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Abstract
Background. Temporomandibular joint disorders (TMDs) are widely researched diseases in medical lite
rature. They are associated with many symptoms, such as pain, limited mouth opening and joint sounds, 
resulting in decreased quality of life for the patient. Both the hyaluronic acid (HA) injection and the platelet
rich plasma (PRP) injection have a remarkable efficacy in the treatment of TMDs.

Objectives. This study aimed to evaluate the participation of HA with PRP in the treatment of TMDs. 

Material and methods. The sample consisted of 24 patients with unilateral or bilateral TMDs. They were 
divided into 2 groups: HA+PRP was used in the test group (12 patients); and HA alone was used in the 
refe rence group (12 patients). The injection protocol for both groups was 4 times at 2week intervals. Pain 
at mastication, masticatory efficiency, joint sounds, maximum mouth opening (MMO), and functional 
limitation in the mandibular movement were evaluated at 2 weeks, 1 month, 3 months, and 6 months after 
the last injection. The outcome variables were the visual analog scale (VAS) evaluations. The Likerttype 
scale was used to evaluate the functional limitation in the mandibular movement.

Results. The mean age was 30.58 years in the reference group, and 23.92 years in the test group. There 
was alleviation of  symptoms in both groups through the followup periods. There were significant dif
ferences between the groups regarding pain at mastication, masticatory efficiency, MMO, and functional 
limitation at the end of the followup period (p < 0.05).

Conclusions. The study results suggest that the HA and PRP injection provides greater improvement in 
patients with TMDs as compared to the HA injection alone; this may be due to taking advantage of the 
properties of both HA and PRP.
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Introduction
Temporomandibular joint disorders (TMDs) are an im-

portant problem faced by oral and maxillofacial surgeons 
and patients; TMDs involve the articular capsule and the 
associated structures, and it may be the cause of orofacial 
pain.1

Pain complaints due to TMDs are the second most com-
mon with regard to the human body (about 33% of mus-
culoskeletal pain). Most people aged 20–40 years have at 
least 1 of the symptoms of TMDs.2,3

Temporomandibular joint disorders include disk 
displacements, with or without reduction, that may be 
associated with inflammatory changes, such as capsu-
litis and retrodiscitis, or with degenerative changes, 
such as temporomandibular joint (TMJ) osteoarthri-
tis and osteoarthrosis.3 Common symptoms include 
pain, which is aggravated by the mandibular move-
ment, joints sounds (clicking or crepitus), a  decrease 
in masticatory efficiency, and functional limitation in 
the mandibular movement.4 Medical history, clinical 
examination and radiographic evaluation are essen-
tial methods of diagnosing TMDs.4 Treatment options 
for TMDs include self-management, physical therapy, 
pharmacological management, and TMJ surgery in 
some cases.5

The intra-articular injection of  various substances, 
such as hyaluronic acid (HA) and platelet-rich plasma 
(PRP), is considered as one of  the conservative proce-
dures with high efficacy in the treatment of TMDs.6–11 
The use of intra-articular injections of HA (viscosupple-
mentation), which is a  high-molecular-weight polysac-
charide, provides the lubrication and protection of  the 
joint cartilage.1,12–16 Sodium hyaluronate is the sodium 
salt of hyaluronic acid; it is a physiological component 
of the synovial fluid and it is responsible for the lubrica-
tion of TMJ.1,17,18

Many studies have indicated the significant efficacy 
of the HA injection in the treatment of TMDs.1,6–8,13,16,17 
This is due to its special properties that are similar to 
those of the synovial fluid – viscosity as well as lubricating 
and damping capacity.2 Besides, HA performs mechani-
cal (lubricating the articular elements and reducing their 
wear), biological (blocking different inflammatory media-
tors) and metabolic (providing the necessary components 
of the metabolic process for the articular disk and carti-
lage) functions.19–21

Platelet-rich plasma (PRP) is a concentrated autologous 
solution of  platelets that is obtained by the centrifuga-
tion of a blood sample. It contains many growth factors 
(GFs), such as platelet-derived growth factor (PDGF), 
transforming growth factor (TGF), vascular endothelial 
growth factor (VEGF), epithelial growth factor (EGF), 
insulin-like growth factor-1 (IGF-1), basic fibroblast growth 
factor (bFGF), and 3 blood proteins (fibrin, fibronectin 
and vitronectin).22,23

In recent years, the clinical applications of  PRP have 
been diversified with regard to several therapeutic and 
cosmetic fields.24–26 One of these uses refers to the treat-
ment of  joint disorders, including TMDs. Platelet-rich 
plasma has been shown to decrease signs and symp-
toms of TMDs, and significantly improve the joint func-
tion.11,27,28

Hyaluronic acid injections bring immediate, but un-
sustainable results, unlike PRP injections with their 
gradual effects, increasing in the long term.28 Numerous 
research has lauded the participation of  HA and PRP 
in treating knee problems, such as osteoarthritis and 
traumatic injuries, and has recorded that this treatment 
combination is better than injecting each of  the sub-
stances alone.29–31

This study aimed to evaluate the efficacy of the applica-
tion of HA with PRP in the treatment of TMDs.

Material and methods

Study design and sample 

A prospective observational study was carried out 
with a  6-month follow-up period between December 
2018 and February 2020 at the Department of Oral and 
Maxillofacial Surgery, Faculty of Dentistry, Damascus 
University, Syria. The sample included patients re-
ferred for the evaluation and management of  TMDs. 
The ethics committee consent was obtained (EC ref. 
No. 4887, 28/11/2018), and all participants signed 
an  informed consent agreement for inclusion in the 
study sample.

The sample was randomly divided into 2 groups:
– group I (reference group): 12 patients who received 

4  intra-articular injection sessions – 1  mL of  HA per 
session with a 14-day interval between sessions;

– group II (test group): 12 patients treated with an injec-
tion of 0.5 mL of HA in combination with 0.5 mL of PRP 
into TMJ per session for 4 sessions with a 14-day inter-
val between sessions.
A specific information form was filled in for each pa-

tient. The information from medical history, clinical eva-
luation (Fig. 1) and radiographic examination (Fig. 2) was 
recorded. The patients were evaluated with the Wilkes 
classification.32

The patients in both groups had a diagnosis of inter-
mediate (III), late intermediate (IV) or late (V) stage. 
The inclusion criteria were as follows: patients suf-
fering from unilateral or bilateral TMDs. The exclu-
sion criteria were patients with systemic diseases (e.g., 
rheumatoid arthritis, psoriatic arthritis or juvenile 
arthritis), those receiving therapy with anticoagulants 
and those who had shown symptoms of hypersensiti-
vity to the HA solution.
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Materials 

The following materials were used: 2-milliliter syringes 
of  HA (Hyalgan®; Fidia Farmaceutici, Abano Terme, 
Italy), different sizes of  syringes, laboratory tubes con-
taining sodium citrate, dry tubes, a centrifuge, a camera 
(Sony DSC-W710/B 16 MP; Sony, Tokyo, Japan), and 
a caliper. 

Treatment protocol and injection technique 

Group I (HA alone):
After receiving the patient, recording medical history, 

filling in the patient’s form, and completing the diagnostic 
procedures (clinical, simple radiography, computed tomo-
graphy (CT) and magnetic resonance imaging (MRI)), the 
patient was prepared for the 1st injection session, which 
was conducted as follows:
– an allergy test for HA was performed;
– the lateral canthus–tragus reference points were used 

(Fig. 3)33; the entry point was 10 mm away from the mid-
dle of the tragus and 2 mm below the line, the mandibu-
lar condyle was forced into the anterior position, with the 
index finger remaining on the condyle as a safety guide;

– the skin surface was disinfected with povidone-iodine;
– 1 mL of HA was injected into the upper joint space with 

a  19-gauge needle; after removing the needle, the pa-
tient was asked to close their mouth slowly;

– special instructions were given after injection.
The injection was repeated 4 times, with 14-day inter-

vals between sessions.

Fig. 2. Radiographic examination

A – anterior disk displacement (magnetic resonance imaging – MRI); B – temporomandibular joint (TMJ) osteoarthritis (cone-beam computed tomography – CBCT).

Fig. 1. Mandibular movements during clinical evaluation

Fig. 3. Technique used for injections into the temporomandibular joint (TMJ)
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Group II (HA+PRP):
The patient was informed not to take antibiotics for 

a week before and after the injection because of their nega-
tive effects on PRP.

Preparation of platelet-rich plasma 

The Marx protocol was adopted based on the study by 
Sabarish et al.,34 which was preceded by two-step centri-
fugation procedures. Firstly, under strictly sterile condi-
tions, 10 mL of peripheral blood was collected from the 
ulnar vein of the patient with a single-use syringe. It was 
placed in a  tube containing sodium citrate as an  anti-
coagulant (1/9), and then it was centrifuged for 4 min at 
a speed of 1,000 rpm. In the 2nd step, PRP was separated 
from platelet-poor plasma (PPP) in a  dry tube through 
centrifugation for 9 min at 800 rpm.

As in group I, we followed the same procedure before 
injection.

Then, 0.5 mL of HA was injected into the upper joint 
space, which was immediately followed by an  injection 
of 0.5 mL of PRP.

The patient was asked to close their mouth slowly.
The injection was repeated 4 times, with 14-day inter-

vals between sessions.
In an attempt to achieve a single-blind design, we did 

not inform the patient which of the treatment protocols 
they received.

Outcome variables 

Pain at mastication was assessed using the visual analog 
scale (VAS) from 0 to 10; 0 meant ‘no pain’ and 10 – ‘the 
worst pain the patient has ever experienced’.

Mastication efficiency was assessed with VAS from 0 to 
10, the extremes of which were ‘eating only semi-liquids’ 
and ‘eating solid, hard food’, respectively.

Joint sounds: the scale was anchored with ‘no noise’ 
(score 0) and ‘noise as excessive as it could be’ (score 10).

Maximum mouth opening was measured in millimeters.
Functional limitation in the mandibular movement was 

assessed with the Likert-type scale (0 – absent; 1 – slight; 
2 – moderate; 3 – intense; and 4 – severe).

All outcome variables were evaluated at 2  weeks, 
1 month, 3 months, and 6 months after the last injection.

Statistical analysis 

The results were analyzed with the IBM SPSS Statistics for 
Windows software, v. 24.0 (IBM Corp., Armonk, USA), The 
Wilcoxon and Mann–Whitney U tests were used for intra-
group and intergroup comparisons, respectively. Significance 
was set at a p-value less than 0.05 for all statistical tests.

To achieve a statistical study and to check changes within 
each group, the arithmetic means of each variable were ana-
lyzed separately during the follow-up points in both groups, 
and finally we verified differences between the 2  groups 
before the treatment and after a 6-month follow-up.

Table 1. Intragroup comparisons of the outcome variables over time

Variable Groups Before 
treatment p-value 2 weeks p-value 1 month p-value 3 months p-value 6 months

Pain 
at mastication 
[VAS]

HA
6.500 

±1.648
0.002*

4.479 
±1.568

0.002*
3.313 

±1.716
0.118

2.750 
±1.215

0.026*
3.500 

±1.348

HA+PRP
6.750 

±2.463
0.002*

3.250 
±2.017

0.037*
2.583 

±1.881
0.363

2.375 
±2.090

0.618
2.250 

±2.105

Mastication 
efficiency 
[VAS]

HA
4.708 

±1.824
0.002*

6.417 
±1.276

0.003*
7.458 

±1.389
0.305

7.750 
±1.055

0.040*
7.333 

±1.094

HA+PRP
3.833 

±2.188
0.002*

7.229 
±1.042

0.023*
7.708 

±1.033
0.234

7.875 
±1.264

0.129
7.897 

±1.435

Joint sounds 
[VAS]

HA
5.896 

±1.704
0.002*

3.729 
±0.997

0.004*
2.875 

±0.856
0.719

3.000 
±1.022

0.012*
3.958 

±0.964

HA+PRP
6.917 

±2.076
0.003*

4.333 
±1.600

0.003*
3.042 

±1.437
0.394

2.833 
±2.004

0.340
2.667 

±1.958

MMO 
[mm]

HA
35.083 

±10.544
0.003*

40.875 
±7.139

0.141
41.750 
±6.088

0.011*
39.667 
±5.047

0.506
39.083 
±6.313

HA+PRP
34.708 
±9.418

0.004*
43.583 
±5.518

0.893
43.917 
±6.775

0.178
43.042 
±7.257

0.843
42.875 
±7.155

Functional 
limitation 
[Likert-type scale]

HA
2.042 

±0.964
0.007*

0.875 
±0.433

0.025*
0.458 

±0.498
0.084

0.708 
±0.620

0.014*
1.083 

±0.515

HA+PRP
2.458 

±0.891
0.003*

0.875 
±0.644

0.015*
0.458 

±0.582
0.257

0.333 
±0.492

0.180
0.458 

±0.542

Groups: HA – hyaluronic acid alone; HA+PRP – hyaluronic acid with platelet-rich plasma; VAS – visual analog scale; MMO – maximum mouth opening;  
* statistically significant.
Data presented as mean (M) ± standard deviation (SD).
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Results
The study sample consisted of 24 patients suffering from 

unilateral or bilateral TMDs; the sample was divided into 
2 groups (HA group and HA+PRP group) with a mean age 
of 30.58 and 23.92 years, respectively.

The search variables were studied within each group 
over time by comparing them at each follow-up point 
with their predecessors, and in general, the results 
showed significant improvement in the 2 groups in all 
the variables (Table 1). The particular results were as 
follows:

Pain at mastication 

In both groups, the pain decreased significantly 
through all follow-up points as compared to the pre-
treatment score, with statistically significant differences 
between the periods before treatment–after 2 weeks and 
2 weeks–1 month (p < 0.05). In the HA group, the pain 
returned to increase with a statistically significant differ-
ence between the periods 6  months–3  months, in con-
trast to the HA+PRP group, where it continued to decline 
until the end of the follow-up (Fig. 4).

Mastication efficiency 

For this variable, an  increase was expected; differ-
ences between the means were statistically signifi-
cant when comparing the periods before treatment–
after 2 weeks and 2 weeks–1 month (p < 0.05) in both 
groups.

The mastication efficiency increase in the HA+PRP 
group continued until the end of the follow-up, while it 
decreased in the HA group, with a statistically signifi-
cant difference from the previous period (Fig. 5).

Joint sounds 

Similarly to what happened in the case of the pain vari-
able, a decrease was observed in the first follow-up peri-
ods, the scores in the HA group increased significantly at 
6 months, while in the HA+PRP group, they continued to 
decrease (Fig. 6).

Maximum mouth opening 

Measured in millimeters, there was an increase in the 
MMO values when comparing the periods before treat-
ment–after 2  weeks with statistically significant dif-
ferences. In the HA group, the mean MMO decreased 
when comparing the periods 3 months–1 month, also 
with a  statistically significant difference. This did not 
happen in the HA+PRP group, where the mean MMO 
decreased slightly by about 0.16 at the end of  the 
follow-up (Fig. 7).

Fig. 4. Pain at mastication at the time of the study

* statistically significant.

Fig. 5. Masticatory efficiency at the time of the study

* statistically significant.

Fig. 6. Joint sounds at the time of the study

* statistically significant.
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Functional limitation in the mandibular 
movement 

As other study variables, functional limitation decreased 
with statistically significant differences in the first follow-
up periods, but again increased at the end (at 6 months) 
in both groups. Still, the HA+PRP group recorded a slight 
increase, unlike the HA group, for which p < 0.05 (Fig. 8).

Intergroup comparison 

Before treatment, it was noted that the means of some 
variables (pain, joint sounds and functional limitation) 
were higher in the HA+PRP group than in the HA group; 
they were lower at the end of the follow-up.

On the other hand, for other variables (mastication ef-
ficiency and MMO), the scores before treatment were 
lower in the HA+PRP group and became higher after 
6 months.

The value of the significance level for all the variables 
of the 2 groups (HA and HA+PRP) in the pre-treatment 
period was greater than 0.5. There were statistically 
significant differences in all variables at the end of  the 
follow-up except for the variable of  joint sounds, which 
was similar in both groups (Table 2).

Discussion
The evaluation of  the treatment of  TMDs focuses on 

2 important areas: pain relief and restoring the mandibular 
function without limitation, which results in improve-
ment in mastication efficiency.3

The intra-articular injection of HA provides many thera-
peutic benefits in the treatment of TMDs and serves as 
a minimally invasive procedure.6 There is no need for sur-
gical incisions and tissue dissection with this procedure, 
which decreases postoperative complications, such as fa-
cial nerve injuries, infection and severe pain.1,14

The use of PRP is also very beneficial, bringing signifi-
cant and long-term improvement.28

The aim of the present study was to answer the question 
of whether the application of HA with PRP is superior to 
the HA injection alone in the treatment of  TMDs. We 
started from the principle that HA has been commonly 
in use for the last 2 decades and has shown good efficacy; 
in addition to that, many authors have indicated improve-
ment in the mandibular function without side effects as-
sociated to its use in treating TMDs.1,7,8 Therefore, we 
designed our study so that the reference group were the 
patients who received HA alone.

The findings of our study suggest that HA was effective 
in alleviating the symptoms in all of  the follow-up peri-
ods. However, in the long-term, at the 6-month follow-up 
point, HA+PRP provided better results.

The mean pain score decreased significantly in the HA 
group in all follow-up periods as compared to the pre-
treatment period. It was 6.5 before treatment, 2.75 after 
3 months and 3.5 at the end of follow-up, i.e., a significant 
decrease occurred. The HA+PRP group exhibited better 
performance as compared with the HA group, with the 
mean scores being 6.75, 3.25, 2.583, 2.375, and 2.250, con-
secutively in the follow-up periods.

Fig. 7. Maximum mouth opening (MMO) at the time of the study

* statistically significant.

Fig. 8. Functional limitation of the mandibular movement at the time 
of the study

* statistically significant.

Table 2. Intergroup comparisons of the outcome variables (before treatment 
and after 6 months)

Variable
Before treatment After 6 months

Z p-value Z p-value

Pain at mastication −0.465 0.671 −1.655 0.010*

Mastication efficiency −1.072 0.291 −1.106 0.029*

Joint sounds −1.399 0.178 −1.600 0.114

MMO −0.144 0.887 −1.565 0.012*

Functional limitation −1.194 0.266 −2.502 0.014*

* statistically significant.
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Similarly to the previous variable, we found that the 
HA+PRP group had better mastication efficiency out-
comes; the mean score at 6 months was 7.897 and 3.833 
before treatment (p = 0.002), with a significant increase 
occurring in this group. In the HA group, an  increase 
was achieved to a lesser extent and a decrease at the end 
of follow-up gave preference to the HA+PRP injection.

Although there were no statistically significant dif-
ferences between the 2 groups concerning the joint 
sounds variable, the mean score in the HA group was 3 
at 3 months and 3.958 at 6 months, i.e., an  increase oc-
curred, unlike in the HA+PRP group, where improvement 
continued until the end of follow-up.

The expected improvement was achieved in the vari-
ables MMO and functional limitation in both groups; 
however, preference was evident in the HA+PRP group.

At present, the published data about PRP and HA com-
bined in the treatment of  TMDs with which we could 
compare our findings and interpretations are limited.

We can discuss our study with regard to what research-
ers have stated about the use of HA alone or PRP alone. In 
their study, Gencer et al. reported that an injection of HA 
was superior to tenoxicam and betamethasone in relieving 
TMD complaints, including pain, which was reflected in 
an increase in mastication efficacy.1 Kopp et al. reported 
similar findings associated with the clinical symptoms 
and dysfunction presented by patients.15 They found that 
HA was safer and more suitable with regard to the risk 
of  the progression of  joint degeneration in comparison 
with corticosteroids.15 On the other hand, PRP is an auto-
logous solution; therefore, this method of  treatment 
appears safe, especially that in recent years, this mixture 
(HA+PRP) has been studied in relation to the disorders 
of other body joints, such as the knee joint.30

Conclusions
The study findings suggest that the HA and PRP in-

jection provides greater improvement in patients with 
TMDs as compared to the HA injection alone. This treat-
ment method is safe enough as well as comfortable, and 
improves the quality of life of patients with TMDs.
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