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Abstract

Background: Plantar fasciitis is a common cause of heel pain. Corticosteroid injections are
commonly used and proven to be effective, and lately platelet-rich plasma (PRP) has been
used with mixed results.

Purpose: To perform a systematic review and meta-analysis comparing intralesional
injections of PRP and steroid infiltration.

Study Design: Systematic review and meta-analysis.

Methods: A systematic review of Medline, Embase, Scopus, and Google Scholar including
all level 1 and 2 studies from 2010 to 2019 was perfomed. American Orthopaedic Foot and
Ankle Society and visual analog scale for pain scores were used as outcome variables.
Publication bias and risk of bias was assessed with the Cochrane Collaboration tools. The
Grading of Recommendations, Assessment, Development and Evaluations system was used
to assess the quality of the body of evidence. Heterogeneity was assessed with ? and 12
statistics.

Results: Fifteen studies were included in the analysis. Nine studies had a high risk of bias.
There was 1 study with high quality, 9 with moderate, 2 studies with low, and 3 with very
low quality. The pooled estimate for the American Orthopaedic Foot and Ankle Society score
demonstrated nonsignificant differences at 1 month (P = .4) and 3 months (P =.076). At 6
months (P =.009) and 12 months (P = .009), it indicated significant differences in favor of
PRP. The pooled estimate for visual analog scale demonstrated nonsignificant differences at

1 month (P =.653). At 3 months (P =.0001), 6 months (P =.002), and 12 months (P =.019),
it yielded significant differences in favor of PRP.

Conclusion: The results of this systematic review and meta-analysis suggest that PRP is
superior to corticosteroid injections for pain control at 3 months and lasts up to 1 year. In the
short term, there is no advantage of corticosteroid infiltration. However, the low study
quality, high risk of bias, and different protocols for PRP preparation reduce the internal and
external validity of these findings, and these results must be viewed with caution.
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There is no current consensus with regard to the most appropriate treatment of plantar
fasciitis.* This condition is caused by degenerative changes resulting in repetitive microtears
of the plantar fascia, which are in turn caused by biomechanical overuse from prolonged
standing or running.>%!21845 The estimated prevalence of heel pain in the general population
ranges from 3% to 7%,223¢ and it has been reported to account for about 8% of all running-
related injuries.*?

Several nonoperative treatments have been employed, such as stretching, physical therapy,
nonsteroidal anti-inflammatory drugs, extracorporeal shock wave therapy, needling and night
splints, relative rest, Achilles tendon and plantar fascia stretching exercises, and heel
cushions, and all have demonstrated significant benefits within 12 months of treatment.!'”

Various invasive procedures are commonly used to improve the clinical outcomes of plantar
fasciitis.!®?43% For example, infiltration with corticosteroids is effective but provides only
short-term pain relief with disappointing long-term results.3**? This procedure is also
associated with complications, including localized infection, fat pad atrophy, and plantar
fascia rupture.?**? Furthermore, the evidence from histopathologic studies has failed to
demonstrate any inflammatory process in plantar fasciitis, calling into question the rationale
for the use of corticosteroids.?®>2

In recent years, platelet-rich plasma (PRP) has been investigated as a treatment option for
plantar fasciitis. PRP is a bioactive concentrate of various growth factors and cytokines that
modulate cell proliferation and differentiation, angiogenesis, and chemotaxis.'??* When it is
injected into injured tissue, the presumed mode of PRP action is to promote collagen
synthesis and enhance tendon and tissue healing.'**° Not surprising, long-term pain relief has
been reported by a few authors, suggesting that PRP treatment augments a natural healing
response.'>¥ In theory, this makes PRP an ideal treatment option, and in fact, several studies
have demonstrated very positive treatment outcome effects.?!*4?°32 However, recent studies
have reported conflicting results when PRP injections were compared with steroid injection
and other treatment methods, and in some instances they were unable to demonstrate
superiority of the PRP treatment,!7-19:27,39:40.47.50

The purpose of this study was to perform a meta-analysis comparing injection of PRP with
corticosteroid injections.

Methods

The guidelines described in the Cochrane Handbook'* were used to conduct this research.
The study was designed and reported according to the PRISMA (Preferred Reporting Items
for Systematic Reviews and Meta-analyses) guidelines.

Eligibility Criteria
All level 1 and level 2 studies were included that compared intralesional infiltration of
corticosteroids and PRP in patients with plantar fasciitis from 2010 through 2019. A

minimum follow-up of 3 months was required for inclusion, but longer-term follow-up
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studies were eligible if the authors reported 3 months of follow-up data. Studies comparing
PRP with normal saline or other analgesics were not considered for inclusion, unless they
included a treatment group with corticosteroid infiltration; for these studies, the data were
extracted only for the treatment arms of interest. Retrospective studies and level 4 case series
were excluded. To be included in the meta-analysis, studies had to have at least 1 outcome
measure—either the American Orthopaedic Foot and Ankle Society (AOFAS) score or visual
analog scale (VAS) for pain—and complete documentation of all data in the tables, main text,
or supplementary documentation outlining demographic information and treatment details.
The reason for the selection of the short-term follow-up was that injection therapy in general
has only short-term effects.’> Moreover, growth factors and cytokines are released within 1
hour, which reduces the likelihood of long-term effects.!> However, if the studies included
longer-term data, pooling was performed, and these data were meta-analyzed.

Abstracts or conference proceedings, case reports, and in vitro and in vivo basic science
studies were excluded. It is acknowledged that the omission of these “gray” data sources can
result in publication bias.

Literature Research

A systematic review of the literature was performed to identify all publications in English and
German reporting on injections for the treatment of plantar fasciitis. The databases Medline,
Embase, Scopus, and Google Scholar were systemically searched with the following terms
and Boolean operators: “PRP” AND/OR “platelet plasma” AND/OR “cortisone” AND/OR
“corticosteroid”; AND/OR “injection” AND/OR “infiltration” AND/OR “heel pain”
AND/OR “plantar fasciitis.” Two reviewers conducted independent title and abstract
screening. Disagreements between reviewers were resolved by consensus, and if no
consensus was reached, they were carried forward to the full-text review. All eligible articles
were manually cross-referenced to ensure that other potential studies were included.

Data Extraction and Quality Assessment

An electronic data extraction form was used to obtain the following data from each article:
age, sex, level of evidence, length of follow-up, disease duration, PRP and steroid preparation
and injection technique, outcome scores, country, and sample size. The senior author
independently completed data extraction, and a second reviewer verified the data.

Risk of bias was assessed with the Cochrane Collaboration Risk of Bias Tool.!* The Grading
of Recommendations, Assessment, Development and Evaluations (GRADE) system was used
by the senior author (E.H.) to assess the quality of the body of evidence for each outcome
measure; a second reviewer (K.T.) verified the assessments.!* The recommendations from the
Cochrane Handbook were followed, and studies were downgraded if there were limitations in
the design, indirectness of evidence, unexplained heterogeneity, imprecision of results, and
high probability of publication bias. All institutional and author information was concealed to
the second reviewer to reduce reviewer bias. Any disagreement between reviewers was
resolved by consensus and/or arbitration between the senior authors (E.H., K.T.).

Statistical Analysis

Interobserver differences for study eligibility and risk of bias were measured with Cohen
kappa coefficient. Heterogeneity of the data was assessed with y? and I? statistics. Outcomes



were pooled with a random effects model if the I? statistic was >50%; however, if it was
<25%, then a fixed effect model was utilized. Similar improvements in outcome scores were
calculated from baseline scores and pooled. Subgroup analysis for AOFAS and VAS for the
same time period and different follow-up intervals was performed if >3 studies utilized these
scores. If standard deviations were not reported, the standard deviation was calculated per the
following formula: SD = maximum — minimum / 4. Hozo et al'> showed that this formula
reliably provides a good estimate of the standard deviation. All tests of significance were 2-
tailed, and an o of <.05 was considered significant. Publication bias was assessed with funnel
plots and the Egger test. Funnel and forest plots and all statistical analyses were performed
with STATA SE (v 12.0; StataCorp) for Windows and the Comprehensive Meta-analysis
software package (Version 3; Biostat Inc).

Results
Study Selection and Characteristics

The initial literature search identified 1496 studies for consideration. Of those, 714 were
excluded for duplication, and the remaining 763 were checked for eligibility. Another 471
studies were excluded due to not fitting the eligibility criteria, and after abstract review, the
full text of 22 studies was examined. Only 15 studies ultimately met all of the eligibility
criteria and were included in the analysis (Figure 1).7
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Figure 1. PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) flow diagram.
From the initial 1496 records, 15 studies were included. PRP, platelet-rich plasma.
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TABLE 1
Summary of the Study Characteristics”

PRP; Steraid
Patients, Mean Sex, Male: Mean Discase

First Author LOE Country No, Age, v Female, No. Follow-up Duration, mao PRP Preparation Steroid

Aksahin (2012 3 Turkey 30; 30 46.4; 45.7 1208 1317 3wk, 6 mo 8.69.4 25 mL, blood. 15 min 2 ml,
at 1800 rpm. 10 min  methylprednisolone
at 3500 rpm, Dose; (40 mgh. 2 mL, 2%
3 mlL, PRP. 2 mL, prilocaine, Blind
2% prilocaine. Blind  injection,
injection.

Tiwari (20131* 3 India 30; 30 All =18 14:18; 1317 1, 3 mo Not reported 30-50 mL, blood (PRP 1 mL,

Fast System; BIO). methylprednisolone
5 min at 3200 rpm. (40 mg). Blind
Dhose: & mL, PRP. injection.

Rlind injection,

Monto (2014)7! 2 us 20; 20 51; 59 8:12; 9:11 3,6, 12, 24 mo 4 27 mL, blood. 12 min 40 mg, Depo-Medrol
at 2400 rpm. Dose: {Pharmacia &

4 mL, PRP. Upjohn Col. 6 mL,
Ultragound guided. 0.5% bupivaenine,
Ultrasound guided.

Bay (2014 2 Turkey 25; 25 4T, d8.6 5:20; G198 3 mo ] A0 mL, blood, 8 min at 1 ml,

1800 rpm. Doga: mathylprednizalone

2.5 mL, PRP. Blind (40 mgh 1 mL,

injection. prilocaine, Blind
injection,

Juin (2015)" 4 UK 24; 22 006, 666 Bi6; 814 3, 6, 12 mo Not reported 27 mL, blood. 3 mL, 40 mg, trinmeinolone.
sodivm citrate 40 mg,

(GPSIIL; Biomet). levobupivacaine,
15 min at 3200 rpm. Blind injection.
Dose: 2.5 mL, PRP.

Blind injection.

Sherpy (2016 1 Egypt 26,26 37.5.385 223 025 & wk, 3 mo 7296  10mL, blood. 16 min 40 mg, trinmeinolone,
at 1800 rpm. 10 min 1 ml, mepivacaine.
at 3500 rpm. Dose: Blind injection.
not reported. Blind
injection.

Mahindra (201857 1 India 25 26 30.7; 339  12:13; 11114 3wk, 3 mo 3 27 mL, blood. 3 mL, 2 mlL,
citrate d . methyl, dnisol
12 min at 3200 rpm. (40 mg). Blin
Dose: 3 mL, PRP. injection.

Blind injection.

Shetty (2014)* 3 India 30; 30 34; 392 3 mo =3 54 mL, blood. 8 mL,, 40, mg triamcinolone.
citrate dextrose. 3 mL, lignocaine
14 min (rpm not (2%). Blind injection.
reported). Dose:

8 mL, PRP. Blind
injection.

Acosta-Olive (2017) 1 Mexico 1515 448 448 311; 311 1,23, 4mo =3 40 mL, blood. 3.8% 8 mg, dexamethasone.
sodinm citrate. 2 mL, lignocaine.
10 min at 1800 rpm,  Blind injection.
then 12 min at
3400 rpm. Dose:

3 mL, PRP. Blind
injection.

Jain (2018)"7 3 UK 24;22 556 556 816 814 1, 3, 6 mo Not reported 27 mL, blood, 3mL, 2 mL,
sadium citrate, methylprednisalone
10 min at 1300 rpm. (40 mg). 2 mL, 2%
10 min at 3500 rpm.  lidecaine. Blind
Dose: 3 mL, PRP. injection,

Blind injection.

Ugurlar (20181 1 Turkey 3940 384; 401 19:20; 17:23 1,3, 6,12, 24, 36 mo 139145 15 mL, blood, 5 min 1 mL, betamethasone
at 1500 rpm (ACP; (40 mgh 2 mL,
Arthrex). Dose: 5mlL,  bupivacaine (10 mg).
PRP. Ultrasound Ultrasound guided.
uided,

Upadhyay (2018/* 2 India T 70 48; 21 to =60 4199 1,3, 6mo 4 10 ml, blood. 15 min 1 mlL,
at 1500 rpm. Dose: methylprednisolone
2 mL, PRP. Blind {40 mg). 8 mL, 1%
injection. lidocaine. Blind

injection.

Jimenez-Parez (2019)" 3 Spain 20, 20 53.7; 55.1 5:15; 6:14 6, 12 mo =f 20 ml., blond, 3.8% 2 ml.,
sodium citrate, 8 min - methylprednisolone
at 1800, Dose: 4 mL, (40 mg). Ultrasound
FRP. Ultrasound guided.
guided,

Shetty (20197 2 India 30, 30 446 41:49 3 wk; 3, 6, (] Blood (mL not 2 ml,

12,18 mo ported). Standard methylprednisol
double centrifugation (80 mg). 1 mL, 1%
(=ettings not lidacaine. Blind
reported). Dose: injection.
2 mL, PRF; 1 mL,
1% lidocaine. Blind
injection.

Peerbooms (20197 1 the Netherlande 63; 52  50.7;47.5  15:48; 168:34 6, 12 mo >6 55 mL, blood. 5 mL, 1 mL, triamcinolone
sodium citraie (40 mg). Bupivacaine
{GPSIIL; Biomet), Blind injection.

15 min at 3200 rpm.
Doge: 5 mL, PRP.
Blind injection.

“ACP, autologous conditioned plasma; PRP, platelet-rich plasma.



Overall agreement between the reviewers for final eligibility was excellent (kappa, 0.92; 95%
CI, 0.88-0.95). All 15 studies were published in English between 2012 and 2019, with a
cumulative 811 cases. A total of 457 patients were treated with PRP and 354 with
corticosteroid infiltration. The study characteristics are summarized in Table 1.

Risk of Bias and Quality Assessment

The findings of the risk of bias assessment are summarized in Figure 2.
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Figure 2. Risk of bias. (+) Indicates high risk of bias; (?) indicates unclear risk of bias; (—) indicates low risk of
bias.

Nine studies had a high risk of bias.!-3:18.33:35:44-46 Thege biases were related to poor or unclear
randomization generation and allocation concealment. The Cochrane Handbook'* clearly
outlines that a high risk of bias reduces the confidence in the estimate of the effect, and as the
proportion of studies with high risk is 60%, the risk of bias across all studies must be
considered high and is sufficient to affect the interpretation of the overall results. Publication
bias, or studies with positive findings being more likely to be published (and tending to be
published faster) than studies with negative findings, was detected for VAS and AOFAS
pooling at different time points. For VAS, the funnel plot was symmetric only at 6 months;
however, Egger regression intercept (intercept, —19.87; t = 4.35; P = .003) suggests
publication bias. Egger regression intercepts for VAS at 1 month (intercept, —14.741; t =
0.46; P = .17), 3 months (intercept, —6.11; t = 0.46; P = .65), and 12 months (intercept, —
12.93;t=3.93; P = .081) were negative, and despite the lack of statistical significance, this
suggests funnel plot asymmetry and publication bias. The funnel plots for AOFAS at all time
points were symmetrical, and Egger regression intercepts at 1 month (intercept, 52.31; t =
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2.17; P = .11), 3 months (intercept, 5.65; t=1.59; P = .17), 6 months (intercept, 15.3; t =
2.09; P =.1), and 12 months (intercept, 12.44; t = 1.98; P = .29) were positive and
nonsignificant, strongly suggesting a higher level of test accuracy and a lack of publication
bias (Appendix Figure Al, available in the online version of this article).

Ten studies were initially defined as high quality** and the remaining 5 studies®!6-33:4044 a5
moderate quality (Table 2).'* All but 2 studies'* were downgraded for imprecision of results;
all 13 of these studies failed to provide an a priori sample size calculation and report the 95%
ClIs. Five studies®!6:18:4044 were downgraded for limitations in the study design with regard to
being quasi randomized control trials.

TABLE 2
Quality Assessment per the Cochrane GRADE System”

Quality of Evidenee

First Author Initial Final Limitations in Study Design Imprecision of Hesults Increased Guality of Evidence

Aksahin (2012 Moderate  Very low  Quasi RCT, automatic downgrade No sample size caleulation, 95% CI missing

Tiwari (2013* Moderate  Very low  Quasi RCT, automatic downgrade No sample size caleulation, 95% CI missing

Monto (20147 High Meoderate  High risk of bias No sample size caleulation, 95% CI missing Large magnitude effect

Say (2014 Moderate  Moderate No zsample zize caleulation, 95% CI missing Large magnitude effect

Jain (2015 Moderate  Very low  Quasi RCT, automatic downgrade; No sample size caleulation, 95% CI missing
high risk of bias

Sherpy (2016 High Moderate No sample size caleulation, 85% Cl missing

Mahindra (2016)"7 High Moderate No sample size calculation, 95% CI missing

Shetty (2014)" Moderate Low Quasi RCT, automatic downgrade; No sample size calculation, 85% CI missing Large magnitude effect
high risk of bias

Acosta-Olive (2017)" High High

Jain (201817 High Moderate No sample size caleulation, 95% CT missing

Ugurlar (2018** High Low Moderate risk of bias No sample size calculation, 95% CI missing

Upadhyay (2018/% High Moderate  High risk of bias No sample size calculation, 85% CI missing Large magnitude effiect

Jimenez-Perez (2019)"®  High Meoderate  Quasi RCT, automatic downgrade; No sample size caleulation, 95% Cl missing Large magnitude effect
high risk of bias

Shetty (20197 High Moderate No sample size caleulation, 95% CI missing

Peerbooms (2019 High Moderate  Laoss to follow-up 33%

“Three aspects of the Cochrane assessment were negative across all studies: inconsistency of results, indirectness of evidence, and publication bias. RCT, ran-
domized controlled trial.

The GRADE criteria were used to determine which studies should be downgraded.'* Five
studies'®18:31:40.46 were downgraded because of a high risk of bias, and 1 study*’ was
downgraded because of a moderate risk of bias. One study>? reported a loss of follow-up of
33% and was downgraded because of limitations in the study design. In 5 studies, 831354046
large magnitude effect was observed, and these studies were upgraded 1 level.'* As a result,
there was only 1 study with high-quality evidence,! 9 studies with moderate quality, 3% 2
studies*** with low quality, and 3 studies®'®** with very low quality.

a

The clinical outcomes for all studies are summarized in Table 3. Five studies!-27-33:33:46

reported the 1-month results for the AOFAS score. The pooled estimate for these studies
demonstrated nonsignificant differences between the groups (standard mean difference
[SMD], 0.982; 95% CI, —1.302 to 3.265; P = .4; 1> = 98%) (Figure 3).



TABLE 3
Clinical Outcomes for AOFAS and VAS®

Mean = SD or Mean (Range)

First Author: LOE FRP Steroid
Aksahin (2012)": 3
VAS
1 mo 66+ 164 4.4 + 209
G mo 3.93 £ 2.02 3.4 = 232
Tiwari (2013)%: 3
VAS
1 mo 21=1 2.7 =095
4 mo 2.0 + 0.45 28 =076
G mo 20 = 045 28 = 0.76
Monto (2014)": 2
AQFAS
3 mo A5 (88-100) 81 (56-50)
& mo B4 (87-100) T4 (64-87)
12 mo B4 (86-100} 58 (45-TT)
24 mo 92 (77-100} 56 (30-75)
Say (2014 2
VAS
6 wk 24 =08 4=11
& mo 1+08 26 =09
AOFAS
G wk B5.5 £ 4.2 75.3 = 4.8
6 mo 803 + 4.7 803 = 47
Jain (2015)'%: 3
VAS
3 mo 35+ 33 283 ~ 344
& mo 3.7 £ 3.58 3.28 = 3.55
12 mo 33+ 360 533 = 347
AQFAS
3 mao B3.7 + 15433 B86.37 = 17.15
6 mo B8.63 £ 11,84 B83.8 = 183
12 mo BR.G £ 1342 T5.07 £ 20013
Sherpy (2016)™; 1
VAS
6wk 1.5 (0-10) 4(0-9)
3 mo o 1(0-9)
Mahindea (2016/%: 1
1 mo 5.76 £ 1563 284 = 146
3 mo 252+ 171 364 =~ 162
AOFAS
1 mo 83.92 = 12,12 BEG = 677
3 mo 88,24 £ BT6 #1.32 » 639
Shetty (2014)*": 3
VAS, 3 mo 18 + 112 4.27 = 141
AOQFAS, 3 mo 83.1 = 10.11 706 = 9.19
Acosta-Olivo (2017)": 1
VAS
1 mo 242 £ 145 221 = 1.69
3 mo 062 + 0.73 0.53 = 1.06
AOQFAS
1 mo 85.9 * 6.7 B5Y = 6.7
3 mo 94.4 = 5.7 968 = 5.4
Jain (2018)'7: 3
VAS
1 mo 65+ L7 6.7 =27
4 mo 5.0 £ 2.5 43 £ 28
6 mo 30+ 26 3328
Ugurlar (2018)'": 1
VAS
1 mo 33.4 + 209 27 +94
3 mo 129 £+ 11.1 26.1 = 24.2
6 mo 128 £ 116 24.4 = 239
12 mo 24.6 £ 22.9 G058 = 29.9
24 mo 203 + 284 302 = 29
36 mo 322 * 309 32.0 ~ 30.8
Upadhyay (2018)"%: 2
VAS
1 mo 4.52 = 0.78 2,46 = 0.74
4 mo 306 £ 0.86 .46 = 0.9
6 mo 141 & 0.49 6,88 » 068
AOFAS
1 mo 797 * 6.4 BB.4 = 4.9
4 mo BA.0 =0 BHA = 38
G mo 45+ 0 568 = 10
Jimenez-Perez (2019)'*: 3
VAS
6 mo 2 5.3
12 mo 19 6.05
AOFAS, 6 mo 92,1 49.75
Shetty (20187 2
VAS
1 mo 8 [
3 mo 5 5
& mo 3 ]
12 mo 2 4
18 mo 2 4
Peerbooms (2019)™: 1
AOQFAS
1 mo 65 * 5 =3
3 mo 68+ 5 67~ 4
6 mo T4 68 = 4
12 mo BD * 4 67 =6

“AOFAS, American Orthopaedic Foot and Ankle Society; LOE,
level of evidence; PRP, platelet-rich plasma; VAS, visual analog
scale,
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Figure 3. Forest plot for American Orthopaedic Foot and Ankle Society score at 1 month. The pooled estimate
for all studies demonstrated no significant differences (P = .4).

Seven studies!!6:27:3133.4046 reported the 3-month results for the AOFAS score. The pooled
estimate (random effects model) for these studies demonstrated nonsignificant differences in
favor of PRP (SMD, 0.532; 95% CI, —0.055 to 1.120; P = .076; 1> = 88%) (Figure 4).
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Figure 4. Forest plot for American Orthopaedic Foot and Ankle Society score at 3 months. The pooled estimate
for all studies demonstrated no significant differences but favored platelet-rich plasma (PRP) (P =.076).

Six studies!®!8:31:3335:46 reported the 6-month results for the AOFAS score. The pooled
estimate (random effects model) for these studies demonstrated significant differences in
favor of PRP (SMD, —2.510; 95% CI, [4.397 to —0.622]; P = .009; 1> = 97%) (Figure 5).

Study name Statistics for each stu Std diff in means and 95% CI
Std diff  Standard Lower Upper
in means error Variance  limit limit Z-Value p-Value
Manto (2014) -3.328 0.488 0238 -4285 -23T1 -6.815 0.000
Say (2014) 0.000 0.283 0.080 -0.554 0.554 0.000 1.000
Jain (2015) -0.310 0.297 0.088 -0.892 0272 -1.043 0297
Upudhyay (2018) -5.402 0.364 0.133 -6.116 -4.688 -14.824  0.000
Jimenez (2019) -5.817 0.723 0523 -7.235 -4.400 -8.044 0,000

Peerboms (2019) -0.500 0.271 0.074 -1.032 0032 -1.843 0.065
-2.510 0.963 0928 -4.397 -0622 -2606 0.009
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Figure 5. Forest plot for American Orthopaedic Foot and Ankle Society score at 6 months. The pooled estimate
for all studies demonstrated significant differences in favor of platelet-rich plasma (PRP) (P = .009).



Three studies'®3!33 reported the 12-month results for the AOFAS score. The pooled estimate
(random effects model) for these studies also demonstrated significant differences in favor of
PRP (SMD, —2.728; 95% CI, [-4.782 to —0.674]; P = .009; 1> = 95%) (Figure 6).
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Figure 6. Forest plot for American Orthopaedic Foot and Ankle Society score at 12 months. The pooled
estimate for all studies demonstrated significant differences in favor of platelet-rich plasma (PRP) (P = .009).

Ten studies" reported the 1-month results for the VAS score. The pooled estimate (random
effects model) for these studies demonstrated nonsignificant differences between the groups
(SMD, —0.180; 95% CI, —0.606 to —0.966; P = .653; 1> = 95%) (Figure 7).
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Figure 7. Forest plot for visual analog scale at 1 month. The pooled estimate for all studies demonstrated no
significant differences (P = .653).

Ten studies!16:17:27:38-40.44-46 renorted the 3-month results for the VAS score. The pooled
estimate (fixed effects model) for these studies demonstrated significant differences in favor
of PRP (SMD, —0.843; 95% CI, —1.021 to —0.665; P = .0001; I*> = 11%) (Figure 8).
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Figure 8. Forest plot for visual analog scale at 3 months. The pooled estimate for all studies demonstrated
significant differences in favor of platelet-rich plasma (PRP) (P =.0001).

Nine studies™!6-18:33:39.44-46 reported the 6-month results for the VAS score. The pooled
estimate (random effects model) for these studies also demonstrated significant differences in
favor of PRP (SMD, —1.983; 95% CI, —3.228 to —0.738; P = .002; I> = 97%) (Figure 9).
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Figure 9. Forest plot for visual analog scale at 6 months. The pooled estimate for all studies demonstrated
significant differences in favor of platelet-rich plasma (PRP) (P =.002).

Four studies!'®!33%% reported the 12-month results for the VAS score. The pooled estimate
(random effects model) for these studies again demonstrated significant differences in favor
of PRP (SMD, —1.708; 95% CI, —3.133 to —0.283; P = .019; 1> = 95%) (Figure 10).
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Figure 10. Forest plot for visual analog scale at 12 months. The pooled estimate for all studies demonstrated
significant differences in favor of platelet-rich plasma (PRP) (P =.019).

Discussion

The results of this meta-analysis suggest that PRP has no advantage over steroid injections
within the first month of treatment but is superior to steroids with regard to pain (VAS)
between 3 and 12 months and function (AOFAS) between 6 and 12 months after an injection.
However, the AOFAS scoring system includes elements of pain assessment, which contribute
to 40% of the final score.** Functional assessment includes activity limitations, walking
distance, walking surfaces, gait abnormality, motion, stability, and alignment. When the
effect of injection therapy on the reduction of symptoms in patients with plantar fasciitis is
being assessed, it is unlikely that walking surfaces, gait abnormality, motion, stability, or
alignment has a large influence on the final outcome score. Yoo et al’! could not demonstrate
any significant changes in gait and pain relief, whereas Chang et al® reported that patients
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compensate by increasing medial forefoot pressure and decreasing propulsive ground-
reaction forces during the initial stance. These facts suggest that the AOFAS might be mainly
assessing pain and not really functional outcomes and, in that sense, is very similar to the
VAS.

Ling and Wang?* already completed a meta-analysis comparing the effects of PRP with other
treatment modalities. Ten randomized controlled trials were included in their study, of which
5 were in our meta-analysis, and they demonstrated that PRP was as effective as other
treatments in reducing pain and improving function.?* Preceding this, Yang et al’° completed
a meta-analysis including 9 randomized controlled trials, of which 7 were in our meta-
analysis, and they concluded that there is limited evidence to support the superiority of PRP
over steroid treatment. Singh et al*! published a systematic review and meta-analysis of 10
studies published between 2011 and 2016 comparing PRP with corticosteroid injections, of
which 8 studies were in our meta-analysis, and their study demonstrated that PRP was
associated with improvement of pain at 3 months. However, since the publication of these
earlier meta-analyses, 6 more randomized controlled trials!”-!833:394546 hayve been added to the
body of literature. When these 6 studies are added to the previous publications, meta-analysis
now supports the superiority of PRP over corticosteroids but only for treatment effects >3
months.

Unfortunately, 9 publications included in this investigation had a high risk of
bias!-318:31.35.40.44-46 and made up 60% of the analyzed studies. This clearly reduces confidence
in the effect estimate and most likely affects the intrinsic validity. With the exception of
Acosta-Olivo et al,' all other studies were downgraded to moderate, low, or very low quality
of evidence. Specifically, 60% of the studies' were downgraded to moderate quality, and
33% were downgraded to low or very low quality.316404445 According to the GRADE
system, the results are to be viewed with caution, as there is only moderate and limited
confidence in the effect estimate, and there is a possibility that the true effect is potentially
substantially different.!* Regrettably, these concerns are confirmed by the wide 95% CIs for
all comparisons, except AOFAS and VAS at 3 months. Nevertheless, the narrow confidence
intervals here strongly suggest that the true effect lies close to the estimate of the effect and
strongly supports the superiority of PRP over corticosteroid injections.

It is well-demonstrated that corticosteroid injections for plantar fasciitis have only short-term
effects, lasting up to 3 months.>* It is therefore not surprising that this meta- analysis also
found that the treatment effect of steroids are substantially reduced at 6 and 12 months, given
that all studies utilized a single-injection protocol for corticosteroid and PRP. In contrast, the
prolonged effect of PRP cannot be fully explained with the current available evidence—
especially since studies have reported that 70% of the growth factors are released from the
platelets within 10 minutes and 100% within 1 hour,'? and the half-life of most plasma and
platelet released cytokines is <2 hours.>* Moreover, several studies have suggested that the
inhibition of catabolic and inflammatory cytokines, such as IL-1B and TNF-a, fibroblast
growth factor, and transforming growth factor f, are the main molecular effects of PRP
applications.”-?37 Furthermore, the principal action of these proteins is to act as signaling
molecules, mediating cell responses by binding to specific cell receptors to initiate the
healing process.?** As such, PRP may have a profound influence locally by downregulating
proinflammatory cytokine receptors and upregulating endogenous anti-inflammatory
cytokines, effectively reducing pain over a prolonged period> and aiding in the tissue-healing
process. This could be an indication that prolonged growth factor activity is not required and
that it is needed only for the first several hours to activate specific molecular pathways.
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Unfortunately, PRP preparation and isolation methods are highly inconsistent, and this lack
of standardization most likely has a profound effect on treatment efficacy.* Therefore, it is
not surprising that the results of PRP treatment are conflicting, because currently there is no
clear standard regarding how to prepare and evaluate PRP or how to report efficacy for
treatment.* The “quality” of PRP is also highly dependent on several other physiological
factors: circadian patterns, food or fasting states, physical exercise and stress, and medication
may all influence the behavior of PRP.?>* These facts are reflected in the studies of this
meta-analysis, all of which had different protocols for PRP production. For example, the
amounts of blood drawn ranged from 10 to 55 mL, centrifugation speeds ranged from 1500 to
3500 rpm, and 4 studies used 2 consecutive centrifugations. In addition, several preparations
and protocols for corticosteroid injections were used among studies. These factors introduced
within- and between-study biases, further reducing the value of the results.

The limitations of this meta-analysis are directly related to those of the included studies and
have already been highlighted. The high risk of bias, moderate to low study quality,
publication bias, discrepancies in the preparation protocols for PRP, and differences in the
dosage and preparations for the corticosteroid arm all substantially decrease the external
validity and therefore reduce the value of any meta-analysis. Three studies did not report the
duration of symptoms and possibly introduced reporting bias.'®!74 The total number of
patients in these 3 studies was 152 and constituted 19% of the pooled cases. If the patients in
these 3 studies had chronic cases with a considerably longer mean duration of symptoms as
compared with the other studies, there is the possibility of reporting bias. However, the
direction and size of treatment effects were similar to the other studies, making selection and
reporting bias unlikely. The AOFAS score has been criticized for the lack of validation, and a
position statement by the AOFAS has not recommended the use of this clinical scoring
system.>* Interestingly, the AOFAS rating system was successfully translated into several
languages and found to be reliable and valid.>!"?**% The main criticism is that 40 of the 100
points are subjectively assessed by staff, posing a significant risk for researcher bias.?’

Conclusion

The results of this systematic review and meta-analysis suggest that PRP is superior to
corticosteroid injections for pain control at 3 months and lasts up to 1 year. In the short term,
there is no advantage of corticosteroid infiltration. However, the low study quality, high risk
of bias, and different protocols for PRP preparation all reduce the internal and external
validity of these findings, and these results must be viewed with caution.

Submitted January 20, 2020; accepted May 1, 2020.

The authors declared that they have no conflicts of interest in the authorship and publication
of this contribution. AOSSM checks author disclosures against the Open Payments Database
(OPD). AOSSM has not conducted an independent investigation on the OPD and disclaims
any liability or responsibility relating thereto.

An online CME course associated with this article is available for 1 AMA PRA Category 1
Credit™ at
http://www.sportsmed.org/aossmimis/Members/Education/AJSM_Current_Concepts_Store.a
spx. In accordance with the standards of the Accreditation Council for Continuing Medical
Education (ACCME), it is the policy of The American Orthopaedic Society for Sports
Medicine that authors, editors, and planners disclose to the learners all financial relationships

13



during the past 12 months with any commercial interest (A ‘commercial interest’ is any entity
producing, marketing, re-selling, or distributing health care goods or services consumed by,
or used on, patients). Any and all disclosures are provided in the online journal CME area
which is provided to all participants before they actually take the CME activity. In
accordance with AOSSM policy, authors, editors, and planners’ participation in this
educational activity will be predicated upon timely submission and review of AOSSM
disclosure. Noncompliance will result in an author/editor or planner to be stricken from
participating in this CME activity.

tTReferences 1, 3, 16-18, 27, 31, 33, 35, 38-40, 44-46.
iIReferences 1, 17, 18, 27, 31, 33, 38, 39, 45, 46.
§§References 17, 18, 27, 31, 33, 35, 38, 39, 46.
lIReferences 1, 3, 17, 27, 35, 38, 39, 44-46.

Y[MReferences 17, 18, 27, 31, 33, 35, 38, 39, 46.
References

Acosta-Olivo, C, Elizondo-Rodriguez, J, Lopes-Cavazos, R, Vilchez-Cavazos, F,
Simental-Mendia, M, Mendoza-Lemus, O. Plantar fasciitis: a comparison of treatment
with intralesional steroids versus platelet rich plasma. A randomized, blinded study. J
Am Podiatr Med Assoc. 2017;107(6):490-496.

Akbaba, YA, Celik, D, Ogut, RT. Translation, cross-cultural adaptation, reliability and
2. validity of Turkish version of the American Orthopaedic Foot and Ankle Society Ankle-
Hindfoot Scale. J Foot Ankle Surg. 2016;55(6):1139-1142.

Aksahin, E, Dogruyyol, D, Yiiksel, HY, et al. The comparison of the effect of
3. corticosteroids and platelet-rich plasma (PRP) for the treatment of plantar fasciitis. Arch
Orthop Traum Surg. 2012;132:781-785.

Amin, I, Gellhorn, AC. Platelet-rich plasma use in musculoskeletal disorders: are the
4. factors important in standardization well understood? Phys Med Rehabil Clin N Am.
2019;30(2):439-449.
Ang, TW. The effectiveness of corticosteroid injections in the treatment of plantar
fasciitis. Singapore Med J. 2015;56(8):423-432.

Barrett, SJ, O’Malley, R. Plantar fasciitis and other causes of heel pain. Am Fam
Physician. 1999;59(8):2200-2206.

Boswell, SG, Cole, BJ, Sundman, EA, Karas, V, Fortier, LA. Platelet-rich plasma: a
milieu of bioactive factors. Arthroscopy. 2012;28:429-439.

Chang, R, Rodrigues, PA, Van Emmerik, RE, Hamill, J. Multi-segment foot kinematics
8. and ground reaction forces during gait of individuals with plantar fasciitis. J Biomech.
2014;47(11):2571-2577.

Daheshia, M, Yao, JQ. The interleukin 1beta pathway in the pathogenesis of
osteoarthritis. ] Rheumatol. 2008;35:2306-2312.

Davis, PF, Severud, E, Baxter, DE. Painful heel syndrome: results of non-operative
" treatment. Foot Ankle Int. 1994;15(10):531-535.

14



11.

12.

13.

14.

15

16

17.

18

19.

20

21

22.

23.

24.

25.

26.

27

de Boer, AS, Tijoe, RJC, Van der Sijde, F, et al. The American Orthopaedic Foot and
Ankle Society Ankle-Hindfoot Scale: translation and validation of the Dutch language
version for ankle fracture. BMJ Open. 2017;7(8):e017040.

Foster, TE, Puskas, BL, Mandelbaum, BR, Gerhard, MB, Rodeo, SA. Platelet-rich
plasma: from basic science to clinical applications. Am J Sports Med. 2009;37(11):2259-
2272.

Hall, MP, Band, PA, Meislin, RJ, Jazrawi, LM, Cardone, DA. Platelet-rich plasma:
current concepts and application in sports medicine. J] Am Acad Orthop Surg.
2009;17:602-608.

Higgins, JPT, Green, S. Cochrane Handbook for Systematic Reviews of Interventions.
Version 5.1.9. Updated March 2011. The Cochrane Collaboration.
https://training.cochrane.org/handbook/current

Hozo, SP, Djulbegovic, B, Hozo, I. Estimating the mean and variance from the median,

" range, and the size of a sample. BMC Med Res Methodol. 2005;5:13.

Jain, K, Murphy, PN, Clough, TM. Platelet rich plasma versus corticosteroid injection

" for plantar fasciitis: a comparative study. Foot (Edinb). 2015;25(4):235-237.

Jain, SK, Suprashant, K, Kumar, S, Yadav, A, Kearns, SR. Comparison of plantar
fasciitis injected with platelet-rich plasma vs corticosteroids. Foot Ankle Int.
2018;39(7):780-786.

Jimenez-Perez, AE, Gonzalez-Arabio, D, Diaz, AS, Maderuelo, JA, Ramos-Pascua, LR.
Clinical and imaging effects of corticosteroids and platelet-rich plasma for the treatment

" of chronic plantar fasciitis: a comparative non randomized prospective study. Foot Ankle

Surg. 2019;25(3):354-360.

Johnson-Lynn, S, Cooney, A, Ferguson, D, et al. A feasibility study comparing platelet-
rich plasma injection with saline for the treatment of plantar fasciitis using a prospective,
randomized trial design. Foot Ankle Spec. 2019;12(2):153-158.

Kennedy, MI, Whitney, K, Evans, T, LaPrade, RF. Platelet-rich plasma and cartilage

" repair. Curr Rev Musculoskelet Med. 2018;11(4):573-582.

Kumar, V, Millar, T, Murphy, PN, Clough, T. The treatment of intractable plantar

" fasciitis with platelet-rich plasma injection. Foot (Edinb). 2013;23(2-3):74-77.

Landorf, KB, Menz, HB. Plantar heel pain and fasciitis. BMJ Clin Evid.
2008;2008:1111.
Leigheb, M, Janicka, P, Adorno, S, Marcuzzi, A, Magnani, C, Grassi, F. Italian

translation, cultural adaptation of the American Orthopaedic Foot and Ankle Society’s
(AOFAS) Ankle-Hindfoot Scale. Acta Biomed. 2016;87(1):38-45.

Ling, Y, Wang, S. Effects of platelet-rich plasma in the treatment of plantar fasciitis: a
meta-analysis of randomized controlled trial. Medicine (Baltimore).
2018;97(37):e12110.

Macaulay, A, Nandyala, SV, Miller, CP, Ghorbanhoseini, M, Walley, KC, Kwon, JY.
Potential for bias and the American Orthopaedic Foot and Ankle Society ankle-hindfoot
scoring system. Foot Ankle Spec. 2018;11(5):416-419.

Maffulli, N, Wong, J, Almekinders, LC. Types and epidemiology of tendinopathy. Clin
Sports Med. 2003;22(4):675-692.

Mahindra, P, Yamin, M, Selhi, HS, Singla, S, Soni, A. Chronic plantar fasciitis: effect of

" platelet-rich plasma, corticosteroid and placebo. Orthopedics. 2016;39(2):e285-¢289.

15



28.

29

30.

31

32.

33.

34

35.

36.

37.

38

39.

40.

41.

42

43.

44

Mandelbaum, BR. Editorial commentary: platelet-rich plasma details are critical to
outcome . . . catching is always better than fishing. Arthroscopy. 2019;35(1):211-213.

Martinelli, N, Marinozzi, A, Carni, S, Trovato, U, Bianchi, A, Denaro, V. Platelet-rich

" plasma injections for chronic plantar fasciitis. Int Orthop. 2013;37(5):839-842.

Moher, D, Liberati, A, Tetzlaff, J, Altman, DG; PRISMA Group . Preferred Reporting
Items for Systematic Reviews and Meta-Analyses: the PRISMA statement. Int J Surg.
2010;8(5):336-341.

Monto, RR. Platelet-rich plasma efficacy versus corticosteroid injection treatment for

" chronic severe plantar fasciitis. Foot Ankle Int. 2014;35(4):313-318.

O’Malley, MJ, Voseller, JT, Gu, Y. Successful use of platelet-rich plasma for chronic
plantar fasciitis. HSS J. 2013;9(2):129-133.

Peerbooms, JC, Lodder, P, den Oudsten, BL, Doorgeest, K, Schuller, HM, Gosens, T.
Positive effects of platelet-rich plasma on pain in plantar fasciitis. Am J Sports Med.
2019;47(13):3238-3246.

Pinsker, E, Daniels, TR. AOFAS position statement regarding the future of the AOFAS

" clinical rating systems. Foot Ankle Int. 2011;32:841-842.

Say, F, Giirler, D, Inkaya, E, Biilbiil, M. Comparison of platelet-rich plasma and steroid
injection in the treatment of plantar fasciitis. Acta Orthop Traumatol Turc.
2014;48(6):667-672.

Scher, DL, Belmont, PJ, Bear, R, Mountcastle, SB, Orr, JD, Owens, BD. The incidence
of plantar fasciits in the United States military. J Bone Joint Surg Am.
2009;91(12):2867-2872.

Shen, L, Yuan, T, Chen, S, Xie, X, Zhang, C. The temporal effect of platelet-rich plasma
on pain and physical function in the treatment of knee osteoarthritis: systematic review
and meta-analysis of randomized clinical trials. J Orthop Surg Res. 2017;12:16.

Sherpy, N, Hammad, MA, Hagrass, HA, Samir, H, Abu-ElMaaty, SE, Mortada, MA.
Local injection of platelet rich plasma compared to corticosteroid treatment of chronic

" plantar fasciitis patients: a clinical and ultrasonographic follow-up study. Egyp

Rheumatol. 2016;38(3):247-252.

Shetty, SH, Dhond, A, Arora, M, Deore, S. Platelet-rich plasma has better long-term
results than corticosteroids or placebo for chronic plantar fasciitis: randomized
controlled trial. J Foot Ankle Surg. 2019;58(1):42-46.

Shetty, VD, Dhillon, M, Hedge, C, Jagtap, P, Shetty, S. A study to compare the efficacy
of corticosteroid therapy with platelet-rich plasma therapy in recalcitrant plantar fasciitis:
a preliminary report. Foot Ankle Surg. 2014;20(1):10-13.

Singh, P, Madanipour, S, Bhamra, JS, Gill, I. A systematic review and meta-analysis of
platelet-rich plasma versus corticosteroid injections for plantar fasciopathy. Int Orthop.
2016;41(6):1169-1181.

Tatli, YZ, Kapasi, S. The real risk of steroid injection for plantar fasciitis with a review

" of conservative therapies. Curr Rev Musculoskelet Med. 2009;2(1):3-9.

Taunton, JE, Ryan, MB, Clement, DB, McKenzie, DC, Lloyd-Smith, DR, Zumbo, BD.
A retrospective case-control analysis of 2002 running injuries. Br J Sports Med.
2002;36(2):95-101.

Tiwari, M, Bhargava, R. Platelet rich plasma: a comparative effective therapy with

" promising results in plantar fasciitis. J Clin Orthop Trauma. 2013;4(1):31-35.

16



45

46.

47.

48.

49.

50.

51

53

54.

Ugurlar, M, Sénmez, MM, Ugurlar, OY, Adiyeke, L, Yildirim, H, Eren, OT.
Effectiveness of four different treatment modalities in the treatment of chronic plantar

" fasciitis during a 36-month follow-up period: a randomized controlled trial. J Foot Ankle

Surg. 2018;57(5):913-918.

Upadhyay, S, Damor, V. Autologous platelet rich plasma versus corticosteroid injection
for chronic plantar fasciitis: a prospective controlled randomized comparative clinical
study. Int J Res Med Sci. 2018;6(5):1-6.

Vahdatpour, B, Sajadieh, S, Bateni, V, Karami, M, Sajjadieh, H. Beneficial effects of
platelet-rich plasma on improvement of pain severity and physical disability in patients
with plantar fasciitis: a randomized trial. Adv Biomed Res. 2016;5:84.

Vosoughi, AR, Roustaei, N, Mahdaviazad, H. American Orthopaedic Foot and Ankle
Society Ankle-Hindfoot Scale: a cross cultural adaptation and validation study from Iran.
Foot Ankle Surg. 2018;24(3):219-223.

Whittaker, GA, Munteanu, SE, Menz, HB, Bonanno, DR, Gerrard, JM, Landorf, KB.
Corticosteroid injection for heel pain: a systematic review and meta-analysis. BMC
Musculoskelet Dis. 2019;20(1):378.

Yang, WY, Han, YH, Cao, XW, et al. Platelet-rich plasma as a treatment for plantar
fasciitis: a meta-analysis of randomized controlled trials. Medicine (Baltimore).
2017;96(44):¢8475.

Yoo, SD, Kim, HS, Lee, JH, et al. Biomechanical parameters in plantar fasciitis

" measured by gait analysis with pressure sensor. Ann Rehabil Med. 2017;41(6):979-989.
52.

Young, C. In the clinic: plantar fasciitis. Ann Intern Med. 2012;3:156.
Zhang, JM, An, J. Cytokines, inflammation, and pain. Int Anesthesiol Clin.

" 2007:45(2):27-37.

Zhou, X, Fragala, MS, McElhaney, JE, Kuchel, GA. Conceptual and methodological
issues relevant to cytokine and inflammatory marker measurements in clinical research.
Curr Opin Nutr Metab Care. 2010;13(5):541-547.

17



