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Abstract
Objective  Evaluate the efficacy of bilateral temporomandibular joint (TMJ) arthroscopy in patients with different categories 
of severity based on Dimitroulis classification (categories 2–4) and the role of a second TMJ intervention in primary failure.
Methods  A 3-year prospective study was designed, including patients submitted to bilateral TMJ arthroscopy. The primary 
outcome was TMJ pain (VAS, 0–10) and the secondary outcomes were the maximum mouth opening (MMO) and mastica-
tory myalgia degree (0–3). In cases of symptomatic relapse, a second TMJ intervention was performed (TMJ arthrocentesis 
or TMJ open surgery).
Results  Eighty patients (93.4% women) were enrolled, with a mean age of 32.40 ± 11.41 years. With an average follow-up 
of 523.7 days (34–1606), a statistically significant improvement in TMJ pain, MMO, and myalgia degree was observed 
(P < 0.0001). The overall successful outcome of one-single bilateral arthroscopy was ~ 69%. Twenty-two patients relapsed: 
(1) arthralgia (n = 15, 68.18%); (2) arthralgia + myalgia (n = 4, 18.18%); (3) dislocated disc without reduction (DDwoR) 
(n = 2, 9.09%); (4) DDwoR + osteoarthrosis (OA) (n = 1, 4.55%). Arthralgia was re-managed with TMJ arthrocentesis with 
local anesthesia (n = 19, 86.36%). New DDwoR with or without OA was re-treated with TMJ open surgery (n = 3, 13.64%). 
After the second intervention, the success rate increased to 85%.
Conclusions  Bilateral TMJ arthroscopy presented overall benefit in all parameters evaluated.
Clinical relevance  This study highlights the importance of TMJ arthroscopy as the first line of treatment for moderate-severe 
temporomandibular disorders cases contributing to the reduction of TMJ open surgeries.
In cases of arthroscopy unsuccess, TMJ arthrocentesis under local anesthesia was an effective and safe intervention for 
patients with recurrent TMJ arthralgia.

Keywords  Temporomandibular joint disorders · Arthroscopy · Arthralgia · Myalgia · Pain · Minimally invasive surgical 
procedures

Introduction

Arthroscopy of the temporomandibular joint (TMJ) has been 
successfully used for arthrogenous temporomandibular dis-
orders (TMD) [1–12]. It was first introduced by Onishi in 
1975, as a pioneering technique to treat painful joints, reduc-
ing the number of open joint surgeries [13]. This minimally 
invasive technique allows observation of the TMJ upper 
compartment tissues and sometimes the lower compart-
ment. TMJ arthroscopy allows joint lysis and lavage (level 
1 arthroscopy) and intra-articular surgical procedures (level 
2–3 arthroscopy). The clinical success of this technique var-
ies between 50%-92% in several studies [1–10].

Recent studies updated that TMJ arthroscopy promotes 
a reduction in pain and inflammatory process, restoring the 
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mandibular function with low morbidity [12, 14–16]. TMJ 
arthroscopy seems to be also long-term effective for reliev-
ing TMJ symptoms [11]. However, TMJ arthroscopy is not 
always successful, and for relapsed patients, it is still debat-
able which procedure to perform.

The TMJ arthroscopy surgical indication can be based on 
TMD severity, and some authors have studied TMJ arthros-
copy through different Wilkes' classifications [17–19]. How-
ever, the authors in this study, used the Dimitroulis’ clas-
sification published in 2013. This more recent classification 
introduced a broader spectrum of TMD subtypes and sug-
gests an indication of the type of treatment to be performed 
[20]. This prospective study included only patients submit-
ted to bilateral TMJ arthroscopy with different Dimitroulis 
stages and also described the need for complementary treat-
ments in cases of TMJ arthroscopy failure.

Material and methods

Study design

A prospective clinical study was conducted at Instituto Por-
tuguês da Face (IPF) in Lisbon, Portugal, from January 2, 
2019, to June 30, 2022. The Instituto Português da Face 
ethics committee approved this investigation (PT/IPFace//
RCT/02230/06). All the patients gave their written informed 
consent to the current legislation and the guidelines of the 
Declaration of Helsinki.

The study encompassed patients referred for a TMJ 
surgeon after the failure of conservative treatment for at 
least  three months (pharmacological therapy, occlusal 
splints, and physiotherapy). The inclusion criteria were: 
(1) age > 18 years; (2) conservative treatment without any 
improvement for at least three months; (3) clinical and imag-
ing diagnosis of bilateral arthrogenous disorder (internal 
derangements, osteoarthrosis, arthralgia); (4) magnetic res-
onance imaging (MRI) and/or computed tomography (CT) 
corroborating arthrogenous TMD (5) Dimitroulis classifica-
tion between 2 and 4, where the imagiology shows that the 
most components of the TMJ were salvageable. The exclu-
sion criteria were: (1) a history of facial trauma or previ-
ous TMJ surgery; (2) severe medical problems or impaired 
cognitive capacity; (3) pregnant or breastfeeding women. 
The patient complaints and medical records were registered 

in EUROTMJ DATABASE (https://​eurot​mj.​org). The final 
arthrogenous diagnosis was confirmed and assessed through 
MRI (disc position, disc perforation) and/or CT (osteoar-
throsis, osteophytes, and condylar resorption).

All the outcomes were assessed one week before the bilat-
eral TMJ arthroscopy (T0) and after the procedure (T1) (one 
month, three months, six months, one year, and every year 
since). One month was the minimum follow-up time.

All patients were observed by the same TMJ surgeon 
(David Ângelo, PhD, MD.).

The primary clinical outcome was TMJ pain (arthralgia), 
accessed through Visual Analog Scale (VAS, 0–10, with 0 
being no pain and 10 having maximum insupportable pain). 
In addition, arthralgia was reported if verified: 1) history of 
pain on the TMJ area and 2) pain on palpation of the lateral 
pole or around the lateral pole or pain on maximum unas-
sisted or assisted opening, right or left lateral movements, 
or protrusive movements.

The secondary outcomes were the maximum mouth 
opening (MMO, mm) and facial myalgia degree. MMO 
was measured using a certified ruler between the incisor’s 
teeth. Myalgia was diagnosed according to a clinical history 
positive for: 1) in the past 30 days, pain in the jaw, in front 
of the ear, or the ear with examiner confirmation of pain 
location masticatory muscles and 2) pain modified with jaw 
movement, function or parafunction and a positive clinical 
evaluation for palpation pressure (5 s/1 kg pressure) in mas-
seter and temporalis muscles as defined in DC/TMD [21]. 
Myalgia was graded accordingly with pain intensity in each 
muscle: 0 = No Pain/Pressure Only; 1 = Mild Pain; 2 = Mod-
erate Pain; 3 = Severe Pain [22].

The clinical severity was classified accordingly to Dim-
itroulis classification: category 2-TMJ minor changes; 3-TMJ 
moderate changes; 4-TMJ severe changes [20]. All patients 
classified with Dimitroulis 4 were informed that they had 
an indication for TMJ open surgery but opted for minimally 
invasive treatment.

To define the success criteria, authors used two cat-
egories to classify the TMJ pain: good if VAS ≤ 2 and 
failure if VAS > 2. In MMO, the authors defined the cut-
off of success for MMO ≥ 35  mm (good ≥ 35  mm and 
acceptable between ≥ 30 mm and < 35 mm) and failure for 
MMO < 30 mm in the postoperative evaluation. The out-
comes were graded together as good, acceptable, and fail-
ure according to Table 1 as described by Eriksson, et al. 

Table 1   Criteria for 
classification of three 
postoperative outcomes

Criteria for classification of three postoperative outcomes

Good No pain or only mild pain level (VAS ≤ 2 on a 0–10 scale) and MMO ≥ 35 mm
Acceptable No pain or only mild pain level (VAS ≤ 2 on a 0–10 scale) and MMO ≥ 30 mm 

and < 35 mm
Failure Pain constantly or moderate (VAS > 2 on a 0–10 scale) and/or MMO < 30 mm

https://eurotmj.org
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[23]. With the initial diagnosis of TMD, the patients were 
also instructed to answer the Fonseca Anamnestic Index 
(FAI). The survey was applied in Portuguese, already vali-
dated in the literature [24]. The final score obtained was 
interpreted in four possible categories of severity: no TMD 
(0 < FAI < 15 points), mild TMD (20 < FAI < 40 points), 
moderate TMD (45 < FAI < 65 points), and severe TMD 
(70 < FAI < 100 points) [25].

Treatment protocol

The TMJ arthroscopy was performed with a 1.9-mm arthro-
scope, including a video system (Stryker, San Jose, CA, 
USA), with a 2.8-mm outer protective cannula. Additional 
equipment has been previously described [16]. For TMJ 
arthroscopy level 1, the authors used the classic puncture 
based on the Holmlund–Hellsing (H–H) line with an entry 
point 10 mm anterior and 2 mm below. The arthroscope 
was inserted into the superior joint space. A second punc-
ture with a 21G needle was performed 30 mm anterior and 
7 mm below the H–H line to wash the joint with 250–300 ml 
Ringer solution. For level 2 TMJ arthroscopy, the second 
puncture was substituted by a 2.8-mm outer protective can-
nula with a sharp trocar until the joint was reached. The 2.8-
mm cannula was used for an instrumental passageway for (1) 
a ReFlex Ultra 45 Plasma Wand system for intra-articular 
coblation and/or (2) intrasynovial medication through a 22G 
long spinal needle. For level 3 TMJ arthroscopy, a 3/0 PDS 
was used to suture the disc. During TMJ arthroscopy, the 
level of intervention was decided according to the following 
criteria: Level 1- if the percentage of roofing was 100% and 
no synovitis; Level 2—if the percentage of roofing > 50% 
and/or synovitis; Level 3 – if after completion of level 2, 
it remains a percentage of roofing > 50%. A supplemental 
injection with hyaluronic acid (1.5 ml) was performed. Anti-
biotic protocol (amoxicillin/clavulanic acid or clarithromy-
cin) and non-steroidal anti-inflammatory drugs (ibuprofen) 
were routinely prescribed following surgery.

All patients with myalgia grades 2 and 3 were treated 
in the masticatory muscles (equally distributed in the right 
and left temporal and master muscles) before surgery with 
155U or 195U of Incobotulinum toxin A (Xeomin® - Merz), 
respectively. This treatment was performed 15 days before 
TMJ arthroscopy [26].

After surgery, patients were instructed to follow a soft 
diet for three days and to realize five and three physiother-
apy and speech sessions, starting three-five days after the 
intervention.

Statistical analysis

Data were analyzed using GraphPad Prism (v9.0.0) and IBM 
SPSS (v26) software. The variables were expressed as the 

mean (± standard deviation (SD)). Student’s paired t-test 
was used for variables with normal distribution and Signed 
Ranks Test for variables without normal distribution. In 
addition, the severity was analyzed through the Mann–Whit-
ney test for numerical variables and the Chi-square test for 
categorical variables. P < 0.05 was considered statistically 
significant.

Results

In the present study, 80 patients (74 female and 6 male) 
were enrolled, representing 160 operated joints. Their 
mean age was 32.40 ± 11.41 years. The mean follow-up 
period was 523.7 ± 468.2 (34–1606) days. The arthrog-
enous diagnosis more common were: (1) Dislocated disc 
with reduction (DDwR) with arthralgia (30.00%, n = 48 
joints); (2) Dislocated disc without reduction (DDwoR) 
with arthralgia (18.75%; n = 30 joints); (3) DDwR (10.0%; 
n = 16 joints); (4) DDwoR with osteoarthrosis (OA) and 
arthralgia (10.00%, n = 16 joints) (Table 2). 74 (92.5%) 
patients presented concomitant masticatory myalgia: 
level I—9 (11.25%); level II—18 (22.5%); level III—47 
(58.75%) (Table 2). The complaints' severity and medi-
cal diagnosis were evaluated through clinical history and 
examination, complemented by FAI and Dimitroulis clas-
sification. The FAI divided the patients into mild pathol-
ogy—13 (16.25%), moderate pathology—25 (31.25%), 
and severe pathology—42 (52.5%). For Dimitroulis clas-
sification, 33 (41.25%) patients were included in Category 
2 (TMJ minor changes), 26 (32.5%) in Category 3 (TMJ 
moderate changes), and 21 (26.25%) patients in Category 
4 (TMJ severe changes) (Table 2). A statistically sig-
nificant reduction was observed in the primary outcome, 
TMJ pain, from 4.63 ± 3.14 preoperatively (mean ± SD) 
to 0.38 ± 1.12 (mean ± SD) postoperatively (p < 0.0001, 
Fig. 1a). The percentage of the patients that showed a 
good outcome reducing pain was 86.25% (Fig. 1b). 11 
patients (13.75%) was classified as failure (pain level > 2; 
VAS 0–10) (Fig.  1b). An MMO improvement from 
33.50 ± 8.79 preoperatively to 40.06 ± 5.02 postopera-
tively was observed (p < 0.0001; Fig. 2a). Preoperatively, 
27 (33.75%) patients had MMO < 30 mm, 22 patients 
(27.5%) with MMO between 30–34 mm and 31 (38.75%) 
patients with MMO ≥ 35 mm. Postoperatively, 74 patients 
(92.5%) had MMO ≥ 35 mm. 2 patients (2.5%) failed to 
open more than 30 mm after TMJ arthroscopy (Fig. 2b). 
A significative reduction of myalgia degree was observed 
from mean ± SD 2.29 ± 1.02 preoperatively compared with 
0.37 ± 0.75 postoperatively (p < 0.0001; Fig. 3a). Moreo-
ver, 85% of patients had no or low grade of MT (0–1) 
postoperatively (Fig. 3c).
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Table 2   Patients characteristics

Number of patients 80
Sex Number of patients (%)

Female 74 (92.5%)
Male 6 (7.5%)

Age Mean (mean ± SD) 32.40 ± 11.41
Follow-up period (days) 523.7 ± 485.21 (34–1606 days)

Number of patients (%)
 < 60 days 10 (12.5%)
60–365 days 31 (38.75%)
365- 730 days 15 (18.75%)
 > 730 days 24 (30.00%)

Number of joints treated 160
Preoperative Arthrogenous Diagnosis Number of joints (%)

DDwR + Arthralgia 48 (30.00%)
DDwoR + Arthralgia 30 (18.75%)
DDwR 16 (10.00%)
DDwoR + OA + Arthralgia 16 (10.00%)
Arthralgia 9 (5.63%)
DDwoR 8 (5.00%)
DDwR + OA + Arthralgia 7 (4.38%)
DDwOR + OA 7 (4.38%)
Condyle Luxation 2 (1.25%)
DDwoR + OA + Osteophytes 2 (1.25%)
Disc Perforation + Arthralgia 2 (1.25%)
OA + Condyle Luxation + Arthralgia 2 (1.25%)
OA + Arthralgia 2 (1.25%)
DDwoR + Condylar Resorption + Arthralgia 1 (0.63%)
DDwoR + OA + Condylar Resorption 1 (0.63%)
DDwoR + OA + Disc Perforation 1 (0.63%)
DDwoR + OA + Osteophytes 1 (0.63%)
DDwR + Condylar Resorption + Arthralgia 1 (0.63%)
DDwR + OA + Arthralgia + Disc Perforation 1 (0.63%)
DDwR + Osteophtyes 1 (0.63%)
Disc Perforation + OA + Arthralgia 1 (0.63%)
OA 1 (0.63%)

Preoperative Myogenous Diagnosis Number of patients (%)
Myalgia 74 (92.5%)
I 9 (11.25%)
II 18 (22.5%)
III 47 (58.75%)

Fonseca Anamnestic Index (FAI) Number of patients (%)
Mild 13 (16.25%)
Moderate 25 (31.25%)
Severe 42 (52.5%)

Dimitroulis Classification Number of patients (%)
2 -TMJ minor changes 33 (41.25%)
3 - TMJ moderate changes 26 (32.5%)
4 -TMJ severe changes 21 (26.25%)
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Table 2   (continued)

Arthroscopy Level Number of joints (%)

I 45 (28.125%)

II 106 (66.250%)

III 9 (5.625%)

Fig. 1   Statistical test results (a) and success rate (b) for VAS com-
paring preoperative and postoperative VAS results. The horizon-
tal line of the box- and whisker graph displays the median, the box 

edges show the 25th and 75th percentiles and the whiskers show the 
most minor and highest value within 1.5 box lengths from the box. 
****p < 0.0001 when compared to preoperative VAS results

Fig. 2   Statistical test results (a) and success rate (b) for MMO com-
paring preoperative and postoperative MMO results. The horizontal 
line of the box- and whisker graph displays the median, the box edges 

show the 25th and 75th percentiles and the whiskers show the most 
minor and highest values. All points are represented with circles. 
**** p < 0.0001 when compared to preoperative MMO results

Fig. 3   Statistical test results (a) and success rate (b) for myalgia 
degree comparing preoperative and postoperative myalgia degree 
results. The horizontal line of the box- and whisker graph displays 
the median, the box edges show the 25th and 75th percentiles and 

the whiskers show the most minor and highest value within 1.5 box 
lengths from the box. **** p < 0.0001 when compared to preopera-
tive myalgia degree results
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Using the classification of Table  1, one-single TMJ 
arthroscopy was considered successful in 55 patients 
(68.75%),and failed in 25 patients (31.25%) (Table 3). Con-
sidering the failure cases, 5 patients (7.14%) presented bilat-
eral symptoms.

Of the 80 patients, 22 (27.5%, Fig. 4a) relapsed and 
were diagnosed postoperatively with: (1) arthralgia (n = 15, 
68.18%); (2) arthralgia + myalgia (n = 4, 18.18%); (3) 
DDwoR (n = 2, 9.09%) (4) DDwoR + OA (n = 1, 4.55%) 
(Fig. 4b). Arthralgia and arthralgia + myalgia were managed 
with TMJ arthrocentesis (n = 19, 86.36%, Fig. 4b). While 
new DDwoR with or without OA was treated with open sur-
gery (discopexy with Mitek anchor) (n = 3, 13.64%, Fig. 4b). 
After the second intervention success rate increased to 85% 
(n = 68), and failures reduced to 15% (n = 12).

VAS pain scores, MMO, and the success rate were also 
evaluated regarding the severity of the disease using the FAI 

and Dimitroulis classification (Tables 4 and 5). There were 
no differences in the parameters analyzed compared to the 
Dimitroulis Classification (Tables 4 and 5). No irreversible 
surgical complications were observed in all patients.

Discussion

This prospective study showed that TMJ arthroscopy is a 
successful procedure in cases of arthrogenous TMD. At the 
end of the study, the patients submitted to bilateral TMJ 
arthroscopy had reduced pain and increased MMO. These 
outcomes enhance the benefit of TMJ arthroscopic treat-
ment and parallel co-interventions (botulinum toxin, physi-
otherapy) for myalgia control.

The overall success of the single bilateral arthroscopy in 
our patients was 69% (~ 91% for at least one joint). Different 
authors have studied the effectiveness of TMJ arthroscopy. 
The success rate varies between 50%-92% for different out-
comes [1–10]. Murakami, et al. [11, 27], in two long-term 
studies of five and ten years, reported an 84–90% overall 
success rate, showing that this procedure is stable in long-
term results. The discrepancy of values ​​obtained in the lit-
erature may be related to several factors: 1) outcomes meas-
ured; 2) type of surgery; 3) stage of disease; 4) sample size.

In this study, TMJ pain (arthralgia) was considered 
the primary outcome. A statistical reduction of pain for a 

Table 3   The success rate of TMJ arthroscopy

Success rate

One single TMJ 
arthroscopy

One single TMJ arthros-
copy + Second TMJ 
intervention

Good—Acceptable 55 (68.75%) 68 (85.00%)
Failure 25 (31.25%) 12 (15%)

Fig. 4   Analysis of the second 
intervention after TMJ arthros-
copy failure; a percentage of 
patients who relapsed; b diag-
nosis of relapsed patients and 
treatments performed
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VAS ≤ 2 was observed in 86% of the patients. These results 
are according to the literature on pain reduction after TMJ 
arthroscopy. In a multicenter retrospective study involving 
4831 joints, McCain, et al. [10] described a decrease in pain 
and disability in 92% of patients. Indresano [1] also reported 
a 73% success rate based on pain score in 64 patients. Other 
authors also evaluated the success through the mouth open-
ing [2, 5, 28–30]. The success of MMO varies between 78%-
89% [2, 5, 28–30]. In our study, 93% of the patients had 
MMO superior to 35 mm post-TMJ arthroscopy.

Masticatory myalgia is also frequently presented in 
patients with TMD. In the present study, 90% of the patients 
showed masticatory myalgia. Preoperative bilateral mastica-
tory muscle myalgia was recently described as a suboptimal 
surgical outcome indicator [14]. In this study, the authors 
observed an improvement of 85% in postoperative myal-
gia degree. This result is essential to demonstrate that the 
protocol implemented with botulinum toxin was effective 
in cases of masticatory muscle myalgia. Botulinum toxin 
injections seem crucial to induce muscular relaxation and 
decrease the TMJ load.

In the literature, the indication of TMJ arthroscopy is still 
debatable. Most of the studies used the Wilkes classification 
to study the severity of the disease. In this study, Dimitrou-
lis’s classification was used to indicate TMD severity. In this 
study, for different Dimitroulis severities, the arthroscopy 
was equally effective in pain reduction, MMO improvement, 
success rate, and the number of reinterventions. Bronstein, 
et al. [31], through Wilkes classification, observed 96% of 
success for stage II, 83% for stage III, 88% for stage IV, and 
63% for stage V. Also, Smolka, et al. [19] reported less suc-
cess for stages IV and V (71.4% and 75%, respectively) than 
for stages II and III (80% and 85.7%). However, other studies 
suggested no correlation between the Wilkes score and clini-
cal outcome [4, 17, 32]. Based on our experience and given 
the results obtained in this study, TMJ arthroscopy should be 
seen as the gold standard for moderate-severe cases, and in 
experienced hands, should be the first technique for arthrog-
enous disorders. In our experience, different levels of TMJ 
arthroscopy need to be implemented, taking into account the 
conditions observed: Level 1- if the percentage of roofing 
was 100% and no synovitis; Level 2—if the percentage of 
roofing > 50% and/or synovitis; Level 3 – if after completion 
of level 2, it remains a percentage of roofing > 50%. How-
ever, TMJ arthroscopy seems insufficient for more severe 
stages of internal derangement with severe degenerative 
changes, fibrous/bony ankylosis, condyle hyperplasia, con-
dyle fractures, and TMJ tumors – Dimitroulis 5.

In this report, 31% of the patients required postoperative 
re-intervention: 74.2%—unilateral/ 25,8%—bilateral. 86% 
performed a TMJ arthrocentesis, and 9% a TMJ open surgery. 

After the second intervention, the success rate increased to 
85%. Based on our experience, a TMJ arthrocentesis under 
local anesthesia after TMJ arthroscopy failure represents an 
added value in the resolution of TMJ arthralgia. In cases of 
new DDwoR, discopexy with Mitek anchor was performed to 
anchor the disc more definitively. Breik, et al. [33] showed that 
77.7% of joints did not require further surgery and pointed out 
that the rate of progression to open surgery after arthroscopy is 
more common in the disease's last stages [33]. Some authors 
have pointed out that a second arthroscopy is an acceptable 
alternative after arthroscopy failure [12, 34]. In our opinion, 
a post arthroscopy arthrocentesis under local anesthesia is a 
very comfortable technique to perform initially and see the 
results. As mentioned, we obtained satisfactory results with 
this approach, however further research is needed to help the 
clinician select which cases are most likely to respond to TMJ 
arthroscopy and which cases are better for open TMJ surgery. 
Different risk factors should be studied in depth to understand 
whether they lead to unsatisfactory outcomes and help the cli-
nician treat the patient in a personalized way. In particular, it 
has been shown that depression can contribute to the need for 
further surgery [35].

In this study, no irreversible complications during the 
arthroscopic procedures were noticed. TMJ arthroscopy is 
a safe procedure if experienced surgical teams are involved, 
with the correct arthroscopic armamentarium and the puncture 
point landmarks being respected [16].

This study had limitations. This study was a single-center 
study with a small sample size. Further studies with multi-
center, large sample size are warranted. Patients with Dim-
itroulis 5 were not included.

Overall, TMJ arthroscopy should be considered the first line 
of treatment for moderate-severe cases when the articular disc 
is salvageable. This study showed that bilateral TMJ arthros-
copy is a reliable and effective surgery with high symptom res-
olution rates. In this study, TMJ arthroscopy's success rate was 
independent of TMD severity based on FAI and Dimitroulis 
classification. In cases of TMJ arthroscopy unsuccess associ-
ated with arthralgia, TMJ arthrocentesis under local anesthesia 
can be an effective and safe re-intervention for most patients.
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