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DOES THE PLATELET CONCENTRATION IN PLATELET RICH PLASMA
INFLUENCE THE OUTCOMES OF PRIMARY KNEE OSTEOARTHRITIS?

Brang Mai, Maung Mg Htwe, Than Win, Zaw Min Han, Aung Myo

Department of Orthopaedic Surgery, University of Medicine, Mandalay, Myanmar

Abstract

Background: Growth factors in platelets have been extensively studied and were reported to be used
to stimulate cartilage regeneration in osteoarthritis (OA).

Objective: This study aimed to observe the influence of platelet concentration in platelet rich plasma
(PRP) on the outcomes of primary knee OA.

Methods: Eighty-nine patients undergoing PRP injection in unilateral primary knee OA were assessed
using the Western Ontario and McMaster Universities Arthritis Index (WOMAC) questionnaire and
visual analog scale (VAS) before intervention at 3 weeks, 3 months, 6 months and 12 months after
treatment. A small aliquot of PRP was sent for bacteriologic examination and evaluation of the platelet
count. A student t-test was conducted to compare WOMAC and VAS score among patients before PRP
injection (baseline) and at each follow-up. The platelet count and their influence on outcomes were also
analyzed using Pearson’s correlation coefficient.

Results: Statistically significant differences were observed in the WOMAC score between baseline
(M=47.08, SD=8.50) and 3 weeks (M=20.37, SD=10.09, p< 0.001), 3 months (M= 23.24, SD= 11.39,
»<0.001), 6 months (M= 29.89, SD=14.95, p <0.001), and final follow-up at 12 months (M= 27.78,
SD=16.56, p<0.001). Also a significant difference was observed in VAS between baseline (M=69.02,
SD=9.58) and 3 weeks (M= 36.23, SD=15.72, p <0.001), 3 months (M= 37.04, SD=17.30, p <0.001),
6 months (M=42.58, SD=22.15, p <0.001) and 12 months (M=39.15, SD=23.96, p <0.001). The mean
platelet count in PRP injection was 1000.66x 10°platelets/mL (402x10°platelets/ml to 1630x10°platelets/mL).
Positive correlations were discovered between the concentration of the platelet and the mean
improvement WOMAC scores and VAS at 3 weeks (r =0.31, r=0.40), 3 months (r=0.10, r=0.23),
6 months (r=0.08, r=0.30) and 12 months after intervention (r=0.12, r=0.23), respectively.
Conclusion: Higher concentrations of platelets in the PRP had a better effect on outcomes of primary
knee OA especially at three weeks after injection.
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Introduction

Platelet rich plasma (PRP) is orthobiologic
and several studies have reinforced that PRP has
positive clinical results in treating osteoarthritis
(OA).1® Platelet rich plasma is the volume of
concentrated platelets extracted from plasma
usually 3 to 5 times above baseline. The platelets
contain alpha granules that are rich in several
growth factors such as platelet derived growth
factor (PDGF), transforming growth factors-f3,
insulin like growth factors, vascular endothelial
growth factor, epidermal growth factors and
the release of these biologically active proteins
from platelets is part of the natural healing
process and tissue regeneration.®'? Growth
factors in platelets have been extensively studied
in OA and have been reported to be used as an
attractive method to stimulate cartilage regen-
eration in QA9

The concentration of growth factors depends
on the platelet count'*'” and may affect the
outcomes of the disease. Few studies have
estimated the growth factors involved!® ') as
well as platelet count in PRP which is used to
inject into the knee joint. ' 1 The platelet
concentration in PRP is essential for fracture
healing and the optimal biological effects on pain
relief and functional recovery are associated
with platelet concentrations of approximately
1,000x10° platelet/mL.?% 2D However, to our
knowledge no report have determined the number
of platelets required for effective regenerative
therapy as well as the influence of platelet
concentration in PRP on the outcomes of primary
knee OA. This raises the question whether an
increased platelet concentration in PRP has
better efficacy in knee OA. This study observed
the influence of platelet concentration in PRP on
the outcomes of knee OA.

Methods

The study was approved by the Academic
Committee of the University of Medicine
Mandalay, Myanmar and informed consent from all
patients was obtained. The following diagnostic
criteria were applied: patients with primary
unilateral knee OA with the history of chronic
knee pain lasting at least 12 months and the
radiologic signs of the knee OA grades 1, 2 or 3

according to Kellgren & Lawrence Radiographic
Knee OA classification (K&L). Exclusion criteria
were OA secondary to inflammatory diseases,
patients with generalized OA, bilateral OA knee,
advanced staged of knee OA, patients receiving
intra articular injection within three months or
any surgery to the knee joint, patients receiving
anticoagulant therapy, patients with hemoglobin
less than 10 g/dL infection around the knee joint,
patients with known thrombocytopenia, and
patients with crystal arthropathy or tumor.

The sample size for paired means t-test was
calculated using Stata 11 with 85% power, 5%
alpha, WOMAC mean difference of -13.3 (from
a pilot study), standard deviation for WOMAC
mean difference of 9.5 (from a pilot study) and
estimated drop-out rate of 20%. The minimal
required sample size was 81. From September
2015 to August 2020, 168 primary unilateral
knee OA cases met the inclusion criteria and
received the single intra-articular injection of
PRP. Those patients were assessed with WOMAC
and VAS scores before PRP injection, at 3 weeks,
3 months, 6 months and 12 months follow-up.
A total of 89 patients who completed the one-year
follow were included into this study.

Platelet rich plasma preparation

The blood (27 ml of venous blood) sample
was extracted in six 6 ml sterile tubes containing
0.7 ml of CPD-Al. The samples were gently
shaken to thoroughly mix the anticoagulant with
the blood. The blood samples were placed in a
centrifuge and centrifuged for 12 minutes at 3500
rpm resulting in the three following layers. The
inferior layer was composed of erythrocytes, the
intermediate layer consisted of leucocytes with
platelets and the superior layer comprised plasma.
The superior layer consisting of platelet poor
plasma was first discarded. The intermediate buffy
coat layer, consisting of platelets mixed with
white blood cells was then gently aspirated with
an 18 G epidural needle syringe in a volume of
3 ml of PRP and used for intra-articular injection
within 30 minutes. An aliquot of product was
sent to the laboratory for platelet concentration
& bacteriological examination. All procedures
were performed by the researcher at the outpatient
department.
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Table 1. Baseline characteristics of the study subjects

Age, mean+ SD(years) 57.56+6.01

Sex, M: F 19:70

BMI, mean+ SD 25.92+3 .91

Kellgren & Lawrence grade(K&L) Male Female
1 4 26
2 6 22
3 9 22
WOMAC 47.08+8.50

VAS 69.0249.58

Platelet concentration in PRP, 1000.66+291.91

mean=+ SD (x10platelet/ml)

WOMAC; Western Ontario and McMaster Universities Arthritis Index, VAS; visual analog scale, PRP;

platelet rich plasma

Treatment procedure and follow-up

The patient was placed in the supine position
with the knee fully extended. Under aseptic
condition, 2.5 cc of PRP was injected in the
suprapatellar pouch using a superolateral
approach with a 22-gauge needle without local
anaesthesia. At the end of the procedure, the
patient was invited to bend and extend the knee
for a few seconds to distribute the PRP itself
throughout the joint. The patient was discharged
after 30 minutes of observation. They were
reassessed with WOMAC score and VAS at
the end or 3 weeks, 3 months, 6 months and 12
months after treatment. During the follow-up
period, NSAIDs were not allowed and paracetamol
500 mg three times daily was prescribed in
case of discomfort. All patients were asked to
stop analgesic medications 24 hours before
follow-up reassessment.

Data collection and statistical analysis

Data were collected through pre-structured
pro-forma by medical personnel unaware of
the procedure. All statistical analyses were
performed using Microsoft Excel 2016
(Microsoft Inc., Seattle, WA, USA). A p value of
less than 0.05 was considered statistically
significant. The WOMAC and VAS scores before
and after intervention were compared using
paired-sample t-tests. Pearson's correlation
coefficient (r) and regression analysis were

calculated between the platelet concentration in
PRP and improved outcomes.

Results

All patients in this study had a mean age
of 57.5 years (range, 50-80), mean BMI of 25.92
(range, 18.45-34.13) and other base line
characteristics were reported (Table 1). Among
89 patients with unilateral primary knee OA treated
by single injection of PRP, no major adverse
events were observed during the procedure and
the follow-up period. Statistically significant
improvement of all functional and pain scores
was observed through-out the follow-up compared
with the baseline scores (Table 2). All patients
were satisfied with their results.

The mean WOMAC score improved from
47.08 points (range, 28-66) before intervention
to 20.37 points (range, 5-45) at 3 weeks, 23.24
points (range, 6-50) at 3 months, 29.89 points
(range, 5-60) at 6 months and 27.78 points (range,
5-70) at 12 months and final follow-up showing
a statistically significant improvement (p <0.001)
at each of the follow-ups with respect to baseline
(Figure 1). Mean VAS score also improved from
69.02 points (range, 50-85) before intervention
to 36.23 points (range, 10-80) at 3 weeks, 37.04
points (range, 10-80) at 3 months, 42.58 points
(range, 5-80) at 6 months, 39.15 points (range,
5-75) at 12 months, showing a statistically
significant difference (p <0.001) at each of the
follow-ups with respect to baseline (Figure 1).
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Table 2. Clinical outcome scores before and after PRP injection

Outcomes Baseline 3 weeks 3 months 6 months 12 months

Mean+SD Mean+SD Mean+SD Mean+SD Mean+SD
p-value p-value p-value p-value

47.08+8.50 20.37+10.09 23.24+11.39 29.89+14.95 27.78+16.56
<0.001 <0.001 <0.001 <0.001

69.0249.58 36.23+£15.72 37.04+17.30 42.58+22.15 39.15+23.93
<0.001 <0.001 <0.001 <0.001

WOMAC; Western Ontario and McMaster Universities Arthritis Index, VAS; visual analog scale
p <0.001 (compared to baseline score)

WOMAC and VAS through out the follow up
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Figure 1. Overall assessment with VAS and WOMAC scores before injection and through to the
follow-up period
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Figure 2. Comparison of WOMAC scores, All the stages improved significantly more in
terms of WOMAC at 3 weeks compared with the baseline but the difference of improvement
declined at 6 months postintervention. At 12 months after intervention, the scores of both grades 1 and
grade 2 were significantly better than those of grade 3.
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Figure 3. Comparison of VAS scores, All the grades improved significantly more in terms of VAS at 3
weeks compared with the baseline but the difference in improvement declined at 3 months postinter-
vention in grades 2 and 3. At 12 months after intervention, the scores of grade 1 were better than those
of 3 weeks whereas in grades 2 and 3, both the improvement pain scores decreased more than those at

3 weeks but were still better than baseline.
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Figure 4. Box plot showing variability of the concentration of platelet in PRP

According to the K&L grade of knee OA,
all grades in this study improved significantly
in terms of WOMAC score at 3 weeks compared
with that of baseline but the difference of
improvement declined at 6 months postintervention.
At 12 months after intervention, the WOMAC
scores of both grades 1 and 2 were better than
those of grade 3 (Figure 2). Regarding VAS,
all grades significantly improved at 3 weeks
compared with the baseline but the difference in
improvement declined at 3 months postintervention
in grades 2 and 3. In the grade 1 OA knee group,
the VAS scores at 12 months were better than
those at 3 weeks whereas in grades 2 and 3, both
the improved pain scores decreased more than
those at 3 weeks but were still better than
baseline (Figure 3).

The platelet concentration was evaluated in
every case of PRP injection. A high variability

in platelet concentration in PRP was found. We
observed that the mean concentration of platelet in
PRP was 1000.66 x10° platelets/mL with a range
of 402 x10°platelets/mL to 1630 x10° platelets/
mL without outlier (Figure 4). Average platelet
concentration yielded 5.2 fold more than baseline.
Correlation between the mean improvement
scores (difference between each follow up score
and the baseline) of both WOMAC and VAS with
platelet concentration was determined (Table 3).
Although positive correlations were found between
platelet concentration and mean improvement
scores of WOMAC and VAS at 3 weeks (r=0.31,
=0.40), 3 months (r=0.10, r=0.23), 6 months
(r=0.08, r=0.30) and 12 months at final follow-up
(r=0.12,1=0.23), the most significant results were
seen at 3 weeks postintervention (Figures 5, 6).



6 JOURNAL OF SOUTHEAST ASIAN MEDICAL RESEARCH

Table 3. Correlation coefficient (r) between clinical improvement scores and platelet concentration

K&L Grade 1 K&L Grade 2 K&L Grade 3
r p-value T p-value r p-value

WOMAC

3 weeks 0.40 0.02 0.31 0.10 0.24 0.19
3 months 0.004 0.98 0.16 0.39 0.15 0.39
6 months 0.111 0.55 0.09 0.61 0.20 0.26
12 months 0.15 0.42 0.29 0.12 0.19 0.28
VAS

3 weeks 0.63 <0.01 0.52 <0.01 0.19 0.29
3 months 0.28 0.13 0.28 0.13 0.16 0.36
6 months 0.42 <0.01 0.33 0.08 0.34 0.05
12 months 0.15 0.41 0.43 0.01 0.25 0.16

WOMAC; Western Ontario and McMaster Universities Arthritis Index, VAS; visual analog scale, K&L;
Kellgren & Lawrence Radiographic Knee OA classification
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Figure 5. Correlation between improvement in WOMAC at 3 weeks and platelet concentration, WOMAC
improvement on the X-axis and concentration of the platelet was plotted on the Y-axis.
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Figure 6. Correlation between improvement in VAS at 3 weeks and platelet concentration, VAS
improvement on the X-axis and concentration of the platelet was plotted on the Y-axis.
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Table 4. Clinical improvement scores and platelet concentration

PLT<837 x10°/mL | PLT>1212 x10%/mL | p- value
K&L grade 1 10 9
K&L grade 2 6 7
K&L grade 3 5 5
3 weeks WOMAC (Mean+SD) improvement 22.38+10.87 30.574£8.71 0.01
12 months WOMAC (Mean+SD) improvement |22.5+12.13 23.69+9.82 0.7
3 weeks VAS (Mean+SD) improvement 27.76+9.06 41.52+10.91 0.001
12 months VAS (Mean+SD) improvement 30.9+19.49 40.65+20.90 0.1

WOMAC; Western Ontario and McMaster Universities Arthritis Index, VAS; visual analog scale

According to platelet concentration, patients
were divided in two groups: patients with a platelet
count within the first quartile (platelet count
<837 x10*mL) and those with a platelet count
of more than the third quartile (platelet count
>1212 x10°/mL) (Table 4). Each group consisted
of 21 patients. Mean improvement score of
WOMAC at 3 weeks in the lower platelet group
was 22.85 £+ 10.87 and that in the higher group
was 30.26 + 8.56 showing a statistically significant
difference (p=0.01) whereas mean WOMAC
improvement score at 12 months in the lower
platelet group was 22.5+ 12.13 and that in the
higher group was 23.69+ 9.82 showing no
difference (p=0.7). Similar results were observed
in VAS pain score. Mean improvement score of
the VAS at 3 weeks in the lower platelet group
was 28.9 + 8.42 and that in the higher group was
41.52 +£ 10.91 showing a statistically significant
difference (p=0.001). However, mean VAS
improvement score at 12 months in the lower
platelet group was 30.9+ 19.49 and that in the
higher group was 40.65+ 20.90 showing no
difference (p=0.1). The outcome scores in patients
receiving PRP with a higher concentration of
platelet were better than those at lower concen-
trations especially at 3 weeks. Nevertheless, this
relationship was negligible in the later follow-up
visits irrespective of osteoarthritis severity.

Discussion

This study aimed to determine whether the
platelet concentration in PRP influenced the
outcome of primary OA knee. Several studies
had proved that platelet rich plasma had posi-

tive effects on ligamentous injury, tendinopathy
and cartilage lesions and knee OA.?*?9 Various
factors may impact the clinical outcome of PRP
injection in primary knee OA such as the platelet
concentration in PRP, the doses and frequency of
injection as well as the preparation method of PRP.
Theoretically, the platelet concentration may
affect the outcome of the disease process. To our
knowledge, limited scientific evidence is available
regarding optimal platelet concentration to treat
knee OA. Patel et al. reported that a single injection
of PRP containing 10 times the baseline platelet
count was as effective as injecting twice at platelet
concentration of more than 4 times baseline. ©
However, the optimal concentration of platelet in
PRP to obtain the maximal result was unreported.
However, the study of Bahar et al. stated that
the concentration of 1,000 x10° platelet/mL
was sufficient for pain relief and functional
recovery in treating early OA. @Y Whether the
concentration of less than 1,000 x10° platelet/mL
influenced the outcomes remained unconfirmed.
In the present study, the maximal relieving effect
of PRP yields at 3 weeks postintervention
irrespective of platelet concentration and the
relieving effect seemed to be sustained until 12
months comparable to the study of Kon et al.
Moreover, the positive correlation between the
improvement scores of WOMAC and VAS and
the platelet concentration in the PRP, was found
regardless of the severity of OA of the patients.
The highest improvement outcome scores were
observed only at 3 weeks after intervention
and the improvement scores gradually declined
throughout the later follow-ups. These might
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have been the reasons for the life span of platelets
and the gradual increase in the release of growth
factors up until the 19" day and the consecutively
delivered slow and constant release until the
23" day. 7

Many studies have suggested the clinical
application of PRP via multiple injections to
favor knee OA healing at 3 weeks, once month-
ly or 3 months.®!® In our study, we used single
injection of PRP in OA knee and observed that
PRP injection produced favorable outcomes. This
effect could be sustained over one year whereas
in the study of Filardo et al., the mean beneficial
effect of lasted ten months with sustained action
up to 24 months.?? In the study of Patel et al.,
single injection of PRP also produced comparable
results as injecting twice.®

Different PRP separation systems and devices
were used (Arthrex ACP Double Syringe System
and Biomet Biologics GPS System). Briefly,
they relied on single centrifugation, double
centrifugationand onmanual orautomaticsystems
operated in open or closed circuits with platelet
concentrations varying from 1.99 to 9.3 fold over
baseline. ¢ 2830 However, no standardized
preparation methods and optimal concentration
of platelets in PRP that induce maximal pain
relief remain unknown. %32

Diverse PRP preparation and application
techniques of PRP have been used for platelet
activation and inactivation. Both PRP formulations
provide pain relief and none is more efficacious
than the other.®¥ In this study, we used an
inactivated technique which also produced quite
relieving effects on OA knee pain.

In the present study, centrifugation procedures
to prepare PRP increased the platelet count as
well as white blood cell concentration. However,
related studies have already pointed out the
key role of leucocytes in PRP for their anti-in-
fectious action, immune regulation and potential
regeneration effects. ¢35 The leucocyte content
did not seem to induce negative effects or impair
the potential beneficial effects of PRP, even when
used in the joints. However, the study of Milants
et al. recommended using a single spinning
technique, a platelet concentration of lower than
5 times baseline and avoidance of leukocytes. ¢®

The present study showed that increased white
blood cells in PRP produced no negative effects
on the knee joint.

In this study, no major adverse events related
to the injections were observed during the treat-
ment and follow-up periods. Some authors have
reported some injection pain, local inflammation
of short duration, and re-accumulation of effu-
sion, but these symptoms resolved spontaneous-
ly.© 2426 In the present study, all the functional
and pain scores improved and were maintained
until 12 months compared with baseline scores
irrespective of platelet count in PRP. Although
PRP has affected both functional and pain scores
of patients up to one year, the influence of platelet
concentration was observed only at early postin-
tervention.

This study constitutes one of the first in vivo
studies in our hospital to treat knee OA with PRP
injection. However, it encountered some lim-
itations. We evaluated the platelet count in PRP
but did not include red and white blood cells.
We didn’t use commercial platelet concentration
systems, the platelet concentration was not ho-
mogeneous and revealed high variability in this
study. Moreover, the drop-out rate in this study
was very high because the patients from the out-
reach area were challenged to complete the one
year follow-up visit. Despite these limitations,
this study demonstrated that PRP is a potential-
ly safe, simple and low cost method to improve
articular joint healing, with promising results in
treating early stage primary knee OA.

Conclusion

A significant positive correlation was observed
between the improvement of clinical outcomes
and platelet concentration in PRP especially at
3 weeks postintervention suggesting repeating
injection might be beneficial. Further study would
also be required to compare different PRP
formulations and preparation methods either
manually or via the use of commercial Kkits.
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