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Purpose: The aim of the study is to evaluate the effect of platelet-rich plasma (PRP) injection on
temporomandibular joint (TMJ) cartilage and subchondral bone healing.
Materials and methods: Sixteen New Zealand rabbits were divided into two groups, including single PRP
and multiple PRP injection groups. Sodium mono-iodoacetate (MIA) was injected bilaterally into the TMJ
of all rabbits to create osteoarthritis (OA). PRP was injected once into the right TMJ in the single PRP
group and was injected three times (once a week) into the right TMJ in the multiple injection group 4
weeks after injection of MIA. At the time of each PRP injection, isotonic NaCl solution was injected into
the left TMJ in the control groups. All animals were sacrificed 30 days after the first PRP injection.
Results: As a result of the histological evaluation, there was no statistically significant difference in
cartilage and subchondral bone regeneration between the groups (p > 0.05).
Conclusions: Although there was no statistically significant difference between PRP and control groups, it
was seen that improvement were better in PRP groups. According to the Results of our study, it seems
that different methods should be tried to investigate the efficacy of PRP on the TMJ healing.

© 2019 European Association for Cranio-Maxillo-Facial Surgery. Published by Elsevier Ltd. All rights
reserved.
1. Introduction

The temporomandibular joint (TMJ) is a synovial bilateral joint
in which the most complex movements of the human body occur
(Wang et al., 2015). Osteoarthritis (OA) can be seen as the clinical
and pathological outcome of a range of disorders that result in
structural and functional failure of synovial joints. In general, it has
been considered a disease of articular cartilage. However, the cur-
rent concept holds that OA involves the entire joint organ, including
the subchondral bone, disc, ligaments, periarticular muscle,
capsule, and synovium (Hunter and Felson, 2006). Temporoman-
dibular joint OA is an important subgroup of TMJ disorders. The
etiology of TMJ OA is multifactorial and complex and still uncertain
(Tanaka et al., 2008; Kalladka et al., 2014; Wang et al., 2015).
Although OA can affect anyone at any age, it has been linked to the
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aging process (Kalladka et al., 2014). The most common clinical
symptoms in patients with TMJ OA are pain, limitation of function,
and joint sounds. The quality of life of patients with TMJ OA
decreased due to pain and TMJ dysfunction (Kalladka et al., 2014;
Wang et al., 2015).

Platelet-rich plasma (PRP) is an autologous blood product that is
obtained by centrifuging blood and contains more platelets than
normal (Smyth et al., 2013). Platelet-rich plasma contain 3 to 5
times more growth factor than normal plasma (Foster et al., 2009).
Platelets include growth factors as well as fibrin, fibronectin (Fn),
vitronectin (Vn), and many biologically active specific molecules,
which act as cell adhesion molecules (Marx, 2004). Studies have
reported that it increases healing in soft tissue, hard tissue and
nerve tissue and that it shows antimicrobial properties, thanks to
the leukocytes and interleukins within it (Nikolidakis and Jansen,
2008; Plachokova et al., 2008; Garcia et al., 2010).

Platelet-rich plasma is considered as a new therapeutic agent
in the treatment of degenerative disorders of the TMJ. Platelet-
rich plasma contains high concentrations of growth factors that
accelerate healing. Studies have shown that PRP stimulates cell
proliferation and increases hyaluronic acid production in cartilage
Elsevier Ltd. All rights reserved.
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matrix and synovial cells. Platelet-rich plasma also increases
glycosaminoglycan (GAG) synthesis, stabilizes joint angiogenesis
and forms a framework for stem cell migration (Hegab et al.,
2015). In the literature, PRP is used successfully for a long time
in the treatment of OA of the knee joint (Kon et al., 2010a; Filardo
et al., 2011; Wang-Saegusa et al., 2011). However, there are few
studies in the literature on the efficacy and use of PRP in the
treatment of TMJ OA.

In our study, we aimed to examine histopathologically the
changes in TMJ cartilage and subchondral bone using by intra-
articular injection of PRP in experimental animal models of TMJ OA.

2. Materials and methods

2.1. Study design

This study was approved by Karadeniz Technical University
Animal Experiments Local Ethics Committee (Date: 22 April
2014, Protocol No: 2014/16). Sixteen adult male White New
Zealand rabbits weighing between 3 and 3.5 kg were used in our
study. All animals were evaluated for systemic infection and
anatomic malformation before the study. The rabbits were
housed in suitable cages at 22 ± 2 �C with a daily 12-h light/12-h
dark schedule.

The rabbits were randomly divided into two groups of eight
each.

Multiple PRP injection group (n ¼ 8): OA was created bilaterally
in the TMJ by sodium mono-iodoacetate (MIA) in eight rabbits in
this group. A 0.8e1 ml quantity of PRP was injected three times at
1-week intervals into the right TMJ. A 0.8e1 ml quantity of isotonic
NaCl solution was injected three times at 1-week intervals into the
left TMJ with the same technique for control purposes (n ¼ 16).

Single PRP injection group (n ¼ 8): OAwas created bilaterally in
the TMJ byMIA in eight rabbits in this group. A 0.8e1ml quantity of
PRP was injected once into the right TMJ. A 0.8e1 ml quantity of
isotonic NaCl solution was injected once into the left TMJ with the
same technique for control purposes (n ¼ 16).

2.2. Preparation of platelet-rich plasma

There is no any accepted standard centrifuge number or
parameter in the literature. Different techniques are mentioned for
preparing PRP. Standard PRP kits were used in our study. In this
method, approximately 8e10 ml of blood is transferred into a tube
containing sodium citrate during preparing PRP, and then PRP is
obtained by centrifuging the blood in one or two steps. PRP ob-
tained after centrifugation is not active and therefore a mixture of
bovine thrombin and calcium chloride is added to it in order to
activate PRP.

2.3. Experimental procedure

The rabbits were prepared in a similar manner before MIA and
PRP injections. Arthrocentesis technique was used in both in-
jections. Each animal was weighed before anesthesia and thus their
body weights were determined. After appropriate dosage of anes-
thetic agent was calculated for each animal, 50 mg/kg ketamine
hydrochloride (Ketalar flk, Pfizer, 50 mg/ml solution) and 5 mg/kg
xylazine hydrochloride (Rompun enj 2% sol, Bayer, Germany) were
intramuscularly administered to provide general anesthesia. The
skin of the TMJ region was shaved following the anesthesia. The
skin was disinfected with 10% povidone-iodine solution (Betadine
sol, Kansuk, Turkey) for antisepsis. In intraarticular injections, it
was entered into the joint space using a 29-gauge insulin needle
with arthroscopic technique. After the right upper compartment of
the rabbit TMJ was palpated, 8 mm posterior to the lateral canthus
in the internal auditory canal was determined as the needle entry
point. It was entered below the zygomatic process of the temporal
bone and behind the condyle. It was moved in a medioanterior
direction; then it was entered into the joint space.

Guler et al. created an experimental OA model in the rabbit TMJ.
The dose of MIA used in their study was taken for reference. A 50 ml
quantity of 3 mg/ml MIA solution was injected into both joints of
the rabbits. After waiting 4 weeks for formation of OA, the PRP
injection phase of the experiment began (Guler et al., 2011).

The rabbits were prepared for PRP injection in a manner similar
to that for MIA injection. Standard PRP (Smart PRP Platelets Rich
Plasma Separation Kit) kits were used in our study. In order to
prepare PRP, 10 ml of blood was collected from the rabbit ear veins
and then was transferred into a tube containing sodium citrate as
anticoagulant. The obtained blood was centrifuged in one stage at
3200 rpm for 12 min in the swing centrifuge device.

After the centrifugation, the upper part of the tube contains
platelet poor-plasma (PPP) and PRP is just below PPP. The separator
gel was present below the PRP, and red blood cells were obtained at
the bottom of the tube. After PPP was removed from the tube with
the aid of a special needle, PRP in the middle was carefully drawn
into the syringe andwasmade available. A 0.8e1ml quantity of PRP
was obtained through this process. Then 10% calcium chloride was
added to it in order to activate PRP.

The obtained PRP was injected with a 29-gauge insulin needle
into the right TMJ of the rabbits were previously created bilaterally
TMJ OA. At the time of each PRP injection, 0.8e1 ml of isotonic NaCl
solution was injected into the left TMJ with the same technique for
control purposes. In the single PRP injection group, the rabbits were
sacrificed 30 days after the first PRP injection. In the multiple PRP
injection group, PRPwas injected at days 1, 7 and 14 after formation
of OA, and the rabbits were sacrificed 30 days after the first PRP
injection.

After the rabbits were anesthetized with ketamine-xylazine
mixture for sacrifice, an overdose (100 mg/kg) of thiopental so-
dium (Ekipental, Tum-Ekip Pharmaceutical Inc., Istanbul) was
administered intracardially.

The TMJ in each rabbit was dissected bilaterally. It was milled
under irrigation with a bur so that the joint region included the
temporal bone and the condylar process of the mandible. En bloc
excision was performed, to be 2 � 1 cm in size. The obtained tissue
specimens were evaluated histopathologically.

2.4. Histopathological evaluation

The obtained samples were gently dissected and the remaining
soft tissues were removed. They were individually placed in
numbered containers containing 10% neutral formaldehyde solu-
tion. The bloody solution was changed 30 min later, and the tissues
were fixed for 48 h.

After the fixation process was completed, 10% formic acid so-
lution was used for decalcification of the tissues. During the
decalcification process, the solution was changed every 2 days. The
tissues were decalcified at room temperature for 20 days and then
werewashed in stream tapwater for 4 h. They were passed through
a graded series of alcohol for dehydration. After they were treated
with xylene, they were embedded in paraffin.

The prepared paraffin blocks were cut into a thickness of 5 mm
with a microtome (Leica RM2255, Japan) and then were taken on
numbered slides.

After the sections taken on the slides were allowed to stand for
60 min at 50 �C, they were hydrated by the removal of paraffin
through a graded series of xylene and alcohol. The sections pre-
pared in this way were stained with regular hematoxylin-eosin
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(H&E) staining. The sections, which were passed through a graded
series of xylene and alcohol, were then covered with lamella by
dripping Entellan on them.

The prepared sections were evaluated with a light microscope
(Olympus BX51-Japan) equipped with a digital camera (Olympus
DP71-Japan), and then were photographed (DP controller 3.3.1292
version Olympus Corporation-Japan).

All sections of all groups were evaluated for articular cartilage,
osteochondral junction, chondrocyte appearance, and histological
changes in subchondral bone structure. Each sectionwas evaluated
in terms of articular cartilage (normal, thickened, thinned), chon-
drocyte appearance (normal, hypocellular, clustered), osteochon-
dral junction (normal, invaginated, weak junction and subchondral
bone structure (normal, increase in trabecular bone)) (Duygu et al.,
2011). In our study, thickening or thinning in articular cartilage,
clustering or hypocellularity in chondrocyte appearance, invagi-
nation or weak junction in osteochondral junction, and increase in
subchondral trabecular bone were considered pathologically.

2.5. Statistical analysis

SPSS 17.0 (SPSS Inc., Chicago, IL, USA) software was used for the
statistical evaluation of the histopathological data obtained. The
descriptive statistics were calculated. Then, the Wilcoxon signed-
rank test was used to analyze the difference between the control
groups and the experimental groups, and the ManneWhitney U
test was used to compare the two experimental groups (p < 0.05).
Histopathological parameters of each group was calculated by the
Spearman rank correlation coefficient (p < 0.05). In all analyses, a p
value < 0.05 was considered statistically significant.

3. Results

No rabbits included in the study died from infection or any cause
other than sacrifice. No animals were left out of the study. Since the
rabbits included in the study had standard age and weight, it was
not examined whether there was a significant difference between
the rabbits in terms of the characteristics such as age and weight. A
total of 32 TMJs of 16 rabbits were evaluated in the study.

When the single PRP injection group was evaluated for articular
cartilage, it was normal in 4 (50%) joints, thickened in 1 (12.5%)
joint and thinned in 3 (37.5%) joints.When the control group (single
injection) was evaluated for articular cartilage, it was normal in 3
(37.5%) joints, thickened in 1 (12.5%) joint and thinned in 4 (50%)
joints. When the single PRP injection group was evaluated for
osteochondral junction, it was normal in 3 (37.5%) joints, invagi-
nated in 4 (50%) joints and weak junction in 1 (12.5%) joint. When
the control group (single injection) was evaluated for osteochon-
dral junction, it was normal in 3 (37.5%) joints, invaginated in 2
Table 1
Numerical and percentage distribution of the single PRP injection group and the control

Changes in the Condyle Single PRP Inj. Gro

Articular Cartilage Normal 4 (%50)
Thickened 1 (%12,5)
Thinned 3 (%37,5)

Osteochondral Junction Normal 3 (%37,5)
_Invaginated 4 (%50)

Weak 1 (%12,5)
Junction

Chondrocyte Appearance Normal 5 (%62,5)
Hypocellular 0
Clustered 3 (%37,5)

Subchondral Bone Normal 4 (%50)
_Increase in Trabecular Bone 4 (%50)
(25%) joints and weak junction in 3 (37.5%) joints. When the single
PRP injection group was evaluated for chondrocyte appearance, it
was normal in 5 (62.5%) joints and clustered in 3 (37.5%) joints.
When the control group (single injection) was evaluated for
chondrocyte appearance, it was normal in 4 (50%) joints, clustered
in 1 (12.5%) joint and hypocellular in 3 (37.5%) joints. When the
single PRP injection groupwas evaluated for histological changes in
subchondral bone structure, it was normal in 4 (50%) joints and
displayed an increased trabecular bone volume in 4 (50%) joints.
When the control group (single injection) was evaluated for his-
tological changes in subchondral bone structure, it was normal in 2
(25%) joints and displayed an increased trabecular bone volume in
6 (75%) joints (Table 1).

There was no statistically significant difference between the
single PRP injection group and the control group (single injection)
in terms of articular cartilage, osteochondral junction, chondrocyte
appearance, and histological changes in subchondral bone struc-
ture (p> 0.05). Histological images of the single PRP injection group
and the control group (single injection) are shown in Fig. 1.

When the multiple PRP injection group was evaluated for
articular cartilage, it was normal in 4 (50%) joints, thickened in 1
(12.5%) joint and thinned in 3 (37.5%) joints. When the control
group (multiple injection) was evaluated for articular cartilage, it
was normal in 2 (25%) joints, thickened in 4 (50%) joints and
thinned in 2 (25%) joints. When the multiple PRP injection group
was evaluated for osteochondral junction, it was normal in 6 (75%)
joints, invaginated in 1 (12.5%) joint and weak junction in 1 (12.5%)
joint. When the control group (multiple injection) was evaluated
for osteochondral junction, it was normal in 3 (37.5%) joints,
invaginated in 4 (50%) joints and weak junction in 1 (12.5%) joint.
When the multiple PRP injection group was evaluated for chon-
drocyte appearance, it was normal in 4 (50%) joints, hypocellular in
2 (25%) joints and clustered in 2 (25%) joints. When the control
group (multiple injection) was evaluated for chondrocyte appear-
ance, it was normal in 2 (25%) joints, hypocellular in 2 (25%) joints
and clustered in 4 (50%) joints. When the multiple PRP injection
group was evaluated for histological changes in subchondral bone
structure, it was normal in 4 (50%) joints and displayed an
increased trabecular bone volume in 4 (50%) joints. When the
control group (multiple injection) was evaluated for histological
changes in subchondral bone structure, it was normal in 2 (25%)
joints and displayed an increased trabecular bone volume in 6
(75%) joints (Table 2).

There were no statistically significant differences between the
multiple PRP injection group and the control group (multiple in-
jection) in terms of articular cartilage, osteochondral junction,
chondrocyte appearance, and histological changes in subchondral
bone structure (p > 0.05). However, it was seen that the multiple
PRP injection group was superior to the control group (multiple
group (single injection).

up (n/%) (n ¼ 8) Single PRP Inj. Control Group (n/%) (n ¼ 8) P Value

3 (%37,5) p > 0,05
1 (%12,5)
4 (%50)
3 (%37,5) p > 0,05
2 (%25)

3 (%37,5)

4 (%50) p > 0,05
3 (%37,5)
1 (%12,5)
2 (%25) p > 0,05
6 (%75)



Fig. 1. (A) Thickened articular cartilage, normal chondrocytes and normal subchondral bone structure were observed in the single PRP injection group (H&E, 10x). (B) Normal
articular cartilage, increased fibrocartilage and fibrillations ( ) were observed in the control group (single injection) (H&E, 10x). (C) Thickened articular cartilage and chondrocyte
clusters ( ) were observed in the single PRP injection group (H&E, 20x). (D) Thinned articular cartilage and hypocellularity (*) were observed in the control group (single injection)
(H&E, 20x).
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injection) in terms of improvement. Histological images of the
multiple PRP injection group and the control group (multiple in-
jection) are shown in Fig. 2.

There were no statistically significant differences between the
multiple PRP injection group and the single PRP injection group in
terms of articular cartilage, osteochondral junction, chondrocyte
appearance, and histological changes in subchondral bone struc-
ture (p > 0.05). A difference that was not statistically significant
between the multiple PRP injection group and the single PRP in-
jection group was observed in the osteochondral junction. When
articular cartilage, chondrocyte appearance, and histological
changes in subchondral bone structure were evaluated, similar
Results were obtained. The osteochondral junctionwas normal in 6
(75%) joints in the multiple PRP injection group, and was normal in
3 (37.5%) joints in the single PRP injection group (Table 3).

In our study, the control groups were also compared with each
other, and the effect of the number of injections (needle-induced
Table 2
Numerical and percentage distribution of the multiple PRP injection group and the cont

Changes in the Condyle Multiple PRP In

Articular Cartilage Normal 4 (%50)
Thickened 1 (%12,5)
Thinned 3 (%37,5)

Osteochondral Junction Normal 6 (%75)
_Invaginated 1 (%12,5)

Weak 1 (%12,5)
Junction

Chondrocyte Appearance Normal 4 (%50)
Hypocellular 2 (%25)
Clustered 2 (%25)

Subchondral Bone Normal 4 (%50)
_Increase in Trabecular Bone 4 (%50)
trauma) on healing was evaluated. There was no statistically sig-
nificant difference between them (p > 0.05). When the correlation
between the data in all groups was evaluated, the relationship
between the data was not statistically significant (p > 0.05).

4. Discussion

Platelet-rich plasma is referred to as autologous platelet
concentrate and has beenwidely used in the treatment of bone and
soft tissue defects in recent years. Many molecules such as coagu-
lation factors, growth factors, cytokines, chemokines, and integrins
are released through the activation of platelets (Sundman et al.,
2011).

Our study was planned to determine whether the use of PRP in
the treatment of TMJ OA has an effect on healing in degenerated
joint cartilage and subchondral bone due to the high amount of
different growth factors in it.
rol group (multiple injection).

j. Group (n ¼ 8) Multiple PRP Inj.Control Group (n ¼ 8) P Value

2 (%25) p > 0,05
4 (%50)
2 (%25)
3 (%37,5) p > 0,05
4 (%50)

1 (%12,5)

2 (%25) p > 0,05
2 (%25)
4 (%50)
2 (%25) p > 0,05
6 (%75)



Fig. 2. (A) Thickened articular cartilage, fissures (*), chondrocyte clusters ( ) and increased trabecular bone volume were observed in the control group (multiple injection) (H&E,
10x). (B) Thinned articular cartilage and normal osteochondral junction were observed in the multiple PRP injection group (H&E, 10x). (C) Thinned articular cartilage, irregularities,
fibrillations and fissures (*) and normal subchondral bone structure were observed in the control group (multiple injection) (H&E, 20x). (D) Normal articular cartilage, normal
chondrocyte appearance and normal osteochondral junction were observed in the multiple PRP injection group (H&E, 20x).

Table 3
Numerical and percentage distribution of the single PRP injection group and the multiple PRP injection group.

Changes in the Condyle Single PRP Inj. Group (n ¼ 8) Multiple PRP Inj. Group (n ¼ 8) P Value

Articular Cartilage Normal 4 (%50) 4 (%50) p > 0,05
Thickened 1 (%12,5) 1 (%12,5)
Thinned 3 (%37,5) 3 (%37,5)

Osteochondral Junction Normal 3 (%37,5) 6 (%75) p > 0,05
_Invaginated 4 (%50) 1 (%12,5)

Weak 1 (%12,5) 1 (%12,5)
Junction

Chondrocyte Appearance Normal 5 (%62,5) 4 (%50) p > 0,05
Hypocellular 0 2 (%25)
Clustered 3 (%37,5) 2 (%25)

Subchondral Bone Normal 4 (%50) 4 (%50) p > 0,05
_Increase in Trabecular Bone 4 (%50) 4 (%50)
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Intraarticular injections of PRP are frequently and successfully
applied to degenerative diseases of joints such as knee and hip.
However, there are few studies on TMJ OA. Different treatment
modalities show poor improvement in articular cartilage and
degenerated chondrocytes (Kutuk et al., 2014). Recent studies have
focused on tissue biology and have shown that growth factors have
an effect on cartilage repair. Platelet-rich plasma is a natural source
of growth factors. Studies have indicated that it has a healing effect
on cartilage damage in degenerative knee diseases. In addition,
studies have reported that its effect on the pain has continued for 1
year after intraarticular injection of PRP into the knee joint (Kon
et al., 2010a; Sampson et al., 2010). In the protocols for PRP injec-
tion performed in the treatment of knee OA in the literature, Spa-
kova et al., Napolitano et al. and Sanchez et al. performed PRP
injection three times at 1-week intervals (Sanchez et al., 2008;
Napolitano et al., 2012; Spakova et al., 2012). Whereas Halpern
et al. performed PRP injection once, Kon et al. and Wang-Saegusa
et al. performed PRP injection three times at 2-week intervals
(Kon et al., 2011;Wang-Saegusa et al., 2011; Halpern et al., 2013). In
our study, experimental OA model was created in the rabbits to
evaluate and compare the effects of single and multiple PRP in-
jections on cartilage and subchondral bone healing in TMJ OA. PRP
was injected once in the single PRP injection group and was
injected three times (once a week) in the multiple injection group.
Thus, the effect of single and multiple PRP injections on healing in
TMJ OA was also assessed.

Although different animal models provide important informa-
tion about joint biology and OA pathology, differences between
models make it difficult to compare studies. Spontaneous models
develop slowly and are most similar to human disease. However,
these are time-consuming, and disease development manifests
individual differences as in humans. Although genetically modified
animals are the most appropriate models for the functional role of
specific molecules in OA pathology and cartilage hemostasis,



U. Coskun et al. / Journal of Cranio-Maxillo-Facial Surgery 47 (2019) 357e364362
application of findings to human disease is questionable. Surgical
models can also produce rapid and reproducible damage. However,
these models are more suitable for the traumatic OA than the
classic OA (Ameye and Young, 2006; Guler et al., 2011). Structural
techniques are similar to the OA mechanism developed in humans
and produce degeneration in a shorter time than other techniques.
They are often preferred for reasons such as that they do not
damage intraarticular and peripheral tissues, they are easy to apply,
and degenerative changes to be generated can be adjusted by dose
(Helminen et al., 2002; Kobayashi et al., 2003).

Osteoarthritic articular cartilage is characterized by chondrocyte
clusters, thickened fibrous layer in the cartilage, and invasion of the
connective tissue in subchondral bone in the early period. It has
been reported that, in the late period, hypocellularity occurs due to
apoptotic cell death, articular cartilage is replaced by fibrous tissue,
subchondral bone emerges due to development of erosion, and
necrosis develops (Cledes et al., 2006).

Cartilage degeneration develops in all species after intra-
articular injection of MIA. The degree of degeneration changes ac-
cording to the application frequency and concentration level. In
these models, osteophytes develop besides cartilage degeneration.
In addition, it has been shown that MIA injection produces changes
similar to human OA in subchondral bone (Bendele, 2001; Guzman
et al., 2003).

Cledes et al. applied 50 ml of 1.5 mg/mlMIA solution to the rabbit
TMJ by intraarticular injection and examined its osteoarthritic ef-
fect on the rabbit TMJ at different time intervals (10, 20, 30, 40
days). On the 30th day, severe OA changes in the joint were
observed histopathologically, and articular cartilage was
completely replaced by fibrous tissue. On the 40th day, it was re-
ported that five stages of OA including initial, repair, early, middle
and late occurred and that articular cartilage disappeared
completely and then subchondral bone exposed and that necrosis
developed. It was reported in the same study that intraarticular
injection of MIA caused both degeneration and repair response in
the TMJ. This repair response is defined as hypertrophic cartilage
reaction and chondrocyte migration surrounding the lesions
developed in cartilage (Cledes et al., 2006).

Guler et al. evaluated histologically and radiologically the effect
of MIA on formation of experimental OA at different doses (1.5, 2,
2.5, 3 mg/ml) and time intervals (2, 4 and 6 weeks) in rabbits. A
50 ml quantity of MIA solution was injected into the rabbit TMJ by
arthrocentesis technique. At the 4th week, there was a normal
image in the condyles of joint after injection of 1.5 mg/ml MIA.
However, clustering was observed in chondrocytes after injection
of 2.5 mg/ml MIA, and early changes such as thickening and thin-
ning in cartilage and poor attachment and invagination in osteo-
chondral junction were seen after injection of 3 mg/ml MIA. It was
reported that 3 mg/ml MIA injected by arthrocentesis technique
was effective on the development of early osteoarthritic changes in
the rabbit TMJ at 4 weeks, and that technique applied has advan-
tages such as causing degeneration in a short time and without
damaging surrounding tissues (Guler et al., 2011).

Based on the Results obtained by Guler et al., MIA dose to be
injected intraarticularly was determined to be 3 mg/ml in our
study. Based on the findings of the studies referred to above, the
time of PRP injection was determined as the 4th week, when early
osteoarthritic changes became largely evident. Thus, the thera-
peutic role of PRP on OA could be assessed.

In our study, selecting for the control group the other joint of the
same animal minimized the effect of anatomical differences. In-
jection of isotonic NaCl solution into the control group at the
amount of PRP injected into the experimental group balanced the
inflammation due to tissue tension and needle trauma. Thus, it
allowed us to clearly assess the difference between the two groups.
When we examined the changes in chondrocyte appearance in
the TMJ of rabbits that were sacrificed 30 days after the first PRP
injection in our study, there was no statistically significant differ-
ence between the groups (p > 0.05). However, it was seen that the
number of joints with normal chondrocyte appearance was higher
in the multiple PRP injection group compared to the control group
(multiple injection). Although the presence of chondrocyte clusters
in all groups has indicated that repair response developed in the
TMJ in the early OA, it was thought that hypocellularity may be
associated with cell death.

There was no statistically significant difference between the
groups when the changes in articular cartilage were examined and
compared between the groups (p > 0.05). There was no statistically
significant difference between the multiple PRP injection group
and the single PRP injection group in terms of the parameters.
Although there was no statistically significant difference in
improvement between the PRP injection groups and the control
groups, it was seen that the data for improvement were better in
the PRP injection groups compared to the control groups. This can
be attributed to the fact that growth factors in PRP stimulate
healing and proliferation in chondrogenic cells and increase carti-
lage matrix synthesis on cartilage repair.

Kutuk et al. created surgically OA in bilateral TMJ in 16 New
Zealand rabbits. They applied a single PRP injection to one side and
infused isotonic NaCl solution to other side. They evaluated histo-
pathologically the effect of PRP on TMJ OA. In that study, bone
regeneration was statistically significantly higher in the PRP group
compared to the control group. Moreover, although regeneration in
hyaline cartilage and fibrous cartilage was higher in the PRP group
compared to the control group, there was no statistically significant
difference between the two groups (Kutuk et al., 2014). That study
supports our study by showing that regeneration was higher in the
PRP group, although there was no statistically significant difference
in cartilage healing between the PRP and control groups.

When the changes in osteochondral junction were examined,
there was no statistically significant difference between the
groups, similar to the other findings (p > 0.05). Although there was
no significant difference in changes such as invagination or
weakening in osteochondral junction between the other groups
except for the multiple PRP injection group, it was observed that
normal osteochondral junction was higher in the multiple PRP
injection group. This can be interpreted as that a high number of
PRP injections can positively influence regeneration in the osteo-
chondral junction.

In our study, although there was no statistically significant
difference in improvement between the experimental and control
groups, more improvement was observed in the PRP injections
groups in terms of subchondral bone healing. This finding sup-
ports the positive effects of PRP on bone healing in the literature
(Marx et al., 1998; Ogundipe et al., 2011; Poeschl et al., 2012).
However, the reason for the inability to see the expected level of
healing in the subchondral bone in our study can be attributed to
the fact that PRP was administered into the joint space instead of
in bone tissue, and diffusion could not be achieved adequately in
injured bone tissue.

Cartilage is avascular, is aneural, lacks lymphatic drainage and
has limited intrinsic regenerative capacity. It is far from the sys-
temic circulation. This causes the normal inflammatory and
reperative processes to fail during articular cartilage repair (van
Buul et al., 2011; Dold et al., 2014). Animal studies show that the
use of PRP restores cartilage damage during articular injuries.
Theoretically, although the use of PRP is supported in osteochon-
dral pathologies, its clinical efficacy is controversial (Kon et al.,
2010b; Lee et al., 2012; Dold et al., 2014). In almost all published
in vitro studies, the positive effects of PRP on chondrocyte
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proliferation have been demonstrated (Xie et al., 2014; Akeda et al.,
2006; van Buul et al., 2011).

Clinical studies have shown statistically significant positive Re-
sults of PRP on knee and TMJ OA in the literature (Filardo et al.,
2011; Kon et al., 2011; Liu et al., 2014; Pihut et al., 2014; Kilic
et al., 2015). In our study, the effect of PRP injection on healing of
TMJ OA was not statistically significant. The fact that the knee joint
has a wider area than the TMJ and that injection can reach more to
the damaged area caused by OA and can be more effective locally,
may be the reason for this difference. However, TMJ injections are
performed in the upper joint space, and therefore the inadequate
diffusion of injected PRP into the lower joint space may also play a
role in the formation of this difference.

However, the number of studies that can explain this healing
mechanism at the histological level is rather low. Therefore, it is
difficult to arrive at the conclusion that the successful clinical
outcomes observed in the above-mentioned studies are due to the
healing properties of the PRP on tissues. Although this success
observed in clinical studies may be attributed to lubrication effect
of both PRP and other co-applied agents, the effect of PRP on his-
tological wound healing and its effect on clinical parameters may
not be parallel.

PRP has become increasingly popular and has been widely
used in recent years. There are unanswered questions regarding
to whom it can be applied, when it can be performed, how it can
be applied, and through which mechanism should it be obtained.
It is necessary to establish standardization as a result of basic
scientific and clinical studies in the past and future both. Different
products can be obtained with different commercial kits, leading
to problems in the evaluation of treatment efficacy in clinical
trials. There are many methods for preparing PRP in the literature,
and there is no standardization in the preparation of PRP. This
makes it difficult to compare the Results and to perform an ac-
curate assessment.

As the roles of growth factors in wound healing and their in-
teractions with each other are clarified, their applications, either
individually or in combination, will open the way for biological
treatments. It is important to find treatments that have predictable
Results in wound healing and that can provide rapid tissue repair
and functional improvement. In this context, PRP constitutes an
important step.

5. Conclusion

In our study in which the efficacy of PRP on TMJ OA was histo-
logically evaluated, although there was no statistically significant
difference in improvement between the PRP injection groups and
the control groups, articular cartilage, osteochondral junction,
chondrocytes, and subchondral bone improved more in the PRP
injection groups. This can be attributed to the fact that the high
amounts of growth factors in PRP stimulate proliferation and dif-
ferentiation on fibroblasts, osteoblasts, and chondrocytes, and in-
crease extracellular matrix synthesis from chondrogenic cells
during cartilage repair. Platelet-rich plasma provides the formation
of inflammatory response and a more appropriate environment for
healing in the TMJ thanks to its anti-inflammatory properties. In
addition, we think that PRPmay increase quality of life by providing
an analgesic effect and increasing function in the treatment of TMJ
OA in clinical practice. Platelet-rich plasma can be used safely
because it is obtained autologously and does not have a specific side
effect. Despite the positive effects of PRP on bone and cartilage
regeneration, there is a need for more controlled clinical and ani-
mal studies that reflect long-term Results in the TMJ, for the
elimination of uncertainties regarding the preparation and imple-
mentation strategies.
Conflicts of interest
None.

Acknowledgement

This research is supported by the Scientific Research Project
Fund of Karadeniz Technical University, Trabzon, Turkey (Project
Code: 11545).

Appendix A. Supplementary data

Supplementary data to this article can be found online at
https://doi.org/10.1016/j.jcms.2018.12.004.

References

Akeda K, An HS, Okuma M, Attawia M, Miyamoto K, Thonar EJ, et al: Platelet-rich
plasma stimulates porcine articular chondrocyte proliferation and matrix
biosynthesis. Osteoarthritis Cartilage 14(12): 1272e1280, 2006

Ameye LG, Young MF: Animal models of osteoarthritis: lessons learned while
seeking the “Holy Grail”. Curr Opin Rheumatol 18(5): 537e547, 2006

Bendele AM: Animal models of osteoarthritis. J Musculoskelet Neuronal Interact
1(4): 363e376, 2001

Cledes G, Felizardo R, Foucart JM, Carpentier P: Validation of a chemical osteoar-
thritis model in rabbit temporomandibular joint: a compliment to biome-
chanical models. Int J Oral Maxillofac Surg 35(11): 1026e1033, 2006

Dold AP, Zywiel MG, Taylor DW, Dwyer T, Theodoropoulos J: Platelet-rich plasma in
the management of articular cartilage pathology: a systematic review. Clin J
Sport Med 24(1): 31e43, 2014

Duygu G, Guler N, Cam B, Kurkcu M: The effects of high molecular weight hyal-
uronic acid (Hylan G-F 20) on experimentally induced temporomandibular
joint osteoartrosis: part II. Int J Oral Maxillofac Surg 40(12): 1406e1413, 2011

Filardo G, Kon E, Buda R, Timoncini A, Di Martino A, Cenacchi A, et al: Platelet-rich
plasma intra-articular knee injections for the treatment of degenerative carti-
lage lesions and osteoarthritis. Knee Surg Sports Traumatol Arthrosc 19(4):
528e535, 2011

Foster TE, Puskas BL, Mandelbaum BR, Gerhardt MB, Rodeo SA: Platelet-rich
plasma: from basic science to clinical applications. Am J Sports Med 37(11):
2259e2272, 2009

Garcia RV, Gabrielli MA, Hochuli-Vieira E, Spolidorio LC, Filho JG, Neto FA, et al:
Effect of platelet-rich plasma on peri-implant bone repair: a histologic study in
dogs. J Oral Implantol 36(4): 281e290, 2010

Guler N, Kurkcu M, Duygu G, Cam B: Sodium iodoacetate induced osteoarthrosis
model in rabbit temporomandibular joint: CT and histological study (part I). Int
J Oral Maxillofac Surg 40(11): 1289e1295, 2011

Guzman RE, Evans MG, Bove S, Morenko B, Kilgore K: Mono-iodoacetate-induced
histologic changes in subchondral bone and articular cartilage of rat femo-
rotibial joints: an animal model of osteoarthritis. Toxicol Pathol 31(6): 619e624,
2003

Halpern B, Chaudhury S, Rodeo SA, Hayter C, Bogner E, Potter HG, et al: Clinical and
MRI outcomes after platelet-rich plasma treatment for knee osteoarthritis. Clin
J Sport Med 23(3): 238e239, 2013

Hegab AF, Ali HE, Elmasry M, Khallaf MG: Platelet-rich plasma injection as an
effective treatment for temporomandibular joint osteoarthritis. J Oral Max-
illofac Surg 73(9): 1706e1713, 2015

Helminen HJ, Saamanen AM, Salminen H, Hyttinen MM: Transgenic mouse models
for studying the role of cartilage macromolecules in osteoarthritis. Rheuma-
tology (Oxford) 41(8): 848e856, 2002

Hunter DJ, Felson DT: Osteoarthritis. BMJ 332(7542): 639e642, 2006
Kalladka M, Quek S, Heir G, Eliav E, Mupparapu M, Viswanath A: Temporoman-

dibular joint osteoarthritis: diagnosis and long-term conservative manage-
ment: a topic review. J Indian Prosthodont Soc 14(1): 6e15, 2014

Kilic S, Gungormus M, Sumbullu MA: Is arthrocentesis plus platelet-rich plasma
superior to arthrocentesis alone in the treatment of temporomandibular joint
osteoarthritis? A randomized clinical trial. J Oral Maxillofac Surg 73(8):
1473e1483, 2015

Kobayashi K, Imaizumi R, Sumichika H, Tanaka H, Goda M, Fukunari A, et al: Sodium
iodoacetate-induced experimental osteoarthritis and associated pain model in
rats. J Vet Med Sci 65(11): 1195e1199, 2003

Kon E, Buda R, Filardo G, Di Martino A, Timoncini A, Cenacchi A, et al: Platelet-rich
plasma: intra-articular knee injections produced favorable results on degen-
erative cartilage lesions. Knee Surg Sports Traumatol Arthrosc 18(4): 472e479,
2010a

Kon E, Filardo G, Delcogliano M, Fini M, Salamanna F, Giavaresi G, et al: Platelet
autologous growth factors decrease the osteochondral regeneration capability
of a collagen-hydroxyapatite scaffold in a sheep model. BMC Musculoskelet
Disord 11: 220, 2010b

Kon E, Mandelbaum B, Buda R, Filardo G, Delcogliano M, Timoncini A, et al:
Platelet-rich plasma intra-articular injection versus hyaluronic acid

https://doi.org/10.1016/j.jcms.2018.12.004
http://refhub.elsevier.com/S1010-5182(18)30713-3/sref1
http://refhub.elsevier.com/S1010-5182(18)30713-3/sref1
http://refhub.elsevier.com/S1010-5182(18)30713-3/sref1
http://refhub.elsevier.com/S1010-5182(18)30713-3/sref1
http://refhub.elsevier.com/S1010-5182(18)30713-3/sref2
http://refhub.elsevier.com/S1010-5182(18)30713-3/sref2
http://refhub.elsevier.com/S1010-5182(18)30713-3/sref2
http://refhub.elsevier.com/S1010-5182(18)30713-3/sref3
http://refhub.elsevier.com/S1010-5182(18)30713-3/sref3
http://refhub.elsevier.com/S1010-5182(18)30713-3/sref3
http://refhub.elsevier.com/S1010-5182(18)30713-3/sref4
http://refhub.elsevier.com/S1010-5182(18)30713-3/sref4
http://refhub.elsevier.com/S1010-5182(18)30713-3/sref4
http://refhub.elsevier.com/S1010-5182(18)30713-3/sref4
http://refhub.elsevier.com/S1010-5182(18)30713-3/sref5
http://refhub.elsevier.com/S1010-5182(18)30713-3/sref5
http://refhub.elsevier.com/S1010-5182(18)30713-3/sref5
http://refhub.elsevier.com/S1010-5182(18)30713-3/sref5
http://refhub.elsevier.com/S1010-5182(18)30713-3/sref6
http://refhub.elsevier.com/S1010-5182(18)30713-3/sref6
http://refhub.elsevier.com/S1010-5182(18)30713-3/sref6
http://refhub.elsevier.com/S1010-5182(18)30713-3/sref6
http://refhub.elsevier.com/S1010-5182(18)30713-3/sref7
http://refhub.elsevier.com/S1010-5182(18)30713-3/sref7
http://refhub.elsevier.com/S1010-5182(18)30713-3/sref7
http://refhub.elsevier.com/S1010-5182(18)30713-3/sref7
http://refhub.elsevier.com/S1010-5182(18)30713-3/sref7
http://refhub.elsevier.com/S1010-5182(18)30713-3/sref8
http://refhub.elsevier.com/S1010-5182(18)30713-3/sref8
http://refhub.elsevier.com/S1010-5182(18)30713-3/sref8
http://refhub.elsevier.com/S1010-5182(18)30713-3/sref8
http://refhub.elsevier.com/S1010-5182(18)30713-3/sref9
http://refhub.elsevier.com/S1010-5182(18)30713-3/sref9
http://refhub.elsevier.com/S1010-5182(18)30713-3/sref9
http://refhub.elsevier.com/S1010-5182(18)30713-3/sref9
http://refhub.elsevier.com/S1010-5182(18)30713-3/sref10
http://refhub.elsevier.com/S1010-5182(18)30713-3/sref10
http://refhub.elsevier.com/S1010-5182(18)30713-3/sref10
http://refhub.elsevier.com/S1010-5182(18)30713-3/sref10
http://refhub.elsevier.com/S1010-5182(18)30713-3/sref11
http://refhub.elsevier.com/S1010-5182(18)30713-3/sref11
http://refhub.elsevier.com/S1010-5182(18)30713-3/sref11
http://refhub.elsevier.com/S1010-5182(18)30713-3/sref11
http://refhub.elsevier.com/S1010-5182(18)30713-3/sref12
http://refhub.elsevier.com/S1010-5182(18)30713-3/sref12
http://refhub.elsevier.com/S1010-5182(18)30713-3/sref12
http://refhub.elsevier.com/S1010-5182(18)30713-3/sref12
http://refhub.elsevier.com/S1010-5182(18)30713-3/sref13
http://refhub.elsevier.com/S1010-5182(18)30713-3/sref13
http://refhub.elsevier.com/S1010-5182(18)30713-3/sref13
http://refhub.elsevier.com/S1010-5182(18)30713-3/sref13
http://refhub.elsevier.com/S1010-5182(18)30713-3/sref14
http://refhub.elsevier.com/S1010-5182(18)30713-3/sref14
http://refhub.elsevier.com/S1010-5182(18)30713-3/sref14
http://refhub.elsevier.com/S1010-5182(18)30713-3/sref14
http://refhub.elsevier.com/S1010-5182(18)30713-3/sref15
http://refhub.elsevier.com/S1010-5182(18)30713-3/sref15
http://refhub.elsevier.com/S1010-5182(18)30713-3/sref16
http://refhub.elsevier.com/S1010-5182(18)30713-3/sref16
http://refhub.elsevier.com/S1010-5182(18)30713-3/sref16
http://refhub.elsevier.com/S1010-5182(18)30713-3/sref16
http://refhub.elsevier.com/S1010-5182(18)30713-3/sref17
http://refhub.elsevier.com/S1010-5182(18)30713-3/sref17
http://refhub.elsevier.com/S1010-5182(18)30713-3/sref17
http://refhub.elsevier.com/S1010-5182(18)30713-3/sref17
http://refhub.elsevier.com/S1010-5182(18)30713-3/sref17
http://refhub.elsevier.com/S1010-5182(18)30713-3/sref18
http://refhub.elsevier.com/S1010-5182(18)30713-3/sref18
http://refhub.elsevier.com/S1010-5182(18)30713-3/sref18
http://refhub.elsevier.com/S1010-5182(18)30713-3/sref18
http://refhub.elsevier.com/S1010-5182(18)30713-3/sref19
http://refhub.elsevier.com/S1010-5182(18)30713-3/sref19
http://refhub.elsevier.com/S1010-5182(18)30713-3/sref19
http://refhub.elsevier.com/S1010-5182(18)30713-3/sref19
http://refhub.elsevier.com/S1010-5182(18)30713-3/sref20
http://refhub.elsevier.com/S1010-5182(18)30713-3/sref20
http://refhub.elsevier.com/S1010-5182(18)30713-3/sref20
http://refhub.elsevier.com/S1010-5182(18)30713-3/sref20
http://refhub.elsevier.com/S1010-5182(18)30713-3/sref21
http://refhub.elsevier.com/S1010-5182(18)30713-3/sref21


U. Coskun et al. / Journal of Cranio-Maxillo-Facial Surgery 47 (2019) 357e364364
viscosupplementation as treatments for cartilage pathology: from early
degeneration to osteoarthritis. Arthroscopy 27(11): 1490e1501, 2011

Kutuk N, Bas B, Soylu E, Gonen ZB, Yilmaz C, Balcioglu E, et al: Effect of platelet-rich
plasma on fibrocartilage, cartilage, and bone repair in temporomandibular joint.
J Oral Maxillofac Surg 72(2): 277e284, 2014

Lee HR, Park KM, Joung YK, Park KD, Do SH: Platelet-rich plasma loaded in situ-
formed hydrogel enhances hyaline cartilage regeneration by CB1 upregula-
tion. J Biomed Mater Res A 100(11): 3099e3107, 2012

Liu J, Song W, Yuan T, Xu Z, Jia W, Zhang C: A comparison between platelet-rich
plasma (PRP) and hyaluronate acid on the healing of cartilage defects. PLoS
One 9(5): e97293, 2014

Marx RE: Platelet-rich plasma: evidence to support its use. J Oral Maxillofac Surg
62(4): 489e496, 2004

Marx RE, Carlson ER, Eichstaedt RM, Schimmele SR, Strauss JE, Georgeff KR:
Platelet-rich plasma: growth factor enhancement for bone grafts. Oral Surg Oral
Med Oral Pathol Oral Radiol Endod 85(6): 638e646, 1998

Napolitano M, Matera S, Bossio M, Crescibene A, Costabile E, Almolla J, et al:
Autologous platelet gel for tissue regeneration in degenerative disorders of the
knee. Blood Transfus 10(1): 72e77, 2012

Nikolidakis D, Jansen JA: The biology of platelet-rich plasma and its application in
oral surgery: literature review. Tissue Eng Part B Rev 14(3): 249e258, 2008

Ogundipe OK, Ugboko VI, Owotade FJ: Can autologous platelet-rich plasma gel
enhance healing after surgical extraction of mandibular third molars? J Oral
Maxillofac Surg 69(9): 2305e2310, 2011

Pihut M, Szuta M, Ferendiuk E, Zenczak-Wieckiewicz D: Evaluation of pain
regression in patients with temporomandibular dysfunction treated by intra-
articular platelet-rich plasma injections: a preliminary report. Biomed Res Int
2014: 132e369, 2014

Plachokova AS, Nikolidakis D, Mulder J, Jansen JA, Creugers NH: Effect of platelet-
rich plasma on bone regeneration in dentistry: a systematic review. Clin Oral
Implants Res 19(6): 539e545, 2008
Poeschl PW, Ziya-Ghazvini F, Schicho K, Buchta C, Moser D, Seemann R, et al:
Application of platelet-rich plasma for enhanced bone regeneration in grafted
sinus. J Oral Maxillofac Surg 70(3): 657e664, 2012

Sampson S, Reed M, Silvers H, Meng M, Mandelbaum B: Injection of platelet-rich
plasma in patients with primary and secondary knee osteoarthritis: a pilot
study. Am J Phys Med Rehabil 89(12): 961e969, 2010

Sanchez M, Anitua E, Azofra J, Aguirre JJ, Andia I: Intra-articular injection of an
autologous preparation rich in growth factors for the treatment of knee OA: a
retrospective cohort study. Clin Exp Rheumatol 26(5): 910e913, 2008

Smyth NA, Murawski CD, Fortier LA, Cole BJ, Kennedy JG: Platelet-rich plasma in the
pathologic processes of cartilage: review of basic science evidence. Arthroscopy
29(8): 1399e1409, 2013

Spakova T, Rosocha J, Lacko M, Harvanova D, Gharaibeh A: Treatment of knee joint
osteoarthritis with autologous platelet-rich plasma in comparison with hyal-
uronic acid. Am J Phys Med Rehabil 91(5): 411e417, 2012

Sundman EA, Cole BJ, Fortier LA: Growth factor and catabolic cytokine concentra-
tions are influenced by the cellular composition of platelet-rich plasma. Am J
Sports Med 39(10): 2135e2140, 2011

Tanaka E, Detamore MS, Mercuri LG: Degenerative disorders of the temporoman-
dibular joint: etiology, diagnosis, and treatment. J Dent Res 87(4): 296e307,
2008

van Buul GM, Koevoet WL, Kops N, Bos PK, Verhaar JA, Weinans H, et al: Platelet-
rich plasma releasate inhibits inflammatory processes in osteoarthritic chon-
drocytes. Am J Sports Med 39(11): 2362e2370, 2011

Wang-Saegusa A, Cugat R, Ares O, Seijas R, Cusco X, Garcia-Balletbo M: Infiltration
of plasma rich in growth factors for osteoarthritis of the knee short-term effects
on function and quality of life. Arch Orthop Trauma Surg 131(3): 311e317, 2011

Wang XD, Zhang JN, Gan YH, Zhou YH: Current understanding of pathogenesis and
treatment of TMJ osteoarthritis. J Dent Res 94(5): 666e673, 2015

Xie X, Zhang C, Tuan RS: Biology of platelet-rich plasma and its clinical application
in cartilage repair. Arthritis Res Ther 16(1): 204, 2014

http://refhub.elsevier.com/S1010-5182(18)30713-3/sref21
http://refhub.elsevier.com/S1010-5182(18)30713-3/sref21
http://refhub.elsevier.com/S1010-5182(18)30713-3/sref21
http://refhub.elsevier.com/S1010-5182(18)30713-3/sref22
http://refhub.elsevier.com/S1010-5182(18)30713-3/sref22
http://refhub.elsevier.com/S1010-5182(18)30713-3/sref22
http://refhub.elsevier.com/S1010-5182(18)30713-3/sref22
http://refhub.elsevier.com/S1010-5182(18)30713-3/sref23
http://refhub.elsevier.com/S1010-5182(18)30713-3/sref23
http://refhub.elsevier.com/S1010-5182(18)30713-3/sref23
http://refhub.elsevier.com/S1010-5182(18)30713-3/sref23
http://refhub.elsevier.com/S1010-5182(18)30713-3/sref24
http://refhub.elsevier.com/S1010-5182(18)30713-3/sref24
http://refhub.elsevier.com/S1010-5182(18)30713-3/sref24
http://refhub.elsevier.com/S1010-5182(18)30713-3/sref25
http://refhub.elsevier.com/S1010-5182(18)30713-3/sref25
http://refhub.elsevier.com/S1010-5182(18)30713-3/sref25
http://refhub.elsevier.com/S1010-5182(18)30713-3/sref26
http://refhub.elsevier.com/S1010-5182(18)30713-3/sref26
http://refhub.elsevier.com/S1010-5182(18)30713-3/sref26
http://refhub.elsevier.com/S1010-5182(18)30713-3/sref26
http://refhub.elsevier.com/S1010-5182(18)30713-3/sref27
http://refhub.elsevier.com/S1010-5182(18)30713-3/sref27
http://refhub.elsevier.com/S1010-5182(18)30713-3/sref27
http://refhub.elsevier.com/S1010-5182(18)30713-3/sref27
http://refhub.elsevier.com/S1010-5182(18)30713-3/sref28
http://refhub.elsevier.com/S1010-5182(18)30713-3/sref28
http://refhub.elsevier.com/S1010-5182(18)30713-3/sref28
http://refhub.elsevier.com/S1010-5182(18)30713-3/sref29
http://refhub.elsevier.com/S1010-5182(18)30713-3/sref29
http://refhub.elsevier.com/S1010-5182(18)30713-3/sref29
http://refhub.elsevier.com/S1010-5182(18)30713-3/sref29
http://refhub.elsevier.com/S1010-5182(18)30713-3/sref30
http://refhub.elsevier.com/S1010-5182(18)30713-3/sref30
http://refhub.elsevier.com/S1010-5182(18)30713-3/sref30
http://refhub.elsevier.com/S1010-5182(18)30713-3/sref30
http://refhub.elsevier.com/S1010-5182(18)30713-3/sref30
http://refhub.elsevier.com/S1010-5182(18)30713-3/sref31
http://refhub.elsevier.com/S1010-5182(18)30713-3/sref31
http://refhub.elsevier.com/S1010-5182(18)30713-3/sref31
http://refhub.elsevier.com/S1010-5182(18)30713-3/sref31
http://refhub.elsevier.com/S1010-5182(18)30713-3/sref32
http://refhub.elsevier.com/S1010-5182(18)30713-3/sref32
http://refhub.elsevier.com/S1010-5182(18)30713-3/sref32
http://refhub.elsevier.com/S1010-5182(18)30713-3/sref32
http://refhub.elsevier.com/S1010-5182(18)30713-3/sref33
http://refhub.elsevier.com/S1010-5182(18)30713-3/sref33
http://refhub.elsevier.com/S1010-5182(18)30713-3/sref33
http://refhub.elsevier.com/S1010-5182(18)30713-3/sref33
http://refhub.elsevier.com/S1010-5182(18)30713-3/sref34
http://refhub.elsevier.com/S1010-5182(18)30713-3/sref34
http://refhub.elsevier.com/S1010-5182(18)30713-3/sref34
http://refhub.elsevier.com/S1010-5182(18)30713-3/sref34
http://refhub.elsevier.com/S1010-5182(18)30713-3/sref35
http://refhub.elsevier.com/S1010-5182(18)30713-3/sref35
http://refhub.elsevier.com/S1010-5182(18)30713-3/sref35
http://refhub.elsevier.com/S1010-5182(18)30713-3/sref35
http://refhub.elsevier.com/S1010-5182(18)30713-3/sref36
http://refhub.elsevier.com/S1010-5182(18)30713-3/sref36
http://refhub.elsevier.com/S1010-5182(18)30713-3/sref36
http://refhub.elsevier.com/S1010-5182(18)30713-3/sref36
http://refhub.elsevier.com/S1010-5182(18)30713-3/sref37
http://refhub.elsevier.com/S1010-5182(18)30713-3/sref37
http://refhub.elsevier.com/S1010-5182(18)30713-3/sref37
http://refhub.elsevier.com/S1010-5182(18)30713-3/sref37
http://refhub.elsevier.com/S1010-5182(18)30713-3/sref38
http://refhub.elsevier.com/S1010-5182(18)30713-3/sref38
http://refhub.elsevier.com/S1010-5182(18)30713-3/sref38
http://refhub.elsevier.com/S1010-5182(18)30713-3/sref39
http://refhub.elsevier.com/S1010-5182(18)30713-3/sref39
http://refhub.elsevier.com/S1010-5182(18)30713-3/sref39
http://refhub.elsevier.com/S1010-5182(18)30713-3/sref39
http://refhub.elsevier.com/S1010-5182(18)30713-3/sref40
http://refhub.elsevier.com/S1010-5182(18)30713-3/sref40
http://refhub.elsevier.com/S1010-5182(18)30713-3/sref40
http://refhub.elsevier.com/S1010-5182(18)30713-3/sref40
http://refhub.elsevier.com/S1010-5182(18)30713-3/sref41
http://refhub.elsevier.com/S1010-5182(18)30713-3/sref41
http://refhub.elsevier.com/S1010-5182(18)30713-3/sref41
http://refhub.elsevier.com/S1010-5182(18)30713-3/sref42
http://refhub.elsevier.com/S1010-5182(18)30713-3/sref42

	Effect of platelet-rich plasma on temporomandibular joint cartilage wound healing: Experimental study in rabbits
	1. Introduction
	2. Materials and methods
	2.1. Study design
	2.2. Preparation of platelet-rich plasma
	2.3. Experimental procedure
	2.4. Histopathological evaluation
	2.5. Statistical analysis

	3. Results
	4. Discussion
	5. Conclusion
	Conflicts of interest
	Acknowledgement
	Appendix A. Supplementary data
	References


