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Abstract
Although the research on using platelet-rich plasma (PRP) for temporomandibular joint osteoarthritis (TMJ-OA) has advanced, no
unified standards exist for determining the joint use of arthrocentesis and the injection dose and frequency of PRP. This study aimed
to compare the efficacy of 2 TMJ-OA treatment approaches, arthrocentesis plus platelet-rich plasma (A+PRP) and PRP alone, and
attempted to provide another potential treatment option with a single injection of 2 mL of high-concentration and high-purity PRP.
This retrospective matched cohort study enrolled 208 patients who were treated for temporomandibular disorders (TMDs) in the

Department of Oral and Maxillofacial Surgery of Tainan Sin-Lau Hospital between August of 2013 and January of 2016, from which
90 patients were selected for the final analysis. The predictor variables were treatment outcome indicators, including joint crepitus
sounds, TMD-associated headache, jaw range of motion <6mm, myofascial pain with referral, temporomandibular joint (TMJ)
arthralgia, pain when chewing most foods, and maximum assisted opening (MAO). The data were analyzed using x2 tests, t tests,
and multiple regression analyses.
Among the 90 patients, 30 were assigned into the A+PRP group, and 60were included in the PRP group. Amatchingmethod was

used to ensure no statistically significant differences in the categorical and continuous variables between the 2 groups. After
treatment, both the A+PRP and PRP groups showed improvements in TMJ-OA. The 2 treatment groups did not show statistically
significant differences in the symptom improvement rates of joint crepitus sounds, reparative remodeling, and TMJ arthralgia.
However, compared with PRP alone, the A+PRP treatment demonstrated superior performance in improving TMD-associated
headache, jaw range of motion <6mm, myofascial pain with referral, and pain when chewing most foods.
Both A+PRP and PRP treatments can effectively improve multiple symptoms of TMJ-OA. Based on the results from this study, we

recommend a single injection with 2 mL of high-concentration and high-purity PRP for TMJ-OA treatment. For patients with TMJ-OA
accompanied by other clinical symptoms, including TMD-associated headache, jaw range ofmotion<6mm,myofascial pain with referral,
and pain when chewing most foods, a treatment approach using arthrocentesis prior to a PRP injection can achieve a higher efficacy.

Abbreviations: A+PRP = arthrocentesis plus platelet-rich plasma, CBCT = cone-beam computed tomography, DC/TMD =
diagnostic criteria for TMD, DDWR = disc displacement with reduction, EGF = epidermal growth factor, FGF = fibroblast growth
factor, FPS = flat plane splint, IAOMS = International Association of Oral and Maxillofacial Surgeons, IGF = insulin-like growth factor,
LPCGF = liquid phase concentrated growth factors, MAO = maximum assisted opening, PDGF = platelet-derived growth factor,
PPP = platelet poor plasma, PRP = platelet rich plasma, RBC = red blood cell, TGF = transforming growth factor, TMDs =
temporomandibular disorders, TMJ = temporomandibular joint, TMJ-OA = temporomandibular joint osteoarthritis, VAS = visual
analog scale, VEGF = vascular endothelial growth factor.
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Temporomandibular joint (TMJ) osteoarthritis (OA) results from

Maxillofacial Surgeons (IAOMS).” The inclusion criteria
were the following: patients who were at least 18 years old; who
1. Introduction

wear and degenerative changes in the synovium, cartilage,
capsules, tendons, condyles, and/or articular eminences in the
TMJ region that are accompanied by remodeling of the
underlying subchondral bone.[1–3] The main clinical complaints
of affected patients include limitation of the mandible range of
motion, chewing function impairment, TMJ arthralgia, clicking
or crepitus sounds, and stiffness. In addition, flattening, erosion,
generalized sclerosis, osteophytes, and subchondral cysts on the
surface of the condylar head are often detected by cone-beam
computed tomography (CBCT).[2,3] Various nonsurgical
approaches, such as reassurance, physiotherapy, pharmacother-
apy, and occlusal splint treatment, have been applied to treat
TMJ-OA, as reported in a number of articles. The minimally
invasive treatments for TMJ-OA include arthrocentesis and intra-
articular injection, among others.[4]

Because of its advantageous characteristics, such as high safety
and the quick removal of inflammatory tissue and tissue
degradants, the effectiveness of arthrocentesis in improving
TMJ-OA from the “dysfunctional state” to the “functional state”
has been proven.[5] Although platelet-rich plasma (PRP) was
developed as early as the 1970s, it was not until 1997 that the
clinicians used it to accelerate the healing process.[6] After
research in the 20th century demonstrated that platelets contain
large number of growth factors, such as platelet-derived growth
factor (PDGF), transforming growth factor (TGF), vascular
endothelial growth factor (VEGF), insulin-like growth factor
(IGF), fibroblast growth factor (FGF), and epidermal growth
factor (EGF),[7] PRP began to be widely used in maxillofacial[8]

and cosmetic surgeries.[9] In recent years, several studies have
reported the use of PRP in intra-articular injection to treat
temporomandibular disorders (TMDs), which achieved satisfac-
tory outcomes.[1,6,10–15] However, the treatment methods used in
these studies were inconsistent, with some using PRP alone and
some using arthrocentesis plus PRP (A+PRP). In addition, these
studies mostly used traditional PRP in varying doses, from 0.5 to
2 mL, and with different frequencies, from a single injection to 4
injections. Therefore, researchers have been calling for establish-
ing a standardized protocol regarding the use of PRP in TMJ-OA
treatment.[16]

To the best of our knowledge, there is no existing study
comparing the efficacies of A+PRP and PRP alone in treating
TMJ-OA. We hypothesized that the A+PRP treatment is superior
to the treatment using PRP alone. In addition, the specific aim of
this study was to provide another potential TMJ-OA treatment
option that uses a single injection of high-concentration and high-
purity PRP (also known as liquid phase concentrated growth
factor, LPCGF) at a maximal dose of 2 mL according to the
maximal volume of the joint space.
Figure 1. Flowchart of the sample selection. Note: A+PRP=arthrocentesis
plus platelet rich plasma; OA=osteoarthritis; PRP=platelet rich plasma; TMJ=
temporomandibular joint.
2. Materials and methods

2.1. Participants

This retrospective matched cohort study enrolled 208 TMJ-OA
patients who were treated in the Department of Oral and
Maxillofacial Surgery of Tainan Sin-Lau Hospital between
August of 2013 and January of 2016. All subjective and objective
findings were obtained from the data modified based on the
definitions provided in the “diagnostic criteria for temporoman-
dibular disorders (DC/TMDs)”[17,18] and “the recommended
criteria for success of the International Association of Oral and
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were confirmed to have OA due to at least one symptom of
subchondral cysts, erosions, osteophytes, or generalized sclerosis
diagnosed by TMJ CBCT; and who had a follow-up duration
longer than 1 year after A+PRP or PRP treatment. The exclusion
criteria were uncontrolled systemic disease, anticoagulant use,
neurologic disorders, head and neck cancer, oral submucosal
fibrosis, previous TMJ surgery, and incomplete data. According
to the criteria above, 168 patients were selected for matching. The
matching procedure was conducted based on propensity scores in
terms of 12 variables: gender, bruxism, habitual chewing of hard
foods, clenching, occlusion, deep bite, open bite, mandibular
fracture history, orthodontic treatment history, third molar
extraction history, age, and mean time of being affected by OA.
Finally, 90 patients were divided into 2 groups at a ratio of 1:2,
with 30 in the A+PRP group and 60 in the PRP group (Fig. 1).

2.2. Treatment protocols

All participants’ surgeries were performed by the same doctor
(JWY). The landmarks for surgical access were determined
according to the method used byMurakami et al[20] (Fig. 2). First,
a tragus-lateral canthus line was drawn from the tragus to the
lateral canthus, and another line was drawn along the skin crease
in the front of the tragus. The landmark Point Awas the midpoint
between the tragal tip and the intersection point of the crease line
and the tragus-lateral canthus line. On the tragus-lateral canthus
line, Point Bwas 1cm away from the front of Point A, and Point C
was 1cm away from the front of Point B. Subsequently, the point
that was 2mm below Point B on the line perpendicular to the



Figure 2. Landmarks in surgical intervention approaches.
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tragus-lateral canthus line was marked as Point D, and similarly,
the point that is 1cm below Point C on the line perpendicular to
the tragus-lateral canthus line was marked as Point E. After local
disinfection, 1.8 mL of local anesthetic solution containing
1:100,000 epinephrine was subcutaneously injected into Points D
and E. PRP was prepared according to Sacco’s protocol.[21] The
detailed process was as follows: First, 10 mL of venous blood was
collected from the patient (20mL for patients who were to receive
injections on both sides) and was transferred into plastic white-
capped tubes (Greiner Bio-One, GmbH, Kremsmunster, Austria)
without anticoagulants and reagents. These tubes were then
immediately centrifuged at 2400 to 3000rpm in a special
machine (Medifuge; Silfradent srl, Sofia, Italy) using the
following program: 30seconds of acceleration, 2 minutes at
2700rpm, 4 minutes at 2400rpm, 4 minutes at 2700rpm, 3
minutes at 3000rpm, 36seconds of deceleration, and then stop.
At the end of the process, there were 3 blood fractions: the upper
layer, consisting of platelet-poor plasma (PPP); the middle layer,
consisting of a very large and dense liquid-phase PRP; and the
lower layer, consisting of red blood cells (RBCs). The PRP was
then separated using a spinal needle. During the time when the
PRP was in the preparation process, 2 G21 syringe needles were
inserted into the superior joint space from Points D to E, through
which a rinsing with 50 mL of normal saline was conducted in
patients in the A+PRP group; an injection of 1 mL of normal
saline was performed to ensure that the needle tips had reached
the superior joint space in the patients in the PRP group. When
the PRP was ready to use, the G21 needle at Point E was
withdrawn, and 2 mL of extracted PRP was injected through the
G21 needle at Point D. All patients were orally administered 500
mg paracetamol once every 8 hours for 3 days and were asked to
eat only soft foods for one week after their surgery. All patients
were required to continuously wear a 5-mm-thick flat plane splint
(FPS) for at least 6 to 8hours at night after the injection.

2.3. Variables and assessments

The outcome variables used for assessment included joint
crepitus sounds, TMD-associated headache, jaw range of
motion <6mm, myofascial pain with referral, TMJ arthralgia,
pain when chewing most foods, and maximum assisted opening
(MAO). Three approaches were jointly used to determine
3

whether joint crepitus sounds were induced by the maximum
unassisted opening, MAO, lateral excursive movements, and
protrusive movements: TMJ palpation performed by a doctor,
patient’s self-reporting of the sounds, and stethoscopic
examination of the TMJ area by a doctor. The absence of
joint crepitus sounds was determined only if all 3 approaches
yielded negative results; in other words, the presence of joint
crepitus sounds was considered even when only 1 of the 3
approaches derived positive results. TMD-associated headache
was determined by the patient’s positive answer to the question
of whether the TMD-associated pain referred to the temple area
during pain episodes. The variable of jaw range of motion <6
mm was evaluated by measuring the jaw range using a caliper
during lateral excursive movements and protrusive movements
of the patient. The myofascial pain with referral was
determined by the patient’s positive answer to when asked
whether the pain exceeded the range of the palpated and
pressed muscle during the palpation of the masticatory muscle
regions by the doctor. TMJ arthralgia was determined through
palpation of the TMJ region by the doctor during maximum
unassisted opening, MAO, lateral excursive movements, and
protrusive movements of the patient. Pain when chewing most
foods was evaluated based on the patient’s answer regarding
the intensity of pain while chewing most foods. To assess TMJ
arthralgia and pain when chewing most foods, a visual analog
scale (VAS) was used for the questionnaire, in which a score of
0 indicated no pain and a score of 10 indicated unbearable
pain. MAO refers to a patient’s maximum assisted mouth
opening (in millimeter) and was measured using a hard caliper.
All of the above assessments were conducted by the same
doctor and recorded by the same physician assistant.
2.4. Data analysis

The sample size (t tests, means: differences between the 2
independent means of groups) was determined by a priori power
analysis using G-power 3.1.2. When type I error was set at 0.05
(5%), power was 0.9 (90%), and the mean ±standard deviation
of the VAS scores of the 2 groups for the outcome variable “pain
when chewing most foods” at baseline were 2.97±2.56 and 1.17
±2.00, and the minimal sample sizes required for the A+PRP and
the PRP groups were 21 and 41, respectively. All data were input
into Excel worksheets and analyzed using SPSS Statistical
Software (version 20 for windows; IBM; New York). x2 tests
were used to analyze categorical variables, and t tests were used
to analyze continuous variables. The 2 groups were matched in
terms of basic characteristics to avoid the interference of
confounding factors. The 2 groups were compared by multiple
regression analysis of treatment indicators, and the results are
presented in bar graphs.
This study complied with the Declaration of Helsinki[22] and

received review and approval from theMedical Ethics Committee
of Tainan Sin Lau Hospital (Approval Certificate no. SLH919-
106-011).
3. Results

This study included 90 TMJ-OA patients for final analysis, with
30 in the A+PRP group and 60 in the PRP group. The 2 groups
were matched (1:2) by propensity scoring to ensure that the
intergroup differences in categorical (Table 1) and continuous
variables (Table 2) were not statistically significant.
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Table 1

Comparisons of the categorical variables of 2 groups.

Groups

Variables A+PRP n (%) PRP n (%) x2 P

Gender 1.23 .267
Female 25(83.3) 42(70)
Male 5(16.7) 18(30)

Bruxism 0.51 .477
No 18(60) 42(70)
Yes 12(40) 18(30)

Habit of chewing hard foods 0.00 1.000
No 17(56.7) 35(58.3)
Yes 13(43.3) 25(41.7)

Clenching 0.05 .821
No 14(46.7) 25(41.7)
Yes 16(53.3) 35(58.3)

Occlusion 0.01 .931
No 22(73.3) 46(76.7)
Yes 8(26.7) 14(23.3)

Deep_bite .714
No 28(93.3) 54(90)
Yes 2(6.7) 6(10)

Open_bite 1.000
No 28(93.3) 56(93.3)
Yes 2(6.7) 4(6.7)

Mandibular fracture history .598
No 28(93.3) 58(96.7)
Yes 2(6.7) 2(3.3)

Orthodontic treatment history .659
No 29(96.7) 55(91.7)
Yes 1(3.3) 5(8.3)

Third molar extraction history .598
No 28(93.3) 58(96.7)
Yes 2(6.7) 2(3.3)

A+PRP= arthrocentesis plus platelet rich plasma; PRP=platelet rich plasma; = Fisher’s exact
test.

Table 2

Comparisons of the continuous variables of 2 groups.

Groups

A+PRP PRP
Variables Mean±SD Mean±SD t P

Age, y/o 42.73±10.87 38.73±14.88 1.31 .195
MTA, days 1188.6±1622.38 969.75±1734.33 0.58 .566

MTA=mean time of being affected by osteoarthritis, PRP=platelet rich plasma.
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3.1. Outcome of joint crepitus sound

Before treatment (Pre-Tx), all patients in the 2 groups (100%)
had joint crepitus sounds; the difference was not statistically
significant between the groups (P> .999). At 1 week post-
treatment (Post-Tx), the proportion of the patients in the A+PRP
group who had joint crepitus sounds decreased from 100% to
83%, but the decrease was not statistically significant (P= .115).
However, only 55% and 47%of the patients in the A+PRP group
had joint crepitus sounds at 1 month and 12 months post-
treatment, respectively, showing statistically significant decreases
compared with the pretreatment level of 100% (P< .001 for
both). There were no statistically significant differences in the
percentages of patients having joint crepitus sounds between the
2 groups before treatment and after treatment (until 12 months
post-treatment). In other words, similar to the A+PRP group, the
PRP group demonstrated a remarkable improvement of joint
crepitus sounds starting from one month post-treatment
(Fig. 3A).

3.2. Outcome of TMD-associated headache

Before treatment, the proportion of patients who had TMD-
associated headache was statistically significantly different
between the A+PRP group (33%) and the PRP group (8%)
(P< .001). At 12 months post-treatment, the A+PRP group
showed a statistically significant improvement, as evidenced by
the data that none of the patients suffered from TMD-associated
4

headache (0%, P< .001). In the PRP group, despite the
improvement in the proportion of the patients having TMD-
associated headache from a pretreatment level of 8% to 0% at 12
months post-treatment, the difference was not statistically
significant (P= .136). A comparison between the 2 groups
indicated that the A+PRP group showed a more prominent
improvement of TMD-associated headache than that of the PRP
group at 12months post-treatment; the intergroup difference was
statistically significant (P= .019) (Fig. 3A).
3.3. Outcome of jaw range of motion <6mm

Before treatment, 47% of the patients in the A+PRP group and
20% of the patients in the PRP group had a jaw range of motion
<6mm, with a statistically significant difference between the 2
groups (P< .001). At 1 week post-treatment, only 30% of the
patients in the A+PRP group had a jaw range of motion <6mm,
with a statistically significant declination (P= .034). At 1 month
and 12 months post-treatment, the rates of jaw range of motion
<6mm declined to 14% and 0% in the A+PRP group,
respectively, both showing statistically significant differences
compared with the pretreatment level of 47% (P< .001 for both).
In the PRP group, compared with the pretreatment level of 20%,
the rate of jaw range of motion < 6mm began to significantly
decrease and reached 7%at onemonth post-treatment (P= .020).
At this time point, the A+PRP group demonstrated a statistically
significant improvement compared with the PRP group in terms
of this outcome indicator (P= .042). At 12 months post-
treatment, only 2% of the patients in the PRP group had a
jaw range of motion <6mm, showing a statistically significant
improvement compared with the pretreatment level of 20%
(P= .003). At this time point, the A+PRP group still demonstrated
a statistically significant improvement compared with that of the
PRP group (P= .011) (Fig. 3A).
3.4. Outcome of myofascial pain with referral

Before treatment, 67% of the patients in the A+PRP group and
22% of the patients in the PRP group suffered myofascial pain
with referral, and the difference between the 2 group was
significant (P< .001). At 1 week, 1 month, and 12 months after
treatment, the rates of myofascial pain with referral in the A+PRP
decreased from the pretreatment level of 67% to 60%, 55%, and
40%, respectively, but all the decreases were not statistically
significant (P= .576, P= .340, and P= .068, respectively). In the
PRP group, 1 month after treatment, the rate of myofascial pain
with referral even increased from the pretreatment level of 22%
to 41%, showing a statistically significant deterioration (P
= .021). Although the A+PRP treatment did not result in any
statistically significant improvements at 1 month and 12 months
post-treatment compared with the pretreatment level, it was
remarkably superior to the treatment using PRP alone (P= .035



Figure 3. Trends in the variables between the 2 groups. (A) Trends in categorical variables between the 2 groups. (B) Trends in TMJ arthralgia between the 2
groups. (C) Trends in pain when chewing most foods between the 2 groups. (D) Trends in maximum assisted opening between the 2 groups. Note:

∗∗
= P< ,001;

∗

= P< .05. A+PRP=arthrocentesis plus platelet-rich plasma; post-Tx=post-treatment; pre-Tx=pretreatment; PRP=platelet-rich plasma, TMJ= temporoman-
dibular joint.
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and P= .043 at 1 month and 12 months post-treatment,
respectively) because myofascial pain with referral deteriorated
in the patients receiving the latter treatment (Fig. 3A).
3.5. Outcome of TMJ arthralgia

Before treatment, the average VAS scores of TMJ arthralgia were
2.03 and 0.95 for the A+PRP and PRP groups, respectively, with
a statistically significant difference between the 2 groups
(P= .005). Both groups showed no significant improvements at
1 week, 1 month, and 12 months post-treatment, and there were
no statistically significant differences between the 2 groups
(Fig. 3B).
Table 3

Comparisons of the outcomes of CBCT in the 2 groups at 12
months post-treatment.

Groups

Variables A+PRP n (%) PRP n (%) P-value

Reparative remodeling 30(64)
∗∗

53(67)
∗∗

>.05
Progressive degeneration 1(2) 0(0) >.05
3.6. Outcome of pain when chewing most food

Before treatment, the average VAS scores for pain when chewing
most foods were 2.97 and 1.17 for the A+PRP and PRP groups,
respectively, with a significant difference between the 2 groups
(P< .001).Although the averageVAS score decreased from2.97 to
1.87 at 12 months post-treatment, the A+PRP group still did not
show statistically significant improvement in terms of the pain
when chewing most foods (P= .072). Similarly, the treatment with
PRP alone failed to improve the pain when chewing most foods;
even worse, the average VAS score increased markedly from the
pretreatment level of 1.17 to 4.07 at 1 week post-treatment
(P< .001). Therefore, the patients in theA+PRPgroup suffered less
pain than those in the PRP group at 1 week post-treatment, with a
statistically significant difference (P< .001) (Fig. 3C).
No change 16(34) 26(33) >.05
Total 47(100) 79(100) >.05

A+PRP= arthrocentesis plus platelet rich plasma, CBCT= cone-beam computed tomography, PRP=
platelet rich plasma.
∗∗
P value < .001, indicating a statistically significant improvement in the group
3.7. Outcome of MAO

Before treatment, the average MAOs were 40.27mm and 48.35
mm in the A+PRP and PRP groups, respectively, with a significant
difference between the 2 groups (P< .001). Both groups showed
5

no significant improvements at 1 week, 1 month, and 12 months
post-treatment, and there were no statistically significant differ-
ences between the 2 groups (Fig. 3D).
3.8. Outcome of CBCT

Before treatment, CBCT identified 47 joints with OA in the A
+PRP group (including 13 OA joints of 13 patients with only one
side affected and 34 joints of 17 patients with both sides affected)
and 79 OA joints in the PRP group (including 41 OA joints of 41
patients with only one side affected and 38 joints of 19 patients
with both sides affected). At 12 months post-treatment, 30 joints
(64%) in the A+PRP group and 53 joints (67%) in the PRP group
showed evidence of reparative remodeling, indicating statistically
significant improvements in both groups; however, the inter-
group difference was not statistically significant (Table 3).
4. Discussion

This study aimed to compare the efficacies of treatments using
arthrocentesis plus PRP and PRP alone for TMJ-OA. Although

http://www.md-journal.com


Figure 4. (A) Case 1. Cone-beam computed tomograms of right tempor-
omandibular joint osteoarthritis (upper graph = preoperative coronal view;
lower graph = 1 year postoperative coronal view showing reparative
remodeling). (B) Case 2. Cone-beam computed tomograms of left tempor-
omandibular joint osteoarthritis (upper graph = preoperative coronal view;
lower graph = 1 year postoperative coronal view showed reparative
remodeling).
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both approaches effectively treated TMJ-OA and did not show
statistically significant differences in improving the joint crepitus
sounds, reparative remodeling, and TMJ arthralgia, the A+PRP
treatment was superior to PRP alone in terms of the performance
in improving symptoms such as TMD-associated headache, jaw
range of motion <6mm, myofascial pain with referral, and pain
when chewing most foods.
In recent years, research has clearly revealed that TMDs can

cause metabolic overreactions of extracellular matrix, collagen,
macromolecules, and proteoglycans and can change the
surrounding microenvironment of the temporomandibular joint,
leading to cartilage degradation and subchondral bone dam-
age.[23] In addition to the disc displacement, pain and TMJ
dysfunction are also associated with intra-articular pressure and
cytokine levels in the synovial fluid.[24] Intra-articular injection of
PRP can adjust the intra-articular pressure by expanding the
space in the articular cavity; most importantly, it can increase
growth factor synthesis through degranulation of the alpha
granules in platelets.[7] Growth factors promote the repair of the
disc, capsule, and retrodiscal pad,[25] and, via interleukin-1
inhibition, can suppress pro-inflammatory cytokines that are
released from activated macrophages.[26] The PRP used in this
study, which is a new generation of PRP (i.e., LPCGF), was
developed by Sacco in 2006.[21] The most distinct difference
between LPCGF and the traditional PRP is that the preparation of
the former does not require any anticoagulants or other reagents.
Using this approach, growth factors at higher concentrations and
purity levels than those in traditional PRP can be extracted from
the blood simply using a special centrifugal device at specific
centrifugation speeds, and the sustained slow-release of the
obtained growth factors can continue for at least 7 to 10 days.[21]

In animal experiments using rabbits, Kutuk et al[27] found that
PRP can promote the regeneration of new bone, fibrocartilage,
and hyaline cartilage and can improve the ultrastructural
architecture of the collagen fibrils. Among 126 joints of 90
patients included in this study, the condylar head demonstrated
reparative remodeling in 30 joints in the A+PRP group (Fig. 4A)
and 53 joints in the PRP group (Fig. 4B) at 12 months after the
injection of 2 mL of PRP. Both groups showed statistically
significant improvements, but the intergroup difference was not
significant. In a study using goats, Wang et al[28] found that the
TMJ-OA animals treated with PRF, also known as solid-phase
concentrated growth factors (SPCGF), showed the significantly
enhanced generation of new bone and cartilage compared with
the control TMJ-OA animals without PRF treatment. The results
from the study by Wang et al using solid-phase PRF were
consistent with the results from the present study using liquid-
phase PRP. In a study conducted by Kilic et al using 30 TMJ-OA
patients whose symptoms could not be improved with treatments
following the traditional protocols of TMJ-OA, 32 joints of 18
patients in the study group received initial arthrocentesis (using
100 mL of Ringer’s lactate solution) plus a 1-mL PRP injection
and then 4 consecutive courses at 1-month time intervals. At 1
year post-treatment, the VAS score of pain complaints decreased
from the preinjection level of 5.70±1.35 to 1.02±1.88
(P< .001), the maximum interincisal opening (MIO) decreased
from the preinjection level of 38.72±7.84mm to 38.39±8.02
mm (P> .05), and the joint sound VAS score decreased from the
preinjection level of 5.48±3.46 to 0.70±0.85 (P< .001).[10,14] In
addition, based on the CBCT findings, Kilic et al[10] found that
87.5% of the joints treated with arthrocentesis plus PRP
injections showed osseous reparative remodeling, while 46.6%
of the joints treated with arthrocentesis alone in the control group
6

showed osseous reparative remodeling. In this study, neither the
A+PRP group nor the PRP group showed statistically significant
improvements in the MAO at 1 year post-treatment because the
patients included did not have noticeable mouth open limitation
even before treatment. In addition, the joints showing osseous
reparative remodeling after treatment accounted for 64% and
67% in the A+PRP and PRP groups, respectively, and the
improvements were statistically remarkable in both groups,
consistent with the study of Kilic et al. Although this study used a
different experimental design from the study of Kilic et al, it
confirmed more convincingly that the osseous reparative
remodeling of TMJ-OA was caused by PRP injection rather
than arthrocentesis.
Machon et al[13] conducted a study using 10 TMJ-OA (Wilkes

stage IV) joints of 10 patients whose disease was not improved by
occlusal splint, arthrocentesis, hyaluronic acid injection, and
arthroscopic lavage treatments, in which all 10 patients received
2 injections of 1 mL of PRP over a 2-week time interval. At 3
months post-treatment, the average VAS pain score decreased by
3.2±0.81 from 7.3±0.55 to 4.1±0.77 (P= .005), and the MIO
was improved by 1.6±1.0mm at 3 months post-treatment. In the
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study of Giacomello et al using 13 TMJ-OA patients who
constantly suffered articular pain even after treatment with a
mandibular repositioning splint, all 13 patients received 2
injections of 1.5–2 mL of PRP over one month interval. At 6
months post-treatment, the VAS pain score decreased from 7.69
±1.9 to 0.23±0.65 (P< .0001), and the MIO improved by 9.38
±2.21mm from the pretreatment level of 30.15±4.44mm to
39.54±4.55mm (P< .0001).[11] The study conducted by Hegab
et al enrolled 50 TMJ-OA patients who never received any
treatment for TMDs, in which 25 patients in the study group
received 3 injections of 1 mL of PRP following arthrocentesis
with 50 mL of Ringer’s lactate solution over 1-week intervals. At
12 months post-treatment, the VAS pain score decreased from
7.36±1.11 to 0.4±0.76 (power=97%), and the MIO improved
from 33.88±3.09mm to 41.56±2.31mm. The joint sounds
showed a marked improvement in the first 3 months after the
injection treatment and no noticeable changes from 3 to 6months
post-treatment; at 12 months post-treatment, the occurrence of
the joint sounds had significantly reduced compared with that at
3 months post-treatment and did not significantly differ from that
at 6 months post-treatment.[1] The patients included in the study
of Machon et al described above responded to only PRP
treatment but not any other treatments, including occlusal splint,
arthrocentesis, hyaluronic acid injection, and arthroscopic
lavage. Based on our experience, such a population is rarely
seen in clinical practice. Compared with the studies conducted by
Machon et al and Giacomello et al, the study by Hegab et al
revealed the effectiveness of PRP treatment in improving the VAS
scores andMIOmore accurately because it included patients who
did not receive any other treatments before PRP injection.
Nevertheless, the study by Hegab et al could not completely rule
out the possibility that the improvements in symptoms might be
caused by arthrocentesis performed prior to PRP injection. In
addition, none of the 3 studies mentioned above evaluated bone
regeneration, which is the most desired outcome of TMJ-OA
treatment. In this study, the 2 outcome variables, the VAS score
for TMJ arthralgia and the MAO, did not show significant
changes in either the A+PRP or the PRP group and were not
significantly different between the 2 groups, which might be
explained by the fact that the patients included in this study had
been treated with a 5-mm-thick flat plane splint (FPS), which has
been demonstrated to be extremely effective in improving clinical
symptoms such as TMJ arthralgia and MAO.[29] Moreover, this
study confirmed the improvements in the joint crepitus sounds,
jaw range of motion <6mm, and osseous reparative remodeling
in both treatment groups. In addition, the A+PRP treatment
resulted in more significant improvements in TMD-associated
headache, jaw range of motion <6mm, myofascial pain with
referral, and pain when chewing most foods compared with the
treatment with PRP alone. The above variables assessed in this
study were not mentioned in the studies by Machon et al,
Giacomello et al, and Hegab et al
Another 2 studies, 1 by Pihut et al and 1 by Hanci et al, on the

application of PRP for TMD treatment are also worth
mentioning, although they did not use PRP to treat TMJ-OA.
In the study conducted by Pihut et al, a single injection of 0.5 mL
of PRP was given to 10 patients with Research Diagnostic
Criteria for Temporomandibular Disorders (RDC/TMDs) stage
IIa (i.e., disc displacement with reduction (DDWR)) who had
received the occlusal splint treatment for >3 months but did not
have satisfactory outcomes. At 6 weeks after injection, the
intensity of pain had significantly decreased in all patients, as
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evidenced by a marked decrease in the mean VAS score from 6.5
to 0.6 (P= .00005).[6] In the study conducted by Hanci et al, a
single injection of 0.6 mL of PRP was given to 17 joints of 10
patients with DDWR that could not be improved by conservative
treatments. The clinical symptoms of all treated patients showed
statistically significant improvements at 6 months after injection,
as indicated by the decrease in the VAS pain score from 6.69±
2.21 to 0.07±0.27 (P< .05), the increase in the MIO from 32±
8.53mm to 39.7±10.39mm (P= .01), and the decrease in the
number of patients having joint sounds from 12 to 2 (decreased
by 83.33%) (P< .05).[12] Another interesting study, conducted
by Ince et al,[19] a single injection of 1 mL of concentrated growth
factor (CGF) was given to 10 patients with joint degeneration and
disc displacement with/without reduction that could not be
improved by conservative treatments. The clinical symptoms
showed improvements after injection, as indicated by decrease of
VAS pain score and clicking sound and increase of mouth
openness. This study included patients with TMJ-OA, which is
more severe than DDWR, and a one-year follow-up confirmed
that the improvement of joint crepitus sounds become noticeable
at one month post-treatment and became increasingly prominent
over time.
In the studies mentioned above, the PRP treatment was

inconsistent and varied greatly in the injection dose and times,
including 0.5 mL once;[6] 0.6 mL once;[12] 1 mL once every 2
weeks, twice;[13] 1.5 – 2 mL once a month, twice;[11] 1 mL once
every week, 3 times;[1] or 1 mL once a month, 4 times,[10] but
none of them provided explanations regarding their selection of
injection dose and frequency. The injection volume of 2 mL that
was used in this study due to a deduction that 2 mL might be the
most efficient volume because it is the maximal volume of the
joint space. Kim et al[30] revealed that the average volume of the
joint space is 1490.5±512.2mm3 (between 1–2 mL). Due to the
high expectations of the efficacy of high-concentration and high-
purity PRP (i.e., LPCGF), we chose a single injection in this study
under the consideration that it is very important to minimize the
injection-caused pain that patients suffer by reducing the number
of injections. Our deduction has been verified in a single-arm
study by our research group.[15] In that study, PRP treatment for
TMDs showed satisfactory performance in improving joint
sounds, as evidenced by the data that an injection of 2 mL of PRP
improved the joint sounds of 23 joints (63.9%) at 12.06±8.54
days after treatment and 26 joints (72.2%) at 48.5±64.1 days
after treatment, with no significant relapse of symptoms observed
during a follow-up period of 258 days.
The strengths of this study include the following. First, a

matching process was conducted to eliminate the differences in all
characteristics between the 2 groups, ensuring satisfactory
internal validity in this study. Second, unlike the previous
studies, this study evaluated a relatively complete set of variables
associated with TMJ-OA. However, this study also has certain
limitations. First, as a retrospective matched cohort study, this
study could not avoid the possible bias caused by the study
design. Second, the matching process between the 2 groups
caused sample loss and reduced the sample size. Third, because
this study included only TMJ-OA patients, further research is
needed to confirmwhether the conclusions drawn from this study
can be expanded into other types of TMDs. Finally, the operation
requires physicians to be highly skillful. Because the test tubes
contain no anticoagulant, the injection must be completed within
5 minutes; otherwise, the blood will become coagulated and PRP
cannot be been extracted.

http://www.md-journal.com
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5. Conclusions

Both the A+PRP and PRP alone treatment approaches can
effectively improve multiple symptoms of TMJ-OA. Based on the
findings from this study, it is recommended to use a single
injection of 2 mL of high-concentration, high-purity PRP. In
patients with TMJ-OA accompanied by clinical symptoms, such
as TMD-associated headache, jaw range of motion <6mm,
myofascial pain with referral, and pain when chewing most
foods, an arthrocentesis treatment prior to PRP injection can
achieve a more satisfactory outcome.
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