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Background: When nonoperative treatment for chronic plantar fasciitis fails, often a corticosteroid injection is given. Corticoste-
roid injection gives temporary pain reduction but no healing. Platelet-rich plasma (PRP) has proven to be a safe therapeutic option
in the treatment of tendon, muscle, bone, and cartilage injuries.

Purpose: To determine the effectiveness of PRP as compared with corticosteroid injections for chronic plantar fasciitis.

Study Design: Randomized controlled trial; Level of evidence, 1.

Methods: Patients with chronic plantar fasciitis were allocated to have steroid injection or PRP. The primary outcome measure
was the Foot Function Index (FFI) Pain score. Secondary outcome measures were function, as scored by the FFI Activity, FFI
Disability, and American Orthopaedic Foot & Ankle Society, and quality of life, as scored with the short version of the World Health
Organization Quality of Life (WHOQOL-BREF). All outcomes were measured at baseline and at 4, 12, and 26 weeks and 1 year
after the procedure.

Results: Of the 115 patients, 63 were allocated to the PRP group, of which 46 (73%) completed the study, and 52 were allocated
to the control group (corticosteroid injection), of which 36 (69%) completed the study. In the control group, FFI Pain scores
decreased quickly and then remained stable during follow-up. In the PRP group, FFI Pain reduction was more modest but
reached a lower point after 12 months than the control group. After adjusting for baseline differences, the PRP group showed
significantly lower pain scores at the 1-year follow-up than the control group (mean difference, 14.4; 95% CI, 3.2-25.6). The num-
ber of patients with at least 25% improvement (FFI Pain score) between baseline and 12-month follow-up differed significantly
between the groups. Of the 46 patients in the PRP group, 39 (84.4%) improved at least 25%, while only 20 (55.6%) of the 36
in the control group showed such an improvement (P = .003). The PRP group showed significantly lower FFI Disability scores
than the control group (mean difference, 12.0; 95% CI, 2.3-21.6).

Conclusion: Treatment of patients with chronic plantar fasciitis with PRP seems to reduce pain and increase function more as
compared with the effect of corticosteroid injection.

Registration: NCT00758641 (ClinicalTrials.gov identifier).
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Chronic plantar fasciitis is the most common cause of foot
complaint in the United States. Up to 11% to 15% of these
complaints require professional care among adults.6,21 The
incidence of plantar fasciitis peaks in persons between the
ages of 40 and 60 years, with no bias toward either sex.30

The underlying condition that causes plantar fasciop-
athy is a degenerative tissue condition that occurs near
the site of origin of the plantar fascia at the medial tuber-
osity of the calcaneous.3 In acute cases, plantar fasciitis is
characterized by classic signs of inflammation, including

pain, swelling, and loss of function. For more chronic con-
ditions, however, inflammation is not the underlying tissue
disruption. In fact, histology of chronic cases has shown no
signs of inflammatory cell invasion into the affected area.16

Instead, the tissue is characterized histologically by infil-
tration with macrophages, lymphocytes, and plasma cells;
tissue destruction; and repair involving immature vascu-
larization and fibrosis.16 The normal fascia tissue is
replaced by an angiofibroblastic hyperplastic tissue, which
spreads itself throughout the surrounding tissue, creating
a self-perpetuating cycle of degeneration.16

Numerous methods have been advocated for treating plan-
tar fasciitis, including rest, nonsteroidal anti-inflammatory
medication, night splints, foot orthosis, stretching protocols,
and extracorporeal shock wave therapy.6,7,25,33 Corticosteroid
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injections are a popular method of treating the condition as
well, but they seem to have only small and short-term effects.7

Other various types of surgical procedures have been recom-
mended.1,6,8,19,29,33 The use of corticosteroids is particularly
troubling since several studies have linked plantar fascia rup-
ture to repeated local injections of a corticosteroid.1,6,15,27

When rest, activity restriction, and nonoperative treatments
do not result in a satisfactory outcome, the patient is often
interested in treatment options other than surgery.

Platelet-rich plasma (PRP) is promoted as an ideal autolo-
gous biological blood-derived product that can be exogenously
applied to various tissues, where it releases high concentra-
tions of platelet-derived growth factors that enhance wound
healing, bone healing, and tendon healing.9,32

When platelets become activated, growth factors are
released and initiate the body’s natural healing response.34

In animals, the addition of growth factors to ruptured ten-
don has been shown to increase the healing of the
tendon.8 In humans, it has been shown that the injection
of platelets into the tendon decreases pain.6

In a double-blind randomized trial, we investigated
whether an injection of PRP improves the outcome of
patients with chronic plantar fasciitis more so than cortico-
steroid injections. The primary outcome parameter was
pain. Secondary parameters were function and quality of life.

METHODS

Study Design

Peerbooms et al24 published the study design in the journal
BMC Musculoskeletal Disorders in 2010. Double-blind ran-
domization was performed after patients were deemed
eligible and provided informed consent. Patients were ran-
domly allocated to the concentrated autologous platelet
group (PRP group) or the corticosteroid group (control
group). A randomization schedule was created by
computer-based block randomization of 10 patients. Treat-
ment assignments (placed in sequentially numbered opa-
que envelopes) were assigned by the trial managers, who
also arranged the facilities needed for the procedure. The
investigator who assessed the outcomes was blinded to
the treatment that the patient received. The treatment
was given by another investigator, who also prepared the
2 injections (J.C.P., H.M.S., T.G.). For both groups, blood
was drawn to make the groups as equal as possible.

All patients with plantar fasciitis who were admitted to
1 of the participating hospitals and met the inclusion crite-
ria were asked to join the study. Plantar fasciitis was
defined as pain at the point of the fascia plantaris origin
at direct palpation.6 All patients with plantar fasciitis
were screened with a radiograph of the calcaneus for
bony abnormalities and to differentiate for subtalar arthri-
tis. Sonography and magnetic resonance imaging were not
used standardly.

The medical ethical committee of the Netherlands
approved the study design, procedures, and informed
consent.

Study Population

The study was conducted at the orthopaedic departments
of the HAGA Ziekenhuis Den Haag, Alrijne Ziekenhuis
Leiden, Albert Schweitzer Ziekenhuis Dordrecht, Maas-
tricht University Medical Centre, and St Elisabeth Zieken-
huis Tilburg (the Netherlands) between November 2008
and January 2015. J.C.P. and T.G. were responsible for
the data and safety monitoring. Patients aged .18 years
with plantar fasciitis (at least 6 months’ duration) and
failed nonoperative treatment were included. Patients
were able to understand the informed consent. The Foot
Function Index (FFI) Pain score in the morning should
be .5 (0-10 scale).

Patients were excluded from the study when they had
received local steroid injections within 6 months,
physical/occupational therapies within 4 weeks, or nonste-
roidal anti-inflammatory drugs within 1 week before ran-
domization. In addition, patients were excluded for any of
the following reasons: inability to fulfill follow-up criteria;
significant cardiovascular, renal, or hepatic disease; preg-
nancy; (local) malignancy; history of anemia (hemoglobin
\5.0); previous surgery for plantar fasciitis; active bilat-
eral plantar fasciitis; diagnosis of vascular insufficiency
or neuropathy related to heel pain; hypothyroidism; and
diabetics.

Interventions

Platelet Concentrate Preparation. Fifty-five milliliters of
whole blood was collected from the uninvolved arm into
a 60-mL syringe that contained 5 mL of sodium citrate. A
peripheral complete blood count was also collected at the
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time of the initial blood draw. The blood was then prepared
according to the Gravitational Platelet Separation (GPS)
instructions (Zimmer Biomet). This device is a desktop-
size centrifuge with disposable cylinders for the blood,
from which approximately 0.05 mL of platelet concentrate
is obtained for each patient. Autologous platelet concen-
trate contains concentrated white blood cells and platelets
suspended in plasma. Since an acidic anticoagulant is
introduced to the whole blood used to produce the platelet
concentrate, the platelet concentrate must be buffered to
increase the pH to normal physiologic levels. This was
accomplished with 8.4% sodium bicarbonate solution,
added at a ratio 0.05 mL of sodium bicarbonate solution
to 1 mL of platelet concentrate. The resulting buffered
platelet concentrate contains an approximately 6- to 8-
times concentration of platelets as compared with baseline
whole blood. No activating agent was used. The total time
from blood draw to injection in the patients was about 30
minutes. No specialized equipment other than the GPS
machine was required.

Corticosteroid. The type of steroid that was used during
the study is Kenacort (40 mg/mL of triamcinolone acetonide).

Injection Technique. Initially, bupivacaine was infil-
trated into the skin and subcutaneous tissue of both groups
as a local field block. Approximately 0.05 mL was also
injected directly into the area of maximum tenderness.
Then, either 5 to 6 mL of platelet concentrate or 5 to
6 mL of corticosteroid was injected with a 22 guage needle
into the plantar fasciitis with a peppering technique. This
technique involved a single skin portal and then 5 penetra-
tions of the fascia.

Postprocedure Protocol. Immediately after injection,
patients in both groups were kept in a sitting position with-
out moving the foot for 15 minutes. Patients were referred
to the physical therapist to be instructed in stretching
exercises. Patients were sent home with instructions to
limit their use of the feet for approximately 48 hours,
and they used hydrocodone or acetaminophen for pain.
The use of nonsteroidal medication was prohibited. After
48 hours, patients were given a standardized stretching
protocol to follow for 2 weeks. A formal strengthening pro-
gram was initiated after this stretching. At 4 weeks after
the procedure, patients were allowed to proceed with nor-
mal sporting or recreational activities as tolerated. Any
type of foot orthosis was not allowed.

Study Endpoints

Pain. The primary outcome, pain, was measured with
a visual analog scale of the FFI at all time points.4,14 The
FFI Pain score records the patient’s reported pain with
a scale of 0 (pain-free) to 10 (worst pain imaginable). The
scale is a 10-cm line, and the score is marked at the point
on the line corresponding with the patient response.

Treatment was considered a success if patients showed
a FFI Pain score reduction of 25% between baseline and
12-month follow-up. In addition, patients should not have
required other therapies or pain medication beyond the
protocol-defined allowable period. Patients who obtained

a different treatment were classified as unsuccessful. To
determine the percentage of change, first the baseline
pain score was subtracted from the endpoint pain score.
Subsequently, this difference score was divided by the
baseline pain score and multiplied by 100. If a patient
was lost to follow-up, the last available measurement was
used to determine treatment success.

Function and Quality of Life. The secondary outcome
measures of this study were FFI Disability, FFI Activ-
ity,2,4,14 and American Orthopaedic Foot & Ankle Society
(AOFAS) score.13,26 Last, patients’ quality of life was
assessed with the World Health Organization Quality of
Life (WHOQOL-BREF).20,31 This is the short version of
the WHOQOL-100. The WHOQOL-BREF consists of 4
domains (Physical Health, Psychological Health, Social
Relationships, and Environment) and 2 items assessing
overall quality of life and general health. The response
scale consists of 5-point Likert scales. Higher scores indi-
cate better quality of life. All outcomes in this study were
measured at baseline and 1, 3, and 6 months and 1 year
after the procedure.

Determination of Sample Size

Our main hypotheses were tested by investigating the
interaction effect between treatment and measurement
occasion, indicating whether the treatments differ in their
change in outcome over time. We are not aware of earlier
research comparing PRP with corticosteroid treatments
for chronic plantar fasciitis on pain, function, and quality
of life with a follow-up of at least 1 year. Therefore, we
took a conservative stance by assuming a small partial
eta-squared effect size of 0.02 and a correlation between
the repeated measurements of 0.3. To detect such effect
sizes with a power of 0.80 and a significance level of .05,
at least 84 participants are required (42 in each group).

Statistical Analysis

For dichotomous baseline characteristics, frequencies and
percentages were reported. Means and standard deviations
were calculated for continuous and normally distributed
baseline characteristics. For nonnormally distributed con-
tinuous characteristics, the median and interquartile
range were reported.

To test the null hypothesis that the treatment groups do
not differ in their change on the outcome measures over
time, linear mixed modeling analyses were used, focusing
on the interaction effect between treatment group and
time. The influence of dosage on this treatment effect
was assessed by inspecting the 3-way interaction effect
among treatment group, time, and injection dosage. For
all outcome measures, individual differences in growth tra-
jectories were taken into account by allowing the intercept
and slope to vary across all patients. Time was modeled
continuously, and linear as well as quadratic and cubic
time effects were investigated. Any differences between
the treatment groups on the baseline scores of the outcome
measures were handled with a longitudinal data analysis

AJSM Vol. XX, No. X, XXXX PRP vs Corticosteroid Injection With A 1-Year Follow-up 3

Wajid Burad


Wajid Burad


Wajid Burad


Wajid Burad




that constrained the baseline means of the treatment
groups to be equal by omitting the main effect for treat-
ment from the statistical model.5 Inferences regarding
the difference between treatments were based on the inter-
action effect between treatment group and time. In the lin-
ear mixed model analysis, parameters were estimated with
restricted maximum likelihood estimation.

Analysis of covariance was used to test the null hypoth-
esis of equal outcome means at the 12-month follow-up,
adjusted for baseline differences. The effects of all afore-
mentioned analyses were adjusted for the potential con-
founders sex, smoking, and duration of symptoms before
treatment. Differences between groups in the number of
patients showing at least 25% improvement in pain symp-
toms were assessed with a chi-square test.

P values \.05 were considered statistically significant
for the primary outcome measure (FFI Pain), while a Bon-
ferroni correction was applied to adjust for multiple testing
of the treatment effects for the secondary and remaining
outcome measures. To retain sufficient statistical power,
the Bonferroni correction was applied separately to the
secondary outcomes (FFI Disability and Activity, AOFAS;
significance level = .05 / 3 = .0167) and the remaining out-
come measures (WHOQOL-BREF; significance level = .05 /
5 = .01). Confidence intervals were calculated at the 95%
level. All data were analyzed by a blinded researcher
(P.L.) using SPSS (v 23; IBM).

RESULTS

The flowchart in Figure 1 indicates that of all 115 random-
ized patients, 63 were allocated to the PRP group and 52 to
the control group. Of the 63 patients in the PRP group, 46
completed the study, and 17 were lost during the 12-month
follow-up. For logistic reasons, 16 patients were treated
with an injection made of the 30-mL PRP kit instead of
the 60-mL PRP kit. The influence of dosage on the treat-
ment effect was assessed by inspecting the 3-way interac-
tion effect among treatment group, time, and injection
dosage. No differences were seen between the 30- and
60-mL doses. In the control group, 36 patients completed
the study, and 16 were lost to follow-up.

Table 1 presents the baseline characteristics for
patients allocated to the PRP and control group separately.

Appendix Table A1 (available in the online version of
this article) indicates that for all outcome measures, the
Little MCAR test (missing completely at random) failed
to reach significance, suggesting that the missing values
on those outcome measures were likely missing completely
at random. This result allowed for handling missing data
on the outcome measures by means of maximum likelihood
estimation in the mixed model analysis, as this method
assumes the missing values to be either missing at random
or missing completely at random.

Table 2 presents the results of the linear mixed model-
ing analysis for all outcome measures. For each outcome,
the treatment 3 time interaction effects in the second col-
umn pertain to a model including only a linear time effect,
while the similar tests in the third column are derived from

a model including linear as well as quadratic and cubic
time effects. The linear time models assume that patients
change linearly over time on the outcome measures. For
these models, the FFI Pain, FFI Disability, FFI Activity,
and AOFAS outcomes showed significant interaction
effects between treatment and time, suggesting that the
treatment groups differed in their change in these out-
comes over time. However, when we inspected the results
of the models that also included quadratic and cubic time
effects, it turns out that the treatment groups showed sig-
nificant differences in their change on only the FFI Pain
scores over time and no longer on the FFI Disability, FFI
Activity, and AOFAS outcomes.

Note that in the models including linear, quadratic, and
cubic time effects, we report in Table 2 only the interaction
effects between treatment and linear time. The interac-
tions between treatment and quadratic and cubic time
were included in the model, although their significance
was similar to that of the linear time 3 treatment interac-
tion. We decided to report the results of the linear time 3

treatment interaction to test the null hypothesis that the 2
groups were equal in their change on the outcome over
time, after accounting for nonlinear change in the outcome
measure. This is exactly what we were interested in; there-
fore, we did not report the interactions of treatment with
the quadratic and cubic time effects.

A possible explanation for this discrepancy is that the
assumption of linear change over time is implausible. If
change in an outcome over time is not linear yet time is

Enrollment
Assessed for eligibility

(N = 123)

Excluded (n = 8)
Not meeting the inclusion 

critera (n = 8)

Randomized 
(n = 115)

Allocated to PRP group
(n = 63)

Allocated to Control 
group

(n = 52)
Allocation

months (n = 17)
Lost to follow-up at 12 Lost to follow-up at 12 

months (n = 16)
Follow-Up

Analyzed with 
complete data

(n = 46)

Analyzed with 
complete data

(n = 36)

Analysis

Figure 1. Consolidated Standards of Reporting Trials (CON-
SORT) flowchart. PRP, platelet-rich plasma.
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modeled only linearly, then spurious interaction effects
between time and other variables may arise.17 Indeed, the
FFI Pain, FFI Disability, FFI Activity, AOFAS, and WHO-
QOL-BREF Physical Health models showed linear as well

as significant quadratic and cubic time effects, suggesting
that the change in these outcome measures could not be con-
sidered linear. This finding is corroborated by visual inspec-
tion of the growth curves of both treatment groups (Figure 2).

TABLE 1
Baseline Characteristics for Patients in the PRP and Control Groupsa

PRP (n = 63) Control (n = 52)

Baseline characteristics
Female sex 48 (76.2) 34 (65.4)
Age, y 50.73 6 11.33 47.5 6 11.19
Length, cm 170.33 6 10.16 174.65 6 10.11
Weight, kg 84.27 6 15.62 91.92 6 19.39
Body mass index 29.12 6 5.17 30.16 6 6.29
Duration of symptoms, wkb 70 (40-130) 52 (35-90)
Smoking: yes 9 (14.3) 10 (19.2)
Previous foot surgery: yes 2 (3.2) 3 (5.8)
Codisease: yes 15 (23.8) 11 (21.2)
Comedication: yes 20 (31.7) 13 (25.0)

Baseline scores of outcome measures
FFI Pain 64.7 6 16.95 56.96 6 20.13
FFI Disability 51.56 6 20.6 41.15 6 21.71
FFI Activity 31.64 6 16.64 25.2 6 16.57
AOFAS 49.44 6 15.29 57.71 6 16.61
WHOQOL-BREF

Overall quality of life and general health 7.17 6 1.55 7.51 6 1.29
Physical Health 12.26 6 2.74 12.99 6 2.58
Psychological Health 14.98 6 2.29 15.37 6 2.44
Social Relationships 15.44 6 2.79 16.42 6 1.89
Environment 16.2 6 4.23 16.1 6 2

aData are provided as n (%) or mean 6 SD. AOFAS, American Orthopaedic Foot & Ankle Society; FFI, Foot Function Index; PRP, platelet-
rich plasma; WHOQOL-BREF, World Health Organization Quality of Life.

bMedian (interquartile range) reported because this variable is not normally distributed.

TABLE 2
F Test on the Interaction Between Treatment and Timea

Time Modeled Linearly Time Modeled Linearly, Quadratically, and Cubically

Outcome Measure F Test P Value F Test P Value

FFI
Painb,c F(1, 96.634) = 8.140 .005d F(1, 178.118) = 6.884 .009d

Disabilityb F(1, 117.727) = 11.227 .001d F(1, 210.506) = 2.856 .092
Activityb F(1, 122.090) = 7.176 .008d F(1, 202.982) = 1.393 .239

AOFASb F(1, 126.818) = 12.955 \.001d F(1, 211.989) = 2.922 .089
WHOQOL-BREF

Overall quality of life and general health F(1, 116.178) = 0.579 .448 F(1, 213.492) = 1.967 .162
Physical Healthb F(1, 122.849) = 6.201 .014 F(1, 175.289) = 0.360 .549
Psychological Health F(1, 113.228) = 0.168 .683 F(1, 167.993) = 0.376 .541
Social Relationships F(1, 104.092) = 0.252 .617 F(1, 187.356) = 2.393 .124
Environment F(1, 126.934) = 0.940 .334 F(1, 192.926) = 0.037 .847

aFor all outcome measures, the results of the F test on the interaction between treatment and time for models with and without adjust-
ment for quadratic and cubic time effects. AOFAS, American Orthopaedic Foot & Ankle Society; FFI, Foot Function Index; WHOQOL-BREF,
World Health Organization Quality of Life.

bThese models showed significant quadratic and cubic time effects.
cPrimary outcome measure.
dStatistically significant after the Bonferroni correction (see the Statistical Analysis section).
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The treatment groups did not show differences with respect
to their change in quality of life over time, as indicated by
the nonsignificant treatment 3 time interaction effects for
all models involving the WHOQOL-BREF outcomes.

Appendix Table A2 (available online) is similar to Table
2, yet it presents the results of the 3-way interaction
among treatment group, time, and dosage. This test indi-
cates whether the differences between treatment groups
in the change in the outcome measures over time depend

on the used injection dosage. For all outcome measures,
this interaction effect failed to reach significance, both
for models with linear time only and for models with lin-
ear, quadratic, and cubic time effects. These results sug-
gest that the injection dosage did not affect the
differences between the treatment groups in their change
on the outcomes over time.

Based on the mixed model analysis, only the change in
FFI Pain scores differed significantly between the

Figure 2. For the platelet-rich plasma group (blue) and the control group (red), change in outcome over time. Values are pre-
sented as mean 6 SD. AOFAS, American Orthopaedic Foot & Ankle Society; FFI, Foot Function Index.

6 Peerbooms et al The American Journal of Sports Medicine



treatment groups. Inspection of Figure 2 indicates that
both treatment groups show decreased pain over time. In
the control group, the pain scores decreased quickly after
the treatment and then remained stable during the fol-
low-up. In the PRP group, the pain reduction was more
modest yet reached a lower point at the 12-month follow-
up than the control group. This finding is confirmed by
the analysis of covariance reported in Table 3. After adjust-
ing for baseline differences in FFI Pain scores, the patients
in the PRP group showed significantly lower pain scores
than patients in the control group (mean difference, 14.4;
95% CI, 3.2-25.6). Although the mixed model analysis did
not indicate a significant treatment effect for the FFI Dis-
ability outcome, the analysis of covariance suggests that
after adjusting for baseline differences, patients in the
PRP group also showed significantly lower FFI Disability
scores than patients in the control group (mean difference,
12.0; 95% CI, 2.3-21.6). For all WHOQOL-BREF outcomes,
the differences between the treatment groups at the 12-
month follow-up failed to reach significance.

Last, Table 4 shows for both treatment groups the num-
ber of patients with at least 25% improvement in FFI Pain
score between baseline and the 12-month follow-up. It
turns out that of the 46 patients in the PRP group, 39
(84.4%) improved at least 25%, while only 20 (55.6%) of
the 36 patients in the control group showed such an
improvement. This difference was statistically significant
(x2[1], 8.6; P = .003; odds ratio, 4.5; 95% CI, 1.6-12.7).

DISCUSSION

This randomized study was designed to test the effective-
ness of PRP as compared with corticosteroid injections
for chronic plantar fasciitis.

There is no standard of care management for chronic
recalcitrant plantar fasciitis that is nonresponsive to

nonoperative treatment. Many researchers believe that,
since plantar fasciitis is a degenerative disease, regenera-
tive potential of PRP could help. The treatment of a degen-
erative tendon disease with an injection of concentrated
autologous platelets may be a nonoperative alternative.
By utilizing the GPS system, the patient’s own platelets
can be collected into a highly concentrated formula. We
postulate that the concentrated growth factors work in
a synergetic manner to initiate a tendon healing response.
This hypothesis is supported by in vitro research in the lit-
erature. Transforming growth factor b1 is shown to signif-
icantly increase type I collagen production by tendon
sheath fibroblasts. This same mechanism is likely to be
active in chronic plantar fasciitis.34

In this study, we followed the patients for 1 year after
intervention; pain at the end of 1 year was our primary
end point, as assessed with the FFI Pain scale. Function
and quality of life were the secondary outcome measures.

TABLE 3
Difference Between Treatment Groups at the 12-Month Follow-up for All Outcome Measuresa

Outcome Measure Treatment Effect, F Test P Value Partial Eta-Squared Mean Difference (95% CI)b

FFI
Painc F(1, 76) = 6.602 .012d 0.080 14.40 (3.24 to 25.57)
Disability F(1, 76) = 6.064 .016d 0.074 11.97 (2.29 to 21.64)
Activity F(1, 76) = 3.288 .074 0.041 5.93 (20.58 to 12.44)

AOFAS F(1, 75) = 5.674 .020 0.070 211.27 (220.69 to 21.84)
WHOQOL-BREF

Overall quality of life and general health F(1, 76) = 0.001 .975 0.000 20.01 (20.54 to 0.52)
Physical Health F(1, 76) = 3.187 .078 0.040 21.18 (22.50 to 0.14)
Psychological Health F(1, 76) = 0.471 .494 0.006 20.25 (20.96 to 0.47)
Social Relationships F(1, 70) = 0.071 .790 0.001 20.15 (–1.24 to 0.95)
Environment F(1, 76) = 0.029 .866 0.000 0.08 (20.82 to 0.97)

aAdjusted for between-group differences in baseline scores. AOFAS, American Orthopaedic Foot & Ankle Society; FFI, Foot Function
Index; WHOQOL-BREF, World Health Organization Quality of Life.

bA positive mean difference indicates a higher mean score in the control group than in the platelet-rich plasma group at 12-month follow-
up.

cPrimary outcome measure.
dStatistically significant after the Bonferroni correction (see the Statistical Analysis section).

TABLE 4
Improvement in the FFI Pain Scores by 25%a

25% Improvement
in FFI Pain,b n (%)

Treatment Group Yes No Total

PRP 39 (84.8) 7 (15.2) 46
Control 20 (55.6) 16 (44.4) 36
Total 59 23 82

aFor both the PRP group and the control group, the number
(percentage) of patients showing a 25% improvement in their
FFI Pain scores between baseline and the 12-month follow-up.
FFI, Foot Function Index; PRP, platelet-rich plasma.

bPatients in the PRP group showed a 25% improvement in
FFI Pain score significantly more often than patients in the con-
trol group (x2[1], 8.55; P = .003; odds ratio, 4.46; 95% CI, 1.58-
12.66).
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Our results show that the 2 treatments differed in their
change in pain score over time. Patients in the PRP group
showed significantly lower pain and disability scores than
patients in the control group after adjusting for baseline
differences. Differences between the treatment groups at
1-year follow-up were not found with respect to function
(FFI Activity and AOFAS) and quality of life (WHOQOL-
BREF). A larger percentage of patients showed at least
a 25% improvement in pain score between baseline and
the 1-year follow-up in the PRP group (84.8%) than in
the control group (55.6%). Our findings in this study,
with a decrease in pain and disability after a PRP injection,
compared well with other published studies on treatment
of plantar fasciitis.29 It also showed similar outcomes
when compared with a previous study where the same
GPS and injection techniques were used for patients with
chronic lateral epicondylitis.23 Here the authors also con-
cluded that the corticosteroid group was initially better
and then declined, whereas the PRP group progressively
improved.

According to Gonnade et al10 in their recent article, pre-
vious observational studies and a few randomized clinical
trials on plantar fasciitis have concluded that PRP is an
effective therapy in chronic cases, but still there is contro-
versy owing to a lack of level 1 evidence. In a single-blinded
prospective randomized longitudinal case series of 40
patients, Monto21 concluded that PRP injection is more
efficacious and long-lasting than cortisone injection in
the long-term management of severe chronic plantar fascii-
tis. One trial by Shetty et al28 also compared PRP with cor-
tisone, but they found no difference between the two. The
drawback of Shetty et al’s study is the short follow-up of
only 3 months. The most recent study by Mahindra
et al18 found that PRP and cortisone are better than pla-
cebo, but at 3 months of follow-up, PRP injection was sig-
nificantly better than corticosteroid injection.

To our knowledge, this is the first randomized study that
compared PRP with corticosteroids in .100 patients with
plantar fasciitis. Treatment of patients with chronic plantar
fasciitis with PRP seems to reduce pain and increase func-
tion as compared with the effect of corticosteroid injection.
Our findings are comparable with other studies, but this
study had a 1-year follow-up. All other randomized studies
had a maximum follow-up of 3 months.10

There are some limitations of our study. First, we have to
address the violation of protocol. Sixteen patients were trea-
ted with a 30-mL PRP kit instead of the 60-mL PRP kit as
described in the protocol. This was due to logistic reasons
and occurred in only 1 of the treating centers. Because the
results suggest that the injection dosage did not affect the dif-
ferences between the treatment groups in their change on
the outcomes over time, we did not exclude them from this
study. Our statistical analyses were also adjusted to accom-
modate for this protocol violation. Furthermore, there is large
heterogeneity among systems with regard to the concentra-
tions of platelets, leukocytes, and growth factors in PRP.
The choice for the most appropriate type of PRP should be
based on the specific clinical field of application,22 but there
is no significant difference between the concentrations of

PRP obtained with the GPS II (30-mL blood) and GPS III
(60-mL blood) systems.12 Second, we did not use
ultrasound-guided injections for both groups. There is always
a debate about the fact that injections would not have
been given at the exact spot where they were needed.
Ultrasound-guided technique is advocated in previous stud-
ies.10 Kane et al11 showed no advantages of ultrasound guid-
ance over direct palpation of the most tender area for
guidance for the injections. A final limitation is that we
have no data on the characteristics between the study group
and the 8 patients who were not suitable for further alloca-
tion. Potentially, this could lead to a bias.

In conclusion, this report describes the first comparison
of an autologous platelet concentrate with corticosteroids
as a treatment for chronic plantar fasciitis in patients
who have undergone failed nonoperative treatment, with
a follow-up of 1 year. It demonstrates that a single injec-
tion of concentrated autologous platelets improves pain
and function more so than corticosteroid injection. These
improvements were sustained over time with no reported
complications. Future decisions for application of the
PRP for plantar fasciitis should be confirmed by further
follow-up from this trial and should take into account pos-
sible costs and harms as well as benefits.

ACKNOWLEDGMENT

The authors thank Joris Hermus, orthopaedic surgeon
from Maastricht University Medical Centre, the Nether-
lands, for including 3 patients. The authors also thank Wil-
bert van Laar, orthopaedic surgeon from Alrijne Hospital,
Leiderdorp, the Netherlands, for the follow-up of the
patients.

REFERENCES

1. Acevedo J, Beskin J. Complications of plantar fascia rupture associ-

ated with corticosteroid injection. Foot Ankle Int. 1998;19:91-97.

2. Agel J, Beskin J, Brage M, et al. Reliability of the Foot Function Index:

a report of the AOFAS Outcomes Committee. Foot Ankle Int.

2005;26:962-967.

3. Buchbinder R. Clinical practice: plantar fasciitis. N Engl J Med.

2004;350:2159-2166.

4. Budiman-Mak E, Conrad K, Roach K. The Foot Function Index:

a measure of foot pain and disability. J Clin Epidemiol. 1991;44:

561-570.

5. Coffman C, Edelman D, Woolson R. To condition or not condition?

Analysing ‘‘change’’ in longitudinal randomised controlled trials.

BMJ Open. 2016;12:e013096.

6. Cole C, Seto C, Gazewood J. Plantar fasciitis: evidence-based

review of diagnosis and therapy. Am Fam Physician. 2005;72:2237-

2242.

7. Crawford F, Thomson C. Interventions for treating plantar heel pain

(review). Cochrane Database Syst Rev. 2003;3:CD000416.

8. Davies M, Weiss G, Saxby T. Plantar fasciitis: how successful is sur-

gical intervention? Foot Ankle Int. 1999;20:803-807.

9. Engebretsen L, Steffen K, Alsousou J, et al. IOC consensus paper on

the use of platelet-rich plasma in sports medicine. Br J Sports Med.

2010;44(15):1072-1081.

8 Peerbooms et al The American Journal of Sports Medicine

Wajid Burad


Wajid Burad


Wajid Burad




10. Gonnade N, Bajpayee A, Elhence A, et al. Regenerative efficacy of

therapeutic quality platelet-rich plasma injections versus phonopho-

resis with kinesiotaping for the treatment of chronic plantar fasciitis:

a prospective randomized pilot study. Asian J Transfus Sci. 2018;

12(2):105-111.

11. Kane D, Greaney T, Shanahan M, et al. The role of ultrasound sonog-

raphy in the diagnosis and management of idiopathic plantar fasciitis.

Rheumatology (Oxford). 2001;40:1002-1008.

12. Kaux JF, Le Goff C, Renouf J, et al. Comparison of the platelet con-

centrations obtained in platelet-rich plasma (PRP) between the

GPS� II and GPS� III systems. Pathol Biol (Paris). 2011;59(5):275-277.

13. Kitaoka H, Alexander I, Adelaar R, et al. Clinical rating systems for the

ankle-hindfoot, midfoot, hallux, and lesser toes. Foot Ankle Int.

1994;15:349-353.

14. Kuyvenhoven M, Gorter K, Zuithoff P, et al. The foot function index

with verbal rating scales (FFI-5pt): a clinimetric evaluation and com-

parison with the original FFI. J Rheumatol. 2002;29:1023-1028.

15. Leach R, Jones R, Silva T. Rupture of the plantar fascia in athletes.

J Bone Joint Surg Am. 1978;60:537-539.

16. Lemont H, Ammirati K, Usen N. Plantar fasciitis: a degenerative pro-

cess (fasciosis) without inflammation. J Am Podiatr Med Assoc.

2003;93:234-237.

17. MacCallum R, Mar C. Distinguishing between moderator and qua-

dratic effects in multiple regression. Psychol Bull. 1995;118(3):405.

18. Mahindra P, Yamin M, Selhi H, Singla S, Soni A. Chronic plantar fas-

ciitis: effect of platelet-rich plasma, corticosteroid, and placebo.

Orthopedics. 2016;39:e285-e289.

19. Martin R, Irrgang J, Conti S. Outcome study of subjects with inser-

tional plantar fasciitis. Foot Ankle Int. 1998;19:803-811.

20. Masthoff ED, Trompenaars FJ, Van Heck GL, Hodiamont PG, De

Vries, J. Validation of the WHO Quality of Life assessment instrument

(WHOQOL-100) in a population of Dutch adult psychiatric outpa-

tients. Eur J Psychiatry. 2005;20:465-473.

21. Monto R. Platelet-rich plasma efficacy versus corticosteroid injection

treatment for chronic severe plantar fasciitis. Foot Ankle Int. 2014;

35:313-318.

22. Oudelaar BW, Peerbooms JC, Huis In ‘t Veld R, et al. Concentrations of

blood components in commercial platelet-rich plasma separation sys-

tems: a review of the literature. Am J Sports Med. 2019;47(2):479-487.

23. Peerbooms J, Sluimer J, Bruijn D, Gosens T. Positive effect of an autol-

ogous platelet concentrate in lateral epicondylitis in a double-blind ran-

domized controlled trial. Am J Sports Med. 2010;38(2):255-262.

24. Peerbooms JC, van Laar W, Faber F, et al. Use of platelet-rich

plasma to treat plantar fasciitis: design of a multi centre randomized

controlled trial. BMC Musculoskelet Disord. 2010;11:69.

25. Pfeffer G, Bacchetti P, Deland J, et al. Comparison of custom and

prefabricated orthoses in the initial treatment of proximal plantar fas-

ciitis. Foot Ankle Int. 1999;20:214-221.

26. Schepers T, van Lieshout E, van Ginhoven T, Heetveld M, Patka P.

Current concepts in the treatment of intra-articular calcaneal frac-

tures: results of a nationwide survey. Int Orthop. 2008;32:711-715.

27. Sellman J. Plantar fascia rupture associated with corticosteroid injec-

tion. Foot Ankle Int. 1994;15:376-381.

28. Shetty V, Dhillon M, Hegde C, Jagtap P, Shetty S. A study to com-

pare the efficacy of corticosteroid therapy with platelet-rich plasma

therapy in recalcitrant plantar fasciitis: a preliminary report. Foot

Ankle Surg. 2014;20:10-13.

29. Speed C, Nichols D, Wies J, et al. Extracorporeal shock wave ther-

apy for plantar fasciitis: a double blind randomised controlled trial.

J Orthop Res. 2003;21:937-940.

30. Taunton J, Ryan M, Clement D, et al. A retrospective case-control

analysis of 2002 running injuries. Br J Sports Med. 2002;36:95-101.

31. Toet J, Raat H, van Ameijden E. Validation of the Dutch version of the

CDC core healthy days measures in a community sample. Qual Life

Res. 2006;15:179-184.

32. Willits K, Kaniki N, Bryant D. The use of platelet-rich plasma in ortho-

paedic injuries. Sports Med Arthrosc. 2013;21(4):225-230.

33. Wolgin M, Cook C, Graham C, Mauldin D. Conservative treatment of

plantar heel pain: long-term follow-up. Foot Ankle Int. 1994;15:97-102.

34. Wrotniak M, Bielecki T, Gazdzik T. Current opinion about using the

platelet-rich gel in orthopaedics and trauma surgery. Orthop Trauma-

tol Rehabil. 2007;9:227.

For reprints and permission queries, please visit SAGE’s Web site at http://www.sagepub.com/journalsPermissions.nav.

AJSM Vol. XX, No. X, XXXX PRP vs Corticosteroid Injection With A 1-Year Follow-up 9


