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Abstract

Background: The aim of this study was to evaluate the efficacy and safety of injection of allogeneic growth factors in
patients with plantar fasciitis.

Methods: This study included 150 patients who were randomly divided into 2 equal groups; the patients were locally
injected with allogeneic growth factors (GFs) (treatment group) or with saline 0.9% (control group). The patients were
assessed using visual analog scale (VAS) and Foot Function Index—Revised short form (FFI-Rs) scores preinjection and |, 3,
6, and 12 months postinjection. The patients were questioned about their satisfaction. Any adverse effects were recorded.
Results: At baseline, there was no significant difference between both groups regarding the mean VAS and FFI-Rs scores. At
3-month follow-up, the reduction in mean VAS score was 87% in the treatment group and 55% in the control group (P < .001),
and the reduction in mean FFI-Rs score was 62% in the treatment group and 40% in the control group (P < .001). Treatment
group and study visit were significant factors affecting both VAS and FFI-Rs scores. Overall, 92% were satisfied in the treatment
group, and 78.2% in the control group. Postinjection pain occurred in 5 patients in the treatment group.

Conclusion: This study provides Level | evidence regarding the efficacy and safety of allogeneic GF injection in patients
with plantar fasciitis. However, additional studies are needed to evaluate their adverse effects, immunogenicity, and
microbiological safety.

Level of Evidence: Level |, prospective randomized controlled case series.
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factor, which attracts monocytes and stimulates fibro-
blasts; transforming growth factor-f, which stimulates all

Introduction

Plantar fasciitis is the most common cause of chronic heel

pain, affecting up to 15% of adult foot complaints.?>>*3 It
is usually a self-limiting disease as it usually resolves within
8-12 months in approximately 80% to 90% of patients.'**’
However, it can be a challenging condition as several
months to even years may be required before subsidence of
symptoms with conservative treatment.”®!>3! There are
various methods of conservative treatment including weight
reduction, local application of ice, stretching exercises,
night splints, nonsteroidal anti-inflammatory drugs, local
corticosteroid injection, extracorporeal shock wave therapy,
and platelet-rich plasma injection (PRP).717:1835

PRP contains a higher concentration of platelets than
the whole blood. It enhances wound, bone, and tendon
healing by delivering high concentrations of alpha-gran-
ules containing biologically active growth factors.!216.21:29
The 4 basic growth factors include platelet-derived growth

major cell types involved with healing; vascular endothe-
lial growth factor, which stimulates new blood vessel for-
mation; and fibroblast growth factor, which promotes the
growth of extracellular matrix."34 It was hypothesized that
human platelet growth factors may provide a beneficial
effect in treatment of tendinopathies, with the potential to
reverse the degenerative process and enhance the regen-
eration of healthy tendon.>® PRP can eliminate immuno-
logic reactions and disease transmission but cannot be
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performed in patients with a deficiency or abnormality of
platelet function.!

The regenerative properties of PRP preparation depend
on the amount of growth factors released after platelet acti-
vation. Using a large volume of blood for obtaining allo-
genic PRP can provide higher concentrations of growth
factors. However, this PRP preparation is stable for only 8
hours. Freeze drying (lyophilization) can be used to stabi-
lize the biologic materials for prolonged storage without
causing their damage.?? The allogeneic growth factors are
not a true PRP preparation but they are lyophilized human
platelets growth factors (L-GFs) that are derived from other
individuals within the same species.?*

An L-GF vial is a preparation consisting of lyophilized
human platelets growth factors. It is based on the use of
allogeneic pathogen-free platelets instead of autologous
platelets as a source of growth factors. Platelet concentrates
are then subjected to in vitro activation, with the subsequent
release of growth factors from their site of storage in the
alpha granules. The released growth factors suspended in
plasma are then separated from the fibrin clot and cellular
debris, and are dispensed into vials prior to lyophilization.
The volume dispensed in each L-GF vial is adjusted to
maintain a concentration of growth factors equivalent to
that obtained from a PRP preparation coming from 20 mL
of whole blood with a platelet count of 10%/uL. Lyophilized
growth factors have a much longer shelf life than the autol-
ogous PRP (12-18 months vs 8 hours). L-GFs are suitable
for intralesional injection as it is a water-soluble product
with no gel formation.!!

The aim of this prospective, single-blinded, randomized
controlled study was to evaluate the efficacy and safety of
local injection of allogeneic growth factors compared with
placebo injection in patients with plantar fasciitis.

Methods

This prospective study was conducted between May 2017
and November 2019 on 150 patients with plantar fasciitis at
the orthopedic department of our University Hospital after
approval of the ethical standards of the University. Any
patient older than 20 years with plantar fasciitis was
included in this study. Any patient with systemic disorders
(eg, coagulation disorders, diabetes mellitus, hepatitis, or
disorders associated with enthesopathy such as gout, Reiter
syndrome, or rheumatoid arthritis), local conditions of the
ankle region (arthritis, previous local corticosteroid or PRP
injections, previous ankle surgery or trauma, nerve entrap-
ment, infection, or local malignancy), pregnancy, or psychi-
atric disorder was excluded from the study. All the patients
included in the study had previous failed conservative treat-
ment for at least 6 weeks (ranged from 6 to 20 weeks with
an average of 12) in the form of NSAIDs, soft heel cups,
stretching exercises, and ice packs. None of them received

any form of local injection or had been operated on before
for such condition.

Complete physical examination was done to all patients
and revealed that all the patients included in the study had
the typical pain of plantar fasciitis that was more severe in
the early morning and gradually declined in severity after
the first few steps. Point tenderness at the inferior and
medial part of the heel was noted in all patients. Laboratory
investigations (complete blood count, glucose level, eryth-
rocyte sedimentation rate, C-reactive protein, bleeding pro-
file, Rheumatoid factor) and imaging studies (plain
radiographs of the ankle and foot anteroposterior, oblique,
and lateral views) were done in all patients.

The patients were randomly divided into 2 groups: a treat-
ment group (n=75) in which each patient received a single
local injection of allogeneic GFs, and a control group (n=75)
in which each patient received a single local injection of nor-
mal saline 0.9% as a placebo. The process of randomization
was done via sealed opaque envelopes in which the alloca-
tion group was stated inside each envelope. The patients were
blinded to their treatment assignment and unaware if they
were receiving allogeneic GFs or placebo injection.

The baseline patients’ criteria are outlined in Table 1.
One hundred fifty patients with unilateral plantar fasciitis
were included, including 87 women (58%) and 63 men
(42%). The mean age was 40.1 years. Overall, 130 were
heavily to moderately active (86.6%), and 55 were consid-
ered obese, with body mass index (BMI) greater than 30
(36.7%). There was no statistically significant difference
between the treatment and control groups regarding their
age, gender, BMI, or the level of activity.

The pre-prepared vial of allogeneic GFs was obtained
from the Cairo Medical Centre Blood Bank (CMCBB). The
L-GF vial was prepared from platelets derived from indi-
vidual whole blood donations. Each unit of platelets was
tested for hepatitis B surface antigen, HIV I and II antibod-
ies, HIV p-24 antigen, hepatitis C virus antibodies, and anti-
bodies to Treponema pallidum, by licensed assay methods.
Seronegative plasma was further examined by nuclear acid
testing. Furthermore, viral inactivation by ultraviolet radia-
tion and riboflavin was performed by the Mirasol system
(pathogen reduction technology system; Terumo BCT,
Inc.). The platelets in the buffy coat layer were then acti-
vated to release the growth factors. Excess water, cellular
elements, and fibrinogen were removed, and the remaining
growth factors were ultraconcentrated. Lyophilization of
the obtained growth factors was then performed. The L-GF
vial was supplied as powder in a sealed container. Before
use, the vial was allowed to reach ambient temperature as it
was stored between 2 and 8 °C. The L-GF vial content was
then mixed with 3 mL sterile water. The vial was gently
swirled for 3 minutes and allowed to stand at ambient tem-
perature for 5 minutes, to ensure complete protein
rehydration.
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Table |. Baseline Patients’ Criteria.
Treatment group Control group
(n=75) (n=75) P value

Age, y, mean * SD (range) 37.1x7.1 (25-58) 43.0£6.6 (27-63) .92
Gender, n (%)

Male 35 (47) 28 (37) 32

Female 40 (53) 47 (63)
Level of activity, n (%)

Heavy 23 (30.7) 30 (40) 45

Moderate 41 (54.7) 36 (48)

Mild 11 (14.7) 9(12)
BMI, mean * SD (range) 29.3£4.3 (19-35) 29.7+4.5 (18-37) .875
VAS (preinjection), mean = SD (range) 8.1+1.2 (7-9) 7.8+1.2 (6-9) A5
FFI-Rs (preinjection), mean = SD 583+23 55.64.2 79

Abbreviations: BMI, body mass index; FFI-Rs, Foot Function Index—Revised short form; VAS, visual analog scale.

Technique of Injection

The technique of local injection was the same in both groups.
The area of maximum tenderness was determined by palpat-
ing the heel. The patients were supine with mild knee flex-
ion, externally rotated limb, and neutral ankle position. The
procedure was done under aseptic condition with single skin
entry and multiple pricks to the plantar fascia (peppering
technique)'® and the contents of syringe were slowly injected
using an 18-guage needle. Patients were injected with 3 mL
of allogeneic growth factors in the treatment group and 3 mL
of normal saline 0.9% in the control group.

Postinjection Protocol

The site of the injection was covered by a sterile dressing. All
the patients were advised to rest in supine position without
moving for 15-30 minutes. Paracetamol 500-mg tablets were
given to the patients with cold applied at the site of the local
injection. All the patients were advised to avoid the use of
NSAIDs 2 weeks before and after the procedure as those drugs
may inhibit the inflammatory response of the growth factors.

After 2 weeks, a standardized stretching protocol of the
plantar fascia and Achilles tendon was initiated (toe exten-
sion, standing calf stretch, and towel stretch) that was
repeated 4 to 6 times per day. One month after the proce-
dure, the patients were allowed to proceed with recreational
activities (ie, walking slowly, slow dancing) as tolerated.
The patients were strictly advised not to participate in heavy
activities (such as running, jumping rope) for 3 months. The
patients were instructed to wear standard insoles with soft
heel cups for 1 year.

Assessment

All the patients were assessed for pain using visual analog
scale (VAS) and functional improvement using the Foot

Function Index—Revised short form (FFI-Rs) preinjection
and at 1, 3, 6, and 12 months postinjection. The FFI-R is a
self-reporting measure that assessed multiple dimensions
of foot function depending on patient-centered values.** It
has 4 subscales, pain, disability, activity limitation, and
psychosocial activities and quality of life related to foot
health.* The FFI-R items were developed from the original
23 FFI items, and more items were added. The results
were the FFI-R long form (FFI-R L; 68 items) and the
FFI-R short form (FFI-Rs; 34 items).* The total FFI-Rs
score is between 0% and 100%. Lower score correlates
with better foot function.'”

Finally, the patients were queried about their satisfaction
and classified into completely satisfied, some reservations,
important reservations, and dissatisfied. Any adverse effect
or complication related to the procedure was also recorded.

Statistical Analysis

Statistical analysis was done in this study using IBM SPSS
Statistics for Windows, version 22.0 (IBM Corp, Armonk,
NY, USA). Significant correlation was considered when P
< .05.

Results

The primary efficacy endpoint was change in the VAS score
between preinjection and at 3-month follow-up (Table 2).
At baseline, there was no statistically significant difference
between the 2 groups regarding the mean VAS score (P =
45). At 3-month follow-up, the reduction in the mean VAS
score was 87% in the treatment group (from 8.6 to 1.2) and
55% in the control group (from 7.8 to 3.5) (P < .001). At
the 6- and 12-month follow-ups, the mean VAS score was
1.3 and 1.4 in the treatment group and 3.8 and 3.6 in the
control group, respectively.
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Table 2. Changes in the Mean VAS Score During the Follow-
up Period.

Table 4. Analysis for Variables Affecting the Outcomes.

VAS score, FFI-Rs score,
Mean VAS score Variable P value P value
Treatment group Control group Age 45 .38
. Gender 27 .87
Preinjection 8.6x1.2 78%1.2 BMI 56 023
At I'mo 3133 7753 Level of activity 37 043
At3 mo 2= 1.4 35=38 Injection (L-GFs, placebo) <001 <001
A6 mo 313 38=35 Study visit? <001 <001
At 12 mo 1417 3.6+23
Paired difference? 74+3.6 4.3*25 Abbreviations: BMI, body mass index; FFI-Rs, Foot Function Index—
P valueb <.001 Revised short form; L-GFs, lyophilized growth factors; VAS, visual analog

Abbreviation: VAS, visual analog scale.

Difference in mean VAS score between preinjection and at 3-month
follow up.

®P value on paired differences.

Table 3. Changes in the Mean FFI-Rs Score During the Follow-
up Period.

Mean FFI-Rs Score

Treatment Group Control Group

Preinjection 58.3*+2.3 55.6+4.2
At | mo 35.3+3.6 44.7+45
At 3 mo 22.2+25 33.2+35
At 6 mo 21.4+19 33.5+3.8
At 12 mo 21.7x2.1 32.6+2.6
Paired difference? 36.1+2.7 22.4+29
P value® <.001

Abbreviation: FFI-Rs, Foot Function Index—Revised short form.
*Difference in mean FFI-Rs score between preinjection and at 3-month
follow up.

®P value on paired differences.

The secondary efficacy endpoint was change in the
FFI-Rs score between preinjection and at the 3-month fol-
low-up (Table 3). At baseline, there was no statistically sig-
nificant difference between the 2 groups regarding the mean
FFI-Rs score (P = .79). At 3-month follow-up, the reduc-
tion in mean FFI-Rs score was 62% in the treatment group
(from 85.3 to 22.2) and 40% in the control group (from 55.6
to 33.2) (P < .001). At the 6- and 12-month follow-ups, the
mean FFI-Rs score was 21.4 and 21.7 in the treatment group
and 33.5 and 32.6 in the control group, respectively.

Correlation between variables (age, gender, BMI, level
of activity, treatment given, and visits) and the outcomes
(VAS and FFI-Rs scores) was analyzed (Table 4). When
controlling all other variables, treatment group and study
visit were significant factors affecting both VAS and FFI-Rs
scores (P < .001). Both BMI and activity level had a sig-
nificant correlation in FFI-Rs score when controlling for
other variables (P = .023 and .043, respectively). FFI-Rs
score was lower with decreased BMI and low level of activ-
ity. Age and gender had no correlation with either score.

scale.
2Study visit preinjection and at |-, 3-, 6-, and 12-month follow-up visits.

Table 5. Patient Satisfaction at the Final Follow-up.

Completely Some Important
satisfied reservations reservations Dissatisfied

Treatment 60 (80) 6 (8) 34) 6 (8)

group,

n (%)
Control 18 (24) 14 (18.7) 27 (36) 16 (22.3)

group,

n (%)
Total, n (%) 78 (52) 20 (13.3) 30 (20) 22 (14.7)

Regarding the patients’ satisfaction; 92% were satisfied
(either completely or with reservations) in the treatment
group, and 78.2% in the control group (Table 5). Five
patients in the treatment group experienced mild postinjec-
tion pain, which resolved within 2 to 4 days. Apart from
this, no other adverse effects related to the procedure (such
as infection, hypersensitivity reaction, etc) were reported
until the final follow-up.

Discussion

Plantar fasciitis is a common problem.'® Although most
patients with plantar fasciitis respond well to conservative
treatment, most of the treatment modalities lack high-qual-
ity evidence of efficacy.>>!%20 A desirable treatment for
plantar fasciitis is the one that can interrupt the process of
inflammation and degeneration before long-term damage.’
The aim of this prospective, blinded, randomized controlled
study was to evaluate the efficacy and safety of local injec-
tion of allogeneic growth factors compared to placebo
injection in patients with plantar fasciitis.

Freeze-dried PRP is of potential value for various clinical
applications. However, L-GFs have not been well studied.??
Elgohary et al'' have investigated the effectiveness of intra-
articular injection of allogeneic L-GFs in Egyptian patients
with symptomatic knee OA. They concluded that allogeneic
L-GFs showed encouraging results and were well tolerated.
To the authors’ knowledge, this is the first study that evaluates
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the allogeneic GFs in treatment of plantar fasciitis and com-
pares their outcome with placebo. This study revealed that the
patients receiving allogeneic GF injections had a significantly
greater reduction in the VAS score for pain and significantly
greater improvement in function than those receiving placebo
injections at 3-, 6-, and 12-month follow-up without any
recorded adverse effects.

The normal blood solid components are composed of red
blood cells (93%), platelets (6%), and white blood cells
(1%), whereas that of PRP preparation is platelets and
plasma (94%), red blood cells (5%), and full component of
clotting factors and secretory proteins (1%).2° However,
there is a large variability of the composition of autologous
PRP preparation due to variations in the volume of the
blood sample taken from the patient, the speed of the centri-
fuge, efficacy of the platelet recovery, the final volume of
plasma in which the platelets are suspended, presence and/
or absence of red blood cells and white blood cells in the
preparation, and the presence or absence of anticoagulant in
the sample.*°

The allogeneic GFs are not a true PRP preparation as
they contain multiple highly concentrated growth factors
with long-term, sustained release. In contrary to autologous
PRP, they are available in larger quantities, not affected by
patients” hemoglobin levels or platelet count, their activity
is maintained for more than 1 year, and they are regulated
for the temperature and speed of the centrifugation, tech-
niques of separation, and processing.?® Moreover, there is
no need for adding platelet-activating agents such as throm-
bin (which may produce coagulopathies) or calcium chlo-
ride (which causes more pain during the injection and may
last for a few days after the injection).?>3¢

Regarding microbiologic safety, there are no issues of
disease transmission with allogeneic GFs, as the seronega-
tive pheresis platelets from normal blood bank donors were
subjected to a step of pathogen reduction. Each individual
unit of pheresis platelets used for L-GFs production was
tested for hepatitis B surface antigen, hepatitis C virus anti-
bodies, HIV I&II antibodies, HIV p-24 antigen, and antibod-
ies to T pallidum by licensed assay methods. Seronegative
plasma of such units was further examined by nuclear acid
testing. It was then subjected to viral inactivation by ultra-
violet C radiation and riboflavin; thus, all risks of any poten-
tial microbiological contamination were eliminated.

Prior to lyophilization, the platelets were stimulated in
vitro with subsequent platelet activation and release of
growth factors and cytokines from alpha granules. Plasma
rich in supraphysiological doses of platelet growth factors
was then lyophilized and sterile filtered. Zhang et al’® dem-
onstrated that the promising use of allogeneic PRP had neg-
ligible immunogenicity, great healing power, and no adverse
effects. Analyzing the effects of allogeneic freeze-dried
PRP on immunologic response in rabbits, Rachmawati
et al** concluded that allogeneic freeze-dried PRP did not

cause an inflammatory response and that the levels of IgM
had not increased.

Although patients in the treatment group experienced
significantly greater improvement, patients in the control
group reported pain reduction and improved function over
time as well. The improvement in the control group could
be explained by placebo effect of the injection itself due to
patient blinding or natural resolution of the symptoms as
plantar fasciitis is a self-limiting disease. Moreover, the
injection itself (irrespective of the injected material) may
have beneficial effects in treating such a condition that
resulted from the bleeding caused by forcing fluid through
tissue planes.>"”

As GF injection is considered as a new treatment
modality in plantar fasciitis, it is important to evaluate the
cost of this modality in relation to other modalities. The
cost of a single injection of L-GF vial was approximately
$300. And the cost of PRP preparation varies depending
on the equipment and the technique used. Extracorporeal
shock wave therapy costs up to $3000 as it may require
several treatment sessions.! The cost of the operative
intervention for plantar fasciitis (including the physician
and inpatient charges) ranges up to $10000.3?

The strength of the present study lies in being prospec-
tive, randomized, single-blinded, and controlled. Also, the
follow-up period was long enough to allow evaluating the
efficacy and safety of allogeneic GF injection for treatment
of plantar fasciitis. However, there are some limitations in
this study. First, there was no other comparative group
receiving another active therapy. Second, we did not use
ultrasonography to guide injections. However, Kane et al'3
showed that there were no advantages of ultrasonographic
guidance over direct palpation of the most tender area for
guidance for the local injection. Third, the thickness of the
plantar fascia was not assessed by using ultrasonography
before and after the procedure. Fourth, a single injection
was given to the patients. It is unknown if repeated injec-
tions are of any benefit, so the efficacy of additional injec-
tions has to be evaluated. Finally, all patients were instructed
to do stretching exercises of the plantar fascia. Although it
is unknown if this could affect the study outcomes in both
groups, we assume that this would not bias the outcomes,
because the main intervention was L-GF injection and these
exercises did not help the studied patients before inclusion
in our study.

Conclusion

The results of this randomized controlled, single-blind
study provide Level I evidence regarding the positive effi-
cacy and safety of allogeneic GFs injection in patients with
plantar fasciitis. However, additional studies are needed to
evaluate their adverse effects, immunogenicity, and micro-
biological safety.
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