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Background: This study summarizes all literature assessing the long term effects of platelet-rich plasma (PRP)
injection compared to corticosteroid injection to relieve pain and improve function in Plantar Fasciitis patients.
Materials and methods: This is a PRISMA compliant systematic review of 5 databases and include a meta-analysis
of Randomized Controlled Trial data comparing the two injections.

Results: Ten prospective trials were included with total number of 543 participants. The PRP group had sig-

nificantly better pain scores at 3 months and 6 months follow-up.
Conclusion: PRP injections provide better pain relief, compared to corticosteroids, in patients with plantar fas-

ciitis.

1. Introduction
1.1. Background

Plantar fasciitis is considered the commonest cause of heel pain
contributing to an estimate of one million patient visits per year to
office based physician or outpatient department between 1995 and
2000 in the US, and account for 1% of visits to orthopaedic surgeon.’
Economic evaluation study carried out by Tong K.B? and his colleagues
found that the annual costs estimate of plantar fasciitis treatment is
around $284 million in the United States, but additional costs from lost
work and wages, social burden, and psychologic burden, was not in-
cluded in this study.

1.2. Anatomy and histological structure

Plantar fascia is a thick, sheet-like connective tissue, located in the
under surface of the foot originating from the medial calcaneal tubercle
and stretch forward to the head of metatarsophalangeal joints capsule.
Histologically, It is composed of superimposed collagen fibres, with
intermingled elastin fibres.®> The plantar fascia's main function include
the maintenance of medial arch foot, in addition, to contribution to
reformation of the foot facilitating occurrence of toe off phase,via
windlass mechanism, during gait cycle.*

1.3. Pathophysiology

In the past, plantar fasciitis was presumed to be an inflammatory
condition affecting plantar fascia and the name indicated that, as the
suffix “-itis”, inherently implies an inflammatory disease.

But the exact underlying aetiology of plantar fasciitis was not well
known, therefor this term was frequently used interchangeably with
“heel spur syndrome”® and “painful heel syndrome”.®

Later basic science studies found that inflammation is not always
present and therefore the term “plantar fasciitis” was considered to be a
misnomer.” Further studies deduced that the underlying pathology in
plantar fasciitis is of degenerative nature, which was supported by both
imaging and histopathological studies. Grasel et al. studied series of
MRI images of patients diagnosed clinically with plantar fasciitis, fea-
tures of fascial micro tears resulting in peri-fascial oedema was found
with no substantial evidence to support inflammation as the underlying
cause, supported by linearity and low prevalence of high MRI signal
intensity within the plantar fascia.®’

Histopathological studies assessing plantar fascia specimens ob-
tained from patients who underwent fasciotomy to treat intractable
plantar fasciitis was performed by lemont et al.” The findings include
myxoid degeneration with fragmentation and degeneration of the
plantar fascia and bone marrow vascular ectasia, which is suggestive of
a degenerative process and the term fasciosis without inflammation was
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coined by the author.”

The exact mechanism resulting in plantar fascia to undergo this
degenerative process is not fully understood, however, repetitive
trauma resulting in micro tears was implicated as the underlying cause.
Several risk factors have been associated with development of plantar
fasciitis.

Well known independent risk factors, which showed strong positive
correlation with development of plantar fasciitis, include obesity, pro-
longed work related weight bearing and reduced ankle dorsiflexion."°
Plantar fasciitis has also been associated with, old age, and biomecha-
nical abnormalities in the foot, such as tight Achilles tendon, pes cavus,
and pes planus.'’

Plantar fasciopathy is a self-limiting condition, however, the impact,
of pain associated with plantar fasciitis, on health related quality of life
is profound leading frustrated patients to seek treatment without ac-
cepting the self-limited nature of the condition which can extend for up
to 1 year.'>'® Factors associated with increased risk of prolonged
symptoms include: overweight'® bilateral involvement, and when there
is a long delay before seeking medical attention.'**>

1.4. Diagnosis

1.4.1. History and clinical examination

Diagnosis of plantar fasciitis is based on history and clinical ex-
amination with little contribution attained by further imaging mod-
alities like MR images and Ultrasonography (US), except in recalcitrant
cases.'® Patients with Plantar fasciitis report gradual onset of plantar
heel pain, which is especially worse with the first steps in the morning
and after prolonged rest.'” Pain has been found to progressively de-
crease with activity but worsens towards the end of the day.'® Most
cases of plantar fasciitis present unilaterally, However, Bilateral pre-
sentation has been found to affect up to 30% of cases.®

Tenderness to palpation of the medial calcaneal tuberosity is a
hallmark of plantar fasciopathy, but tenderness of the whole plantar
fascia may also be seen.'” Further clinical examination of possible risk
factors for plantar fasciitis can be appreciated during assessment, in-
cluding: reduced ankle joint dorsiflexion, tightness of hamstring mus-
cles, excessive foot protonation, rear-foot eversion, and pes planus or
cavus foot deformities.>” Moreover, Provocation of pain can be elicited
clinically when patient stands on their toes or with passive dorsiflexion
of Metatarsophalangeal joints due to the windlass mechanism.?’

During the course of patient assessment, it is imperative to rule out
other causes of plantar heel pain which can be appreciated during
history taking and clinical examination in the majority of cases
However, further diagnostic studies might be required to rule out other
conditions, such as plantar fascia tears, entrapment of the first branch
of the lateral plantar (Baxter's) nerve, heel pad atrophy, plantar fi-
bromatosis, tarsal tunnel syndrome, calcaneal stress fractures, and
plantar vein thrombosis."”

1.4.2. Diagnostic imaging studies

Although plantar fasciitis is primarily a clinical diagnosis, imaging
modalities can be utilized to confirm diagnosis and to rule out other
possible causes of heel pain.

Lateral non-weight bearing plain radiograph is relatively in-
expensive with low radiation exposure. The principal finding is plantar
fascia thickness and fat pad abnormalities.’? Moreover, other causes of
heel pain can be detected readily using plain film radiograph like cal-
caneal stress fractures or bony erosions of the plantar fascial attachment
and Achilles tendon insertion, which would suggest enthesopathy of
these structures, leading to inclusion of seronegative spondyloarthro-
pathy as an important differential diagnosis.* It is important to note
that the presence of calcaneal spur is very nonspecific and is not always
associated with plantar fasciitis. Key feature on MR imaging in plantar
fasciopathy are a diffuse thickening of the fascia associated with areas
of low signal intensity replacement and other areas of intermediate
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signal intensity or linear band or lobules of high signal intensity. In the
later stages of the disease, fluid sensitive sequences will exhibit high
signal changes in the surrounding soft tissues.>*

Ultrasound images reflect the abnormalities detected by MR images.
The thickness of the plantar fascia is increased with a superior to in-
ferior dimension >4.5 mm. Additionally, disorganization of the normal
reflective structure alongside loss of the normal ligament architecture is
considered to be an important feature highly suggestive of plantar
fasciitis. Bony involvement, however, is not readily appreciated in US,
compared to MRI, although interruption of the bony cortex is detectable
in more advanced stages of the disease.**

1.5. Treatment

1.5.1. Conservative treatment

Stretching protocols of the plantar fascia and Achilles tendon were
proven to be effective in relieving pain among patients diagnosed with
plantar fasciitis. Despite the uncertainty of benefit from combined
stretching of both plantar fascia and Achilles tendon compared to iso-
lated stretching of one structure only, stretching of both seems to be
beneficious and usually considered.*

Taping is an additional modality that is used in conjunction with
stretching exercises. Several modalities described, with most commonly
used varieties are:

a) Low-dye taping: the most commonly used technique; the main aim is
to reduce medial heel pressure by lifting the navicular bone.>®

b) Calcaneal taping: The second most common taping technique, the
main aim is to reposition the calcaneus to neutral alignment which
is, theoretically suggested, to improve biomechanical position of the
foot.?®

Previous studies showed a short-term improvement of symptoms
with both taping techniques, and use of either taping technique in
conjunction with other conservative treatment options is re-
commended.?”

Foot orthoses, both custom and prefabricated, were proved to im-
prove pain from plantar fasciitis when used in conjunction with
stretching exercises.?®

Night splints are used in the treatment of plantar fasciopathy by
placing the ankle joint in neutral position which lead to advantageous
biomechanical position, correcting the abnormal protonation im-
plicated as predisposing factor for development of plantar fasciitis and
reduce the nocturnal contracture of gastrocnemius-soleus complex
which eventually lead to increased range of movement of the ankle
joint.>® The orthosis are available as prefabricated or custom made
construct with no difference in outcome demonstrated between the
different forms®*20->!

1.5.2. Extracorporeal shock wave lithotripsy (ESWL)

ESWL has been used in treatment of plantar fasciitis where no im-
provement was achieved following conservative management. ESWL is
believed to stimulate soft tissue healing process but the exact me-
chanism is not fully understood.

A Systematic review carried out by Speed et al. noted that, pulsed
radial ultrasound waves and focused US waves of high intensity are
effective for plantar fasciitis compared to low intensity US waves.>?

1.5.3. Corticosteroid injection (CS)

CS injection has been a longstanding acceptable modality of treat-
ment in cases of plantar fasciitis with proven effectiveness,**as it acts as
an anti-inflammatory addressing the inflammatory component of the
condition, however, the duration of beneficial effect is still con-
troversial ranging from 4 weeks up to 2 years.>**> The main concerns
associated with CS injections are the risk of plantar fascia rupture®® and
a suggested theoretical risk of heel pad atrophy which has not been
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proven in previous studies.*”

Despite the undisputed effectiveness of CS injection in PF, there is
controversy about the long term effect which is not achievable without
addressing the underlying degenerative process. Lemont et al. sug-
gested that the use of steroid in plantar fasciitis should be questioned in
cases with absent evidence of inflammation due to the proven degen-
erative process implicated as the underlying pathology for the condi-
tion.®

Traditionally, plantar fascia injection was done using the landmark
technique but more recently US guided injection has been more popular
with different techniques described.®®

1.5.4. Platelet-rich plasma injection

Platelets are small discoid blood cells derived from megakaryocytes
in bone marrow with a lifespan of 7-10 days. Platelets lack nucleui but
contain two types of granules, dens and alpha granules. Clotting and
growth factors are contained in the alpha granules and released upon
platelets activation, by thrombin, promoting eventually the healing
process by stimulating the inflammatory cascade.*’

Platelet-rich plasma (PRP) is an autologous concentrate of human
platelets prepared by centrifuging the whole blood resulting in a small
amount of plasma with high concentration of platelets. Normal platelet
concentration in the blood is 200,000 platelets/pl. A minimum increase
by 4 times of the baseline is needed in order to achieve clinical efficacy
(1million platelets/pl) as proven by different studies. Different systems
are used to prepare PRP with slight variability in their ability to con-
centrate platelets depending on the manufacturer's system used.*° The
concentrates contain several growth factors and bioactive proteins re-
leased by platelets which attract macrophages, mesenchymal stem cells,
and osteoblasts which induce several processes that collectively lead to
removal of necrotic tissue, and to promote the healing process such as
cellular proliferation, matrix formation, osteoid production, and col-
lagen synthesis**“D, The main growth factors contained in these
granules are transforming growth factor beta (TGF ), vascular en-
dothelial growth factor (VEGF) platelet-derived growth factor (PDGF),
and epithelial growth factor (EGF).” A summary of growth factors
action is given in (Table 1).

Concerns about immunogenic reaction or infection transfer are
abolished due to the autologous nature of PRP. Moreover, no previous
studies demonstrate carcinogenesis or tumour growth potential.
Theoretically growth factors acts on cell membrane receptor rather than
the cell nucleus resulting in normal gene expression.*’ Many studies
reported beneficial long term effect of PRP injection in many soft tissue
conditions including plantar fasciitis.**

1.6. Aim of systematic review & meta-analysis and rationale

The aim of this study was to assess the long term efficacy of PRP
injection compared to corticosteroid injection in relieving pain and

Table 1
Summary of the actions of growth factors released by platelets.

Growth factor Action

Platelet-derived growth factor
(PDGF)*’

Stimulates cell replication

Promotes angiogenesis

Promotes epithelialisation

Promotes granulation tissue formation
Promotes formation of extracellular matrix
Regulates bone cell metabolism

Promotes angiogenesis

Transforming growth factor
(TGF B)**

Vascular endothelial growth
factor (VEGF)*®

Epithelial growth factor
(EGH)"!

Promotes cell differentiation stimulates re-
epithelialisation, angiogenesis and collagenase
activities

Promotes proliferation of endothelial cells and
fibroblasts Stimulates angiogenesis

Fibroblast growth factor
(FGR)"!
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consequently improving function among patients with plantar fasciitis.
The continuous generation of prospective trials studying the effect of
PRP injection in plantar fasciitis compared to the current, most com-
monly used treatment (CS injection), promoted the pursue of systematic
and statistical analysis of current evidence available in order to reach a
conclusion of the outcome expected from PRP injection.

Primary objective: Do patients with plantar fasciitis treated with
PRP injection have better long term pain relief compared to patients
treated with steroid injections.

2. Materials and methods
2.1. Reporting method

The Preferred Reporting Items for Systematic Reviews and Meta-
analyses (PRISMA) guidelines were followed (Table 2). The systemic
review protocol was registered in the International Prospective Register
of Systematic Reviews (PROSPERO) (Registration number:
CRD42019147733). The protocol is available in the appendix.

2.2. Data sources

Systematic literature searches were performed of all published ar-
ticles up to August 2019 utelizing: MEDLINE (via PubMed),
ExcerptaMedica (EMBASE), clinicaltrials.gov, The Cochrane Library
and conference proceeding via the web of Science core collection da-
tabase.

Databases were searched from their establishment to 1st of August
2019, for randomized controlled trials (RCTs) and prospective com-
parative studies comparing PRP with steroid injections as treatments for
Plantar fasciitis.

No language restriction was applied. Manual search of the reference
lists of included studies and relevant reviews was done to identify and
include eligible studies as applicable.

2.3. Search strategy

Keywords identified from relevant previously published studies
were used, including: Plantar Fasciitis, Heel Spur Syndrome,
Chronic Plantar Fasciitis, Fasciitis, plantar fasciosis, plantar fascio-
pathy, Platelet-Rich Plasma OR Platelet-Rich fibrin, autologous blood
product, autologous conditioned plasma, Steroids, Triamcinolone,
Methylprednisolone, Corticosteroid.

The search strategy was designed and altered as necessary and ap-
propriate to the different databases.

2.4. Outcome of interest

Mean Visual analogue score of PRP injection group at 4 weeks, 3
months, and 6 months.

Mean of visual analogue score of CS injection group at 4 weeks, 3
months, and 6 months.

2.5. Eligibility criteria
Eligible studies was decided based on the following criteria:

2.5.1. Inclusion criteria
Prospective randomised trial (RCT, open-label and Quasi controlled
trial).

1) Adult patients diagnosed with plantar fasciitis

2) Failure of conservative management in form of stretching exercises,
non-steroidal anti-inflammatory medications and heel pads for at
least 3 months

3) Ethical approval and consents obtained from patients participated in


http://clinicaltrials.gov
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Fig. 1. Flow diagram of study selection process.

included studies.
4) Visual analogue score used for baseline and outcome measurement.
5) Post injection stretching of the Achilles tendon and plantar fascia
were educated to all patients.

2.5.2. Exclusion criteria

1) History of surgical intervention for heel pain.

2) History of systemic disorder like: Diabetes Mellitus, gout or
Rheumatoid arthritis, Haematological disease.

3) Pregnancy.

4) Patients receiving NSAID medication within one week of the injec-
tion.

2.6. Data extraction

Articles meeting the eligibility criteria were retrieved and full text
review was performed by two independent reviewers. Data extraction
from eligible studies was executed using standardized templates by one
reviewer and verified by the second reviewer with any disparity in
opinion resolved by discussion. Variables included in the abstraction
forms were: Aim of study, Study design, number of participants in each
arm, Informed consent obtained?, Ethical approval, geographical lo-
cation, Mean VAS at 4 weeks, 3 months and 6 months after intervention
in each arm with standard deviation if available.

128

2.7. Risk of bias assessment

Risk of bias for individual studies were carried out using the
Cochrane Collaboration tool for assessment (Higgins and Green 2011)
by two reviewers independently. Studies were assessed using 7 do-
mains: Sequence generation, Allocation concealment, blinding of par-
ticipants and personnel, blinding of outcome assessment, selective
outcome reporting, incomplete outcome data, other source of bias. Any
disagreement between the reviewers was resolved by discussion and
consultation with the third reviewer if needed.

2.8. Statistical analysis

The pooled results were presented as mean differences (MD) with
their corresponding 95% confidence intervals (CIs). Pooled estimates of
mean differences of VAS between the intervention groups were calcu-
lated using a random effects model (inverse variance method) to ac-
count for the variability due to clinical heterogeneity.

Heterogeneity was judged using the tau® and chi® test, P
value < 0.050 was considered to be significant. The degree of het-
erogeneity was assessed using I? test. Interpretation of I> index was
stratified as follow:

- 0%-40%: heterogeneity might not be important;

- 30%-60%: may represent moderate heterogeneity;
- 50%-90%: may represent substantial heterogeneity;
- 75%-100%: considerable heterogeneity.
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Characteristics of studies included in the meta-analysis. VAS: Visual Analogue Score, SF-12: Short Form 12 items health survey AOFAS:American Orthopaedic Foot
and ankle score, AAOS: American Academy of Orthopaedic Surgeons,FAI: Foot and Ankle Outcome Instrument, FFI-R: Foot function index Revised score, FADI: Foot

and Ankle Disability Index, FSHQ: Foot health status questionnaire.

Reference Design Geographical Consent obtained Ethical Participants Outcome measured Duration of follow
location from participants approval up
PRP injection CS injection
Shetty S.H et al Randomised, double India. Yes Yes 30 30 VAS 1 and 3 weeks
2019%° blinded, three arms, Hospital based Roles and Maudsley 3,6,12, and 18
parallel SF-12 form months
Jain S. K. et al Randomised, open label, India. Not specified Yes 40 40 VAS 1,3 and 6 months.
2018 two arms, parallel Hospital based Roles &Maudsley
score
AAOS
AOFAS
FAI score
Ugurlar et al Randomised, open label, = Turkey Yes Yes 39 40 VAS 1,3,6,12,24 and
2018 four arms, parallel FFI-R 36 months
Acosta-Olivo et al Randomised, double Mexico. Yes Yes 14 14 VAS 2,4,8,12 and 16
2017 blinded, two arms, Hospital based FADI weeks
parallel AOFAS
Mahindra et al Randomised, single India. Yes Yes 25 25 VAS 3 and 12 weeks
2016* blinded, three arms, Hospital based AOFAS
parallel trial
Jain K. et al Randomised, open label, UK. Not specified Not 24 22 VAS 3,6,and 12
20154 two arms, parallel Hospital based specified Roles and Maudsley —months
score
AOFAS
Sherpy et al 2015 Randomised, double Egypt. Yes Yes 25 25 VAS 1.5 and 3 months
G blinded, two arms, Hospital based FHSQ
parallel Plantar fascia
thickness on
Ultrasound
Tiwari et al Randomised, open label, India. Yes Yes 30 30 VAS 1,3 and 6 months
201352 two arms, parallel Hospital based
Omer et al Randomised, open label,  Egypt. Not specified. Not 30 30 VAS 3 weeks and 6
201252 two arms, parallel Hospital based specified FSHQ score months
Aksahine al Quasi randomised, single  Turkey. Yes Yes 15 15 VAS 3 weeks and 6
201269 blinded, two arms, Hospital based Roles and Maudsley months

parallel

score.

In case of significant heterogeneity present, further appropriate
subgroup analysis was performed based on method of PRP preparation,
Statistical algorithms, in accordance with Cochrane Collaboration
guidelines, were used to calculate the standard deviations from the
available data for eligible studies that lacked standard deviation of the
mean values. Meta-analysis was performed using RevMan version 5.3.

3. Results
3.1. Study selection

Searching the databases (pubmed, Chochrane databases, Embase,
Web of Science collection, and clinicaltrials.gov) led to retrieval of 509
studies. Duplicates were removed and 340 studies remained. Thorough
screening of titles and abstracts led to exclusion of 305 records. Full
texts of the remaining studies were fully reviewed and 10 studies were
deemed suitable for inclusion (Fig. 1).

3.2. Study characteristics

The characteristics of the included studies are summarised in
Table 3. The studies included were published between 2012 and 2019.
The trial design in each study was parallel group design; five were open-
label, three double blinded, and two studies were single blinded.
Sample size ranged from 30 to 80 patients. All studies that included
patients with plantar fasciitis, who had failed a trial of conservative
management for at least 3 months, and patients with history of surgical
intervention for plantar fasciitis were excluded.

Total number of participants was 543, ranging from 30 to 80
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patients in each arm of the included studies. The mean age of patients
included in the studies ranged between 30.7 and 51.0 years in the CS
groups compared to 33.9-59.0 years in the PRP group. All studies used
clinical features to diagnose plantar fasciitis but 3 studies used further
imaging in form of US or MRI*”*® > Amongst the included studies,
only one study utilized US guidance for administration of injection in
both PRP and CS groups.*” All intervention groups, received one session
of either PRP or CS injection apart from on study*”> where intervention
were provided to participants in three separate sessions, seven days
apart.

With the exception of three studies all studies enrolled pa-
tients into a programme of stretching exercises post injection.

Details of intervention methods used for both groups are outlined in
Table 4. VAS score was used for outcome measurement in all studies.

47,52,53

3.3. Risk of bias

Cochrane risk of bias tool®> was used to assess for risk of bias in
individual studies. The main categories in which there was a high risk
of bias was blinding of participants and personnel and allocation con-
cealment noted in 3 different studies for each item. No published pro-
tocol was found for any of the studies included was the only reason to
judge selective outcome reporting as unclear. The overall risk of bias for
individual studies, rational for judgment are summarised in Fig. 2 and
Fig. 3.

3.4. Comparison of VAS score

The pooled results of weighted mean difference (WMD) of VAS


http://clinicaltrials.gov
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Fig. 2. Risk of bias graph: review authors' judgements about each risk of bias
item presented as percentages across all included studies.
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Fig. 3. Risk of bias summary: review authors' judgements about each risk of
bias item for each included study.

derived from included studies were compared at three intervals: 4
weeks, 3 months and 6 months (Fig. 4).
There was no significant difference in VAS score between the two
groups at 4 weeks follow-up (WMD:0.98, 95%CI: —0.38,2.33, P: 0.16).
At three months follow up, VAS scores were significantly improved
in the PRP group (WMD, —1; 95% CI: —1.8 to —0.19; p = 0.02).
Significant improvement was maintained in the PRP group at 6

Journal of Orthopaedics 22 (2020) 124-134

months follow up (WMD: —1.32; 95% CI: —2.33 to —0.31; p = 0.01).
Significant heterogeneity between studies was noted for the mean
difference of VAS score between the groups at all points of follow up
change in HbAlc (Tau2: 1.74; 12: 91%; P < 0.001).
The funnel plot showed a symmetrical pattern of effect estimate
distribution, among included studies, indicating low risk of publication
bias (Fig. 5).

3.5. Sensitivity and subgroup analysis

To explore heterogeneity, we conducted a sensitivity analysis by
removing each study individually and observing the effect on the
pooled estimate. VAS score pooled results were stable during the pro-
cess and no significant change was noticed to the level of heterogeneity.

Overall VAS pooled estimate was compared between subgroup of
studies which used double centrifugation technique and studies utilized
single centrifugation method (Fig. 6). VAS WMD difference outcome
showed significant beneficial effect of PRP injection in both subgroups
of the studies (Double centrifugation method: WMD, —1.67; 95% CIL:
—2.93to —0.5; p = 0.01, Single Centrifugation method: WMD, —1.16;
95% CI: —2.05 to —0.27; p = 0.01), however, no significant difference
between the subgroups was found (P: 0.52). Moreover, significant
heterogeneity of effect estimates persists between double and single
centrifugation techniques (P < 0.01) with I*: 84% and 83%, respec-
tively.

4. Discussion
4.1. Evidence summary

Plantar fasciitis is a very common condition, with estimated annual
cost of treatment around $284 million in the United States.” Different
treatment modalities were described for the condition like: ESWL,
prolotherapy, CS injection, Botox injection and PRP injection with no
agreement has been reached about the best treatment modality to be
used for plantar fasciitis, and the results of the different treatments have
been inconsistent and subject to controversy.>® There is a growing re-
cent interest for PRP injection as a possibly highly successful treatment
of plantar fasciitis. This notion stemmed from the better understanding
of plantar fasciitis pathology as a degenerative process which may lack
accompanying inflammatory element® which led to more widespread
acceptance of PRP injection for treatment of plantar fasciitis with
promising beneficial long term effect compared to other modalities of
non-operative treatment, including, CS injection that is commonly used
in an attempt to address the inflammatory component only of the
condition.

VAS score was used as the main outcome to measure intervention
efficacy despite the argument of its subjectivity, rendering it as un-
reliable measurement tool for treatment outcome in plantar fasciitis
according to authors who believe in the more objective functional
outcome measurement tool. We believe that VAS score is a very useful
measurement tool to be used in plantar fasciitis reflecting the reality of
clinical practice, where the main health impact of plantar fasciitis is
pain leading affected individuals to refrain from activities. Additionally,
the simplicity of VAS score compared to other functional outcome
score, like FADIL, FAS, AOFAS, made it widely used in clinical setting by
health care provider for pain assessment.

The results of our study support the theoretical assumption of long
term beneficial effect of PRP injection. At 4 weeks there was no sig-
nificant difference in WMD of VAS between the groups (WMD: 0.98,
[95% CI: —0.38, 2.33], P = 0.16). Significant VAS improvement
among PRP group at 3 months follow up was noticed (WMD: 1, [95%
CI: 1.82, —0.19], P = 0.02). Furthermore, significant WMD of VAS
score pooled estimate at 6 months was sustained (WMD: 1.32, [95% CI:
—2.33, —0.32] P = 0.01).

Comparable finding was reported by a similar systematic review
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PRP injection CSinjection

Mean Difference

Journal of Orthopaedics 22 (2020) 124-134

Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random,95%Cl Year IV, Random, 95% CI
1.1.1 VAS 4 weeks

Akgahine al 2012 56 164 15 44 209 15  44% 1.20[-0.14,2.54] 2012 k

Omeretal 2012 82 13 30 44 209 30 50% 3.801[2.92, 4.68] 2012 —
Tiwari etal 2013 24 1 300 27 075 30 54% -060[1.05-015 2013 —

Sherpy etal 2015 15 258 25 4 225 25 44% -250[3.82-1.18] 2015 - %

Mahindra etal 2016 376 153 25 284 1468 25 50% 0.92[0.08,1.75] 2016 e
Acosta-Olivo etal 2017 242 145 14 221 169 14  46% 0.21 [-0.96,1.38] 2017 e e
JainS. K.etal 2018 65 17 40 &7 27 40 48% 0.80[-019,1.79] 2018 T -
Uurlar etal 2018 78 B5 39 32 24 40 32% 460[2.43,6.77] 2018 ——F
Subtotal (95% CI) 218 219 36.7%  0.98[-0.38,2.33] —conlfiiie-—
Heterogeneity: Tau® = 3.46;, Chi*=113.00, df= 7 (P < 0.00001); F= 94%

Test for overall effect Z=1.41 (P=0.16)

1.1.2 VAS 3 months

Tiwari etal 2013 2 045 30 28 076 30 54% -080[1.12-048 2013 =

Sherpy etal 2015 0 25 25 1 225 25 44%  -1.00[2.32,032] 2015 T e

Jain K etal 2015 35 33 24 283 343 22 35% 0.67[1.28,2.62] 2014 I B Ca—
Mahindra et al 2016 252 1.1 25 364 162 25  49% -1.12[2.04,-020] 2016 N —

Acosta-Olivo etal 2017 062 073 14 364 162 14 49% -3.02[3.95-2.09 2017 e

Uurlar etal 2018 27 03 39 44 35 40 47% -1.70[2.79,-061] 2018

Jain5. K. etal 2018 5 25 40 43 28 40  46% 0.70[-0.46,1.86] 2018 e
Subtotal (95% CI) 197 196 324% -1.00[1.82,-0.19] -.-
Heterageneity: Tau®= 0.89; Chi*= 32.21, df= 6 (P = 0.0001); F=81%

Testfor overall effect: Z=2.42 (P =0.02)

1.1.3 VAS 6 months

Akgahine al 2012 339 202 15 34 232 15 41%  -0.01[1.57,1.55) 2012 ——
Omeretal 2012 26 21 30 65 26 30 46% -3.90[5.10,-270] 2012 —

Tiwari etal 2013 2 045 30 28 076 30 54% -080[F1.12-048 2013 =

Jain K etal 2015 37 358 24 328 355 22 34% 042164248 2015 e
JainS. K. etal 2018 3 26 40 33 28 40 46% -030[1.48 088 2018 —r
Uurlar etal 2018 26 03 39 52 36 40 47% -260[3.72-1.48) 2018

Shetty SHetal 2019 33 29 a0 48 29 30 42% -1.50[297,-003] 2019 EE—

Subtotal (95% CI) 208 207 30.8% -1.32[-2.33,-0.31] B

Heterageneity: Tau®=1.43; Chi*= 37.11, df= 6 (F < 0.00001); F= 84%

Testfor overall effect: 2= 2.56 (P =0.01)

Total (95% Cl) 623 622 100.0% -0.38[-0.99,0.23] q
Heterogeneity: Tau?= 1.74; Chi*= 240.89, df= 21 (P < 0.00001); F=91% 4 2 7 f 4

Testfor overall effect Z=1.21 (P=0.22)
Testfor subgroup differences: Chi*=7.82, df=2 (P=0.02), F=74.4%

Favours PRP injection Favours CS injection

Fig. 4. Forest plot of primary end points comparison (VAS scores at 1, 3 and 6 months' follow-up between PRP injection group and CS injection group).
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Fig. 5. Funnel plot of VAS comparison (PRP injection Vs CS injection).

carried out by Singh et al.>” where significant improvement of VAS

score standardized mean difference (SMD) was reported at 3 months
follow up (SMD, —0.66; 95% CI, —1.3to —0.02; p = 0.041%2 = 86%),
however, no difference was found neither at 4 weeks nor at 6 months
follow up. On the other hand, Yang et al.”® reported no statistically
significant difference of VAS score neither at short term (4 weeks) nor
Intermediate term (3 months), but significant improvement reported at
long term (6 months) follow up (WMD = —0.95, 95% CI: —1.80 to
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—0.11, P = 0.03, I? = 85%). Despite the obvious disparity of results
from the two Systematic review and meta-analysis cited, there is a trend
to agree on longer term improvement following PRP injection, however
significant heterogeneity of high level was noticed in both studies,
which make reaching a definitive conclusion not yet possible.

Plantar fasciitis underlying pathology is of degenerative nature with
presence of small tears that cannot heal promptly due to hypo vascu-
larity of the plantar fascia, which preclude the delivery of growth fac-
tors and platelets to promote healing process, resulting in persistence of
such lesions.>® PRP is prepared by centrifugation of a sample of blood
resulting in supraphysiological concentration of cytokines and growth
factors, which may play an important role in the treatment of PF by
initiating the healing stages and reversal of the degenerative process.**
A minimum increase by 4 times of the baseline is needed in order to
achieve clinical efficacy (1million platelets/ul) as proven by different
studies and different systems are used to prepare PRP with slight
variability in their ability to concentrate platelets depending on the
manufacturer's system used.“’ The studies included in this analysis were
subject to significant statistical heterogeneity. Marked variation was
observed in the preparation methods of PRP, and variability in using
buffering agent or platelets activating agent, which is believed to
maximize growth factors and cytokines release from platelets, could be
an underlying reason for the significant level of heterogeneity noticed.

In our study, we considered the possibility of the PRP preparation
method as a possible underlying cause for observed heterogeneity
among included studies. Subgroup analysis was performed between
studies using double centrifugation method compared to single cen-
trifugation method for PRP preparation. No statistically significant
difference was found between the subgroups (Chi%0.42, P = 0.52) and
significant level of heterogeneity was noted in both double
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PRP (8 Mean Difference Mean Difference
Study or Subgroup Mean 8D Tofal Mean SD Total Weight IV, Random, 35%Cl IV, Random, 95% Cl
2.1.1 PRP preparation method (double centrifugation)
Acosta-Olvoetal 2007 062 073 14 364 162 14 11% -302[395,-209) -
Akgahing al 2012 3202 15 3423 18 B% -0DTHAT 15 -
Jain 8. K etal 2018 3640 33 28 40 101%  -030F148 0.8 S
Omeretal 2012 0020 30 65 28 30 101% -380(A10,-270) -
Sherpy et al 2015 0025 % 11K B % -100F23203) -7
Shetty 5 Hetal 2019 33029 00 48 28 30 90% -1A0F287-003) -
Subtotal (35% Cl) 154 154 58.6% -1.67[-293,-040] &
Heterogeneity: Tau®=2.08; Chi*= 3108, df= 4 (F < 0.00001); F= 84%
Testfor overall effect 2= 258 (P=0.010)
2.1.2 PRP preparation method (single centrifugation)
Jaink etal 2015 IT IR M 328 355 11 6% (42[164,248) N
Mahindra etal 2016 YA Y Y7 A T O A A -
Thivari etal 2013 2045 30 28076 30 130% -DADHIAZ-049 &
Udurlar et 2l 2018 6 03 3 42 36 40 104% -2B0F3T2-148) -
Subtotal {35% Cl) 118 "7 #M4%  A16[-206,-0.27] 2
Heterogeneity Tauf= 0.54; Chi=11.00,df= 3 (F= 0.01): F=73%
Testfor overall effect 2= 256 (P= 0.01)
Total (95% C1) 202 201 100.0% 146 [-2.24,-0.68] ¢
Heterogeneity: Tau®=1.19; Chi*= 5348, df= 9 (P < 0.00001); F=83% l ) )

Testfor overall effect 2= 369 (F=0.0002)
Testfor subaroup differences: Chit= 0.41, df=1(P= 052, F= 0%

N 5 0§
Favours PRP Favours C3

Fig. 6. Forest plot of subgroup analysis (VAS comparison of PRP vs CS injection sub grouped by PRP preparation method).

centrifugation and single centrifugation subgroups (1%:84% vs 73%,
respectively).

4.2. Strengths and limitation

The small number of studies included was the main shortcoming of
the study with total number of participants of 543. Moreover the
sample size were relatively small in each individual study ranging be-
tween 30 and 80 participants which we believe is not sufficiently large
to draw credible conclusion.

In our study we aimed to capture the reality by including studies
with most accurate estimates of PRP injection outcome that is credible
and clinically applicable. For this reason, we decided to include RCT
and studies which are not RCT by design or have rigorous methodolo-
gical approach, resulting in increased risk of bias as shown in the risk of
bias assessment done for included studies. However, we felt randomi-
sation is essential part of the prospective trial included, therefore, only
studies in which randomisation was done or actively sought by the
researcher was included, in order to ensure even distribution of the
baseline confounder to facilitate comparison of outcomes post injection
compared to pre injection. This led to a reduction in the number of
studies included in the meta-analysis. The decision to limit outcome
assessment to VAS score, to facilitate further comparison in clinical
setting, led to further exclusion of trials, with further adverse impact on
the number of trials included for the Purpose of the meta-analysis.

Overall, we believe this is the most updated systematic review do-
ne,that encompass all studies published comparing PRP injection to CS
injection in plantar fasciitis, and of reasonable approach in selecting
studies in order not to over- or underestimate the efficacy of PRP
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injection.
5. Conclusion

In Summary, our study showed that PRP injection led to improved
pain score compared to CS injection among patients diagnosed with
plantar fasciitis at three months and six months follow up but no dif-
ference was found at 4 weeks follow up.

Due to paucity of data beyond six months period in the included
study, it was not possible to assess long term outcome and recurrence of
pain for both modalities of treatment. Therefore, we recommend larger,
well designed randomised controlled trials with longer follow up in
order to reach more conclusive results of the PRP efficacy compared to
CS injection and to assess for recurrence rate among both treatment
modalities.
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