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Summary

Background: The knee is the predominant weight-bearing joint affected by osteoarthritis, and knee
osteoarthritis (KOA) is the 11" significant cause of disability. As life expectancy has increased, the need
for knee replacement procedures has grown, putting a major financial burden on patients and healthcare
systems. Intra-articular (IA) injection of platelet rich plasma (PRP) promises to be a potential method
in research for the more preservative and biological strategies to treat this chronic degenerative condition.
PRP has expected to contain a high number of growth factors and proteins involved in tissue repair mechanisms.
Aim: This study aimed to determine the effect of intra-articular injections (IAls) pure-PRP and their dosage
regimen efficacy in patients with mild and moderate knee OA.

Material and method: This study included 33 patients (11 male and 22 female). The patient groups included
16 with mild and 17 with moderate knee osteoarthritis. With ages ranged from 32 to 66 years old. These patients
were divided into three groups based on dosage (12 received a single injection, 11 received a double injection,
and 10 received a triple injection), with a two-week interval between injections. The outcome was measured
using WOMAC index for pain, stiffness, and daily functional limitation, as well as laboratory testing
for TNF-alpha using the Eliza technique. All the patients were assessed at baseline and after three months
of injection. The study was designed as non-randomized controlled trial study during November 2021 to May
2022 at Al-imam Ali hospital, Babylon governorate, Iraq.

Results: Regarding severity, In both mild and moderate knee osteoarthritis, serum TNF-alpha was significantly
lower after treatment (p < 0.001). Al WOMAC scores were showed significantly lower levels after treatment
with pure-PRP as compared with their levels before treatment (p < 0.001, Regarding the number of injections,
all patients who received a single injection, double injections, and triple injections showed a significant
decrease in the serum TNF-alpha and WOMAC scores (p 0.05) in both mild and moderate patients.
The triple injections were more effective than double and single injections.

Conclusions: In conclusion, the treatment with pure-PRP was safe and satisfactory for patients in terms
of relieving clinical symptoms. The WOMAC scores has indicated that improvement in pain relief for patients
after injection and could act as an anti-inflammatory, as inflammatory marker TNF-alpha was reduced after
injection, and there was a superior outcome to increasing dose numbers, as triple injection gave a positive
outcome in both mild and moderate KOA when compared to single and double injection.
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Introduction

The knee is the predominant weight-bearing joint predisposed to be affected by osteoarthritis (1). Many factors
have been associated with the susceptibility and predisposition to knee arthritis, including excess weight, obesity,
gender, and previous knee injuries, and Diabetes Mellitus is another factor that linked to the progression of OA
in the knees. The common signs and symptoms of KOA are chronic pain, stiffness of the joints, extreme fatigue
of the muscles, and inflammation resulting in swelling of the knee (2). Chronic pain is the most prevalent symptom
of KOA and is exacerbated by weight-bearing activities and mobility of the affected joint (3).

The prevalence of KOA has increased significantly in recent decades and keep rising, due to the increase
of obesity among society as well as other risk factors that associated with development (4). Knee OA affects more
than 20% of people over the age of 45, and it is the second common reason that can cause loss of work performance
following low back pain (5). More than 250 million older people (> 50 years) worldwide suffer from symptomatic
KOA (6). Furthermore, KOA affects over one million people in Iraq, Saudi Arabia, Yemen, and Syria (7). KOA is
appears to affect greater than 10% of the world's peoples, and the strong risk of developing KOA has risen to 45%
after the age of 45 years (8). Knee OA is the 11" significant cause of functional limitation and disability (9),
with 47% of women and 40% of men developing knee OA in their lifetimes (10). The prevalence of osteoarthritis
musculoskeletal disease is higher around the world where KOA is the fourth cause of inability in women and
the eighth cause of inability in men worldwide (11).

Inflammation recognizes as an important component of KOA. Local inflammation can occur within the synovial
fluid as well as systemically, with inflammatory agents circulating in the blood. The severity and pattern
of inflammation show significant variation as the disease progresses, with different cytokines present in the early
and advanced stages (12). Furthermore, certain cytokines may cause damage to the extracellular matrix of joint
tissue. As reflected in the pathogenetic cytokines, several of these cytokines may function as chemical indicators
of the disease severity and pain of OA (13). Measuring the level of pro-inflammatory cytokines such as TNF-alpha
can help to predict the possible consequences of disease, and besides that, the selected effectiveness of treatment
modalities during the inflammatory phase can be investigated for each patient by testing plasma TNF-alpha levels (14).
TNF-alpha is a member of the tumor necrotic factors superfamily (TNFSF) of proteins that play important roles
in the biological activities in mammalian, such as cell growth and survival, apoptotic factors, immunological
responses, and organogenesis in a variety of systems, including the immune, nervous, and ectodermal systems.
TNF-alpha is a key inflammatory mediator that has functional effects on many cell types by stimulating internal
signaling via its related cell receptors (15). There is a strong argument to be made that inflammatory mechanisms play
a key role in the pathogenesis of OA (16). Additional to immune cells the articular macrophages, pro-inflammatory
cytokines and chemokine such as IL-6 and TNF-alpha are produced by a major cell type in cartilage tissue
chondrocytes, as well as by cells that line the joint cavity, synoviocytes (17). TNF-alpha concentration has found
to be elevated within the synovial fluid of affected people with KOA and is involved in chondrocyte destruction.
According to the evidence, the level of TNF-alpha in synovial fluid supernatants from cultured KOA synovial fluid
were significantly higher than in non-arthritic (NA) synovial fluid (18).

As life expectancy has increased, The demand for knee replacement surgeries has increased, putting a major
financial burden on patients and healthcare systems (19). The injection of plasma rich in platelets (PRP) within
the articular promises to be a potential method in research for the more preservative and biological strategies
to treat this chronic degenerative condition. PRP is expected to contain a high number of factors and proteins
involved in repair damaged tissue (20). Plasma-rich platelets (PRP) is a regenerative medicine product that has
recently gained clinical interest in the professions of orthopedics medicine (21). PRP is an autologous blood product
(plasma) that has been prepared to contain a greater concentration of platelets than that found in vivo blood (22).
Intra-articular delivery of drugs has several benefits over systemic drug delivery, which include improved local
bioavailability, lower exposure to the general system, fewer adverse effects, and lower costs (23, 24). PRP is prepared
by separating patient-derived blood either in a one-spin or two-spin methods. Resulting in PRP that is either poor
or rich in leukocytes (LP or LR). There is no clear direct benefit to use either LP- or LR-plasma rich platelets,
but adverse events appear to be greater with LR-PRP (25). The LP-PRP support to be used in treatment of early
KOA or progression-advanced OA might be due to the higher concentration of leukocytes in LR-PRP as well as
the relatively strong inflammatory reactions induced (26). In synoviocyte culture, leukocyte-rich PRP stimulates
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the production of several inflammatory markers and causes cell death (27). Furthermore, early evidence that LR-PRP
causes much more painful reactions (28). High WBC concentrations have been shown to cause a considerable increase
in the secretion of inflammatory cytokines such as tumor necrosis factor alpha (TNF-alpha) and interleukin-1,
as well as catabolic pathways. Based on this evidence, it has been proposed that PRP rich in leukocytes would be
not suited for intra-articular injection (29).

Patients and Methods

This non-randomized controlled trial study was given its approval by the scientific Human Research Ethics
Committee at the College of Medicine, Al-Qadisiyah University in Iraq. This study included 33 patients (11 male
and 22 female). The patient groups included 16 with mild and 17 with moderate knee osteoarthritis. knee osteoarthritis
classified Radiographically, depending on the Kellgren-Lawence (KL) 0—4 grading system was used to classify
KOA severity depending on radiological findings by x-ray, where the x-rays of the affected joints are the main way
osteoarthritis is identified (30, 31). With ages ranged from 32 to 66 years old. All patients were divided into three
groups based on dosage (12 received a single injection, 11 received double injections, and 10 received triple
injections), with two-week interval between injections.

Sample collection: Under aseptic environment from each patient 5 milliter of the blood sample collected
at baseline and three months after injection with PRP. After that, the blood was withdraw from vein puncture stand
for 15 minutes at room temperature. Then, the sample was centrifuge at 4000 rpm for 5 minutes to obtain serum
for estimation the level of TNF-alpha.

Pure-PRP preparation: PRP can be prepared in a variety of ways (32). In this study, the PRP method of Buasset
and his colleagues was used. Briefly, the first spin step was performed at 250 g for 15 minutes, separating the basic
blood components, and the whole blood (WB) was separated into three layers: the lower was RBCs, the intermediate
was buffy coats, and the upper was plasma. For the preparation of pure PRP, the plasma layer and superficial layer
of buffy coats were transferred into a plain sterile tube (vacuum sterile plan tube; 191230, Al Malak Company/Iraq).
The second spin step takes 15 minutes at 250 g. The upper portion of the separated plasma was discharged,
and the lower portion was mixed and used for injection (33). The pure-PRP plasma results were produced a very
low level in leukocytes, but rich in platelets. The blood components testing device (CBC system; B8823, Germany)
was used to find out the numbers of platelets and leukocytes in the whole blood sample and in separated plasma
before injection.

Injection protocol: Each patient was position in a supine with knee flexion position, and the injection site
was prepared under sterile conditions using 70% alcohol and 4% povidine-iodine antiseptic disinfectant without
the using of any local anesthesia at the injection site. The pure-PRP was injected with a sterile disposable syringe
with a 21 G needle. The current study included patients with both unilateral and bilateral knee osteoarthritis.
In the case of the patient who injected in both knees, the period between the injections was two weeks for each knee.

Outcomes measures

Clinical outcomes: For all patients, the clinical examinations including pain, stiffness, and function parameters)
were performed by Western Ontario and McMaster Universities (WOMAC) index. The WOMAC score is a disease-
specific and self-administered questionnaire that assesses three aspects of health status and outcome in patients
with lower extremity (knee and/or hip) osteoarthritis are pain, stiffness, and physical function. It includes 24 questions
about pain (5 items), stiffness (2 items), and function (17 items). Each question is associated with a Likert scale
response ranging from 0 (best health state) to 4 (worst health state). The score for each sub-scale was computed
summing the scores of each question in the sub-scale. The sub-scale of function ranges of 0-68, 0-20 for pain,
and 0-8 for stiffness (34). The American Academy of Orthopedic Surgeons (AAOS) has chosen to approve the use
of the WOMAC osteoarthritis index as part of the larger personal health tool assessment for lower extremity
arthroplasty assessment (35).

Estimation of TNF-alpha: Estimation the concentration of TNF-alpha by sandwich Eliza technique using
Elabscience® kit. As illustrated in Figure 1.
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Figure 1. Steps of assay procedure of TNF-alpha by using Eliza technique.
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Inclusion criteria: Patients with ( grade 2) and moderate (grade 3) knee OA.
Exclusion criteria: The study excluded all patients with following criteria:

. Co-morbidity with chronic disease, infectious disease, hematological disease.
. Advance (grade-4) KOA.
*  Non-steroid anti-inflammatory drugs at least 2 weeks prior the study and any IAls in preceding 3 months.

Statistical analysis: Statistical summarization, analysis, presentation of data was performed using SPSS version
21 (Statistical Package for the Social Sciences) and Microsoft Office Excel 2010. Categorical variables were used
as numbers and percentages, whereas numerical data was represented as mean + standard deviation. Chi-square
test was used to compare qualitative data. Independent-samples t-test and Paired sample t-test were applied
to compare quantitative variable to calculate the degree of significant among groups. Bivariate correlation was carried
by using Pearson correlation coefficients. (p < 0.05) was a considered as significant.
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Results:

The comparison of demographic characteristics between mild and moderate disease as shown in Table-1.
The mean age show no significant differences between patients with mild disease and patients with moderate
disease, 54.38 £7.97 years versus 51.82 +£10.44 years, respectively (p = 0.438). Also the mean BMI show
no significantly different, 25.06 £2.43 kg/m? versus 27.57 £4.97 kg/m?, respectively (p = 0.078). Patients with moderate
disease included more females than males, 14 (82.4%) versus 3 (17.6%), respectively, while patients with mild
disease included equal proportions of males and females 8 (50.0%) versus 8 (50.0%), respectively and the difference
in gender proportions between mild and moderate disease was significant (p = 0.049).

Table 1. Demographic characteristics.

Characteristic Mild (n = 16) Moderate (n = 17) P.value

Age (years)

Mean £5D 54.38 47.97 51.82 £10.44 0.438 |

Range 38-65 32-66 NS
BMI (kg/m?)

Mean +SD 25.06 +2.43 27.57 £+4.97 0.078 |

Range 21.26-30.85 20.2-37.13 NS
BMI (kg/m?)

Normal weight, n (%) 8 (50.0 %) 5(29.4 %)

Overweight, n (%) 7 (43.8 %) 7(41.2 %) 01’3359 C

Obese, n (%) 1(6.3%) 5(29.4 %)
Gender

Male, n (%) 8(50.0 %) 3(17.6 %)

0.049C*
Female, n (%) 8 (50.0 %) 14 (82.4 %)

n: number of cases; SD: standard deviation; I: independent samples #-test; C: chi-square test; NS: not significant;
*: significant at p < 0.05.

The classification of patients with KOA according to severity by radiological finding (x-ray) based
on the Kellgren-Lawrence (KL) 0—4 grading system is used to classify KOA severity to mild (grade-2) and moderate
(grade-3). Patients were categorized into 48.5% with mild disease and 51.5% with moderate disease as shown
in Figure-2.

Mild disease
16
48.5%

Moderate
disease
17
51.5%

Figure 2. A pie chart shows the classification of KOA patients based on disease severity.
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The comparison of serum marker and WOMAC scores before and after treatment in mild disease as shown
in Table-2. Serum TNF-alpha level was decrease significantly after treatment (p < 0.001). All WOMAC scores
were showed significantly lower levels after treatment in comparison with their levels before treatment (p < 0.001).

Table 2. A Comparison of serum marker and WOMAC score before and after treatment in mild disease.

Characteristic Before (n = 16) After (n = 16) P.value
TNF-alpha 22.59 +2.12 15.89 +2.73 <0.001 p ***
Pain 8.56 +0.96 4.94 +1.84 0.001 p ***
Stiffness 4.25+1.44 1.62 +1.15 <0.001 p ***
Physical function 26.44 £5.34 14.06 £5.05 0.001 p ***
Total Score 39.50 £5.75 20.62 £7.49 0.001 p ***

TNF-alpha: tumor necrosis factor-alpha; n: number of cases; SD: standard deviation; P: Paired sample #-test;
*%%: significant at p < 0.001.

The comparison of serum markers and WOMAC score before and after treatment in moderate disease as shown
in Table-3. Serum TNF-alpha show significant reduce in the level after 3 month treatment in compare to baseline
(» <0.001). All WOMAC scores were showed significantly decrease in the levels after 3 month in comparison
with their levels before treatment (p < 0.001).

Table 3. A Comparison of serum marker and WOMAC score before and after treatment in moderate disease.

Characteristic Before (n =17) After (n =17) P.value
TNF-alpha 30.48 £3.39 23.49 +4.80 <0.001 p ***
Pain 12.82 +1.63 7.65 1+2.74 <0.001 p ***
Stiffness 6.12 +1.36 3.41+1.70 0.001 p ***
Physical function 33.06 £6.53 21.65 +8.71 0.001 p ***
Total Score 52.00 +8.35 32.71£12.56 <0.001 p ***

TNF-alpha: tumor necrosis factor-alpha; n: number of cases; SD: standard deviation; P: Paired sample #-test;
**%: significant at p < 0.001.

A Comparison of serum marker and WOMAC according to severity of disease and number of injections

The comparisons of serum marker and WOMAC before treatment and after treatment in mild disease according
number of injections as shown in Table-4. Single injection, double injections, and triple injections resulted
in significant reduction in TNF-alpha and WOMAC scores (p < 0.05).

Table 4. A Comparison of serum marker and WOMAC before treatment and after treatment in mild disease according number

of injections.

Characteristic

Single injection

Double injection

Triple injection

Before

After

Before

After

Before

After

n=5 n=5 P -value n=6 n=6 P -value n=5 n=5 P -value
TNF-alpha 22424239 1796+3.02 0.043P* 2161+1.66 16.13+162 0.028P*  23.95+199 13.53+1.80 0.003 P **
Pain 8.60+ 0.89 5.60+2.19 0.042P * 8.60+0.89 5.50+1.87 0.043P * 9.20+0.84 3.60+0.55  0.004 P **
Stiffness 360+1.14 1.60+1.34 0.041P * 450+1.38 2.00+1.41 0.027 P * 460+1.82 1.20+£0.45  0.002 P **
Physical function 25.20+3.19 15.40+2.61 0.042 P * 28.17+8.42 17.17+5.38 0.046 P * 25.60+0.89 9.00+2.00 0.003 P **
Total Score 38.20+3.11 22.60+5.86 0.043P*  40.67+9.25 24.67+8.17 0.046P* 39.40+1.82 13.80+2.28 0.003P **

TNF-alpha: tumor necrosis factor-alpha; n: number of cases; SD: standard deviation; P: Paired samples #-test; NS: not significant;
*: significant at p < 0.05; **: significant at p <0.01.
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The comparisons of serum marker and WOMAC before treatment and after treatment in moderate disease
according number of injections as shown in Table-5. Single injection, double injections and triple injections resulted
in significant reduction in TNF-alpha and WOMAC scores (p < 0.05).

Table 5. A Comparison of serum marker and WOMAC before treatment and after treatment in moderate disease according
number of injections.

Single injection Double injection Triple injection
Characteristic Before After P -value Before After P -value Before After P -value
n=7 n=7 Pa n=5 n=5 Pa n=5 n=5 Pa

TNF-alpha 30.09+2.45 27.62+2.02 0.043 P * 29.82+3.09 23.07+3.53 0.028 P * 31.69+4.99 18.13+2.76 0.003 P **

Pain 12.29+0.95 9.43+2.76 0.042 P * 12.80+0.84 6.80+2.49 0.027 P * 13.60+2.70 6.00+1.58 0.003 P **

Stiffness 5.71+1.38 4.57 +1.90 0(:“751 ¥ 5.60 £ 0.55 2.40+1.14 0.038P * 7.20+1.48 2.80+0.84 0.001 P **
. . 0.116 P

Physical function 32.71+6.18 27.00+9.33 NS 31.20+7.19 19.20+7.92 0.043 P * 35.40+7.09 16.60+4.56 0.003 P **
0.062 P

Total Score 50.71+8.34 41.00 + 13.27 NS 49.60+8.20 28.40+11.17 0.042P* 56.20+8.67 25.40+5.68 0.003 P **

TNF-alpha: tumor necrosis factor-alpha; n: number of cases; SD: standard deviation; P: Paired samples #-test; NS: not significant;
*: significant at p < 0.05; **: significant at p < 0.01.

The correlations between serum TNF-alpha and WOMAC scores before and after treatment as shown in Table-6
and -7, respectively. Before treatment serum marker showed positive correlations to WOMAC scores (p < 0.05)
and after treatment the same findings were observed (p < 0.05).

Table 6. Correlations between serum marker and WOMAC Table 7. Correlations between serum marker and WOMAC
sores before treatment. scores after treatment.
Characteristic TNF-alpha Characteristic TNF-alpha
R P R P
Pain 0.724 <0.001 *** Pain 0.463 0.007 **
Stiffness 0.654 <0.001 *** Stiffness 0.455 0.008 **
Physical function 0.373 0.033 * Physical function 0.452 0.008 **
Total Score 0.548 0.001*** Total Score 0.473 0.005 **
Discussion

The current study along with studies that increasing interest on using PRP as treatment option for knee
osteoarthritis that can reducing joint pain and improve daily limitation (36). In the discussion about the utilization
of the leukocytes in PRP, the present study was based on the use of pure-PRP in which the leukocyte concentration
is very low or not present, as these cells can produce higher concentrations of cytokines and catabolic markers that
can result in greater synoviocyte death (37). It has thought that neutrophils reveal metalloproteinase and free radicals
that damage the extracellular matrix and increasing inflammatory activity in the joint. Some evidences have
showed that low concentration of leukocytes leads to greater ability of repair (38). Many studies on the influence
of leukocytes have been proved that pure-PRP and LP-PRP are better than LR-PRP in terms of decreasing the level
of the main inflammatory cytokines such as TNF-alpha, IL-1B, and prostaglandin-E2 that induce the inflammatory
pathway and cause pain in KOA (39-41). In this study, leukocyte-pure PRP was used to avoid leukocytes
from producing joint injury or excessive inflammatory reactions.

The current study compares the clinical outcomes of pure-PRP injection in within knee joint affected by KOA.
The assessment of clinical outcome was made by using the WOMAC index for pain, stiffness, and daily activity
scores. All the variable of subjective outcome assessment at two points pre-intervention and 3 months after
intervention. Despite the fact that most studies have revealed a positive effect of pure-PRP on knee osteoarthritis,
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it poses a challenge for the clinical trial because of the lack of standardization, including variation in dosage regimen,
separation technique, and concentration of platelets (42). However, there is no consensus on the efficiency of PRP
therapy, although recent trials have revealed it to be clinically helpful, especially in early stage knee OA (43, 44).
The current study described platelet-rich plasma as a safe treatment with no serious complications reported
after injection. The results of the current study showed that patients gave better WOMAC scores post-intervention
with pure-PRP, where significant improvement was identified in all scores in both mild and moderate KOA at high
significant improvement. The WOMAC scores for total patients after 3 months of PRP injection show there is
a statistically significant reduction in the total WOMAC score and sub-scores. The current result is consistent
with studies that demonstrate the clinical benefit of PRP according to the WOMAC scores, including Kuculmez
and colleagues have been showed that a significant changes in WOMAC scores at three and six months after injection
with PRP (45). In patients with mild to moderate knee osteoarthritis, intra-articular injections of leukocyte-poor
PRP can give clinically significant functional improvement in WOMAC scores for at least a year (15% at first,
21% at second, 18% at sixth , and 21% at twelve months) (46). Giivendi and colleagues have proved that the IAls
of PRP are a safe therapeutic option that is effective in controlling KOA symptoms for up to 6 months following
administration. WOMAC sub-scores, and total WOMAC score significantly decreased at the second and sixth
months when compared to baseline, and no significant differences was present between single and triple injections.
There was no variation in scores between the sixth and second months (47). Regarding the dosage regimen in both
mild and moderate KOA groups, all of the single, double, and triple injections in mild KOA showed positive
outcomes in improvements at all scores. While the moderate KOA group, all groups injected showed the positive
improvements, although, stiffness, physical function, and the WOMAC score showed no significant improvement
at single injection, which is consistent with the finding of Kavadar and his colleagues. They have been showed that
IAIs of PRP can be used as a reliable and effective therapy for patients with moderate KOA and at least with second
or third injections (48). The key finding was that triple PRP injections were superior to double and single injections
in terms of effectiveness. This finding, which is consistent with Turgut and colleagues have showed that the WOMAC
scores improved significantly after the second and sixth months, demonstrating that multiple intra-articular PRP
results in better clinical improvement as compared to a single injection. This therapeutic injectable approach
may be an option for patients who are averse to surgical interference or at risk of anesthesia (49).

The current study showed a significant efficacy of injection of pure-PRP in lowering the inflammation degree
of affected joints, where there is a highly significant decrease in the level of TNF-alpha, which reflects a better
improvement in the inflammation of the joint in knee osteoarthritis patients. The results of the present study agree
with the findings of Lippross et al., have found that PRP significantly reduces inflammation where the level of TNF-
alpha reduced in KOA (50). Along with the evidences have provided by previous studies such as Penninx BW et al.
and Stannus OP ez al. (51, 52), the higher levels of TNF-alpha in KOA patients support the presence of inflammation
reactions in the pathophysiology of KOA, and the decrease in TNF-alpha concentration after PRP injection supports
one of the treatment mechanisms reflected by IAls of PRP, which is its anti-inflammatory action, which is consistent
with the evidence obtained by several studies (36, 53, 54). Regarding the dosage regimen in both mild and moderate
KOA groups, all single, double, and triple injections in mild and moderate KOA have showed the positive outcomes
in reduction in the serum levels of TNF-alpha. Although all groups showed reduction in the levels of TNF-alpha,
the multiple PRP injections showed more reduction than double and single injections whereas no significant have
been found between double and single. The present result consistent with previous studies that have been found
the inflammation and other symptom improvements showed a positive correlation with an increase in the dose number
of PRP injection, despite there is differences in methodology, duration, volume, interval and frequency of injection.
Tavassoli et al. (55), have showed after three months of follow-up that two doses were more effective than a single
dose. Gormeli et al. (56), have found that three doses of PRP are more effective than two or one, while having
no effect on severe KOA patients. Huang et al. (57), have showed that the three doses of PRP produce significantly
more improvements than the double or single dose. Chouha ef al. (58), have showed the triple dose of PRP results
in a long-term anti-inflammatory effect, whereas a short-term anti-inflammatory effect occurs after only a single
injection on the affected joint. The current results disagree with studies by Patel ez al. (59) and Guvedi et al. (47),
were both have showed there is no statistically difference between single and three PRP injection in KOA patients.

As a limitation of the study, in addition to the relatively small sample size used, this study relied on short-term

follow-up and did not include a placebo or reference group. The recommendations of this study incorporated a large
sample of participants and a lengthy period of follow-up to evaluate the long-term effects of PRP.
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Conclusions

In conclusion, the treatment with pure-PRP was safe and satisfactory for patients in terms of relieving clinical
symptoms. The WOMAC scores has indicated that improvement in pain relief for patients after injection and could
act as an anti-inflammatory, as inflammatory marker TNF-alpha was reduced after injection, and there was a superior
outcome to increasing dose numbers, as triple injection gave a positive outcome in both mild and moderate KOA
when compared to single and double injection.
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