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ABSTRACT. Segal NA, Felson DT, Torner JC, Zhu Y,
Curtis JR, Niu J, Nevitt MC, for the Multicenter Osteoarthritis
(MOST) Study Group. Greater trochanteric pain syndrome:
epidemiology and associated features. Arch Phys Med Rehabil
2007;88:988-92.

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

Design: Cross-sectional, population-based study.

Setting: Multicenter observational study.

Participants: Community-dwelling adults (N=3026) ages
50 to 79 years.

Interventions: Not applicable.

Main Outcome Measures: Greater trochanteric tenderness
to palpation in subjects with complaints of hip pain and no
signs of hip OA or generalized myofascial tenderness.

Results: The prevalence of unilateral and bilateral GTPS
was 15.0% and 8.5% in women and 6.6% and 1.9% men. Odds
ratio (OR) for women was 3.37 (95% confidence interval [CI],
2.67—4.25), but age and race were not significantly associated
with GTPS. In a multivariate model, adjusting for age, sex, ITB
tenderness, ipsilateral and contralateral knee OA, BMI, and
LBP, ITB tenderness (OR=1.72; 95% CI, 1.34—2.19), knee
OA ipsilaterally (OR=3.47; 95% CI, 2.72—4.42) and con-
tralaterally (OR=1.74; 95% CI, 1.32—2.28), and LBP
(OR=2.79; 95% CI, 2.22—3.50) were positively related to
GTPS. In this complete model, BMI was not associated with
GTPS (OR=1.10; 95% CI, 0.80—1.52 when comparing = 30
with <25kg/m?). Hip internal rotation range of motion did not
differ based on GTPS status. After multivariate adjustment,
GTPS did not alter physical activity score, but bilateal GTPS
was significantly associated with a higher 20-meter walk time
and chair stand time.
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Conclusions: The higher prevalence of GTPS in women and
in adults with ITB pain or knee OA indicates that altered lower-
limb biomechanics may be related to GTPS. Slower functional
performance in those with GTPS suggests that the study of tar-
geted rehabilitation may be useful. A longitudinal study will be
necessary to identify causal factors and outcomes of interventions.
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REATER TROCHANTERIC pain syndrome (GTPS) is

defined as tenderness to palpation over the greater tro-
chanter with the patient in the side-lying position.' In contrast
to the term greater trochanteric bursitis, which implies pres-
ence of inflammation, referring to this clinical entity as GTPS
is preferable for 2 reasons: (1) pain in this region frequently is
not associated with signs of inflammation such as warmth,
erythema, or swelling, and (2) the etiology is not fully known
and may relate to myofascial pain rather than inflammation.
Pain generators may be associated with the gluteus maximus,
medius, or minimus bursae; muscle attachments; or overlying
tissue such as the iliotibial band (ITB).>*3

The myofascial attachments and bursae associated with the
greater trochanter may be affected by altered lower-limb bio-
mechanics. Physical medicine and rehabilitation and orthope-
dics textbooks cite that osteoarthritis (OA) of the lumbar spine,
hip, or knee; ITB tightness or tendonitis; or strain of the hip
external rotators may contribute to trochanteric pain by adding
stress to the area.*®’ Other experts® have written that trochan-
teric bursitis is more prevalent in women, frequently associated
with mechanical back strain and obesity and often with reduced
hip internal rotation range of motion (ROM). However, others’
suggest that marked loss of hip internal rotation is typically not
associated with trochanteric pain. One reason for the differ-
ences of opinion regarding these and other factors hypothesized
to be associated with GTPS is that none have been analytically
assessed.>’

The prevalence of GTPS in adults with musculoskeletal low
back pain (LBP) has been reported to be 20% to 35%.'"'>
Studies differ regarding whether GTPS may'"'* or may not'*
be more prevalent in women than men. However, numerous
sources have recognized that there is a lack of data regarding
the prevalence of GTPS.**

One study'® suggested that GTPS was the cause of LBP,
based on findings that Oswestry Disability Index scores for
female patients with LBP improved after greater trochanteric
steroid injection. However, considering that the corticosteroid
is systemically absorbed, this uncontrolled study may not an-
swer whether there is an association between back pain and
GTPS. Although there have been small studies of GTPS in
back pain clinics,'? we are unaware of any study examining the
prevalence and epidemiology of GTPS in the general popula-
tion.” For providers of musculoskeletal care, it is important to



GREATER TROCHANTERIC PAIN, Segal 989

understand factors associated with GTPS to minimize signifi-
cant decline of physical function and quality of life.

The long delay between presentation and diagnosis of hip
external rotator muscle tears, 1 cause of GTPS, was recently
found to be caused by underrecognition by physicians.'® Such
underrecognition may be because of a lack of education or
attention. Frequently, GTPS is associated with pain at night,
pain when standing greater than 15 minutes, or radiating pains
and paresthesias.'' These complaints may lead to ordering tests
such as magnetic resonance imaging or electromyography to
assess for radiculopathy instead of conducting a well-informed
physical examination.

Understanding whether GTPS is associated with sex, body
mass index (BMI), or other lower-limb musculoskeletal diag-
noses would enable future study of risk factors for incident and
progressive GTPS. Additionally, the characterization of activ-
ity level or hip flexibility that could affect pathomechanics at
other joints in the kinetic chain, such as the knee or spine,
would also guide rehabilitation considerations.

To address these needs, this study assessed the prevalence of
GTPS in a community-based population complaining of lower-
limb pain and whether GTPS was associated with 4 purported
risk factors: (1) ipsilateral ITB pain, (2) knee OA, (3) obesity,
and (4) LBP. A secondary aim was to determine whether hip
internal rotation ROM or levels of physical activity and phys-
ical performance are limited in adults with GTPS.

METHODS

Participants

The Multicenter Osteoarthritis (MOST) Study is a longitu-
dinal study of persons 50 to 79 years old at a high risk of
developing symptomatic knee OA or who already had knee
OA. Subjects are drawn from the community. Although the
purpose of the MOST study is to assess risk factors for incident
and progressive knee OA, the availability of standardized data
on GTPS diagnosis and associated features in a large commu-
nity-based sample makes it a useful resource for analysis. The
present report uses data from the baseline examination of the
MOST study in which subjects underwent a musculoskeletal
examination. Institutional review board approval was obtained
at each of the investigators’ institutions before initiating re-
cruitment and research protocols.

Subject recruitment was conducted by MOST study person-
nel who contacted adults aged 50 to 79 years by mass mailings
as well as through printed advertisements in the counties sur-
rounding the 2 clinical sites. Potential subjects who indicated
interest were then contacted by telephone for screening. Sub-
jects were recruited if they had a history of knee pain, injury,
or surgery or were overweight. Exclusion criteria included
bilateral knee replacement, cancer, or rheumatologic disease.

Demographic variables and a report of knee pain, hip pain,
and LBP were assessed through questionnaires administered by
telephone and in the clinic. At the baseline MOST visit, the
subset of 1786 subjects who indicated “pain, aching, or stiff-
ness” located on the lateral aspect of either hip on most days
over the last month on a pain diagram underwent a physical
examination. Subjects with a prosthetic hip were excluded
from the physical examination. We used this physical exami-
nation to acquire information on tenderness over the greater
trochanter. Subjects who indicated no lateral hip pain were
considered not to have GTPS.

Physical Examination

GTPS was defined as tenderness on physical examination in
the absence of generalized myofascial tenderness to palpation.

Examiners used a Chatillon CMD 10-1 dolorimeter® to cali-
brate finger pressure'”'® to 1.4 and 3.0kg of pressure before
palpating subjects’ greater trochanters. Examiners asked sub-
jects “is this tender or painful” while applying 1.4 to 3.0kg of
thumb-tip pressure over the lateral and posterior aspects of
each greater trochanter with the subject in the lateral decubitus
position.? A positive response to this question was defined as
tenderness in the greater trochanter region. Generalized myo-
fascial tenderness was defined by an affirmative response to the
same question when 1.4kg of pressure was applied over the soft
tissue 2cm proximal to the medial joint line of the knee as well
as at 2 or more of the following points: left and right proximal
trapezius and left and right extensor mass immediately distal to
the lateral epicondyle of an elbow.

ITB tenderness also was assessed and defined as an affirma-
tive response to “is this tender or painful” when applying 1.4kg
of pressure with the thumb over each ITB just proximal to the
lateral femoral condyle with the subject in the lateral decubitus
position. Internal rotation of each hip was measured from
neutral, using a 25.4cm (10-in) long-arm goniometer, measur-
ing to the nearest 1°, with subjects seated on the edge of the
examination table with hips and knees flexed to 90°. All
subjects were examined using a standardized, written protocol,
with regular reliability checks performed to ensure consistency
between sites and examiners.

LBP was defined as being “bothered by back pain most or all
of the time” over the last 30 days. Subjects also were asked
“During the past 30 days, have you limited your activities due
to back pain?”

Radiograph protocol for the assessment of knee OA in the
MOST study has been described previously. Knee OA was
defined as at least 1 definite osteophyte visible at standard
image size on posteroanterior knee radiographs.'’

BMI was calculated as weight (in kilograms) per squared
height, and obesity was defined as a BMI of 30kg/m? or higher.
Subjects were encouraged to empty their bladders and bowels,
empty their pockets, and remove jewelry before stepping on the
scale with paper shorts and a shirt. Weight was measured with
a standard medical beam balance with the certified examiner
standing behind the subject and following a written protocol.
Weight was recorded to the nearest 0.1kg immediately after the
measurement. The scale was calibrated monthly with a 50-kg
weight for accuracy as well as 5-, 10-, 15-, and 20-kg weights
for linearity calibration. Additionally, the scale was calibrated
annually by the local Department of Weights and Measures.

Height was measured with a wall-mounted Harpenden sta-
diometer® and followed a written protocol. Subjects stood
without shoes (barefoot or thin stockings) with their heels
together and scapulae, buttocks, and both heels touching the
wall plate with their head in the Frankfort horizontal plane. A
standardized script and positioning protocol were used to mea-
sure height on full inspiration to the nearest Imm. A 0.5-kg soft
weight was placed on the headboard to standardize pressure on
the head during measurement. The measurement was repeated
twice, and, if these differed by more than 3mm, 2 additional
measurements were taken. The stadiometer was calibrated
daily with a 600-mm rod.

The activity level was measured using the Physical Activity
Score for the Elderly (PASE).?° Locomotor function was mea-
sured as the time (in seconds) required to walk 20m. The
twenty-meter walk test (20MWT) has been shown to be reli-
able when performed in a standardized fashion in a corridor
free of obstructions and distractions.>' Functional mobility was
measured as the time (in seconds) required for a person to stand
from a seated position in a chair 5 times without using their
arms.??
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Statistical Methods

SAS® was used for the analyses. The diagnosis of GTPS, as
defined in the Physical Examination section, was treated as
dichotomous for limb-specific analyses (present or absent) and
trichotomous (neither, unilateral, or bilateral) for person-spe-
cific analyses. In addition to analyzing BMI as a continuous
measure, a trichotomous categorical variable for BMI was
defined using World Health Organization and National Insti-
tutes of Health definitions (<25, =25 and <30, =30kg/
m?).>*?* Categorical variables were summarized using fre-
quencies, proportions, and odds ratios (ORs); 95% confidence
intervals (CIs) were calculated (sex, ITB pain, knee OA, knee
pain, LBP). The Pearson chi-square test was used to compare
proportions. Adjusting for age and sex as covariates and sub-
ject as a repeated-factor, limb-specific GTPS status was re-
gressed on (1) ITB pain, (2) ipsilateral knee OA, and (3)
contralateral knee OA using logistic regression with general-
ized estimating equations to adjust for correlation within sub-
ject.

Adjusting for age and sex, person-specific GTPS status was
regressed on (1) BMI as a continuous variable, (2) BMI cate-
gory, and (3) LBP using logistic regression with generalized
estimating equations to adjust for correlation within subject.
Then, we assessed the association between limb-specific GTPS
status and each of the possible risk factors while adjusting for
each other and age and sex using multiple logistic regression.
Continuous variables were summarized with means and stan-
dard deviations (SDs) and intergroup comparison of age was
evaluated using the Student  test. The effect of person-specific
GTPS on (1) physical activity, (2) chair-rise time, and (3)
20MWT time were individually assessed by linear regression
of each of these on person-specific GTPS. Each of these
models was adjusted for age and sex, and least squares means
were estimated for the groups with and without GTPS. The
Scheffé procedure was used in a multiple-comparison proce-

3026 MOST Subjects )
W

2954

v \

1786 Subjects reported
hip pain, aching or
stiffness
(examined)

1168 without hip
pain, aching or
stiffness
(not examined)

v

1194 without
tenderness to
palpation over

greater trochanter
GTPS definition

344 Unilateral GTPS
173 Bilateral GTPS

Fig 1. Subject distribution.
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Table 1: Demographic Distribution of GTPS

GTPS Case Intergroup
Subjects Control Subjects  Comparisons
Characteristic (n=517) (n=2437) (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

dure. These activity and function analyses were repeated, ad-
ditionally adjusting for LBP, person-specific knee pain, and
BMI. For all analyses, significance level was set at .05.

RESULTS

Prevalence of GTPS

A total of 5735 lower limbs from 2954 subjects were eligible
for analysis of GTPS (fig 1). The subjects’ mean age = SD was
62.4*8.1 years, and 60.1% were women. Of these subjects,
517 (17.6%) had GTPS. Specifically, 344 had unilateral and an
additional 173 had bilateral GTPS, a prevalence of 11.7% and
5.9%, respectively (table 1). The prevalence of unilateral and
bilateral GTPS was 15.0% and 8.5% in women and 6.6% and
1.9% in men. Comparing subjects with and without GTPS, the
OR for GTPS in women compared with men was 3.32 (95%
CI, 2.63—4.19). Age and race were not found to be signifi-
cantly associated with GTPS status (see table 1).

Biomechanic Correlates

ITB tenderness. Logistic regression adjusting for age and
sex revealed that ipsilateral ITB tenderness was significantly
associated with GTPS, with an OR of 2.54 (95% CI,
2.03—3.17). After multivariate adjustment for all other vari-
ables, ITB tenderness continued to be significantly associated
with GTPS with an OR of 1.72 (95% CI, 1.34—2.19).

Knee OA. Controlling for age and sex, ipsilateral knee OA
was significantly associated with GTPS, with an OR of 4.33
(95% CI, 3.43—5.48). Contralateral knee OA was also signif-
icantly associated with GTPS status with an OR of 2.19 (95%
CI, 1.66—2.88). After multivariate adjustment for all other
variables, ipsilateral (OR=3.47; 95% CI, 2.72—4.42) and con-
tralateral (OR=1.74; 95% CI, 1.32—2.28) knee OA continued
to be significantly associated with GTPS.

Body mass index. Logistic regression of GTPS on BMI,
adjusted for age and sex, revealed that BMI was significantly
associated with GTPS (P<<.001). Compared with subjects with
a BMI less than 25kg/m?, the OR for GTPS was 1.34 (95% CI,
1.09—1.66) in those with a BMI of 25 or greater and less than
30kg/m? and 1.54 (95% CI, 1.15—2.07) for those with a BMI
of 30kg/m? or higher. However, after adjustment for ITB
tenderness, ipsilateral and contralateral knee OA, LBP, as well
as age and sex, BMI no longer was associated with GTPS
status with an OR of 1.10 (95% CI, 0.80—1.52) comparing
BMI eqzual to or greater than 30kg/m” with a BMI less than
25kg/m~.

Low back pain. The presence of LBP most or all of the
time was significantly associated with GTPS with an OR of
3.44 (95% CI, 2.76—4.28) after adjustment for age and sex.
After adjustment for all other variables in the complete model,
the association remained significant with an OR of 2.79 (95%
CI, 2.22—3.50). Similarly, functionally significant LBP that
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limited activities over the past 30 days was associated with
GTPS with an OR of 3.15 (95% CI, 2.54—3.92).

Impairments

Mean hip internal rotation ROM did not differ between hips
with GTPS (36.7° from neutral; 95% CI, 36.1°—37.3°) and
without GTPS (36.8° from neutral; 95% CI, 36.5°—37.1°) in
those who underwent physical examination (P=.731). The
presence of self-reported knee pain was associated with GTPS
status with an age- and sex-adjusted OR of 2.75 (95% CI,
2.22-3.41).

Person-Specific Function

After adjustment for age and sex, GTPS did not significantly
alter least mean square estimates of PASE score: no GTPS,
176.4 (95% CI, 173.1—179.6); unilateral GTPS, 169.0 (95%
CI, 160.3—177.8); and bilateral GTPS, 171.9 (95% CI,
159.6—184.2). No significant difference was found among
PASE in multiple comparisons comparing no GTPS with uni-
lateral (P=.307) and bilateral GTPS (P=.790). Unilateral
GTPS also did not alter 20MWT time. However, compared
with subjects without GTPS, mean 20MWT time was 1.5%+0.3
seconds greater in subjects with bilateral GTPS (P<.001).
Similarly, the time to complete 5 sit-to-stand tasks was
0.9£0.2 seconds greater in subjects with unilateral and
1.5+0.3 seconds greater in subjects with bilateral GTPS
(P<<.001). Additionally, controlling for BMI did not change the
overall associations detected.

DISCUSSION

This study was useful in both identifying the prevalence of
GTPS in a non-clinic—based population as well as assessing the
validity of common teachings regarding GTPS. The GTPS
prevalence of 17.6% in this community-based sample of older
adults at high risk of knee OA contrasts with the 20% to 35%
reported for spine clinic patients presenting with LBP. We
found the following were associated with GTPS: female sex,
ITB tenderness, knee OA or knee pain, and LBP.

Reasons for the differences in prevalence may relate to the
more strict definition of GTPS used in this study or the broader
population enrolled in this sample, defined as self-report of
outer hip pain in the absence of clinical hip arthritis, who had
tenderness to palpation over the greater trochanter and no
generalized myofascial tenderness on physical examination.
We used this highly specific case definition to maximize the
validity of our results. However, this may have been more
specif}%than the clinical impression of GTPS described in prior
work. "

The increased odds for GTPS in women was consistent with
prior reports, but we could not confirm a report associating
GTPS with limited hip internal ROM.® Although the mecha-
nism for increased GTPS in women is unclear,’ this association
could relate to anatomy (such as the flared pelvic rim in women
altering the pull of the ITB), physiology (hormonal effects on
bursal irritation or pain generators), or differences in activity
between men and women.

The increased odds for GTPS with obesity and overweight
status after adjustment for sex and age appeared to be explained
by the combined effect of ITB tenderness, ipsilateral and
contralateral knee OA, and LBP. The absence of an association
between obesity and GTPS differed from prior reports,® pos-
sibly because of the larger sample size and multivariate adjust-
ment used in our study.

The associations with ITB pain, knee OA, and LBP also
were consistent with orthopedic and physical medicine and

rehabilitation teachings.®’ Presumably, a tight ITB could ex-
plain tenderness on palpation over the lateral femoral condyle
as well as potentially cause irritation over the greater trochan-
ter. Additionally, knee or back pain may relate to GTPS
through compensatory movements from 1 musculoskeletal
problem causing symptoms at additional locations in the ki-
netic chain.

In addition to pain, people with GTPS appear to have a
slowed gait and ability to rise from a chair. The impact on these
functional activities may be significant to patients’ quality of
life. However, this study did not detect an impact on partici-
pation in activities measured by the PASE instrument. The
contrast between differences in function, but not in activity
score, may relate to subjects with GTPS limiting their activities
or to the reduced activity level in obese subjects.

A recent review of GTPS reiterated prior review articles in
stating that “additional research is sorely required to shed light
on...this commonly encountered syndrome.”*®'?* This
study was useful in investigating the validity of teachings about
GTPS that previously had not been analytically assessed or
proven.’ The study of GTPS in a community-based, rather than
a clinic-based, sample was useful in clarifying the demograph-
ics of this condition.

Study Limitations

One limitation of this study was that the population studied
was recruited for the MOST study because of characteristics
that might predispose them to knee OA including obesity, knee
injury, knee surgery, and knee pain. The presence of this
recruitment bias may have influenced the prevalence of GTPS
in our sample. However, this bias also may have enabled our
findings to be more generalizeable to community-dwelling
adults who seek medical care. This may be more pertinent to
clinical providers who serve patients with lower-body pain
complaints.

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

CONCLUSIONS

The higher prevalence of GTPS in people who report hip
pain in the absence of knee or generalized pain (24% of
women, 9% of men) indicates that GTPS is common, and
greater clinical awareness may identify patients for primary
prevention and therapy. Slower functional performance in
those with GTPS suggests that the study of targeted rehabili-
tation may be useful to minimize the impact of GTPS. A
longitudinal study will be necessary to identify causal factors
and outcomes of interventions.
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