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ABSTRACT

Objective: To evaluate, by magnetic resonance 1maging (MRI), the
effects of surgically assisted rapid maxillary expansion (SARME) on
the temporomandibular joint (TMJ) disc position.

Methods: Patients with maxillary transversial discrepeancies treated
SARME analyzed prospectively. The magnetic resonance imaging
assessments of the TMJ were obtained before SARME operation and
after expansion process. Retention period, gender and presence of
wisdom teeth were the predictor variables. Disc position index (DPI)
values were calculated and analyzed as an outcome variable.

Results: The study included 13 subjects (4 male, 9 female) with a
mean age of 19.5£2.3 years. After treatment there was excess
changing position seen in three articular disc relative the condyle in
three patient. Retention period, gender and presence of wisdom teeth
were not significantly effected TMJ disc in terms of DPI values in
mouth opened or closed position (p>0.05).

Conclusion: According to our study TMJ disc position was not
effected significantly by SARME (p>0.05).

Keywords: Surgically assisted rapid maxillary
Temporomandibular joint, Magnetic resonance imaging.
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SARME effect on TMJ Disc

INTRODUCTION

Transverse discrepancies are common problems in
adolescents and adults with orthodontic disorders.
Transverse maxillary discrepancies can be skeletal
and/or dental, and clinically, they are seen as a
unilateral or bilateral posterior cross-bite.”” A
surgically assisted rapid maxillary expansion
(SARME) is the preferred treatment for transverse
maxillary discrepancies in individuals with
completed growth who have transverse
discrepancies of more than 5 mm.? Whether or not
a morphological or functional interaction on the
temporomandibular joint (TMJ), either directly or
indirectly, is caused by a surgical intervention to
change the position of the jaws is a suggestive
parameter.

Magnetic resonance imaging (MRI) is the
gold standart to determine the chewing muscles,
morphology, disc position and pathologies, bone
structures, retrodiscal tissues, posterior
attachment, inflammatory diseases of the joint
(and the soft tissue changes caused by them), and
any postoperative changes can be determined.
Previous cadaver studies have indicated that MRI
exhibited 95% accuracy in the evaluation of the
disc location and disc form, and 93% accuracy in
the evaluation of the structural changes of the
bone.® The standard TMJ MRI protocol contains
parallel, oblique, coronal, and oblique sagittal
images parallel to the long axis of the condylar
head. The sagittal images should be obtained with
the mouth in both closed and open positions in
order to determine the disc movements.

A systematic review" evaluating conventional
rapid maxillary expansion in growing patients
showed that there is no change in the position and
shape of the articular disc immediately after
expansion. However, there is no evidence
available on the subject when using, in adults, the
rapid expansion of the surgically assisted maxilla.

The aim of this study was to evaluate, by
MRI, the effects of the SARME on the TMJ disc
position. We hypoestesized that occlusal changes
after SARME could effect the TMJ and disc.
Spesifically gender, wisdom tooth presence and
retention period could rate the effectivity.
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METHODS

The subjects included in this study were selected
from the patients who presented to the
Orthodontics Department of the Faculty of
Dentistry at Suleyman Demirel University for
orthodontic treatment between 2016 and 2018.
Ethical approval was obtained from the local Ethics
Committee (Date/Number: 04.11.2015/ 212).

The patient inclusion criteria were as follows:

o Skeletal transverse maxillary discrepancy with a
unilateral or bilateral cross-bite.

e No congenital craniofacial deformities (cleft
palate, syndromes, etc.).

¢ No surgical procedures performed in the upper or
lower jaws.

e Non-growing patients with bone maturation
evidence by hand and wrist radiography.

e The patient exclusion criteria were as follows:

e Lack of pre-treatment and/or post-treatment
records.

o Closed-field phobia.

e Artifacts in the MRI images that prevent disc
evaluations.

All of the patients had appropriate skeletal
development based on the results of hand-wrist
films, skeletal transverse maxillary discrepancies
and surgical maxillomandibular transverse
difference index values (>5mm), as measured in
postero-anterior radiographs. For the maxillary
expansion in each of the patients, a dental support
device with a Hyrax screw was placed parallel to
the midline by the orthodontist one or a few days
before the operation. It was cemented with glass
ionomer cement via banding to the first premolar
and first molar teeth.

Surgery and Expansion Protocol

In order to ensure standardization, all of the
operations were performed under general
anesthesia according to the asepsis and antisepsis
rules using the same technique by the same team
in the Maxillofacial Surgery Department of
Suleyman Demirel University. All of the patients
underwent bilateral Le Fort | osteotomies with
piezoelectric ~ surgeries.  Midpalatal ~ suture
separations were conducted in all of the patients
without pterygomaxillary osteotomies. In all of
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the patients, the Hyrax was activated until a 1 mm
midline diastema was achieved in order to ensure
symmetrical bone expansion. No complications
were seen in any of the patients.

After a latency period of 5 days, the
expansions were performed at a rate of 0.5
mm/day for 21 days, with no over corrections.
Then, the appliance was stabilized for 4 or 5
months (retention period).

Radiological Evaluation

All of the MRI images were evaluated by 2
specialist radiologists and the image evaluations
were based on the criteria of Tasaki and
Westesson (3). In the sagittal plane, with a mouth
closed position, the TMJ disc position was
considered to be normal if the posterior band was
located at the between 11 and 12 o’clock relative
to the condyle. After that, the numerical
measurements were performed using the same
slice thickness that was used with the disc position
index (DPI).

DPI

The articular disc position was assessed using a
modification of the method used by Vargas
Pereira.> The following reference points and
measuring variables were used (Figure 1):
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Figure 1.Reference points used for the disc position index in the
mouth closed and mouth open positions in MRI.

Cm: Midpoint of the mandibular condylar head
(as assessed by visual inspection).

Tm: Midpoint of the tuberculum articulare (as
assessed by visual inspection).

Da: Anterior point of the articular disc.
Dp: Posterior point of the articular disc.

Dm: Midpoint of the articular disc (the midpoint
of line Da-Dp).

a: Position of the articular disc as defined by the
distance from the Dm (on line Da-Dp) to line Cm-
Tm.

b: Half the length of the articular disc as defined
by the distance (Da-Dp).

For the final assessment of the disc position,
the disc position index was calculated as
follows:(a:b) x 100.

The DPI describes the position of the
articular disc in relation to the mandibular condyle
and the temporal articular eminence. In a centered
disc position, the midpoint of the disc (Dm) is on
line Cm-Tm, and distance a is zero. In a
protrusive disc position, the Dm is in front of line
Cm-Tm, and distance a is positive. In a retrusive
disc position, the Dm is behind line Cm-Tm, and
distance a is negative.

In order to standardize the DPIs of all of the
TMJs in the mouth open and mouth closed
positions, the measurements were performed 3
times by two radiologists, with one surgeon
observing, and the means of the DPI
measurements were used.



Kaya M, et al.

Variables

The predictor variable was the retention period,
gender and presence of wisdom teeth. TMJ disc
position change values after SARME evaluated by
DPI was the outcome variable. of the study.
Demographical and clinical data of the patients were
obtained from the forms collected in patients files.

Statistical Evaluation

Data were analyzed using IBM SPSS Statistics for
Windows (version 21.0; IBM Corp., Armonk,
NY, USA. For the DPI, the arithmetic mean and
the standard deviation were calculated. The
Mann-Whitney U test was used for the
comparisons between two groups, and the
Kruskal-Wallis H test was used for the
comparisons between four groups. The level of

significance was set to p<0.05.

RESULTS

13 patients included in this study (9 females and 4
males), and all of them were older than 17 years.
All of the patients had bilateral cross-bites and no
history of bruxism. 6 patient’s wisdom third
molars are absent and remaining 7 was not
extracted in SARME operation. In terms of
retention period 8 patient was consolidated 4
months whereas 5 was consolidated 5 months to
prevent relapse.

After evaluating the MRI images, it was
determined that 4 patients had anterior disc
displacements before the treatment. However,
after the expansion treatment, there were disc
position changes in only three patients (Table 1).

Table 1. Preoperative and post retention measurements in the mouth open and mouth closed positions.

Mouth closed Mouth open

Patient Preoperative Post-retention Preoperative Post-retention

Right Left Right Left Right Left Right Left
1* +191.6 -19.6 +22.5 -19 +6 -13.3 0 -9.1
2 -13.9 +0.4 -13.9 +0.4 -9.3 0 -15.9 +0.6
3 -2.5 -2.9 -5.9 0 -6.6 0 -6.2 0
4 +3 +2 +4 0 0 0 +5.1 +4
5 +3 +6.3 -7 +5 0 0 -6.4 +5.2
6 0 0 0 -7.9 -7.1 -0.1 -5.3 0
* 0 -1 +6.2 +56.25 +6.9 +4.3 +2.5 -2.3
8 +156.9 +0.4 +156.1 +0.4 +156.7 -8.9 +149.2 -9.3
g* +120 +6.5 +123.6 +116.6 128.8 -6.7 +128.8 -1.8
10 0 +0.2 0 +0.2 0 +5.8 -7.5 +9.4
11 +9 +4.1 +7.1 +1 -6.6 -0.1 0 +1.7
12 -4,7 +100 -11,3 +100 +0,1 0 0 +6,6
13 -3.7 -5.4 +4.2 +3.5 0 0 +2.3 +1.7

* Disc position was changed in three patients and values was shown as bold.

There were no significant differences between the
gender, retention periods and wisdom tooth
extractions in terms of value changes between the

right and left TMJ DPI values in the mouth open
and mouth closed positions (p>0.05) (Table 2-4).

Table 2. Left and right differences according to gender (Sd:Standart deviation).

Group

Kruskal-Wallis H test

Gender

=)

Mouth closed-female
Mouth closed-male
Mouth open-female
Mouth open — male
Mouth closed-female
Mouth closed-male
Mouth open-female
Mouth open- male

Right % difference

Left % difference

A O PO PO B~O

Mean+Sd Average H P
224553 13.61

3.1+2.3 11.75

42432 1406 0264 0967
4.1£2.6 13.75

14.3136.09 115

16.312.73 16.75

3.03+2.39 1411 4 0704
3.14£2.85 13.38
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Table 3. Left and right differences according to the retention period (Sd:Standart deviation).

Group

Kruskal-Wallis H test

Retention period distribution

=

Mouth closed-4 months
Mouth closed-5 months
Mouth open-4 months
Mouth open-5 months
Mouth closed-4 months
Mouth closed-5 months
Mouth open-4 months
Mouth open-5 months

Right % difference

Left % difference

U1 00 U1 O U1 0O U1 O

Mean+Sd Average H p
234591 10.69
5.2+2.4 16.8
5.242.7 16.13 3.7 0291
2.742.8 10.5
1.84+2.67 9.69
35.87+47.58 18.6
2.26+2.18 11.94 5.6 0131
4.32+2.45 17

Table 4. Left and right differences according to the wisdom tooth status (Sd:Standart deviation).

Wisdom tooth

Mouth closed-no tooth
Mouth closed-wisdom tooth
Mouth open-no tooth
Mouth open-wisdom tooth
Mouth closed-no tooth
Mouth closed-wisdom tooth
Mouth open-no tooth
Mouth open-wisdom tooth

Right % difference

Left % difference

Group Kruskal-Wallis H test

A Mean+Sd Average H p

6 30.3+68.1 12.17

7 4.1£3.0 13.79

6 6+2.1 18 3.3 0.339
7 2.742.7 105

6 2.15+3.04 10.42

7 25.88+42.43 1543

6 2.55+2.10 13.17 15 0.668
7 3.4942.75 145

DISCUSSION

Although skeletal maturation is completed earlier
in female patients, skeletal development continues
chronologically in male patients for a while
longer. Therefore, rapid maxillary expansion
treatments in male patients can be continued at a
later age when compared to female patients.” In
the literature, the incidence of TMJ disorders is
reported to be higher in females’ In our study
most of the patients were female however be
based on gender distribution TMJ disc position
was not changed statistically significant in terms
of DPI values (p>0.05).

Many researchers have reported that their
patients had TMJ disorder signs and symptoms of
various degrees before undergoing orthognathic
surgery. Laskin et al.® reported that 14% of the
patients undergoing orthognathic surgery had
symptoms and signs of TMJ disorders. Kerstens et
al ° reported that of 480 patients with dentofacial
deformities, 16% had TMJ disorder symptoms
before surgery. However, Link and Nickerson
found the incidence of TMJ internal irregularities
to be wvery high (97%) in their orthognathic
surgery population.”® In our study, it was
determined that 4 of the 13 patients already had
anterior disc displacement in their TMJs before
treatment. However, based on the number of
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patients in our study, in order to determine the
TMJ internal irregularity rate in patients with
transverse maxillary discrepancies, we suggest
that a multi-sample study be performed to reveal
the statistical findings.

Studies investigating the effects of
orthognathic surgery on the TMJ disc have been
performed mainly on sagittal split ramus
osteotomy (SSRO), vertical ramus osteotomy, and
double jaw osteotomy procedures that were
combined with Le Fort | osteotomies. In their
study of patients undergoing intraoral vertical
ramus osteotomy (IVRO) or SSRO procedures
with or without the combined use of a Le Fort |
procedure, Ueki et al. reported that the
mandibular condyles were displaced in the
anterio-inferior direction after the osteotomy in
the patients undergoing IVROs. In the MRI
examinations of the TMJ discs, they found that
the discs with normal positions were not affected,
but the discs with anterior displacement had
significantly improved. In the patients with
mandibular prognathism who underwent SSROs,
no significant changes were observed in the TMJ
disc positions according to the MRI findings 6
months after the orthognathic surgery, but the
TMJ symptoms had improved."™ In addition to
the changes in the three-dimensional positions of
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the jaws in space, we can see that the bad
interdigitation became good interdigitations after
the orthognathic surgery. Consequently, this
condition led to an improvement in the TMJ
symptoms due to occlusal healing, and thus, a
favorable condition in terms of intra-TMJ
irregularities. However, interdigitation is present
after a SARME is impaired, and this leads to
interference, which may affect the TMJ during
functional movements, such as the occlusal
morphology, chewing, and biting. However, when
we considered our findings, we observed that the
SARME had no significant effects on the TMJ
disc position within a certain period of time.

The clockwise rotation of the mandible is a
major effect of SARME on the mandible,
although there is no consensus about the amount
or stability of this change.'***® Altug-Atac et
al. and Gunbay et al.®® reported a clockwise
rotation of the mandible after SARME, while
lodice et al.'’” and Parhiz et al.”® reported no
significant change in the rotational movement of
the mandible. These changes are presented with
the downward rotation of the menton point. In
fact, there are differences in the time intervals for
the evaluations of the mandibular rotations in
these studies. However, according to the results, if
the mandibular rotation is based on the tendency
to go back to the preoperative position 6 months
after the SARME, the motion is a temporary
movement.’® The methodological differences
between these studies and evaluations at the
different time points confirm the differences in
their mandibular rotation findings.

In our study, according to the retention
period (4 or 5 months) there were no significant
differences in terms of the DPI values in mouth
opened or closed position (p>0.05). These periods
correspond to the time during which the mandible
moves to its original position. Therefore, taking
this parameter into consideration, in another
study, the mandibular rotation can be confirmed
using cephalometric films, and the MRI images
can be taken at an earlier time following the
expansion; then, the disc position evaluations can
be performed.

Some of the factors that may affect the
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mandibular position, functional forces, and
occlusal relationship are the shape, extent, and
extent of enlargement of the maxillary segments.
Kilig et al.” stated that the tipping of the alveolar
segments was higher and the decrease in the
palate depth was greater in the group without
pterygoid separation. Ferraro et al.”* examined the
effects of pterygoid separation in a study using
cone beam computed tomography, and they
reported that the same expansion amount was
obtained with or without pterygoid separation.
The expansion was greater in the molar region in
both groups, but the dentoalveolar tipping amount
was greater if no pterygoid separation was
performed. In our study, a non invasive technique
without pterygoid separation was used. Therefore,
there was a more rotational opening and occlusal
template change. It is also possible to say the
opposite. The effects of a pterygoid separation on
the occlusal morphology or the movement of the
mandible, indirectly, on the TMJ components can
be considered in a different study.

In the literature, TMJ disease has been shown
as a complication caused by the surgical
extraction of the wisdom teeth, and there are
different studies on this subject. In 2002, Huang et
al.” examined the risk factors causing painful TMJ
disorders, and they collected these factors under
subgroups, such as bruxism, facial trauma, third
molar extraction, orthodontic treatments, frequent
dental treatments, female gender, depression, and
psychogenic disorders. When opening the mouth,
the ligaments forming the TMJ are stretched
considerably.  Traumatic  factors, such as
intubation, wisdom tooth extraction, and long-
lasting dental treatments can also cause the
ligaments to be affected, with the disc motion
becoming irregular and joint dysfunction starting.
In our study, we divided the patients into two
groups, those who underwent wisdom tooth
extraction surgery before the SARME and those
who did not. Thus, in this procedure, which can be
considered to be a macro-trauma in terms of the
TMJ, we tried to see the effects of the TMJ disc
on the MRI findings after the upper jaw
expansion. However, according to the wisdom
tooth presence in SARME no significant
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difference was found in terms of DPI values
(p>0.05).

CONCLUSIONS

Be based on the small sample size used in our
study, SARME was not effected the TMJ disc
position. Gender, retention period, and wisdom
tooth presence are not effected the TMJ disc
position in terms of DPI’s after SARME. There
were no complaints of bruxism based on the
clinical histories of the patients. However, no
objective diagnosis of bruxism was obtained. For
this reason, large sample studies are needed to
compare the disc change incidences according to
the morphological differences in the MRI images.
The samples should also be grouped according to
the different surgical techniques.
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