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Abstract

Background Greater trochanteric pain syndrome can be
severely debilitating. Ideal imaging modalities are not
established, treatments are not reliably evaluated, and the
underlying pathology is not well understood.
Questions/purposes Using surgical and histopathology
findings as a gold standard, we therefore determined the
positive predictive value of preoperative ultrasound
assessment for greater trochanteric pain syndrome recal-
citrant to nonoperative management. In addition, we report
the outcomes of gluteal tendon reconstructive surgery
using validated clinical and functional outcome tools and
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evaluate the contribution of the tendon and bursa to greater
trochanteric pain syndrome.

Patients and Methods We reviewed 24 patients who had
combined gluteal tendon reconstruction and bursectomy.
Preoperative ultrasound imaging was compared with sur-
gical findings. In the absence of a greater trochanteric pain
syndrome specific outcome tool, surgical outcomes for pain
and function were assessed via a 100-mm visual analog
scale, the modified Harris hip score, and the Oswestry
Disability Index. Strength also was measured. The tendon
and bursa tissue collected at surgery was histopathologi-
cally reviewed.

Results In our small study, ultrasound had a high positive
predictive value for gluteal tendon tears (positive predic-
tive value = 1.0). Patients reported high levels of pain
relief and function after surgery; tendon and bursa showed
pathologic changes.

Conclusions Ultrasound appears to be clinically useful in
greater trochanteric pain syndrome; reconstructive surgery
seems to relieve pain and the histopathologic findings show
tendinopathy and bursa pathology coexist in greater tro-
chanteric pain syndrome.

Level of Evidence Level 1V, case series. See the Guide-
lines for Authors for a complete description of levels of
evidence.

Introduction

Greater trochanteric pain syndrome (GTPS) has been
associated with trochanteric bursitis and gluteus medius
tendon tears, being likened to the pathologic features
associated with supraspinatus tendinopathy and subacro-
mial bursitis [7, 18, 23, 30]. Various surgical options have
been reported for patients who no longer respond to
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nonoperative treatment. These include bursectomy [2, 14,
15, 44], iliotibial band release [14, 16, 35, 40], and surgical
reconstruction of the tendons [11, 23, 30, 43], frequently in
combination [11, 30, 43]. Imaging [9, 26, 34] and surgical
[10, 28, 30, 34] observations implicating the tendons and
bursae in the clinical syndrome have been reported.

The histopathologic features of structures around the
greater trochanteric region have not been thoroughly de-
scribed. One study reported histopathologic evidence of
tendinopathy in five gluteus medius tendon specimens
retrieved at surgery for this condition [9]. Another study
[39] presented the findings of four people having hip
arthroplasties, two of whom were symptomatic for tro-
chanteric bursitis (according to the criteria of Ege
Rasmussen and Fang [13]). That study reported no differ-
ence in the histopathology of the two groups. We are
unaware of any reports describing the histopathologic
findings for the tendon and bursa from patients who have
had surgery for gluteal tendon reconstruction.

Definitive diagnostic criteria have not been established
for GTPS. Authors report lateral thigh pain as the most
common complaint [18, 24, 27, 29, 31, 32, 42], and pain on
palpation of the greater trochanter [13, 18, 24, 27, 29, 31,
32, 42]. Inconsistent findings for passive ROM have been
reported; for example, Anderson [1] reported pain was
variable and present in one or more of end range internal
rotation, external rotation, abduction, and adduction. Sim-
ilarly, resisted muscle tests have been advocated; however,
their value is questionable as pain may not be elicited at all
[1]. In addition, the Faber test was advocated in two studies
[13, 18] and the relocation test and single-leg stance test in
another [31].

Ultrasound assessment is used increasingly to aid mus-
culoskeletal diagnosis [16, 17, 22] but has yet to be fully
validated in GTPS. Variation in echo texture and hypo-
echogenicity noted on ultrasound imaging had been
interpreted as tendinosis and tears. Variation in tendon size,
and calcification and fluid pooling in the bursa, also have
been reported [9]. In that study, surgery confirmed the
ultrasound tendon findings in 22 of 53 cases, but the
authors do not report any surgical or histologic bursa
findings [9].

Studies reporting gluteal tendon reconstruction suggest
high percentages of participants have complete resolution
of symptoms; however, these studies have small sample
sizes (n = 7-10) and limited use of validated outcome
tools in the assessment of these interventions [11, 23, 30,
43].

Therefore, our study had three aims: (1) to calculate the
sensitivity and positive predictive value of preoperative
ultrasound assessment for GTPS; (2) to report the outcomes
of gluteal tendon reconstructive surgery using validated
clinical and functional outcome tools; and (3) to describe

the histopathologic features of tendon and bursa specimens
collected at the time of reconstructive surgery.

Patients and Methods

We contacted all 24 patients who underwent combined
gluteal tendon reconstruction and bursectomy between
February 2004 and February 2007. Patients had surgical
reconstruction if there was evidence of tendon tears on
imaging (in 17 patients the diagnosis was made with
ultrasound and eight patients had a confirmatory MRI), and
when nonoperative methods of treatment (ultrasound-
guided corticosteroid injection and physical therapy) no
longer provided pain relief. All 24 patients were female. The
mean duration of symptoms at surgery was 33.8 months
(range, 3-120 months). Baseline demographics, imaging
results, and surgical findings were available for all patients.
The mean age of the patients at the time of surgery was
56 years (range, 38-76 years). Of the 24 patients recalled for
followup, 19 were available for assessment: two patients had
revision tendon reconstructive surgery having torn the pre-
viously reconstructed gluteal tendons, two patients were lost
to followup having moved without a forwarding address, and
one declined to participate in the study. The minimum
postoperative followup was 12 months (mean, 22 months;
range, 12-56 months). Ethics approval was given by The
Australian National University, ACT Health, Calvary Health
Care ACT, and Deakin University human research ethics
committees.

Before surgery, ultrasound examination of the greater
trochanteric region was performed in all patients by a
specialist in the field (WC [20 patients], BF [three
patients], ID [one patient]). All examinations were per-
formed on a Philips 5000 machine (Philips Healthcare;
Andover, MA) with a 7-MHz probe. Patients lay in the
lateral position with their hips and knees extended. Gel was
applied and the probe was moved over the gluteal muscles,
tendons, and greater trochanter ensuring the ultrasound
beam remained at 90° to the tissues being examined.
Confirmation of anatomy was achieved by the patient
performing appropriate resisted movements. Tears were
confirmed by injecting a small amount of air between the
tendon planes.

Surgery was performed with the patient in the lateral
position, using a direct lateral approach. The gluteus
maximus was retracted, and the trochanteric bursa was
exposed, evaluated, and then removed. The muscle and
tendon of the gluteus medius then were identified and any
defect in the tendon noted. The tendon (at the site of the
tear) then was dissected from the greater trochanter,
exposing the gluteus minimus musculotendinous unit,
which likewise was assessed for integrity. In the absence of
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a gluteus medius tear, the gluteus minimus was inspected
via a split in the gluteus medius over the minimus insertion.
Defects were débrided back to healthy tissue. When the
defect was near the enthesis, the greater trochanter was
decorticated back to bleeding bone. Bursal tissue was
collected during dissection of the lateral structures. Tendon
tissue was collected during débridement of the tear. Tissue
specimens were immediately placed in 10% buffered for-
malin. From the 24 people who had surgery, 16 tendon and
18 bursa specimens were available for examination. The
gluteal muscles were reattached in an anatomic fashion
using Number 5 Ethibond®™ modified Kessler-type sutures
(Ethicon, Inc, Somerville, NJ) via transosseous tunnels.
The fascia lata was closed completely. The wound then
was closed in layers.

Postoperative management included nonweightbearing
on the affected leg using crutches or a wheelchair for
6 weeks; weightbearing then progressed by approximately
25% of body weight per week. Strength training com-
mensurate with the level of weightbearing was initiated at
this time. Weightbearing and exercise progression were
subject to strength return and pain management. Patients
were encouraged to continue using a gait aid until they
could walk without a limp. Rehabilitation was supervised
by a physical therapist.

Patients were reviewed by the surgeon (PS) at 6 weeks
and 6 months postoperatively, unless there was an indica-
tion (eg, lack of progress or increasing pain) to see them
sooner. All patients, excluding those who had retorn ten-
dons as observed on ultrasound or MRI and confirmed at
revision surgery, were invited to attend a review of their
status done by an independent assessor not associated with
the surgery (AF). A set protocol that covered preoperative
and postoperative history, functional scores, and a physical
examination was performed. The patient completed a 100-
mm visual analog scale (VAS) for recalled preoperative
worst pain levels and current worst pain levels [25]. We
chose to use two outcome measures that have face validity
for assessment of GTPS: the Oswestry Disability Index
(ODI) [3, 37, 38, 45] and the modified Harris hip score
(HHS) [3, 11, 35, 40]. Strength of abduction, adduction,
and internal and external rotation for both hips was mea-
sured via a calibrated handheld dynamometer (HHD)
(Chatillon™ MSC series medical dynamometer; Chatillon
Force Measurement Systems, Largo, FL). Abduction and
adduction were measured with the patient supine with the
HHD positioned immediately proximal to the lateral
(abduction) and medial (adduction) femoral condyle.
Internal rotation and external rotation were measured with
the patient prone with the knee at 90° flexion. The HHD
was positioned immediately proximal to the medial
(external rotation) or lateral (internal rotation) malleolus.
Three submaximal trial tests were performed to ensure the
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patient understood the test. After this, the results of the best
of three tests were recorded [5]. Additionally, gluteal
strength was assessed via the Trendelenburg sign using the
protocol of Hardcastle and Nade [19]. The patient stood on
the affected leg, the other leg lifted to 90° hip flexion and
the pelvis held level, with shoulders aligned over the pel-
vis, and the position maintained for a maximum of 30
seconds. The contralateral leg was used as a control for all
measures in this study. Pain, ODI, and HHS assessments
were completed for all 19 patients included with the min-
imum followup; strength and Trendelenburg testing were
completed for 18 of the 19 patients.

Preoperative ultrasound reports were accessed. The
presence or not of tendon tears and bursa pathology was
rated dichotomously, and the result then was compared
with surgical observations for the tendon and histopathol-
ogy for the bursa. In 15 of the 24 patients, tendon and bursa
tissue from the same patient was available for histologic
examination. In five patients, only bursa tissue was avail-
able and in two patients only tendon tissue was available.
Hematoxylin and eosin staining was done of all specimens.
Histopathologic analysis of tendon and bursa tissue taken
during surgery was provided by a pathologist (JT). Find-
ings were reported as degenerative tendinosis, acute
tendinitis, or normal for the tendons and as degenerative
bursa pathology, acute bursitis, or normal for the bursa.
These findings were rated as normal or abnormal based on
the worst pathologic features viewed.

Descriptive statistics were used for demographic infor-
mation. We computed sensitivity and positive predictive
values for ultrasound (tendon tear present or absent) based
on surgical reports of tears (tear present or absent). We
then computed sensitivity and positive predictive values for
ultrasound bursa findings (pathology present or absent)
based on histology (pathology present or absent), using a
two-by-two contingency table in each case. Recalled pre-
operative and recorded postoperative pain and side-to-side
strength results were compared with the Wilcoxon signed-
rank test. ODI scores were inverted so that higher scores
reflected better outcome for comparison to the HHS.

Results

Based on surgical findings in this cohort of symptomatic
patients in whom nonoperative management had failed,
ultrasound had a sensitivity of 0.79 and a positive predic-
tive value of 1 of diagnosing a tear of either tendon. Based
on the histology and ultrasound findings (n = 15), ultra-
sound has a sensitivity of 0.61, a specificity of 1.0, a
positive predictive value of 1.0, and a negative predictive
value of 1.0 of diagnosing bursa pathology (Table 1). An
isolated gluteus medius tear was reported on ultrasound in
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Table 1. Preoperative ultrasound and surgical findings, the presence of tissue samples, and clinical review

Patient Ultrasound Ultrasound Surgery Surgery Surgery Tissue Tissue Clinical
either bursa Gmed Gmin bursa specimens specimens review
tendon tendon bursa

1 Tr Abn Tr Tr Abn NS NS v

2 Tr Abn Tr NR Abn v v v

3 Tr Abn Tr Tr NR (4 v v

4 Tr Abn Tr Tr NR (4 v v

5 Tr Abn Tr Tr Abn v v v

6 Tr Abn Tr Tr NR v 4 v

7 Tr NR Tr Tr NR v NS v

8 Tr NR Tr Tr Abn v v v

9 Tr Abn Tr Tr Abn v v v

10 Tn NAD NT Tr Abn NS v v

11 Tn NAD Tr Tr NAD NS v v

12 Tn Abn NT Tr NR (4 v v

13 Tn Abn Tr Tr NR v v v

14 Tr Abn Tr NT Abn v v Lost

15 Tr Abn NT Tr Abn NS NS v

16 Tr NR Tr Tr Abn v v v

17 Tr NR Tr Tr NAD v v v

18 Tr Abn Tr Tr NR NS v Retear

19 Tr Abn Tr Tr NR (4 v Retear

20 Tr Abn Tr Tr NR NS 4 v

21 Tr Abn Tr Tr Abn v NS v

22 Tr Abn Tr Tr NR v v v

23 Tn NAD Tr Tr NR NS v Lost

24 Tr NAD Tr NR Abn (4 v Declined

No report 0 4 0 2 11 5

Any pathology 24 16 21 21 11 16 18

Total 24 24 24 24 24 16 18 19

Gmed = gluteus medius; Gmin = gluteus minimus; Tr = tear; Tn = tendinosis; NT = no tear; Abn = any abnormality; NR = not reported;
NAD = no apparent deformity; NS = no specimen; ¢/ = specimen or clinical review was collected or performed.

15 of the 24 patients, an isolated gluteus minimus tear in no
patients, and tears in both tendons in four patients. The
remaining five patients were reported to have tendinopathy
in the gluteus medius and gluteus minimus (two) or ten-
dinopathy in the gluteus medius and normal in the gluteus
minimus (three). Ultrasound examination of the bursa was
reported in 20 of the 24 patients. Sixteen reportedly had
increased fluid or thickening, four were reported as normal,
and in four instances the report contained no comment on
the bursa. At surgery, tendon tears were reported in all 24
patients, the majority of cases (n = 18) having a tear of the
gluteus medius and minimus tendons. One patient had an
isolated tear of the gluteus medius tendon and three
patients had an isolated tear of the gluteus minimus tendon.
In two patients, the status of the gluteus minimus tendon
was not reported. Abnormality of the bursa was reported in
11 patients.

Nineteen patients reported less pain after surgery and
good to excellent levels of function (Soderman and Mal-
chau [41]) (Table 2). Pain decreased from a median
recalled preoperative worst pain of 85 mm (interquartile
range [IQR], 75-100 mm) to 9 mm (IQR, 0-25 mm)
postoperatively, resulting in a median improvement in pain
of 71 mm (IQR, 50-92) (p = 0.0002). The median HHS
postoperatively was 74 (IQR, 59-85) and the median ODI
was 82 (IQR, 74-92). The dynamometry measures
(n = 18) showed abduction and external rotation for the
ipsilateral leg were weaker than for the contralateral leg
(p = 0.0084 and p = 0.0428, respectively; Wilcoxon
signed-rank test) (Fig. 1). Based on the Trendelenburg sign
patients were able to stand on the surgically treated leg for
a shorter time (p = 0.009) than on the contralateral leg
(median, 15 seconds [IQR, 7.0-30.0 seconds] versus
median, 30 seconds [IQR, 15-30 seconds], respectively).
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Table 2. Outcomes of surgery for reconstruction of greater tro-
chanter pain syndrome were recorded at review (n = 19)

Patient rank Pain difference* Satisfaction HHS ODI

1 —100 100 82 86
2 —100 100 82 96
3 -99 100 85 86
4 -92 83 74 80
5 -92 76 75 92
6 —80 90 62 74
7 =77 85 59 78
8 —76 100 88 70
9 =71 100 85 82
10 —68 68 67 78
11 —65 69 65 84
12 —65 90 85 92
13 —60 78 57 68
14 —50 50 56 72
15 —50 100 84 98
16 —47 61 73 86
17 —10 70 40 60
19 16 74 58 76

* Patients were ranked by the difference between recalled preopera-
tive and postoperative pain; all but two patients had a clinically
significant improvement in pain levels (p = 0.0002) [6];
HHS = Harris hip score; ODI = Oswestry Disability Index.

3507  p=0.0084

3001

2501

200/ Q E
| — |
1504 p=0.0428

1l laeps

0

Force (Nm

Abd-I Abd-C ER-I ER-C IR-1 IR-C
Movement by Leg

Fig. 1 Hip abduction and external rotation strength are weaker
(p = 0.0084 and p = 0.0428, respectively) on the ipsilateral com-
pared with the contralateral leg at a minimum of 12 months
postoperatively. Abd-I = hip abduction ipsilateral; Abd-C = hip
abduction contralateral; ER-I = hip external rotation ipsilateral;
ER-C = hip external rotation contralateral; IR-I = hip internal
rotation ipsilateral; IR-C = hip internal rotation contralateral. The
box represents the interquartile (middle 50%) of the range, the
horizontal line across the box represents the median score, and
the whiskers represent the upper and lower quartiles.

Degenerative changes were reported in all tendons.

There was no report of normal tendon or acute tendinitis.
Degenerative changes were reported for all 18 bursa
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specimens. There was no report of normal bursa or acute
bursitis.

Discussion

Ultrasound imaging, although commonly used clinically
for many conditions, has limited evidence to support its use
in GTPS [9]. Surgical reconstruction of the gluteal tendons
has been reported as being effective for pain relief in
patients who no longer respond to nonoperative treatment;
however, the inconsistent use of, and in some cases com-
plete lack of validated outcome tools, means the results are
difficult to interpret [11, 30, 43]. Finally, the underlying
comparative pathologic features of the tendons and bursa
about the greater trochanter, to our knowledge, have not
been reported for GTPS, limiting the understanding of the
pathology. We therefore (1) calculated the sensitivity and
positive predictive value of preoperative ultrasound
assessment for GTPS, (2) reported the outcomes of gluteal
tendon reconstructive surgery using validated clinical and
functional outcome tools, and (3) reported the histopatho-
logic features of tendon and bursa specimens collected at
the time of reconstructive surgery.

This retrospective study has several limitations. First, the
lack of a control group prevented calculation of meaningful
ultrasound sensitivity and specificity. The false-positive
aspect of this calculation was underrepresented, and the
prevalence of GTPS overrepresented. This study does not
provide information regarding the number of patients who
may have tendon or bursa pathology that is not observed by
ultrasound, as patients had to have a positive ultrasound for
tendon tear to be included for surgery.

Second, the lack of a control group prevented a com-
parison with normal tendon and bursa histology; however,
normal morphologic features of tendon and bursa are well
known. Although one experienced musculoskeletal
pathologist examined all of our histologic specimens, we
did not perform intrarater reliability testing for assessment
of the histopathology. Third, the lack of preoperative data
limits comparison with postoperative status. We used
recalled pain and strength in the contralateral leg for
comparison instead. Reporting recalled pain may be inac-
curate, as pain can be difficult to describe and assess, and
recalled pain may be influenced by worst pain experience
[21, 36]. However, two short-term studies suggest recalled
pain reliably reflects previous pain [6, 20]; additionally, our
cohort reported pain levels similar to reported levels [11,
30]. The Trendelenburg sign is widely used clinically and
in research to assess hip function. However, pain and poor
balance have been identified as confounders of this test
[19]; we used dynamometry to confirm the results of the
Trendelenburg test.
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We found ultrasound had a high positive predictive
value for gluteal tendon tears documented at surgery in
select patients, which is comparable to that reported for
shoulder rotator cuff injury [12, 33]. The only other study
of ultrasound imaging for GTPS did not report the positive
predicative value and was not able to report the sensitivity,
because like us, they did not have a surgical control group.
They did not report on bursa findings at surgery or on
histopathology [9]. In studies that have used MRI or
ultrasound to differentiate between gluteus medius and
minimus pathology, including ours, imaging gluteus min-
imus pathology has been underreported when compared
with the surgical findings [4, 8, 9, 23, 26, 30, 34].

We found the surgical reconstructive procedure resulted
in a reduction of pain and good function (based on the HHS
results). Surgical outcomes from our patients are similar to
those in the four other studies reporting outcomes: one
retrospective case series [23] and three prospective series
[11, 30, 43]. These papers reported remission of pain and
return to function but with inconsistent use of standardized
tools for patient assessment. Improvements in the HHS of
46 to 82 have been reported [11]. In five of eight cases,
“complete remission” was reported by Lequesne et al. [30]
and in 10 of 10 cases by Voos et al. [43]. Surgical out-
comes are affected by inclusion and exclusion criteria and
surgical technique. All studies included patients who were
nonresponsive to nonoperative treatment for GTPS.
Exclusion criteria were not reported for three studies [11,
23, 43]. Our study and that of Lequesne et al. [30] used
similar surgical techniques; a description was not provided
by Kagan [23]. One study reported on iliotibial band “Z”
lengthening and repair of torn tendons when found; how-
ever, the authors did not report the incidence of these tears
[11]. The same study reported an incidence of revision
surgery similar to that in our patients. We reoperated on
two patients: one was receiving long-term oral steroids, and
the other was a long-term smoker who was noncompliant
with postoperative rehabilitation. The fourth study reports
repairs of the tendons in combination with multiple pro-
cedures to the hip [43].

We found, based on the gold standard of histopathology,
the tendon and the bursa were affected in this select group
of patients with GTPS. To our knowledge, previous pub-
lished histopathology data are limited to one series of five
tendon specimens [9] and one series of bursa specimens
from two symptomatic and two control patients [39]. We
were able to compare tendon and bursa from the same
patients.

To assess the effectiveness of an intervention, tools
designed and validated for the disease provide the most
reliable results. In the absence of a disease-specific tool, we
used the HHS, validated for hip arthritis, and the ODI,
validated for low back and leg pain. We also used the

Trendelenburg test, which has limitations as mentioned
above [19]. The functional tests developed and used by
Lequesne et al. [31] included a pain-dependent single-leg
stance test (not the Trendelenburg test), providing a sen-
sitivity and specificity of 100% and 97.3%, respectively,
for tendon tear confirmed at surgery. This promising
assessment tool would benefit from independent validation.

We confirm the findings of Connell et al. [9] that gluteal
tendon tears are observed by ultrasound examination in this
population; additionally, we found bursa pathology is seen
on ultrasound. We confirm previous findings, using vali-
dated tools, that reconstructive surgery for GTPS is likely
to reduce pain and provide patients with a good level of
function. The histopathology of tissue specimens associ-
ated with GTPS strongly suggests there was gluteal
tendinopathy with associated bursa degeneration. There
was no evidence of ongoing acute bursitis. Therefore, we
believe treatment should address the tendinopathy as a
primary goal. Future research should include a randomized
controlled trial assessing the long-term benefits of nonop-
erative treatments (corticosteroid injection and physical
therapy) compared with surgical treatment and a random-
ized controlled trial comparing surgical methods using
standardized and validated assessment tools.
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