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Abstract

The use of Platelet-Rich-Plasma (PRP) may provide a new and improved treatment option for early
Temporomandibular Joint (TMJ) Osteoarthritis (OA). However, there are no studies on its use in TMJ arthritis in
the literature. The present study compares 30 early onsets OA patients divided equally into 3 groups who had
experienced no pain reduction following conservative and minimally invasive arthrocentesis and arthroscopy
treatment. All patients had retrodiscitis and synovitis on arthroscopic examination and were without systemic joint
disease, septic, or autoimmune arthritis. Only patients with unilateral TMJ symptoms were included in this study.
Pain intensity was recorded for each patient using a 0-10 VAS scale. Maximum Interincisal Opening (MIO) was
also recorded. This assessment was performed at the pretreatment and then at an examination 3 months after
administration of 2 intra-articular applications of autologous PRP (Group A), 2 intra-articular injections of Hyaluronic
Acid (HA) (Group B), or commencement of conservative therapy only with soft diet and analgetics (Group C). The
results after 3 months revealed that intra-articular injection of autologous PRP appeared to be an effective treatment
method for patients with early OA in this study. At the 3-month follow-up, patients from group A improved their mouth
opening significantly. Majority of the PRP patients (Group A) showed decreased pain. The average pain score before
PRP administration was 7, while 3 months after PRP administration the pain score was 3.5. In conclusion, the use

of PRP is an effective treatment option for early TMJ OA.
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Introduction

Osteoarthritis (OA) is characterized by the gradual degeneration
of cartilage and subchondral bone due to mechanical strain on
joints (micro- and macrotrauma), intraarticular joint disorders
(discopathy), or arthritic disease. The effects of free radicals and
cytokines (interleukin-1b and tumor necrosis factor alpha) activate
protease receptors and subsequently lead to cartilage fibrillation and
erosion, osteophyte formation and sclerotization of subchondral bone.
Advanced degeneration manifests through flattening of the condyle,
joint protuberances, erosion, and disc perforation [1,2]. Characteristic
clinical symptoms of OA include pain, restricted jaw movement and
joint noise, particularly grating or grinding.

Treatment for OA of the Temporomandibular Joint (TM]) consists
of the elimination of possible causal factors, conservative treatment
(occlusion splints), minimally invasive treatment [arthrocentesis,
corticosteroids, or Hyaluronic Acid (HA) injections], arthroscopy and
arthrotomy. For extensive degenerative changes, in which the disease
does not respond to any treatment modality, joint replacement is
indicated [3-5].

Platelet-rich plasma (PRP) has been used medicinally since
the 1970s [6] and is obtained from autologous blood because the
platelet concentration in PRP is at least 5-fold greater than that in
fysiological blood. PRP is prepared by centrifuging autologous blood
with anticoagulants, such as sodium citrate, which cause the blood to
separate into 3 layers in the test tube: Platelet Poor Plasma (PPP), PRP
and some red blood cells [6,7]. Blood platelets have no nuclei and are
formed through megakaryocyte fragmentation of bone marrow. The
physiological blood platelet count range is 200,000-400,000/pL. Blood
platelets contain the following granules [6]: alpha - contains fibrinogen,
thrombospondin, and growth factors; GFs, delta - contains serotonin,

ionized calcium, pyrophosphate, adenosine triphosphate, and adenosine
diphosphate, and lambda - lysosomes containing lysosomal enzymes.

Growth Factor (GF) contained in alpha granules are particularly vital
to healing and tissue regeneration and include Transforming Growth
Factor beta-I (TGF-B1) which controls proliferation, differentiation,
and other functions in many cell types; Platelet-Derived Growth
Factor Alpha (PDGFA) which is a potent mitogen for connective
tissue cells exerting its function by interacting with related receptor
tyrosine kinases; Platelet-Derived Growth Factor Beta (PDGFB), which
promotes cellular proliferation and inhibits apoptosis; platelet-derived
growth factor C - PDGFC that increases motility in mesenchymal
cells, fibroblasts, smooth muscle cells, capillary endothelial cells, and
neurons; Insulin-Like Growth Factor I (IGF-1), that mediates many of
the growth-promoting effects of growth hormones; Fibroblast Growth
Factor I (FGF1) which induces liver gene expression, angiogenesis, and
fibroblast proliferation; Epidermal Growth Factor (EGF), that induces
differentiation of specific cells and is a potent mitogenic factor for a
variety of cultured cells of both ectodermal and mesodermal origin;
Vascular Endothelial Growth Factor A (VEGFA), that is a mitogen
found in vascular endothelial cells and induces angiogenesis; Vascular
Endothelial Growth Factor B (VEGFB), which is a regulator of
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blood vessel physiology with a role in endothelial targeting of lipids
to peripheral tissues; and Vascular Endothelial Growth Factor C
(VEGEFC), that promotes angiogenesis and endothelial cell growth and
affects blood vessel permeability. The presence of these GF peptides and
their application in high concentrations to damaged tissue, a fracture,
or inter-articularly is the principle behind PRP therapy [6-12].

PRP is used particularly in orthopedic support therapy for injured
tendons and ligaments and in regeneration of OA-induced changes to
cartilage and subchondral bone [8,13,14]. The objective of the present
study is to clarify the effect of PRP in patients with OA of the TMJ
during a 3- month prospective study.

Materials and Methods
Patients

A pilot sample cohort was comprised of 30 OA patients (Wilkes stage
IV). The study subjects included 3 males and 27 females with an average
age of 33.4 + 2.0 years (range, 17-65 years). The study only included
patients with a unilateral TM] disability without systemic joint disease
(rheumatoid arthritis, hormonal changes, etc.). All patients underwent
the following 3- stage therapy without any symptom resolution.

Design on the study
All patients in this study underwent:

1. six months of conservative treatment (soft diet, analgesics, and
occlusion splint)

2. minimally -invasive treatment (2 arthrocenteses with irrigation
treatment using 100-120 mL of Ringer solution and HA
instillation at the end of the lavage)

3. arthroscopic lavage (irrigation treatment using 800-1000 mL of
Ringer solution).

Subsequently, patients who did not improve after arthroscopic
lavage and had arthroscopic conditions characterized by inflammation
of the synovial and retrodiscal tissues (tissue hyperemia and
hyperplasia) were added to the study. During arthroscopy, the quality
of the joint cartilage was assessed. The presence of chondromalacia
was determined [15]: Stage I- softening of cartilage, reduced ability
to withstand additional compressive and shearing forces; Stage II-
blistering of the cartilage surface and formation of furrows and blisters;
Stage III- fissuring and fibrillation of the articular surface and Stage
IV- exposure of subchondral bone. Only patients with stage I and II
chondromalacia were included in this study, whereas patients with disc
dislocation, disc perforation, or stage III and IV chondromalacia were
excluded.

The patients were randomly divided into 3 groups: the first 10
patients that fulfilled the study criteria comprised group A, the next
10 into group B, and the last 10 into group C. The patients in group
A were administered PRP (2 applications with a 2- week interval),
while the patients in group B were administered sodium hyaluronate
into the joint (2 applications with a 2-week interval). The patients in
group C (the control group) did not undergo any treatment, but merely
continued to use an occlusion splint (a mandibular stabilization plate 3
mm thick, hard, full coverage dental arch) and analgesics (Paracetamol
500 mg, 3 times daily for 1 week, and thereafter in the case of further).

Clinical assessment

The patients subjectively assessed their pain intensity using the
Visual Analog Scale (VAS; scale 0-10) and the Maximum Interincisal

Opening (MIO) was clinically measured in millimeters. This
assessment was performed prior to and then at a follow-up examination
3 months after the administration of PRP or HA, or 3 months after the
commencement of conservative therapy.

Preparation of PRP

PRP was prepared from a 10 mL autologous venous blood sample
taken from the antecubital vein. The blood was drawn into test tubes
containing sodium citrate and then centrifuged for 6 min at 1500 rpm.
The blood was separated into 3 layers: a red bottom layer containing red
blood cells; a pink middle layer containing PRP; and a yellow top layer
containing PPP. The middle plasma layer (PRP) was then drawn from
the test tubes using a micropipette.

Intra-articular application

The needle insertion point was locally disinfected and the lateral
TM]J fossa rim and condylar head were located by palpation. The patient
was then asked to open their mouth and a 19 gauge needle was inserted
10 mm in front of the tragus and 2 mm below the lateral canthotragal
line. Then, 1-2 mL of anesthetic (4% Articain with Epinephrine), was
injected into the joint and then aspirated back into the syringe. In cases
where aspiration was possible, the needle was clearly directed intra-
articularly [5]. (The TM]Js of Group A patients were injected with 1 mL
of PRP; those in group B were administered 1 ml of sodium hyaluronate.
The injection sites were covered with a sterile bandage. The procedure
was always performed with a prophylactic dose of antibiotics (2 g of
Amoxicilin; in patients allergic to penicillin, Clindamycin 600 mg was
used 1 hour before the procedure).

Post-operative care

The same post-operative care regimen was applied to all patients
after intra-articular application: for 3 days immediately following the
injection, patients were instructed to open their mouths as little as
possible; afterwards, they were instructed to open their mouths to the
threshold of pain. All subjects in the study were informed to wear an
occlusion splint 24 hours a day for the first 3 days, then regularly at
night. During the 3 days immediately following injectuion, all patients
regularly received analgesics (Paracetamol 500 mg, 3 times daily);
afterwards they only received analgesics in the case of pain.

Statistical analysis

Data are reported as (i) absolute numbers, (ii) percentage of the
whole sample or (iii) mean + S.E.M. Inter-group differences between
particular groups as well as in-group differences inside particular groups
were analyzed by non-paired or paired Student’s T-test. Statistically
significant differences was set for p<0.05. All efforts have been made
to eliminate potential sources of bias. The study has been designed and
reported in accordance with the STROBE statement.

Results
Range of opening

The overall average interincisal mouth opening before treatment
was 30.5 + 1.8 mm (range 16-39 mm). At the 3-month follow-up,
patients from both groups, A and B, improved their mouth opening.
The average interincisal mouth opening was 31.2 + 1.8 mm. The mean
difference in mouth opening prior to and 3 months after treatment
were 1.6 + 1.0 (5% of original value) in group A, 0.6 + 0.4 mm (2% of
original value) in group B, and none in control group C. The difference
in this parameter between groups A and B was not significant (p=0.39).
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Figure 1: Interincisal mouth opening in patients from groups A, B and
C before treatment and during 3-month follow-up period after particular
treatment (mean % S. E. M). The differences between both groups were
not statistically significant (p>0.05).

Figure 2: Pain intensity, reflected by VAS (range 0-10; mean = S. E. M)
in patients from groups A, B and C before treatment and during 3-month
follow-up period after treatment. Significant difference (p>0.05) is marked
with asterisk.

Moreover, there was no statistical difference (p>0.05) between groups A
and B in interincisal mouth opening before as well as during 3-month
follow-up period (Figure 1).

Pain evaluation

Three months after application, patients from both group A and
B had decrease of pain intensity (Figure 2). Of the 10 patients who
underwent PRP therapy, 7 (70%) experienced a reduction in pain at
their 3- month follow-up examination. On contrary, of the 10 patients
who underwent sodium hyaluronate injection, only 2 (20%) reported
a reduction in pain at their 3- month follow-up examination. After
treatment, pain relief was significantly more pronounced in group A-the
difference between groups A and B in VAS after 3-month follow-up was
significant (p=0.047). Subsequently, in-group differences are evaluated
with paired Student s T-test. In group A, mean VAS decreased from 7.3
+0.55to 4.1 £ 0.77, corresponding to mean decrease of 3.2 + 0.81 (44%
of original value). This difference was significant (p=0.005). In group
B, mean VAS decreased from 6.4 + 0.50 to 6.0 * 0.68, corresponding to
mean decrease of 0.4 + 0.25 (6% of original value). This difference was
not significant (p=0.66) (Figure 2).

Discussion

Minimally invasive modalities are typically utilized in the
management of early stage osteoarthritis [16]. Minimally invasive

treatment includes intra-articular administration of HA and
corticosteroids, and arthrocentesis [3,4,16]. Bjornland et al. compared
the effect of 2 injections of sodium hyaluronate (HA) with that of
corticosteroids in 40 patients with TMJ OA. The HA patients had
significantly better pain relief [17]. Moystad et al. found no significant
difference with 2 intra-articular injections of HA and corticosteroids
[18]. Similarly, Kopp found no significant difference between the
efficacies of HA and corticosteroids [3].

Intra-articular administration of anti-inflammatory drugs into
joints can improve lubrication. In contrast, arthrocentesis provides
joint lavage, the irrigation of inflammatory mediators and loose
particles of cartilage, thus loosening adhesions [5,16]. Nevertheless,
many physicians prefer to use HA at the end of arthrocentesis for its
positive effect on inflammatory degenerative disorders [4,19], but HA
is more effective in the early stages of OA than in stages characterized
by morphological changes of the articular surfaces [5,19]. Manfredini
et al. compared several arthrocentesis injection options and obtained
better results with HA compared to corticosteroids [4]. Noticeable
improvement was achieved with repeated arthrocentesis combined with
HA application [4,19]. Guarda-Nardini et al. reported improvement
after only 2 arthrocenteses combined with HA instillation [19]. In the
Guarda-Nardini study, the effect of the application of sodium hyaluronate
was significantly lower-only 20%, but it is important to understand
that the study dealt only with patients unresponsive to conventional
treatment methods (conservative treatment, 2 arthrocentesis therapies
combined with HA administration and arthroscopic lavage, but always
with no effects) [19]. In the present study, the patients obtained a higher
therapeutic effect from intra-articular administration of PRP-70% of
patients reported reduced pain and improved mouth opening.

PRP therapy is based on the effects of GFs that promote changes
in cell proliferation and regulate cellular metabolism. GFs have a vital
role in modulating chondrogenic expression [20]. PRP promotes
healing through regeneration of degenerative changes in cartilage,
bone, and synovial tissue [7]. In oral surgery, PRP is used to support
bone regeneration in sinus lifts, cleft surgery, and jaw reconstruction,
promotes healing of oroantral communications, bone defects, and
cysts, and prevents f the development of dry socket [7,21]. PRP is
widely used in orthopedic surgery, as it promotes healing of wounded
tendons and ligaments (medial collateral ligament rupture of the knee,
lateral collateral ligament rupture of the ankle and tendon defects) and
regenerates OA damage to cartilage and subchondral bone [8,13,14].

While articular cartilage has limited regenerative capacity due to
its avascularity and low mitotic activity, some GFs especially TGF beta,
basic fibroblast growth factor, and bone morphogenic protein show a
positive effect on cartilage tissue regeneration [10,22,23]. The effect
of PRP on inflammatory degenerative changes has been described
in many studies. In a study of porcine knee arthritis, Lippross et al.
reported that PRP reduced inflammatory mediator synthesis in the
synovial membrane [24]. These results were confirmed by Liu et al. in a
study of rabbit knee synovitis [25]. Sun et al. reported improved healing
of osteochondral defects in rabbits, and Ying et al. reported a positive
effect of TGF in OA of rabbit TMJs [11,26].

Several clinical trials have shown that PRP therapy is effective for
pain reduction and subsequent improvement in joint function. Sanchez
et al. treated 40 patients with OA of the hip utilizing intra-articular PRP
and found that 57.5% of patients achieved pain reduction on a 6-month
follow-up and 16 patients had excellent results [10]. Significant pain
reduction was also reported by Filardo et al, who evaluated the
use of PRP in 91 patients in a 12-month follow-up study of chronic
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degeneration of the knee [27]. Sampson et al. noted a reduction in
pain and disease improvement in 14 patients with OA of the knee [28].
Similar results were reported by Napolitano et al. in 27 patients with
OA of the knee and by Kon et al. in 150 patients with OA of the knee
[20,29].

In the present study, PRP was used in patients with OA of the
TMJ. Pain reduction and improvement in jaw mobility occurred
in 70% of the participants. In this study, PRP was injected into the
affected TMJs 2 times in succession with a 2-week interval. However,
many orthopedic studies have reported a greater number of repeated
applications, mostly 3 at an interval of 3-5 weeks [10,13,20,22,27-
29]. As in other studies, there were no complications related to the
administration of PRP [13,20,27-29]. Contraindications for the use of
PRP include platelet dysfunction syndrome, critical thrombocytopenia,
hypofibrinogenemia, and hemodynamic instability [30].

Conclusion

Our results demonstrated the early efficacy of PRP in patients with
OA of the TMJ as a possible alternative treatment. In patients who
did not respond to standard treatment, PRP administration showed a
significantly greater effect than sodium hyaluronate.

This was asmall pilot study and the study patients were only subjected
to intra-articular administration of PRP or sodium hyaluronate without
simultaneous arthrocentesis. Future, large cohort studies are required
to evaluate the effectiveness of the present methodology compared to
other minimally invasive treatment modalities, the exact biological
effects of PRP in OA, and to determine the best management algorithm
for early TMJ OA.
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