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ABSTRACT
Background: Orthopedic special tests of the ankle/foot complex are routinely used during the physical 
examination process in order to help diagnose ankle/lower leg pathologies.

Purpose: The purpose of this systematic review was to investigate the diagnostic accuracy of ankle/lower 
leg special tests.

Methods: A search of the current literature was conducted using PubMed, CINAHL, SPORTDiscus, Pro-
Quest Nursing and Allied Health Sources, Scopus, and Cochrane Library. Studies were eligible if they 
included the following: 1) a diagnostic clinical test of musculoskeletal pathology in the ankle/foot complex, 
2) description of the clinical test or tests, 3) a report of the diagnostic accuracy of the clinical test (e.g. sen-
sitivity and specificity), and 4) an acceptable reference standard for comparison. The quality of included 
studies was determined by two independent reviewers using the Quality Assessment of Diagnostic Accuracy 
Studies 2 (QUADAS-2) tool.

Results: Nine diagnostic accuracy studies met the inclusion criteria for this systematic review; analyzing 
a total of 16 special tests of the ankle/foot complex. After assessment using the QUADAS-2, only one study 
had low risk of bias and low concerns regarding applicability. 

Conclusion: Most ankle/lower leg orthopedic special tests are confirmatory in nature and are best utilized 
at the end of the physical examination. Most of the studies included in this systematic review demonstrate 
notable biases, which suggest that results and recommendations in this review should be taken as a guide 
rather than an outright standard. There is need for future research with more stringent study design crite-
ria so that more accurate diagnostic power of ankle/lower leg special tests can be determined.
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INTRODUCTION
Ankle/foot complex injuries account for a signifi-
cant number of all orthopedic injuries sustained 
within the United States.1,2 These injuries may pres-
ent with numerous clinical manifestations, resulting 
in the need for a complex ankle/lower leg exami-
nation.3,4 In order to diagnose and properly manage 
conditions of the ankle/lower leg, a comprehensive 
clinical examination is required. Compared with 
diagnostic imaging methods, physical examination 
tests or orthopedic clinical special tests have histori-
cally been an integral part of clinical examinations 
and are presently used by a variety of medical pro-
fessionals as a less costly means of information gath-
ering and confirmation of hypotheses.5 

Currently, there is little comprehensive research on 
the diagnostic accuracy of clinical special tests of 
the ankle/foot complex as most studies have inves-
tigated statistical measures of diagnostic imaging, 
such as ultrasound, computed tomography (CT) and 
magnetic resonance imaging (MRI);6,7 tests that are 
not always cost-effective or available in all clinical 
settings. Individual studies have investigated the 
diagnostic accuracy of selected clinical special tests 
but there are no synthesized, systematically ana-
lyzed studies that have described the value of each 
of these tests. Additionally, many scholastic texts, 
reviews, and tutorials exist to explain examination 
techniques, including clinical special tests, which 
are specific to ankle/foot pathology; however, such 
reviews merely serve to educate readers on the 
appropriate application of the tests rather than delv-
ing into the statistical measures or utility of each. In 
a tutorial by Sizer and colleagues3 diagnostic accu-
racy measures were reported with the explanation of 
clinical special tests of the ankle/foot, but the tuto-
rial did not investigate the quality of the studies that 
obtained the diagnostic accuracy statistics, nor was 
it all-encompassing of the current, most widely used 
clinical special tests of the ankle/foot. Similarly, 
although Cook and Hegedus8 have assigned diagnos-
tic utility scores to clinical special tests of the ankle/
foot complex, this scholastic text lacks the methodol-
ogy to recognize it as “systematic” in nature. 

Consequently, clinicians are often left to assume 
that the majority of clinical special tests targeting 
the ankle/lower leg are on an “equal playing field” 

with respect to diagnostic accuracy, which in fact 
may not be the case.9 Since physical examination 
tests are designed to rule in or rule out diagnoses and 
improve decision making, it is imperative to utilize 
those special tests which yield the best diagnostic 
abilities. Accordingly, the purpose of this system-
atic review is to investigate the diagnostic accuracy 
of ankle/foot complex specials tests. Our goal is to 
provide clinicians with enough information to deter-
mine which physical examination tests are the most 
appropriate for use in clinical practice. 

METHODS
Study design
This systematic review used the Preferred Report-
ing Items for Systematic Reviews and Meta-Analyses 
(PRISMA) guidelines during the search and reporting 
phase of the research process. The PRISMA statement 
includes a 27-item checklist and a four-phased flow 
diagram designed to prospectively improve report-
ing of systematic reviews and meta-analyses.10 The 
PRISMA guidelines were created for use in summa-
rizing randomized controlled trials but can be used 
for multiple forms of research methodologies.11

Eligibility Criteria
Articles were eligible for the review if each included 
the following: 1) a diagnostic clinical special test of 
musculoskeletal pathology in the ankle/foot com-
plex; 2) description of the clinical test or tests; 3) a 
report of the diagnostic accuracy of the clinical test 
(e.g. sensitivity and specificity) or a report of val-
ues that allowed for appropriate calculation; and 4) 
an acceptable reference standard for comparison, 
defined as either imaging or surgical confirmation 
of the diagnosis. Studies were excluded from the 
review if the diagnostic clinical test was utilized for 
fractures or if the data were compiled into a cluster, 
such as in the case of a clinical prediction rule.12

Search
Individualized, computer-based search strategies 
for PubMed, CINAHL, Scopus, ProQuest Nurs-
ing & Allied Health Source, SPORTDiscus, and the 
Cochrane Library were conducted on November 19. 
2012. PubMed was searched using a comprehensive 
search strategy that included search terms related to 
ankle/foot complex physical examination tests. Lim-
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its for the search included; 1) humans and 2) studies 
published in the English. All remaining databases 
were searched using comparable strategies (Appen-
dix 1). The authors of this study also completed a 
hand search by individually searching known physi-
cal examination tests of the ankle/foot complex in 
the databases mentioned above. References of rel-
evant articles and appropriate textbooks were also 
reviewed in order to find additional studies that met 
the inclusion criteria of this systematic review.

Study Selection
The review process was performed by two indepen-
dent authors (using a third author to resolve disagree-
ments) for the, 1) title search, 2) abstract search, 
and 3) full text search. Reasons for excluding full 
texts articles were documented in the PRISMA flow 

 diagram (Figure 1). To determine the inter-rater reli-
ability for agreement between title, abstract, and full 
text reviewers, Fleiss kappa values were calculated. 
Kappa scores are interpreted as poor (<0.20), fair 
(0.21-0.40), moderate (0.41-0.60), strong (0.61-0.80), 
or near complete agreement (>0.80).13

Data collection process
Data was extracted from each article by one author 
and a second author verified the information regard-
ing diagnostic accuracy measures of each physical 
examination test. For the qualitative assessment, 
diagnostic accuracy (sensitivity and specificity) was 
reported either through direct transfer from each arti-
cle or through calculations performed by the authors 
using 2 x 2 tables. Sensitivity is the probability of a 
positive test result in someone with the pathology, 

Figure 1. Study fl ow for the systematic review.
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whereas specificity is the probability of a negative test 
result in someone without the pathology.6 Tradition-
ally, tests which have high sensitivity values are able 
to correctly identify individuals with the pathology; 
thus, if the examiner obtains a negative test result, 
then they can confidently rule out the hypothesized 
diagnosis. For this reason, these physical examina-
tion tests are used early in the examination process to 
screen out possible pathologies. On the other hand, 
tests which are determined to have higher specific-
ity values are able to correctly identify individuals 
without the pathology; thus if an examiner obtains a 
positive test result, they can rule in the hypothesized 
diagnosis. These tests are used at the end of the phys-
ical examination to confirm pathology. 

Description of these tests and measures are outside 
the scope of this systematic review and the reader is 
suggested to review each of the included papers for 
proper procedural description of each of the tests. 

Risk of Bias
Each full-text article was reviewed independently by 
two authors and scored with the Quality Assessment 
of Diagnostic Accuracy Studies 2 (QUADAS-2) tool.14 

Group consensus was used to decide the score in cases 
of disagreement on scoring,. The QUADAS-2 is a ret-
rospective tool that comprises four domains: patient 
selection, index test, reference standard, and flow 
and timing. All domains are assessed for risk of bias 
and the first three domains are assessed for applica-
bility by indicating a “low”, “high”, or “unclear” rating. 
In the QUADAS-2, “applicability” refers to whether 
certain aspects of an individual study are matching 
or not matching the review question. The QUADAS-2 
does not utilize a comprehensive quality score, rather 
an overall judgment of “low,” “high,” or “unclear” risk. 
In order to have an overall judgment of “low risk of 
bias” or “low concern regarding applicability,” a study 
must be ranked as “low” on all relevant domains. If a 
study receives a “high” or “unclear” rating in one or 
more domains, then it may be judged as “at risk of 
bias” or having “concerns regarding applicability.”

Synthesis of results
To determine the accuracy with which each physi-
cal examination test identifies each pathology and 
subsequently its clinical usefulness, sensitivity and 
specificity as well as positive and negative likelihood 

ratios (LRs) were calculated. Both positive likelihood 
ratios (LR+) and negative likelihood ratios (LR-) are 
calculated from the data provided from the sensitiv-
ity and specificity findings. Positive likelihood ratios 
greater than 1 increase the post-test probability that 
the target condition is present, and the higher the 
positive likelihood ratio the greater this increase. 
Negative likelihood ratios closer to 0 decreases the 
probability of the target disorder with a negative 
finding, and the smaller the negative likelihood 
ratio, the greater the decrease in probability.6

 

For those physical examination tests which have a 
sensitivity or specificity of 1.00, corresponding likeli-
hood ratios (LR+ for specificity of 100, LR- for sensi-
tivity of 100) were noted as infinity (INF). A positive 
finding with a test that has a LR+ >10 generates 
a large change in post-test probability, 5-10 moder-
ately influences post-test probability, 2-5 generates 
a small change (sometimes important) in probabil-
ity, and 1-2 influences post-test probability to a small 
degree (rarely important). A negative finding with 
a test that has a LR- <0.1 generates a large shift in 
post-test probability, 0.1-0.2 moderately shifts the 
pre to post-test probability, 0.2-0.5 generates small, 
sometimes important changes, and 0.5-1.0 alters 
probability to a small, rarely important degree.15

RESULTS

Study selection
The database searches resulted in a total of 3,242 
total citations that were reviewed for inclusion. 
After screening, 16 full-text articles were reviewed 
and five were deemed eligible.16-20 A detailed hand 
search was performed and four additional articles21-24 

met the inclusion criteria, resulting in a total of nine 
studies included in this systematic review (Figure 
1). The calculated Kappa scores for the inter-rater 
reliability of title reviews, abstract reviews, and 
full-text reviews were .65 (95% CI= 0.50, 0.77), .89 
(95% CI= 0.57, 0.99), and 1.00 (95% CI= 0.37, 1.00) 
respectively. Two papers required third party resolu-
tion for clarification. 

 When using the QUADAS-2 tool to review the nine 
included articles, it was determined that only one 
study18 had low risk of bias and low concern regard-
ing applicability. Three19,21,22 of the nine included 
articles were found to be at risk for bias, but had low 
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concerns regarding applicability. The final five stud-
ies16,17,20,23,24 were judged to be at risk of bias and as 
having concerns regarding applicability (Table 1). 

The reference standard varied throughout the ten 
studies. See Table 2 for a list of reference standards 
used for each study.

Lateral ankle sprain
Only one22 of the ten articles addressed the diagnos-
tic accuracy of physical examination tests for lateral 
ankle sprains. When scored on the QUADAS-2, the 
Hertel et al21 article was determined to be at risk for 
bias, but had low concern regarding applicability. 
This study investigated the diagnostic accuracy of 
three physical examination tests: the anterior drawer 
test, medial talar tilt stress test, and medial subtalar 
glide test. The authors of this systematic review cal-
culated the sensitivity and specificity of the anterior 
drawer test to be .58 and 1.00 respectively. LRs for 

this physical examination test were calculated to be 
Infinite (LR+) and 0.42 (LR-). It was found that the 
sensitivity and specificity of the medial talar tilt stress 
test was .50 and .88 respectively (LR+ = 4.00, LR- = 
0.57) while those same diagnostic accuracy measures 
were found to be .58 and .88 (sensitivity and specific-
ity, respectively) and 4.67 (LR+) and 0.48 (LR-) for 
the medial subtalar glide test (Table 3).

Anterior ankle impingement
Only one study23 which included the forced dorsi-
flexion test investigated diagnostic accuracy of a 
special test for anterior ankle impingement. It was 
determined that this study was at risk of bias and 
had concerns regarding applicability. Sensitivity 
and specificity measure for this physical examina-
tion test were reported by the authors to be .95 and 
.88 respectively From this data, the authors of this 
systematic review calculated the LR+ to be 8.06 and 
the LR- to be 0.06 (Table 3). 

Table 1. Presentation of QUADAS-2 results.

Table 2. Reference standards used in the included studies.
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Table 3. Diagnostic accuracy of ankle/lower leg special tests.
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Tarsal Tunnel Syndrome
Three articles16,20,24 assessed the physical exami-
nation tests for the diagnosis of tarsal tunnel syn-
drome. Using the QUADAS-2, all three articles16,20,24 
were found to be at risk for bias and having concerns 
about applicability. From these studies, three physi-
cal examination tests were investigated: Tinel’s sign, 
triple compression stress test, and dorsiflexion-ever-
sion test. Only the sensitivity of Tinel’s sign could be 
calculated, which was found to be .58. LRs could not 
be calculated to due specificity measures not being 
reported. Diagnostic accuracy measures for the tri-
ple compression stress test were reported to be .86 
and 1.00 (sensitivity and specificity, respectively). 
The LR+ for this physical examination test was INF 
and the LR- was 0.14. For the dorsiflexion-eversion 
test, an increase in numbness, increase in pain, and 
increase in tenderness yielded a sensitivity of .25, 
.57, and .98 respectively, while specificity was cal-
culated to be 1.00 for all components of the physi-
cal examination test. LR+ was found to be Infinite 
for all components. LRs- for each component are as 
follows: increased numbness (0.75), increased pain 
(.43), and increased tenderness (0.02). See Table 3 
for these values.

Syndesmotic ankle sprain
Two studies17,18 addressed the diagnostic accuracy of 
physical examination tests for syndesmotic ankle 
sprains. One of the two studies18 had low risk of bias 
and low concern regarding applicability, while the 
other study17 was judged to be at risk of bias and 
had concerns regarding applicability. Among these 
articles, four tests were investigated: Cotton test, 
external rotation test, fibular translation test, and 
syndesmosis squeeze test. Both of these studies17,18 
examined the external rotation test. Beumer et al17 
additionally investigated the fibular translation test 
and Cotton test, whereas de Cesar et al18 reviewed 
the syndesmosis squeeze test. For the Cotton test, 
the authors17 only reported a sensitivity value (.25), 
but for the fibular translation test they reported a 
sensitivity of .75 and specificity of .88. LRs for the 
Cotton test could not be determined due to insuffi-
cient data, but the authors of this systematic review 
calculated a LR+ of 6.30 and a LR- of 0.28 for the 
fibular translation test. For the external rotation test, 
Beumer et al17 reported a specificity of .99, while 

de Cesar et al18 reported a sensitivity of .20 and a 
specificity of .85. LRs for the external rotation test 
as investigated by Beumer et17 al could not be deter-
mined, but the authors of this systematic review cal-
culated a LR+ of 1.31 and a LR- 0.94 from the de 
Cesar et al18 study. For the syndesmosis squeeze test, 
de Cesar18 reported the sensitivity and specificity to 
be .30 and .94 respectively. LRs were calculated to 
be 4.60 (LR+) and 0.75 (LR-). See Table 3 for these 
values.

Posterior tibial tendon dysfunction
One article19 assessed the posterior tibial edema sign 
for posterior tibial tendon dysfunction. This study19 
had low concerns regarding applicability, but was 
found to be at risk of bias on the QUADAS-2. The 
authors of this study reported sensitivity to be .86 
and specificity to be 1.00. LRs were calculated to 
be INF (LR+) and 0.14 (LR-). See Table 3 for these 
values.

Achilles tendon rupture
One study22 investigated physical examination tests 
for Achilles tendon rupture and it was judged to be at 
risk of bias, but had low concerns regarding applica-
bility. A total of four physical examination tests were 
reviewed: Thompson test, Matles test, Palpable gap 
in Achilles tendon, and the Copeland test. For the 
Thompson test, Maffuli23 reported a sensitivity of .96 
and a specificity value of .93. This led to a LR+ of 
13.47 and a LR- of 0.04. For Matles test, a sensitivity 
of .88 and specificity of .86 were reported. The LR+ 
and LR- were calculated by the author of this sys-
tematic review to be 6.18 and 0.14 respectively. The 
sensitivity for the palpable gap in Achilles tendon 
was reported as .73, whereas the specificity value 
was .89. For the palpable gap in Achilles tendon, the 
LR+ was calculated as 6.81 and the LR- was 0.30. 
Finally, the Copeland test was reported as having a 
sensitivity of .78, while a specificity value was not 
reported. Due to insufficient data, the LRs could not 
be calculated for the Copeland test.

DISCUSSION
The purpose of this systematic review was to inves-
tigate the diagnostic accuracy of special tests of the 
ankle/foot complex. Nine16-24 diagnostic accuracy 
studies were reviewed to determine the effective-
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ness of sixteen physical examination tests, all of 
which were designed for use in identifying one of 
the following pathologies: lateral ankle sprain, ante-
rior ankle impingement, tarsal tunnel syndrome, 
syndesmotic ankle sprain, posterior tibial tendon 
dysfunction, and Achilles tendon rupture. Remark-
ably, there was only one instance in which more 
than one study investigated a single test (external 
rotation test).17,18

To the authors’ knowledge, this is the first system-
atic review which investigates the utility and qual-
ity of study scoring in clinical specific tests used in 
identifying ankle/foot complex pathologies. At face 
value, the findings suggest that with the exception of 
the external rotation test (low diagnostic accuracy) 
and the cotton test (only reliability data present) all 
tests used to identify ankle/foot complex pathology 
had the diagnostic utility for use in clinical prac-
tice. However, it is imperative to note that nearly all 
studies included had methodological concerns when 
evaluating the quantitative findings from the stud-
ies. Multiple physical examination tests included in 
this systematic review demonstrated 1.00 specificity 
values and subsequent INF LR+. This may repre-
sent an over estimation of diagnostic power of these 
tests secondary to the high risk of bias and may be 
reflective of the small sample sizes in each study. 
The confidence intervals for the sensitivity, speci-
ficity and likelihood ratios were very wide in nearly 
all studies suggesting a lack of precision in the find-
ings. It is also worth noting that when reported, the 
95% confidence interval for some of the test find-
ings crossed 1.00, which indicates that the result of 
the given physical examination test is no better than 
chance. Lastly, there were no consistencies regard-
ing reference standards across studies. The authors 
of the current systematic review feel that there is 
substantial opportunity to improve upon the current 
evidence on diagnostic accuracy of the ankle/foot 
complex through improvements in methodological 
principles.

It is well recognized that the quality of special clinical 
tests can influence the outcome of a diagnostic accu-
racy study.25 In most cases, bias inflates the diagnos-
tic accuracy finding, suggesting that the test is more 
diagnostic than it truly seems. Both prospective and 
retrospective guidelines25 (including the QUADAS-2) 

are designed to allow the clinician/researcher to dif-
ferentiate the quality of study designs thus further 
refining which tests are proper for use in clinical 
practice. Because all the tests in this study had ques-
tionable quality, one must consider the currently 
advocated utility of each test and interpret results 
with caution. 

With respect to use of clinical special tests in clinical 
practice, it is rare that a test has the capacity to func-
tion as a “stand-alone” finding, when attempting to 
make a diagnosis of any pathology. The findings of 
the current study should be considered with respect 
to this concept as well. Any clinical finding should 
be used in conjunction with a detailed history and 
other physical examination components (palpation, 
active/passive range of motion, manual muscle 
testing, functional testing, etc.) to further enhance 
the probability of an accurate clinical hypothesis or 
diagnosis. Clustering examination findings is a prac-
tice that has been used by a number of recent diag-
nostic accuracy studies.26-30 In these studies, clinical 
findings that were not “stand alone” provided useful 
diagnostic utility when clustered with other clinical 
findings. The authors anticipate that there is great 
promise when diagnosing ankle/foot pathology 
using this concept as well.

Limitations
One limitation of this systematic review is that the 
search strategy was limited to those articles which 
were published in English. Additionally, two stud-
ies17,25 did not investigate specificity values of the 
physical examination test of interest which disen-
abled the authors’ of the current study to calculate 
likelihood ratios for these tests. 

CONCLUSION
Traditionally, clinical special tests have been an 
essential component of the examination process 
when diagnosing ankle/lower leg pathologies. Such 
tests are performed either at the beginning of the 
physical examination to screen out a pathology or at 
the end of the examination to confirm a diagnosis. 
The results of this systematic review reveal that the 
majority of clinical special tests for the ankle/foot 
complex are confirmatory in nature and may be best 
utilized at the end of the physical examination pro-
cess. However, recommending these tests for use in 
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clinical practice must be tempered by the quality of 
the included studies findings. Currently, there are a 
limited number of studies which investigate the diag-
nostic accuracy of ankle/lower leg pathologies, and 
of these studies, most demonstrate notable biases. 
Accordingly, there is a need for future research with 
more stringent study design criteria so that a more 
precise estimate of diagnostic power of ankle/lower 
leg special tests can be determined.
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APPENDIX 1

Database: PubMed 

#22 MeSH descriptor Posterior Tibial Tendon 
Dysfunction, explode all trees

#23 MeSH descriptor Tarsal Tunnel Syndrome, 
explode all trees

#24 laxity
#25 impingement
#26 [OR 14# - #25]
#27 MeSH descriptor Physical Examination/

classifi cation, explode all trees
#28 MeSH descriptor Physical Examination/

methods, explode all trees
#29 MeSH descriptor Physical Examination/

standards, explode all trees
#30 MeSH descriptor Physical Examination/

statistics and numerical data, explode all 
trees

#31 diagnostic accuracy
#32 fi bular translation test
#33 external rotation test
#34 cotton test
#35 clunk test
#36 syndesmosis squeeze test
#37 distal tibiofi bular compression test
#38 squeeze test of the leg
#39 heel thump
#40 point test
#41 dorsifl exion maneuver
#42 one legged hop test
#43 crossed leg test
#44 anterior drawer test
#45 dimple sign
#46 prone anterior drawer test
#47 medial subtalar glide test

#1 MeSH descriptor Foot, not exploded
#2 MeSH descriptor Ankle, explode all trees
#3 MeSH descriptor Heel, explode all trees
#4 MeSH descriptor Foot Joints, not exploded
#5 MeSH descriptor Ankle Joint, explode all 

trees
#6 MeSH descriptor Tarsal Joints, explode all 

trees
#7 MeSH descriptor Achilles Tendon, explode all 

trees
#8 MeSH descriptor Lateral Ligament, Ankle, 

explode all trees
#9 MeSH descriptor Tarsal Bones, explode all 

trees
#10 ankle
#11 heel
#12 syndesmo*
#13 [OR #1 - #12]
#14 MeSH descriptor Ankle Injuries, explode all 

trees
#15 MeSH descriptor Foot Injuries, explode all 

trees
#16 MeSH descriptor Sprains and Strains, explode 

all trees
#17 MeSH descriptor Joint Instability, explode all 

trees
#18 MeSH descriptor Foot Diseases, explode all 

trees
#19 MeSH descriptor Heel Spur, explode all trees
#20 MeSH descriptor Fasciitis, Plantar, explode all 

trees
#21 MeSH descriptor Metatarsalgia, explode all 

trees
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#48 lateral talar tilt stress test
#49 talar tilt test
#50 medial talar tilt stress test
#51 kleiger test
#52 external rotation test
#53 posterior drawer test
#54 inversion stress maneuver
#55 posterior talofi bular
#56 thompson test
#57 simmonds test
#58 tinel’s sign
#59 forced dorsifl exion test
#60 patla test
#61 morton’s neuroma
#62 morton’s test
#63 windlass sign
#64 peroneal instability test

#65 peroneal dislocation test
#66 test for peroneal tendon dislocation
#67 [OR #27 - #66]
#68 Clinical Trial [Publication Type]
#69 Comparative Study [Publication Type]
#70 Controlled Clinical Trial [Publication Type]
#71 Evaluation Studies [Publication Type]
#72 Meta-Analysis [Publication Type]
#73 Practice Guideline [Publication Type]
#74 Randomized Controlled Trial [Publication 

Type]
#75 Review [Publication Type]
#76 Validation Studies [Publication Type]
#77 [OR #68 - #76]]
#78 [#13 AND #26 AND #67 AND #77]
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