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Abstract

The aim of this study was to evaluate the short-term clinical outcomes of intra-articular platelet-rich plasma (PRP)
treatment and to evaluate the increase in functional activity and quality of life in patients with early stage gonarthrosis. We
planned our study retrospectively. Eighty-six patients (54 females and 32 males) with 108 knees (54 right and 54 left) who
had pain and swelling for > 4 months due to all grades of knee osteoarthritis according to the Kellgren—Lawrence grading
scale were evaluated. Our patients were homogenous in terms of age and body mass index. Three intra-articular PRP
injections were administered once per week, and the patients were clinically evaluated prospectively before treatment and
at 2 and 6 months after treatment with the visual analogue scale (VAS), the Knee Society Score (KSS), and the Short
Form-36 (SF-36). No major complications due to treatment were observed. Seventeen patients had transient swelling and
pain for 2 days. Significant improvements on the VAS, KSS and SF-36 scores were obtained at the 2- and 6-month follow-
ups (p < 0.05). The VAS, KSS, and SF-36 scores improved significantly at the 6-month evaluation compared to those at
the month 2 follow up. We believe that intra-articular PRP treatment is effective during the early stage of gonarthrosis and
increases the quality of life and functional activity of recipients.
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Ozet

Bu calismanin amaci eklem i¢i Trombositten Zengin Plazma (TZP) tedavisinin, gonatroz hastalarinin erken dénemde
hayat kalitesine, fonksiyonlarina ve diz agrisi sikayetlerine etkisini ve kisa dénem klinik sonuclarini degerlendirmektir.
Calismamiz retrospektif olarak planlandi. Dizinde 4 aydan daha uzun stren agri ve siglik sikayeti olan, Kellgren ve
Lawrence siniflamasina gore erken ve ileri evre gonartrozlu 86 hastanin (54 kadin, 32 erkek) 108 dizi (54 sag, 54 sol)
degerlendirildi. Hastalarimiz yas ve BMI acgisindan homojen olarak degerlendirildi. Hastalarimiza birer hafta arayla t¢ kez
eklem i¢i TZP tedavisi uygulandi. Hastalar tedavi 6ncesi ve sonrasi 2. ve 6. aylarda Gorsel Analog Skor(GAS), Diz
Cemiyet Skoru(KSS) ve Kisa Form-36(SF-36) skorlama sistemleri ile degerlendirildi. Tedaviye bagl hicbir hastada major
komplikasyon ortaya ¢ikmadi. Onyedi hastada ortalama iki giinde diizelen gegici eklemde sislik ve agri meydana geldi.
Hastalarimiza uyguladigimiz eklem i¢i TZP tedavi sonrasi ikinci ve altinci aylardaki GAS, KSS ve SF-36 degerleri tedavi
oncesi deg@erlere gore istatiksel olarak anlamli derecede iyilesme elde edildi(p<0.05). Ayrica tedavi sonrasi altinci aydaki
GAS, KSS ve SF-36 degerleri tedavi sonrasi ikinci aydaki degerler gore istatiksel olarak anlaml iyilesme tespit edildi.
Eklem ici TZP tedavisinin, erken evre gonartroz hastalarinin tedavisinde kolay uygulanan, agriyi azaltan ve erken
donemde hayat kalitesini ve fonksiyonlari arttiran etkin bir tedavi yéntemi oldugunu diistiinmekteyiz.

Anahtar kelimeler: Trombositten zengin plazma, eklem ici enjeksiyon, gonartroz

Introduction

The incidence of articular cartilage problems
increases with average life span and more
vigorous sporting activities [1]. Self-repair of the
articular cartilage is difficult due to the low cellular
mitotic activity of chondrocytes and its avascular
nature [2]. Therefore, treatment of articular

been used to treat symptoms such as pain and
motion difficulties that result from articular
cartilage injury [3,4].

Recent studies have focused on novel methods
of stimulating healing or repairing damaged

cartilage lesions is a major challenge for
orthopedic surgeons [3].

A variety of non-invasive techniques are available

to treat articular injuries and osteoarthritis (OA)[4].

Besides oral and topical non-steroidal anti-
inflammatory agents (NSAIDs), glucosamine,
chondroitin sulfate, and hyaluronic acid have

cartilage, such as matrix metalloproteinase
inhibitors, gene therapy, cytokine inhibitors, and
growth factors [1,3,9]. The healing-promoting
effects of growth factors on damaged tissue have
long been known, and the effects of growth
factors on cartilage repair have been
demonstrated by in vivo and in vitro studies
[4,9,13-15]. Several in vivo studies have shown
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that growth factors affect chondrocyte
metabolism, healing and chondrogenesis,
proliferation, migration, and differentiation of cells
through matrix synthesis [4,10].

Platelet-rich plasma (PRP), which can promote
tissue regeneration and stimulate biological
healing similar to the normal healing process
after injury, has been used in many fields
[1,4,10,11]. PRP is a simple, cost effective and
minimally invasive method [1,3] that was first
used by Ferrari et al. in 1987 to reduce bleeding
following open-heart surgery [4,12]. However,
today, its use has extended to include plastic,
esthetic and maxillofacial surgery, dermatology,
ophthalmology, dentistry, and sports medicine
[4,10,11,16].

The purpose of our study was to evaluate the
short-term clinical efficacy outcomes of intra-
articular PRP injections to treat patients with
early stage gonarthrosis and to demonstrate
whether PRP therapy is easy to use, increases
quality of life and functionality, and reduces pain
during the early period of gonarthrosis.

Material and Methods

A total of 108 knees from 86 patients with
complaints of swelling and pain for > 4 months
and who had stage 1 or 2 knee OA according to
the Kellgren—-Lawrence grading scale were
included. This study was designed retrospectively
after patient files and records were reviewed.

Patients with early stage gonarthrosis who were
admitted to the outpatient clinic and received
three 2 cc intra-articular PRP injections using an
appropriately  sized needle through an
anterolateral portal at 1l-week intervals were
enrolled in the study. After diagnosis, patients
were assessed at baseline, and at 2- and 6-
month follow-up visits using the visual analogue
scale (VAS), the Short Form-36 (SF-36) health
survey, and the Knee Society Score (KSS). In
addition, patient body mass index (BMI), baseline
hemogram, microbiological test results, standing
anteroposterior and lateral radiographs of the
knee and feet, and magnetic resonance imaging
were also evaluated.

The mean age of the pateints was 55 years
(range, 25-70 years); 54 patients were females
and 32 were males. A total of 108 knees (54 right
knees and 54 left knees) including the unilateral
knee joint in 64 patients and bilateral knee joints
in 22 patients were treated. A variety of
analgesics and anti-inflamatory agents had been
prescribed to all patients prior to treatment.
Ethical approval for this study was granted by the
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Ethics Committee, and informed consent was
obtained from all patients.

The exclusion criteria were: patients with
diabetes mellitus, rheumatic diseases,
hematological diseases (coagulopathy), major
axial deviation (varus > 5, valgus > 5), severe
cardiovascular disease, infections,
immunosuppressive diseases, those taking
anticoagulant therapy, use of anti-inflammatory
drugs during the 5 days before blood collection,
patients with abnormal hemoglobin levels,
patients with KSS,VAS, and SF-36 scores not
evaluated before and after the intra-articular
injections, those who refused to sign the informed
consent form, and patients with advanced-stage
gonarthrosis (Kellgren—Lawrence grades 3 and 4).

Preparation of the PRP

Approximately 15 ml of peripheral venous blood
were drawn from an upper extremity of the
patients, and 1.5 ml was reserved for the platelet
count. The remaining 13.5 ml of blood were
mixed with 1.5 ml 3.2% sodium citrate in a 15-ml
sterile centrifuge tube and centrifuged for 10 min
at 4000 rpm (Rotofix 32, Hettich, Germany). After
centrifugation, 2.5 ml of PRP were taken from the
space between the erythrocytes at the bottom
and the plasma at the top of the tube.
Approximately 0.5-ml PRP was collected for
platelet counting. Approximately 2 ml of PRP
were injected inside the knee joint. No
commercial kit was used to obtain the PRP.

Treatment Method and Assessment

The injection site was covered with a sterile
dressing, and the PRP was injected into the knee
joint through an arthroscopic anterolateral portal
using an appropriately sized needle. After the
procedure, the patient was asked to flex and
extend the knee for a short duration. The patients
were permitted to perform limited activity for 24 h
and were advised to rest if they had severe pain.
Patients were also asked to refrain from using
NSAIDs or applying cold therapy for 1 week after
the injection to prevent a reduction in the
effectiveness of the PRP. Furthermore, patients
were given an exercise program and were
advised to resume normal activities as tolerated.
All complications and adverse effects were
recorded.

Statistical Analysis

The statistical analysis was performed using
SPSS for Windows 15.0. Descriptive values such
as the arithmetic mean, standard deviation,
confidence intervals, range, frequency,
percentage and coefficient of skewness were
calculated.
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The Kolmogorov—-Smirnov test and graphics were
used to determine the normal distribution of the
data. The t-test was used for pre- and post-
injection paired groups, and Spearman’s
correlation coefficient and partial correlation
coeficients were calculated for relationships. The
results were evaluated with a 95% confidence
interval, and a p-value < 0.05 was considered to
indicate a significant difference.

Results

It was observed that of the nurses working in the
In total, 48 knees had grade 1 OA and 59 knees
had grade 2 OA according to the Kellgren—
Lawrence classification. Mean BMI was 28.7
kg/m® (range 22.43-35.4 kg/m?®). The patients
showed statistical homogeneity for age and BMI.

The mean platelet count before centrifugation
was 238 x 103/ul (range, 156 x 103-351 x 103/pl),
whereas that after centrifugation was 987 x 103/l
(range, 685 x 103-1373 x 10%/pl). The mean
change in platelet count was 4.3 (range, 3.6-4.6).
The mean leukocyte count before centrifugation
was 6.77 x 103l (range, 5.25 x 103-10.25 x
103/ul), whereas that in the PRP was 30.5 x 103
pl (range, 22.1 x 103- 44.4 x 103/ul). The mean
change in leukocyte count was 4.7 (range, 4.1—
5.4).

No patient had major complications (infection,
deep vein thrombosis, or muscle atrophy)
associated with the intra-articular injections.
Seventeen patients had knee-joint effusion and
pain, but the complaints resolved spontaneously
within 2 days.

+

The mean KSS was 58.77 4.67 before
treatment, 80.75 £ 5.58 at the 2-month follow-up,
and 86.54 = 6.58 at the 6-month follow-up. A
significant increase was noted in both the 2- and
6-month post-treatment KSS compared to the
baseline values (p < 0.05). In addition, a
significant increase in the KSS was observed
between months 2 and 6 post-treatment (p < 0.05)
(Table 1).
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Picture 1. Correlation of Knee Society Score (KSS) and
evaluation time.

The mean VAS scores were 7.19 + 1.26 before
treatment, 3.48 + 1.14 at the 2-month follow-up,
and 3.06 £ 0.87 at the 6-month follow-up. A
significant decrease was observed in both the 2-
and 6-month post-treatment VAS scores
compared to those at baseline (p < 0.05).
Furthermore, a significant decrease in VAS
scores was observed between the 2- and 6-
month post-treatment follow-ups (p < 0.05) (Table
2).
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Picture 2. Correlation of Visual Analogue Scale(VAS) and
evaluation time.

The mean SF-36 score was 25.03 = 5.67 before
treatment and 45.39 + 5.20 and 49.18 + 5.29 at
the 2- and 6-month follow-ups, respectively. A
significant increase was observed in both the 2-
and 6-month post-treatment KSS values
compared to those at baseline (p < 0.05).
Furthermore, a significant increase in SF-36
scores was observed between the 2- and 6-
month post-treatment follow-ups (p < 0.05) (Table
3).

Picture 3. Correlation of SF-36 scores and evaluation time.
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Discussion

Due to the distinctive function and structure of
hyaline cartilage and its low healing potential,
treating  articular  cartilage lesions and
degeneration remains a major challenge for both
orthopedic surgeons and physical therapy and
rehabilitation specialists [17,18]. More recent
treatment protocols have focused on maintaining
normal cartilage homeostasis and preventing
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progression of cartilage lesions instead of
symptomatic treatment such as analgesics and
NSAIDs [1].

Of the invasive treatment modalities, intra-
articular corticosteroid injections show short-term
benefit for reducing pain and restoring function in
a limited patient group [5]. Intra-articular
injections of hyaluronic acid have vyielded
satisfactory results in many studies [4,6,7].
Despite available treatment options, the optimal
treatment for cartilage lesions has not been
established [1,8].

An increasing number of studies have addressed
the positive effects of cellular and humoral
mediators obtained from autologous blood
products on tissue healing. This method relies on
activating growth factors in blood [1,19]. Growth
factors consist of various polypeptide groups that

regulate the growth of all cells, including
chondrocytes [1,3].
PRP is obtained from a small fraction of

autologous blood [4]. Platelets contain alpha
granules that store large numbers of growth
factors such as transforming growth factor-$3
(TGF-B), fibroblast growth factor, platelet-derived
growth factor (PDGF), epidermal growth factor,
and vascular endothelial growth factor.
Autologous growth factors released from platelets
stimulate mesenchymal tissue to regenerate.
PRP also contains plasma proteins such as
fibronectin and vitronectin, which act as
mesenchymal cell adhesion molecules [4].

TGF-R plays a role in cartilage regeneration and

is an interleukin-1 (IL-1) antagonist that
suppresses chondrogenic differentiation  of
mesenchymal stem cells and synthesis of

cartilage-specific molecules [9,20].

In  contrast, PDGF stimulates chondrocyte
proliferation and proteoglycan synthesis and is a
potent chemotactic factor for all cells of
mesenchymal origin [15,21].

Insulin-like growth factor (IGF) is an anabolic
factor that stimulates cartilage proliferation and
proteoglycan  synthesis and slows their
catabolism by augmenting the effects of other
growth factors in cartilage [9,22].

Other growth factors are also involved in cartilage
regeneration and metabolism and have

chondroinductive action with other factors [20,22].

PRP is a minimally invasive, simple to use, and
inexpensive blood product that contains many
growth factors [14,15]. Platelets contain many
growth factors such as PDGF, TGF-$, and IGF-1,
which play major roles in cartilage homeostasis
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and regeneration [10, 11, 13, 14, 15, 20]. PRP is
obtained by centrifugation of autologous blood
and contains a 4-5-fold higher concentration of
platelets than normal blood [1,3,4,23]. Growth
factors released from platelets have positive
effects on tissues with low healing capacity, such
as cartilage.

Numerous studies have reported the potential
effects of blood-derived growth factors on
cartilage repair [3,4,19,23,24]. In a study of
experimentally induced OA in horses by Fisbie et
al., intra-articular administration of autologous
conditioned serum resulted in improved
lameness, decreased synovial membrane
hyperplasia, less cartilage fibrillation, and
increased synovial fluid concentration of IL-1
receptor antagonist after treatment with
autologous conditioned serum [24]. Gaissmaier
et al. suggested that human platelets accelerate
chondrocyte expansion but have no effect on
chondrocyte differentiation [25]. Saito
emphasized that gelatin hydrogel microspheres
containing PRP have preventive effects against
OA progression in rabbit knees [26]. In a study by
Sanchez, PRP was administered to treat avulsion
of knee articular cartilage in a soccer player;
complete articular cartilage healing was reported
[21]. A retrospective cohort study of 30 patients
by Sanchez reported that intra-articular PRP
therapy is safe and effective in knees with OA
[19]. Sampson et al. reported that PRP injections
administered to 14 patients with primary and
secondary knee OA resulted in reduced pain and
improvement of function [27]. In a study by Kon
et al., PRP intra-articular injections were
administered to 100 patients (115 knees) with
chronic degenerative cartilage lesions and OA.
They reported that intra-articular PRP was a safe
method that reduced pain, improved quality of life,
and articular function in patients with low-grade
articular degeneration [1]. A series of 46 patients
with severe chondropathies of the knee by
Giannini et al. reported positive effects of intra-
articular PRP injections in terms of reducing pain
and improving function [28].

In a study by Kon et al., 150 patients with chronic
degenerative lesions and OA were divided into
three groups. Group 1 patients were treated with
three intra-articular PRP injections, group 2
patients were treated with intra-articular injections
of high-molecular-weight hyaluronic acid, and
group 3 patients were treated with intra-articular
injections of low-molecular-weight hyaluronic acid.
They concluded that autologous PRP injections
were more efficaceous than hyaluronic acid
injections for reducing pain and restoring articular
function during the early period [3]. In a study by
Spakova et al., 60 patients with early stage OA
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were treated with three intra-articular applications
of PRP and 60 patients were given three
injections of hyaluronic acid. A significant
decrease in early stage complaints was observed
in patients who received intra-articular PRP
injections compared to those who received
hyaluronic acid [4].

The platelet concentration should be 4-6-fold
higher than the blood baseline [4,22]. In our study,
a 4.3-fold average increase in platelet
concentration was obtained. However, this value
remains controversial; some authors advocate
that the effect is suboptimal at Ilower
concentrations, whereas others believe that
extremely high concentrations may cause
adverse effects.

In the present study, leukocyte concentration in
the PRP exhibited an average 4.7-fold increase
compared to blood baseline values. A number of
studies have reported that increased
concentrations of leukocytes help prevent
infection and regulate the immune system and
angiogenesis in patients receiving PRP treatment
[4,29-33]. However, the positive effect of an
increased concentration of leukocytes on the
knee joint has not been demonstrated.

In an attempt to prevent a reduction in the
effectiveness of the positive inflammatory
response intended and desired with the PRP
injections, our patients were advised not to use
NSAIDs and to avoid applying cold therapy.
Previous studies have reported a satisfactory
biological response in clinical practice with three
intra-articular injections, and no considerable
improvement was observed in patients receiving
four and more injections [27]. Therefore, the
treatment was planned to consist of three
injections in our study.

As PRP is developed from autologous blood, it is
free of allergens or transmissible diseases. In
addition, no studies have documented
hyperplasia, a carcinogenic effect, or tumor
growth associated with PRP [34]. In contrast,
temporary knee complaints associated with PRP
injections have been reported. In our study, 17
patients developed knee effusion and pain, but
their complaints resolved spontaneously within 2
days. We believe that the development of knee
effusion is a phase of treatment. At this point, one
may ask whether clinical improvement is
achieved in patients who do not develop effusion.
This can be attributed to individual differences
among patients. The outcomes of patients with
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and without effusion did not differ significantly. No
patient had a major complication requiring the
termination of the treatment.

A total of 108 knees from 86 patients were
treated, and patients were assessed using the
SF-36, VAS, and the KSS at the pre-injection visit
and at the 2- and 6-month follow-ups. A
significant difference was observed in all
parameters at the 2- and 6-month follow-up visits
compared to baseline. Maximum efficacy was
observed at the 6-month follow-up.

Based on the KSS results, pain was reduced
most signficnatly at the 6-month follow-up. There
was also a dramatic improvement in knee range
of motion and stair climbing due to the reduced
pain.

According to the SF-36 results, patients
presented a less restricted social life, which was
accompanied by a substantial decrease in
emotional problems and a substantial increase in
work performance.

The patients showed statistical homogeneity in
age and BMI; therefore, these parameters had no
effect on the results of PRP therapy in this study.
Previous studies have reported that better clinical
outcomes are obtained with PRP injections in
younger patients with gonarthrosis compared to
that in older patients with gonarthrosis, and that
the biological response to growth factors is lower
in the more degenerated joints of older patients
[1]. PRP therapy slows intra-articular catabolic
processes, stimulates chondral anabolism,
reduces synovial membrane hyperplasia, and
modulates cytokine levels without affecting joint
degenerative progression or changing the
cartilage tissue structure, thus leading to an
improved clinical outcome [1,2,4].

Early stage gonarthrosis can be influenced by a
number of parameters. It is not reasonable to
suggest that one injection of PRP will result in
clinical improvement. The number of patients was
small and there was no control group in our study.
One of the main questions regarding PRP
application for gonarthrosis is the duration of
symptom improvement. We followed our patients
for 6 months. Based on assessments made in the
literature, standard scoring criteria, and the
significant results obtained here, we consider that
PRP intra-articular injections are a simple, cost
effective, safe, and promising treatment option
that improves the quality of life and knee function,
and provide relief from pain.
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