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ABSTRACT
Background Hip Physical Examination (HPE) tests have 

long been used to diagnose a myriad of intra-and extra-

articular pathologies of the hip joint. Useful clinical utility 

is necessary to support diagnostic imaging and subse-

quent surgical decision making.

Objective Summarise and evaluate the current research 

and utility on the diagnostic accuracy of HPE tests for 

the hip joint germane to sports related injuries and 

pathology.

Methods A computer-assisted literature search of 

MEDLINE, CINHAL and EMBASE databases (January 

1966 to January 2012) using keywords related to diag-

nostic accuracy of the hip joint. This systematic review 

with meta-analysis utilised the Preferred Reporting Items 

for Systematic Reviews and Meta-Analyses (PRISMA) 

guidelines for the search and reporting phases of the 

study. Der-Simonian and Laird random effects models 

were used to summarise sensitivities (SN), specifi cities 

(SP), likelihood ratios and diagnostic OR.

Results The employed search strategy revealed 25 

potential articles, with 10 demonstrating high quality. 

Fourteen articles qualifi ed for meta-analysis. The meta-

analysis demonstrated that most tests possess weak 

diagnostic properties with the exception of the patellar-

pubic percussion test, which had excellent pooled SN 95 

(95% CI 92 to 97%) and good specifi city 86 (95% CI 78 

to 92%).

Conclusion Several studies have investigated pathology 

in the hip. Few of the current studies are of substantial 

quality to dictate clinical decision-making. Currently, only 

the patellar-pubic percussion test is supported by the 

data as a stand-alone HPE test. Further studies involving 

high quality designs are needed to fully assess the value 

of HPE tests for patients with intra- and extra-articular 

hip dysfunction.

INTRODUCTION
Sports related hip injuries are common among ath-
letes of all ages who participate in sports that are 
associated with trauma or repetitive strains at the 
hip joint.1 2 Hip specifi c injuries may include sports 
hernia,3 labral tears,4 pathological fractures,4 avas-
cular necrosis4 and trochanteric pain syndrome.5 
Associated disorders that the athlete may pres-
ent for medical assessment/evaluation are and 
femoroacetabular impingement syndrome6 and 
osteoarthritis.7

With the evolution of improved diagnostic 
imaging and advanced surgical techniques, exam-
ination of the coxofemoral (hip) joint and periar-
ticular structures as a primary pain source for hip 
related pain/dysfunction has received a signifi -
cant increase in attention.8 Despite the increased 

attention, differential diagnosis of the hip joint 
continues to pose a diagnostic dilemma, particu-
larly given pain in the hip region is often diffi cult 
to localise to a specifi c pathological structure.9 10 
Although limited information exists in support 
of diagnostic utility, emphasis on patient history, 
clinical examination fi ndings, MRI, arthrogram 
and anaesthetic intra-articular injection pain 
response is currently advocated for determining 
the presence of intra-articular hip joint patholo-
gy.11 Combined use of these examination pro-
cesses by healthcare practitioners has been only 
marginally effective. Authors have reported that 
patients visit, on average, 3.3 healthcare providers 
before being correctly diagnosed with a hip labral 
tear over a period of 21 months.12

Further complicating the diagnostic challenge 
for hip joint pathologies is the complex regional 
anatomy and biomechanics of the hip joint.13 The 
concept of overlapping and multifarious referral 
pain patterns, along with the recognition of the 
mechanical relationship between the hip and 
spine,14–21 has led to various differential diagnos-
tic pathways.9 22–25

In an attempt to improve the level of consensus 
among specialists treating hip pathology, a com-
mon language and protocol, although specifi c to 
labral pathology,9 has been described, including 
commonly used hip physical examination (HPE) 
tests.26 Lacking in this detailed description of the 
hip clinical examination is the diagnostic accu-
racy and subsequent quality of such tests. To our 
knowledge, a comprehensive review of the diag-
nostic accuracy of HPE tests does not exist, specifi -
cally for sports related hip injuries. Consequently, 
the purpose of this study was to conduct a sys-
tematic review and meta-analysis of the literature 
regarding the diagnostic accuracy of HPE tests 
relevant to patients injured in sport related activi-
ties and with diagnoses affi liated with intra- and 
extra-articular pathology of the hip with appro-
priate criterion reference standards in cohort, case 
control and/or cross sectional design studies.

METHODS
Study design
The Preferred Reporting Items for Systematic Reviews 
and Meta-Analyses (PRISMA) guidelines were 
utilised during the search and reporting phase 
of this systematic review/meta-analysis. The 
PRISMA statement includes a 27-item checklist 
that is designed to be used as a basis for report-
ing systematic review of randomised trials.27 The 
PRISMA checklist and fl ow diagram were created 
to be used prospectively during the creation of 
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systematic reviews and meta-analyses and was used as such 
in this systematic review.

Search strategy
Identifi cation and selection of the literature
A systematic, computerised search of the literature in 
MEDLINE, CINAHL and EMBASE databases (the search strat-
egy is shown in Appendix I) was concluded in January 2012. 
The reference lists of all selected publications were checked to 
retrieve relevant publications that were not identifi ed in the 
computerised search. Grey literature was also hand searched 
by one of the authors (MPR) and included publications, post-
ers, abstracts, or conference proceedings. To identify relevant 
articles, titles and abstracts of all identifi ed citations were 
independently screened by 2 reviewers (AAW and EJH). Full-
text articles were retrieved if the abstract provided insuffi cient 
information to establish eligibility or if the article had passed 
the fi rst eligibility screening.

Selection criteria
All articles examining HPE tests specifi c to the hip were eli-
gible for this study. A HPE test was operationally defi ned as 
a stand-alone, clinical test (eg, special test) representative of 
a pathological condition of the hip joint. An article was fur-
ther eligible if it met all of the following criteria: 1) patients 
presented with hip or groin pain, 2) a cohort, case control, 
and/or cross sectional design was used, 3) inclusion of at least 
one clinical examination test used to evaluate intra-or extra-
articular pathology, 4) was compared against an acceptable 
criterion reference, 5) and reporting of diagnostic accuracy of 
the measures (eg, sensitivity (SN) and specifi city (SP), or was 
present and 6) the article was in English.

An article was excluded if 1) the pathology was associated 
with a condition that was isolated elsewhere (eg, lumbar spine) 
but referred pain to the hip, 2) the studies omitted values of 
either SN or SP, 3) if the clinical examination test was per-
formed under any form of anaesthesia or in cadavers, 4) if 
those studies that used instrumentation that was not readily 
available to all clinicians, 5) only individual physical clini-
cal tests were included and 6) if studies were performed on 
infants/toddlers.

All criteria were independently applied by 2 reviewers (AAW 
and EJH) to the full text of the articles that passed the fi rst 
eligibility screening. In case of disagreement, a third author 
(MPR) was consulted to discuss and solve the disagreement.

Quality assessment
The original Quality Assessment of Diagnostic Accuracy 
Studies tool (QUADAS 1) was used to analyse the quality 
of the study (Appendix II). QUADAS 1 consists of 14 items 
with each having a ‘yes/no/unclear’ answer option. A ‘yes’ 
score indicated suffi cient information, with bias considered 
unlikely. A ‘no’ score indicated suffi cient information, but 
with potential bias from inadequate design or conduct. An 
‘unclear’ score indicated that insuffi cient information was 
provided in the article or the methodology was unclear. The 
total score was the count of all of the criteria that scored ‘yes’, 
which was valued as ‘1’ whereas, ‘no’ and ‘unclear’ scores car-
ried a zero score value. The maximum attainable score on the 
criteria list was 14. The methodological quality of each of the 
studies was independently assessed by two additional review-
ers (MPR and CEC). Disagreements among the reviewers were 
discussed and resolved with consensus. Inter-rater reliability 

was confi gured with weighted κ. Qualitatively, studies that 
exhibit higher QUADAS values are associated with less risk 
of design bias than those of lower values. We stratifi ed studies 
as high quality/low risk of bias if the QUADAS score was 10 
or greater, and low quality/high risk of bias of the study score 
less than 10 on the QUADAS since this dichotomising stratifi -
cation level had been utilised previously.28

A second iteration of QUADAS (QUADAS 2) was introduced 
in 2011.29 The QUADAS 2 involves qualitative scoring and at 
present has yielded poor agreement among tool users. The 
tool primarily is used to determine whether there are risks of 
bias within a study and whether the applicability of the study 
is appropriate. We opted not to use the QUADAS 2 since we 
could not yield a total score and since the interrater reliability 
of the tool appears to be questionable.

Data abstraction
One reviewer (MPR) independently extracted information 
and data regarding study population, setting, HPE test perfor-
mance, hip pathology, diagnostic reference-standard, number 
of true positives, false positives, false negatives and true nega-
tives for meta-analysis. Sensitivity, SP, positive likelihood ratio 
(LR+), and negative likelihood ratio (LR-) were also calculated 
and/or reported to determine clinical utility of the HPE tests. 
Sensitivity is defi ned as the percentage of people who test pos-
itive for a specifi c disease among a group of people who have 
the disease. Specifi city is the percentage of people who test 
negative for a specifi c disease among a group of people who do 
not have the diagnosis/disorder. A LR+ is the ratio of a positive 
test result in people with the pathology to a positive test result 
in people without the pathology. A LR+ identifi es the strength 
of a test in determining the presence of a fi nding, and is cal-
culated by the formula: SN/(1-SP). A LR- is the ratio of a nega-
tive test result in people with the pathology to a negative test 
result in people without the pathology, and is calculated by the 
formula: (1-SN)/SP. The higher the LR+ and lower the LR- the 
greater the post-test probability is altered. Post-test probability 
can be altered to a minimal degree (LR+’s of 1 to 2, or LR-‘s of 
.5 to 1), to a small degree (LR+’s of 2 to 5 and LR-‘s of .2 to .5), 
to a moderated degree (LR+’s of 5 to 10, LR-‘s of .1 to .2) and to 
a signifi cant and almost conclusive degree (LR+’s greater than 
10, LR-‘s less than 0.1).30

Meta-Analysis
Studies were explored for statistical pooling where ≥ 2 stud-
ies examined the same index test and diagnosis with the 
same reference standard. Der-Simionian and Laird31 random 
effects models, which incorporate both between and within 
study heterogeneity into summary estimates, were used to 
produce summary estimates of SN, SP, LR+, LR-, and diag-
nostic OR (DOR) for those studies with the same reference 
standard. When appropriate (ie, >2 homogenous studies), the 
joint distribution of SN and SP were analysed with the Moses-
Shapiro-Littenberg linear model methods to draw sROC and 
calculate the area under the curve (AUC) and Q*as measures 
of test accuracy.32 Heterogeneity was tested with χ2 tests and 
Cochrane-Q to estimate between-study heterogeneity, of SN 
and SP and likelihood ratios respectfully, with values of p<0.10 
indicating signifi cant heterogeneity. Publication bias was not 
formally tested due to limitations of the tests with less than 
10 studies.33 No signifi cant threshold effects were found using 
Spearman correlation coeffi cients. Cell counts of zero are com-
mon in diagnostic accuracy studies and when cell counts of 
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zero were encountered, 0.5 was added to all four cells as sug-
gested by Cox.34 All analyses were conducted by one of the 
authors (APG) in Meta-DiSc version 1.4.35

RESULTS
Selection of studies
A computerised search, along with reference checking, yielded 
a total of 25 studies for inclusion in the review (fi gure 1). A 
total of 127 out of 152 articles were excluded for not report-
ing of both SN and SP. Multiple studies were performed on 
cohorts of subjects with defi ned or suspected pathology, limit-
ing reporting of SP. Out of the 25 total studies investigated, 
20 studies examined intra-articular and/or fracture patholo-
gies (two studies for hip osteoarthritis, 12 studies for impinge-
ment/labral tear/intra-articular pathology, fi ve studies for 

fracture of the hip or femur and one study for avascular necro-
sis), while fi ve studies investigated extra-articular pathologies 
(three studies for gluteal tendinopathy, and only one each for 
the diagnoses of sports related chronic groin pain and leg com-
plaints in endurance athletes due to vascular causes.

Quality scores
The weighted κ between testers for the overall score using 
QUADAS was 0.68 (95% CI 0.31to 0.73). For the individual 
items of the QUADAS, items 2, 5, 6, 7, 8, 9, 11, and 14 had 100% 
agreement, items 3 and 12 had 93% agreement, items 1 and 4 
had 90% agreement, item 10 had 87% agreement, and item 
13 had 78% agreement between raters. κ values in the range 
of 0.41 to 0.60, 0.61 to 0.80, and 0.81 to 1.00 are labelled as 
strength of agreement as ‘moderate’, ‘substantial’, and ‘almost 
perfect’ respectively.36 Using our arbitrary stratifi cation of 
the QUADAS, the assessment of the 25 articles retained for 
this review indicated that 10 articles were of high quality/low 
risk of bias and the remaining 15 articles had QUADAS scores 
below 10 out of 14 points, yielding low quality/high risk of 
bias (tables 1–7).

RESULTS OF INDIVIDUAL DIAGNOSTIC CLINICAL TESTS
The defi nition of each HPE test was variable among the stud-
ies. Therefore, in order to allow the clinician and researcher 
the ability to compare HPE diagnostic values, each HPE was 
grouped according to how it was performed. All similarly 
performed HPE tests were then grouped and compared sta-
tistically when appropriate. Additionally, the reliability and 
diagnostic accuracy of each test is listed to allow the reader to 
discern their clinical applicability.

Intra-articular pathology and/or fracture
Hip osteoarthritis
Two studies met inclusion criteria for the diagnosis of hip 
osteoarthritis (table 1).37 38 Trendelenburg’s test, resisted hip 
abduction,37 and FABER’s test38 were investigated and were 
considered high quality studies. Of the three tests the resisted 
hip abduction test yielded small post-test probability infl uence 
(LR+ 3.5), the highest of the three.

Impingement/labral/intra-articular pathology
Twelve studies met inclusion criteria for diagnosis of impinge-
ment/labral/intra-articular pathology (table 2).11 39–49 The 
FABER test was utilised in three studies.11 39 40 The SN values 

Table 1 Summary of articles reporting on the diagnostic accuracy of OSTs for pathologies of the hip: hip osteoarthritis

Test, authors Subjects Age (mean, SD) Gender Pathology
Symptom 
duration

SN/SP 
(95% CI) LR+/LR- Q

Criterion 
standard SN/SP 
(95% CI) Reliability 

Trendelenburg’s sign

Youdas et al37 40 
subjects

50.4, 7.2 years (con-
trols); and 53.4, 9.0 
years; (pathology)

10 F in each 
group

Radiographic 
evidence for OA

NR 55 (NR)/70 
(NR)

1.83/0.82 10 Radiograph NR 0.63 ICC 
intra-rater

Resisted Hip Abduction

Youdas et al37 40 
subjects

50.4, 7.2 years (con-
trols); and 53.4, 9.0 
years; (pathology)

10 F in each 
group

Radiographic 
evidence for OA

NR 35 (NR)/90 
(NR)

3.5/0.72 10 Radiograph NR 0.97 ICC 
intra-rater

FABER’s Test

Sutlive et al38 72 
subjects 

58.6, 11.2 years (con-
trol); 61.1, 12.7 years; 
(pathology)

40 F (control); 
7 F (pathology)

Radiographic 
evidence of OA

From > 6 
months to 
> 5 years

57 (34 to 
77)/71 (56 
to 82)

1.9/0.61 12 Radiograph NR 0.47 κ 
inter-rater

F, female; ICC, Intra-class correlation; IR, internal rotation; LR+, positive likelihood ratio; LR-, negative likelihood ratio; M, male; NR, not reported; OST, orthopaedic special 
tests; Q, Quality Assessment of Diagnostic Accuracy Studies scores (QUADAS); SN, sensitivity (%); SP, specifi city (%); κ, kappa reliability statistic.

Figure 1 Diagram of study fl ow.
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for this test ranged from 42 to 81%, while the SP values ranged 
from 18 to 75%. Maslowski et al39 was the only study to 
investigate the scour, internal rotation with overpressure, and 
resisted straight leg raise tests. Six studies investigated the 
FADDIR test.11 40–44 All of these articles were available for 
meta-analysis. The SN values for this test ranged from 59 to 
100%, and the SP values ranged from 4 to 75%. The various 
pathologies captured in these studies are described in table 2. 
Leunig et al42 was the only study investigating the impinge-
ment provocation test. Three studies investigated the fl exion-
internal rotation test.45–47 All three studies were available for 
meta-analysis. The SN values for these tests ranged from 94 
to 98%, while the SP values ranged from 8 to 25%. One study 
comprised of 18 subjects with labral tear and various other 
pathologies investigated the internal rotation-fl exion-axial 
compression test.48 One study of 59 subjects with various 
intra-articular pathologies (labral tear, loose bodies, chondral 
defect and arthritic changes) investigated the Thomas test.49 
All of the studies in this category were of low quality/high risk 
of bias with the exception of one high quality/low risk of bias 

study.49 In general, these tests demonstrated greater SN than 
SP. The Thomas Test49 demonstrated value as both a screen 
and diagnostic test (SN 89%; SP 92%) with a LR+ of 11.1, indi-
cating the ability to alter post-test probability signifi cantly.

Fracture of hip or femur
Five studies met inclusion criteria for diagnosis of fracture 
of the hip or femur (table 3).50–54 Only one of the fi ve stud-
ies was of high quality according to our defi nition. This study 
investigated the patellar-pubic percussion test (PPPT)52 as did 
two other studies.50 51 All three studies found that the PPPT 
moderately infl uenced post-test probability as a stand-alone 
test with LR+ values ranging from 5.1 to 20.4, and LR- rang-
ing from 0.06 to 0.75. The remaining two studies investigated 
the stress fracture (fulcrum) test.53 54 All three studies were 
included in meta-analysis.

Avascular necrosis
Only one study examined the diagnostic accuracy of HPE tests 
for avascular necrosis of the hip and was limited to one high 
quality study on 176 subjects infected with HIV (table 4).55 

Table 3 Summary of articles reporting on the diagnostic accuracy of OSTs for pathologies of the hip: fracture of hip or femur

Test, authors Subjects
Age 
(mean, SD) Gender Pathology 

Symptom 
Duration

SN/SP 
(95% CI) LR+/LR- Q 

Criterion standard 
SN/SP (95% CI) Reliability 

Patellar-Pubic Percussion Test
Adams and 
Yarnold50

41 subjects NR NR Femoral neck, 
inter-trochanteric, 
trochanteric and 
acetabular fracture

NR 94 (NR)/95 
(NR)

20.4/0.06 8 Radiograph 90 to 95 
(NR)/68 to 100 (NR)80

89% 
inter-rater 
agreement

Bache and 
Cross51

100 subjects 78.6 years 82 F Femoral neck 
fracture

NR 91 (NR)/82 
(NR)

5.1/0.11 8 Radiograph 90 to 95 80 

(NR)/68 to 100 (NR)
NR

Tiru et al52 290 subjects 72, 
6.8 years

236 F Femoral neck 
fracture

NR 96 (87 to 
99)/86 
(49 to 98)

6.7/0.75 10 Radiograph 90 to 95 
(NR)/68 to 100 (NR)80; 
Bone scan 91(NR)/100 
(NR) 81; MRI 100 
(NR)/100 (NR)81; CT; NR

NR

Stress Fracture (Fulcrum) Test

Johnson et al53 7 subjects 19.8 years 4 F Proximal 1/3 
femoral shaft stress 
fracture

NR 93 (NR)/75 
(NR)

3.7/0.09 5 Bone scan 91(NR)/100 
(NR) 81; Radiograph 90 
to 95 (NR)/68 to 100 
(NR)80

NR

Kang et al54 6 subjects Range 
19–23 years

6 F Femoral shaft 
stress fracture

NR 88 (NR)/13 
(NR)

1.0/0.92 7 Radiograph 90 to 95 
(NR)/68 to 100 (NR) 80; 
Bone scan 91(NR)/100 
(NR) 81; MRI 100 
(NR)/100 (NR) 81

NR

F, female; LR+, positive likelihood ratio; LR-, negative likelihood ratio; NR, not reported; OST, orthopaedic special tests; Q, Quality Assessment of Diagnostic Accuracy 
Studies scores; SN, sensitivity (%); SP, specifi city (%).

Table 4 Summary of articles reporting on the diagnostic accuracy of OSTs for pathologies of the hip: avascular necrosis

Test, authors Subjects
Age 
(mean, SD) Gender Pathology 

Symptom 
duration

SN/SP 
(95% CI) LR+/LR- Q 

Criterion standard 
SN/SP (95% CI) Reliability 

Restricted/Painful Movement

Joe et al55 (extension < 15 
degrees)

176 
subjects

NR NR HIV infection 
with AVN

NR 19 (0 to 38)/92 
(89 to 95)

2.38/0.88 10 MRI 99 (NR)/99 
(NR)82

NR

Joe et al55 (external 
rotation < 60 degrees)

38 (14 to 61)/73 
(68 to 77)

0.48/0.85

Joe et al55 (pain with 
internal rotation)

13 (0 to 29)/86 
(83 to 90)

0.93/1.01

AVN, avascular necrosis; F, female; LR+, positive likelihood ratio; LR-, negative likelihood ratio; NR, not reported; OST, orthopaedic special tests; Q, Quality Assessment of 
Diagnostic Accuracy Studies scores (QUADAS); SN, sensitivity (%); SP, specifi city (%).
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The SN (range of 13 to 88%) and SP (range of 34 to 92%) 
was variable depending on the test, but none of the fi ndings 
reported LR+ ratio greater than 2.38 (extension < 15 degrees) 
or a LR- less than 0.35 (exam complex) indicating that at best, 
there are only small alterations in post-test probability for 
avascular necrosis (table 4).

Extra-articular pathology
Gluteal tendinopathy
Three studies met inclusion criteria for diagnosis of gluteal 
tendinopathy (table 5).56–58 All of the studies were of high 
quality/low risk of bias by our defi nition despite presenting 
a maximum of 40 subjects enrolled. Both passive (SN range 
of 43 to 53%; SP of 86%) and active hip internal rotation (SN 
of 31 and SP of 86%) appeared to be more specifi c than sensi-
tive for assessment of gluteal tendinopathy. The resisted exter-
nal derotation test58 demonstrates high SN and SP of 88 and 
97.3%, respectively.

Sports related chronic groin pain
Only one study met inclusion criteria for diagnosis of sports 
related chronic groin pain investigating the single adductor 

test, squeeze test, and bilateral adductor test (table 6).59 The 
bilateral adductor test was found to be most diagnostic of 
sports related chronic groin pain with reported SP of 93% with 
a LR+ of 7.7, whereas the squeeze test and single adductor test 
reported SP of 91% and LR+ of 4.8 and 3.3 respectively.59

Leg complaints in endurance athletes due to vascular causes
Only one study met inclusion criteria for assessment of leg 
complaints in endurance athletes due to vascular causes 
(table 7).60 This study was of low quality/high risk of bias as 
per our a priori QUADAS criteria. Assessment for a femoral 
bruit with the hip extended was found to be most diagnostic 
of leg complaints in these athletes with a SP of 94% and LR+ of 
6.0. Assessment of a femoral bruit with the hip fl exed, and the 
SI joint gapping test appear to be valuable as SN tests.

META-ANALYSIS
Table 8 provides diagnostic properties and total sample sizes of 
the 14 studies included in the meta-analysis. One study43 inves-
tigated the FADDIR test with both MRA and arthroscopy as 
a reference standard. Two other studies56 58 investigated both 

Table 5 Summary of articles reporting on the diagnostic accuracy of OSTs for pathologies of the hip: gluteal tendinopathy

Test, authors Subjects
Age 
(mean, SD) Gender Pathology 

Symptom 
Duration SN/SP (95% CI) LR+/LR- Q 

Criterion standard 
SN/SP (95% CI) Reliability

Trendelenburg’s Sign

Bird et al56 24 subjects Range 
36–75 years

24 F GMed tear and/or tendi-
nitis, partial tear

NR 73 (NR)/77 
(NR)

3.15/0.35 10 MRI SN 93 (NR)83 0.68 κ 
intra-tester

Woodley 
et al57

40 subjects 54.4, 
9.5 years

37 F Variable: GMed/GMin 
partial tear, tendino-
sis, bursitis, arthritic 
changes

Variable: < 1 
to > 5 years

23 (5 to 57)/94 
(53 to 100)

3.6/0.82 12 MRI SN 93 (NR)83 NR

Lequesne 
et al58

17 subjects 68.1, 
10.8 years

16 F GMed/GMin tear and/or 
tendinitis, bursitis

13, 10.5 months 
(mean)

97/ (NR)96 
(NR)

24.3/0.03 10 MRI SN 93 (NR)83; 
Surgery; NA

NR

Resisted Hip Abduction

Bird et al56 24 subjects Range 
36–75 years

24 F GMed tear and/or tendi-
nitis, partial tear

NR 73 (NR)/46 
(NR)

1.35/0.59 10 MRI SN 93 (NR)83 0.63 κ 
intra-tester

Lequesne 
et al58

17 subjects 68.1, 
10.8 years

16 F GMed/GMin tear and/or 
tendinitis, bursitis

13, 10.5 months 
(mean)

71 (NR)/97 
(NR)

23.7/0.30 10 MRI SN 93 (NR)83 

Surgery; NA
NR

Resisted Internal Rotation

Bird et al56 24 subjects Range 
36–75 years

24 F GMed tear and/or tendi-
nitis, partial tear

NR 55 (NR)/69 
(NR)

1.77/0.66 10 MRI SN 93 (NR)83 0.03 κ 
intra-tester

Resisted External Derotation Test
Lequesne 
et al58

17 subjects 68.1, 
10.8 years

16 F GMed/GMin tear and/or 
tendinitis, bursitis

13, 10.5 months 
(mean)

88 (NR)/97.3 
(NR)

32.6/0.12 10 MRI SN 93 (NR)83 NR

F, female; GMed, gluteus medius; GMin, gluteus minimus; LR+, positive likelihood ratio; LR-, negative likelihood ratio; NR, not reported; OST, orthopaedic special tests; 
Q, Quality Assessment of Diagnostic Accuracy Studies scores (QUADAS); SN, sensitivity (%); SP, specifi city (%); κ, kappa reliability statistic.

Table 6 Summary of articles reporting on the diagnostic accuracy of OSTs for pathologies of the hip: sports related chronic groin pain

Test, authors Subjects
Age 
(mean, SD) Gender Pathology

Symptom 
duration SN/SP (95% CI) LR+/LR- Q

Criterion standard 
Criterion Standard 
SN/SP (95% CI) Reliability 

Single Adductor Test

Verrall et al59 89 Australian Rules 
football players

NR 89 M Bone marrow 
oedema

NR 30 (NR)/91 (NR) 3.3/0.66 7 MRI 78 (NR)/88 
(NR) (84)

NR

Squeeze Test

Verrall et al59 89 Australian Rules 
football players

NR 89 M Bone marrow 
oedema

NR 43 (NR)/91 (NR) 4.8/0.63 7 MRI 78 (NR)/88 
(NR) (84)

NR

Bilateral Adductor Test

Verrall et al59 89 Australian Rules 
football players

NR 89 M Bone marrow 
oedema

NR 54 (NR)/93 (NR) 7.7/0.49 7 MRI 78 (NR)/88 
(NR) (84)

NR

LR+, positive likelihood ratio; LR-, negative likelihood ratio; M, male; NR, not reported; OST, orthopaedic special tests; Q, Quality Assessment of Diagnostic Accuracy 
Studies scores (QUADAS); SN, sensitivity (%); SP, specifi city (%).
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the Trendelenburg and resisted hip abduction test. Figures 2 
and 3 display the ROC Curve and Forest Plot for the PPPT. Of 
the studies selected for inclusion in the systematic review, fi ve 
tests met eligibility for analysis of heterogeneity and potential 
pooling of data: FADDIR for labral tear, Flexion IR for labral 
tear, and PPPT for femoral fracture and Trendelenburg and 
resisted hip abduction both for gluteal tendinopathy. A total 
of six articles were available for meta-analysis addressing the 
FADDIR test for labral tear.11 40–44 A total of three articles each 
per test were available for meta-analysis addressing the fl exion 
internal rotation test for labral tear45–47 and the PPPT for femo-
ral fracture.50–52

Only the FADDIR test and Flexion IR test were available 
for meta-analysis relative to diagnosis of hip labral tear. 
The FADDIR test was analysed separately for the reference 

standards of MRA and arthroscopy. One study used both 
MRA and arthroscopy as a reference standard; therefore the 
analysis was performed separately for each.43 One study used 
injection response as the reference standard for labral tear 
and impingement and was not included in either analysis.11 
The summary SN was excellent for both the FADDIR test 99 
(95% CI 95 to 100) and the Flexion IR test 96 (95% CI 82 to 
100) whereas the SP of both tests was poor. The DORs for both 
test were weak and contained the null value; therefore unlikely 
to provide any diagnostic discriminative ability for labral 
tear. Data were extracted from three of the studies for the 
FABERs test for intra-articular pathology; however, all three 
used a different criterion standard (MRA, injection, pain 
improvement) and were therefore not eligible for further 
analyses.

Table 7 Summary of articles reporting on the diagnostic accuracy of OSTs for pathologies of the hip: Leg Complaints in Endurance Athletes due 
to Vascular Causes

Test, authors Subjects Age (mean, SD) Gender Pathology 
Symptom 
Duration SN/SP (95% CI) LR+/LR- Q 

Criterion standard 
SN/SP (95% CI) Reliability

Femoral Bruit with Extended Hip

Schep et al60 80 subjects 31.4, 7.0 years 14 F Vascular cause 
of leg pain

NR 36 (NR)/94 (NR) 6.0/0.68 6 Validated Clinical 
Classifi cation 88 
(NR)/83 (NR)85

0.56 κ 
 intertester

Femoral Bruit with Flexed Hip

Schep et al60 80 subjects 31.4, 7.0 years 14 F Vascular cause 
of leg pain

NR 76 (NR)/65 (NR) 2.2/0.37 6 Validated Clinical 
Classifi cation 88 
(NR)/83 (NR)85

0.56 κ 
 intertester

Normal SI Joint Gapping Test

Schep et al60 80 subjects 31.4, 7.0 years 14 F Vascular cause 
of leg pain

NR 90 (NR)/26 (NR) 1.2/0.38 6 Validated Clinical 
Classifi cation 88 
(NR)/83 (NR)85

0.56 κ 
 intertester

Cycling Test (Ankle Pressure <107 mm Hg)

Schep et al60 80 subjects 31.4, 7.0 years 14 F Vascular cause 
of leg pain

NR 53 (NR)/85 (NR) 3.5/0.56 6 Validated Clinical 
Classifi cation 88 
(NR)/83 (NR)85

0.56 κ 
 intertester

Cycling Test (Ankle Brachial Index <0.54)

Schep et al60 80 subjects 31.4, 7.0 years 14 F Vascular cause 
of leg pain

NR 43 (NR)/1.0 (NR) Infi nite/0.57 6 Validated Clinical 
Classifi cation 88 
(NR)/83 (NR)85

0.56 κ 
 intertester

Cycling Test (Ankle difference >23 mm Hg)

Schep et al60 80 subjects 31.4, 7.0 years 14 F Vascular cause 
of leg pain

NR 73 (NR)/95 (NR) 14.6/0.28 6 Validated Clinical 
Classifi cation 88 
(NR)/83 (NR)85

0.56 κ 
 intertester

F, female; LR+, positive likelihood ratio; LR-, negative likelihood ratio; M, male; NR, not reported; OST, orthopaedic special tests; Q, Quality Assessment of Diagnostic 
Accuracy Studies scores (QUADAS); SN, sensitivity (%); SP, specifi city (%).

Table 8 Pooled diagnostic properties and for the diagnosis of labral tear, femoral fracture and gluteal tendinopathy

Diagnostic test
Number studies sample 
size (n) SN (95% CI) SP (95% CI) -LR (95% CI) +LR (95% CI) DOR (95% CI)

Labral Tear
FADDIR (MRA) 4 (n=128) 40 41 43 44 94 (88 to 97)* 8 (2 to 20)* 0.48 (0.20 to 1.16) 1.02 (0.96 to 1.08) 4.28 (0.63 to 29.09)
FADDIR (Arthroscopy) 2 (n=157) 42, 43 99 (95 to 100) 7 (0 to 34) 0.15 (0.01 to 2.24) 1.06 (0.92 to 1.21) 7.27 (0.42 to 125.60)
Flexion IR 3 (n=42) 45–47 96 (82 to 100) 17 (12 to 54) 0.27 (0.03 to 2.34) 1.12 (0.83 to 1.51) 4.23 (0.38 to 47.28)
Femoral Fracture
Patellar-Pubic Percussion 3 (n=782) 50–52 95 (92 to 97) 86 (78 to 92) 0.07 (0.03 to 0.13) 6.11 (3.73 to 10.03) 96.42 (36.34 to 255.87)
Gluteal Tendinopathy
Trendelenburg 3 (n=78) 56–58 61 (46 to 75)* 92 (83 to 97) 0.25 (0.02 to 3.15)* 6.83 (1.64 to 28.46)* 26.46 (1.92 to 365.23)*
Resisted Hip Abduction 2 (n=79) 56–58 71 (51 to 87) 84 (71 to 93)* 0.37 (0.20 to 0.69) 5.50 (0.13 to 241.25)* 13.24 (0.36 to 484.13)*

DerSimoninian-Laird random-effects models used throughout.
*indicates those properties demonstrating signifi cant heterogeneity (p<0.10).
DOR, diagnostic OR; FADDIR, fl exion, adduction, internal rotation test; LR+, positive likelihood ratio; LR-, negative likelihood ratio; SN, sensitivity (%); SP, specifi city (%).
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Figure 2 Pooled sensitivity,specifi city,negative liklihood ratio, 
positive likelihood ratio and diagnostic OR with 95% CI for the patella 
percussion test.

Figure 3 Summary symmetrical receiver operating curve (sROC) 
for the three studies for patella precussion test. Area under the curve 
(AUC) and Q* and their SE are provided as measures of test accuracy.

For the PPPT, the meta-analytic summary estimates of this 
test were good-to-excellent for SN 95% (95% CI 92 to 97%), 
SP 86% (95% CI 78 to 92%) and the DOR 96.42 (95% CI 36.34 
to 255.87). The AUC (0.97) and Q* statistic (0.92) both indicate 
excellent accuracy of the PPPT. Data were also extracted for 
two studies for the fulcrum test for stress fracture; however, 
both of these studies used different reference standards (ie, 
radiography, bone scan or MRI) and were therefore not eligible 
for further summary analyses.

The meta-analytic summary estimates for the Trendelenburg 
test were good for SN 61:95% CI 46 to 75%), good-to-excellent 
for SP 92% (95% CI 83 to 97%) and the DOR 26.46 (95% CI 
1.92 to 365.23), while those for the resisted hip abduction test 
were good for SN 71:95% (CI 51 to 87%), SP 84% (95% CI 71 to 
93%) and the DOR 13.24 (95% CI 0.36 to 484.13).

DISCUSSION
Our study reviewed a broad spectrum of HPE tests designed to 
detect intra and extra-articular hip pathology. Similar to what 
others have found in the spine,61 shoulder28 and knee,62 the 
majority of HPE tests for the hip are defi cient for contributing 
to post-test probability for a dedicated hip specifi c diagnoses. 
The majority of stand-alone HPE tests do not demonstrate 
high levels of SN and/or SP,10 28 62 thus questioning their clini-
cal utility as stand-alone tests. Only fi ve tests (in 14 studies) 
were included in the meta-analysis, and of those the PPPT was 
the only one to signifi cantly alter post-test probability. Indeed, 
additional high quality studies are needed before most HPE 
tests can be recommended as stand-alone diagnostic tests.

There are a number of reasons for the poor clinical utility 
of the majority of the HPE tests. First, the overlap in signs, 
symptoms and pathomechanics between many intra-articular 
pathologies,63–66 as well as changes associated with disease 
progression,65 may lead to misdiagnoses.12 Second, the major-
ity of the HPE tests for the intra-articular pathologies of hip OA, 
labral tear and avascular necrosis were highly SN with poor SP. 
Consequently, a positive test means very little in the diagnosis 
of a condition such as a labral pathology since the same tests 
will also be positive in other disparate conditions. Only the 
Thomas test was found to substantially improve probability 
for diagnosis of labral tears. One of the primary predispos-
ing factors to labral tear is femoroacetabular impingement,63 

64 which involves abutment between the femoral head and 
acetabular rim in an adducted and internally rotated position 
of the hip.63 64 Although the Thomas test does not reproduce 
this position, or account for the other primary etiological fac-
tors (capsular laxity, dysplasia, trauma, or degeneration)63 64 it 
does recreate hip extension, which has been shown to recreate 
the greatest forces on the hip joint.67 Additional support for 
utilisation of the Thomas test for labral tear testing is the fact 
that the majority of labral tears are in the anterior portion of 
the hip joint.68 Last, there is a risk that the lower quality of 
studies fails to fully discriminate the true utility of the HPE 
tests and further studies, that exhibit higher quality, may yield 
fi ndings that are notably different than those identifi ed in this 
review.

Of the studies examining diagnostic accuracy of HPE tests 
for gluteal tendinopathy, only the resisted external derotation 
test demonstrated the ability to modify the post-test prob-
ability of a gluteal tendinopathy diagnosis. Clinical features of 
gluteal tendinopathy include pain reproduction with passive 
elongation of the involved tendons, as well as active contrac-
tion of these same tendons.58 This test replicated both of these 
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clinical features, therefore likely improving its diagnostic accu-
racy. Many study design related shortcomings limit the inter-
pretability and generalisabity of these tests. A prime example 
is the previously described Lequesne et al article.58 Despite the 
low bias found on the QUADAS, the sample size included only 
17 patients limiting the external generalisability.

The HPE test demonstrating the strongest diagnostic value 
was the PPPT which yielded both excellent SN and SP in three 
different studies. Previous investigation has also supported 
the tuning fork and stethoscope as a valid measure of frac-
ture assessment in multiple other bones.69 This fi nding was 
particularly the case in transverse fractures, which likely have 
suffi cient space created by the fracture to decrease the sound 
the tuning fork produces.69 The strong diagnostic value of 
this test provides the clinician with an increased sense of 
its clinical utility, especially in light of ease of application, 
access to radiology, and cost-effectiveness in prescription of 
radiology.

Worth noting is the dichotomy between a quality study and 
the results of a study. The two must be considered together 
when advocating the use of HPE tests for clinical practice. In 
our study, we used the original QUADAS tool (QUADAS 1) 
and a cut off of 10 or higher to defi ne high quality. Others28 61 

62 70 have used this value to defi ne higher quality studies. The 
majority of studies scored below 10 and had notable defi cien-
cies associated with bias, that were captured by the QUADAS 
1 tool. Despite the fact that many of the studies included 
scored as ‘high quality/low risk of bias’ in this review, there 
are several notable factors which may question the quality of 
these studies. Many of the studies had very low sample sizes 
and compared against control groups that were of healthy 
individuals, all elements which are known to infl uence study 
bias,71 and which are not part of the QUADAS 1 tool. Although 
we are uncertain if the QUADAS 2 tool improves the capacity 
of identifying biases beyond QUADAS 1 it is worth noting 
that a better measure of study bias toward overall outcome 
is needed as is a mechanism to better defi ne high versus low 
quality.

Another consideration is the limited capacity of a single test 
for making a defi nitive clinical decision.61 Clustering tests does 
appear to provide more promising fi ndings and the process of 
clustering to produce a preponderance of evidence of the exis-
tence of a hip specifi c diagnosis is more closely associated to 
actual clinical examination. One such study, eliminated from 
this review with our exclusion criteria, was the clinical predic-
tion rule for detecting hip OA.38 This study appears to be the 
only one of any clinical value for diagnosing hip OA. Future 
studies should investigate the diagnostic capabilities of these 
stand-alone tests when used in clusters.

Finally, it is important to consider the accepted criterion 
standard used in diagnostic accuracy studies from which to 
compare HPE tests. Not all criterion standards utilised in these 
studies were of equal value. Magnetic resonance arthrogra-
phy is suggested as the preferred imaging criterion reference 
for labral tear pathology.10 72 CT and MRI are therefore less 
ideal imaging standards. The use as intra-articular injections 
has also been suggested as the less preferable alternative.11 
With respect to hip OA, plain fi lm radiographs, are confi r-
matory for moderate to advanced hip OA. Plain radiographs 
are less useful in demonstrating early OA joint changes.73 
Additionally, to the authors knowledge, the diagnostic accu-
racy of hip OA fi ndings on radiographs has not been deter-
mined. In light of this uncertainty, and inconsistent use of true 
criterion standards, judgment of the clinical utility of each of 

the HPE tests investigated in this study therefore requires 
careful consideration.

Therefore, the extreme number of imperfect and occasion-
ally disparate reference standards existing across many of the 
hip-related diagnoses is of diagnostic importance because the 
use of different reference standards has also been recognised 
as a large source of bias and can lead to widely different diag-
nostic accuracy values across studies74 75 and may trend toward 
underestimating the value of a test.76 The hip is laden with 
symptom-based diagnoses. Symptom-based diagnoses may 
look markedly different from person to person and are based 
on a collection of symptoms versus a true, well understood 
biological cause. It is our impression that FAI, sports related 
chronic groin pain, and OA all fall within this categorisation. 
This dilemma, which is not unique to the hip, creates contro-
versy and discourse among research clinicians and is typically 
adjusted through selected meta-analytic statistical methods.76 77 
The models used in this meta-analysis, Der-Siminon and Laird 
random effects models31 take into account heterogeneity pro-
duced from using different reference standards. If there were 
any differences between the estimates from different refer-
ence standards, we analysed them separately.

Limitations
This review is not without limitations. One limitation of this 
study is our use of stratifi ed QUADAS scores to organise study 
quality. Although many studies have used QUADAS sum-
mary scores,28 61 62 70 others have cautioned against the use 
of a dedicated quality score,75 As noted, it is very likely that 
some of the scoring of studies that were ranked as high quality 
were likely infl ated because QUADAS 1 does not have a qual-
ity item score for sample size, case control designs, or other 
areas which may greatly infl ate or poorly represent true study 
quality. Our meta-analytical results for likelihood ratios and 
DORs were not statistically signifi cant for most diagnostic 
tests and some had signifi cant heterogeneity. The small num-
ber of studies and number of subjects within these studies is 
one possible reason for the lack of statistical signifi cance and 
decreased precision of the pooled estimates. An additional 
limitation is the lack of comparison of patient inclusion and 
exclusion criteria across the studies. Because many of the stud-
ies are older and were published before prospective guidelines 
for diagnostic accuracy the robustness of reporting inclusion/
exclusion criteria was highly variable among studies and very 
diffi cult to comprehensively describe in this review. Lastly, 
only one author pulled data points, which increases the risk 
of potential error.

CONCLUSIONS
In terms of individual HPE tests of the hip, the PPPT demon-
strated strong diagnostic accuracy properties for ruling in/
ruling out femur fracture; the resisted external derotation test 
shows promise in diagnosis of a gluteal tendinopathy and the 
Thomas test shows intriguing fi ndings with respect to a labral 
tear. Caution should be used since a single HEP test may not 
yield diagnostic fi ndings that are compelling.
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What is already known on this topic

▶  Hip physical examination (HPE) tests, in combination 
with imaging and a detailed clinical history are routinely 
used in clinical practice to detect various intra-and extra-
articular hip pathologies.

▶  Hip joint clinical examination has traditionally focused on 
variable versions of HPE tests.

▶  Variable criterion reference standards have been utilised 
when investigating various hip pathologies, especially 
labral tear/impingement and fractures.

▶  Various levels of diagnostic accuracy have been reported 
for HPE tests.

What this study adds

▶  There is limited evidence to support the use of HPE tests 
as stand-alone clinical tests for the diagnosis of hip 
related pathology.

▶  Meta-analysis for the patellar-pubic percussion test 
shows that this test has discriminatory ability for diagno-
sis of femur fracture.

▶  Other individual HPE tests investigated in this study have 
limited discriminatory ability to diagnose the variable 
other hip pathologies due to various reasons including 
limited study quality and limitations in criterion reference 
standards in some cases.

Recommendations are as follows

▶  The patellar-pubic percussion test is a useful diagnostic 
test for hip fracture.

▶  Clinicians should not rely on a single HPE test when diag-
nosing other hip joint pathologies.
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