
The glenohumeral joint consists of the humeral head,
glenoid of the scapula, and the labrum. The purpose of the
labrum is to deepen the glenoid and improve joint congru-
ency. The glenohumeral ligaments, joint capsule, rotator
cuff muscles, and labrum all provide stability to the gleno-
humeral joint. The labrum is vulnerable to injury, espe-
cially with aggressive overhead activity. Superior labral
lesions were first described in 1985 by Andrews et al1 and
identified in 73 overhead-throwing athletes. The prevalence

estimates of shoulder pain range from 4% to 8% for pri-
mary care physician visits.46 However, clinically it is diffi-
cult to determine what number of these cases is the direct
result of labral injury. Magnetic resonance imaging with
and without contrast has demonstrated high diagnostic
accuracy for detecting labral lesions.21,25,26,41,48 However,
with the cost of this modality for imaging the shoulder
averaging US $2400 in 1997,34 overuse can be problematic
and often not result in any alteration in patient treat-
ment.9 Therefore, a thorough clinical examination using
accurate clinical tests is important. Clinical tests designed
to detect the presence of a labral tear vary considerably in
reported sensitivity and specificity values.¶ Tests with low
accuracy typically do not provide clinicians with useful
information for making a diagnosis. When sensitivity and
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specificity levels are at or below 50%, then the test has a
predictive value equal to or lower than chance for detecting
the presence or absence of a superior labral anterior
posterior (SLAP) lesion. Therefore, meta-analysis of multi-
ple high-quality studies may add additional information.

Liu et al23 reported 90% sensitivity and 85% specificity
of physical examination compared to arthroscopy for
detecting labral lesions. Physical examination included the
apprehension, relocation, load and shift, inferior sulcus
sign, and crank tests. Accurate clinical tests are especially
important when attempting to identify the presence of
labral tears to facilitate the appropriate plan of care, which
in this case is likely surgical intervention. Significant
improvement in function after arthroscopic debridement
or repair of symptomatic labral lesions has been consis-
tently reported.4,18,37 Furthermore, increased certainty of
labral injury will assist clinicians with treatment strate-
gies, that is, immobilization, shoulder strengthening, sur-
gery, and/or activity modification.

Recent systematic reviews have reported considerable
variability in sensitivity and specificity values for several
clinical tests for shoulder disorders.8,15,30 However, none of
these reviews were performed using meta-analysis.
Mirkovic et al30 used a modified quality assessment scale
designed for randomized control trials for their systematic
review of shoulder tests. This tool has not been validated
for the evaluation of diagnostic tests. Studies should ana-
lyze the reported test accuracy data with a reliable and
valid instrument and include the study methodological
quality into analysis.6,14

Bias and data variation exist in diagnostic accuracy
studies.38,39,49,50 The variation in part is owing to threshold
differences between studies and inappropriately pooling
estimates of sensitivity and specificity across studies.
Receiver operating characteristic (ROC) curves are a sta-
tistical technique using linear regression to describe the
accuracy or performance of a diagnostic test by plotting
predicted true-positive rates (y-axis) versus given false-
positive rates (x-axis). They are used to control for test
threshold differences between studies and provide a means
of interpreting the relationship between the 2 measures of
test accuracy: sensitivity and specificity.14,39,40 The purpose
of this meta-analysis is to perform a review of the litera-
ture, statistically analyze available data using ROC
curves, and interpret the findings for clinicians regarding
the diagnostic utility of clinical tests for the identification
of SLAP lesions. We hypothesize that certain physical tests
will be found to be superior to others for diagnosing the
presence or absence of a SLAP lesion.

METHODS

Search Strategy

The principal investigator (B.B.M.) performed an extensive
computer database literature search to identify all articles
written in English that satisfied the eligibility criteria of
this meta-analysis. The following search terms were used:
(labrum OR labral OR SLAP OR Bankart) AND (shoulder OR
shoulder joint OR glenoid) AND (specificity OR sensitivity

AND specificity). The electronic databases searched
included MEDLINE28 (1966-June 2007), CINAHL5 (1982-
June 2007), and BIOSIS3 (1995-June 2007). Articles were
first selected according to title relevance. Abstracts and/or
full-text articles were then reviewed. Reference tracking
was performed on selected articles.

Inclusion/Exclusion Criteria

Studies were eligible for inclusion if they investigated the
diagnostic accuracy of at least 1 clinical test for identifying
labral lesions of the shoulder and used arthrotomy,
arthroscopy, or MRI as reference standards. Studies that
did not report clinical test negatives or used “nondiseased”
controls were excluded. Studies were also excluded if they
were performed on cadavers only. If a clinical test was eval-
uated in only a single study, then the data were not eligible
for meta-analysis and therefore not reported in this study.
In addition, studies reporting specificities and sensitivities
of 0 or 1 were excluded because in these cases the logit sen-
sitivities or logit specificities used in ROC analysis are
undefined. For instance, the logit sensitivity is defined to be
log(sensitivity/(1 – sensitivity)), which is undefined when
the sensitivity is either 0 or 1. The logit function is the
inverse of the logistic function. The logistic function is often
used in logistic regression to model how the probability p of
an event may be affected by 1 or more explanatory vari-
ables: an example would be to have the model p = P(a + bx),
where x is the explanatory variable and a and b are model
parameters to be fitted. The explanatory variables in this
case are the sensitivity and specificity values.

Study Selection

One reviewer (B.M.M.) identified all eligible studies by
reviewing each article title (those identified during the data-
base searches) and reading the abstract. If the reviewer was
uncertain if the eligibility criterion was satisfied after read-
ing the abstract, the full text was retrieved and examined
for the presence of inclusion and exclusion criteria.

Assessment of Methodological
Quality and Data Abstraction

Each selected article was scored according to a quality
checklist adopted from Irwig and colleagues and the
Cochrane Methods Group on Systematic Review of
Screening and Diagnostic Tests (see Appendix 1, available
in the online version of this article at http://ajs.sagepub
.com/supplemental/).6,14 This checklist consists of 16 items.
Each item varied in the total number of possible choices,
ranging from 3 to 6. For example, items assigned a 0 to 2
quality range had 3 possible choices, 0 to 3 quality range
had 4 choices, 0 to 4 quality range had 5 choices, and 0 to
5 quality range had 6 choices. Therefore, the total possible
points obtainable from the 16-item questionnaire equaled
37. Only studies that scored 19 points or more on the qual-
ity checklist were included in the meta-analysis. This
method is consistent with previous published systematic
reviews.7,44,45 Previous systematic reviews have also used
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the Cochrane Methods Group scoring system to assess
study quality, without assigning a value to checklist
items.42,43

A second scoring criterion assigned a numeric value of 1
to 4 to each article, indicating the strength of the evi-
dence.12 Level 1 articles were those that used an inde-
pendent, blinded comparison to a reference standard of at
least 50 consecutive and relevant patients. Level 2 articles
were similar in methods to level 1 but contained fewer
than 50 patients. Level 3 articles used independent and
blind comparison to a reference standard without consecu-
tive patient examinations. Level 4 articles lacked inde-
pendent comparison and consecutive collection of patients,
but the examination was compared with 1 of the above
mentioned reference standards.

Statistical Analysis

Sensitivity and specificity values were extracted from each
article for analysis. An analysis of covariance (ANCOVA)
was conducted with logit sensitivity as dependent variable,
logit specificity as covariate, and diagnostic test as the fac-
tor. The fitted ANCOVA model was used to predict logit
sensitivities at various logit specificities for each of the
diagnostic tests. These logit specificity–predicted logit sen-
sitivity pairs were used to calculate specificity and pre-
dicted sensitivity values for each diagnostic test and, in
turn, to produce an ROC curve for each test. An ROC curve
is a plot of sensitivity versus (1 – specificity) for a diagnos-
tic test as the test’s discrimination threshold is varied. The
ROC can be represented equivalently by plotting the frac-
tion of true positives versus the fraction of false positives
for a diagnostic test. Appendix 2 (available in the online ver-
sion of this article at http://ajs.sagepub.com/supplemental/)
provides a glossary of terms. Minitab 14.20 and R 2.1.1
were the computer software programs used for statistical
analysis.

Study Selection

The literature search and reference tracking revealed 198
potential articles (Figure 1). Many different diagnostic
SLAP lesion tests were evaluated over the collection of
studies, most with 3 or fewer replications. These tests were

Figure 1. Flowchart of search results.

198 Total Articles

16 articles extracted by title
relevance for abstract and/or
full text review and
reference tracking

6 articles met inclusion
criteria for meta-analysis

Search Terms
(labrum OR labral OR SLAP OR bankart)
AND (shoulder OR shoulder joint OR glenoid)
AND (specificity OR sensitivity AND
specificity)

DATABASES
MEDLINE (1966-2007), CINAHL (1982-
2007), and BIOSIS (1995-2007)

TABLE 1
List of Excluded Studies

Author N Reference Standard Test

Kim et al,17 1999 75 Arthroscopy Biceps load test I
Kim et al,16 2001 127 Arthroscopy Biceps load test II
Nakagawa et al,32 2005 54 Arthroscopy Clunk
Nakagawa et al,32 2005 54 Arthroscopy Forced shoulder abduction and elbow flexion
Parentis et al,36 2006 132 Arthroscopy Jobe relocation
Nakagawa et al,32 2005 54 Arthroscopy Jobe relocation
Guanche and Jones,11 2003 60 Arthroscopy Jobe relocation
Kim et al,19 2005 172 Arthroscopy Kim test
Mimori et al,29 1999 32 MRI/arthrography Pain provocation
Parentis et al,36 2006 132 Arthroscopy Pain provocation
Kim et al,20 2007 61 Arthroscopy Passive compression
Kim et al,19 2005 172 Arthroscopy Posterior jerk
Nakagawa et al,32 2005 54 Arthroscopy Posterior jerk
Holtby and Razmjou,13 2004 152 Arthroscopy Yergason
Guanche and Jones,11 2003 60 Arthroscopy Yergason
Parentis et al,36 2006 132 Arthroscopy Yergason
Nakagawa et al,32 2005 54 Arthroscopy Yergason
Myers et al,31 2005 40 Arthroscopy Supination-external rotation
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not included in the analysis because the small number of
replicated studies for each of these tests would make it dif-
ficult to detect any statistically significant differences
among them (Table 1). These tests included active com-
pression, anterior apprehension, anterior slide, biceps load
test I and II, Speed’s, clunk, compression-rotation, crank,
forced shoulder abduction and elbow flexion, jerk, Jobe relo-
cation, Kim, pain provocation, passive compression, poste-
rior jerk, Yergason’s, and supination-external rotation.
Seven of these tests were evaluated individually in sepa-
rate studies (biceps load test I and II, clunk, forced shoulder
abduction and elbow flexion, Kim, passive compression, and
supination-external rotation).16,17,19,20,31,32 In other words,

the diagnostic accuracy of these clinical tests was not
evaluated in more than 1 study. Pain provocation29,36 and
posterior jerk19,32 tests were evaluated across 4 studies,
Jobe relocation across 3 studies,11,32,36 and Yergason’s across
4 studies.11,13,32,36 Six studies11,27,31,32,36,47 reported sensitivity
and specificity data for 4 tests: Speed, active compression,
crank, and anterior slide. All satisfied the eligibility and
quality criteria for the meta-analysis with methodological
quality scores ≥19. Magee24 has described the execution of
these clinical tests in detail (see Appendix 3, available in
the online version of this article at http://ajs.sagepub
.com/supplemental/). Patient and study characteristics for
these 6 studies are presented in Table 2.

TABLE 2
Patient Characteristics and Reported Data From Included Studies

Mean Gender
Level of Symptom Distribution, Patient Mean Quality Reference

Study Evidence42 Duration Male/Female Population Age, y Score N Standard Test Sensitivity Specificity

McFarland 3 Not 252/174 Shoulder 45 30 426 Arthroscopy Active
et al,27 specified pain compression 0.47 0.55
2002 Anterior Slide 0.08 0.84

Parentis 1 Not 98/34 Shoulder 42 28 132 Arthroscopy Active 0.625 0.5
et al,36 specified pain compression
2006 excluding

stiffness
Speed 0.478 0.674
Crank 0.125 0.826
Anterior slide 0.1 0.815

Stetson 3 12 months 45/20 Shoulder 46 25 65 Arthroscopy Active 0.54 0.31
et al,47 pain compression
2002 Crank 0.46 0.56

Myers 3 Not 39/1 Shoulder in 24 30 40 Arthroscopy Active 0.778 0.111
et al,31 specified pain for compression
2005 athletes;

excluded
individuals
older than
50 years
or those
with
athletic
injury

Crank 0.346 0.7
Guanche 3 Not 48/11 Shoulder 38 27 60 Arthroscopy Active 0.63 0.73

and specified pain compression
Jones,11 excluding
2003 stiffness

Crank 0.4 0.73
Speed 0.18 0.87

Nakagawa 3 Not 52/2 Shoulder 23 32 54 Arthroscopy Active 0.54 0.6
et al,32 specified pain in compression
2005 throwing

athletes,
excluded
major
shoulder
trauma

Anterior slide 0.05 0.93
Crank 0.58 0.72
Speed 0.04 0.99
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There is large variability from study to study in the
reported sensitivities and specificities for the same diagnos-
tic test.This makes it necessary to control for the effect of the
study on the sensitivities and specificities of each diagnostic
test. This was done by selecting tests with a small number of
studies distributed as uniformly as possible across the diag-
nostic tests. Also, this meta-analysis is concerned with the
effect of methodological quality on the reported study
results. Studies were grouped by methodological score qual-
ity into 4 categories (25-27, 28, 30, and 32). This produces the
best fit to a balanced distribution of replication and method-
ological score categories. The summary of these groupings is
in Table 3. Studies distributed as uniformly as possible
across the methodological score categories, when cross-
tabulated with diagnostic test, were selected. Therefore, 17
test comparisons across 6 individual studies were chosen for
ROC analysis. This collection of data achieves a good balance
over the 2 confounders (methodological quality and study)
and against the factor (diagnostic test). In particular, all of
the selected studies evaluated the active compression diag-
nostic test. This aided in testing the effect of individual stud-
ies on the diagnostic test accuracy.

This collection of studies is also fairly well balanced in
terms of methodological score category versus diagnostic
test. The individual studies were consistent across diag-
nostic tests in their methodological quality. This suggests a
consistency in methodological quality across diagnostic
tests, which was verified when the effect of methodological
quality on study results was not found to be significant.

RESULTS

Analysis of variance of the effect of study methodological
quality on each of the logits found no significant effect
(logit sensitivity, P = .658; logit specificity, P = .2529).
Residual diagnostics were consistent with model assump-
tions. Separate analyses of variance found no significant
difference between studies for either logit (logit sensitivity,
P = .7163; logit specificity, P = .2310). Residual diagnostics
were again consistent with model assumptions. The effects
due to study methodological quality and study were not
found to be significant. Therefore, the logits were not cor-
rected for an effect due to either.

The logits were negatively correlated (–0.85), suggesting
differing thresholds among the studies and that an ROC
analysis is appropriate. The ANCOVA with logit sensitivity
as the response, logit specificity as the covariate, and diag-
nostic test as the factor found a highly significant slope for

logit specificity and a highly significant effect of the ante-
rior slide test on logit sensitivity. The overall P value of the
ANCOVA was <.0001. Fit of the model was good, with an
adjusted R2 of 0.8371. The ANCOVA results for each of the
explanatory variables are given in Table 4. The Shapiro-
Wilks test for normality indicates the residuals are consis-
tent with a normal distribution (P = .61). Other residual
diagnostics were also consistent with model assumptions.

The parameter estimates in Table 4 were used to predict,
for each diagnostic test, true-positive rates at each
sequence of false-positive rates. These predicted true-
positive/false-positive pairs for each diagnostic test define
the estimated ROCs for that diagnostic test. The plot of
these true-positive/false-positive pairs is the estimated
ROC curve for that test. The estimated ROC curves of the
4 tests are given in Figure 2. The anterior slide test was
found to be statistically inferior to the active compression,
crank, and Speed with predicted true-positive rates and
consistently lower for all false-positive rates. No signifi-
cant differences were found for ROC curves among the
active compression, crank, or Speed tests. The active com-
pression test was found to have the best ROC curve.

DISCUSSION/CONCLUSION

The studies selected for this ROC analysis were more
recent than were those not selected. The selected studies

TABLE 3
Frequency Table of Study Methodological

Score for Quality Categories

Quality Score Category

25-27 28 30 32

Frequency 5 4 4 4

TABLE 4
Analysis of Covariance Results for Individual

Effects on Logit Sensitivity

Coefficient Estimate SE t P

Logit specificity –0.6018 0.1389 –4.333 <.001
Active compression 0.2879 0.2240 1.285 .223
Anterior slide –1.667 0.4846 –3.440 <.005
Crank –0.3012 0.3649 –0.826 .425
Speed –0.4333 0.5295 –0.818 .429

Figure 2. Estimated receiver operating characteristic (ROC)
curves for the active compression, anterior slide, crank, and
Speed tests.
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examined multiple tests and were consistent in their
methodological quality, ensuring a consistency in both
methodological quality and effect on results due to the
study. This was reflected in the results of the statistical
analysis. It is an encouraging sign that higher quality
studies of diagnostic tests for tears of the labrum are now
being performed. The ROC analysis compared 4 diagnostic
tests: active compression, anterior slide, crank, and Speed.
The diagnostic utility of the anterior slide was found to be
significantly inferior to the other 3; among the latter, no
significant differences were detected.

Sensitivity values of the active compression test ranged
from 47% to 78%. Crank test sensitivity values ranged from
13% to 58%. Speed test sensitivity values were the lowest,
ranging from 4% to 48%. Specificity values were higher.
Active compression specificity values ranged from 11% to
73%. Crank test specificity values ranged from 56% to 83%.
Speed test specificity values were the highest, ranging from
67% to 99%. Positive crank and Speed test results strongly
suggest the presence of a labral tear. No test in the analy-
sis strongly excluded the presence of labral tear.

Studies not included in this analysis have reported
higher sensitivity and specificity values for these tests.
O’Brien et al33 examined 268 patients with shoulder pain
and 55 patients with no shoulder pain with the active com-
pression test. The test was reported to have 100% sensiti-
vity and 96% specificity. This study was excluded from our
analysis because 100% sensitivity values are undefined in
ROC analysis. Liu et al22 used the crank test to examine 62
patients with refractory shoulder pain over 3 months; 91%
sensitivity and 93% specificity values were reported. This
study was also excluded from our analysis because it
examined only 1 test.

Some studies not included in this analysis have reported
high sensitivity and/or specificity values for other clinical
tests for labral tears. Berg and Ciullo2 described a
SLAPprehension sign in which pain is reproduced with
active horizontal shoulder adduction and internal rotation
with a pronated forearm. This study reported a sensitivity
value of 87.5% in a retrospective review of 66 patients with
SLAP lesions. Kim et al16,17,19,20 examined the effectiveness
of 4 clinical tests for labral tears: biceps load, biceps load
II, passive compression, and the Kim tests. Sensitivity and
specificity values ranged from 80% to 89.7% and 85.7% to
96.9%, respectively. Therefore, these tests may be good
alternatives to the active compression, Speed, anterior
slide, or crank tests. These clinical tests were developed by
the respective authors of the studies and had not been fur-
ther evaluated at the time of this systematic review.
Replication of these studies is necessary to determine the
diagnostic utility of these tests.

When clinicians suspect the presence of a labral tear, the
active compression test should be chosen first, crank test
second, and Speed test third. The anterior slide test was
significantly inferior to the others and should be avoided.
The active compression is more sensitive and thus should
be used initially to rule out a labral tear. The Speed test is
the most specific and should be used to rule in a labral tear
if the active compression test or crank test has positive

results. A positive sign with all 3 tests increases the prob-
ability that a labral tear is present. Biceps load, passive
compression, and Kim tests may be good alternatives; how-
ever, the accuracy of these tests has not been replicated.

It is difficult to determine what makes one SLAP lesion
test better than another. Mechanical studies have exam-
ined the content validity of the active compression test and
found it to be poor.10 However, the active compression test
has been found to be one of the best tests for diagnosing
SLAP lesions.35

STUDY LIMITATIONS

Articles not written in English were excluded. It is possible
that articles supporting or refuting the diagnostic utility of
these tests could be published in languages other than
English. All studies were selected and assessed for method-
ological quality by 1 reviewer (B.M.M.). This creates the
possibility of reviewer bias. Varying “positive” test criteria,
that is, pain, click, or both, among the primary studies is
another potential source of error and bias among original
studies. It is also possible that tests may have been exe-
cuted in ways that are inconsistent with the description of
the original authors. The variability between authors in
choosing different reference standards, that is, arthrotomy,
arthroscopy, and MRI, may create a confounding variable in
these findings. In addition, the standard way SLAP lesions
are diagnosed has changed over time with technological
advancement. These factors can potentially affect the
results of this systematic review. The decision to omit tests
that were replicated in 3 or fewer studies potentially elim-
inates tests with good accuracy. Inclusion criteria may have
been too rigid. Only studies with a balanced distribution of
methodological quality were included.

CLINICAL MESSAGES

• Active compression, crank, and Speed tests are more
accurate for detecting labral tears than is the ante-
rior slide test.

• Reported sensitivity and specificity values ranged
from low to high.

• Active compression test is the most sensitive and
Speed test the most specific.

• Bicep load, passive compression, and Kim tests may
be good alternatives, but more research is warranted.
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