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Objectives

Triamcinolone acetonide (TA) is widely used for the treatment of rotator cuff injury because
of its anti-inflammatory properties. However, TA can also produce deleterious effects such
as tendon degeneration or rupture. These harmful effects could be prevented by the addi-
tion of platelet-rich plasma (PRP), however, the anti-inflammatory and anti-degenerative
effects of the combined use of TA and PRP have not yet been made clear. The objective of
this study was to determine how the combination of TA and PRP might influence the inflam-
mation and degeneration of the rotator cuff by examining rotator cuff-derived cells induced
by interleukin (IL)-1R.

Methods

Rotator cuff-derived cells were seeded under inflammatory stimulation conditions (with
serum-free medium with 1 ng/mlIL-1R for three hours), and then cultured in different media:
serum-free (control group), serum-free + TA (0.1mg/ml) (TA group), serum-free + 10% PRP
(PRP group), and serum-free + TA (0.1mg/ml) + 10% PRP (TA+PRP group). Cell morphology,
cell viability, and expression of inflammatory and degenerative mediators were assessed.

Results

Exposure to TA significantly decreased cell viability and changed the cell morphology; these
effects were prevented by the simultaneous administration of PRP. Compared with the con-
trol group, expression levels of inflammatory genes and reactive oxygen species production
were reduced in the TA, PRP, and TA+PRP groups. PRP significantly decreased the expression
levels of degenerative marker genes.

Conclusions

The combination of TA plus PRP exerts anti-inflammatory and anti-degenerative effects on
rotator cuff-derived cells stimulated by IL-1R. This combination has the potential to relieve
the symptoms of rotator cuff injury.
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Article focus
This study considered how the combina-
tion of triamcinolone acetonide (TA) and
platelet-rich plasma (PRP) might influ-
ence the inflammatory and degenerative
characteristics of rotator cuff cells.

increased the expression of degenerative
genes. In contrast, PRP reduced the level
of these degenerative marker genes.

The combination of PRP and TA appears
to be a reasonable option for treating
rotator cuff injury.

Key messages Strengths and limitations

TA reduced cell viability and influenced
cell morphology, and these effects were
not observed in the PRP treatment groups.
Although TA reduced the expression
of inflammatory marker genes, it also

This study was carried out in an in vitro
setting, therefore there are significant
limitations in that it cannot be assumed
the results can directly translate to the
in vivo setting.
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Introduction

Rotator cuff disease exhibits various pathophysiologies,
from tendinosis to full-thickness tears, which impair func-
tion of the shoulder joint. Steroid injections into the
shoulder joint or subacromial space are commonly per-
formed as conservative therapy,! however, the effective-
ness of steroid injections has been equivocal.’? Some
clinical studies have demonstrated improvement in
shoulder function and alleviation of shoulder pain follow-
ing steroid injection,’* whereas others have shown no
clinical benefit of steroids compared with lidocaine injec-
tion? or physical therapy alone.# Among the various avail-
able corticosteroids, triamcinolone acetonide (TA) has
been widely used as the first-choice steroid for the treat-
ment of rotator cuff disease, and its effectiveness has pre-
viously been documented.?

Platelet-rich plasma (PRP) is an autologous concentra-
tion of platelets containing many growth factors, includ-
ing platelet-derived growth factor (PDGF), transforming
growth factor-p (TGF-B), basic fibroblastic growth factor
(b-FGF), vascular endothelial growth factor (VEGF),
insulin-like growth factor-1 (IGF-1), and epidermal
growth factor (EGF).6 PRP has been reported to stimulate
the regeneration of tendon tissue,” and has thus been
used for treatment of rotator cuff disease.

Although corticosteroids and PRP have both been used
clinically, their pharmacological function on the tendon
remains elusive. The administration of corticosteroid has
been shown to suppress the cell viability of rotator cuff-
derived cells, whereas PRP was shown to stimulate cell
viability.8 However, the molecular pathology of rotator
cuff-derived cells after PRP or TA treatment has not been
made clear. In our previous study,® rotator cuff-derived
cells were not cultivated under an inflammatory condi-
tion. In order to investigate the mechanisms of corticos-
teroids and PRP and their interaction on alleviating the
symptoms of rotator cuff disease further, we focused on
their effects on rotator cuff-derived cells that were cul-
tured under an inflammatory condition to mimic a clini-
cal situation. We hypothesised that the combined use of
TA and PRP would show a synergistic effect on reducing
rotator cuff inflammation. Thus, human rotator cuff-
derived cells that were induced for inflammation with
interleukin (IL)-1p were treated with TA and/or PRP, and
expression of degenerative or inflammatory markers was
analysed in vitro.

Materials and Methods

Preparation of human rotator cuff-derived cells. Human
cells were isolated from the torn edges of human
supraspinatus tendons, which were obtained during
arthroscopic rotator cuff repair with informed consent
from the patients (three men aged 61, 54, and 32 years
and three women aged 72, 65 and 62 years). The pro-
tocols of this study were approved by the Institutional
Review Board at the institute.

The human adult rotator cuff tissues were transported
to the laboratory in a sterile saline solution on ice. The
tissues (approximately 0.3 g each) were cut into small
pieces under sterile conditions, followed by a four-hour
digestion in Dulbecco’s modified Eagle medium (DMEM;
Sigma, St. Louis, Missouri), and supplemented with
30 mg/mL collagenase Il (Gibco, Big Cabin, Oklahoma)
at 37°C, 95% humidity and 5% CO.,. After digestion, the
cells were pelleted, washed in phosphate-buffered saline,
and cultured in 75 cm? cell culture flasks with DMEM
supplemented with 10% foetal bovine serum (Sigma)
and 1% penicillin-streptomycin (Sigma) (i.e. regular
medium). The cultures obtained from each patient were
treated separately. All experiments were performed with
cells from passage 1 or 2, and the same passage of cells
was used for each experiment. The cells were not frozen
and re-used for this study, and the condition of the cells
was suitable for performing the experiments.

PRP preparations. Four systemically healthy volunteers
aged 27 to 33 years of age (four males) participated in
this study. PRP was prepared following the protocol of the
double-spinning method as previously reported.® In brief,
80 mL of whole blood was initially centrifuged at 220 g for
ten minutes to separate the PRP and platelet-poor plasma
(PPP) portions from the red blood cell fraction. A second
cycle of centrifugation followed at 330 g for 15 minutes
to separate the PRP from PPP. Approximately 5 mL of PRP
preparation was obtained from the two cycles of cen-
trifugation. PRP was activated with 1 ml of autologous
thrombin to release growth factors before each exami-
nation. The donors’ platelet counts in the venous blood
were 192 to 234x10* platelets/uL. The concentrated
platelet counts were 1089 to 1449x10° platelets/pL, rep-
resenting an increase of 518% to 745% over the baseline
venous count. In PRP, the white blood and red blood cell
counts were 9.3 to 15.1x10%/uL and 0.4 to 0.8 x10°%/uL,
respectively.

Cell culture. Rotator cuff-derived cells at passage 1 or 2
were seeded in 6-well plates at a density of 5 x 104 cells/
dish and cultured in the regular medium for three days.
To establish the inflammatory condition, the growth
medium was replaced with the serum-free medium con-
taining 1 ng/mL IL-1B (i.e. the inflammatory medium)
and the cells were stimulated in this condition for three
hours. The cells were then subjected to the following
treatment media for one and three days: serum-free
(control group); serum-free + 0.1 mg/mL TA (TA group);
serum-free + 10% PRP (PRP group); and serum-free + 0.1
mg/mL TA + 10% PRP (TA+PRP group).

Cell morphology. A total of 5 x 10* of the cells from each
treatment group were moved to 6-well plates, and cell
morphology was observed using a BZ-8000 confocal
microscope (Keyence, Osaka, Japan) in a duplicated fash-
ion at days one and three (n = 6 per group).

Cell viability. The viability of cells was measured by a
water-soluble tetrazolium salt (WST) assay using the Cell
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Table 1. Primer sequences used in real-time polymerase chain reaction.
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Targeted gene Forward

Reverse

Actin 5'-CCACCTTGTGAAGCTCATTTCCT-3'
COX-2 5'-CCACCTTGTGGCTCATTTCCT-3'
mPGE 5'-CCACCTTGTGACTCATTTCCT-3'
TNF-a 5'-CCACCTGAAGCTCATTTCCT-3’
MMP-3 5'-CCACCTTGTGAGCTCATTCCT-3'
ADAMTS-4 5'-CCACCTTGAT-CATTTCCT-3'

5'-TCGTCCTCCTCTGGTGCTCT-3'
5'-TCGTCCTCC-TCTGGTGCTCT-3'
5'-TCGTCCTCCTCTGGTGCTCT-3'
5'-TCGTCCTCCTCTGGTGCTCT-3'
5'-TCGTCCTCCTCTGGTGCTCT-3'
5'-TCGTCCTCCTCTGGTGCTCT-3’

mPGE, membrane-associated PGE synthase; COX-2, cyclooxygenase-2; TNF-o, tumour necrosis factor-alpha; MMP-3, matrix metalloproteinase-3; ADAMTS-4,

thrombospondin motifs-4

Counting Kit-8 (Dojindo, Kumamoto, Japan), as previously
described.® Approximately 5000 cells were seeded in each
well of a 96-well plate in inflammatory medium for three
hours. In order to detect the effects of serum-free medium
or IL-1B, the cells were exposed to serum-free medium for
zero, one and three days, and exposed to IL-1p for zero
and three hours (zero days and hours is the control, i.e.
the mediums are not exposed). The cells were exposed
to TA and/or PRP for one and three days, followed by
removal of each medium and replacement with serum-
free medium for 30 minutes. For the WST assay, each well
was supplemented with 10 mL of WST and incubated for
three hours at 37°C in a CO, incubator before spectropho-
tometric evaluation. Conversion of WST to formazan was
spectrophotometrically measured at 450 nm. This reaction
reflects the reductive capacity or viability of the cells. Total
cell viability for each group was expressed as the n-fold dif-
ference from the control group at the corresponding time
point. The value for the control group at which the cells
were exposed to a serum-free medium without TA and PRP
was set to one, and the results represent the mean and
standard deviation (sb) (n = 6) per group.

Real-time polymerase chain reaction (PCR). The mRNA
expression levels of the inflammatory mediators cyclo-
oxygenase-2 (COX-2), membrane-associated PGE syn-
thase (mPGES), and tumour necrosis factor-alpha (TNF-a),
and the degenerative mediators A disintegrin and metal-
loproteinase with thrombospondin motifs-4 (ADAMTS-4)
and matrix metalloproteinase-3 (MMP-3), were mea-
sured in the cells by real-time PCR.

Total cellular RNA was isolated from rotator cuff-derived
cells using the RNeasy Mini Kit (Qiagen, Valencia, California)
according to the manufacturer’s instructions. After RNA
extraction, RNA cleanup was performed using the RNeasy
Mini Kit. Quantification of mRNA transcription levels (in
duplicate) was performed using the Applied Biosystems
StepOne Real-Time PCR System (Applied Biosystems, Foster
City, California). One microgram of total RNA was reverse-
transcribed to first-strand complementary DNA (cDNA).
Real-time PCRs (20 pL) contained 0.5 uM forward primer,
0.5 uM reverse primer, and 1 pL of cDNA template from the
reverse transcription reaction, and 10 pL of 2 x Master Mix
for the Power SYBER Green Master Mix. The expression of
target genes was normalised to the expression of the house-
keeping gene (actin) using the AACT method. All primers

used in this study (Table ) were mRNA-specific (on different
exons, crossing over to introns) and designed for real-time
PCR analysis of gene expression using Primer 3 and the
National Center for Biotechnology Information Primer
designing tool. All primers were obtained from Hokkaido
Medical Science (n = 6 per group).

The induction of reactive oxygen species (ROS), which

are known inflammatory mediators, was assessed by immu-
nofluorescence staining using the Total ROS Detection Kit
(Enzo life Sciences, Inc., Farmingdale, New York) accord-
ing to the manufacturer’s protocol. The ROS Detection
Mix was loaded onto each cultured plate and incubated
to a temperature under 37°C in the dark for 60 minutes.
The ROS Detection Mix was removed from the culture
plate. Cells were washed twice with 1 x Wash Buffer in a
volume sufficient to cover the cell monolayer. The
nucleus was stained with diamidino-2-phenylindole
(DAPI). Afew drops of 1 x Wash Buffer were added on top
of the cells and a coverslip was immediately applied.
Cells were observed using a fluorescence microscope.
For quantitative measurements, ROS-positive and DAPI-
positive cells were counted in four rectangular areas per
well and averaged in duplicated fashion. The percentage
of ROS-positive cells was calculated as (ROS-positive
nuclei/DAPI-positive nuclei) x 100 and expressed as a
mean (n = 6 per group).
Statistical analysis. All data are expressed as the mean
and sb. Comparisons between groups were made using
one-way analysis of variance (ANOVA). A post hoc analysis
was performed by Fisher’s protected least significant dif-
ference (LSD) test. A p-value of < 0.05 was considered
significant.

Results

Cell morphology. At day one, the cells in all groups
showed a spindle-shaped phenotype typical of tendon
cells, whereas when exposure to TA for three days, the
cells completely lost their orientation and develop a
flattened and polygonal shape; the cell numbers also
decreased. In contrast, no morphological changes were
observed in the TA+PRP and PRP groups (Fig. 1).

Cell viability. The cell viability in serum-free medium
was assessed on days zero, one, and three. There was no
significant difference in cell viability among the groups
(control, 1.0; day one, 0.95, sp 0.05; day three, 0.88,
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Fig. 1
Histological images showing cell morphology at day | (top) and day 3 (bottom), size bar 300 um (TA, triamcinolone acetonide; PRP, platelet-rich plasma)
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Graphs showing cell viability after treatment in a serum free medium (a) or interleukin (IL)-1R (b) (* p < 0.05)

sp 0.10) (Fig. 2a). The effect of IL-1R treatment after no
exposure control and three hours of exposure on rota-
tor cuff-derived cell viability was assessed. This assess-
ment revealed that there was no significant difference in
the cell viability between the groups (control, 1.0; three
hours exposure, 0.98, sp 0.09) (Fig. 2b).

At day one, there was no significant difference in cell
viability among the groups. However, at day three, the
cell viability in the TA group was significantly lower com-
pared with that in the control group (p = 0.018). There
was also a significant difference in cell viability between

the TA and TA+PRP groups (p = 0.025), and the PRP
group showed the highest cell viability of all of the groups
(Fig. 3). (day one; control 1.0; TA 1.03, sp 0.05; TA+PRP
0.96, sD 0.1; PRP 0.93, sp 0.14: day three; control one; TA
0.82, sp 0.03; TA+PRP 2.51, sp 0.13; PRP 3.11, sD 0.17).
Real-time PCR expression of inflammatory and degenera-
tive marker genes. The gene expression levels of COX-2,
mPGES, TNF-a, ADAMTS-4 and MMP-3 were significantly
difference between serum-free medium only cultivation
group (negative control) and IL-1R cultivation group
(control group) at days 1 and 3 (Fig. 4).
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Graphs showing cell viability after treatment of triamcinolone acetonide (TA)
and/or platelet-rich plasma (PRP) at days one (a) and three (b) (* p < 0.05)

The gene expression levels of inflammatory mediators
(COX-2, mPGES, and TNF-a) were markedly decreased in
the TA, PRP, and TA+PRP groups compared with the con-
trol group, however, there were no significant differences
in expression levels of these genes among the three treat-
ment groups (Fig. 5).

The expression levels of degenerative markers
(ADAMTS-4 and MMP-3) were increased in the TA group
compared with the control group, and were significantly
decreased in the PRP and TA+PRP groups compared with
the TA group. (COX-2; control one; TA 0.09, sp 0.02;
TA+PRP 0.05, sp 0.01; PRP 0.04, sp 0.01; mPGES; control,
one; TA 0.44, sb 0.06; TA+PRP 0.51, sb 0.04; PRP 0.41,
sD 0.04, TNF-a; control, one; TA 0.15, sb 0.10; TA+PRP
0.18, sp 0.03; PRP 0.17, sb 0.05, ADAMTS-4; control,
one; TA 1.08, sb 0.24; TA+PRP 0.47, sb 0.06; PRP 0.39,
sD 0.09, MMP-3; control, one; TA 1.07, sb 0.13; TA+PRP
0.38, sp 0.07; PRP 0.31, sb 0.05).

ROS analysis. Immunofluorescence staining revealed an
increase of ROS (green) in the control group compared
with the treatment groups, which showed minimal ROS
production (Fig. 6a). Quantitative analysis showed that
ROS production significantly decreased after TA, TA+PRP,
and PRP treatment. In the control group, 80.2% of the
cells (sD 2.7%) showed ROS production, whereas 30.4%
(SD 2.1%), 27.1% sD 2.6%), and 31.9% (sD1.2%) of the

cellsin the TA, TA+PRP, and PRP groups showed ROS pro-
duction, respectively (Fig. 6b).

Discussion

In this study, we investigated the effects of TA and PRP on
cellular markers of inflammation. TA had an anti-
inflammatory, but degenerative effect on inflammatory
tenocytes, whereas PRP showed both anti-inflammatory
and anti-degenerative effects. The combination of TA and
PRP exerted anti-inflammatory and anti-degenerative
effects on rotator cuff-derived cells stimulated by IL-1p.
Moreover, the PRP groups also performed as well as the
TA and PRP groups in terms of reducing inflammation and
limiting degeneration. PRP might be an effective mono-
therapy. However, PRP has negative effects, including
infection, skin discoloration and bruising, pain in the
injected area, and blood clot. Formation of scar tissue and
calcification at the PRP injection site can occur.’® Some
studies suggest that PRP elicited both a local and a sys-
temic inflammatory response following injection.’12 In
this study, PRP had an anti-inflammatory effect in vitro.
Steroid injection is an anti-inflammatory medication that
reduces the inflammatory response of many painful con-
ditions, including arthritis, tendinitis, and bursitis.
Therefore, TA and PRP combination therapy is considered
to be useful.

Moreover, we previously reported that the induction
of apoptosis, change in cell morphology, and reduction
in cell viability induced by TA'? could be prevented by the
combined treatment of TA and PRP to human rotator
cuff-derived cells in vitro.8 The mechanical weakness and
histological changes induced by TA have been shown to
be protected by the combination of TA and PRP injections
in a rat Achilles tendon in vivo.'3

In these previous studies, the cells and tendons were
evaluated without inflammatory stimulation. In a clinical
setting, steroids are generally injected into tendons under
inflammatory conditions such as rotator cuff or flexor
tendinitis. These studies were not considered to be the
inflammatory reaction of PRP and TA. Therefore, we per-
formed the current experiments under inflammatory
stimulation, and confirmed that TA treatment combined
with PRP exerts anti-inflammatory and anti-degenerative
effects in these clinically-reasonable conditions.

In rotator cuff tendinosis, pathological changes such as
loss of cellularity, formation of granulation tissues, and
fibro-cartilaginous changes have been reported.’15
However, the molecular changes occurring in rotator cuff
tears are poorly understood. Several growth factors such
as TGF-B, b-FGF, and PDGF-B are activated after rotator cuff
injury. Numerous reports have focused on the imbalance
of MMP and tissue inhibitors of metalloproteinase as a
cause of tendinosis.'®17 After microrupture of the tendon,
MMPs or ADAMTSs are activated, and degradation and
regeneration processes are simultaneously activated.®
Therefore, inflammatory and degenerative factors work
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Graphs showing real-time polymerase chain reaction expression of inflammatory marker genes (a; matrix metalloproteinase-3 (MMP-3) and b; thrombospondin

motifs-4 (ADAMTS-4)) (* p < 0.05)

together to influence the pathogenesis of tendinosis.'®
Several inflammatory models have been established to
study this process. Injection of zymosan to the joint was
used to induce joint arthritis’® and collagenase injection

into the tendon was used to induce tendinitis in vivo.20
Furthermore, IL-1B has been used to mimic the tendinosis
condition in vitro.?! IL-1B was reported to induce the
expression of COX-2, MMP-1, -3, and -13, and ADAMTS-4

BONE & JOINT RESEARCH



T. MUTO, T. KOKUBU, Y. MIFUNE, A. INUI, R. SAKATA, Y. HARADA, F. TAKASE, M. KUROSAKA 608

Control
TA+PRP
Fig. 6a
90 -
80 -
< 70 -
§ 60 -
T 50 -
v
.q>: 40 - * * *
=
g 30 | : r g
8
O 20 -
10 -
0 1 T T T 1
Control TA TA+PRP PRP
Fig. 6b

Reactive oxygen species analysis; (a) immunofluorescence staining and (b)
quantitative analysis (* p < 0.05) (TA triamcinolone acetonide; PRP, platelet-
rich plasma)

in human tendon cells,?22and to increase mPGES-1 expres-
sion.2!' This previous study incubated the cells with 10
pM to 1 nM human recombinant IL-18 for 16 hours at
37°C. In this study, the cells were incubated 1 ug/ml for
three hours at 37°C. We have experimented with differ-
ent methods for the concentration of IL-1R and incuba-
tion time. However, IL-1B induced the expression of
COX-2, mPGES, TNF-a, MMP-3 and ADAMTS-4 in human
rotator cuff-derived cells in this study.

Corticosteroids are the pre-eminent anti-inflammatory
agents.?> However, their administration has been reported
to decrease cell numbers, suppress cell proliferation, and
reduce collagen synthesis.2* In particular, TA showed del-
eterious effects on cell morphology, cell viability, and
apoptosis of cultured human rotator cuff-derived cells.?

Indeed, in the present study, treatment of TA decreased
cell viability and expression of inflammatory genes in
human rotator cuff-derived cells, and increased the expres-
sion of degenerative genes after stimulation in an inflam-
matory medium. Our results are thus compatible with
these previous reports that TA has an anti-inflammatory,
but degenerative, effect.

PRP contains various growth factors (e.g. PDGF, TGF-,
IGF, EGF, VEGF) and can promote wound healing.6:25
Lippross et al?¢ reported that PRP had an anti-inflammatory
effect in both the synovium and cartilage. Zhang et al?'
reported that PRP treatment suppressed tendon cell
inflammation in vitro and tendon inflammation in vivo.
This anti-inflammatory effect of PRP was at least partially
mediated through hepatocyte growth factor (HGF), a
major growth factor in PRP. In addition, HGF shows an
anti-inflammatory effect on injured organs; for example,
it attenuates the renal inflammatory response?” and pro-
tects against lung and liver injuries induced by inflamma-
tion.?82° The present results of ROS staining also support
the anti-inflammatory effect of PRP on tenocytes. These
results provide insight into the molecular mechanism
underlying the functions of TA and PRP on tendinosis. In
particular, both TA and PRP suppress the expression of
inflammatory genes, whereas TA also has a degenerative
effect, while PRP does not. Indeed, TA decreased cell via-
bility in cultured human rotator cuff-derived cells, and
this deleterious effect was prevented by the simultaneous
administration of PRP.2

Degeneration of the annulus fibrosus of intervertebral
discs is thought to be mediated by MMP-3 and elevation
of ADAMTS-4 in degenerated intervertebral discs,3® and
these factors are considered to be essential in the degen-
eration process. MMP-3 is a potent proteoglycan-degrad-
ing enzyme that plays an important role in degrading
collagen and breaking down other structural compo-
nents. MMP-3 also indirectly affects the degradation of
the extracellular matrix by activating other latent MMPs.31
In the present study, treatment of PRP increased cell viabil-
ity and decreased inflammatory markers (COX-2, mPGES,
and TNF-a)), ROS production, and degenerative markers
(MMP-3, ADAMTS-4) after inflammatory stimulation. This
result is compatible with previous reports that PRP has
anti-inflammatory and anti-degenerative properties.

This study has some limitations. First, the release of
growth factors from PRP depends on the activation of
platelets, and thus varies from one individual to another.
Since the conditions of each PRP treatment could not be
standardised, this might have influenced the results.
Second, although an in vitro study is a valuable method
for assessing the temporary effects of TA and PRP, in a
human body various cytokines such as IL-1p and TNF-a
interact, and blood supply or angiogenesis can also affect
tendinosis. Therefore, further experiments in an in vivo
model under inflammatory conditions are required to
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confirm the effects of TA and PRP. Third, the growth fac-
tors of PRP preparations varied between individuals, pro-
tocols and commercial kits.3233 In this study, activation
status of platelets did not measure post-thrombin activa-
tion. However, PRP-treated cells displayed stronger cell
viability than untreated controls. This might suggest that
PRP was activated and released various growth factors in
our study. Finally, rotator cuff-derived cells were isolated
from the torn edges of human supraspinatus tendons,
which were obtained during arthroscopic rotator cuff
repair. However, we did not evaluate whether the rotator
cuff-derived cells were heterogeneous and included
other cell types; of which, mesenchymal stem cells or
endothelial cells may be included in rotator cuff-derived
cell preparations.

In conclusion, PRP can be useful in clinical situation as
a protective agent for patients receiving local steroid
injections. Subject to further study, this method might be
considered as an effective option for treating rotator cuff

injury.
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