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Q;J Background - In this systematic review and meta-analysis, we evaluated

ultrasound (US)-guided injections of platelet-rich plasma (PRP) as conservative
Italian National Blood Centre, treatment of tendinopathies.

National Institute of Health, Materials and methods - We searched MEDLINE, EMBASE, SCOPUS, OVID, and

Rome, Italy the Cochrane Library to identify randomized controlled trials (RCT) on the use

of US-guided PRP for tendinopathies.
Results - We found 33 RCT (2,025 subjects) that met our inclusion criteria: 8 in
lateral epicondylitis, 5 in plantar fasciitis, 5 in Achilles tendinopathy, 7 in rotator
cuff tendinopathy, 3 in patellar tendinopathy and 5 in carpal tunnel syndrome.
PRP, given as a single injection (20 trials) or multiple injections (13 trials), was
compared to US-guided injection of steroids, saline, autologous whole blood,
local anesthetic, dry needling, prolotherapy, bone marrow mesenchymal
stem cells, or with non-injective interventions. The outcomes more commonly
reported included pain and functional measures, subgrouped as in the
short-term (<3 months from the intervention), medium-term (3 to 6 months) or
long-term (=12 months). No clear between-group differences in these outcomes
were observed in patients with lateral epicondylitis, plantar fasciitis, or Achilles,
rotator cuff or patellar tendinopathy. In patients with carpal tunnel syndrome,
visual analog scale scores for pain at 3 and 6 months and Boston Carpal
Tunnel Questionnaire severity scores at 1, 3 and 6 months were significantly
lower in PRP recipients than in controls. The certainty of evidence of all these
comparisons was graded as low or very low due to risk of bias, imprecision
and/or inconsistency. Pain at the injection site was more common among PRP
recipients than among controls receiving other US-guided injections.
Discussion - In patients with tendinopathies, a trend towards pain reduction
and functional improvement from baseline was observed after US-guided
PRP injection, but in the majority of the comparisons, the effect size was
comparable to that observed in control groups.
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and cytokines, which basic science studies have shown
may improve tendon healing by promoting angiogenesis,
cellular migration, proliferation, and matrix synthesis?.
Infiltrative treatment with PRP to accelerate the healing
of injured tendons, ligaments, muscles and joints has
increased exponentially during the last years, although
the evidence of its efficacy has been highly variable
depending on the specific indication®”.

A number of randomized controlled clinical trials
(RCT) have evaluated the use of PRP in the orthopedic
setting, particularly for tendon and ligament injuries,
and several systematic reviews and meta-analyses have
been published, although with contrasting results™*%.
The heterogeneity of PRP preparations and methods of
administration have made it difficult to interpret the
existing literature and limit our ability to make definitive
treatment recommendations®®. One option would be to
use allogeneic PRP, as the latter offers better opportunities
for product standardization than autologous PRP.
Another reason for discrepancies in the results obtained
seems to depend on the accuracy in the execution of the
injection. Compared to anatomical guidance, ultrasound
(US) guidance notably improves injection accuracy in
the target intra-articular joint space'®. Intra-articular
and periarticular interventional procedures can be easily
performed under continuous US monitoring to ensure
correct needle positioning and medication delivery across
every anatomical site, more accurately compared with
blind/anatomically guided methods®.

For this reason, we undertook a new systematic review
of US-guided PRP injections for the treatment of
tendinopathies, including new primary studies, analyzing
outcomes, and grading the quality of the available evidence
following the Cochrane guidance for methodology.

MATERIALS AND METHODS

This systematic review was conducted according to
recommended PRISMA checklist The
protocol is registered on PROSPERO (registration number

guidelines®.

CRD42021289419). The protocol was aimed to evaluate
US-guided PRP injections in non-surgical orthopedic
procedures, including tendon and ligament injuries,
and knee and hip osteoarthritis. However, due to the
heterogeneity of the clinical conditions considered, the
current study presents only the results of the review
conducted on tendon and ligament injuries.
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Search strategy

A computer-assisted literature search of the MEDLINE
(through PUBMED), EMBASE, SCOPUS, OVID, and
Cochrane Library databases was performed (latest
search November 30, 2021) to identify RCT on the
conservative non-surgical use of PRP for tendinopathies.
A combination of the following text words was used to
maximize search specificity and sensitivity: “platelet

” o«

rich plasma”, “ultrasound guided injection/ US injection/

US guided”, “orthopedics”, “tendon”, “tendinopathy”,

” o«

“tendinitis”, “ligament”, “randomized clinical controlled

” o«

trials”, “Achilles tendinopathy”,

” o«

plantar fasciitis”, “lateral
epicondylitis”, “tennis elbow”, “patellar tendinopathy”,
“carpal tunnel syndrome” and “rotator cuff tendinopathy”.
In addition, we checked the reference lists of the most
relevant items (original studies and reviews) in order to
identify potentially eligible studies not captured by the
initial literature search. No restriction on language was

applied for the search.

Data collection and analysis

For each RCT included in the systematic review, two
reviewers (MC and FM) extracted the following data
independently: first author, year of publication, study
design, condition, details of interventions in the study
and control groups, sample size and years range, outcome
measurements, follow-up period and main results.
Measures of treatment effect were mean differences (MD)
and, when different scales were available, standardized
MD together with 95% confidence intervals (CI) for
continuous outcome measures (e.g., pain and functional
scores), and MD with 95% CI for dichotomous outcomes
(e.g., occurrence of adverse events, patients’ satisfaction
rate). For continuous outcomes, the score had to be
reported as the mean and standard deviation (SD); when
studies reported other dispersion measures such as
median and range, or standard error (SE) of the mean
or 95% CI of the mean, we calculated the mean and SD
from these measures in order to perform the relevant
meta-analytical pooling®?*. For studies with multiple
intervention groups (e.g., PRP as the intervention group
and two or more control groups such as steroids and saline,
to overcome a unit-of-analysis error due to over-counting
the participants in the shared intervention group, we split
the “shared” group into two or more groups with smaller
sample sizes, and include two or more comparisons®.
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We used scores over time and/or change in scores from
baseline. Disagreement was resolved by consensus and by
the opinion of a third reviewer (IP), if necessary.

The study weight was calculated using the Mantel-
Haenszel method. We assessed statistical heterogeneity
using T?, Cochran’s Q and I* statistics. The I*statistic
describes the percentage of total variation across trials
that is due to heterogeneity rather than sampling error. In
the case of not important heterogeneity (I* <40), studies
were pooled using a fixed-effects model. When values of
I* were >40, a random-effects analysis was undertaken.
All calculations were done using Excel and REVMAN 5.4.

For the purpose of this systematic review, trials evaluating
the role of PRP in surgical orthopedic procedures or
after surgical procedures were excluded. We selected
of disorders: (i)

(ii) Achilles tendinopathy; (iii) plantar fasciitis; (iv) patellar

six groups lateral epicondylitis;
tendinopathy; (v) rotator cuff tendinopathy; and (vi) carpal

tunnel syndrome.

Outcomes

Primary outcomes included pain and functional
measures, measured by standard validated scales®?*, and
adverse events. For pain, the most commonly reported
measures were visual analog scale (VAS) scores (from o
to 10, with o=no pain and 10 the worst imaginable pain)
or other numeric pain rating scales. Functional measures
reported were condition-specific tendinopathy measures
and generic measures, and included the following:
(i) Disabilities of the Arm, Shoulder and Hand (DASH);
Patient-Rated Tennis Elbow Evaluation (PRTEE); Liverpool
Elbow Score; Victorian Institute of Sports Assessments
(VISA) for Achilles tendinopathy (VISA-A) and for patellar
tendinopathy (VISA-P): these are measures used to assess
the severity of tendinopathy (higher scores corresponding
with less painand increased activity for VISA and Liverpool
Elbow Score, and vice-versa for PRTEE and DASH);
(ii) American Shoulder and Elbow Surgeons (ASES), and
Shoulder Pain And Disability Index (SPADI): lower score
best; (iii) the Boston Carpal Tunnel Questionnaire (BCTQ),
a scale developed specifically for carpal tunnel syndrome,
which consists of a Functional Status Scale (FSS) and
a Severity Scale (SSS); (iv) American Orthopedic Foot
and Ankle Society Score (AOFAS), and the Mayo Clinic
Performance Index for Elbow (MMCPIE) that combines
clinician-reported and patient-reported parts, with higher
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score indicating no symptoms or impairments; (v) Foot
Function Index (FFI), a patient-reported questionnaire,
with higher score indicating worst pain and disability; and
(vi) the West Ontario Rotator Cuff Index (WORC), ranging
from o (lowest quality of life) to 100 (highest quality of life).
We also evaluated the occurrence of serious adverse
events (e.g., infection at the injection site, inflammatory
reaction), and the occurrence of any adverse events,
particularly injection-related pain.

Measures of effect

The outcome measures were sub-grouped into different
time periods: short-term (<3 months from the intervention)
and medium-term (from 3 to 6 months); where available,
we also evaluated long-term (>12 months) outcomes.

Subgroup analyses

We undertook subgroup analyses according to type
of tendinopathy evaluated, duration of follow-up
(short-term, medium-term and long-term, as defined
above) and, where possible, for number of PRP injections
and type of control intervention (e.g., PRP vs local steroids
injection, PRP vs saline injections).

Assessment of risk of bias in included studies

Two review authors (MC, FM) independently assessed
the risk of bias of each included study following the
domain-based evaluation described in the Cochrane
Handbook for Systematic Reviews of Interventions®.
They discussed any discrepancies and achieved consensus
on the final assessment. The Cochrane “Risk of bias” tool
addresses six specific domains: sequence generation,
allocation concealment, blinding, incomplete data,
selective outcome reporting, and other issues relating
to bias. For the selective reporting domain, we added an
item for the outcome “adverse events” because reporting
was inadequate for almost all the trials included for
this outcome, but not for the other outcomes. We have
presented our assessment of risk of bias using two “Risk of
bias “summary figures: (i) a summary of bias for each item
across all studies and (ii) a cross-tabulation of each trial by
all of the “Risk of bias “ items.

“SUMMARY OF FINDINGS” TABLES
We used the principles of the GRADE system to assess the

quality of the body of evidence associated with specific
outcomes, and constructed a “Summary of findings” table
using REVMAN 5%. These tables present key information
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concerning the certainty of the evidence, the magnitude
of the effects of the interventions examined, and the sum
of available data for the main outcomes®. The “Summary
of findings” tables also include an overall grading of the
evidence related to each of the main outcomes using the
GRADE approach, which defines the certainty of a body
of evidence as the extent to which one can be confident
that an estimate of effect or association is close to the
true quantity of specific interest. The certainty of a body
of evidence involves consideration of within-trial risk of
bias (methodological quality), directness of evidence,
heterogeneity, precision of effect estimates, and risk of
publication bias®.

When evaluating the “Risk of bias” domain, we
downgraded the GRADE assessment when we classified
a study as being at high risk of bias for one or more of
the following domains: selection, attrition, performance,
detection, reporting, and other bias; or when the “Risk
of bias” assessment for selection bias was unclear (this
was classified as unclear for either the generation of the
randomization sequence or the allocation concealment
domain). For pain and functional outcomes (e.g., VAS,
AOFAS and DASH) we downgraded for high risk of bias in
performance and detection domains, since we judged that
these outcomes, self-reported by patients or collected by
physicians to help standardize the assessments of patients
with these disorders, are likely to be influenced by lack of
blinding.

We have presented the following outcomes in the
"Summary of findings" table: pain and functional scores
for the six clinical conditions, and overall adverse events.

RESULTS

In total, 430 articles were identified after the initial
electronic and manual search (Figure 1). Three hundred
and eighty-six of them were excluded because they focused
on other topics (reviews, RCT protocols, non-randomized
studies, duplicates studies, and studies containing no
informative data). Thus, 44 potentially relevant articles
were selected and the next screening led to the exclusion
of 11 more studies. Among RCT reporting different
follow-ups of the same trial, we included only the last
published update. Thirty-three randomized studies?®°
were included in the systematic review (see TableI for the
main characteristics and results of the included studies).
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Overall, 2,025 patients were enrolled in the 33 RCT selected
for the review.

Of the 33 studies included in the systematic review, eight
were conducted in patients with lateral epicondylitis, five
in patients with plantar fasciitis, five in patients with
Achilles tendinopathy, seven in patients with rotator cuff
tendinopathy, threein patients with patellar tendinopathy,
and five in patients with carpal tunnel syndrome. In the
33 studies, PRP was compared to local steroids injection
(9 studies or subsets of patients), saline injection
(9 studies/subsets of patients), autologous whole blood (2),
local anesthetic injection (5), dry needling injection (3),
prolotherapy (4), bone marrow-mesenchymal stem cells
(1), extracorporeal shock wave therapy (1), radiation (1), and
non-injective interventions (e.g., exercise) (5 studies). PRP
was given as a single injection in 20 trials, two injections
in ten trials, and three or four injections in three trials.
The outcomes more commonly reported included pain
and functional measures. For pain, the most commonly
reported measure was a VAS score. Functional measures
reported were condition-specific tendinopathy measures
and generic measures (DASH, PRTEE, Liverpool Elbow
Score, VISA-A and VISA-P, ASES, SPADI, BCTQ, AOFAS,
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Figure 1 - Flow chart
PRP: platelet-rich plasma; RCT: randomized controlled trial.
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Table I - Characteristics and main results of the included studies on the use of US-guided injection of platelet-rich plasma for tendinopathies

Study Study | Condition | Patients Test Control group Other Outcomes Follow-up | Main results
(year) = design &years | group (N) interventions (months)
(range) (N) (N)
Boesen?® RCT, AT 60 PRP Placebo Steroid VAS-pain 6 Steroid may be
(2017) DB (18-59) (20) (20) (20) VISA-A score more effective
Tendon thickness than PRP in the
DC activity short term
HR test
Pts satisfaction
De Jonge® RCT, AT 54 PRP Placebo - VISA-A score 12 No clinical
(2011) DB (18-70) 27) 27) uTC improvement after
Pts satisfaction PRP injections
Return to sport
De Vos* RCT, AT 54 PRP Placebo - VISA-A score 6 No clinical
(2010) DB (18-70) (27) (27) Pts satisfaction improvement after
Return to sport PRP injections
Krogh® RCT, AT 24 PRP Placebo - VISA-A score 3 PRP injections only
(2016) DB (37-62) (12) (12) Pain scores at rest increase tendon
Pain score while thickness
walking
Pain when tendon was
squeezed
DC activity
Tendon thickness
Adverse events
Boesen®? RCT, ATR 40 PRP Placebo - ATRS 12 PRP injections
(2020) DB (18-60) (20) (20) HR test do not stimulate
ROM-ankle dorsiflexion tendon healing or
ATL improve patients
Calf circumference outcomes
Return to sport
Chen® RCT, CTS 26 PRP Placebo - BCTQ-SSS/FSS 12 PRP injections
(2021) DB (31-74) (13) (13) CSA of the MN provide a
DML therapeutic effect
SNCV for 1 year post-
injection
Malahias** RCT, CTS 50 PRP Placebo - VAS-pain 3 PRP injections may
(2017) DB (40-75) (26) (24) Q-DASH have
CSA of the MN positive effects
Senna* RCT CTS 98 PRP Steroid - VAS-pain 3 PRP injections are
(2019) (30-51) (49) (49) BCTQ-SSS/FSS superior to steroid
Paresthesia for treatment of
Phalen’s test mild to
Tinel’s test moderate CTS
DML
CMAP
SNAP
CSA of the MN
Shen* RCT CTS 52 PRP DP - BCTQ-SSS/FSS 6 PRP injections are
(2019) (31-77) (26) (26) CSA of the MN beneficial for the
DML treatment
SNCV of moderate CTS
Wu” RCT CTS 60 PRP Night splint - VAS-pain 6 PRP injections
(2017) (30) (30) BCTQ-SSS/FSS improve pain
DML and disability in
SNCV patients with CTS
CSA of the MN
Palmar force
Behera® RCT LET 25 PRP Bupivacaine - VAS-pain 12 PRP injections
(2015) (27-50) (15) (10) MMCPIE enabled good
Nirschl score (activity) improvementin
pain and function
Creaney* RCT LET 150 PRP wB - PRTEE 6 PRP and WB
(2011) (80) (70) injections are
useful second-
line therapies to
improve
clinical outcomes
Krogh® RCT, LET 60 PRP Placebo Steroid PRTEE-pain 3 Only steroid
(2013) DB (35-54) (20) (20) (20) PRTEE-disability injections reduce
Tendon thickness pain after 1 month
Adverse events

continued next page
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Table I - Characteristics and main results of the included studies on the use of US-guided injection of platelet-rich plasma for tendinopathies
(continued from previous page)

Study Study | Condition | Patients Test Control group Other Outcomes Follow-up | Main results
(year) = design &years | group (N) interventions (months)
(range) (N) (N)

Lim* RCT LET 120 PRP Physiotherapy - VAS-pain 6 PRP injections

(2017) (61) (59) MMCPIE improve pain and
MRI function

Martin® RCT, LET 71 PRP Lidocaine - VAS-pain 12 PRP results

(2019) DB (40-58) (36) (35) DASH-E in similar
Tendon thickness improvements to
Calcification those obtained

with lidocaine

Merolla® RCT LET 101 PRP Arthroscopic - VAS-pain 24 PRP injections
(2017) (51) Release PRTEE or arthroscopic
(50) Grip strength release
Muscle tenderness are both effective
Adverse events in the short and

medium term

Montalvan* RCT, LET 50 PRP Placebo - VAS-pain 12 No clinical
(2016) DB (38-56) (25) (25) Roles Maudsley score improvement after
ECRB contraction PRP injections

EDC contraction
Adverse events

Thanasas* RCT LET 28 PRP WB - VAS-pain 6 PRP injections
(2011) (29-55) (14) (14) Liverpool Elbow score seems to be
superior to WB in
the short term

Gogna*® RCT PF 40 PRP Low Dose - VAS-pain 6 PRP is as good
(2016) (20) Radiation AOFAS score as Low Dose
(20) Plantar fascia Radiation in
Thickness patients not
responding
to physical
therapy
Kim* RCT PF 21 PRP DP - FFl score 6 PRP and DP
(2013) (19-57) (10) (11) FFI pain subscale injections are
scores both effective
FFI disability
subscale scores
Malahias*® RCT, PF 36 PRP PPP - VAS-pain 6 PRP and PPP
(2019) DB (18) (18) VAS-function injections are both
VAS-satisfaction effective

Adverse events

Monto* RCT PF 40 PRP Steroid - AOFAS score 24 PRP was more
(2014) (24-74) (20) (20) effective and
durable than
steroid injection

Ugurlar® RCT PF 158 PRP Steroid ESWT (39); VAS-pain 36 No differences
(2018) (19-62) (39) (40) DP (40) FFl score were found among
the 4 treatments

after 36 months

Dragoo®! RCT, PT 23 PRP Dry needling - VISA score 6 PRP injections
(2014) DB (20-54) (10) (13) VAS-pain improve
Tegner score (activity) pain, function and
Lysholm knee stability
score
SF-12
Rodas® RCT, PT 20 PRP BM-MSCs - VISA score 6 No significant
(2021) DB (18-48) (10) (10) VAS-pain differences were
Tendon thickness found inthe 2
DC activity groups
uTC
MRI
Scott™ RCT PT 57 PRP Placebo LP-PRP VISA score 12 No significant
(2019) (18-50) (19) (19) (19) NPRS differences were
GROC found among the 3
Adverse events treatments
Dadgostar> RCT, RC 58 PRP Steroid - VAS-pain 3 PRP and steroid
(2021) DB (30) (28) WORC score injections are both
ROM effective
DASH

Muscle thickness

continued next page
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(continued from previous page)

Study Study | Condition | Patients | Test | Controlgroup Other Outcomes Follow-up | Main results
(year) = design &years | group (N) interventions (months)
(range) | (N) (N)
Kesikburun®® RCT, RC 40 PRP Placebo - VAS-pain 12 PRP injection was
(2013) DB (18-70) (20) (20) WORC score found to be no
SPADI more effective
ROM than placebo
Kwong®® RCT, RC 99 PRP Steroid - VAS-pain 12 No sustained
(2021) DB (47) (52) WORC score benefit of PRP
ASES over steroid at 12
months
Nejati®’ RCT RC 62 PRP Physiotherapy - VAS-pain 6 Both PRP
(2017) (22) (20) ROM injection and
DASH exercise therapy
Muscle strength were effective in
WORC score reducing pain and
MRI disability
Rha®® RCT, RC 39 PRP Dry needling - SPADI 6 PRP injections
(2013) DB (36-79) (20) (19) ROM reduce
Adverse events pain and disability
when compared to
dry needling
Sari® RCT RC 129 PRP Steroid DP (32); VAS-pain 6 The 4 interventions
(2020) (27-75) (33) (33) Lidocaine (31) | WORC score are both effective
ASES
Schwitzguebel® | RCT, RC 80 PRP Placebo - MRI 12 No significant
(2019) DB (18-70) (41) (39) SANE differences were
Constant score found in the 2
ASES groups
VAS-pain
Adverse events

AOFAS: American Orthopaedic Foot and Ankle Society; ASES: American Shoulder and Elbow Surgeons; AT: achilles tendinopathy; ATL: achilles tendon length; ATR: achilles
tendinopathy rupture; ATRS: achilles tendon total rupture score; BCTQ: Boston Carpal Tunnel Syndrome Questionnaire; BM-MSCs: bone marrow mesenchymal stem
cells; CMAP: compound muscle action potential; CSA: cross-sectional area; CTS: carpal tunnel syndrome; DASH-E: Spanish version of the Disabilities of the Arm, Shoulder
and Hand questionnaires; DB: double blind; DC: Dopper Colour (vascolarity); DP: dextrose prolotherapy; DML: distal motor latency; ECRB: extensor carpi radialis brevis;
EDC: extensor digitorum communis; ESWT: extracorporeal shock wave therapy; FFI: foot function index; FSS: functional status scale; GROC: global rating of change; HR
test: Heel-Rise Test (muscle functional evaluation); LET: lateral epicondyle tendinopathy; LP-PRP: leukocyte-poor PRP; MMCPIE: modified Mayo clinic performance index
for elbow; MN: median nerve; MRI: magnetic resonance imaging; NPRS: numeric pain rating scale; 0SS: Oxford Shoulder Score; PF: plantar fasciitis; PPP: platelet poor
plasma; PRP: platelet rich plasma; PRTEE: Patient-Rated Tennis Elbow Evaluation; Pts: patients; PT: patellar tendinopathy; Q-DASH: disabilities of the Arm, Shoulder
and Hand questionnaire; RC: rotator cuff; RCT: randomized controlled trial; ROM: range of motion; SAIS: subacromial impingement syndrome; SANE: single assessment
numeric evaluation; SF-12: Short Form 12-Item Health Survey; SNAP: sensory nerve action potential; SNCV: sensory nerve conduction velocity; SPADI: Shoulder Pain
and Disability Index;SSS: symptom severity scale; US: ultrasound; UTC: ultrasound tissue characterization; VAS: visual analog scale; VISA: Victorian Institute of Sport

Table I - Characteristics and main results of the included studies on the use of US-guided injection of platelet-rich plasma for tendinopathies

Assessment; VISA-A: Victorian Institute of Sports Assessment-Achilles; WB: whole blood; WORC: Western Ontario Rotator Cuff.

MMCPIE, FFI, WORC). Adverse events were recorded and
reported in seven out of 33 trials (21 %).

Risk of bias in included studies

Thirty-two out of 33 studies were at high risk of bias for
one or more domains, and all were at unclear risk of bias
for one or more domains.

Allocation

We assessed two studies as being at high risk of selection
bias, as randomization was by alternation of the two
treatments*+ so the intervention allocations could
have been foreseen in advance. Two studies*”** were
judged at high risk of selection bias since allocation was
not concealed. The reports of the other 22 studies were
unclear for random sequence generation and/or allocation
concealment, while eight studies were at low risk of
selection biases.
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Blinding

Ten studies were reported as open label, and they were
graded as being at high risk of performance bias (blinding
of participants and personnel). Eight studies were graded as
at unclear risk of detection bias due to the fact that they did
not provide information to enable judgment about “high”
or “low” risk of bias related to the blinding of participants
and personnel. Fifteen studies were reported as double
blind. Twenty-two studies were graded at low risk of
detection bias due to the fact that the assessor was blinded
to treatment allocation; nine studies were graded at unclear
risk of detection bias due to the fact that information was
not provided to enable judgment about “high” or “low” risk
of bias related to the blinding of outcome assessors; two
studies®*° were graded at “high risk” of bias because the
outcome assessors were not blinded to treatment allocation.
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Incomplete outcome data

Four studies®“#>5® were judged at high risk of attrition
bias because a large proportion of enrolled subjects left
the study, due to an unsatisfactory effect of the initial
treatment or for other reasons. Another three studies®+¢+
were judged at unclear risk of bias. The remaining studies
were judged at low risk of bias.

Selective reporting

Selective reporting was low in all included studies for
all the outcomes except adverse events. For the outcome
adverse events, 26 out of 33 trials (78 %) were judged at high
risk of bias. The reporting of adverse events was generally
inadequate, and 12 trials did not mention complications
of treatment at all. Where there were reports on adverse
events, these often comprised short statements on the
absence of adverse events in the study results or discussion
without indication of systematic recording.

Other potential sources of bias

Wejudged two studies**to be at high risk of other sources
of bias because of unbalance between groups at baseline,
and six studies at unclear risk of bias based on limitations
acknowledged by the authors (e.g., small size study, short
duration of follow-up).

PRP Control

4.1.1 At 1 month
Behera 2015
Merolla 2017

6.2 0.8 15
25 24 50

55 1.1 10 68%
32 26 51 6.3%
Montalvan 2016 58 1.9 25 51 16 25 63%
Thanasas 2011 34 04 13 23 03 14 8.1%
Subtotal (95% Cl) 103 100 27.5%
Heterogeneity: Tau? = 0.40; Chi? = 12.80, df = 3 (P = 0.005); I = 77%
Test for overall effect: Z = 1.43 (P = 0.15)

4.1.2 At 3 months

Behera 2015 43 15 15 52 09 10 64%
Merolla 2017 15 2.2 50 22 26 51 6.4%
Montalvan 2016 36 1.9 25 37 19 25  6.0%
Thanasas 2011 278 0.3 13 192 03 14 82%

Subtotal (95% CI) 103 100 26.9%
Heterogeneity: Tau? = 0.93; Chi2 = 23.59, df = 3 (P < 0.0001); I = 87%
Test for overall effect: Z=0.29 (P =0.77)

4.1.3 At 6 months

Behera 2015 24 2 15 58 16 10  49%
Merolla 2017 11 14 50 14 26 51 6.8%
Montalvan 2016 25 16 25 21 16 25 65%
Thanasas 2011 253 04 13 178 04 14 81%
Subtotal (95% CI) 103 100 26.3%

Heterogeneity: Tau? = 1.53; Chi? = 35.43, df = 3 (P < 0.00001); I* = 92%
Test for overall effect: Z = 0.74 (P = 0.46)

4.1.4 At 12 months

Behera 2015 12 13 15 41 141 10 63%
Merolla 2017 06 0.7 50 13 28 51 6.8%
Montalvan 2016 17 15 25 18 21 25  61%
Subtotal (95% Cl) 90 86 19.3%

Heterogeneity: Tau? = 1.78; Chi? = 18.44, df = 2 (P < 0.0001); I> = 89%
Test for overall effect: Z = 1.51 (P = 0.13)

Total (95% CI) 399 386 100.0%

Heterogeneity: Tau? = 0.74; Chi? = 145.06, df = 14 (P < 0.00001); I>= 90%

Test for overall effect: Z = 0.96 (P = 0.34)
Test for subaroup differences: Chi? = 4.95, df = 3 (P = 0.18), I>=39.4%

Mean Difference
Study or Subgroup _Mean SD Total Mean SD Total Weight IV, Random, 95% CI

-2.90 [-3.85, -1.95]

Effects of interventions

For the six clinical conditions considered, we extracted data
related to pain and functional scales for 19 comparisons
and 67 different follow-up times (Table II).Statistically
significant differences in the effect size between groups
were found in 12 out of 67 comparisons, favoring PRP in
ten instances (rotator cuff: change of VAS score for pain
from baseline at 3 months and in the overall analysis;
plantar fasciitis: AOFAS at 12 months; carpal tunnel
syndrome: BCTQ severity score at 1, 3, and 6 months and in
the overall analysis; VAS score for pain at 3 and 6 months, and
in the overall analysis), and favoring controls in two instances
(patellar tendinopathy: VAS for pain in the overall analysis;
carpal tunnel syndrome: BCTQ functional score at 3 months).
Lateral epicondylitis

Data from eight studies investigating PRP for lateral
epicondylitis reported VAS or PRTEE (1 study) for pain over
time and/or change from baseline at 1, 3, 6, and 12 months
after treatment; functional measure scales reported were
PRTEE, the Liverpool Elbow Scale, and MMCPIE. (Figure 2).
The VAS scores for pain at 1 month (4 trials, 203 patients),
3 months (4 trials, 203 patients), 6 months (4 trials, 203
patients), and 12 months (3 trials, 176 patients) showed no

Mean Difference
IV, Random, 95% CI

0.70 [-0.09, 1.49] -—
-0.70 [-1.68, 0.28]
0.70 [-0.27, 1.67]

1.10[0.83, 1.37] -
0.53 [-0.20, 1.26] »

-0.90 [-1.84, 0.04]
0.70 [-1.64, 0.24]
0.10 [-1.15, 0.95]

0.86 [0.63, 1.09] -
-0.15 [-1.19, 0.88]

EE

-3.40 [-4.82, -1.98]
-0.30 [-1.11, 0.51] -
0.40 [-0.49, 1.29] T
0.75 [0.45, 1.05] -
-0.49 [-1.78, 0.81]

-0.70 [-1.49, 0.09]
0.10 [-1.11,0.91]
-1.23[-2.83, 0.37]

-0.24 [-0.73, 0.25]

“10 5 0 5 10
Favours PRP  Favours control

Figure 2 - Forest plot. Lateral epicondylitis. Outcome: pain score over time
PRP: platelet-rich plasma; SD: standard deviation; 95% Cl: 95% confidence interval.
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Table II - Summary data and analyses

Outcome or subgroup No. studies | Statistical methods Effect estimate p-value Direction of the
(participants) effect*

Achillean tendinopathy

VISA-A (increase from baseline)-total 4(373) Mean Difference (1V, -0.17 [-4.25, 3.90] 0.93 No difference
Random, 95% ClI between groups

At 6 wks 2(92) Mean Difference (1V, -4.46 [-20.59, 11.67] 0.59 No difference
Random, 95% ClI between groups

At 12 wks 3(116) Mean Difference (1V, -2.23[-12.04,7.58] 0.66 No difference
Random, 95% ClI between groups

At 24 wks 3(103) Mean Difference (1V, -0.70 [-7.66, 6.25] 0.84 No difference
Random, 95% ClI between groups

At 52 wks 2(62) Mean Difference (1V, 6.34[-2.42,15.09] 0.12 No difference

VISA-A (values over time)-total 2 (368) Mean Difference (IV, 1.74 [-2.40, 5.87] 0.41 No difference

Random, 95% ClI between groups

At 6 wks 2(92) Mean Difference (1V, 0.48 [-6.92,7.88] 0.90 No difference

Random, 95% ClI between groups

At 12 wks 2(92) Mean Difference (1V, 2.98 [-5.86, 11.82] 0.51 No difference

Random, 95% ClI between groups

At 24 wks 2(92) Mean Difference (1V, 2.88 [-5.08, 10.83] 0.48 No difference

Random, 95% ClI between groups

At 52 wks 2(92) Mean Difference (1V, 0.79[-8.51,10.10] 0.87 No difference

(
)
(
)
(
)
(
)
(
Random, 95% CI) between groups
(
)
(
)
(
)
(
)
(
Random, 95% Cl)

between groups

Patient satisfaction-total 3(299) Risk Difference (M-H, Fixed, 0.03 [-0.08,0.13] 0.64 No difference
95% Cl) between groups

At 12 wks 2 (84) Risk Difference (M-H, Fixed, -0.14 [-0.34, 0.06] 0.17 No difference
95% Cl) between groups

At 24-52 wks 3(139) Risk Difference (M-H, Fixed, 0.02[-0.13,0.18] 0.76 No difference
95% Cl) between groups

PRP vs placebo: 12 wks 1(38) Risk Difference (M-H, Fixed, 0.26 [-0.04, 0.57] 0.09 No difference
95% Cl) between groups

PRP vs placebo: 24 wks 1(38) Risk Difference (M-H, Fixed, 0.16 [-0.16, 0.47] 0.32 No difference
95% Cl) between groups

Return to sport activity 4(174) Risk Difference (M-H, Fixed, -0.05[-0.19, 0.10] 0.54 No difference
95% Cl) between groups

Rotator cuff tendinopathy

VAS for pain (values over time)-total 8(1046) Std. Mean Difference (IV, 0.16 [-0.18, 0.50] 0.35 No difference
Random, 95% CI) between groups
At 1 mo 7(324) Std. Mean Difference (IV, 0.68 [-0.09, 1.45] 0.08 No difference
Random, 95% Cl) between groups
At 3 mos 7(290) Std. Mean Difference (IV, 0.25[-0.53, 1.02] 0.53 No difference
Random, 95% Cl) between groups
At 6 mos 7(312) Std. Mean Difference (IV, -0.25[-0.70, 0.20] 0.27 No difference
Random, 95% Cl) between groups
At 12 mos 2(120) Std. Mean Difference (IV, -0.21[-0.56,0.15] 0.24 No difference
Random, 95% Cl) between groups
VAS for pain (change from baseline)- 1(281) Mean Difference (1V, Fixed, -8.59 [-14.69, -2.49] 0.006 Favours PRP
total 95% Cl)
At1mo 1(99) Mean Difference (1V, Fixed, -1.90 [-11.76, 7.96] 0.71 No difference
95% Cl) between groups
At 3 mos 1(98) Mean Difference (1V, Fixed, -14.00 [-24.36, -3.64] 0.008 Favours PRP
95% Cl)
At 12 mos 1(94) Mean Difference (1V, Fixed, -11.10[-22.82,0.62] 0.06 No difference
95% Cl) between groups
continued next page
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Table II - Summary data and analyses (continued from previous page)

Outcome or subgroup No. studies Statistical methods Effect estimate p-value Direction of the
(participants) effect*

Shoulder functional questionnaires 8(966) Std. Mean Difference (1V, 0.26 [-0.12, 0.64] 0.53 No difference
(SPADI, DASH, ASES)-total Random, 95% Cl) between groups

At1mo 7(299) Std. Mean Difference (1V, 0.35[-0.31, 1.01] 0.29 No difference
Random, 95% Cl) between groups

At 3 mos 7(315) Std. Mean Difference (1V, 0.56 [-0.39, 1.51] 0.25 No difference
Random, 95% Cl) between groups

At 6 mos 7(312) Std. Mean Difference (1V, -0.05 [-0.59, 0.49] 0.86 No difference
Random, 95% Cl) between groups

At 12 mos 1 (40) Std. Mean Difference (1V, -0.11[-0.73,0.51] 0.73 No difference
Random, 95% Cl) between groups

WORC-total 6(762) Std. Mean Difference (1V, -3.37[-8.53,1.79] 0.20 No difference
Random, 95% Cl) between groups

At1mo 6 (260) Mean Difference (1V, -0.62 [-9.36, 8.13] 0.89 No difference
Random, 95% Cl) between groups

At 3 mos 6 (260) Mean Difference (1V, -3.95[-14.70, 6.80] 0.47 No difference
Random, 95% Cl) between groups

At 6 mos 5(202) Mean Difference (IV, -8.29 [-19.66, 3.08] 0.15 No difference
Random, 95% Cl) between groups

At 12 mos 1 (40) Mean Difference (IV, 9.30 [-6.28, 24.88] 0.24 No difference
Random, 95% Cl) between groups

Plantar fasciitis

VAS for pain (values over time)-total 6 (626) Mean Difference (IV, -3.62[-8.16,0.91] 0.6 No difference
Random, 95% CI) between groups
At 3 mos 5(214) Mean Difference (IV, -3.22[-10.56, 4.12] 0.4 No difference
Random, 95% Cl) between groups
At 6 mos 6 (254) Mean Difference (IV, -3.55[-10.92, 3.83] 0.35 No difference
Random, 95% Cl) between groups
At 12 mos 3(158) Mean Difference (IV, -5.48 [-16.76,5.79] 0.09 No difference
Random, 95% Cl) between groups
Functional index (AOFAS, FFI)-total 6(674) Mean Difference (IV, 5.93[-5.81, 17.67] 0.32 No difference
Random, 95% Cl) between groups
At 3 mos 5(218) Mean Difference (IV, 6.00 [-4.25, 16.25] 0.25 No difference
Random, 95% Cl) between groups
At 6 mos 6 (258) Mean Difference (IV, 3.95([-11.46, 19.36] 0.62 No difference
Random, 95% Cl) between groups
At 12 mos 4(198) Mean Difference (IV, 28.34[9.08, 47.60] 0.004 Favours PRP
Random, 95% Cl)

Lateral epicondilitis

VAS for pain (over time)-total 4 (785) Mean Difference (IV, -0.24 [-0.73,0.25] 0.34 No difference
Random, 95% Cl) between groups

At1mo 4(203) Mean Difference (1V, 0.53[-0.20, 1.26] 0.15 No difference
Random, 95% Cl) between groups

At 3 mos 4(203) Mean Difference (1V, -0.15[-1.19, 0.88] 0.77 No difference
Random, 95% Cl) between groups

At 6 mos 4(203) Mean Difference (IV, -0.49 [-1.78,0.81] 0.46 No difference
Random, 95% Cl) between groups

At 12 mos 3(176) Mean Difference (IV, -1.23[-2.83,0.37] 0.13 No difference
Random, 95% Cl) between groups

continued next page
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Table II - Summary data and analyses (continued from previous page)

Outcome or subgroup No. studies Statistical methods Effect estimate p-value Direction of the
(participants) effect*

Pain change from baseline (VAS, 4(501) Std. Mean Difference (IV, 0.06 [-0.23, 0.35] 0.69 No difference
PRTEE)-total Random, 95% Cl) between groups
At1mo 4(157) Std. Mean Difference (IV, 0.13[-0.63, 0.89] 0.74 No difference

Random, 95% CI) between groups
At 3 mos 4 (157) Std. Mean Difference (IV, 0.12[-0.24,0.47] 0.52 No difference
Random, 95% Cl) between groups
At 6 mos 4(113) Std. Mean Difference (IV, -0.02[-0.73,0.69] 0.96 No difference
Random, 95% CI) between groups
At 12 mos 3(74) Std. Mean Difference (IV, -0.30 [-1.25, 0.65] 0.53 No difference
Random, 95% Cl) between groups
Functional measures over time 4(914) Std. Mean Difference (IV, -0.05[-0.34,0.23] 0.71 No difference
(PRTEE, Liverpool s., MMCPI)-total Random, 95% Cl) between groups
At1mo 4(263) Std. Mean Difference (IV, -0.22[-0.47,0.02] 0.08 No difference
Random, 95% Cl) between groups
At 3 mos 4(263) Std. Mean Difference (IV, -0.21[-0.62,0.20] 0.99 No difference
Random, 95% CI) between groups
At 6 mos 4(263) Std. Mean Difference (IV, 0.04 [-0.69, 0.76] 0.92 No difference
Random, 95% Cl) between groups
At 12 mos 2(125) Std. Mean Difference (IV, 1.11[-1.80,4.03] 0.45 No difference
Random, 95% Cl) between groups
Functional measures, change from 3(241) Std. Mean Difference (IV, -0.09[-0.43,0.25] 0.61 No difference
baseline (PRTEE, Liverpoolss., Random, 95% CI) between groups
MMCPIE)-total
At1mo 3(107) Std. Mean Difference (IV, 0.18 [-0.49, 0.86] 0.60 No difference
Random, 95% Cl) between groups
At 3 mos 3(107) Std. Mean Difference (IV, -0.25[-0.63,0.13] 0.20 No difference
Random, 95% CI) between groups
At 6 mos 1(27) Std. Mean Difference (IV, -0.51[-1.28,0.26] 0.19 No difference
Random, 95% Cl) between groups
Patellar tendinopathy
VAS for pain (over time)-total 3(212) Mean Difference (1V, 0.17 [-0.64, 0.98] 0.68 No difference
Random, 95% Cl) between groups
At1mo 1(38) Mean Difference (1V, 0.60 [-0.86, 2.06] 0.42 No difference
Random, 95% Cl) between groups
At 3 mos 2(61) Mean Difference (1V, 0.39[-0.88, 1.65] 0.55 No difference
Random, 95% Cl) between groups
At 6 mos 3(81) Mean Difference (1V, -0.26 [-2.12,1.60] 0.78 No difference
Random, 95% CI) between groups
At 12 mos 1(32) Mean Difference (1V, 0.40 [-1.06, 1.86] 0.59 No difference
Random, 95% Cl) between groups
VISA-P (over time)-total 3(212) Mean Difference (1V, -5.39 [-10.53, -0.25] 0.04 Favours control
Random, 95% Cl)
At1mo 1(38) Mean Difference (1V, -6.00 [-19.76, 7.76] 0.39 No difference
Random, 95% CI) between groups
At 3 mos 2(61) Mean Difference (1V, -4.07 [-13.12, 4.98] 0.38 No difference
Random, 95% Cl) between groups
At 6 mos 3(81) Mean Difference (1V, -3.93[-17.45,9.58] 0.57 No difference
Random, 95% Cl) between groups
At 12 mos 1(32) Mean Difference (1V, -9.00[-22.18,4.18] 0.18 No difference
Random, 95% Cl) between groups
continued next page
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Table II - Summary data and analyses (continued from previous page)

Outcome or subgroup No. studies | Statistical methods Effect estimate p-value Direction of the
(participants) effect*
Carpal tunnel syndrome
BCTQ-severity score- total 4 (724) Mean Difference (IV, Fixed, -0.24 [-0.32,-0.16] <0.00001 Favours PRP
95% Cl)
At 1 mo 4 (258) Mean Difference (IV, Fixed, -0.17 [-0.30,-0.03] 0.02 Favours PRP
95% Cl)
At 3 mos 4 (258) Mean Difference (IV, Fixed, -0.31[-0.46,-0.16] <0.00001 Favours PRP
95% Cl)
At 6 mos 3(160) Mean Difference (IV, Fixed, -0.29 [-0.47,-0.12] 0.0009 Favours PRP
95% Cl)
At 12 mos 1(48) Mean Difference (1V, Fixed, -0.20[-0.43,0.03] 0.08 No difference
95% Cl) between groups
BCTQ-functional score 4(724) Mean Difference (IV, -0.22 [-0.40, -0.03] 0.02 Favours control
Random, 95% Cl)
At1mo 4 (258) Mean Difference (IV, 0.00 [-0.23, 0.24] 0.98 No difference
Random, 95% Cl) between groups
At 3 mos 4 (258) Mean Difference (IV, -0.43 [-0.85,-0.01] 0.05 Favours control
Random, 95% Cl)
At 6 mos 3(160) Mean Difference (IV, -0.40 [-0.87, 0.08] 0.10 No difference
Random, 95% Cl) between groups
At 12 mos 1(48) Mean Difference (IV, -0.10 [-0.33,0.13] 0.39 No difference
Random, 95% Cl) between groups
VAS for pain (over time)-total 2 (376) Mean Difference (IV, Fixed, -5.29 [-5.67,-4.91] <0.0001 Favours PRP
95% Cl)
At 1 mo 28158) Mean Difference (IV, Fixed, 0.01[-0.73,0.75] 0.98 No difference
95% Cl) between groups
At 3 mos 2(158) Mean Difference (IV, Fixed, -3.97 [-4.61,-3.33] <0.00001 Favours PRP
95% Cl)
At 6 mos 1(60) Mean Difference (IV, Fixed, -10.20[-10.82,-9.58] <0.0001 Favours PRP
95% Cl)
Adverse events
Pain at injection site (% pts) 7 (359) Risk Difference (M-H, 0.10[0.01, 0.20] 0.04 Favours control
Random, 95% Cl)
VAS for pain 2 (80) Mean Difference (IV, Fixed, 2.50[1.51, 3.49] <0.0001 Favours control
95% Cl)

VAS: visual analogue score; DASH: disabilities of the arm, shoulder and hand; PRTEE: patient-rated tennis elbow evaluation; VISA-A: Victorian Institute of
Sports Assessments for achillean tendinopathy and for patellar tendinopathy (VISA-P); ASES: American Shoulder and Elbow Surgeons; SPADI: shoulder pain
and disability index; BCTQ: Boston Carpal Tunnel Questionnaire, FSS: Functional Status Scale (FSS); SS Severity status Scale; AOFAS: American Orthopedic
Foot and Ankle Society Score ; MMCPIE: Mayo Clinic Performance Index for Elbow; FFI: foot function index; WORC: West Ontario rotator cuff index; Std.:
standardized; IV: inverse variance method; M-H: Mantel-Haenszel method; Fixed: fixed effect model; random: random effect model.

significant between-group differences, although a trend
towards a progressive reduction of pain score over time
was observed in PRP recipients compared to controls (very
low quality of evidence, downgraded for imprecision,
inconsistency, and risk of bias); likewise, change of pain
from baseline was not significantly different between PRP
recipients and controls during the study period.

Functional measures over time (263 patients and 4 trials at

1,3and 6 months; 125 patients, 2 trials at 12 months) showed

130

it

no clear between-group differences in PRP recipients
and controls, although a trend towards a progressive
increase of functional score over time was observed in
PRP recipients compared to controls; very low quality of
evidence, downgraded for imprecision, inconsistency,
and risk of bias (Summary of findings table, Table SI).
Rotator cuff tendinopathy

Seven trials investigating PRP for rotator cuff tendinopathy

reported VAS scores for pain over time and/or change from
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baseline, and shoulder functional questionnaires (WORC,
and/or SPADI, DASH, ASES). (Figure 3). VAS scores for pain
at 1 month were lower in controls than in PRP recipients
(5 trials, 324 patients), while at 3 months (5 trials, 290
patients), at 6 months (5 trials, 312 patients), and 12 months
(2 studies, 120 patients) no clear between-group differences
were observed (Figure 3, left). Likewise, shoulder functional
questionnaires showed comparable scores over time for
PRP recipients and controls (Figure 3, right). All these
comparisons were graded as very low quality evidence due
to risk of bias, inconsistency and imprecision.

Achilles tendinopathy

VISA-A was reported in four trials as values over time
or change from baseline values at 1, 3, 6 and 12 months.
Scores ranged from o - 100, with o being the worst. In both
groups, VISA-A increased over time, but the differences
between PRP recipients and controls were not statistically
significant: low quality of evidence, downgraded for
imprecision and risk of bias. Others outcomes reported
were patients’ satisfaction (3 studies) and return to
sport activity (4 studies), and both showed no significant
between-group differences: low quality of evidence due to

serious imprecision.

PRP Control Std. Mean Difference Std. Mean Difference
Study or Subgroup __ Mean _SD Total Mean SD Total Weight IV, Random, 95% Cl IV, Random, 95% CI
241 At1 month

Dadgostar 2021 375 215 30 384 207 28 47%  -0.04[-0.56,047] -
Kesikburun 2013 525 259 30 575 23 35 47%  -0.20(-069,0.29] -

Nejati 2017 62 04 22 48 04 20 37% 3.43[2.45, 4.41) —_—
Rha 2013 155 76 20 181 7.8 19 45%  -0.33[-096,030] =5

Saria, vs steroids 48095 10 24 18 30 41% 1.44(0.65, 2.22] _
Sarib,vsprolotherapy 48 095 10 43 11 30 42%  046[-026,118] T

Sari c, vs lidocaine 48095 10 42 14 30 42%  045(027,1.17] T
Subtotal (95% Cl) 132 192 304%  0.68[-0.09,1.45] -
Heterogeneity: Tau? = 0.95; Chi* = 57.00, df = 6 (P < 0.00001); I* = 89%

Test for overall effect: Z = 1.74 (P = 0.08)

2.4.2 At 3 months

Dadgostar 2021 308 214 30 388 199 26 47%  -0.38[:091,0.15] —
Kesikburun 2013 4288 20 432 28 20 45% 011073051 -

Nejati 2017 65 04 22 52 04 20 38% 319 [2.25,4.13] —_—
Rha 2013 76 6 16 128 6 16 42%  -084[-157,-0.12] —

Saria, vs steroids 39 09 10 35 14 30 43%  030[-042,1.02 -
Sarib,vsprolotherapy 39 09 10 42 13 30 43%  -0.24[-096,048] -

Sari c, vs lidocaine 39 09 10 38 09 30 43%  0.11(061,083 -
Subtotal (95% Cl) 18 172 209%  0.25[-053,1.02] -
Heterogeneity: Tau? = 0.96; Chi” = 52.75, df = 6 (P < 0.00001); I = 89%

Test for overall effect: Z = 0.63 (P = 0.53)

243 At6 months

Kesikburun 2013 35 250 20 452 385 20 45%  -030[0.93,032) -

Nejati 2017 45 04 22 42 04 20 45% 0.74[0.11, 1.36] —
Rha 2013 62 56 16 109 56 14 42%  -0.82[-157,-0.07) —

Saria, vs steroids 25 14 10 37 14 30 42%  -0.88[-162,-0.14] —_—
Sarib,vsprolotherapy 25 11 10 31 15 30 43%  -042[-1.14,031) —

Sari ¢, vs lidocaine 25 14 10 32 11 30 42%  -062[-1350.11] —
Schwitzguebel 2019 56 21 41 5 22 39 48%  028[0.16,072) .
Subtotal (95% Cl) 129 183 30.6%  -0.25[-0.70,0.20] <
Heterogeneity: Tau® = 0.26; Chi* = 20.36, df = 6 (P = 0.002); = 71%

Test for overall effect: Z = 1.10 (P = 0.27)

2.1.4 At 12 months

Kesikburun 2013 22 21 20 3 28 20 45%  -032(094,031] e
Schwitzguebel 2019 23 21 41 27 27 39 48%  -0.16[-060,027] -
Subtotal (95% Cl) 61 59 93%  -0.21[-057,0.14] <
Heterogeneity: Tau? = 0.00; Chi? = 0.15, df = 1 (P = 0.70); = 0%

Test for overall effect: Z = 1.17 (P = 0.24)

Total (95% C) 440 606 100.0%  0.16[-0.18,0.50] >
Heterogeneity: Tau? = 0.57; Chi* = 140.35, df = 22 (P < 0.00001); I* = 84% *

Test for overall effect: Z = 0.93 (P = 0.35)

2 2
- Favours PRP Favours control
Test for subaroup differences: Chi? = 5.58, df = 3 (P = 0.13), I = 46.3%

Plantar fasciitis

Five trials reported VAS scores for pain and/or functional
scores (AOFAS, FFI). Pain at 1, 3, 6, and 12 months after
treatment did not differ significantly in PRP recipients and
controls. Likewise, functional indices were comparable
between groups at 1, 3 and 6 months, but at 12 months
were significantly higher (better) in PRP recipients (MD:
28.3; 95% CI: 9.0/47.6; p=0.04). In both cases, the quality
of evidence was judged as very low due to imprecision,
inconsistency and risk of bias.

Patellar tendinopathy

The VAS score for pain was reported in three trials; there
was a trend towards decreased pain over time in both
groups, but the differences between PRP and controls
were not statistically significant. As far as functional
scores are concerned, three trials reported VISA-P as a
measure of severity of the tendinopathy; there was a trend
towards an increase of VISA-P over time in both arms, but
the differences between PRP recipients and control were
not statistically significant (low quality of evidence due to
imprecision and risk of bias).

Carpal tunnel syndrome

VAS scores for pain at 3 months (2 trials, 158 patients) and

PRP Control Std. Mean Difference Std. Mean Difference
Study or Subgroup __ Mean _SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
2.3.1 At1 month

Dadgostar 2021 488 135 30 448 245 28 49%  020[031,072 ™
Kesikburun 2013 468 192 20 556 255 20 47%  -0.38[-101,024] -

Nejati 2017 451 39 22 351 41 20 43% 246 [1.64,3.27) -
Rha 2013 392 192 20 458 132 19 47%  -039(-1.03,024] -

Saria, vs steroids 516 57 10 419 11 30 44% 0.95[0.20, 1.70] —
Sarib,vsprolotherapy 516 57 10 526 112 30 45%  -0.10[-0.81,062] T

Sari c, vs lidocaine 516 57 10 556 588 30 45%  -0.08[0.79,064] <
Subtotal (95% Cl) 122 177 319%  0.35[031,1.01] >
Heterogeneity: Tau? = 0.67; Chi? = 40.76, df = 6 (P < 0.00001); I* = 85%

Test for overal effect: Z = 1.05 (P = 0.29)

2.32 At3months

Dadgostar 2021 408 181 30 41 156 26 48%  -0.01[-054,051] T
Kesikburun 2013 351 239 30 472 267 35 49%  -047[0.96,002) -1

Nejati 2017 65 04 22 52 04 20 40% 349 [2.25,4.13] -
Rha 2013 211 156 16 346 16 16 45%  -0.83[-156,-0.11] —

Saria, vs steroids 794 24 10 939 179 30 45%  -073[-1.46,0.01] -
Sarib,vsprolotherapy 794 24 10 561 96 30 43% 1.59(0.78, 2.39] -
Sari c, vs lidocaine 794 24 10 588 88 30 43% 1.44(0.65, 2.23] —
Subtotal (95% Cl) 128 187 314%  0.56[-0.39,1.51] >
Heterogeneity: Tau® = 1.51; Chi* = 81.51, df = 6 (P < 0.00001); I* = 93%

Test for overall effect: Z = 1.16 (P = 0.25)

2.3.3 At 6 months

Kesikburun 2013 348 277 20 443 275 20 47%  -034[0.96,029] -1

Nejati 2017 33 39 2 262 41 20 45% 1.67(0.96, 2.38] -
Rha 2013 177 148 16 295 142 14 44%  -079[-1.54,-0.04] -

Saria, vs steroids 557 79 10 556 11 30 45% 0010071073 T
Sarib,vsprolotherapy 557 7.9 10 603 114 30 45%  -042(1.14,030] 1

Sari ¢, vs lidocaine 557 79 10 602 119 30 45%  -040[1.12,032] =T
Schwitzguebel 2019 702 197 41 72 247 39 50%  -0.08[052 036] b
Subtotal (95% Cl) 129 183 321%  -0.05[-0.59,0.49] *
Heterogeneity: Tau? = 0.42; Chi? = 28.91, df = 6 (P < 0.0001); I = 79%

Test for overall effect: Z = 0.18 (P = 0.86)

2.3.4 At12 months

Kesikburun 2013 288 249 20 317 2727 20 47%  -0.11[0.73,051] r
Subtotal (95% Cl) 20 20 47%  0.41[0.73,051] <
Heterogeneity: Not applicable

Test for overall effect: Z = 0.34 (P = 0.73)

Total (95% CI) 399 567 100.0%  0.26[-0.12,0.64] *
Heterogeneity: Tau? = 0.72; Chi? = 155.27, df = 21 (P < 0.00001); I* = 86% o I

Test for overall effect: Z = 1.33 (P = 0.18)

5 5
Favours control  Favours PRP
Test for subaroup differences: Chi* = 2.20, df = 3 (P = 0.53), P = 0%

Figure 3 - Forest plot. Rotator cuff tendinopathy. Outcomes: visual analog scale score for pain (left), and shoulder functional

questionnaires (right)

PRP: platelet-rich plasma; SD: standard deviation; 95% Cl: 95% confidence interval.
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PRP Control
Study or Subgroup _Mean SD_Total Mean SD _Total Weight
6.1.1 At1 month

Mean Difference
IV, Fixed, 95% CI

Mean Difference
IV, Fixed, 95% CI

Chen 2021 19 04 24 2104 24 127% -020[-043,003 —
Senna 2019 2406 49 2505 49 136% -0.10[032,0.12 -
Shen 2019 16 05 26 18 05 26 88% -0.20[-0.47,007) —
u 17432 30 184 49 30 01% -1.30[3.39,079) &
Subtotal (95% CI) 129 129 353% -0.17 [-0.30,-0.03] *

Heterogeneity: Chi = 1.62, df = 3 (P = 0.65); I = 0%
Test for overall effect: Z = 2.40 (P = 0.02)

6.1.2 At 3 months

Chen 2021 17 04 24 204 24 127% -0.30[-053,-007) —
Senna 2019 207 49 2407 49 85% -0.40[068,-0.12] —_—
Shen 2019 14 05 26 16 05 26 88% -0.20[-0.47,007) —
Wu 2017 157 27 30 181 54 30 041% -240[4.56,-024] ¢
Subtotal (95% CI) 129 129 30.2% -0.31[-0.46, -0.16] <&

Heterogeneity: Chi‘ = 4.64, df = 3 (P = 0.20); I = 35%
Test for overall effect: Z = 4.12 (P < 0.0001)

6.1.3 At 6 months.

Chen 2021 1504 24 19 04 24 127% -0.40[-0.63,-0.17) —_
Shen 2019 1305 26 14 05 26 88% -0.10[-0.37,017) —1
Wu 2017 141 24 30 162 47 30 02% -210[-399,-021] &
Subtotal (95% CI) 80 80 21.7% -0.29 [0.47,-0.12] R 2

Heterogeneity: Chi = 6.31, df = 2 (P = 0.04); I = 68%
Test for overall effect: Z = 3.31 (P = 0.0009)

6.1.4 At 12 months
Chen 2021 1504 24 17 04 24 127% -0.20[-0.43,003] —
Subtotal (95% CI) 24 24 127% -0.20[-0.43,0.03] R
Heterogeneity: Not applicable

Test for overall effect: Z = 1.73 (P = 0.08)
Total (95% CI) 362 362 100.0% -0.24 [-0.32, -0.16] *
Heterogeneity: Chi = 15.02, df = 11 (P = 0.18); I = 27%

Test for overall effect: Z = 5.85 (P < 0.00001)

Test for subaroup differences: Chi* = 2.45, df = 3 (P = 0.48). 1= 0%

-1 1
Favours PRP  Favours control

Mean Difference
1V, Random, 95% CI

PRP Control Mean Difference
Study or Subgroup _Mean SD_Total Mean SD Total Weight IV, Random, 95% CI

6.2.1 At 1 month

Chen 2021 19 04 24 1804 24 108%  0.10[-0.13,033] T

Senna 2019 3104 49 304 49 118%  0.10[-0.06,0.26] ™
Shen 2019 17 05 26 1805 26 104%  -0.10[-037,0.17] -
Wu 2017 122 3 30 144 38 30 10% -220[-393,.047] &
Subtotal (95% CI) 129 129 338%  0.00[-0.23,0.24] <>
Heterogeneity: Tau? = 0.03; Chi* = 8.22, df =3 (P = 0.04); 1= 63%

Test for overall effect: Z = 0.03 (P = 0.98)

6.2.2 At 3 months

Chen 2021 17 04 24 17 04 24 108%  000[0.23,0.23] -
Senna 2019 2106 49 2506 49 106%  -0.40[-0.64,-0.16] —_
Shen 2019 14 05 26 17 05 26 101% g —
Wu 2017 107 21 30 136 32 30 16% - ,-153] +—

Subtotal (95% CI) 12 129 334%  -0.43[-0.85,-0.01] -
Heterogeneity: Tau? = 0.13; Chi* = 20.73, df = 3 (P = 0.0001); I* = 86%

Test for overall effect: Z = 2.00 (P = 0.05)

6.2.3 At 6 months

Chen 2021 1504 24 17 04 24 108%  -0.20[-043,0.03] —
Shen 2019 1305 26 1505 26 104%  -0.20(-047,0.07] —
Wu 2017 104 26 30 129 32 30 14% -250[-398,-1.02) ¢

Subtotal (95% CI) 80 80 223%  -0.40[-0.87,0.08] -
Heterogeneity: Tau? = 0.11; Chi? = 9.21, df =2 (P = 0.01); I =78%

Test for overall effect: Z = 1.65 (P = 0.10)

6.2.4 At 12 months

Chen 2021 16 04 24 17 04 24 108%  -0.10[033,0.13] —T
Subtotal (95% CI) 24 24 108%  -0.10[-0.33,0.13] >
Heterogeneity: Not applicable

Test for overall effect: Z = 0.87 (P = 0.39)

Total (95% C) 362 362 100.0%  -0.22[-0.40, -0.03] L 4

Heterogeneity: Tau® = 0.07; Chi = 51.20, df = 11 (P < 0.00001); 2= 79%
Test for overall effect: Z = 2.31 (P = 0.02)
Test for subaroup differences: Chi? = 4.49, df = 3 (P = 0.21), I = 33.2%

2 R 1
Favours control - Favours PRP

Figure 4 - Forest plot. Carpal tunnel syndrome. Outcomes: Boston Carpal Tunnel Questionnaire-severity score (left), and

Boston Carpal Tunnel Questionnaire-functional score (right)

PRP: platelet-rich plasma; SD: standard deviation; 95% Cl: 95% confidence interval.

PRP Control Risk Difference Risk Difference
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% Cl M-H, Random, 95% CI
Krogh a PRP-vs steroids 4 20 120 136% 0.15[-0.05, 0.35] T
Krogh b-PRP vs saline 4 20 320 111% 0.05[-0.18, 0.28] -1
Martin 2019 6 36 6 36 16.0% 0.00[-0.17,0.17] -
Montalvan 2016 4 25 2 25 154% 0.08[:0.10, 0.26] -
Rodas 2021 8 10 410 51% 0.40[0.01,0.79]
Schwitzguebel 2019 2 @ 10 39 132% 0.28(0.08, 0.49] —
Scott 2019 1 38 0 19 256% 0.03[:0.06, 0.12] "
Total (95% CI) 190 169 100.0% 0.10[0.01, 0.20] >
Total events 49

Heterogeneity: Tau? = 0.01; Chiz = 11.21, df = 6 (P = 0.08); I* = 46%

Test for overall effect: Z = 2.09 (P = 0.04) Favours BRP  Favours conro

PRP Control Mean Difference Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Krogh a PRP-vs steroids 908 2 631 20 500% 3.00160,4.40) —_—

Krogh b-PRP vs saline 908 2 731 20 50.0% 200 0.60,340] —-—

Total (95% CI) 40 40 100.0% 2.50 [1.51,3.49] 2

Heterogeneity: Chi* = 0.9, df = 1 (P = 0.32); I = 0% Yo Py

Test for overall effect: Z = 4.94 (P < 0.00001) F'Zm.,,s PRP Favours m:.,o.

Figure 5 - Forest plot. Outcome: Adverse events. Pain at
the injection site (top), and VAS for pain associated with
injection (bottom)

PRP: platelet-rich plasma; M-H: Mantel-Haenszel; 95% Cl: 95%
confidence interval.

6 months (1 trial, 60 patients) were significantly lower in
PRP recipients (MD: —3.97; 95% CI: —4.51 to —3.33; and MD:
-10.2;95% CI: -10.8 to -9.58, respectively): low certainty of
evidence due to imprecision and risk of bias; at 1 month (2
studies, 158 patients) no difference between groups were
observed. BCTQ severity score at 1 month (4 trials, 258
patients), 3 months (4 trials, 258 patients) and 6 months
(3 trials, 160 patients) showed significantly lower (better)
results in PRP recipients compared to controls (MD: —0.17;
95% CI: —0.30 to —0.03; MD: —0.31; 95% CI: —0.46 to —0.16,
and MD: -0.29; 95% CI: —0.47 to —0.12, respectively) (low
certainty of evidence due to inconsistency and risk of bias).
BCTQ severity score at 12 months (1 trial, 48 patients), and

132

BCTQ functional score at 1 month (4 trials, 158 patients),
6 months (3 trials, 160 patients), and 12 months (1 trial, 48
patients) were not significantly different between groups,
and of borderline significance (MD: -0.04; 95% CI: —0.86 to
—0.01; p=0.05) favoring controls at 3 months (4 trials, 158
patients): level of certainty from low to very-low (Figure 4).
Subgroup analyses

The results were much the same in subgroup analyses
of studies evaluating a single injection (20 studies) or
multiple injections (13 studies) of PRP: the differences in
the effect size between PRP recipients and controls did not
differ significantly regardless of the number of injections
administered (data not shown).

Adverse events

No participant reported having developed any serious
events (e.g., application site infections, inflammatory
reaction) in the follow-up period (from 1 to 24 months)
in either the PRP or control group. This comparison was
graded as moderate quality evidence and downgraded
once due to a risk of reporting bias because most trials
did not describe monitoring processes for identifying or
recording complications and usually limited reporting to
a single statement of their absence.

Other less serious, short-term adverse events, mostly post-
injection pain, were recorded and reported in seven trials
(Figure 5). Pain at the injection site was more common
among PRP recipients than among controls receiving

All rights reserved - For personal use only
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other US-guided injections (saline in 4 trials, and steroid,
lidocaine, or bone marrow-mesenchymal stem cells in
1 trial each): risk difference: 0.10 (95% CI: 0.01 to 0.20,
p=0.04) (Figure 5, top). However, as for serious adverse
events, the quality of the evidence was graded moderate
since most trials did not describe monitoring processes
for identifying or recording overall side effects, including
pain at the injection site, or limited reporting to a single
statement of their absence. The VAS score for pain
associated with injection was reported in one trial (Krogh)
(mean difference favoring controls: 2.50; 95% CI: 1.51 to
3.49) (Figure 5, bottom).

DISCUSSION

PRP has been used in clinical practice to promote healing
in a wide array of musculoskeletal disorders®. Infiltrative
treatment with PRP to accelerate the healing of injured
tendons, ligaments, muscles and joints has increased
exponentially during the last years, although evidence of
its efficacy has been highly variable>*>5. The procedure
used to inject PRP into an affected area is crucial when
assessing the effectiveness of PRP in the treatment of
tendinopathies, and available evidence suggests that
using US improves the accuracy and effectiveness of
injection therapy™*¢. For this reason, we have updated
our previous systematic review®, focusing only on RCT
comparing US-guided PRP injections to controls for the
conservative treatment of tendinopathies.

In the present systematic review and meta-analysis,
we found low/very low-quality evidence that PRP
administered under US-guided injection may not result
in lower pain and function scores in the short-, medium-,
or long-term follow-up, compared to control treatments
(mostly US-guided injections of steroids, saline, and/or
anesthetic). In this review we included 33 trials evaluating
patients with lateral epicondylitis, Achilles tendinopathy,
plantar fasciitis, patellar tendinopathy, rotator cuff
tendinopathy, and carpal tunnel syndrome. Although a
trend towards pain reduction and functional improvement
frombaselinewas observed after US-guided PRPinjection,
in the majority of the comparisons the effect size observed
in PRP recipients was comparable to that observed in
control groups. In most of the comparisons, the 95% CI
for the effect size crossed the line of no benefit, and at
best indicates the possibility of a very marginal clinical

All rights reserved - For personal use only

benefit. Of note, in trials conducted in patients with carpal
tunnel syndrome there was evidence that VAS scores for
pain at 3 and 6 months, and the BCTQ severity score at 1,
3 and 6 months were significantly lower (better) in PRP
recipients than in controls. However, the level of evidence
was graded as low due to inconsistency (low number of
small-size trials included) and risk of bias. Overall, most
of the differences observed for the comparisons between
groups at different time points were below the minimal
clinically important difference, and at best indicate the
possibility of a very marginal clinical benefit® .

Pain at the injection site was more common among PRP
recipients than in controls receiving other US-guided
injections (moderate certainty of evidence). According to
our subgroup analyses, a single injection was as effective
as multiple PRP injections for both pain and functional
scores. Likewise, in a systematic review evaluating PRP
injection in the treatment of knee osteoarthritis, a single
injection was as effective as multiple PRP injections at
improving pain; however, for these clinical indications
multiple injections seemed more effective in joint
functionality than a single injection at 6 months®®.

The quantitative analysis conducted in this systematic
review has several limitations that do not allow us to
draw definite conclusions on the efficacy of PRP in this
setting. The first limitation is certainly related to the lack
of standardization of PRP production among the different
studies, which made the PRP products heterogeneous and
qualitatively different from each other, which limits the
validity of inter-study comparisons. Compared to the
previously published systematic reviews, however, the
current review includes only trials in which the PRP was
injected under US guidance, thus reducing inconsistency
related to anatomically-guided injection techniques®.
Actually, ultrasonography guidance is increasingly
recommended for several tendinopathy procedures to
ensure the precision and efficacy of these treatments®.

Another limitation of this meta-analysis is that only
13 of the 33 trials included in this review reported the
long-term (=12 months) effect of PRP. Therefore, the
comparison at 12 months for each clinical condition
was often limited to one or two trials. It is possible, as
claimed by some investigators, that the best clinical
benefit of PRP application in orthopedics may occur in the
long-term period®. Nevertheless, in the current analysis
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no clear benefits of PRP over control were observed in
long-term follow-up, with the exception of a significantly
higher increase of functional index in patients with
plantar fasciitis treated with PRP compared to controls.
At present, specific contributions supporting the use of
PRP in tendinopathies lack the methodological features
essential to define the clinical efficacy of the treatment.
Furthermore, there is no defined consensus on the
type and standards of the product, or on the mode of
application. There is wide variability in PRP production
methods depending on the various instruments and
concentration techniques used”. Not all PRP treatments
are the same, with the most important differences being
related to the initial volume of blood, the centrifugation
system used, the concentration of platelets per volume of
PRP, and the type of activation. It is important that the
amount of PRP per injection is standardized. The same
holds true for the depth of the injection and the distance
between injected sites.

CONCLUSIONS

We conclude that there is insufficient evidence to
routinely recommend US-guided PRP injections. Further
well-designed, large randomized trials are needed to better
define potential indications for, long-term benefits of, and
optimal treatment protocols for PRP as a conservative
treatment in orthopedics. These studies should also
perform an adequate cost-benefit analysis of US-guided

PRP therapy compared to other US-guided interventions.
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