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Abstract
Introduction:
The morphology of temporomandibular joint varies among individuals and the most important factor
that could affect its shape is functional load impacted on it. This depends on the closed association
between the morphology and function which demonstrates that presumed differences in condyle-fossa
position and morphology among subjects vary with different types of malocclusion. The objective of this
literature review is to determine the temporomandibular joint characteristics in response to orthodontic
treatment.

Materials and Methods:
A web-based search was carried out using electronic databases such as PubMed, Science Direct and
Google scholar between the year 2007 to 2017 with a focus on longitudinal studies, Prospective, Casecontrol, Retrospective and Randomized Controlled Trials.

Results:
60 studies were searched in which 21 articles have been selected based on inclusion criteria. Among
these studies, 2 were randomized controlled trials, 15 were prospective longitudinal studies without
randomization and 4 were retrospective studies.

Conclusions:
After a detailed review of the studies found in the latest literature, it has been concluded that association
between different types of orthodontic treatment and the development of TMD signs and symptoms could
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not be established. There is no evidence for a direct cause-effect relationship between the orthodontic
treatment and TMD.

Keywords: Orthodontic treatment, Temporomandibular joint, Magnetic Resonance Imaging, Computed
Tomography , Cone Beam Computed Tomography

Introduction
The impact of orthodontic treatment on temporomandibular joint (TMJ) is still a debatable subject.
The use of assessments has always been consistent in determining its correlation. This can be
illustrated by routine radiographic examinations that were broadly used to examine the effect of
orthodontic treatment on the TMJ [1]. However, this method of imaging examination has some
limitations since TMJ is one of the complex structures of the human body. It is more crucial to be
very well-anticipated radiographically because of the overlapping in a few adjoining hard bony
structures [2].
The morphology of temporomandibular joint differs among individuals and the most important
factor that could impact its shape is functional load inflicted on it [3]. This depends on closed
relationship between morphology and function which substantiates that presumed differences in
condyle and mandibular fossa position and morphology among subjects varies with different types
of malocclusion. The cause of Temporomandibular disorder (TMD) is multi factorial. Trauma,
untreated malocclusions, structural imbalance, stress and other psychological factors have been
considered as possible causative factors [4].
It has been reported that variation in facial morphology such as a hyperdivergent profile of the face
may alter the TMJ morphology lead to the development of TMD [5, 6].
It has been suggested in few studies that orthodontic treatment raises the risk of development of
TMDs [7-9]. Thus, the aim of this review was to analyze the impact of orthodontic treatment on
temporomandibular joint characteristics based on scientific evidence.
Materials and Methods
A web-based search was carried out. A total of 60 articles were searched using electronic databases
such as PubMed, Science direct and Google scholar. Only published articles from 2007 to 2017
were included. The description used such as orthodontic treatment, Temporomandibular joint
(TMJ), Magnetic Resonance Imaging [1], Computed tomography (CT) and Cone Beam Computed
Tomography (CBCT) which evaluates the effects of orthodontic treatment on TMJ. The
Diagnostics methods used were shown in Fig. 1. The inclusion criteria were; Journal articles which
shows longitudinal studies, Prospective, Case-control, Retrospective and Randomized Controlled
trials. The study designs used were shown in Fig. 2. The articles which shows studies using
electromyography, conventional radiographs and those studies which involves orthognathic
surgery, case reports, case series and incomplete orthodontic treatment have been excluded.
Results
A total of 60 studies were searched in which 21 articles have been selected based on inclusion
criteria. Among these studies, 2 were randomized controlled trials, 15 were prospective
longitudinal studies without randomization and 4 were retrospective studies. The sample articles
which were selected depending on methodology is available in Table 1. Among all articles selected
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2 were based on Magnetic Resonance Imaging [1], 9 were based on CBCT images, 3 were on CT
scan and 4 were based on lateral cephalometric radiographs as shown in (Table 1).

Discussion
The potential relationship between orthodontic treatment and TMD commands great importance
in the latest literature. However, despite many studies, the assumption whereby orthodontic
treatment might influence the cause of TMDs is still unknown. Here, we have evaluated the role
that orthodontic treatment might play in the development of TMDs [30, 31].
It is very much necessary to assess the recent literature in a critical and proper way to determine
what level of scientific evidence that the information generates. The application of methodological
considerations for research such as sample size determination, randomization, blinding and control
of involved elements are essential to qualify the level of evidence generated. And this information
must be available for evaluation and discussion for the researcher [2].
MRI and CT are methods with greater diagnostic accuracy compared with conventional
radiography, because of higher anatomic resolution. CT is the ideal method for evaluation of bony
structures, while MRI allows the study of soft tissues, including articular disc. Both methods often
augment the study of abnormalities of the temporomandibular joint (TMJ), thus becoming vital
tools in the differential diagnosis of various diseases in TMJ area [32].
A study revealed that the growth due to bone-anchored maxillary protraction and response to
orthodontic treatment resulted in bone apposition at the anterior wall of the articular eminence
which corresponds to posterior displacement of the anterior condylar region, and bone resorption
at the posterior wall of the articular eminence corresponds well with the posterior displacement of
the posterior condylar region. This high degree of association between modeling at the posterior
and anterior glenoid fossa eminences and the resultant displacement of the opposing surfaces of
the condyle suggested that the anteroposterior chin displacement was not due to a positional
mandibular shift between pre and post treatment. However, this bone remodeling is due to the
combined effect of orthopedic traction and normal growth [19].
Whether mandibular growth is reduced or deflected by using chin-cup has been a matter of debate
in previous literature, and the method by which a chin-cup therapy results in development of
skeletal Class III malocclusion is still not clear. It is widely accepted that mandibular growth is
altered mainly due to condylar growth. However, it has been emphasized that growth of the
condyle is not a distinctive feature in craniofacial growth and development. Hence, it would be
considered as one of the factor which attribute growth of the mandible only to condylar growth
[33, 34]. In chin-cup treatment, an orthopedic force is directed backwards and upwards on the
TMJ, with pressure exerted from the chin to the condylar region. Forces that are applied in
posterosuperior direction have been pretended to be the contributing factor for development of
TMD [34].
However, there are limited studies that have evaluated the impact of facemask on the TMJ,
although it has an effect similar to the chin cup. It is well known that facemask exerts force to the
maxilla which gets its support from the chin. Almost 75 % of this force is imparted to the TMJ
[35, 36].
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Modified Jasper Jumper and Delaire type Facemask appliances were used as an alternative to
extraoral devices to reduce problems of cooperation in the early treatment of Class III
malocclusions with maxillary retrognathism. In this study, no adverse effect on TMJ was reported
for either of the appliances [36].
Therefore, from previous retrospective studies it has been suggested that the patients who have
been treated earlier does not show any TMD symptoms when compared with untreated individuals
[37-40].
Prospective and longitudinal studies also support this opinion that the patients who have taken
orthodontic treatment do not have a higher risk of developing TMD later in life [40-44].
In this review various studies have shown different methods used to treat the malocclusions such
as class I, Class II and Class III malocclusion which utilized multiple treatment approaches like
fixed functional, multiloop edgewise arch wires, facemask, mandibular cervical head gear, herbst,
Inter-arch elastics, mini implants and modified reverse twin block appliance wherein the authors
did not find any significant differences in the TMJ characteristics. Based on the scientific
evidences, it has been revealed that no association exists between the orthodontic treatment and
TMD.
Conclusion
After a detailed review of the studies found in the latest literature, we can conclude that
a) Correlation between different types of malocclusions and development of TMD signs and
symptoms without any interventions could not be verified.
b) According to the various studies included in this review suggest that, there is no evidence for a
direct cause-effect relationship between the orthodontic treatment and TMD.
c) Various therapeutic methods have been implied in treating non ortho-related TMD using
different treatment approaches which does not show any significant changes in TMJ morphology.
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Figure Legends
Fig 1. Diagnostic Methods Used
Fig 2. Study Design

Table 1. Studies based on radiographic methods used for assessment.
No.

Study Title and
Authors

Appliance used
/ class of
malocclusion
Class I, Class II
and Class III
malocclusion.

Study
Design

1.

Temporomandibular
joint fossa difference
according to the
skeletal malocclusion
[10]

2.

3.

Sample
Size and study
Population
20 Korean
subjects in each
group.

Clinical /
Radiological
assessment
CBCT

TMJ changes after
maxillary protraction in
children with class III
malocclusion [11]

Facemask

PL

18 Korean
subjects

CBCT

TMJ evaluation in
Class I and Class II
malocclusion subjects
[3]

Class I and Class
II malocclusion

PL

49 Brazilian
subjects

CBCT

P

TMJ Changes

Statistically significant
(P ˂ 0.05 Ant. fossa
point to post. fossa point
distance.
External auditory canal
wall thickness
Height and inclination
of articular eminence.
Superior and posterior
rotation of the condyle.

Prominent convex
condylar shape.
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4.

5.

Three-dimensional
assessment of TMJ is
skeletal Class I, Class
II and Class III
malocclusion [12]

Class I, Class II
and Class III
malocclusion

PL
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60 Egyptian
young adult
subjects of 18 –
25 years old
among which
20- skeletal class I
20- skeletal class
II
20- skeletal class
III.

CBCT
.

Class II patients
revealed lowest
condylar width, highest
condylar height and
anterior joint space. The
condylar position was
most inferior.
Class III patients
revealed lowest
superior, anterior and
medial joint spaces and
the width mandibular
fossa and
anteroposterior
dimension of the
condyle was highest.
The position of the
condyle was most
superior.

Assessment of Condyle
and glenoid fossa
morphology in South
East Asians [13]
Three-dimensional
assessment of the
temporomandibular
joint and mandibular
dimension in patients
with Class II division 1
or division 2
malocclusion [14]

All types of
Malocclusion

PL

100 Malay
subjects

CBCT

Higher condylar height,
width and volume.

Class II division 1
and division 2
malocclusion

PL

28 Turkish
Patients
Group I- 14
patients

CBCT

No effect on TMJ

7.

Camouflage treatment
with multiloop
edgewise arch wire
appliance and modified
class III elastics by
maxillary mini implant
anchorage [15]

Multiloop
Edgewise Arch
wire (MAEW
Mini-Implants
Class III elastics

PL

44 Chinese
subjects

Lateral
Cephalograms

Increased Mandibular
angle

8.

Comparison of the
condyle-fossa
relationship between
skeletal class III
malocclusion patients
with and without
asymmetry [16]

Skeletal Class III
malocclusion

R

CBCT

No significant changes
were observed in all the
groups except in group
3 which showed steeper
axial condylar angle.

9.

Non-surgical treatment
of class III
malocclusion in adults
[17]

Modified fixed
reverse twin block
appliance

PL

Group 1 consists
of 40 Korean
subjects with
normal occlusion.
Groups 2 and 3
consists of
patients with
skeletal class III.
32 Chinese
subjects

Lateral
Cephalograms

Condylar displacement
anteriorly and
posteriorly.
Retruded position of the
mandible.

6.

Group II- 14
patients

1007

European Journal of Molecular & Clinical Medicine
ISSN 2515-8260
10.

Condylar volume and
condylar area in Class
I, Class II and Class III
young adult subjects
[18]
Three-dimensional
assessment of
mandibular and glenoid
fossa changes after
bone-anchored Class III
intermaxillary traction
[19]

Class I, class II
and Class III
malocclusion

12.

The effects of two
methods of Class III
malocclusion treatment
on temporomandibular
disorders [20]

Class III
malocclusion

13.

Changes in
temporomandibular
joint disc position and
form following Herbst
and fixed orthodontic
treatment [21]

11.

Class III
intermaxillary
elastics and
bilateral
miniplates

R
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200 Caucasian
patients

CBCT

Condylar Volume and
area were higher in
Class III group.

25 Caucasian
patients (13 girls,
12 boys age
between 9 and 13
years.

CBCT

RCT

46 Turkish
patients

Lateral
Cephalograms

Mandible was
posteriorly displaced in
all subjects (mean of
posterior ramus, 2.74 ±
1.36 mm; condylar
mean, 2.07 ± 1.16 mm;
mean of the chin, −0.13
± 2.89 mm). Glenoid
fossa remodeling takes
place at the anterior
eminence (mean, was
1.38 ± 1.03 mm) and
bone resorption takes
place at the posterior
wall (mean was, −1.34 ±
0.6 mm) in most of the
patients.
No statistically
significant differences

PL

32 Brazilian
adolescent
subjects- 16 boys
and 16 girls with
Mean age: 12.8 ±
1.2 years

PL

Class III
malocclusion of
both skeletal and
dental origin.

Herbst and Fixed
Class II division I
and Mandibular
retrognathism

MRI

42 Joints showed
superior disc position
and in T2 the disc tend
towards retruded
position with regard to
the condyle while
closing the mouth.
In open mouth position
the disc was, in between
the articular eminence.

14.

Effects of two types of
Facemasks on Condylar
Position [22]

Delairs and
Grummons
Protraction
Facemasks

PL

34 Turkish
Patients treated
with protraction
facemask.
Divided into two
groups:
Group I- 18
patients treated
with Delaire
facemask.
Group II- 16
treated with
Grummons
facemask.

Lateral
Cephalograms

Downward and forward
movement from centric
relation to maximum
intercuspal position for
both condyles at the
start of treatment
for most patients.
After the treatment,
difference between
centric relation and
maximum
intercuspation was
decreased in the
group I than in the
group II.
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CT evaluation of TMJ
in Class II div I patients
and Class III
malocclusion [23]

Class I
malocclusion

P

30 Italian patients

16.

Three-dimensional
evaluation of TMJ
parameters in Class II
and Class III patients
[24]

Class II and Class
III Malocclusion

PL

15 European
subjects with
skeletal Class II
their mean age
was 18.0 years.

17.

Effects of fixed
functional appliance
treatment on TMJ [25]

Fixed Functional
applianceForsus nitinol flat
spring

RCT

class II div I with
Mandibular
retrusion.

18.

Evaluation of TMD in
Class III patients
treated with
Mandibular Cervical
Headgear and Fixed
appliances [26]

Mandibular
Cervical Headgear
and Fixed
appliances

PL

19.

‘‘Effective’’ TMJ and
Chin Position Changes
in Class II Treatment
[27]

Tip edge
Multibracket with
Class II elastics.
Herbst appliance

R

20.

Mandibular
Asymmetry in
Different Occlusion
Patterns [28]

Class I, Class II
Div1 , Class II
Div2, Class III
malocclusion and
Normal occlusion.

R

21.

Topography and
Morphology of the
Mandibular Condyle
during Fixed

Fixed Functional
appliance

PL

14 patients with
skeletal Class III
with the mean age
of 19.2 years.
60 Turkish
patients in which
30 patients
randomly selected
treated with
appliance.
30 patients in
control group.
Mean age- 12
years 7 months.
75 Italian subjects

64 German
patients
Group 1 - 24
patients
Group 2 – 40
patients
189 Turkish
patients
Group 1 (Class I39
Group 2 (class
II/1)-43
Group 3 (class
II/2)-39
Group 4 (Class
III)- 42
Group 5
(Control)- 26
20 German
Patients
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CT scan

CT Scan

Higher Post. articular
space in both right and
left sides.

length of the processus
condylaris was
increased in Class III
cases.

CT Scan

Significant differences
(P ˂ 0.05)c were
observed in anterior and
Posterior joint spaces.
Condyles were more
backwardly placed in
the study group.

Lateral
Cephalograms

No Statistically
significant.

Lateral
cephalograms

Favorable TMJ and chin
position changes with
Herbst

Lateral
Cephalograms

Higher condylar
asymmetry in class II/1
group.

MRI

No adverse effect
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Functional Orthopedic
Treatment [29]

P=Prospective, PL= prospective longitudinal, RCT= Randomized Controlled Trial, R=Retrospective, MRI=Magnetic
Resonance Imaging, CBCT= Cone Beam Computed Tomography, CT= Computed Tomography, L= Lateral
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