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Background: Platelet-rich plasma (PRP) and hyaluronic acid (HA) are 2 nonoperative treatment options for knee osteoarthritis
(OA) that are supposed to provide symptomatic relief and help delay surgical intervention.

Purpose: To systematically review the literature to compare the efficacy and safety of PRP and HA injections for the treatment of
knee OA.

Study Design: Meta-analysis of level 1 studies.

Methods: A systematic review was performed by searching PubMed, the Cochrane Library, and Embase to identify level 1 stud-
ies that compared the clinical efficacy of PRP and HA injections for knee OA. The search phrase used was platelet-rich plasma
hyaluronic acid knee osteoarthritis randomized. Patients were assessed via the Western Ontario and McMaster Universities Oste-
oarthritis Index (WOMAC), visual analog scale (VAS) for pain, and Subjective International Knee Documentation Committee (IKDC)
scale. A subanalysis was also performed to isolate results from patients who received leukocyte-poor and leukocyte-rich PRP.

Results: A total of 18 studies (all level 1) met inclusion criteria, including 811 patients undergoing intra-articular injection with PRP
(mean age, 57.6 years) and 797 patients with HA (mean age, 59.3 years). The mean follow-up was 11.1 months for both groups.
Mean improvement was significantly higher in the PRP group (44.7%) than the HA group (12.6%) for WOMAC total scores (P <
.01). Of 11 studies based on the VAS, 6 reported PRP patients to have significantly less pain at latest follow-up when compared
with HA patients (P < .05). Of 6 studies based on the Subjective IKDC outcome score, 3 reported PRP patients to have signif-
icantly better scores at latest follow-up when compared with HA patients (P < .05). Finally, leukocyte-poor PRP was associated
with significantly better Subjective IKDC scores versus leukocyte-rich PRP (P < .05).

Conclusion: Patients undergoing treatment for knee OA with PRP can be expected to experience improved clinical outcomes
when compared with HA. Additionally, leukocyte-poor PRP may be a superior line of treatment for knee OA over leukocyte-
rich PRP, although further studies are needed that directly compare leukocyte content in PRP injections for treatment of knee OA.
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Osteoarthritis (OA) is one of the most common articular
cartilage pathologies in the United States and is a leading
cause of chronic disability worldwide.?? It has been esti-
mated that 16.7% of people older than 45 years have symp-
tomatic knee OA, with 27.8% showing radiographic
signs of cartilage degeneration.?® The clinical efficacy of
platelet-rich plasma (PRP) versus hyaluronic acid (HA)
injections has recently gained significant attention as non-
operative treatment options for knee OA in the orthopaedic
sports medicine community.!51°
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HA, a naturally occurring glycosaminoglycan found in
synovial fluid, has been demonstrated as a safe and effec-
tive way to treat knee OA.*® By providing increased
mechanical and viscoelastic properties of the synovial fluid
in the affected region and increasing overall joint lubrica-
tion, exogenous HA has been shown to induce satisfactory
pain relief and facilitate functional improvements in osteo-
arthritic knee, hip, and ankle joints.>!° However, HA
injections are expensive and synthetically manufactured
and have shown inconsistent effects on inflammation.?
Despite the lack of clear recommendations for PRP,
encouraging outcomes reported by preliminary clinical evi-
dence and the unfavorable qualities of HA have led many
clinicians to adopt PRP as an effective form of treatment
for degenerative knee OA.5
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PRP involves modulation of the intra-articular environ-
ment by introducing autologous blood products in the joint,
which can lead to reduced inflammatory distress and pro-
mote chondrogenesis.®!®1® Multiple studies have shown
the antinociceptive and cell-proliferative properties of
PRP to be effective inhibitors of the OA process,254°
although the clinical indications of PRP remain unclear.
The purpose of this study was to systematically review
the literature to compare the efficacy and safety of PRP
and HA injections for the treatment of knee OA.

METHODS

This systematic review was conducted according to the
PRISMA (Preferred Reporting Items for Systematic
Reviews and Meta-Analyses) guidelines with a PRISMA
checklist. Two independent reviewers (D.A.H., M.J.K.)
searched PubMed, Embase, and the Cochrane Library up
to September 5, 2019. The electronic search strategy used
was as follows: platelet-rich plasma hyaluronic acid knee
osteoarthritis randomized. A total of 210 studies were
reviewed by title and/or abstract to determine study eligibility
based on inclusion criteria. In cases of disagreement, a third
reviewer (J.W.B.) made the final decision. Inclusion and exclu-
sion criteria followed the PICOS strategy: participants, inter-
ventions, comparators, outcomes, and study design. Studies
selected for inclusion met the following criteria:

Participants: patients with knee OA diagnosed based on
radiographic evaluation with a validated scoring system
Intervention: intra-articular injections of PRP
Comparator: intra-articular injections of HA
Outcomes: clinical efficacy and adverse events

Study design: level 1 randomized controlled trials that
were published in English

Exclusion criteria included level 2-5 studies that did not
meet the aforementioned inclusion criteria. A total of 18
studies were determined to meet inclusion criteria (Figure
1). Data extraction from each study was performed inde-
pendently and then reviewed by a second author
(M.J.K.). There was no need for funding or a third party
to obtain any of the collected data. Risk of bias was
assessed according to the Cochrane Collaboration’s risk-
of-bias tool,2* which incorporates an assessment of ran-
domization, blinding, completeness of outcomes data, selec-
tion of outcomes reported, and other sources of bias.
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Reporting Outcomes

Outcomes assessed included patient-reported outcomes
(PROs). PROs included the visual analog scale (VAS) for
pain, the Western Ontario and McMaster Universities
Osteoarthritis Index (WOMAC) score,” and the Subjective
International Knee Documentation Committee (IKDC)
score.?® Eleven studies® used the VAS; 12 studies" used
the WOMAC score; and 7 studies?1316:1821.29.30 ;504 the
Subjective IKDC score. For the VAS, all scores were stan-
dardized to a 100-point scale. A meta-analysis was per-
formed to compare differences in PROs.

Study Methodology Assessment

The Modified Coleman Methodology Score (MCMS)'* was
used to evaluate study methodology quality. The MCMS
has a scaled potential score ranging from 0 to 100. Scores
ranging from 85 to 100 are excellent; 70 to 84, good; 55
to 69, fair; and <55, poor. The primary outcomes assessed
by the MCMS are study size and type, follow-up time, attri-
tion rates, number of interventions per group, and proper
description of study methodology.

Statistical Analysis

A weighted average was calculated for numerical demo-
graphics (age, follow-up). In the 1 case where standard
deviations were not provided,'® a quarter of the mean
was used as the standard deviation, as previously
described.** When data from >3 studies were available,
the outcomes were summarized in a forest plot. Continuous
outcome data of these studies were stratified by follow-up
time, and mean differences (MDs) with 95% CIs were cal-
culated through random effects models and included in
the forest plot. A random effects model was utilized
because these models incorporate between-study heteroge-
neity into the overall summary measures. When there is no
between-study heterogeneity, a random effects model
equals a fixed effects model.2’ To quantify the degree of
heterogeneity attributed to between-study characteristics,
I? statistics were used to calculate heterogeneity. To
indirectly compare the effects of leukocyte-poor PRP
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Figure 1. PRISMA (Preferred Reporting ltems for Systematic Reviews and Meta-Analyses) flow diagram.

(LP-PRP) and leukocyte-rich PRP (LR-PRP), a network
meta-analysis was performed with a random effects model
for each continuous outcome variable.?® Meta-analysis sta-
tistics, generation of forest plots, and risk-of-bias figures
were performed with a combination of RevMan (v 5.3;
Cochrane Collaboration) and R (v 3.6.1; R Foundation for
Statistical Computing).

RESULTS

In total, 18 studies met inclusion and exclusion criteria
(Figure 1), including a total of 1608 patients (PRP, n =
811; HA, n = 797). The mean patient age at the time of
injection was 57.6 and 59.3 years in the PRP and HA
groups, respectively, and the mean follow-up time was
11.1 months for each group (Table 1). The percentage of
males was 40.9% and 40.6% in the PRP and HA groups.

PRP/HA Preparation and Treatment Method

All patients underwent harvest of peripheral venous blood
from the antecubital vein, which was then centrifuged to iso-
late the red blood cells from the upper plasma layer. The
upper plasma layer was carefully collected with a serological
pipette and placed into a new centrifuge tube. In 13 studies”

(72.2%), the remaining erythrocyte layer was then centrifuged
again to separate the platelet-poor plasma layer from the PRP
layer. PRP was then activated by adding calcium chloride
through low-level ultraviolet irradiation and used for intra-
articular injection. In 7 studies,'6-1821:293133 platelet concen-
tration was between 1.8- and 9.8-times baseline values.
Eleven studies” did not report on platelet concentration. Sys-
tems used for PRP preparation were highly variable and
largely unreported. Nine studies™ (50.0%) described the use
of a superolateral approach. Under ultrasound guidance, the
suprapatellar pouch was localized, and the needle was
inserted laterally between the iliotibial band and the vastus
lateralis muscle. Two studies®®3? (11.1%) described an antero-
medial approach. One study®? (5.5%) reported administering
the injection through a superomedial approach. For HA,
patients were treated with high molecular weight HA prepa-
ration (>1.5 million Da) in 13 studies'’ and low molecular
weight HA (0.5-1.5 million Da) in 3 studies.!**33° Two stud-
ies®*32 did not specify HA composition. HA and PRP injection
procedures were identical in all studies. All patients were

YReferences 13, 16-18, 21, 27, 29, 31-34, 37, 39.
#References 1, 11, 13, 27, 30, 32, 34, 37, 39, 42, 43.
“References 11, 17, 21, 27, 30, 33, 34, 39, 43.
ttReferences 1, 13, 16-18, 21, 27, 29, 31, 34, 37, 42, 43.
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TABLE 1
Studies Included®

The American Journal of Sports Medicine

Patient Age, Mean += SD, y

Minimum Follow-up, mo

No. (PRP, HA) PRP HA PRP HA Male, % (PRP, HA)
Ahmad (2018)* 45, 44 56.2 + 6.8 56.8 + 7.4 6.0 6.0 31.1, 31.2
Cerza (2012)'1 60, 60 66.5 = 11.3 66.2 = 10.6 6.0 6.0 41.6, 46.7
Cole (2017)13 49, 50 55.9 + 10.4 56.8 = 10.5 12.0 12.0 57.1, 40.0
Di Martino (2019)'6 85, 82 52.7 = 13.2 57.5 = 11.7 24.0 24.0 62.5, 57.3
Duymus (2017)%7 33, 34 60.4 + 5.1 60.3 = 9.1 12.0 12.0 3.0, 2.9
Filardo (2015)*® 94, 89 53.3 = 13.2 57.6 = 11.8 12.0 12.0 63.8, 58.4
Gérmeli (2017) 39, 39 53.8 + 134 53.5 + 14.0 6.0 6.0 42.2, 435
Lana (2016)%" 36, 36 60.9 + 7.0 60.0 = 6.6 12.0 12.0 19.4, 8.3
Lin (2019)%° 31, 29 61.2 + 13.1 62.5 + 9.9 12.0 12.0 29.0, 34.5
Lisi (2018)%° 25, 22 53.5 = 15.1 57.1 + 10.0 6.0 6.0 67.0, 57.0
Montanez-Heredia (2016)3! 217, 26 66.3 + 8.3 61.5 + 8.6 6.0 6.0 444,346
Paterson (2016)32 10, 9 49.9 + 13.7 52.7 + 10.3 3.0 3.0 72.7,70.0
Raeissadat (2015)%* 71, 62 56.9 + 9.1 61.1 + 175 12.0 12.0 10.4, 24.2
Raeissadat (2017)%3 36, 33 57.0 = 7.2 59.5 = 7.5 6.0 6.0 18.2, 19.4
Sénchez (2012)%7 79, 74 60.5 + 7.9 58.9 + 8.2 6.0 6.0 48.0, 48.0
Su (2018)%° 27, 30 50.7 = 8.7 53.1 + 6.4 18.0 18.0 37.0, 40.0
Vagquerizo (2013)%2 48, 48 62.4 + 6.6 64.8 + 7.7 11.0 11.0 33.3, 45.8
Vasavilbaso (2017)*2 10, 30 60.3 = 9.5 64.8 = 10.4 18.0 18.0 40.0, 56.7
Total, weighted average 811, 797 57.6 59.3 11.1 111 40.9, 40.6
“HA, hyaluronic acid; PRP, platelet-rich plasma.
monitored for 10 to 15 minutes to ensure that there were no TABLE 2

adverse reactions. Six studies™'>16183L37 (27 8%) did not
describe the method of injection.

PRP Leukocyte Content

Eight studies’-16-1827:32:3439 ytilized LR-PRP, and 7 stud-
ies! 1132981333742 yitilized LP-PRP. Three studies®!:3043
did not report whether they used LR- or LP-PRP. In stud-
ies that did report leukocyte content, leukocyte concentra-
tion was largely unreported.

PRP/HA Administration Strategy

One study'! administered either 4 PRP or HA injections at
1-week intervals. Eight studies!®16:18:21,29.32,37.42 3 qminjg-
tered 3 injections at 1-week intervals. Four studies®!"2"3!
administered 3 injections at 2-week intervals; 1 study®®
administered 2 injections at 2-week intervals; and 1 study>°
administered 3 injections at 4-week intervals. Two stud-
ies®>®* administered 2 injections at 3-week intervals. One
study®® administered only 1 injection. Five stud-
1es?133:343942 had nonidentical administration strategies
between PRP and HA groups. Two studies®>*2 administered
3 injections at 1-week intervals for PRP patients and only 1
injection for HA patients. One study®® administered 2 injec-
tions at 2-week intervals for PRP patients and 5 injections
at 1-week intervals for HA patients. Two studies®>** admin-
istered 2 injections at 3-week intervals for PRP patients and
3 injections at 1-week intervals for HA patients.

Modified Coleman Methodology Scores

Study Score, Mean * SD
Ahmad (2018)* 82
Cerza (2012)!! 92
Cole (2017)%3 82

Di Martino (2019)'¢ 89
Duymus (2017)%7 83
Filardo (2015)'® 86
Gérmeli (2017)%! 90
Lana (2016)%7 84
Lin (2019)%° 84
Lisi (2018)%° 80
Montanez-Heredia (2016)* 82
Paterson (2016)32 85
Raeissadat (2015)%* 93
Raeissadat (2017)%3 89
Sanchez (2012)%7 90

Su (2018)%° 81
Vaquerizo (2013)*2 82
Vasavilbaso (2017)*3 85
Total 85.5 = 4.0

Modified Coleman Methodology Score

Table 2 shows the MCMSs from the 18 included studies.
Nine studies!!16:1821,32-3487.43 peceived excellent scores,
and 9 studies’1317:27:29-31.3942 yoceived good scores.
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Figure 2. Risk-of-bias graph. Risk of bias is presented as a percentage across all included studies.

Patient Characteristics

Three studies'®®3* reported a significant difference in age

between the PRP and HA groups, in which the HA patients
were significantly older (P < .05). One study®* reported
a significant difference in sex between groups, in which
the PRP group had a significantly higher proportion of
female patients. Seventeen studies** reported no differen-
ces in sex; 15 studies®® reported no differences in age; and
15 studies"" reported no differences in body mass index
(BMI) between groups. Lin et al?® reported a significant
difference in BMI between groups, in which HA patients
had a significantly higher BMI (P = .01). Fourteen stud-
ies¥ included patients with mild to moderate OA based
on a grade I-III Kellgren-Lawrence or Ahlbick rating.
Three studies?®**2 included patients with advanced OA
based on a grade IV Kellgren-Lawrence rating. Gormeli
et al*! reported 33.3% and 35.8% of PRP and HA patients,
respectively, to have grade IV OA; Raeissadat et al,3*
12.0% and 16.0%; and Vaquerizo et al,*?> 16.7% and
18.8%. One study®® did not report on preinjection OA
grades with conventional scales. No studies found a signif-
icant difference in preinjection OA grades between groups.

Methodologic Quality Assessment

Figure 2 presents the results of the methodologic quality
assessment of included studies based on the Cochrane Col-
laboration’s risk-of-bias tool. Sequence generation and allo-
cation were adequately reported by most studies, except in
7 studies where the concealment of allocation from the
investigators was unclear (unclear risk of bias) 11316:3439
or not concealed (high risk of bias).!''” All studies
were deemed to be at low risk for detection bias because
of the blinding of the outcome assessor, except in 5 stud-

iesP1L173439 4 which the outcome assessor was not

**References 1, 11, 13, 16-18, 21, 27, 29-33, 37, 39, 42, 43,
SSReferences 1, 11, 13, 17, 21, 27, 29-33, 37, 39, 42, 43.
lReferences 1, 13, 16-18, 21, 27, 31-34, 37, 39, 42, 43.
Y9References 1, 11, 13, 16-18, 27, 29, 31-33, 37, 39, 43.

blinded (high risk of bias). Patients in most studies were
blinded to their intervention group (low risk of bias),
except in 6 studies!!:1733343943 i which patients were
aware of their treatment group (high risk of bias). Three
studies'”273? reported a minor loss of follow-up, between
10% and 20%, without proper explanation (unclear risk
of bias), while no other studies reported significant loss of
follow-up (low risk of bias).

Patient-Reported Outcomes

Nine studies™ reported results of the WOMAC total score
(Table 3). Eight studies!17:29:33,34,394243 pop5rted P values
on pre- to posttreatment scores within each group, 7 of
which!1:17:33:34.39.42:43 £,,nd PRP patients to improve sig-
nificantly (P < .05) from pretreatment to latest follow-up
and 3 of which'"33*3 found HA patients to improve signif-
icantly (P < .05) from pretreatment to latest follow-up. Six
studies!'17:29:34:39.42 found PRP patients to report signifi-
cantly better WOMAC scores (P < .05) at latest follow-
up, while no studies found HA patients to report better
scores. The 1 study®® not included in Table 3 defined
improved WOMAC outcomes as an increased score when
compared with baseline, while all other studies reported
improved WOMAC outcomes as a decreased score versus
baseline. This study®® found PRP patients to report signif-
icantly better WOMAC scores (P < .05) at latest follow-up
with no difference in preinjection scores between groups.

Three studies'®?”37 reported results of the WOMAC
pain subscale score. Two of these studies'®?” found the
PRP and HA groups to improve significantly (P < .05)
from preinjection to latest follow-up. None of these studies
found significant differences in reported scores between
groups at latest-follow-up.

Pooled analysis from 5 studies with a mean follow-up of
at least 12 months demonstrated that the PRP group had
significantly better WOMAC scores as compared with the
HA group (MD, —13.6 [95% CI, —18.2 to —9.1]; P < .0001)
(Figure 3). The I? statistic for WOMAC scores was 81%,

*References 11, 17, 29, 30, 33, 34, 39, 42, 43.
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TABLE 3
WOMAC Total Scores®

The American Journal of Sports Medicine

WOMAC Preinjection

WOMAC Postinjection

Study PRP HA P Value? PRP HA P Value?
Cerza (2012)"! 79.6 + 9.5 75.4 = 10.7 36.5 + 17.9 65.1 + 10.6 .001
Duymus (2017)'7 76.1 + 9.4 77.0 = 2.5 54.9 + 10.8 69.3 = 4.3 <.001
Lisi (2018)3° 37.0 + 3.3 285 + 2.2 NR NR

Raeissadat (2015)%* 395 + 17.1 28.7 + 16.7 <.001 18.4 + 144 27.5 = 16.4 .0001
Raeissadat (2017)%2 429 + 135 38.8 + 12.6 244 + 16.5 274 + 11.4

Su (2018)%° 50.2 = 1.1 499 + 15 364 + 1.7 46.9 * 3.8 <.05
Vaquerizo (2013)*2 45.9 + 12.7 50.8 + 18.4 30.8 + 15.5 54.2 + 19.2 <.001
Vasavilbaso (2017)*2 54.8 + 11.3 58.7 = 15.6 27.0 = 36.8 29.6 + 10.4

Weighted improvement,® % 44.7 12.6 <.01

“Scores are reported as a mean = SD at latest follow-up. HA, hyaluronic acid; NR, not reported; PRP, platelet-rich plasma; WOMAC,
Western Ontario and McMaster Universities Osteoarthritis Index.
®Blank cells indicate not significant.
‘Reported as a percentage improvement from the preinjection score. Studies that did not provide all data were not included in the

weighted improvement calculations.

PRP HA Mean Difference Mean Difference Risk of Bias
Study or Subgroup Mean SD Total Mean SD Total Weight 1V, Random, 95% CI 1V, Random, 95% CI ABCDEFG
1.1.1 Minimum 12 Month Follow-up
Duymus 2016 549 10.8 33 69.4 4.3 34 15.2% -14.50[-18.46, -10.54] - CI I I FX T
Raeissadat 2015 18.4 14.4 77 275 16.4 62 14.4% -9.10 [-14.30, -3.90] - @200 @@
Su 2018 36.4 1.7 27 469 3.8 30 16.2% -10.50[-12.00, -9.00] .
Vaquerizo 2013 30.8 15.5 48 54.2 19.2 48 13.2% -23.40[-30.38,-16.42] —_
Subtotal (95% CI) 185 174 59.0% -13.63[-18.17,-9.09] <&

Heterogeneity: Tau? = 16.19; Chi? = 15.83, df = 3 (P = 0.001); I*> = 81%
Test for overall effect: Z = 5.89 (P < 0.00001)

1.1.2 Less than 12 Month Follow-up

Cerza 2012 36.5 17.9 60 65.1 10.6 60 14.4% -28.60[-33.86,-23.34] —
Raeissadat 2017 24.4 16.5 36 27.4 11.4 33 13.4% -3.00 [-9.65, 3.65] -
Vaquerizo 2013 30.8 15.5 48 54.2 19.2 48 13.2% -23.40[-30.38, -16.42] —
Subtotal (95% ClI) 144 141 41.0% -18.40[-33.81, -3.00] e
Heterogeneity: Tau? = 174.93; Chi? = 36.29, df = 2 (P < 0.00001); I*> = 94%

Test for overall effect: Z = 2.34 (P = 0.02)

Total (95% ClI) 329 315 100.0% -15.91 [-21.66, -10.15] L 2

Heterogeneity: Tau? = 52.62; Chi? = 71.91, df = 6 (P < 0.00001); I> = 92%
Test for overall effect: Z = 5.42 (P < 0.00001)

Test for subgroup differences: Chi? = 0.34, df = 1 (P = 0.56), I> = 0%
Risk of bias legend

(A) Random sequence generation (selection bias)

(B) Allocation concealment (selection bias)

(C) Blinding of participants and personnel (performance bias)

(D) Blinding of outcome assessment (detection bias)

(E) Incomplete outcome data (attrition bias)

(F) Selective reporting (reporting bias)

(G) Other bias

) ) ) )
50 -25 0 25 50
Favours PRP Favours HA

Figure 3. Forest plot of WOMAC scores. HA, hyaluronic acid; IV, inverse variance; PRP, platelet-rich plasma; WOMAC, Western

Ontario and McMaster Universities Osteoarthritis Index.

suggesting that moderate to high heterogeneity may be
present. However, these statistics are greatly underpow-
ered, making it difficult to draw strong inferences. Pooled
analysis from 3 studies'»33*2? with a mean follow-up <12
months demonstrated that the PRP group had significantly
better WOMAC scores than the HA group (MD, —-18.4 [95%
CI, —33.8 to —3.00]; P < .0001) (Figure 3). The I? statistic
for WOMAC scores was 94%, suggesting that significant
heterogeneity may be present.

Eleven studies® reported results of the VAS score (Table
4). Four studies%333% found PRP patients to improve

significantly (P < .05) from preinjection to latest follow-
up, and 1 study®® found HA patients to improve signifi-
cantly (P < .05) from preinjection to latest follow-up. Five
studies®!3172139 found PRP patients to report signifi-
cantly less pain (P < .05) at latest follow-up when com-
pared with HA patients, while no studies found HA
patients to report significantly less pain than PRP
patients. Two studies®>?’ that reported VAS scores are

“References 1, 13, 16, 17, 18, 21, 27, 30, 32, 33, 39.
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TABLE 4
VAS Scores for Pain Severity®

VAS Preinjection

VAS Postinjection

Study PRP HA P Value® PRP HA P Value®
Ahmad (2018)! 58.0 = 1.90 61.0 = 17.0 41.0 = 14.0 60.0 = 15.0 .01
Cole (201713 57.2 = 14.3 62.9 = 15.7 34.6 = 3.2 486 + 3.7 .01
Di Martino (2019)'6 72.7 + 12.3 71.2 = 13.3 71.9 + 13.6 66.6 + 14.2

Duymus (2017)'7 74.0 = 10.0 83.0 = 4.0 <.001 51.0 = 13.0 68.0 = 1.0 <.001
Filardo (2015)® 73.2 + 12.0 71.6 = 13.4 776 = 11.1 734 + 15.2

Lisi (2018)%° 63.0 + 6.0 54.0 + 4.0 NR NR

Paterson (2016)32 48.1 + 23.8 39.7 + 21.9 36.9 + 254 14.1 = 9.3

Raeissadat (2017)%3 76.0 = 18.0 74.0 + 15.0 46.0 + 28.0 48.0 + 24.0

Su (2018)%° 71.0 = 3.0 70.0 = 3.0 38.0 + 3.0 65.0 = 3.0 <.05
Weighted improvement,® % 15.5 114 .85

“Scores are reported as a mean *= SD at latest follow-up. HA, hyaluronic acid; NR, not reported; PRP, platelet-rich plasma; VAS, visual

analog scale.

®Blank cells indicate not significant.

‘Reported as a percentage improvement from the preinjection
weighted improvement calculations.

score. Studies that did not provide all data were not included in the

PRP HA Mean Difference Mean Difference Risk of Bias
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI ABCDETFG
1.2.1 Minimum 12 Month Follow-up
Cole 2017 346 3.2 49 486 3.7 50 13.7% -14.00[-15.36, -12.64] - 72666660
Di Martino 2019 719 13.6 85 66.6 142 82 13.3% 5.30 [1.08, 9.52] —— 2666606
Duymus 2017 51 13 33 68 1 34 13.3% -17.00[-21.45,-12.55] - @ee ®
Filardo 2015 77.6 11.1 94 73.4 152 89 13.4% 4.20[0.33, 8.07] - éee @
Su 2018 38 3 27 65 3 30 13.7% -27.00[-28.56, -25.44] - @~ e
Subtotal (95% CI) 288 285 67.3% -9.80 [-20.48, 0.89] R
Heterogeneity: Tau® = 145.68; Chi® = 398.77, df = 4 (P < 0.00001); I = 99%
Test for overall effect: Z = 1.80 (P = 0.07)
1.2.2 Less than 12 Month Follow-up
Ahmad 2018 41 14 45 60 15 44 12.9% -19.00[-25.03,-12.97] —
Paterson 2016 36.9 25.4 10 14.1 9.3 9 9.1% 22.80[5.93, 39.67] e —
Raeissadat 2017 46 28 36 48 24 33 10.8% -2.00[-14.28, 10.28] T
Subtotal (95% CI) 91 86 32.7% -0.53[-23.07,22.01] ‘
Heterogeneity: Tau? = 357.54; Chi? = 24.06, df = 2 (P < 0.00001); I*> = 92%
Test for overall effect: Z = 0.05 (P = 0.96)
Total (95% ClI) 379 371 100.0% -7.19 [-15.91, 1.53] <
Heterogeneity: Tau? = 144.29; Chi® = 425.98, df = 7 (P < 0.00001); I = 98% —éO —7i5 5 35 530

Test for overall effect: Z = 1.62 (P = 0.11)

Test for subgroup differences: Chi? = 0.53, df = 1 (P = 0.47), I = 0%
Risk of bias legend

(A) Random sequence generation (selection bias)

(B) Allocation concealment (selection bias)

(C) Blinding of participants and personnel (performance bias)

(D) Blinding of outcome assessment (detection bias)

(E) Incomplete outcome data (attrition bias)

(F) Selective reporting (reporting bias)

(G) Other bias

Favours PRP Favours HA

Figure 4. Forest plot of VAS scores. HA, hyaluronic acid; IV, inverse variance; PRP, platelet-rich plasma; VAS, visual analog scale.

not included in Table 4. One of these studies®’ reported
medians, in which preinjection VAS scores between groups
were not significantly different. At the 12-month follow-up,
PRP patients demonstrated significantly lower VAS scores
than the HA group (P < .01). The other study?" defined
improved VAS outcomes as an increased score versus base-
line, while all other studies reported improved VAS out-
comes as a decreased score versus baseline. This study?®!
found PRP patients to report significantly better VAS

scores (P < .05) at latest follow-up, with no difference in
preinjection scores between groups.

Pooled analysis from 5 studies with a mean latest
follow-up of at least 12 months demonstrated no significant
differences in VAS pain scores between the groups (MD,
-9.8 [95% CI, —20.5 to 0.89]; P = .07) (Figure 4). The I? sta-
tistic for VAS pain scores was 99%, suggesting that high
heterogeneity may be present. However, these statistics
are greatly underpowered, making it difficult to draw



8 Belk et al

The American Journal of Sports Medicine

TABLE 5
Subjective IKDC Scores®

IKDC Preinjection

IKDC Postinjection

Study PRP HA P Value® PRP HA P Value®
Ahmad (2018)! 492 + 14.9 472 + 162 75.7 + 15.1 65.6 = 16.9 .004
Cole (201713 NR NR 65.5 + 3.6 55.8 = 3.8 .01
Di Martino (2019)'6 53.3 * 14.3 50.3 = 13.2 72.5 + 19.0 68.6 = 18.8

Filardo (2015)'® 524 * 14.1 49.7 = 18.0 66.2 + 16.7 64.2 = 18.0

Gérmeli (2017) 404 * 5.0 40.6 + 4.5 60.8 + 9.8 484 * 6.2 <.05
Lin (2019)%° 35.7 + 13.8 35.9 + 12.7 49.9 = 17.7 38.6 + 16.1

Weighted improvement,® % 38.0 29.2 11

“Scores are reported as a mean * SD at latest follow-up. HA, hyaluronic acid; IKDC, International Knee Documentation Committee; NR,

not reported; PRP, platelet-rich plasma.
®Blank cells indicate not significant.

‘Reported as a percentage improvement from the preinjection score. Studies that did not provide all data were not included in the

weighted improvement calculations.

PRP HA Mean Difference Mean Difference Risk of Bias

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI 1V, Random, 95% CI ABCDETFG
Cole 2017 65.5 3.6 49 55.8 3.8 50 35.3% 9.70[8.24, 11.16] [ CEXTT T T
Di Martino 2019 725 19 85 686 18.8 82 23.3% 3.90[-1.83,9.63] T é2eceee
Filardo 2015 66.2 16.7 94 642 18 89 25.4%  2.00 [-3.04, 7.04] - (I I1XIXITXTX)
Lin 2019 49.9 17.7 31 38.6 16.1 29 16.1% 11.30[2.75, 19.85] — éeeeceeee
Total (95% Cl) 259 250 100.0% 6.65 [2.07, 11.24] <

o 2 _ L hi2 _ _ T 4 t } +
Heterogeneity: Tau® = 14.94; Chi* = 11.58, df = 3 (P = 0.009); I = 74% 750 35 ) s 50

Test for overall effect: Z = 2.85 (P = 0.004)

Risk of bias legend

(A) Random sequence generation (selection bias)

(B) Allocation concealment (selection bias)

(C) Blinding of participants and personnel (performance bias)
(D) Blinding of outcome assessment (detection bias)

(E) Incomplete outcome data (attrition bias)

(F) Selective reporting (reporting bias)

(G) Other bias

Favours HA Favours PRP

Figure 5. Forest plot of Subjective IKDC scores. HA, hyaluronic acid; IKDC, International Knee Documentation Committee; 1V,

inverse variance; PRP, platelet-rich plasma.

strong inferences. Pooled analysis from 3 studies3%33 with
a mean follow-up <12 months demonstrated no significant
differences in VAS pain scores between the groups (MD, —
0.5 [95% CI, —23.1 to 22.0]; P = .96) (Figure 4). The I? sta-
tistic for VAS pain scores was 92%, suggesting that high
heterogeneity may be present.

Six studiesb1316:18:21.29 yopnorted results of the Subjec-
tive IKDC score (Table 5). Four studies'®'51829 found
PRP patients to improve significantly (P < .05) from prein-
jection to latest follow-up, and 2 studies'®'® found HA
patients to improve significantly (P < .05) from preinjec-
tion to latest follow-up. Three studies’'®?! found PRP
patients to report significantly better Subjective IKDC
scores (P < .05) at latest follow-up when compared with
HA patients, while no studies found HA patients to report
better scores than the PRP group.

Pooled analysis from 4 studies with a mean latest
follow-up of at least 12 months demonstrated that the
PRP group had significantly better Subjective IKDC scores
than the HA group (MD, 6.7 [95% CI, 2.1-11.2]; P = .004)

(Figure 5). The I? statistic for VAS pain scores was 74%,
suggesting that moderate to high heterogeneity may be
present. However, these statistics are greatly underpow-
ered, making it difficult to draw strong inferences.

Subanalysis on Studies Utilizing LP-PRP

Of the 7 studies'h'3293133:3742 that utilized LP-PRP, 4
reported WOMAC scores!!293342. 9 yeported VAS
scores'®33; and 2 reported Subjective IKDC scores'®?®
(Table 6). All 4 studies'®?*33%2 reporting on WOMAC
scores, 1 of 2 studies®® reporting on VAS, and both stud-
ies'®?® reporting on Subjective IKDC scores found PRP
patients to improve significantly (P < .05) from preinjec-
tion to latest follow-up. The 1 study?® not included in Table
3 in the WOMAC section defined improved outcomes as an
increased score when compared with baseline, while all
other studies reported improved WOMAC outcomes as
a decreased score versus baseline. This study?® found
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TABLE 6
Patient-Reported Outcomes in Studies of Leukocyte-Poor PRP*
Preinjection Postinjection

Study PRP HA P Value? PRP HA P Value®
WOMAC

Cerza (2012)* 79.6 = 9.5 75.4 + 10.7 36.5 + 17.9 65.1 = 10.6 .001

Raeissadat (2017)% 429 + 135 38.8 + 12.6 244 + 16.5 274 + 11.4

Vaquerizo (2013)*2 459 + 12.7 50.8 = 18.4 30.8 = 15.5 54.2 + 19.2 <.001
VAS

Cole (201713 57.2 + 14.3 62.9 = 15.7 34.6 + 3.2 486 = 3.7 .01

Raeissadat (2017)% 76.0 = 18.0 74.0 = 15.0 46.0 + 28.0 48.0 + 24.0
Subjective IKDC

Cole (2017)13 NR NR 65.5 + 3.6 55.8 + 3.8 .01

Lin (2019)%° 35.7 + 13.8 35.9 + 12.7 499 + 17.7 38.6 + 16.1

“Scores are reported as a mean + SD at latest follow-up. HA, hyaluronic acid; IKDC, International Knee Documentation Committee; NR,
not reported; PRP, platelet-rich plasma; VAS, visual analog scale; WOMAC, Western Ontario and McMaster Universities Osteoarthritis

Index.
®Blank cells indicate not significant.

PRP patients to report significantly better WOMAC scores
(P < .05) at latest follow-up, with no difference in preinjec-
tion scores between groups. Overall, when comparing LP-
PRP and HA patients at latest follow-up, 5 of the possible
8 outcome scores (62.5%) demonstrated significant
improvement in patients undergoing treatment with
PRP, while none (0%) demonstrated superiority with HA.

Subanalysis on Studies Utilizing LR-PRP

Of the 8 studiesV16-1827:323439 that utilized LR-PRP,
2 reported WOMAC scores'™®; 5 reported VAS
scores’ 16183239 and 3 reported Subjective IKDC
scores %18 (Table 7). Both studies'”®® reporting on
WOMAC score, 3 of the 5 studies reporting on VAS,!1639
and all 3 studies™'%!® reporting on Subjective IKDC scores
found PRP patients to improve significantly (P < .05) from
preinjection to latest follow-up. When comparing LR-PRP
and HA patients at latest follow-up, 5 of the possible 10
outcome scores (50%) demonstrated significant improve-
ment in patients undergoing treatment with PRP when
compared with HA, while none (0%) demonstrated superi-
ority with HA.

LP-PRP vs LR-PRP

Pooled analysis of studies that compared LR-PRP and LP-
PRP found no significant differences in the efficacy of
either on WOMAC or VAS scores but indicated that LP-
PRP resulted in greater improvements in Subjective
IKDC scores.

Analysis of the effects of LR-PRP versus LP-PRP on
WOMAC scores was performed among 4 studies!!2%:3342
comparing LP-PRP and HA and 2 studies'”*° comparing
LR-PRP and HA. Pooled analysis found no evidence of
a statistically significant difference in the effects of LP-
PRP versus LR-PRP on WOMAC scores (Table 8).

Analysis of the effects of LR-PRP versus LP-PRP on
VAS scores was performed between 2 studies'®?? compar-
ing LP-PRP and HA and 5 studies’!%%3239 comparing
LR-PRP and HA. Pooled analysis found no evidence of
a statistically significant difference in the effects of LP-
PRP versus LR-PRP on VAS scores (Table 8).

Finally, analysis of the effects of LR-PRP versus LP-
PRP on Subjective IKDC scores was performed between 2
studies'®?® comparing LP-PRP and HA and 3 studies’1¢18
comparing LR-PRP and HA. Pooled analysis found that
LP-PRP resulted in greater improvements in Subjective
IKDC scores. Results from the indirect effects analysis
estimated that LP-PRP resulted in a mean 5.1-unit-greater
improvement in Subjective IKDC scores versus LR-PRP
(95% CI, —10.1 to —0.2) (Table 8).

Outcomes by OA Grade

Because 15 of the 18 included studies (83.3%) did not ana-
lyze postinjection outcomes based on OA grades, we could
not perform a subanalysis on OA grade. Two studies'>!3
that included only patients with Kellgren-Lawrence grade
I-IIT OA analyzed outcomes based on preinjection OA
grade. Cerza et al'! found no significant differences in
any outcome at latest follow-up among patients with grade
I, II, or III OA. Cole et al'® found that the PRP and HA
groups with grade I OA experienced significantly improved
Subjective IKDC scores compared with patients with grade
IIT OA (P = .005). However, there were no significant dif-
ferences in outcomes between patients with grade I and
IT or between patients with grade II and III. No differences
were found in WOMAC or VAS scores among patients with
grade I, II, or ITII OA. Only 1 study?! that included patients
with grade IV OA analyzed results based on preinjection
OA grades. Gormeli et al?! found that patients with grade
I-ITI OA experienced significantly better VAS and Subjec-
tive IKDC scores at latest follow-up than patients with
grade IV OA (P < .005).
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TABLE 7
Patient-Reported Outcomes in Studies of Leukocyte-Rich PRP*
Preinjection Postinjection

Study PRP HA P Value® PRP HA P Value?
WOMAC

Duymus (2017)7 76.1 + 9.4 77.0 * 2.5 54.9 = 10.8 69.3 = 4.3 <.001

Su (2018)%° 50.2 + 1.1 499 + 15 364 + 1.7 46.9 + 3.8 <.05
VAS

Ahmad (2018)* 58.0 + 1.90 61.0 + 17.0 41.0 = 14.0 60.0 = 15.0 .01

Di Martino (2019)'6 72.7 * 12.3 71.2 + 13.3 71.9 + 13.6 66.6 + 14.2

Filardo (2015)'® 73.2 = 12.0 71.6 +13.4 776 = 11.1 73.4 + 15.2

Paterson (2016)32 48.1 + 23.8 39.7 + 21.9 36.9 = 25.4 14.1 + 9.3

Su (2018)%° 71.0 = 3.0 70.0 = 3.0 38.0 + 3.0 65.0 = 3.0 <.05
Subjective IKDC

Ahmad (2018)* 49.2 * 149 472 + 16.2 75.7 + 15.1 65.6 + 16.9 .004

Di Martino (2019)*¢ 53.3 = 14.3 50.3 + 13.2 72.5 + 19.0 68.6 + 18.8

Filardo (2015)'® 524 + 14.1 49.7 + 13.0 66.2 + 16.7 64.2 + 18.0

“Scores are reported as a mean * SD at latest follow-up. HA, hyaluronic acid; IKDC, International Knee Documentation Committee; PRP,
platelet-rich plasma; VAS, visual analog scale; WOMAC, Western Ontario and McMaster Universities Osteoarthritis Index.

®Blank cells indicate not significant.

TABLE 8
Effects of Leukocyte-Poor vs Leukocyte-Rich PRP*
Outcome Mean Difference 95% CI
WOMAC —=5.7 —20.7 to 9.3
VAS —-4.7 —37.6 to 28.1
Subjective IKDC -5.1° -10.1to —0.2

“Negative values indicate better efficacy of leukocyte-poor vs
leukocyte-rich PRP. IKDC, International Knee Documentation
Committee; PRP, platelet-rich plasma; VAS, visual analog scale;
WOMAC, Western Ontario and McMaster Universities Osteoar-
thritis Index.

’p < .05.

DISCUSSION

The prevalence of knee OA has increased significantly
because of the rising life expectancy and physical activity
of the population.>® As a result, intra-articular injections
such as PRP and HA have gained significant interest as via-
ble nonsurgical treatment options for OA. The superiority of
one injection over the other remains a topic of controversy,
however. Multiple studies have attributed the improved
outcomes with PRP to its autologous makeup and high con-
centration of growth factors,'"293%39 glthough many stud-
ies demonstrate HA to be just as -effective !®183343
Therefore, we hypothesized that there would be no differ-
ence in clinical outcomes between patients receiving PRP
and HA injections for the treatment of knee OA.

The results of this systematic review suggest that
patients undergoing treatment for knee OA with PRP
injections can be expected to experience improved clinical
outcomes at short-term follow-up when compared with
patients receiving HA injections. Of all clinical outcomes

assessed in this systematic review, none demonstrated
superiority with HA injections, while 15 of the 29 possible
outcomes (51.7%) showed greater improvement among
PRP patients. These results may in part be explained by
the biological contents introduced into the cartilage that
stimulate proliferation of various growth factors, such as
transforming growth factor B, insulin-like growth factor,
and vascular endothelial growth factor,2® as well as migra-
tion and autocrine release of hepatocytic growth factors
and HA.3” Mechanical stress and growth factors play a piv-
otal role in modulating the expression of chondrocytes, and
the abundancy of these cells obtained from PRP has been
shown to decrease nuclear factor k@ activation, which is
a major contributor to the inflamed and catabolic joint
environment characterized by OA.*! In addition, the
autologous proteins found in the supernatant of PRP
samples inhibit the generation of tumor necrosis factor
a—stimulated chondrocytes and matrix metalloproteinase
enzymes, both of which have been demonstrated to pro-
mote inflammation and early-onset OA.*® Consequently,
PRP may have several important biological advantages
over HA that should be considered when providing treat-
ment for knee OA.

When each group was evaluated independently, PRP
still demonstrated much improved results over HA. Out
of the 21 cases where studies reported on pre- to postinjec-
tion scores, 17 (81.0%) found PRP patients to improve sig-
nificantly from preinjection to the latest follow-up, as
opposed to only 8 (38.1%) HA patients.

Previous studies have demonstrated that LP-PRP
serves as a superior line of treatment for OA in comparison
with LR-PRP.2%%% Despite these results, other studies do
not show improved clinical outcomes of LP-PRP; thus,
the ideal PRP composition for the treatment of knee OA
remains controversial 11113161729 Because of the
decreased deleterious effects of proteases and reactive
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oxygen species released from white blood cells2® and their
ability to decrease the effects of IL-13, LP-PRP appears
to be more of an anti-inflammatory treatment than LR-
PRP. Conversely, LR-PRP is proinflammatory but contains
a higher concentration of growth factors.*® LP-PRP may be
better suited for treatment of knee OA, as it may increase
extracellular matrix repair, reduce inflammation, and slow
cartilage degeneration.®® In studies utilizing LP-PRP,
62.5% of possible outcome scores resulted in PRP patients
experiencing significantly improved postinjection results
versus HA patients, as opposed to only 50.0% of outcome
scores in studies utilizing LR-PRP. While it is clear from
the results of this study that PRP, regardless of leukocyte
content, is a more effective treatment for OA than HA, fur-
ther studies are necessary to directly compare the effects of
PRP leukocyte content on outcomes in patients with knee
OA.

The strengths of this study include a comprehensive
systematic review of level 1 studies performed by 2 inde-
pendent reviewers. The limitations of this study should
also be noted. In particular, none of the included studies
reported on knee survivorship—that is, the number of
patients who ultimately failed injection therapy and went
on to require a total knee arthroplasty. Moderate to high
heterogeneity may be present, although these statistics
are greatly underpowered. PRP and HA administration
techniques and strategies were not identical across all stud-
ies; not all studies utilized the same PRP composition; and
not all studies used the same PROs. Postinjection radio-
graphic knee OA was not consistently reported in the
included studies. In addition, follow-up times were short
term and highly variable, ranging from 3 to 24 months.

CONCLUSION

Patients undergoing treatment for knee OA with PRP can
be expected to experience improved clinical outcomes when
compared with HA patients. Additionally, LP-PRP may be
a superior line of treatment for knee OA over LR-PRP,
although further studies are needed that directly compare leu-
kocyte content in PRP injections for treatment of knee OA.
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