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ABSTRACT

Objective: To compare the clinical effectiveness of the
triple intraarticular injection of platelet-rich plasma
(PRP) with respect to the single injection in patients
with mild osteoarthritis of the knee.

Methods: A total of 35 patients with a clinical and ra-
diographic diagnosis of osteoarthritis grade I and II (ac-
cording to Kellgren-Lawrence radiological scale) were
analyzed. They were randomized into two groups: sin-
gle application (18 patients) and triple application (17
patients). Both groups were evaluated using the Visual
Analogue Scale (VAS), the Western Ontario and Mc-
Master Universities (WOMAC) index, and the Health
Survey 12v2 (SF-12) at baseline and at 6, 12, 24, 36
and 48 weeks post-treatment.

Results: Both treatments significantly decreased the level
of pain (VAS) (single, from 7.3£2.1 to 4.6+2.7 and triple,
from 6.6+2.4 t0 0.9£1.4; p <0.05) and the total WOMAC
(single, from 44.2£19.7 to 26.7£24.9 and triple, from
41.4+15.5t07.2+7.3;p<0.05) at the end of the study. The
triple application showed better improvement in the VAS
(p=0.0007) and the total WOMAC (p= 0.0209) scores
when comparing the final results between groups.
Conclusion: The triple injection of PRP in patients with
mild knee osteoarthritis is clinically more effective than
the single application at 48 weeks of follow-up.

Keywords: Platelet-rich plasma; Osteoarthritis; Knee;
intraarticular; Injection.

INTRODUCTION

Osteoarthritis (OA) refers to a clinical syndrome of joint
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pain with a multifactorial etiopathogeny. It is characte-
rized by the gradual loss of articular cartilage, osteo-
phyte formation, subchondral bone remodeling and
joint inflammation'. OA leads to symptoms such as
pain and loss of function, mainly in the knee and hip.
It affects 9.6% of men and 18% of women over 60
years. In addition, it is considered to be the most com-
mon cause of disability and pain worldwide?.

OA of the knee is the predominant form of OA and
the leading cause of disability in the United States. It is
estimated that 27 million people suffer from the disea-
se’. In Mexico, an average prevalence of OA in the adult
population was estimated at 10.5% in 2011 in a study
conducted in 5 populations in different states of the
country*,

In early OA, the initial treatment is based on the re-
duction of symptoms with the use of non-steroidal anti-
inflammatory drugs and topical or intraarticular agents.
However, these drugs have good short-term results, but
do not change the natural course of the disease’. Re-
cently, the use of platelet-rich plasma (PRP) as a main
therapy or as a coadjuvant to the conventional treat-
ment of musculoskeletal system pathologies has be-
come more relevant®. PRP is a volume of plasma that is
obtained from the blood of the same patient and holds
a platelet concentration above normal limits’. The au-
tologous nature of PRP offers the advantage of not gene-
rating any immunological reaction®. Additionally, PRP
therapy has been shown to naturally stimulate the car-
tilage repair process by releasing the growth factors con-
tained in the platelet alpha granules. PRP also acce-
lerates the physiological recovery process when
administered locally, providing support for cellular con-
nections, and may be able to relieve pain’.

The use of PRP has also shown the ability to reduce
the pro-inflammatory effects of interleukin-1f (IL-1f),
which is known as one of the molecules that most pro-
motes inflammation in OA and has a major role in car-
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tilage degradation, by inducing chondrocytes and syn-
ovial cells to synthesize enzymes that degrade the ex-
tracellular matrix'®!''. In addition, one of the main
growth factors with chondrogenic effects present in
platelets, such as transforming growth factor beta
(TGF-P), stimulates the synthesis activity of chondro-
cytes and decreases the catabolic activity of IL-1f3'2.

Despite multiple reports, no consensus has been es-
tablished about a standard regimen for PRP treatment
in knee OA®. Various therapeutic schemes have been
used in terms of the number of injections; they have
been evaluated from one to three intraarticular injec-
tions of PRP™!. The main objective of the present
study is to determine whether the triple application of
PRP has a greater therapeutic effect in the treatment of
patients with knee OA grade I and II in the Kellgren-
-Lawrence radiological scale, with respect to the single
application.

PATIENTS AND METHODS

PATIENTS AND STUDY DESIGN

Controlled, randomized, prospective and longitudinal
clinical trial. Patients over 40 years of age, of indistinct
gender, who had not received infiltration with steroids
or medical treatment at least 2 weeks prior to the start
of the protocol, with diagnosis of OA (primary) grade
I and II in accordance with the radiological scale of
Kellgren-Lawrence', were recruited in the outpatient
clinic. Patients with associated rheumatic diseases, li-
ver diseases, diabetes, coagulopathies, severe cardio-
vascular diseases, infections, immunosuppression, an-
ticoagulant therapy or patients with a hemoglobin
concentration <11g/dL and platelets <150,000/ L were
excluded. All the included patients signed an informed
consent letter, approved by the Research Ethics Com-
mittee of our institution (Registration No. OR15-002).
The study was recorded in the ClinicalTrials.gov pub-
lic database with registration number NCT02370420.
Patients were randomly divided into two groups by
means of a randomization plan designed with a tool
available online (randomization.com). Patients in group
1 were given a single intraarticular injection of PRP,
while patients in group 2 received three intraarticular
injections of PRP within an interval of 2 weeks between
each application.

PRP PREPARATION
The PRP was obtained from a sample of 45 mL of ve-

nous blood from the patient, distributed in vacutainer
tubes with 0.129 M sodium citrate (369714, BD Va-
cutainer, Franklin Lakes, NJ, USA). An extra tube of
blood sample with EDTA (Ethylenediaminetetraacetic
acid) was taken as an anticoagulant to perform the ini-
tial platelet count of the patient (368171, BD Vacu-
tainer, Franklin Lakes, NJ, USA). The samples were
centrifuged for 5 minutes at 1800 rotations per minute
(rpm) to separate the blood in its different cellular
components. The upper layer corresponding to the
plasma of each of the tubes was carefully placed in a
new sterile propylene tube, taking care not to remove
the buffy coat. The plasma collected from all the tubes
was centrifuged again for 5 minutes at 3400 rpm to
concentrate the platelets. The upper part of the cen-
trifuged plasma was discarded due to its poor concen-
tration of platelets (platelet poor plasma) and the low-
er volume of plasma (5 mL) containing the highest
number of platelets (PRP) was collected. This volume
of PRP was transferred to a new sterile glass tube. A
sample of the final PRP was sent to the laboratory to
perform the final platelet count. The manipulation of
the blood samples and PRP was carried out inside a
laminar flow biosafety cabinet of high efficiency Class
I Type A2 to avoid any contamination (Logic A2, Lab-
conco, Fort Scott, KS, USA).

APPLICATION PROCEDURE OF PRP

Asepsis of the knee was performed with Avagard D 3M
Health Care, St. Paul, MN, USA), then local anesthe-
sia (2 mL) was performed with 2% lidocaine hy-
drochloride (Laboratorios PISA, Guadalajara, México)
in the conventional lateral arthroscopy portal area,
which served as an intraarticular entry site. Prior to its
application, the PRP was activated using 0.75 mL of a
10% calcium gluconate solution (Laboratorios PISA,
Guadalajara, México).

PATIENTS FOLLOW-UP
At the end of the infiltration, bending exercises and
passive extension of the knee were performed for 20
seconds to achieve an adequate intraarticular distri-
bution of the PRP. After 10 min of observation, patients
were sent home with written indications that included
relative rest for the next 48 hours, application of cold
for 15 minutes 3 times a day, and the intake of pa-
racetamol (500 mg) as rescue medication. All the above
only in case of pain or discomfort.

Patients in both groups were evaluated using the Vi-
sual Analogue Scale (VAS), the Western Ontario and
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McMaster Universities (WOMAC) OA index, and the
short version in Spanish (Mexico) of the Health Survey
12v2 (SF-12) to measure the symptomatic improve-
ment of the patient. The evaluations were applied be-
fore the procedure and at 6, 12, 24, 36 and 48 weeks
after the start of treatment. Additionally, the pain level
was recorded after each injection in all the patients.

STATISTICAL ANALYSIS

We used the 80% upper confidence limit approach for
sample size calculation and determined a pilot trial
sample size between 20 and 40 for a main study sam-
ple size of 80-250 participants (for 90% power based
on a standard sample size calculation). The normality
of the data obtained was analyzed through the mean,
and the variance was analyzed using the Shapiro-Wilk
test. The non-parametric Chi-square and Fisher's
Exact tests were used to investigate differences between
the qualitative variables of both groups. To compare
the variables with a normal distribution, independent
t tests and an analysis of variance (ANOVA) were used
with a post hoc test for multiple comparisons (Tukey
test or Dunnet test). To evaluate the variables with a
non-normal distribution, the nonparametric tests of
Wilcoxon and Kruskal-Wallis were applied with a post

hoc test for multiple comparisons (Dunn's test). The
values of p <0.05 were considered as statistically si-
gnificant. The data was analyzed with the GraphPad
Prism software version 5.00 for Windows. (GraphPad
Software, San Diego, CA, USA). All values are expressed
as mean =+ standard deviation (SD).

RESULTS

DEMOGRAPHIC CHARACTERISTICS OF THE
PATIENTS INCLUDED

Of the total patients studied, 29 were female and only
6 were male. In addition, 33 of the patients presented
a grade IT OA according to the Kellgren-Lawrence scale.
Both the age of the patients as well as their body mass
index (BMI) were not significantly different between
the two groups. Additionally, the mean of the initial
global values of the VAS, WOMAC and SF-12 scores in
both groups were similar (p >0.05). The full demo-
graphic information of both groups of patients is pre-
sented in Table I.

CHARACTERISTICS OF PRP SAMPLES

An increase of up to 206.1% in the platelet concentra-
tion in the PRP of the triple application
group was observed with respect to its

TABLE I. COMPARISON OF THE BASELINE CHARACTERISTICS concentration in whole blood (Table 11).

OF THE PATIENTS INCLUDED IN BOTH STUDY GROUPS In the single application group, the

platelet concentration in the PRP in-

Comparative demographics creased 208.7% with respect to the con-

Single Triple centration in whole blood. In general,

injection injection p value a concentration of less than 10% was

Patients, (n) 18 17 observed in the presence of leukocytes in

Age, mean (SD) 54.6+11.6 | 60.1£10.6 | 0.2982 the injected PRP, with respect to the con-

Gender, female, n (%) 17 (94.4) 12 (70.6) 0.0877 centration of these cells in whole blood
BMI, mean (SD), kg/m? 29.6+5.9 31.5+4.8 0.8786 (Table 1D).

Kellgren-Lawrence
Grade I, (n) 1 1 1.0000 EVALUATION OF THE LEVEL OF PAIN
Grade 11, (n) 17 16 ACCORDING TO THE VAS

VAS, mean (SD), 0-10 cm 73+2.1 6.6+2.4 0.4081 There was a significant decrease in the le-

WOMAC Total, mean (SD) 44.2+19.7 | 41.4x15.5 0.6427 vel of pain in the VAS in the two treatment

Pain, mean (SD) 9.7£3.1 9.1£3.0 0.5608 groups from week 6 (Figure 1), which was

Stiffness, mean (SD) 3.7+1.7 3.2+1.9 0.3790 maintained until the end of the follow-up

Functionality, mean (SD) 30.7£15.7 129.06+12.65 0.7332 (p <0.05). However, when Comparing the

SF-12 MCS, mean (SD) 51.1+8.6 51.7«12.9 0.8735 final values of the VAS in both groups (Sin_

SF-12 PCS, mean (SD) 338484 | 37.0¢68 | 0.2353 gle: 4.6+2.7, triple: 0.9+1.4 ; mean +SD),

BMI, body mass index; VAS, visual analogue scale; WOMAC, Western Ontario and
McMaster Universities Arthritis Index; SF-12, Health Survey 12v2; MSC, Mental

Component Summary; PCS, Physical Component Summary

it was observed that the decrease in pain
sensation is greater in the triple applica-
tion group (p =0.0007; Table III).
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TABLE Il. QUANTIFICATION OF PLATELETS AND LEUKOCYTES IN WHOLE BLOOD AND PLATELET-RICH PLASMA
(PRP) SAMPLES
Platelets (x10%pL) Leukocytes (x10°/pL)
Study group Study group
Sample Triple Triple
analyzed Single 1 2 Single 1 2 3
Whole blood, | 239.3+49.6 | 236.3x41.9 | 237.9+38.4| 235.1+37.2 | 5.82+1.08 | 6.14+1.07 6.06+1.12 | 6.07+1.34
mean (SD)
PRP, mean (SD) 499.3+162.0 446.3+107.2| 471.1+91.1 484.6+106.4| 0.55+0.30 | 0.48+0.52 0.43+0.27 = 0.58+0.36
Change (%) 208.7 188.9 198.0 200.1 -9.5 -7.8 -7.1 -9.6
PRP, platelet-rich plasma
TABLE Ill. CLINICAL EVALUATIONS PERFORMED AT BASELINE AND AT 48 WEEKS POST-TREATMENT
Single injection Triple injection
Scale analyzed Baseline 48 weeks p value Baseline 48 weeks p value
VAS, mean (SD),
0-10 cm 7.3+2.1 4.6x2.7° 0.0049 6.6+2.4 0.9+1.4* <0.0001
WOMAC Total, mean (SD) = 44.2+19.7 26.7+24.9° 0.0269 41.4£15.5 7.2+7.3% <0.0001
Pain, mean (SD) 9.7+3.1 5.1+4.9 0.0431 9.1£3.0 1.9+2.0 <0.0001
Stiffness, mean (SD) 3.7+1.7 3.8+6.0 ns 3.2+1.9 0.7+0.8 0.0071
Functionality, mean (SD) 30.7+15.7 17.8+£17.7¢ 0.0199 20.1+12.7 4.5+5.2¢ <0.0001
SF-12 MCS, mean (SD) 51.1£8.6 53.6+8.8 ns 51.7£12.9 48.3+9.9 ns
SF-12 PCS, mean (SD) 33.8+8.4 42.8+9.0¢ 0.0360 37.0+6.8 52.9+8.7¢ 0.0030

VAS, visual analogue scale; WOMAC, Western Ontario and McMaster Universities Arthritis Index; SF-12, Health Survey 12v2;

MSC, Mental Component Summary; PCS, Physical Component Summary; ns, p value no statistically significant.

a-Significant difference in the VAS value at 48 weeks in the treatment with triple injection with respect to the treatment with a single
injection (p = 0.0007). b-Significant difference in the total value of WOMAC at 48 weeks in the treatment with triple injection with respect
to the treatment a single injection (p = 0.0209). c-Significant difference in the value of the subscale of functionality at 48 weeks in the
treatment with triple injection with respect to the treatment a single injection (p = 0.0259). d-Significant difference in the total value of PCS
at 48 weeks in the treatment with triple injection with respect to the treatment a single injection (p = 0.0124).

EVALUATION OF THE WOMAC INDEX

The values for the Pain, Stiffness and Functionality
subcategories of the WOMAC index decreased signifi-
cantly at 48 weeks of evaluation with respect to the
baseline values in the triple application group (Table
I1D). In the case of the single application, only the Stiff-
ness subcategory showed no clear improvement at
week 48 (Table III). When comparing the three sub-
categories between both groups, only a significant dif-
ference was observed in the Functionality subcategory
(p =0.0259) in favor of the triple application at 48
weeks (single, 17.8+17.7 vs. triple, 4.5+5.2; mean
+SD). We were able to identify a significant decrease in
the total values of the WOMAC index when perform-
ing the comparison at 48 weeks of follow-up with re-
spect to the baseline values in both groups (p <0.05).

Importantly, the total score of the WOMAC index was
significantly better in the triple injection group with
respect to the single application group (p =0.0209; Fig-
ure 2, Table III).

QUALITY OF LIFE ASSESSMENT ACCORDING

TO THE SF-12 SURVEY

The results of the SF-12 health survey can be grouped
into two main domains: mental component summary
(MCS) and physical component summary (PCS). In
both groups a significant increase was observed in the
average values of the PCS at 48 weeks compared to
their baseline values (p <0.05; Figure 3A). Regarding
the MCS, no significant changes were recorded in either
of the two groups (Figure 3B, Table I11). We could iden-
tify a significant improvement in the triple application
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FIGURE 1. Mean (xSD) values for VAS in the single and triple
PRP injection groups. The level of pain decreases significantly
from week 6 and up to week 48 in the single application group
(baseline 7.3 £ 2.1, 6 weeks 4.1 £ 1.9, 48 weeks 4.6 + 2.7, p
<0.05) and the triple application (baseline 6.6 + 2.4, 6 weeks
4.3 £2.5,48 weeks 0.9 = 1.4, p <0.01). The pain level is lower
in the triple application group at 48 weeks compared to the
single application (p = 0.0209)

group when comparing the values of the PCS of both
groups at 48 weeks (p <0.05; Table I11).

LEVEL OF PAIN AFTER PRP INJECTION

The level of pain or discomfort after each one of the in-
jections was recorded in all the evaluated patients. At
the end of the study, more than 70% of the subjects re-

FIGURE 1. Mean (+SD) values for total WOMAC index score in
the single and triple PRP injection groups. A significant
decrease was observed in the total score of the WOMAC index
from week 24 with the single application (baseline 44.2 + 19.7,
24 weeks 27.4 = 14.1, 48 weeks 26.7 + 24.9, p <0.05) and from
week 12 with the triple application (baseline 41.4 + 15.5, 12
weeks 23.1 + 16.1, 48 weeks 7.2 = 7.3, p <0.01). The value of
the total score was lower in the group of the triple application
at 48 weeks with respect to the single application (p = 0.0007)

ported nothing or little pain in the 48-h following the
injection. Those patients who reported moderate or se-
vere discomfort presented a resolution of this eventua-
lity of no more than 72-h. None of the treated patients
showed any severe adverse effect (defined as that event
that required medical management additional to that
previously indicated to the patient, such as hospitali-
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FIGURE 3. Mean (2SD) values of the scores of the physical component summary (PCS; A) and mental component summary (MCS;
B) in the single and triple PRP application group. A) The PCS score increased significantly after 24 weeks in the single application
(baseline 33.8 + 8.4, 24 weeks 41.6 + 7.6, 48 weeks 42.8 = 9.0, p <0.05) and after 12 weeks in the triple application group (baseline
37.0 + 6.8, 12 weeks 45.1 = 9.7, 48 weeks 52.9 + 8.7, p <0.05). The PCS score was higher in the triple application group at 48 weeks
compared to the single application (p = 0.0124). B) There were no significant changes in the MCS score between study groups
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zation, antibiotic treatment, surgical procedure, or any
event not related to the treated condition that caused
any contraindication for follow-up).

DISCUSSION

The most important result of this study was that the
triple intraarticular injection of PRP obtained better
overall clinical results in the group of patients evalua-
ted. Although both the single and the triple applica-
tion significantly decreased the level of pain and im-
proved the functionality of the knee. The values of the
VAS, Total WOMAC and the SF-12 PCS in the group
of the triple application were significantly better. The
clinical use of PRP as an alternative for the treatment of
pathologies associated with the musculoskeletal sys-
tem in orthopedics has become more frequent, espe-
cially in the treatment of knee OA. Some of the main
advantages of this type of platelet concentrate are: its
low cost, its preparation through a centrifugation pro-
cess and the fact that it is obtained from the patient
own blood.

On average, the injected PRP preparations in both
groups presented a 200% increase in the number of
platelets compared to that observed in whole blood. In
addition, a very low number of leukocytes was quan-
tified in the PRP preparations, less than 10% of the
number of leukocytes reported in whole blood. Previ-
ously, Filardo et al. 2012'°, reported the use of PRP to
treat joint pathologies of the knee. They showed that a
similar concentration of platelets to that reported in the
present study (150% more than in whole blood) pro-
duced comparable results with higher concentrations
of platelets (up to 450% more than in whole blood).
This result indicates that, at least clinically, a greater
number of platelets will not necessarily produce better
results.

The treated patients did not show major adverse
events, the only recorded event was pain at the site of
the injection, with a duration of no more than three
days and spontaneous resolution. Like other reports,
the results of the present study indicate that PRP the-
rapy is effective and safe in the short and medium
term'”'®. On the other hand, it has been reported that
patients with a lower degree of OA respond better to
treatment with PRP'**°. This is one of the reasons why
patients with mild OA were selected for this study. In
addition, the results of randomized controlled studies
report a higher percentage of patients who responded

positively to PRP than those who did with hyaluronic
acid, with a better clinical result achieved in all cases
in the PRP group at a minimum follow-up of 24
weeks?#2,

Mostly, the therapeutic protocols for the application
of PRP in knee OA are divided into a single and triple
application'®*#*_ In these studies, the minimum fol-
low-up reported was 24 weeks, in which a short to
medium term response to treatment can be evaluated.
In the present study, the results are shown with a 48
weeks follow-up, which allows to evaluate the clinical
result in a longer time. Although several investigations
have been published in recent years regarding the ther-
apeutic use of PRP in knee OA, it is still not clear what
therapeutic regimen should be followed. Some aspects
have become more relevant as randomized controlled
trials have been published regarding treatment with
PRP. In patients with mild knee OA, PRP has shown
greater clinical efficacy than hyaluronic acid; moreover,
it is more effective in improving and decreasing
symptoms compared to advanced OA and is more ef-
fective in younger patients and in patients with lower
BMIZ3725.

An important limitation of this work is that, due to
its pilot study characteristic, the study population is
small; consequently, the size of the effect of the treat-
ments in the population is not entirely reliable. How-
ever, as a consequence of conducting the study, it was
possible to determine the feasibility of carrying out a
larger-scale clinical study in order to test the hypothe-
sis initially proposed.

Based on the results obtained regarding the EVA, the
WOMAC index and the SF-12 questionnaire, the best
results were obtained with the triple application of PRP
in mild knee OA. However, the physician’s decision re-
garding the amount and frequency of injections should
be based on factors such as level of pain, physical
activity, BMI, and cost-benefit in each patient. We spe-
culated that repeating the treatment after 6 months
could alleviate the symptoms for a longer period and
could delay the progression of OA.

CONCLUSIONS

The therapy with the triple injection scheme of PRP in
patients with mild knee OA was clinically more effec-
tive than the single application at 48 weeks of follow-
-up. The group of patients in the triple application
showed a greater decrease in the level of pain, better
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functionality of the knee and better physical perfor-
mance, with a clear improvement in their quality of life.
It would be important to study the clinical effect of both
types of treatment in a larger patient population to cor-
roborate these results.
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