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Background: Based in part on the results of randomized controlled trials (RCTs) that suggest a beneficial effect over alternative
treatment options, the use of platelet-rich plasma (PRP) for the management of knee osteoarthritis (OA) is widespread and
increasing. However, the extent to which these studies are vulnerable to slight variations in the outcomes of patients remains
unknown.

Purpose: To evaluate the statistical fragility of conclusions from RCTs that reported outcomes of patients with knee OA who were
treated with PRP versus alternative nonoperative management strategies.

Study Design: Systematic review and meta-analysis; Level of evidence, 2.

Methods: All RCTs comparing PRP with alternative nonoperative treatment options for knee OA were identified. The fragility
index (FI) and reverse FI were applied to assess the robustness of conclusions regarding the efficacy of PRP for knee OA.
Meta-analyses were performed to determine the minimum number of patients from >1 trials included in the meta-analysis for
which a modification on the event status would change the statistical significance of the pooled treatment effect.

Results: In total, this analysis included outcomes from 1993 patients with a mean = SD age of 58.0 + 3.8 years. The mean num-
ber of events required to reverse significance of individual RCTs (Fl) was 4.57 + 5.85. Based on random-effects meta-analyses,
PRP demonstrated a significantly higher rate of successful outcomes when compared with hyaluronic acid (P = .002; odds ratio
[OR], 2.19; 95% Cl, 1.33-3.62), as well as higher rates of patient-reported symptom relief (P = .019; OR, 1.55; 95% ClI, 1.07-2.24),
not requiring a reintervention after the initial injection treatment (P = .002; OR, 2.17; 95% ClI, 1.33-3.53), and achieving the minimal
clinically important difference (MCID) for pain improvement (P = .007; OR, 6.19; 95% ClI, 1.63-23.42) when compared with all alter-
native nonoperative treatments. Overall, the mean number of events per meta-analysis required to change the statistical signif-
icance of the pooled treatment effect was 8.67 + 4.50.

Conclusion: Conclusions drawn from individual RCTs evaluating PRP for knee OA demonstrated slight robustness. On meta-
analysis, PRP demonstrated a significant advantage over hyaluronic acid as well as improved symptom relief, lower rates of re-
intervention, and more frequent achievement of the MCID for pain improvement when compared with alternative nonoperative
treatment options. Statistically significant pooled treatment effects evaluating PRP for knee OA are more robust than approxi-
mately half of all comparable meta-analyses in medicine and health care. Future RCTs and meta-analyses should consider report-
ing Fls and fragility quotients to facilitate interpretation of results in their proper context.
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Knee osteoarthritis (OA) is a highly prevalent degenera- old in the United States,’® with >654 million people
tive joint disease affecting 20% of all adults >45 years affected globally.'® Disproportionately affecting older
adults, women, and those who are overweight or obese,*®
knee OA is a leading cause of disability and functional lim-

;BS4A$‘(3;;‘3)3211‘;“;T”20°f Sports Medicine itation, resulting in reduced quality of life, increased
DOI: 10.1177/03635465231224463 health care costs, and logt productivity. Nor}s.urglcal treat-
© 2024 The Author(s) ments such as physical therapy, anti-inflammatory
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medications, and intra-articular corticosteroid injections
(CSIs) remain the standard of care for nonoperative man-
agement of symptoms. Recently, however, treatments
such as platelet-rich plasma (PRP) have increased in pop-
ularity due in large part to research suggesting beneficial
effects over alternative nonoperative treatment options
for knee OA, with nearly 1000 publications on the subject
over the past 12 years alone.!!

PRP is derived from the patient’s own blood and con-
tains platelets, growth factors, and cytokines that may
stimulate tissue regeneration and reduce inflammation.'®
As the applications for PRP have grown, so too have the
variety of proprietary PRP preparation devices and prepa-
rations.?® While intra-articular PRP injections have been
proposed as a potential treatment for knee OA, the evi-
dence for PRP in knee OA is conflicting, with some studies
showing significant benefits while others showed no differ-
ence compared with control treatments.® Currently, the
American Academy of Orthopaedic Surgeons (AAOS) clini-
cal practice guideline on management of OA of the knee
states that PRP “may reduce pain and improve function
in patients with symptomatic osteoarthritis of the knee,”
with a strength of recommendation of “limited.” This rec-
ommendation was downgraded 2 levels from “strong” to
“limited” based on concerns including the heterogeneity
of results.!

The fragility index (FI) and reverse FI (RFI) are statis-
tical tools that have recently garnered increased attention
in the orthopaedic literature.®12182244 The FI measures
the minimum number of events (in this case, treatment
successes or failures) that would need to change from one
group to the other to alter the conclusions of a statistically
significant trial, while the RFI measures the number of
flipped outcome events needed to convert a statistically
nonsignificant trial to a significant one. In short, calcula-
tion entails simultaneously adding and subtracting out-
come events and nonevents in a sequential manner until
a reversal of statistical significance is achieved.*” To stan-
dardize fragility to the sample size of each randomized con-
trolled trial (RCT), the fragility quotient (FQ) can also be
calculated by dividing the FI by the respective RCT sample
size for each study. Thus, smaller FQs demonstrate a less
robust study outcome, while larger FQs correspond to more
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robust study outcomes. These tools can be used to evaluate
the robustness of study findings and help identify studies
that may be at higher risk of being fragile, meaning that
the results could change with just a few additional events.?
For example, a recent review of statistically significant
findings from RCTs in hip and knee arthroplasty found
that the median FI was 1, meaning that reversing the out-
come of a single patient in either treatment group of each
trial would alter the results of the trial from significant
to nonsignificant.'®

Given that RCTs are often considered the gold standard
for evidence in medical literature and that significant find-
ings may lead to the portrayal of PRP as a panacea with
regenerative capacities by the media and popular press,
resulting in patients seeking out PRP treatment indepen-
dently despite its significant out-of-pocket cost and lack
of reimbursement by many insurance providers, there is
a need to evaluate evidence for PRP for the management
of knee OA through a careful lens. Thus, the purpose of
this study was to (1) evaluate the statistical fragility of
RCTs assessing the effectiveness of PRP in knee OA and
(2) determine whether meta-analyses of individual RCTs
affect the robustness of conclusions that can be drawn
regarding the effectiveness of PRP for knee OA. We
hypothesized that some individual high-level studies using
PRP for knee OA would be statistically fragile, but that
meta-analyses would demonstrate greater robustness of
findings. By identifying studies with higher risk of fragil-
ity, we aim to provide clinicians and researchers with a bet-
ter understanding of the reliability of the evidence for PRP
in knee OA and highlight the need for further research to
confirm or refute the effectiveness of this treatment option.

METHODS

Search Strategy

This study followed the recommendations provided by the
PRISMA (Preferred Reporting Items for Systematic
Reviews and Meta-Analyses) guidelines.>®> The PubMed,
OVID/Medline, and Cochrane libraries were searched to
perform a comprehensive review of the literature investi-
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gating the use of PRP for the treatment of knee OA. The
final search was performed in March 2023 and included
studies from database conception to the time of the search.
Search terms included the following: (“platelet rich
plasma” OR “PRP”) AND (“knee”) AND (“osteoarthritis”
OR “OA” OR “gonarthrosis” OR “cartilage”). Inclusion cri-
teria consisted of RCTs reporting categorical data with
associated P values. Only titles and abstracts for articles
published in the English language were reviewed. Studies
that did not focus on the application of PRP for knee OA
were excluded. In addition, abstracts, technique papers,
cadaveric or animal studies, review articles, and letters
to the editor were excluded.

Study Review and Data Abstraction

Article titles, abstracts, and full texts were screened by 2
authors (J.F.O., F.W.F.) to identify articles that met the
inclusion and exclusion criteria. In total, 204 full texts were
reviewed, the references of which were screened to capture
any additional studies potentially missed in the initial
search. In total, 16 RCTs investigating the use of PRP for
knee OA and reporting dichotomous outcomes were ulti-
mately included in this systematic review (Figure 1).

Data extraction was performed independently by 2
authors (J.F.O., FW.F.) using a standardized form for data
collection. Collected data included raw categorical data, asso-
ciated P values, the particular formulation of PRP used (leu-
kocyte-rich PRP [LR-PRP], leukocyte-poor PRP [LP-PRP], or
not specified), whether the injections were guided by ultra-
sound, and the number of patients lost to follow-up. Study
methodological quality and risk of bias were assessed via
the Cochrane risk of bias tool.>* This tool focuses on identifi-
cation of specific features within each study to allow for the
assessment of allocation sequence generation and conceal-
ment. RCTs were screened for potential sources of bias
including selective outcome reporting; unavailable or missing
data; patients deemed lost to follow-up; blinding of patients,
surgeons, and outcome assessors; and other potential sources
of bias. 2

Statistical Analysis

Data extracted from each study were summarized in both
narrative and table format. The FI for each dichotomous
outcome was calculated according to the method previously
described by Walsh et al,*” which involves manipulating
the reported outcome events using the Fisher exact test
ina2 X 2 contingency table until a reversal of significance
is achieved, with statistical significance defined as P < .05
(Figure 2). In short, this entails simultaneously adding and
subtracting outcome events and nonevents in a sequential
manner until the Fisher exact test determines a reversal of
statistical significance. For example, assuming a study
reports significantly more patients reporting improved
symptoms after a particular treatment, the number of
patient outcome events (ie, the number of patients moved
from the “improved symptoms” group to the “no improved
symptoms” group) required to raise the P value above .05
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Records identified
through database
searching (n = 2807)

l

Records after
duplicates were
removed (n = 1815) Records excluded
| (animal/cadaveric, not RCT,
abstract only, not PRP, not
Full-text articles knee OA) (n = 1611)

assessed for eligibility
(n =204)

No dichotomous outcomes,
no comparison treatment
(n=193)

Records identified through
reference screening (n = 5)

RCTs included in study
(N =16)

Figure 1. Flowchart of the systematic review process show-
ing the number of articles reviewed at each time point and
those included in the final study group. OA, osteoarthritis;
PRP, platelet-rich plasma; RCT, randomized controlled trial.

was determined. This number of outcome events repre-
sents the FI and provides a measure of the statistical fra-
gility of that reported outcome. Likewise, if a study
reported a nonsignificant outcome event, the number of
patient outcome events required to shift the P value <.05
was determined, corresponding to the RFI.

While no universal standard for what makes a study
fragile or robust has been defined, various interpretations
have been proposed, as a function of both overall events
and patients in the study.*® Specifically, Xing and Lin*®
proposed the following FI cutoffs based on an empirical
assessment of the Fls of a large database of clinical studies
in the Cochrane Library: <1 event (extremely fragile), 1 to
3 events (moderately fragile), 2 to 4 events (slightly frag-
ile), 5 to 14 events (slightly robust), 10 to 26 events (mod-
erately robust), and >27 events (extremely robust). For
the RFI, these ranges were as follows: <1 event (extremely
fragile), 2 or 3 events (moderately fragile), 3 or 4 events
(slightly fragile), 5 to 7 events (slightly robust), 7 to 12
events (moderately robust), and >13 events (extremely
robust).*® To standardize fragility to the sample size of
each RCT, the FQ was also calculated. This involved divid-
ing the FI by the respective RCT sample size for each
study. Thus, smaller FQs demonstrate a less robust study
outcome, while larger FQs correspond to more robust study
outcomes. Similar to the FI ranges above, the following
ranges have been proposed for the FQ of significant stud-
ies: <0.01 (extremely fragile), 0.01 to 0.02 (moderately
fragile), 0.02 to 0.03 (slightly fragile), 0.03 to 0.07 (slightly
robust), 0.04 to 0.15 (moderately robust), and >0.15
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Treatment Treatment Success
Failure
PRP 6 89
HA 15 79
P-Value 0.039
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Treatment Treatment

Failure Success
PRP 7 88
HA 15 79
P-Value 0.073

Figure 2. lllustration of a sample fragility index (Fl) calculation. The alteration of just 1 event results in the reversal of statistical
significance and a resultant Fl of 1. This would correspond to a very fragile (less robust) study outcome. HA, hyaluronic acid; PRP,

platelet-rich plasma.

(extremely robust).*® For nonsignificant studies, these
ranges were <0.01 (extremely fragile), 0.01 to 0.03 (moder-
ately fragile), 0.02 to 0.04 (slightly fragile), 0.05 to 0.09
(slightly robust), 0.07 to 0.14 (moderately robust), and
>0.15 (extremely robust).*® In addition, P values were cal-
culated for all outcome events and compared with those
reported (if any) by each study to verify accuracy and
claims of significance. This was done using the 2-tailed
Fisher exact test.

Finally, meta-analyses were performed based on the
treatment to which PRP was compared and the outcome
metric used in cases of >3 comparable RCTs. Outcome var-
iables were assessed by random-effects meta-analysis using
Mantel-Haenszel methods®' and Paule-Mandel estima-
tors,?® and forest plots with pooled odds ratios (ORs) and
95% Cls were presented. Assessments of heterogeneity
were performed independently using the Higgins and
Thompson I2,%® DerSimonian-Laird 2,'* and Cochran @
tests of heterogeneity. The FI or RFI of each meta-analysis
was calculated and is defined as the minimum number of
patients from >1 trials included in the meta-analysis for
which a modification on the event status would change
the statistical significance of the pooled treatment effect.
For studies evaluating a single outcome metric at multiple
time points, the patient status at the most recent follow-
up was used. All analyses were performed in R Version
4.2.2 (R Foundation for Statistical Computing) and Micro-
soft Excel (Microsoft Corporation).

RESULTS

Literature Search

A total of 2807 records were identified through the initial
literature search, 1815 of which remained after duplicates
were removed. Titles and abstracts from these studies
were screened according to the inclusion and exclusion cri-
teria described above, which resulted in 204 full-text
articles further assessed for eligibility. In total, 16 RCTs
were ultimately included in this review (Figure 1).

Study Characteristics

This analysis consisted of outcomes from 1993 patients
with a mean (= SD) age of 58.0 = 3.8 years. Ten of the

16 RCTSs represented level 1 evidence. Six RCTs repre-
sented level 2 evidence based on either a follow-up of
<80%, poor blinding and randomization, or lack of a power
analysis. Based on the risk of bias assessment, 11 studies
demonstrated a low risk of bias, while 5 studies had
a high risk of bias (Table 1). With respect to the reporting
of a power analysis, 13 RCTs reported performance of an
a priori power analysis, while 3 failed to report perfor-
mance of a power analysis, either a priori or a posteriori.

One RCT consisting of 203 knees compared outcomes
after treatment with PRP versus ozone or plasma rich in
growth factor. One RCT consisting of 66 knees compared
outcomes after treatment with PRP versus daily nonsteroi-
dal anti-inflammatory drug administration. One RCT con-
sisting of 192 knees performed a direct comparison
between LP-PRP and LR-PRP. Overall, 7 RCTs reported
use of LP-PRP, 5 RCTs reported use of LR-PRP, and 5
RCTs failed to report whether the PRP used was LP-PRP
or LR-PRP. Regarding the dichotomous outcomes analyzed,
5 evaluated patient perception of symptom relief, 4 evalu-
ated treatment failure as defined by the need for a new sur-
gical or injection procedure due to the persistence or
worsening of knee symptoms (reintervention), 2 evaluated
achievement of the minimal clinically important difference
(MCID) in Western Ontario and McMaster Universities
Osteoarthritis Index (WOMAC) pain scores (>21.1%
improvement), 2 evaluated pain relief as defined by >50%
from baseline per the visual analog scale (VAS) score, 1
evaluated achievement of the MCID on the International
Knee Documentation Committee Subjective Knee Evalua-
tion Form, 1 evaluated cartilage defect progression via mag-
netic resonance imaging (MRI), 1 evaluated joint space
increases in excess of 0.05 cm per T2-weighted MRI scan,
1 evaluated achievement of >1 grade improvement on
MRI via the modified Shahriaree Classification system, 1
evaluated achievement of the Patient Acceptable Symptom
State criteria for the Knee injury and Osteoarthritis Out-
come Score Symptoms scale, and 1 evaluated “significant
clinical improvement” per a WOMAC pain score decrease
of >25% compared with baseline. The mean sample size of
the included RCTs was 124.56 + 79.22 patients. Table 1 pro-
vides a summary of the included RCTs, including study and
patient characteristics.

There were 48 outcomes analyzed in the original stud-
ies, 14 of which were statistically significant (P < .05) (Fig-
ure 3). Of these statistically significant results, all favored
PRP over the alternative injection therapy. The mean
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TABLE 1
Overview of Randomized Controlled Trials Reporting Dichotomous Outcomes
After Management of Knee Osteoarthritis With PRP*
Total Time of Lost
No. of Mean PRP Risk Power Evaluation, to FU/
Author Patients Age,y Comparison LOE of Bias Analysis Outcome mo Excluded
PRP vs HA
Sdeek et al, 202142 200 59.9 LP 1 Low NR Reintervention 18 11
Reintervention 24
Reintervention 30
Reintervention 36
Raeissadat et al, 2021*! 238 56.9 NR 1 High  Apriori Symptom relief 12 17
Di Martino et al, 2019*¢ 189 55.1 LR 1 Low NR Symptom relief 12 22
Symptom relief 24
Symptom relief 36
Symptom relief 48
Symptom relief 60
Symptom relief 72
Reintervention 24
Lisi et al, 2018%° 54 55.3 NR 1 Low A priori  >1-grade improvement on 6 8
MRI via modified
Shahriaree Classification
system
Filardo, et al, 2015%! 192 55.4 LR 1 High  Apriori Symptom relief 12 13
Wu et al, 20228 46 61.7 LP 1 Low  Apriori MCID in WOMAC pain 1 1
scores (>21.1% function
improvement)
3
6
12
Szwedowski et al, 2022 75 56 LP 1 Low  Apriori WOMAC pain score decrease 1.5 1
of >25% compared with
baseline
3
6
Montafiez-Heredia et al, 2016>* 55 63.9 LP 2 Low  Apriori >50% decrease in pain per 3 2
VAS
6
Buendia-Lépez et al, 2018° 106 56.4 LP 2 Low A priori  MCID in WOMAC pain 6 6
scores (>21.1% function
improvement)
12
PRP vs CSI
Joshi Jubert et al, 20172 65 66.8 NR 2 Low A priori  Symptom relief 6 1
Szwedowski et al, 2022 75 56 LP 1 Low  Apriori WOMAC pain score decrease 1.5 1
of >25% compared with
baseline
3
6
PRP vs saline
Bennell et al, 20217 285 61.9 LP 1 Low A priori  Symptom relief 2 5
Symptom relief 12
Cartilage defect progression 12
per MRI score
Qamar et al, 2021*° 100 59.4 NR 2 High NR Pain relief >50% from 6 NR
baseline per VAS score
PRP vs MAT
Zaffagnini et al, 2022°° 108 54.3 LR 1 Low  Apriori MCID in IKDC scores 6 10
12
Reintervention 24
Louis et al, 2021%° 30 47 NR: LD? 2 High A priori  Joint spacing increase of 6 0
>0.05 cm per T2-weighted
MRI scan
NR: HD® 6
NR: LD? 12
NR: HD? 12
Baria et al, 2022* 58 53.9 LR 2 High A priori  PASS criteria for KOOS 6 1
symptoms scale
PRP vs PRGF
Raeissadat et al, 2021*! 103 56.9 NR 1 High  Apriori Symptom relief 12 16

(continued)
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TABLE 1
(continued)
Total Time of Lost
No. of Mean PRP Risk Power Evaluation, to FU/
Author Patients Age,y Comparison LOE of Bias Analysis Outcome mo Excluded
PRP vs ozone
Raeissadat et al, 2021%! 100 56.9 NR 1 High  Apriori Symptom relief 12 19
PRP vs NSAID
Buendia-Lépez et al, 2018° 66 56.4 LP 2 Low A priori  MCID in WOMAC pain 6 4
scores (>21.1% function
improvement)
12
LP-PRP vs LR-PRP
Di Martino et al, 2022'° 192 55.4 LP/LR 1 Low A priori  Symptom relief 6 6
Symptom relief 12
Reintervention 12

“CS8I, corticosteroid injection, FU, follow-up; HA, hyaluronic acid; HD, high dose; IKDC, International Knee Documentation Committee; KOOS, Knee injury
and Osteoarthritis Outcome Score; LD, low dose; LOE, level of evidence; LP, leukocyte poor; LR, leukocyte rich; MAT, microfragmented adipose tissue; MCID,
minimal clinically important difference; MRI, magnetic resonance imaging; NR, not reported; NSAID, nonsteroidal anti-inflammatory drug; PASS, Patient
Acceptable Symptom State; PRGF, plasma rich in growth factor; PRP, platelet-rich plasma; VAS, visual analog scale;, WOMAC, Western Ontario and McMaster

Universities Osteoarthritis Index.

Louis et al®® reported the use of LD and HD PRP but did not report whether the PRP was LR-PRP or LP-PRP.

number of events required to reverse significance (FI) was
4.57 *+ 5.85 (range, 1-21). This corresponded to an FQ of
0.060 = 0.075, meaning the significance of the results
was contingent on 6 events per 100 participants. For non-
significant outcome events, the mean number of events
required to reverse statistical nonsignificance (RFI) was
4.41 * 2.22 (range, 1-11). This corresponded to a reverse
FQ (RFQ) of 0.065 = 0.056, meaning the nonsignificance
of the results was contingent on 6.5 events per 100 partic-
ipants (Table 2). Overall, the mean number of events per
meta-analysis required to change the statistical signifi-
cance of pooled treatment effects was 8.67 = 4.50.

PRP Versus Hyaluronic Acid

Overall, 9 RCTs consisting of 1155 knees reported out-
comes after management of knee OA with PRP versus hya-
luronic acid (HA). This corresponded to 25 total outcomes
analyzed with a mean time of evaluation of 18.94 =+
18.92 months (range, 1-72 months). For these 9 RCTs,
the mean FI (reversal of significance to nonsignificance)
was 2.56 = 3.00 with a mean FQ of 0.028 *= 0.026. The
mean RFI (reversal of nonsignificance to significance)
was 4.46 *+ 2.67 with a mean RFQ of 0.056 *= 0.035.

Results of the random-effects model are shown in Figure
4. Of the 525 total outcome events corresponding to patients
whose knee OA was managed with HA, 315 (60.0%) corre-
sponded to successful outcomes. Of the 548 outcome events
corresponding to patients whose knee OA was managed
with PRP, 399 (72.8%) outcome events corresponded to suc-
cessful outcomes. The meta-analysis of the corresponding
RCTs resulted in a P value of .002 (OR, 2.19; 95% CI,
1.33-3.62), favoring successful outcomes with PRP over
HA. This meta-analysis demonstrated an FI of 8 and FQ
of 0.007, meaning that 8 event status modifications from
>1 trials included in the meta-analysis would alter the sig-
nificance of the meta-analysis to nonsignificance.

PRP Versus CSI

Two RCTs consisting of 140 knees reported outcomes after
management of knee OA with PRP versus CSI. This corre-
sponded to 4 total outcomes analyzed with a mean time of
evaluation of 4.13 = 2.25 months (range, 1.5-6 months).
For these 2 RCTs, the mean FI was 7 = 7.07 with a mean
FQ of 0.143 = 0.144. The mean RFI was 4.5 = 2.12 with
a mean FQ of 0.085 = 0.053.

PRP Versus Saline

Two RCTs consisting of 385 knees reported outcomes after
management of knee OA with PRP versus saline. This cor-
responded to 4 total outcomes analyzed with a mean time
of evaluation of 8.00 = 4.90 months (range 2-12 months).
For these 2 RCTs, the mean FI was 11.00 + 14.14 with
a mean FQ of 0.107 = 0.146. The mean RFI was 4.50 =
0.71 with a mean FQ of 0.017 = 0.002.

PRP Versus Microfragmented Adipose Tissue

Three RCTs consisting of 196 knees reported outcomes after
treatment with PRP versus microfragmented adipose tissue
(MAT). This corresponded to 8 total outcomes analyzed with
a mean time of evaluation of 10.50 + 6.21 months (range, 6-
24 months). For these 3 RCTs, the mean RFI was 4.00 =+
2.00 with a mean FQ of 0.122 *+ 0.076.

Of the 140 total outcome events corresponding to
patients whose knee OA was managed with PRP, 67
(47.9%) corresponded to successful outcomes. Of the 135
total outcome events corresponding to patients whose
knee OA was managed with MAT, 64 (47.4%) outcome
events corresponded to successful outcomes. The corre-
sponding meta-analysis demonstrated a P value >.99
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Figure 3. Visualizations of the statistical fragility of statistically significant findings of randomized controlled trials evaluating
platelet-rich plasma (PRP) for the management of knee osteoarthritis. Green points or areas indicate nonsignificant results, while
red points or areas indicate significant results. Dashed lines represent no modifications in the corresponding groups. Square
points represent the original P value, and triangle points indicate minimal modifications that alter the significance.?® Event sta-
tuses are modified in both groups, with modifications in the PRP group indicated on the x-axis and modifications in the alternative
treatment group on the y-axis. The follow-up time at which the outcome was evaluated is indicated in parentheses underneath
each plot. Each point represents the extent of the P value corresponding to a specific combination of event status modifications in
both the PRP and alternative treatment groups. The density of points corresponds to sample size, with lower density indicating
a smaller randomized controlled trial. CS, corticosteroid; HA, hyaluronic acid; NSAID, nonsteroidal anti-inflammatory drug.

(OR, 1.00; 95% CI, 0.57-1.75) and an RFI of 15 (RFQ, 0.06) Meta-analysis of the corresponding RCTs demonstrated
for nonsignificance altered to significance. a P value of .019 (OR, 1.55; 95% CI, 1.07-2.24) (Figure 5) in
favor of PRP over all control treatments. The FI and FQ of

. the meta-analysis were 3 and 0.003, respectively, indicating

Symptom Relief that 3 patients in >1 of the RCTs would need to experience
a modification in treatment outcome to flip the results of

Five RCTs compared patient-reported symptom relief after the meta-analysis from significant to nonsignificant.

treatment with PRP versus an alternative. Of the 509 total
outcome events corresponding to evaluation of patient-

reported symptom relief at the most recent time of evalua- Reinterventions After Initial Treatment

tion for patients treated with PRP, 330 (64.8%) corre-

sponded to successful outcomes. Of the 490 total outcome Three RCTs compared reintervention rates after treatment
events corresponding to evaluation of patient-reported with PRP versus an alternative. Of the 230 total outcome
symptom relief at the most recent time of evaluation for events corresponding to the need for a subsequent surgical
patients treated with a therapy other than PRP, 271 or follow-up injection after the initial set of injections at

(55.3%) corresponded to successful outcomes. the most recent time of evaluation for patients treated
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TABLE 2

FI and FQ of Randomized Controlled Trials Reporting Dichotomous
Outcomes After Management of Knee Osteoarthritis With PRP*

The American Journal of Sports Medicine

Author FI/RFI FQ/RFQ, % P (reported) P (calculated)
PRP vs HA
Sdeek et al, 2021*2 5 2.60 NR >.999
2 1.10 NR .169
5 2.60 NR 767
1° 0.50° NR .039
Raeissadat et al, 2021*! 7 6.90 NR .657
Di Martino et al, 20196 11 6.60 NR 756
3 1.80 NR 122
2 1.20 NR .086
4 2.40 NR .159
1° 0.60° NR .04
10° 6.00° NR .001
1 0.60 .036 .061
Lisi et al, 2018%° 4 7.40° .003 .002
Filardo et al, 20152 6 3.30 NR 815
Wu et al, 20228 5 11.10 793 >.999
2 4.40 .243 .243
3 6.70 .608 .608
3 6.70 489 489
Szwedowski et al, 2022%° 2 4.10 NR 128
1° 2.00° NR .046
1% 2.00° .038 .049
Montafiez-Heredia et al, 2016%* 3 4.70 227 .193
7 13.20 >.999 >.999
Buendia-Lépez et al, 2018° 1° 1.50° <.001 .038
3? 4.60° <.001 .001
PRP vs CSI
Joshi Jubert et al, 2017%° 3 4.70 472 .193
Szwedowski et al, 2022%° 6 12.20 NR 778
2b 4.10° NR .023
12° 24.50° .001 .001
PRP vs saline
Bennell et al, 20217 1° 0.40° .02 .041
5 1.80 .09 .147
4 1.50 .14 17
Qamar et al, 2021%° 21° 21.00° .001 .001
PRP vs MAT
Zaffagnini et al, 20225° 2 2.00 NR .091
8 8.20 NR 687
3 3 NR .227
Louis et al, 2021%° 3 17.60 NR 637
4 23.50 NR >.999
3 17.60 NR .644
3 15.00 NR .37
Baria et al, 2022* 6 10.30 .99 >.999
PRP vs PRGF
Raeissadat et al, 2021*! 8 7.80 NR >.999
PRP vs ozone
Raeissadat et al, 2021*! 6 6.00 NR 512
PRP vs NSAID
Buendia-Lépez et al, 2018° 3° 4.50° <.001 .007
3° 4.50° <.001 .001
LP-PRP vs LR-PRP
Di Martino et al, 2022 7 4.00 NR 499
5 2.90 NR .239
3 1.70 331 .331

“CSI, corticosteroid injection; FI, fragility index; FQ, fragility quotient; HA, hyaluronic acid; LP, leukocyte poor; LR, leukocyte rich; MAT,
microfragmented adipose tissue; NR, not reported; NSAID, nonsteroidal anti-inflammatory drug; PRGF, plasma rich in growth factor; PRP,
platelet-rich plasma; RFI, reverse fragility index; RFQ, reverse fragility quotient.

®Indicates reversal of significance to nonsignificance (FI). All other values correspond to the RFI (reversal of nonsignificance to

significance).
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Control PRP
Study N N Odds Ratio OR 95% Cl Weight
Sdeek et al., 2021 94 95 |—-— 2.82 [1.04; 7.61] 12.3%
Raeissadat et al., 2021 49 52 —=- 1.32 [0.55; 3.17] 13.9%
Di Martino et al., 2019 82 85 - 3.56 [1.80; 7.05] 16.6%
Di Martino et al., 2019 82 85 LN 2.00 [1.02; 3.96] 16.6%
Lisi et al., 2018 25 29 —E— 10.73 [2.13; 54.13] 6.9%
Filardo, et al., 2015 89 94 — 0.85 [0.33; 2.16] 13.1%
Wu et al., 2022 22 23 —_— 0.19 [0.01; 4.21] 2.4%
Szwedowski et al., 2022 24 25 & 8.00 [0.88; 72.45] 4.3%
Montanez-Heredia et al., 2016 26 27 —-- 1.09 [0.37; 3.23] 11.3%
Buendia-Ldpez et al., 2018 32 33 +—*—— 20.04 [1.62; 520.62] 2.7%
Random effects model 525 548 < 219 [1.33; 3.62] 100.0%
Heterogeneity: /2 = 54%, t* = 0.2750, p =0.02 ! I |
0.01 0.1 1 10 100

Figure 4. Random-effects meta-analysis comparing outcomes after treatment with platelet-rich plasma (PRP) versus hyaluronic

acid. OR, odds ratio.

Control PRP

Study N N Odds Ratio OR 95% Cl Weight
Raeissadat et al., 2021 49 52 —t=— 1.32 [0.55;3.17] 12.5%
Raeissadat et al., 2021 48 52 —_— 1.36 [0.57;3.27] 12.5%
Raeissadat et al., 2021 51 52 —_—— 1.03 [0.42;2.50] 12.2%
Di Martino etal., 2019 82 85 ;| —%—— 3.56 [1.80;7.05] 17.2%
Filardo, et al., 2015 89 94 R 0.85 [0.33;2.16] 11.4%
Joshi Jubertetal., 2017 30 34 ———=——— 212 [0.74;6.07] 9.5%
Bennell et al., 2021 141 140 T 1.44 [0.89;2.32] 24.7%
Random effects model 490 509 o 1.55 [1.07; 2.24] 100.0%
Heterogeneity: /2 = 32%, 1> = 0.0832, p = 0.19 ! T '

02 05 1 2 5

Figure 5. Random-effects meta-analysis comparing patient-reported symptom relief after treatment with platelet-rich plasma

(PRP) versus all other control treatments. OR, odds ratio.

with PRP, 169 (73.5%) corresponded to successful out-
comes. Of the 225 total outcome events corresponding to
reinterventions at the most recent time of evaluation for
patients treated with a therapy other than PRP, 139
(61.8%) corresponded to successful outcomes.
Meta-analysis of these RCTs produced a P value of .002
(OR, 2.17; 95% CI, 1.33-3.53) (Figure 6). The FI and FQ of
this meta-analysis were 7 and 0.02, respectively, indicating
that 7 outcome events would need to be modified to change
the significance of the meta-analysis to nonsignificance.

Cartilage Status on MRI

Three RCTs evaluated cartilage status via MRI. Of the 179
total outcome events corresponding to the cartilage status
of patients treated with PRP, 133 (74.3%) corresponded to
successful outcomes. Of the 167 total outcome events corre-
sponding to the cartilage status of patients treated with
a therapy other than PRP, 126 (75.4%) corresponded to
successful outcomes.

The random-effects meta-analysis demonstrated a P
value of .865 (OR, 1.20; 95% CI, 0.15-9.62), an RFTI of 13,
and RFQ of 0.04 (Figure 7).

Pain Improvement

Five RCTs compared patient-reported outcome metrics for
pain, including WOMAC and VAS scores, between PRP
and control treatment options. Of the 216 total outcome
events corresponding to achievement of the predetermined
level of pain improvement by each study (range, ~20%-50%
improvement from baseline) for patients treated with PRP,
147 (68.1%) corresponded to successful outcomes. Of the
211 total outcome events corresponding to pain improve-
ment for patients treated with a therapy other than PRP,
84 (39.8%) corresponded to successful outcomes.

The P value of the random-effects meta-analysis was
.007 (OR, 6.19; 95% CI, 1.63-23.42) favoring PRP over con-
trol treatments (Figure 8). The FI of this meta-analysis
was 6, with an FQ of 0.01. In other words, if 6 outcome
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Control PRP
Study N N Odds Ratio OR 95% Cl Weight
Sdeek et al., 2021 94 95 —#=——— 282 [1.04; 7.61] 24.0%
Di Martino et al., 2019 82 85 e — 2.00 [1.02;3.96] 51.2%
Zaffagnini et al., 2022 49 50 ——=—— 1.99 [0.75;5.30] 24.8%
Random effects model 225 230 e 2.17 [1.33; 3.53] 100.0%
Heterogeneity: I>=0%,t°=0, p=0.84 ' I I
02 05 1 2 5

Figure 6. Random-effects meta-analysis comparing reintervention rates after treatment with platelet-rich plasma (PRP) versus all

other control treatments. OR, odds ratio.

Control PRP
Study N N Odds Ratio OR 95% Cl Weight
Lisi et al., 2018 25 29 —+— 10.73 [2.13; 54.13] 31.9%
Bennell et al., 2021 132 140 — 0.59 [0.30; 1.18] 37.9%
Louis et al., 2021 10 10 —a T 0.29 [0.04; 1.82] 30.1%

Random effects model 167 179

Heterogeneity: 12 = 83%, 1° = 2.8552, p < 0.01

051 2

0.1

1.20 [0.15; 9.62] 100.0%

10

Figure 7. Random-effects meta-analysis comparing cartilage status on magnetic resonance imaging after treatment with plate-
let-rich plasma (PRP) versus all other control treatments. OR, odds ratio.

Control PRP
Study N N Odds Ratio OR 95% Cl Weight
Wu et al., 2022 22 23 — 0.19 [0.01; 4.21] 10.3%
Szwedowski et al., 2022 24 25 - 8.00 [0.88; 72.45] 14.1%
Szwedowski et al., 2022 24 25 —-'-— 8.00 [0.88; 72.45] 14.1%
Montanez-Heredia et al., 2016 26 27 = 1.09 [0.37; 3.23] 20.0%
Buendia-Ldpez et al., 2018 32 33 ———— 29.04 [1.62;520.62] 11.1%
Buendia-Loépez et al., 2018 33 33 —i—%———20.94 [1.67;536.31] 11.1%
Qamar et al., 2021 50 50 I 26.83 [8.19; 87.97] 19.5%
Random effects model 211 216 - 6.19 [1.63; 23.42] 100.0%
Heterogeneity: /2 = 74%, > = 2.0039, p <0.01 ! ! !
0.01 0.1 1 10 100

Figure 8. Random-effects meta-analysis comparing pain improvement after treatment with platelet-rich plasma (PRP) versus all

other control treatments. OR, odds ratio.

events in this meta-analysis were flipped, the meta-
analysis would change from significant to nonsignificant.

DISCUSSION

We performed a comprehensive evaluation of the statisti-
cal fragility of RCTs comparing PRP with alternative non-
operative treatment options for the management of knee
OA. The primary finding was that individual RCTs demon-
strated slight robustness based on both the FI and the FQ
and with respect to both significant and nonsignificant
findings. The mean number of events required to reverse
significance (FI) was nearly 5 outcome events per RCT,

which means that 5 events would have needed to have a dif-
ferent outcome to change the significance of the RCT. Like-
wise, the mean number of events required to reverse the
statistical significance of conducted meta-analyses was 6.
Meta-analyses based on the treatment to which PRP was
compared and the outcome metric used for the comparison
demonstrated robust evidence in support of PRP over HA
as well as for avoidance of a reintervention after the initial
injection treatment and achievement of the MCID for pain
improvement when compared with all alternative
treatments.

Currently, the AAOS clinical practice guideline on man-
agement of OA of the knee states that PRP “may reduce
pain and improve function in patients with symptomatic
osteoarthritis of the knee,” with a strength of
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recommendation of “limited.”’ This recommendation was
downgraded 2 levels from “strong” to “limited” based on
concerns discussed in the Evidence to Decision framework,
including the heterogeneity of results.! This study provides
an additional metric to heterogeneity that can be used to
evaluate the strength of evidence in support for or against
PRP for the management of knee OA. In particular, the
finding that individual RCTs were overall more robust
than fragile supports the current clinical practice guideline
but suggests that the strength of recommendation may be
able to be upgraded from “limited.” Meta-analysis demon-
strated robust findings with respect to PRP over alterna-
tive treatment options for statistically significant
improvement in WOMAC and VAS pain scores, with an
OR of 2.17 for achievement of the MCID when receiving
PRP versus alternative treatments and an overall FI of 7
(FQ, 0.02), meaning 7 event status modifications from >1
trials included in the meta-analysis would need to take
place to alter the significance of the meta-analysis to non-
significance. Furthermore, meta-analysis of studies com-
paring PRP with HA demonstrated robust and significant
findings in support of PRP over HA when evaluating all
outcome metrics, including patient-reported symptom
relief, reintervention rates, cartilage status on MRI, and
achievement of the MCID for pain improvement. These
results align with and provide additional support to the
findings of Belk et al,®> who, in their systematic review
and meta-analysis of RCTs comparing PRP with HA for
knee OA, concluded that patients undergoing treatment
for knee OA with PRP can be expected to experience
improved clinical outcomes when compared with patients
treated with HA based on studies using the WOMAC and
VAS scores. In our meta-analysis, we found that 8 total
event status modifications (FQ, 0.007) from >1 trials would
need to take place to suggest no difference in outcomes
achieved with PRP versus HA.

Although only compared by 2 studies each in this system-
atic review and thus ineligible for meta-analysis, findings
suggesting superiority of PRP over saline and CSI included
studies with the 2 highest FIs in the systematic review (21
and 12 for saline and CSI, respectively). Again, these find-
ings align with and add further support to a recent meta-
analysis of both dichotomous and nondichotomous outcomes
that found PRP injections produce superior outcomes when
compared with CSIs, including improved pain management,
less joint stiffness, and improved participation in sports,
with the maximal difference observed at 6-month follow-
up.?2 Our findings add further support to these results
and suggest that improved outcomes of PRP over CSI and
saline for knee OA may be a robust conclusion. Similarly,
the meta-analysis with one of the highest RFIs (RFI, 13)
was with respect to studies evaluating the cartilage status
of patients on MRI. There is strong evidence that PRP
does not regenerate cartilage.??>* Thus, it is not surprising
that similar outcomes were found between PRP and all
alternative treatment options when cartilage status on
MRI was used as the outcome of interest.

It is important to note that while findings were overall
robust, there was also heterogeneity among the included
RCTs. For example, an I? of 74% resulted from the meta-
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analysis evaluating PRP for pain improvement. Thus,
despite an OR of 6.19 in favor of PRP over all alternative
treatment strategies, there was still moderate to high het-
erogeneity among the included outcomes. This finding is
not uncommon when evaluating patient outcomes using
WOMAC and VAS pain scores, however. A recent system-
atic review and meta-analysis found that patients who
receive PRP or concentrated bone marrow aspirate injec-
tions have better outcomes than patients who receive HA
and reported I? values ranging from 81% to 98% for
WOMAC and VAS pain scores.® Heterogeneity may be
due to several factors, including differences in preparation
protocols and PRP compositions, differences in the defini-
tion of success used, the form by which patients reported
results (such as on paper vs on a tablet or computer), the
timing at which results were reported (such as at home
vs after a physical therapy visit), and the length of fol-
low-up. While these factors may certainly contribute to
heterogeneity at the study level, it is also important to
note the substantial variability at the patient level that
is inherent to patient-reported metrics of pain associated
with knee OA. For example, it is well known that there
is substantial variability at the individual patient level
with respect to the experience of pain.!®!”37 In other
words, it is possible for a patient with Kellgren-Lawrence
grade 4 knee OA to have high functional ability and limited
pain, while a patient with no joint space narrowing could
have debilitating pain and disability. Thus, it is extremely
challenging to control for the subjective experience and
response to pain by individual patients even in the pres-
ence of objective diagnoses of knee OA, and this variable
may have a substantial effect on the variability in patient
response to biologic injections such as PRP, particularly in
regard to outcomes such as patient-reported symptom
relief and achievement of the MCID for WOMAC and
VAS pain scores.

In this study, the mean number of patients from >1 tri-
als included in each meta-analysis for which a modification
on the event status would change the statistical signifi-
cance of the pooled treatment effect was 8.67 = 4.50. In
a cross-sectional analysis of 906 meta-analyses of trials
with a binary outcome from the Cochrane Database of Sys-
tematic Reviews, it was found that one-third of all meta-
analyses depended on the event status of <5 participants
from >1 trials.2 More specifically, for statistically signifi-
cant meta-analyses with sample sizes between 200 and
500, as was the case for the majority of meta-analyses in
the present study, 50.1% of statistically significant meta-
analyses had an FI of <5.2 For statistically significant
meta-analyses in the present study, the mean FI was
6.00 = 2.16. Thus, statistically significant findings favor-
ing PRP over alternative injection therapies were found
to be more robust than the majority of significant meta-
analyses of similar size included in the Cochrane Database
of Systematic Reviews, which is currently the largest data-
base of systematic reviews in health care.? Although there
are few Fl-based meta-analyses in the orthopaedic litera-
ture specifically, the median FI of statistically significant
findings from individual RCTs related to sports medicine
and arthroscopic surgery was found to be just 2 patients.2’
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A recent review of the most influential studies in PRP
research found that the majority of the top 50 cited studies
were of level 1 or 2 evidence, with RCT's being the most com-
mon study design and knee OA the most represented topic
on the list of clinical studies.®® Thus, there is evidence
that suggests immense clinical and research interest in
RCTs focused on PRP for knee OA; nevertheless, there con-
tinues to be substantial debate on the topic. This study
showed that the F1 can serve as an additional metric to eval-
uate the strength of evidence in support for or against the
use of PRP for knee OA. For this reason, the authors advo-
cate the reporting of FIs and FQs in future RCTs evaluating
outcomes after PRP injections in patients with knee OA.

Limitations

The results of this study should be interpreted in the con-
text of its limitations. First, it is important to note that
FIs can only be applied to categorical data with dichotomous
outcomes. As a result, a number of RCTs were excluded
because they did not report binary outcomes that could be
assessed using the FI or RFI. While achievement of a certain
outcome metric such as the MCID in the WOMAC pain
score provides a useful means to measure the success or fail-
ure of a treatment, it is of course possible that a range of
symptom states exist and depend on a variety of patient-
specific factors. In addition, the present study possesses
a number of limitations inherent to all systematic reviews
and meta-analyses. These include the inability to control
for biases introduced by individual studies, such as patient
selection, randomization, and blinding, as well as heteroge-
neity in methodology and outcome metrics. It is also impor-
tant to note that substantial heterogeneity in PRP platelet
concentrations may exist among the included studies based
on individual PRP preparation protocols,?® and the effects of
platelet dosing on outcomes after treatment with PRP injec-
tions have yet to be fully evaluated. The longest follow-up of
any included study was 72 months; thus, the effects of PRP
and alternative injection therapies beyond this point were
not evaluated, and further research with longer-term
follow-ups is needed. Finally, as the FI and RFI are rela-
tively new tools for evaluating scientific literature, future
work is needed to enhance their interpretability and ensure
that results are understood in their proper context.

CONCLUSION

Individual RCTs evaluating PRP for knee OA possess slight
robustness with respect to both significant and nonsignifi-
cant findings. Upon meta-analysis, PRP demonstrated a sig-
nificant advantage over HA as well as improved symptom
relief, lower rates of reintervention, and more frequent
achievement of the MCID for pain improvement when com-
pared with alternative nonoperative treatment options, but
it showed no evidence of increased improvement of cartilage
status on MRI. Statistically significant pooled treatment
effects evaluating PRP for knee OA are more robust than
approximately half of all comparable meta-analyses in med-
icine and health care. Future RCTs and meta-analyses

The American Journal of Sports Medicine

should consider reporting FIs and FQs to facilitate interpre-
tation of results in their proper context.
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