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Abstract.
BACKGROUND: Shoulder pain from rotator cuff pathology and glenohumeral osteoarthritis is a common entity encountered in
musculoskeletal practices. Orthobiologic agents are being increasingly used as a treatment option and understanding their safety
and efficacy is necessary.
OBJECTIVE: To systematically evaluate the available evidence for orthobiologic use in rotator cuff and glenohumeral pathology.
METHODS: A systematic review was undertaken following PRISMA guidelines. Randomized clinical trials (RCTs) and
prospective cohort studies evaluating non-operative treatment with prolotherapy, platelet-rich plasma (PRP), or medicinal signaling
cells (MSCs) for rotator cuff pathology and glenohumeral osteoarthritis were included. Bias risk assessments used were the
Cochrane tool and Newcastle-Ottawa score.
RESULTS: The search yielded 852 potential articles, of which 20 met the inclusion criteria with a breakdown of 5 prolotherapy,
13 PRP, and 2 MSC. Sixteen studies were RCTs and 4 were cohort studies. Six studies were deemed “low risk of bias or good
quality”. Efficacy results were mixed, and no serious adverse events were reported from orthobiologic treatment.
CONCLUSIONS: Orthobiologics offer a relatively safe management option with inconclusive evidence for or against its use for
rotator cuff pathology. No studies on glenohumeral osteoarthritis met the inclusion criteria. Adoption of standardized preparation
reporting and consistent use of functional outcome measures is imperative for future studies to consider.
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1. Introduction

Shoulder pain is a common debilitating condition
with an estimated annual prevalence ranging from 4.7–
46.7% [1]. The shoulder is involved in numerous move-
ments required for daily function resulting in signif-

ISSN 1053-8127/21/$35.00 c© 2021 – IOS Press. All rights reserved.



18 D.M. Robinson et al. / Non-operative orthobiologic use for rotator cuff disorders and glenohumeral osteoarthritis

icant debilitation when injured. In addition to caus-
ing functional limitations, the inability to fully utilize
on’s shoulder can contribute to mood disorders such
as depression and anxiety [2]. Patients who perform
heavy manual labor, athletes, wheelchair users, and
hemiplegic individuals are at increased risk of devel-
oping shoulder pain. With increasing age, specifically
beyond age 50, there is a higher incidence of shoulder
pain [2–4]. The prevalence and incidence of disabil-
ity due to shoulder pain increase with age and activity
level [5,6]. This has created a large economic burden. In
2000, the direct costs for treatment of shoulder pain in
the United States averaged 7 billion dollars [7]. As the
general population strives to be more active, physicians
will find themselves treating an increasing number of
patients with shoulder pathology.

Two of the most common shoulder pathologies en-
countered are rotator cuff disorders and glenohumeral
osteoarthritis. The reported prevalence of rotator cuff
pathology varies widely from 9.7–62%. Amongst shoul-
der pain presentations in the primary care setting, ro-
tator cuff disorders account for 30–70% of visits [8,9].
Glenohumeral arthritis has a prevalence ranging be-
tween 4–26% [10].

Early in the clinical course of shoulder disorders,
typical treatments include activity modification, physi-
cal therapy, oral anti-inflammatories, and corticosteroid
injections. Long term use of corticosteroid is becom-
ing increasingly controversial, as there are concerns
regarding tendon and chondral toxicity [11,12]. For re-
calcitrant cases, surgical intervention with rotator cuff
repair or arthroplasty may be offered. However, not
all patients are surgical candidates due to limitations
from lengthy post-operative recovery times, multiple
or complex shoulder lesions, and other comorbidities.
While multiple surgical technique options exist, tendon
tear thickness is the most important determinant in the
decision to pursue surgical treatment [13]. In the case
of partial rotator cuff tears, good to excellent surgical
outcomes, as measured by shoulder specific scales have
been reported [14]. However, long term results are un-
clear, with further rotator cuff degeneration reported at
5 years of follow-up [15]. Orthobiologics have recently
gained traction as a management option for these disor-
ders. Three of the most commonly used orthobiologic
agents are prolotherapy, platelet-rich plasma (PRP) and
medicinal signaling cells (MSCs), the latter of which
are typically obtained from autologous bone marrow
aspirate or adipose tissue [16,17].

Prolotherapy involves an injection of a solution of-
ten including hypertonic dextrose with the goal of re-

pairing connective tissue and ameliorating pain. The
mechanism of action is not completely understood. It
is thought that the injected proliferant initiates a lo-
cal inflammatory cascade, thereby triggering release of
growth factors and cytokines [18,19]. For example, dex-
trose functions as an osmotic agent causing cell dehy-
dration at the injection site which creates local trauma
that attracts inflammatory cells. This chemomodulation
theoretically leads to connective tissue proliferation and
reduction in pain and tissue dysfunction.

Platelet-rich plasma (PRP) consists of an autologous
concentration of platelets isolated from whole blood
via centrifugation. It is hypothesized that a platelet con-
centration greater than baseline may contribute to its
efficacy. The proposed mechanism is that PRP initi-
ates the bod’s own repair processes, modulates inflam-
mation, delivers growth factors, and attracts and ac-
tivates MSCs, which promote a healing environment
and reduce pain [20]. In vitro studies have shown PRP
to induce downregulation of the crucial inflammatory
molecules Interleukin 6 and Interleukin 8, which can
help attenuate hyperalgesia [21].

MSCs are cells with the perceived capability to pro-
liferate and differentiate into cells that regenerate tissue
functionality following injury [19]. They are perivas-
cular in origin and can be isolated from any vascular-
ized tissue [22]. Most commonly, MSCs are harvested
from bone marrow, adipose, umbilical or placental tis-
sue sources [23]. In vitro studies have shown these cells
to express growth factors such as transforming growth
factor beta (TGFB) and vascular endothelial growth
factor (VEGF), which are known to stimulate local tis-
sue repair [24]. Additionally, they suppress the pro-
liferation of inflammatory T-cells and inhibit mono-
cyte maturation, creating both immunomodulatory and
anti-inflammatory effects [24,25].

Given the increasing use of these agents, it is nec-
essary to review the available evidence regarding their
safety and efficacy. The purpose of this systematic re-
view is to evaluate outcomes of prospective randomized
clinical trials (RCTs) and cohort studies on use of non-
operative orthobiologics for treatment of rotator cuff
pathology and glenohumeral osteoarthritis.

2. Methods

2.1. Search strategy and study selection

This systematic eview was conducted according to
the Preferred Reporting Items for Systematic Reviews
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and Meta-Analyses (PRISMA) guidelines [26]. The
following electronic databases were queried: PubMed,
Embase and ScienceDirect. References from found arti-
cles were additionally reviewed for potential inclusion.
All studies from database inception to September 2020
were assessed.

Searches were performed for each selected orthobio-
logic agent: prolotherapy, PRP, and MSCs. The follow-
ing search terms were used: (Prolotherapy OR Hyper-
tonic Dextrose OR Proliferative Therapy) AND (Shoul-
der OR Rotator Cuff OR Shoulder Arthritis OR Gleno-
humeral Arthritis), (Platelet rich plasma OR PRP OR
Autologous Conditioned Serum) AND (Shoulder OR
Rotator Cuff OR Shoulder Arthritis OR Glenohumeral
Arthritis), (Bone Marrow Aspirate Concentrate OR
BMAC OR Adipocyte Signaling Cell OR ASC OR
MFAT) AND (Shoulder OR Rotator Cuff OR Shoul-
der Arthritis OR Glenohumeral Arthritis). PubMed and
Embase searches were performed using the main search
bar, whereas ScienceDirect searches were performed
using the “Title, abstract or author-specified keywords”
advanced search tab.

2.2. Eligibility

Titles and abstracts from retrieved studies were re-
viewed for the following inclusion/exclusion criteria.
Eligible studies were prospective randomized clinical
trials or cohort studies, were written in English, and
studied outcomes of either prolotherapy, PRP, or MSCs
on patients with rotator cuff pathology or glenohumeral
osteoarthritis. Retrospective studies, case series and
case reports, animal studies, and studies in which pa-
tients had undergone or were undergoing surgical in-
tervention at time of orthobiologic treatment were ex-
cluded.

Levels of evidence for each study were determined
by the criteria of the American Association of Physical
Medicine & Rehabilitation, an adaptation of those pro-
posed by The Journal of Bone and Joint Surgery [27]:
Level I – Randomized controlled trials or systemic re-
view of level I randomized controlled trials; Level II
– Prospective cohort studies, poor-quality randomized
controlled trials, systematic reviews of level II studies
or non-homogenous level I studies; Level III – Case-
control studies, retrospective cohort studies, systematic
reviews of level III studies; Level IV – Case series; and
Level V – Expert opinion.

2.3. Bias assessment

Quality and bias risk assessment were evaluated us-

ing the Cochrane Collaboration risk of bias tool for
randomized controlled trials and the Newcastle-Ottawa
bias tool for non-randomized cohort studies [28,29].
Three researchers separately assessed each article (SD,
SD, DR). Discrepancies in risk of bias were resolved
through discussion with all reviewers.

Regarding randomized clinical trials, studies were
considered to have a low risk of bias when all items
were scored as “low risk”. If 1 or 2 items were scored as
“unclear risk” or “high risk”, the study was considered
moderate risk of bias. When more than 2 items were
scored as “unclear risk” or “high risk”, the study was
considered at high risk of bias [30]. Cohort studies were
deemed good, fair, or poor quality using the suggested
scoring system within the Newcastle-Ottawa Quality
Assessment Form for Cohort Studies.

3. Results

As outlined in Fig. 1, 852 studies were identified
through the search with 824 being excluded prior to
full review. Twenty-eight articles were read in full and
20 met the eligibility criteria and were included in this
review with a breakdown of 5 prolotherapy, 13 PRP, and
2 MSC. Sixteen studies were RCTs and 4 were cohort
studies.

3.1. Studies utilizing prolotherapy

Five studies were analyzed that evaluated the thera-
peutic effects of prolotherapy, with a total of 253 par-
ticipants (136 prolotherapy and 117 control). Follow-
up times ranged from 6 weeks to 1 year. All five were
RCTs and evaluated rotator cuff pathology. Study char-
acteristics are outlined in Table 1. Bias risk was deemed
low for one study, moderate for two studies, and high
for two studies (Fig. 2). Controls in the studies were as
follows: two used saline injection, two used exercise
therapy, and one used corticosteroid injection. The most
common prolotherapy agent used was dextrose in con-
centrations ranging from 12.5–25% in four studies, with
one study utilizing 25% glucose. Four studies utilized
ultrasound image guidance.

Overall, results regarding pain outcomes varied with
sustained benefit seen in two studies, short-term benefit
seen at 2 weeks but not 6 weeks in one study, and no
significant change compared to control in two studies.
Number of injections varied from one to six, with three
studies using a single injection. Out of the 136 patients
treated with prolotherapy, two sustained grade 2 burns
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Fig. 1. PRISMA flow diagram for included studies.

from hot water packs used after the injection, one devel-
oped hypotension after injection, and three had 48 hours
of post-injection soreness; no other complications were
reported.

3.1.1. Prolotherapy versus saline
Two studies evaluated prolotherapy versus saline.

Bertrand et al. evaluated 29 patients treated with three
monthly palpationguided injections of prolotherapy into
the supraspinatus enthesis against 20 patients treated
with saline into the enthesis and 27 patients treated with
saline superficial to the enthesis [31]. Primary outcome
was achieving at least a 2.8-point change in visual ana-
log scale (VAS) score. At 9 months, significantly more
patients in the prolotherapy group maintained a 2.8-
point VAS decrease compared to control groups (P =
0.046). Secondary outcomes were satisfaction (signifi-
cantly improved in prolotherapy group) and Ultrasound
Shoulder Pathology Rating Scale (USPRS) score (no
significant difference).

Lin et al. compared 16 patients treated with a single
ultrasoundguided prolotherapy injection to 15 patients
treated with saline into the supraspinatus enthesis [32].
Primary outcomes were Shoulder Pain and Disability
Index (SPADI) and VAS scores at 6 weeks follow-up.
Secondary outcomes were shoulder active range of mo-
tion and ultrasound characteristics via histogram. No
significant betweengroup differences were found for
any measure at final follow-up. Prolotherapy had supe-

rior results at two weeks regarding VAS, SPADI, and
shoulder flexion/abduction. Both had significant final
withingroup changes for VAS and SPADI.

3.1.2. Prolotherapy versus exercise therapy
Two studies evaluated prolotherapy versus exercise

therapy. Seven et al. compared 57 patients treated with
up to 6 rounds of ultrasound-guided prolotherapy to 44
patients treated with exercise therapy [33]. Prolother-
apy patients were given a home exercise program while
the exercise group attended supervised therapy ses-
sions three times weekly for 12 weeks in addition to the
home exercise program. Outcomes assessed included
VAS, Western Ontario Rotator Cuff index (WORC),
and SPADI. Final follow-up was one year, and signif-
icant improvement was seen for all outcomes in the
prolotherapy group (P < 0.001). More patients in the
control group underwent surgery.

George et al. compared 7 patients treated with a sin-
gle ultrasound-guided injection of prolotherapy to 5 pa-
tients treated with standard exercise therapy [34]. The
Disabilities of the Arm, Shoulder, and Hand (DASH)
score was used to evaluate functional outcomes. No
significant difference was found between groups at 12-
week follow-up.

3.1.3. Prolotherapy versus corticosteroid
One study evaluated prolotherapy versus corticos-

teroid. Cole et al. compared 17 patients injected with
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Fig. 2. Bias assessment utilizing (A) the Cochrane Collaboration risk of bias tool for randomized controlled trials and (B) the Newcastle-Ottawa
bias tool for non-randomized cohort studies. Checkmark depicts low risk of bias, question mark depicts unclear risk of bias, and the stop sign
depicts high risk of bias for each bias-type on the Cochrane tool, respectively.

ultrasound-guided prolotherapy into the supraspinatus
tendon to 18 patients treated with methylprednisolone
injected into the subacromial bursa [35]. Patients were
followed up at 6 weeks, 3 months, and 6 months with
primary outcome measured being pain with overhead
activity on a five-point Likert scale. The prolotherapy
group had significant pain relief at 3 months and both
groups had significant pain relief at 6 months. However,
no significant betweengroup differences were found
at either time point. Both groups showed significant
improvement in secondary outcomes (shoulder satis-
faction, pain frequency, ultrasound characteristics, and

supraspinatus strength) with no significant differences
between groups.

3.2. Studies utilizing PRP

Thirteen studies were analyzed that evaluated the
therapeutic effects of PRP, with a total of 839 partic-
ipants (338 PRP and 501 control). All evaluated rota-
tor cuff pathology. Study characteristics are outlined
in Table 2. Follow-up periods ranged from 6 weeks to
1 year. Of these 13 studies, ten were RCTs and three
were cohort studies. Amongst the RCTs, bias risk was
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deemed low for two studies, moderate for five studies,
and high for three studies. Two cohort studies were
deemed high quality and the other low quality (Fig. 2).
Nine studies utilized ultrasound image guidance.

Controls in the studies were as follows: five used
corticosteroid injection, three used saline injection, two
used exercise therapy, one used dry needling, and one
used either corticosteroid, prolotherapy, or lidocaine.
For each study, PRP composition is reported using the
PRLA classification system described by Mautner et
al. [36]. All studies reported the volume of PRP in-
jected, 0 reported red blood cell (RBC) concentration, 5
reported leukocyte concentration, and 7 reported if and
what type of activation was used. Out of the 338 patients
treated with PRP, 11 experienced pain for greater than
48 hours, 8 experienced frozen shoulder, 4 experienced
lesion extension, and 1 developed adhesive capsulitis.

3.2.1. PRP versus corticosteroid
Five studies evaluated PRP versus corticosteroid.

Damjanov et al. compared 16 patients injected with
ultrasound-guided autologous conditioned serum (ACS)
into the enthesis and paratenon of the supraspinatus
to 16 patients injected with betamethasone [37]. At
4 weeks, no betweengroup differences were found for
VAS and Constant Shoulder Score (CSS), with both
groups showing improvement from baseline. However,
at 24 weeks VAS and CSS were significantly improved
in the ACS group. Eight adverse events were reported
for the steroid group and none for ACS.

Shams et al. compared 20 patients injected with
palpation-guided PRP into the subacromial space to 20
patients treated with triamcinolone [38]. There were
significantly better outcomes with PRP compared to
corticosteroid in VAS, American Shoulder and Elbow
Surgeon (ASES) Standardized Shoulder Assessment
Form, Constant-Murley Score (CMS), and the Simple
Shoulder Test (SST) at 12 weeks. However, at final
6 month follow-up, there was no statistically significant
difference between groups. Nonsignificant improve-
ment in grades of tendinopathy and tear was noted in
both groups compared to baseline, with no difference
between the PRP and corticosteroid groups.

Say et al. compared 30 patients injected with
palpation-guided PRP into the subacromial space to 30
patients treated with a mixture of methyprednisolone
and prilocaine [39]. Patients were followed up at
6 weeks and 6 months with outcomes measured by the
CMS for function, VAS for pain, and range of motion
of the shoulder. The steroid group showed significantly
more improvement in CMS and VAS at both timepoints

compared to the PRP group. No difference was found
for range of motion but both groups showed similar
improvement over the course of treatment.

Von Wehren et al. compared 25 patients injected three
times in 7-day intervals with palpation-guided autolo-
gous conditioned serum into the subacromial space to
16 patients treated with a single cortisone injection [40].
Outcomes included the Mental Component Summary,
ASES Standardized Shoulder Assessment Form, SST,
and VAS. A magnetic resonance image (MRI) was
also performed before and 6 months after injection.
Both groups showed positive withingroup changes. At
12 weeks, ACS outperformed steroid but this difference
was not sustained at 6 months. MRI data showed an
improvement in tendinopathy grade for both groups,
but there was not a statistically significant difference
between groups.

Ibrahim et al. compared 15 patients injected under
ultrasoundguidance with PRP into the subacromial sub-
deltoid space to 15 patients treated with methylpred-
nisolone acetate [41]. There was a significant improve-
ment in pain, Shoulder Disability Questionnaire (SDQ)
score, range of motion, and rotator cuff tests in both
groups at 8 weeks, with an insignificant difference be-
tween groups. Ultrasound findings were notable for sig-
nificant improvement in the frequency of tendinitis/bur-
sitis in the steroid group and significant improvement
in partial tears and effusion in the PRP group.

3.2.2. PRP versus saline
Three studies evaluated PRP versus saline. Kesikbu-

run et al. compared 20 patients treated with ultrasound-
guided PRP to 20 patients treated with saline [42]. Both
groups additionally were prescribed an exercise pro-
gram. Final follow-up was at one year. The primary
outcome was WORC score and secondary outcomes
were SPADI, VAS with Neer’s impingement sign, and
passive range of motion. No significant change was
noted for any outcome measure between groups at any
time point.

Cai et al. compared ultrasound-guided injections into
the subacromial space once weekly over a period of
four weeks for 45 patients treated with PRP only, 47
patients treated with sodium hyaluronate (SH) only, 49
patients treated with PRP and SH combined, and 48
patients treated with normal saline [43]. Ultimately, the
SH+PRP group had the greatest improvement in VAS
score at 6 months and 12 months followup. MRI after
1 year showed that healing in the SH+PRP group was
more significantly improved than the normal saline, SH
only, and PRP only groups.
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Schwitzguebel et al. compared ultrasound-guided
treatment of 41 patients injected with PRP into isolated
interstitial supraspinatus tears to 39 patients injected
with normal saline [44]. There was no significant differ-
ence in lesion volume, VAS score, Single Assessment
Numeric Evaluation (SANE) score, CMS, or ASES
score between the PRP and normal saline groups at
7 months. At final followup at a minimum of 12 months
(average of 19.5 months), there were no significant dif-
ference between the PRP and control groups for VAS
score or SANE score. Additionally, the authors noted
significantly higher incidence of adverse events (pain
for greater than 48 hours, frozen shoulder, extension of
lesion to bursal or articular surface) in the PRP group
compared with the normal saline group.

3.2.3. PRP versus exercise therapy
Three studies evaluated PRP versus exercise therapy.

Ilhanli et al. compared 30 patients treated with three
weekly palpation-guided intra-articular PRP injections
to 32 patients treated with exercise therapy [45]. The
therapy regimen was performed five times weekly for
three weeks followed by continuation in the home set-
ting and included modalities, range of motion, stretch-
ing, and strengthening exercises. At 12 months, signifi-
cant improvement in range of motion, pain, and DASH
scores were noted in both groups. Range of motion im-
proved more in the therapy group, while function via
DASH score improved more in the PRP group.

Nejati et al. compared 31 patients treated with two
monthly ultrasound-guided PRP injections into the in-
jured rotator cuff tendons and subacromial bursa to 31
patients treated with exercise therapy [46]. Therapy uti-
lized a progressive phasic approach focused on the rota-
tor cuff and scapular stabilizers. It was supervised once
weekly for three months, with a home exercise program
utilized on other days. The home exercise program was
continued for months three to six. The exercise ther-
apy group outperformed the PRP group for outcome
measures at 1, 3, and 6 months.

Kim et al. compared 30 patients treated with a sin-
gle ultrasoundguided PRP injection utilizing a pep-
pering technique to 30 patients treated with exercise
therapy [47]. Exercises were performed for 20 min-
utes at least 4 days per week without any supervision.
While both groups received education regarding the
exercise regimen, the PRP group was not formally in-
structed to follow the regimen nor was their compliance
with it measured. There was no significant difference
in the ASES and CMS between the two groups at 6
and 12 weeks. However at 24 weeks the PRP group

outperformed the exercise group. The Numeric Rating
Scale (NRS) scores significantly improved for the PRP
group compared to the control group at 6 weeks, but
not at 12 and 24 weeks.

3.2.4. PRP versus dry needling
One study evaluated PRP versus dry needling. Rha

et al. compared 20 patients treated with two ultrasound-
guided PRP injections into the supraspinatus tendon
separated by a 4-week interval to 19 patients treated
with dry needling. Dry needling was performed un-
der ultrasound-guidance and involved passing a nee-
dle through the lesion approximately 40–50 times, in
two sessions over a 4 week interval [48]. Both groups
showed a significant reduction in the SPADI score and
improvement in range of motion at all followup vis-
its compared to baseline. At six months, the SPADI
score was significantly better for the PRP group com-
pared to the dry needling group. Notably, in sonographic
assessment of the 16 patients in the PRP group who
completed the sixmonth follow-up, two patients with
partial-thickness tears (1 articular tear and 1 bursal sur-
face tear) of the supraspinatus improved to tendinosis
and two patients with tendinosis improved to normal
status. In 14 patients in the dry needling group who
completed the six-month follow-up, no partial tears of
the supraspinatus improved to tendinosis and one case
of tendinosis improved to normal status.

3.2.5. PRP versus prolotherapy versus corticosteroid
versus lidocaine

One study by Sari et al. evaluated 120 patients treated
a single ultrasound-guide injection into the subacro-
mial bursa with either PRP, prolotherapy (20% dex-
trose), triamcinolone, or 1% lidocaine [49]. There were
30 patients in each of the four groups, and all were
given a shoulder rehabilitation program to complete
for 6 weeks. They found the corticosteroid group had
significantly lower VAS and WORC scores at 3 weeks
compared to the other groups, while the PRP group
outperformed corticosteroid at 24 weeks.

3.3. Studies utilizing MSCs

Two studies evaluated the therapeutic effects of bone
marrow aspirate concentrate (BMAC) with a total of
49 participants (26 BMAC and 23 control). Study char-
acteristics are outlined in Table 3. Follow-up periods
ranged from 3 to 24 months. One was an RCT and one
was a cohort study. The RCT was deemed to be of mod-
erate bias risk and the cohort study was deemed to be
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of good quality (Fig. 2). Out of the 26 patients treated
with BMAC, 2 reported post-procedural pain, 2 later
developed contralateral shoulder pain, and 1 patient de-
veloped hand numbness 12 months after the procedure.

Kim et al. evaluated 12 patients treated with a combi-
nation of ultrasoundguided BMAC and PRP against 12
patients treated with a three-month home exercise pro-
gram [50]. Outcomes included VAS, strength testing,
and ASES scores. At 3 months VAS scores (P = 0.039)
and ASES score (P = 0.011) were significantly better
for the intervention group. No difference was noted for
strength testing.

Centeno et al. evaluated 14 patients treated with
ultrasound-guided injections of BMAC + PRP +
platelet lysate to the supraspinatus tendon to 11 patients
who received a home exercise program for 3 months
and were then given the option to crossover to the inter-
vention group [51]. Outcomes included DASH scores,
NPS, and modified SANE score. The BMAC group had
significant improvement compared to control for the
DASH and modified SANE score at 3 months, but not
6 months. NPS was significantly better at both 3 and
6 months for the BMAC group.

4. Discussion

This systematic review provides an overview of the
available evidence regarding outcomes of non-operative
orthobiologic use for treatment of shoulder pathol-
ogy. Twenty studies in total were included with most
utilizing PRP and all evaluating rotator cuff pathol-
ogy. Providers are increasingly using these agents to
treat recalcitrant cases of tendon disease and arthri-
tis, and knowledge of the current literature regarding
these treatments is imperative to guide clinical decision
making. Across studies, there were no major adverse
safety events reported, suggesting that orthobiologics
provide a relatively safe treatment option. However,
data on their efficacy have thus far been conflicting.
Consistent with reviews on orthobiologics for treat-
ment of other musculoskeletal conditions, our review
found significant heterogeneity between injection pro-
tocols, agent composition, outcome measures, and re-
sults across studies evaluating their use in conditions af-
fecting the shoulder. Notably, no studies evaluating out-
comes for glenohumeral osteoarthritis met the inclusion
criteria.

4.1. Prolotherapy

Wide variation exists regarding usage patterns of pro-

lotherapy, but one common feature is injection of an
irritant agent into a painful tendon/ligament and the
adjacent space over a course of one or more treatment
sessions [52]. Most commonly, an osmotic agent such
as dextrose is utilized. Concentrations over 10% are re-
quired to induce the inflammatory mechanisms thought
responsible for stimulation of healing [53]. Interest-
ingly, amongst the prolotherapy studies evaluated in this
review, the two in which significant pain relief was sus-
tained long-term both utilized multiple injections and
the three with either non-significant or non-sustained
pain relief used a single injection.

Additionally, higher concentrations of dextrose were
used in the positive studies. A trial on temporomandibu-
lar joint hypomobility found no changes in outcome
based on differing prolotherapy concentration above
10% [54]. They postulated after the threshold concen-
tration for inflammation induction was met, specific
concentration was not as critical to outcomes. Whether
these results translate to shoulder pathology requires
additional study. Imaging guidance improves injection
accuracy through direct visualization of the target and
was used in four studies, three of which had negative
findings.

Taken together, these findings suggest prolotherapy
to be a safe treatment option with perhaps greater ef-
ficacy for shoulder pathology when provided through
a series of injections using higher concentrations of
dextrose. Methodologic quality varied in the reviewed
studies limiting overall interpretation. Only one study
by Lin et al. was deemed low risk of bias. Development
of higher-quality study protocols will be important for
clarifying the efficacy of prolotherapy for treatment of
shoulder injuries.

4.2. PRP

PRP is the most wellstudied orthobiologic for shoul-
der pathology, and this trend persisted in our paper
where it comprised the bulk of reviewed studies. Most
analyses have focused on PRP use in conjunction with
operative intervention, and results have been mixed.
Short-term results of improved pain and functional out-
comes were found by Wang et al. when PRP was used
at the time of rotator cuff repair [55]. Cai et al. found
the use of PRP in full-thickness rotator cuff repairs to
have no significant benefit regarding clinical outcomes
but did show a lower failure-to-heal rate in small and
moderately sized tears [56]. The literature regarding
non-operative use is more sparse. A systematic review
by Hurley et al. evaluated 5 RCTs on non-operative
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outcomes for PRP in rotator cuff pathology, all of which
are included in the present review. Their review con-
cluded PRP may not be beneficial in the short term for
chronic rotator cuff pathology [30].

Throughout all reviews, there was a wide range of
methodologic variability limiting interpretation of re-
sults. Standardization of solution preparation and re-
porting has repeatedly been called for. Using the PRLA
classification system for PRP formulations, we found
no studies to report on all components. The amount of
PRP used was the only consistently reported parame-
ter. However, total administered platelet counts were
reported in only three studies. Three additional studies
included in this review reported platelet concentration
above baseline, which can drastically differ depending
on the donor’s baseline values.

Leukocyte content and use of an activating agent are
of particular interest as they may affect treatment re-
sponse. Chen et al. reviewed 18 studies using PRP and
found leukocyte-rich preparations to have worse pain
outcomes for rotator cuff tears [57]. Leukocyte con-
tent was only reported in 5 studies evaluated here, of
which four used leukocyte-poor preparations with posi-
tive results in one and negative results in three. The sole
study using a leukocyte-rich preparation had positive
outcomes [45]. Interestingly, these studies did not spec-
ify the types of leukocytes present, leaving it unclear
as to whether specific classes of leukocytes monocytes
or neutrophils impact the clinical efficacy of PRP. One
review defined leukocyte-rich preparations as having
a neutrophil concentration above baseline, with below
baseline being classified as leukocyte-poor [58]. How-
ever, the PRLA classification system defines leukocyte-
poor as less than 1% total concentration and leukocyte-
rich as greater than 1% total concentration. Adoption
of a standardized definitions with precise cutoff val-
ues would allow more consistent reporting and repro-
ducibility.

PRP activation refers to using an agent during prepa-
ration that activates platelet degranulation and induces
a gel formation to confine platelet secretion to the cho-
sen site [59]. A review by Warth et al. found no dif-
ference in Constant scores between activated and non-
activated preparations in patients undergoing rotator
cuff repair [60]. Activation status was reported in 7
studies evaluated here. Four reported using an activat-
ing agent, with only two having positive functional out-
comes. Amongst the three using non-activated PRP,
none found PRP superior to control. This again high-
lights the need for standardized preparation reporting
as it remains unclear if an optimal formulation exists

4.3. MSCs

Only two studies evaluating MSCs met the inclusion
criteria highlighting the limited literature available for
this increasingly popular treatment option. Notably, de-
spite good methodological quality, MSCs alone were
not used, but instead a combination of BMAC and PRP.
It remains unclear if these positive results were from
the MSCs, adjuvant treatment, or the combination of
both. In the operative setting, Hernigou et al. found
enhanced tendon healing and quality when single-row
rotator cuff repair was performed in conjunction with
BMAC injection [61]. Notably, patients with a loss of
tendon integrity during the ten-year follow-up period
received fewer MSCs as compared with those who had
maintained a successful repair during the same inter-
val leading the authors to conclude that the number of
transplanted MSCs was the most important outcome
determinant. Whether these results will translate to im-
provement in pain and functional outcomes is unclear.

Low evidencelevel studies comprise most of the lit-
erature on MSCs use for shoulder pathology. In a large
case series, Centeno et al. treated 115 shoulders with
rotator cuff tears and glenohumeral arthritis with au-
tologous BMAC. Improvement in pain and disability
was observed one month post-treatment and contin-
ued for up to 2 years [62]. No serious adverse events
were reported. Notably, follow-up functional outcomes
were only completely reported for 40 of the original
115 shoulders treated. Striano et al. reported results
on 18 patients with chronic shoulder pain treated with
micronized adipose fat transfer [63]. Patients were fol-
lowed for one year and significant improvement was
noted for pain reduction and functional improvement
using the Numeric Pain Scale and American Shoulder
and Elbow Surgeons Score. More well-designed stud-
ies are needed to evaluate clinical impact of MSCs use
and to provide insight on the role of MSCs source in
efficacy.

4.4. Limitations

The results of this systematic review are limited
by several factors. Inclusion of only English-language
studies introduces selection bias. Wide diversity in
preparations, injection protocols, outcome measures,
and follow-up times inherently limits generalizability.
Only three of thirteen PRP studies noted the platelet
count delivered, drastically limiting the ability to draw
comparative conclusions between studies and between
treatment modalities. No meta-analysis was performed
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within orthobiologic groups which would have allowed
for more objective efficacy assessments. Furthermore,
only fifteen out of twenty studies performed injections
under ultrasound guidance, thereby skewing the poten-
tial effectiveness of the orthobiologic.

4.5. Conclusions and future directions

The primary finding of this review was that orthobio-
logics offer a relatively safe management option carry-
ing a low risk of minor complications with inconclusive
evidence for or against its use for rotator cuff pathology.
No studies met our inclusion criteria that explored the
effect of orthobiologic intervention on glenohumeral
osteoarthritis, and thus no conclusions could be made
regarding orthobioloic safety or efficacy for the treat-
ment of glenohumeral osteoarthritis. Adoption of stan-
dardized preparation reporting and consistent use of
functional outcome measures is imperative for future
studies to consider.
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