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ABSTRACT

Objective of the  present study evaluated the efficacy of computer-assisted arthrocentesis with intra articular injection of 
sodium hyaluronate versus platelet rich plasma for treatment of internal derangement of TMJ. Subjects and methods: Randomized 
controlled trial conducted on fourteen patients diagnosed with bilateral TMJ-ID divided into two equal groups were randomly 
selected from the patients (7 in each group). Group I (SH) treated with TMJ arthrocentesis using customized 3D printed computer 
assisted guide followed by intra articular injection of sodium hyaluronate. Group II (PRP) received a similar surgical protocol but 
injection with platelet-rich plasma. All patients were clinically and radiographically evaluated for the pain intensity through visual 
analog scale (VAS), maximum inter incisal opening (MIO). Results: Regarding the change in pain score the pain level sensation 
increased immediately after arthrocentesis for about two or three days then the pain level decreases dramatically for fourteen days 
to reach mild level lower than preoperative scores after six months postoperatively, there was a statistically insignificant difference 
between both groups in all observation intervals. But, within each group there was significant improvement. Regarding the change 
in maximum inter incisal opening decreased significantly immediately postoperative and begun to improve gradually and gained 
a noticeable increase after six months postoperatively, there was a statistically insignificant difference between both groups in all 
observation intervals. But within each group there was significant improvement. Conclusion: Either intra-articular injections of 
hyaluronic acid (SH) or autologous platelet-rich plasma (PRP) have shown promising results in managing temporomandibular 
disorders (TMD) with internal derangement. The study did not reveal any significant preference for one material over the other in 
terms of clinical efficacy.
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INTRODUCTION 

Temporomandibular joint (TMJ) internal de-
rangement, a frequent manifestation of TMDs, in-
volves abnormal disc, eminence, and condyle align-
ment, often causing pain, clicking, limited mouth 
opening, and jaw deviation(1,2). While conservative 
management is effective for many, hyaluronic acid 
(HA) has emerged as a promising treatment for 
TMJ internal derangement, offering a potential al-
ternative for symptom relief (3-5). 

Arthrocentesis, a minimally invasive procedure 
involving the lavage of the upper compartment 
of the TMJ to release adhesions and remove 
inflammatory mediators, has gained recognition as 
a conservative and cost-effective approach for TMJ 
disorders, offering fewer complications than joint 
arthroscopy (6-8). This procedure bridges surgical and 
nonsurgical TMJ treatments by irrigating the upper 
joint compartment, releasing adhesions, removing 
inflammatory substances, and ultimately improving 
pain and function(9). 

Hyaluronic acid (HA), a natural lubricant in 
synovial fluid, is investigated for its therapeutic 
potential in TMJ diseases. While its mechanism 
remains unclear, HA is thought to improve synovial 
fluid viscosity and elasticity, inhibiting adhesions 
and benefiting degenerative joints (10, 11). Recent 
advancements in regenerative medicine have 
introduced platelet concentrates (PCs), including 
PRP, PRF, and PRGF, as promising treatments for 
TMJ arthrocentesis. These autologous biological 
products, derived from a patient’s own blood, 
have shown potential to reduce pain and improve 
function in TMDs, potentially stimulating bone 
and cartilage regeneration through PRP’s ability 
to promote matrix production and chondrogenic 
differentiation (12, 13). 

While arthrocentesis is a minimally invasive 
procedure, the complex anatomical structures 
surrounding the TMJ necessitate a cautious 
approach due to the proximity of facial nerves and 

blood vessels. The potential for complications such 
as facial nerve injury, Penetration of the middle 
cranial fossa, or irreversible changes to the TMJ 
itself underscores the importance of precise needle 
insertion (14). 

The advent of computer-assisted surgical 
simulation has revolutionized surgical planning, 
enabling the translation of virtual plans into the 
operating room via specialized surgical splints and 
devices(15). In 2019, Krause et al. (16) developed 
a patient-specific template based on cone-beam 
computed tomography (CBCT) to achieve accurate 
access to the superior joint space. Preliminary 
findings, based on the treatment of six joints, suggest 
promising results in terms of simplicity, accuracy, 
and time efficiency.

This current study aims to evaluate the 
effectiveness of computer-assisted double-needle 
arthrocentesis with intra-articular injection of 
sodium hyaluronate versus platelet-rich plasma in 
the management of TMJ internal derangement.

SUBJECTS AND METHODS 

This randomized controlled clinical trial included 
14 patients among those attending the Outpatient 
Clinic of Oral and Maxillofacial Surgery, Faculty 
of Dental Medicine (Boys), Al-Azhar University, 
Cairo, Egypt and Sayed Galal University Hospital.  
Inclusion criteria: Patients (18-55) age with TMJ 
internal derangement indicated for arthrocentesis 
including both genders, Patients who didn’t respond 
to conservative treatment including behavior 
modification, physiotherapy, occlusal splints and/or 
adjustments, and pharmacological agents as the first 
line of treatment were included.  Exclusion criteria 
included patients with previous surgical operation 
related to TMJ, previous history of fractured 
condyle, previous minimally invasive treatment 
of TMJ, patients with immune compromised 
status and hematological disorders, pregnancy, 
known hypersensitivity to hyaluronic acid (HA) or 
photopolymer resin and refusal for written consent 
and follow-up.
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Study grouping:

Patients who have fulfilled the eligibility criteria 
were randomly divided into two equal groups 
(seven patients each): Group I (n=7):  Patients were 
managed with TMJ arthrocentesis using customized 
3D printed computer assisted guide followed by intra 
articular injection of sodium hyaluronate*(Curavisc 
20 mg Sodium Hyaluronate. Curasan compony /
Lindigstraße Germany). Group II (n=7): Patients 
were managed with TMJ arthrocentesis using 
customized 3D printed computer assisted guide 
followed by intra articular injection of autogenous 
platelet-rich plasma.

Preoperative assessment:

Upon inclusion in the study, comprehensive 
data was collected from each participant. Personal 
information, including name, age, gender, occupa-
tion, address, and phone number, was recorded. A 
thorough medical history was obtained to rule out 
any systemic conditions potentially influencing the 
study. Furthermore, a detailed dental history was 
collected to assess patients’ attitudes towards den-
tal treatment and to identify any odontogenic pain, 
missing molars, bruxism, nail biting, deep bite, or 
occlusal abnormalities that could potentially impact 
the study’s outcomes. Every patient was examined 
clinically and radiographically for the following:

(A) Clinical examination:

Preoperative examination of all eligible patients 
included the following: 

1. Preoperative clinical examination: was 
performed according to Diagnostic Criteria 
for Temporomandibular Disorders DC/TMD 

(17). Assessment of All details were recorded in 
a questionnaire by the examiner including the 
personal data, past history, previous treatments 
and chief complaint.

2. Preoperative pain level: was determined by 
patient’s self-assessment using Visual Analogue 
Scale (VAS) (18) from 0 to 10 where “0” indicates 

no pain, “1” excellent ability to talk and the 
least pain felt while “10” refers to unbearable 
pain cannot be scored by the patient.

3. Maximum inter incisal opening (MIO): was 
measured using digital caliper and the patients 
were instructed to open maximum opening 
unassisted and the measurements by putting the 
tip of the caliper between the incisal edges of 
the maxillary and mandibular central incisors 
and the measurement was taken in Millimeters.

(B) Radiographic evaluation: 

1. Magnetic resonance imaging (MRI): 
was taken and assessed for every patient 
preoperatively. The MRI was requested in 
open and closed positions of TMJ, including 
oblique sagittal cuts with 1mm thickness and 
1 mm interval in T1, T2 and Proton weighted 
sequences. For assessment of the relation of the 
disk condyle glenoid fossa articular eminence 
in both open and closed position. 

2. Multi-slice computed tomography (MSCT): 
In coronal ,axial, sagittal and 3D reconstruction 
bony and soft tissue with 1.5 slice thickness and 
1 interval window was taken to each patient, 
for diagnosis any bony lesion ,designing guide 
on the soft tissue mask and positioning needle 
in relation to the osseous structure of the joint 
,the scan was obtained with patient in maximum 
mouth opening with a bite-block utilized to 
maintain this maximum opening to design and 
print the surgical guide. 

Fabrication of patient customized computer as-
sisted 3D printed guide for arthrocentesis:

It employs a multi-step process to create 
personalized treatment plans for patients with 
temporomandibular joint (TMJ) disorders. 

The procedure commences with the fabrication 
of a customized bite block using cold-cure acrylic 
resin. This bite block, crafted on a patient jaw 
model, ensures precise positioning and maximum 
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pre-operative jaw opening. Subsequent multi-slice 
computed tomography (MSCT) scans, acquired 
with the patient wearing the bite block, capture 
detailed anatomical data in Digital Imaging and 
Communication in Medicine (DICOM) format. 
This DICOM data is processed using specialized 
software (MIMICS, Materialise) to generate a 
comprehensive virtual model of the patient’s skull 
and facial structures, encompassing the bony 
components of the temporomandibular joint (TMJ) 
and surrounding soft tissues. 

This virtual model, constructed in stereolithog-
raphy (STL) format, serves as the foundation for 
precise surgical planning, facilitating the creation 
of patient-specific guides for procedures like ar-
throcentesis. Following virtual model generation, a 
physical surgical guide is printed using a 3D print-
er. The printed model undergoes a series of post-
processing steps, including cleaning, post-curing to 
enhance its strength and stability, and finalization 
by removing support structures. Prior to surgery, the 
guide undergoes chemical sterilization in a glutaral-
dehyde 8% solution, ensuring its sterility and safety 
for surgical use.

Surgical intervention:

All patients underwent general anesthesia, routine 
hospital admission, laboratory investigations, and 
multispecialty referrals prior to surgery. Following 
standard disinfection and draping protocols, leaving 
the auricle, joint, and lateral canthus exposed, a 
bite block was inserted to achieve the planned jaw 
position. A 3D printed; patient-customized surgical 
guide was adapted precisely to the planned position. 
Arthrocentesis was then performed using a 20 G 
needle, injecting 2 ml of Ringer solution to distend 
the TMJ capsule through the posterior sleeve and 
100 ml for arthrocentesis through the anterior 
sleeve, as depicted in Figure (1)

After completing arthrocentesis, the outlet 
needle was withdrawn from the guide sleeve, and 
the intra-articular space of the joint was injected 
with a different material according to each group:

*  Group I: The intra-articular space of the 
joint was injected with 1 ml of medium 
molecular weight (MMW) sodium hyaluronate 
(1200−1400 kDa).

*  Group II: The intra-articular space of the joint 
was injected with patient autogenous PRP.

For both groups, after injection, the inlet needle 
was withdrawn from the guide sleeve, and the guide 
was removed. The jaw was manipulated, and the 
surgical site was cleaned and covered with surgical 
dressing.

FIG (1) Intraoperative arthrocentesis with the 3D guide, inlet 
and outlet needle in place

Preparation of autogenous PRP (19):

Autogenous PRP was prepared by collecting 
10 ml of peripheral blood from the patient’s arm, 
which was immediately transferred into glass 
tubes containing sodium citrate as an anticoagulant 
to prevent premature thrombosis. The collected 
blood was mixed with the citrate using rotational 
motions, and an equal number of tubes were placed 
in a centrifuge rotor. The centrifugation parameters 
were 3200 rpm for 12 minutes. After separation, 
the platelet-rich plasma was carefully aspirated into 
a separate syringe. This prepared concentrate was 
then ready for injection into the TMJ.

Postoperative evaluation:

Postoperative follow up and assessment will 
be done for each patient both clinically and 
radiographically for the following:
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(A) Clinical evaluation:

Pain was assessed using visual analogue scale 
(VAS) for the first 14 days after the treatment, 
and Maximum inter incisal opening (MIO) was 
measured by digital caliper at 2 days, 1 week, 1 
month, 3 months and 6 months postoperatively.

(B) Radiographic evaluation:

MRI of the patient was performed after 6 months 
in which they were followed up and compared based 
on their sign and symptoms, ending the postoperative 
observation periods with a postoperative MRI. 

RESULTS

Fourteen female patients who were diagnosed 
with bilateral ID of TMJ were enrolled in the present 
study. They were randomly divided into two equal 
groups (7 patients each). All patients who were 
enrolled in the study have completed the follow 
up post-surgical period. In either group, the mean 
and standard deviation of the ages of participants 
within group I and group II were 31.43 ±7.28 and 
35.29±7.11 respectively. There was no statistically 
significant difference between the mean age values 
of the two groups p=0.336.

Clinical evaluation

1. Postoperative pain 

Postoperative pain was assessed using the Visual 
Analog Scale (VAS) over the first 14 days following 
surgery, as depicted in Figure 2. Both groups began 
with moderate levels of preoperative pain. Following 
arthrocentesis, pain levels increased slightly over 
the first two to three days before significantly 
decreasing throughout the 14-day period, ultimately 
falling below preoperative levels.

In Group I (SH), the preoperative pain score 
was 6.00±0.82, which decreased progressively to 
1.14±1.35 by the 14th postoperative day. While 
the reduction in pain was statistically significant 
overall (P = 0.000), most observation intervals did 

not show significant changes, except between the 
preoperative period and the 1st postoperative day 
and between the 6th and 7th days, where p-values 
were 0.047 and 0.025, respectively.

In Group II (PRP) exhibited a similar trend, 
with a preoperative pain score of 5.94 ± 0.62, which 
decreased to 1.14 ± 1.35 by the 14th postoperative 
day. Although the overall reduction in pain was 
statistically significant (P = 0.000), most intervals 
did not show significant changes, with the exception 
of the intervals from the preoperative period to the 
1st postoperative day (P = 0.014), from the 1st to the 
2nd day (P = 0.046), from the 7th to the 8th day (P = 
0.034), and from the 9th to the 10th day (P = 0.020).

Despite the significant improvement in VAS 
scores within each group over time, the differences 
in pain reduction between the two groups at each 
observation interval were not statistically significant. 
This suggests that both treatment approaches were 
similarly effective in reducing postoperative pain.

FIG (2) Bar chart illustrating mean value of pain (VAS) at dif-
ferent observation intervals
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2. Maximum Inter-incisal Opening (MIO)

Maximum Inter-incisal Opening (MIO) was 
measured for all patients in both groups over a 
6-month postoperative period, as illustrated in 
Table 1. After six months, there was a statistically 
insignificant difference between the two groups, 
though significant improvement was observed 
within each group.

For Group I (SH), the preoperative MIO 
was 31.91±1.89mm. This value decreased to 
29.68±1.45mm on the 2nd postoperative day but 
increased progressively to 38.55±2.28 mm by the 
6th postoperative month. Statistically significant 
improvement was observed between various 

TABLE (1) Descriptive statistics of maximum inter-incisal opening in in each studied group in all evalua-

tion intervals

(MIO) (mm)
Group 1 Group 2

Difference P value
Mean±SD Mean±SD

Pre op 31.91±1.89 33.17±2.63 1.26 .322 ns

Day 2 29.68±1.45 30.55±1.87 .87 .350 ns

Preoperative - Day2 .006* .001*

1 Week 32.42±1.81 33.52±1.40 1.09 .229 ns

Day2 - 1 Week .003* .000*

1 Month 35.22±2.47 34.41±1.46 .81 .471 ns

1 Week - 1 Month .000* .031*

3 Months 37.01±2.76 36.50±1.68 .51 .682 ns

3 Months - 1 Month .002* .002*

6 Months 38.55±2.28 38.13±2.03 .43 .718 ns

6 months - 3 Months .000* .007*

Probability 0.000 0.000

Significance level p≤0.05, ns=non-significant

intervals, including preoperative to Day 2 (p=0.006), 
Day 2 to 1 Week (p=0.003), and subsequent intervals 
up to the 6th month.

In Group II (PRP), the preoperative MIO was 
33.17±2.63 mm. It decreased to 30.55 ± 1.87 mm 
on the 2nd postoperative day and then increased to 
38.13±2.03 mm by the 6th postoperative month. 
Similar to Group I, significant improvement was 
noted between various intervals, including preop-
erative to Day 2 (p = 0.001) and subsequent periods.

Overall, while the improvement in MIO was 
significant within each group, the differences 
between the two groups at each observation interval 
were not statistically significant.
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DISCUSSION

Temporomandibular disorders (TMDs) are a 
prevalent condition affecting 5-12% of adults, 
causing pain and dysfunction in the jaw. Treatment 
aims to alleviate pain, restore function, and improve 
quality of life, encompassing a wide range of 
approaches from lifestyle changes to surgery in 
severe cases. (20).  (TMDs) encompass a spectrum 
of conditions affecting the temporomandibular joint 
(TMJ), each with unique features. Common subtypes 
include myofascial pain, internal derangement (ID), 
and arthralgia. Less frequent presentations include 
degenerative changes, TMJ capsule inflammation, 
posterior disc displacement, and ankylosis, a rare 
condition causing joint fusion and severe jaw 
limitations (21)

In the present study, we evaluated the clinical 
outcome of double-needle TMJ arthrocentesis 
using custom made computer assisted injection 
guide, comparing two different intra articular 
injection materials; HÀ vs PRP. Fourteen patients 
were allocated in present study after of fulfilling 
eligibility criteria and randomly divided into two 
equal groups (seven patients each); Group I (SH) 
Patients were managed with TMJ arthrocentesis 
using customized 3D printed computer assisted 
guide followed by intra articular injection of sodium 
hyaluronate. Group II (PRP) Patients were managed 
with the same surgical protocol except that the intra 
articular injection material was autogenous platelet-
rich plasma.

All the patients which had history of previous 
arthrocentesis or surgery were excluded, while all 
the patients who suffered TMJ-ID were included in 
the study, as TMJ-ID is considered one of the most 
common disorders faced by maxillofacial surgeons 
in their daily practice. This is in accordance with 
Paesani et al. (22), who determined the prevalence 
of TMJ-ID in patients with signs and symptoms 
of craniomandibular disorders, and concluded that 
almost 80% of their samples exhibited various forms 

of TMJ-ID. This suggests that internal derangement 
is a common finding in patients presenting with 
symptoms related to the jaw joint.

In the present study, although the patients 
randomly divided into two group, both groups were 
consisted of fourteen female’s patients. That was 
not intended in eligibility criteria, but in general, 
females are more prone to suffer from TMDs 
more than males. This is accordance with Jo et al. 
(23), who confirmed higher prevalence of TMD in 
female patients. They concluded that there was a 
high prevalence of parafunctional habits, emotional 
stress and higher level of the severity of chronic 
pain and a tendency of myogenous pain than men. 

In the present study, all patients in both groups 
were evaluated clinically for the pain intensity, 
maximum interincisal distance and radiographically 
after MRI 6 months postoperatively. Regarding pain, 
it was evaluated in both groups for all patients for 
fourteen postoperative days through visual analog 
scale (VAS). Accurate pain assessment is crucial 
for establishing a correct diagnosis. The Visual 
Analog Scale (VAS) is a widely used and validated 
tool for measuring pain intensity, demonstrating 
high test-retest reliability, indicating consistent and 
dependable results over repeated measurements(24,25).

This study found that all patients experienced 
moderate pain preoperatively, which increased 
immediately following arthrocentesis but 
significantly decreased within two weeks. While 
no significant difference was observed between the 
two treatment groups, significant pain improvement 
was noted within each group. The combination of 
computer-guided arthrocentesis, occlusal splint 
therapy, and intra-articular injection of either 
synovial fluid or platelet-rich plasma may contribute 
to a marked reduction in pain perception. This is 
in accordance with Dhiman et al. (26), compared 
and evaluated the efficacy of arthrocentesis with 
injections of corticosteroids (CS) or (HA) in 
management of TMJ-ID. They concluded that 
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Injection of HA post-TMJ arthrocentesis is found 
to be comparatively more effective method of 
treating TMD IDs with resultant decrease in pain & 
improved functionality of the jaw.

In the present study, all cases of both groups have 
received TMJ double-needle arthrocentesis guided 
with computer assistant splint.  Arthrocentesis is a 
surgical term of noninvasive procedure aimed for 
lavaging the synovial fluid of the affected joint 
through double-needle lumen. After arthrocentesis, 
the joints were injected with one of two materials: 
SH for group I and PRP for group II. Grossmann 
et al. (27), investigated the long-term efficacy 
of two arthrocentesis techniques for treating 
temporomandibular joint disc displacement without 
reduction (DDWOR). After three years of follow-
up, both double-puncture and single-puncture 
arthrocentesis methods were found to be effective in 
reducing pain and increasing maximal inter-incisal 
opening (MIO) in patients with DDWOR.

 Platelet-rich plasma (PRP) injections demonstrate 
therapeutic potential in temporomandibular joint 
disorders. PRP’s anti-inflammatory and analgesic 
properties may reduce pain and improve joint 
function, while its regenerative properties restore 
hyaluronic acid levels, stimulate chondrocyte 
activity, and promote balanced angiogenesis. (28). 
This is consistent with the study by Sousa et al. 

(29), where patients who received PRP showed 
an improvement in maximum pain-free mouth 
opening. On the other hand, therapeutic effect of 
sodium hyaluronate molecule had been exploited 
in orthopedics diseases reducing subchondral 
bone damage, chondrocyte apoptosis, cartilage 
inflammation, and overall cartilage deterioration. 
SH intra-articular infiltration in worn joints results 
in pain reduction and function improvement (30,31). 
Sait et al. (32), evaluated the efficacy of arthrocentesis 
with and without sodium hyaluronate injection for 
internal derangement of temporomandibular joint. 
And they concluded that TMJ arthrocentesis with 

sodium hyaluronate injection had better clinical 
outcome compared to TMJ arthrocentesis alone for 
TMJ disorders. 

 In the current study, based on the evaluation of 
mean changes for the two groups, joint sounds and 
MIO movements statically significantly improved in 
each group, and insignificant between groups. And 
significantly improved in protrusive and left lateral 
jaw movement. These results are in accordance 
with Neeli et al. (33), in this study, we found 
significant increase in MIO and lateral movement 
with significant decrease in joint pain and clicking 
between baseline and 6 months follow up within the 
arthrocentesis group.

Computer-assisted surgery (CAS) revolutionizes 
oral and maxillofacial surgery, enhancing precision 
and patient outcomes. This technology integrates 
imaging, modeling, and navigation, enabling 
accurate and minimally invasive procedures, 
particularly in complex reconstructive surgeries and 
TMJ disorders, ultimately improving functional and 
aesthetic restoration while accelerating recovery. (34).  
Custódio et al. (35), reported that the guide seems to 
be a reliable tool for accurate percutaneous injection 
of drugs into the inferior compartment of the TMJ 
and the lateral pterygoid muscle.

In both groups, none of the patients reported 
postoperative complication, hematoma formation 
or facial nerve affection from the procedure. This 
result agreement with Saad et al.(36), concluded that 
a computer guided patient specific arthrocentesis 
guide based on a preoperative CT-scan is a reliable 
and reproducible method for accurate and more 
robust conduction of the arthrocentesis procedure 
with minimal modifications and low complication 
rate. This treatment requires additional patient costs 
for laboratory work, specifically the fabrication 
of a surgical guide by a qualified professional. 
The procedure’s precision hinges on the accurate 
positioning and stability of this guide, which is 
particularly challenging when teeth cannot be used 
for support.
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CONCLUSION

   Either intra-articular injections of hyaluronic 
acid (SH) or autologous platelet-rich plasma 
(PRP) have shown promising results in managing 
temporomandibular disorders (TMD) with internal 
derangement. The study did not reveal any 
significant preference for one material over the 
other in terms of clinical efficacy.
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