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Abstract
Background Evidence is growing for the e�cacy of platelet-rich plasma (PRP) in knee osteoarthritis (OA).
Here, we investigated the effects of PRP and placebo by performing a randomized, double-blind, within-
person between knees comparison of measurements.

Methods Thirty patients with equal radiographic grades of OA in both knees received a single injection of
PRP in one knee and normal saline as a placebo in the contralateral knee. Knee symptoms were assessed
at baseline and at 6-week follow-up using the WOMAC (Western Ontario and McMaster Universities)
Osteoarthritis Indices for pain, stiffness, and physical function and the pain visual analog scale (VAS)
assessments.

Results The VAS-pain and the mean WOMAC subscales- pain, stiffness, and function- decreased
signi�cantly (P = 0.001, 0.005, 0.024, and 0.005, respectively) from baseline to week 6 in the PRP-injected
knees, while in the placebo-injected knees there were only a signi�cant reduction of VAS and no
difference in WOMAC outcomes. Intergroup comparison of pain-VAS and WOMAC sub-scales revealed no
statistically signi�cant differences between PRP- and placebo-treated knees of patients post-injection.

Conclusion This study found little difference between the effects of intra-articular PRP injection and
placebo when applied to the same patient. Non-signi�cant improvement in osteoarthritis indices between
the treatment and placebo-received knees indicate the need for additional clinical trials of crossover
design.

Trial registration: IRCT2016030626922N1

Introduction
Osteoarthritis (OA) is a chronic debilitating, degenerative disease of the articular cartilage that can be
classi�ed into primary and secondary OA (1, 2). Primary OA is considered as OA without a clear cause.
OA is the most prevalent form of arthritis in the world (3). There is experimental evidence for positive
effects of Platelet-Rich Plasma (PRP) in the context of soft tissue healing, ligament and bone
regeneration, and in�ammation reduction (4, 5). Secondary osteoarthritis has a well-known etiology,
including endocrine system disorder, anatomical structure abnormality, post-traumatic arthritis, and
in�ammatory arthritis (6). OA is characterized by the reduction of articular chondrocytes and the
destruction of the joint matrix (7). OA is a leading cause of disability that imposes a huge burden to
affected individuals, healthcare, and social services worldwide (8). Continuous chondrocyte cartilage
damage (9) and articular chondrocyte loss (10) are considered as direct effects of OA. The current
available treatment options for knee OA are few and of limited e�cacy. There are some conventional
therapies for OA, including physiotherapy, non-steroidal anti-in�ammatory drugs, pain-relieving drugs,
hyaluronic acid, PRP, or corticosteroid-based intra-articular injections, traditional Chinese medicine, knee
arthroscopic surgery and making change of lifestyle like weight loss (11, 12). Cartilages are the most
important lubricants and shock absorbers between two bones in a joint, the matrix of which contains
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three categories of cells that none of them can reform damaged cartilage as fast as its destruction, so it
can end in OA in that joint (13, 14). The knee joint is one of the most prevalent affected joints in OA which
will �nally lead to serious disabilities at the age of more than 65 (15). Platelets are the �rst cells that
arrive in damaged tissues. They contain growth factors that participate in recruiting stem cells and
reforming elements to correct the damage (16). PRP consists of a high concentration of growth factors
(17). It can boost the healing process by providing the highest concentration of growth factors. One of the
most important advantages of PRP is that it is a kind of autologous transplantation, so it has no induced
adverse immune reaction (18, 19). There are lots of clinical trials and review studies about the improved
clinical outcomes acquired from the injection of PRP in the knee joint, but it is not clear if it has a
signi�cant effect on the knee with OA repairing or not, yet (20, 21). This randomized, double-blind clinical
trial was aimed to assess the e�cacy of the PRP injection in the treatment of osteoarthritic knees. This
research is the �rst one, to our knowledge, which delineates the clinical outcomes after PRP therapy in
patients with bilateral knee osteoarthritis who received PRP treatment in one knee and placebo in the
other knee.

Materials And Methods
This is a randomized double-blind clinical trial study which was conducted in Vali-e-Asr university-
a�liated hospital, Zanjan University of Medical Sciences, Iran. Participants were selected from patients
who referred to the rheumatology clinic. Because of the interpersonal differences, we decided to compare
patients with themselves. Since both knees of the selected patients were in the same radiographic grade,
into one of the knees, PRP was injected (case knee) and the placebo was injected into the other knee
(control knee). This study accessed ethic‘s approval from the Zanjan University of Medical Sciences
Research Ethics Committee (number: IRCT2016030626922N1).

Participants

Knee OA staging was performed by the use of the radiologic Kellgren-Lawrence scale. Our including
criteria involved: age of 30 to 70 years old, established diagnosis of knee OA according to ACR criteria,
bilateral knee OA with the same Kellgran–Lawrence grade II or III in each knee.

The excluding criteria involved: knee OA due to secondary in�ammatory causes, generalized OA, OA with
a grade of I or IV, metabolic bone diseases, concomitant back pain, history of intra-articular injection or
arthroscopy in previous past 3 months, any kind of severe knee deformity, genu varus or valgus more
than 5 degrees, bone tumor, crystal arthropathy, anticoagulant agents use, hemoglobin level less than 10
mg/dl, platelet dysfunction or count less than 150000, pregnancy, age more than 70, usage of NSAIDs in
last 48 hours, and underlying systemic diseases. Then, by giving them explanations about biosafety, oral
consent was reached, and then, written informed consent was achieved.
Interventions

For producing PRP, participants were pleased to come to the clinic. 50cc of blood samples were
withdrawn by sterile gauge needles and collected into vacutainer blood collection tubes containing
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sodium heparin. We used Beasat Industrial Complex System, Tehran, Iran for PRP preparation.

Then, samples were centrifuged at 1200 rpm for 15 minutes. Centrifuged samples were placed in the
extractor for extracting high concentrate platelet plasma. Then the extraction was placed in the centrifuge
and was rotated for 6 minutes at 2700 rpm. The precipitated component was extracted called PRP. All
procedures were conducted in a completely sterilized room of the laboratory. In the end, the concentration
of platelets was 4–6 folds of the patients’ plasma platelet concentration. 3–5 cc of PRP was injected in
knee joint space via supra-patellar root in one knee, and 3–5 cc of normal saline serum (as placebo) was
injected in another knee, randomly. All steps were accomplished in a sterile way. At the beginning
evaluation and after 6 weeks after the injection, WOMAC and VAS questionnaires were �lled up by
patients’ explanations and the researchers’ help. As we chose case and control knees in one person, so
we could reduce technical bias as much as possible.
Randomization

The selection process of the knees for injecting the PRP or placebo was based on the coin random
selection method.

Blinding

Researchers and patients were blinded. Only the rheumatologist who injected PRP and placebo was
informed about the type of injection due to separate storage. The syringe containing the placebo and the
syringe containing the PRP was covered by a same-colored paper, so that the patient and the researchers
did not know about the type of the injections they were received and were given, respectively. Thereafter,
these attitudes made our study double-blind.
Primary outcomes

The primary outcome was analyzed and evaluated through the data received from patients through the
WOMAC questionnaire and VAS scores at the beginning of the study. The secondary outcome was the
improvement in WOMAC questionnaires and VAS scores 6 weeks after injection. The sample size was 30
patients (60 knees).
Statistical analysis

All statistical analyses were performed using the Statistical Package for the Social Sciences (SPSS) PC
version 16.0 computer software program for Windows (SPSS Inc, Chicago, IL, USA) for acquired data. The
Kolmogorov-Smirnov test was used to evaluate the distribution of quantitative variables. Values were
expressed as numbers (percentages), and Mean plus-minus Standard Deviation (Mean ± SD), as
appropriate. Comparisons were performed by Paired T-Test for normally distributed, and Wilcox on test
for non-normally distributed. Statistical signi�cance was considered at p value < 0.05.

Results
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Thirty patients (60 knees) were enrolled in the study, 3 were males and 27 were females. Table 1 shows
the demographic characteristics of the patients (body mass index, gender, OA radiographic grade …). In
Table 2 and 3, the mean values of WOMAC and VAS scores were compared separately in the knees
injected with normal saline and platelet-rich plasma at baseline and after a 6-week follow-up post-
injection. The mean score of pain, in PRP injected knees at baseline evaluation and 6 weeks after the
injection were 254.83 and 212.00, respectively (P = 0.005). The mean score of joint stiffness in the PRP
injected group at baseline was 79.66 and following 6-week follow-up post-injection was 64.16 (P = 0.024).
The mean score of joint function in the PRP injected group at baseline was 799.17 and 6 weeks after
injection was 668.67 (P = 0.005). Interestingly, the total score of WOMAC in the PRP injected group was
also decreased signi�cantly between baseline evaluation and 6 weeks after the �rst injection (P = 0.005).
The mean score of VAS in the PRP injected group at baseline evaluation was 63.23 and 6 weeks after the
�rst injection was 50.56 (P = 0.001).

However, for those knees injected with normal saline, only the mean score of VAS decreased signi�cantly
(P = 0.012). No difference for the mean values of pain, stiffness, function, VAS, and the total score of
WOMAC was observed between the knees injected with PRP and those injected with normal saline, at
baseline or 6 weeks after the �rst injection.

In Table 4, the mean difference of WOMAC and VAS scores between baseline evaluation and 6 Weeks
after the �rst injection in PRP and placebo recipient groups, were compared. The mean difference of joint
function scores between baseline and 6 weeks after the �rst injection in PRP injected knees and placebo
injected knees was 130.5 and 51.46, respectively (P = 0.042, Table 4).

Table 1
Demographic data of the study population (n = 30)

Variables Mean ± SD Min Max

Weight 77.166 ± 9.814 60 96

Height 161.87 ± 7.57 148 182

BMI 29.53 ± 4.01 22.58 37.11

Gender Female: n = 27 (90%)

Male: n = 3 (10%)

   

OA grade Grade 3: n = 21 (70%)

Grade 2: n = 9 (30%)

   

SD: standard deviation, Min: Minimum, Max: Maximum, BMI: Body mass index, OA: Osteoarthritis
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Table 2
Pre- and post-injection comparison of the mean values of VAS scale

scoring and WOMAC index for each of the pain, stiffness, and physical
function subscores in placebo-treated knees

Variable Pre-treatment

(n = 30)

Mean ± SD

Post-treatment

(n = 30)

Mean ± SD

P value

Pain 234.5 ± 130.18 211.32 ± 133.99 0.163

Stiffness 75.50 ± 60.66 66.66 ± 53.18 0.197

Physical function 726.17 ± 411.47 674.70 ± 427.46 0.333

Total WOMAC score 1036.2 ± 563.64 952.68 ± 584.72 0.262

VAS score 59.23 ± 27.79 50.06 ± 29.32 0.012

WOMAC: The Western Ontario and McMaster Universities Osteoarthritis Index, VAS: Visual Analog Scale,
PRP: Platelet-Rich Plasma, SD: Standard deviation.

 

Table 3
Pre- and post-injection comparison of the mean values of VAS scale scoring and
WOMAC index for each of the pain, stiffness, and physical function subscores in

PRP-injected knees
Variable Pre-treatment

(n = 30)

Mean ± SD

Post-treatment

(n = 30)

Mean ± SD

P value

Pain 0.005

Stiffness 0.024

Physical function 0.005

Total WOMAC score 1133.7 ± 520.80 944.8 ± 531.96 0.005

VAS score 0.001

WOMAC: The Western Ontario and McMaster Universities Osteoarthritis Index, VAS: Visual Analog Scale,
PRP: Platelet-Rich Plasma, SD: Standard deviation.

 

254.83 ± 118.86 212.00 ± 128.2

79.66 ± 58.57 64.16 ± 54.93

799.17 ± 379.280 668.67 ± 376.05

63.23 ± 26.40 50.56 ± 28.04
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Table 4
Intergroup comparison of two groups for VAS score and WOMAC subscores at

baseline
Variable PRP-injected knees

(n = 30)

Mean ± SD

Placebo-injected knees

(n = 30)

Mean ± SD

P value

Pain 0.180

Stiffness 0.548

Physical function 0.09

Total WOMAC

score

1133.7 ± 520.80 1036.2 ± 563.64 0.118

VAS score 0.165

WOMAC: The Western Ontario and McMaster Universities Osteoarthritis Index, VAS: Visual Analog Scale,
PRP: Platelet-Rich Plasma, SD: Standard deviation.

 

Table 5
Intergroup comparison of two groups for VAS score and WOMAC sub-scores

post treatment
Variable PRP-injected knees

(n = 30)

Mean ± SD

Saline-injected knees

(n = 30)

Mean ± SD

P value

Pain 0.966

Stiffness 0.723

Physical function 0.09

Total WOMAC

score

944.83 ± 531.96 952.68 ± 584.72 0. 904

VAS score  ± 28.04 0.869

254.83 ± 118.86 234.5 ± 130.18

79.66 ± 58.57 75.5 ± 60.66

799.17 ± 379.28 726.17 ± 411.47

63.23 ± 26.40 59.23 ± 27.79

212.22 ± 128.20 211.32 ± 133.99

64.16 ± 54.93 66.66 ± 53.18

668.67 ± 376.05 674.7 ± 427.46

50.56 50.06 ± 29.32
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WOMAC: The Western Ontario and McMaster Universities Osteoarthritis Index, VAS: Visual Analog Scale,
PRP: Platelet-Rich Plasma, SD: Standard deviation.

 

Discussion
In light of the growing evidence of its bene�t in orthopedics, we sought to explore the effects of PRP
injection on adults with osteoarthritis of the knee. The use of PRP injection in patients affected by knee
osteoarthritis has been extensively studied, but clinical outcomes are still highly variable (21–23). This
analysis was carried out taking into account the current variations in treatment outcomes of patients with
OA, noted in prior studies. The lack of standardization among the protocols used for PRP therapy may
have contributed to the variability of most of the results (24). In addition, there is a large interpersonal
variation in therapeutic response to this biologic treatment approach in OA patients (25). This could be
due to a variety of causes including the in�uence of the individual patients’ characteristics, comorbidities,
and concurrent medications (26, 27). Several placebo-controlled trials have carried out on the PRP of
patients with knee OA and provided con�icting evidence regarding their e�cacy (21, 28–30). The aim of
this study was to compare the e�cacy and e�ciency of PRP versus placebo in patients with bilateral
knee OA by a blinded comparison to see how the treatment compares to the placebo for the treatment of
knee OA. Comparing physical function, stiffness and the degree of pain in both knees of the same patient
can reduce the individual variance in the perception of outcome parameters. We thus applied a within-
person, between-knee study in subjects with the same radiographic OA grade 3 or 2 in both knees. We
speci�cally excluded grade 1 and 4 OA patients to ensure su�cient homogeneity of the study population
and methodology. This is an important consideration, because treatment with PRP is not routinely
performed in severe OA (Kellgren Lawrence grade 4) who has concurrent bone deformity (31). In our
study, patients who had different KL grades on the two sides at baseline were excluded, to provide a
homogeneous group. In addition, a double-blind protocol was employed in administering the drug and a
saline control to minimize bias in comparing the results. Since, according to a recent work,
responsiveness to PRP are expected to be in�uenced by the receiver’s features (32), it was suggested that
�nding the true scienti�c evidence for PRP in the treatment of patients with OA requires a strong study
design to properly estimate the bene�ts of PRP. On the other hand, one signi�cant issue is the large
impact of placebo in the setting of intra-articular injections (33), which makes it di�cult to con�rm the
therapeutic potential of PRP in managing the knee OA. In an RCT in 2013, 78 patients with knee OA were
randomized to receive PRP or saline. In that trial, the effectiveness of PRP was investigated by using a
placebo-controlled study design (34); one group received PRP, and a separate control group received
saline injections. In the present study, however, we included only patients with bilateral knee OA and both
knees of the same patient were injected individually with PRP or saline. The originality of the current
study is that the therapeutic schema was evaluated on a case-by-case approach and values were
calculated separately for each patient. In our study, comparison between pre and post intervention values
of WOMAC pain, stiffness and physical function showed signi�cant difference in PRP-injected knees but
saline-injected knees did not yield any signi�cant results. Surprisingly, knees injected with saline showed
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evidence of decreased visual pain analog scores (p = 0.012). Furthermore, a statistically non-signi�cant,
but clinically relevant improvement of the stiffness and WOMAC pain was also found in the knees
injected with saline. When PRP injection was compared to placebo, the results of the PRP were not
statistically signi�cant in the WOMAC sub-scores and VAS score, however, there was signi�cant change in
the outcome variables of PRP injection from baseline to 6-week follow-up. With respect to the observed
non-signi�cant difference between PRP and placebo effects, our �nding is consistent with a previous
systematic review and meta-analysis that found that the clinical outcomes in terms of WOMAC pain,
stiffness, and physical function is not signi�cantly better in patients undergoing PRP for OA when
compared to those in patients treated with hyaluronic acid or placebo (35). However, the study indicates
that PRP injection is an effective treatment for OA of the knee with bene�cial effects on WOMAC total
score, IKDC score and EQ-VAS score compared to hyaluronic acid injection (35).

From this observation, it can be hypothesized that PRP administration not only has local effects in OA
joints but also could exert systemic reactions in our study. This hypothesis may explain the pain relief in
short-term following PRP administration observed in the placebo treated group and may account for
statistically signi�cant VAS score reduction linked to the clinical placebo effects. Mechanisms involved in
the pathophysiology of OA include a combination of mechanical, cellular and biochemical changes
which damage on mechanical properties of the articular cartilage (36). The clinical progress of OA is
in�uenced by an imbalance between proin�ammatory and anti-in�ammatory mediators which promotes
a strong in�ammatory reaction and thereby activates proteolytic enzymes that destroy cartilage (37).
Based on the �ndings of experimental studies, (38) and clinical examinations (39, 40), the mechanism of
bilateral effect of unilateral PRP injection is presumably due to potential systemic effects after localized
PRP injection that suggests local administration of PRP may affect the outcome not only for the
ipsilateral knee but also for the contralateral side untreated with PRP. This is consistent with a recently
published report by Kou et al. that showed a signi�cant decrease in the serum substance P (SP) level
after local PRP injection in sports injuries, which then led to decreased nociception secondary to the
healing process after PRP injection (41). Second, and more importantly, evidence for a positive correlation
between the serum SP concentration and chronic pain in patients with OA also has been reported by
Lisowska et al. (2015) (42). From reviewing the literature, a number of conclusions can be drawn. A
recent systematic review of literature and meta-analysis evaluating intra-articular PRP injections in
patients with knee OA revealed that PRP injections do not induce direct cartilage regeneration but rather
works through a reduction of in�ammatory distress that result in modulation of articular cartilage
degradation (32). This presents the biological rationale linking local PRP injection to systemic anti-
in�ammatory effects, reported for this intervention. Notably, for a better understanding of the bilateral
effect of unilateral PRP, further investigations may have been required. In this regard, future studies will
look at how the local PRP injection compares to no treatment at all, at the other side, which may be called
a baseline condition to verify whether the effects of local PRP therapy are able to improve the
contralateral knee symptoms.

Our study has some obvious limitations, e.g. the number of subjects studied was small and follow-up
time was limited. A larger study need to continue the current study design with follow-up periods over a
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longer period of time to expand the current �ndings. Second, we did not measure levels of cytokines or
growth factors to test possible mechanisms linking locally injected PRP to secondary systemic effects
which could provide useful information on the bioactivity of PRP. To conclude, this study was developed
for monitoring the e�cacy of PRP therapy under controlled conditions, via examining clinical outcomes
in individual patients who received concurrent PRP versus placebo that allows �nding out the actual
response of an individual patient to PRP administration. With comparison of each subject’s baseline
score with the subject’s own treatment phase scores for both treatments, the effects of confounding
factors, such as age, gender, body mass Index (BMI) on osteoarthritis indices was minimized. Perhaps
most importantly, our results indicate that if a systemic effect is really present, intra-articular application
of PRP can have bene�cial effects on overall care of patients who has primary bilateral osteoarthritis of
the knee. It is important to try to determine the extent of the placebo effects, and how they contribute to
the speci�c effects of therapy.
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