GLOBAL ACADEMIC RESEARCH INSTITUTE
COLOMBO, SRI LANKA

GARI International Journal of Multidisciplinary Research

ISSN 2659-2193

Volume: 04 | Issue: 03

On 15" June 2018

http://www.research.lk

Author: Srimurugadas J, Weerasooriya. P

School of Science, BMS, Sri Lanka

GARI Publisher | Health - Knee Osteoarthritis | Volume: 04 | Issue: 03
Article ID: IN/GARI/ICHM/2018/113 | Pages: 57-80 (23)

ISSN 2659-2193 | Edit: GARI Editorial Team

Received: 18.05.2018 | Publish: 15.06.2018



Author: - Srimurugadas J, Weerasooriya.P

BMS School of Science, Sri Lanka

GARI Publisher | Health - Knee Osteoarthritis | Volume: 04 | Issue: 03
Article ID: IN/GARI/ICHM/2018/113 | Pages: 57-80 (23)

ISSN 2424-6492 | ISBN 978-955-7153-00-1

Edit: GARI Editorial Team | Received: 18.05.2018 | Publish: 15.06.2018

PLATELET-RICH PLASMA (PRP) INTRA-ARTICULAR KNEE
INJECTIONS AS A THERAPEUTIC APPROACH FOR KNEE
OSTEOARTHRITIS

1Srimurugadas J, ?Weerasooriya, P
12BMS School of Science, Sri Lanka

ljonakajonathan@yahoo.com, 2punsisi@bms.edu.lk
ABSTRACT

Knee osteoarthritis is a widely prevalent chronic joint affliction noted worldwide caused by
cartilage degeneration. It adversely affects human functionality and lifestyle. Several studies
have revealed that 15 % of the world population suffer from Osteoarthritis and the number is
on the rise, and by 2020 this is expected to increase exponentially. The significant increase in
the occurrence of Osteoarthritis in urbanized and developing countries is rising with an
increase in the elderly population. Even though the majority of the data obtained pertains to
the western population, the prevalence of knee osteoarthritis appears to be similar to the rural
and urban areas in the Eastern world specifically Asia. The poor regeneration and ineffective
curative properties of cartilage have led to the exploration of other treatment modalities with
enhanced healing aptitude. The novel therapeutic and regenerative treatment with platelet-rich
plasma for knee osteoarthritis has been rising in current times in relation to cartilage
regeneration. All of the prior clinical research recommend that PRP intraarticular injection is
an excellent alternative in the healing of knee osteoarthritis. This process showed superior
efficacy in pain reduction, cartilage regeneration, enhanced function and patient contentment
compared to contemporary options. Numerous advantages and disadvantages are associated
with this therapy, and the efficacy of this therapy is influenced by several factors. Ongoing
eminent research on PRP therapy expected to increase its effectiveness, and deliver even more
superior results in Knee osteoarthritis therapy in the days to come.PRP- Platelet-rich plasma,
KOA- Knee Osteoarthritis,
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INTRODUCTION

Knee Osteoarthritis (KOA) is generating a
serious health crisis that affects millions of
individuals of all ages, genders, races and
racial groups. It is the eighth most nonfatal
condition accounting to the worldwide
disease burden(Munde, Jha & Malik,
2017). Historically, KOA has been
considered a disease predominantly
affecting articular cartilage (Fox, Bedi &
Rodeo, 2009). This consideration has to be
correlated with conditions such as the
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Figure 01: Global Prevalence of
Osteoarthritis. Data collected from WHO
concerning the precise burden of global
OA. OA represents a huge consumer of
healthcare resources worldwide with its
rising  prevalence. Developed and
developing countries are screening this
increasing burden of KOA especially in the
aged population. Among that, Europe is the
most affected continent with osteoarthritis
(El-Tawil, Arendt & Parker, 2016).

obesity epidemic, aging population, genetic
factors, lower limb malignancy, cartilage
defects, joint instability and sedentary
lifestyles especially in urbanized parts of
the world(Drumpt et al., 2016; Ayhan,
Kesmenzacar & Akgun, 2014). Studies
have revealed that 15 % of the world
population (Figure 01) suffer from this
chronic disease and the number of patients
affected is on the rise, and by 2020 this
figure could possibly see an exponential
rise.(Saturveithan et al., 2016).

Scanzello et al., 2011 states that there is an
increasing affliction of OA in urbanized
and developing countries, which will
apparently expand with rising elderly
population. The majority of the incidence
data obtained from the western population,
but the incidence of indicative knee OA in
the west appears to be similar to the rural
and urban areas inside Asia. Figure 02
reveals that knee osteoarthritis (49%) is a
most prevalent OA and it’s most prevalent
among older population (Alhambra et al.,
2014).
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Figure 02: Pie chart representing the types
of OA prevalence. Data reveals knee OA-
49%, Hand OA- 19%, Hip OA- 15%, knee
and hand OA- 7%, knee and hip — 7%, Hip
and Hand OA- 2% and knee, hip and hand
— 1%. Adapted from (Alhambra et al.,
2014).

Considering this affliction of Knee
osteoarthritis in Sri Lanka, based on the

Hettihewa et al. research which was carried
out in 2017 revealed that evidently
increased level of knee osteoarthritis is
found in women compared to men, and
moreover this KOA burden was higher in
older people than younger people. The
derived data form that research analysis is
shown below.
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Figure 03: Prevalence of Knee Furthermore, the data derived from the

osteoarthritis in Sri Lanka (Hettihewa et al., Alhambra et al. (2014) is shown in Figure

2017) 03, according to that analysis women are
more affected by Knee Osteoarthritis than
men.
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Figure 04: Bar chart representing the
prevalence of osteoarthritis types in women
and men. Women are mostly afflicted by all
types of osteoarthritis. Adapted from
(Alhambra et al., 2014).

In view of the above data, Letwic et al.,
(2013) state that women lose knee articular
cartilage at a quicker rate than men; female
human articular chondrocytes could
function better when estrogen is accessible.
Obesity and menopause due to aging are
considered contributing factors for higher
prevalence of this condition in women.
These stated factors lead to initiate the
cartilage degeneration process in the knee
that consequently leads to knee
osteoarthritis (Litwic et al., 2013).

Knee Osteoarthritis and Cartilage

The usual form of this chronic knee
osteoarthritis causes severe pain, loss of
function, synovial inflammation, disability
and affects patients’ functionality and
lifestyle. The Knee Osteoarthritis is
subdivided into five stages according to the
Kellgren-Lawerence (KL) grading system.
Stage-0 (normal), stage-1 (minor), stage-I1
(mild), stage-lll (moderate) and stage-1V
(severe).  In addition to a physical
examination, appropriate diagnostic studies
such as an X-ray and an MRI of the affected
knee play a vital role in diagnosing the
precise stage of osteoarthritis. Knee
Osteoarthritis pathogenesis (Figure 04) is
correlated with  the physical and
biochemical changes in the knee joint
articular cartilage (Heidari, 2011; Gobbi et
al., 2012).
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Subchondral bone

Figure 05: Knee Osteoarthritis
pathophysiology: comparison with healthy
and diseased knee joint. The healthy knee
is not shown with normal cartilage without
any fissures nor narrowed joint space. The
osteoarthritic knee has fibrillated cartilage,
narrowed joint space as well as remodeling
of the bone (Yuan et al., 2014).

This articular cartilage is made up of
hyaline cartilage which is a vastly
specialized  connective  tissue  of
diarthrodial joints that provides a smooth
surface to enable movement of the joint.
Also, it consists of an extracellular matrix

Subchondral
bone remodeling

Neoangiogenesis
and Neurogenesis

Cartilage lesion
and degradation

Synovial fibrosis
and inflammation

with a sparse populace of cells, deficient
blood wvessels, nerves and lymphatic
vessels. In matrix the metabolic activity is
low. In healthy adult articular cartilage,
there is no cell partition and cell demise,
although articular chondrocytes are
competent in cell division. Healthy adult
articular cartilage is only made up of 1% of
chondrocytes. This is the single cell layer
present in articular cartilage. Consequently,
it is accountable for both the production
and the breakdown of the cartilaginous
matrix (Fox, Bedi & Rodeo, 20009;
Andriachhi & Favre, 2014).

Figure 06: Haematoxylin & Eosin stained
knee articular cartilage histology (X100).

A-Normal cartilage of knee (No signs of
cartilage degradation), B-Moderate KOA
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cartilage (Degenerated cartilage and
deteriorated chondrocytes), C-Severe KOA
cartilage (Completely deteriorated
cartilage, chondrocytes hypertrophy, and
chondrocytes apoptosis) (Musumeci et al.,
2012)

Knee osteoarthritis results from the
inability of chondrocytes to sustain the
homeostasis between production and
degradation of the extracellular matrix
components. As a consequence of this
interruption in homeostasis, elevated water
content, diminished proteoglycan content
of the extracellular matrix and decreased
synthesis of type Il collagen occurs. Also,
the increased pre-existing breakdown of
collagen leads to deteriorating the network

of collagen. Moreover, the apoptosis of
chondrocytes is increased. At most
compensatory  mechanism,  increased
matrix molecules  synthesis  and
chondrocytes propagation in the deep layer
of cartilage, are capable of keeping up with
the reliability of knee articular cartilage.
However ultimately loss of chondrocytes
and extracellular changes predominate, and
osteoarthritic changes expand in knee
according to Figure 06 (Houard, Goldring
& Berenbaum, 2013; Otsuki et al., 2010).

Based on the previous research studies, in
Sri Lanka, the early stage of KOA is the
most abundant stage of KOA among the
afflicted population which is shown in
below Figure 07

m Stage 0
m Stage 1

Stage 2
m Stage 3
m Stage 4

Figure 07: Percentage of Knee
Osteoarthritis  stages in  Sri  Lanka
(Hettihewa et al., 2017)

Overview of Knee osteoarthritis treatment

Several researchers focused on knee
cartilage repair processes throughout the
last two decades. General therapies for
knee cartilage tissue repair procure relative

contentment, but occasionally accomplish a
perfect level of functional capability for the
patient. Table 01 shows the current
treatment options for knee osteoarthritis.
(Mendiaa, Cavazos & Rodriguez, 2014)

Table 01: Types of treatments in Knee
osteoarthritis (Kennedy & Moran, 2010;
Mushtag,Choudhary & Scanzello, 2011)

Type of Treatments

Examples

Disadvantages
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Pain  relievers and anti-

inflammatory drugs

NSAIDs

Acetaminophen

Corticosteroids

Saline

Tramadol *Less effective
Opiates *Side effects
Duloxetine
Opioids

IA agents HA

[ ess effective

Alternative agents

Avacado-soyabean
unsaponifiables

+Side effects

Less effective

Topical agents

Capsaicin

Lidocaine patches

Side effects

*Less effective

Surgery

Arthroscopy
Osteotomy

Joint replace

Bone  Marrow  stimulating
Techniques
Osteochondral Transplantation
techniques
Autologous Chondrocyte
Implantation

Minimal Invasive Surgery

Arthroscopic and

Debridement

Lavage

*Mostly not suitable for young
people

*Not permanent, further surgery
may be necessary later on.

*Risk and primarily suitable for
aged people

*Limited hyaline repair tissue

sLimited graft and Technical

difficulties
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*Two-stage procedure and the cost
of the cell culture

*Less effective

*Cannot alter the progression of
Knee Osteoarthritis

Presently available modalities of treatment
for Knee osteoarthritis are mentioned
above. These are applied to relieve pain,
recover knee function and quality of life.
Unfortunately, none of these stated
managements are able to halt knee

(PRP) is an emerging biological therapy
and has generated attention in articular
cartilage repair. PRP is a natural
concentrate of autologous blood which was
initially utilized in 1987 in open heart
surgery. According to the previous studies

osteoarthritis progression and this therapy has been used in diverse
disintegration of cartilage. (Kennedy & medical fields, ranging from
Moran, 2010; Mushtag, Choudhary & ophthalmology, dermatology,
Scanzello, 2011). cosmetology, urology and orthopedic
surgery in order to improve the tissue
regeneration  through  platelet-derived
growth factors and other bioactive
molecules (Ficek et al., 2011; Raeissadat et
al., 2014).

Considering the above reasons, treating
knee osteoarthritis with a novel therapy of
platelet-rich plasma has become a
significant remedy in cartilage
regeneration. This platelet-rich plasma

Percentage of PRP clinical trails
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Figure 08: Bar chart representing the
percentage of PRP administration in KOA
patients. Europe- 54.05 %, America —
9.57%, Asia- 21.3 %, Australia - 1.24%.
Data analysis reveals Europe has carried
out research on PRP therapy. Adapted from
(Dai et al., 2017)

Data synthesis (Figure 08) consistently
shows that clinical trials in PRP therapy
have been performed in many countries.
According to the data derived, Europe has
carried out many clinical trials on PRP
therapy as Europe has more people affected
by knee osteoarthritis

Platelet Rich Plasma Therapy (PRP)

Blood Collection

Figure 09: Preparation process of PRP
treatment (Perez et al., 2014)

Figure 09 depicts the standardized protocol
for PRP treatment which was derived from
the previous studies. Whole Blood 150 ml
(WB) is primarily compiled in tubes that
restrain anticoagulants (21ml of sodium
citrate). The primary centrifugation step
(1800rpm, 15minutes) is performed at
variable speeds to separate RBCs from the
residual WB volume. Following the initial
spin stride, the WB separates into three
layers: an uppermost layer that contains
platelets and WBC predominantly, and a
middle layer that is recognized as buffy
coat and that is affluent in WBCs and a base

10

PRP is delineated as a quantity of plasma
that has a platelet concentration beyond the
baseline. Normal platelet count in blood is
150,000/1 — 350,000p/1 and average about
200,000/1.According to prior studies,
100,000/1  platelet  concentration is
necessary to increase the renewal of
cartilage tissue (Lee et al., 2013; Perez et
al., 2014). Smaller concentrations cannot
be relied upon to develop regeneration of
cartilage tissue, and higher concentrations
have not yet been revealed to add additional
tissue regeneration. The minimalism of
PRP relevance is delineated by three strides
which are shown in Figure 07 (Gobbi et al.,
2012).

PRP Preparation

-y

Local Injection

layer that consists primarily of RBCs. Only
the upper layer or the upper layer plus buffy
coat are transferred to a blank tube. The
next centrifugation step  (3500rpm,
10minutes) is then completed. The upper
part of the volume that is mainly platelet-
poor plasma is separated away to construct
the platelet-rich plasma. The
concentrations of platelets and WBC in all
of the different layers are considered to
typify the excellence of PRP. Platelets
include  considerable  quantities  of
cytokines and growth factors which are
competent in invigorating cellular growth,
propagation and tissue regeneration
(Fortier et al., 2011; Mazzacco et al., 2012;
Leeetal., 2013)
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Figure 10: Preparation procedure of PRP
(Gobbi et al., 2012)

A- collection of whole blood into the
anticoagulant ~ container, B-  brief
centrifugation C-obtained three layers
(RBC, Buffy coat, Platelet Poor Plasma) D-
PRP prepared for intra-articular knee
injection (Form 20ml blood 2ml PRP
prepared only 10%) (Kushida et al., 2015).

PRP’s regenerative prospective depends on
the levels of released growth factors (GFs).

11

Alpha granules of platelets restrain GFs,
which upon activation are dependable for
the start and preservation of healing
response (Figure 10). PRP is identified to
consist of several GFs, and other protein
molecules, such as adhesion molecules,
chemokines, which interrelate to promote
inflammation, cell proliferation,
differentiation, and regeneration. These
GFs play a chief role in the regeneration of
knee cartilage (Kothari et al., 2017)
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Figure 11: Structure of platelet in the blood.
Platelets primarily consist of three types
(lysosomal, alpha and dense) granules. a-
granules include growth factors, which
involves in the regeneration of cartilage
tissue (Zapata, Cox & Salyato, 2014).

Table 02: Summary of growth factors
(GFs) present in platelet-rich plasma.
Adapted from (Fortier et al., 2011; Parrish
& Roides, 2017)

12
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It promotes angiogenesis and extracellular matrix
construction.  Stimulates  proliferation  and
demarcation of mesenchymal stem cells and
supports the production of collagen type 1 by
osteoblasts.

Fibroblast growth factor (FGF)

Motivates and integrate the mitogenesis of
mesenchymal stem cells throughout development.

Continuation of tissue restoration.

Platelet-derived growth factor a and b (PDGF)

Have frequent positive effects on wound healing
counting mitogenesis, angiogenesis, activation of
macrophages, re-epithelization and up-regulation
of another growth factor.

Epidermal growth factor (EGF)

Mitogenic and chemotactic consequence on
epithelial cells. Also, it is an inductor for cell
movement and stimulator for the granules
construction in tissue.

Vascular endothelial growth factor (VEGF)

Necessary for numerous angiogenic processes
counting normal and pathological situation.
Activates the chemotaxis and proliferation of
endothelial cells to incite the angiogenesis and
hyperpermeability of blood vessels, and promote
the wound healing.

Connective tissue growth factor (CTGF)

Angiogenetic activity, cartilage regeneration, and
fibrosis.

Insulin-like growth factor (ILGF 1 and 2)

Increases the number of osteoblasts and thereby
accelerates the configuration of bone.

Stimulates the proliferation and induce the protein
production.

Platelet factor 4 (PF-4)

It is a chemokine that roles as negative controller
of angiogenesis and an important inhibitor of

endothelial cell proliferation.
Page |
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PRP intra-articular injection administered
into the joint gap and nearby painful soft
tissues distributes a high concentration of
these growth factors, (Table 02) which
promote regeneration of the cartilage and
results in decreased pain. Numerous

previous researches have revealed that PRP
intraarticular knee injections in Knee
osteoarthritis patients are effective in
controlling soreness and recuperating
mobility (Gobbi et al., 2012).

Periferal Blood

6% <1%

=§

\
94%

3 RBC

B PLTS

CJWBC

Platelet concentrates
<1% 5%

Il RBC B PLTS

Cell ratios in a normal blood clot.

Figure 12: Platelet concentration in
Peripheral blood and Platelet-rich plasma.
In peripheral blood 6%-Platelets, 1%-
White Blood cells and 94%-Red blood
cells; In PRP 1%- White Blood cells,5%-
Red blood cells and 94%-
Platelets(Alderman & Alexander, 2011)

According to Figure 12, the elevated
concentration of platelets in the PRP is
considered to improve the therapeutic
benefit by enhancing and quickening the
natural healing cascade. The healing
process is schematically delineated in three
stages such as inflammation, proliferation,
and remodeling. Healing in knee cartilage
begins with the release of inflammatory

Cell ratios in platelet rich plasma.

mediators followed by extracellular matrix
relocation, collagen production and matrix
maturation (Mendia, Cavazos &
Rodriguez, 2014).

Different PRP preparation (Table 03)
protocols (Centrifugal forces, time and
number of spins) may result in different
platelet concentrations and thus cause
different biologic effects. The platelet
count should be one of the key factors to
standardize studies investigating the
regenerative ability of PRP (Mazzocca et
al., 2012).

Table 03: Types of PRP and constituents
(Kothari et al., 2017)

Types of PRP

Constituents

14
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Pure PRP Low WBC and anti-coagulated liquid
Leukocyte-rich PRP High WBC, and anti-coagulated liquid
Pure platelet-rich fibrin (PRF) Low WBC, coagulated fibrin matrix
Leukocyte-rich PRF High WBC, coagulated fibrin matrix
Recent studies have compared PRP intra- osteoarthritis ~ cartilage  regeneration
articular injections with other intra- (Frizziero et al., 2013; Heredia et al., 2016).

articular injections, including Saline, HA,
Ozone and Corticosteroids to explore the
effective approach of therapy in the knee

Table 04: Studies carried out to identify the
Knee osteoarthritis pain relief by various
intra-articular injections.

48 % of Researches 2010 PRP is effective in Konetal

carried out to find the cartilage regeneration

efficacy of PRP 2011 & pain reduction in Konetal
2012 sl Q1 Napolitano et al
2011 Battaglia et al
2013 Jang, Kim & Cha
2011 Saegusa et al
2012 Cerzaet al
2013 Halpern et al

Page |

15



Author: - Srimurugadas J, Weerasooriya.P

BMS School of Science, Sri Lanka

GARI Publisher | Health - Knee Osteoarthritis | Volume: 04 | Issue: 03
Article ID: IN/GARI/ICHM/2018/113 | Pages: 57-80 (23)

ISSN 2424-6492 | ISBN 978-955-7153-00-1

Edit: GARI Editorial Team | Received: 18.05.2018 | Publish: 15.06.2018

35 9% of Researches 2012 PRP  benefits more Sanchez et al

carried out to Find the than HA in Knee OA )

effectiveness of PRP & 2013 Vaquerizo et al

HA 2015 Raeissadat et al
2016 Dymus et al
2012 Gobbi et al
2013 Say et al

18 % of Researches 2013 PRP benefits more Patel etal

carried out with PRP, than Saline and )
Saline & 2015 Corticosteroids in Gormelietal
Corticosteroids 2016 Knee OA Smith et al

Data synthesis (Table 04) consistently
showed that intra-articular PRP injections
have significantly reduced knee pain,
swelling, and improved physical function,
stiffness and physical function scores of
Western ~ Ontario  and McMaster
Universities Arthritis Index (WOMAC),
International Knee Documentation
Committee (IKDC) and Knee Injury and
Osteoarthritis Outcome Score (KOOS)

Cole etal., (2016) states, the findings of the
prior studies support a considerable
improvement in pain and function by PRP
in Knee Osteoarthritis. Also, PRP verified
a statistically significant improvement over
HA in the knee osteoarthritis pain reduction
(p < 0.0001). Considering this benefit in
PRP therapy (Figure 13) such advantage
was observed at 3, 6 and 12 months follow
up after treatment.

which were evaluated with controls
(Martini et al., 2017)
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Womac pain score in PRP and HA treatment
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Figure 13: WOMAC pain score in PRP and
HA treatments.PRP shows statistically
significant improvement in pain score
when compared with HA. The pain was
drastically reduced in the follow-up month.
Adapted from (Cole et al., 2016).

In view of the subsequent advantage of
PRP intra-articular injection, Sampson et

al., (2010) state that it is a superior

technique to regenerate the cartilage tissue
compared to other techniques. In knee
osteoarthritis, PRP induces enhanced
manufacturing of hyaluronic acid (HA)
which  promotes cell  proliferation,
production of collagen, chondrocytes, and
increased new cartilage tissue formation
(Figure 14). (Frisbie et al., 2007; Gobbi et
al., 2012)
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Figure 14: Benefit of PRP therapy in knee
cartilage A- Damaged chondrocytes and
degenerated cartilage. B- Regenerated
Cartilage ~ with  newly  synthesized
chondrocytes (Carneiro, Barbieri & Neto,
2013)

/ Before PRP therapy

4

Figure 15: MRI image of Knee cartilage
before and after PRP therapy. Before PRP,
the cartilage thickness was reduced, but
after the PRP therapy significant
improvement in the cartilage thickness was
observed (Akman et al., 2016)

The advantages of PRP therapy that have
been reported from previous studies
include its natural healing process, the ease
of preparation and administration and
relative safety compared to allogeneic or
homologous plasma (Foster et al., 2009).

As well, Dan, Mann & Maffulli (2009)
states that the manual technique of
obtaining PRP used in the present study is
cost-effective. While the expenditure of
automatic devices and Kits to acquire PRP
is slightly costly, the cost of the manual
technique used to prepare PRP is less
expensive, less time consuming and small

18

Bansal et al., (2017) publicized, diagnostic
tests like Magnetic Resonance Imaging
(MRI) and ultrasound that demonstrated
PRP treatment as effective in repairing
cartilage (Figure 15).Moreover, ultrasound
evaluation has confirmed that cartilage
thickness improved by at least 0.2mm in
patients after PRP therapy.

After PRP therapy

recovery period compared to other cartilage
regeneration  techniques  in knee
osteoarthritis.

PRP rehabilitation seems to be an effective
treatment for knee osteoarthritis. Even
though it has advantages in treating knee
osteoarthritis, it also has several adverse
effects including unpretentious pain
throughout the intra-articular injection
process, dizziness, headache, vomiting and
allergic reaction (rashes). Besides, the
effectiveness of PRP therapy in knee
osteoarthritis could be dominated by
several factors such as age, gender, BMI,
preparation procedures and the stage of
knee osteoarthritis (Filardo et al., 2011;
Petel et al., 2013; Shen et al., 2017).

Data analysis reveals that the application of
PRP for knee osteoarthritis results is varied
outcomes with respect to age, gender and
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stage of OA. Excellent outcome of PRP
intra-articular injection was observed in a
younger population with less severe OA in
the knee (Stage > I11) (Kon et al., 2011).

In PRP therapy, the increased numbers of
Growth factor receptors (GF) were
observed in young platelets compared to
old platelets, because in aging people
Chondrocytes become less responsive to
GFs which leads to further reduction in

matrix production and repair. As a result in
the young individual, the increased number
of GF receptors and higher amounts of GFs
could trigger a better cellular response to
PRP therapy than the older individuals.
This is clearly shown in Figure 16.
Therefore the inadequate number of GFs
lead to less efficacy of Knee osteoarthritis
healing process (Moller et al., 2009;
Boesen et al., 2014).

Age influence in PRP therapy
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Baseline 1 month

3 month

6 month 12 month

Figure 16: PRP efficacy with Age. PRP
efficacy was increased in the follow-up
month in the younger population, the
efficacy of PRP was reduced in the older
population in the follow-up month,
Adapted from (Salini et al., 2015)
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Gender is another main determinant of PRP
effectiveness. According to Figure, 17
women have an elevated level of platelets
compared to men after puberty. This is
more beneficial to women to increase the
efficiency of PRP therapy in knee
osteoarthritis and endorse the cartilage
regeneration (Balduini & Noris, 2014).
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Figure 17: Variation of platelet count in
men and women with age. Women have a
high amount of platelets compared to men
after puberty. Adapted from (Balduini &
Noris, 2014)

Prior study reports signify (Figure 15) that
sex can manipulate the PRP treatment
outcomes due to inherent variations in the
biological properties of cartilage in men
and women. That impacts their response to
PRP treatment differently. According to the
current studies, the levels of all GFs were
reported to be higher in women than in
men. (Kon et al., 2011; Evanson et al.,
2014)

Higher BMI (Body Mass Index) correlates
with inferior results and is also linked with
a trend towards a shorter consequence
period, thus signifying that mechanical
overload could damage the favorable effect

20

of this treatment. Previous clinical analysis
showed a considerably poorer
improvements at the 2 month follow-up in
patients with elevated BMI (P=0.045), with
a comparable propensity at the 6 month
follow up (P=0.08) Here P value is required
to be < 0.0005, the elevated level of P
indicates that the BMI influences the
effectiveness of PRP therapy (Munde,
Vivek & Maliks, 2017).

Filardo et al., (2012) show that PRP
comparison with other types of intra-
articular injections in the knee. The tested
patients were evaluated with KOOS scores
over a period of 12 months. When
comparing the patients, regarding the
severity of osteoarthritis according to
Kellgrene — Lawrence scale, a better
response with PRP was noted in milder
degree OA (Degree < IlI) which is shown
in Figure 18.
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PRP Efficacy in Early and Severe stages of Knee OA
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Figure 18: Efficacy of PRP in different
stages of knee osteoarthritis. Patients in the
early stages of knee OA show statistically
significant improvement with PRP therapy
though in the advanced stages an
insignificant response within the evaluation
period was noted. Adapted from, (Kon et
al., 2010).

However, in contrast to this opinion, Calis
et al., (2015) demonstrated that PRP
injection three times a week in patients with
grade Ill and IV knee osteoarthritis
obtained results that revealed improved
guality of life, diminished pain, and
improved cartilage width as measured by
ultrasonography on six-month follow-up.

A centrifugation protocol is the next factor
influencing the efficacy of PRP therapy.
High centrifugation forces and time can
cause activation of platelets and
consequently reduce platelet function and
activity on the cartilage regeneration. In
addition, using more advanced
centrifugation forces than usual in order to
have elevated concentrations of PRP does

21

not necessarily indicate a more effective
therapy (Bhatia et al., 2016).

Filardo et al., (2011) state, when the single
and double centrifugation procedures are
considered, the benefits noted were similar
in both methods according to the WOMAC
Scores. Nevertheless, undesirable
proceedings occurred more frequently in
the PRP obtained by double centrifugation
due to elevated leukocyte concentration
formed by this process. Also, Gobbi et al.,
(2012) show the number of PRP intra-
articular injections did not play a role in the
efficacy of PRP therapy.

In addition, previous studies have evidently
shown the effectiveness of PRP therapy
lasts for a maximum of 12-24 months after
injection. This implies even though it is the
fastest and ideal therapy for cartilage
regeneration, it has short lasting results in
healing. Therefore reinjection has to be
administered to overcome this infirmity
(Kon et al., 2010)
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Moreover, several genetic factors and
disease conditions related to platelets
(thrombocytopenia, Von-Willebrand’s
disease) significantly  affect the
effectiveness of PRP therapy and make it
ineptitude (Pruna, Til & Artells, 2014).

Ongoing Researches on PRP

Saturveithan et al., (2016) & Lana et al.,
(2016) state that PRP has been consistently

found in several clinical studies to be
superior to HA, even though HA with PRP
seems to be an evolving future tendency in
healing knee osteoarthritis. Research is
ongoing to increase the efficiency of this
blend of therapy to deliver the ideal
curative treatment to the patient. The
clinical trials are strongly evocative that
combination of PRP and HA is more
effective (Figure 19).
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Figure 19: Efficacy of PRP with HA in
knee OA Pain reduction. Above data
reveals administration of PRP or HA alone
is less effective than combined
administration. Adapted from (Lana et al.,
2016)This is a healing modality in the
treatment of grade I11 and IV KOA in terms
of functional outcome and pain control for
up to 6 months when surgical treatment is
not an alternative. (Correia et al., 2011).

Future techniques on PRP therapy

22

Future studies are focused on developing an
enhanced PRP therapy that results in
combining the knee osteoarthritis therapy
with different molecules such as gelatine
and chitosan. Moreover, the strategies of
platelets activators in PRP therapy play a
major role in cartilage regeneration
process. Calcium, thrombin or collagen
essential to activate the release of GFs in
different concentration may produce
different results. The levels of activator
concentration influence the efficacy of this
therapy. Precise activator concentration is
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required to design this effective PRP
therapy. Future studies investigate the
consequence of different activation
strategies on platelet  concentration
according to the cartilage damage in order
to optimize the in vivo outcome of the
released bioactive molecules which in turn
increases PRP effectiveness in cartilage
regeneration are upcoming(Correia et al.,
2011; Cavallo et al., 2016).

LIMITATIONS OF THE STUDIES

Previous studies and analysis have found
several restrictions on PRP effectiveness in
the KOA healing. Different methodologies
in PRP preparation led to high
heterogeneity in  conducted clinical
research. The sample size, in some studies,
was too small to get the precise outcomes
whereas, in some other studies conducted
with a larger sample size, the variations led
to differences in the therapeutic efficacy.

SUMMARY

The dramatic improvement in the
frequency and prevalence of KOA affects
millions of people around the globe.
Degeneration of articular cartilage causes
the disability mostly amongst the aged
population. The conservative management
of knee OA with novel PRP therapy is
becoming progressively more popular. All
of the prior clinical research recommends
that PRP intraarticular injection is an
excellent alternative in the healing of knee
OA. This process showed an advanced
extent of efficacy in pain reduction,
cartilage regeneration, enhanced
functionality and patient contentment
compared to contemporary options.
Though it has advantages, several
complications are affecting the
effectiveness of this therapy. However,
ongoing eminent research on PRP therapy
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iS expected to overcome these
shortcomings and deliver superior results in
KOA in the days to come.
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