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Biologic Therapies for the Treatment of Knee Osteoarthritis: An Updated Systematic

Review

Abstract

Background

Use of “orthobiologics” continues to expand for patients who have knee osteoarthritis
(OA). We sought to perform a systemic review of biologic therapies relative to comparative
groups, including: (1) platelet-rich plasma (PRP); (2) bone marrow-derived mesenchymal stem
cells (BMSCs); (3) adipose-derived mesenchymal stem cells (ADSCs); and (4) amniotic-derived
mesenchymal stem cells (AMSCs). We assessed: (1) study methodologies; (2) cell preparations

and formulations; (3) patient-reported outcome scores (PROMs); and (4) structural changes.

Methods

PubMed, Cochrane Library, and Embase databases were queried (2013-2021) to conduct
a systematic review of biologic therapies for knee OA, according to Preferred Reporting Items
for Systematic-Reviews and Meta-Analyses (PRISMA) guidelines. Eighty-two studies were
included: PRP (51); BMSC (15); ADSC (11); AMSC (five). Study evaluations were made using
the Modified Coleman Methodological Score (MCMS). PROM s included the Western Ontario
and McMaster Universities Arthritis Index, and the Visual Analog Scale. Structural change

evaluations included ultrasounds, radiographs, or magnetic resonance imaging.

Results

PRP comprised a majority of the studies (n=51), most with “fair” to “good” MCMS.
Studies had variable cell preparations and formulations, with comparison study results leading to
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inconsistent PROMSs, and structural changes. A limited number of studies were included for

BMSC, ADSC, and AMSC, all with similar findings to PRP.

Conclusions

Available literature evaluating “orthobiologics” for knee OA remain non-superior to
comparison cohorts. Higher level studies with larger sample sizes and improved methodologies
are warranted to suggest differences. Despite a growth of “orthobiologics” in clinics, this

updated systematic-review highlights the uncertain efficacy for use in knee OA.

Keywords: biologic therapies; orthobiologics; PRP; bone marrow; adipose; amnion; stem cells
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Introduction

Rates of osteoarthritis (OA) continue to rise as the population ages, with the knee being
the most affected weightbearing joint.[1] The global incidence of knee OA is estimated to be
approximately 10% in men and 18% in women, causing substantial disability, reduced quality of
life, and financial burden.[2] Non-operative management of knee OA continues to evolve, but
delaying eventual total knee arthroplasty (TKA) remains challenging.[3] Current treatment
regimens include exercise therapy, unloader bracing, and analgesic medications. The use of
intra-articular injections has had a dramatic rise in recent years.[4] These include, but are not
limited to corticosteroids and visco-supplementation; however, these formulations are often
limited by short-lived improvements and the inability to demonstrate consistent superiority over
placebos.[5-7] Within recent years, the use of other intra-articular knee injections has expanded
to include an array of biologic options, or “orthobiologics.” These have become part of many
orthopaedic practices, despite a lack of concrete evidence.[8-10] The American Academy of
Orthopaedic Surgeons (AAOS) currently lists the evidence for the use of biologic injections to
treat knee OA as inconclusive due to the lack of consistent Level I and Il studies.[7] However,
existing literature regarding “orthobiologics™ continues to expand, and an updated systematic

review is warranted for proper evaluation.

Biologic therapies can be divided into blood-derived and cellular therapies. The former
involves administration of blood or blood constituents to infuse supraphysiologic concentrations
of cellular components and cytokines into the joint space. They theoretically stimulate
chondrogenic proliferation and differentiation; examples include autologous whole blood cells
and platelet-rich plasma (PRP).[11,12] The latter has garnered considerable attention over the

past decade. Cellular therapies, including stem cells (e.g., bone marrow, adipose, and amniotic
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cells) are theorized to have a more direct pathway in tissue regeneration via direct incorporation
into tissue with capacity to promote growth and differentiation.[13] Despite the widespread use
of these biologic therapies and their increasing allure, no gold standard for their preparation or

administration exists.[14,15]

Non-operative management of knee OA continues to meet the increasing rate of patients
requiring pain management, and the substantial rise of biologic therapies aims to fill this gap.
Delanois et al. evaluated 16 studies assessing biologic therapies from March 2013 to March
2018, most of which were PRP related.[16] They concluded that there is insufficient evidence to
justify the use of these therapies. However, since this publication (2019), the available literature

has grown substantially, and an updated review is warranted.

Therefore, in this updated review, we sought to conduct a systematic review (between
March 1, 2013 and November 30, 2021) evaluating: (1) level of evidence | and Il platelet-rich
plasma (PRP) studies; as well as level of evidence I to 1l1; (2) bone marrow-derived
mesenchymal stem cells (BMSCs); (3) adipose-derived mesenchymal stem cells (ADSCs); and
(4) amniotic-derived mesenchymal stem cells (AMSCs) studies. We assessed: (1) study
methodologies; (2) cell preparations and formulations; (3) patient reported outcome scores

(PROMS); and (4) structural changes.

Methods

This systematic review of biologic therapies for the treatment of knee OA was conducted
according to the Preferred Reporting Items for Systematic Reviews and Meta-Analyses

(PRISMA) guidelines utilizing PubMed, Cochrane Library, and Embase electronic databases
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between April 1, 2018 and November 10, 2021. Registration with PROSPERO was also
completed (CRD42021266982). This study serves to update a previous systemic review of

biologic therapies that included studies until March 2018.[16]

Inclusion criteria consisted of studies published between March 1, 2013 and November
10, 2021, full text availability, and in English (See Figure 1). For PRP studies, exclusion criteria
consisted of any cadaver studies, animal studies, conference abstracts, conference reviews, letters
to the editor, surveys, case reports, case series, reviews, or otherwise levels of evidence I11 or
lower. For BMSCs, ADSCs, and AMSCs, exclusion criteria consisted of similar criteria as above
except for the inclusion of retrospective studies or otherwise levels of evidence I to Il1l. A
decision was made to include lower levels of evidence studies for the non-PRP biologic reports
to account for the limited availability in these categories. Of note, studies from a previous review

by Delanois et al. [16] were assessed for inclusion.

Two authors (J.C. and D.C.) independently performed the initial query. They then applied
the search criteria and assessed relevance to identify the appropriate full text publications.
Duplicates were removed after this initial search. A third author (O.S.) reconciled any existing
discrepancies. For completeness, the selected articles’ references were reviewed and appraised

for possible inclusion. Funding or a third party was not deemed necessary for data collection.

Initial screening for the use of PRP, BMSC, ADSC, and AMSC as treatment for knee OA
yielded 689 studies. Of these, 622 were excluded for the following reasons: (1) only discussed
non-knee joints and/or separate pathologies other than OA; (2) involved non-human study
models; or (3) were editorials/commentaries/letters to the editor. A total of 15 studies met
inclusion criteria from a previous review [16]. This left 82 remaining studies: PRP (51), BMSC

(15), ADSC (11), and AMSC (5).
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Summary Statements

Following critical review of all included studies, a summary statement for each
“orthobiologic” therapy was provided at the end of each result section. This served the purpose

to provide readers with concise, take-home messages for each section.

Study Methodology

The included studies were stratified according to levels of evidence, study models,
cohorts, formulations, follow-up durations, as well as clinical and radiographic outcomes. A
quality assessment was conducted using the Modified Coleman Methodology Score (MCMS),
scaled from 0 to 100.[17] The MCMS provides an objective methodological assessment by
accounting for sample sizes, follow-up times, and clinical effect measurements (See Table 1).
Scores were specifically categorized as “excellent” (85 to 100), “good” (70 to 84), “fair” (55-69),

and “poor” (<55), as reported by Cowen et al.[17]

Results

Platelet-Rich Plasma Therapy

Methodology

Grading the 51 PRP studies using the MCMS yielded: four (8%) “excellent”
[29,42,56,57], 14 (27%) “good”[27,30,32,34,39,40,43,48-51,58,60,61], 25 (49%)
“fair’[19,20,22,23,25,26,31,33,35,37,38,41,44,45,47,53-55,62-68], and eight (16%)

“poor”[18,21,24,28,36,46,52,59] quality reports.
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Preparations and Cellular Formulations

An autologous venous blood draw can be prepared for PRP through differential
centrifugation whereby centrifugal forces separate cellular components based on their specific
gravities. In one method, autologous blood undergoes two centrifugations to ultimately separate
concentrated platelets. In a second method, the blood undergoes high speed centrifugation to
collect the buffy coat layer. Among the studies included in this review, autologous venous blood

was collected and delivered between 1 to 14 milliliters (mL) of PRP (See Table 2).

A total of 19 studies [19,20,45,46,50,51,55,62,63,65,67,22—25,32,34,37,42] described the
platelet count, while only seven [19,23,45-47,50,56] detailed growth factor counts (platelet-
derived growth factor (PDGF) and/or vascular endothelial growth factor (VEGF)) of the cellular

content of the PRP preparations (See Table 3).

The majority utilized a lateral intra-articular approach for PRP delivery. The presence of
leukocytes in the PRP preparation may not be desired given their pro-inflammatory activity, and
their potential benefits on proliferation, differentiation, immunity, and infection is not well-
understood [98]. Eleven of the studies [18,20,66,28,34,42,49,50,52,55,62] reported leukocyte-
rich PRP, while 17 studies [22,23,57,59-61,63,67,99,25,27,39,43,47,51,53,56] reported

leukocyte-poor PRP. The remaining did not report specify leukocyte presence.

Patient Reported Outcome Measures

A total of 24 out of 51 studies compared PRP to hyaluronic acid (HA) (See Table 4). Of
these, 12 studies reported greater improvement in Western Ontario and McMaster Universities
Arthritis Index (WOMAC) scores among PRP patients [23,25,68,99,42,43,50,56,57,61,62,64].

Six studies reported WOMAC score equivalency between PRP and HA [24,27,40,44,46,63], and
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another reported inferior scores [29]. Eleven studies reported higher Visual Analog Scale (VAS)
scores among PRP patients (range 0 to 10, higher scores correspond to increased pain)
[18,24,64,25,27-29,34,42,56,57]. Six studies reported equivalency between PRP and HA
regarding VAS scores [40,44,46,47,50,99], while two studies showed PRP combined with HA as
being superior to PRP alone.[63,67] Another study evaluated the VAS sub-scores and found PRP
to be superior to HA in VAS resting pain, while PRP was equivalent to HA in VAS movement

pain.[40]

Ten out of 51 (20%) studies compared PRP to corticosteroid (CS)
[26,33,35,39,48,49,52,65,99,100]. Of these, four studies reported higher WOMAC scores among
PRP patients [35,48,65,99], while one study found WOMAC score equivalency between PRP
and CS [100]. Four studies reported higher VAS scores among PRP patients [33,48,52,65]. Four
studies reported VAS score equivalency between PRP and CS [39,49,99,100]. Another examined
the synergistic effects of CS with PRP, but found no meaningful WOMAC or VAS score

differences.[26]

Seven (14%) studies compared PRP to normal saline (NS) [32,37,43,45,51,54,66]. Of
these, six reported superior WOMAC scores among PRP patients [32,37,43,45,51,66]. The four
studies reporting VAS scores all demonstrated greater pain improvements among the PRP

patients [32,37,45,51].

Six (12%) studies compared PRP to either: BMSC; exercise therapy; radiofrequency
ablation/shockwave therapy; autologous conditioned serum/dextrose; and ozone
[29,53,55,57,68,76]. In relation to BMSC, WOMAC scores were found to be equivocal or
inferior to PRP.[20,76] Among the two studies evaluating exercise therapy, one reported higher

WOMAC and VAS scores among PRP[55], and the other reported higher WOMAC scores
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among the exercise group.[19] One study reported higher VAS and Lequesne scores in PRP
compared to radiofrequency ablation of the genicular nerve.[30] Conversely, another study
reported higher VAS and Lequesne score among a shockwave therapy group.[31] PRP was
found to be superior to dextrose, and ozone when assessing WOMAC and VAS scores
[29,36,53,57]. In comparison to autologous conditioned serum (ACS), PRP was found to have

inferior WOMAC and VAS scores.[53]

Structural Changes

Four (10%) studies reported radiographic outcomes after PRP use. As compared to HA,
PRP demonstrated higher synovial vascularity and hypertrophy[18], but another study reported
no differences in joint space width.[23] Relative to HA, PRP was reported to have an
insignificantly higher patello-femoral cartilage volume.[50] A study comparing PRP to exercise
therapy found superior radiographic outcomes among PRP users, including: patello-femoral
cartilage volume, synovitis percentage, subarticular bone marrow abnormality, and medial/lateral

meniscal disintegrity.[55]

PRP Summary Statement

Numerous studies assessed PRP in relation to NS, HA, CS, and other comparative
groups. A substantial number were considered to have: (1) “poor” to “fair” methodology (as
measured by the MCMS); (2) highly variable cell preparation, technique, and formulations; (3)
inconsistent pain, function, and stiffness scores; as well as (4) inconsistent structural outcomes as
measured by either ultrasound, radiograph, or MRI evaluations. Overall, the literature assessing

PRP use for knee OA remains inconclusive.

Bone Marrow Stem Cells
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Methodology

Grading the 15 BMSC studies using the MCMS vyielded: seven
“good”’[69,72,75,76,78,79,82], four “fair’[20,71,74,81], and four “poor”[70,73,77,80] quality

reports.

Patient Reported Outcome Measures

Three of the 11 BMSC studies were compared to PRP [20,76,101] (See Table 5). Of
these, BMSC was not superior to PRP in International Knee Documentation Committee (IKDC)
and WOMAC scores[20,101], but demonstrated significant improvements when combined with
PRP (p>0.05).[76] Three studies compared BMSC to HA, but no improvement differences were
demonstrated [72,75,82]. As compared to NS, BMSC demonstrated higher WOMAC pain scores
but equivocal VAS scores [70,78]. As compared to exercise therapy, BMSC provided equivalent
range of motion and VAS, Short Form 12-Item (SF-12), Levels of Emotional Awareness Scale
(LEAS), as well as Knee Society Score (KSS) at three months follow-up.[69] Four other studies

reported general improvements from baseline without a comparison group.[74,77,80,81]

Radiographic Changes

Three studies reported radiographic changes after BMSC injection.[73,74,79] When
comparing BMSC versus saline injected knees, no differences were reported in cartilage
compositions of the medial and lateral femoral condyles as measured by T2 mapping.[79] In a
study comparing microfracture alone to microfracture with BMSC, no significant differences in
coronal or sagittal alignment were reported.[73] A study assessing the effectiveness between

subchondral versus intra-articular injection found no differences in changes of articular cartilage

10



209  morphology, subchondral cysts, bone marrow edema, articular profile, marginal osteophytes,

210  meniscal integrity, and synovitis (WORMS).[74]

211 BMSC Summary Statement

212 Few studies assessed BMSC for the treatment of knee OA. Preparation and

213 administration of these cells varied widely in the assessed studies (see Table 2). The majority
214 had: (1) “poor” to “fair” methodology (as measured by the MCMS); (2) inconsistent pain,

215  function, and stiffness scores; as well as (3) inconsistent structural outcomes as measured by
216  either ultrasound, radiograph, or MRI. Overall, the literature assessing BMSC use for knee OA

217  remains inconclusive.

218

219  Adipose Derived Stem Cells

220  Methodology

221 Grading the ten ADSC studies using the MCMS vyielded: two “good”[86,87], eight
222 “fair’[45,83-85,88-91], and one “poor’[92] quality reports. Similar to the other stem cell types,

223 preparation and administration of these cells varied widely in the assessed studies (see Table 2).

224  Patient Reported Outcome Measures

225 Ten ADSC studies reported non-superior results as compared to PRP, HA, a combination
226 of PRP/HA, or NS cohorts [45,83-86,88-92] (See Table 6). As compared to NS, pain
227  improvement was reported for WOMAC and VAS; however, other parameters resulted in

228  equivocal findings.[88] In a comparison to HA, ADSC demonstrated improved WOMAC and

11
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VAS scores from baseline [87]. When compared to a combination of PRP and HA, ADSC had

equivocal VAS scores, but more improved KOOS and Tegner scores [83].

Structural Changes

Of the included studies, studies evaluated cartilage wear utilizing the Outerbridge
classification as well as MRI Osteoarthritis Knee Score (MOAKS) and found no differences
when compared to either NS or varying doses of SVF injection.[85,86] A RCT compared
microfracture alone versus microfracture with SVF of ADSC also found no differences
according to the Outerbridge classification.[90] When assessing ADSC versus NS, the size of
cartilage defect decreased more in the ADSC group.[88] Comparison of low, mid, and high
ADSC doses yielded no differences in WORMS at 48-weeks post-injection.[92] Additionally, no
differences were noted in T2 mapping sequences of cartilage in groups of ADSC mixed with
either NS, or high or low density PRP.[45] Another study found higher articular cartilage volume

after ADSC injection compared to baseline.[89]

ADSC Summary Statement

Only ten studies assessed ADSC for the treatment of knee OA. Almost all were
considered to have: (1) “fair” methodology (as measured by the MCMS); (2) inconsistent pain,
function, and stiffness scores; as well as (3) inconsistent structural outcomes as measured by
either ultrasound, radiograph, or MRI. Overall, the literature assessing ADSC use for knee OA

remains inconclusive.

Amniotic-Derived Mesenchymal Stem Cells

12
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Methodology

Grading the five AMSC studies using the MCMS yielded: one “good”’[97], two

“fair’[95,96], and two “poor”’[93,94], quality reports.

Patient Reported Outcome Measures

Five studies evaluated AMSC as compared to HA and NS [93-97] (See Table 7). In the
form of amniotic suspension allograft, AMSC was reported to show improved KOOS, VAS, EQ-
5D-5L, Single Assessment Numerical Evaluation (SANE), and Tegner score, compared to
groups.[95] Another study demonstrated improvements regarding WOMAC and VAS scores

compared to HA, but SF-36 scores yielded no differences.[97]

Structural Changes

One study evaluated WORMS and found greater improvements among the AMSC groups
compared to HA; however, a repeated AMSC injection offered no further improvement.[97]
Another study compared ADSC to HA and found no differences when assessing mild or severe

OA treated with AMSC.[94]

ADSC Summary Statement

Only five studies assessed AMSC for the treatment of knee OA. All, but one were
considered to have: (1) “fair” and “poor”” methodology (as measured by the MCMS); (2)
inconsistent pain, function, and stiffness scores; as well as (3) inconsistent structural outcomes as
measured by either ultrasound, radiograph, or MRI. Overall, the literature assessing AMSC use

for knee OA remains inconclusive.
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Discussion

Intra-articular knee injections of “orthobiologics” have garnered considerable attention as
a non-operative modality to manage knee pain. Its use in orthopaedic practices globally continue
to expand.[103,104] In fact, the growth of studies warrants an updated systematic review to
adequately apprise current understanding from a previous review of 16 studies by Delanois et al.,
in 2019.[16] Therefore, we sought to evaluate all level of evidence | to Il studies (levels I and 11
for PRP) evaluating intra-articular biologic injections for knee OA in an update, with inclusion
of eligible studies from the previous review [16]. Only 82 of the 644 (87.3%) studies screened
met inclusion criteria. Despite an increased focus on “orthobiologics” in recent years, studies

continue to demonstrate non-superiority to comparisons groups.

Several limitations exist in this systematic review. The number of available levels I and 11
studies were limited among non-PRP groups (BMSC, ADSC, and AMSC). Therefore, the
authors decided to include up to level 11 studies for this review to capture the existing breadth of
literature available. The number of studies included continue to be skewed towards PRP, likely
due to its attraction and availability over other forms of biologics. The formulations, injection
techniques, and reported outcomes varied across all studies. Thus, study comparisons were
challenging. To offset these limitations, the authors divided the groups such as PRP versus CS or
PRP versus HA, in an attempt to arrive at more meaningful conclusions. Additionally, the
methodology scores were widely varied, with the majority of studies failing to reach “excellent”
or “good” methodologic scores. It is challenging to understand the cost-benefit of administering
these treatment modalities given their high cost variability and limited available clinical efficacy.
For example, the out of pocket costs for a single PRP injection ranges from $300 to $2,500, with

a mean of $750.[105] As orthopaedic surgeons continue to choose alternative payment models,

14
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the cost of various intra-articular injections for the treatment of knee OA may be of increasing
importance. Perhaps the greatest cost reduction may result from the ability for injection-based
therapies to delay TKA. A recent report evaluated the treatment costs for patients who had knee
OA.[106] Among patients with eventual TKA, they found that intra-articular injections of HA
was associated with a substantially decreased costs compared to those not treated with HA. HA
recipients also underwent eventual TKA later than non-HA recipients (16- to 17-month delay
versus 5- to 6-month delay). The strength of our review is that it provides an updated account of

the literature regarding treatment of knee OA with intra-articular biologic injections.

Conclusions

Recent years have seen an amplified interest in “orthobiologics” in the form of increased
available literature. However, these studies remain inconclusive for multiple reasons: varying
levels of methodology scores; cell preparations; as well as inconclusive pain, function, stiffness,
and structural outcomes (as measured by ultrasound, radiograph, or MRI). Standardization
protocols for cell preparations are required to adequately compare studies. Despite a growth of
“orthobiologics” in orthopaedic clinics, this updated systematic review highlights the uncertain

efficacy for use in knee OA.

References

[1] Richards RE, Andersen MS, Harlaar J, van den Noort JC. Relationship between knee joint

15



315

316

317

318

319

320

321

322

323

324

325

326

327

328

329

330

331

332

333

334

335

[2]

[3]

[4]

[5]

[6]

[7]

8]

contact forces and external knee joint moments in patients with medial knee osteoarthritis:
effects of gait modifications. Osteoarthr Cartil 2018;26:1203-14.

https://doi.org/10.1016/J.JOCA.2018.04.011.

Nelson AE. Osteoarthritis year in review 2017: clinical. Osteoarthr Cartil 2018;26:319—

25. https://doi.org/10.1016/j.joca.2017.11.014.

Cui A, Li H, Wang D, Zhong J, Chen Y, Lu H. Global, regional prevalence, incidence and
risk factors of knee osteoarthritis in population-based studies. EClinicalMedicine

2020;29-30:100587. https://doi.org/10.1016/j.eclinm.2020.100587.

Strotman PK, Novicoff WM, Nelson SJ, Browne JA. Increasing Public Interest in Stem
Cell Injections for Osteoarthritis of the Hip and Knee: A Google Trends Analysis. J

Arthroplasty 2019;34:1053-7. https://doi.org/10.1016/J.ARTH.2019.03.002.

Najm A, Alunno A, Gwinnutt JM, Weill C, Berenbaum F. Efficacy of intra-articular
corticosteroid injections in knee osteoarthritis: A systematic review and meta-analysis of
randomized controlled trials. Jt Bone Spine 2021;88:105198.

https://doi.org/10.1016/j.jbspin.2021.105198.

Pavone V, Vescio A, Turchetta M, Giardina SMC, Culmone A, Testa G. Injection-Based
Management of Osteoarthritis of the Knee: A Systematic Review of Guidelines. Front

Pharmacol 2021;12. https://doi.org/10.3389/fphar.2021.661805.

Jevsevar DS. Treatment of osteoarthritis of the knee: Evidence-based guideline, 2nd

edition. J Am Acad Orthop Surg 2013. https://doi.org/10.5435/JAAOS-21-09-571.

Ng M, Song S, Piuzzi NS, Ng K, Gwam C, Mont MA, et al. Stem cell industry update:

16



336

337

338

339

340

341

342

343

344

345

346

347

348

349

350

351

352

353

354

355

356

[9]

[10]

[11]

[12]

[13]

[14]

[15]

2012 to 2016 reveals accelerated investment, but market capitalization and earnings lag.

Cytotherapy 2017;19:1131-9. https://doi.org/10.1016/j.jcyt.2017.07.006.

Murray IR, Chahla J, Frank RM, Piuzzi NS, Mandelbaum BR, Dragoo JL. Rogue stem
cell clinics. Bone Jt J 2020;102 B:148-54. https://doi.org/10.1302/0301-620X.102B2.BJJ-

2019-1104.R1.

Rubin R. Unproven but Profitable: The Boom in US Stem Cell Clinics. JAMA -J Am

Med Assoc 2018;320:1421-3. https://doi.org/10.1001/jama.2018.13861.

Andia I, Maffulli N. Platelet-rich plasma for managing pain and inflammation in
osteoarthritis. Nat Rev Rheumatol 2013;9:721-30.

https://doi.org/10.1038/nrrheum.2013.141.

Southworth TM, Naveen NB, Tauro TM, Leong NL, Cole BJ. The Use of Platelet-Rich
Plasma in Symptomatic Knee Osteoarthritis. J Knee Surg 2019;32:37-45.

https://doi.org/10.1055/s-0038-1675170.

McGonagle D, Baboolal TG, Jones E. Native joint-resident mesenchymal stem cells for
cartilage repair in osteoarthritis. Nat Rev Rheumatol 2017;13:719-30.

https://doi.org/10.1038/nrrheum.2017.182.

Kolasinski SL, Neogi T, Hochberg MC, QOatis C, Guyatt G, Block J, et al. 2019 American
College of Rheumatology/Arthritis Foundation Guideline for the Management of
Osteoarthritis of the Hand, Hip, and Knee. Arthritis Care Res 2020;72:149-62.

https://doi.org/10.1002/acr.24131.

Bannuru RR, Osani MC, Vaysbrot EE, Arden NK, Bennell K, Bierma-Zeinstra SMA, et

17



357

358

359

360

361

362

363

364

365

366

367

368

369

370

371

372

373

374

375

376

377

378

[16]

[17]

[18]

[19]

[20]

[21]

al. OARSI guidelines for the non-surgical management of knee, hip, and polyarticular

osteoarthritis. Osteoarthr Cartil 2019. https://doi.org/10.1016/j.joca.2019.06.011.

Delanois RE, Etcheson JI, Sodhi N, Henn RF, Gwam CU, George NE, et al. Biologic
Therapies for the Treatment of Knee Osteoarthritis. J Arthroplasty 2019;34:801-13.

https://doi.org/10.1016/j.arth.2018.12.001.

Cowan J, Lozano-Calderdn S, Ring D. Quality of prospective controlled randomized
trials: Analysis of trials of treatment for lateral epicondylitis as an example. J Bone Jt Surg

- Ser A 2007;89:1693-9. https://doi.org/10.2106/JBJS.F.00858.

Ahmad HS, Farrag SE, Okasha AE, Kadry AO, Ata TB, Monir AA, et al. Clinical
outcomes are associated with changes in ultrasonographic structural appearance after
platelet-rich plasma treatment for knee osteoarthritis. Int J Rheum Dis 2018;21:960-6.

https://doi.org/10.1111/1756-185X.13315.

Akan O, Sarikaya NO, Kogyigit H. Efficacy of platelet-rich plasma administration in
patients with severe knee osteoarthritis: Can platelet-rich plasma administration delay

arthroplasty in this patient population? Int J Clin Exp Med 2018.

Anz AW, Hubbard R, Rendos NK, Everts PA, Andrews JR, Hackel JG. Bone Marrow
Aspirate Concentrate Is Equivalent to Platelet-Rich Plasma for the Treatment of Knee
Osteoarthritis at 1 Year: A Prospective, Randomized Trial. Orthop J Sport Med 2020;8.

https://doi.org/10.1177/2325967119900958.

Ayeni F, Esan O, Ikem IC, Adegbehingbe OO. Early Outcome of Platelet Rich Plasma
and Non-steroidal Anti-inflammatory Agent Alone and in Combination on Primary Knee

Osteoarthritis. J Clin DIAGNOSTIC Res 2019.

18



379

380

381

382

383

384

385

386

387

388

389

390

391

392

393

394

395

396

397

398

399

[22]

[23]

[24]

[25]

[26]

[27]

https://doi.org/10.7860/jcdr/2019/42135.13301.

Baki NMA, Nawito ZO, Abdelsalam NMS, Sabry D, Elashmawy H, Seleem NA, et al.
Does Intra-Articular Injection of Platelet-Rich Plasma Have an Effect on Cartilage
Thickness in Patients with Primary Knee Osteoarthritis? Curr Rheumatol Rev 2021;17.

https://doi.org/10.2174/1573397117666210114151701.

Bansal H, Leon J, Pont JL, Wilson DA, Bansal A, Agarwal D, et al. Platelet-rich plasma
(PRP) in osteoarthritis (OA) knee: Correct dose critical for long term clinical efficacy. Sci

Rep 2021;11:3971. https://doi.org/10.1038/541598-021-83025-2.

Bashaev Ul, Karakursakov NE, Mykhaylichenko VY, Kriventsov MA. Platelet-rich
plasma administering in osteoarthrosis treatment. Russ Open Med J 2021.

https://doi.org/10.15275/RUSOMJ.2021.0111.

Buendia-L6pez D, Medina-Quirds M, Fernandez-Villacafias Marin MA. Clinical and
radiographic comparison of a single LP-PRP injection, a single hyaluronic acid injection
and daily NSAID administration with a 52-week follow-up: a randomized controlled trial.

J Orthop Traumatol 2018. https://doi.org/10.1186/s10195-018-0501-3.

Camurcu Y, Sofu H, Ucpunar H, Kockara N, Cobden A, Duman S. Single-dose intra-
articular corticosteroid injection prior to platelet-rich plasma injection resulted in better
clinical outcomes in patients with knee osteoarthritis: A pilot study. J Back Musculoskelet

Rehabil 2018;31:603-10. https://doi.org/10.3233/BMR-171066.

Cole BJ, Karas V, Hussey K, Pilz K, Fortier LA. Hyaluronic Acid Versus Platelet-Rich

Plasma. Am J Sports Med 2017;45:339-46. https://doi.org/10.1177/0363546516665809.

19



400

401

402

403

404

405

406

407

408

409

410

411

412

413

414

415

416

417

418

419

420

421

[28]

[29]

[30]

[31]

[32]

[33]

Di Martino A, Di Matteo B, Papio T, Tentoni F, Selleri F, Cenacchi A, et al. Platelet-Rich
Plasma Versus Hyaluronic Acid Injections for the Treatment of Knee Osteoarthritis:
Results at 5 Years of a Double-Blind, Randomized Controlled Trial. Am J Sports Med

2019;47:347-54. https://doi.org/10.1177/0363546518814532.

Duymus TM, Mutlu S, Dernek B, Komur B, Aydogmus S, Kesiktas FN. Choice of intra-
articular injection in treatment of knee osteoarthritis: platelet-rich plasma, hyaluronic acid
or ozone options. Knee Surgery, Sport Traumatol Arthrosc 2017;25:485-92.

https://doi.org/10.1007/s00167-016-4110-5.

Elawamy A, Kamel EZ, Mahran SA, Abdellatif H, Hassanien M. Efficacy of genicular
nerve radiofrequency ablation versus intra-articular platelet rich plasma in chronic knee
osteoarthritis: A single-blind randomized clinical trial. Pain Physician 2021.

https://doi.org/10.36076/pp;j.2021.24.127-134.

MOHAMED HUSSEIN ELGENDY, SARA ABDULLA ELSAMAHY, MOHAMED
SERAG ELDEIN MAHGOUB MOSTAFA MSKH. Efficacy Of Shockwave Therapy
Versus Intra-Articular Platelet-Rich Plasma Injection In Management Of Knee
Osteoarthritis: A Randomized Controlled Trial. Int J Pharm Res 2020;12.

https://doi.org/10.31838/ijpr/2020.12.04.589.

Elik H, Doiu B, Yllmaz F, Begoilu FA, Kuran B. The efficiency of platelet-rich plasma
treatment in patients with knee osteoarthritis. J Back Musculoskelet Rehabil 2020;33:127—-

38. https://doi.org/10.3233/BMR-181374.

Elksnins-Finogejevs A, Vidal L, Peredistijs A. Intra-articular platelet-rich plasma vs

corticosteroids in the treatment of moderate knee osteoarthritis: A single-center

20



422

423

424

425

426

427

428

429

430

431

432

433

434

435

436

437

438

439

440

441

442

443

[34]

[35]

[36]

[37]

[38]

[39]

prospective randomized controlled study with a 1-year follow up. J Orthop Surg Res

2020;15:257. https://doi.org/10.1186/s13018-020-01753-z.

Filardo G, Di Matteo B, Di Martino A, Merli ML, Cenacchi A, Fornasari P, et al. Platelet-
rich plasma intra-articular knee injections show no superiority versus
viscosupplementation: A randomized controlled trial. Am J Sports Med 2015;43:1575-82.

https://doi.org/10.1177/0363546515582027.

De Menezes Freire MR, Da Silva PMC, Azevedo AR, Silva DS, Da Silva RBB, Cardoso
JC. Comparative effect between infiltration of plateletrich plasma and the use of
corticosteroids in the treatment of knee osteoarthritis: A prospective and randomized

clinical trial. Rev Bras Ortop 2020;55:551-6. https://doi.org/10.1016/j.rb0.2018.01.001.

Gaballa NM, Mohammed YA, Kamel LM, Mahgoub HM. Therapeutic efficacy of intra-
articular injection of platelet-rich plasma and ozone therapy in patients with primary knee

osteoarthritis. Egypt Rheumatol 2019. https://doi.org/10.1016/j.ejr.2018.07.005.

Ghai B, Gupta V, Jain A, Goel N, Chouhan D, Batra YK. Effectiveness of platelet rich
plasma in pain management of osteoarthritis knee: double blind, randomized comparative

study. Brazilian J Anesthesiol 2019. https://doi.org/10.1016/j.bjan.2019.06.003.

Huang Y, Liu X, Xu X, Liu J. Intra-articular injections of platelet-rich plasma, hyaluronic
acid or corticosteroids for knee osteoarthritis: A prospective randomized controlled study.

Orthopade 2019;48:239-47. https://doi.org/10.1007/s00132-018-03659-5.

Jubert NJ, Rodriguez L, Reverté-Vinaixa MM, Navarro A. Platelet-rich plasma injections
for advanced knee osteoarthritis: A prospective, randomized, double-blinded clinical trial.
Orthop J Sport Med 2017;5:1-11. https://doi.org/10.1177/2325967116689386.

21



444

445

446

447

448

449

450

451

452

453

454

455

456

457

458

459

460

461

462

463

464

465

[40]

[41]

[42]

[43]

[44]

[45]

Kesiktas FN, Dernek B, Sen El, Albayrak HN, Aydin T, Yildiz M. Comparison of the
short-term results of single-dose intra-articular peptide with hyaluronic acid and platelet-
rich plasma injections in knee osteoarthritis: a randomized study. Clin Rheumatol

2020;39:3057—64. https://doi.org/10.1007/s10067-020-05121-4.

Khan AF, Gillani SFUHS, Khan AF. Role of intra-articular corticosteroid with xylocaine
vs plate rich plasma for the treatment of early grade 11 knee osteoarthritis at Akhtar Saeed
Teaching Hospital Lahore: A randomized controlled trail. Pakistan J Med Heal Sci

2018;12:1432-5.

Duarte Lana JFS. Randomized controlled trial comparing hyaluronic acid, platelet-rich
plasma and the combination of both in the treatment of mild and moderate osteoarthritis of

the knee. J Stem Cells Regen Med 2016;13:P81-3.

Lin KY, Yang CC, Hsu CJ, Yeh ML, Renn JH. Intra-articular Injection of Platelet-Rich
Plasma Is Superior to Hyaluronic Acid or Saline Solution in the Treatment of Mild to
Moderate Knee Osteoarthritis: A Randomized, Double-Blind, Triple-Parallel, Placebo-
Controlled Clinical Trial. Arthrosc - J Arthrosc Relat Surg 2019;35:106-17.

https://doi.org/10.1016/j.arthro.2018.06.035.

Lisi C, Perotti C, Scudeller L, Sammarchi L, Dametti F, Musella V, et al. Treatment of
knee osteoarthritis: platelet-derived growth factors vs. hyaluronic acid. A randomized

controlled trial. Clin Rehabil 2018. https://doi.org/10.1177/0269215517724193.

Louis ML, Dumonceau RG, Jouve E, Cohen M, Djouri R, Richardet N, et al. Intra-
articular Injection of Autologous Microfat and Platelet-Rich Plasma in the Treatment of

Knee Osteoarthritis: A Double-Blind Randomized Comparative Study. Arthrosc J

22



466

467

468

469

470

471

472

473

474

475

476

477

478

479

480

481

482

483

484

485

486

487

[46]

[47]

[48]

[49]

[50]

Arthrosc Relat Surg 2021;0. https://doi.org/10.1016/j.arthro.2021.03.074.

Louis ML, Magalon J, Jouve E, Bornet CE, Mattei JC, Chagnaud C, et al. Growth Factors
Levels Determine Efficacy of Platelets Rich Plasma Injection in Knee Osteoarthritis: A
Randomized Double Blind Noninferiority Trial Compared With Viscosupplementation.
Arthrosc - J Arthrosc Relat Surg 2018;34:1530-1540.e2.

https://doi.org/10.1016/j.arthro.2017.11.035.

Montafiez-Heredia E, Irizar S, Huertas PJ, Otero E, Del Valle M, Prat |, et al. Intra-
articular injections of platelet-rich plasma versus hyaluronic acid in the treatment of
osteoarthritic knee pain: A randomized clinical trial in the context of the Spanish national

health care system. Int J Mol Sci 2016;17. https://doi.org/10.3390/ijms17071064.

Nabi BN, Sedighinejad A, Mardani-Kivi M, Haghighi M, Roushan ZA, Tehran SG, et al.
Comparing the effectiveness of intra-articular platelet-rich plasma and corticosteroid
injection under ultrasound guidance on pain control of knee osteoarthritis. Iran Red

Crescent Med J 2018. https://doi.org/10.5812/ircmj.62157.

Paterson KL, Nicholls M, Bennell KL, Bates D. Intra-articular injection of photo-activated
platelet-rich plasma in patients with knee osteoarthritis: A double-blind, randomized
controlled pilot study. BMC Musculoskelet Disord 2016;17:1-9.

https://doi.org/10.1186/s12891-016-0920-3.

Park YB, Kim JH, Ha CW, Lee DH. Clinical Efficacy of Platelet-Rich Plasma Injection
and Its Association With Growth Factors in the Treatment of Mild to Moderate Knee
Osteoarthritis: A Randomized Double-Blind Controlled Clinical Trial As Compared With

Hyaluronic Acid. Am J Sports Med 2021;49:487-96.

23



488

489

490

491

492

493

494

495

496

497

498

499

500

501

502

503

504

505

506

507

508

509

[51]

[52]

[53]

[54]

[55]

[56]

https://doi.org/10.1177/0363546520986867.

Patel S, Dhillon MS, Aggarwal S, Marwaha N, Jain A. Treatment with platelet-rich
plasma is more effective than placebo for knee osteoarthritis: A prospective, double-blind,
randomized trial. Am J Sports Med 2013;41:356-64.

https://doi.org/10.1177/0363546512471299.

Phul SH. Comparison of intra-articular steroids injection versus platelets rich plasma
injection in patients with osteoarthritic knee joints | Request PDF. Pakistan J Med Heal

Sci 2018;12:931-4.

Pishgahi A, Abolhasan R, Shakouri SK, Zangbar MSS, Dareshiri S, Kiyakalayeh SR, et al.
Effect of dextrose prolotherapy, platelet rich plasma and autologous conditioned serum on
knee osteoarthritis: A randomized clinical trial. Iran J Allergy, Asthma Immunol

2020;19:243-52. https://doi.org/10.18502/ijaai.v19i3.3452.

Qamar A, Mohsin SN, Siddiqui UN, Naz S, Danish S. Effectiveness of Platelet Rich
Plasma for the Management of Knee Osteoarthritis. Pakistan J Med Heal Sci 2021.

https://doi.org/10.53350/pjmhs211571553.

Raeissadat SA, Ghorbani E, Taheri MS, Soleimani R, Rayegani SM, Babaee M, et al.
MRI changes after platelet rich plasma injection in knee osteoarthritis (Randomized

clinical trial). J Pain Res 2020;13:65-73. https://doi.org/10.2147/JPR.S204788.

Raeissadat SA, Ahangar AG, Rayegani SM, Sajjadi MM, Ebrahimpour A, Yavari P.
Platelet-rich plasma-derived growth factor vs hyaluronic acid injection in the individuals
with knee osteoarthritis: A one year randomized clinical trial. J Pain Res 2020;13:1699—
711. https://doi.org/10.2147/JPR.S210715.

24



510

511

512

513

514

515

516

517

518

519

520

521

522

523

524

525

526

527

528

529

530

531

[57]

[58]

[59]

[60]

[61]

[62]

Raeissadat SA, Ghazi Hosseini P, Bahrami MH, Salman Roghani R, Fathi M, Gharooee

Ahangar A, et al. The comparison effects of intra-articular injection of Platelet Rich

Plasma (PRP), Plasma Rich in Growth Factor (PRGF), Hyaluronic Acid (HA), and ozone

in knee osteoarthritis; a one year randomized clinical trial. BMC Musculoskelet Disord

2021;22. https://doi.org/10.1186/s12891-021-04017-x.

Rahimzadeh P, Imani F, Faiz SHR, Entezary SR, Zamanabadi MN, Alebouyeh MR. The
effects of injecting intra-articular platelet-rich plasma or prolotherapy on pain score and
function in knee osteoarthritis. Clin Interv Aging 2018.

https://doi.org/10.2147/CIA.S147757.

Reyes-Sosa R, Lugo-Radillo A, Ruiz-Olivera MDR, Cruz-Santiago L, Garcia-Cruz CR,
Mendoza-Cano O. Clinical comparison of platelet-rich plasma injection and daily
celecoxib administration in the treatment of early knee osteoarthritis: A randomized

clinical trial. J Appl Biomed 2020;18:41-5. https://doi.org/10.32725/jab.2020.012.

Simental-Mendia M, Vilchez-Cavazos JF, Pefia-Martinez VM, Said-Fernandez S, Lara-
Arias J, Martinez-Rodriguez HG. Leukocyte-poor platelet-rich plasma is more effective
than the conventional therapy with acetaminophen for the treatment of early knee
osteoarthritis. Arch Orthop Trauma Surg 2016;136:1723-32.

https://doi.org/10.1007/s00402-016-2545-2.

Smith PA. Intra-articular Autologous Conditioned Plasma Injections Provide Safe and
Efficacious Treatment for Knee Osteoarthritis. Am J Sports Med 2016;44:884-91.

https://doi.org/10.1177/0363546515624678.

Su K, Bai Y, Wang J, Zhang H, Liu H, Ma S. Comparison of hyaluronic acid and PRP

25



532

533

534

535

536

537

538

539

540

541

542

543

544

545

546

547

548

549

550

551

552

553

[63]

[64]

[65]

[66]

[67]

intra-articular injection with combined intra-articular and intraosseous PRP injections to
treat patients with knee osteoarthritis. Clin Rheumatol 2018;37:1341-50.

https://doi.org/10.1007/s10067-018-3985-6.

Sun SF, Lin GC, Hsu CW, Lin HS, Liou IH si., Wu SY. Comparing efficacy of
intraarticular single crosslinked Hyaluronan (HYAJOINT Plus) and platelet-rich plasma
(PRP) versus PRP alone for treating knee osteoarthritis. Sci Rep 2021;11:140.

https://doi.org/10.1038/s41598-020-80333-x.

Tavassoli M, Janmohammadi N, Hosseini A, Khafri S, Esmaeilnejad-Ganji SM. Single-
and double-dose of platelet-rich plasma versus hyaluronic acid for treatment of knee
osteoarthritis: A randomized controlled trial. World J Orthop 2019;10:311-26.

https://doi.org/10.5312/wj0.v10.i9.310.

Uslu Guvendi E, Askin A, Giivendi G, Kogyigit H. Comparison of efficiency between
corticosteroid and platelet rich plasma injection therapies in patients with knee
osteoarthritis. Arch Rheumatol 2018;33:273-81.

https://doi.org/10.5606/ArchRheumatol.2018.6608.

Wu YT, Hsu KC, Li TY, Chang CK, Chen LC. Effects of Platelet-Rich Plasma on Pain
and Muscle Strength in Patients with Knee Osteoarthritis. Am J Phys Med Rehabil

2018;97:248-54. https://doi.org/10.1097/PHM.0000000000000874.

Xu Z, He Z, Shu L, Li X, Ma M, Ye C. Intra-Articular Platelet-Rich Plasma Combined
With Hyaluronic Acid Injection for Knee Osteoarthritis Is Superior to Platelet-Rich
Plasma or Hyaluronic Acid Alone in Inhibiting Inflammation and Improving Pain and

Function. Arthrosc - J Arthrosc Relat Surg 2021;37:903-15.

26



554

555

556

557

558

559

560

561

562

563

564

565

566

567

568

569

570

571

572

573

574

575

[68]

[69]

[70]

[71]

[72]

https://doi.org/10.1016/j.arthro.2020.10.013.

Yu W, Xu P, Huang G, Liu L. Clinical therapy of hyaluronic acid combined with platelet-
rich plasma for the treatment of knee osteoarthritis. Exp Ther Med 2018;16:2119-25.

https://doi.org/10.3892/etm.2018.6412.

Centeno C, Sheinkop M, Dodson E, Stemper I, Williams C, Hyzy M, et al. A specific
protocol of autologous bone marrow concentrate and platelet products versus exercise
therapy for symptomatic knee osteoarthritis: A randomized controlled trial with 2 year

follow-up. J Transl Med 2018;16:355. https://doi.org/10.1186/s12967-018-1736-8.

EMADEDIN M, LABIBZADEH N, LIASTANI MG, KARIMI A, JAROUGHI NEDA,
BOLURIEH TINA, et al. Intra-articular implantation of autologous bone marrow—derived
mesenchymal stromal cells to treat knee osteoarthritis: a randomized, triple-blind,
placebo-controlled phase 1/2 clinical trial. Cytotherapy 2018;20:1238-46.

https://doi.org/10.1016/j.jcyt.2018.08.005.

Estrada E, Décima JL, Rodriguez M, Di Tomaso M, Roberti J. Patient-Reported
Outcomes After Platelet-Rich Plasma, Bone Marrow Aspirate, and Adipose-Derived
Mesenchymal Stem Cell Injections for Symptomatic Knee Osteoarthritis. Clin Med
Insights Arthritis Musculoskelet Disord 2020;13.

https://doi.org/10.1177/1179544120931086.

Gupta PK, Chullikana A, Rengasamy M, Shetty N, Pandey V, Agarwal V, et al. Efficacy
and safety of adult human bone marrow-derived, cultured, pooled, allogeneic
mesenchymal stromal cells (Stempeucel®): Preclinical and clinical trial in osteoarthritis of

the knee joint. Arthritis Res Ther 2016;18:1-18. https://doi.org/10.1186/s13075-016-

27



576

577

578

579

580

581

582

583

584

585

586

587

588

589

590

591

592

593

594

595

596

597

[73]

[74]

[75]

[76]

[77]

1195-7.

Jin QH, Chung YW, Na SM, Ahn HW, Jung DM, Seon JK. Bone marrow aspirate
concentration provided better results in cartilage regeneration to microfracture in knee of
osteoarthritic patients. Knee Surgery, Sport Traumatol Arthrosc 2021;29:1090-7.

https://doi.org/10.1007/s00167-020-06099-x.

Kon E, Boffa A, Andriolo L, Di Martino A, Di Matteo B, Magarelli N, et al. Subchondral
and intra-articular injections of bone marrow concentrate are a safe and effective treatment
for knee osteoarthritis: a prospective, multi-center pilot study. Knee Surgery, Sport

Traumatol Arthrosc 2021:1-9. https://doi.org/10.1007/s00167-021-06530-x.

Lamo-Espinosa JM, Mora G, Blanco JF, Granero-Molté F, Nufiez-Cérdoba JM, Sanchez-
Echenique C, et al. Intra-articular injection of two different doses of autologous bone
marrow mesenchymal stem cells versus hyaluronic acid in the treatment of knee
osteoarthritis: Multicenter randomized controlled clinical trial (phase I/11). J Transl Med

2016;14:1-9. https://doi.org/10.1186/s12967-016-0998-2.

Lamo-Espinosa JM, Blanco JF, Sanchez M, Moreno V, Granero-Molté F, Sanchez-Guijo
F, et al. Phase Il multicenter randomized controlled clinical trial on the efficacy of intra-
articular injection of autologous bone marrow mesenchymal stem cells with platelet rich
plasma for the treatment of knee osteoarthritis. J Transl Med 2020;18:356.

https://doi.org/10.1186/s12967-020-02530-6.

Rodriguez-Fontan F, Piuzzi NS, Kraeutler MJ, Pascual-Garrido C. Early Clinical
Outcomes of Intra-Articular Injections of Bone Marrow Aspirate Concentrate for the

Treatment of Early Osteoarthritis of the Hip and Knee: A Cohort Study. PM R

28



598

599

600

601

602

603

604

605

606

607

608

609

610

611

612

613

614

615

616

617

618

619

[78]

[79]

[80]

[81]

[82]

[83]

2018;10:1353-9. https://doi.org/10.1016/j.pmrj.2018.05.016.

Shapiro SA, Kazmerchak SE, Heckman MG, Zubair AC, O’Connor MI. A Prospective,
Single-Blind, Placebo-Controlled Trial of Bone Marrow Aspirate Concentrate for Knee
Osteoarthritis. Am J Sports Med 2017;45:82-90.

https://doi.org/10.1177/0363546516662455.

Shapiro SA, Arthurs JR, Heckman MG, Bestic JM, Kazmerchak SE, Diehl NN, et al.
Quantitative T2 MRI Mapping and 12-Month Follow-up in a Randomized, Blinded,
Placebo Controlled Trial of Bone Marrow Aspiration and Concentration for Osteoarthritis

of the Knees. Cartilage 2019;10:432-43. https://doi.org/10.1177/1947603518796142.

Themistocleous GS, Chloros GD, Kyrantzoulis IM, Georgokostas IA, Themistocleous
MS, Papagelopoulos PJ, et al. Effectiveness of a single intra-articular bone marrow
aspirate concentrate (BMAC) injection in patients with grade 3 and 4 knee osteoarthritis.

Heliyon 2018;4:871. https://doi.org/10.1016/j.heliyon.2018.e00871.

Toan DD, Binh NT, Dung TT, Thuy LQ, Hoa ND, Long NH, et al. The effectiveness of
knee osteoarthritis treatment by arthroscopic microfracture technigue in combination with
autologous bone marrow stem cells transplantation. J Back Musculoskelet Rehabil

2020;33:397-403. https://doi.org/10.3233/BMR-191665.

Vega A, Martin-Ferrero MA, Canto F Del, Alberca M, Garcia V, Munar A, et al.
Treatment of knee osteoarthritis with allogeneic bone marrow mesenchymal stem cells: A
randomized controlled trial. Transplantation 2015;99:1681-90.

https://doi.org/10.1097/TP.0000000000000678.

Dallo I, Szwedowski D, Mobasheri A, Irlandini E, Gobbi A. A Prospective Study

29



620

621

622

623

624

625

626

627

628

629

630

631

632

633

634

635

636

637

638

639

640

641

[84]

[85]

[86]

[87]

[88]

[89]

Comparing Leukocyte-Poor Platelet-Rich Plasma Combined with Hyaluronic Acid and
Autologous Microfragmented Adipose Tissue in Patients with Early Knee Osteoarthritis.

Stem Cells Dev 2021;30:651-9. https://doi.org/10.1089/scd.2021.0053.

Ehlers CB, Webb AR, McCormick BP, Wyand TJ, Sarna N, Povey K, et al. Standardized
Platelet Rich Plasma Injections for Osteoarthritis of the Knee. Cureus 2020;12:1-7.

https://doi.org/10.7759/cureus.10900.

Freitag J, Bates D, Wickham J, Shah K, Huguenin L, Tenen A, et al. Adipose-derived
mesenchymal stem cell therapy in the treatment of knee osteoarthritis: A randomized

controlled trial. Regen Med 2019;14:213-30. https://doi.org/10.2217/rme-2018-0161.

Garza JR, Campbell RE, Tjoumakaris FP, Freedman KB, Miller LS, Santa Maria D, et al.
Clinical Efficacy of Intra-articular Mesenchymal Stromal Cells for the Treatment of Knee
Osteoarthritis: A Double-Blinded Prospective Randomized Controlled Clinical Trial. Am

J Sports Med 2020;48:588-98. https://doi.org/10.1177/0363546519899923.

Kuah D, Sivell S, Longworth T, James K, Guermazi A, Cicuttini F, et al. Safety,
tolerability and efficacy of intra-articular Progenza in knee osteoarthritis: A randomized
double-blind placebo-controlled single ascending dose study. J Transl Med 2018;16:1-13.

https://doi.org/10.1186/s12967-018-1420-z.

Lee WS, Kim HJ, Kim K Il, Kim GB, Jin W. Intra-Articular Injection of Autologous
Adipose Tissue-Derived Mesenchymal Stem Cells for the Treatment of Knee
Osteoarthritis: A Phase I1b, Randomized, Placebo-Controlled Clinical Trial. Stem Cells

Transl Med 2019;8:504-11. https://doi.org/10.1002/sctm.18-0122.

LulL, Dai C, Zhang Z, DuH, Li S, Ye P, et al. Treatment of knee osteoarthritis with intra-

30



642

643

644

645

646

647

648

649

650

651

652

653

654

655

656

657

658

659

660

661

662

663

[90]

[91]

[92]

[93]

[94]

[95]

articular injection of autologous adipose-derived mesenchymal progenitor cells: a
prospective, randomized, double-blind, active-controlled, phase Ilb clinical trial. Stem

Cell Res Ther 2019;10:143. https://doi.org/10.1186/s13287-019-1248-3.

Tran TDX, Wu C-M, Dubey NK, Deng Y-H, Su C-W, Pham TT, et al. Time- and
Kellgren—Lawrence Grade-Dependent Changes in Intra-Articularly Transplanted Stromal
Vascular Fraction in Osteoarthritic Patients. Cells 2019;8:308.

https://doi.org/10.3390/cells8040308.

Yokota N, Hattori M, Ohtsuru T, Otsuji M, Lyman S, Shimomura K, et al. Comparative
Clinical Outcomes After Intra-articular Injection With Adipose-Derived Cultured Stem
Cells or Noncultured Stromal Vascular Fraction for the Treatment of Knee Osteoarthritis.

Am J Sports Med 2019;47:2577-83. https://doi.org/10.1177/0363546519864359.

Zhao X, Ruan J, Tang H, Li J, Shi Y, Li M, et al. Multi-compositional MRI evaluation of
repair cartilage in knee osteoarthritis with treatment of allogeneic human adipose-derived
mesenchymal progenitor cells. Stem Cell Res Ther 2019;10.

https://doi.org/10.1186/s13287-019-1406-7.

Castellanos R, Tighe S. Injectable Amniotic Membrane/Umbilical Cord Particulate for
Knee Osteoarthritis: A Prospective, Single-Center Pilot Study. Pain Med (United States)

2019;20:2283-91. https://doi.org/10.1093/pm/pnz143.

Dilogo IH, Feby A, Alberto C, Hanitya L. Umbilical cord - derived mesenchymal stem

cells for treating osteoarthritis of the knee : a single - arm , open - label study 2020:12-5.

Farr J, Gomoll AH, Yanke AB, Strauss EJ, Mowry KC, Study Group A A. A Randomized
Controlled Single-Blind Study Demonstrating Superiority of Amniotic Suspension

31



664

665

666

667

668

669

670

671

672

673

674

675

676

677

678

679

680

681

682

683

684

685

[96]

[97]

[98]

[99]

[100]

Allograft Injection Over Hyaluronic Acid and Saline Control for Modification of Knee
Osteoarthritis Symptoms. J Knee Surg 2019;32:1143-54. https://doi.org/10.1055/s-0039-

1696672.

Gomoll AH, Farr J, Cole BJ, Flanigan DC, Lattermann C, Mandelbaum BR, et al. Safety
and Efficacy of an Amniotic Suspension Allograft Injection Over 12 Months in a Single-
Blinded, Randomized Controlled Trial for Symptomatic Osteoarthritis of the Knee.
Arthrosc - J Arthrosc Relat Surg 2021;37:2246-57.

https://doi.org/10.1016/j.arthro.2021.02.044.

Matas J, Orrego M, Amenabar D, Infante C, Tapia-Limonchi R, Cadiz Ml, et al.
Umbilical Cord-Derived Mesenchymal Stromal Cells (MSCs) for Knee Osteoarthritis:
Repeated MSC Dosing Is Superior to a Single MSC Dose and to Hyaluronic Acid in a
Controlled Randomized Phase I/11 Trial. Stem Cells Transl Med 2019;8:215-24.

https://doi.org/10.1002/sctm.18-0053.

Dohan Ehrenfest DM, Rasmusson L, Albrektsson T. Classification of platelet
concentrates: from pure platelet-rich plasma (P-PRP) to leucocyte- and platelet-rich fibrin
(L-PRF). Trends Biotechnol 2009;27:158-67.

https://doi.org/10.1016/j.tibtech.2008.11.009.

Huang Y, Liu X, Xu X, Liu J. Intra-articular injections of platelet-rich plasma, hyaluronic
acid or corticosteroids for knee osteoarthritis: A prospective randomized controlled study.

Orthopade 2019. https://doi.org/10.1007/s00132-018-03659-5.

Silver FH, Bradica G, Tria AJ. Relationship among biomechanical, biochemical, and

cellular changes associated with osteoarthritis. Crit Rev Biomed Eng 2001;29:373-91.

32



686

687

688

689

690

691

692

693

694

695

696

697

698

699

700

701

702

703

704

705

706

707

[101]

[102]

[103]

[104]

[105]

[106]

https://doi.org/10.1615/CritRevBiomedEng.v29.i4.10.

Estrada E, Décima JL, Rodriguez M, Di Tomaso M, Roberti J. Patient-Reported
Outcomes After Platelet-Rich Plasma, Bone Marrow Aspirate, and Adipose-Derived
Mesenchymal Stem Cell Injections for Symptomatic Knee Osteoarthritis. Clin Med
Insights Arthritis Musculoskelet Disord 2020;13:1-8.

https://doi.org/10.1177/1179544120931086.

Gomoll AH, Farr J, Cole BJ, Flanigan DC, Lattermann C, Mandelbaum BR, et al. Safety
and Efficacy of an Amniotic Suspension Allograft Injection Over 12 Months in a Single-
Blinded, Randomized Controlled Trial for Symptomatic Osteoarthritis of the Knee.
Arthrosc - J Arthrosc Relat Surg 2021;37:2246-57.

https://doi.org/10.1016/j.arthro.2021.02.044.

Sundaram K, Vargas-Hernandez JS, Sanchez TR, Moreu NM, Mont MA, Higuera CA, et
al. Are subchondral intraosseous injections effective and safe for the treatment of knee
osteoarthritis? a systematic review. J Knee Surg 2019. https://doi.org/10.1055/s-0039-

1677792.

Ng MK, Mont MA, Piuzzi NS. Analysis of Readability, Quality, and Content of Online
Information Available for “Stem Cell” Injections for Knee Osteoarthritis. J Arthroplasty

2020. https://doi.org/10.1016/j.arth.2019.10.013.

Jones IA, Togashi RC, Thomas Vangsness C. The Economics and Regulation of PRP in
the Evolving Field of Orthopedic Biologics. Curr Rev Musculoskelet Med 2018;11:558—

65. https://doi.org/10.1007/s12178-018-9514-z.

Ong KL, Niazi F, Lau E, Mont MA, Concoff A, Shaw P, et al. Knee OA cost comparison

33



708

709

710

711

712

713

714

for hyaluronic acid and knee arthroplasty. J Orthop Surg Res 2020;15.

https://doi.org/10.1186/s13018-020-01848-7.

34



Figure Legend
Figure 1. PRISMA Flow Diagram



Table 1. Modified Coleman Methodology Scores

Study Score

PRP

Ahmad et al. (2018) [18] 54
Akan et al. (2018) [19] 62

Anz et al. (2020) [20] 66

Ayeni et al. (2019) [21] 31

Baki et al. (2021) [22] 55
Bansal et al. (2021) [23] 67
Basnaev et al. (2021) [24] 45
Buendia-Lopez et al. (2018) [25] 61
Camurcu et al. (2018) [26] 62
Cole et al. (2017) [27] 76

Di Martino et al. (2019) [28] 53
Duymus et al. (2017) [29] 86
Elawamy et al. (2021) [30] 74
Elgendy et al. (2020) [31] 57
Elik et al. (2020) [32] 70
Elksnins-Finogejevs et al. (2020) [33] 63
Filardo et al. (2015) [34] 74
Freire et al. (2020) [35] 57
Gaballa et al. (2019) [36] 47
Ghai et al. (2019) [37] 55
Huang et al. (2019) [38] 64
Jubert et al. (2017) [39] 84

Kesiktas et al. (2020) [40] 73
Khan et al. (2018) [41] 65

Lana et al. (2016) [42] 89

Lin et al. (2019) [43] 70

Lisi et al. (2018) [44] 65

Louis et al. (2021) [45] 58

Louis et al. (2018) [46] 43
Montafiez-Heredia et al. (2016) [47] 67
Nabi et al. (2018) [48] 73

Paterson et al. (2016) [49] 70

Park et al. (2021) [50] 77

Patel et al. (2013) [51] 82

Phul et al. (2018) [52] 42

Pishgahi et al. (2020) [53] 65

Qamar et al. (2021) [54] 69

Raeissadat et al. (January, 2020) [55] 62

Raeissadat et al. (June, 2020) [56] 86

Raeissadat et al. (2021) [57] 86
Rahimzadeh et al. (2018) [58] 71
Reyes-Sosa et al. (2020) [59] 47




Simental-Mendia et al. (2016) [60] 77
Smith et al. (2016) [61] 79

Su et al. (2018) [62] 69

Sun et al. (2021) [63] 55

Tavassoli et al. (2019) [64] 62

Uslu et al. (2018) [65] 65

Wu et al. (2018) [66] 62

Xu et al. (2020) [67] 64

Yu et al. (2018) [68] 67

BMSC

Anz et al. (2020) [20] 66

Centeno et al. (2018) [69] 74
Emadedin et al. (2018) [70] 52
Estrada et al. (2020) [71] 61

Gupta et al. (2016) [72] 79

Jin et al. (2020) [73] 51

Kon et al. (2021) [74] 69
Lamo-Espinosa et al. (2016) [75] 78
Lamo-Espinosa et al. (2020) [76] 74
Rodriguez-Fontan et al. (2018) [77] 47
Shapiro et al. (2017) [78] 75
Shapiro et al. (2019) [79] 70
Themistocleous et al. (2018) [80] 53
Toan et al. (2020) [81] 56

Vega et al. (2015) [82] 78

ADSC

Dallo et al. (2021) [83] 64
Ehlers et al. (2020) [84] 57
Freitag et al. (2019) [85] 69

Garza et al. (2020) [86] 71
Kuah et al. (2018) [87] 74
Lee et al. (2019) [88] 58
Louis et al. (2021) [45] 58
Lu et al. (2019) [89] 62
Tran et al. (2019) [90] 66
Yokota et al. (2019) [91] 55
Zhao et al (2019) [92] 51
AMSC

Castellanos et al. (2019) [93] 50
Dilogo et al. (2020) [94] 54
Farr et al. (2019) [95] 61
Gomoll et al. (2021) [96] 69
Matas et al. (2018) [97] 70
PRP: Platelet-Rich Plasma; BMSC: Bone Marrow Derived Stem Cells; ADSC: Adipose Derived Stem
Cells; AMSC: Amniotic Derived Stem Cells




Table 2. Biologic Therapy Study Characteristics and Cell Preparations

Study -
(stratified Level of Study Source Collection Initial Injection Delivery Qualltatl\{e Qell . S
. N Cohorts : - . No. of Cells . - - Characterization, Successive Injections
by cell Evidence Duration Site Technique Volume Site/Technique Solution
CD Markers
type)
PRP
HA
Ahmad et
al. (2018) | 9 PRF': N 6M \ﬁ”‘)gs Blood draw 8 mL NR NR 2 mL NR None
[18] 00
Plt: 12.68 to 16.2 x 105
Bansal et plt/uL, Leukocyte: 0, ) ) .
al. (2021) | 150 PRES 1y NR NR 60 mL PDGF: 50,246 to Superolateral gm. L6IL Saa”d TNF None
[23] 74,938 pg/mL; VEGF:
1348 to 2429 pg/mL
Basnaev et ke 1 injection/week for 1
al. (2021) | 128 chond. 6M NR NR NR 800 x 10°%/L NR NR NR ! M
[24] sulfate
Buendia-
Lopez et al. | 9g PRRIHA oM VENOUS piosddraw 60mL 1,095,000/mL> NR 5 mL NR None
NSAID blood
(2018) [25]
790 WBCs/uL; PRP to A
Coleetal. PRP vs. Venous . ’ . IL-1b, IL-1ra, IL-6, 3 injections, 1 week
(2017) [27] | 99 HA 1Y [ Blood draw 10 mL perlpherall k;lg(})od ratio: NR 4 mL IL-8, TNF-a) el
Di Martino A
etal. | 192 PR: N 2Y \ﬁgggs Blood draw 150 mL NR NR 5mL NR 3 '”’ef,ﬁ't‘;?j;.ﬁ week
(2019) [28]
Duymus et X Venous 2 injections, 1 M
al. (2017) | 102 HA vs. 1Y Blood draw 14 mL NR Suprapatellar 5mL NR € :
blood interval
[29] ozone
Filardo et Blood draw . S
PRP vs. Venous : Plt: 4.6 x baseline; leuk: 3 injections, 1 week
al. (2015) | 183 HA 1Y blood w/ §od|um 150 mL 1.1 x normal NR NR NR intervals
[34] citrate
Huang et
PRP vs. Venous
?3Ié§2019) | 120 HA Vs, CS 1Y blood Blood draw 8 mL NR Suprapatellar 4 mL NR None
. 17 mL
Kesiktas et
PRP vs. 22mL (women)
al. (2020) | 54 HA 3M NR anticoag. 16 mL NR Suprapatellar 2-3mL NR None
[40]
(men)
Blood draw
Lana et al P, Venous Wl?c;:(;mc 3 injections, 2 week
- | 108 HA vs. 1Y Y 60 mL Plt range: 155 to 315 mm®  Lateral mid-patellar 5mL NR J&C !
(2016) [42] blood sodium intervals
PRP+HA ;
citrate,
dextrose
Linetal. PRP vs. .
(2019) [43] | 53 HA vs. NS 1Y NR Blood draw 10 mL NR Anteromedial 2mL NR None
- 3 injections at 4 week
Lisi et al. PRP vs. Whole h
(2018) [44] | 50 HA 6 M blood NR 20 mL NR Superolateral NR NR intervals
Louis et al. PRP vs. Blood 52.5 mL . 9 PDGF+TGF-
(2018) [46] 1l 34 HA 6M draw NR (men) or Plt: 800x10°/L. NR 3mL B+VEGE None




Montafiez-
Heredia et
al. (2016)
[47]
Paterson et
al. (2016)
[49]

Park et al.
(2021) [50]

Raeissadat
etal. (June
2020) [56]

Raeissadat
etal.
(2021) [57]

Smith et al.
(2016) [61]

Su et al.
(2018) [62]

Sun et al.
(2021) [63]

Tavassoli
etal.
(2019) [64]

Xu et al.
(2020) [67]

Yu et al.
(2018) [68]

(o]
Camurcu
et al (2018)
[26]
Elksnins-
Finogejevs
etal.
(2020) [33]
Freire et
al. (2020)
[35]

53

19

110

119

238

30

86

85

95

150

360

132

40

50

PRP vs.

PRP vs.
HA

PRP vs.
HA

PRP vs.

PRP vs.
PRGF vs.
HA vs.
Ozone

PRP vs.

PRP vs.
HA

PRP vs.
HA

PRP vs.
HA

PRP vs.

PRP vs.
HA

PRP vs. CS

PRP vs. CS

PRP vs.
CS

6M

3M

6 M

1Y

1Y

18M

6M

3M

2Y

1Y

1Y

Venous
blood

Venous
blood

Venous
blood

NR

Venous
blood

Venous

blood

Venous
blood

Venous

blood

Venous
blood

Venous
blood

NR

Venous

blood

Venous
blood

Venous
blood

37.5mL
(women)
NR NR
48.5 mL,
Blood draw UV light
Blood draw 54 mL
NR 35mL
18-G
needle;
+5 mL acid 35mL
citrate
dextrose
Blood draw 15mL
50-mL
injectors w/
4 mL 45 mL
sodium
citrate
NR 7mL
18-G
needle; +5
mL of acid 40 mL
citrate
dextrose
Blood
drawn 36 mL
8 mL or
i 14 mL
Blood 18 mL
drawn
NR 18 mL
5mL
vacuum 15mL
tubes +

WBC: 0.86x10%L. PIt:
Increase factor >2
compared with blood,
2,400 x 10%; WBC:
3x10°
HGF: 183.11 pg/mL; EGF
270.09 pg/mL; FGF-2
60.70 pg/mL; PDGF-B
1337.99 pg/mL

NR

Plt count: 976,000 /uL;
Leukocyte count:
29,400uL; RBC count:
900,000pL

PDGF: 279+52.1ng/mL;
VEGF: 312+23.2ng/mL

NR

NR

PIt count in peripheral
whole blood and PRP:
140.73 x 10°%/L; Plt and
PRP: 789.68) x 10%L;
leukocyte counts in the
peripheral whole blood
and PRP were 5.25 x
10°%/L and 29.92 x 10%/L
Plt count:
463.83+75.39 x 10°

NR

PIt: 95.0 + 17.3 x 10*

NR

NR

NR

NR

NR

Anteromedial

Superolateral

Lateral

Lateral mid-patellar,
and medial/lateral
infrapatellar

Lateral parapatellar

Superolateral

NR

Superolateral or
midpatellar tendon

Lateral

NR

Suprapatellar

Anterolateral

Superolateral

NR

3mL

3mL

5mL

3.5mL

Range 3 to
8 mL

2mL

3mL

4-6 mL

4mL

8 mL or
14 mL

3mL

8 mL

5mL

HGF, EGF, FGF-2,
PDGF-B
NR
PDGF, TGF-B1,
VEGF, EGF, bFGF,

IGF-1, IL-1B,
MMP-13, IL-1ra

PDGF, IGF, TGF-
Bl, TGF-2

NR

NR

NR

NR

NR

IL-1B, TNF-a,
MMP-3, TIMP-1
TNF-a, IL-1B, IL-6,
IL-17a, RANKL,
PD-ECGF, VEGF,
IL-10

NR

NR

NR

3 injections, interval
NR

None

None

3 injections with 1
week intervals

2 doses with 3 weeks
interval

3 injections with 1
week intervals

None

None

Double dose group had
the PRP injections 3
weeks apart

3 total injections at
half M intervals

PRP 2, 4, 8, 10, 12,
14mL and PRP 8mL

None

None

None



Jubert et
al. (2017)
[39]

Khan et al.
(2018) [41]
Nabi et al.
(2018) [48]
Phul et al.
(2018) [52]

Uslu et al.
(2018) [65]

NS
Elik et al.

(2020) [32]
Ghai et al.
(2019) [37]

Louisetal.
(2021) [45]

Patel et al.
(2013) [51]

Qamar et
al. (2021)
[54]

Wu et al.
(2018) [66]

Others

Ayeni et al.
(2019) [21]

Baki et al.
(2021) [22]

Reyes-Sosa
etal.
(2020) [59]
Simental-
Mendia

et al (2016)
[60]

64

103

67

80

50

57

40

27

75

100

20

45

100

60

65

PRP vs. CS

PRP vs. CS
PRP vs. CS

PRP vs. CS

single dose

PRP, triple

dose PRP,
CS

PRP vs.

microfat
PRP high
density,
microfat
PRP low
density,
microfat
NS
Single PRP
vs. double
PRP vs.
NS

PRP vs.
NS

PRP vs.
NS

PRP,
PRP+NSA
ID, and
NSAID
only
PRP vs.
chondro-
protective
meds.

PRP vs.
celecoxib

PRP vs.
acetaminop
hen

6 M

6 M

3M

6 M

6M

6M

6M

6M

6M

6M

6M

6M

1Y

4M

Venous
blood

NR

NR
Venous
blood

Venous
blood

NR

Venous
blood

Venous
blood

Venous
blood

Venous
blood

Venous
blood

Venous
blood

Venous
blood

Venous
blood

Venous
blood

3.2%
sodium
citrate
Collected in
tubes of
citrated
dextrose

NR

Blood draw

18uG
needle

18-G
needle

NR

Blood draw

Blood draw

Blood draw

Blood draw

Blood draw

Blood draw

Blood draw

NR

Blood draw
w/ sodium
citrate

60 mL

NR

50 mL

35-40
mL

18 mL

10 mL

50-60
mL

45 mL

100 mL
with
CPD-Al

20 mL

10 mL

20 mL

30 mL

10 mL

27 mL

NR

NR

4- to 6-fold increase in plt
count

NR

PIt: 875 10°% WBC: 8.67
10°

Plt: 900,000-1,100,000;
WBC: 5,000-10,000

PIt: 310.14 x 10°

Plt: PRP HD: 3.0 x 109,
PRP LD: 1.1 x 107; WBC:
PRP HD: 20.1 x 10%, PRP

LD: 5.1 x 108

PIt: 310.14 3 10%/uL

NR

NR

NR

PIt: 2.56 X 10°

NR

NR

Medial
compartment

Superolateral

Superolateral

Suprapatellar or
medial

Lateral-parapatellar

Lateral

Superolateral

Lateral
patellofemoral

Superolateral

Superolateral

Inferolateral

NR

NR

NR

NR

5mL

5mL

4-6 mL

NR

4 mL

8 mL

5mL

8 mL

5mL

NR

3mL

5mL

3mL

3mL

NR

NR
NR

NR

NR

NR

NR

IL-1b+TNFa+IL-
6+IFNg+IL-10+1L-
1Ra+PDGF+VEGF
a+tNGF+EGF+EGF

+FGF2+TGFb1

NR

NR

NR

NR

NR

NR

NR

None

2-6 M, every 2 weeks

3 injections, 1 M apart

None

None

3 doses at one-week
intervals

None

None

2" injection interval
NR

3 injections, 1 week

apart

None

1 injection/4 weeks for
a max of 3 injections

2 injections one week
apart

2 injections 15 days
apart

3 injections over 6
weeks (1 every 2
weeks)
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(2018) [58]

BMSC

Anzetal.
(2020) [20]
Centeno et
al. (2018)
[69]

Emadedin
etal.
(2018) [70]

Estrada et
al. (2020)
[71]

Gupta et al.
(2016) [72]

Jinetal.
(2020) [73]

Kon et al.
(2021) [74]

60

90

200

45

60

92

46

42

90

48

47

89

60

131

30

PRP+exerc
ise vs.
exercise
alone
PRP vs.
BMSC

PRP,
pulsed RF

PRP, SWT,
PT

PRP,
ozone,

rehab
PRP vs.
dextrose
vs. ACS

PRP vs.
Exercise

PRP,
prolotherap

y

BMSC vs.
PRP

BMSC vs.
Exercise

BMSC vs.
NS

BMSC vs.
ATDSC
vs. PRP

BMSC
million cell
dose
groups (25,
50, 75,
150) vs.
HA
Microfract
ure with
BMSC vs.
Microfract
ure

BMSC

6 M

1Y

12M

Post-
procedure

3M

6 M

8M

6M

1Y

1Y

1Y

1Y

1Y

2Y

18Y

Venous
blood NR
Venous
blood Blood draw
Venous
blood Blood draw
Venous
blood Blood draw
NR NR
Venous
blood Blood draw
NR NR
NR NR
PSIS Jamshidi
needle
PSIS or
IC NR
IC Aspiration
IC NR
NR NR
60 mL
ASIS heparinized
syringe
Two
syringes
ASIS coated w/
glucose

citrate

20 mL

60 mL

30 mL

36 mL

15mL

20 mL

NR

20 mL

60 mL

60-90
mL

NR

45 mL

NR

40 mL

NR

Plt yield: 6.36

1,216 X 108

NR

NR

NR

NR

NR

NR

NR

NR

40 x 10° MScs

NR

NR

NR

NR

Anterolateral

Superolateral

Superolateral

Superolateral

NR

Superolateral

NR

Superolateral

Superolateral

NR

NR

NR

Lateral midpatellar

Mini-arthrotomy

Superolateral

1mL

7mL

4-5mL

6 mL

NR

NR

NR

7mL

7mL

5-7 mL

5mL

NR

NR

NR

9mL

PDGF+TGF-
B+IGF+VEGF+EG
F

CD34+ and CFU-F

NR

NR

NR

NR

NR

NR

CD34+ and CFU-F

NR

NR

NR

NR

NR

NR

3 injections at 3- week
intervals

None

2 injections one M
apart

None

1 injection/week for 2
weeks

2 total injections at 1
week interval

2 sessions with 4-
weeks intervals

1 then 4 weeks later

None

None

None

None

None

None

None



Lamo-
Espinosa et
al. (2020)
[76]
Rodriguez-
Fontan et
al. (2018)
[77]

Shapiro et
al. (2017)
[78]

Shapiro et
al. (2019)
[79]

Themistocl
eous et al.
(2018) [80]

Toan et al.
(2020) [81]

Vega et al.
(2015) [82]

ADSC

Dallo et al.
(2021)[83]
Ehlers et
al.
(2020)[84]

Freitag et
al.
(2019)[85]

Garza et al.
(2020)[86]

Leeetal.
(2019)[88]

60

19

25

25

121

46

30

50

89

30

39

24

BMSC vs.
PRP

BMSC

BMSC vs.
NS

BMSC vs.
NS

BMSC

BMSC

BMSC vs.
HA

ADSC vs.
PRP+HA
PRP vs.
PRP+
ADSC
ADSC vs.
conservativ
e
manageme
nt

SVF vs.

non-SVF

ADSC vs.
NS

1Y

2Y

6M

6 M

1Y

2Y

1Y

1Y

1Y

1Y

1Y

6M

IC or
pelvis

PSIS or
IC

lliac
spine

Abdom
en

NR

Abdom
en

Abdom
en

Abdom
en

NR

Aspiration
needle

11-G
Jamshidi,
with citrate
dextrose
11-G
Jamshidi,
with citrate
dextrose

Bone
access
needle

NR

11-G trocar

Lipoharvest

NR

Lateral
abdominal
approach

NR

Lipoaspirati
on through
tumescent

technique

100 mL

120 mL

26 mL

26 mL

80 mL

120 mL

80 mL

60 mL

NR

60 mL

75 mL

20 mL

100 x 10° BMSC, PRP
NR (8mL)

NR
31.4 WBCs 1000/uL, 4.4
x 10°HSCs, 34,400 MSCs

with 97% cellular
viability

150 x 10° WBC, 4.4 x 10°
HSCs, and 34,000 MSCs

NR

NR

NR

NR

NR

100 x 106 ADMSCs

3.0 X 107 SVF cells or
1.5 X 107 SVF cells

1 x 108 ADMSC

Lateral patellar

NR

Superolateral

Superolateral

Anterolateral

NR

Medial parapatellar

Suprapatellar

Suprapatellar,
medial, or lateral

Superolateral

Superolateral

NR

8 mL

12 mL

15mL

15mL

10 mL

10 mL

40 x 10°
cells/

knee from
a5x10°

cell/mL

suspensio

n

NR

8 mL

3mL

3-4mL

3mL

NR

NR

NR

NR

NR

NR

NR

NR

NR

CD90, CD73,
CD105, CD14,
CD19, CD34, CD45

NR

CD31, CD34,
CD45, CD73, CD90

PRP only group: 3
doses of 8mL, 1 week
each
None

None

None

None

None

None

None

None

2 total injections, 6 M
apart

None

None



microfat
PRP high
density, Liposuction Plt: PRP HD: 3.0 x 109, 6I+I_IFll\tl)glr;l'lll\l_nglll_l_
1 1 . 7. . ~ =
Louisetal. I g7 Microfat oM APIOM - ith local NR  PRPLD:11x105 WBC: Lateral 5mL  1Ra+PDGF+VEGF None
(2021) [45] PRP low en heti PRP HD: 20.1 x 10°, PRP
density anesthetic LD: 5.1 x 10° a+NGF+EGF+EGF
microfa{t o +FGF2+TGFb1
NS
Liposuction S
Luetal. | 53 MaMPCws. . Abdom Lol NR 5% 107 haMPCs NR 2.5mL NR 2l dfleale s
(2019)[89] HA en " weeks apart
anesthetic
Tran et al. SVF vs.
(2019)[90] 1l 33 Microfract 2Y Abednom Liposuction SOr;llLOO 90-120 x 10° NR 6 mL NR None
ure
Yokota et
al. 1 80 Ag\c/;/s. 6M NR  Liposuction 102]'500 NR NR 5mL NR NR
(2019)[91]
Zhao et al. Abdom . . A CD29, CD73, 2 total injections, 3
(2019)[92] 1 24 ADSC 48 W en Liposuction 509 1x10M7 NR NR CDY0, and CD49d weeks apart
AMSC
Castellano
etal. 1 20 AMSC 24 W NR NR NR NR Lateral 50 mg NR NR
(2019)[93]
Dilogo et Umbili
al. 1l 33 AMSC 6M cal cord Dissection NR 10 x 108 NR 2mL NR None
(2020)[94]
'(:Z%rlrg‘;t[g‘é'] | 200 N’gs\g‘ YA 6M NR NR NR NR NR 4mL NR None
Inner
Gomoll et
al. | 200 ASA 1y lmare o Cesean NR NR NR 2 mL NR None
(2021)[96] placent section
a
CD73, CD90, and
CD105, CD45,
Matas et al. AMSC vs. Placent Cesarean 6 CD34, CD14, and
(2018)[97] ! 29 HA 1y as section NR 20x 10 NR 3 mL Human Leukocyte None
Antigen-DR isotype
(HLA-DR)

ADMSC: adipose derived mesenchymal stem cells; AMSC; amnionic stem cells; ASA: amniotic suspension allograft; BMSC: bone marrow stem cell; CPD-AL: citrate phosphate dextrose

and adenine; EGF: epidermal growth factor; IGF-1: insulin-like growth factor; IL: interleukin; IL-1B: interleukin 1B; MSC: mesenchymal stem cells; mL: milliliters; MMP-13: matrix metalloproteinase 13; NSAIDs: non-
steroidal anti-inflammatory drugs; PDGF: platelet derived growth factor; PRP: platelet rich plasma; RF: radiofrequency; SWT: shockwave therapy; TGF-B1: transforming growth factor B1; TNF: tumor-necrosis factor; UC-
MSC: umbilical cord mesenchymal stem cells; VEGF: vascular endothelial growth factor



Table 3. Cell Formulations in Platelet-Rich Plasma

Study Platelet Count Leukocyte PDGF_ VEGF _ RBC _ L(_aukocyte
count concentration concentration concentration Rich/Poor
Ahmad et al. .
(2018) [18] NR NR NR NR NR Rich
Akan et al. (2018) 6.36 (plt yield) 8.25 ﬂje“k 193%9622%?31 1038133 + 413.1
[19] yield) 19. (pg/mL) NR NR
(pg/mL)
Anz et al. (2020) 6 14.7 X 5 .
[20] 1,216 X 10°/mL 105/mL NR NR 0.12 X 10°/mL Rich
'[Aye]”i etal. (2019) NR NR NR NR NR NR
21
ng' etal. (2021) 2.56 X 10° NR NR NR NR Poor
Bansal et al. (2021) 5 50,246 to 1348 to
23] 12.68 to 16.2 x 10°/uL 0 74,038 pg/mL 2429 pglmL NR Poor
Basnaev et al. 9
(2021) [24] 800 x 10°/L NR NR NR NR NR
Buendia-Lopez et 3
al. (2018) [25] 1,095,000/mL NR NR NR NR Poor
Camurcu et al.
(2018) [26] NR NR NR NR NR NR
[CO']e etal. (2017) NR NR NR NR NR Poor
27
Di Martino et al. .
(2019) [28] NR NR NR NR NR Rich
Duymus et al
(2017) [29] NR NR NR NR NR NR
Elawamy et al.
(2021) [30] NR NR NR NR NR NR
Elgendy et al.
(2020) [31] NR NR NR NR NR NR
Elik et al. (2020) 900,000-1,100,000/ 5,000-
[32] mm 10,000/mm?3 A . MR A




Elksnins-
Finogejevs et al.
(2020) [33]
Filardo et al.
(2015) [34]

Freire et al. (2020)
[35]

Gaballa et al.
(2019) [36]

Ghai et al. (2019)
[37]

Huang et al. (2019)
[38]

Jubert et al. (2017)
[39]

Kesiktas et al.
(2020) [40]

Khan et al. (2018)
[41]

Lanaet al. (2016)
[42]

Linetal. (2019)
[43]

Lisi et al. (2018)
[44]

Louis et al. (2021)
[45]

Louis et al. (2018)
[46]

NR

4.6 X baseline
NR
NR

310.14 x 10%/mL

NR
0.99x10° platelets/uL
NR
NR

Range: 155 to 315 mm?

NR

NR

Plt: PRP HD: 3.0 x 10°%
PRP LD: 1.1 x 10°

800x10°/L.
2,400 x 10°

NR

1.1 x normal
NR
NR

NR

NR

NR

NR

NR

NR

Low
NR

PRP HD:
20.1 x 1068,
PRP LD: 5.1
x 10°

0.86x10%L.
3 x 108

NR

NR
NR
NR

NR

NR

NR

NR

NR

NR

NR

NR

90.8
(MF/Saline),
499.7 (PRP LD),
1046.4 (PRP
HD)

30,431 ng/mL

NR

NR
NR
NR

NR

NR

NR

NR

NR

NR

NR

NR

64.5
(MF/Saline),

66.2 (PRP LD),
13.3 (PRP HD)

606 pg/mL

NR

NR
NR
NR

NR

NR
NR
NR
NR

NR
NR

NR

90x10° (PRP
LD), 210x10°
(PRP HD)

NR

NR

Rich

NR

NR

NR

Poor

Poor

NR

NR

Rich

Poor

NR

NR

NR



Montafiez-Heredia

et al. (2016) [47]
Nabi et al. (2018)
[48]

Patel et al. (2013)
[51]

Paterson et al.
(2016) [49]

Park et al. (2021)
[50]

Phul et al. (2018)
[52]

Pishgahi et al.
(2020) [53]

Qamar et al. (2021)
[54]

Raeissadat et al.
(2020) [55]
Raeissadat et al.
(June 2020) [56]

Raeissadat et al.
(2021) [57]

Rahimzadeh et al.
(2018) [58]

Reyes-Sosa et al.
(2020) [59]

Simental-Mendia et
al (2016) [60]

Smith et al. (2016)
[61]

Su et al. (2018)
[62]

NR
NR
310.14 3 103/uL

NR
9.76 x 105/pL

NR
NR
NR
4-6 x normal

NR

NR

NR

NR
513.25+189.3

NR

(140.73) x 10° /L; in

PRP: (789.68) x 10° /L,

NR
NR
NR

NR

29,400/uL

NR
NR
NR
4-6 x normal

NR

NR

NR

NR
0.52 £ 0.46

NR

5.25 x 10°/L;
in PRP 29.92
x 10%/L.

1,337.99 pg/mL
NR
NR

NR

AA: 1651.9; BB:

3801.6; AB:
10712.5 pg/mL

NR
NR
NR

NR

279+52.1 ng/mL  312+23.2 ng/mL

NR

NR

NR

NR

NR

NR

NR
NR
NR

NR

204.3 pg/mL

NR
NR
NR

NR

NR
NR
NR
NR

NR

NR

NR
NR
NR

NR
9.0 x 105/uL

NR
NR
NR
NR

NR

NR
NR
NR
NR

NR

NR

Poor

NR

Poor

Rich

Rich

Rich

Poor

NR

Rich

Poor

Poor

NR

Poor

Poor

Poor

Rich



Sun et al. (2021)

03] 463.83£75.39 x 10%ul NR NR NR NR Poor
oo NR \R R R o b
téss']“ etal. (2018) 875x10°9/L 8.67x10°9/L NR NR NR NR
\[le\slg]et al. (2018) NR NR NR NR NR Rich
é‘;]et al. (2020) 95.0 + 17.3 x 104 /uL NR NR NR NR Poor
E(gg]et al. (2018) NR NR NR NR NR NR

PDGF: platelet-derived growth factor; VEGF: vascular endothelial growth factor; RBC: red blood cell; Plt: platelet; PRP: platelet-rich plasma



Table 4. Patient Reported Outcome Measures using Platelet-Rich Plasma

Study WOMAC VAS KOOS IKDC Lysholm  SF-12  Lesquesne Index  SLS 6MWD p';?;'n”e‘ite'fs KSS ROM  TUGT
Ahmad et (PAR-}l,')GGA_ A26.5 (PRP),
al. (2018) NR 015 (|:|A) NR A18.4 (HA), NR NR NR NR NR NR NR NR NR
[18] 0=0.012. p=.004.
pain: A0.25 (PRP), A-2.95
(exercise) (p=0.001) (from
baseline); stiffness: A1.25
Akan et al. (PRP), A-2.50 (exercise)
(2018) [19] (p=0.001) (from baseline): NR NR NR NR NR NR NR NR NR NR NR NR
function: A1.23 (PRP), A-3.16
(exercise) (p=0.001) (from
baseline)
Total: A-15.9 (BMSC), A-15.3
(PRP), p>0.05; pain: A-3.5
(BMSC), A-3.3, p>0.05;
'?2’2)228; ?;'0] stiffness: A-1.5 (BMSC), A-1.6 NR NR Agg 3(3(1'2"RSPC))' NR NR NR NR NR NR NR NR NR
(PRP), p>0.05; Function: A- ’
10.1 (BMSC), A-10.0 (PRP),
p>0.05
A-4.0 (PRP),
A-4.2
(PRP+NSAI
total: A-28.45 (PRP), A-27.75 DS), A-0.8
Ayeni et al. (PRP+NSAIDS), A-2.40 (NSAIDS)
(2019) [21] | (NSAIDS) (p=0.001) (between  (p=0.001) NR NR NR NR NR NR NR NR NR NR NR
groups at final follow-up) (between
groups at
final follow-
up)
Baki et al. A-52.96 (PRP), A-8.66
(2021) [22] (Chondro), p<0.001. NR NR NR NR NR NR NR NR NR NR NR NR
Bansal et Pain, stiffness, A9.2 (PRP); A- (Pﬁ[l,)%o A
al. (2021) and physical function (PRP vs. NR NR 15 NR NR NR NR (HA): ;)<O NR NR NR NR
[23] HA); all p<0.01 (HA); p<0.001. oL,
pain: A-121.96 (PRP), A-116.30  -3.7 (PRP), - 8 (PRP), -6.4
Basnaev et (HA), A-99.60 (chondroitin 2.1 (HA), - (HA) _’5 1‘
sulfate) (p<0.05) (from 2.0 .
al. (2021) baseline): stiffness: A-51.8 hondroiti NR NR NR NR (chondroitin NR NR NR NR NR NR
[24] aseline); stiffness: d (chondroitin sulfate) (p<0.05)
(PRP), A-49.9 (HA), A-46.9 sulfate)

(chondroitin sulfate) (p<0.05)

(p<0.05)

(from baseline)



Buendia-
Lopez et
al. (2018)
[25]

Cole et al.
(2017) [27]

Camurcu
etal.
(2018) [26]

Di Martino
etal.
(2019) [28]

Duymus et
al (2017)
[29]

Elawamy
etal.
(2021) [30]

Eldendy et
al. (2020)
[31]

(from baseline); function: A-
169.3 (PRP), A-166.4 (HA), A-
155.6 (chondroitin sulfate)
(p<0.05) (from baseline)
total: A-18.90% (PRP), A0.07%
(HA), A0.20% (NSAID)
(p<0.001) (between groups at
final follow-up); pain: A-
20.39% (PRP), A-1.03% (HA),
A-6.40% (NSAID) (p<0.03)
(between groups at final
follow-up); stiffness: A-16.1%
(PRP), A-0.7% (HA), A4.9%
(NSAID) (p<0.001) (between
groups at final follow-up);
function: -19.0, 0.3, 0.9
(p<0.001) (between groups at
final follow-up)

A-3.98 (PRP); A-3.52 (HA),
(p>0.05)

Total: A-1 (PRP), A-1 (CS), A-3
(PRP + CS), p>0.05. Pain: Al
(PRP), AO (PRP + CS), A2
(CS), p<0.05. Stiffness: A0
(PRP), A0 (PRP + CS), A2
(CS), p<0.05. Physical
Function: AO (PRP), AO (PRP +
CS), A-1 (CS), p>0.05.

NR
Total: A+28.5 (PRP), A+36.1

(HA), A+45.9 (ozone), p<0.001

NR

NR

(from
baseline)

A-18.2
(PRP), A3
(HA), A-6.4
(NSAID)
(p<0.001)
(between
groups at
final follow-
up)

At1Y:44+
4.6 (PRP);
57.3+38

(HA),
p=.0039)

A-1 (PRP),

A0 (PRP,

PRP+CS),
p>0.05

A6.7 (PRP),
A3.1 (HA).

A+2.6 (PRP),
A+4.2 (HA),
A+4.1
(ozone),
p<0.001
p=0.04
(between
groups (PRP,
RF) at final
follow-up)

A-5.64
(PRP), A-
5.64 (SWT),
A-3.31 (PT)
(p=0.001)

NR

NR

NR

NR

NR

NR

NR

NR

At1Y:576+
3.37 (PRP) vs
46.6 £ 3.76
(HA); p=.003

NR

Al4 (PRP),
A11.8 (HA).

NR

NR

NR

NR

NR

NR

NR

NR

NR

NR

NR

NR

NR

NR

NR

NR

NR

NR

NR

NR

NR

p <0.001
(between groups (
PRP, RF) at final

follow-up)

total: A-61 (PRP),
A-62.67 (SWT),
A-26.2 (PT)
(p=0.001) (from
baseline)

NR

NR

NR

NR

NR

pd

R

NR

NR

NR

NR

NR

NR

NR

NR

NR

NR

NR

NR

NR

NR

NR

NR

NR

NR

NR

NR

NR

NR

NR

NR

NR

NR

NR

A58.6,
A59.8,

A36.46
(p=0.00

(from

NR

NR

NR

NR

NR

NR

NR



Elik et al.
(2020) [32]

Elksnins-
Finogejevs
etal.
(2020) [33]

Filardo et
al. (2015)
[34]

Freire et
al. (2020)
[35]

Gaballa et
al. (2019)
[36]

Ghai et al.
(2019) [37]

total: A-31.53 (PRP), A-14.67
(NS) (p<0.001) (from baseline);
pain: A-6.40 (PRP), A-3.26
(NS) (p<0.001) (from baseline);
stiffness: A-2.67 (PRP)
(p<0.001), A-1.07 (NS)
(p=0.002) (from baseline);
function: A-22.37 (PRP) , A-
9.22 (NS) (p<0.001) (from
baseline)

NR

NR

A-16.57 (CS), A-41.14 (PRP).

total: A-26.0 (PRP) (p<0.0004),
A-4.0 (ozone) (p<0.0002), A1.2
(rehab) (p<0.0001) (from
baseline)

total: A-19.4 (PRP) (p<0.001),
A-0.2 (NS) (p=0.046) (from
baseline); pain: A-7.15 (PRP)
(p<0.001), A-0.15 (NS)
(p=0.046) (from baseline);
stiffness: A-2.8 (PRP) (p=0.00),
A0 (NS) (p=1.00) (from

(from
baseline)

A-2.67
(PRP), A-
1.56 (NS)
(p<0.001)

(from
baseline)

A-3.2 (PRP),
A-0.9
(CS) p=.000
8.

A+0.44
(PRP), A+1.8
(HA) (ns)

NR

A-3.3 (PRP)
(p<0.0003),
A-0.7
(ozone)
(p<0.0002),
A-0.2 (rehab)
(p<0.0001)
(from
baseline)

A-3.55 (PRP)
(p<0.001),
A-1.45 (NS)
(p=0.017)
(from
baseline)

NR

NR

A+8.8 (PRP),
A+11.3 (HA)
(ns)

NR

NR

NR

NR

A25.4 (PRP),
A9.8 (CS),
p=.0002.

A+13.8 (PRP),
A+14.6 (HA)
(ns)

NR

NR

NR

NR

NR

NR

NR

NR

NR

NR

NR

NR

NR

NR

NR

NR

NR

NR

NR

NR

NR

NR

NR

NR

NR

NR

NR

NR

A19 (PRP),
A6.3
(CS) p=.00
04.

NR

NR

A48 (PRP)
(p=0.001),
All
(ozone)
(p<0.0002),
A-1
(p=0.052)
(rehab)
(from
baseline)

NR

NR

NR

NR

NR

NR

NR

NR

A19
(PRP)
, A6.3
(Cs)
p=.00

04.

NR
A16.9

(Cs),
A32.9

(PRP)

P<b.0

NR

NR

baselin

€)

NR

NR

A+0.6
(PRP),
A-0.8
(HA),
ns)

NR

NR

NR

NR

NR

NR

NR

NR

NR



Huang et
al. (2019)
[38]

Jubert et
al. (2017)
[39]

Kesiktas et
al. (2020)
[40]

Khan et al.
(2018) [41]

Lana et al.
(2016)

Linetal.
(2019) [43]

Lisi et al.
(2018) [44]

baseline); function: A-9.3
(PRP) (p=0.00), AO (NS)
(p=1.00) (from baseline)

Total score; A-16.59 (1A-HA),
A-14.4 (IA-CS), A-32.09 (IA-
PRP), p<.05.

NR

Pain: A-6 (peptide); A-4.4
(HA), A-7.1 (PRP), p=.013;
stiffness: A-2.4 (peptide), A-1.6
(HA), A-2.8 (PRP), p=0.053;
function: A-19.9 (peptide), A-
14.4 (HA), A-24.8 (PRP),
p=.832; total: A-29.7 (peptide),
A-21.5 (HA), A-36.2
(PRP), p=0.555.

Pain: A-3 (CS), A-4.76 (PRP);
stiffness: A-1.5 (CS), A-.94
(PRP); function: A-23.28 (CS),
A-20.68 (PRP).

Pain: A-188(HA), A-238 (PRP),
A-200 (HA+PRP), p=0.0000
(between HA and PRP);
stiffness: A-75 (HA), A-100
(PRP), A-88 (HA+PRP),
p=0.3192; physical activity: A-
450 (HA), A-775 (PRP), A-825
(HA+PRP), p=0.0089

Total score: A10.9 (PRP), A-
3.34 (HA), A-1.65 (NS) p<0.05.

total: A-23.5 (PRP), A-15 (HA)
(p=0.29) (from baseline); pain:
A-4 (PRP), A-4 (HA) (p=0.91)
(from baseline); stiffness: A-2
(PRP), A-3 (HA) (p=0.58)
(from baseline); function: A-18
(PRP), A-11 (HA) (p=0.002)
(from baseline)

A-2.400 (IA-
HA), A-
2.380 (IA-
CS), A-2.590
(IA-PRP)
A.
3.69(PRP);
A-2.87(CS),
p=.568
Resting pain:
A-20.6
(peptide), A-
9.4 (HA), A-
18.9 (PRP),
p=.018; VAS
movement
pain: A-35
(peptide), A-
35 (HA), A-
28.9 (PRP),
p=.372.

A-33(CS),
A-2.735
(PRP).

A-2 (HA), A-
5(PRP), A-5
(HA+PRP),

p=0.0000

(between HA

and PRP)

NR

A-6 (PRP),
A-5 (HA)
(p=0.78)

(from
baseline)

NR

A+16.88(PRP)
; A+3.56(CS),
(p=.03)

NR

NR

NR

NR

NR

NR

NR

NR

NR

NR

A14.22 (PRP),
A2.71 (HA), A-
0.34 (NS).

NR

NR

NR

NR

NR

NR

NR

NR

A+4.25(
PRP); A-
4.92(CS,
(p=.018)

NR

NR

NR

NR

NR

NR

NR

NR

NR

NR

NR

A-7 (PRP), A-4
(HA) (p=0.04)
(from baseline)

NR

NR

NR

NR

NR

NR

NR

NR

NR

NR

NR

NR

NR

NR

NR

NR

NR

NR

NR

NR

NR

NR

NR

NR

NR

NR

NR

NR

Follow
_up
scores
NR

103.9
(peptid
e),
113.4
(HA),
108.3
(PRP).

NR

NR

NR

NR

NR

NR

NR

NR

NR

NR

NR



Louis et al.
(2021) [45]

Louis et al.
(2018) [46]

Montafiez-
Heredia et
al. (2016)
[47]

Nabi et al.
(2018) [48]

total: A-21.2
(microfat PRP high density)
(p=0.008), A-15.1 (microfat

PRP low density) (p=0.031), A-
23.8 (microfat NS) (p=0.01)
(from baseline); pain: A-6
(microfat PRP high density)
(p=0.008), A-3 (microfat PRP
low density) (p=0.031), A-5.1
(microfat NS) (p=0.012) (from
baseline); stiffness: A-1.4
(microfat PRP high density)
(p=0.063), A-2 (microfat PRP
low density) (p=0.016), A-1.8
(microfat NS) (p=0.016) (from
baseline); function: A-13.8
(microfat PRP high density)
(p=0.002), A-9.7 (p=0.1), A-
16.9 (p=0.01)

total: A-10.1 (PRP), A-5.3 (HA)
(p=0.068) (between groups at
final follow-up); pain: A-2.3
(PRP), A-1.5 (HA) (p=0.463)
(between groups at final
follow-up); stiffness: A-0.95
(PRP), A-0.9 (HA) (p=0.896)
(between groups at final
follow-up); function: A-6.9
(PRP), A-2.8 (HA) (p=0.167)
(between groups at final
follow-up)

NR

pain: A-36.37 (PRP), A-15.68
(triamcinolone) (p=0.0001);
symptoms: A-29.76 (PRP), A-
13.13 (triamcinolone)
(p=0.0001); ADL: A-25.49
(PRP), A-5.92 (triamcinolone)
(p=0.0001); sports/rec: A-18.79
(PRP), A-3.97 (triamcinolone)
(p=0.0001); QOL: A-17.8

A-36.7
(microfat
PRP high
density)
(p=0.004),

A-34.4
(microfat
PRP low
density)
(p=0.004),

A-33.3
(microfat

NS)
(p=0.016)

(from

baseline)

A-15 (PRP),
A-15 (HA)
(p=0.972)
(between
groups at
final follow-
up)

% with 50%
decrease at 6
months:
44.4%
(PRP),
42.3% (HA),
p=1

A-3.91
(PRP), A-
231
(triamcinolo
ne)
(p=0.0001)

NR NR
NR NR
NR NR
NR NR

NR

NR

NR

NR

NR

NR

NR

NR

NR

NR

NR

NR

NR

NR

NR

NR

NR

NR

NR

NR

NR

NR

NR

NR

NR

NR

NR

NR

NR

NR

NR

NR

NR

NR

NR

NR



Patel et al.
(2013)

Paterson et
al. (2016)
[49]

Park et al.
(2021) [50]

Phul et al.
(2018) [52]

Pishgahi et
al. (2020)
[53]

Qamar et
al. (2021)
[54]

Raeissadat
etal.
(2020) [55]

Raeissadat
etal.
(June
2020) [56]

(PRP), A-4.6 (triamcinolone)
(p=0.0001)

Total, % change: A51% (single
PRP), A43% (double PRP), A-
20% (NS), p<0.001 (between
PRP and NS groups)

NR

Pain; A1.9 (PRP), A1.7 (HA),
p=0.697. function; A4.0 (PRP),
A4.4 (HA), p=0.802. stiffness;
A0.5 (PRP), A0.4 (HA),
p=0.918. total; A6.4 (PRP),
A6.5 (HA), p=0.967.

NR

A6.4 (dextrose), A-14.66 (PRP),
A-21.4 (ACS).

NR

Pain: A-4.29 (PRP), A-2.43
(exercise), p=.056; stiffness: A-
1.74 (PRP), A-.6
(exercise), p=.036; functional
capacity: A-14.13 (PRP), A-
8.14 (exercise), p=.038.

Pain: A-2.78 (PRGF), A-1.84
(HA), p=.339; stiffness: A-1.06
(PRGF), A-.97 (HA), p=.856;
function: A-10.93 (PRGF), A-
4.6 (HA), p=.009; total; A-

A-2.380
(single PRP),
A-2.10
(double
PRP),
A+0.043
(NS),
p<0.001
(only for
PRP groups)
A_
1.12(PRP);
A-1.41 (CS);
p value NR

A20.9 (PRP),
A13.6 (HA),
p=0.058.

A4.83 (PRP),
AS5.73
(CS), p<.01.
A-3.7
(dextrose),
A-6.1 (PRP),
A-26.25
(ACS).
A50% pain
reduction:
46/50 (92%)
(PRP); 15/50
(30%) (NS);
(p<0.0001)

A-3.24
(PRP), A-
1.28
(exercise), p
=.001.

A-33
(PRGF), A-
17
(HA), p=.00
01.

NR

Pain: A+11.82

(PRP); A+9.32

(CS); p value
NR

NR

NR

NR

NR

NR

NR

NR

NR

Al11.5 (PRP),
A6.3 (HA),
p=0.29.

NR

NR

NR

NR

NR

NR

NR

NR

NR

NR

NR

NR

NR

NR

NR

NR

NR

NR

NR

NR

NR

NR

NR

NR

NR

NR

NR

Pain: A-1.4
(PRGF), A-.6
(HA), p<.0001;
MWD: A.10
(PRGF), A.20
(HA), p<.0001;

NR

NR

NR

NR

NR

NR

NR

NR

NR

NR

NR

NR

NR

NR

NR

NR

NR

NR

NR

NR

NR

NR

NR

NR

NR

NR

NR

NR

NR

NR

NR

NR

NR

NR

NR

NR

NR

NR

NR

NR

NR

NR

NR

NR

NR

NR

NR



Raeissadat
etal.
(2021) [57]

Rahimzade
hetal.
(2018) [58]

Reyes-Sosa
etal.
(2020) [59]

Simental-
Mendia et
al (2016)
[60]

Smith et
al. (2016)
[61]

Suetal.
(2018) [62]

14.08 (PRGF), A-5.3
(HA), p=.02.

Pain: A-4.4 (PRP), A-4.4
(PRGF), A-3.1 (HA), A-1.7
(ACS), p<.001; stiffness: A-1.0
(PRP), A-0.96 (PRGF), A-0.8
(HA), A-0.2 (ozone), p<.001;
function: A-10.0 (PRP), A-10.5
(PRGF), A-5.8 (HA), A-4.4
(ozone), p<.001; total: A-15.5
(PRP), A-15.9 (PRGF), A-8.4
(HA), A-6.4 (0zone), p<.001.

total: -28.4 (PRP), -36.5
(prolotherapy) p<0.001; pain: -
6.6 (PRP), -8.6 (prolotherapy)
p<0.001; stiffness: -2.2 (PRP),-
2.9 (prolotherapy) p<0.001;
function: -19.5 (PRP), -25
(prolotherapy) p<0.001

All: P<0.05 (PRP > Celecoxib)

A-24.0 (PRP), A-11.5
(acetaminophen) (p<0.05)

% change from baseline: 78%
(PRP); 7% (HA), (p<.001)

Total score: A7.19 (PRP
+mfciPRP), A17.44 (IAPRP),
15.2 (HA). pain; A1.89 (PRP
+ mfciPRP), A4.34 (IAPRP),
A3.92 (HA); stiffness: A0.85

(PRP + mfciPRP), A1.3
(IAPRP), A1.2 (HA); physical

function: A5.86 (PRP
+ mfciPRP), A10.83 (IAPRP),
A11.68 (HA).

A-3.3 (PRP),
A-3.4
(PRFG), A-
2.6 (HA), A-
13
(ozone), p<.
001.

NR

P<0.05 (PRP
> Celecoxib)

At week 12:
A-3.0 (PRP),
A-1.8
(acetaminop
hen)
(p<0.01)

NR

A.54 (PRP
+ mfciPRP),
A32
(IAPRP),
A3.1 (HA).

NR

NR

NR

NR

NR

NR

NR

NR

NR

NR

NR

NR

NR

NR

NR

NR

NR

NR

NR

NR

NR

Mean
changes
p<0.001,
only in

PRP

NR

NR

ADL: A-.9
(PRGF), A-3

(HA), p=.009; tota
1: A-2.1 (PRGF),

A-.6
(HA), p<.0001.
Walk: A -.25
(PRP), A-.2
(PRGF), A-.16
(HA), A-.06
(ozone), p=.13;
ADL: A-1.1
(PRP), A-1.1
(PRGF), A-.4
(HA), A4

(ozone), p<.001;
total: A-2.8 (PRP),
A-2.6 (PRGF), A-

1.2 (HA), A-9

(ozone), p<.001.

NR

NR

NR

NR

NR

NR

NR

NR

NR

NR

NR

NR

NR

NR

NR

NR

NR

NR

NR

NR

NR

NR

NR

NR

NR

NR

NR

NR

NR

NR

NR

NR

NR

NR

NR

NR

NR

NR

NR

NR



Sun et al.
(2021) [63]

Tavassoli
etal.
(2019) [64]

Uslu et al.
(2018) [65]

Wu et al.
(2018) [66]

Pain: A-2.5 (PRP), A-2.5
(PRP+HA), p=.801; stiffness:
A-1.2 (PRP), A-7
(PRP+HA), p=.117; function:
A-7.8 (PRP), A-8.3
(PRP+HA), p=.998; total: A-
11.5 (PRP), A-11.5
(PRP+HA), p=.815.
Pain: A-4.71 (PRP1), A-5.86
(PRP2), A-1.44 (HA), p<.001;
stiffness: A-1.6 (PRP1), A-2.47
(PRP2), A-0.92 (HA), p<.001;
physical function: A-15.04
(PRP1), A-17.85 (PRP2), A-
3.67 (HA), p<.001; total: A-
21.21 (PRP1), A-26.25 (PRP2),
A -5.85 (HA), p<.001.

total: A-19.3 (CS), A-33.8
(single dose PRP), A-38.3
(triple dose PRP) (all p<0.001);
pain: A-4.0 (CS), A-6.5 (single
dose PRP), A-6.7 (triple dose
PRP) (all p<0.001); stiffness:
A-1.0 (CS), A-1.5 (single dose
PRP), A-4.8 (triple dose PRP)
(all p<0.001); function: A-16.0
(CS), A-24.7 (single dose PRP),
A-30.6 (triple dose PRP) (all
p<0.001)

Pain: A-16.6 (PRP), A-9.3
(NS); stiffness: A-5.9 (PRP), A-
3.6 (NS); physical function: A-

42.9 (PRP), A2-8.6 (NS).
total; A-66 (PRP), A-41.5 (NS).

p<0.001 for all

Pain: A-20.4
(PRP), A-
31.8
(PRP+HA),
p=.020.

A-2.86
(PRP1), A-
3.83 (PRP2),
A-1.11
(HA), p<.00
1.

rest: A-1.3
(CS), A-24
(single dose
PRP), A-2.2;
night: A-1.4
(CS), A-2.9
(single dose
PRP), A-3.6
(triple dose

PRP);
movement:
A-2.7 (CS),

A-3.9 (single
dose PRP),
A-5.5 (triple
dose PRP);
improvement
s noted from
baseline
among PRP
groups
(p<0.001)

NR

NR

NR

NR

NR

NR

NR

NR

NR

NR

NR

NR

NR

NR

NR

NR

NR

A-3.6 (PRP), A-3.5
(PRP+HA), p=.75
0..

NR

A-2.7 (CS), A-4.4
(single dose PRP),
A-6.7 (triple dose
PRP) (all p<0.05)

NR

Al18.5
(PRP),
A19.8
(PRP+
HA), p
=.846.

NR NR

NR NR

NR NR

NR NR NR

NR NR NR

NR NR NR

60/sec ex,
Nm: A17.8
(PRP), Al3.1
(NS);
60/sec fx,
Nm: A35.9
(PRP), A18.7
(NS);
180/sec ex,
Nm: A18.4

NR NA

NR

NR

NR

NR



Xu et al.
HA

(2020) [67]
Pain: A4.67 (PRP); A3.61

Yu et al.
(2018) [68]

P<0.001, PRP + HA > PRP >
alone

P<0.001,
PRP + HA >
PRP/HA

(HA); A5.58 (PRP+HA).
stiffness; A1.19 (PRP); A0.49
NR
6MWD: 6 minute walking distance; ACS: autologous conditioned serum; CS: corticosteroid; HA: hyaluronic acid; IA: intra-articular; IKDC: International Knee Documentation Committee; KOOS:

(HA); A1.92 (PRP+HA).
physical function; A9.98 (PRP);
A6.79 (HA); A16.19
Knee Injury and Osteoarthritis Outcome Score; KSS: Knee Society Score; NS: normal saline; PRGF: plasma rich growth factors; PRP: platelet-rich plasma; PT: physical therapy; ROM: range of motion;
SF-12: 12-1tem Short Form Survey; SLS: single leg stand; TUGT: timed up and go test; VAS: visual analog scale; WOMAC: Western Ontario and McMaster Universities Osteoarthritis Index

(PRP+HA). all p<0.01.

NR

NR

P<0.001,

PRP +

NR HA >
PRP >

HA

NR NR

NR

NR

P<0.001, PRP +
HA > PRP > HA

NR

(PRP), Al1.1
(NS);
180/sec fx,
Nm: A40.2
(PRP), A29.7
(NS).
NR NR NR NR

NR NR NA

NR

NR

NR



Table 5. Patient Reported Outcome Measures using Bone Marrow Stem Cells

KSS -
Study WOMAC VAS pain KOOS IKDC SF-12 LEAS KSSSC(-)IIfenee functional ROM NPS OKS ICOAP Lequesne
score
Total: A-15.9 (BMSC), A-
15.3 (PRP), p>0.05; pain:
A-3.5 (BMSC), A-3.3, A19.3
Anzet al. p>0.05; stiffness: A-1.5 (BMSC
(2020) [20] (BMSC). A-16 (PRP), NR NR ). AL6.3 NR NR NR NR NR NR NR NR NR
p>0.05; Function: A-10.1 (PRP)
(BMSC), A-10 (PRP),
p>0.05
Physical:
A2.4
(exercise),
A49 A2.6
Centeno et al (exe?(;iBs;g) A- (I?)EA §7C) (eﬁééilse (exeAr'c?se), (exérzcligse), (Ba'rds ¢
(2018) [69] NR 12.5 (BMSC) NR NRO entala- 2 A8 Al2 A73 oercise R NR NR NR
p=4. ' 15 (BMSC), (BMSC), (BMSC), ),
o O p=.002. p<0.001. p=.17 p=97).
A-24
(BMSC)
p=0.68.
Emadedin et Total: p=0.01; pain:
al. (2018) | p=0.001; stiffness: p=0.4; NR NR NR NR NR NR NR NR NR NR NR NR
[70] function: p=0.04.
A27.4
(BMSC A22.9 A23.6
), A30.3 (BMSC), (BMSC),
(ATDS A26.7 A23.4
Es(tzrggg)eff‘l']‘ NR NR NR o), NR NR (ATDSC),  (ATDSC), NR NR NR NR NR
A26.2 A21.3 Al15.2
(PRP), (PRP), (PRP),
p=0.42 p=0.1193 p=0.8416
46
% decrease
most
pronounced in Maximum
Gupta et al Compogite scor_e,_improved 25 million redL_Jc_tion in 25
(2016) [72]' most in 25 million dose dose group NR NR NR NR NR NR NR NR NR million dose NR
group vs. HA (p=0.2651) versus HA group vs. HA
(67.4% vs. (p=0.5271)
36.0%,

p=0.0587)



Jinetal.
(2020) [73]

Kon et al.
(2021) [74]

Lamo-
Espinosa et
al. (2016)
[75]

Lamo-
Espinosa et
al. (2020)
[76]

Rodriguez-
Fontan et al.
(2018) [77]

Shapiro et al.
(2017) [78]

Shapiro et al.
(2019) [79]

p=0.297

NR

Overall: A-15.5 (HA), A-
15.5 (low dose), A-7.5

(high dose)

Pain: A27.3% (PRP),
A45.5% (PRP+BMSC);
stiffness: A33.3% (PRP);

A50% (PRP+BMSC);
physical function: A24.4%

(PRP); A28.6%
(PRP+BMSC)

A20.2, p<0.001

NR

NR

NR

A-33,
p<0.0005

Improvements
in all groups
but no
differences
between, p
values NR

A0.5 (PRP);
AL8
(PRP+BMSC)

NR

A-1.1
(BMSC), A-
1.3 (NS),
p=0.44

A14
(BMSC), A-
1.8 (NS),
p=0.23

NR

Pain:
A19.8,
p<0.0005;

Symptoms:

Al13.7,
p<0.0005
ADL;
Al5.6,
p<0.0005.
sport
A30.3,
p<0.0005.
QoL;
A225,
p<0.0005.

NR

NR

NR

NR

p=0.26

A22.1,
p<0.00
05.

NR

NR

NR

NR

NR

NR

NR

NR

NR

NR

NR

NR

NR

NR

NR

NR

NR

NR

NR

p=0.136

NR

NR

NR

NR

NR

NR

p=0.445

NR

NR

NR

NR

NR

NR

NR

NR

NR

NR

NR

NR

NR

NR

NR

NR

NR

NR

NR

NR

NR

NR

NR

NR

NR

NR

NR

NR

NR

NR

NR

NR

Constant pain: A-
10 (BMSC), A-
10 (NS), p=0.89;
intermittent pain:
A-17 (BMSC), A-
21 (NS), p=0.49;
total pain: A-14
(BMSC), A-11
(NS), p=0.54
Constant pain: A-
15 (BMSC), A-
15 (NS), p=0.97;
intermittent pain:
A-21 (BMSC), A-

NR

NR

NR

NR

NR

NR

NR



Themistocleo
usetal.
(2018) [80]

Toan et al.
(2020) [81]

Vega et al
(2015) [82]

NR

NR

Pain: A-6 (HA), A-16

(BMSC); general: A-4

(HA), A-13 (BMSC), p
values NR

NR

p<0.05

A-1.3 (HA), A-
2.1 (BMSC), p
value NR

NR

P<0.05 for
knee pain,
knee
symptoms,
daily
activity,
playing
sport, and
QoL

NR

NR

NR

NR

NR

NR

NR

NR

NR

NR

NR

NR

NR

13 (NS), p=0.54;
total pain: A-18

(BMSC), A-18
(NS), p=0.68;
QOL (constant):
Al4 (BMSC),
Al11 (NS),
p=0.77; QoL
(intermittent):
Al15 (BMSC),
Al12 (NS),
p=0.23.
A384,
NR NR p<0.00 : NR
1 p<0.
001
NR NR NR NR NR
NR NR NR NR NR

AL: anterolateral; ADL: activities of daily living; AM: anteromedial; BMSC: Bone-Marrow Stem Cell; IKDC: International Knee Documentation Committee; KOOS: Knee Injury and Osteoarthritis
Outcome Score; KSS: Knee Society Score; LEAS: Levels of Emotional Awareness Scale; QoL: quality of life; ROM: range of motion; SF-12: 12-ltem Short Form Survey; SL: superolateral VAS: visual
analog scale; WOMAC: Western Ontario and McMaster Universities Osteoarthritis Index

NR

NR

A-3 (HA),
A-9
(BMSC),
p value



Table 6. Patient Reported Outcome Measures using Adipose Derived Mesenchymal Stem Cells

Study WOMAC VAS for knee pain SF-36 LYE;%LM KOOS TEGNER
Symptoms: A5.72 (PRP + HA), A15.37 (ADMSC). A0.74 (PRP +
A-1.33 (PRP + HA), A- pain; A1.21 ( PRP + HA ), A19.13 (ADMSC); ADL: HA) AL23
Dallo et al. (2021) [83] NR i 78'( ADMSC) o NR NR 2.77 (PRP + HA ), A17.33 (ADMSC); Sport: A7.14 ( ( AD’MS(':)
: + P=0- PRP + HA ), A18.83 (ADMSC); QoL: A12.30 ( PRP + i
HA ), A25.55 (ADMSC) p<v.
Ehlers et al. (2020) [84] P>0.05 P>0.05 P>0.05 P>0.05 P>0.05 P>0.05
Freitag eta al. (2019) [85] P<0.05 NR NR NR P<0.05. NR
Garza et al. (2020) [86] Total score: A'3‘gf/(FS)VF)’ A-7.4 (Non- NR NR NR NR NR
Combined ADMSC group (low and A-1.856 (low dose
Kuah et al. (2018) [87] 02D o) Diafoonie o st ?cigsHCk Ar-gjzﬁw(ehé%? NR NR NR NR
' (p<0.014) but not significantly for HA n’ot siggificgntly
group improved from baseline
T(Kﬂtaggg)";e: 36(1)?(;\‘53 ‘S)C:O?é(_)‘zo_zz; (f\l'g)g’ Pain management; A7 (NS) p=.3923, A23 (MSCs)
- 0635 A-8’ (MSCs) p=' 0001: p=-0010; symptom improvement: Al (NS) p=.8036,
Lee et al. (2019) [88] stiffness score: A-1.1 (NS) p=0559, A3 A0 (NS) ‘izo'%(ié’ L NR NR L (GAIER), BTG, AL A5 (W)= 20, Aus NR
(MSCs) p=.0007; physical function 3.5 p=0.0001. (MSCs) p=.0030; sport and recreation: A3 (NS)
score: A-8 (NS) _ 0786, A25 (MSCs) p=-2070, A28 (MSCs) p=.0049; QoL: A5 (NS)
’ pE 6001 ’ p=0.0568, A26 (MSCs) p=.0033.
total: A-21.2 (microfat PRP high
density) (p=0.008), A-15.1 (microfat
PRP low density) (p=0.031), A-23.8
microfat NS) (p=0.01) (from baseline);
pain: A-6 (microfat PRP high density) A-36.7 (microfat PRP
(p=0.008), A-3 (microfat PRP low high density) (p=0.004),
density) (p=0.031), A-5.1 microfat NS) A-34.4 (microfat PRP
. (p=0.012) (from baseline); stiffness: A-  low density)) (p=0.004),
Louis etal. (2021) [45] 1.4 (microfat PRP high density) A-33.3 (microfat NS) AL AL ol bR
(p=0.063), A-2 (microfat PRP low (p=0.016) (from
density) (p=0.016), A-1.8 microfat NS) baseline)
(p=0.016) (from baseline); function: A-
13.8 (microfat PRP high density)
(p=0.002), A-9.7 (microfat PRP low
density) (p=0.1), A-16.9 microfat NS)
(p=0.01)
p=.0190 for the left knee
and p=.0178 for the
Lu etal. (2019) [89] Total score; A28.52% (haMPC); right knee between A-9.39 g‘_aMPC)' NR NR NR
' A20.74% (HA), p=0.2177 the haMPC and HA 3.91, p=0.0097

groups.



A33.1 (SVF),
Tran et al. (2019) [90] P<0.05 P<0.05 NR s NR
(microfracture),
p<0.05.
ADL: p=0.086; Symptom: p<0.05; Pain: p=0.574;
Yokota et al. (2019) [91] NR P<0.05 NR NR Sports: p=0.263; QoL p=0.629:
Zhao et al. (2019) [92] p>0.05 NR p>0.05 NR NR

ADL: activities of daily living; ADMSC: Adipose Derived Mesenchymal Stem Cell; HaMPC: human adipose-derived mesenchymal progenitor cells; HD: high dose; LD: low dose; NS: normal saline;
QoL: quality of life; ROM: range of motion; SF-12; 12-Item Short Form Survey; SVF: stromal vascular fraction; VAS: visual analog scale; WOMAC: Western Ontario and McMaster Universities
Osteoarthritis Index

NR

NR

NR



Table 7. Patient Reported Outcome Measures using Amniotic Derived Mesenchymal Stem Cells

Study WOMAC VAS KOOS SF-36 Physical EQ-5D-5L SANE IKDC Tegner
Castellano et al.
(2019) [93] p>0.05 NR NR NR NR NR NR
Dilogo et al. _ _ A7.17,
(2020) [94] A-9.09, p=0.071 A-1.62, p=0.158 NR NR NR 0=0.038 NR
Pain: A17.29
(ASA), A13.34 —_—
(HA), A21.71 (NS); MR /e
symptoms: A11.84 (), e (Y
Overall pain: A-39.56 (ASA), Y (ASA) 'A3 3 5 A-.9 (NS); selfcare:
A-25.97 (HA), A-57.14 DL A-2 (ASA), A-.2
’ (HA), A9.88 (NS); > .
w(;\rllflg?rzo ﬁ%?ésfffgigui. AL es okl (I:c/:i)v’iﬁés (A'\fs7)' A25.13
27.79 (HA), A-62.61 &Vsi‘jf): AAlli'ZI?i (ASA), A-5 (HA), (ASA), A-1 (ASA),
Farr et al. (2019) NR (NS) (p=0.0320) sedentary HA i9 5 'NS . A-.6. pain: A-.7 A23.75 NR A-.2 (HA),
[95] work pain: A-12.63 (ASA), A- ¢ s);nc?rts 'ang ); (ASA), A-5 (HA), (HA), A4
12.58 (HA), A-33.34 (l_\ls) recreation: Al4.8 A-1 (NS); anxiety: A31.73 (NS) p>0.05.
(p}0.05). normal daily living (ASA), A20.35 A-3 (ASA), A-.2 (NS) p<0.05.
IS
(NS) (p=0.0015) QENDNT lie: (ASA), A1.72
: : A20.3 (ASA), (HA). A7.34
- LLO (1) (NS); all p<0.05.
A29.05 (NS) All
p<0.05.
Overall pain: A-32.9; Pain: A14.7;
strenuous work: A-38.0; symptoms: A10.0;
Gomoll et al. sedentary work: A-13.7; ADL: A12.6; S&R:
(2021) [102] NR normal daily living: A-27.6;  19.6; QoL: 20.9; all NR NR NR NR
all p<0.05 compared to HA p<0.05 compared to
and NS HA and NS
Total: A -13.7 (HA), A -
225 (MSC1), A -31.4
(MSC2). function: A-9.5
(HA), A-15.8 (MSC1), A-
21.2 (MSC2), p=0.15;
Matas et al. . A-16.6 (HA), A-31.5 (MSC1),
stiffness: A-1.5 (HA), A- 3 - NR NR NR NR NR
(2019) [97] 1.2 (MSCI), A-2.2 A-37.0 (MSC2), p=0.02.
(MSC2), p=0.21; pain:
A-2.7 (HA), A-5.6
(MSC1), A-7.0 (MSC2),
p=0.04.

ADL: activities of daily living; ASA: amniotic suspension allograft; HA: hyaluronic acid; KOOS: Knee Injury and Osteoarthritis Outcome Score; MSC: mesenchymal stem cells; NS: normal saline;
QoL.: quality of life; ROM: range of motion; S&R: sports and recreation; SANE: single assessment numerical evaluation; SF-36: Short Form 36; VAS: visual analog scale; WOMAC: Western Ontario
and McMaster University Osteoarthritis Index; WORMS: Whole-Organ Magnetic Resonance Imaging Score



Identification of studies via databases
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No control (n = 2)

Included
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AMSCs (n=5)

Figure 1. PRISMA Flow Diagram




Highlights

e PRPin relation to NS, HA, CS, and other comparative groups remain non-superior given
low methodology scores, variable cell preparations/techniques, and inconsistent
functional and structural outcomes.

e Studies assessing bone marrow, adipose, and amniotic stem cells demonstrated similar
results, albeit with far fewer available studies.

e These results highlight the uncertain efficacy of biologic therapies for use in knee OA.



