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Abstract
Background: Hip pain is common in sports medicine. Utility of legacy special
tests for examination of intraarticular hip lesions is mixed at best.
Objective: To establish criterion-reference validity, intertester reliability, and
test–retest reliability of the Pendleton test in screening for intraarticular hip
pathology.
Design: Criterion standard, blinded.
Setting: Tertiary care, institutional.
Patients: Thirty patients (16 female, 14 male) with chronic anterior or anterior-
medial hip pain were recruited from a military outpatient sports medicine clinic.
Interventions: The independent variables for test–retest and intertester reli-
ability were session and tester, respectively. The relationship between intraarti-
cular hip pathology and pain level was examined as a secondary objective.
Main Outcome Measures: Magnetic resonance imaging (MRI) positivity for
intraarticular pathoanatomic injury was used as the criterion reference for valid-
ity. Sensitivity, specificity, positive predictive value, negative predictive value,
and receiver-operator curves were calculated. Cohen’s kappa statistics were
used for establishing test–retest and intertester reliability.
Results: MRI positivity was 33% and 50% for anteroinferior or any intraarticular
lesions, respectively, and was not significantly associated (β = 0.59, p = .20)
with pain level when adjusted for gender, age, and rank. Sensitivity of the Pen-
dleton test was 70% for anterior intraarticular lesions and 67% for any intraarti-
cular lesion. Specificity was 15% for anterior intraarticular lesions and 6.7% for
any intraarticular lesion. Positive predictive value was 29% for anterior intraarti-
cular lesions and 42% for any intraarticular lesions, and negative predictive
value was 50% and 17%, respectively. The area under the curve of the Pendle-
ton test was 0.60 (95% confidence interval: 0.37–0.84) for anterior articular
lesions and 0.71 (95% confidence interval: 0.52–0.90) for any intraarticular
lesions. Intertester reliability (kappa = 0.77, p < .001) and test–retest reliability
(kappa = 0.80, p < .001) were substantial.
Conclusions: The Pendleton test exhibited excellent reliability, adequate sen-
sitivity, and poor specificity for detecting intraarticular lesions of the hip. The
presence of intraarticular lesions on MRI was not associated with hip pain
level.

INTRODUCTION

Hip pain is a common condition in sports medicine,
accounting for 6% of athletic injuries in adults.1 In the
military health system, an average of approximately
55,000 service members are diagnosed with hip

overuse/nonspecific pain, sprain, tear, or degenera-
tion per year.2 There are several described physical
examination maneuvers used to evaluate potential
intraarticular etiology of hip pain but current high-
quality evidence for use of clinical examination tests
in identification of pathoanatomy is lacking.3,4
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Although physical examination techniques, including
the flexion-adduction-internal rotation (FADIR) test
and the Scour test, are readily accessible to clini-
cians and commonly used when diagnosing a patient
with hip pain, the measurement properties are subop-
timal compared to magnetic resonance imaging
(MRI).5 The evidence to support the use of special
tests on physical examination to screen for hip
intraarticular pain generators, such as femoroacetab-
ular impingement (FAI), is also mixed at best.6–9 Most
studies reported overall varied sensitivity and speci-
ficity for the FADIR and the Scour test.5,6,8,9 Fer-
nandes et al. reviewed the diagnostic accuracy of
special tests when compared to diagnostic imaging for
FAI and found that the FADIR test had sensitivity of 8%–

100% and specificity of 3%–100% over 19 studies, the
flexion-abduction-external rotation test had sensitivity of
41%–98% and specificity of 18%–100% over 8 studies,
the resisted straight-leg raise test had sensitivity of 6%–

75% and specificity of 29%–100% over 3 studies, the
posterior impingement test had sensitivity of 18%–21%
but specificity was not reported over 2 studies, the Scour
test had sensitivity of 50%–88% and specificity of 29%–

43% over 1 study, the internal rotation over pressure test
had sensitivity of 80%–100% and specificity of 15%–

18% over 1 study, and the log roll test had sensitivity of
30%; specificity was not reported over 1 study.3,4 In
summary, most clinical hip exam tests for intraarticular
pathology had high sensitivity and low specificity, with
the FADIR test exhibiting the highest sensitivity.

There are limitations to the legacy special tests
used to evaluate potential intraarticular hip pathology.
Although the FADIR test is provocative and encroaches
the intraarticular structures of the superior and medial
hip, emulating certain functional movements, this test is
performed with hip unloaded.10,11 Similarly, the Scour
test is a provocative test that loads the superomedial,
superior, and superolateral joint surfaces but lacks
potentially relieving factors such as joint distraction that

may improve the diagnostic accuracy.10,11 Given the
frustrations of poor access to radiology resources
and over-reliance on advanced imaging, the Pendle-
ton test is an innovative special test that was devel-
oped to limit the proclivity for advanced imaging
during clinical decision-making, leveraging the pro-
vocative joint-loading strengths of the legacy tests
while adding contextual information via joint distrac-
tion that may improve overall accuracy. Before this
test is employed, measurement properties of the
Pendleton test must be established to assess its clini-
cal utility. Therefore, the purpose of this study was to
assess the criterion-reference validity, test–retest
reliability, and intertester reliability of the newly devel-
oped Pendleton test. Our hypothesis is that the Pen-
dleton test will exhibit superior measurement
properties, validity, and reliability when compared to
legacy special tests for hip intraarticular
pathoanatomy.

METHODS

The Pendleton test is a two-part test performed with
the patient supine, allowing the clinician to passively
flex both the hip and knee to 90 degrees. The clini-
cian subsequently applies axial compression along
the femur with femoral internal and external rotation,
followed by assessment of pain. Next, while maintaining
both the hip and the knee in 90 degrees of passive flex-
ion, the clinician applies a distraction force to the femur
along with the hip positioned in internal and external
rotation, followed by assessment of pain. A positive test
is defined as both worsening hip pain with the axial com-
pression portion of the test and decreased hip pain with
the distraction part of the test. Figure 1 details the
maneuver, with the video and educational resources of
the maneuver available as Supporting Material (https://
doi.org/10.6084/m9.figshare.22313707.v1).12

F I GURE 1 Demonstration of the Pendleton Test.

2 VALIDITY AND RELIABILITY OF THE “PENDLETON TEST”
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A reliability and validation study was conducted
using a sample of convenience consisting of service
members with chronic hip pain from suspected intraarti-
cular pathology. The independent variables in the
establishment of test–retest and intertester reliability of
the Pendleton test and the legacy FADIR and Scour
tests were session and tester, respectively. The agree-
ment between the Pendleton, FADIR, and Scour tests
with MRI findings of intraarticular pathoanatomic injury
was used as the criterion reference to establish validity.
The association between the presence of intraarticular
hip pathology and pain level was explored as a
secondary aim.

Patients

Pain level of the participants was assessed using the
numeric pain rating scale (NPRS). Data from 30 ser-
vice members with hip pain were included: 16 female
(mean ± SD, age: 24.8 ± 7.4 years; NPRS: 4.9 ± 0.6)
and 14 male (mean ± SD, age: 33.4 ± 9.6 years;
NPRS: 4.8 ± 1.4) recruited from an outpatient sports
medicine clinic in the Military Health System. A sample
size estimation of 16 patients was needed for the
establishment of reliability using an acceptability coef-
ficient threshold of 0.6 across two measurements.13

Patients were screened by the principal investigator
and were included if they were active-duty military of
the United States Marine Corps or Navy and pre-
sented to the sports medicine clinic with chronic ante-
rior or anterior-medial hip pain lasting longer than
6 weeks. Patients were excluded if they had prior hip
surgery, surgical hardware around the hip region,
active or history of infection of the hip region, active or
history of rheumatologic or autoimmune disease,
active or history of neoplasms or tumors in the hip
region, active or history of traumatic or stress fracture
in the hip region, active or history of relative energy
deficiency in sport, or if they were scheduled to leave
the military either via contract expiration or retirement
within 3 months of the initial evaluation. All patients
provided informed consent and this study was
approved by the institutional review board.

Imaging

MRI was obtained for all participants before the clinical
encounter and prior to recruitment as a part of the usual
referral process to the sports medicine clinic. All
patients underwent imaging with the Philips Ingenia Eli-
tion X 3.0-Tesla MRI (Cambridge, MA) with standard
hip protocol consisting of T1 and short tau inversion
recovery sequences in the coronal plane of the whole
pelvis, followed by oblique-axial, coronal, and sagittal
plane fat-suppressed proton density sequences of the

hip. MRI has been found to have excellent measure-
ment properties for the diagnosis of various hip intraar-
ticular pathologies.14–16 Technological advances in
diagnostic imaging quality with 3.0-Tesla MRI have
allowed this modality to be comparable to 1.5-Tesla
MR arthrography, the established gold standard for the
diagnosis of intraarticular hip pathology.17,18

Examiners

Five family physicians who were sports medicine fel-
lows with 1 year of specialized musculoskeletal experi-
ence served as the initial examiners and performed the
history and physical examinations. A board-certified
sports medicine physician with 12 years of specialized
musculoskeletal experience who served as fellowship
clinical faculty served as the standardized examiner #2.
All examiners were trained and calibrated on how to
perform the Pendleton test and were provided an edu-
cational handout and a video detailing the procedure
(https://doi.org/10.6084/m9.figshare.22313707.v1).12

The order of examiners performing the assessments
were selected using simple randomization. All exam-
iners were blinded to the MRI interpretation and each
other’s physical examination findings. One physician
who was board-certified in diagnostic radiology, with
12 years of specialized experience and was blinded to
the history and physical examination findings, inter-
preted the imaging.

Testing procedures

Figure 2 details the study flow. Following screening and
informed consent, information regarding gender, age,
and rank was recorded on the initial visit. The patient’s
pain level at its worst was assessed using the NPRS.
The interventions of FADIR, Scour, and Pendleton tests
were performed in this particular order for all exam-
iners, although the sequence of the interventions would
not theoretically influence outcomes due to the criteria
for positivity and negativity of these tests. Following the
examination by the initial examiner, a second examiner
repeated the same examination tests in the same par-
ticular order. The participant also returned 3 to 5 days
later for a repeat examination with the same second
examiner, again of the same tests in the same order.

Statistical analysis

Sensitivity, specificity, positive likelihood ratio, negative
likelihood ratio, prevalence, positive predictive value,
negative predictive value, accuracy, and receiver-oper-
ator curves were calculated to establish criterion-valid-
ity of the Pendleton test with MRI positivity. Cohen’s

HU ET AL. 3
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kappa statistic was used to evaluate test–retest and
intertester reliability. Agreement (kappa statistics)
was interpreted as defined by Cohen: 0.81–1.00,
almost perfect; 0.61–0.80, substantial; 0.41–0.60, mod-
erate; 0.21–0.40, fair; and ≤0.20, slight to poor.19

Adjusted multivariable linear models were employed to
assess the effects of MRI positivity of intraarticular
pathology on NPRS, adjusted for gender, age, and
rank. Linear regression analyses were performed using
R (version 4.3.3, The R Foundation for Statistical Com-
puting, Vienna, Austria). The level of significance was
defined as p <.05 for all analyses.

RESULTS

MRI positivity was 33% for anterior labral pathology in
this sample of patients with hip pain and 50% for any
intraarticular lesion. MRI positivity was not a significant
predictor (β = 0.59, p = .20) for pain level in the multi-
variable linear regression, when adjusted for gender,
age, and rank. Table 1 details the counts of true and
false positivity and negativity of clinical hip measures
and diagnostic accuracy of clinical hip measures com-
pared to MRI. The sensitivity of the Pendleton test was
70% for anterior intraarticular lesions and 67% for any
intraarticular lesion. Specificity was found to be 15% for
anterior intraarticular lesions and 6.7% for any intraarti-
cular lesion. The positive predictive value and negative
predictive value for the Pendleton test were 29% and
50% for anterior intraarticular lesions, respectively, and
42% and 17% for any intraarticular lesions. The area

under the curve of the Pendleton test was 0.60 (95%
confidence interval: 0.37–0.84) for anterior articular
lesions and 0.71 (95% confidence interval: 0.52–0.90)
for any intraarticular lesions (Figure 3).

Intertester reliability (kappa = 0.77, p < .001) and
test–retest reliability (kappa = 0.80, p < .001) of the
Pendleton test were substantial.

DISCUSSION

The primary findings of this study were that the Pendle-
ton test exhibited adequate sensitivity and poor speci-
ficity for detecting intraarticular lesions of the hip when
compared with MRI. These findings were similar to the
measurement properties of legacy special tests of
the hip FADIR and Scour. The test–retest and intertes-
ter reliability of the Pendleton test were excellent. The
presence of intraarticular lesions on MRI was not asso-
ciated with hip pain level and found in only one-third to
one-half of the patients.

MR arthrography is the gold standard in the evalua-
tion of intraarticular hip pathology.16 The invasive
nature and poor access within hospital systems neces-
sitate comparable, readily accessible, and noninvasive
approaches. With recent advances in technology,
3.0-Tesla MRI is readily available in hospital systems
and provides excellent visualization of hip intraarticular
pathology when compared to MR arthrography.17

Although the presence of intraarticular hip pathology on
imaging is common, MRI positivity is not always associ-
ated with clinical symptoms,20 a finding that was simi-
larly observed in the current study. Special tests for
intraarticular hip pathology typically have varying mea-
surement properties and diagnostic accuracy, suggest-
ing that physical exam alone cannot reliably confirm
diagnosis.3,9,21 Despite their inconsistencies, various
hip physical examination tests are still considered to be
the standard of clinical practice, with the most common
legacy special tests being the FADIR and Scour tests.

The associations between physical examination
and diagnostic imaging findings for hip intraarticular
lesions have been found to be highly variable,5,9,22 an
important consideration when evaluating patients with
suspected intraarticular lesions. MRI findings of hip
intraarticular pathology may be falsely positive when
considering the actual etiology of pain and clinical func-
tion.23 The converse, where the MRI is falsely negative
in cases of true hip intraarticular pathology, may also
be present.24 Fernandes et al. found that imaging
modalities used for the evaluation of FAI, which include
plain radiography, MR arthrography, and 4-dimensional
computed tomography, all had excellent sensitivity but
varied specificity.3 Judicious use of imaging as a corre-
late to patient history, physical examination findings,
and response to trial-by-treatment provided by sports
medicine and rehabilitation specialists is recommended

F I GURE 2 Study flow diagram. FADIR, flexion-
adduction-internal rotation; MRI, magnetic resonance imaging.

4 VALIDITY AND RELIABILITY OF THE “PENDLETON TEST”
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to prevent overdiagnosis and unnecessary treatment.20

However, overdependence on false-negative diagnos-
tic imaging when working up the patient with hip pain
may also result in underdiagnosis and delayed
treatment.20

The Pendleton test exhibited excellent intertester
and test–retest reliability. When compared to the legacy
special tests that have been shown to have varying
reliability,5,22 the Pendleton test is superior in this
regard. The lower reliability observed in the legacy hip

examination is likely attributed to variations in tech-
nique between experienced specialized clinicians.25

This variation may be amplified in less experienced and
nonspecialized clinicians, resulting in misdiagnosis
and inappropriate treatment.25 The multistep nature of
the Pendleton test may help to improve the repeatability
of the examination and explain the observations in the
current study.

But in reality, the legacy special tests and the Pen-
dleton test all have fairly poor accuracy, Thus, in clinical

TAB LE 1 Diagnostic accuracy of clinical hip measures compared to magnetic resonance imaging, stratified by lesion type.

Statistic

Anterior intraarticular lesion Any intraarticular lesion

Value 95% CI Value 95% CI

Pendleton test True positive (n) 7 - 10 -

False positive (n) 17 - 14 -

True negative (n) 3 - 5 -

False negative (n) 3 - 1 -

Sensitivity 70% 35%–93% 67% 38%–88%

Specificity 15% 3.2%–38% 6.7% 0.17%–32%

Positive likelihood ratio 0.8 0.5–1.3 0.7 0.5–1.1

Negative likelihood ratio 2.0 0.5–8.2 5.0 0.7–38

Injury prevalence 33% 17%–53% 50% 31%–69%

Positive predictive value 29% 21%–39% 42% 33%–52%

Negative predictive value 50% 20%–81% 17% 2.6%–60%

Accuracy 33% 17%–53% 37% 20%–56%

FADIR test True positive (n) 10 - 15 -

False positive (n) 20 - 15 -

True negative (n) 0 - 0 -

False negative (n) 0 - 0 -

Sensitivity 100% 69%–100% 100% 78%–100%

Specificity 0.0% 0.0%–17% 0.0% 0.0%–22%

Positive likelihood ratio 1.0 1.0–1.0 1.0 1.0–1.0

Negative likelihood ratio - - - -

Injury prevalence 33% 17%–53% 50% 31%–69%

Positive predictive value 33% 33.33%–33.33% 50% 50%–50%

Negative predictive value - - - -

Accuracy 33% 17%–53% 50% 31%–69%

Scour test True positive (n) 10 - 15 -

False positive (n) 19 - 14 -

True negative (n) 0 - 0 -

False negative (n) 1 - 1 -

Sensitivity 100% 69%–100% 100% 78%–100%

Specificity 5.0% 0.1%–25% 6.7% 0.2%–32%

Positive likelihood ratio 1.1 1.0–1.2 1.1 0.9–1.2

Negative likelihood ratio 0.0 - 0.0 -

Injury prevalence 33% 17%–53% 50% 31%–69%

Positive predictive value 35% 32%–37% 52% 48%–55%

Negative predictive value 100% 2.5%–100% 100% 2.5%–100.00%

Accuracy 37% 20%–56% 53% 34%–72%

HU ET AL. 5
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practice, comprehensive evaluation of intraarticular hip
pathology should bring together detailed clinical history,
focused physical examination, appropriately indicated
diagnostic imaging, and possible diagnostic anesthetic
injections to confirm the pain generator. The legacy
special tests of the hip are easily performed as a part of
an efficient yet detailed physical examination. If
desired, the Pendleton test may be incorporated into
the physical examination without difficulty as the first
part of the Pendleton test is performed similarly to those
of the legacy special tests. The addition of the second
half of the Pendleton test is also easily performed with-
out addition of significant time or effort. Still, the Pendle-
ton test remains only comparable to legacy special
tests where it displays adequate sensitivity and poor
specificity. If it demonstrates improved measurement
properties in the future with further research, the Pen-
dleton test may decrease the need for advanced imag-
ing with regards to clinical decision-making, especially
in resource-poor environments.

Limitations

A major limitation of this study was the reliance on MRI
as the standard for hip intraarticular pathology. The
presence of MRI findings does not necessarily correlate
with symptoms or clinical function.23 Conversely, the
absence of MRI findings also does not preclude
the clinical presentation of hip pain, especially in cases
where image-guided intraarticular diagnostic injections

to confirm the pain generator are performed.24,26 Future
research to reexamine the validity of the Pendleton test
may involve image-guided hip intraarticular anesthetic
injections as the standard to confirm hip intraarticular
pathology. It is also unclear if use of MR arthrography
may have changed the results of this study. Modern
imaging and processing technology have vastly
improved the accuracy of MRI in diagnosing intraarticu-
lar hip pathology without contrast.17,18

CONCLUSION

When compared with MRI, the Pendleton test exhib-
ited adequate sensitivity and poor specificity for
detecting intraarticular lesions of the hip. These find-
ings were comparable to the measurement properties
of legacy special tests of the hip, requiring further
research prior to employment of the Pendleton test in
clinical practice. The test–retest and intertester reli-
ability of the Pendleton test were excellent. The pres-
ence of intraarticular lesions on MRI was not
associated with hip pain level and found in only one-
third to one-half of the patients. Given that all of the
special tests, including the Pendleton test, exhibited
fairly poor validity, evaluation should not be overly
dependent on specific physical examination tests or
advanced imaging in isolation. Rather, assessment
should combine clinical history, physical examination
tests, appropriate diagnostic imaging, and possible
diagnostic intraarticular anesthetic injections.

F I GURE 3 Receiver operator curve evaluating the validity of the Pendleton test for anterior or any intraarticular lesions identified on
magnetic resonance imaging. AUC, area under the curve; ROC, receiver operator curve.

6 VALIDITY AND RELIABILITY OF THE “PENDLETON TEST”
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