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Abstract
Background: To explore the effectiveness of platelet-rich plasma (PRP) injection regarding functional recovery, pain relief, and
range of motion (ROM) of shoulder compared with the corticosteroid injection in patients with rotator cuff lesions treated non-
operatively.

Methods: An electronic literature search was performed by 2 authors in the PubMed, Embase, Cochrane Library, and Web of
Science databases to identify relevant randomized controlled trial (RCTs) that were published up to July 20, 2020. The quality of the
included RCTs was evaluated using the approach recommended by the Cochrane Handbook for Systematic Reviews of
Interventions. Standardized mean differences (SMDs) or mean differences (MDs) with 95% confidence intervals (CIs) were applied to
calculate the pooled effect sizes.

Results: Six RCTs were included in this systematic review. Meta-analysis revealed that corticosteroid injection yielded statistically
significant superior functional recovery (SMD=�0.80; 95% CI, �1.42 to �0.18; P= .01) and pain relief (MD=1.59; 95% CI, 0.30–
2.89; P= .02) compared with PRP injection for rotator cuff lesions during the short-term follow-up period. However, at the medium-
term and long-term follow-up, no statistically significant difference was identified between the 2 groups. Regarding the ROM of
shoulder, no statistically significant difference was found between the 2 groups during the whole follow-up period.

Conclusions: The current clinical evidence revealed short-term efficacy of corticosteroid injection and no significant medium- to
long-term difference between corticosteroid and PRP injection in the treatment of rotator cuff lesions. Additional studies with longer
follow-ups, larger sample sizes, and more rigorous designs are needed to draw more reliable and accurate conclusions.

Abbreviations: CI = confidence interval, MD = mean difference, PRP = platelet-rich plasma, RCT = randomized controlled trial,
ROM = range of motion, SMD = standardized mean difference.
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1. Introduction

The shoulder is considered to be one of the most complex joints in
the humanbodydue to its huge range ofmotion (ROM).[1]Rotator
cuff lesions account for the vast majority of shoulder injuries in
adult and are a common cause of chronic shoulder pain,
deterioration of daily activities, and disability. The incidence of
rotator cuff lesions is increasing alongwith an aging population.[2]

Currently, several methods have been used for treating rotator cuff
lesions including activity modification,[3] nonsteroidal anti-
inflammatory drug,[4] physical therapy,[5] local corticosteroid
injection[6] and platelet-rich plasma (PRP) injection.[7] The clinical
efficacy of PRP vs corticosteroid injections has recently gained
significant attention as conservative treatment options for rotator
cuff lesions in the orthopedic sports medicine community.[8,9]

Corticosteroid injection is often used for tendinous lesions.[10]

The efficacy of corticosteroid injection has been widely confirmed
in reducing pain and improving function,[11–13] and it is
considered by many practitioners as a cheap and effective
therapeutic option, but the adverse reactions of glucocorticoids
cause concern in clinical practice.[14] PRP is a concentrate of
platelet-rich plasma protein derived fromwhole blood, which has
a higher concentration of platelets above that of the base-
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line.[15,16] It contains several specific growth factors (such as
vascular endothelial growth factor, epidermal growth factor,
transforming growth factor-b, and insulin-like growth factor)
that can stimulate healing, promote the inflammatory cascade,
and accelerate tissue regeneration.[16–18] Recent study[19]

reported that PRP injection play an effective and important role
in the treatment of rotator cuff lesions, in cases where
physiotherapy has been unsuccessful.
Several studies [8,9,20,21] have compared PRP injection with

corticosteroid injection in the treatment of rotator cuff lesions;
however, which method is more effective remains controversial.
For example, a randomized controlled trial (RCT)[20] has
indicated that PRP injection is superior to corticosteroid injection
in functional recovery and pain relief. Conversely, another
trial[21] has shown that corticosteroid injection is superior to PRP
injection in functional recovery and pain relief. In addition, in
some studies,[8,9] there were no significant differences between
the PRP and corticosteroid injections in treating rotator cuff
lesions. To the best of our knowledge, no systematic reviews have
compared the effects of PRP injection with that corticosteroid
injection in patients with rotator cuff lesions. Therefore, we
conduct this systematic review and meta-analysis to further
compare the clinical efficacy of PRP injection and corticosteroids
injection for conservative treatment of patients with rotator cuff
lesions. The primary aims of this study were to compare the
efficacy of PRP injection and corticosteroids injection on
functional recovery and pain relief. The secondary aim was to
compare the efficacy of PRP injection and corticosteroids
injection on ROM of the shoulder.
2. Methods

We conducted this systematic review and meta-analysis by
following the Preferred Reporting Items for Systematic Review
and Meta-Analyses (PRISMA) guidelines.[22] The research
protocol was registered in PROSPERO (registration number
CRD42020202208). Ethics approval is not required as this study
is a meta-analysis based on published studies.
2.1. Search strategy

A comprehensive electronic literature search was performed by
2 authors in the PubMed, Embase, Cochrane Library, andWeb
of Science databases to identify relevant studies that were
published up to July 20, 2020. Further relevant publications
were identified through the reference lists of the included studies
and previous related systematic reviews. For each database, the
search strategy was customized. For example, the key search
terms for PubMed were a combination of medical subject
heading (MeSH) terms and entry terms. Detailed information
about the search terms and search results of each database is
available in Supplemental Digital Content 1, http://links.lww.
com/MD/F646.

2.2. Inclusion criteria

Studies were included in this systematic review if they met the
following criteria:
1.
 Population: participants were diagnosed with rotator cuff
lesions by either imaging examination or clinical evaluation. In
accordance with previous systematic reviews,[23,24] the rotator
cuff lesions comprised partial tendon tear, full-thickness tear,
2

rotator cuff tendinosis, and rotator cuff impingement
syndrome;
2.
 Interventions: conservative treatment studies that had allocat-
ed a PRP injection group and a corticosteroid injection group.
Trials comparing the role of PRP injection with steroid
injection in orthopedic surgery were excluded;
3.
 Outcomes: we designated functional recovery and pain relief
as the primary outcomes, ROM of the shoulder as the
secondary outcome; and
4.
 Study design: to achieve high levels of evidence, we included
only RCTs.

2.3. Study selection and data extraction

All of the searched records were imported into EndNote X9 to
eliminate duplicate studies. The 2 authors worked independently
to identify studies that met the inclusion criteria. To further
evaluate the eligibility of potential studies, we obtained full-text
publications and discussed any disagreements with the third
author. Data were extracted from the included studies by 2
independent authors using the standardized data extraction tool.
From each included study, we extracted data including the
author, publication year, country, sample size, patient’mean age,
treatment details (e.g., injection dose, guidance method, and
injection location), follow-up times, and outcome measurement
tools. Any disagreements between the 2 independent authors
were resolved by the third authors.
2.4. Risk of bias assessment

The risk of bias in the included studies was assessed using the
approach recommended by the Cochrane Handbook for
Systematic Reviews of Interventions.[25] The 7 recommended
items included random sequence generation, allocation conceal-
ment, blinding of participants and personnel, blinding of
outcome assessors, incomplete outcome data, selective reporting,
and other bias. All included studies were independently
evaluated, and the risk of bias for each item was rated as
“low risk”, “unclear” or “high risk”. Disagreements between the
2 authors were resolved by the third author.
2.5. Data analysis

Standardized mean differences (SMDs) with 95% confidence
intervals (CIs) were used when studies used different outcome
scales, and mean differences (MDs) with 95% CIs were applied
when studies used the same outcome scales. The level of
heterogeneity was evaluated by the I-square (I2) method, and a
value of I2>50% was regarded as significant heterogeneity.[26]

The fixed-effects model was used to calculate the pooled effect
size if the data were not significantly heterogeneous. Conversely,
the random-effects model was used. Publication bias was
evaluated by visual inspection of funnel plot.[27] RevMan 5.3
provided by the Cochrane Collaboration was used for all
statistical calculations, and a P value <.05 was considered
statistically significant.
Subgroup analysis was performed to explore the short-term,

medium-term, and long-term effects after injection. With
reference to the previous systematic reviews [28,29] and the
recovery speed of rotator cuff lesions,[30,31] the post-injection
follow-ups was defined as short-term (3–6weeks), medium-term
(8–12weeks), and long-term (over 12weeks).
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3. Results

3.1. Study selection

A total of 8093 records were identified from the electronic
databases in the final search, with an additional 2 records
identified through other sources. After removal of duplicates and
obviously irrelevant records, we retrieved 25 full-text articles to
further evaluate their eligibility. In total 19 articles were excluded
because they did not meet the inclusion criteria. Eventually, a
total of 6 studies [8,9,20,21,32,33] met all the inclusion criteria and
were included in this systematic review. The detailed screening
process is illustrated in Figure 1.

3.2. Characteristics of the included studies

The main characteristics of the included studies are shown in
Table 1. In total 301 patients with rotator cuff lesions were
Figure 1. Flow diagram for search an

3

enrolled in these 6 RCTs: 181 women (60.1%) and 120 men
(39.9%). The mean age of the enrolled patients ranged from 41.5
±12.5years to 53.2±9.4years. The duration of follow up ranged
from 3weeks to 6months. Three of the included trials were
conducted in the Turkey,[21,32,33] 2 were conducted in Egypt,[9,20]

and 1 was conducted in Brazil.[8] All of the included RCTs
reported clear inclusion and exclusion criteria for their patients.
The diagnosis of rotator cuff lesions was based on magnetic
resonance imaging in 1 study,[20] was based on clinical
examination and confirmed by magnetic resonance imaging in
3 studies,[21,32,33] and was based on ultrasonography in the other
2 studies.[8,9] Among the 6 studies, 2 used ultrasound-guided
injection,[9,33] 1 used blind injection,[8] and the remaining studies
were not described in detail.[20,21,32] For all of the included
studies, only single dose injection was administered to each
patient in PRP group and corticosteroid group. Regarding the
injection location, 2 studies performed the lateral subacromial
d selection of the included studies.

http://www.md-journal.com
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Figure 2. Risk of bias summary: review authors’ judgments about each risk of
bias item for each included study.

Figure 3. Risk of bias graph: review authors’ judgments about each risk of bias
item, presented as percentage of included studies.

Wang et al. Medicine (2021) 100:7 www.md-journal.com
injection method,[9,33] 2 with dorsolateral subacromial injection
method,[20,21] 1 with posterior subacromial injection method,[8]

and 1 with subacromial space injection method.[33]
3.3. Risk of bias assessment

The risk of bias assessment for the included studies are presented
in Figures 2 and 3. Most of the included RCTs reported
randomization, but some trials did not describe the allocation
concealment details, which could cause potential selection bias.
In performance bias and detection bias, 5 studies were judged as
having an unclear risk of bias because there was no description
provided for the blinding method. The risk of attrition bias was
categorized as high in 1 study because of the uneven number of
patients lost to follow-up in each group. There was no evidence of
reporting bias or other bias in any of the included studies;
Figure 4. Forest plot for

5

therefore, the risk of bias for these items was determined to
be low.

3.4. Results of meta-analysis
3.4.1. Primary outcome: functional recovery. All 6 studies
compared the effects of PRP injection vs corticosteroid injection
on functional recovery using the Constant-Murley Shoulder
Outcome Score,[8,21] Shoulder Disability Questionnaire,[9] Uni-
versity of California Los Angeles Shoulder Rating Scale,[32] and
American Shoulder and Elbow Surgeons Standardized Shoulder
Assessment Form.[20,33] Because of the different assessment tools,
we used the SMD to represent the pooled effect size. In the short-
term subgroup, the meta-analysis showed that patients in the
corticosteroid group exhibited a significant amelioration of
shoulder function compared with PRP group (n=260; SMD=�
0.80; 95%CI,�1.42 to�0.18; P= .01; I2=82%, random-effects
model; Fig. 4). In the medium-term subgroup, the results from 5
the function scores.

http://www.md-journal.com


Figure 5. Forest plot for the pain scores.

Wang et al. Medicine (2021) 100:7 Medicine
studies revealed that PRP injection improved the shoulder
function with an SMD score of 0.35 compared with cortico-
steroid injection, but the difference was not statistically
significant (n=217; SMD=0.35; 95% CI, �0.35�1.04; P= .33;
I2=83%, random-effects model; Fig. 4). In the long-term
subgroup, the results from 4 studies showed a similar effect
(n=182; SMD=0.12; 95% CI, �0.73–0.96; P= .79; I2=87%,
random-effects model; Fig. 4).

3.4.2. Primary outcome: pain relief. Four studies evaluated
the effectiveness of PRP injection in comparison with
corticosteroid injection on pain relief measured by the Visual
Analogue Scale.[9,21,32,33] Because the measuring tool was the
same, we applied the MD to represent the pooled effect size. In
the short-term subgroup, the results indicated that the patients
in the corticosteroid group had a significant reduction of
shoulder pain compared with the patients in the PRP group
(n=180; MD=1.59; 95% CI, 0.30�2.89; P= .02; I2=91%,
random-effects model; Fig. 5). In the medium-term subgroup,
the results revealed that PRP injection relieved the shoulder
pain with a MD score of �0.17 compared with corticosteroid
injection, but the difference was not statistically significant
(n=150; MD=�0.17; 95% CI, �0.97�0.63; P= .68; I2=
76%, random-effects model; Fig. 5). In the long-term
subgroup, the difference between the PRP and corticosteroid
groups was also not statistically significant (n=120; MD=
1.00; 95% CI, �3.31�5.31; P= .65; I2=99%, fixed-effects
model; Fig. 5).

3.4.3. Secondary outcome: ROM. Two studies assessed the
efficacy of PRP injection in comparison with corticosteroid
injection on ROMmeasured by the goniometer.[9,21] Because the
measuring tool was the same, we applied theMD to represent the
pooled effect size. The parameters reflecting the ROM of
shoulder include flexion, abduction, internal rotation and
external rotation. The results of the meta-analysis showed no
6

significant differences between the PRP group and the cortico-
steroid group in the flexion (n=90; MD=2.39; 95% CI,
�3.04�7.83; P= .86; I2=0%, fixed-effects model; Fig. 6),
abduction (n=90; MD=4.71; 95% CI, �1.17�10.59; P= .12;
I2=0%, fixed-effects model; Fig. 6), internal rotation (n=90;
MD=0.48; 95%CI,�3.46�4.42; P= .81; I2=0%, fixed-effects
model; Fig. 6) and external rotation (n=90; MD=�0.39; 95%
CI, �3.70�2.92; P= .82; I2=0%, fixed-effects model; Fig. 6) of
shoulder.

3.5. Publication bias

Visual inspection of the funnel plots did not reveal evidence of
potential publication bias. The funnel plots are shown in
Supplemental Digital Content 2, http://links.lww.com/MD/F647.
4. Discussion

4.1. Summary and interpretation of main findings

Our meta-analysis revealed that corticosteroid injection
yielded statistically significant superior functional recovery
and pain relief compared with PRP injection for rotator cuff
lesions during the short-term follow-up period (3–6weeks).
However, at the medium-term (8–12weeks) and long-term
(over 12weeks) follow-up, no statistically significant differ-
ence was identified between the 2 groups. Regarding the
ROM of shoulder, no significant difference was found between
the 2 groups during the whole follow-up period (3 weeks-
24weeks).
In recent years, the efficacy of PRP injection vs corticosteroid

injection in the treatment of a variety of musculoskeletal
disorders including plantar fasciitis,[34] elbow epicondylitis,[35]

knee osteoarthritis,[36] greater trochanteric pain syndrome,[37]

and rotator cuff lesions[38] has been compared. Nevertheless, the

http://links.lww.com/MD/F647
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efficacy of PRP injection vs corticosteroid injection as a
conservative treatment for rotator cuff lesions remains uncertain.
Corticosteroid injection was first introduced since the 1950
second[39] and has frequently been used in tendinous
lesions.[10,40] A number of clinic trials have revealed the short-
term effects of corticosteroid injection for the treatment of rotator
cuff lesions,[41,42] however, no reliable evidence for its long-term
effects. Recently published systematic reviews have shown that
corticosteroid injection is superior to PRP injection in treatment
of elbow epicondylitis [29,43] and hip osteoarthritis [44] in the
short-term. Some new emerging RCTs have compared the
efficacy of PRP vs corticosteroid injection in patients with rotator
cuff lesions [9,32,33]; however, studies have shown controversial
results. The current meta-analysis demonstrated that cortico-
steroid injection yielded statistically significant superior in short-
term functional recovery and pain relief compared with PRP
injection for rotator cuff lesions, and the result is in agreement
with existing evidences. On the other hand, corticosteroid
injection may have side effects such as permanent damage within
the tendon ultrastructure, subcutaneous atrophy, relapse,
effusion, systemic absorption, and subcutaneous tendon rup-
ture.[14,45,46] Considering the short-term efficacy and potential
side effects, alternative therapies were needed to improve the
status of treatment.
Over the past few decades, the model of overuse injury or

denaturation has been generally accepted to explain the
pathophysiology of rotator cuff tendinopathy.[47] As we all
know, the ability of tendons to regenerate is limited.[48] It has
been hypothesized that the main cause of chronic tendinopathy is
not inflammation but a lack of healing potential.[47] Therefore,
new biological therapeutic agents such as PRP may be an option
7

to treat this pathology. PRP contains growth factors, bioactive
cytokines, and other chemokines, which are believed to promote
tissue healing and induce tissue regeneration by improving
cellular proliferation, augmenting cellular migration, accelerating
angiogenesis, and increasing matrix deposition.[49,50] Several
clinic trials[51,52] have shown that PRP injection had long-term
effects. Cai et al [51] reported that treatment of patients with
partial-thickness rotator cuff tears with PRP significantly
improved rotator cuff function and pain at 12months. And
MRI results revealed that the size of rotator cuff tear in the PRP
group was significantly decreased compared with normal saline
group. Rha et al [52] indicated that PRP injection lead to a
progressive amelioration in the disability and pain when
compared to dry needling. This benefit was certainly still existing
at 6 months after injection. Animal experiments suggested that
the application of PRP significantly improved biomechanical and
histologic properties of rotator cuff repair, resulting in increased
vascular proliferation and fibroblastic response at all time points,
which may be responsible for the long-term efficacy of PRP in the
treatment of rotator cuff lesions.[53,54] Both corticosteroid and
PRP can reduce inflammation, but by contrast, corticosteroid has
no such biological regenerative property, and consequently its
efficacy will be merely in decreasing inflammation and thus is
short-lived. The present meta-analysis failed to demonstrate that
PRP injection provided benefit in functional recovery and pain
relief over corticosteroid injection at the medium-term and long-
term follow-up, which was not in line with the findings of above
studies. The possible reasons for these inconsistent results may be
the diversity in the measurement tools, the different methods of
preparation of PRP, and the differences in research design across
the different studies.
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ROM of shoulder is also an important indicator to assess
the effect of various treatments. The parameters reflecting
the ROM of shoulder include flexion, abduction, internal
rotation and external rotation. In this meta-analysis, the results
from 2 studies [9,21] revealed that the ROM outcome was
comparable between the PRP and corticosteroid groups in the
treatment of rotator cuff lesions. Ibrahim et al [9] found that the
ROM of shoulder was significantly improved in both groups
after injection, but the difference between the groups was not
statistically significant. Say et al [21] found similar result; there
was no significant difference in ROM of shoulder between the
PRP and corticosteroid groups. On the other hand, Kothari et al
[55] reported that PRP injection was better than corticosteroid
injection in the treatment of periarthritis shoulder by improving
passive and active ROMof shoulder. For the above inconsistent
results, the possible reason is that the pathological mechanisms
of periarthritis shoulder and rotator cuff lesions are different.
Since the result of our systematic review regarding the efficacy
of PRP injection on ROM of shoulder compared with the
corticosteroid injection in patients with rotator cuff lesions is
based on only 2 studies, the evidence is limited and further
studies are needed.
4.2. Implication for clinical practice and future research

Our meta-analysis revealed short-term efficacy of corticoster-
oid injection and no significantmedium- to long-term difference
between corticosteroid and PRP injection in the treatment of
rotator cuff lesions. Taking into account the short-term efficacy
and potential side effects of corticosteroid injection, PRP as a
new biological therapeutic agent may be preferred in clinical
practice. Several issues should be considered when applying
injection therapies. First, it is important to inject PRP with
containing the appropriate concentrations and amounts of
relevant components, such as white blood cells. Belk et al [56]

found that leukocyte-poor PRP may be superior to leukocyte-
rich PRP for treatment of knee osteoarthritis. Therefore,
additional studies are needed to directly compare the efficacy of
PRP injection with varying leucocyte content in treating rotator
cuff lesions. Second, when PRP injection is used to treat rotator
cuff lesions, the injection frequency, injection volume, and
injection location should be strictly controlled. In a study by
Vilchez-Cavazos et al,[57] multiple PRP injections seemed more
effective in improving joint function than was a single PRP
injection. Because the available evidence is still insufficient in
this field, more research is needs to be conducted in the future to
explore the optimal injection frequency, injection volume, and
injection location in the treatment of rotator cuff lesions. Third,
potential side effects are also a major concern after injection
therapies. Local infection, skin adhesion, skin atrophy,
exacerbation of pain, rashes, and fevers are commonly
associated with injection therapies. Injection therapies will
have less clinical value if there was a relatively high incidence of
side effects. Therefore, future studies should pay attention to
monitoring the complications of injection therapies, and
clinicians should comprehensively evaluate the advantages
and disadvantages of various injection therapies. Fourth, as far
as we know, no study exists comparing the efficacy of PRP and
corticosteroid on inflammatory cytokines in rotator cuff
lesions, and thus this remains of interest for further study.
Finally, the included studies had a relatively short duration
of follow-up (up to 24weeks). Double-blind, multicenter
8

RCTs with longer follow-ups and larger groups of patients
are needed to achieve more reliable results and to guide clinical
practice.
4.3. Limitations

This systematic review has several limitations. Firstly, only 6
RCTs were included in our study and sample sizes were small.
The limited number of trials and participants limits the strength
of the evidence. Consequently, the results of this meta-analysis
should be interpreted with caution. Secondly, for all of the
included studies, PRP injection or corticosteroid injection was
only administered once for each patient. Therefore, subgroup
analysis based on the number of injections was not performed.
Thirdly, the guidance method for injection may influence the
treatment efficacy of PRP or corticosteroid. Two of the included
trials in our meta-analysis used ultrasound-guided injection, 1
used blind injection, and no detailed descriptions regarding
guidance methodwere available in the remaining trials. Thus, we
could not compare the potential efficacy of different guidance
methods. Fourthly, there was relatively high heterogeneity
among included studies. The differences in the PRP preparation
methods, injection volume, and PRP composition across each
study may contribute to this heterogeneity. Lastly, all of the
included studies were from developing countries, whichmay also
introduce bias. Developed countries also need to conduct
research in this field to provide sufficient evidence for clinical
practice.
5. Conclusions

In patients with rotator cuff lesions, the current clinical evidence
demonstrated that corticosteroid injection yielded statistically
significant superior functional recovery and pain relief compared
with PRP injection during the short-term follow-up period (3–6
weeks). However, at the medium-term (8–12weeks) and long-
term (over 12weeks) follow-up, no statistically significant
difference was identified between the 2 groups. Regarding the
ROM of shoulder, no significant difference was found between
the 2 groups during the whole follow-up period (3 weeks-24
weeks). Additional studies with longer follow-ups, larger sample
sizes, andmore rigorous designs are needed to drawmore reliable
and accurate conclusions.
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