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reater Trochanteric Pain Syndrome: Epidemiology and
ssociated Factors

eil A. Segal, MD, David T. Felson, MD, James C. Torner, PhD, Yanyan Zhu, MSc,
effrey R. Curtis, MD, MPH, Jingbo Niu, DSc, Michael C. Nevitt, PhD, for the Multicenter Osteoarthritis

MOST) Study Group

i
l
p
g
n

c
R

G
c
t
e
i
n
e
a
P
m
t

g
m
d
h
e
s
t
w
h
s
a
e
t
a

b
S
b
s
t

b
f
s
i
s
G
b
p

ABSTRACT. Segal NA, Felson DT, Torner JC, Zhu Y,
urtis JR, Niu J, Nevitt MC, for the Multicenter Osteoarthritis

MOST) Study Group. Greater trochanteric pain syndrome:
pidemiology and associated features. Arch Phys Med Rehabil
007;88:988-92.

Objectives: To describe the prevalence of greater trochan-
eric pain syndrome (GTPS); to determine whether GTPS is
ssociated with iliotibial band (ITB) tenderness, knee osteoar-
hritis (OA), body mass index (BMI), or low back pain (LBP);
nd to assess whether GTPS is associated with reduced hip
nternal rotation, physical activity, and mobility.

Design: Cross-sectional, population-based study.
Setting: Multicenter observational study.
Participants: Community-dwelling adults (N�3026) ages

0 to 79 years.
Interventions: Not applicable.
Main Outcome Measures: Greater trochanteric tenderness

o palpation in subjects with complaints of hip pain and no
igns of hip OA or generalized myofascial tenderness.

Results: The prevalence of unilateral and bilateral GTPS
as 15.0% and 8.5% in women and 6.6% and 1.9% men. Odds

atio (OR) for women was 3.37 (95% confidence interval [CI],
.67�4.25), but age and race were not significantly associated
ith GTPS. In a multivariate model, adjusting for age, sex, ITB

enderness, ipsilateral and contralateral knee OA, BMI, and
BP, ITB tenderness (OR�1.72; 95% CI, 1.34�2.19), knee
A ipsilaterally (OR�3.47; 95% CI, 2.72�4.42) and con-

ralaterally (OR�1.74; 95% CI, 1.32�2.28), and LBP
OR�2.79; 95% CI, 2.22�3.50) were positively related to
TPS. In this complete model, BMI was not associated with
TPS (OR�1.10; 95% CI, 0.80�1.52 when comparing � 30
ith �25kg/m2). Hip internal rotation range of motion did not
iffer based on GTPS status. After multivariate adjustment,
TPS did not alter physical activity score, but bilateal GTPS
as significantly associated with a higher 20-meter walk time

nd chair stand time.
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Conclusions: The higher prevalence of GTPS in women and
n adults with ITB pain or knee OA indicates that altered lower-
imb biomechanics may be related to GTPS. Slower functional
erformance in those with GTPS suggests that the study of tar-
eted rehabilitation may be useful. A longitudinal study will be
ecessary to identify causal factors and outcomes of interventions.

Key Words: Bursitis; Femur; Rehabilitation.
© 2007 by the American Congress of Rehabilitation Medi-

ine and the American Academy of Physical Medicine and
ehabilitation

REATER TROCHANTERIC pain syndrome (GTPS) is
defined as tenderness to palpation over the greater tro-

hanter with the patient in the side-lying position.1-3 In contrast
o the term greater trochanteric bursitis, which implies pres-
nce of inflammation, referring to this clinical entity as GTPS
s preferable for 2 reasons: (1) pain in this region frequently is
ot associated with signs of inflammation such as warmth,
rythema, or swelling, and (2) the etiology is not fully known
nd may relate to myofascial pain rather than inflammation.
ain generators may be associated with the gluteus maximus,
edius, or minimus bursae; muscle attachments; or overlying

issue such as the iliotibial band (ITB).2,4,5

The myofascial attachments and bursae associated with the
reater trochanter may be affected by altered lower-limb bio-
echanics. Physical medicine and rehabilitation and orthope-

ics textbooks cite that osteoarthritis (OA) of the lumbar spine,
ip, or knee; ITB tightness or tendonitis; or strain of the hip
xternal rotators may contribute to trochanteric pain by adding
tress to the area.4,6,7 Other experts8 have written that trochan-
eric bursitis is more prevalent in women, frequently associated
ith mechanical back strain and obesity and often with reduced
ip internal rotation range of motion (ROM). However, others7

uggest that marked loss of hip internal rotation is typically not
ssociated with trochanteric pain. One reason for the differ-
nces of opinion regarding these and other factors hypothesized
o be associated with GTPS is that none have been analytically
ssessed.3,9

The prevalence of GTPS in adults with musculoskeletal low
ack pain (LBP) has been reported to be 20% to 35%.10-12

tudies differ regarding whether GTPS may11,13 or may not14

e more prevalent in women than men. However, numerous
ources have recognized that there is a lack of data regarding
he prevalence of GTPS.4,9

One study15 suggested that GTPS was the cause of LBP,
ased on findings that Oswestry Disability Index scores for
emale patients with LBP improved after greater trochanteric
teroid injection. However, considering that the corticosteroid
s systemically absorbed, this uncontrolled study may not an-
wer whether there is an association between back pain and
TPS. Although there have been small studies of GTPS in
ack pain clinics,12 we are unaware of any study examining the
revalence and epidemiology of GTPS in the general popula-

ion.9 For providers of musculoskeletal care, it is important to
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nderstand factors associated with GTPS to minimize signifi-
ant decline of physical function and quality of life.

The long delay between presentation and diagnosis of hip
xternal rotator muscle tears, 1 cause of GTPS, was recently
ound to be caused by underrecognition by physicians.16 Such
nderrecognition may be because of a lack of education or
ttention. Frequently, GTPS is associated with pain at night,
ain when standing greater than 15 minutes, or radiating pains
nd paresthesias.11 These complaints may lead to ordering tests
uch as magnetic resonance imaging or electromyography to
ssess for radiculopathy instead of conducting a well-informed
hysical examination.
Understanding whether GTPS is associated with sex, body
ass index (BMI), or other lower-limb musculoskeletal diag-

oses would enable future study of risk factors for incident and
rogressive GTPS. Additionally, the characterization of activ-
ty level or hip flexibility that could affect pathomechanics at
ther joints in the kinetic chain, such as the knee or spine,
ould also guide rehabilitation considerations.
To address these needs, this study assessed the prevalence of

TPS in a community-based population complaining of lower-
imb pain and whether GTPS was associated with 4 purported
isk factors: (1) ipsilateral ITB pain, (2) knee OA, (3) obesity,
nd (4) LBP. A secondary aim was to determine whether hip
nternal rotation ROM or levels of physical activity and phys-
cal performance are limited in adults with GTPS.

METHODS

articipants
The Multicenter Osteoarthritis (MOST) Study is a longitu-

inal study of persons 50 to 79 years old at a high risk of
eveloping symptomatic knee OA or who already had knee
A. Subjects are drawn from the community. Although the
urpose of the MOST study is to assess risk factors for incident
nd progressive knee OA, the availability of standardized data
n GTPS diagnosis and associated features in a large commu-
ity-based sample makes it a useful resource for analysis. The
resent report uses data from the baseline examination of the
OST study in which subjects underwent a musculoskeletal

xamination. Institutional review board approval was obtained
t each of the investigators’ institutions before initiating re-
ruitment and research protocols.

Subject recruitment was conducted by MOST study person-
el who contacted adults aged 50 to 79 years by mass mailings
s well as through printed advertisements in the counties sur-
ounding the 2 clinical sites. Potential subjects who indicated
nterest were then contacted by telephone for screening. Sub-
ects were recruited if they had a history of knee pain, injury,
r surgery or were overweight. Exclusion criteria included
ilateral knee replacement, cancer, or rheumatologic disease.
Demographic variables and a report of knee pain, hip pain,

nd LBP were assessed through questionnaires administered by
elephone and in the clinic. At the baseline MOST visit, the
ubset of 1786 subjects who indicated “pain, aching, or stiff-
ess” located on the lateral aspect of either hip on most days
ver the last month on a pain diagram underwent a physical
xamination. Subjects with a prosthetic hip were excluded
rom the physical examination. We used this physical exami-
ation to acquire information on tenderness over the greater
rochanter. Subjects who indicated no lateral hip pain were
onsidered not to have GTPS.

hysical Examination
GTPS was defined as tenderness on physical examination in
he absence of generalized myofascial tenderness to palpation. a
xaminers used a Chatillon CMD 10-1 dolorimetera to cali-
rate finger pressure17,18 to 1.4 and 3.0kg of pressure before
alpating subjects’ greater trochanters. Examiners asked sub-
ects “is this tender or painful” while applying 1.4 to 3.0kg of
humb-tip pressure over the lateral and posterior aspects of
ach greater trochanter with the subject in the lateral decubitus
osition.2 A positive response to this question was defined as
enderness in the greater trochanter region. Generalized myo-
ascial tenderness was defined by an affirmative response to the
ame question when 1.4kg of pressure was applied over the soft
issue 2cm proximal to the medial joint line of the knee as well
s at 2 or more of the following points: left and right proximal
rapezius and left and right extensor mass immediately distal to
he lateral epicondyle of an elbow.

ITB tenderness also was assessed and defined as an affirma-
ive response to “is this tender or painful” when applying 1.4kg
f pressure with the thumb over each ITB just proximal to the
ateral femoral condyle with the subject in the lateral decubitus
osition. Internal rotation of each hip was measured from
eutral, using a 25.4cm (10-in) long-arm goniometer, measur-
ng to the nearest 1°, with subjects seated on the edge of the
xamination table with hips and knees flexed to 90°. All
ubjects were examined using a standardized, written protocol,
ith regular reliability checks performed to ensure consistency
etween sites and examiners.
LBP was defined as being “bothered by back pain most or all

f the time” over the last 30 days. Subjects also were asked
During the past 30 days, have you limited your activities due
o back pain?”

Radiograph protocol for the assessment of knee OA in the
OST study has been described previously. Knee OA was

efined as at least 1 definite osteophyte visible at standard
mage size on posteroanterior knee radiographs.19

BMI was calculated as weight (in kilograms) per squared
eight, and obesity was defined as a BMI of 30kg/m2 or higher.
ubjects were encouraged to empty their bladders and bowels,
mpty their pockets, and remove jewelry before stepping on the
cale with paper shorts and a shirt. Weight was measured with
standard medical beam balance with the certified examiner

tanding behind the subject and following a written protocol.
eight was recorded to the nearest 0.1kg immediately after the
easurement. The scale was calibrated monthly with a 50-kg
eight for accuracy as well as 5-, 10-, 15-, and 20-kg weights

or linearity calibration. Additionally, the scale was calibrated
nnually by the local Department of Weights and Measures.

Height was measured with a wall-mounted Harpenden sta-
iometerb and followed a written protocol. Subjects stood
ithout shoes (barefoot or thin stockings) with their heels

ogether and scapulae, buttocks, and both heels touching the
all plate with their head in the Frankfort horizontal plane. A

tandardized script and positioning protocol were used to mea-
ure height on full inspiration to the nearest 1mm. A 0.5-kg soft
eight was placed on the headboard to standardize pressure on

he head during measurement. The measurement was repeated
wice, and, if these differed by more than 3mm, 2 additional
easurements were taken. The stadiometer was calibrated

aily with a 600-mm rod.
The activity level was measured using the Physical Activity

core for the Elderly (PASE).20 Locomotor function was mea-
ured as the time (in seconds) required to walk 20m. The
wenty-meter walk test (20MWT) has been shown to be reli-
ble when performed in a standardized fashion in a corridor
ree of obstructions and distractions.21 Functional mobility was
easured as the time (in seconds) required for a person to stand

rom a seated position in a chair 5 times without using their

rms.22

Arch Phys Med Rehabil Vol 88, August 2007
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A

tatistical Methods
SASc was used for the analyses. The diagnosis of GTPS, as

efined in the Physical Examination section, was treated as
ichotomous for limb-specific analyses (present or absent) and
richotomous (neither, unilateral, or bilateral) for person-spe-
ific analyses. In addition to analyzing BMI as a continuous
easure, a trichotomous categorical variable for BMI was

efined using World Health Organization and National Insti-
utes of Health definitions (�25, �25 and �30, �30kg/

2).23,24 Categorical variables were summarized using fre-
uencies, proportions, and odds ratios (ORs); 95% confidence
ntervals (CIs) were calculated (sex, ITB pain, knee OA, knee
ain, LBP). The Pearson chi-square test was used to compare
roportions. Adjusting for age and sex as covariates and sub-
ect as a repeated-factor, limb-specific GTPS status was re-
ressed on (1) ITB pain, (2) ipsilateral knee OA, and (3)
ontralateral knee OA using logistic regression with general-
zed estimating equations to adjust for correlation within sub-
ect.

Adjusting for age and sex, person-specific GTPS status was
egressed on (1) BMI as a continuous variable, (2) BMI cate-
ory, and (3) LBP using logistic regression with generalized
stimating equations to adjust for correlation within subject.
hen, we assessed the association between limb-specific GTPS
tatus and each of the possible risk factors while adjusting for
ach other and age and sex using multiple logistic regression.
ontinuous variables were summarized with means and stan-
ard deviations (SDs) and intergroup comparison of age was
valuated using the Student t test. The effect of person-specific
TPS on (1) physical activity, (2) chair-rise time, and (3)
0MWT time were individually assessed by linear regression
f each of these on person-specific GTPS. Each of these
odels was adjusted for age and sex, and least squares means
ere estimated for the groups with and without GTPS. The
cheffé procedure was used in a multiple-comparison proce-

3026 MOST Subjects

1786 Subjects reported 
hip pain, aching or 

stiffness
(examined)

1194 without 
tenderness to 
palpation over 

greater trochanter

1168 without hip 
pain, aching or 

stiffness
(not examined)

592 with tenderness 
to palpation over 

greater trochanter

2437 No GTPS

344 Unilateral GTPS
173 Bilateral GTPS

72 Excluded
13 Hip OA

59 Data Missing

2954

75
did not meet 

GTPS definition
CFig 1. Subject distribution.

rch Phys Med Rehabil Vol 88, August 2007
ure. These activity and function analyses were repeated, ad-
itionally adjusting for LBP, person-specific knee pain, and
MI. For all analyses, significance level was set at .05.

RESULTS

revalence of GTPS
A total of 5735 lower limbs from 2954 subjects were eligible

or analysis of GTPS (fig 1). The subjects’ mean age � SD was
2.4�8.1 years, and 60.1% were women. Of these subjects,
17 (17.6%) had GTPS. Specifically, 344 had unilateral and an
dditional 173 had bilateral GTPS, a prevalence of 11.7% and
.9%, respectively (table 1). The prevalence of unilateral and
ilateral GTPS was 15.0% and 8.5% in women and 6.6% and
.9% in men. Comparing subjects with and without GTPS, the
R for GTPS in women compared with men was 3.32 (95%
I, 2.63�4.19). Age and race were not found to be signifi-
antly associated with GTPS status (see table 1).

iomechanic Correlates
ITB tenderness. Logistic regression adjusting for age and

ex revealed that ipsilateral ITB tenderness was significantly
ssociated with GTPS, with an OR of 2.54 (95% CI,
.03�3.17). After multivariate adjustment for all other vari-
bles, ITB tenderness continued to be significantly associated
ith GTPS with an OR of 1.72 (95% CI, 1.34�2.19).
Knee OA. Controlling for age and sex, ipsilateral knee OA
as significantly associated with GTPS, with an OR of 4.33

95% CI, 3.43�5.48). Contralateral knee OA was also signif-
cantly associated with GTPS status with an OR of 2.19 (95%
I, 1.66�2.88). After multivariate adjustment for all other
ariables, ipsilateral (OR�3.47; 95% CI, 2.72�4.42) and con-
ralateral (OR�1.74; 95% CI, 1.32�2.28) knee OA continued
o be significantly associated with GTPS.

Body mass index. Logistic regression of GTPS on BMI,
djusted for age and sex, revealed that BMI was significantly
ssociated with GTPS (P�.001). Compared with subjects with
BMI less than 25kg/m2, the OR for GTPS was 1.34 (95% CI,
.09�1.66) in those with a BMI of 25 or greater and less than
0kg/m2 and 1.54 (95% CI, 1.15�2.07) for those with a BMI
f 30kg/m2 or higher. However, after adjustment for ITB
enderness, ipsilateral and contralateral knee OA, LBP, as well
s age and sex, BMI no longer was associated with GTPS
tatus with an OR of 1.10 (95% CI, 0.80�1.52) comparing
MI equal to or greater than 30kg/m2 with a BMI less than
5kg/m2.
Low back pain. The presence of LBP most or all of the

ime was significantly associated with GTPS with an OR of
.44 (95% CI, 2.76�4.28) after adjustment for age and sex.
fter adjustment for all other variables in the complete model,

he association remained significant with an OR of 2.79 (95%

Table 1: Demographic Distribution of GTPS

Characteristic

GTPS Case
Subjects
(n�517)

Control Subjects
(n�2437)

Intergroup
Comparisons

(P)

Mean age � SD (y) 62.8�8.0 62.3�8.1 .198
Sex (% women) 80.7 55.7 �.001
Race (%) .372

White 82.6 83.4
African American 15.3 15.3
All others 2.1 1.3
I, 2.22�3.50). Similarly, functionally significant LBP that
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imited activities over the past 30 days was associated with
TPS with an OR of 3.15 (95% CI, 2.54�3.92).

mpairments
Mean hip internal rotation ROM did not differ between hips

ith GTPS (36.7° from neutral; 95% CI, 36.1°�37.3°) and
ithout GTPS (36.8° from neutral; 95% CI, 36.5°�37.1°) in

hose who underwent physical examination (P�.731). The
resence of self-reported knee pain was associated with GTPS
tatus with an age- and sex-adjusted OR of 2.75 (95% CI,
.22�3.41).

erson-Specific Function
After adjustment for age and sex, GTPS did not significantly

lter least mean square estimates of PASE score: no GTPS,
76.4 (95% CI, 173.1�179.6); unilateral GTPS, 169.0 (95%
I, 160.3�177.8); and bilateral GTPS, 171.9 (95% CI,
59.6�184.2). No significant difference was found among
ASE in multiple comparisons comparing no GTPS with uni-

ateral (P�.307) and bilateral GTPS (P�.790). Unilateral
TPS also did not alter 20MWT time. However, compared
ith subjects without GTPS, mean 20MWT time was 1.5�0.3

econds greater in subjects with bilateral GTPS (P�.001).
imilarly, the time to complete 5 sit-to-stand tasks was
.9�0.2 seconds greater in subjects with unilateral and
.5�0.3 seconds greater in subjects with bilateral GTPS
P�.001). Additionally, controlling for BMI did not change the
verall associations detected.

DISCUSSION
This study was useful in both identifying the prevalence of

TPS in a non-clinic–based population as well as assessing the
alidity of common teachings regarding GTPS. The GTPS
revalence of 17.6% in this community-based sample of older
dults at high risk of knee OA contrasts with the 20% to 35%
eported for spine clinic patients presenting with LBP. We
ound the following were associated with GTPS: female sex,
TB tenderness, knee OA or knee pain, and LBP.

Reasons for the differences in prevalence may relate to the
ore strict definition of GTPS used in this study or the broader

opulation enrolled in this sample, defined as self-report of
uter hip pain in the absence of clinical hip arthritis, who had
enderness to palpation over the greater trochanter and no
eneralized myofascial tenderness on physical examination.
e used this highly specific case definition to maximize the

alidity of our results. However, this may have been more
pecific than the clinical impression of GTPS described in prior
ork.1,3

The increased odds for GTPS in women was consistent with
rior reports, but we could not confirm a report associating
TPS with limited hip internal ROM.8 Although the mecha-
ism for increased GTPS in women is unclear,5 this association
ould relate to anatomy (such as the flared pelvic rim in women
ltering the pull of the ITB), physiology (hormonal effects on
ursal irritation or pain generators), or differences in activity
etween men and women.
The increased odds for GTPS with obesity and overweight

tatus after adjustment for sex and age appeared to be explained
y the combined effect of ITB tenderness, ipsilateral and
ontralateral knee OA, and LBP. The absence of an association
etween obesity and GTPS differed from prior reports,8 pos-
ibly because of the larger sample size and multivariate adjust-
ent used in our study.
The associations with ITB pain, knee OA, and LBP also
ere consistent with orthopedic and physical medicine and
ehabilitation teachings.6,7 Presumably, a tight ITB could ex-
lain tenderness on palpation over the lateral femoral condyle
s well as potentially cause irritation over the greater trochan-
er. Additionally, knee or back pain may relate to GTPS
hrough compensatory movements from 1 musculoskeletal
roblem causing symptoms at additional locations in the ki-
etic chain.
In addition to pain, people with GTPS appear to have a

lowed gait and ability to rise from a chair. The impact on these
unctional activities may be significant to patients’ quality of
ife. However, this study did not detect an impact on partici-
ation in activities measured by the PASE instrument. The
ontrast between differences in function, but not in activity
core, may relate to subjects with GTPS limiting their activities
r to the reduced activity level in obese subjects.
A recent review of GTPS reiterated prior review articles in

tating that “additional research is sorely required to shed light
n . . . this commonly encountered syndrome.”9(p124) This
tudy was useful in investigating the validity of teachings about
TPS that previously had not been analytically assessed or
roven.9 The study of GTPS in a community-based, rather than
clinic-based, sample was useful in clarifying the demograph-

cs of this condition.

tudy Limitations
One limitation of this study was that the population studied

as recruited for the MOST study because of characteristics
hat might predispose them to knee OA including obesity, knee
njury, knee surgery, and knee pain. The presence of this
ecruitment bias may have influenced the prevalence of GTPS
n our sample. However, this bias also may have enabled our
ndings to be more generalizeable to community-dwelling
dults who seek medical care. This may be more pertinent to
linical providers who serve patients with lower-body pain
omplaints.

Another limitation was that this cross-sectional study cannot
stablish causal relations. To elucidate whether ITB tightness,
nee OA, obesity, or LBP lead to or are caused by GTPS,
ongitudinal studies would be necessary. The initial findings of
his study may be useful not only in clinical care but also in
enerating hypotheses for mechanistic studies or therapeutic
rials to benefit patients with GTPS.

CONCLUSIONS
The higher prevalence of GTPS in people who report hip

ain in the absence of knee or generalized pain (24% of
omen, 9% of men) indicates that GTPS is common, and
reater clinical awareness may identify patients for primary
revention and therapy. Slower functional performance in
hose with GTPS suggests that the study of targeted rehabili-
ation may be useful to minimize the impact of GTPS. A
ongitudinal study will be necessary to identify causal factors
nd outcomes of interventions.
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