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Objectives The purpose of this study was to evaluate the short-term effect of active
skeletonized sutural distractor (ASSD) appliance on temporomandibular joint mor-
phology of class Ill malocclusion subjects.

Materials and Methods This was a prospective interventional study. Cone-beam
computerized tomography (CBCT) images of 22 patients were taken before and after
treatment by using Planmeca Promax 3D CBCT machine version 2.9.2 (Planmeca OY
Helsinki, Finland). The condylar width, height, length, roof of glenoid fossa thick-
ness, and all joint spaces were measured. The condylar position was determined
based on Pullinger and Hollander formula. The condylar shape was determined as
per Kinzinger et al. The condylar volume was calculated by using Mimics software
(Materialize, Belgium).

Statistical Analysis Data analysis was performed by using SPSS software version 24.
Wilcoxon paired signed-rank test was used to compare the difference in temporoman-
dibular joint morphology and condylar volume between pre- and post-treatment mea-
surements. Chi-square test was used to compare the condylar position and shape.
Results The superior (p = 0.000 on the right side, p = 0.005 on the left side) and
posterior joint spaces (p = 0.000 on both sides) were decreased after the treatment,
respectively. The condyles were rotated upward and backward, thereby increasing
the anterior joint spaces (p = 0.000 on both sides) after the treatment. The condylar
volume increases post treatment, however, no significant differences were observed
(p = 0.903 on the right side, p = 0.062 on the left side).

Conclusion The significant changes were observed in joint spaces. The condyles
were more anteriorly placed before treatment. Condylar position and shape alter in
response to ASSD treatment. The condylar volume did not show any significant change.
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Short-Term Effect of ASSD on TM] Morphology of Class Il Subjects

Introduction

The global prevalence rate of class Il malocclusion ranged
between 0 and 26.7%. The South-East Asians showed the high-
est prevalence rate of approximately 12.58 to 26.7%.!% Overall,
14.7% of Malaysian has class Il malocclusion.? While Middle
Eastern and the Japanese nations had a mean prevalence of
10.18 and 2.3 to 14%, respectively.*® A low prevalence rate
of the malocclusion was observed among Americans (5%),
European nations (4.88%),”¢ and African nations (4.59%).51°
The Indian population had the lowest prevalence rate ranged
between 0 to 4.76%."1

The class Il malocclusion might be presented with man-
dibular prognathism, maxillary retrognathism, protrusive
mandibular dentition or retrusive maxillary dentition, or a
combination of these components. In the Asian population,
60% of the class IIl malocclusion patients aged between 6 to 14
years old exhibited midface deficiency."®> Most Korean patients
had a normal maxilla and overdeveloped mandible (47.7%),
with fewer patients having an underdeveloped maxilla and
overdeveloped mandible (13.5%). Among Malaysians, class III
malocclusion subjects age ranged between 12 to 25 years old
had protruded mandible with short cranial base.

A new device has been fabricated by a group of researchers
in the orthodontic unit, School of Dental Sciences, Universiti
Sains Malaysia (USM) known as active skeletonized sutural
distractor (ASSD). It is indicated for adolescent patients with
moderate to severe class IIl malocclusion and indicated for
orthognathic surgery is the treatment of choice. This appli-
ance is used to overcome the limitations of orthognathic sur-
gery. The ASSD is cost-effective, reduces patient discomfort,
and corrects skeletal class Il malocclusion within a short
duration of 6 months when compared with Facemask therapy
and other treatment methods. The appliances such as Delaire
face mask, Jasper Jumper, Reverse twin block, and multiloop
edgewise arch wire (MEAW) with modified class III elastics
were used in previous literature, but no signs and symptoms
of temporomandibular joint (TM]) have been reported.

Patient with moderate to severe class Il malocclusion had
to bear the deformity until an appropriate age for orthog-
nathic surgery. Apart from that, the surgery is expensive
and invasive with a relatively extended recovery period from
6 to 12 weeks. It is also associated with discomfort, soft diet
intake, facial swelling, transient paresthesia, and sometimes
permanent loss of neurosensation.'* The intraoperative com-
plications include insufficient osteotomy, bleeding due to
injuries of blood vessels, nerve damage, dental, and soft tis-
sue injuries among the patients.!®

The mandibular condyle is considered as the main feature
of the TM] structure. It responds to continuous stimuli from
early childhood to adulthood and undergoes remodeling pro-
cess, which is considered as the center of growth in the man-
dible where its shape and volume could be associated with
upper and lower bases.!6-1®

TM] is a synovial joint. It is one of the most complex joints
in the body. A sound understanding of the TM] morphology is
essential to the study of function and dysfunction in the mas-
ticatory system. The variation in morphology may cause jaw
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deformity, facial asymmetry, joint pain, disc displacement,
and perforation. Latest advances have been encouraged the
use of three-dimensional computed tomography (CT) as an
accurate diagnostic imaging technique for maxillofacial mor-
phology. However, the use of CT in dentistry is restricted
due to high exposure of radiation dose and low resolution
of the images in an axial direction. Cone-beam computerized
tomography (CBCT) is advantageous for dental and maxil-
lofacial imaging particularly in the axial direction due to its
high-resolution images'® and less scan time with a radiation
dose of 8 to 333 microsieverts (j1Sv).%

CBCT is economical, requires less radiation exposure when
compared with medical CT scans, image acquisition is easy,
and displays interactive modes like multiplanar reconstruc-
tion in which images can be displayed in axial, coronal, and
sagittal views. As CBCT provides three-dimensional images,
TM]J can be viewed in multiple planes. This study aimed to
evaluate the short-term effect of ASSD on TM] morphology
of class IIl malocclusion subjects.

Materials and Methods

This was a prospective interventional study involving

22 subjects among which 9 males and 13 females with the

mean age of 15 + 1.4 years and the age group between 12

to 17 years were treated consecutively with ASSD appliance.

Subjects with the following criteria were included:

* Moderate to severe class Il malocclusion with reverse
overjet of 2 mm or more

» Maxillary retrognathism with or without mandibular
prognathism

» Undergoing treatment with ASSD

» Good quality of CBCT images

Subjects with (1) systemic disease, TMDs and congenital
anomalies such as cleft lip and cleft palate, (2) history of ortho-
dontic treatment, (3) pseudo class III malocclusion patients,
(4) history of any tenderness in the joint, clicking sound, and
deviation of the jaw were excluded from the study.

Ethical approval was obtained from the Human Research
Ethics committee of Universiti Sains Malaysia (approval
number USM/JEPeM/15120548). The study procedure was
explained to the patients. Written informed consent was
obtained from both patients and their parents or legally
acceptable representative for the documentation and public
presentation of their data.

Components of Active Skeletonized Sutural Distractor
Appliance

The ASSD consists of two miniscrew implants in the ante-
rior palate, an expansion screw (Miniexpander, Ortho-Care
UK Ltd) is incorporated into a metallic framework, which is
attached to the molar bands as shown in (=Fig. 1). The appli-
ance on the lower arch comprised stainless steel archwire
of size 2 mm that is attached to molar bands and between
canines and first premolars a wire loop is soldered to the
archwire to facilitate elastic attachment from buccal tubes of
upper molars to the wire loop as shown in (~Fig. 2).

European Journal of Dentistry Vol. 15 No.3/2021 © 2021. European Journal of Dentistry.
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Fig. 1 Represents active skeletonized sutural distractor appliance
design on upper arch.

Fig. 2 Represents active skeletonized sutural distractor appliance
design on lower arch.

Clinical Protocol

The clinical protocol for ASSD is described in (~Table 1).
After the insertion of the ASSD appliance, a force of 500 g
per side was applied by using heavy class III elastics. The
direction of the force was approximately 30 degrees down-
ward to the line of occlusion. During the active treatment
phase, the patients were instructed to wear the class Il elas-
tics full time and perform alternate rapid maxillary expan-
sion and constriction (Alt-RAMEC) by turning the expansion
screw 8 turns every 8 hours (morning, afternoon, and eve-
ning) to expand the maxilla. The patients were advised to
reverse the number of turns to constrict the maxilla for
the next 3 days, and repeated for approximately 12 weeks
or until the positive overjet and desired expansion of 6 to
8 mm was achieved. During the retention phase, patients
were instructed to wear the clear retainer with class III elas-
tics applying 250 gm force per side for 6 months.

Scanning Procedure
Patients were scanned by using standardized TM] view (Field
of view of 8 x 8 cm, voxel size 0.25 mm, 90 KVp tube voltage,

European Journal of Dentistry Vol. 15 No. 3/2021

Table 1 Clinical protocol for active skeletonized sutural
distractor appliance

Pretreatment data collection

Clinical examination sheet

lateral cephalometric

Panoramic X-ray

Study model

Facial photos

Consent form

OHIP 14 questionnaire

Working model

Delivery of the ASSD appliance

The patient instructed to wear class Il elastic full
time

The patient instructed to perform Alt-RAMEC by
turning the super screw 8 turns every 8 hours
(morning, afternoon, evening) to expand the
maxilla for 3 days

Patient follow-up

On the 4th day of delivery, an upper impression
will be taken and the mobility of the miniscrews
will be assessed and the patient instructed to
reverse the turn to constrict the maxilla for the
next 3 days then reverse the turn and repeat the
Alt-RAMEC until the end of the treatment period

Then patient follow-up will be performed every
2 weeks to assess the correction of the maloc-
clusion and mobility of the miniscrews until the
end of the treatment period

Post-treatment data collection

Allocation of the treatment period

Mobility test

Lateral cephalometric

OHIP 14 questionnaire after 1 month from
finishing treatment

Retention period

Patient instructed to wear the clear retainer
with class Ill elastics applying 250 gm force for
6 months

Abbreviations: Alt-RAMEC, alternate rapid maxillary expansion and con-
striction; ASSD, active skeletonized sutural distractor; OHIP, oral health
impact profile.

and 10 mA tube current for 10 to 12 seconds with stand-
ing posture) before and after 6 months of ASSD treatment.
CBCT images were taken by using Planmeca Promax 3D CBCT
machine (Planmeca QY Helsinki, Finland) to assess the condy-
lar parameters and position within the glenoid fossa of TM].

The head was positioned with Frankfort horizontal plane
parallel to the floor. Both pre-and postoperative CBCT data
were transferred to the DICOM file format. Prior to mea-
surement, training was obtained from the craniofacial
imaging expert. Calibration was done by using an electronic
scale measurement tool in Planmeca Romexis imaging

© 2021. European Journal of Dentistry.
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software version 2.9.2. The reference points are described
in (=Table 2). Linear measurements were performed on the
sagittal slice of CBCT with the help of both axial and coronal
slices as shown in (=Table 3). The measurements were done
based on the methodology described by Al-koshab et al.!

The following measurement has been described below:
The condylar length was measured on a mid-sagittal slice
from posterior condylar point (PCo) to the anterior condy-
lar point (ACo) as illustrated in (~Fig. 3).

The condylar width was measured on a mid-coronal plane
between the medial (MCo) and lateral (LCo) condylar
point as illustrated in (~Fig. 4).

Condylar height was measured on a mid-sagittal plane
between a perpendicular line from superior condylar point
(SCo) to a tangential line drawn from the most inferior
point of the sigmoid notch (InfSig) as illustrated in (~Fig. 5).
The roof of glenoid fossa (RGF) was measured in a
mid-sagittal plane at the location of superior fossa (SF) as
illustrated in (~Fig. 6).

Joint space: THL was drawn which is tangential to the most
superior point of the RGF and a line tangent to SCo is also
drawn. Then the two other imaginary lines were drawn con-
necting the SF to ACo and SF to PCo as illustrated in (~Fig. 7A)
Superior joint space (SJS) was measured from the
superior fossa SF to SCo, anterior joint space (AJS) was

Table 2 The reference points used for measurement?'

Superior SCo The most superior point on the

condylar mandibular condyle

point

Posterior PCo | The most posterior point on the

condylar point mandibular condyle

Anterior ACo | The most anterior point on the

condylar point mandibular condyle

Medial MCo | The medial and lateral poles of the

condylar point | & condyles are the points at which

and lateral LCo articular disc attaches to the discal

condylar point ligaments

Superior fossa | SF The most superior point on the glenoid
fossa

Inferior InfSig | The most inferior point of the sigmoid

sigmoid notch notch

Table 3 Linear measurements?'

True horizontal | THL | Areference plane which is tangential to
line the most superior point of the roof of
glenoid fossa

Roof of glenoid | RGF | A line drawn from the lowermost point
fossa of glenoid fossa to the SF

Superior joint SJS | Aline drawn from the SCo to the SF
space

Anterior joint AJS | Aline drawn from the ACo to the point
space at which the imaginary line contacting
the anterior wall of the glenoid fossa

Posterior joint | PJS | Aline drawn from the PCo to the point
space at which the imaginary line contacting
the posterior wall of the glenoid fossa

European Journal of Dentistry Vol. 15 No. 3/2021
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measured from ACo to the point on the anterior wall of
the glenoid fossa where the tangential line met the ante-
rior wall of the glenoid fossa and posterior joint space
(PJS) was measured from PCo to the point on the poste-
rior wall of glenoid fossa where the tangential line met
the posterior wall of the glenoid fossa as illustrated in
(~Fig. 7B).

ey —————.

=

§
¢

A Posterior Anterior

P —————y

Fig. 3 (A) Schematic diagram showing condylar length measurement
and (B) mid-sagittal view showing condylar length measurement.

LCo MCo

Fig. 4 (A) Schematic diagram showing condylar width measurement
and (B) mid-coronal view showing condylar width measurement.

SCo

InfSig

>

Fig.5 (A)Schematic diagram showing condylar height measurement
and (B) mid-sagittal view showing condylar height measurement.

© 2021. European Journal of Dentistry.
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RGF

Fig. 6 (A) Schematic diagram showing roof of glenoid fossa mea-
surement and (B) mid-sagittal view showing roof of glenoid fossa
measurement.

A Posterior

Anterior

Fig. 7 (A) Schematic diagram showing joint space measurement and
(B) mid-sagittal view showing joint space (anterior joint space, pos-
terior joint space, and superior joint space) measurement.

Condylar Position
The position of the condyle within the glenoid fossa can be
determined via its linear ratio. This was calculated using the
following formula given by Pullinger and Hollander.??
Linear ratio = (P-A)/(P+A) x 100, where P =PJS, A = AJS
The following values were used to describe the condylar
position:
* -12 to +12 = condyle is in concentric position
* < =12 =condyle is in posterior position
* >12 = condyle is in anterior position

Condylar Shape

As per Kinzinger et al,> shape of the condyle was determined
as round, convex, and angulated which can be viewed in mid
coronal view as shown in (~Fig. 8).

Condylar Volume

CBCT datasets were imported into Mimics Software
(Materialize, NV, Belgium). The imported images were seg-
mented by using mimics tool to edit the mask and build
a threshold area through which isolation of only the con-
dylar part was done. The remaining slices of the images
were erased in all the views except the mandibular con-
dyle. After the isolation, three-dimensional images were

European Journal of Dentistry Vol. 15 No. 3/2021
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= . s

Fig. 9 Determination of condylar volume using Mimics software
(Materialize Belgium) with automated function.

reconstructed by calculating the volume of each condyle
with automated function as shown in (~Fig. 9).

Statistical Analysis

SPSS software version 24 (IBM SPSS Statistics; Armonk, New
York, United States) was used to perform the data analysis.
Descriptive statistics such as median and interquartile range
(IQR) has been calculated. The p <0.05 was considered as
statistically significant. Wilcoxon paired signed-rank test
was used to compare the difference in TMJ morphology and
condylar volume between pre- and post-treatment mea-
surements. Chi-square test for goodness of fit was used to
compare the condylar position and shape between pre- and
post-treatment measurements.

Measurement Reliability

Overall, 20% of the sample was randomly selected to assess
the reliability and remeasured by two examiners. Both
intra- and interexaminer reliability measurement were done
within 2 weeks interval. The difference in measurement was
calculated by using intraclass correlation coefficient at a 95%
confidence interval (CI). The variables displayed the values
in the range between 0.8 and 0.95. The results revealed a
high degree of reliability in carrying out first and second
measurements.

Kappa score was done for the condylar position and
shapes to determine the agreement between two observers.
The measure of agreement for the condylar position, Kappa
score value found was 0.93, and for condylar shape the

© 2021. European Journal of Dentistry.
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Kappa score value found was 0.84. A good agreement was
demonstrated between the two observers in this study. The
interpretation of Kappa score value was rated according to
the Altman.**

Results

The study sample consisted of 22 patients among which
9 males and 13 females with class III malocclusion at their
late adolescent period (mean age = 15 * 1.4 years) were
recruited in the study. A total of 7 Malay and 15 Chinese
patients were included as shown in (=Table 4). No dropout
was reported in the study.

There were no significant differences observed in condylar
measurements (length, height, and width) and the RGF thick-
ness. The condylar volume was increased after treatment,
but no statistically significant differences (p = 0.903 right
side and p = 0.062 on left side) were observed on both sides.

Table 4 Demographic characteristics

Variables Frequency (%)
ASSD (n = 22)
Age
Mean (SD) | 15(14)
Sex
Male 9 (40.9)
Female 13 (59.09)
Ethnic group
Malay 7(31.81)
Chinese 15 (68.18)

Abbreviations: ASSD, active skeletonized sutural distractor; SD, standard
deviation.

Ul Hugh et al.

Among spatial measurements, statistically significant differ-
ences were observed in posterior, anterior, and superior joint
spaces on both right and left sides. The anterior joint space
was increased significantly by 0.8 mm on both right and left
side. It was followed by a significant decrease in superior
and posterior joint spaces of approximately 0.2 and 0.5 mm,
respectively, post-ASSD treatment as shown in (=Table 5).

The 90.9% of the subjects on right side revealed more
anteriorly placed condyles, and less concentrically placed
condyles, that is 9.09% with no condyles positioned poste-
riorly before treatment, whereas the position of the con-
dyle presented more concentrically placed condyles 90.9%
and less posteriorly placed condyles 9.09% with no condyles
positioned anteriorly after treatment. The position of the
condyles before treatment on the left side revealed more
anteriorly placed condyles 81.8%, 4.54% of subjects revealed
posteriorly placed condyles, and 13.63% had anteriorly placed
condyles. Whereas the condylar position after treatment on
the left side showed 95.45% concentrically placed condyles,
4.54% anteriorly placed condyles, but no posteriorly placed
condyles were observed as shown in (=Table 6).

Regarding condylar morphology, the condylar shape
before treatment on the right side revealed 36.36% convex
condyles, 50% rounded, and 13.63% angulated, whereas
the condylar shape on right side presented 9.09% convex
condyles, 31.81% rounded and 9.09% angulated condyles
with no significant differences observed between the
two groups after treatment. The left side of the condyles
showed 27.27% convex condyles, 68.18% rounded and
4.54% angulated before treatment. The condylar shape
on the left side presented 50% convex condyles, 27.27%
rounded and 22.72% angulated condyles with no signifi-
cant differences between the two groups after treatment
as shown in (=Table 7).

Table 5 Comparison of temporomandibular joint morphology between pre- and post-treatment measurements

Dependent Right Left Z-Statistic® p-Value?
variables n=22 n=22
(mm) Median (IQR) Median (IQR)

Pre Post Pre Post Right Left Right Left
Condylar length 7.9 (0.40) 8.0(0.43) 7.75 (0.30) 7.9 (0.23) -1.653 -1.567 -0.098 | 0.117
Condylar width 15.7 (2.28) 15.85(3.33) | 15.7 (2.55) 16 (2.38) -0.374 -1.687 | 0.709 | 0.092
Condylar height | 18 (1.65) 18 (1.60) 18.35 (1.75) 18.4(1.93) | -1.701 -1.107 | 0.089 | 0.268
RGF thickness 1(0.10) 0.9 (0.05) 1(0.10) 0.9 (0.40) -1.310 -1.003 | 0.190 | 0.316
Anterior joint 2(0.35) 2.8(0.3) 2.05 (0.43) 2.85(0.30) | -4.028 -4.117 | 0.000° | 0.000°
space
Posterior joint 2.3(0.6) 2.1(0.43) 2.3(0.35) 2.2(0.33) -3.873 -3.843 | 0.000° | 0.000°
space
Superior joint 1.9 (0.4) 1.7 (0.43) 2.05 (0.70) 2(0.40) -4.062 -2.821 | 0.000° | 0.005°
space
Condylar volume 1,077.73 1,094.36 1,021.53 1,206.87 -0.122 -1.867 0.903 0.062
(mm?) (357.21) (456.59) (379.61) (513.48)

Abbreviations: IQR, interquartile range; RGF, roof of glenoid fossa, p = significant value (p < 0.05).
*Wilcoxon paired signed rank test, * = statistically significant, condylar volume in mm?3.
Note: Linear measurement in mm.

European Journal of Dentistry Vol. 15 No. 3/2021
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Table 6 Comparison of condylar position between pre and post-treatment group

Condylar * Statistically significant p-Value

Position Right Left Right Left

Pre Post Pre Post
n (%) n (%) n (%) n (%)

Anterior 20(90.9) 0 18(81.8) 1 (4.54)

Posterior 0 2(9.09) 1(4.54) 0

Concentric 2(9.09) 20(90.9) 3(13.63) 21(95.45) 0.000° 0.000°

Total (%) 22 (100) 22 (100) 22 (100) 22 (100)

Chi-square (df) 14.727 (1) 14.727 (1) 23.545 (1) 18.182 (1)
Abbreviations: df, degree of freedom; TM|, temporomandibular joint.
*Statistically significant.
Table 7 Comparison of condylar shape between pre and post-treatment group

Condylar TM] sides p-Value

Shape Right Left Right Left

Pre Post Pre Post
n (%) n (%) n (%) n (%)

Convex 8(36.36) 13(59.09 | 6(27.27) 11 (50)

Round 11 (50) 7(31.81) | 15(68.18) 6(27.27)

Angulated 3(13.63) | 2(9.09) 1(4.54) 5(22.72) 0.108° 0.244°

Total (%) 22(100) | 22(100) | 22(100) 22 (100)

Chi-square (df) 4.452(2) | 6.636(2) | 2.818(2) 2.818(2)

Abbreviations: df, degree of freedom; TM|, temporomandibular joint.
*Statistically significant

Discussion

The characteristic of the mandibular condyle differs among
various age groups and individuals. Morphologic variations
may occur due to simple developmental changes as well as
condylar remodeling to aid in developmental alterations,
trauma, malocclusion, and other developmental deformities
and disorders. A clear understanding of the TM] anatomy and
its morphology is required so that an abnormal condition
can be determined when there is a difference in the normal
variant. Our study focuses on various shapes and sizes of the
mandibular condyle in healthy joints on both sides. The man-
dibular condyle changes significantly both in size and shape.?®

Timing of the treatment for class Il malocclusion that pro-
duces optimum results has always been a matter of extensive
research over the past few years. Baccetti et al*® suggested
skeletal age was ideally considered for older children rather
than chronological age to obtain the desired results. The
assessment of skeletal age was usually performed by using
hand-wrist radiographs, but cervical maturation indicators
have gained more popularity in recent years. Hence, cervical
maturation indicators have been preferred over hand wrist
radiographs for late adolescent age group patients.'?

Some previous studies revealed the comparison of class III
malocclusion among the younger and older age subjects with
8 to 13 years. The group I consisted of 47 subjects with rapid
palatal expansion and group II comprised 13 subjects with

European Journal of Dentistry Vol. 15 No. 3/2021

labiolingual appliances. A maxillary protraction of 2 mm was
achieved with palatal expansion and did not find any signifi-
cant differences between the age groups.?’

Maxillary Advancement

Rapid maxillary expansion (RME) appliances used in the
treatment of class IIl malocclusion corrects transverse max-
illary deficiency and malocclusion of anteroposterior origin.
RME in combination with facemask therapy is often used
for transversally underdeveloped maxilla, which requires
greater amount of expansion.? Its effect on the mandible
includes an increase in width and spatial rotation giving rise
to a significant increase in the distance of interglenoid fossa
and condylar displacement leading to changes in the condy-
lar position, which is considered as high potential for remod-
eling at the mean age of 11.4 + 1.5 years,” the results of this
study are similar to our study findings.

It was suggested by Lin et al* that, concerning the max-
illary transverse dimension, the bone-anchored palatal
expander increases the skeletal level than did the hyrax pal-
atal expansion device at late adolescent age, in comparison
with ASSD greater palatal expansion has been achieved in
patients with late adolescent age who had limited growth
potential. Several studies have utilized different appliances
such as Facemask, Twin block appliance, and Jasper jumper
to correct class Il malocclusion, and the treatment duration

© 2021. European Journal of Dentistry.
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ranged from 12 to 24 months,>"** in comparison to ASSD
which utilizes 6 months to correct class Il malocclusion. In
our study, an optimum force was applied on each side (500 g
per side) to correct the skeletal discrepancy and protract the
maxilla to obtain the desired result. However, no signs and
symptoms of TMD have been reported.

A similar result has been reported in a study done by Lee
et al*® in which a Delaire face mask (DFM) was used for max-
illary protraction to treat skeletal class III malocclusion with
maxillary deficiency and anterior crossbite. Patients were
instructed to wear a facemask for 16 hours daily with 450 g
protraction force for approximately 13 months. As a result, the
condyle moves upward and backward giving rise to clockwise
rotation of the mandible. In comparison, our study showed
similar results by using ASSD for 6 months and the duration
was less than half when compared with the use of facemask,
and no clinical signs and symptoms of TM] have been reported.

Alternate Rapid Maxillary Expansion and Constriction
Alternate rapid maxillary expansion and constriction
(AlIt-RAMEC) develops new bone by stretching the craniofa-
cial sutures mechanically. The craniofacial sutures are osteo-
genic tissues connecting the opposing bones of the skull. The
biological response to mechanical traction by the appliance
includes the opening of the sutures, variation in the fiber
bundle orientation, and increase in osteoblastic activity lead-
ing to deposition of formation a new bone on both surfaces
of the sutural bones. RME aids in sutural expansion osteo-
genesis, whereas Alt-RAMEC aids in rapid maxillary protrac-
tion osteogenesis with alternate expansion and constriction.
Histologically, these two treatment methods involve the sep-
aration of circummaxillary sutures of the palatal origin with
concomitant osteogenic activity.?’ The optimum orthopedic
and functional occlusal forces associated with rapid max-
illary expansion devices play a significant role in condylar
responses. Thus RME/AlIt-RAMEC treatment increases width
of the maxilla and perimeter of the dental arch.**

Treatment protocol developed by Liou and Tsai* in the
Alt-RAMEC group consists of Alt-RAMEC 9 weeks, followed
by 3 months and 3 weeks of maxillary protraction. The total
treatment period was 6 months. Starting from the first day
after the bonding, the expander was expanded and con-
stricted to 1 mm daily for a week. The patients were reviewed
every 3 weeks for replacing or adjusting the intraoral pro-
traction springs. The significant anterior displacement of the
maxilla and rotation of the mandible posteriorly and inferi-
orly was observed in both the groups. But maxillae and nasal
bones were displaced more anteriorly in Alt-RAMEC group.
The overall advancement of the maxilla in the Alt-RAMEC
group was 5.8 £ 2.3 mm, and in the RME group was 2.6 +
1.5 mm.*® Kaya et al used another method to increase the
skeletal effect of maxillary protraction in which face mask
was combined with miniplates placed on the lateral wall of
the nasal maxillae, followed by 8-week Alt-RAMEC proto-
col. The authors demonstrate that retraction of mandibular
incisors was observed without the movement of upper inci-
sor teeth and maxillary advancement of 2 mm was noted
over 9.9 months, and a counter-clockwise rotation of the
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maxillae occurred to 0.8 degrees. In comparison, this study
has shown the desired expansion of 6 to 8 mm with an anti-
clockwise rotation of the maxilla by using Alt-RAMEC proto-
col in combination with temporary anchorage devices (TAD)
and class III elastics.

Class Ill Elastics and Mandibular Position
Ngan and Moon*” demonstrate that camouflage class III
treatment in nongrowing patients often require MEAW with
extractions in the lower arch and class I elastics. The elas-
tics were used from mandibular teeth to retract the mandible
and control the deep bite. The MEAW technique has many
loops with second-order bends to control the vertical move-
ments of the posterior teeth. It controls the movement of
individual teeth and transmits the force produced by class
III elastics. The entire mandibular arch can be postured back
and uprighted by MEAW technique and intermaxillary arch
elastics. This combined effect induces a clockwise rotation
of the mandible, thus reducing the mandibular prognathism.
Al-Mozany et al*® suggested that the combined use of Alt-
RAMEC protocol with TADs in conjunction with class III heavy
elastics produces a skeletal effect. The sample comprised 14
patients with the retrognathic maxilla. All patients were treated
by using a mini-implant supported RME device, which was
activated by Alt-RAMEC protocol for 9 weeks. The results were
obtained within 8.5 weeks of the activation of Alt-RAMEC pro-
tocol. Protraction of the maxilla was done significantly while
bringing the mandible to the backward position, and lower
facial height was increased significantly leading to improve-
ment in jaw relationship. In our study, the response of the con-
dyle to ASSD treatment for 6 months gives rise to the rotation of
the condyle in a clockwise direction leading to the displacement
of the mandible in a superior and posterior direction.

Morphological Changes of Temporomandibular Joint

in Response to Active Skeletonized Sutural Distractor
Treatment

Comparison between pre and post-treatment variable mea-
surements indicates that there were no statistically signif-
icant differences observed in condylar length, width, and
height measurements. The roof of the glenoid fossa and con-
dylar volume also showed no significant differences except
the joint space measurements which showed statistically sig-
nificant differences among anterior, posterior, and superior
joint spaces. Anterior joint space was significantly increased
after treatment, followed by a decrease in superior and pos-
terior joint space giving rise to an upward and backward
movement of the condyles on both sides. In our study, most
of the condyles were in anterior position before ASSD treat-
ment, indicating the class IIl malocclusion and later the con-
dyles were in concentric position after the treatment with
ASSD. A previous study was in agreement with our study
results in which the authors demonstrated, the anterior joint
space was increased followed by a decrease in posterior joint
space in response to treatment and the condyle moved pos-
teriorly with respect to vertical plane.*® El and Ciger*’ used
two types of face mask to compare the condylar position.
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Short-Term Effect of ASSD on TM] Morphology of Class Il Subjects

Thirty-four patients were treated with protraction face mask
therapy were divided into two groups: 18 were treated with
the DFM and 16 with the Grummons face mask (GFM). The
observation periods were 8.5 months for the DFM group and
10 months for the GFM group. The authors reported that the
discrepancy between centric relation and maximum inter-
cuspation was less in the DFM group when compared with
the GFM group. However, more compressive movement of
the condyles through the glenoid fossa was noted in the DFM
group, and no signs and symptoms of TM] were observed.

The condylar shape changes were observed with the use
of ASSD for 6 months. Before treatment, the more rounded
shape of the condyles was noted on both right and left sides.
After the treatment with ASSD, more convex shapes of the
condyles were observed on both sides. Adaptive mechanism
of mandibular condyles may cause bone remodeling with
changes in the condylar structure leading to variation in the
shape of the condyles.*! Few studies have reported condylar
remodeling in class Il patients treated with orthognathic
surgery.*43 Peltola et al* have reported flattened mandibular
condyles in 9% of 625 treated subjects.

Merigue et al.** evaluated the TM] between class I and
class II division 1 malocclusion subjects. The sample was
divided into two groups: Group 1 had 26 class I subjects and
group Il had class II division 1 subjects. The authors reported
convex shape (57.7%), round (34.61%), and angulated (7.69%)
were found in group 1; Group 2 revealed convex shape (75%),
round (20.83%), and angulated (4.17%), with no significant
intergroup differences. Rawlani*® has reported 67% convex
shapes, 29.2% flat, and 3.8% were rounded condyles. Similarly,
Karlo et al*” have found rounded condylar shapes in growing
children with the mean age of 7 years. The authors reported
that the shape of the condyle was rounded initially, which
later turns to an oval shape as the age advances.

In terms of the age of the subjects, they were selected in the
late adolescent stage of growth to limit the amount of relapse
after treatment. The unique characteristics of this study
include the study sample was collected from 18 secondary
schools of Kota Bharu in Kelantan by screening 13,500 stu-
dents. It was considered a huge number in comparison, to
similar studies which collected the sample size from the
outpatient clinic only, not by screening the target popula-
tion. However, our study has some limitations such as the
follow-up period was 6 months, which is relatively short. The
complete bony changes to take place a minimum duration of
10 to 12 months is required. Articular disc assessment was
not done in this study. As it requires MRI assessment, which
is expensive.

We did not have a sufficient budget to carry out the assess-
ment. The future recommendations for this research include,
the long-term follow-up of at least 10 to 12 months dura-
tion is required to determine whether the changes occurred
in joint spaces and the position of the condyles are tempo-
rary or there are any chances of relapse. Further, prospective
longitudinal studies with a large sample size should be con-
ducted to determine the response of ASSD treatment on TM]
and its adjacent structures.
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Conclusion

We can conclude with the treatment of ASSD with the onset
of 6 months:

» The condyle-fossa relationship in class Il malocclusion
patients did not show any significant variation in condy-
lar height, width, and length between right and left sides
after treatment.

* The RGF and condylar volume also did not show any sig-
nificant change. The significant changes were observed in
joint spaces. The SJS and PJS were decreased after ASSD
treatment. The AJS was increased significantly after treat-
ment which gave rise to a corresponding change in the
condylar position.

» The condylar position changes significantly in response to
treatment with ASSD, most of the condyles were in con-
centric position after the treatment.

» Condylar shape changesinresponse to treatment with ASSD.
Most of the condyles were rounded shape before treatment
later changes to convex shape after the treatment.
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