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ABSTRACT
Objetive: This study was to compare the
effectiveness of arthrocentesis versus the 
insertion of anterior repositioning splint (ARS) 
in improving the mandibular range of motion 
(MRM) for patients with the temporomandibular 
joint (TMJ) anterior disc displacement with 
reduction (ADDwR). Methods: 36 patients
diagnosed as ADDwR were recruited and 
divided randomly into two groups. The first 
group (G1) was treated by arthrocentesis, and 
the second (G2) was treated using ARS. All 
patients were reexamined after six months. 
Results: Except that for protrusive movement,
there were significant differences between 
the two groups for the percentage changes of 
the MRM as measured by the amount of pain 
free opening, unassisted opening, maximum 
assisted opening, right lateral and left lateral 
movements (p < 0.05). Conclusion: Within the
context of the current study, the non-invasive, 
lower cost ARS, provided better results in 
improving the MRM when managing ADDwR 
cases.

RESUMO
Objetivo: O presente estudo comparou a eficácia
da Artrocentese em relação à inserção da Placa 
Reposicionadora Anterior (PRA) na melhoria da 
Amplitude de Movimento Mandibular (AMM) 
para pacientes que apresentam Deslocamento 
de Disco Anterior com Redução (DDAcR) da 
Articulação Temporomandibular (ATM). Método:
36 pacientes diagnosticados como DDAcR foram 
recrutados e divididos aleatoriamente em dois 
grupos. O primeiro grupo (G1) foi tratado através da 
Artrocentese e o segundo (G2), tratado com a PRA. 
Todos os pacientes foram reexaminados após seis 
meses. Resultados: Com exceção do movimento
protrusivo, houve diferenças significativas entre 
os dois grupos para as mudanças percentuais das 
medidas de AMM pela quantidade de abertura sem 
dor, abertura sem assistência, abertura máxima 
com assistência, movimentos laterais direitos e 
laterais esquerdos (p < 0,05). Conclusão: Dentro
do contexto do estudo atual, a PRA, não invasiva e 
de menor custo, proporcionou melhores resultados 
na melhoria da AMM no gerenciamento de casos 
de DDAcR.
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INTRODUCTION

A merican Academy of Orofacial Pain, 
temporomandibular disorder (TMD) can be 

defined as a collection of disorders linking the 
masticatory muscles, the temporomandibular 
joint (TMJ), and the related structures. 
The common TMJ illnesses are associated 
with pain and intra-articular complaints. 
Temporomandibular disorders” (TMDs) is a 
combined term for situations that include pain 
and /or dysfunction of the temporomandibular 
joint (TMJ), and the associated structures. 
Probably 3-10% of men and 8–15% of women 
presently suffering from TMD [1,2].

The prevalence of TMD was reported to be 
40-60 % in epidemiologic studies, and it is more
prevelantin females, with a peak incidence at 20
to 40 years of age [3,4]. TMD is one of the most
common of orofacial pain. The most common
disease entities of TMD include myofascial pain,
internal derangement (ID) and degenerative
arthritis [5].

Internal Derangement (ID) is considered 
one of the most common problems affecting 
TMJ, which includes the abnormal relationship 
of the articular disc as related to the mandibular 
condyle, the fossa, and the articular eminence 
[6]. It can be defined  as a disruption within 
the internal aspects of the TMJ in which there 
is a displacement of the disc from its normal 
functional relationship with the mandibular 
condyle and the articular portion of the 
temporal bone [7]. The definition of  ID of 
TMJ has largely been deferred to soft tissue 
pathophysiology  models,  with  little  agreement  
on  other structural contributions to symptoms 
or to diagnostic value [8]. Understanding the 
biomechanics of temporomandibular joint (TMJ) 
is very essential to provide proper management 
for temporomandibular joint disorder (TMD). 
ID involves the actual joint apparatus, it usually 
presents with forward displacement of the 
articular disc overlying the condyle of the TMJ. 

Anterior disc displacement (ADD) is commonly 
seen among TMD patients [9]. ADD is one of the 
most frequent TMJ disorders which often results 
in clicking, joint pain, a limited range of motion 
and masticatory difficulties. Disc repositioning 
is a common procedure for patients with ADD to 
eliminate the mechanical interference, to relief 
the pain, and to improve the range of motion 
[10]. The two common clinical forms of ID 
are anterior disc displacement with reduction 
(ADDwR) and without reduction (DDwoR) [11].

ADDwoR is commonly seen in TMD. It is 
a clinical condition where the disc is dislocated, 
most frequently anteromedially, from the 
condyle and does not return to normal position 
with condylar movement. However the ADDwR 
is a subgroup of  ID, in which the articular 
disc has slipped forward and mouth opening is 
accompanied by a clicking sound at any stage 
of opening.  Also the ADDwR may be associated 
with intermittent locking [3,12]. Barkin and 
Weinberg [13] added that “one of the clinical 
hallmark of ADDwR is limited mouth opening, 
that usually accompanied by deviation of the 
mandible to the involved side, until a pop or 
click (reduction) occurs.”

Almost 5% to 10% of patients need 
treatment for TMD, further 40% of patients has 
natural resolution of indications. In one follow-
up published article, 50% to 90% of patients 
got relief from pain relief after conventional 
therapy. A multidisciplinary approach is fruitful 
for managing of TMD [14], the aim of these 
surgical and non-surgical interventions is to 
restore a correct disc condylar relationship. 
Non-surgical treatment options include; splint 
therapy and physical therapy of the patient 
[3,11].

Splint therapy, in general, is claimed to be 
useful for the management of patients suffering 
from ADDwR, the goals of this splint therapy are 
to correct the relationship between the glenoid 
fossa, articular disc and condyle, decrease joint 
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pain and sounds, improve jaw function, eliminate 
any mechanical interference and recapture the 
displaced disc, the anterior repositioning splint 
(ARS), in specific, is used to treat ADDwR and 
DDwoR [15]. However, some authors  argued  
that  there  is  no  assurance  that the  articular  
disc  is recaptured  by insertion  of the ARS 
[16,17].

As per Meta Analysis done by M. Al-
Baghdadi, twenty studies involving 1,305 
patients were included. Data analysis 
involved 21 comparisons between a variety of 
interventions, either between interventions, 
or between intervention and placebo or no 
intervention. Meta-analysis on homogenous 
groups was conducted in 4 comparisons. In most 
comparisons made, there were no statistically 
significant differences between interventions 
relative to primary outcomes at short- or long-
term follow-up (p > 0.05) [18].

Arthrocentesis, on the other hand, is used 
for internal TMJ disorder cases not responding 
to conservative clinical treatment. It is indicated 
for patients with anterior disc displacement 
with and without reduction; for disc adhesions, 
for early adhesiveness next to the fossa and/
or the upper aspect of the articular tubercle, 
with mouth opening limitation; for cases of 
synovitis/capsulitis; as palliation for acute 
degenerative rheumatoid arthritis; patients with 
painful joint noises occurring during mouth 
opening and/or closing and for hemarthrosis 
due to recent trauma, where there is joint 
aspiration and lavage, which may provide more 
comfort to patient. Some investigators reported 
that arthrocentesis, restricted jaw opening in 
patients with no significant prior history of TMJ 
problems [19].

There is a controversy in the literature 
[20-32] regarding the effectiveness of the 
arthrocentesis and ARS in the management of 
ADD cases, particularly, when its effect on the 
mandibular range of motion is assessed. Further, 

data regarding the effect of these treatment 
modalities on the MRM in cases of ADDwR are 
limited. Therefore, the aim of this study was 
to compare the effectiveness of arthrocentesis 
versus the insertion of ARS in improving the 
MRM for patients with ADDwR. The null 
hypothesis was that there will be no difference 
between the arthrocentesis and insertion of ARS 
in improving the MRM in cases with ADDwR.

MATERIAL AND METHODS

Patients attending the oral and 
maxillofacial surgery clinic at the Department 
of Oral and Maxillofacial Surgery, Faculty of 
Dentistry, King Abdulaziz University, were 
recruited over a period of two years.  All patients 
diagnosed to have unilateral ADDwR (with or 
without intermittent locking) using Research 
Diagnostic Criteria for Temporomandibular 
Disorders clinical protocol Axis I (RDC/TMD: 
Axis I) and MRI, and who had a minimum of 
20 teeth, were asked to participate in the study 
[10,26]. All subjects were free from having other 
RDC/TMD Axis I diagnosis, such as ADDwoR, 
myofascial pain, history of TMJ treatment or 
surgery, history of jaw or facial trauma, systemic 
diseases or symptoms of symptomatic disease 
that possibly affecting masticatory system 
as rheumatic arthritis and epilepsy. Ethical 
approval was obtained from the institutional 
ethical review committee. Signed written 
consent forms were obtained from all subjects 
before conducting any procedures. 

Subjects were randomly assigned to two 
groups: 12 females and 6 males each. The first 
group (G1) was treated by arthrocentesis, and 
the second (G2) was treated using ARS. Patients 
were informed about both treatment methods 
and were gave an option to change the treatment 
modality if they elect to do so, but none of them 
opted the option of change. 

To evaluate the MRM of each case; 
the vertical jaw opening (pain free opening, 
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maximum unassisted opening, and maximum 
assisted opening), as well as right and left lateral 
and protrusive jaw movements were evaluated 
(Table 1). These were measured for each patient 
before treatment (T1) and six months after 
treatment (T2) [28]. 

The surgical (arthrocentesis) procedure 
was carried out as follows: The operation site 
was sterilized then Lidocaine 2% with 1:100,000 
epinephrine was injected subcutaneously and 
around TMJ capsule. After that two 19-gauge 
needles were inserted to the joint (for inlet and 
exit the fluid during the TMJ arthrocentesis). 
Finally, the  joint was lavaged with lactated 
Ringer’s solution. Then needles were removed 
after arthrocentesis of the TMJ. 

Table I - The different mandibular movements that were 
evaluated in this study

Figure 1 - The anterior repositioning splint.

Figure 2 - The anterior repositioning splint was inserted inside 
the patient mouth.

Movement Method of measurement

The maximal mouth ope-
ning: pain free opening. 

- Each patient was asked to open his/her mouth as 
wide as he/she can without felling any pain.[12]

- It was measured between the edges of the upper 
and lower right central incisors by using modified 

caliper.[12,30]

The maximal mouth ope-
ning: maximum unassisted 

opening.

- Each patient was asked to open his/her mouth as 
wide as he/she can even it is painful.[12]

- It was measured between the edges of the upper 
and lower right central incisors.[27]

The maximal mouth ope-
ning: maximum assisted 

opening.

- Permission was obtained from each patient to 
stretch his/her mouth further, the mouth open of the 

patient was pushed further using moderate pressure. 
Also the patient was informed that if he/she wants 

the assessor to stop, to raise his/her hand.[12]
- It was measured between the edges of the upper 

and lower right central incisors.[30]

The right lateral jaw 
movement

- Each patient was asked to open slightly, and to 
move his/her jaw as far as he/she can to the right.[12]
- It was considered as the horizontal distance between

the maxillary reference midline to the mandibular 
reference midline during right excursions.[12, 30]

The left lateral jaw mo-
vement

- Each patient was asked to open slightly, and to 
move his/her jaw as far as he/she can to the left.[12]

- It was considered as the horizontal distance be-
tween the maxillary reference midline to the mandi-
bular reference midline during left excursions.[10, 27]

The protrusive movement

- Each patient was asked to open slightly, and to 
move his/her jaw as far as he/she can forward, even 

it is painful. [12]
- It was measured from the buccal surface of the 

mandibular central incisor tooth to the buccal surface 
of maxillary central incisor tooth when the mandible 

is in the maximum protruded position.[12, 30]

The maxillary ARS was constructed  to 
keep the mandible in the anterior position [6] 
using 2 mm polyvinyl sheet (Clear advantage 
series I, Thermal forming splint/copolyester, 
Ortho Technology, USA) and cold curing acrylic 
resin (Hygienic orthodontic resin, Ohio, USA) 
(Figure 1). Patients were asked to wear the 
splints at least 12 hours/day for 6 months [23] 
(Figure 2). No medication (muscle relaxants, 
analgesics or anti-inflammatory agents) were 
prescribed to the patients.
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All measurements were independently 
obtained twice by two independent assessors. 
Pearson’s correlation (PC) coefficients (at 
95% confidence interval) were carried out to 
determine the reliability between the first and 
second measurements of assessor 2 (test-retest 
reliability). The rating of the two independent 
assessors was recorded, and calculated using 
the Intra-class Correlation Coefficient (ICC), to 
determine the level of inter-observer reliability. 

Patients of both groups were assessed 
at the follow-up visit, for the presence of TMJ 
discomfort, tooth intrusion, tooth loosening, or 
sensitivity on biting.

The data were collected and subjected to 
statistical analysis by SPSS ver.20, t test was 
used to study the effect of the arthrocentesis on 
the MRM of G1, and the effect of the ARS on 
the MRM of G2. The percentage changes were 
calculated for the effect of arthrocentesis on G1 
and the effect of ARS on G2, and then the data 
were analyzed by student’s t test, to compare 
the mean change and the percentage changes 
between G1 and G2. 

RESULTS

Thirty-six patients (24 females and 12 
males), with an age range of  20 to 44 were 
recruited. PC coefficient (test-retest reliability) 
was 0.98 (p < 0.01), and the average measure 
ICC index showed excellent reproducibility 
between the two independent assessors (ICC 
0.96, p < 0.01). These results indicated that 
the accuracy of measurements is more than 
sufficient to be used for statistical analysis.

Tables II and III show the effect of 
arthrocentesis and ARS on the mandibular range 
of motion for GI and G2. Statistically, in each 
line of treatment for each group, paired t test 
showed significant differences between before 
and after treatment for different movements of 
the MRM of the ADDwR cases at 95% confidence 
level (p ≤ 0.05).

Table II - The effectiveness of Arthrocentesis on the different 
movements of the MRM (mm) for GI

*Statistically significant difference

Table IV shows the pairwise comparisons 
between the mean change of the different 
movements of MRM of ADDwR cases by the 
effectiveness of Arthrocentesis (G1) and ARS 
(G2). Statistically, the pairwise comparisons 
using student’s t test showed significant 
differences between G1 and G2 for the mean 
changes of MRM movements (free pain 
opening, unassisted opening, maximum assisted 
opening, right lateral movement, and left 
lateral movement) except that for protrusive 
movement at 95% confidence level (p ≤ 0.05). 
Also, the pairwise comparisons using student’s 
t test showed significant differences between 
G1 and G2 for the percentage changes of the 

*Statistically significant difference

Table III - The effectiveness of ARS on the different movements 
of the MRM (mm) for GII

Treatment  Movement 
Mean ± SD

t PBefore 
treatment

After treat-
ment

Arthrocen-
tesis

Pain free verti-
cal opening 38.50±4.85 41.83±5.25 9.46 p˂0.00001*

Arthrocen-
tesis

Maximum 
unassisted 

open 
41.00±5.00 44.88±5.23 13.40 p˂0.00001*

Arthrocen-
tesis

Maximum 
assisted open 42.77±4.78 47.44±4.91 14.00 p˂0.00001*

Arthrocen-
tesis Right Lateral 6.55±1.94 9.22±1.39 7.20 p˂0.00001*

Arthrocen-
tesis Left Lateral 6.55±1.50 8.72±1.27 7.36 p˂0.00001*

Arthrocen-
tesis Protrusive 1.88±0.76 3.38±1.03 10.29 p˂0.00001*

Treatment  Movement
Direction 

Mean and SD±
t PBefore 

treatment
After treat-

ment

ARS Pain free verti-
cal opening 33.61±1.97 43.55±6.40 8.05 p˂0.00001*

ARS
Maximum 
unassisted 

open 
37.94±5.86 48.61±6.91 10.36 p˂0.00001*

ARS Maximum 
assisted open 41.16±6.19 53.38±6.44 10.40 p˂0.00001*

ARS Right Lateral 6.61±2.90 10.88±3.19 21.96 p˂0.00001*

ARS Left Lateral 5.66±2.17 8.88±1.52 9.25 p˂0.00001*

ARS Protrusive 1.77±0.73 3.5±0.70 12.718 p˂0.00001*
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most movements of MRM (free pain opening, 
unassisted opening, maximum assisted opening, 
the right lateral movement, and left lateral 
movement) except that for protrusive movement 
at 95% confidence level (p ≤ 0.05), table V. 
Complications or side effects of both line of 
treatment either arthrocentesis or ARS (TMJ 
discomfort, tooth intrusion, tooth loosening, or 
sensitivity on biting) were not present in any of 
the cases of this study.

Table IV - Pairwise comparison between the mean changes 
of the different movements of the MRM (mm) of ADDwR cases 
of G1 and G2

Movement 
Mean change Student's t test

ARS Arthrocen-
tesis t P

Free Pain opening 9.94±5.24 3.33±1.49 5.14 p˂0.00001*

Maximum unassisted opening 10.66±4.36 3.88±1.23 6.33 p˂0.00001*

Maximum assisted opening 12.22±4.98 4.66±1.41 6.18 p˂0.00001*

Right Lateral 4.27±0.82 2.66±1.57 3.85 0.00029

Left Lateral 3.22±1.47 2.16±1.24 2.31 0.013

Protrusive 1.72±0.57 1.5±0.62 1.11 0.136

Movement 
Percentage change % Student's t  test

ARS Arthrocen-
tesis t P

Free Pain opening 29.28 8.71 5.68 p˂0.00001*

Maximum unassisted opening 28.73 9.57 6.40 p˂0.00001*

Maximum assisted opening 30.77 11.06 5.82 p˂0.00001*

Right Lateral 76.77 51.50 1.73 0.005

Left Lateral 83.01 37.89 1.85 0.037

Protrusive 121.30 91.76 1.377 0.887

compared to men [4]. The percentage change 
was calculated to overcome any differences 
between the two groups at the base line.

The evaluation of the measurement of 
MRM was not only limited to the commonly 
assessed maximum mouth opening, but also 
included left and right lateral and protrusive 
movements as well. The results of this study 
demonstrated a significant marked improvement 
for the different movements of the MRM after 
the treatment of each group (p ≤ 0.05). That 
said, there were significant differences between 
ADDwR subjects of arthrocentesis group and 
ARS group in the mean changes and percentage 
changes of most movements of MRM (p ≤ 
0.05). Therefore, the null hypothesis, denoting 
that there are no differences between the 
effectiveness of the arthrocentesis and insertion 
of ARS on improving the different MRM 
movements in cases of ADDwR, was rejected. 

The averages mouth opening of normal 
subjects ranges from 53 to 58 mm [22]. In 
the present study, the mean pain free opening 
at baseline (T1), for ADDwR subjects of 
arthrocentesis group and ARS group was 38.50 
± 4.85 mm and 33.61 ± 1.97 mm, respectively, 
with marked improvements after treatment 
to 41.83 ± 5.25 and 43.55 ± 6.4 (for both 
groups). These results agree with Kurt et al [3] 
who recorded a maximum pain free opening for 
DDwR subjects of 36.56 ± 10.14 mm to 39.7 
± 9.15 and reported marked improvement after 
using ARS from 38.8 ± 9.97 mm to 43.45 ± 
10.42 mm.

The results of this study revealed that our 
baseline assessment is at odds with Celić et al. 
[24] and Svechtarov et al. [32], who studied
the MRM in normal and DDwR subjects. They
reported that the mean mouth opening for DDwR 
subjects was larger than the current study (47.0
± 5.1 mm and 46.0 ± 5.05 mm respectively).
Similarly, the average baseline right and left
lateral movement of DDwR subjects was lower

*Statistically significant difference

Table V - Comparison between the percentage changes of the 
different movements of the MRM (mm) of ADDwR cases of G1 
and G2

*Statistically significant difference

DISCUSSION

For this study, a convenient sample was 
selected over a period of two year to study the 
effectiveness of using of arthrocentesis and 
insertion of ARS on the MRM of unilateral 
ADDwR cases. Most subjects who participated 
in this study were females, which reflects the 
higher prevalence of TMD in women (75–80%) 
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than that reported in other studies [19]. In this 
study, a mean right lateral movement of 6.55 ± 
1.94 mm (G1) and 6.61 ± 2.90 mm (G2) was 
recorded, and a mean left lateral movement of 
were 6.55 ± 1.50 (G1) mm and 5.66 ± 2.17 
mm (G2). The average reported right lateral 
movement was 8.0 ±2.7 mm, and the average of 
left lateral was 8.2 ±2.7 mm in DDwR subjects 
[22,23]. Also, the average protrusive movement 
for ADDwR subjects of was 1.88 ± 0.76 for 
G1 mm and 1.77 ± 0.73 mm for G2, which 
is significantly limited compared to healthy 
subjects, who have a 6.16-7.91 mm [22,31] and 
is also significantly restricted compared to other 
studies evaluating the protrusive movements 
in ADDwR patients[10,23]. In general, this 
study corroborates the results of other studies 
demonstrating the limitations of MRM in 
ADDwR subjects [13,22,23].

The results of the present study revealed 
that the ARS have a more superior effect on the 
different movements of the MRM in ADDwR 
cases, when compared to arthrocentesis (Table 
5). This may be attributed to the forward position 
of the mandible that is achieved by using ARS, 
which may in turn decrease the overload on the 
retrodiscal tissues, allowing adaptive changes 
to occur [24]. Moreover, there were no side 
effects observed in the group treated with ARS 
after 6 months in the current study. While other 
studies support the use of arthrocentesis [21,25] 
they were not able to statistically confirm that 
arthrocentesis was more effective than splint 
therapy in eliminating the limitation of jaw 
movement this impression [22]. Therefore, 
nonsurgical splint therapy should be considered 
as a first line of treatment to prevent the 
postoperative surgical complications that 
may be encountered after its application, 
particularly given its lower cost and lower risk 
[23]. The differences in outcome of this study 
with others [15,16] might be attributed to the 
patient population, sample size, and treatment 
conditions.

Although both arthrocentesis and ARS had 
significant improvement effects on the different 
movements of the MRM of ADDwR cases, these 
improvements do not necessarily mean that 
the disorder is cured [24]. Further studies are 
needed to evaluate the effectiveness of using the 
arthrocentesis and ARS in treatment of ADDwR 
cases on the long-term.

CONCLUSION

Within the limitations of this study, the use 
of anterior repositioning splint is recommended 
as non-invasive method for improving the 
mandibular range of motion in the management 
of temporomandibular joint anterior disc 
displacement with reduction cases. Further 
studies are needed to confirm these findings the 
stability of the results on the long-term.
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