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Background: Temporomandibular joint (TMJ) internal derangements are progressive painful conditions
and cause joint dysfunction, joint sound, malocclusion, and locking of the mouth. Conservative and
invasive techniques can be used for the treatment of TMJ internal derangements. The objective of the
present study was to examine the benefit of an intra-articular platelet-rich plasma (PRP) injection and to
compare this with arthrocentesis.
Methods: Twenty patients (female: male; 15:5; age 26, 3 ± 9.3 years) for a total of 32 joints with
reducible anterior disc dislocation, as confirmed by Magnetic Resonance Imaging (MRI), were divided
into two groups. PRP was used for the study group, and arthrocentesis was used for the control group.
Pain intensity, maximal interincisal opening, and TMJ sounds were assessed and compared for evaluation
of treatment success.
Results: There was a statistically significant reduction in pain intensity and joint sound and an increase in
mouth opening in the study group when compared with the control group.
Conclusions: This study shows that intra-articular PRP injection for the treatment of reducible disc
displacement of the TMJ is a more effective method than arthrocentesis.

© 2014 European Association for Cranio-Maxillo-Facial Surgery. Published by Elsevier Ltd. All rights
reserved.
1. Introduction

Temporomandibular joint disorders (TMD) affect the jaw joints
and related structures and includes painful myofacial problems,
internal derangement of joint space, abnormalities of bony com-
ponents, and degenerative and rheumatologic problems. TMD is
characterized by pain, joint noise, a limited range of motion,
impaired jaw function, deviation or deflection upon mouth
4th Annual Congress of the
Surgeons and was presented
arded with Residents Best

akültesi Hastanesi, Alaaddin
þ90 332 241500, þ90 533

se).

axillo-Facial Surgery. Published by
opening, malocclusion, and closed or open locking (Gencer et al.,
2014; Leeuw, 2008).

Internal derangements that result in progressive displacement
of the articular disc are present in a proportion of TMD cases.
Anterior disc displacement with reduction refers to an unnatural
forward movement of the disc during opening, which reduces on
closing. When there is a tear in the back part of the joint capsule,
called a retrodiscal ligament, the articular disc may be displaced
forwards (anterior disc displacement). The upper head of the lateral
pterygoid muscle normally acts to stabilize the disc, however the
disc displacement makes it ineffective and the lower head tries to
compensate, thus producing abnormal muscle activity during
mouth closure. Anterior disc displacement without reduction refers
to an unnatural forward positioning of the articular disc, which
does not reduce when the mouth is closed. The articular surfaces of
the bones are exposed to a greater degree of wear, which may
progress to osteoarthritis in later life (Scully, 2008).
Elsevier Ltd. All rights reserved.
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Primary goals of the treatment for TMD are to increase the range
of motion and relieve the functional pain of the temporomandib-
ular joint (TMJ). The current conservative treatments suggested for
TMD include patient behavioral education, resting the jaw, soft diet,
analgesic agents, splints, and physiotherapy; surgical interventions
include arthrocentesis, disc repositioning, or discectomy for pa-
tients with resistant internal derangement (Talley et al., 1990;
Dimitroulis et al., 1995).

Platelet-rich plasma (PRP) is a concentrate of platelets and
associated growth factors (GFs) obtained through withdrawal and
centrifugation of a sample of the patient's blood. PRP was initially
introduced in maxillofacial and plastic surgery in the 1990s and its
clinical use has surged due to its potential healing properties
through the recruitment, proliferation, and differentiation of cells
and the tissue remodeling (Anitua et al., 2004; Frank et al., 1997;
Marx, 2004).

The aim of this prospective study was to assess whether the
intra-articular injection of PRP into the temporomandibular joint in
patients with anterior disc displacement with reduction helps to
minimize the symptoms that were unresponsive to conservative
treatments and to assess how these results compare with
arthrocentesis.

2. Materials and methods

2.1. Patients

A randomized prospective study with a 6-month follow-up
period was designed. The study was approved by the institutional
ethics committee (Clinical Research Ethics Committee of Selcuk
University Experimental Medicine Research and Application Cen-
ter; 2011/212). Patients were informed about the study and pro-
vided written consent. Twenty patients who had anterior disc
dislocation with reduction causing functional disability and pain
and who had not responded to conservative treatment were
included in the study, which took place between June 2011 and
March 2012. (Table 1). Magnetic resonance imaging was used for
evaluation of the internal derangement of the TMJ. Patients were
assigned to either a study or control group. Patients with an in-
flammatory or connective tissue disease, neurologic disorder, se-
vere anemia, thrombocytopenia, or malignant disease in the head
and neck region were excluded. The patient's age, gender, previous
treatment, pain, joint sound, and extent of mouth opening were
recorded. Arthrocentesis was applied to the control group patients,
and PRP injection was applied to the study group.

Pain was evaluated on a visual anolog scale (VAS) from 0: no
pain to 10: the worst imaginable pain. Induction of a pathologic
noise with joint movement was assessed with a special device by
means of an audio recorder placed over bilateral TMJs. Sound re-
cordings were documented in decibels and analyzed with Sony©
Sound Forge10.0 software. Maximal interincisal opening (MIO) was
recorded in millimeters and documented.

All assessments were repeated by the same physician 1 week, 3
months, and 6 months after the injection of PRP or arthrocentesis.
Table 1
Demographic data of patients.

Groups Patients Joints Sex Age (years)

Study group (PRP) 10 17 8 females
2 males

27.2 ± 13.4 years

Control group
(arthrocentesis)

10 15 7 females
3 males

25.4 ± 1.7 years

PRP:platelet-rich plasma.
2.2. Preparation of PRP

Preparations were performed at the Histology Laboratory of
Necmettin Erbakan University; Faculty of Medicine by the same
physician. For bilateral injection of the TMJ, 8 cm3 of blood was
drawn from each patient and citrated blood samples were frac-
tionated using centrifugation at 1000 �g for 20 min. Then the
plasma of the first harvest was fractionated using centrifugation at
1500 �g for 10 min to collect the pellet. Manipulations were done
under laminar flow cabinet under sterile conditions. After volume
adjustment was done, the PRP was photo-activated using an Adi-
Light (AdiStem, Australia) for 20 min and then for each TMJ 0.6 ml
PRP was drawn into insulin syringes.

2.3. Operative technique

All injections and the arthrocentesis were performed by the
same physician. The temporomandibular regionwas prepared with
antiseptic solution. First, the injection point was marked 10 mm
forward from the tragus and 2 mm below the traguselateral
canthus line; the second point was marked 20 mm forward from
the tragus and 6 mm below the traguselateral canthus line. Two
20-gauge syringes were used to inject through the two marked
points, and 2 ml saline solution was used for conformation of the
articular space before injection of 0.6 ml PRP into each joint.

The control group was treated with the conventional arthro-
centesis procedure with 100 ml Ringer's lactate solution through
the same marking points mentioned above.

A soft diet and occlusal splint were advised for the patients after
injection or arthrocentesis for one week. Anti-inflammatory drugs
were not advised in order to avoid the analgesic effect of medica-
tion during documentation of pain relief.

2.4. Statistical analysis

SPSS 16.0 for Windows (SPSS Inc., Chicago, IL) was used for data
management and statistical analysis. A paired sample t-test was
used to compare pain intensity, mouth openingmeasurements, and
changes of joint sound. One-way repeated measure analysis of
variance was used to compare the groups. The level of significance
was set at 0.05 for all statistical tests.

3. Results

No significant complications were reported. Patients experi-
enced temporary swelling and soreness over the TMJ for the first
day following procedures. Detailed data about patient de-
mographics and outcomes are presented in Tables 1 and 2.

3.1. Study group (intra-articular PRP injection)

A total of 17 joints in 10 patients (eight females, twomales) were
included in the study group. Mean age of the patients was
27.2 ± 13.4 years. All patients in the study group were treated with
one dose PRP (0.6 ml) intra-articularly. The differences in pain
scores (VAS) between pre- and post-injection were statistically
significant (p < 0.05) (Table 2). The most intense distinction was
between pre-injection (6.69 ± 2.21) and 6 months after injection
(0.07 ± 0.27; p ¼ 0.01) (Fig. 1). Mean pre-injection and 6 months
post-injectionMIO values were 32 ± 8.53mmand 39.7± 10.39mm,
respectively. The differences in MIO between pre- and post-
injection at 6 months was statistically significant (p ¼ 0.01;
Fig. 2). Twelve joints had pathologic sounds at first examination; 6
months after treatment, only two joints had a pathologic sound
(p < 0.05) (Fig. 3).



Table 2
Results of study and control group.

Groups VAS MIO Joint sound

Pre-injection First week 3rd month 6th month Pre-injection First week 3rd month 6th month Pre-
injection

6th
month

PRP 6.69 (±2.21) 2.92 (±2.92) 1.30 (±1.65) 0.07 (±0.27) 32 mm (±8.53) 35.mm (±4.24) 39.5 mm (±10.53) 39.7 mm (±10.39) 12 joint 2 joint
Arthrocentesis 6.53 (±2.29) 4.69 (±2.68) 3.30 (±1.84) 2.76 (±1.48) 30.2 (±9.41) 32.5 (±8.44) 35.7 (±5.39) 36.3 (±5.51) 12 joint 5 joint

MIO: maximal interincisal opening; VAS:visual analog scale.
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3.2. Control group (arthrocentesis)

The control group included 15 joints in 10 patients (seven fe-
males, three males); patients had a mean age of 25.4 ± 1.7 years.
The difference in VAS between pre-injection and post-injection
week 1 and month 3 were statistically significant (p < 0.05)
(Table 2). The difference in mean VAS scores before arthrocentesis
and 6 months later were statistically significant (6.53 ± 2.29 and
2.76 ± 1.48, respectively; p < 0.01) (Fig. 1). The differences in MIO
between pre-and post arthrocentesis (30.2 ± 9.41 mm to
36.3 ± 5.51 mm, respectively) at 6 months later were statistically
significant (p < 0.05) (Fig. 2). At the initial consultation, joint sound
was noted and 12 joints of patients had pathologic sounds. After
treatment, joint sounds were detected in five joints (p < 0.05)
(Fig. 3).
Fig. 1. Graphical analy

Fig. 2. Graphical analysis of ma
There was a statistically significant difference between the two
groups with respect to pain intensity and joint sound. Pain intensity
of the PRP group improved more than in the arthrocentesis group
(0.07 versus 2.76) (Fig. 1). Joint sound of the study group was better
than the control group (0.25 versus 1.33) (Fig. 3). The difference in
MIO between two groups was not statistically significant (Fig. 2).

4. Discussion

This study showed that arthrocentesis and intra-articular PRP
injection helps pain reduction, increases mouth opening, and re-
duces joint sound when treating patients with anterior disc dislo-
cation with reduction. It was also found that intra-articular PRP
injection was more effective than arthrocentesis in patients in this
study.
sis of pain scores.

ximal interincisal opening.



Fig. 3. Graphical analysis of TMJ sounds.
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Currently it is known that pain or TMJ dysfunction is related to
alteration in the joint intra-articular pressure and biochemical
components of the synovial fluid rather than to the change in cases
disc position in the case of disc displacement of TMJ internal
derangement (Alpaslan et al., 2000; Nishimura et al., 2004).
Arthrocentesis is defined as the simplest form of surgery for TMD
and may remove catabolites and inflammatory cells and increase
the interincisal distance by removing adhesions (Vos et al., 2014;
Sembronio et al., 2008; Nitzan et al., 1991) In this study, we
showed that pain relief, an increase in MIO, and a decrease in joint
noise can be obtained with arthrocentesis.

TMD is a progressive disorder, and in the early stages of the
disease and dislocation with reduction, arthrocentesis may prevent
the microenvironmental changes that induce the catabolic stages of
the disease. The effectiveness of arthrocentesis has been reported to
be up to 91%, including displacement without reduction (Nitzan and
Price, 2001; Emshoff, 2005; Kaneyama et al., 2004). During arthro-
centesis, maintaining sufficient intra-articular pressure is thought to
have an important role in treatment outcome. In our study, in order
to represent the effectiveness of arthrocentesis, results at 6 months
were compared instead of early results and showed better mouth
opening. We consider that this late term result is due to relief of
articular adhesions and the expanding articular space during
arthrocentesis. This intra-articular relief may also tend to induce
relaxation of muscles and soft-tissue contractions.

The TMJ is described as one of the most used joints in the body.
Internal derangement disorders are progressive because the
deranged joint will continue trying to function. Patients with disc
displacement without reduction are candidates for disc stabilizing
surgical procedures so we did not include these patients in our
study. TMD usually involves structural alteration of cartilage and
subchondral bone due to the response of collagen, extracellular
matrix, macromolecules, and proteoglycans (Leeuw, 2008; Talley
et al., 1990). Different mediators are responsible for altering the
content of joint tissue, enzymatic degradation, and cell reactions.
When the catabolic phase is exceeded, mediators induce cartilage
degeneration and subchondrial bone damage through these alter-
ations of the microenvironment, and treatment is challenging
during this stage. We recommend PRP in order to prevent this
degenerative and destructive stage. We think that not only the
volume expanding effect but also the anabolic and regenerative
properties of PRP may reduce and regulate this degenerative pro-
cess. In our study, better statistical results in clinical outcomes of
pain, joint sound, and MIO of the PRP group support this theory.
PRP is a concentrate of platelets and associated GFs obtained
from a patient's blood (Metzler et al., 2012). PRP has been clinically
used for various applications, including periodontal, oral surgery
(Anitua, 1999; Della Valle et al., 2003), maxillofacial surgery,
aesthetic plastic surgery (Man et al., 2001; Welsh, 2000), spinal
fusion (Bose and Balzarini, 2002; Hee et al., 2003), heart by-pass
surgery (Del Rossi et al., 1990), and treatment of soft-tissue ulcers
(Margolis et al., 2001). The autologous platelet preparations can
modify the natural healing pathway in several ways. The action is
associated with an increased concentration of GFs and bioactive
proteins released by activated platelets, which seem able to help
the regeneration of tissues. The application of PRP amplifies the
surge of chemical mediators to the microenvironment of the joint
area, including platelet alpha granule-derived factors (Woodell-
May and Pietrzak, 2008; Pietrzak and Eppley, 2005). In our
opinion, symptomatic relief of PRP-injected patients may be due to
this inflammatory modulating capability of PRP in the TMJ by
removing pain inducers and providing a microenvironmental
repair of disc, capsule, and retrodiscal pad.

Pietrzak et al. reported that the increased concentration of
platelets and GFs simulates the initial stage of the inflammatory
response, characterized by the migration of neutrophils, mono-
cytes, and macrophages to the site of injury (Pietrzak and Eppley,
2005). Mediators and cytokines mediate the initiation of neo-
vascularization, fibroblast proliferation, and further recruitment of
inflammatory cells (Pietrzak and Eppley, 2005). In addition to the
stimulatory effects on reparative cells, local PRP application may
also have an inhibitory effect on specific pro-inflammatory cyto-
kines that may be detrimental to the early stages of healing, spe-
cifically through suppression of interleukin-1 release from
activated macrophages (Woodall et al., 2008). This dual action of
enhancing repair and decreasing tissue breakdown may permit the
acceleration of the tissue healing process and provides potential
advantages for improved outcomes and faster recovery (Taylor
et al., 2011). PRP contains transforming growth factor b (TGF-b),
which might justify its use in cartilage. PRP increases chondrocyte
proliferation and the production of matrix molecules (Filardo et al.,
2013). Lippross et al. studied the effect of PRP for reducing
inflammation in a pig model of rheumatoid arthritis of the knee
joint. They found that PRP reduced levels of all markers related to
the inflammation of rheumatoid arthritis and intra-articular in-
jection of PRP helped to maintain the integrity of the chondral
surface and thereby facilitates joint movement. Their results
showed that the effect of PRP on production of inflammatory
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mediators generally seems stronger in cartilage than in synovium
(Lippross et al., 2011). The benefit of PRP treatment was shown both
clinically and in preclinical studies, pathologic models ranging from
focal lesions to osteoarthritic degeneration. In the reports of
Sampson et al. and Hunziker et al., a number of different GFs
included in PRP were demonstrated to have an impact on articular
cartilage repair (Sampson et al., 2008; Hunziker et al., 2001). PRP
does not just affect cartilage but also has a stimulating effect on the
joint environment (Filardo et al., 2013).

The analgesic effect of PRP has been highlighted in the literature.
Lee et al. showed the augmentation of cannabinoid receptors CB1
and CB2, which might be related to the analgesic effects of PRP (Lee
et al., 2012). We also found a decrease in the pain scores of the PRP
group. This analgesic effect of PRP cannot be related to the with-
drawal of mediators as in the case of arthrocentesis. Further studies
demonstrating the analgesic mechanisms of PRP need to be
completed.

5. Conclusion

Our study shows that intra-articular PRP injection for the
treatment of TMDs is a more effective management method than
arthrocentesis and has several potential theoretical advantages,
including faster recovery and improved functional outcomes. To the
patient, these benefits will allow an earlier return to regular ac-
tivities and improved quality of life. The beneficial effects persist at
least for a period of 6 months after injection without the presence
of pronounced side effects.

Although intra-articular PRP injection as a novel therapeutic
approach may be a good alternative for the treatment of refractory
TMD in the future, long-term studies are needed to explain the
regenerative properties, cellular-molecular effects, and stem cell
activation potential of PRP in the TMJ.
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