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Can platelet-rich plasma injections provide better pain relief and
functional outcomes in persons with common shoulder diseases:
a meta-analysis of randomized controlled trials
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Background: To evaluate the efficacy of autologous platelet-rich plasma (PRP) injections in the treatment of common shoulder diseases.
Methods: The PubMed, Medline, and Central databases and trial registries were searched from their inception to October 2020 for ran-
domized controlled trials of autologous PRP injections for shoulder diseases versus placebo or any control intervention. Preferred reporting
items for systematic reviews and meta-analyses (PRISMA) guidelines were followed in the selection, analysis, and reporting of findings. The
primary outcome was pain intensity (visual analog scale), and secondary outcomes were changes in function and quality of life (QoL).
Results: A total of 17 randomized controlled trials of PRP versus control were analyzed. From 8-12 weeks to >1 year, PRP injections were
associated with better pain relief and functional outcomes than control interventions. PRP injections were also associated with greater QoL,
with an effect size of 2.61 (95% confidence interval, 2.01-14.17) at medium-term follow-up. Compared with placebo and corticosteroid in-
jections, PRP injections provided better pain relief and functional improvement. In subgroup analyses, trials in which PRP was prepared by
the double centrifugation technique, the platelet concentration in the PRP was enriched >5 times, leucocyte-rich PRP was used, or an acti-
vating agent was used before application reported the most effective pain relief at 6-7 months.

Conclusions: PRP injections could provide better pain relief and functional outcomes than other treatments for persons presenting with
common shoulder diseases. PRP injections have a greater capacity to improve shoulder-related QoL than other interventions.

Keywords: Injections; Platelet-rich plasma; Shoulder; Pain; Meta-analysis

INTRODUCTION The prevalence of shoulder pain is between 7% and 26% in the

general population [2]. Most often, shoulder disease is associated
Shoulder pain is one of the most common musculoskeletal  with impaired function, reduced mobility, and poor mental health.
symptoms in the working population, and it produces disability, =~ Among the various causes of shoulder disease, soft tissue injuries,

decreased work efficiency, and reduced quality of life (QoL) [1]. especially adhesive capsulitis, rotator cuff tendinopathies, rotator
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cuff tears, and impingement syndrome, are common. Shoulder
pain and dysfunction can cause significant disability if it is not
addressed effectively or the injured tissue does not heal com-
pletely.

Platelet-rich plasma (PRP) injections, which contain a mixture
of heavily concentrated platelets, bioactive materials, and growth
factors [3,4], have emerged as a remarkable therapy for managing
sports and other musculoskeletal injuries. PRP has anti-nocicep-
tive [5], anti-inflammatory [6], and regenerative properties [7].
Recent studies have demonstrated the use of PRP in many kinds
of pathologies, from fracture-healing [8] to nerve repair [9].
Some trials have reported the superiority of PRP for pain-relief
and tissue healing compared with other interventions. However,
other trials have reported that PRP does not make any difference
or can even make lesions worse. Despite the conflicting evidence
in the literature about its efficacy, physicians are using PRP injec-
tions for increased numbers for patients who present with any
kind of tissue injury, including shoulder disease. PRP therapy has
some commercial interest; PRP kits are costly and manufactured
by only a few medical companies. Though PRP therapy has not
been included in any recommendation guidelines, many patients
have already been convinced that PRP injections promote early
recovery from injury and alleviate pain quickly.

Our objective in this study was to collect evidence about the
magnitude of the efficacy of PRP injections in the treatment of
common shoulder diseases for use in framing therapeutic guide-
lines. We compare the efficacy of PRP injections with that of oth-
er interventions in terms of pain relief and functional improve-

ment in persons with shoulder diseases.

METHODS

This review was performed according to the preferred reporting
items for systematic reviews and meta-analyses protocols (PRIS-
MA-P) 2015 guidelines [10]. Institutional review board (No. T/
IM-NF/PMR/20/88) permission was obtained before starting the
meta-analysis and the review was registered prospectively in the
international Prospective Register of Ongoing Systematic Re-
views (systematic review registration - PROSPERO 2020: CRD
42020199573).

Literature Search

A systematic electronic literature search was conducted in Med-
line, PubMed, Central, and trial registries for randomized con-
trolled trials (RCTs) testing PRP injections against placebo injec-
tions or any control intervention in persons presenting with

shoulder disease published until October 2020. Relevant keyword
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and MeSH terms were used during the literature search. The ref-
erence lists of eligible reports were also searched, and authors
were contacted for unpublished data. The complete search strate-
gies are available in Supplementary Material 1. Language restric-
tions were not applied.

Selection Criteria

All published or unpublished RCTs that compared autolo-
gous-PRP injections with placebo or another intervention for
persons with shoulder diseases were eligible. Observational stud-
ies, review articles, case series, editorial comments, case reports,

and animal studies were excluded.

Participants

Persons aged >18-years who presented with shoulder pain and
dysfunction were included in this review. No restrictions were
imposed on the diagnostic methods or criteria used by individual
trials. Trials with fewer than eight weeks of follow-up were ex-
cluded.

Interventions

Experimental intervention

Autologous PRP injections were considered as the primary treat-
ment for shoulder diseases in this meta-analysis. No restrictions
were placed on the injection administration technique, injection
frequency, injected PRP volume, PRP separation technique, or
characteristics of the PRP solution. Trials in which PRP injec-
tions were used as augmentative therapies or associated with sur-
gical/arthroscopic repair were excluded. Whole-blood injections,
conditioned-serum injections, bone-marrow aspiration concen-
trate, stem-cells, and allogeneic-PRP were not included as exper-

imental interventions.

Control intervention
Placebo injection or any intervention (injection/non-injection)
other than PRP injection was considered as the comparator or

control intervention in this review.

Outcome Measures
The outcome measurements were categorized as short term (8-
12 weeks of follow-up), medium term (6-7 months of follow-up),

and long term (> 1-year of follow-up).

Outcomes
The primary outcome was change in pain intensity, as assessed

by a 10-cm visual analog scale (VAS). Secondary outcomes were

https://doi.org/10.5397/cise.2021.00353
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(1) change in shoulder function, as assessed by questionnaires
such as Disabilities of the Arm, Shoulder and Hand (DASH; 100
points), Shortened Disabilities of the Arm, Shoulder and Hand
(QuickDASH; 100 points), the Shoulder Pain and Disability In-
dex (SPADI; 100 points) and by the American Shoulder and El-
bow Surgeons (ASES; 100 points) and Constant-Murley (100
points) scores, and (2) change in shoulder-related QoL, as as-
sessed by the Western Ontario Rotator Cuff Index (WORC In-
dex; 100 points).

Data Collection and Analysis

Selection of studies

The titles and abstracts of studies were screened by two reviewers
(AB, KBT) who independently identified them as included, ex-
cluded, or uncertain. In case of uncertainty, the full-text article
was obtained and reviewed for eligibility based on the inclusion

criteria.

Data extraction and management

Two reviewers (AB, RM) independently extracted data from the
included trials. Data extraction discrepancies were resolved
through discussion or in consultation with a third reviewer
(AM). The data extracted were the study design, etiology, partici-
pants, intervention, comparators, outcome measures, side effects,
and characteristics of the PRP solution. The corresponding au-

thors were contacted to acquire any missing data.

Data analysis

All statistical analyses were performed using RevMan 5.3 (The
Cochrane Collaboration, Copenhagen, Denmark), and the me-
ta-regression was performed using the "Metapackage” in the R
programming language ver. 3.4 (The R Foundation for Statistical
Computing, Vienna, Austria). All p-values were two-sided, and

the significance level was fixed at p <0.05.

Assessment of the risk of bias

The methodological quality of the included trials was assessed
using the Cochrane Risk of Bias tool. Two reviewers (AB, RM)
independently extracted data and performed the risk-of-bias as-
sessment; disagreements were resolved by a third reviewer (AM).

Measures of treatment effects

The outcome measures of interest, pain relief, change in shoulder
function, and QoL scores, are presented as continuous data, and
adverse events are presented as categorical data. Mean difference

(MD) with 95% confidence intervals (CIs) were used to calculate

https://doi.org/10.5397/cise.2021.00353

the effect sizes of continuous outcomes measured on a standard
scale (changes in pain and QoL scores), and the standardized
mean difference (SMD) with corresponding 95% Cls was calcu-
lated to analyze the effect sizes of continuous outcomes measured
using different standard scales (changes in shoulder function). A
random-effect model was used for overall between-group analyses,
irrespective of heterogeneity between individual sample sizes.

The pooled effect sizes of changes in pain (VAS) and QoL
(WORC Index) were compared with their minimum clinically
significant differences (MCID). MCID is defined as the slight-
est improvement in a treatment outcome that is perceived as
necessary by the average person. The MCID for the 10-cm VAS
is 1.5 cm, and that for the 100-point WORC Index is 15 points
[11-13].

Assessment of heterogeneity and sensitivity analysis

Statistical heterogeneity was assessed by grouping the trials ac-
cording to different control interventions/comparators. Hetero-
geneity across the trials was explored using the chi-square and T*
statistics. When significant heterogeneity was found, a sensitivity
analysis was performed to determine how removing one or more

trials affected the overall outcome result and heterogeneity.

Subgroup analysis and meta-regression

Subgroup analyses were conducted according to the site of PRP
injection—sub-acromial vs. direct injection at the site of the le-
sion/tear vs. intra-articular—to explore the treatment associa-
tions with pain relief and functional outcomes at all follow-up
durations. Subgroup analyses were also done at 6-7 months for
the following subgroups: (1) pathology (rotator-cuff lesions vs.
adhesive capsulitis); (2) number of injections (1 vs. >1); (3) vol-
ume of injection (<3 mL vs. >3 mL); (4) PRP-leucocyte concen-
tration (leucocyte-rich PRP vs. leucocyte-poor PRP); (5) PRP
platelet concentration (=5 times vs. <5 times); and (6) activating
agent before PRP application (used vs. not used). Subgroup dif-
ferences were considered significant if p <0.05. Meta-regressions
were performed for shoulder pathology, the number of injec-
tions, the injection volume, and platelet separation techniques for

the outcome of pain relief in the medium term (6-7 months).

RESULTS

Description of Included Studies

A total of 1,641 records was identified, of which 851 abstracts
were screened for eligibility after removing the duplicates and ir-
relevant reports. Thirty-six potentially relevant full-text articles

were obtained and scrutinized. Of those, 19 studies were exclud-
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Number of studies included in quantitative synthesis=17 RCTs;
(16-published; and 1-unpublished, clinical trial registry data)
were included (total 23 groups included)*

PRP vs. placebo (5 groups)

PRP vs. corticosteroid (9 groups)

PRP vs. hyaluronic acid (1 group)

PRP vs. PRP and hyaluronic acid (1 group)

PRP vs. prolotherapy (1 group)

PRP vs. dry-needling (1 group)

PRP vs. hydro-dissection (1 group)

PRP vs. programmed physical therapy (3 groups)
PRP vs. programmed exercise therapy (1 group)

ed. Therefore, 17 RCTs [11,14-29] were included in this review's
qualitative and quantitative analyses (Fig. 1). Among the 17 trials,
five studies [11,15,17,22,23] compared PRP with placebo injec-
tions, nine studies [14,18,20,22,24-28] compared PRP with corti-
costeroid (CS) injections, three studies [16,18,20] compared PRP
with programmed physical therapy (PT), one study [19] com-
pared PRP with programmed exercise therapy, one study [22]
compared PRP with dextrose-prolotherapy injections, one study
[29] compared PRP with a hydro-dissection (HD) intervention,
one study [15] compared PRP with hyaluronic acid (HA) injec-
tions, one study [15] compared PRP with a combination of HA
and PRP injections, and one study [21] compared PRP with
dry-needling. The PRISMA flow diagram, including reasons for

excluding studies, is provided in Fig. 1.

Study Characteristics
The study characteristics are presented in Table 1. All studies
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T

815 Number of studies excluded
530 Wrong study design
137 Animal/technical study
125 Review paper
23 Editorial/letter

19 Number of articles excluded
10 Not pure injection/surgical/arthroscopic
application
7 Intervention not appropriate (bone marrow
concentrate and platelet product)
2 Duplication of data

Fig. 1. Preferred reporting items for systematic reviews and me-
ta-analyses (PRISMA) flow diagram for the study selection process.
RCT: randomized controlled trials, PRP: platelet-rich plasma. *The
number in included RCTs does not sum because in some RCT more
than one group is included.

[11,14-24,26-29] except one (NCT01123889) [25] were pub-
lished between 2012 and 2020. The outcome data from the un-
published study [25] were taken from its clinical trial registry
record. The sample sizes of the studies ranged from 9 [11] to 200
[15], with a total of 511 persons treated with PRP injections and
745 persons treated with placebo or control interventions. Five
trials [15-17,23,29] had a total follow-up of 12 months; thirteen
trials [11,14-17,19,21-24,27-29] had a follow-up of 6 months,
and 17 trials [11,14-29] had a total follow-up of 8-12 weeks” The
mean age of all persons was 51.34 years, and 52% of them were
female. Fourteen trials [11,14-17,19-27] included persons with
rotator cuff lesions, and three trials [18,28,29] included persons
with adhesive capsulitis (Table 1). The cytology and other char-
acteristics of the PRP used in the included studies are reported in
Table 2.

A variety of functional outcome measures were used in the in-
cluded trials: SPADI (3 RCTs) [17,21,28], DASH (5 RCTs) [11,14,

https://doi.org/10.5397/cise.2021.00353
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16,19,29], QuickDASH (2 RCTs) [18,20], ASES score (6 RCTs)
[15,22,24,25,27,29], a shoulder disability questionnaire [26], and
a single assessment numeric evaluation [23]. The risk of bias in
each trial has been summarized in Table 3. Among the 17 RCTs,
12 trials (71%) [14-19,21-24,27,28] adequately generated random-
ized sequences, seven (41%) [14,17,19,21,23,24,28] adequately
concealed allocation, five (29%) [14,17,21-23] adequately blinded
participants, and 10 (59%) [15-23,28] blinded outcome assessors.

Effects of Intervention

Pain relief

Short-term follow-up (812 weeks)

Evidence from eight RCTs (14 groups, 978 participants) [15,17-
20,22,26,27] suggests that although increased short-term pain re-
lief was reported with the PRP injections, the difference with the
control interventions was not significant (MD, 0.26 cm; 95% CI,
-0.19 to 0.71; I’=89%; p=0.25) (Fig. 2). Similarly, the subgroup
analysis found that PRP injections were not significantly better
than placebo injections (MD, 0.28 cm; 95% CI, -0.05 to 0.61;
I’=0%, p=0.1) or CS injections (MD, 0.41 cm; 95% CI, -0.20 to
1.01; P =83%, p=0.19) in reducing shoulder pain (Fig. 2). Sup-
plementary Fig. 1 illustrates the short-term pain relief according
to the different sites of PRP injection.

Medium-term follow-up (6-7 months)

The medium-term follow-up results from eight RCTs (12 groups)
[6,9-12,15,22,23] showed greater pain relief with PRP injection
compared with the control interventions (MD, 1.00 cm; 95% CI,
0.35-1.65; I’=93%, p=0.002) (Fig. 3). Though the difference in
pain relief was statistically significant, the weighted MD of medi-
um-term pain-relief did not reach the MCID target of 1.5 cm on
the 10-cm VAS. Similarly, compared to placebo (MD, 1.64 cmy;
95% CI, 0.40-2.87; I’=90%) and CS injections (MD, 0.81 cm;
95% CI, 0.10-1.51; I’= 75%), PRP injections were associated
with greater pain relief with marginal significance (Fig. 3). Sup-
plementary Fig. 2 illustrates the medium-term pain relief accord-

ing to the different sites of PRP injection.

Long-term follow-up (>1 year)

Similar to the short-term follow-up results, the long-term fol-
low-up results indicate that PRP injection provided increased
pain relief, but the difference with the control interventions was
not significant (MD, 1.12 cm; 95% CI, -0.58 to 2.82; I’=98%)
(Fig. 4). Supplementary Fig. 3 illustrates long-term pain relief ac-
cording to the different sites of PRP injection.
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Table 3. Risk of bias summary for the included studies

sources of bias

Other potential
Low risk

Selective reporting

Incomplete
outcome data
Low risk

Blinding of
outcome assessors

Blinding of
personnel

Blinding of
participants

Allocation
concealment
Low risk

generation

Random sequence
Low risk

Study

Low risk

Unclear risk
Low risk

Low risk

Low risk

Barreto et al. (2019) [14]

Cai et al. (2019) [15]

Low risk

Unclear risk Unclear risk Low risk Low risk
High risk

High risk

Unclear risk

Low risk

Low risk

Low risk Low risk

Unclear risk
Low risk

Unclear risk

High risk
Low risk

Ibrahim et al. (2019) [26]
Tlhanli et al. (2015) [16]

Low risk

Low risk

Low risk

Unclear risk High risk High risk

High risk
Low risk

Low risk

Low risk Low risk

Unclear risk

High risk
Low risk

High risk
Low risk

High risk
Low risk

Jeyaraman et al. (2018) [29]
Kesikburun et al. (2013) [17]
Kothari et al. (2017) [18]
Nejati et al. (2017) [19]
Pasin et al. (2019) [20]

Rha et al. (2013) [21]

Unclear risk

Low risk
Low risk
Low risk
Low risk
Low risk
Low risk
Low risk
Low risk
Low risk
Low risk
Low risk

Low risk
Low risk
Low risk
Low risk
Low risk
Low risk
Low risk
Low risk
Low risk
Low risk
High risk
High risk

Low risk
Low risk
Low risk
Low risk
High risk
Low risk
Low risk
Unclear risk
Low risk
Low risk
High risk
High risk

Unclear risk
Unclear risk
Unclear risk

Low risk
Low risk
Low risk
Low risk
Low risk
Low risk
Low risk
High risk
Low risk

High risk
High risk
High risk
Low risk
Low risk
Low risk
High risk
Unclear risk
High risk
Unclear risk
Unclear risk

High risk
High risk
High risk
Low risk
Low risk
Low risk
High risk
Unclear risk
High risk
Unclear risk
Unclear risk

High risk
Low risk
Unclear risk
Low risk
Unclear risk
Low risk
Low risk
Unclear risk
Low risk
High risk
Unclear risk

Unclear risk
Unclear risk
Unclear risk

Low risk
Low risk
Low risk
Low risk
Low risk
Low risk
Low risk
Low risk

id et al. (2018) [27]

Smi

Schwitzguebel et al. (2019) [23]
Shams et al. (2016) [24]
Upadhyay et al. (2020) [28]
Wongworawat (2013) [25]

Sari and Eroglu (2020) [22]
Wesner et al. (2016) [11]
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PRP

Study or Subgroup Mean

Control

SO Total Mean SD

Mean Difference

Total Weight IV, Random, 95% CI

Mean Difference
IV, Random, 95% Cl

2.1.1 PRPversus Placebo

Cai ¥ 2019 (Placebn) 165 1.23 45
Kesikburun 8 2013 (Placebo) 482 2325 20
Sari A 2020 (Placebo) 173 089 30
Subtotal (95% CI) a5

1.25 1.09
44 215
1.6 092

Heterogeneity: Tau®= 0,00; Chi*= 0,65, di= 2 (P = 0.72); F= 0%

Testfor overall effect Z=1.64 (P=010)

2.1.2 PRP versus CS

larahim DH 2019 (C3) 6 1.26 13
Kothari Y 2017 {CE) 6.5 1.61 62
Pasin T 2019 (C5) B 085 30
Sari A 2020 {C3) 1.73 089 30
Smid P 2018 (C5) 096 064 25
Subtotal (95% CI) 162

58 1.25
5.2 1.84
51 1.02
21 119
096 078

Heterogeneity, Tau®= 0,38, Chi*= 23.93, df = 4 (P = 0.0001); F=83%

Testfor overall effect Z=1.32 (F=019)

2.1.3 PRP versus HA

Caiy 2019 (HA) 1.65 1.23 45
Subtotal (95% CI) 45

Heterogenelty: Mot applicakle
Test for overall effect Z= 2.49 (F = 0.01)

2.1.4 PRP versus PT

Kothari Y 2017 (FT) 6.5 1.61 62
Pasin T2019 (PT) B 085 30
Subtotal (95% CI) 92

23 123

4.4 173
53 085

Heterogeneity, Tau®= 091, Chi*=13.84, df=1 (F = 0.0002); F= 93%

Testfor overall effect Z=1.98 (P = 0.05)

2.1.5 PRP versus Exercise

Mejati P 2017 (Ex) 1.6 1.23 22
Subtotal (95% CI) 22

Heterageneity: Mot applicakle
Test for overall effect Z= 0,44 (F = 0.66)

2.1.6 PRP versus Prolotherapy

Sari A 2020 (Prolo) 1.73 089 30
Subtotal {95% CI) 30

Heterogeneity; Mot applicable
Testfor overall effect Z=036 (F=072)

2.1.7 PRP versus PRP and HA

Cai Y 2018 { HA+PRF) 1.65 1.23 45
Subtotal (95% CI) 45

Heterogenelty, Mot applicakle
Test for overall effect Z= 530 (F « 0.00001)

Total (95% CI) 491

1.8 1.65

1.63 1.14

284 11

47 7%
20 47%
- TE%
97  19.9%
15 6.2%
60 7.2%
. TE%
0 TA%
25 TE%
160 36.3%
44 75%
4 T5%
58 T.3%
o TT%
88  15.0%
20 B.3%
20 6.3%
o T4%
30 7.4%
48 7%
48  T.6%
487 100.0%

Heterogeneity, Tau®= 063, Chi®= 119.32, df=13 (P = 0,00001); = 89%

Testfor overall effect Z=1.14 (P=025)

Test for subgroup differences: Chi®= 40.92, df= 6 (P = 0.00001}, F= 85.3%

0.40 [-0.08, 0.88)
0.42[-0.94, 1.79)

0.13-0.35, 0.61]
0.28 [-0.05, 0.61]

0.20 [0.70, 1.10]
1,30 [0.68, 1.91]
0.90 [0.42, 1.38]

-0.37 [-0.92, 0.18]

0.00 [-0.40, 0.40)

0.41[-0.20, 1.01]

-0.65 [-1.16,-0.14]
-0.65[-1.16, -0.14]

210[1.50, 2.70)

0.70(0.27,1.13)
1.38 [0.01, 2.76]

-0.20 [-1.08, 0.64]
-0.20 [-1.09, 0.69]

010 [-0.44, 0.64]
0.10 [-0.44, 0.64]

-1.29 [-1.77,-0.81]
-1.29[-1.77, -0.81]

0.26 [-0.19, 0.71]

¢

d

-

Il
2 A ] i 2
Favours [Control] Favours [PRF]

Fig. 2. Forest plot of the included studies pooled using a random-effects model to assess short-term (8-12 weeks) pain relief: comparison be-
tween PRP injections and control interventions. The forest plot was acquired from meta-analyses of detailed data about differences in visual
analog scale pain scores. The vertical line indicates no difference between the intervention groups. PRP: platelet-rich plasma, SD: standard de-
viation, IV: inverse variance, CI: confidence interval, CS: corticosteroid, HA: hyaluronic acid, PT: physical therapy, Ex: programmed exercise
therapy, HA+PRP: combination of hyaluronic acid and platelet-rich plasma.

Functional outcomes

Overall, PRP injection was associated with slightly better func-
tional outcomes than the control interventions, but the differenc-

es were not significant in the short term (SMD, 0.24 points; 95%

https://doi.org/10.5397/cise.2021.00353

CI, -0.30 to 0.78) (Supplementary Fig. 4), medium term (SMD,
0.50 points; 95% CI, -0.13 to 1.14) (Supplementary Fig. 5), or
long term (SMD, 1.22 points; 95% CI, -0.44 to 2.89) (Supple-
mentary Fig. 6). Supplementary Figs. 7-9 illustrate the short-,
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PRP Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% Cl IV, Random, 95% CI1
3.1.1 PRP versus Placebo
Caly 2018 (Flacebao) 345 119 45 07 126 47 40% 275(2.25,3.25 )
Kesikburun § 2013 {Placeba) 525 225 20 482 212 0 B.T% 0.63[-0.72, 1.98] —
Sari A 2020 (Placebo) 306 11 30 227 104 o aa% 079[0.25,1.33 TR
Schwitlguebel AJ 2019 (Placeba) 23 3 41 2 3 39 6.8% 0.30[-1.02,1.62] S - a—
Wesner M 2016 (placeba) 271 16 7 -1 056 2 OES% 3.71[2.29,513) _—
Subtotal (95% CI) 143 138 38.0% 1.64 [D.40, 2.87]
Heterogeneity Tau?= 1.69; Chi*= 42.01, df= 4 (P < 0.00001); F= 80%
Testfor overall effect: Z= 2.60 (P = 0.009)
3.1.2 PRP versus CS
Sarl A 2020 (CS) 306 19 0 186 119 30 88% 1.20[062,1.78] —
Smid P 2018 (C8) 18 072 25 132 DA 25 9.2% 0.48 [0.08, 0.8E] R
Subtotal (95% CI) 55 55 18.0%  0.81[0.10, 1.51] .
Heterogeneity Tau®= 019, Chi* = 4.04, df= 1 (P = 0.04), F= 75%
Testfor overall effect; 2= 2.25{(P=0.02)
3.1.3 PRP versus HA
Caiy 2019 (HA) 345 119 45 287 125 44 90% 058[0.07,1.,09) e
Subtotal (95% CI) 45 4 9.0% 0.58 [0.07, 1.09] wf
Heterogeneity. Mot applicable
Testfor overall effect 2= 224 (F=003)
3.1.4 PRP versus Exercise
Mejati P 2017 (E¥) 36 123 22 28165 20 81% 0.50 [-0.09, 1.69)
Subtotal (95% CI1) 2 20 8.1%  0.80[-0.09, 1.69] e
Heterogeneity: Mot applicable
Testfor overall effect. Z=1.77 (P = 0.08)
3.1.5 PRP versus Prolotherapy
Sari A 2020 {Prolo) 308 11 an 28 1.24 an 2.8% 0.26 [-0.33, 0.85] s R
Subtotal (95% CI) 30 30 8.8%  0.26[-0.33, 0.85] Fize
Heterogeneity. Mot applicable
Testfor overall effect; Z= 0.86 (F = 0.39)
3.1.6 PRP versus HD
Jeyaraman M 2018 (HD) 502 143 46 318 103 45 90% 1.84 133 2.35 s
Subtotal (95% CI) 46 45 9.0% 1.84 [1.33, 2.35] ’
Heterogeneity. Mot applicable
Testfor overall effect: £=7.05 (F = 0.00001)
3.1.7 PRP versus PRP and HA
Cai ¥ 2019 { HA+PRP) 345 119 45 428 103 48 91% -083[1.28,-0.38 b
Subtotal (95% CI) 45 48  9.4% -0.83[-1.28,-0.38] &>
Heterogeneity Mot applicable
Test for overall effect: Z= 3.59 (F = 0.0003)
Total (95% CI) 386 380 100.0% 1.00 [D.35, 1.65] "
Heterogeneity Tau®= 1.15; Chif = 148.54, df= 11 (P < 0.00001); F= 93% _14 5 s '

Testfor overall effect: £= 3.03 (F=0.002)
Testfor subgroup differences: Chi®= 6458, df= 6 (P = 0.00001), F= 90.7%

Favours [Control] Favours [PRP]

Fig. 3. Forest plot of the included studies pooled using a random-effects model to assess medium-term (6-7 months) pain relief: comparison
between PRP injections and control interventions. The forest plot was acquired from meta-analyses of detailed data about differences in visual
analog scale pain scores. The vertical line indicates no difference between the intervention groups. PRP: platelet-rich plasma, SD: standard de-
viation, IV: inverse variance, CI: confidence interval, CS: corticosteroid, HA: hyaluronic acid, Ex: programmed exercise therapy, HD: hy-
dro-dissection, HA+PRP: combination of hyaluronic acid and platelet-rich plasma.

medium-, and long-term functional outcomes, respectively, ac-
cording to the different sites of PRP injection.

When PRP injections were compared with only placebo injec-
tions, they were found to be superior in the short term (SMD,
0.79 points; 95% CI, -0.95 to 2.53) (Supplementary Fig. 4), medi-
um term (SMD, 1.36 points; 95% CI, -0.21 to 2.92) (Supplemen-
tary Fig. 5), and long term (SMD, 2.52 points; 95% CI, -0.72 to

84

5.76) (Supplementary Fig. 6). In functional outcomes, PRP injec-
tion was found to be better than CS injection in the short term
(SMD, 0.44 points; 95% CI, -0.10 to 0.97; 9 RCTs) (Supplemen-
tary Fig. 4) and medium term (SMD, 0.41 points; 95% CI, -0.12
to 0.94; 5 RCTs) (Supplementary Fig. 5). However, none of those
differences (SMD) in functional outcome scores between PRP

and CS or placebo injections was statistically significant (<0.05).
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PRP Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
7.1.1 PRP versus Placebo
CaiY 2019 (Placebo) 429 117 45 -032 1.0 47 147% 4.61 [4.16, 5.08] -
Kesikburun 5 2013 (Placebao) 6 237 20 B 212 20 135% 0.00[-1.39,1.39] .
Schwitguebel AJ 2019 (Placeba) 33 26 4 23 32 39 137% 1.00[-0.28, 2.28] ——
Subtotal (95% CI) 106 106 41.8% 1.92[-1.29, 5.13]  —— e ERREE——
Heterogeneity, Tau®= 7,71, Chi®= 59.40, df= 2 (P < 0.00001); F=97%
Testfor overall effect Z=1.17 (P = 0.24)
7.1.2 PRP versus HA
Caiy 2019 (HA) 429 117 45 343 115 44 146% 0.86[0.38, 1.34] o
Subtotal (95% CI) 45 44  14.6% 0.86 [0.38, 1.34] L3
Heterogeneity: Mat applicable
Test for overall effect: Z= 3.50 (P = 0.0005)
7.1.3 PRP versus PT
llhanli 12015 (PT) 51 164 30 437 1.84 32 143% 0.73[0.14, 1.60] Tei—
Subtotal (95% CI) 30 32 143% 0.73[-0.14, 1.60] i
Heterogeneity: Mot applicahle
Testfor overall effect Z=1.65 (P=010)
7.1.4 PRP versus HD
Jeyaraman M 2018 (HD) 6.87 099 46 525 14 45 14 6% 1621.12,212] -
Subtotal (95% CI) 46 45  14.6% 1.62[1.12,2.12] L
Heterageneity: Mat applicable
Test for overall effect Z= 6.36 (P = 0.00001}
7.1.5 PRP versus PRP and HA
CaiY 2019 { HA+PRP) 429 117 45 538 1 48 147% -1.09[1.53,-065) -—
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Fig. 4. Forest plot of the included studies pooled using a random-effects model to assess long-term (=1 year) pain relief: comparison between
PRP injections and control interventions. The forest plot was acquired from meta-analyses of detailed data about differences in visual analog
scale pain scores. The vertical line indicates no difference between the intervention groups. PRP: platelet-rich plasma, SD: standard deviation,
IV: inverse variance, CI: confidence interval, HA: comparator hyaluronic acid, PT: physical therapy, HD: comparator hydro-dissection,
HA+PRP: comparator combination of hyaluronic acid and platelet-rich plasma.

Changes in QoL

Evidence from four RCTSs (six groups) [11,17,19,22] suggests that
compared with control interventions, PRP injections were asso-
ciated with statistically greater improvements in shoulder dis-
ease-specific QoL (WORC Index) in the short term (MD,
3.47-points; 95% CI, -0.21 to 7.14; ' = 56%) (Supplementary Fig.
10) and medium term (MD, 8.09-points; 95% CI, 2.01 to 14.17;
I’=55%) (Supplementary Fig. 11). No pooled analysis was done
for long-term follow up because only one study reported long-
term WORC Index scores. However, the MCID for WORC Index
is 15 points, so those statistical differences aren’t clinically mean-
ingful.

Safety outcomes
Adverse events were assessed in 12 trials [14-18,21,23,25-29]. Of
them, nine trials [14,16-18,21,25-28] found no serious adverse

events after PRP injection. Only three trials [15,23,29] reported
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adverse events other than injection-associated pain. Among the
reported events, one trial [15] reported intolerance to the injec-
tion, and another trial [23] reported the development of frozen

shoulder and tear pejoration after injection.

Additional analyses

The subgroup analyses (Table 4) found that trials using the dou-
ble centrifugation technique [14,15,19-22,26,29], a platelet acti-
vating agent [16,22,26,28,29], or image-guided injections [11,15,
17,19,21-23,26-29] were associated with greater medium-term
(6-7 months) pain relief (p <0.05) than the respective control in-
terventions. A meta-regression analysis suggested that the ef-
fect-size in medium-term (6-7 months) pain relief did not differ
significantly with the underlying shoulder pathology (slope coef-
ficient Standard Error [SE], 2.586; p=0.27), number of injections
(single vs. >2; SE, 1.09; p=0.81), volume of injection (<3 mL vs.

>3 mL; SE, 1.83; p=0.28), site of injection (sub-acromial vs. in-
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Table 4. Subgroup analysis of personal and study-related factors affecting medium-term (6-7 months) pain relief with PRP vs. control inter-

ventions

Comparison No. of groups MD (95% CI) p-value

Shoulder pathology <0.05
Rotator cufflesions 9 0.90 (0.31 to 1.49)
Adbhesive capsulitis 1.84 (1.33 t0 2.35)

No. of injections <0.05
1 0.75 (0.41 to 1.10)
>1 1.23 (0.27 to 2.20)

PRP-leucocyte concentration <0.05
LR-PRP 2 0.75 (0.01 to 1.49)
LP-PRP 4 1.06 (-0.15 to 2.28)

PRP platelet concentration <0.05
>5x 4 1.03 (0.37 to 1.69)
<5x 4 0.52 (0.19 to 0.86)

Platelet separation technique <0.05
Single centrifugation 0.48 (0.11 to 0.84)
Double centrifugation 1.19 (0.50 to 1.87)

Platelet activating agent <0.05
Used 1.03 (0.37 to 1.69)
Not used 3 0.48 (0.11 to 0.84)

Injection volume <0.05
<3 mL/injection 3 0.94 (-0.13t0 2.01)
>3mlL/injection 7 1.03 (0.30 to 1.75)

Analysis was done after exclusion of study by Wongworawat (unpublished trial), Wesner et al’s study (total sample was very less; total 7) [11], and
one group of Cai et al’s study (where PRP was compared with combination of PRP and hyaluronic acid) [15].
PRP: platelet rich plasma, MD: mean difference, LR: leucocyte rich, LP: leucocytes poor.

tra-articular vs. others; SE, 0.55; p=0.48], or centrifugation tech-
nique (single vs. double; SE, 1.32; p=0.36).

DISCUSSION

This review revealed that PRP injection resulted in larger im-
provements in clinical outcome measures (VAS pain scores,
functional outcomes, and QoL scores) in common shoulder dis-
eases, but those improvements differed at the short, medium, and
long term. Compared with the control interventions, PRP injec-
tions provided significant pain reduction and improvements in
QoL scores only at the medium term (6-7 months). In this me-
ta-analysis, interventions such as dry-needling injection and HD
were categorized as different control interventions instead as pla-
cebo. Injection dry-needling and HD are used as active interven-
tions for managing shoulder pain, and their mechanisms of ac-
tion are entirely different from placebo injections. In the sub-
group analyses, PRP injections were found to offer superior pain
relief and functional outcomes compared with placebo and CS.
However, those differences were only significant in the medium
term (6-7 months).

Studies in which (1) repeat PRP injections were given (= 2-in-
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jections) at intervals for a single pathology; (2) the PRP solution
was prepared by the double centrifugation technique; (3) leuco-
cyte-rich PRP was used instead of leucocyte-poor PRP; (4) a
platelet activating agent was used after PRP preparation; or (5)
the platelet concentrations in the PRP solution were at least five
times greater than in whole blood all reported significant pain
relief in the medium term (6-7 months).

Injection techniques can be categorized by injection site. As-
suming that the mechanism of action would be different at dif-
ferent sites, persons with shoulder pain were sorted into four cat-
egories: (1) injection into the sub-acromial bursa [14,15,17,20,22,
24-27], (2) injection at the site of the lesion/tear [11,21,23], (3) in-
jection into the sub-acromial bursa and the site of the lesion [19],
and (4) injection into the joint (intra-articular) [16,18,28,29].

Therapeutic exercises are essential for the rehabilitation of
sports and other musculoskeletal injuries. In this review, all of
the trials [11,16-18,20-22,24,26-29] (except two [19,23]) encour-
aged their participants to do some degree of home exercise, along
with the PRP injection. Therefore, a certain degree of exercise
along with PRP injection is essential to obtain the optimal effect
in shoulder disease.

Irrespective of etiology, pain and impaired shoulder function
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are the main clinical features of shoulder diseases. Depending
on the stage of tendinopathy, tears or capsular fibrosis, rotator
cuff lesions, and adhesive capsulitis can be at different stages.
Tears, especially rotator cuff tears, can be partial or complete.
None of the trials included in this meta-analysis administered a
PRP injection as a primary intervention into the site of a com-
plete tear.

Persons with shoulder disease usually present with similar
clinical features: shoulder pain, restricted range of motion, and
reduced shoulder-related QoL [14-30]. The injection techniques
used to treat shoulder diseases are usually limited to three sites
(intra-articular, inside the bursa, or at the site of the lesion).
Therefore, in this meta-analysis, we included all persons present-
ing with shoulder pain and impaired function, irrespective of pa-
thology. This approach allowed us to review many RCTs and
more effectively judge the pain relief and functional outcomes of
PRP injections in shoulder diseases.

In the literature, several reviews [31-34] have examined the
role of PRP therapy as an adjunct treatment used during or after
surgical repair of ligament injuries. However, reviews of PRP in-
jections as a primary or standalone intervention in shoulder dis-
eases have been minimal. To date, only three reviews [35-37]
have examined the efficacy of PRP injection on rotator cuff tend-
inopathy. However, those reviews did not include common
shoulder diseases such as frozen shoulder or calcific rotator cuff
lesions. Frozen shoulder is a widespread cause of shoulder pain
and disability, and PRP injections are increasingly being used to
treat it. Furthermore, those reviews [35-37] considered only five
trials with short follow-up durations.

A few previous reviews [3,37-40] have considered PRP injec-
tions for tendon and ligament injuries to the upper and lower
limbs, which partially overlaps with this analysis. Miller et al. [38]
and Chen et al. [3] conducted systematic reviews of PRP injec-
tions used to treat all types of soft tissue injuries. Miller et al. [38],
Lin et al. [37], and Chen et al. [3] reported significant pain reduc-
tion and better functional outcomes after PRP treatment. Howev-
er, we also found reviews [35,39,40] that failed to demonstrate any
benefit of PRP treatment over other treatments in pain-relief
scores for tendon and ligament injuries in all time frames.

Our data suggests that in common shoulder diseases PRP in-
jections are better than other interventions for pain relief and
functional recovery. The strengths of this review are as follows.
(1) We performed an extensive literature search for eligible trials.
All published and unpublished trials were included in this review.
(2) Irrespective of shoulder pathology, all persons presenting
with shoulder pain and dysfunction were included. (3) Sensitivity

analyses were performed to address methodological differences

https://doi.org/10.5397/cise.2021.00353

among studies. (4) All relevant clinical outcome scales were in-
cluded to acquire comprehensive effects (pain, shoulder function,
and shoulder-related QoL) after PRP injection. (5) Short- and
long-term efficacy was assessed.

It is important to note that this review also has some limita-
tions. First, there was significant heterogeneity among the
RCTs. Different shoulder pathologies, PRP preparation tech-
niques, injection techniques, injection sites, injection adminis-
trations, and a mixed variety of controls were used in the in-
cluded trials. There was also a lack of information on the cytol-
ogy of the prepared PRP. None of the studies evaluated growth
factors after preparing PRP. The studies underreported rotator
cuff lesion/tear sizes, the grade of rotator cuff tendinopathy,
and the stages of adhesive capsulitis. Second, although 17 RCTs
were included, the number of RCTs in each subgroup meta-anal-
ysis was small for most control interventions. Most of the sub-
groups findings were based on only a single RCT. Therefore,
the treatment-effect estimates for pain relief and functional
outcomes should be explained very carefully because further
research has a great chance of significantly changing them.
Third, the RCTs included in the analysis suffered from method-
ological limitations. Many of them lacked proper concealments
and blinding. Especially for RCTs in which programmed PT
and exercise programs were provided, it was almost impossible
to blind the participants for autologous-PRP injections. All
those factors need to be considered when interpreting our re-
sults. An RCT comparing cell counts (platelets, leucocyte counts,
and growth factor assessment) and different kits would be of
great interest in the future.

This review suggests that PRP injections might provide better
pain relief and functional outcomes than other treatments for
persons presenting with shoulder diseases. At 6-7 months, PRP
injections have a greater capacity to reduce shoulder pain and
improve shoulder disease-specific QoL than other treatments.
However, these findings are not strong enough to allow us to
recommend for or against the use of PRP injections. More ho-
mogeneous, high-quality evidence from large, robust RCTs is

required.

SUPPLEMENTARY MATERIAL

Supplementary materials can be found via https://doi.org/10.5397/
cise.2021.00353.
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