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Randomized controlled trial comparing hyaluronic acid, platelet-rich
plasma and the combination of both in the treatment of mild and moderate
osteoarthritis of the knee
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Annichino-Bizzacchi JM7, Santana MHA8, Belangero WD8
Objective: This study aims at evaluating the clinical effects of Platelet Rich Plasma (PRP) and Hyaluronic Acid (HA) as individual
treatments for mild to moderate Osteoarthritis (OA) and it also examines the potential synergistic effects of PRP in combination with HA.
Research continues to emerge examining the potential therapeutic efficacy of HA and PRP as autologous injectable treatments for joint
arthritis. However, there is a paucity of research investigating the effects of combining HA and PRP on pain and functional status in patients
with OA.
Design: In this multi-center, randomized, controlled, double blind, prospective trial, 105 patients with mild to moderate knee osteoarthritis,
who met the study criteria, were randomly allocated to one of three interventions: HA (n=36), PRP (n=36), or HA+PRP (n=33). Each patient
received 3 intra-articular knee injections of their assigned substance, with 2 week intervals between each injection. Clinical outcomes
were evaluated using the Western Ontario and McMaster Universities Arthritis Index (WOMAC) and Visual Analogue Scale (VAS)
questionnaire at baseline and after 1,3,6 and 12 months.
Results: The study showed that the PRP group have significant reduction in VAS scores at 1 (p= 0.003), 3 (p= 0.0001), 6 (p= 0.0001) and 12
(p= 0.000) months when compared to HA. In addition, the PRP group illustrated greater improvement in WOMAC physical activity scale
at 12 months (p= 0.008) when compared to the HA group. Combining HA and PRP resulted in a significant decreases in pain (p=0.0001)
and functional limitation (p=0.0001) when compared to HA alone at 1 year post treatment; and significantly increased physical
function at 1 (p=0.0004) and 3 (p=.011) months when compared to PRP alone.
Conclusion: The findings of the study support the use of autologous PRP as an effective treatment of mild to moderate knee osteoarthritis. It
also shows that the combination of HA and PRP resulted to better outcomes than HA alone up to 1 year and PRP alone up to 3 months.
Furthermore, the results suggest that combination of PRP and HA could potentially provide better functional outcomes in the first 30 days
after treatment with both PRP and HA alone.
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Introduction
Osteoarthritis of the knee joint has a great impact on physical
performance and is considered one of the ten major causes of
disability in the world. Standard conservative treatments for knee
osteoarthritis include: weight loss, physical exercises, use of nonsteroid anti-inflammatory agents, analgesics, injection of
hyaluronic acid (HA) and injection of glucocorticoids[1,2].
Although, standard conservative measures can provide
symptomatic improvements, they are not without their limitations.
Steroid injections are common practice among practitioners,
including orthopedic surgeons, however, prolonged use of such
pharmacological treatments may have adverse effects on existing
cartilage[3]. Also, chronic use of anti- inflammatory medications
may cause nephrotoxicity and gastrointestinal side effects[3].
However, recently, Orthobiologic injections have emerged as a
potentially safe and efficacious option for joint Osteoarthritis.
Hyaluronic Acid (HA) is currently a widely used injectable
treatment for degenerative joint pathology. It is a
glycosaminoglycan that acts as a backbone for proteoglycans of

the extracellular matrix[4], providing increased joint lubrication.
Studies have demonstrated that HA has positive therapeutic efficacy
for knee osteoarthritis with initial efficacy at 4 weeks, and peak
effectiveness at 8 weeks which lasts for up to 6 months[5]. When
compared to continuous oral NSAIDS or other anti-inflammatory
medications, HA has illustrated comparable, if not greater, therapeutic
effects on knee OA with a better safety profile[5,6].
Autologous platelet rich plasma (PRP) has also emerged as an
alternative in the context of injectable treatment for OA. PRP is
comprised of a potent cellular milieu containing platelet
concentrations above baseline, as well as an undifferentiated mixture
of anti-inflammatory, pro-inflammatory, anabolic and catabolic
mediators in an attempt to stimulate a supra-physiologic response
and elicit the body’s natural healing potential. Currently, most
studies on PRP are anecdotal or case reports with small sample sizes.
However, larger randomized controlled trials have demonstrated
superior efficacy in areas such as tendinopathies[7] and knee
osteoarthritis[8].
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Although many studies have suggested both HA and PRP have
potential to enhance the cartilage healing process and slow down the
progression of OA[9, 10, 11], comparative trials have shown that PRP
can be superior to HA in treating knee OA[12, 13]. Furthermore, PRP
with its potent mixture of growth factors and cytokines has also been
shown to increase the production of HA from native
synoviocytes[14]. These findings suggest a potential additive effect of
combining PRP with HA in treating OA. However, there is not much
research examining such synergistic effects.
The main objective of our study was to evaluate the effectiveness of
HA and PRP as monotherapies for mild to moderate OA and compare
the results to the combination of PRP+HA.
Materials and Methods
Research design
The study is a double-blind, randomized and controlled prospective
with three groups receiving three different lines of treatment. After
the selection, the patients were randomized 1: 1: 1 by lot, in the three
different treatment groups. The selection and randomization was
performed by a biomedical team responsible for research. After
review and approval by the institutional ethics committee, volunteer
participants were blinded and subjected to a standardized injection
protocol performed by one interventionist. The participants then
completed the WOMAC and VAS questionnaires at baseline and at
30, 90, 180 and 360 days after treatment.

Patients and sampling
The study was conducted in two orthopedic clinics as well as one
ambulatory regenerative medicine clinic in Brazil from January 2011
to April 2014. One hundred and twenty patients were enrolled in our
study, but 105 (87.5%) were ultimately included, as fifteen patients
were lost for follow up after randomization. The local ethics
committee of University of Uberaba approved the study
(authorization number 0042.0.227.000-11) and all
volunteer
participants signed informed consent and were randomly allocated
to one of the three groups of intervention, namely, HA, PRP, or
PRP+HA groups, as evidenced in the figure 1. The following
inclusion criteria for patient selection were used: age between 40 to
70 years, history of chronic pain for at least four months and/or
joint edema and radiographic evidence of mild to moderate OA
according to Kellgren-Lawrence classification (grade I, II and
III)[15]. The exclusion criteria were considered to be: coagulopathies,
axial deviation of lower limb larger than 5° for valgus and varus
knee, severe cardiovascular diseases, diabetes mellitus and,
immunosuppressive
status,
patients
on
anticoagulants,
antithrombotic and anti-platelet drugs and non-steroid antiinflammatory medication, patients with less than 11mg/dL of
hemoglobin and less than 150.000 mm³ platelets, auto-immune
diseases, history of previous surgery in the affected joint and OA
grade IV according to Kellgren-Lawrence classification. In addition,
C reactive protein (CRP) and Uric acid levels were also assessed in
all patients and abnormal levels were used as exclusion criteria.

Figure 1: Flow-chart and details for all phases of research.
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In order to evaluate the systemic inflammation, the levels of CPR
were measured in 30, 90, 180 and 360 days after the first application
of PRP.
Assessment and Outcomes
Patients were assessed at screening for clinical and demographic
characteristics and baseline assessment. Patients were followed f o r
over one year and were submitted to four more follow-up
evaluations: +30 (one month), +90 (3 months), +180 (6 months)
and 360 days (1 year), where they completed VAS and
WOMAC questionnaires. The version of the Western Ontario and
McMaster Universities Arthritis Index (WOMAC)[16] used in the
study was translated and validated to Brazilian Portuguese[17]. The
WOMAC scores are presented by Likert scale in which each
question has a score ranging from 0 to 100, distributed as follows: 0
= none; 25 = little; 50 = Moderate; 75 = severe; 100 = very intense.
Each of the five scores is calculated as the sum of the items
included[18].
The primary analysis is the median change in VAS and WOMAC
scores from pre-treatment baseline to 360 days across the three
groups. Since VAS and WOMAC outcomes did not follow normal
distribution, median values were used. To control for baseline
differences, we subtracted the baseline and compared changes from
baseline. This makes for a more fair comparison where differences are
not due to differences at baseline. The secondary analysis is the
median change in VAS and WOMAC scores from pre-treatment
baseline to 30, 90 and 180 days.
Intervention
Patients were asked to discontinue the use of any antiinflammatory drugs two weeks before initiation of treatment until
trial completion. The procedure was performed in a procedure room
at a clinic setting. Ultrasound guidance at knee medial compartment
in 30º degree of flexion was used in the procedure.
Injections were performed under ultrasound guidance three times in
the affected knee(s), with interval of two weeks between them. The
injections were administered using the lateral mid-patellar approach
using strict sterile technique. Lidocaine 2% with epinephrine was used
for local anesthesia (without intra articular anesthesia), buffering with
0,2 ml of sodium bicarbonate (8.4%). The PRP group received 5 ml
of platelet rich plasma (white blood cells (WBC) rich, red blood
cells (RBC) poor, activated with serum), while the HA group
received 2.0 ml (20 mg of HA) of high molecular weight (2.4 - 3.6
million daltons) non cross-linked hyaluronic acid extracted from
bacteria cells (Eufflexa-Ferring 10mg/ml HA). The PRP+HA group
received both treatments, with the 2.0 ml injection of HA first,
followed by the 5 ml of PRP. All the patients treated with PRP alone
or in combination of HA used the same volume of PRP which is 5 ml.
After the injections, patients were instructed to apply local icepack,
three times a day for 30 minutes each in the first 2 days after injection
and switch to hot packs in the third and fourth days after injection.
Patients took Dipirone 1.0 g twice a day for the first two days after
procedure.
PRP Preparation
Blood was collected from the patients after a fasting period of four
hours. About 60 ml of total blood was drawn under aseptic conditions,
primarily from the median or antecubital vein. Basal platelet count
was performed and the PRP was collected. 8.5 ml of the anticoagulant
ACD (citric acid, sodium citrate, dextrose) was used to preserve the
blood cells and to maintain physiologic pH [19, 20].

The first centrifugation was carried out at (300G for 5 minutes), with
the purpose of separating the blood components into three main
layers: red blood cells (RBC) or erythrocytes, white blood cells
(WBC) or buffy coat and plasma. Studies under way at UNICAMP –
University of Campinas, Brazil, suggest that at this speed there is a
better recuperation of the platelets contained in the sample[21]. The
whole top part of the content of the tubes (plasma and buffy coat) is
collected, avoiding the collection of erythrocytes[22]. This content
continues on to the second centrifugation at a higher speed rotation
(700G for 17 minutes), which will promote a higher sedimentation of
platelets and leukocytes. In this manner, it is possible to obtain a
higher concentration of platelets in the final product, with no
alteration to its integrity and causing no harm in the liberation of the
platelet growth factors[23,24]. Platelet count was performed pre and
post centrifugation in a hematological counter (ABX Micro 60-OT,
Horiba ABX) to ensure the highest level of quality control.
Activation is carried out with only autologous thrombin, in the
proportion of 0.8 ml of thrombin for 5 ml of PRP.
Statistical Analyses
Descriptive analyses are provided for demographic and clinical
characteristics. The Kolmogorov-Smirnov and Shapiro-Wilk tests
were applied to check distributions for normality. Chi-square tests
were used to compare binary outcomes and the, Kruskall-Wallis
and Wilcoxon tests were applied to compare distributions of
continuous data The primary analysis is the median change in VAS
and WOMAC scores from pre-treatment baseline to 360 days across
the three groups. A two-sided p value less than 0.05 was considered
statistically significant. Computation were carried out using IBM
SPSS v 21 and SAS versión 9.4.
Results
The mean age was 60.9 years (45-70), 90 patients (84.8%) were
female. In all of the 105 patients, a mild adverse reaction in the form
of a knee swelling was reported 3-5 days after the application. It was
not a reported as a major complication by any patient. It was verified
that the majority of patients in all the groups have grade II of OA by
Kellgren-Lawrence in the right knee. Also, it was observed that the
patients were overweight through BMI in all the groups of
treatment. The majority of the population was brown and has as
comorbidities hypothyroidism, dyslipidemia and hypertension. Half
of the patients in all the groups were physically active, practicing
walking or aquatic activities, without axial impact. These data were
presented in Table 1. It was found t h a t statistical differences in
the groups related to race (p=0.0076) and comorbidities
(p=0.0266). This difference in race was observed in the group
treated with association of PRP+HA in comparison to HA
(p=0.0201) and PRP (p=0.0246). In regard to the comorbidities, a
significant difference was observed between the groups that were
treated with HA+PRP and PRP (p=0.0031).
In the baseline only WOMAC pain were significant (HA-PRP
p=0.0073; HA+PRP – PRP p=0.0165), evidenced that the group of
HA present more pain than the other two groups, as verified in Table
2. Three days after the treatment, it was verified thru VAS that the
HA groups continued with significant more pain than the other
groups (HA-PRP p=0.0034; HA+PRP-PRP p=0.0113). It was also
observed that there was a significant improvement on the WOMAC
physical in the group treated with HA+PRP when compared to the
other groups (HA+PRP-HA p=0.0001; HA+PRP-PRP p=0.0004), as
described in Table 3. According to the VAS, in 90 days, it was
verified that the groups treated with PRP alone (p=0.0001) or in
combination (p=0.0000) showed significant less pain than HA. Also
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an improvement in WOMAC physical was observed in the group
HA+PRP when compared with the other groups (HA- HA+PRP
p=0.0052; PRP-HA+PRP P=0.0110) as reported in Table 4. At the
180 day mark, significantly less pain was observed in the groups
treated with PRP alone or in the combination and an improvement in
the WOMAC physical was observed only for the group HA+PRP in
comparison with HA (p=0.0262), as observed in the Table 5. This
tendency was verified at 360 days, as demonstrated in Table 6. It was
verified that the groups treated with PRP alone (p=0.0000) or in
combination (p=0.0000) showed significant less pain in comparison to
HA according to VAS. Also, these groups showed a significant
improvement in WOMAC physical in comparison to HA (HA+PRPHA p=0.0001; PRP-HA p=0.0089).
In summary, the PRP group had significantly greater median VAS
improvement at 30, 90, 180, 360 days and significantly greater
WOMAC PA improvement at 360 days when compared to the HA
group. The HA + PRP group had statistically significant decrease
from baseline of the median VAS and WOMAC PA when compared
to the HA group. Thus, combining HA and PRP resulted to less
pain and less functional limitation compared to HA alone at 30, 90,
180 and 360 days. When comparing HA + PRP group to PRP alone,
the combination resulted in a statistically significant improvement in
median WOMAC PA values at 30 and 90 days only. Figures 3 and 4
summarizes the median VAS and WOMAC PA change from baseline,
respectively. The median changes from day 0 baseline in WOMAC

pain and WOMAC stiffness were not statistically different among
the three groups at any time.
Relative to PRP, our final PRP product consisted of platelets,
leukocytes and circulating fibrinogen, with a small residue of red
cells (Figure 2). The PRP platelet concentration varied between
800,000 and 1,600,000 per mm3 of plasma, which corresponds to 5
to 8 times the basal concentration in all patients. The basal
concentration of platelets was 155.000 to 315.000 mm 3 and white
blood cells (WBC) were 9.7 ± 3.4 per mm3.
In relation to the inflammation, the level of CPR showed evidence
that the group treated with PRP alone or in association had an
increase in the CPR levels after 90 days and a decrease at the end of
the follow-up. On the other hand, the group treated with HA showed
an increase in 30 days with a posterior decrease in 90 days, but at the
end of follow-up the levels of CPR were higher than baseline, as
verified in the Table 7. In baseline, PRP group had the highest CPR
value, being significant in comparison of HA+PRP and HA
(p=0.0013). 30 days after the first application, HA group showed the
highest value of CPR in comparison to other groups (p=0.0152). In
90 days, it was observed that the HA group had the lowest value
when compared with other groups of PRP alone or in association
(p<0.0001). In 180 and 360 days after treatment it was verified the
same pattern. Patients treated with HA presented highest values of
CPR in comparison to the groups treated with PRP (p<0.001).

Table 1: Patients Casuistic (n= 105)*

HA group (n= 36)

PRP group (n= 36)

HA+PRP group (n= 33)

Sex, F:M, (%)

33 (91.7): 3 (8.3)

29(80.6): 7(19.4)

27 (81.8): 6 (18.2)

Age, mean ± SD (range)

60 ± 6.6 (45-70)

60.9 ± 7(48-70)

62 ± 6.1(48-70)

Kellgren-Laurence grade,
1:2:3 (%)
Limb, R:L:both (%)

9(25):16(44):11 (31)

9(25):14(39):13(36)

5(15.2):14(42.4):14(42.4)

17(47.2):13(6.1):6(16.7)

14(39):16(44):5(15)

21(64):7(21):5(15)

BMI

28.24 ± 8.77

27.42 ± 6.89

29.15 ± 7.31

Caucasian

14 (38.9%)

8 (22.2%)

4 (12.1%)

Brown

19 (52.8%)

27 (75%)

21 (63.6%)

Black

3 (8.3%)

1 (2.8%)

8 (24.2%)

Hypothyroidism

4 (11.1%)

3 (8.3%)

6 (18.2%)

Dyslipidemia

12 (33.3%)

12 (33.3%)

8 (24.2%)

HT

15 (41.7%)

11 (30.6%)

19 (57.6%)

Physical Activity (walk or
aquatic activity without
axial impact, up until 3x
per week)

16 (44.4%)

23 (63.8%)

17 (51.5%)

* P statistically significant in race (p=0.0076) and comorbidities (p=0.0266).
HA= hyaluronic acid; PRP= platelet-rich plasma; WBC= white blood cells; F= female; M= male; SD= standard deviation; R= right;
L= left; BMI = body mass index; HT = hypertension
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Table 2: Baseline comparisons of VAS, WOMAC Pain, WOMAC stiffness and WOMAC physical activity
(PA). Median (range) reported.
Outcome

HA (n=36)

PRP (n=36)

HA+PRP (n=33)

HA vs

P values
HA vs

PRP vs

PRP

HA+PRP

HA+PRP

VAS

7.0 (5-10)

7.5 (3-10)

7.0 (5-10)

0.2100

0.1447

0.7680

WOMAC

388 (125-500)

288 (100-500)

275 (100-500)

0.0173

0.0165

0.5662

75 (25-200)

125 (25-200)

125 (25-200)

0.0972

0.0582

0.5278

988 (425-1425)

913 (425-1425)

950 (450-1425)

0.1993

0.5954

0.3282

Pain
WOMAC
Stiffness
WOMAC
PA

Table 3: Median change from base (pre) to 30 days. Median (range) reported.
Outcome

HA

PRP

HA+PRP

VAS

-3.0 (-7, 0)

-4.5 (-8, 0)

-4.0 (-8,-1)

n

35

36

33

WOMAC Pain

-200 (-450, 25)

-175 (-350, 75)

-175 (-375, 25)

n

36

34

33

WOMAC Stiffness
n

- 50.0 (-175, 0)

-50.0 (-150, 25)

-75 (-100, -25)

23

22

19

WOMAC PA

-362.5 (-1075, 200)

-375.0 (-1050, 275)

-650 (-1125, -75)

n

36

36

33

HA vs

P values
HA vs

PRP vs

PRP

HA+PRP

HA+PRP

0.0034

0.0113

0.9417

0.1420

0.1191

0.8355

0.7900

0.1028

0.2334

0.1909

0.0001

0.0004

HA vs

P values
HA vs

PRP vs

PRP

HA+PRP

HA+PRP

0.0001

0.0000

0.1795

0.5113

0.2652

0.6617

0.1282

0.1382

0.7284

0.4368

0.0052

0.0110

Table 4: Median change from base (pre) to 90 days. Median (range) reported.
Outcome

HA

PRP

HA+PRP

VAS

-3.0 (-6, 0)

-6.0 (-8, 1)

-6.0 (-9, -1)

n

36

35

33

WOMAC Pain

-187.5 (-450, 75)

-225.0 (-375, 0)

-200 (-375, -25)

33

33

-100.0 (-175, 0)

-75.0 (-125, -25)

22

19

n

36

WOMAC
Stiffness
n

-50.0 (-125, 25)

WOMAC PA

-512.5 (-1225, 500)

-550.0 (-1150, 25)

-725.0 (-1225, -25)

n

36

36

33

22
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Table 5: Median change from base (pre) to 180 days. Median (range) reported.
Outcome

HA

PRP

HA+PRP

VAS

-3.0 (-7, 4)

-5.0 (-9, -1)

-5.0 (-9, -1)

n

36

35

33

WOMAC Pain

-162.5 (-450, 250)

-225.0 (-450, 0)

-200 (-450, -25)

n

36

34

33

WOMAC

-62.5 (-125, 0)

-62.5 (-125, 0)

-100 (-150, 25)

Stiffness

14

18

14

WOMAC PA

-462.5 (-1350, 600)

-625.0 (-1400, 0)

-675.0 (-1300, -250)

n

36

36

33

HA vs

P values
HA vs

PRP vs

PRP

HA+PRP

HA+PRP

0.0001

0.0000

0.2235

0.1555

0.3029

0.5579

0.9226

0.0953

0.0698

0.0909

0.0262

0.1629

n

Table 6: Comparison of median VAS, WOMAC pain, WOMAC stiffness and WOMAC physical activity (PA) change from baseline
to 360 days. Median (range) reported
Outcome

HA

PRP

HA+PRP

VAS

-2 (-7, 2)

-5 (-9, 1)

-5 (-9, -1)

n

33

32

25

WOMAC Pain

-188 (-450, 50)

-238 (-425, 0)

-200 (-450, 50)

n

34

30

33

WOMAC

-75 (-125, 50)

-100 (-175, 0)

-88 (-175, 0)

Stiffness

15

14

12

WOMAC PA

-450 (-1350, 375)

-775 (-1300, 0)

-825 (-1325, -300)

n

36

34

33

HA vs

P values
HA vs

PRP vs

PRP

HA+PRP

HA+PRP

0.0000

0.0000

0.6783

0.2273

0.6546

0.3057

0.3192

0.4674

0.7537

0.0089

0.0001

0.1982

n

Table 7: Results of mean and standard deviation of CPR levels of different groups in the follow-up

CPR levels

HA

PRP

HA+PRP

P values

Baseline

2.6 ± 1.7

3.3 ± 2.3

2.6 ± 1.6

0.0013

+30

4.7 ± 1.7

3.6 ± 1.3

3.8 ± 1.4

0.0152

+90

2.6 ± 1.4

4.4 ± 1.4

4.2 ± 1.6

<0.0001

+180

6.0 ± 2.3

3.1 ± 1.6

3.4 ± 1.6

<0.0001

+360

6.3 ± 2.3

2.8 ± 1.4

3.0 ± 1.4

<0.0001
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Figure 2: (A) Platelet-Rich Plasma and leukocytes (L-PRP) containing the white series (buffy coat) and residual red cells; (B) top part of the collected plasma after the
second centrifugation, which corresponds to the platelet poor plasma (PPP), approximately 80% of the total centrifuged volume; C) Cellular fraction in evidence before
PRP suspension.

Figure 3: Median VAS change from Baseline

Figure 4: Median WOMAC PA change from baseline
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Discussion
The use of buffy-coat or leukocyte layer together with PRP was
incentivized by studies that highlighted the antimicrobial[25, 26] and
immune-regulatory[27, 28] actions of the leukocytes, as well as proving
that the majority of the platelets are found in this layer, together with
the leukocytes after the centrifugation[29]. There are controversies as
to the use of the leukocytes as studies suggests that with the presence
of leukocytes, the neutrophils are enabled to liberate metalloproteins
that cause degradation to the extracellular matrix and even release free
radicals [30]. However, the macrophages are responsible for the
removal of the debris, phagocytic function and also have an important
role in the balance of the pro-inflammatory and anti-inflammatory
aspects of healing. As it is not possible to fractionate the different
types of white blood cells, it may be that the absence of macrophages
could be more harmful to the cure than any secondary harm inflicted
by the presence of the neutrophils. We believe that this increase in
CPR levels in the first 90 days of the treatment in groups treated with
PRP can be explained due to the increase of inflammatory activity in
the joint because of the WBC.
It was furthermore demonstrated that the polymerization and final
architecture of the fibrin network considerably influences the intensity
and speed of the liberation of growth factors, mainly TGFβ1 and the
presence of the leukocytes maintains a fundamental role in the
development of this network[31].
Relative to activation of PRP, the use of chemical activators cause
instability in the fibrin network and rapid growth factor release. On
the other hand, if the PRP is activated in a more physiological
manner, a stable tetramolecular network is formed and it has direct
influence in the speed and amount of liberation of the growth
factors[31].
Recently, there has been a lot of interest in new treatments aimed at
stimulating repair or replacing damaged cartilage in joints. There are
currently limited high-level studies in the literature to demonstrate the
real efficacy of PRP injections. Sampson et al[32] presented a pilot
study involving 14 patients with primary and secondary knee OA
where treatment with PRP resulted to significant improvement in
function and relief of pain and symptoms. Most of the patients
expressed favorable outcome at 12 months after treatment.
Kon et al[33] published a study involving 100 patients with chronic
degenerative condition of the knees treated with intraarticular knee
injections and followed at 6 and 12 months. They showed statistically
significant improvement in all clinical scores and concluded that their
preliminary results indicate that treatment with PRP injections is safe
and has the potential to reduce pain and improve knee function and
quality of life in younger patients with low degree of articular
degeneration. Sanchez et al[34] performed an observational cohort
study of 30 patients with knee OA and showed significant reduction
of the WOMAC pain subscale at 5 weeks for the autologous
preparation rich in growth factors (PRGF) group. They also
demonstrated percent reductions in the physical function and overall
WOMAC at 5 weeks associated in favor of the PRGF group.
In our study, the patients enrolled have some significant differences
between the groups when evaluated the race and comorbidities. In
relation to race, it was verified that in the group that used association
of PRP and HA, we had more black and less Caucasian people than
the other groups. However, in Brazil we have extreme population
miscegenation and arthritis does not have relevance in context with
race. In relation to comorbidities, it was verified that the group that
used PRP + HA had more patients with hypothyroidism and
hypertension.
When PRP was compared to HA, the PRP group had significantly
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greater median VAS improvement at 30, 90, 180, 360 days and
significantly greater WOMAC PA improvement at 360 days
compared to the HA group. This supports the findings of other
studies that showed PRP having superior results versus HA in the
treatment of knee OA. Sanchez et al[34] showed that PRP is better in
pain, physical activity and overall WOMAC scores in 5 weeks
compared to HA. Spakova et al[10] showed statistically significant
better results in the PRP group compared to HA at 3 and 6 month
follow up periods in both WOMAC and numeric rating scale (NRS)
scores. Kon et al[35] showed that the PRP group showed better results
than the HA group at 6 months follow up in the International Knee
Documentation Committee and VAS scores and concluded that
autologous PRP injections showed more and longer efficacy than HA
injections in reducing pain and symptoms and recovering articular
function. Patel et al[36] evaluated PRP and placebo in treatment of
OA using the same methodology as our study with WOMAC and
VAS. It was verified that the groups treated with a single or double
injection of PRP had an improvement in relation of placebo,
however, in 6 months occurred the deterioration of the results. Our
study showed an improvement even after 1 year and this can be
explained due to one more application and the use of PRP rich in
leukocytes.
Many studies have suggested that the application of hyaluronic acid
and PRP may have potentially positive effects on cartilage repair and
slow down the progression of OA[9-11]. However, to our knowledge,
there is lack of studies in literature that examined the combination
use of HA and PRP. Studies show that HA provides appropriate
matrix and supportive scaffold material for cartilage repair and
enhances the mechanical properties of the cartilage[37-39]. Thus, it is
hypothesized that their combination may be synergistic. According to
literature, combining PRP and HA may benefit from their dissimilar
biological mechanisms and helping with the signaling molecules as
inflammatory molecules, catabolic enzymes, cytokines and growth
factors. Also, it was demonstrated that the association of HA+PRP
showed synergic effects in the potentials regenerative and antiinflammatory in comparison to HA or PRP alone. This association
can alter the inflammatory cytokines in the degeneration process of
the chondrocytes through specific mediators (CD44, TGF-βRII) and
also promote the regeneration of cartilage and inhibit inflammation
in OA. The time to all these modifications happen is between 30-90
days after application, which explains the 30-90 days of
improvement in WOMAC PA[40,41].
The results of our study showed that the HA + PRP group had
statistically significant decrease from baseline of the median VAS
and WOMAC PA when compared to the HA group. Thus, combining
HA and PRP resulted to less pain and less functional limitation
compared to HA alone at 30, 90, 180 and 360 days.
When comparing HA + PRP group to PRP alone, the combination
resulted to a statistically significant improvement in median
WOMAC PA values at 30 and 90 days only. The lubrication and
support to the extracellular matrix that the HA provided seemed to
enable earlier functional benefit to the PRP injection. This
combination may result to better rehabilitation and earlier return to
activities of daily activities.
The median changes from day 0 baseline in WOMAC pain and
WOMAC stiffness were not statistically different among the three
groups (HA, PRP and HA+PRP) at any time. No overall WOMAC
score comparisons were made.
When the inflammation was evaluated, it was verified that the groups
that treated with PRP alone or in combination presented lower levels
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of CPR at the end of follow-up in comparison to HA. Interestingly, in
these groups an increase in CPR levels was observed at 90 days. This
increase could be explained due to the inflammatory process of cells
in the regenerative phase of treatment and also peak of improvement
in treatments based in cell therapy.
Study Limitations
The study utilized self-reported questionnaires such as WOMAC and
VAS to assess pain and functional outcomes, which could potentially
limit the objectivity of results. In addition, advanced imaging such as
MRI was not performed because of high costs, but could have
provided more objective data as to the benefit of treatments. Although
functional tests can provide more objective responses to treatment,
they were not included in the study and should be considered for
future studies. Another limitation was the absence of a gold standard
or true control group using saline.
Conclusion
Our results suggest that the use of autologous PRP and its
combination with HA are safe and effective methods for treatment of
mild to moderate osteoarthritis of the knee. The PRP group had
significantly greater reduction in VAS scores at 30, 90, 180 and 360
days and significantly greater WOMAC physical activity
improvement at 360 days compared to the HA group. Combining HA
and PRP resulted to significantly less pain and less functional
limitation compared to HA alone up to 1 year after treatment. HA+
PRP combination also resulted to significantly more physical function
early in the treatment (1 month and 3 months) as compared to PRP
alone. More randomized controlled studies with larger numbers of
patients are needed to confirm these findings and to investigate the
persistence of the beneficial effects observed.
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