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Abstract Objective The present study aimed to compare the clinical and functional outcomes
of hyaluronic acid (HA) or platelet-rich plasma (PRP) applications to treat young
patients with knee chondral lesions with no arthrosis.
Methods Prospective clinical and functional evaluation of 30 young adult patients with
knee chondral lesions submitted to conservative treatment with HA or PRP for a minimum
follow-up time of 12months. TheWestern Ontario and McMaster Universities Arthritis Index
(WOMAC) and visual analog scale (VAS) were used for the evaluation.
Results According to the WOMAC score, the PRP group showed significant improve-
ment in all evaluated points, whereas the HA group presented no score improvement.
In the VAS, the PRP group showed improvement in all evaluated points, and the HA
group presented improvement at 6 and 12 months. Compared to the HA group, the
PRP group presented better WOMAC scores at all evaluated points and better VAS
scores up to 6 months after treatment.
Conclusion Platelet-rich plasma application resulted in better clinical and functional
outcomes at both the WOMAC and VAS scores when applied to knees from young patients
with chondral lesions, but no arthrosis. These outcomes were sustained for up to 12months.
Level of evidence Randomized clinical trial (Type 2B)

� Study developed at the Knee Surgery Group, Uniorte Hospital de
Ortopedia, Londrina, PR, Brazil.
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Introduction

The treatment of joint cartilage injuries is a challenge for
orthopedists. Chondral tissue has limited intrinsic healing
potential due to its complex, well-organized structure. Inju-
ries from trauma or degenerative conditions often result in
progressive tissue deterioration, leading to disabling joint
pain and osteoarthritis.1

Chondral lesions commonly involve the knee and aremostly
asymptomatic.Widuchowskietal.2demonstrated thatchondral
lesions are observed in up to 63% of knee arthroscopies and
classified 67% of such injuries as focal. For Prakash et al.,3 even
these focal lesions can progress to osteoarthritis. These injuries
have a wide spectrum of symptoms, ranging from sporadic
crackling to pain and joint effusion and major functional
limitation, impairing basic daily activities

All this sparked an interest in conservative alternatives
that are less complex and less costly than surgical proce-
dures, including joint infiltrations with hyaluronic acid (HA)
and platelet-rich plasma (PRP).

Platelet-rich plasma is a solution resulting from blood
collection, processing, and extraction of the platelet concen-
trate. It has been employed in several musculoskeletal con-
ditions, and its autologous nature has the advantage of not
causing an immunological reaction when the patient’s own
blood is used.

Platelet-rich plasma has been shown to stimulate chon-
dral tissue production through growth factors and provide
support for connections between chondrocytes.4 In addition,
PRP reduces the proinflammatory action of interleukin-1, a
molecule known for inducing chondrocytes and synovial
cells to produce enzymes that degrade the extracellular
matrix and accelerate degeneration in osteoarthritis.5,6

Growth factors from platelets, including transforming

growth factor beta (TGF-β)dd,7,8 have chondrogenic action
on chondrocytes, inhibiting their apoptosis and inducing
collagen production.9,10

Hyaluronic acid is a critical component in joint cartilage
and synovial fluid. It consists of repeated sequences of
glucuronic acid and N-acetylglucosamine. Type-B synovio-
cytes synthesize and secrete HA, which has the following
functions: to promote chondrocytes proliferation and differ-
entiation11 and downregulate proinflammatory cytokines,
such as interleukin 8 (IL-8) and transforming growth factor
alpha (TNF-α).12 As a pharmacological agent, HA has already
been shown to have anabolic, antiinflammatory and anti-
nociceptive effects on chondral tissue.13Hyaluronic acid also
presents high biocompatibility, in addition to high viscoelas-
tic and hygroscopic capacity. As such, HA works as a great
lubricant, impact absorber, and fluid regulator due to its
actions on the water balance.14

Therefore, looking beyond traditional conservative and
surgical treatment options, this study seeks to evaluate the
clinical and functional efficacy of PRP and HA infiltrations in
chondral lesions, since there is little research about their use
in young patients with prearthrosis injuries.

Materials and Methods

The present study was approved by the Ethics and Research
Committee (CAAE 58459816.5.0000.0099), and all selected
individuals agreed to participate in it by signing an informed
consent form (ICF). This is a prospective longitudinal study
followingup30patientswith cartilage lesionsdiagnosedusing
magnetic resonance imaging (MRI) and classified according to
the International Cartilage Repair Society (ICRS).

The inclusion criteria were patients with chondral knee
injuries up to ICRS grade III and age ranging from 18 to

Resumo Objetivo Comparar o resultado clínico e funcional da aplicação de ácido hialurônico
(AH) ou plasma rico em plaquetas (PRP) no tratamento de pacientes jovens portadores
de lesões condrais em joelhos, sem artrose.
Métodos Avaliação clínica e funcional prospectiva de 30 pacientes adultos jovens,
com lesão condral no joelho, submetidos a tratamento conservador, com aplicação de
AH ou PRP, com seguimento mínimo de 12 meses. Para avaliação, foi utilizado o
Western Ontário and McMaster Universities Arthritis Index (WOMAC) e a escala visual
analógica (EVA) da dor.
Resultados Avaliado pelo questionário deWOMAC, o grupo PRPmostroumelhora em
todos os pontos de avaliação com significância estatística, já o grupo AH não mostrou
melhora nos escores. Com relação à EVA, o PRP tambémmostrou melhora em todos os
pontos de avaliação, e o grupo AH mostrou melhora com 6 e 12 meses. Quando
comparados, o grupo PRP foi melhor que o grupo AH em todos os pontos de avaliação,
de acordo com a escala de WOMAC, e até 6 meses nos resultados da EVA.
Conclusão O PRP obteve melhor resultado clínico e funcional quando aplicado em
joelhos com lesões condrais de pacientes jovens, sem artrose, avaliado pelo questio-
nário de WOMAC e pela EVA. Este resultado se manteve até 12 meses.
Nível de evidência Ensaio clínico randomizado (Tipo 2B)
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50 years old, referred to conservative treatment using visco-
supplementationwithHAor intra-articular PRP. The patients
were randomly distributed in the two groups by drawing
lots. Before HA or PRP therapy, all patients were conserva-
tively treated for at least 3months with physical therapy and
analgesic medication with no success.

The exclusion criteria were patients over 50 or under
18 years old, with arthrosis (Kellgreen & Lawrence classifi-
cation higher than II at the radiographic examination) and
bodymass index (BMI)� 30, in addition to thosewho refused
to participate in the study.14 Non-steroidal antiinflammato-
ry drugs were terminated for 3 weeks before HA or PRP
therapy.

The PRP groupwas formed by 15 patients who underwent
an intra-articular application of PRP. The patient’s blood was
collected always on the day of each infiltration.

Platelet-rich plasma was collected and prepared in a
sterile manner, following the criteria required for handling
blood derivatives, on an outpatient basis by a biochemist
experienced in the technique. Using peripheral vein punc-
ture, 20mL of blood was collected in sterile, 5-mL vacu-
tainer tubes with 10% sodium citrate. Tubes were then
centrifuged at 1,200 rpm for 10minutes at room tempera-
ture, in a Fanem® (Guarulhos, São Paulo, SP, Brazil) centri-
fuge with a 6.5 cm radius. This centrifugation resulted in
three layers: red blood cells (bottom of the tube), white
blood cells (a thin layer over the red blood cells, called buffy
coat), and plasma (more superficial layer). The plasma was
then transferred to another sterile, 10-mL test tube, with-
out the buffy coat, and subjected to a newcentrifugation for
5minutes at the same rotation speed. This second centri-
fugation resulted in two layers; the upper half is the
platelet-poor plasma, and the lower half is the platelet-
rich plasma, also called platelet concentrate. This PRP
(leukocytes-poor PRP) extracted was applied intra-articu-
larly, once a week, for 3 consecutive weeks. The dose
obtained for each application was 2.5mL.

The HA group consisted in 15 patients undergoing visco-
supplementation with HA. Therapy was performed once a
week, for 3 consecutive weeks, with SupraHyal Duo 2.5mg/
2.5mL (Tedec-Meiji Farma SA; Madrid, Spain, imported to
Brazil by Zodiac Produtos Farmacêuticos S/A).

The patients were assessed using theWestern Ontario and
McMaster Universities Arthritis Index (WOMAC) question-
naire and the visual analog scale (VAS) for pain. Each patient
answered both instruments 5 times: before the 1st treatment
por injection, on thedayof the 3rd treatment por injection and
3, 6, and 12 months after the beginning of therapy.

A linear regression model with mixed (i.e., random and
fixed) effects was proposed for statistical comparisons. Line-
ar mixed-effects models analyzed data with grouped
responses (more than one measure for the same individual)
and inadequate independence between observations from
the same group. A posttest with orthogonal contrasts was
used for comparisons. The analyseswere performedwith the
SAS 9.2 software (SAS Institute, Cary, NC, USA). All compar-
isons adopted the significance level of 5%.

The study flowchart is shown in ►Figure 1.

Results

Among the 15 patients initially submitted to PRP therapy,
one individual chose to discontinue treatment after the first
application due to severe pain and joint effusion in the knee.
The condition developedwithin 24hours after the procedure
and it was totally resolved in 3 days. This patient was
excluded from the study, leaving the PRP group with 14
subjects. Similar symptoms were reported by two other
patients from this group. They chose to continue in the study
and perform the following two infiltrations, with no pain
relapse.

The PRP group had 11men and 3women, with an average
age of 34.93 years old (ranging from 18–50 years old). The HA
group was composed of 11 men and 4 women, with an
average age of 36.47 years old (ranging from 22–50 years
old). Both groups were statistically homogeneous in later-
ality, age, and gender (►Table 1).

The WOMAC mean scores, standard deviation, median,
minimum, and maximum values in both groups are shown
in ►Table 2. The PRP group showed significantly improved
scores at all assessed points when compared to baseline
findings. The HA group did not present better outcomes at
any time. The PRP group was better at all assessed points
when compared to the HA group (►Tables 2 and 3).

Visual analog scale mean scores, standard deviation,
median, minimum, and maximum values in both groups
are presented in►Table 4. Once again, the PRP group showed
improvement in all assessed points, but the HA group
presented better outcomes at the 6- and 12-month evalua-
tions. In contrast, the PRP group had better outcomes at 3 and
6 months after treatment (►Tables 4 and 5).

Discussion

Platelet-rich plasma has been used successfully to treat
osteoarthritis.15–20 These effects are even better in younger
patients with milder joint involvement.17,21–23 However,
there was still no study evaluating its application in focal
knee chondral lesions with no arthrosis.

In a recent meta-analysis regarding patients with knee
osteoarthritis, Chen et al.24 concluded that PRP provides
greater pain relief and functional improvement at 12months
when compared to HA and placebo. These authors also
indicated the lack of difference in the risk of adverse effects
between methods. However, they highlighted the heteroge-
neity both in PRP preparation and arthrosis severity. Al-
though our outcomes were similar, we included younger
subjects without osteoarthritis, expanding the therapeutic
options for this technique.

The best PRP dose remains unknown, but studies suggest
that repeated applications result in better functional out-
comes.15,19,21 We opted for three applications, as in the
suggested dose of HA in viscosupplementation. The best
platelet concentration also remains unknown, potentially
requiring an evaluation and quantification of the best
growth factor or cytokine present in PRP for each target
tissue .18,19,25,26
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Leukocytes can cause adverse effects, such as reaction
arthritis; in addition, these cells stimulate chondral catabo-
lism.23,27 As a result, we used a leukocyte-poor PRP which
may have influenced the outcomes in favor of this therapy.

In a meta-analysis, Han et al.28 found similar WOMAC,
VAS, and International Knee Documentation Committee
(IKDC) scores for PRP and HA from the 1st to the 3rd month
after treatment. However, 6 and 12 months after treatment,
PRPwas the only technique able to sustain the functional and
pain improvement observed within the first months. These
authors also pointed out that there is no difference for
adverse effects between PRP and HA, and that PRP is better
for mild or moderate arthrosis cases.

Di et al.,29 in a systematic review, showed that PRP would
be better to improveWOMAC scores for aminimumperiod of
24 weeks. However, the same study analyzed other pain
measurements, such as IKDC and VAS, and found no statisti-
cal difference when compared to viscosupplementation.
Tavassoli et al.30 highlighted that only PRP was able to
improve WOMAC scores by more than 30% when compared
to 3 HA infiltrations for 3 consecutive weeks. This improve-
ment was significantly greater when 2 doses of PRP were
administered at 3-week intervals compared to a single dose.

Fig. 1 Study flowchart. Abbreviations: HA, hyaluronic acid; PRP, platelet-rich plasma.

Table 1 Profile of patients from platelet-rich plasma and
hyaluronic acid treated groups

GROUP HA PRP

N 15 14

Mean age
(minimum and
maximum value)

36.47 (22–50) 34.93 (18–50)

Female gender 4 3

Male gender 11 11

Right side 7 3

Left side 3 8

Bilateral 5 4

Abbreviations: HA, hyaluronic acid; PRP, platelet-rich plasma.
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The routine clinical use of intra-articular PRP is not yet a
reality in Brazil and its application is only approved for
research purposes. Nevertheless, our study showed that
PRP is effective in young patientswith chondral knee injuries
since it reduces daily activities limitations and patient’s
overall pain, as determined by the WOMAC and VAS scores,
respectively.

On the other hand, HA showed improvement only for
6 months after the application, with effects lasting up to
12 months when evaluated by VAS, and less consistent
WOMAC outcomes. In addition, there are several PRP and
HA formulas, with different preparation methods and plate-
let concentrations for PRP and, different molecular weights
for viscosupplementation.

One limitation of our study was the small number of
patients. This limitation resulted from the difficulty of using
both PRP and HA in Brazil due to legal restrictions and costs,
respectively. The lack of a control or sham group may be a
source of bias. The absence of blinding can be considered a

Table 2 WOMAC score from platelet-rich plasma and hyaluronic acid treated groups

WOMAC

GROUP Time Mean Standard deviation Minimum value Median Maximum value

PRP Preoperative 34.78 16.99 1 37.5 61

Postoperative 20.56 13.56 1 17.0 50

3 months 16.94 10.32 1 13.5 45

6 months 16.39 10.81 1 14.5 40

12 months 19.33 13.86 1 16.0 48

HA Preoperative 23.95 17.48 2 20.5 62

Postoperative 21.35 21.18 1 15.0 79

3 months 24.45 25.96 2 14.5 85

6 months 21.80 19.69 1 13.5 63

12 months 25.80 19.68 2 21.5 63

Abbreviations: HA, hyaluronic acid; PRP, platelet-rich plasma.

Table 3 Comparison of WOMAC scores from the platelet-rich
plasma and hyaluronic acid treated groups in different times

Comparisons Estimated
value

P-value

PRP (preoperative x postoperative) 14.22 < 0.01

PRP (preoperative x 3 months) 17.83 < 0.01

PRP (preoperative x 6 months) 18.39 < 0.01

PRP (preoperative x 12 months) 15.44 < 0.01

HA (preoperative x postoperative) 2.6 0.34

HA (preoperative x 3 months) �0.5 0.85

HA (preoperative x 6 months) 2.15 0.43

HA (preoperative x 12 months) �1.85 0.50

Postoperative (PRP x HA) 15.70 < 0.01

3 months (PRP x HA) 16.27 < 0.01

6 months (PRP x HA) 16.67 < 0.01

12 months (PRP x HA) 17.72 < 0.01

Abbreviations: HA, hyaluronic acid; PRP, platelet-rich plasma.

Table 4 Visual analog scale for pain from platelet-rich plasma and hyaluronic acid treated groups

PAIN SCORE

GROUP Time Mean Standard deviation Minimum value Median Maximum value

PRP Preoperative 6.06 2.62 0 6.0 10

Postoperative 4.50 2.36 0 5.0 8

3 months 4.50 2.36 0 5.0 8

6 months 3.67 2.11 0 4.5 7

12 months 4.06 1.76 1 4.5 6

HA Preoperative 5.95 2.58 0 6.0 10

Postoperative 5.20 3.12 0 5.5 10

3 months 5.20 3.40 0 5.0 10

6 months 4.85 2.96 0 5.0 10

12 months 4.50 2.31 1 5.0 8

Abbreviations: HA, hyaluronic acid; PRP, platelet-rich plasma; VAS, visual analog scale.
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limitation, but we chose to not collect blood from patients
randomized to the HA group.

Therefore, in addition to conservativemeasures, including
patient education regarding their injury and limitations,
physical activity guidelines for muscle strengthening, weight
loss, and use of analgesic and antiinflammatory agents, both
methods must be considered in the treatment of knee
chondral lesions in young patients. However, further studies
in subjects with this type of lesion are required to strengthen
the scientific basis.

Conclusion

Based on our findings, we conclude that PRP led to better
clinical and functional outcomes, assessed per the WOMAC
and VAS scores, when used in young patients with knee
chondral lesions and no arthrosis. This outcome was sus-
tained for up to 12 months.
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