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Trochanteric Bursa Is a Source of Connective Tissue ®
Progenitor Cells

updates.

Matthew R. LeVasseur, M.D., Benjamin C. Hawthorne, B.S., Michael R. Mancini, B.S.,
Mary Beth R. McCarthy, B.S., Ian J. Wellington, M.D., Mark P. Cote, D.P.T., M.S.C.T.R,,
Olga Solovyova, M.D., Vincent J. Williams, M.D., and Augustus D. Mazzocca, M.S., M.D.

Purpose: To investigate the presence of connective tissue progenitor cells (CTPs) in the trochanteric bursa harvested over
the gluteus medius muscle belly and tendon during open hip procedures. Methods: Trochanteric bursa samples from
nine patients (63.1 + 8.6 years) undergoing total hip arthroplasty for primary osteoarthritis were obtained from 2 sites:
over the gluteus medius tendon at the greater trochanter and over the muscle belly. Bursal tissue was digested with
collagenase and grown in culture. The nucleated cell count, cellular concentration, cellular proliferation, fluorescence-
activated cell sorting (FACS) analysis, and differentiation using immunostaining and quantitative polymerase chain re-
action (PCR) were used to determine and quantify the presence of CTPs. Results: Bursa-derived CTPs were identified in
all harvested samples. At ¢ = 0, there was no difference in nucleated cell count over muscle and tendon (1.69 4 1.26 x 10°
and 1.41 + 1.12 x 108 cells/g, respectively; P = .162). Similarly, the cellular concentration at 3 weeks was not significantly
different between bursa harvested over muscle and tendon (6.61 & 5.14 x 10° and 5.58 + 4.70 x 10° cells/g, respectively;
P = .532). High cellular proliferation was identified for both bursal tissue overlying muscle and tendon (2.28 £ .95 and
1.66 + 1.05, respectively; P = .194). FACS analysis revealed high positivity rates (>95%) of CTP-specific surface epitopes
(CD105, CD90, and CD73) and low positivity rates (<1.3%) of negative markers (CD45, CD31). Osteogenic, adipogenic,
and chondrogenic differentiation potential was demonstrated with immunostaining and quantitative PCR for gene
expression. Conclusions: Connective tissue progenitor cells are found in the trochanteric bursa overlying the muscle and
tendon of the hip abductors. Clinical Relevance: During open hip procedures, the trochanteric bursa is often partially
excised to identify muscular boundaries and tissue planes for surgical exposure. The function of the trochanteric bursa
remains largely unknown. However, this tissue is a source of connective tissue progenitor cells, which may be important in
the healing response of surgically repaired abductor tendons.

Introduction
B ursal tissue has been identified as a robust source of
connective tissue progenitor cells (CTPs).'” In
recent investigations, the increased interest in bursal
tissue has emerged for its potential role in augmenting
tendon repairs, particularly in rotator cuff tendons.””
However, it is unknown whether bursal tissue from
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different sites of the human body contains CTPs, alter-
natively known as mesenchymal stem cells (MSCs).
Similar to the subacromial bursa, the trochanteric bursa
is commonly excised during total hip arthroplasty (THA)
to assist with defining anatomic landmarks for the sur-
gical approach. Studies have implicated bursal tissue in
the healing response of injured tendons.® "' In particular,
subacromial bursal tissue has been shown to manifest
hypertrophy, hyperplasia, and neoangiogenesis, which
suggest a role in the reparative response.”” However, the
specific biologic role of bursal tissue and its mechanism,
and perhaps more importantly, the magnitude of its
effect, on tendon healing is unknown. Moreover, dif-
ferences in cellular proliferation have been identified
from subacromial bursa overlying tendon versus mus-
cle.? Elsewhere, the cells of the paratenon enveloping the
patellar tendon in rodents have been observed to change
cellular expression as a consequence of trauma to pro-
mote healing.'” To further understand the biological role
of bursal tissue overlying muscle attachment sites, addi-
tional entheses need to be analyzed.
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The purpose of the study was to investigate the pres-
ence of connective tissue progenitor cells (CTPs) in the
trochanteric bursa harvested over the gluteus medius
muscle belly and tendon during open hip procedures. We
hypothesized that the trochanteric bursa would be a
robust source of connective tissue progenitor cells, and
there would be no difference in the cellular viability and
differentiation potential of cells taken from the bursa
overlying the tendon and muscle belly.

Methods

Prior to initiation of the study, institutional review board
(IRB) approval was granted. This investigation was per-
formed at the Department of Orthopaedic Surgery, Uni-
versity of Connecticut, Farmington, Connecticut.
Specimens were obtained from nonconsecutive patients
undergoing primary total hip arthroplasty by one of two
fellowship-trained arthroplasty surgeons between June
2020 and August 2020. Inclusion criteria included pa-
tients older than 18 years of age undergoing primary,
unilateral total hip arthroplasty for primary degenerative
osteoarthritis. Patients were excluded if they had a history
of avascular necrosis, septic arthritis, inflammatory
arthropathy, rheumatologic conditions (e.g., rheumatoid
arthritis, gout, and pseudogout), trochanteric bursitis or
bursal injection (e.g., corticosteroid, local anesthetic,
platelet-rich plasma, and stem cells), hip abductor injury
or tear, or ipsilateral hip surgery. Patients of vulnerable
patient populations were also excluded such as prisoners
and pregnant women. Smokers (current or former) were
not excluded as a previous study of subacromial bursa-
derived CTPs found that smoking status did not affect
cellular proliferation or cell density.” Additionally, all
current smokers were required to abstain from smoking
for atleast 3 months prior to surgery under the direction of
the surgeon. Demographic information, including age,
sex, and medical comorbidities were obtained for each
patient. Ethical approval was obtained via Human
Research Determination Form to the IRB of the University
of Connecticut (IRB # [E-07-224-2).

Specimen Collection

Using a direct lateral approach to the hip in the lateral
decubitus position, we identified the hip abductors and
overlying bursa after incision and retraction of the ilio-
tibial band and tensor fascia lata. Using electrocautery,
we excised the bursa overlying the hip abductor tendon
at the insertion to the greater trochanter and bursa
overlying the gluteus medius musculature was excised
and collected in 2 separate sterile specimen cups filled
with saline (Fig 1). Harvesting was completed once
approximately 2 grams of tissue was obtained for each
sample. The specimens were then immediately trans-
ported to the research laboratory and stored overnight in
a 4°C refrigerator. Secondary to the long-time commit-
ment and requirement for ancillary staff to perform
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fluorescence-activated cell sorting (FACS) analysis,
processing was delayed until the next day. All specimens
were processed within 24 hours of collection.

Digestion and Nucleated Cell Count

First, the tissue was gently blotted to remove excess
fluid on the samples. A scalpel was used to remove
sections of cauterized bursal tissue prior to processing.
Then, the mass of the bursa samples collected over the
tendon and muscle was recorded. For all experiments,
bursal tissue overlying the hip abductor tendon and
overlying the muscle were processed separately. A
small portion of the tissue was isolated and minced with
tenotomy scissors for 2 minutes to aid in tissue diges-
tion. This tissue was transferred to a 50-mL screw cap
conical centrifuge tube containing 30 mL of Dulbecco’s
modified Eagle’s medium (DMEM) (1 x; Thermo Fisher
Scientificc, Waltham MA) and 2 mg/mL of sterile
Collagenase P (Sigma-Aldrich, St. Louis, MO). For tis-
sue digestion, the tubes were secured on a rocking
platform and placed in a humidified 37°C incubator
maintained at 5% CO, concentration for 2 hours or
until the tissue was visibly digested. To achieve a sin-
gular cell suspension, the digested samples were passed
through a 70-um nylon mesh cell strainer (Fisher Sci-
entific, Pittsburgh, PA). The number of cells (cells/mL)
was calculated using a Z1 Coulter Particle Counter
(Beckman Coulter Life Sciences, Indianapolis, IN),
calibrated to detect particles >8 um, after adding 500 pL
of the cellular solution to a transparent cuvette con-
taining 9.5 mL of 0.9% NaCl solution. The nucleated
cell count was then calculated by multiplying the
number of cells per unit volume by the total volume of
solute (30 mL). The nucleated cell count per mass
(cells/g) was calculated by normalizing with respect to
the total mass of the digested tissue.

Cell Culture

Using a previously described technique to culture
bursal cells*, the tissue was minced with tenotomy
scissors and plated in complete culture medium con-
taining DMEM, 10% fetal bovine serum (FBS) (Thermo
Fisher Scientific), and .1% penicillin/streptomycin
(Thermo Fisher Scientific) in two different arrange-
ments: two Corning Primaria 100-mm dishes (Thermo
Fisher Scientific) and eight wells of a Falcon Primaria
24-well plate (Becton Dickinson and Company,
Franklin Lakes, NJ). The 100-mm dishes were plated
with 200 mg of tissue with 10 mL of complete medium
and were later used for differentiation and FACS
analysis at confluence. The 24-well plates were plated
with 50 mg of tissue with 1 mL of complete medium
and were later used for measuring cellular concentra-
tion and proliferation at 3 weeks. Cells were grown at
37°C in a 5% humidified CO, incubator."”'” Complete
DMEM medium was changed twice weekly.
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Fig 1. Intraoperative harvesting of the trochanteric bursa from a left hip. Following retraction of the iliotibial band and tensor
fascia lata, the trochanteric bursa can be identified overlying the gluteus medius. (A) Bursal tissue was retrieved from 2 sites:
overlying the tendon and overlying the muscle. (B, C) Trochanteric bursa overlying the gluteus medius tendon was identified
and excised, revealing the white appearance of the underlying tendon.

Cellular Concentration

Following 3 weeks in culture, the four wells of the 24-
well plate designated for cellular concentration were
trypsinized  using sterile = 0.5%  trypsin/ethyl-
enediaminetetraacetic acid (EDTA) to release the cells
from the tissue culture plastic. Similar to the nucleated
cell count at £ = 0, 500 UL of the cellular suspension was
added to a transparent cuvette containing 9.5 mL of
0.9% NaCl solution and the number of cells that
migrated out of the tissue and divided were counted
using the Z1 Coulter Counter. The cellular concentra-
tion (cells/g) was calculated by normalizing with
respect to the total mass of plated tissue.

Cellular Proliferation

Following 3 weeks in culture, cellular viability and
their ability to proliferate were determined using the
XTT (2,3-bis (2-methoxy-4-nitro-5-sulfophenyl)-5-
[(phenylamino) carbonyl]-2H-tetrazolium hydroxide)
assay (Roche Diagnostics, Mannheim, Germany).” This
test uses an ELISA reader to measure the absorbance of
a soluble, brightly colored formazan salt that is created
as an end product of an electron-coupling reaction that
only occurs in the mitochondria of viable cells. Using
96-well plates (Corning, Corning, NY), cultures were
incubated in XTT labeling mixture for 24 hours. The
absorbance at 450 nm with a reference wavelength of
650 nm was measured using an automated plate reader
(BioTek, Bad Friedrichshall, Germany).>"*

FACS Analysis

Fluorescence-activated cell sorting (FACS) analysis
was completed at cell culture confluence, approxi-
mately 3 weeks after plating. On the basis of the

consensus of the International Society for Cellular
Therapy, cells expressing the surface epitopes CD105,
CD90, and CD73 and lacking CD45 and CD31 are
required criteria to be labeled mesenchymal stem
cells.'”” FACS analysis uses fluorescent antibodies to
target these surface markers and quantifies their pres-
ence using an emission profile. Culture plates were
trypsinized to lift the cells, spun into a pellet, and 10°
cells were resuspended in 100 PL of staining buffer (1 x
phosphate-buffered saline [PBS] with 10% fetal bovine
serum [FBS] [Thermo Fisher Scientific] and 1% human
serum) containing a fluorescein isothiocyanate (FITC)
or phycoerythrin (PE) antibody. All antibodies were
obtained from BD Biosciences (San Diego, CA). Testing
was completed using a BD LSR II flow cytometer (BD
Biosciences) and analyzed using BD FACSDiva software
(BD Biosciences).

Differentiation, Inmunostaining, and Quantitative
PCR

Following confluence of cells in culture, cells were
split and three different medias were created to allow
osteogenic, chondrogenic, and adipogenic differentia-
tion, as well as cell culture plates designated to serve as
controls. Cell culture medium was changed twice
weekly for 21 days, to allow confluence of cells. Cell
lines were stained and quantitative polymerase chain
reaction (PCR) was used to measure the gene expres-
sion among the 3 different cell lines (osteogenic, adi-
pogenic, and chondrogenic cells).” First, the RNA was
isolated using TRIzol reagent (Invitrogen Thermo Fisher
Scientific, Carlsbad, CA). Using a Nanodrop (Thermo
Scientific, Wilmington, DE), we quantified the purity of
the RNA sample. Next, the RNA was reverse transcribed
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into complementary DNA using 1 mg messenger RNA
and a High Capacity Reverse Transcription Kit
(Invitrogen). Quantitative PCR was performed using 8
ng complementary DNA as a template, in triplicate, and
the StepOne Real-Time PCR system (Applied Bio-
Systems, Foster City, CA).” Expression of glyceralde-
hyde-3-phosphate dehydrogenase (Hs99999905_m]1)
was used as a control.

Osteogenic Differentiation

Cells were plated at a density of 3.0 x 10* cells/cm?
on 100-mm dishes.'® The osteogenic differentiation
media contained DMEM, 10% FBS, 1 nM dexametha-
sone, 20 mM P-glycerophosphate, and 50 pg/mL
ascorbate-2 phosphate.'” Control media were complete
DMEM. Following fixation in 100% methanol, cells
were stained with alizarin red to identify mineralized
bone nodule formation.'® Gene expression of osteo-
genic samples was evaluated by measuring alkaline
phosphatase (ALP; Hs01029144_m1) and collagen type
I alpha 1 (COL1AI; Hs00164004_m1)."”

Adipogenic Differentiation

Cells were plated at a density of 6.0 x 10* cells/cm?
on 100-mm dishes.'® The adipogenic differentiation
media contained DMEM, 10% FBS, 100 nM dexa-
methasone, 0.5 mM isobutyl-.-methylxanthine
(Sigma-Aldrich), and 50 pM indomethacin (Sigma-
Aldrich).”” Control media used was complete DMEM.
Following fixation in 70% ethanol, cells were stained
with Qil Red-O solution.'® Adipogenic samples were
evaluated by measuring fatty acid binding protein 4
(FAB4; Hs01086177_m1) and peroxisome proliferator-
activated receptor Y (PPAR-y; Hs01115513_m1)."’!

Chondrogenic Differentiation

Chondrogenic differentiation followed the protocol of
Hatakeyama et al., which required the use of a cellular
pellet.”’ Cells at a density of 5.0 x 10’ cells/mL were
added to 15-mL polypropylene tubes (Falcon; BD,
Franklin Lakes, NJ) and centrifuged at 450 g for 10
minutes.'® The supernatant was discarded, leaving the
cellular pellet. Chondrogenic differentiation media
contained high-glucose DMEM, 10 ng/mL transforming
growth factor-f-1 (TGF-B-1, R&D Systems, Minneap-
olis, MN), 100 nM dexamethasone (Sigma-Aldrich), 50
pg/mL ascorbate-2-phosphate (Sigma-Aldrich), 40 pg/
mL proline (Sigma-Aldrich), 100 pg/mL pyruvate
(Sigma-Aldrich), and 50 mg/mL liquid media supple-
ment (ITS+1; Sigma-Aldrich; containing bovine insu-
lin, human transferrin, sodium selenite, bovine serum
albumin, and linoleic acid). Control media were similar,
except TGF-B-1 was not added. During medium
changes, it was important to not aspirate the pellet
following centrifuging of the sample. For microscopic
analysis, pellets were dehydrated in a series of alcohols,
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embedded in paraffin, cut into 5-pm sections, and
stained with Alcian Blue and type II collagen. Chon-
drogenic gene expression was evaluated by measuring
collagen type II alpha 1 (COL2A1; Hs00264051_ml)
and sex-determining region Y-box 9 (SOX9;
Hs00165814_m1).>?

Statistical Analysis

For statistical analysis, continuous variables were
presented as means and standard deviations (SD), and
categorical variables were summarized using fre-
quencies and proportions. The paired ?-test was used to
compare means in cell density (cells/mg), proliferation,
gene expression, and surface epitopes from hip
abductor bursa taken from over the muscle and tendon
where appropriate. A P value of <0.05 was considered
statistically significant. All statistical analyses were
performed with Stata Statistical Software (StataCorp,
College Station, TX)

Results

In the study period, 22 patients underwent primary
total hip arthroplasty. Nine patients were excluded
because of unavailability of laboratory personnel, two
patients were excluded because of a diagnosis of avas-
cular necrosis, one patient because of a history of in-
flammatory arthropathy, and one prisoner. This resulted
in in a final study population of nine patients. The cohort
consisted of seven females and two males with an
average patient age of 63.1 £ 8.6 years (range, 54 to 82).
The average sample of trochanteric bursa harvested over
the gluteus medius muscle was 2.18 £+ 1.60 g and over
the gluteus medius tendon was 1.52 + 0.82 g. Patient
demographics are shown in Table 1.

Nucleated Cell Count

There was no difference in nucleated cell count per mass
between bursa over the gluteus medius muscle (1.69 +
1.26 x 10® cells/g; range, 9.69 x 10°to0 4.27 x 10° cells/g)
and over the tendon (1.41 4+ 1.12 x 10 cells/g, range,
1.31 x 107 to 3.41 x 10% cells/g) (P = .162).

Cellular Concentration

Following 3 weeks in culture, trochanteric bursa sam-
ples demonstrated high cellular concentrations with no
significant differences between those derived from
overlying muscle (6.61 £ 5.14 x 10° cells/g; range,
1.53 x 10°to 1.85 x 107 cells/g) or tendon (5.58 +4.70 x
10° cells/g; range, 2.45 x 10° to 1.38 x 107 cells/g)
(P = .532). Cellular concentrations are shown in Fig 2.

Cellular Proliferation

Following 3 weeks in culture, both trochanteric bursa
samples demonstrated high cellular proliferation using
the XTT assay. The mean cellular proliferation index for
the trochanteric bursa overlying the gluteus medius
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Table 1. Patient Demographic Data

Characteristic Means + SD Range
Age, yr 63.1 £ 8.6 54-82
BMI, kg/m? 32.6 + 6.8 20.1-40.7
n %

Sex

Female 7 78%

Male 2 22%
Laterality

Left 6 67%

Right 3 33%
Diabetes

Yes 0 0%

No 9 100%
Smoker

Current 3 33%

Former 3 33%

Never 3 33%
Alcohol

Yes 2 22%

No 7 78%
Prior intra-articular

corticosteroid injection

Yes 5 56%

No 4 44%

BM], body mass index.

muscle was 2.28 £ 0.95 and overlying the tendon was
1.66 £+ 1.05, with absorbance measured at 450 nm
compared to the 650-nm reference wavelength
(P = .194). These results are shown in Fig 3.

FACS Analysis

Trochanteric bursal cells from tissue overlying both
the gluteus medius muscle and tendon expressed high
positivity (95 to 100%) for mesenchymal stem cell
markers (CD105, CD90, and CD73) and low positivity
(.58 to 1.3%) for hematopoietic surface markers (CD45
and CD31), suggesting appropriate isolation of MSCs as
defined by the International Society for Cellular Ther-
apy.'” There was no difference in the positivity rates of
all surface epitopes between bursa over the muscle and
bursa over the tendon (Fig 4).

Osteogenic Differentiation

Osteogenic potential of connective tissue progenitor
cells was determined through alizarin red staining and
PCR to identify gene expression of alkaline phosphatase
(ALP) and type I collagen alpha 1 (COL1A1) compared
to patient-matched control samples. All cell colonies
induced with the osteogenic differentiation media
stained positively with alizarin red, contrary to controls
(complete DMEM). Quantitative PCR identified similar
mean gene expression ratios for bursa overlying muscle
and tendon for both ALP (21.0 + 7.4 vs.21.0 £ 5.7, P=
.180) and COL1A1 (3.0 £ 2.8 vs. 4.4 + 1.0; P = .180).
Osteogenic differentiation results are shown in Fig 5.
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Adipogenic Differentiation

Adipogenic potential of connective tissue progenitor
cells was determined through Oil Red-O staining and
PCR to identify gene expression of fatty acid binding
protein 4 (FAB4) and peroxisome proliferator-
activated receptor Y (PPAR-Y) compared to patient-
matched control samples. All cell colonies induced
with the adipogenic differentiation media stained
positively with Oil Red-O. All controls (complete
DMEM) failed to stain with Oil Red-O. Quantitative
PCR identified similar mean gene expression ratios for
PPAR-y for bursal tissue overlying gluteus medius
muscle and tendon (1.6 = .4 vs. 1.5 + .1; P = .465).
However, there was significantly greater gene
expression of FAB4 over the muscle compared to
tendon (2.2 + 1.0 vs. 1.3 £ .4; P = .028). Adipogenic
differentiation results are shown in Fig 6.

Chondrogenic Differentiation

Chondrogenic potential of connective tissue progen-
itor cells was determined through Alcian Blue and type
II collagen staining, as well as PCR to identify gene
expression of collagen type II alpha 1 (COL2A1) and
sex-determining region Y-box 9 (SOX9) compared to
patient-matched control samples. All cell colonies
induced with the chondrogenic differentiation media
stained positively for Alcian Blue and type II collagen,
while controls (similar media without TGF-p) failed to
stain. Quantitative PCR identified similar mean gene
expression ratios for bursa overlying muscle and tendon
for both COL2A1 (2.3 £ 1.6 vs. 4.6 = 3.1; P= .463) and
SOX9 (4.0 £ 2.4 vs. 2.9 + 2.7, P=.600). Chondrogenic
differentiation results are shown in Fig 7.
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Fig 2. Cellular concentration of trochanteric bursa cells.
Following 3 weeks in culture in complete Dulbecco’s modified
Eagle’s medium (DMEM), high cellular concentrations (cells/
g) were identified from bursal tissue overlying the gluteus
medius muscle and tendon with no significant differences
(P = .532). The values are represented as the mean (“X”
marker), median (line), interquartile range (box), and range
(whiskers).
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Fig 3. Cellular proliferation of trochanteric bursa cells. XTT
analysis was used to assess the cellular proliferation rate by
measuring the absorbance of formazan salt at 450 nm following 3
weeks in culture. Both trochanteric bursa samples demonstrated
high rates of cellular proliferation with no significant differences
between those derived from overlying the gluteus medius muscle
and tendon (P = .194). The values are represented as the mean
(“X” marker), median (line), interquartile range (box), and range
(whiskers). XTT, (2,3-bis (2-methoxy-4-nitro-5-sulfophenyl)-5-
[(phenylamino) carbonyl]-2H-tetrazolium hydroxide).

Discussion

The most important finding of this study was that
bursal tissue overlying the hip abductors contains con-
nective tissue progenitor cells. These cells showed
similar in vitro behaviors as those derived from the
subacromial bursa, with high cellular viability and
proliferation, as well as excellent potentials for differ-
entiation into osteogenic, adipogenic, and chondro-
genic lineages.” **>?* We further observed no
difference in the nucleated cell count, CTP cellular
concentration, proliferation, and expression of CTP-
specific surface markers in the bursal tissue collected
over the tendon compared to over the muscle belly of
the hip abductors. The biologic role of these cells is
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unknown but may parallel those of the subacromial
bursa and the rotator cuff.

Hip abductor tears have been described as the rotator
cuff tears of the hip.?”?° This pathology is more prev-
alent in older populations, causing pain, local tender-
ness, kinematic changes, and weakness. Furthermore,
these tears may occur with or without a known trau-
matic event. Howell et al. hypothesized that these tears
were secondary to ischemia of the vascular watershed
at the intertrochanteric line with resultant degenerative
changes, leading to tears.”” Similar to the rotator cuff,
repair techniques include suture fixation, suture an-
chors, transosseous bone tunnels, muscle transfers (e.g.,
gluteus maximus), and allografts (e.g., Achilles, acel-
lular dermal allografts), using either endoscopic or open
approaches. Moreover, outcomes are worse when fatty
atrophy is present. Importantly, preoperative degener-
ation of the hip abductors can be seen in 20% to 25% of
THA patients, which has been linked as a strong
contributor to postoperative abductor deficiency in
addition to failed tenotomy repairs.”’ >’ Akin to the
shoulder, repair results are inconsistent, and failures
may be impeded by a biologic problem.

Bursal tissue has been implicated in the healing
response of injured tendons.®'' Multiple recent in-
vestigations have identified cells derived from the sub-
acromial bursa to garnish osteogenic, adipogenic, and
chondrogenic differentiation potentials."*®'**° These
potentials have been demonstrated with gene expres-
sion profiles using quantitative PCR”, flow cytometry
for mesenchymal stem  cell-specific  surface
markers™*'*?*?* and histological staining.”'’ Mor-
ikawa et al. quantified gene expression levels for pro-
teins specific to osteogenic, adipogenic, and
chondrogenic lineages for cells derived from the sub-
acromial bursal tissue overlying the muscle and tendon

CD45 T 7] p=0.303

CD31 I:] p=0.858

Fig 4. Positivity rates of CTP-specific surface
markers using flow cytometry. Trochanteric
bursa samples over the gluteus medius muscle
and tendon demonstrated high positivity rates
of CTP-specific surface markers including
CD105, CD90, and CD73 and low positivity
rates of negative markers including CD45 and
CD31. These findings are consistent with the
criteria described by Dominici et al.'> The
values are presented as the mean positivity
rate (%) with standard deviation bars. CTP,
connective tissue progenitor cell.
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Fig 5. Osteogenic differentiation
immunostaining and quantitative
PCR. Alizarin Red staining in
controls (A) and those induced
with osteogenic differentiation
media (B) at x10 magnification.
Trochanteric bursa overlying the
gluteus medius muscle and
tendon revealed similar gene
expression ratios for ALP (C) C ALP
(P = .180) and COLIAl (D)
(P = .180). ALP, alkaline phos-
phatase; COL1A1, type I collagen
alpha 1; PCR, polymerase chain
reaction.
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of the rotator cuff.” These authors identified similar
expression profiles for the two harvesting sites. Simi-
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sion ratios for the differentiated cells from the
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trochanteric bursa overlying the gluteus medius muscle
belly and tendon, excluding fatty acid binding protein 4
(FAB4), which was found to be significantly greater in
the bursal tissue over the muscle belly. Macroscopically,

Fig 6. Adipogenic differentiation
immunostaining and quantitative
PCR. Oil Red-O staining in controls
(A) and those induced with adi-
pogenic differentiation media (B)
at x 10 magnification. Trochanteric
bursa overlying the gluteus medius
muscle and tendon revealed
similar gene expression ratios for
PPAR-Y (C) (P = .465); however,
bursa taken from over the muscle
FAB4 revealed  significantly  greater
expression of FAB4 compared to
bursa over the tendon (D) (P =
.028). FAB4, fatty acid binding
protein 4; PCR, polymerase chain
reaction; PPAR-Y; peroxisome
proliferator-activated receptor 7.

Muscle Tendon



€1668

]
-
—
==}
=
<
o
=
<
=
5]
on
]
—
=
@)
o
o=
-
=
=

COL2Al

m
M

mRNA Expression Ratio
D =N W R LN 0O
mRNA Expression Ratio
=T oW S [N ]

the harvested bursa tissue overlying the gluteus medius
muscle contained more adipose tissue, which likely
explains this difference. This macroscopic observation
was similar to those described for the subacromial bursa
overlying the rotator cuff.” Like those seen in the cur-
rent study, other studies investigating bursal tissue have
identified greater than 90% positivity for the CTP-
specific surface markers CD73, CD90, and CD105 and
negligible rates of the hematopoietic markers CD31 and
CD45 using flow cytometry.””*** Moreover, other
studies have positively stained osteogenic cells with
Alizarin Red, adipogenic cells with Oil Red-O, and
chondrogenic cells with Alcian and/or Toluidine
Blue.”"’

In the shoulder, the subacromial bursa has recently
gained attention as a local biologic augment for rotator
cuff repairs.””'" Studies have identified bursal tissue as
an abundant source of progenitor cells, in agreement
with the established criterion for mesenchymal stem
cells,”” as well as manifesting features of hypertrophy,
hyperplasia, and neoangiogenesis, further suggesting a

..
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Fig 7. Chondrogenic differentia-
tion immunostaining and quan-
titative PCR. Alcian Blue and type
1I collagen staining in controls (A
and C, respectively) and those
induced with chondrogenic dif-
ferentiation media (B and D,
respectively) at x10 magnifica-
tion. Trochanteric bursa overlying
the gluteus medius muscle and
tendon revealed similar gene
expression ratios for both
COL2AL1 (E) (P = .463) and SOX9
(F) (P = .600). COL2A1, collagen
type I a1; PCR, polymerase chain
reaction; SOX9, sex-determining
region Y-box 9.

SOX9

Em

Muscle Tendon Muscle
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role in the reparative response.®’ However, its precise
biologic mechanism is unknown.

Importantly, bursal tissue and its role in the healing
response of entheses has been limited to the sub-
acromial space and the rotator cuff. The hip abductors,
also known as the rotator cuff of the hip, may benefit
from local biologic augmentation to enhance healing,
durability of repairs, and prevention of further degen-
eration. The authors recommend cautious removal of
bursal tissue during open hip procedures to enhance
the reparative response of an individual’s native
biology.

Limitations

There are several limitations for this study. First, this
is an in vitro study, and these results may not emulate
in vivo characteristics or properties. Second, as the
determination of mesenchymal stem cells is based on
criteria set forth by a consensus, and there is no specific
marker used for their identification,’> the experiments
used in this study are used to enhance the probability
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that the identified cells were, in fact, connective tissue
progenitor cells. Third, the preoperative integrity of the
hip abductor bursa was not assessed for fatty infiltration
and muscular atrophy using magnetic resonance im-
aging, which may contribute to the results identified in
this study. Fourth, the small sample size did not provide
us the opportunity to stratify data based on de-
mographics to see how factors such as age, gender,
previous intra-articular  corticosteroid injections,
alcohol use, and smoking status may contribute to the
results identified in the study.

Conclusion

Connective tissue progenitor cells are found in the
trochanteric bursa overlying the muscle and tendon of
the hip abductors.
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