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Abstract

Greater trochanteric pain syndrome (GTPS) is a pathology that can involve the trochanteric bursa
or the tendons which attach to the greater trochanter. To clarify the potential importance of bursa
versus tendon pathology and of substance P (SP) in contributing to pain in this condition tendon
and bursa tissue biopsies were obtained from 34 patients with GTPS and 29 control subjects.
Specimens were evaluated via light microscopy for histopathological and morphological
differences, as well as using immunohistochemistry for macrophages (CD68), cells (CD45) and
SP. Bursa [stroma score, mean (SD): 4.18 (1.65) vs. 2.53 (1.61), p = 0.051] and tendon [Bonar
score, mean (SD): GTPS mean (SD) 12.65 (2.0), control (10.43 (4.84), p = 0.04] from subjects
with GTPS demonstrated more extensive signs of pathology than specimens from control subjects.
There was a significantly greater presence of SP in the bursa (frequency: 9/12 vs. 6/16, p = 0.047),
but not in the tendon (8/12 vs. 8/15, p = 0.484) of subjects with GTPS compared to controls. An
increased presence of SP in the trochanteric bursa may be related to the pain associated with
GTPS.

Background

Greater trochanteric pain syndrome (GTPS) can cause debilitating pain on the lateral side of
the hip, thigh and leg.[1] The incidence of primary GTPS is reported as up to 5.6 per 1000
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patients per year. GTPS is present in approximately 20-35% of people with low back pain.
[2, 3] High levels of disability have been reported in people with this condition [4, 5].

Published microscopic or molecular assessments of tendon and bursae from patients with
GTPS are limited. Previous studies have been limited by the lack of a comparison group [6—
9]. There remains ongoing speculation about the source of symptoms (tendon vs. bursa) in
patients with GTPS [6-9]. Substance P (SP) has been implicated in the pain and pathology
of tendinopathy and bursitis. Gotoh et al. [10] reported a correlation of pain levels with the
presence of SP in the bursa of patients with rotator cuff tendinopathy. Schubert et al. [11]
demonstrated an increased presence of SP-containing nerves in Achilles tendinosis
pathology compared with controls (spontaneously ruptured Achilles without prior
symptoms). The presence of SP within tendon is associated with failed healing and pain in a
collagenase model of tendon injury [12].

In bursa, four types of synovium have been described: areolar, fibrous, adipose and vascular
[13-16]. Subsynovial tissue and/or vascular synovium of bursae may contribute to
nociception in a manner analogous to the synovial lining of the tibofemoral joint [17]; this
nociceptive role could explain why bursectomy is sometimes helpful in refractory GTPS
[18]. Furthermore, research examining the vascular and adipose subsynovial tissue may
increase our understanding of the relationship between bursa and closely adjacent tendon
pathology.

The aim of this study was to evaluate the pathology of the trochanteric bursae and gluteal
tendons from patients with torn tendons associated with GTPS, in comparison with a control

group.

Materials and methods

Participants

This study was conducted in two phases (retrospective, and prospective).

All participants were recruited through the Canberra Orthopaedic Group and the Canberra
Hospital. Surgery was performed by three orthopaedic surgeons (PS, AB, DS) at Canberra
Hospital or the Calvary John James Hospital.

Phase 1: Retrospective—Participants with refractory GTPS undergoing gluteal tendon
reconstructive surgery and bursectomy were recruited between 2004 and 2007. Participants
were eligible for gluteal tendon reconstruction if they had severe refractory lateral thigh pain
that did not respond to conservative treatment and had evidence of gluteal tendon tears on
imaging. Participants in the GTPS group had no clinical or radiological evidence of
osteoarthritis of the hip. These participants had tissue collected at the time of surgery for
standard pathological screening by a registered pathologist. Details regarding this group’s
surgery and outcomes have been previously reported [7]. Fourteen control participants with
a primary diagnosis of osteoarthritis of the hip undergoing a total hip arthroplasty were
recruited. The control group underwent total hip arthroplasty for primary hip osteoarthritis
between 2008 and 2009. Inclusion criteria for the control group were clinical and
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radiological evidence of hip osteoarthritis [19] and being scheduled for hip arthroplasty
surgery. Exclusion criteria for both groups included systemic inflammatory disease (such as
rheumatoid arthritis) or bone pathologies (such as Paget’s disease or metastatic disease).
Patients undergoing combined hip arthroplasty and gluteal tendon reconstruction were
excluded. GTPS and control participants were matched for sex (female) and age. Bursa and
tendon tissue specimens were collected from both groups of participants.

Phase 2: Prospective—A second group of GTPS and control group participants was
recruited between July 2007 and August 2009. Inclusion criteria were the same as
previously, but with additional exclusion criteria for both groups: lumbar spine nerve root
signs, or a history of surgery of the lumbar spine or the ipsilateral leg. In this phase, an
additional exclusion criterion for controls was any lateral hip pain or tenderness to palpation
of the greater trochanter. As in phase 1, GTPS and control participants were matched for sex
(female) and age, and both bursa and tendon tissue specimens were collected from each
participant. Approval for this study was provided by the ACT Health, the Australian
National University and Calvary Health Care human research ethics committees (HREC).
Following an explanation of the tissue collection procedure, and the risks and benefits of the
research, the participants provided signed informed consent. As an exception to this
procedure, in phase 1, the GTPS participants’ tissue had already been collected at the time of
surgery and the HREC provided a waiver for the gaining of signed consent. Prior to analysis
at the University of British Columbia, the secondary approval of the local clinical research
ethics board was obtained.

Tissue sampling and processing

A direct lateral incision with longitudinal splitting of the fascia was used for the GTPS
participants. The bursa was collected during the approach to the greater trochanter during
gluteal tendon reconstruction and during the approach to the hip in the control groups’
surgery. The tendon specimen was collected prior to the tendon reconstruction in the GTPS
groups and upon completion of the arthroplasty procedure in the control groups. All tendon
specimens were approximately 0.5 cm x 1.5cm x 0.5 cmand 0.2 cm x 0.5 cm x 0.2 cm in
size, respectively. In all cases, a mid-tendon sample was used for the evaluation, avoiding the
enthesis. Specimens were fixed in 10 % buffered formalin, processed and embedded into
paraffin using routine laboratory methods. The 4- or 5-pum-thick sections were cut and
mounted on slides.

Assessment of tissue sections

Bursa sections were stained with haematoxylin and eosin (H&E), Alcian blue and with
inflammatory cell markers (phase 1: CD68+ macrophages; phase 2: CD45+ leucocytes).
Tendon sections were stained with H&E and Alcian blue. All slides were coded to blind the
assessors to the groups. Slides were examined independently by two assessors (AF, JT)
using light microscopy. Scoring discrepancy was resolved by a third assessor (JD). A set
proforma was used for the assessment of the bursa and tendon with reference slides available
for calibration. For phase 2 of this study, immunohistochemistry for SP was conducted on all
bursa and tendon tissue sections using rat spinal cord as positive control tissue (mouse
monoclonal antibody, 70 min incubation, 1/5,000 dilution, Abcam). All slides were coded to
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blind the assessors to the groups. Slides were examined independently by two assessors (AF,
AS) using light microscopy. In the case of a scoring discrepancy, the slide was reexamined
and a consensus was reached. SP was assessed dichotomously (present or absent) in the
bursa and tendon.

Scoring of bursa pathology

The bursa stroma was examined and evaluated using a semi-quantitative scoring system
(Supplementary Table S1) and coded dichotomously for inflammatory cell aggregates
(lymphocytes, plasma cells, histiocytes, neutrophils) [20], calcium deposits, chondroid
metaplasia, mixed degeneration (fibrinoid, myxoid, and hyaline) [21], increased mucins
[22], and inter-adipose septa. Using this scoring method, a stroma with no pathology or
degenerative changes would score zero, while stroma with evidence of all of these
characteristics would score six. Within the stroma, the widest inter-adipose septa within the
specimen were identified by consensus between two of the researchers and a digital
micrograph obtained. The width was measured using calibrated digital imaging software
(\eritas, Arcturus). The presence or absence of synovium was recorded. Specimens with
synovium were coded dichotomously for the presence or absence of synovial hyperplasia
[20], vascular synovium [15, 16] and adipose synovium [23]. Using this scoring method,
synovium with no pathology or degenerative changes would score zero, while those with
evidence of pathology or degenerative changes would score three. The frequency of the four
types of synovium (areolar, fibrous, adipose and vascular) was noted.

In the area of the synovium with the most macrophagelike synoviocytes, the CD68+ stained

macrophage-like synoviocytes and fibroblast-like synoviocytes were counted and the ratio of
one to the other calculated. Cell counts were performed by one researcher (AF) using Image
J (http://rsbweb.nih.gov/ij/).

Representative samples from two different participants with adipose, areolar, fibrous and
vascular synovium, and the inter-adipose septum were selected for illustrative purposes (Fig.
4). These were examined using second harmonic generation (SHG) microscopy (which
highlights collagen-rich content components) and multi-photon emission fluorescence [24].

Assessment of tendon pathology

Tendon sections were assessed using a modified Bonar scale [25]. Each section was assessed
in three areas: greatest collagen disruption, highest vascularity, and most chondroid changes.
The median of these three scores was used. Additional points were allocated for calcification
and for intra-tendinous adipocytes. Using this scoring method, a tendon with no pathology
would score 0 and a tendon with maximum pathology would score 20.

Statistical methods

An intra-class correlation co-efficient (ICC) was calculated for intra-rater reliability for cell
counts and measures of inter-adipose septum. Descriptive statistics (mean, SD and range)
were used to summarise demographic data. Tendon and bursa scoring scales were assessed
by group, using mean and standard errors. The Fisher exact test was used to determine
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differences for categorical data. For normally distributed numeric data, a student T test was
used. For non-normal numeric data a two sample Wilcoxan rank sum was used.

Results

The final number of GTPS subjects for which tendon and bursa samples were available for
analysis was 34. The number of control subjects was 29 (Fig. 1).

Bursa pathology

The total stroma score was higher in the GTPS group than in the control group, indicating
the increased presence of bursa pathology with GTPS [T test, mean (SD) 4.18 (1.65) vs. 2.53
(1.61), p = 0.051]. Furthermore, a distinctive interadipose septa (Fig. 1) were more
frequently seen in the bursa tissue from the GTPS group, 27/31, compared with controls,
15/27 (Fisher exact: p = 0.008).

Inter-adipose septum

Measurement of the thickness of the inter-adipose septum, via a laser capture microscope,
showed no difference between the two test measurements, ICC (95 % CI) = 1.0 (1.00-1.00).
Of the specimens that demonstrated inter-adipose septa, there was no group difference in the
size of the inter-adipose septa.

The SHG imaging of the inter-adipose septa demonstrated that the inter-adipose septa are a
well-defined structure, comprising primarily dense bundles of well-organised collagen (Fig.
2). The merged SHG and multiphoton emission fluorescence images illustrated that many of
the collagenous and non-collagenous fibres within the septa course approximately parallel to
each other.

Inflammatory cell counts

The reliability of cell counting was tested using myofibroblasts and demonstrated excellent
reliability, ICC (95 % CI) 0.910 (0.852-0.967).

No inflammatory cell aggregates or significant calcium deposits were seen in the bursa
stroma in either population; the two groups had similar frequencies of mucins. There was no
group difference for the ratio of CD68 positive (macrophage-like) to CD68 negative
(fibrocyte-like) synoviocytes (Fig. 3a—d).

Presence and type of synovial lining

All four types of synovial lining were identified in the GTPS group (Fig. 4a—d); however,
adipose synovium was absent in control bursa tissue. There was no difference in the
frequency of areolar, fibrous or vascular synovium between groups. In the specimens with
synovium, there was no group difference for the total synovial tissue change score (T test: p
=0.125).
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Substance P

There was a significantly greater presence of SP in the bursa (9/12 vs. 6/16, Fisher’s exact
test p = 0.047), but not in the tendon (8/11 vs. 9/16, p = 0.223) of subjects with GTPS
compared with controls. Substance P was expressed in fibroblast-like cells embedded within
the bursa stroma or within the tendon, as well as in close association with vessels both in
bursa and in tendon.

Tendon pathology

Both groups displayed similar features of gluteus medius tendon pathology which were
consistent with previous descriptions of tendinosis at other anatomical locations [18, 22].
These features included tenocyte rounding, areas of increased vascularity, collagen
disruption and both hyperand hypo-cellularity (Fig. 5a—d). Degenerative tendon changes of a
similar nature were observed in both GTPS and control specimens, although the GTPS
group had a higher average Bonar score (GTPS mean (SD) 12.65 (2.0), control (10.43
(4.84): T test: p = 0.04). Synovial tissue attached to the tendon was noted in 16/27 of the
GTPS group and 7/26 of the control group (Fisher exact: p = 0.017). In both groups, there
was very little positive staining for inflammatory cells in the tendon or bursa (CD45).

Discussion

This paper reports that whereas both groups (GTPS and control) demonstrated tendon
pathology, people with GTPS demonstrated higher levels of bursa pathology and an
increased presence of SP in the bursa.

This study evaluated the histopathology of bursae and tendons in patients with GTPS who
underwent gluteal tendon reconstruction, and control subjects who underwent a hip
arthroplasty. We found an increased level of bursa pathology and an increased presence of
SP in the bursa of patients with GTPS. This indicates that the bursa is a likely source of pain
in GTPS and that treatment strategies directed at the bursa may be appropriate for this
condition.

This study also reports the presence, and describes the morphology, of inter-adipose septum
in the stroma of the trochanteric bursa. No previous study has been identified that describes
and evaluates inter-adipose septa in human bursa stroma. Previous synovial tissue
investigations have generally studied the fibro-fatty structure that supports the synovial
lining, the bursa stroma; studies of subacromial bursae report increased biochemical
substances in this tissue layer (cytokines and SP) [10, 21, 26] as well as increased
neovascularisation [27], but more detailed studies on the bursa anatomy are lacking. One
study in rats described inter-adipose septa in the fat pad of the retrocalcaneal bursa [28]. In
our study, the inter-adipose septa within the bursa stroma were seen more frequently in the
GTPS than the control groups, and had a tendency to be wider in the GTPS population of the
first cohort. The SHG microscopy provides evidence that this structure is a wellorganised
feature. Previous studies have not commented upon this well-defined feature of tissue
organization. The inter-adipose septa within the trochanteric bursa stroma might act to
protect the tendon from increased compressive or shear forces. This function could be
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similar to that of the septa in the heel pad, which assists in cushioning the heel [29, 30]. The
highly organised nature of the inter-adipose septa suggests a possible adaptive response to a
mechanical stimulus, rather than merely disorganised fibrous scarring.

This study found that people undergoing hip arthroplasty have pre-existing microscopic
tendon and bursa pathology of a similar nature to those undergoing gluteal tendon
reconstruction, although to a lesser degree. Hip arthroplasty surgery is an extremely effective
operation for OA of the hip [31, 32]; however, GTPS following hip arthroplasty is not
uncommon, leading to a less than optimal outcome. The preoperative incidence of GTPS in
people undergoing hip arthroplasty has not, to our knowledge, been reported. In future, pre-
operative screening for GTPS and/or imaging changes indicative of tendon or bursal
pathology may assist in reducing the rate of postoperative GTPS. This could be achieved by
screening for GTPS and performing a bursectomy and repairing tendons during hip
arthroplasty if necessary.

The sample size was based on previous histology studies [22]. However, we acknowledge
that this study may lack statistical power for some aspects of the histological analysis. The
sample size for the SP immunohistochemistry, although sufficient to allow us to detect a
statistically significant difference in the presence or absence of SP between the GTPS and
control group, was relatively small, and it is thus not clear how representative this finding
may be of the larger population of people with or without GTPS. A further limitation was
that in phase 1, the control group was not explicitly screened for GTPS as this was not part
of any standard clinical screening that we were aware of at the time. Our histological
findings from this study provided some impetus for screening for GTPS in people
undergoing hip arthroplasty; this was then carried out in phase 2, allowing the recruitment of
a group of reference subjects who were known to be clinically free of GTPS.

Conclusions

These results confirm that in people with GTPS, the bursae demonstrated more extensive
pathology and greater distribution of SP compared with controls and are thus of potential
importance in the generation of pain.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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trochanteric pain syndrome, OA osteoarthritis of the hip. Please see text for full description

of inclusion and exclusion criteria
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Fig. 2.
Inter-adipose septum (IAS). a Multiphoton excitation fluorescences (MPEF) demonstrating

highly organised, dense structure typical of IAS in the examined gluteal bursa tissue. b SHG
signal captured from the same area as (a) demonstrates that the bulk of the IAS is composed
of fibrillar collagen (red and yellow). ¢ Merged MPEF/SHG image. Note the distinct
presence of longitudinally oriented, non-collagenous fibrillar structures in the 1AS. d The
collagenrich fibrous band in the middle of the picture is the inter-adipose septum, and the
latticework of collagen fibres can also be seen in and amongst the adipocytes, H&E staining,
%100 original magnification (a—c scale bar 25.4 um. d scale bar 100 pm)
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Fig. 3.

CD68 localisation. CD68 was prominent in the synovial layer of the gluteal bursa. a, b Some
areas of synovium demonstrated little or no positive CD68 localisation, while other areas (c,
d) showed intense immunoreaction (brown)
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Fig. 4.
Synovial tissue in bursa: areolar (a), adipose (b), fibrous (c) and vascular (d) synovium. (a—c

SHG x630, d SHG x200)
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Fig. 5.
Representative tendon from GTPS (a, b) and control (c, d) participants demonstrating the

presence of tendinosis in both populations. a Hypercellularity, with grade 1-2 chondroid
changes aligned along well-demarcated collagen bundles. b Hypocellularity, tenocytes with
grade 2 and 3 chondroid changes. There is marked separation of collagen bundles, areas of
complete loss of tendon architecture, and areas of altered extra cellular matrix (blue). ¢
Tenocytes in runs, tenocytes with grade 0-1 chondroid changes aligned along well-
demarcated collagen bundles. d Hypocellularity, tenocytes with grade 3 chondroid changes,
poorly demarcated collagen bundles and areas of altered extra cellular matrix (blue). (H&E
stain, x200 original magnification)
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