%) at 8 weeks, and –3.4% (–13.2%, 
6.2%) at 16 weeks.

UU CONCLUSION: No difference in risk of hypoth-
esized intensity- and volume-specific running-
related injuries exists between the 2 running 
schedules focused on progression in either  
running intensity or volume.

UU LEVEL OF EVIDENCE: Etiology, level 1b.  
J Orthop Sports Phys Ther 2018;48(10):740-748. 
Epub 12 Jun 2018. doi:10.2519/jospt.2018.8062

UU KEY WORDS: injury diagnoses, running, 
running-related injury, training variables
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R
unning-related injury 
(RRI) is a problem among 
people to whom running 
is part of a physically 

active lifestyle.42 Because health-
related benefits of running are 
the primary motivation for 
many runners, it is concerning 
that 31% of males and 18% of 
females who discontinue running 
over a 10-year period report 
injury as the main reason.18,23,33

The predominant anatomical loca-
tions of injury include the foot, lower 
leg, and knee, with medial tibial stress 
syndrome, patellofemoral pain, Achilles 
tendinopathy, and plantar fasciitis being 
the common diagnoses reported by health 
care professionals.24,32,44 However, the 
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mechanism of these injuries remains un-
certain.20 Importantly, a runner’s suscep-
tibility to injury, as described in dynamic 
models of etiology, is highly dependent 
on running participation.25,46 Therefore, 
to effectively examine the etiology of spe-
cific RRIs, it is necessary to understand 
the role of specific training-related vari-
ables, such as running volume and inten-
sity, in RRI.28

A theoretical association between 
specific injuries and the training vari-
ables of running volume and running 
intensity has been proposed, based on 
epidemiological and biomechanical find-
ings.30 More precisely, sudden increases 
in running volume were hypothesized to 
be associated with an increased risk of 
patellofemoral pain, iliotibial band fric-
tion syndrome, and patellar tendinopa-
thy, while sudden increases in running 
intensity were assumed to be associated 
with Achilles tendinopathy, plantar fas-
ciitis, and gastrocnemius injuries.30 This 
theoretical assumption was explored 
in a data set from an observational co-
hort study, concluding that a progres-
sion of 30% or greater, compared with 
a progression of 10% or less, in running 
distance over a 2-week period was asso-
ciated with a 59% greater volume-relat-
ed injury rate.31 Therefore, injuries such 
as patellofemoral pain, iliotibial band 
friction syndrome, and patellar tendi-
nopathy were labeled as volume-related 
injuries.

Biomechanical findings from 2 studies 
by Petersen et al35,36 also contribute posi-
tively to this suggested association. First, 
a greater increase in load of ankle joint 
plantar flexors, compared with knee joint 
extensors, with increased running speed 
was observed.35 Second, the cumulative 
load at the knee joint increased more 
with slow-speed running, compared to 
faster running, at a given distance.36 Con-
sequently, Achilles tendinopathy, plantar 
fasciitis, and gastrocnemius injuries were 
labeled as intensity-related injuries.

If these assumptions are true, then 
such knowledge would make an impor-
tant contribution to load management 

in injury prevention and could improve 
the efficiency of both primary preven-
tion, using online tailored advice, and 
secondary prevention by modifying run-
ning based on symptoms of injury.8,10,15 
However, before runners and clinicians 
apply preventive measures based on 
this knowledge, additional research to 
support the hypotheses surrounding 
volume-related and intensity-related in-
juries is necessary. The Run Clever trial 
aimed to conduct a training schedule 
intervention study, investigating the fol-
lowing hypothesis: (1) a running schedule 
focusing on intensity would increase the 
risk of sustaining Achilles tendinopa-
thy, gastrocnemius injuries, and plantar 
fasciitis (ie, intensity RRIs) compared 
with those categorized as volume RRIs; 
and (2) a running schedule focusing on 
running volume would increase the risk 
of sustaining patellofemoral pain syn-
drome, iliotibial band syndrome, and 
patellar tendinopathy (ie, volume RRIs) 
compared with those categorized as in-
tensity RRIs.

METHODS

T
he Run Clever trial was ap-
proved by the Danish Data Pro-
tection Agency and the Northern 

Region Ethics Committee, Denmark 
(N-20140069). All included participants 
received written and verbal information 
about the aim of the Run Clever trial, 
and provided verbal and written consent 
to participate. Prior to recruitment, the 
trial was registered at www.clinicaltrials.
gov (January 23, 2015; NCT02349373) 
and the trial protocol was published.38 
An in-depth description of methods, 
intervention content, and outcome as-
sessment can be found in the published 
protocol. Participants were included and 
followed from April 2015 to March 2016. 
Reporting according to the 2010 Consoli-
dated Standards of Reporting Trials was 
followed, with the exception that power 
or sample-size calculation (item 7a) and 
relative effect sizes (item 17b) are not 
reported.26,41

Design
Using a randomized parallel-group de-
sign, recreational runners were random-
ized at enrollment to one of two 24-week 
interventions. The initial 8 weeks (pre-
conditioning period) of the intervention 
functioned as physical preparation, with 
all runners following a similar running 
schedule. During the final 16 weeks, run-
ners followed 1 of 2 running schedules 
based on their randomization: (1) run-
ning schedule intensity (S-I) focused on 
increasing the weekly volume of run-
ning intensity (ie, greater percentage of 
training at hard intensity), or (2) run-
ning schedule volume (S-V) focused on 
increasing total weekly running volume. 
Specific injury diagnoses collected as sec-
ondary outcomes were used to test the 
hypotheses.

Participants
Eligible participants were healthy recre-
ational runners between 18 and 65 years 
of age who owned an iOS- or Android-
based smartphone. A recreational run-
ner was operationally defined as one who 
runs 1 to 3 times per week for at least 6 
consecutive months. Runners interested 
in participating answered an internet-
based questionnaire, distributed through 
social media, magazines, and announce-
ments of the trial in running stores and 
clubs. Researchers accessed the submit-
ted questionnaires and assessed partici-
pation eligibility.

Runners were excluded from par-
ticipation if they reported having had 
an injury within the past 6 months or 
being pregnant, or if vigorous physical 
activity was contraindicated.3 Before in-
clusion, researchers contacted eligible 
participants by telephone and provided 
verbal information, instructions on the 
rigidity of the running schedules, the 
weekly administration of the Oslo Sports 
Trauma Research Center Overuse Injury 
Questionnaire,6 and the global position-
ing system–based data collection. At 
baseline, all included participants pro-
vided self-reported information on sex, 
age, height, weight, previous RRIs, and 
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running experience. Baseline height and 
weight were used to calculate body mass 
index.

Data Collection
An internet-based, trial-specific system 
was used to collect data. Only researchers  
working on the Run Clever trial had 
access to the back-end of the system. 
Through the back-end system, re-
searchers could administer the running 
schedule interventions to individual 
participants, follow up on performed 
running, administer questionnaires, 
and review submitted questionnaires. 
Participants were provided with access 
to a personal internet-based training di-
ary and a smartphone application. The 
smartphone application synchronized 
with the global positioning system unit 
in the smartphone, and data on running 
performed were collected and uploaded 
to the runner’s internet-based training 
diary. Further, the smartphone appli-
cation provided runners with real-time 
feedback during running on adherence 
to the scheduled running intensity, run-
ning volume, and rest periods, when 
the scheduled running involved interval 
running.

Interventions
Both running schedules involved running 
3 times per week and followed a 4-week 
periodization cycle that was repeated a 
total of 6 times. The first week in every 
cycle involved a 23% progression in run-
ning volume. The second and third weeks 
were adaptation weeks, with 0% progres-
sion in running. The fourth week had a 
regression in running volume of 10%.5 
Running frequency and structure of the 
4-week periodization cycle were constant 
during the entire 24-week intervention 
(8-week preconditioning and 16-week 
specific-focus training).

The initial 8 weeks (preconditioning) 
of both groups followed a similar running 
schedule. The beginning weekly volume 
of running was 15 km at an easy intensity. 
After the first 4-week periodization cycle, 
weekly running volume progressed 23%, 

based on the scheduled running volume 
in the preceding regression week, result-
ing in 3 km of running at moderate in-
tensity being introduced into the running 
schedule. The 4-week periodization cycle 
was repeated 1 more time during the pre-
conditioning period.

During the subsequent 16-week, spe-
cific-focus training period, S-V progressed 
the total weekly running volume and S-I 
progressed the proportion of weekly 
running at a hard intensity. Specifically, 
progression/regression of running in S-V 
consisted of a percentage change in total 
weekly kilometers. Progression/regres-
sion of running in S-I consisted of a per-
centage change in weekly kilometers at an 
intensity equal to or above 88% maximal 
oxygen consumption (VO2max) (hard in-
tensity). The 4-week periodization cycle 
was repeated 4 times during the specific-
focus training period.

Individual relative running intensity 
was estimated using field-based maxi-
mal running tests, incorporated into the 
participants’ running schedules. Using 
an estimation of VDOT (measure of run-
ning performance, arbitrary unit), run-
ning intensities categorized as easy (80% 
VO2max or less), moderate (81%-87% VO-

2max), and hard (88% VO2max or great-
er) were prescribed.7 Running tests were 
performed at baseline and every 8 weeks 
during follow-up. Detailed information 
on the content of the running schedule is 
presented in the protocol article.38

Outcome
The Oslo Sports Trauma Research Cen-
ter Overuse Injury Questionnaire was 
screened weekly to identify participants 
reporting symptoms and time loss. An 
RRI was defined as “an injury sustained 
on muscles, joints, tendons, and/or bones 
during or after running and attributed to 
running. The injury must have caused a 
training reduction (reduced distance, in-
tensity, frequency, etc) for at least 7 days.” 
If a participant sustained an RRI, that in-
dividual was referred to a member of the 
diagnostic team of physical therapists.5,27

All physical therapists had volun-

teered to be part of a diagnostic team 
working without payment. Before the 
trial began, all members of the diagnos-
tic team received information on the 
trial’s purpose and were introduced to 
a standardized examination procedure 
and the diagnostic criteria to be used.32 
If diagnosis of the injured participant 
was impossible and the physical therapist 
deemed diagnostic imaging a necessity, 
then the participant was referred to the 
Department of Orthopaedics at Aarhus 
University Hospital (Aarhus, Denmark), 
or to the Department of Orthopaedics at 
Aalborg University Hospital (Aalborg, 
Denmark) for further examination and 
diagnostic imaging.

Power
In the design of the Run Clever trial,38 
power was calculated based on the pri-
mary hypothesis and, accordingly, the 
prespecified between-group risk differ-
ence of the primary outcome, RRI. The 
results of this primary objective have 
been published elsewhere.39 The hypoth-
eses investigated in the present study 
concerned secondary categorical out-
comes, including specific RRI categories 
(ie, intensity and volume). Therefore, no 
power calculation based on the hypoth-
eses and outcome was performed.

Randomization
Randomization was performed at inclu-
sion, with the actual difference in inter-
vention presenting itself after 8 weeks of 
running. The random allocation of par-
ticipants to the S-I and S-V groups was 
applied through the trial-specific back-
end system. In blocks of 10, the back-end 
system randomly allocated participants 
to 1 of the 2 schedules. Group allocation 
was concealed from investigators until af-
ter inclusion. Members of the diagnostic 
team were blinded to group allocation, 
though they were informed of the aim of 
the Run Clever trial.38

Statistical Methods
The primary analytical approach was 
an instrumental variable analysis used 
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to control for noncompliance, with 
randomization as the instrument.13 
Secondary analyses were based on in-
tention-to-treat and per-protocol prin-
ciples. Proportional completion of 80% 
or more of the scheduled running ses-
sions was the percentage cutoff and was 
used to dichotomize compliance in the 
instrumental variable to control for con-
founding due to noncompliance. All par-
ticipants who started a running session 
in the specific-focus training period were 
included in the intention-to-treat analysis. 
The per-protocol analysis only included 
compliant participants, utilizing the same 
percentage cutoff of 80% or greater.

Using the pseudo-observation meth-
od, a competing-risk analysis applying 
the Aalen-Johansen estimator was used 
to test the hypotheses.21,34,37 Five cat-
egories of end points were included as 
competing risks in the analysis: intensity-
related injuries, volume-related injuries, 
Taunton RRI (injury diagnoses presented 
by Taunton et al,44 but not included in the 
intensity category or volume category), 
other RRI (RRIs matching the time-loss 
definition but not 1 of the previous 3 cat-
egories), and non-RRI (non-RRIs caus-
ing a permanent cessation of running). 
All end-point categories were included in 
the analysis as possible outcomes, and the 
Aalen-Johansen estimator accounted for 
the occurrence of 1 end point, disqualify-
ing the participant’s possibility of experi-
encing a secondary end point.29

Data were analyzed using follow-up 
time in weeks and days as the time scales. 
Differences in risk were analyzed at 2, 4, 
8, and 16 weeks (14, 28, 56, and 112 days, 
respectively) after the beginning of the 
specific-focus training period.

Censoring, withdrawal of a participant 
at a specific time point before injury oc-
curred and including only time at risk un-
til the time point of censoring, was utilized 
in the analysis.2,29 Using different time 
scales allowed for censoring on a daily or 
weekly basis.29 Participants were right-
censored in case of pregnancy, disease, 
lack of motivation, unwillingness to attend 
the clinical examination in case of injury, 

and when more than 10% of all training 
sessions were uploaded manually or at end 
of follow-up, whichever came first.

Estimates were presented as cumula-
tive risk difference (risks were multiplied 
over time to take censoring into account) 
with 95% confidence interval (CI), and 
differences were considered statistically 
significant at P<.05. All analyses were 
performed using Stata/SE Version 13 
(StataCorp LLC, College Station, TX).

RESULTS

O
f the 1535 persons assessed for 
eligibility, 839 were included and 
allocated to S-I (n = 419) and S-V 

(n = 420) groups (FIGURE 1). During pre-
conditioning, 198 participants from the 
S-I group and 194 participants from the 
S-V group were censored. Of the partici-
pants who completed the precondition-
ing period, 140 (63%) of 221 participants 

Inclusion/exclusion questionnaire 
responses, n = 1535

Included, n = 839
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S-I preconditioning, n = 419
Censored, n = 198
• Lost to follow-up, n = 148
• Pregnant, n = 4
• Injured during other activity, n = 13
• Illness, n = 2
• Injured, n = 31

S-V preconditioning, n = 420
Censored, n = 194
• Lost to follow-up, n = 142
• Pregnant, n = 1
• Injured during other activity, n = 13
• Illness, n = 5
• Accident, n = 4
• Injured, n = 29

Categories included in analysis, n = 37
• Intensity RRI, n = 8
• Volume RRI, n = 5
• Other RRI, n = 23
• Non-RRI, n = 1

Categories included in analysis, n = 47
• Intensity RRI, n = 11
• Volume RRI, n = 9
• Other RRI, n = 24
• Non-RRI, n = 3

Exclusions based on question-
naire responses, n = 473

 Exclusions based on telephone 
screening, n = 173

Could not be assessed for 
eligibility, n = 50

S-I intervention, n = 221
• Lost to follow-up, n = 24
• Pregnant, n = 4
• Injured during other activities, n = 1
• Illness, n = 1
• >10% manual upload, n = 15
• Completed follow-up, n = 140
• Injured, n = 36

S-V intervention, n = 226
• Lost to follow-up, n = 27
• Pregnant, n = 2
• Injured during other activities, n = 3
• Illness, n = 2
• Accident, n = 1
• Discontinued due to surgery, n = 1
• >10% manual upload, n = 14
• Completed follow-up, n = 132
• Injured, n = 44

FIGURE 1. Flow chart of participants. Reasons for censoring during follow-up are listed. Injured are the number 
of events. The category “other RRI” is a combination of 2 categories: Taunton RRI (n = 37) and other RRI (n = 10). 
Abbreviations: RRI, running-related injury; S-I, schedule intensity; S-V, schedule volume. J
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in the S-I group and 132 (58%) of the 226 
participants in the S-V group completed 
the 24-week follow-up. The number of 
noninjured participants who were cen-
sored during the 16-week, specific-focus 
training period for reasons other than 
end of follow-up was 45 in the S-I group 
and 50 in the S-V group. A total of 231 
participants completed 80% or more of 
all scheduled running sessions (S-I, n = 
110; S-V, n = 121). Baseline characteristics 
are presented in TABLE 1.

Running-Related Injuries
A total of 80 (S-I, n = 36; S-V, n = 44) 
participants sustained an RRI dur-
ing the specific-focus training period. 
Of the 80 injured participants, 41.3% 
sustained an RRI categorized either 
as intensity or volume related. In the 
S-I group, there were 8 (22.2%) inten-
sity RRIs and 5 (13.9%) volume RRIs. 
In the S-V group, there were 11 (25%) 
intensity RRIs and 9 (20.5%) volume 
RRIs. The frequency of RRI diagnoses 
is presented in TABLE 2.

Risk of Specific Injuries
Results from the competing-risk analysis 
are presented in TABLES 3 and 4. Estimated 

	

TABLE 1 Baseline Characteristics*

Abbreviations: BMI, body mass index; NA, not available; S-I, schedule intensity; S-V, schedule volume.
*Values are mean ± SD unless otherwise indicated.
†Values are median (interquartile range).
‡Assessed using the Short QUestionnaire to ASsess Health-enhancing physical activity.45

§Completed sessions divided by scheduled sessions during the preconditioning period.

Participant Information S-I (n = 419) S-V (n = 420) S-I (n = 221) S-V (n = 226)

Sex, n (%)

Female 261 (62) 260 (62) 136 (62) 138 (61)

Male 158 (38) 160 (38) 85 (38) 88 (39)

Age, y 39.1 ± 10.4 39.1 ± 10.1 39.6 ± 10.3 39.4 ± 9.6

BMI, kg/m2 24.1 ± 2.9 24.2 ± 3.1 24.0 ± 2.9 24.3 ± 2.9

Previous injury, n (%)

No 190 (45) 194 (46) 104 (47) 107 (47)

Yes 229 (55) 226 (54) 117 (53) 119 (53)

Running experience, y† 6 (3-10) 5 (3-10) 7 (3-15) 6 (3-12)

General activity level, min/wk†‡ 2110 (1224-3480) 2302.5 (1327.5-3672) 2390 (1465-3520) 2372 (1450-3573)

Preconditioning compliance§ NA NA 87% ± 16% 89% ± 19%

Preconditioning Specific-Focus Training

TABLE 2 Running-Related Injuries*

Abbreviations: ITBS, iliotibial band syndrome; MTSS, medial tibial stress syndrome; PFP, patello-
femoral pain; RRI, running-related injury; S-I, schedule intensity; S-V, schedule volume.
*Diagnosed during the specific-focus training period. Values are n (%).

Diagnosis Total (n = 80) S-I (n = 36) S-V (n = 44) Category

MTSS 10 (12.5) 7 (19.4) 3 (6.8) Taunton RRI

Achilles tendinopathy 8 (10.0) 3 (8.3) 5 (11.4) Intensity RRI

Gastrocnemius injury 8 (10.0) 2 (5.6) 6 (13.6) Intensity RRI

PFP 7 (8.7) 4 (11.1) 3 (6.8) Volume RRI

ITBS 6 (7.5) 1 (2.8) 5 (11.4) Volume RRI

Gluteus medius injury 6 (7.5) 2 (5.6) 4 (9.1) Taunton RRI

Hamstring injury 5 (6.3) 3 (8.3) 2 (4.5) Taunton RRI

Meniscal injury 4 (5.0) 1 (2.8) 3 (6.8) Taunton RRI

Ankle inversion injury 4 (5.0) 3 (8.3) 1 (2.3) Taunton RRI

Instability problem 3 (3.7) 1 (2.8) 2 (4.5) Other RRI

Quadriceps injury 3 (3.7) 0 (0) 3 (6.8) Other RRI

Plantar fasciitis 3 (3.7) 3 (8.3) 0 (0) Intensity RRI

Greater trochanteric bursitis 2 (2.5) 1 (2.8) 1 (2.3) Taunton RRI

Iliopsoas injury 2 (2.5) 2 (5.6) 0 (0) Taunton RRI

Lumbar spine injury 2 (2.5) 0 (0) 2 (4.5) Taunton RRI

Pes anserinus injury 2 (2.5) 1 (2.8) 1 (2.3) Other RRI

Hallux valgus 1 (1.3) 0 (0) 1 (2.3) Other RRI

Peroneal tendinopathy 1 (1.3) 1 (2.8) 0 (0) Taunton RRI

Stress fracture, femur 1 (1.3) 1 (2.8) 0 (0) Taunton RRI

Stress fracture, metatarsal 1 (1.3) 0 (0) 1 (2.3) Other RRI

Patellar tendinopathy 1 (1.3) 0 (0) 1 (2.3) Volume RRI
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risk differences indicated no difference in 
risk of intensity RRI and volume RRI be-
tween runners in the S-I and S-V groups. 
Results from the intention-to-treat and 
per-protocol analyses are presented in 
APPENDICES A and B (available at www.
jospt.org). The Aalen-Johansen curves 
visualizing the cause-specific cumulative 
injury proportion as a function of follow-
up time in weeks and days are presented 
in FIGURE 2.

DISCUSSION

T
his is the first prospective 
study to use a randomized design 
to compare the effect of running in-

tensity progression and running volume 
progression on the risk of specific RRIs 
in recreational runners. The hypothesis 
that running schedules focused on pro-
gression in intensity or volume would 
result in more runners sustaining inten-
sity- or volume-related injuries was not 
supported by estimates of risk differences 
over the study period.

These results contrast the proposed 
association, the exploratory prospective 
study findings, and mechanistic biome-
chanical findings.30,31,35,36 However, pos-
sible reasons for this discrepancy could 
be (1) the periodization of the running 
schedules, (2) the scheduled running 
intensities, or (3) the categorizations of 
injuries.

The Periodization of Running Schedules
The importance of managing training 
load to avoid fatigue, illness, and injury 
is well recognized and was considered 
in the current trial when providing 
participants with running schedules.9,43 
Ethical considerations concerning ap-
propriate training-load progression 
supported the choice of a 4-week pro-
gression cycle. To allow participants 
time to adapt to the increased training, 
a theoretical step-loading approach 
was chosen and implemented using a 
4-week periodization cycle.4 Based on 
findings by Buist et al,5 a progression 
in running volume of 23% between 2 

weeks was incorporated into the step-
loading approach, followed by 2 adap-
tation weeks and a regression week.

Recently, the acute-chronic workload 
ratio has received much attention as a 
method of predicting injury likelihood.11 
Applying the acute-chronic workload ra-
tio to the progression in the specific-focus 
training period of emphasized training 
variables in both the S-I and S-V groups 
resulted in an acute-chronic workload 
ratio between 0.8 and 1.2, the range 
in which injury risk is considered low. 

Therefore, the change in training load 
(progression in running intensity or run-
ning volume) might not have been rapid 
or sudden enough to apply a combination 
of stress and frequency that would re-
sult in the proposed association.19,30 The 
definition of a rapid or sudden change 
in training load is probably not uniform 
across sports, and few studies within 
running have investigated how much of 
a progression is too much. At present, 
the limit for a biweekly progression is no 
greater than 30%.5,11,31

TABLE 4 Risk of Volume RRI*

Abbreviations: RD, risk difference; RRI, running-related injury; S-I, schedule intensity; S-V, schedule 
volume.
*Values are absolute percentage points unless otherwise indicated. When testing difference in risk of 
injuries related to volume (S-V), S-I was used as the reference group.
†The risk of sustaining an injury among runners randomized to S-I.
‡Values in parentheses are 95% confidence interval. A negative RD is protective, whereas a positive 
value is more injurious.

Analysis Time Point Reference Risk† RD‡ P Value

2 wk 1.4 –0.9 (–5.0, 3.2) .65

14 d 1.4 –1.0 (–5.2, 3.0) .61

4 wk 2.5 –2.0 (–7.5, 3.5) .47

28 d 2.0 –2.1 (–6.7, 2.5) .36

8 wk 3.1 –3.2 (–9.1, 2.7) .29

56 d 3.1 –3.3 (–9.3, 2.6) .27

16 wk 5.3 –3.4 (–13.2, 6.2) .49

112 d 5.5 –6.5 (–15.0, 2.0) .14

TABLE 3 Risk of Intensity RRI*

Abbreviations: RD, risk difference; RRI, running-related injury; S-I, schedule intensity; S-V, schedule 
volume.
*Values are absolute percentage points unless otherwise indicated. When testing difference in risk of 
injuries related to intensity (S-I), S-V was used as the reference group.
†The risk of sustaining an injury among runners randomized to S-V.
‡Values in parentheses are 95% confidence interval. A negative RD is protective, whereas a positive 
value is more injurious.

Analysis Time Point Reference Risk† RD‡ P Value

2 wk 1.4 –0.8 (–5.0, 3.4) .70

14 d 1.4 –1.9 (–5.7, 1.9) .32

4 wk 2.5 –0.8 (–6.7, 5.1) .79

28 d 2.0 –1.9 (–6.7, 2.8) .43

8 wk 3.7 –2.0 (–9.2, 5.1) .57

56 d 3.1 –1.0 (–7.7, 5.9) .80

16 wk 7.5 –5.1 (–16.5, 6.3) .38

112 d 6.4 –3.0 (–14.0, 7.6) .58
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The Intensity of Running
Absolute joint load and muscle force 
contributions increase with increased 
running speed. Further, with increased 
running speed, knee and ankle peak joint 
moments differ in increments at specific 
running speeds, possibly resulting in dif-
ferences in structure-specific loads.14,35 
However, at running speeds below 12 
km/h, differences in peak joint moments 
of the ankle and knee seem to be less 
pronounced.1,14,35

To accommodate individual differ-
ences in fitness levels, the scheduling 
of running intensity in the current trial 
was based on a measure of relative inten-
sity.12 Despite the interventional focus of 
S-I being a progression of a hard relative 
running intensity, only 8% of running 
sessions averaged an absolute intensity 
of 12 km/h or faster. Because all running 
sessions consisted of running at both easy 
and hard intensities, averaging absolute 
intensity might obscure the true amount 
of running performed at 12 km/h or fast-
er. It is possible that only a small propor-
tion of recreational runners achieve an 
average absolute running intensity of 12 
km/h or faster.16,22

Surprisingly, 10% of the running ses-
sions in the S-V group averaged an ab-
solute running intensity of 12 km/h or 
faster. The reason for this result may be a 
compliance problem among participants 
in the S-I group, due to unfamiliarity with 
running at higher speeds and executing 
interval training or to beliefs related to 
excessive speed or pace; however, these 
explanations are speculative.17,40

Injury Categorization and RRI Diagnoses
Of the 80 RRIs, only 4 were caused by 
an isolated identifiable event related to 
running (eg, ankle distortion caused by 
a fall due to an icy path) and categorized 
as acute injuries. The remaining 76 RRIs 
were assumed to be related to overuse 
and were so categorized based on the di-
agnosis. The RRI diagnoses included in 
the intensity and volume categories have 
consistently been reported as some of the 
most frequent RRIs, emphasizing the 
importance of both primary and second-
ary preventive measures targeting these 
RRIs.24,31,44 Only 1 study in the running-
injury literature, Nielsen et al,31 catego-
rized volume and intensity injuries in a 
way similar to that applied in the current 

trial. However, an important difference 
may be the categories used and the diag-
noses within the different categories in 
the present study. Nielsen et al31 utilized 
2 additional categories: traumatic injury 
and other overuse injury, whereas the 
current trial utilized Taunton and non-
RRI categories, as stated a priori, with 
the addition of the other RRI category.31,38

Further, as stated a priori, the current 
trial only included Achilles tendinopathy, 
gastrocnemius injuries, plantar fasciitis, 
patellar tendinopathy, patellofemoral 
pain, and iliotibial band syndrome as 
outcomes of interest. The total propor-
tion of volume and intensity injuries in 
the current trial, therefore, was 41.3%. Of 
these, intensity RRIs were more frequent 
(23.8%) than volume RRIs (17.5%). This 
contrasts the findings of Nielsen et al,31 
in which additional diagnoses were cat-
egorized as an intensity RRI (tibial stress 
fracture, hamstring injury, iliopsoas in-
jury) and a volume RRI (medial tibial 
stress syndrome, gluteus medius injury, 
greater trochanteric bursitis, tensor fas-
cia latae injury). This expanded diagnosis 
inclusion resulted in a total proportion 
of 66.3% of all RRIs being volume and 

A

0.10

0.15

0.0

0.05

Ca
us

e-
Sp

ec
ifi

c 
Cu

m
ul

at
iv

e 
In

ci
de

nc
e 

Pr
op

or
tio

n

Intensity RRI Volume RRI Taunton RRI

Other RRI Non-RRI

Weeks

0 2 4 8 16

Schedule Intensity

Pre-
conditioning

Pre-
conditioning

Pre-
conditioning

Pre-
conditioning

0 2 4 8 16

Schedule Volume

B

0.10

0.15

0.0

0.05

Ca
us

e-
Sp

ec
ifi

c 
Cu

m
ul

at
iv

e 
In

ci
de

nc
e 

Pr
op

or
tio

n

Intensity RRI Volume RRI Taunton RRI

Other RRI Non-RRI

Days

0 14 28 56 112 

Schedule Intensity

0 14 28 56 112

Schedule Volume

FIGURE 2. Aalen-Johansen curves visualizing the cause-specific cumulative incidence proportion in schedule intensity and schedule volume, as a function of the time scales 
of follow-up: (A) weeks as time scale (2, 4, 8, and 16 weeks), and (B) days as time scale (14, 28, 56, and 112 days). No differences in risk of intensity and volume RRIs exist 
between running schedules that focused on intensity or volume progression. Abbreviation: RRI, running-related injury.
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intensity injuries, with volume injuries 
(37.6%) being more frequent than in-
tensity injuries (28.7%). Two sensitivity 
analyses have been performed to catego-
rize injuries (1) as done by Nielsen et al31 
and (2) by anatomical region (APPENDICES 

C and D, available at www.jospt.org).

Limitations and Future Considerations
The large number of participants cen-
sored during preconditioning is a limita-
tion. The purpose of preconditioning was 
to increase sample homogeneity related 
to the most recent running performed 
prior to the specific-focus training period. 
However, the possibility of unmeasured 
random confounding is increased, and 
external validity is affected by the many 
participants being censored due to lack 
of motivation (lost to follow-up). Further, 
the low number of hypothesized intensity 
and volume injuries included as outcomes 
of interest should also be considered, as 
it affects the power of the study and pos-
sibly introduces a type II error.

The diagnostic criteria employed 
by the diagnostic team might also have 
caused a misclassification of injuries, 
because the standardized examination 
and diagnostic criteria are not validated. 
However, members of the diagnostic 
team were experienced musculoskeletal 
physical therapists. Further, both the 
standardized examination and diagnos-
tic criteria could be considered evidence-
based best practice.

The appropriateness of the study de-
sign should also be considered. Allocating 
study participants to running schedules 
with large progressions in running volume 
or intensity, disregarding what is consid-
ered appropriate training-load progres-
sion, cannot be justified. Therefore, an 
observational prospective cohort might be 
a sounder study design in future research.

There is a need for future biomechani-
cal studies investigating changes in struc-
ture-specific loads in sagittal, frontal, and 
transverse planes of movement. In addi-
tion, these studies should incorporate 
comparable isolated changes in running 
speed and duration.

CONCLUSION

T
he respective focus on intensity 
or volume of the running schedules 
did not result in more recreational 

runners sustaining intensity-related or 
volume-related RRIs. Therefore, the find-
ings indicate that no difference in risk of 
intensity- and volume-specific RRIs exists 
between the 2 running schedules focused 
on intensity or volume progression. t

KEY POINTS
FINDINGS: The progressions of running 
intensity and running volume were not 
associated with a difference in the fre-
quency of specific running-related inju-
ries (RRIs) between groups.
IMPLICATIONS: When choosing to modify 
training load to reduce the risk of a 
specific RRI, clinicians should con-
sider modifying both running intensity 
and running volume, as the currently 
available evidence is both basic and 
exploratory.
CAUTION: The low number of RRIs hy-
pothesized to be associated with run-
ning intensity and running volume 
should be considered, as it affects the 
power of this study. The applicability 
of a randomized design should also be 
considered, due to the ethical aspect 
of prescribing running schedules with 
changes in training load that are cur-
rently considered unsafe.
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APPENDIX A

RISK OF INTENSITY- AND VOLUME-SPECIFIC RRIS: WEEKS AS TIME SCALE*

Time/Risk/Analysis Reference Risk† RD‡ P Value

Week 2

Risk of intensity injuries

ITT 1.4 –0.4 (–2.5, 1.6) .68

PP 0.8 –0.8 (–2.5, 0.9) .34

IV 1.4 –0.8 (–5.0, 3.4) .70

Risk of volume injuries

ITT 0.9 0.5 (–1.6, 2.5) .66

PP 0.0 0.8 (–0.9, 2.5) .34

IV 1.4 –0.9 (–5.0, 3.2) .65

Week 4

Risk of intensity injuries

ITT 2.4 –0.4 (–3.3, 2.4) .77

PP 2.6 –1.7 (–5.1, 1.8) .34

IV 2.5 –0.8 (–6.7, 5.1) .79

Risk of volume injuries

ITT 1.4 1.0 (–1.7, 3.6) .48

PP 0.0 0.8 (–0.9, 2.5) .34

IV 2.5 –2.0 (–7.5, 3.5) .47

Week 8

Risk of intensity injuries

ITT 3.5 –1.0 (–4.4, 2.4) .56

PP 4.3 –2.5 (–7.1, 2.1) .28

IV 3.7 –2.0 (–9.2, 5.1) .57

Risk of volume injuries

ITT 1.4 1.5 (–1.3, 4.4) .30

PP 0.0 1.7 (–0.7, 4.2) .17

IV 3.1 –3.2 (–9.1, 2.7) .29

Week 16

Risk of intensity injuries

ITT 6.6 –2.1 (–7.1, 3.0) .42

PP 8.4 –3.5 (–10.4, 3.5) .33

IV 7.5 –5.1 (–16.5, 6.3) .38

Risk of volume injuries

ITT 3.2 1.6 (–2.7, 5.9) .45

PP 1.0 3.4 (–1.1, 7.9) .13

IV 5.3 –3.4 (–13.2, 6.2) .49

Abbreviations: ITT, intention to treat; IV, instrumental variable; PP, per protocol; RD, risk difference; RRI, 
running-related injury; S-I, schedule intensity; S-V, schedule volume.
*Values are absolute percentage points unless otherwise indicated. When testing difference in risk of injuries 
related to intensity (S-I), S-V was used as the reference group. When testing difference in risk of injuries related 
to volume (S-V), S-I was used as the reference group.
†The risk of sustaining an injury among runners randomized to either the S-V or S-I group.
‡Values in parentheses are 95% confidence interval. A negative RD is protective, whereas a positive value is more 
injurious.
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RISK OF INTENSITY- AND VOLUME-SPECIFIC RRIS: DAYS AS TIME SCALE*

Time/Risk/Analysis Reference Risk† RD‡ P Value

Day 14

Risk of intensity injuries

ITT 1.4 –1.0 (–2.8, 0.9) .32

PP 0.8 –0.8 (–2.5, 0.9) .34

IV 1.4 –1.9 (–5.7, 1.9) .32

Risk of volume injuries

ITT 0.9 0.5 (–1.5, 2.5) .62

PP 0.0 0.8 (–0.9, 2.6) .33

IV 1.4 –1.0 (–5.2, 3.0) .61

Day 28

Risk of intensity injuries

ITT 1.9 –1.0 (–3.3, 1.4) .42

PP 1.7 –1.7 (–4.1, 0.7) .17

IV 2.0 –1.9 (–6.7, 2.8) .43

Risk of volume injuries

ITT 0.9 1.0 (–1.2, 3.3) .38

PP 0.0 0.8 (–0.9, 2.6) .33

IV 2.0 –2.1 (–6.7, 2.5) .36

Day 56

Risk of intensity injuries

ITT 3.0 –0.5 (–3.7, 2.8) .78

PP 3.5 –1.6 (–5.9, 2.6) .45

IV 3.1 –1.0 (–7.7, 5.9) .80

Risk of volume injuries

ITT 1.4 1.6 (–1.3, 4.4) .28

PP 0.0 1.7 (–0.7, 4.2) .17

IV 3.1 –3.3 (–9.3, 2.6) .27

Day 112

Risk of intensity injuries

ITT 5.7 –1.2 (–5.9, 3.5) .61

PP 7.3 –2.4 (–8.9, 4.2) .48

IV 6.4 –3.0 (–14.0, 7.6) .58

Risk of volume injuries

ITT 2.1 2.8 (–1.0, 6.7) .15

PP 1.0 3.5 (–1.1, 8.0) .13

IV 5.5 –6.5 (–15.0, 2.0) .14

Abbreviations: ITT, intention to treat; IV, instrumental variable; PP, per protocol; RD, risk difference; RRI, 
running-related injury; S-I, schedule intensity; S-V, schedule volume.
*Values are absolute percentage points unless otherwise indicated. When testing difference in risk of injuries 
related to intensity (S-I), S-V was used as the reference group. When testing difference in risk of injuries related 
to volume (S-V), S-I was used as the reference group.
†The risk of sustaining an injury among runners randomized to either the S-V or S-I group.
‡Values in parentheses are 95% confidence interval. A negative RD is protective, whereas a positive value is more 
injurious.
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SENSITIVITY ANALYSIS OF RISK OF INTENSITY- AND VOLUME-SPECIFIC RRIS,  
ACCORDING TO NIELSEN ET AL31*

Risk/Analysis
Reference 

Risk† RD‡ P Value
Reference 

Risk† RD‡ P Value
Reference 

Risk† RD‡ P Value
Reference 

Risk† RD‡ P Value

Risk of 
intensity 
injuries

ITT 1.4 0.0 (–2.2, 2.3) .98 2.9 0.0 (–3.3, 3.3) .99 4.0 –0.5 (–4.3, 3.2) .78 7.7 –0.4 (–6.1, 5.4) .90

PP 0.8 –0.8 (–2.5, 0.9) .34 3.4 –2.5 (–6.4, 1.3) .20 5.2 –3.4 (–8.3, 1.5) .17 10.2 –2.3 (–10.2, 5.6) .57

IV 1.4 0.1 (–4.5, 4.6) .98 3.0 0.1 (–6.7, 6.9) .98 4.2 –1.2 (–9.0, 6.6) .77 8.6 –1.6 (–14.3, 11.1) .81

Risk of 
volume 
injuries

ITT 4.2 –1.9 (–5.2, 1.4) .26 5.2 –1.4 (–5.4, 2.6) .49 6.4 –1.4 (–5.9, 3.1) .53 8.3 5.7 (–3.9, 14.9) .23

PP 0.9 0.0 (–2.5, 2.3) .95 0.9 0.8 (–2.2, 3.8) .60 2.8 0.7 (–4.0, 5.3) .78 4.1 11.4 (–1.0, 23.8) .07

IV 2.3 3.9 (–2.9, 10.7) .26 3.9 2.8 (–5.4, 10.9) .50 5.1 2.8 (–6.5, 12.1) .56 15.4 –13.8 (–34.7, 7.0) .19

Risk of 
intensity 
injuries

ITT 1.4 –0.5 (–2.6, 1.6) .65 1.9 0.0 (–2.7, 2.8) .99 3.5 0.0 (–3.6, 3.6) .99 6.9 0.5 (–5.0, 6.0) .86

PP 0.8 –0.8 (–2.5, 0.9) .34 1.7 –1.7 (–4.1, 0.7) .17 4.3 –2.5 (–7.1, 2.1) .28 9.1 –1.2 (–8.7, 6.4) .77

IV 1.4 –1.0 (–5.2, 3.3) .66 2.0 0.1 (–5.4, 5.6) .98 3.7 0.0 (–7.6, 7.6) 1.00 7.7 0.5 (–11.6, 12.7) .93

Risk of 
volume 
injuries

ITT 3.7 –1.4 (–4.6, 1.8) .39 4.2 –1.4 (–4.9, 2.1) .43 5.2 –0.9 (–5.0, 3.3) .68 7.1 3.6 (–2.3, 9.5) .23

PP 1.0 –0.1 (–2.5, 2.4) .96 1.0 –0.1 (–2.5, 2.4) .96 0.1 1.7 (–1.8, 5.2) .33 3.9 7.0 (–0.1, 14.1) .05

IV 2.3 2.8 (–3.7, 9.4) .40 2.8 2.8 (–4.3, 9.9) .44 4.5 1.6 (–6.9, 10.1) .71 11.7 –8.8 (–21.4, 3.7) .17

Abbreviations: ITT, intention to treat; IV, instrumental variable; PP, per protocol; RD, risk difference; RRI, running-related injury; S-I, schedule intensity; 
S-V, schedule volume.
*Values are absolute percentage points unless otherwise indicated. When testing difference in risk of injuries related to intensity (S-I), S-V was used as the refer-
ence group. When testing difference in risk of injuries related to volume (S-V), S-I was used as the reference group. Five end-point categories are included in this 
analysis: volume-related injuries (patellofemoral pain, iliotibial band syndrome, medial tibial stress syndrome, patellar tendinopathy, gluteus medius injury, 
greater trochanteric bursitis, and injury to the tensor fascia latae), intensity-related injuries (plantar fasciitis, Achilles tendinopathy, tibial stress fracture, 
hamstring injuries, iliopsoas injuries, and injuries to the triceps surae muscles), other overuse injuries (medial meniscus, other stress fractures, and other 
overuse injuries not included in the volume-related or intensity-related injury categories), acute injuries (ankle inversion injuries), and injuries not related to 
running.
†The risk of sustaining an injury among runners randomized to either the S-I or S-V group.
‡Values in parentheses are 95% confidence interval. A negative RD is protective, whereas a positive value is more injurious.
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SENSITIVITY ANALYSIS OF RISK OF INTENSITY- AND VOLUME-SPECIFIC RRIS,  
ACCORDING TO ANATOMICAL REGION*

Risk/Analysis
Reference 

Risk† RD‡ P Value
Reference 

Risk† RD‡ P Value
Reference 

Risk† RD‡ P Value
Reference 

Risk† RD‡ P Value

Risk of 
intensity 
injuries

ITT 1.8 1.4 (–1.5, 4.4) .34 2.9 2.5 (–1.3, 6.3) .21 4.0 2.5 (–1.9, 6.8) .26 9.0 –0.5 (–6.6, 5.5) .86

PP 0.8 0.1 (–2.3, 2.5) .95 2.6 0.2 (–4.1, 4.4) .94 4.3 0.3 (–5.2, 5.7) .92 11.2 –3.5 (–11.6, 4.6) .40

IV 1.8 3.0 (–3.1, 9.1) .34 2.9 5.1 (–2.9, 13.0) .21 4.1 5.0 (–4.1, 14.0) .28 10.0 –2.7 (–15.9, 10.6) .69

Risk of 
volume 
injuries

ITT 1.4 0.0 (–2.2, 2.2) .99 2.4 1.5 (–1.9, 4.9) .37 2.4 3.2 (–0.7, 7.0) .10 6.9 3.1 (–3.0, 9.1) .32

PP 0.0 0.8 (–0.9, 2.5) .34 0.0 3.5 (0.0, 6.9) .05 0.1 6.1 (1.6, 10.7) .008 5.1 6.4 (–1.1, 13.9) .10

IV 1.4 0.0 (–4.5, 4.4) .99 4.1 –3.2 (–10.2, 3.7) .36 5.8 –6.8 (–14.7, 1.2) .10 10.8 –6.3 (–19.6, 7.0) .35

Risk of 
intensity 
injuries

ITT 1.9 1.0 (–1.9, 3.8) .51 2.4 1.5 (–1.9, 4.8) .39 3.4 2.5 (–1.6, 6.6) .24 7.5 1.0 (–4.7, 6.7) .73

PP 0.8 0.1 (–2.3, 2.5) .95 1.7 0.1 (–3.3, 3.6) .95 3.5 0.2 (–4.7, 5.1) .94 9.2 –1.4 (–9.0, 6.1) .71

IV 1.9 2.0 (–3.9, 7.9) .51 2.4 3.0 (–3.8, 9.9) .39 3.6 5.0 (–3.6, 13.6) .25 8.3 1.1 (–11.3, 13.4) .87

Risk of 
volume 
injuries

ITT 1.4 0.0 (–2.2, 2.3) .97 1.9 0.6 (–2.2, 3.3) .69 2.4 2.7 (–1.0, 6.4) .17 5.9 4.2 (–1.5, 10.0) .15

PP 0.0 1.0 (–0.9, 2.6) .33 0.0 1.7 (–0.7, 4.2) .17 0.0 5.3 (1.0, 9.5) .01 5.2 6.8 (–1.2, 14.0) .10

IV 1.4 –0.1 (–4.6, 4.4) .96 2.5 –1.2 (–6.9, 4.5) .68 5.3 –5.7 (–13.4, 2.0) .15 11.0 –9.1 (–22.0, 3.6) .16

Abbreviations: ITT, intention to treat; IV, instrumental variable; PP, per protocol; RD, risk difference; RRI, running-related injury; S-I, schedule intensity; 
S-V, schedule volume.
*Values are absolute percentage points unless otherwise indicated. When testing difference in risk of injuries sustained in the foot, ankle, or lower leg and re-
lated to intensity, S-I used S-V as the reference group. When testing difference in risk of injuries sustained in the thigh or knee and related to volume, S-V used 
S-I as the reference group. Six end-point categories are included in this analysis: foot/ankle/lower leg (Achilles tendinopathy, medial tibial stress syndrome, 
peroneal tendinopathy, plantar fasciitis, stress fracture-metatarsal, and injuries to the triceps surae muscles), thigh/knee (patellofemoral pain, hamstring 
injury, quadriceps injury, meniscal injury, pes anserinus injury, iliotibial band syndrome, patellar tendinopathy, and stress fracture-femur), hip (gluteus 
medius injury, greater trochanteric bursitis, and iliopsoas injury), acute injuries (ankle inversion injuries), other RRI (instability problem, hallux valgus, 
and lumbal columna injury), and injuries not related to running.
†The risk of sustaining an injury among runners randomized to either the S-I or S-V group.
‡Values in parentheses are 95% confidence interval. A negative RD is protective, whereas a positive value is more injurious.
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P
atients with suspected peripheral neuropathies such as carpal 
tunnel syndrome, radiculopathy, or diabetic neuropathy are often 
examined clinically to determine the extent of nerve function 
loss. Traditionally, such exams have included light touch, muscle 

strength, and reflex testing.19 These tests focus solely on the function 
of large-diameter nerve fibers; however, recent work suggests that 
small-diameter fibers are often affected in peripheral neuropathies18,26

and may deteriorate before a compro-
mise in large-fiber function becomes 
apparent.21,24

Small-fiber pathology can be attrib-
uted to metabolic, neurotoxic, immune-
mediated, or genetic factors; however, 
the underlying cause remains unknown 
in 30% to 50% of patients.25 Importantly, 
neglecting to examine small-fiber func-
tion may result in underreporting sensory 
changes in people with suspected periph-
eral neuropathies. The examination of 
small fibers is, therefore, an integral part 
of the recently published grading system 
for neuropathic pain.7

The determination of intraepidermal 
nerve fiber density from skin biopsy is the 
gold standard for evaluating structural 
small-fiber degeneration.4,13 However, this 
method is invasive and requires access to 
a specialized histology facility that often is 
not readily available in clinical practice.

The functional properties of small 
fibers can be assessed with quantita-
tive sensory testing.20 Specifically, warm 
detection threshold, cold detection 
threshold, and the perception of pin-
prick stimuli are known to examine the 
function of the C- and A-delta fibers.20 
These tests use specialized equipment 
that allows quantification of the respec-
tive detection thresholds. The warm and 
cold detection thresholds were found to 

UU BACKGROUND: Small–nerve fiber, or small-
fiber, degeneration commonly occurs in patients 
with peripheral neuropathies, resulting in a 
deterioration of nerve function. Currently, the gold 
standard to identify small-fiber degeneration is 
through skin biopsy. Simple clinical tests aim to 
identify small-fiber degeneration, but their validity 
remains unknown.

UU OBJECTIVES: To examine the validity of clinical 
tests to assess small–nerve fiber degeneration, us-
ing carpal tunnel syndrome as a model neuropathy.

UU METHODS: One hundred seven participants (22 
healthy, 85 with carpal tunnel syndrome) in this 
prospective, cross-sectional diagnostic accuracy 
study underwent pinprick testing of the index fin-
ger and were assessed for cold detection threshold 
and warm detection threshold using quantitative 
sensory testing. In a subgroup of patients with 
carpal tunnel syndrome (n = 51), cold and warm 
sensations were also tested, using coins at room 
and body temperature, respectively. The validity of 
these clinical tests was established against intra-
epidermal nerve fiber density measured in skin 
biopsies from the index finger.

UU RESULTS: Optimal validity occurred with 
clusters of tests. Specifically, normal warm or 

cold sensation is highly sensitive to rule out 
small-fiber degeneration (sensitivity, 0.98; 95% 
confidence interval [CI]: 0.85, 0.99), but has a low 
specificity (0.20; 95% CI: 0.03, 0.52). By contrast, 
a reduction in pinprick is highly specific (0.88; 
95% CI: 0.72, 0.95), and so can be used to rule in 
small-fiber degeneration. For quantitative sensory 
testing, the highest specificity (0.83) occurs for 
warm detection threshold and the highest sensitiv-
ity (0.84; 95% CI: 0.72, 0.91) for cold detection 
threshold or warm detection threshold.

UU CONCLUSION: Pinprick testing, followed by 
warm and cold tests if pinprick is normal, is a valid 
and cost-effective method to detect small-fiber 
degeneration. For quantitative sensory testing, 
warm detection threshold is useful for ruling in 
small-fiber degeneration. To rule out small-fiber 
degeneration, both cold detection threshold and 
warm detection threshold must be negative.

UU LEVEL OF EVIDENCE: Diagnosis, level 2. J Or-
thop Sports Phys Ther 2018;48(10):767-774. Epub 
22 Jun 2018. doi:10.2519/jospt.2018.8230

UU KEY WORDS: bedside sensory testing, periph-
eral neuropathy, sensitivity, small-fiber degenera-
tion, specificity
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correlate with intraepidermal nerve fi-
ber loss in patients with peripheral nerve 
injury of the lower limb.22 However, the 
clinimetric properties of these tests were 
not analyzed.

Another study11 described the clini-
cal features of patients with small-fiber 
neuropathy of unknown diagnosis us-
ing intraepidermal nerve fiber density 
and some quantitative sensory testing 
parameters. While examining the diag-
nostic accuracy of quantitative sensory 
testing was not the aim of the study, it is 
possible to calculate the sensitivity and 
specificity from the data provided in the 
manuscript. Sensitivity and specificity of 
cold detection thresholds compared to 
intraepidermal nerve fiber density col-
lected from the foot, were 0.7 and 0.71, 
respectively. Only 27 participants were 
included though, and only cold detec-
tion threshold was examined, thus lim-
iting the interpretation of these results.11 

Further research is required to investi-
gate the validity of quantitative sensory 
testing parameters in comparison to in-
traepidermal nerve fiber density as a gold 
standard of small-fiber degeneration.

Quantitative sensory testing allows 
a detailed analysis of small-fiber func-
tion; however, the required equipment 
is costly and often not available to clini-
cians outside specialized health centers. 
Therefore, simple bedside tests to deter-
mine small-fiber degeneration are war-
ranted. To the authors’ knowledge, only 1 
study has evaluated the validity of simple 
bedside small-fiber tests in patients with 
peripheral neuropathies.14 These data 
suggest frequent disagreement between 
bedside sensory tests and standardized 
quantitative sensory testing in patients 
with partial peripheral nerve injury. To 
date, no study has investigated the valid-
ity of simple bedside sensory tests to de-
tect structural small-fiber degeneration 
as determined by skin biopsies.

Thus, the current study aimed to de-
termine the validity of simple bedside 
tests for small-fiber function (warm/
cold detection using a coin at body/room 
temperature, and pinprick using a Neu-

rotip [Owen Mumford Ltd, Woodstock, 
UK] and toothpick), and of quantitative 
sensory tests (warm and cold detection 
thresholds). This was achieved in indi-
viduals with carpal tunnel syndrome as 
a model system, because carpal tunnel 
syndrome is the most common peripheral 
neuropathy and a proportion of patients 
have small-fiber degeneration.21 Intraepi-
dermal nerve fiber density was used as a 
gold standard of structural small-fiber 
degeneration.

Specific research objectives were (1) to 
assess the validity of clinical bedside tests 
for identifying small-fiber degeneration 
in people with carpal tunnel syndrome 
and in healthy individuals, and (2) to as-
sess the validity of warm and cold detec-
tion thresholds for identifying small-fiber 
degeneration in people with carpal tun-
nel syndrome and in healthy individuals.

METHODS

Design

T
his study is a prospective, cross-
sectional diagnostic accuracy study 
and includes data from the Oxford 

carpal tunnel syndrome cohort from May 
2013 to August 2016. Data on a subgroup 
of this cohort have been published previ-
ously.1,21 The present study was approved 
by the London Riverside Ethics Commit-
tee (REC reference 10/H0706/35). All 
participants provided written informed 
consent prior to participating, and their 
rights were protected.

Participants and Centers
Eighty-five consecutive participants with 
clinical signs and symptoms of carpal 
tunnel syndrome were recruited from the 
neurophysiology and hand surgery de-
partments of participating hospitals, as 
well as through advertisements on local 
notice boards. The presence of isolated 
carpal tunnel syndrome with electrodiag-
nostic tests for the median nerve was con-
firmed using the grading scale proposed 
by Bland.2 In the presence of bilateral 
carpal tunnel syndrome (73% of patients), 
the authors included the subjectively 

more severe hand, which was identified 
by asking the patient which hand he or 
she thought was more severely affected. 
Exclusion criteria included the presence 
of peripheral neuropathies other than car-
pal tunnel syndrome, any other medical 
condition that could affect the upper ex-
tremity or neck, and a history of previous 
surgery or significant trauma to the upper 
limb or neck. Patients who were pregnant 
or had diabetes were also excluded.

Twenty-two healthy participants who 
satisfied eligibility criteria and agreed to 
participate were included in this study. 
Participants with subclinical abnormali-
ties upon electrodiagnostic testing of any 
of the evaluated nerves (median, ulnar, 
radial) were excluded from the study. 
All participants attended a single ap-
pointment at the Nuffield Department 
of Clinical Neurosciences, University of 
Oxford. All testing procedures were per-
formed by the same researcher, who had 
16 years of experience and specialized in 
musculoskeletal physical therapy.

Bedside Clinical Tests
Several simple and cost-effective clinical 
tests were used to evaluate small-fiber 
function. First, a Neurotip (Owen Mum-
ford Ltd) was used to establish the ability 
to detect sharp stimuli. The Neurotip was 
first applied to the ventral forearm (in-
nervated by the median nerve proximal 
to the carpal tunnel) and then to the pal-
mar tip of the index finger (affected me-
dian nerve territory). The Neurotip was 
applied with pressure sufficient to pro-
duce blanching of the skin, but without 
penetration. The participants were asked 
whether the sharpness of these 2 stimu-
lations was comparable. A reduction 
in sharpness sensation at the fingertip 
was rated as a reduced mechanical pain 
threshold. A sharper prick experience at 
the fingertip was recorded (n = 2), but 
because the researchers were specifically 
looking for loss of function in this test, 
this finding was graded as “normal” for 
subsequent analysis.

In a subgroup of patients (n = 51 con-
secutively recruited patients), a toothpick 
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was used to determine the ability to dis-
criminate sharp sensations. The tooth-
pick was gently pressed over the lateral 
upper arm innervated by the radial nerve, 
and then over the palmar aspect of the in-
dex fingertip. Participants were asked to 
compare the sharpness of these 2 pricks. 
Comparable to the Neurotip, a reduced 
sharpness in the fingertip was rated as a 
reduced mechanical pain threshold.

In the same subgroup, a metal coin 
was used to determine the ability to dis-
criminate thermal sensations.7 A coin held 
at room temperature was placed over the 
lateral upper arm. The coin was then 
placed over the palmar aspect of the in-
dex fingertip, and the patients were asked 
whether the temperature of the coin was 
comparable between the 2 sites. Patients 
were asked to compare the perceived tem-
perature of the coin at the fingertip to that 
at the lateral upper arm (the same, colder, 
or warmer). Metal is a good heat conduc-
tor and is perceived as “cold” at room tem-
perature.17 Thus, a perception of “warmer 
or less cold” at the fingertip was rated as a 
deficit in cold detection.

The same procedure was repeated 
with a coin that was placed in the inves-
tigator’s pocket for at least 30 minutes. 
The researchers have found, clinically, 
that this coin is perceived as neutral or 
slightly warm in a healthy population. A 
perception of “colder or less warm” over 
the palmar tip of the index finger com-
pared to the lateral upper arm was inter-
preted as a deficit in warm detection.

Quantitative Sensory Testing
Quantitative sensory testing was per-
formed for thermal detection thresholds 
according to a previously published pro-
tocol from the German Research Net-
work on Neuropathic Pain.20 Cold and 
warm detection thresholds were mea-
sured with a Thermotester (25 × 50-mm 
thermode; Somedic SenseLab AB, Sös-
dala, Sweden) over the palmar aspect 
of the index finger. Both warm and cold 
detection thresholds were obtained using 
ramped stimuli of 1°C/s, starting at 32°C, 
which was ceased when the participant 

pressed the button. Cutoff temperatures 
were 4°C and 50°C. Participants were fa-
miliarized with cold and warm detection 
thresholds prior to these thresholds being 
collected on the back of their hand. Mea-
sures were taken 3 times, and the mean 
was used for the analysis.

Skin Biopsy
Skin biopsies of 3 mm in diameter were 
collected from the ventroradial aspect of 
the proximal phalanx of the index finger 
following local subcutaneous anesthet-
ics with 1% lidocaine. No adverse events 
were associated with the performance of 
skin biopsies. The skin biopsy was fixed in 
fresh periodate-lysine-paraformaldehyde 
(2%) for 30 minutes, followed by washes 
in 0.1 M phosphate buffer and incubation 
in 15% sucrose in 0.1 M phosphate buffer 
for 2 to 3 days. Skin samples were then 
embedded in optimal cutting tempera-
ture gel, frozen, and stored at –80°C. Sec-
tions of 50-µm thickness were cut on a 
cryostat and stained using a free-floating 
protocol previously described.21 Blocking 
was performed with 5% fish gelatine for 1 
hour before an overnight incubation with 
protein gene product (PGP) 9.5 as a pri-
mary antibody.

At the start of the study, the research-
ers used the PGP 9.5 antibody from Ul-
traclone Ltd (Isle of Wight, UK) (1:800), 
which was discontinued while the study 
was still running. Benchmarking of the 
PGP 9.5 antibody from Zytomed Systems 
(Berlin, Germany) (1:200) revealed com-
parable nerve fiber counts; therefore, this 
antibody was used for the remainder of 
the study. On the second day, sections 
were washed 3 times for 1 hour in 0.1% 
Triton X in phosphate-buffered saline 
(PBS), followed by an overnight incuba-
tion with the secondary antibody (Cy3; 
Stratech Scientific Ltd, Ely, UK) (1:1000). 
On the third day, sections were washed 3 
times for 1 hour in PBS containing 0.1% 
Triton X and for 1 hour in PBS alone. Sec-
tions were mounted on glass slides for 
confocal analysis.

The skin samples were coded, and 
intraepidermal nerve fiber density was 

established by a blinded investigator 
with vast experience in the interpreta-
tion of skin biopsies (greater than 400 
samples). Fibers crossing the dermal-
epidermal border were counted down 
the microscope (Axio LSM 700; ZEISS, 
Oberkochen, Germany), strictly follow-
ing the principles set out by published 
guidelines.22 Intraepidermal nerve fiber 
density was expressed as fibers per mil-
limeter epidermis, and the average of 3 
sections was used for analysis.

In a previous study, the authors deter-
mined a cutoff of 7.1 or fewer fibers per 
mm epidermis to be highly sensitive (0.89) 
and specific (0.85; area under the curve 
[AUC] = 0.88; 95% confidence interval 
[CI]: 0.78, 0.98; P<.001) in discriminat-
ing patients with carpal tunnel syndrome 
from healthy volunteers.21 As a result, in 
the present study, this same cutoff of 7.1 or 
fewer small fibers was used to divide the 
participants into those with and without 
small-fiber degeneration. Intratester reli-
ability to determine intraepidermal nerve 
fiber density was examined by the same in-
vestigator processing and counting 23 skin 
samples twice. The intraclass correlation 
coefficient (model 2,1) revealed excellent 
intratester agreement for intraepidermal 
nerve fiber density determination, with 
an intraclass correlation coefficient of 0.91 
(95% CI: 0.79, 0.96; P<.001).

Data Analysis
Sample size was determined using tables 
devised by Flahault et al8 for diagnos-
tic accuracy studies. For an estimated 
sensitivity and specificity of 0.8, these 
tables required a minimal sample size of 
60 participants with small–nerve fiber 
degeneration to achieve a minimum ac-
cepted lower-bound estimate of the 95% 
CI of 0.60.

For electrodiagnostic test results, Krus-
kal-Wallis tests were conducted to assess 
differences between healthy participants 
and those with carpal tunnel syndrome. 
During data analysis, absent sensory and 
motor recordings were replaced with val-
ues of zero for amplitudes but excluded 
from analysis of latencies and nerve con-
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duction velocities to prevent inflated re-
sults (n = 35 and n = 3, respectively).

For the bedside clinical tests, a 2-by-
2 contingency table was created, and 
sensitivity, specificity, positive predictive 
value, negative predictive value, positive 
likelihood ratio, and negative likelihood 
ratio were calculated. Positive likelihood 
ratios were calculated using the formula 
sensitivity/(1 – specificity), and negative 
likelihood ratios with the formula (1 – sen-
sitivity)/specificity. For pinprick sensitiv-
ity testing using a Neurotip in the larger 
cohort, further analysis was performed 
by dividing the sample by severity of the 
electrodiagnostic tests (mild, grades 1-2; 
moderate, grade 3; severe, grades 4-6).

In addition, logistic regression was 
used to identify factors most likely to 
predict small-fiber degeneration using 
an enter model. Only factors with an 
accepted level of accuracy were entered 
into the model. Age and sex were entered 
into the model as well as the specific 
tests of interest. The Hosmer-Lemeshow 
summary-of-goodness-of-fit statistic was 
used to assess the fit of the model. P val-
ues of less than .02 were accepted.6

For the quantitative sensory testing 
measures, receiver operating characteris-
tic curves were drawn in SPSS Statistics 
Version 22 (IBM Corporation, Armonk, 
NY), and the AUC was calculated for 
both warm and cold detection thresholds. 
This provided a cutoff temperature that 
yielded the best sensitivity and specificity, 
and likelihood ratios were then calculated 
from these figures. An AUC of less than 
0.5 suggested no discrimination, 0.7 to 0.8 
acceptable, 0.8 to 0.9 excellent, and 0.9 
and above outstanding discrimination.12 
Using these cutoff measures, validity of 
test combinations was then calculated.

RESULTS

Flow of Participants

D
emographic data are shown in 
TABLE 1. Eighty-five participants 
with carpal tunnel syndrome and 22  

asymptomatic participants were includ-
ed in the analysis of pinprick sensitivity 

with the Neurotip and with quantitative 
sensory testing (warm detection thresh-
old, cold detection threshold). For the 
subcohort examining additional bedside 
clinical tests, 51 participants with carpal 
tunnel syndrome were included. Apply-
ing the diagnostic cutoff for small-fiber 
degeneration, 67 of the larger cohort and 
40 of the smaller cohort of patients with 
carpal tunnel syndrome had small-fiber 
degeneration. Patients with carpal tun-
nel syndrome had significantly altered 
sensory and motor electrodiagnostic 
test properties of the median nerve com-
pared to healthy participants (APPENDIX 

A, available at www.jospt.org).

Validity of Bedside Clinical  
Small-Fiber Tests
TABLE 2 provides the sensitivity values, spec-
ificity values, positive predictive values and 
negative predictive values, and the likeli-
hood ratios of the individual bedside clini-
cal tests and clusters of tests compared to 
intraepidermal nerve fiber density.

The highest sensitivity values were 
from a positive cold or warm test (0.98; 

95% CI: 0.85, 0.99), with a corresponding 
low negative likelihood ratio (0.14; 95% 
CI: 0.01, 2.10). The highest specificity val-
ues (and corresponding positive likelihood 
ratio) were demonstrated from pinprick 
using a Neurotip, with control partici-
pants included in the analysis (specificity, 
0.88; 95% CI: 0.72, 0.95; positive likeli-
hood ratio = 3.9; 95% CI: 1.7, 9.3).

APPENDIX B (available at www.jospt.org) 
reports the sensitivity, specificity, positive 
and negative predictive values, and the 
likelihood ratios for the larger cohort (n 
= 85), subgrouped by the severity of the 
electrodiagnostic test results. The highest 
specificity was seen in participants with 
more severe nerve conduction changes, 
whereas the highest sensitivity was ap-
parent in participants with less severe 
nerve conduction changes.

Logistic Regression
Entering the bedside clinical tests into a lo-
gistic regression model, single tests or clus-
ters of tests were not significant (P>.02), 
apart from pinprick using a Neurotip (TA-

BLE 3). Age and sex entered into the model 

TABLE 1 Demographic Data for All Participants*

Abbreviations: CTS, carpal tunnel syndrome; NA, not applicable; QST, quantitative sensory testing.
*Values are mean ± SD unless otherwise indicated.
†Values are median (interquartile range). Grades (Bland2): 1, very mild; 2, mild; 3, moderate; 4, 
severe; 5, very severe; and 6, extremely severe.

CTS (Neurotip, QST)
CTS (Warm/Cold Coin, 

Toothpick)
Asymptomatic  

(Neurotip, QST)

n 85 51 22

Age, y 61 ± 13 62 ± 13 46 ± 16

Sex, n

Female 51 34 17

Male 34 17 5

Height, cm 169 ± 14 170 ± 15 168 ± 16

Weight, kg 76 ± 19 74 ± 21 70 ± 21

Duration of symptoms, mo 63 ± 86 70 ± 103 NA

Electrodiagnostic grade† 3.0 (2.0) 3.0 (1.5) NA

1, % 9.41 9.80

2, % 22.35 15.69

3, % 30.59 35.29

4, % 16.47 17.65

5, % 17.65 17.65

6, % 3.53 3.92
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did not significantly predict the presence of 
small-fiber degeneration (P>.1).

Quantitative Sensory Tests
The receiver operating characteristic 
curve analysis results for thermal quan-
titative sensory testing measures can be 
seen in TABLE 4, including the best cutoff 
values yielding the highest sensitivity and 
specificity results of the thermal thresh-
olds compared to intraepidermal nerve 
fiber density.

To establish whether clusters of tests 
enhanced the validity, further testing was 
performed using the cutoff temperature 
values (warm detection threshold of 35.5° 
with controls and 36° without, and cold 
detection threshold of 28.9° with controls 
and 28.4° without). TABLE 5 provides the 
results for these combinations of tests. 
Warm detection threshold without con-
trols had the best accuracy in terms of 
specificity and positive likelihood ratio 
(specificity, 0.83; positive likelihood ratio 
= 3.8) (TABLE 4). Cold detection threshold 
or warm detection threshold with con-
trol participants had the best sensitivity 
and negative likelihood ratio (sensitivity, 
0.84; 95% CI: 0.72, 0.91; negative likeli-
hood ratio = 0.26; 95% CI: 0.15, 0.47).

DISCUSSION

S
mall–nerve fiber loss and dys-
function is apparent in individu-
als with peripheral neuropathies, 

including those with carpal tunnel syn-
drome and diabetes,3,18,21,23,24 and may 
even precede abnormalities detectable 
by large-fiber tests, such as nerve con-
duction tests.21,24 Therefore, tests for 
small-fiber function (pinprick, warm 
and cold sensation) may be considered 
an essential aspect of neurological test-
ing. The primary aim of this study was to 
determine whether clinical bedside tests 
can accurately detect small-fiber degen-
eration. This study evaluated intraepider-
mal nerve fiber density in skin biopsies 

and used a previously ascertained cutoff 
value to establish whether small-fiber de-
generation was present.

Using intraepidermal nerve fiber 
density as a gold standard, the results 
suggested that none of the clinical tests 
yielded sufficient validity in isolation. 
However, the presence of reduced pin-
prick sensation exhibited an accuracy of 
88% to detect small-fiber degeneration. 
When pinprick sensation was normal, 
further testing with a cold and a warm 
coin was required. When cold and warm 

	

TABLE 2 Validity Results for Clinical Tests to Detect Small-Fiber Degeneration*

Abbreviations: –LR, negative likelihood ratio; +LR, positive likelihood ratio; NPV, negative predictive value; PPV, positive predictive value.
*Values in parentheses are 95% confidence interval.

Modality Sensitivity Specificity PPV NPV +LR –LR

Neurotip (including healthy controls) 0.49 (0.37, 0.62) 0.88 (0.72, 0.95) 0.87 (0.71, 0.95) 0.51 (0.39, 0.63) 3.94 (1.68, 9.27) 0.58 (0.45, 0.74)

Neurotip without healthy controls 0.49 (0.37, 0.62) 0.72 (0.46, 0.89) 0.87 (0.71, 0.95) 0.28 (0.16, 0.43) 1.77 (0.81, 3.88) 0.70 (0.53, 0.93)

Cold coin 0.85 (0.69, 0.94) 0.27 (0.07, 0.61) 0.81 (0.65, 0.91) 0.33 (0.09, 0.69) 1.17 (0.80, 1.72) 0.55 (0.16, 1.90)

Warm coin 0.75 (0.58, 0.87) 0.55 (0.25, 0.82) 0.86 (0.69, 0.95) 0.38 (0.16, 0.64) 1.65 (0.84, 3.23) 0.46 (0.23, 0.91)

Toothpick 0.20 (0.10, 0.36) 0.64 (0.32, 0.88) 0.67 (0.35, 0.89) 0.18 (0.08, 0.34) 0.55 (0.20, 1.49) 1.30 (0.97, 1.60)

Cold coin or warm coin 0.98 (0.85, 0.99) 0.20 (0.03, 0.52) 0.82 (0.67, 0.91) 0.67 (0.17, 0.95) 1.19 (0.90, 1.58) 0.14 (0.01, 2.10)

Cold coin and warm coin 0.60 (0.43, 0.75) 0.64 (0.32, 0.88) 0.86 (0.66, 0.95) 0.30 (0.14, 0.53) 1.65 (0.73, 3.75) 0.63 (0.39, 1.00)

Neurotip or toothpick 0.63 (0.46, 0.77) 0.45 (0.18, 0.75) 0.81 (0.62, 0.92) 0.25 (0.10, 0.50) 1.15 (0.63, 2.07) 0.83 (0.45, 1.50)

TABLE 3
Logistic Regression Analysis for Pinprick 

Predicting Small-Fiber Degeneration*

*R2 = 0.14 (Cox and Snell), 0.19 (Nagelkerke); χ2 = 16.2, P<.01. Values in parentheses are 95% confi-
dence interval.

B Coefficient Odds Ratio

Constant –0.029 (–0.52, 0.45)

Intervention 1.92 (1.00, 3.46) 6.8 (2.4, 19.5)

TABLE 4
Receiver Operating Characteristic  

Curve Analysis of QST Measures

Abbreviations: AUC, area under the curve; CDT, cold detection threshold; –LR, negative likelihood ra-
tio; +LR, positive likelihood ratio; QST, quantitative sensory testing; WDT, warm detection threshold.
*Values in parentheses are 95% confidence interval.

QST Cutoff, °C AUC* Sensitivity Specificity +LR –LR

WDT with controls 35.5 0.79 (0.70, 0.88) 0.70 0.77 3.00 0.40

WDT without controls 36.0 0.72 (0.59, 0.86) 0.63 0.83 3.80 0.44

CDT with controls 28.9 0.74 (0.64, 0.84) 0.64 0.72 2.26 0.50

CDT without controls 28.4 0.56 (0.42, 0.69) 0.46 0.72 1.64 0.75

 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
 2

3,
 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
01

8 
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.



772  |  october 2018  |  volume 48  |  number 10  |  journal of orthopaedic & sports physical therapy

[ research report ]

tests were both normal, there was a 98% 
probability that there was no small-fiber 
degeneration.

It has been suggested that likelihood 
ratios, in addition to sensitivity and 
specificity values, are important, as they 
consider the pretest probability of the 
presence or absence of the condition.9 
The negative likelihood ratio for warm 
or cold tests being positive was moder-
ate at ruling out small-fiber degenera-
tion, supporting the high sensitivity of 
these tests. The positive likelihood ratio 
for pinprick (3.94) demonstrated a small 
ability to rule in small-fiber degenera-
tion, with CIs ranging from a small and 
rarely important (1.68) to a moderate 
shift in probability (9.27). However, this 
may still represent an important shift 
in probability of having the condition9 
and, together with the results of the lo-
gistic regression, suggests that a reduc-
tion in pinprick sensation may be useful 
to identify small-fiber degeneration. 
Therefore, pinprick testing, followed by 
cold- and warm-coin testing when pin-
prick is unaffected, may be a valid and 
cost-effective method to detect small-
fiber degeneration.

Subgroup analysis of pinprick validity, 
according to the electrodiagnostic test se-
verity, revealed the highest specificity in 
patients with more severe electrodiag-
nostic findings, whereas the highest sen-
sitivity was seen in participants with less 
severe electrodiagnostic changes. How-
ever, these findings should be interpreted 
with caution due to the relatively small 
number of participants in each subgroup 
and the large range of CIs. For instance, 
in the group with severe electrodiagnos-

tic findings, only 2 patients had negative 
pinprick testing (as expected with in-
creasing severity).

To the authors’ knowledge, no other 
studies have examined the validity of 
bedside clinical examination compared 
to intraepidermal nerve fiber density as 
a gold standard to identify small-fiber 
degeneration. However, the validity of 
bedside tests compared to standardized 
quantitative sensory testing has been 
examined.14 The results of that study 
indicated substantial disagreement be-
tween some of the clinical tests and the 
quantitative sensory testing measures. 
For example, while 76% of patients felt 
reduced cold sensation to a cold roller, 
only 50% had reduced sensation using 
quantitative sensory testing. In contrast, 
warm detection threshold showed more 
consistency between the 2 types of tests 
(69% with the warm roller compared to 
71% with quantitative sensory testing). 
However, because Leffler and Hansson14 
focused on small-fiber dysfunction and 
the current study focused on structural 
degeneration, it is difficult to make di-
rect comparisons.

In the current study, testing pinprick 
with a toothpick had poorer sensitiv-
ity and specificity than testing pinprick 
with a Neurotip. Combining the 2 did 
not enhance validity, suggesting that the 
method of toothpick testing used in this 
study may not be a useful way to assess 
small-fiber degeneration. There may be 
several reasons for this.

First, the area of comparison varied 
between the Neurotip and toothpick. Us-
ing a Neurotip, the perception of sharp-
ness was compared between the index 

finger and the forearm. In contrast, the 
sharpness of the toothpick on the index 
finger was compared to that on the lateral 
upper arm. While both control regions 
are innervated by unaffected nerves in 
patients with carpal tunnel syndrome, the 
innervation patterns of these anatomical 
locations differ. The intraepidermal nerve 
fiber density tends to be higher in the 
upper arm as compared to the forearm 
and palm.15,16 It could be argued that this 
difference in intraepidermal nerve fiber 
density might have led to an increased 
number of false-positive findings when 
compared to the upper arm, potentially 
lowering the specificity values. In addi-
tion, the Neurotip has a finer, sharper 
point than a toothpick, and, as such, test-
ing with a toothpick might have resulted 
in a reduced sensitivity to detect subtle 
changes. Further studies are needed to 
clarify the optimal comparison sites. Un-
til such time, the Neurotip may be pre-
ferred over the toothpick for testing.

With respect to the thermal quan-
titative sensory testing in the current 
study, the highest sensitivity values and 
negative likelihood ratios were found 
when combining cold and warm detec-
tion thresholds. The findings indicated 
that if neither cold nor warm detection 
thresholds were abnormal, then there 
was an 84% probability that there was no 
small-fiber degeneration. A warm detec-
tion threshold demonstrated the highest 
specificity, suggesting that an elevated 
warm detection threshold would strong-
ly indicate small-fiber degeneration. The 
positive and negative likelihood ratios 
of these combinations of tests indicated 
only a small, but potentially important, 

	

TABLE 5 Validity of Combinations of WDT and CDT to Detect Small-Fiber Degeneration*

Abbreviations: CDT, cold detection threshold; –LR, negative likelihood ratio; +LR, positive likelihood ratio; NPV, negative predictive value; PPV, positive 
predictive value; QST, quantitative sensory testing; WDT, warm detection threshold.
*Values in parentheses are 95% confidence interval.

QST Combinations Sensitivity Specificity PPV NPV +LR –LR

CDT or WDT (with healthy controls) 0.84 (0.72, 0.91) 0.62 (0.45, 0.76) 0.79 (0.68, 0.88) 0.69 (0.51, 0.83) 2.18 (1.50, 3.30) 0.26 (0.15, 0.47)

CDT or WDT (without healthy controls) 0.75 (0.63, 0.88) 0.65 (0.39, 0.85) 0.89 (0.78, 0.96) 0.39 (0.22, 0.59) 2.13 (1.10, 4.10) 0.39 (0.24, 0.62)
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shift in the probability to rule the pres-
ence of small-fiber degeneration in or 
out. These results suggest that warm de-
tection threshold may be a useful test to 
rule in small-fiber degeneration, where-
as normal cold detection threshold and 
warm detection threshold may be useful 
in ruling out small-fiber degeneration.

The use of control participants in this 
study might have affected the results by 
yielding higher specificity values and 
positive likelihood ratios. While this 
might have inflated the values, it also 
indicates that warm detection threshold 
may be able to discriminate asymptom-
atic participants without small-fiber de-
generation and those with carpal tunnel 
syndrome with degeneration.

Findings in cold detection threshold 
from the quantitative sensory testing bat-
tery have previously been compared to 
intraepidermal nerve fiber density.11 That 
study did not report findings on validity, 
but it was possible to calculate them. The 
cold detection threshold was found to 
have a sensitivity of 0.70 (95% CI: 0.46, 
0.88), specificity of 0.71 (95% CI: 0.29, 
0.96), positive likelihood ratio of 2.45 
(95% CI: 0.73, 8.18), and negative likeli-
hood ratio of 0.42 (95% CI: 0.19, 0.95) 
in individuals with idiopathic small-fiber 
neuropathies. These diagnostic values for 
cold detection threshold are similar to 
those found in the current study. The cur-
rent study is the first to report the find-
ings of warm detection threshold and a 
combination of warm and cold detection 
thresholds in comparison to intraepider-
mal nerve fiber density in patients with 
peripheral neuropathy, and suggests that 
both warm and cold detection thresholds 
may be required to enhance the validity 
to determine small-fiber degeneration.

There are some limitations of the 
present study. The researchers included 
patients with carpal tunnel syndrome 
as a model neuropathy, as it is well es-
tablished that a subset of these patients 
have small-fiber degeneration.21 Further 
studies are required to establish whether 
our results are generalizable to other pe-
ripheral neuropathies where small-fiber 

degeneration has been found. Most im-
portantly, it remains to be determined 
whether the suggested clinical bedside 
tests have comparable clinimetric prop-
erties for other commonly affected body 
regions, such as the feet, where innerva-
tion density is much lower compared to 
the hand.

The current study examined the va-
lidity of these tests; however, reliability 
is another essential clinimetric property 
to ensure that a test is appropriate for use 
in clinical practice. While both intertester 
and intratester reliability are well estab-
lished for the validated quantitative sen-
sory testing protocol,5,10 future studies are 
needed to determine the reliability of the 
bedside clinical small-fiber tests.

CONCLUSION

O
ur data suggest that simple 
bedside tests are valid in the iden-
tification of small-fiber degenera-

tion in individuals with carpal tunnel 
syndrome. A finding of reduced pinprick 
sensation tested with a Neurotip may in-
dicate the presence of small-fiber degen-
eration. A normal pinprick sensation, 
however, warrants further testing with a 
cold and a warm coin. A similar sensa-
tion to both temperatures compared to a 
reference area indicates that there may be 
no small-fiber degeneration.

In addition, our study found that 
quantitative sensory testing thresholds 
have some validity in identifying small-
fiber degeneration. If warm detection 
threshold is elevated, then it is highly 
likely that small-fiber degeneration is 
present. If warm detection threshold is 
normal, followed by a normal cold de-
tection threshold, then it is highly un-
likely that small-fiber degeneration is 
present. t

KEY POINTS
FINDINGS: The use of pinprick followed by 
thermal testing, or warm detection fol-
lowed by cold detection thresholds, may 
be valid methods of assessing small-
fiber degeneration.

IMPLICATIONS: As small fibers constitute 
a substantial proportion of peripheral 
nerves and have been shown to de-
teriorate in common peripheral neu-
ropathies, the ability to test these fibers 
accurately in a clinical setting is of great 
importance. This study suggests that 
simple and cost-effective tools may be 
valid to detect small-fiber degeneration 
in a clinical setting.
CAUTION: Only participants with a diag-
nosis of carpal tunnel syndrome and  
asymptomatic participants were included 
in this study. Further research is needed 
in patients with mixed presentations or 
diagnoses.

ACKNOWLEDGMENTS: The input of Professor 
David Bennett in the design of the Ox-
ford carpal tunnel syndrome study and the 
assistance of Shemane Murtagh with the 
logistic regression analysis are gratefully 
acknowledged.

REFERENCES

	 1.  �Baselgia LT, Bennett DL, Silbiger RM, Schmid 
AB. Negative neurodynamic tests do not exclude 
neural dysfunction in patients with entrapment 
neuropathies. Arch Phys Med Rehabil. 
2017;98:480-486. https://doi.org/10.1016/j.
apmr.2016.06.019

	 2.  �Bland JD. A neurophysiological grading scale 
for carpal tunnel syndrome. Muscle Nerve. 
2000;23:1280-1283. https://doi.org/10.1002/1097-
4598(200008)23:8<1280::AID-MUS20>3.0.CO;2-Y

	 3.  �de la Llave-Rincón AI, Fernández-de-las-Peñas C, 
Laguarta-Val S, et al. Increased pain sensitivity 
is not associated with electrodiagnostic findings 
in women with carpal tunnel syndrome. Clin J 
Pain. 2011;27:747-754. https://doi.org/10.1097/
AJP.0b013e31821c29d3

	 4.  �Devigili G, Tugnoli V, Penza P, et al. The diagnostic 
criteria for small fibre neuropathy: from symptoms 
to neuropathology. Brain. 2008;131:1912-1925. 
https://doi.org/10.1093/brain/awn093

	 5.  �Felix ER, Widerström-Noga EG. Reliability and 
validity of quantitative sensory testing in persons 
with spinal cord injury and neuropathic pain. J 
Rehabil Res Dev. 2009;46:69-83. https://doi.
org/10.1682/JRRD.2008.04.0058

	 6.  �Field A. Discovering Statistics Using IBM SPSS 
Statistics. 4th ed. London, UK: SAGE; 2013.

	 7.  �Finnerup NB, Haroutounian S, Kamerman P, 
et al. Neuropathic pain: an updated grading 
system for research and clinical practice. Pain. 
2016;157:1599-1606. https://doi.org/10.1097/j.

 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
 2

3,
 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
01

8 
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.



774  |  october 2018  |  volume 48  |  number 10  |  journal of orthopaedic & sports physical therapy

[ research report ]

MORE INFORMATION
WWW.JOSPT.ORG@

pain.0000000000000492
	 8.  �Flahault A, Cadilhac M, Thomas G. Sample 

size calculation should be performed for 
design accuracy in diagnostic test studies. J 
Clin Epidemiol. 2005;58:859-862. https://doi.
org/10.1016/j.jclinepi.2004.12.009

	 9.  �Fritz JM, Wainner RS. Examining diagnostic 
tests: an evidence-based perspective. Phys Ther. 
2001;81:1546-1564. https://doi.org/10.1093/
ptj/81.9.1546

	10.  �Geber C, Klein T, Azad S, et al. Test-retest and 
interobserver reliability of quantitative sensory 
testing according to the protocol of the German 
Research Network on Neuropathic Pain (DFNS): 
a multi-centre study. Pain. 2011;152:548-556. 
https://doi.org/10.1016/j.pain.2010.11.013

	 11.  �Holland NR, Crawford TO, Hauer P, Cornblath 
DR, Griffin JW, McArthur JC. Small-fiber sensory 
neuropathies: clinical course and neuropathology 
of idiopathic cases. Ann Neurol. 1998;44:47-59. 
https://doi.org/10.1002/ana.410440111

	12.  �Hosmer D, Lemeshow S. Applied Logistic 
Regression. 2nd ed. New York, NY: Wiley-
Interscience; 2000.

	13.  �Lauria G, Bakkers M, Schmitz C, et al. 
Intraepidermal nerve fiber density at the distal 
leg: a worldwide normative reference study. J 
Peripher Nerv Syst. 2010;15:202-207. https://doi.
org/10.1111/j.1529-8027.2010.00271.x

	14.  �Leffler AS, Hansson P. Painful traumatic 
peripheral partial nerve injury-sensory 
dysfunction profiles comparing outcomes of 
bedside examination and quantitative sensory 

testing. Eur J Pain. 2008;12:397-402. https://doi.
org/10.1016/j.ejpain.2007.08.009

	15.  �Ling L, Xue J, Liu Y, et al. Quantitative and 
morphological study of intraepidermal nerve 
fibre in healthy individuals. Neurol Res. 
2015;37:974-978. https://doi.org/10.1179/1743132
815Y.0000000082

	16.  �Liu Y, Fan X, Wei Y, Piao Z, Jiang X. Intraepidermal 
nerve fiber density of healthy human. Neurol Res. 
2014;36:911-914. https://doi.org/10.1179/1743132
814Y.0000000377

	 17.  �Marchettini P, Marangoni C, Lacerenza M, 
Formaglio F. The Lindblom roller. Eur J Pain. 
2003;7:359-364. https://doi.org/10.1016/
S1090-3801(03)00052-1

	18.  �Petersen KL, Rice FL, Farhadi M, Reda H, 
Rowbotham MC. Natural history of cutaneous 
innervation following herpes zoster. Pain. 
2010;150:75-82. https://doi.org/10.1016/j.
pain.2010.04.002

	19.  �Petty NJ. Neuromusculoskeletal Examination and 
Assessment. A Handbook for Therapists. 4th ed. 
Edinburgh, UK: Elsevier/Churchill Livingstone; 2011.

	20.  �Rolke R, Magerl W, Campbell KA, et al. 
Quantitative sensory testing: a comprehensive 
protocol for clinical trials. Eur J Pain. 2006;10:77-
88. https://doi.org/10.1016/j.ejpain.2005.02.003

	21.  �Schmid AB, Bland JD, Bhat MA, Bennett DL. The 
relationship of nerve fibre pathology to sensory 
function in entrapment neuropathy. Brain. 
2014;137:3186-3199. https://doi.org/10.1093/
brain/awu288

	22.  �Schüning J, Scherens A, Haussleiter IS, et al. 

Sensory changes and loss of intraepidermal 
nerve fibers in painful unilateral nerve injury. 
Clin J Pain. 2009;25:683-690. https://doi.
org/10.1097/AJP.0b013e3181a1260e

	23.  �Sveen KA, Karimé B, Jørum E, et al. Small- and 
large-fiber neuropathy after 40 years of type 
1 diabetes: associations with glycemic control 
and advanced protein glycation: the Oslo Study. 
Diabetes Care. 2013;36:3712-3717. https://doi.
org/10.2337/dc13-0788

	24.  �Tamburin S, Cacciatori C, Praitano ML, et al. 
Median nerve small- and large-fiber damage in 
carpal tunnel syndrome: a quantitative sensory 
testing study. J Pain. 2011;12:205-212. https://
doi.org/10.1016/j.jpain.2010.06.010

	25.  �Terkelsen AJ, Karlsson P, Lauria G, Freeman 
R, Finnerup NB, Jensen TS. The diagnostic 
challenge of small fibre neuropathy: clinical 
presentations, evaluations, and causes. Lancet 
Neurol. 2017;16:934-944. https://doi.org/10.1016/
S1474-4422(17)30329-0

	26.  �Themistocleous AC, Ramirez JD, Shillo PR, 
et al. The Pain in Neuropathy Study (PiNS): 
a cross-sectional observational study 
determining the somatosensory phenotype of 
painful and painless diabetic neuropathy. Pain. 
2016;157:1132-1145. https://doi.org/10.1097/j.
pain.0000000000000491

NOTIFY JOSPT of Changes in Address

Please remember to let JOSPT know about changes in your mailing address. 
The US Postal Service typically will not forward second-class periodical 
mail. Journals are destroyed, and the USPS charges JOSPT for sending 
them to the wrong address. You may change your address online at 
www.jospt.org. Visit Info Center for Readers, click Change of Address, and 
complete the online form. We appreciate your assistance in keeping 
JOSPT’s mailing list up to date.

 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
 2

3,
 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
01

8 
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 48  |  number 10  |  october 2018  |  c1

[ research report ]

NEUROPHYSIOLOGY DATA OF THE MEDIAN NERVE IN PATIENTS  
WITH CARPAL TUNNEL SYNDROME AND HEALTHY VOLUNTEERS*

Mild Moderate Severe Controls P Value

SNAP, μV 7.02 (4.57) 6.59 (6.23) Absent 14.47 (14.96) <.001†

Sensory NCV, m/s 36.4 (5.36) 31.83 (6.54) NA 51.30 (8.81) <.001‡

DML, ms 4.2 (0.49) 5.08 (0.98) 7.02 (3.02) 3.13 (0.61) <.001§

CMAP, mV 7.53 (4.36) 5.28 (4.28) 3.54 (2.9) 7.25 (3.23) <.001‖

Abbreviations: CMAP, compound motor action potential; DML, distal motor latency; NA, not applicable; NCV, nerve conduction velocity; SNAP, sensory nerve 
action potential.
*Values are median (interquartile range).
†Post hoc testing: asymptomatic versus mild, P = .08; asymptomatic versus moderate, P = .005.
‡Post hoc testing: all pairwise comparisons, P<.001.
§Post hoc testing: asymptomatic versus mild, P = .047; asymptomatic versus moderate, P<.001; asymptomatic versus severe, P<.001.
‖Post hoc testing: asymptomatic versus mild, P>.05; asymptomatic versus moderate, P>.05; asymptomatic versus severe, P<.001.

APPENDIX A
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VALIDITY RESULTS FOR PINPRICK (NEUROTIP) DIVIDED  
BY SEVERITY BASED ON ELECTRODIAGNOSTIC TEST GRADES*

Grade n Sensitivity Specificity PPV NPV +LR –LR

Mild (grades 1-2) 27 0.60 (0.36, 0.81) 0.57 (0.18, 0.90) 0.80 (0.61, 0.91) 0.33 (0.18, 0.54) 1.40 (0.55, 3.54) 0.70 (0.30, 1.62)

Moderate (grade 3) 26 0.53 (0.29, 0.76) 0.86 (0.42, 1.00) 0.91 (0.61, 0.98) 0.40 (0.28, 0.54) 3.68 (0.57, 23.76) 0.55 (0.31, 0.97)

Severe (grades 4-6) 32 0.43 (0.25, 0.63) 1.00 (0.16, 1.00) 1.00 (1.00, 1.00) 0.11 (0.08, 0.14) Not defined† 0.57 (0.41, 0.77)

Abbreviations: –LR, negative likelihood ratio; +LR, positive likelihood ratio; NPV, negative predictive value; PPV, positive predictive value.
*Values in parentheses are 95% confidence interval.
†The calculation of +LR is sensitivity/(1 – specificity), and specificity is 1; therefore, sensitivity is divided by zero and hence +LR is undefined.

APPENDIX B
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P
atients with suspected peripheral neuropathies such as carpal 
tunnel syndrome, radiculopathy, or diabetic neuropathy are often 
examined clinically to determine the extent of nerve function 
loss. Traditionally, such exams have included light touch, muscle 

strength, and reflex testing.19 These tests focus solely on the function 
of large-diameter nerve fibers; however, recent work suggests that 
small-diameter fibers are often affected in peripheral neuropathies18,26

and may deteriorate before a compro-
mise in large-fiber function becomes 
apparent.21,24

Small-fiber pathology can be attrib-
uted to metabolic, neurotoxic, immune-
mediated, or genetic factors; however, 
the underlying cause remains unknown 
in 30% to 50% of patients.25 Importantly, 
neglecting to examine small-fiber func-
tion may result in underreporting sensory 
changes in people with suspected periph-
eral neuropathies. The examination of 
small fibers is, therefore, an integral part 
of the recently published grading system 
for neuropathic pain.7

The determination of intraepidermal 
nerve fiber density from skin biopsy is the 
gold standard for evaluating structural 
small-fiber degeneration.4,13 However, this 
method is invasive and requires access to 
a specialized histology facility that often is 
not readily available in clinical practice.

The functional properties of small 
fibers can be assessed with quantita-
tive sensory testing.20 Specifically, warm 
detection threshold, cold detection 
threshold, and the perception of pin-
prick stimuli are known to examine the 
function of the C- and A-delta fibers.20 
These tests use specialized equipment 
that allows quantification of the respec-
tive detection thresholds. The warm and 
cold detection thresholds were found to 

UU BACKGROUND: Small–nerve fiber, or small-
fiber, degeneration commonly occurs in patients 
with peripheral neuropathies, resulting in a 
deterioration of nerve function. Currently, the gold 
standard to identify small-fiber degeneration is 
through skin biopsy. Simple clinical tests aim to 
identify small-fiber degeneration, but their validity 
remains unknown.

UU OBJECTIVES: To examine the validity of clinical 
tests to assess small–nerve fiber degeneration, us-
ing carpal tunnel syndrome as a model neuropathy.

UU METHODS: One hundred seven participants (22 
healthy, 85 with carpal tunnel syndrome) in this 
prospective, cross-sectional diagnostic accuracy 
study underwent pinprick testing of the index fin-
ger and were assessed for cold detection threshold 
and warm detection threshold using quantitative 
sensory testing. In a subgroup of patients with 
carpal tunnel syndrome (n = 51), cold and warm 
sensations were also tested, using coins at room 
and body temperature, respectively. The validity of 
these clinical tests was established against intra-
epidermal nerve fiber density measured in skin 
biopsies from the index finger.

UU RESULTS: Optimal validity occurred with 
clusters of tests. Specifically, normal warm or 

cold sensation is highly sensitive to rule out 
small-fiber degeneration (sensitivity, 0.98; 95% 
confidence interval [CI]: 0.85, 0.99), but has a low 
specificity (0.20; 95% CI: 0.03, 0.52). By contrast, 
a reduction in pinprick is highly specific (0.88; 
95% CI: 0.72, 0.95), and so can be used to rule in 
small-fiber degeneration. For quantitative sensory 
testing, the highest specificity (0.83) occurs for 
warm detection threshold and the highest sensitiv-
ity (0.84; 95% CI: 0.72, 0.91) for cold detection 
threshold or warm detection threshold.

UU CONCLUSION: Pinprick testing, followed by 
warm and cold tests if pinprick is normal, is a valid 
and cost-effective method to detect small-fiber 
degeneration. For quantitative sensory testing, 
warm detection threshold is useful for ruling in 
small-fiber degeneration. To rule out small-fiber 
degeneration, both cold detection threshold and 
warm detection threshold must be negative.

UU LEVEL OF EVIDENCE: Diagnosis, level 2. J Or-
thop Sports Phys Ther 2018;48(10):767-774. Epub 
22 Jun 2018. doi:10.2519/jospt.2018.8230

UU KEY WORDS: bedside sensory testing, periph-
eral neuropathy, sensitivity, small-fiber degenera-
tion, specificity
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correlate with intraepidermal nerve fi-
ber loss in patients with peripheral nerve 
injury of the lower limb.22 However, the 
clinimetric properties of these tests were 
not analyzed.

Another study11 described the clini-
cal features of patients with small-fiber 
neuropathy of unknown diagnosis us-
ing intraepidermal nerve fiber density 
and some quantitative sensory testing 
parameters. While examining the diag-
nostic accuracy of quantitative sensory 
testing was not the aim of the study, it is 
possible to calculate the sensitivity and 
specificity from the data provided in the 
manuscript. Sensitivity and specificity of 
cold detection thresholds compared to 
intraepidermal nerve fiber density col-
lected from the foot, were 0.7 and 0.71, 
respectively. Only 27 participants were 
included though, and only cold detec-
tion threshold was examined, thus lim-
iting the interpretation of these results.11 

Further research is required to investi-
gate the validity of quantitative sensory 
testing parameters in comparison to in-
traepidermal nerve fiber density as a gold 
standard of small-fiber degeneration.

Quantitative sensory testing allows 
a detailed analysis of small-fiber func-
tion; however, the required equipment 
is costly and often not available to clini-
cians outside specialized health centers. 
Therefore, simple bedside tests to deter-
mine small-fiber degeneration are war-
ranted. To the authors’ knowledge, only 1 
study has evaluated the validity of simple 
bedside small-fiber tests in patients with 
peripheral neuropathies.14 These data 
suggest frequent disagreement between 
bedside sensory tests and standardized 
quantitative sensory testing in patients 
with partial peripheral nerve injury. To 
date, no study has investigated the valid-
ity of simple bedside sensory tests to de-
tect structural small-fiber degeneration 
as determined by skin biopsies.

Thus, the current study aimed to de-
termine the validity of simple bedside 
tests for small-fiber function (warm/
cold detection using a coin at body/room 
temperature, and pinprick using a Neu-

rotip [Owen Mumford Ltd, Woodstock, 
UK] and toothpick), and of quantitative 
sensory tests (warm and cold detection 
thresholds). This was achieved in indi-
viduals with carpal tunnel syndrome as 
a model system, because carpal tunnel 
syndrome is the most common peripheral 
neuropathy and a proportion of patients 
have small-fiber degeneration.21 Intraepi-
dermal nerve fiber density was used as a 
gold standard of structural small-fiber 
degeneration.

Specific research objectives were (1) to 
assess the validity of clinical bedside tests 
for identifying small-fiber degeneration 
in people with carpal tunnel syndrome 
and in healthy individuals, and (2) to as-
sess the validity of warm and cold detec-
tion thresholds for identifying small-fiber 
degeneration in people with carpal tun-
nel syndrome and in healthy individuals.

METHODS

Design

T
his study is a prospective, cross-
sectional diagnostic accuracy study 
and includes data from the Oxford 

carpal tunnel syndrome cohort from May 
2013 to August 2016. Data on a subgroup 
of this cohort have been published previ-
ously.1,21 The present study was approved 
by the London Riverside Ethics Commit-
tee (REC reference 10/H0706/35). All 
participants provided written informed 
consent prior to participating, and their 
rights were protected.

Participants and Centers
Eighty-five consecutive participants with 
clinical signs and symptoms of carpal 
tunnel syndrome were recruited from the 
neurophysiology and hand surgery de-
partments of participating hospitals, as 
well as through advertisements on local 
notice boards. The presence of isolated 
carpal tunnel syndrome with electrodiag-
nostic tests for the median nerve was con-
firmed using the grading scale proposed 
by Bland.2 In the presence of bilateral 
carpal tunnel syndrome (73% of patients), 
the authors included the subjectively 

more severe hand, which was identified 
by asking the patient which hand he or 
she thought was more severely affected. 
Exclusion criteria included the presence 
of peripheral neuropathies other than car-
pal tunnel syndrome, any other medical 
condition that could affect the upper ex-
tremity or neck, and a history of previous 
surgery or significant trauma to the upper 
limb or neck. Patients who were pregnant 
or had diabetes were also excluded.

Twenty-two healthy participants who 
satisfied eligibility criteria and agreed to 
participate were included in this study. 
Participants with subclinical abnormali-
ties upon electrodiagnostic testing of any 
of the evaluated nerves (median, ulnar, 
radial) were excluded from the study. 
All participants attended a single ap-
pointment at the Nuffield Department 
of Clinical Neurosciences, University of 
Oxford. All testing procedures were per-
formed by the same researcher, who had 
16 years of experience and specialized in 
musculoskeletal physical therapy.

Bedside Clinical Tests
Several simple and cost-effective clinical 
tests were used to evaluate small-fiber 
function. First, a Neurotip (Owen Mum-
ford Ltd) was used to establish the ability 
to detect sharp stimuli. The Neurotip was 
first applied to the ventral forearm (in-
nervated by the median nerve proximal 
to the carpal tunnel) and then to the pal-
mar tip of the index finger (affected me-
dian nerve territory). The Neurotip was 
applied with pressure sufficient to pro-
duce blanching of the skin, but without 
penetration. The participants were asked 
whether the sharpness of these 2 stimu-
lations was comparable. A reduction 
in sharpness sensation at the fingertip 
was rated as a reduced mechanical pain 
threshold. A sharper prick experience at 
the fingertip was recorded (n = 2), but 
because the researchers were specifically 
looking for loss of function in this test, 
this finding was graded as “normal” for 
subsequent analysis.

In a subgroup of patients (n = 51 con-
secutively recruited patients), a toothpick 
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was used to determine the ability to dis-
criminate sharp sensations. The tooth-
pick was gently pressed over the lateral 
upper arm innervated by the radial nerve, 
and then over the palmar aspect of the in-
dex fingertip. Participants were asked to 
compare the sharpness of these 2 pricks. 
Comparable to the Neurotip, a reduced 
sharpness in the fingertip was rated as a 
reduced mechanical pain threshold.

In the same subgroup, a metal coin 
was used to determine the ability to dis-
criminate thermal sensations.7 A coin held 
at room temperature was placed over the 
lateral upper arm. The coin was then 
placed over the palmar aspect of the in-
dex fingertip, and the patients were asked 
whether the temperature of the coin was 
comparable between the 2 sites. Patients 
were asked to compare the perceived tem-
perature of the coin at the fingertip to that 
at the lateral upper arm (the same, colder, 
or warmer). Metal is a good heat conduc-
tor and is perceived as “cold” at room tem-
perature.17 Thus, a perception of “warmer 
or less cold” at the fingertip was rated as a 
deficit in cold detection.

The same procedure was repeated 
with a coin that was placed in the inves-
tigator’s pocket for at least 30 minutes. 
The researchers have found, clinically, 
that this coin is perceived as neutral or 
slightly warm in a healthy population. A 
perception of “colder or less warm” over 
the palmar tip of the index finger com-
pared to the lateral upper arm was inter-
preted as a deficit in warm detection.

Quantitative Sensory Testing
Quantitative sensory testing was per-
formed for thermal detection thresholds 
according to a previously published pro-
tocol from the German Research Net-
work on Neuropathic Pain.20 Cold and 
warm detection thresholds were mea-
sured with a Thermotester (25 × 50-mm 
thermode; Somedic SenseLab AB, Sös-
dala, Sweden) over the palmar aspect 
of the index finger. Both warm and cold 
detection thresholds were obtained using 
ramped stimuli of 1°C/s, starting at 32°C, 
which was ceased when the participant 

pressed the button. Cutoff temperatures 
were 4°C and 50°C. Participants were fa-
miliarized with cold and warm detection 
thresholds prior to these thresholds being 
collected on the back of their hand. Mea-
sures were taken 3 times, and the mean 
was used for the analysis.

Skin Biopsy
Skin biopsies of 3 mm in diameter were 
collected from the ventroradial aspect of 
the proximal phalanx of the index finger 
following local subcutaneous anesthet-
ics with 1% lidocaine. No adverse events 
were associated with the performance of 
skin biopsies. The skin biopsy was fixed in 
fresh periodate-lysine-paraformaldehyde 
(2%) for 30 minutes, followed by washes 
in 0.1 M phosphate buffer and incubation 
in 15% sucrose in 0.1 M phosphate buffer 
for 2 to 3 days. Skin samples were then 
embedded in optimal cutting tempera-
ture gel, frozen, and stored at –80°C. Sec-
tions of 50-µm thickness were cut on a 
cryostat and stained using a free-floating 
protocol previously described.21 Blocking 
was performed with 5% fish gelatine for 1 
hour before an overnight incubation with 
protein gene product (PGP) 9.5 as a pri-
mary antibody.

At the start of the study, the research-
ers used the PGP 9.5 antibody from Ul-
traclone Ltd (Isle of Wight, UK) (1:800), 
which was discontinued while the study 
was still running. Benchmarking of the 
PGP 9.5 antibody from Zytomed Systems 
(Berlin, Germany) (1:200) revealed com-
parable nerve fiber counts; therefore, this 
antibody was used for the remainder of 
the study. On the second day, sections 
were washed 3 times for 1 hour in 0.1% 
Triton X in phosphate-buffered saline 
(PBS), followed by an overnight incuba-
tion with the secondary antibody (Cy3; 
Stratech Scientific Ltd, Ely, UK) (1:1000). 
On the third day, sections were washed 3 
times for 1 hour in PBS containing 0.1% 
Triton X and for 1 hour in PBS alone. Sec-
tions were mounted on glass slides for 
confocal analysis.

The skin samples were coded, and 
intraepidermal nerve fiber density was 

established by a blinded investigator 
with vast experience in the interpreta-
tion of skin biopsies (greater than 400 
samples). Fibers crossing the dermal-
epidermal border were counted down 
the microscope (Axio LSM 700; ZEISS, 
Oberkochen, Germany), strictly follow-
ing the principles set out by published 
guidelines.22 Intraepidermal nerve fiber 
density was expressed as fibers per mil-
limeter epidermis, and the average of 3 
sections was used for analysis.

In a previous study, the authors deter-
mined a cutoff of 7.1 or fewer fibers per 
mm epidermis to be highly sensitive (0.89) 
and specific (0.85; area under the curve 
[AUC] = 0.88; 95% confidence interval 
[CI]: 0.78, 0.98; P<.001) in discriminat-
ing patients with carpal tunnel syndrome 
from healthy volunteers.21 As a result, in 
the present study, this same cutoff of 7.1 or 
fewer small fibers was used to divide the 
participants into those with and without 
small-fiber degeneration. Intratester reli-
ability to determine intraepidermal nerve 
fiber density was examined by the same in-
vestigator processing and counting 23 skin 
samples twice. The intraclass correlation 
coefficient (model 2,1) revealed excellent 
intratester agreement for intraepidermal 
nerve fiber density determination, with 
an intraclass correlation coefficient of 0.91 
(95% CI: 0.79, 0.96; P<.001).

Data Analysis
Sample size was determined using tables 
devised by Flahault et al8 for diagnos-
tic accuracy studies. For an estimated 
sensitivity and specificity of 0.8, these 
tables required a minimal sample size of 
60 participants with small–nerve fiber 
degeneration to achieve a minimum ac-
cepted lower-bound estimate of the 95% 
CI of 0.60.

For electrodiagnostic test results, Krus-
kal-Wallis tests were conducted to assess 
differences between healthy participants 
and those with carpal tunnel syndrome. 
During data analysis, absent sensory and 
motor recordings were replaced with val-
ues of zero for amplitudes but excluded 
from analysis of latencies and nerve con-
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duction velocities to prevent inflated re-
sults (n = 35 and n = 3, respectively).

For the bedside clinical tests, a 2-by-
2 contingency table was created, and 
sensitivity, specificity, positive predictive 
value, negative predictive value, positive 
likelihood ratio, and negative likelihood 
ratio were calculated. Positive likelihood 
ratios were calculated using the formula 
sensitivity/(1 – specificity), and negative 
likelihood ratios with the formula (1 – sen-
sitivity)/specificity. For pinprick sensitiv-
ity testing using a Neurotip in the larger 
cohort, further analysis was performed 
by dividing the sample by severity of the 
electrodiagnostic tests (mild, grades 1-2; 
moderate, grade 3; severe, grades 4-6).

In addition, logistic regression was 
used to identify factors most likely to 
predict small-fiber degeneration using 
an enter model. Only factors with an 
accepted level of accuracy were entered 
into the model. Age and sex were entered 
into the model as well as the specific 
tests of interest. The Hosmer-Lemeshow 
summary-of-goodness-of-fit statistic was 
used to assess the fit of the model. P val-
ues of less than .02 were accepted.6

For the quantitative sensory testing 
measures, receiver operating characteris-
tic curves were drawn in SPSS Statistics 
Version 22 (IBM Corporation, Armonk, 
NY), and the AUC was calculated for 
both warm and cold detection thresholds. 
This provided a cutoff temperature that 
yielded the best sensitivity and specificity, 
and likelihood ratios were then calculated 
from these figures. An AUC of less than 
0.5 suggested no discrimination, 0.7 to 0.8 
acceptable, 0.8 to 0.9 excellent, and 0.9 
and above outstanding discrimination.12 
Using these cutoff measures, validity of 
test combinations was then calculated.

RESULTS

Flow of Participants

D
emographic data are shown in 
TABLE 1. Eighty-five participants 
with carpal tunnel syndrome and 22  

asymptomatic participants were includ-
ed in the analysis of pinprick sensitivity 

with the Neurotip and with quantitative 
sensory testing (warm detection thresh-
old, cold detection threshold). For the 
subcohort examining additional bedside 
clinical tests, 51 participants with carpal 
tunnel syndrome were included. Apply-
ing the diagnostic cutoff for small-fiber 
degeneration, 67 of the larger cohort and 
40 of the smaller cohort of patients with 
carpal tunnel syndrome had small-fiber 
degeneration. Patients with carpal tun-
nel syndrome had significantly altered 
sensory and motor electrodiagnostic 
test properties of the median nerve com-
pared to healthy participants (APPENDIX 

A, available at www.jospt.org).

Validity of Bedside Clinical  
Small-Fiber Tests
TABLE 2 provides the sensitivity values, spec-
ificity values, positive predictive values and 
negative predictive values, and the likeli-
hood ratios of the individual bedside clini-
cal tests and clusters of tests compared to 
intraepidermal nerve fiber density.

The highest sensitivity values were 
from a positive cold or warm test (0.98; 

95% CI: 0.85, 0.99), with a corresponding 
low negative likelihood ratio (0.14; 95% 
CI: 0.01, 2.10). The highest specificity val-
ues (and corresponding positive likelihood 
ratio) were demonstrated from pinprick 
using a Neurotip, with control partici-
pants included in the analysis (specificity, 
0.88; 95% CI: 0.72, 0.95; positive likeli-
hood ratio = 3.9; 95% CI: 1.7, 9.3).

APPENDIX B (available at www.jospt.org) 
reports the sensitivity, specificity, positive 
and negative predictive values, and the 
likelihood ratios for the larger cohort (n 
= 85), subgrouped by the severity of the 
electrodiagnostic test results. The highest 
specificity was seen in participants with 
more severe nerve conduction changes, 
whereas the highest sensitivity was ap-
parent in participants with less severe 
nerve conduction changes.

Logistic Regression
Entering the bedside clinical tests into a lo-
gistic regression model, single tests or clus-
ters of tests were not significant (P>.02), 
apart from pinprick using a Neurotip (TA-

BLE 3). Age and sex entered into the model 

TABLE 1 Demographic Data for All Participants*

Abbreviations: CTS, carpal tunnel syndrome; NA, not applicable; QST, quantitative sensory testing.
*Values are mean ± SD unless otherwise indicated.
†Values are median (interquartile range). Grades (Bland2): 1, very mild; 2, mild; 3, moderate; 4, 
severe; 5, very severe; and 6, extremely severe.

CTS (Neurotip, QST)
CTS (Warm/Cold Coin, 

Toothpick)
Asymptomatic  

(Neurotip, QST)

n 85 51 22

Age, y 61 ± 13 62 ± 13 46 ± 16

Sex, n

Female 51 34 17

Male 34 17 5

Height, cm 169 ± 14 170 ± 15 168 ± 16

Weight, kg 76 ± 19 74 ± 21 70 ± 21

Duration of symptoms, mo 63 ± 86 70 ± 103 NA

Electrodiagnostic grade† 3.0 (2.0) 3.0 (1.5) NA

1, % 9.41 9.80

2, % 22.35 15.69

3, % 30.59 35.29

4, % 16.47 17.65

5, % 17.65 17.65

6, % 3.53 3.92
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did not significantly predict the presence of 
small-fiber degeneration (P>.1).

Quantitative Sensory Tests
The receiver operating characteristic 
curve analysis results for thermal quan-
titative sensory testing measures can be 
seen in TABLE 4, including the best cutoff 
values yielding the highest sensitivity and 
specificity results of the thermal thresh-
olds compared to intraepidermal nerve 
fiber density.

To establish whether clusters of tests 
enhanced the validity, further testing was 
performed using the cutoff temperature 
values (warm detection threshold of 35.5° 
with controls and 36° without, and cold 
detection threshold of 28.9° with controls 
and 28.4° without). TABLE 5 provides the 
results for these combinations of tests. 
Warm detection threshold without con-
trols had the best accuracy in terms of 
specificity and positive likelihood ratio 
(specificity, 0.83; positive likelihood ratio 
= 3.8) (TABLE 4). Cold detection threshold 
or warm detection threshold with con-
trol participants had the best sensitivity 
and negative likelihood ratio (sensitivity, 
0.84; 95% CI: 0.72, 0.91; negative likeli-
hood ratio = 0.26; 95% CI: 0.15, 0.47).

DISCUSSION

S
mall–nerve fiber loss and dys-
function is apparent in individu-
als with peripheral neuropathies, 

including those with carpal tunnel syn-
drome and diabetes,3,18,21,23,24 and may 
even precede abnormalities detectable 
by large-fiber tests, such as nerve con-
duction tests.21,24 Therefore, tests for 
small-fiber function (pinprick, warm 
and cold sensation) may be considered 
an essential aspect of neurological test-
ing. The primary aim of this study was to 
determine whether clinical bedside tests 
can accurately detect small-fiber degen-
eration. This study evaluated intraepider-
mal nerve fiber density in skin biopsies 

and used a previously ascertained cutoff 
value to establish whether small-fiber de-
generation was present.

Using intraepidermal nerve fiber 
density as a gold standard, the results 
suggested that none of the clinical tests 
yielded sufficient validity in isolation. 
However, the presence of reduced pin-
prick sensation exhibited an accuracy of 
88% to detect small-fiber degeneration. 
When pinprick sensation was normal, 
further testing with a cold and a warm 
coin was required. When cold and warm 

	

TABLE 2 Validity Results for Clinical Tests to Detect Small-Fiber Degeneration*

Abbreviations: –LR, negative likelihood ratio; +LR, positive likelihood ratio; NPV, negative predictive value; PPV, positive predictive value.
*Values in parentheses are 95% confidence interval.

Modality Sensitivity Specificity PPV NPV +LR –LR

Neurotip (including healthy controls) 0.49 (0.37, 0.62) 0.88 (0.72, 0.95) 0.87 (0.71, 0.95) 0.51 (0.39, 0.63) 3.94 (1.68, 9.27) 0.58 (0.45, 0.74)

Neurotip without healthy controls 0.49 (0.37, 0.62) 0.72 (0.46, 0.89) 0.87 (0.71, 0.95) 0.28 (0.16, 0.43) 1.77 (0.81, 3.88) 0.70 (0.53, 0.93)

Cold coin 0.85 (0.69, 0.94) 0.27 (0.07, 0.61) 0.81 (0.65, 0.91) 0.33 (0.09, 0.69) 1.17 (0.80, 1.72) 0.55 (0.16, 1.90)

Warm coin 0.75 (0.58, 0.87) 0.55 (0.25, 0.82) 0.86 (0.69, 0.95) 0.38 (0.16, 0.64) 1.65 (0.84, 3.23) 0.46 (0.23, 0.91)

Toothpick 0.20 (0.10, 0.36) 0.64 (0.32, 0.88) 0.67 (0.35, 0.89) 0.18 (0.08, 0.34) 0.55 (0.20, 1.49) 1.30 (0.97, 1.60)

Cold coin or warm coin 0.98 (0.85, 0.99) 0.20 (0.03, 0.52) 0.82 (0.67, 0.91) 0.67 (0.17, 0.95) 1.19 (0.90, 1.58) 0.14 (0.01, 2.10)

Cold coin and warm coin 0.60 (0.43, 0.75) 0.64 (0.32, 0.88) 0.86 (0.66, 0.95) 0.30 (0.14, 0.53) 1.65 (0.73, 3.75) 0.63 (0.39, 1.00)

Neurotip or toothpick 0.63 (0.46, 0.77) 0.45 (0.18, 0.75) 0.81 (0.62, 0.92) 0.25 (0.10, 0.50) 1.15 (0.63, 2.07) 0.83 (0.45, 1.50)

TABLE 3
Logistic Regression Analysis for Pinprick 

Predicting Small-Fiber Degeneration*

*R2 = 0.14 (Cox and Snell), 0.19 (Nagelkerke); χ2 = 16.2, P<.01. Values in parentheses are 95% confi-
dence interval.

B Coefficient Odds Ratio

Constant –0.029 (–0.52, 0.45)

Intervention 1.92 (1.00, 3.46) 6.8 (2.4, 19.5)

TABLE 4
Receiver Operating Characteristic  

Curve Analysis of QST Measures

Abbreviations: AUC, area under the curve; CDT, cold detection threshold; –LR, negative likelihood ra-
tio; +LR, positive likelihood ratio; QST, quantitative sensory testing; WDT, warm detection threshold.
*Values in parentheses are 95% confidence interval.

QST Cutoff, °C AUC* Sensitivity Specificity +LR –LR

WDT with controls 35.5 0.79 (0.70, 0.88) 0.70 0.77 3.00 0.40

WDT without controls 36.0 0.72 (0.59, 0.86) 0.63 0.83 3.80 0.44

CDT with controls 28.9 0.74 (0.64, 0.84) 0.64 0.72 2.26 0.50

CDT without controls 28.4 0.56 (0.42, 0.69) 0.46 0.72 1.64 0.75
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tests were both normal, there was a 98% 
probability that there was no small-fiber 
degeneration.

It has been suggested that likelihood 
ratios, in addition to sensitivity and 
specificity values, are important, as they 
consider the pretest probability of the 
presence or absence of the condition.9 
The negative likelihood ratio for warm 
or cold tests being positive was moder-
ate at ruling out small-fiber degenera-
tion, supporting the high sensitivity of 
these tests. The positive likelihood ratio 
for pinprick (3.94) demonstrated a small 
ability to rule in small-fiber degenera-
tion, with CIs ranging from a small and 
rarely important (1.68) to a moderate 
shift in probability (9.27). However, this 
may still represent an important shift 
in probability of having the condition9 
and, together with the results of the lo-
gistic regression, suggests that a reduc-
tion in pinprick sensation may be useful 
to identify small-fiber degeneration. 
Therefore, pinprick testing, followed by 
cold- and warm-coin testing when pin-
prick is unaffected, may be a valid and 
cost-effective method to detect small-
fiber degeneration.

Subgroup analysis of pinprick validity, 
according to the electrodiagnostic test se-
verity, revealed the highest specificity in 
patients with more severe electrodiag-
nostic findings, whereas the highest sen-
sitivity was seen in participants with less 
severe electrodiagnostic changes. How-
ever, these findings should be interpreted 
with caution due to the relatively small 
number of participants in each subgroup 
and the large range of CIs. For instance, 
in the group with severe electrodiagnos-

tic findings, only 2 patients had negative 
pinprick testing (as expected with in-
creasing severity).

To the authors’ knowledge, no other 
studies have examined the validity of 
bedside clinical examination compared 
to intraepidermal nerve fiber density as 
a gold standard to identify small-fiber 
degeneration. However, the validity of 
bedside tests compared to standardized 
quantitative sensory testing has been 
examined.14 The results of that study 
indicated substantial disagreement be-
tween some of the clinical tests and the 
quantitative sensory testing measures. 
For example, while 76% of patients felt 
reduced cold sensation to a cold roller, 
only 50% had reduced sensation using 
quantitative sensory testing. In contrast, 
warm detection threshold showed more 
consistency between the 2 types of tests 
(69% with the warm roller compared to 
71% with quantitative sensory testing). 
However, because Leffler and Hansson14 
focused on small-fiber dysfunction and 
the current study focused on structural 
degeneration, it is difficult to make di-
rect comparisons.

In the current study, testing pinprick 
with a toothpick had poorer sensitiv-
ity and specificity than testing pinprick 
with a Neurotip. Combining the 2 did 
not enhance validity, suggesting that the 
method of toothpick testing used in this 
study may not be a useful way to assess 
small-fiber degeneration. There may be 
several reasons for this.

First, the area of comparison varied 
between the Neurotip and toothpick. Us-
ing a Neurotip, the perception of sharp-
ness was compared between the index 

finger and the forearm. In contrast, the 
sharpness of the toothpick on the index 
finger was compared to that on the lateral 
upper arm. While both control regions 
are innervated by unaffected nerves in 
patients with carpal tunnel syndrome, the 
innervation patterns of these anatomical 
locations differ. The intraepidermal nerve 
fiber density tends to be higher in the 
upper arm as compared to the forearm 
and palm.15,16 It could be argued that this 
difference in intraepidermal nerve fiber 
density might have led to an increased 
number of false-positive findings when 
compared to the upper arm, potentially 
lowering the specificity values. In addi-
tion, the Neurotip has a finer, sharper 
point than a toothpick, and, as such, test-
ing with a toothpick might have resulted 
in a reduced sensitivity to detect subtle 
changes. Further studies are needed to 
clarify the optimal comparison sites. Un-
til such time, the Neurotip may be pre-
ferred over the toothpick for testing.

With respect to the thermal quan-
titative sensory testing in the current 
study, the highest sensitivity values and 
negative likelihood ratios were found 
when combining cold and warm detec-
tion thresholds. The findings indicated 
that if neither cold nor warm detection 
thresholds were abnormal, then there 
was an 84% probability that there was no 
small-fiber degeneration. A warm detec-
tion threshold demonstrated the highest 
specificity, suggesting that an elevated 
warm detection threshold would strong-
ly indicate small-fiber degeneration. The 
positive and negative likelihood ratios 
of these combinations of tests indicated 
only a small, but potentially important, 

	

TABLE 5 Validity of Combinations of WDT and CDT to Detect Small-Fiber Degeneration*

Abbreviations: CDT, cold detection threshold; –LR, negative likelihood ratio; +LR, positive likelihood ratio; NPV, negative predictive value; PPV, positive 
predictive value; QST, quantitative sensory testing; WDT, warm detection threshold.
*Values in parentheses are 95% confidence interval.

QST Combinations Sensitivity Specificity PPV NPV +LR –LR

CDT or WDT (with healthy controls) 0.84 (0.72, 0.91) 0.62 (0.45, 0.76) 0.79 (0.68, 0.88) 0.69 (0.51, 0.83) 2.18 (1.50, 3.30) 0.26 (0.15, 0.47)

CDT or WDT (without healthy controls) 0.75 (0.63, 0.88) 0.65 (0.39, 0.85) 0.89 (0.78, 0.96) 0.39 (0.22, 0.59) 2.13 (1.10, 4.10) 0.39 (0.24, 0.62)
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shift in the probability to rule the pres-
ence of small-fiber degeneration in or 
out. These results suggest that warm de-
tection threshold may be a useful test to 
rule in small-fiber degeneration, where-
as normal cold detection threshold and 
warm detection threshold may be useful 
in ruling out small-fiber degeneration.

The use of control participants in this 
study might have affected the results by 
yielding higher specificity values and 
positive likelihood ratios. While this 
might have inflated the values, it also 
indicates that warm detection threshold 
may be able to discriminate asymptom-
atic participants without small-fiber de-
generation and those with carpal tunnel 
syndrome with degeneration.

Findings in cold detection threshold 
from the quantitative sensory testing bat-
tery have previously been compared to 
intraepidermal nerve fiber density.11 That 
study did not report findings on validity, 
but it was possible to calculate them. The 
cold detection threshold was found to 
have a sensitivity of 0.70 (95% CI: 0.46, 
0.88), specificity of 0.71 (95% CI: 0.29, 
0.96), positive likelihood ratio of 2.45 
(95% CI: 0.73, 8.18), and negative likeli-
hood ratio of 0.42 (95% CI: 0.19, 0.95) 
in individuals with idiopathic small-fiber 
neuropathies. These diagnostic values for 
cold detection threshold are similar to 
those found in the current study. The cur-
rent study is the first to report the find-
ings of warm detection threshold and a 
combination of warm and cold detection 
thresholds in comparison to intraepider-
mal nerve fiber density in patients with 
peripheral neuropathy, and suggests that 
both warm and cold detection thresholds 
may be required to enhance the validity 
to determine small-fiber degeneration.

There are some limitations of the 
present study. The researchers included 
patients with carpal tunnel syndrome 
as a model neuropathy, as it is well es-
tablished that a subset of these patients 
have small-fiber degeneration.21 Further 
studies are required to establish whether 
our results are generalizable to other pe-
ripheral neuropathies where small-fiber 

degeneration has been found. Most im-
portantly, it remains to be determined 
whether the suggested clinical bedside 
tests have comparable clinimetric prop-
erties for other commonly affected body 
regions, such as the feet, where innerva-
tion density is much lower compared to 
the hand.

The current study examined the va-
lidity of these tests; however, reliability 
is another essential clinimetric property 
to ensure that a test is appropriate for use 
in clinical practice. While both intertester 
and intratester reliability are well estab-
lished for the validated quantitative sen-
sory testing protocol,5,10 future studies are 
needed to determine the reliability of the 
bedside clinical small-fiber tests.

CONCLUSION

O
ur data suggest that simple 
bedside tests are valid in the iden-
tification of small-fiber degenera-

tion in individuals with carpal tunnel 
syndrome. A finding of reduced pinprick 
sensation tested with a Neurotip may in-
dicate the presence of small-fiber degen-
eration. A normal pinprick sensation, 
however, warrants further testing with a 
cold and a warm coin. A similar sensa-
tion to both temperatures compared to a 
reference area indicates that there may be 
no small-fiber degeneration.

In addition, our study found that 
quantitative sensory testing thresholds 
have some validity in identifying small-
fiber degeneration. If warm detection 
threshold is elevated, then it is highly 
likely that small-fiber degeneration is 
present. If warm detection threshold is 
normal, followed by a normal cold de-
tection threshold, then it is highly un-
likely that small-fiber degeneration is 
present. t

KEY POINTS
FINDINGS: The use of pinprick followed by 
thermal testing, or warm detection fol-
lowed by cold detection thresholds, may 
be valid methods of assessing small-
fiber degeneration.

IMPLICATIONS: As small fibers constitute 
a substantial proportion of peripheral 
nerves and have been shown to de-
teriorate in common peripheral neu-
ropathies, the ability to test these fibers 
accurately in a clinical setting is of great 
importance. This study suggests that 
simple and cost-effective tools may be 
valid to detect small-fiber degeneration 
in a clinical setting.
CAUTION: Only participants with a diag-
nosis of carpal tunnel syndrome and  
asymptomatic participants were included 
in this study. Further research is needed 
in patients with mixed presentations or 
diagnoses.
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NEUROPHYSIOLOGY DATA OF THE MEDIAN NERVE IN PATIENTS  
WITH CARPAL TUNNEL SYNDROME AND HEALTHY VOLUNTEERS*

Mild Moderate Severe Controls P Value

SNAP, μV 7.02 (4.57) 6.59 (6.23) Absent 14.47 (14.96) <.001†

Sensory NCV, m/s 36.4 (5.36) 31.83 (6.54) NA 51.30 (8.81) <.001‡

DML, ms 4.2 (0.49) 5.08 (0.98) 7.02 (3.02) 3.13 (0.61) <.001§

CMAP, mV 7.53 (4.36) 5.28 (4.28) 3.54 (2.9) 7.25 (3.23) <.001‖

Abbreviations: CMAP, compound motor action potential; DML, distal motor latency; NA, not applicable; NCV, nerve conduction velocity; SNAP, sensory nerve 
action potential.
*Values are median (interquartile range).
†Post hoc testing: asymptomatic versus mild, P = .08; asymptomatic versus moderate, P = .005.
‡Post hoc testing: all pairwise comparisons, P<.001.
§Post hoc testing: asymptomatic versus mild, P = .047; asymptomatic versus moderate, P<.001; asymptomatic versus severe, P<.001.
‖Post hoc testing: asymptomatic versus mild, P>.05; asymptomatic versus moderate, P>.05; asymptomatic versus severe, P<.001.

APPENDIX A
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VALIDITY RESULTS FOR PINPRICK (NEUROTIP) DIVIDED  
BY SEVERITY BASED ON ELECTRODIAGNOSTIC TEST GRADES*

Grade n Sensitivity Specificity PPV NPV +LR –LR

Mild (grades 1-2) 27 0.60 (0.36, 0.81) 0.57 (0.18, 0.90) 0.80 (0.61, 0.91) 0.33 (0.18, 0.54) 1.40 (0.55, 3.54) 0.70 (0.30, 1.62)

Moderate (grade 3) 26 0.53 (0.29, 0.76) 0.86 (0.42, 1.00) 0.91 (0.61, 0.98) 0.40 (0.28, 0.54) 3.68 (0.57, 23.76) 0.55 (0.31, 0.97)

Severe (grades 4-6) 32 0.43 (0.25, 0.63) 1.00 (0.16, 1.00) 1.00 (1.00, 1.00) 0.11 (0.08, 0.14) Not defined† 0.57 (0.41, 0.77)

Abbreviations: –LR, negative likelihood ratio; +LR, positive likelihood ratio; NPV, negative predictive value; PPV, positive predictive value.
*Values in parentheses are 95% confidence interval.
†The calculation of +LR is sensitivity/(1 – specificity), and specificity is 1; therefore, sensitivity is divided by zero and hence +LR is undefined.

APPENDIX B
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UU BACKGROUND: Musculoskeletal injuries during 
military service are a primary source of disability, re-
sulting in 2.4 million annual health care visits and 25 
million limited-duty days. While the injury incidence 
during basic training is well documented, there is 
little understanding of injury distribution by organiza-
tion type in the US Army following initial training.

UU OBJECTIVE: To compare injury incidence, dis-
tribution, and impact across various military units.

UU METHODS: In this prospective observational 
cohort study, comprehensive injury data from sub-
ject questionnaires and medical chart reviews were 
collected over 12 months for 1430 initially healthy 
Army personnel, representing combat, combat 
support, combat service support, and ranger units. 
Health care utilization and time loss due to injury 
were also collected.

UU RESULTS: Of 1430 soldiers, 481 (33.6%) had 
time-loss injury, 222 (15.5%) were injured without 

limited work, 60 (4.2%) reported an injury but 
did not seek medical care, and 667 (46.6%) were 
uninjured. Across the whole sample, injuries were 
responsible for 5.9 ± 14.4 medical visits per soldier, 
21 902 days of limited work, and $1 337 000 ($1901 
± $6535 per soldier) in medical costs. Considering 
only those reporting injury, each person averaged 
36.3 ± 59.7 limited-work days. The injury incidence 
was highest in combat service support units 
(65.6%), with a risk ratio 1.60 times that of the 
reference group (combat, 41.1%).

UU CONCLUSION: Combat support and combat 
service support personnel were more likely to have 
1 or more injuries compared to rangers and com-
bat personnel. The higher relative risk of injury in 
support units should be explored further. J Orthop 
Sports Phys Ther 2018;48(10):749-757. Epub 22 
May 2018. doi:10.2519/jospt.2018.7979

UU KEY WORDS: injury incidence, medical costs, 
musculoskeletal, overuse injury, pain
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W
ithin the US Department of Defense, approximately 
1.6 million musculoskeletal injuries occur annually.7 
Musculoskeletal injuries are the leading contributor to 
disability for the US military, accounting for approximately 

2.4 million medical visits and $548 million in direct patient care

of the US military, efforts must be made 
to decrease the impact of musculoskeletal 
injuries and maximize the health of the 
all-volunteer force.

Military duties are intrinsically haz-
ardous; however, surprisingly, the lead-
ing cause of musculoskeletal injuries is 
not due to combat-related injuries.4,7,9 
Between 2001 and 2013, 31% to 34% of 
medical evacuations from Iraq and Af-
ghanistan were for nonbattle musculo-
skeletal injuries.8 Regardless of setting, 
the vast majority of injuries (82%) were 
classified as overuse (unpublished report, 
Army Medical Surveillance Activity, US 
Army Center for Health Promotion and 
Preventive Medicine, 2005),1 and in-
juries were often related to participa-
tion in recreational sports and physical 
training.9,21,24 Only a small number of 
incidences require detailed reporting of 
a specific cause and setting of injury (eg, 
parachute injuries). While these facts 
highlight the importance of this problem, 
they omit crucial details, such as severity 
of injury in terms of cost and limited-duty 
days and the prevalences of musculoskel-
etal injuries between different types of 
military units.

DEYDRE S. TEYHEN, DPT, PhD1  •  STEPHEN L. GOFFAR, DPT, PhD2  •  SCOTT W. SHAFFER, MPT, PhD3,4

KYLE KIESEL, MPT, PhD5  •  ROBERT J. BUTLER, DPT, PhD6  •  ANN-MAREE TEDALDI, DPT7

JENNIFER C. PRYE, MEd, ATC8  •  DANIEL I. RHON, DPT, DSc4,9  •  PHILLIP J. PLISKY, MPT, DSc5

Incidence of Musculoskeletal  
Injury in US Army Unit Types:  

A Prospective Cohort Study

costs (personal communication with 
Scott Gregg, who collected and analyzed 
FY2007-2008 M2 data from the Military 
Health System Data Repository). This 

translates into in excess of 25 million lim-
ited-duty days and more than 900 000 
service members affected each year.24 To 
optimize performance and effectiveness 
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Although the occurrence of muscu-

loskeletal injuries in military recruits in 
basic or initial entry training (IET) has 
been well documented,14,15 limited data 
exist regarding the incidence and type of 
musculoskeletal injuries across active-
duty soldiers in military units following 
IET. The limited availability of data on 
soldiers after IET is problematic, because 
there is scant evidence to direct preven-
tion efforts or distribute medical resourc-
es. Additionally, research on the diversity 
of occupational demands across military 
specialties is inadequate, thus hampering 
individual and occupational injury pre-
vention and management approaches. 
The purpose of this study was to com-
pare injury incidence rates, body regions, 
health care utilization costs, and limited-
work days among soldiers in 4 different 
primary military unit types: combat sol-

diers from an infantry unit, combat sup-
port soldiers who provide direct support 
to the infantry, combat service support 
soldiers who provide logistical support 
(supply, transportation, health services, 
etc), and elite soldiers from a ranger unit. 
A better understanding of these variables 
can help improve our ability to prioritize 
the injury types, body regions, and mili-
tary units where injury prevention and 
medical management should be focused.

METHODS

Subjects

P
articipants were active-duty US 
soldiers, aged 18 to 45 years, who 
could speak and read English and 

had no current physical limitations (able 
to participate fully in military training 
and sport) (FIGURE). All soldiers were 

enrolled in the Military Health System 
and were excluded if they had less than 
9 months of continuous eligibility in the 
benefits system from the date of enroll-
ment. Participants were recruited from 
across the spectrum of military units 
(rangers, combat, combat support, and 
combat service support). Participants 
with a current or recent injury were ex-
cluded. A current or recent injury was 
defined as an injury in the last 30 days 
in which the individual sought medical 
care. Ethics approval was granted by the 
Institutional Review Board at Madigan 
Army Medical Center (Joint Base Lewis-
McChord, WA). All soldiers provided 
written informed consent prior to their 
participation.

Procedures
Healthy soldiers were recruited from 
large group briefings, and then volunteers 
were consented and screened for inclu-
sion in the study. Enrollment of subjects 
occurred between May and August 2011. 
Subjects agreed to prospective injury 
surveillance, consisting of 3 different ap-
proaches: (1) a monthly survey e-mailed 
to each subject, (2) a comprehensive re-
view of medical records for occurrence 
of an injury, and (3) mining of injury 
diagnosis billing codes, based on health 
care utilization data extracted from the 
Military Health System Management 
Analysis and Reporting Tool (M2). The 
M2 data dictionary is publicly available 
at www.health.mil.

Variables of Interest
The primary variables of interest includ-
ed injury incidence, body region affect-
ed, injury-related health care costs, and 
time loss due to injury. Beyond simple 
incidence of injuries, a series of 4 indices 
were calculated to allow a more specific 
representation of musculoskeletal inju-
ries alone (comprehensive), musculo-
skeletal injuries based on cause (acute or 
overuse), and musculoskeletal injuries 
that resulted in time loss. These indices 
also allowed for comparison across orga-
nizations of different sizes and previous 

Soldiers briefed and screened,  n = 1742

Met inclusion criteria, n = 1487

Ineligible, n = 255
• >45 y old, n = 2
• Current musculoskeletal injury, n = 106
• ETS, n = 105
• ETS and injury/medical, n = 41
• Current pregnancy, n = 1

Enrolled, n = 1475 (1389 men, 86 women)

Elected not to participate, n = 12

1-y follow-up cohort, n = 1430
• Sex: 1353 men, 77 women
• Unit distribution: 207 rangers, 624 

combat, 298 combat support, and 301 
combat service support

Withdrew or provided no data during 1-y 
follow-up, n = 20

Withdrawn due to undisclosed injury at 
time of enrollment, n = 25

FIGURE. Flow of participants. Abbreviation: ETS, expiration of term of service.
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reports. To ensure the greatest possibility 
of capturing all data of interest, a variety 
of sources were explored.

Data Sources
Monthly Injury Surveillance Survey  Us-
ing a web-based automated system, a 
monthly injury surveillance survey was 
used to collect self-reported injury data 
(see the APPENDIX for details, available at 
www.jospt.org). Each survey consisted of 
3 general questions. When participants 
indicated that they had a new injury, they 
answered 8 injury-specific questions. Ev-
ery 30 days over a 1-year period, starting 
from the date of enrollment, participants 
were sent an e-mail containing the link 
to the survey. Participants who had not 
completed the survey within 7 days were 
sent a second reminder e-mail and placed 
on a list for telephone reminders.
Medical Record Reviews  Reviews of 
medical records were conducted to iden-
tify injuries that resulted in care seeking 
during the 12-month period that began 
from the date of enrollment. Two differ-
ent reviewers used a structured format 
previously described to identify injury 
occurrence.10,29 The goals of the medical 
record review were to triangulate injury 
occurrence, obtain detailed information 
related to health care utilization, and 
assist in the classification of injuries as 
acute or overuse. This classification fa-
cilitated inclusion in the injury indices.
Health Care Utilization Database  The 
US Defense Health Agency uses the M2 
database to track health care utiliza-
tion. It delivers summary and detailed 
clinical, population, and financial data. 
It includes all person-level encounters 
within the Military Health System and 
TRICARE civilian referral network. This 
includes health care provided on combat 
deployments to areas such as Afghani-
stan and Iraq. The M2 database allows 
extraction of health care utilization based 
on the International Classification of 
Diseases-Ninth Revision (ICD-9). The 
ICD-9 codes of interest were limited to 
those in the musculoskeletal injuries se-
ries (ICD-9 700-900) and categorized 

into an injury index as described below. 
Previous studies have leveraged the M2 
database for similar analyses of health 
care utilization and costs.3,5

Health care utilization for each par-
ticipant was extracted from the M2 da-
tabase. All musculoskeletal injuries were 
identified and categorized first as upper 
extremity, lower extremity, or spine, and 
then into 8 more specific body-region 
categories (upper back, head, and neck; 
shoulder; elbow, wrist, and hand; low 
back; hip and thigh; knee; lower leg; and 
foot and ankle). For each injury identi-
fied, medical costs, number of health 
care visits, and time loss were identified 
for data analysis. Injuries were further di-
vided into $500 increments, based on the 
costs associated with the medical man-
agement of the injury.

Time-Loss Accounting System
Information concerning the number of 
days of limited duty or work time loss 
due to injury was extracted from a cen-
tral digital repository using e-Profile 
software (Military Operational Data Sys-
tem). A secondary system, generally used 
for shorter-duration time loss, is main-
tained in hard copy at the unit level. To 
ensure the greatest possible accuracy, the 
researchers queried the digital system 
and performed a physical count of time-
loss documentation kept by each military 
unit. Duration of time loss was calculated 
for each injury.

Data Validation
Collecting injury data from 3 sources 
provided the best means of accurately 
capturing all instances of musculoskel-
etal injuries. If a participant omitted an 
injury from the monthly e-mail or phone 
survey for which he or she sought care 
in the Military Health System, his or 
her data would be captured through the 
data pulled from M2. Injuries that oc-
curred but for which no care was sought 
(n = 60) were captured only through the 
self-report e-mail or phone surveys. All 
reported injuries, regardless of source, 
were cross-matched across all other data 

sources to ensure there were no omis-
sions or duplications of reported injuries. 
Data points reported through the e-mail 
or phone survey but not present in the 
health care utilization database had no 
health care utilization or medical cost 
associated with them.

Injury Indices
To classify injuries identified during data 
collection and enable comparisons to 
other population studies, 4 injury indices 
were employed. The comprehensive inju-
ry index (CII), overuse injury index (OII), 
and acute injury index (AII) were calcu-
lated from the incidence of specific ICD-
9 codes found in the medical record, as 
described by Knapik et al13 in 2004. The 
OII includes musculoskeletal injuries as-
sociated with cumulative microtrauma, 
while the AII includes higher-energy 
trauma or acute injuries. The CII in-
cludes both the OII and AII, plus several 
musculoskeletal conditions not typically 
categorized as acute or overuse. An ad-
ditional index, the time-loss injury index 
(TLII), was developed to account for in-
juries that resulted in lost work days per 
1000 person-days. If an injury resulted in 
any lost time from work, it was included 
as a TLII injury.

Data Analysis
Incidence (percent) of soldiers incurring 
an injury attributable to each index is re-
ported in total as well as for Army unit 
type. This value does not consider how 
many injuries per soldier occurred. The 
relative risk, or risk ratio (RR), of an indi-
vidual incurring a musculoskeletal injury 
was calculated for each unit and index us-
ing the lowest-incidence military unit as 
the referent. Within each injury index, 
injury incidence rates (IIRs) were calcu-
lated by dividing the net occurrence of 
injury per 1000 person-days in total and 
in each unit. The IIR includes all injuries 
incurred and accounts for the occurrence 
of multiple injuries per individual. Rate 
ratio was calculated by dividing the IIR 
of the military unit of interest by the IIR 
of the military unit with the lowest IIR. 
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The resultant value allows a comparison 
of total injury occurrence by injury type 
across varying sizes of military organi-
zation units within a common period of 
1000 person-days.

RESULTS

Demographics

O
f 2315 soldiers briefed about 
this study, 1475 active-duty sol-
diers were eligible and enrolled. 

Throughout the 1-year follow-up period, 
20 (1.35%) participants requested to be 
withdrawn from the study or provided 
no data. The medical chart review re-
vealed that 25 (1.7%) participants were 
injured and sought medical care during 
enrollment and were withdrawn from the 
study, resulting in a final sample of 1430 
(mean ± SD age, 24.6 ± 5.0 years; body 
mass index, 26.7 ± 3.4 kg/m2; 1353 male, 
77 female) (FIGURE). Participants included 
soldiers in combat (n = 624, 43.6%), com-
bat support (n = 298, 20.8%), combat ser-
vice support (n = 301, 21.0%), and ranger 
(n = 207, 14.5%) military units. Time in 
the US Army included less than 1 year (n 
= 273, 19.1%), at least 1 but less than 3 
years (n = 418, 29.2%), at least 3 years but 
less than 5 years (n = 362, 25.3%), at least 
5 but less than 10 years (n = 261, 18.3%), 
and 10 years or greater (n = 116, 8.1%). 
Over half of the sample (n = 866, 60.6%) 
reported serving on a deployment within 
the 5 years prior to study enrollment.

Overall, 667 (46.6%) participants re-
mained uninjured, and 763 (53.4%) sus-

tained a musculoskeletal injury. The total 
number of injuries sustained was 1181 (0.8 
± 1.0 injuries per participant). Of those 
who sustained a musculoskeletal injury, 
63.2% had a single injury, while 36.8% 
sustained multiple injuries (range, 2-6 in-
juries) (TABLE 1). Of the total 1181 injuries 
incurred, 648 were classified as compre-
hensive. Of those 648 injuries, 81 were 
further subclassified as acute and 449 as 
overuse. The remaining 533 musculoskele-
tal injuries reported were not classified un-
der one of the indices. Diagnoses excluded 
from consideration were musculoskeletal 
conditions unrelated to injury, such as 
ICD-9 735.00 Hallux valgus.

Injury Incidence
Across all unit types, 50.6% of sol-

diers incurred a musculoskeletal injury 
captured in the CII, including 40.2% in 
the OII and 10.8% in the AII (TABLE 2). 
The rate was highest in the combat ser-
vice support unit and lowest in the com-
bat unit, with CII rates at 65.6% versus 
41.1%, OII rates at 57.0% versus 30.2%, 
and AII rates at 16.1% versus 8.4%, re-
spectively. With the combat unit as the 
referent, risk of injury was greater in all 
other units: rangers (RR = 1.1; 95% con-
fidence interval [CI]: 1.04, 1.16), combat 
support (RR = 1.43; 95% CI: 1.35, 1.51), 
and combat service support (RR = 1.60; 
95% CI: 1.52, 1.68).

Across all military units, the IIR for 
all injuries (CII) was 2.02, with 1.49 for 
overuse injuries (OII) and 0.32 for acute 
injuries (AII). The IIR for the CII was the 

lowest in rangers (0.33), who were used 
as the reference group. Compared to the 
referent, the IIRs for all 4 injury indices 
were greatest in the combat unit and low-
est in the combat support unit (TABLE 2).

Body Region
The distribution of injuries within each 
unit did not vary substantially from the 
population as a whole, except for the in-
cidence of foot and ankle injuries in the 
combat unit (20.7%). Generally, foot and 
ankle (20.5%), lower back (17.8%), and 
knee (15.9%) conditions were the most 
prevalent, but the entire lower extremity 
accounted for just under 50% of muscu-
loskeletal injuries (TABLE 3).

Time Loss
Of those who sought medical care for 
their injury, 481 (68.4%) also had at least 
1 time-loss injury (TABLE 4). The incidence 
of time-loss injuries ranged from 18.9% 
in the rangers to 54.0% in combat service 
support (TABLE 2). Overall, the TLII IIR 
was 0.98 injuries per 1000 person-days, 
with the combat unit reporting a TLII 
IIR essentially double those of other unit 
types (TABLE 2). The total sum of limited-
work days for the 1430 participating sol-
diers was 21 902 (36.3 ± 59.7 days per 
injured participant with documented 
days lost). The median duration of work 
limitation in this population was 14 days.

Cost
Of the 763 (53.4%) soldiers who sustained 
a musculoskeletal injury, 60 (4.2% of total 

	

TABLE 1 Injuries Per Participant*

*Values are n or n (percent) of unit type total.

Noninjured Injured Total Injuries 1 Injury 2 Injuries 3 Injuries 4 Injuries 5 Injuries 6 Injuries

Rangers (n = 207) 103 104 (50.2) 141 77 (74.0) 18 (17.3) 8 (7.7) 1 (1.0) 0 (0.0) 0 0.0)

Combat (n = 624) 347 277 (44.4) 381 198 (71.5) 58 (20.9) 18 (6.5) 2 (0.7) 1 (0.4) 0 (0.0)

Combat support (n = 298) 118 180 (60.4) 293 104 (57.8) 49 (27.2) 20 (11.1) 5 (2.8) 1 (0.6) 1 (0.6)

Combat service support (n = 301) 99 202 (67.1) 366 103 (51.0) 53 (26.2) 33 (16.3) 9 (4.5) 2 (0.1) 2 (0.1)

Total (n = 1430) 667 763 (53.4) 1181 482 178 79 17 4 3

Number of Injuries Sustained by Participant
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sample) reported a physical complaint 
that did not require medical care. The 
remaining 703 (49.2% of total sample) 
sought medical care for their musculo-
skeletal injuries, which was captured by 
the electronic medical record. Injured par-
ticipants attended a mean ± SD of 5.9 ± 
14.4 medical encounters at an overall cost 
of $1 337 000 ($1901 ± $6535 per injured 
participant). Across all military units, 
only 15.5% of injuries resulted in injury-
related medical costs that exceeded $2500 
(TABLE 4). The percent of ranger (25.6%) 
and combat (41.1%) unit members incur-
ring medical costs greater than $500 was 

less than that incurred by combat sup-
port (60.6%) and combat service support 
(59.4%) members.

DISCUSSION

S
everal studies have reported 
injury rates for military service per-
sonnel.6,14,16,18 However, this study is 

unique in that it included robust injury 
surveillance methodology, categorized 
different types of injuries (overuse, acute, 
and time loss), and analyzed the impact 
of time-loss injuries and costs of these in-
juries based on the type of military unit. 

Over half (53.4%) of the soldiers in this 
prospective study sustained a musculo-
skeletal injury. The incidence of injuries 
and subsequent time loss were greatest 
in combat support and combat service 
support units. Injuries to the lower ex-
tremity accounted for almost half of all 
injuries, while injuries to the spine and 
upper extremity represented 31% and 
20%, respectively.

Injury Incidence
This research effort is one of a few that 
have captured injury incidence in mul-
tiple military specialty categories in a 

	

TABLE 2 Injury Incidences and IIRs for Each Military Unit

Abbreviations: AII, acute injury index; CII, comprehensive injury index; IIR, injury incidence rate; OII, overuse injury index; TLII, time-loss injury index.
*n = 763 (53.4% injured).
†n = 104 (50.2% injured).
‡Values in parentheses are 95% confidence interval.
§Risk ratio was defined by using the unit with the lowest injury incidence (combat) as the referent.
‖n = 277 (44.4% injured).
¶n = 180 (60.4% injured).
#n = 202 (67.1% injured).
**Injuries per 1000 person-days.
††Rate ratio was defined by using the unit with the lowest IIR (rangers) as the referent.

Injury Incidence Injury Incidence Risk Ratio‡§ Injury Incidence Risk Ratio‡§ Injury Incidence Risk Ratio‡§ Injury Incidence Risk Ratio‡§

CII 50.6% 45.2% 1.10 (1.04, 1.16) 41.1% 1.00 58.7% 1.43 (1.35, 1.51) 65.6% 1.60 (1.52, 1.68)

OII 40.2% 31.8% 1.05 (0.99, 1.11) 30.2% 1.00 50.4% 1.67 (1.57, 1.77) 57.0% 1.89 (1.78, 2.00)

AII 10.8% 13.4% 1.60 (1.49, 1.71) 8.4% 1.00 10.6% 1.26 (1.17, 1.35) 16.1% 1.92 (1.78, 2.06)

TLII 33.6% 18.9% 0.71 (0.67, 0.75) 26.5% 1.00 49.8% 1.88 (1.77, 1.99) 54.0% 2.04 (1.92, 2.16)

IIR** IIR** Rate Ratio‡†† IIR** Rate Ratio‡†† IIR** Rate Ratio‡†† IIR** Rate Ratio‡††

CII 2.02 0.33 1.00 0.87 2.64 (2.50, 2.78) 0.63 1.90 (1.80, 2.00) 0.72 2.18 (2.06, 2.30)

OII 1.49 0.19 1.00 0.57 3.00 (2.82, 3.18) 0.47 2.47 (2.33, 2.61) 0.51 2.68 (2.52, 2.84)

AII 0.32 0.07 1.00 0.13 1.86 (1.73, 1.99) 0.06 0.86 (0.80, 0.92) 0.08 1.14 (1.06, 1.22)

TLII 0.98 0.27 1.00 0.45 1.97 (1.84, 2.10) 0.18 0.67 (0.63, 0.71) 0.21 0.79 (0.74, 0.84)

Total (n = 1430)* Combat (n = 624)‖Ranger (n = 207)† Combat Support (n = 298)¶ Combat Service Support (n = 301)#

	

TABLE 3 Injuries by Body Region and Military Unit*

Abbreviations: EWH, elbow, wrist, and hand; FA, foot and ankle; HT, hip and thigh; LL, lower leg; UBHN, upper back, head, and neck.
*Values are n (percent) of injuries per military unit.

UBHN Shoulder EWH Low Back HT Knee LL FA Unknown

Ranger (n = 207; 141 injuries) 24 (17.0) 12 (8.5) 17 (12.1) 15 (10.6) 7 (5.0) 27 (19.1) 5 (3.5) 34 (24.1) 0 (0.0)

Combat (n = 624; 381 injuries) 50 (13.1) 32 (8.4) 42 (11.0) 73 (19.2) 16 (4.2) 67 (17.6) 22 (5.8) 79 (20.7) 0 (0.0)

Combat support (n = 298; 293 injuries) 28 (9.6) 36 (12.3) 30 (10.2) 53 (18.1) 18 (6.1) 46 (15.7) 17 (5.8) 65 (22.2) 0 (0.0)

Combat service support (n = 301; 366 injuries) 53 (14.5) 31 (8.5) 36 (9.8) 69 (18.9) 34 (9.3) 48 (13.1) 30 (8.2) 64 (17.5) 1 (0.3)

Total (n = 1430; 1181 injuries) 155 (13.1) 111 (9.4) 125 (10.6) 210 (17.8) 75 (6.4) 188 (15.9) 74 (6.3) 242 (20.5) 1 (0.01)
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given time frame (2011-2012). While 
several researchers have looked at single 
military occupational specialties,14,16,20,29 
this project took a broader perspective, 
examining larger clusters of military 
specialties grouped by unit (combat, 
combat support, combat service sup-
port, and rangers). In general, the find-
ings for each unit were similar to those 
reported previously for specific occupa-
tional specialties within each military 
unit,14,16,17,29 but the identified differences 
between major units indicate that there 
is variation in risk that must be better 
understood if prevention efforts are to 
be effective (TABLE 3).

In 2013, Knapik et al14 examined the 
injury incidence of military police sol-
diers during IET (basic and advanced in-
dividual training) and found that 34% of 
men and 66.7% of women incurred some 
type of musculoskeletal injury (CII), with 
overuse injury (OII) occurrences of 23.6% 
(IIR = 1.79) and 58.4% (IIR = 4.51), re-
spectively. These injury incidences are 
lower for men when compared to the in-
jury incidence the present study found in 
combat support soldiers (58.7% for overall 
injuries and 50.4% for overuse injuries). 
Combat service support units reported in-
juries in this study at 65.6%, slightly low-
er than the rate reported for mechanics 
working in combat service support units.16 
While overuse injury and traumatic inju-
ry incidence have been reported to be as 
high as 30%,16 the authors noted a much 

higher overuse injury incidence of 57.0% 
and a lower traumatic (acute) injury inci-
dence of 16.1% in combat service support 
soldiers. These differences may relate to 
the variance in demands and location of 
unit type, as previous work was conducted 
at an airborne installation with greater 
risk of parachute-related injuries (9% of 
overall injuries).16

Nondeployment injury incidence over 
a 12-month period has been reported in 
3 types of combat units (infantry, 48.6%; 
artillery, 66%; special forces, 53%) and 
1 type of combat support unit (combat 
engineers, 86%).20 These reported injury 
incidences were slightly higher than the 
combat (41.1%), combat support (58.7%), 
and ranger (45.2%) injury incidences 
seen in the present study. Of note, consis-
tent between studies is the variation in in-
jury incidence observed across units; that 
is, combat units reported lower incidence 
than did combat service units. The higher 
incidences observed in this study may be 
associated with increased demands asso-
ciated with multiple deployments.

The findings reported here and pre-
viously by other researchers further 
delineate the occupational risk differ-
ences between military organization 
subgroups. Contrary to common specula-
tion by soldiers and military leaders, the 
risk of overall injury and overuse injury 
is greater in combat service support and 
combat support units, not among those 
in combat arms.

Body Regions
Like previous reports, the current study 
identified that most injuries involved the 
lower extremities and lower back.7,9,23,24 
Hauret et al7 reported that a total of 
743 547 musculoskeletal injuries oc-
curred in service members in 2006, with 
22% in the knee and lower leg, 20% in 
the lumbar spine, and 13% in the foot 
and ankle. In comparison, this research 
found an almost identical injury occur-
rence in the knee and lower leg (22.2%) 
and a similar occurrence in the low back 
(17.8%). Interestingly, the results of this 
study showed a slightly higher foot and 
ankle injury occurrence (20.5%) com-
pared to that reported by Hauret et al7 
(only 13%), but they closely followed foot 
and ankle injuries reported in US Army 
Brigade Combat Team soldiers serv-
ing in Afghanistan (19%).23 Collectively, 
these results reinforce that the majority 
of musculoskeletal injuries in the military 
occur in the lower extremity and low back 
(66.9% in this cohort); as a result, further 
resources and critical analysis to mitigate 
and enhance recovery from these specific 
injuries appear warranted.

One of the novel aspects of the pres-
ent study was the specific inclusion and 
analysis of military specialties by unit 
type. These results demonstrated limited 
variability in the distribution of injury 
by body area between the military units, 
except for low back injuries for rangers 
(10.6%). These results are surprising, as 

	

TABLE 4
Medical Costs and Time Loss for Soldiers  
Who Sustained a Musculoskeletal Injury*

Abbreviation: ND, not documented in medical records or in e-Profile.
*Values are n (percent) of unit total seeking care, unless otherwise indicated.
†Self-report only (not seeking care).

Injured, n† None 1-7 d 8-30 d >30 d ND ≤$500
>$500 and 
≤$2500 >$2500

Total (n = 1430) 60 222 49 162 171 99 359 235 109

Rangers (n = 207) 14 52 (57.8) 3 (3.3) 10 (11.1) 11 (12.2) 14 (15.6) 67 (74.4) 15 (16.7) 8 (8.9)

Combat (n = 624) 29 87 (35.1) 20 (8.1) 53 (21.4) 52 (21.0) 36 (14.5) 146 (58.9) 76 (30.6) 26 (10.5)

Combat support (n = 298) 7 39 (22.5) 16 (9.2) 47 (27.2) 54 (31.2) 17 (9.8) 68 (39.3) 62 (35.8) 43 (24.9)

Combat service support (n = 301) 10 44 (22.9) 10 (5.2) 52 (27.1) 54 (28.1) 32 (16.7) 78 (40.6) 82 (42.7) 32 (16.7)

Time Loss for Those Who Sought Medical Care Medical Costs

 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
 2

3,
 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
01

8 
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 48  |  number 10  |  october 2018  |  755

previous research in athletic and mili-
tary populations has exhibited variability 
in the incidence of injured body regions 
among various sports and military oc-
cupations.11,22 The authors expected to 
find a distribution of injuries reflective 
of the diversity of occupational specialty 
demands and the training associated 
with preparation for those demands. Ad-
ditional investigation into sports- and 
military-specific occupational demands 
and specific screening is ongoing and 
required to mitigate future injuries and 
enhance performance.29

Time Loss
Although various studies have examined 
injury-related work loss in relationship to 
injury type or mechanism of injury,22,24 this 
research examined limited-duty days and 
health care costs among groups of mili-
tary specialties. The results of this study 
demonstrated limited time-loss utiliza-
tion, lost-duty days, and health care costs 
for US Army rangers and combat soldiers 
compared to combat support and combat 
service support soldiers (TABLE 4). There 
are several potential variables (eg, envi-
ronment, training demands, and access to 
health care) for increased time-loss injury 
and health care utilization among combat 
support and combat service support units 
that require additional examination.

Several authors have advocated for in-
creased personnel and a sports medicine 
approach that includes injury preven-
tion, enhanced access to musculoskel-
etal expertise, and human performance 
optimization.2,19,22,28 Currently, the sports 
medicine team for US Army rangers in-
cludes physical therapists and strength 
and conditioning coaches, with a ratio 
of approximately 1 physical therapist per 
600 to 1000 soldiers.28 In contrast, and 
despite increased incidence of time-loss 
injuries and health care costs, combat 
units have a ratio of 1 physical thera-
pist per 3500 soldiers and do not have 
any assigned strength and conditioning 
coaches. Soldiers in combat support and 
combat service support units do not have 
sports medicine providers integrated into 

their units. Additional analysis into the 
optimal staffing models required to miti-
gate injuries, enhance return to duty, and 
optimize performance is needed.

Costs
Musculoskeletal injuries are the most 
common reason service members seek 
health care, regardless of the setting 
(home base or deployed).7,12 Beyond the 
reduction in military unit effectiveness 
resulting from time loss due to injury, 
musculoskeletal injuries result in a sig-
nificant financial burden on the military 
health care system. Costs associated with 
the long-term medical care of an injury 
may also be used as a measure of sever-
ity,25,26 and health care utilization can 
help assess the impact of the injury on 
public health.27 Some injuries do not re-
sult in any utilization of health care in 
the medical system, as evidenced by this 
cohort (TABLE 4). This indicates that there 
is a subset of patients who do not need to 
seek any care beyond an initial evaluation 
and treatment (based on the median cost 
of injuries being less than $500). These 
subgroups of patients are important 
to identify and distinguish from those 
that use large amounts of health care re-
sources. Future research should focus on 
identifying predictors of high health care 
utilizers and the potential mediators of 
health care costs after injury in each of 
these military units.

While important to the understand-
ing of injury distribution, development 
of injury prevention strategies, and dis-
tribution of health care resources in the 
US Army, this study has limitations. First, 
the results may have a narrow generaliz-
ability to the other military services. The 
US Air Force, Navy, and Marine Corps 
each have job classifications that over-
lap with those explored in this research, 
but the training demands, physical stan-
dards, and settings vary significantly. 
Second, despite efforts made to recruit 
an appropriate representation of female 
soldiers, our sample does not specifically 
reflect the ratio of men to women in the 
US Army at the time of the study.

CONCLUSION

T
his study is unique in that it re-
ports injury rates in soldiers from 
different US Army unit types based 

on type and location of injuries, along 
with associated health care costs and the 
amount of work restriction due to injury. 
Injury incidence was high overall, affect-
ing as much as two thirds of a military 
unit’s personnel. Combat support and 
combat service support personnel were 
more likely to be injured and more likely 
to have multiple injuries when compared 
to rangers and combat personnel. While 
the percent of soldiers injured was low-
est in combat units, this same group had 
the highest incidence of injuries per 1000 
person-days.

Injuries to the lower extremity ac-
counted for almost half of all injuries, 
while injuries to the spine represented 
31%. Future studies can use this informa-
tion for focused research on injuries that 
are costlier, result in more days of lost 
work, and occur in more common body 
regions. Additionally, the influence of the 
sports medicine team on IIRs in each unit 
type should be explored further. t

KEY POINTS
FINDINGS: Over half (53.4%) of the mili-
tary members in this prospective study 
sustained a musculoskeletal injury. The 
incidence of injuries was greatest in 
units supporting combat, compared to 
US Army ranger and combat units. Inju-
ries to the lower extremity accounted for 
almost half of all injuries, while injuries 
to the spine and upper extremity repre-
sented 31% and 20%, respectively.
IMPLICATIONS: This study suggests a dis-
parity in injury rates among military 
members of different organization types. 
This may indicate that a standard injury 
prevention approach may not optimize 
the health of the fighting force. It also 
provides potential areas of future inves-
tigation and supportive clinical care to 
address the diversity of injuries and as-
sociated health care costs among various 
military units.
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CAUTION: While this study addresses a 
wide variety of US Army unit types and 
their distinct physical implications, gen-
eralization of these findings to the other 
military services (Navy, Marine Corps, 
Air Force) and first responders should 
be made with caution. Additional re-
search examining injury rates among 
various military units and military occu-
pations is needed to validate and expand 
on this study’s conclusions.
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APPENDIX

MONTHLY FOLLOW-UP SURVEYS

Introduction
Thank you for your support of the MP3 study. These data and your feedback are critical for us to be able to predict injuries and hopefully target treat-
ments that will reduce injuries in active-duty service members. Your results are confidential and will not be shared with your command group. The 
survey should take less than 10 minutes to complete.

Introductory Questions
1.	 Since the last time you answered an MP3 study survey, which option best describes your military status? Are you:

A.	Active duty
B.	Activated or mobilized reservist or National Guard
C.	Drilling reservist or National Guard
D.	No longer in the service

2.	 Which option best describes your current location? Are you:
A.	Stateside
B.	Overseas without combat pay
C.	Overseas with combat pay

3.	 Over the last month (or since the last time you completed one of the MP3 study surveys), have you had any injury that resulted in pain or decreased 
function lasting more than 48 hours or resulted in medical care?
A.	Yes
B.	No

(Survey stops if answering no to question 3)
4.	 Select the region of the body that was injured/causing pain. You may select more than 1 region.

Foot/ankleLower legKneeHip/thigh

Low backElbow/wrist/handShoulderUpper back/head/neck
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Region-Specific Questions
For each body region selected, answer the following 8 questions.

1.	 What month did your [insert region] injury (pain) start?
A.	January
B.	February
C.	March
D.	April
E.	 May
F.	 June
G.	July
H.	August
I.	 September
J.	 October
K.	November
L.	 December

2.	 Have you received any medical treatment for your [insert region] injury (pain and/or decreased function) since completing the last survey? (Medical 
treatment includes both traditional medicine and alternative medicine treatments provided by a professional practitioner.)
A.	No
B.	Yes

3.	 Have you been placed on profile due to your [insert region] injury (pain and/or decreased function) since completing your last survey?
A.	No
B.	Yes

4.	 How long did this [insert region] injury (pain) cause you to restrict your own activity or result in the official restriction of activity through a profile/
limited-duty status?
A.	Less than 1 week
B.	8 to 21 days
C.	22 to 30 days
D.	Greater than 30 days but less than 90 days
E.	 Greater than 90 days but less than 180 days
F.	 Greater than 180 days but less than 365 days
G.	Greater than 365 days

5.	 Was your [insert region] injury (pain) caused by:
Upper back, neck, or head region?

A.	 Trauma (ie, whiplash, car accident, fall)
B.	 Combat trauma (ie, gunshot wound, blast injury, vehicle rollover from explosion)
C.	 Overuse: “developed over time” (ie, neck pain, headaches)

Shoulder region?
A.	 Trauma (ie, dislocation, subluxation, fracture)
B.	 Combat trauma (ie, gunshot wound, blast injury, vehicle rollover from explosion)
C.	 Overuse: “developed over time” (ie, bursitis, tendinitis, rotator cuff injury)

Elbow, wrist, or hand region?
A.	 Trauma (ie, dislocation, subluxation, fracture)
B.	 Combat trauma (ie, gunshot wound, blast injury, vehicle rollover from explosion)
C.	 Overuse: “developed over time” (ie, bursitis, tendinitis, carpal tunnel syndrome)

Lower back region?
A.	 Trauma (ie, car accident, fall)
B.	 Combat trauma (ie, gunshot wound, blast injury, vehicle rollover from explosion)
C.	 Overuse: “developed over time” (ie, mechanical low back pain, chronic low back pain, sacroiliac joint pain)

APPENDIX
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Hip and thigh region?
A.	 Trauma (ie, dislocation, subluxation, fracture)
B.	 Combat trauma (ie, gunshot wound, blast injury, vehicle rollover from explosion)
C.	 Overuse: “developed over time” (ie, bursitis, tendinitis, stress fracture)

Knee region?
A.	 Trauma (ie, ligamentous injury, meniscal injury, fracture)
B.	 Combat trauma (ie, gunshot wound, blast injury, vehicle rollover from explosion)
C.	 Overuse: “developed over time” (ie, bursitis, tendinitis, anterior knee pain)

Lower leg region?
A.	 Trauma (ie, fracture, acute compartment syndrome)
B.	 Combat trauma (ie, gunshot wound, blast injury, vehicle rollover from explosion)
C.	 Overuse: “developed over time” (ie, stress fractures, shin splints, tendinitis, nerve injury)

Foot and ankle region?
A.	 Trauma (ie, fracture, sprain, strain)
B.	 Combat trauma (ie, gunshot wound, blast injury, vehicle rollover from explosion)
C.	 Overuse: “developed over time” (ie, stress fracture, tendinitis, plantar fasciitis, heel pain)

6.	 Select what you think caused your injury:
A.	Motor vehicle accident
B.	Fall
C.	Physical training
D.	Sports (not associated with physical training)
E.	 Increased load carriage
F.	 Other, work related (not physical training or load carriage)
G.	Other, not listed

7.	 On a scale from 0 to 10, with 0 being no pain at all and 10 being the worst pain imaginable, where would you rate your worst pain since you last 
filled out this survey?
__/10

8.	 On a scale from 0 to 100, with 0 being no function at all and 100 being full normal function for you, please rate your ability to function using your 
[insert region] right now.
___/100

Thank you for your time!
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