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Objective: This systematic review aimed to investigate the correlation between 
mandibular asymmetry and temporomandibular disorders (TMDs). Materials 
and Methods: A systematic search of the published literature was performed in 
electronic databases such as PubMed (MEDLINE), Scopus, Web of Science, 
Cochrane, Google Scholar, Clinicaltrials.gov, and Saudi Digital Library. Gray 
literature was searched through System for Information on Grey Literature 
through OpenGrey. The Preferred Reporting Items for Systematic Reviews 
and Meta-Analyses (PRISMA) statement was followed in the investigation. 
The focussed question according to PICO format was: “does the mandibular 
asymmetry contribute to temporomandibular disorders”? Eligibility criteria 
included clinical trials (CTs), observation studies, cross-sectional and cohort 
studies in English that investigated mandibular asymmetries and TMD among 
patients. Blind and duplicate study selection, data extraction, and risk of bias 
assessment were carried out. Results: The initial search resulted in 1906 articles, 
of which 11 (8 CTs, 1 cross-sectional, 1 retrospective, and 1 observational) 
studies were selected for qualitative synthesis after fulfilling the eligibility criteria. 
Conclusion: Most of the studies included in this review showed either very high 
risk or high risk of bias. Despite the low certainty of evidence, the current study 
indicated a likely relationship between mandibular asymmetries and TMDs.
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Introduction

A symmetry in the craniofacial region was first 
described in 1887 by an artist Hasse. His Greek 

statutory investigation showed that sculptors were 
created with mild-to-moderate asymmetries with 
greater mandibular length on the left side.[1] The 
prevalence of mandibular discrepancy is more common 
on the left side (82%) than on the right side (47.5%).[2] 
Asymmetries of the mandible lead to aesthetic issues 
and functional problems due to their significant role 
in the stomatognathic system. Ultimately it ends up 
in an imbalanced occlusion, problems of masticatory 
muscles, and temporomandibular joint (TMJ) 
problems.[3,4] There was no independent association 

observed between mandibular asymmetry and age, sex, 
or absence of posterior teeth. However, mandibular 
asymmetry was found to correlate with individuals’ 
sagittal jaw relationship.[5]

Most of the studies measured asymmetries based 
on gnathion and menton displacement relative 
to the midsagittal plane since the mandible is 
considered a primary structure leading to dentofacial 
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asymmetry.[4,6-9] Furthermore, condylar asymmetries 
are believed to be among the most potent causes of 
mandibulofacial asymmetries.[10-12] Studies have shown 
that if  asymmetries are not treated in growing patients, 
mandibular displacement can change the amount and 
severity of force applied to both the mandible and 
TMJ.[13,14]

Temporomandibular disorders (TMDs) were introduced 
to orthodontics based on Thompson’s theories. It was 
observed that malocclusion would cause displacement 
of the posterior and superior condyle. As the TMJ is 
bilateral, any asymmetry might alter the balance and 
cause microtrauma.[15,16]

TMDs include various clinical problems of masticatory 
muscles, the TMJ, and the associated structures.[17] They 
are considered one of the leading causes of pain of non-
dental origin in the orofacial region affecting at least 
50% of the general population. Pain is an unpleasant 
emotional and sensorial experience correlated with 
actual or potential harm. The muscular nature of pain 
was reported in more than two-thirds of the cases (76%), 
and joint pain was observed in 26% of the cases.[18,19]

Costen recognized a relationship between occlusion 
and TMJ for the first time. He was also the first to 
realize the signs and symptoms of TMD in 1934.[20] 
The etiology of TMD is multifactorial rather than a 
single anatomical or functional disharmony. It could 
be due to dysfunctions of masticatory musculature, 
changes in TMJ structure, malpositioning or loss of 
teeth, postural changes, or a combination of several 
factors. It is produced mainly by psycho-emotional or 
peripheral factors such as occlusal disharmony that 
can trigger TMD. Vertical asymmetry of the condyle 
and the ramus are associated with articular surfaces 
predisposing to TMD.[16,18,21]

Various imaging techniques are applied to assess the 
TMJ, such as tomography, computed tomography 
(CT), transcranial radiography, arthrography, and 
magnetic resonance imaging (MRI).[22] The three-
dimensional measurement approach is more reliable 
and effective in investigating the morphology of 
TMJ than the two-dimensional methods.[23] Surgical 
management for TMDs is very limited, and noisy joint 
without any pain or dysfunction does not require any 
intervention.[22-26] Patients with occlusal problems such 
as deep overbite, Class II division 2 malocclusion, and 
gross maxillomandibular disharmonies are at increased 
risk of developing TMDs than others.[25]

Multiple factors such as hormones, genes, bruxism, and 
psychosocial conditions are implicated in the TMDs. 

Moreover, reported studies on the relationship between 
TMDs and dental occlusion are weak.[26,27] Hence, some 
experts continue to advocate rigorous review of TMD 
and dental occlusion.[28]

Previous studies have reported controversy between 
facial asymmetry and TMD.[29,30] However, still it 
remains unclear whether or not mandibular asymmetry 
affects the TMD.[23,24,31] With the inclusion of TMD in 
orthodontics and maxillofacial surgery, more research 
focussed on mandibular asymmetries to determine 
the role of skeletal morphology in developing TMJ 
dysfunctions.[9]

It is necessary to gather cumulative data to know 
whether asymmetric mandibular conditions constitute 
etiological or predisposing factors for the development 
of TMDs. Therefore, this systematic review aims 
to present information on the correlation between 
mandibular asymmetry and TMDs.

Materials and Methods

Search strategy

The literature search was conducted on June 17, 2020, 
including all the articles before this date, using PubMed 
(MEDLINE), Scopus, Web of Science, Cochrane, 
Google Scholar, Clinicaltrials.gov, and Saudi Digital 
Library (SDL). Gray literature was searched through 
System for Information on Grey Literature through 
OpenGrey. Simultaneously, unpublished articles were 
searched through the SDL and Google Scholar search 
engine.

The search strategy included the controlled vocabulary 
MeSH terms ((((Mandibular [MeSH Terms]) or (lower 
jaw [MeSH Terms])) AND (asymmetry [MeSH Terms])) 
AND (temporomandibular disorders [MeSH Terms])) 
OR (disorders, tmj [MeSH Terms]). The free keywords 
search included Asymmetry, TMD, temporomandibular 
disorder, mandibular asymmetry terms.

The question was framed following the PICO 
(population, intervention, comparison, and outcome) 
format. The focussed question according to the 
PICO format was: “does the mandibular asymmetry 
contribute to temporomandibular disorders?”[32]

•	 P (population): Patients with mandibular asymmetry
•	 I (intervention): No intervention
•	 C (comparison): Patients without asymmetry
•	 O (outcome): Temporomandibular disorder

This systematic review was designed as per the Preferred 
Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) protocols/guidelines.[33]
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Inclusion and exclusion criteria

The studies of clinical trials (CTs), observational 
research, and cross-sectional and cohort studies 
published in the English language were included in the 
review without any limitation on patient’s age, race, 
gender, country, and publication date.

Publications involving non-human subjects or in-vitro 
studies, studies with data not reliably extracted, 
duplicate or overlapping data, articles with no full text 
available, case reports, case series, and other systematic 
reviews were excluded.

Study selection and data extraction

After reading the title and abstract of the relevant 
articles, the full text for the possible articles was 
screened for outcome variables. Two reviewers 
independently and blindly extracted information on 
research characteristics utilizing the customized data 
extraction form. Duplicated studies were identified 
and removed by using reference management software 
(EndNoteTM X8 for Macintosh).

Assessment of risk bias within studies

Observational studies were evaluated for risk of bias 
using the Newcastle–Ottawa scale. Every individual 
study was analyzed and categorized based on the 
protocol [Table 1]. Cohen’s kappa was used to measure 
the level of agreement between the two reviewers with 
the possible disagreements solved by an experienced 
orthodontist (third reviewer). The current systematic 
review was conducted without a grant from any funding 
agencies.

Results

A flow diagram of the search and selection process of 
articles based on PRISMA guidelines is presented in 
Figure 1. The initial search retrieved 1108 articles from 
the SDL, 228 from Google Scholar, 33 from the Web 
of Science, 15 from Scopus, and 1 from clinicaltrial.
gov. A  total of 521 duplicates were identified and 
excluded from the review. The first phase included 1385 
articles. After carefully reviewing titles and abstracts, 
studies with irrelevant aims and titles not applicable to 
our study were omitted, leaving 44 papers eligible for 
further analysis. After the full-text screening, 11 articles 
were considered for the final review. Eight CTs[9,31,34-38] 
and each of the cross-sectional,[39] retrospective,[40] and 
observational[41,42] studies fulfilled the review’s eligibility 
criteria [Table 2].

The studies included in the systematic review were 
published in different countries between 1995 and 
2019. The sample size ranged from 16 to 174. Studies 
reported a wide range of age variations of the study 
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participants. The lowest age was 14  years, and the 
highest reported age was 65 years. The TMJ diagnostic 
method differed across the studies reviewed: three 
studies performed MRI coupled with anteroposterior 
and lateral cephalometrics.[36,38,40] Two studies used 
3D CT[37]; computed beam computed tomography 
(CBCT)[41] and CT[35,36] scans were used in two different 
studies. All other studies utilized panoramic and 
anteroposterior cephalograms to diagnose TMD.[39,42,43] 
In one study, anteroposterior cephalograms and hand 
tracing were performed on the images.[9]

In one study, the symmetric mandibular group is 
compared with mandibular (body, ramus, atypical, 
and C-shaped) asymmetries to TMD.[37] Other study 
compared among the right, left, and no deviations of 
the mandible while assessing TMD.[38,41] Three studies 
assessed the mandibular asymmetries between TMD 
and non-TMD patients.[33,39,41] One study compared 

bruxism, headache, and difficulties in opening the 
mouth between TMD and healthy volunteers.[36]

D’Ippolito et al.[9] studied the mandibular asymmetry 
and temporomandibular abnormalities using 
posteroanterior cephalometric analysis of patients 
undergoing orthodontic treatment. It was found that 
orthodontic treatment resolved their TMD after 
the correction of mandibular asymmetry. However, 
their study’s key drawback was the limited sample 
size (n  =  16), making it difficult to apply results at a 
larger scale.

Noh et  al. used panoramic radiographs to study the 
relationship between mandibular asymmetry and TMDs 
in TMD and non-TMD patients. It was found that 
mandibular height by more than 4.37% increases the 
risk of TMD by 4.57-fold. The incidence of asymmetry 
was higher in the arthrosis group when compared 
with the non-arthrosis group.[33] Similar outcomes of 

Figure 1: PRISMA flow chart of the search strategy showing that the initial search retrieved from the selected database was 1910. After full-
text screening, 11 articles were considered for the final review
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Table 2: Reported studies on the investigation of the correlation between mandibular asymmetries and TMDs
References Participants Intervention 

and control/
comparative group

Diagnostic 
method (CT or?)

Result Author’s conclusion

Yáñez-Vico 
et al.[35]

n=32, age 
25–42 years

With and without 
TMD 

CT 1. �Condyle width, length, and 
height measurement. No 
significant difference between 
the original and repeated 
measurement  

2. �Width and length of condyle. 
No significant difference 
between the two groups  

3. �The total height of the 
condyle process was less in the 
TMD group 

1. �The condylar 
asymmetries in the 
sagittal, vertical, 
and transversal 
plane may be 
related to TMD  

2. �The most common 
feature of TMD 
patients was 
shorter condylar 
height compared 
with asymptomatic 
patients

Ooi et al.[38] n=75, age 
15–45 years

ADDWR, bony 
changes

MRI, lateral 
cephalometric

 In facial asymmetry patients, 
the prevalence of ADDwoR and 
bony changes were greater in 
the left side compared with the 
right side

Facial asymmetry 
is closely related to 
internal derangement 
of TMD

Noh and 
Lee[34]

n=100, age 
30–60 years

TMD patients, 
non-TMD 
patients

 OPG 1. �A significant difference in 
asymmetry incidence between 
control and TMD groups  

2. �Incidence of asymmetry was 
not related to age and gender 
in both of the TMD and 
control groups.  

3. �The incidence of neither 
muscle disorder nor disk 
displacement was related to 
the incidence of asymmetry

Asymmetry of 
mandibular height 
by more than 4.37% 
increases the risk of 
TMD by 4.57-fold.  
It was associated with 
arthritic changes in 
TMD patients

Chung et al.[39] n=174, age 
25.7 years

Symmetric, 
4 subdivided 
asymmetric 
groups. Group 1, 
mandibular body 
asymmetry; 
group 2, ramus 
asymmetry; 
group 3, atypical 
asymmetry; and 
group 4, C-shaped 
asymmetry 

Anteroposterior 
cephalograms

1. �ENPP1 SNP-rs6569759 group 1  
2. rs858339 group 3   
3. ESR1 SNP-rs164321 group 4  
4. �ESR1 SNP-rs3020318 

associated with principal 
components 1 and 2   

5. �The genes can be associated 
with atypical asymmetry, 
mandibular body asymmetry, 
and C-shaped asymmetry and 
TMD  

6. �The study showed that 
orthodontic and orthognathic 
treatment of asymmetry will 
relieve TMD symptoms for at 
least 1 year

There is a probability 
of association of 
TMD and genotypes

Kawakami 
et al.[42] 

n=35, age 
16–38 years

Right deviation, 
left deviation, no 
deviation

Anteroposterior 
cephalograms, 
MRI

1. �The deviated group showed 
steeper eminence on the TMJ 
compared with the non-
deviated group  

2. �On the deviated side, the 
anterior joint space was 
narrower than the non-
deviated side

The morphology 
of the TMJ in 
mandibular 
asymmetry with 
prognathism is 
different between 
right and left sides, 
which leads to facial 
asymmetry 
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References Participants Intervention 
and control/

comparative group

Diagnostic 
method (CT or?)

Result Author’s conclusion

 Goto et al.[40] 1. With 
mandible 
deviation: 
n=28, age 
17–34 years  
2. Control 
n=12, age 
20–30 years

Mandibular 
deviation, no 
mandibular 
deviation 
orthognathic 
surgery

MRI The deviated side of the TMJ 
showed smaller condyle and an 
increase in the incidence of disk 
displacement 

The abnormal side 
may be associated 
with mandibular 
deviation

Khojastepour 
et al.[41]

n=42, age 
18–65 years

Condyle 
asymmetry with 
TMD, non-TMD

CBCT 1. �The measures of TMD 
patients according to CAI 
were significantly higher than 
non-TMD patients  

2. �The dysfunctional index 
was different within TMD 
patients, whereas the CIA was 
not  

3. �No correlation was found 
between age and CAI

1. �Higher CAI in 
patients is more 
likely to develop 
TMD  

2. �The value of CAI 
is not a standard 
for the signs and 
symptoms of TMD

Endo et al.[37] 1. n=20, age 
19–29 years  
 2. n=9, age 
23–27 years

TMJ position 
of mandibular 
asymmetry and 
normal patient

3D CT There is no significant 
difference in the condylar area. 
Mandibular asymmetry patients 
had larger fossas and longer 
condylar processes on the non-
deviated side and narrower 
fossa-condyle interspaces on the 
deviated side, predominately 
in the posterolateral section of 
TMJ

The patients 
with mandibular 
asymmetry had 
a posterolateral 
rotation of the 
condyle within the 
fossa of the deviated 
side

D'Ippolito 
et al.[9]

n=16, age 
14–36 years

Mandibular 
asymmetry 
orthodontic 
treatment 

Anteroposterior 
cephalograms; 
hand tracing 

TMD symptoms are completely 
relieved by treating mandibular 
asymmetries

Symmetries of the 
mandible can be a 
predisposing factor to 
TMD development

Raustia 
et al.[36]

 n=77, age 
15–33 years

TMD and/
or bruxism, 
headache, and 
difficulties in 
opening the 
mouth, compared 
with healthy 
volunteers

CT scan The relation between occlusal 
interferences and TMD signs 
and symptoms is statistically 
significant

In asymmetrical 
patients, occlusal 
discrepancies may be 
a predisposing factor 
to TMD

de Leão[43] n= 52, age 
18–65 years

TMD patients  Panoramic 
radiographs, 
anteroposterior 
cephalograms

1. Statistically, there was no 
significant difference between 
sides with/without pain  
2. The tendency was found for 
patients with unilateral pain 
to have larger measurement 
differences in the comparison of 
the two sides

Correlations were 
found between 
the cephalometric 
measurements on 
the two radiographic 
exams, but the 
measurements on 
the images did not 
demonstrate an 
association with the 
predominant side of 
pain

TMD = temporomandibular disorder, TMJ = temporomandibular joint, CT = computed tomography, ADDwoR = anterior disc 
displacement without reduction, MRI = magnetic resonance imaging, CBCT = computed beam computed tomography, CAI = condyle 
asymmetry index

Continued
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mandibular asymmetry and TMD were reported by 
de Leão et al. based on the panoramic radiograph and 
posterioranterior cephalogram images of the patients.[43]

According to Khojastepour et al.,[41] TMD patients have 
a significantly higher condylar asymmetry than those 
of non-TMD, although there is no difference in various 
dysfunction indices within the TMD patients. Besides, 
no significant relationship between the condylar 
asymmetry index and age was reported in the study.

Yanez-Vico et al. showed that traditional radiographic 
approaches could diagnose craniofacial asymmetries, 
whereas 3-D methods provide a comprehensive 
diagnosis. The condylar height, length, and width 
were the commonly affected in TMD patients. Patients 
suffering from TMD showed shorter condylar height 
compared with asymptomatic individuals. Condylar 
asymmetry may be found in TMD patients as a result 
of the disturbance in the regular load applied to TMJ.[35]

Raustia et al. showed a significant correlation between 
the asymmetric occlusal variables (interference in 
bilateral canine guidance, dental midline asymmetry, 
deviation of the protrusion and lateral occlusal 
asymmetry, amount and lateral deviation of the 
retruded contact position, and intercuspal position 
slide) and the degree of TMD. Therefore, the TMD 
signs and symptoms were linked to asymmetrical 
occlusal interferences.[36] Endo et  al. noted that the 
patient with mandibular asymmetry had larger fossa 
and longer condylar processes on the non-deviated 
side and narrower fossa-condylar interspaces on the 
deviated side, mainly in the posterolateral section of 
TMJ.[37]

Goto et  al. examined the TMJ on the deviated and 
non-deviated sides in mandibular asymmetry patients 
clinically and radiographically using MRI. Findings 
suggested that TMJ on the deviated side had a higher 
incidence of anterior disk displacement and smaller 
condyle than the non-deviated side. No relation 
was found between disk displacement and clinical 
symptoms.[40] Whereas Ooi et  al. found that bony 
changes and the anterior disc displacement without 
reduction (ADDwoR) were more frequently seen 
on the left side than on the right side.[38] Kawakami 
et al. studied the morphology of TMJ in mandibular 
asymmetry and prognathism patients. It was found that 
TMJ on the deviated side had a significantly steeper 
eminence and a narrower anterior joint space than 
that of the non-deviated side.[42] It was assumed that 
the genes could be associated with atypical asymmetry, 
mandibular body asymmetry, C-shaped asymmetry, 
and TMD. Chung et al. studied the impact of genes on 

pre- and post-orthodontic and orthognathic patients 
with TMD and facial asymmetries. The study showed 
that orthodontic and orthognathic asymmetry therapy 
relieves TMD symptoms for at least 1 year.[39]

Discussion

This systematic review assessed the correlation between 
mandibular asymmetry and TMD by retrieving 11 
studies. After scientific assessment and study quality 
assessment using the Newcastle–Ottawa scale, three 
studies were categorized as very high risk, five as high 
risk, and the last three were low risk, thus influencing 
the reliability of their relative results.[44] In Yanez-Vico 
et al.’s study, TMD cases showed statistically significant 
differences in mean condylar process height, which was 
lower in control cases. It contradicts the suggestion 
that asymmetry indices would be higher in patients 
suffering from TMDs, likely due to a rise in hard tissue 
thickening of the joint articular surface, resulting 
from increased loading on this surface.[35] Because of 
different methods, apparent differences are found in 
the asymmetry values of this study. These differences 
may be attributed to the age differences in the subjects 
with a negative age-to-vertical asymmetry relation. The 
use of 3D-CT reconstructions demonstrated the high 
accuracy of the measurement.

de Leão studied the accuracy of linear measurements 
on 3D-CT images and the physical measurements taken 
on skulls.[43] Moreover, inconsistencies in the results may 
be due to several imaging techniques utilized in these 
studies. The majority of the included studies used a 
traditional approach to diagnose asymmetry by taking 
posterioanterior cephalograms to assess asymmetry, 
although CBCT images were taken into consideration 
for more reliable asymmetric diagnosis.[45] Problems of 
malocclusion that affect oral function could lead to 
TMD and asymmetric growth of the mandible, thereby 
increasing the prevalence of TMD cases. Nevertheless, 
there is no way to tell if  an increase in mandibular 
condyles height was a pathological or physiological 
process from the reviewed papers from this study. 
Future research is required on this subject.

Strengths and limitations

This systematic review included an extensive literature 
search using PRISMA strategy, which was utilized 
in retrieving the information on correlation between 
mandibular asymmetries and TMDs. Moreover, 
quality assessment of the studies was performed using 
the Newcastle–Ottawa scale.

We acknowledge some of the limitations in our study. 
Risk of bias of CTs with Cochrane Risk of Bias-2 scale 
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has not been considered in this study. Moreover, the 
Newcastle–Ottawa scale does not help to exclude all 
types of biases for all kinds of observational studies. 
Meta-analysis of the studies could have given much 
deeper insight into the correlation between TMD and 
asymmetric growth of the mandible.

Conclusion

Most of the studies included in this review showed 
either very high risk or high risk of bias.

Despite the low certainty of evidence, the current study 
indicated a likely relationship between mandibular 
asymmetries and TMDs. Further studies of appropriate 
risk of bias assessment and meta-analysis are required 
to determine a stronger estimate relationship between 
mandibular asymmetries and TMDs.

Acknowledgements

Not applicable.

Financial support and sponsorship

Nil.

Conflicts of interest

There are no conflicts of interest.

Authors contributions

Nasser Alqhtani: Concepts, design, literature 
search; Deema Alshammery: Concepts, design, data 
acquisition; Nawaf AlOtaibi: Literature search, data 
acquisition, manuscript preparation; Faisal AlZamil: 
Literature search, data acquisition, manuscript 
preparation; Aljowhara Allaboon: Literature search, 
manuscript preparation; Dana AlTuwaijri: Literature 
search, manuscript preparation; Mohammad Abdul 
Baseer: Manuscript preparation, manuscript editing, 
manuscript review.

Ethical policy and institutional review board statement

The study was registered at research center of Riyadh 
Elm University (SRS/2020/10/194/183). This study has 
been conducted in accordance with the World Medical 
Association Declaration of Helsinki.

Patient declaration of consent

Not applicable.

Data availability statement

The data that support the findings of this study 
are available from the corresponding author upon 
reasonable request.

References
1.	 Melnik AK. A cephalometric study of mandibular asymmetry 

in a longitudinally followed sample of growing children. Am J 
Orthod Dentofacial Orthop 1992;101:355-66.

2.	 Pierrakou  ED. [Asymmetry of the mandible. Study of 386 
mandibles in vitro]. Hell Period Stomat Gnathopathoprosopike 
Cheir 1990;5:13-6.

3.	 Lopatienė  K, Trumpytė  K. Relationship between unilateral 
posterior crossbite and mandibular asymmetry during late 
adolescence. Stomatologija 2018;20:90-5.

4.	 Paknahad  M, Shahidi  S, Bahrampour  E, Beladi  AS, 
Khojastepour L. Cone beam computed tomographic evaluation 
of mandibular asymmetry in patients with cleft lip and palate. 
Cleft Palate Craniofac J 2018;55:919-24.

5.	 Thiesen G, Gribel BF, Kim KB, Pereira KCR, Freitas MPM. 
Prevalence and associated factors of mandibular asymmetry in 
an adult population. J Craniofac Surg 2017;28:e199-203.

6.	 Oh  MH, Cho  JH. The three-dimensional morphology of 
mandible and glenoid fossa as contributing factors to menton 
deviation in facial asymmetry-retrospective study. Prog Orthod 
2020;21:33.

7.	 Srivastava  D, Singh  H, Mishra  S, Sharma  P, Kapoor  P, 
Chandra  L. Facial asymmetry revisited: Part I—Diagnosis 
and treatment planning. J Oral Biol Craniofac Res 
2018;8:7-14.

8.	 Cao HL, Kang MH, Lee JY, Park WJ, Choung HW, Choung PH. 
Quantification of three-dimensional facial asymmetry for 
diagnosis and postoperative evaluation of orthognathic surgery. 
Maxillofac Plast Reconstr Surg 2020;42:17.

9.	 D’Ippolito  S, Ursini  R, Giuliante  L, Deli  R. Correlations 
between mandibular asymmetries and temporomandibular 
disorders (TMD). Int Orthod 2014;12:222-38.

10.	 Niño-Sandoval TC, Morantes Ariza CF, Infante-Contreras C, 
Vasconcelos  BC. Evaluation of natural mandibular shape 
asymmetry: An approach by using elliptical Fourier analysis. 
Dentomaxillofac Radiol 2018;47:20170345.

11.	 Roberts  WE, Stocum  DL. Part II: Temporomandibular joint 
(TMJ)—Regeneration, degeneration, and adaptation. Curr 
Osteoporos Rep 2018;16:369-79.

12.	 Pereira  FL, Pinheiro  LMA, Araújo  PM, Chihara  LL, 
Maia  Nogueira  RL, Sant’Ana  E. Surgical treatment of 
posttraumatic laterognathia: A  case report and a literature 
review, focused on the effects of a condylar fracture on the face. 
Craniomaxillofac Trauma Reconstr 2018;11:211-8.

13.	 Bukhari A, Kennedy D, Hannam A, Aleksejūnienė  J, Yen E. 
Dimensional changes in the palate associated with slow 
maxillary expansion for early treatment of posterior crossbite. 
Angle Orthod 2018;88:390-6.

14.	 Sollenius O, Golež A, Primožič J, Ovsenik M, Bondemark L, 
Petrén  S. Three-dimensional evaluation of forced unilateral 
posterior crossbite correction in the mixed dentition: 
A randomized controlled trial. Eur J Orthod 2020;42:415-25.

15.	 Beaumont  S, Garg  K, Gokhale  A, Heaphy  N. 
Temporomandibular disorder: A  practical guide for dental 
practitioners in diagnosis and management. Aust Dent J 
2020;65:172-80.

16.	 Mendoza-García  LV, Espinosa  de  Santillana  IA, 
Hernández  Vidal  V. Temporomandibular disorders and 
mandibular vertical asymmetry. Cranio 2019;37:290-5.

17.	 De  Leeuw  R, Klasser  GD. Orofacial Pain: Guidelines for 
Assessment, Diagnosis, and Management. Chicago, IL: 
Quintessence; 2008.

18.	 Al  Hayek  SO, Al-Thunayan  MF, AlGhaihab  AM, 
AlReshaid  RM, Omair  A. Assessing stress associated 
with temporomandibular joint disorder through Fonseca’s 
anamnestic index among the Saudi physicians. Clin Exp Dent 
Res 2019;5:52-8.



489Journal of International Society of Preventive and Community Dentistry  ¦  Volume 11  ¦  Issue 5  ¦  September-October 2021

Alqhtani, et al.: Correlations between mandibular asymmetries and TMDs

19.	 Miller  VJ, Karic  VV, Ofec  R, Nehete  SR, Smidt  A. The 
temporomandibular opening index, report of headache and 
TMD, and implications for screening in general practice: An 
initial study. Quintessence Int 2014;45:605-12.

20.	 Costen JB. I. A syndrome of ear and sinus symptoms dependent 
upon disturbed function of the temporomandibular joint. Ann 
Otol Rhinol Laryngol 1934;43:1-15.

21.	 Liu  ZJ, Yamagata  K, Kasahara  Y, Ito  G. Electromyographic 
examination of jaw muscles in relation to symptoms and 
occlusion of patients with temporomandibular joint disorders. 
J Oral Rehabil 1999;26:33-47.

22.	 Choi  HJ, Kim  TW, Ahn  SJ, Lee  SJ, Donatelli  RE. The 
relationship between temporomandibular joint disk 
displacement and mandibular asymmetry in skeletal class  III 
patients. Angle Orthod 2011;81:624-31.

23.	 Zhang YL, Song JL, Xu XC, Zheng LL, Wang QY, Fan YB, 
et  al. Morphologic analysis of the temporomandibular joint 
between patients with facial asymmetry and asymptomatic 
subjects by 2D and 3D evaluation: A  preliminary study. 
Medicine (Baltimore) 2016;95:e3052.

24.	 Durham J. Temporomandibular disorders (TMD): An overview. 
Oral Surg 2008;1:60-8.

25.	 Gupta R, Luthra R, Kaur D, Aggarwal B. Temporomandibular 
disorders: A review. Int J Adv Sci Res 2019;4:22-6.

26.	 Peterson  LJ. Peterson’s Principles of Oral and Maxillofacial 
Surgery. USA: PMPH; 2012.

27.	 Greene  CS, Laskin  DM. Long-term status of TMJ clicking 
in patients with myofascial pain and dysfunction. J Am Dent 
Assoc 1988;117:461-5.

28.	 Suvinen TI, Reade PC, Kemppainen P, Könönen M, Dworkin SF. 
Review of aetiological concepts of temporomandibular pain 
disorders: Towards a biopsychosocial model for integration of 
physical disorder factors with psychological and psychosocial 
illness impact factors. Eur J Pain 2005;9:613-33.

29.	 Türp JC, Schindler H. The dental occlusion as a suspected cause 
for TMDs: Epidemiological and etiological considerations. J 
Oral Rehabil 2012;39:502-12.

30.	 Slavicek  R. Relationship between occlusion and 
temporomandibular disorders: Implications for the gnathologist. 
Am J Orthod Dentofacial Orthop 2011;139:10, 12, 14 passim.

31.	 Inui  M, Fushima  K, Sato  S. Facial asymmetry in 
temporomandibular joint disorders. J Oral Rehabil 
1999;26:402-6.

32.	 Yamada K, Hanada K, Sultana MH, Kohno S, Yamada Y. The 
relationship between frontal facial morphology and occlusal 
force in orthodontic patients with temporomandibular disorder. 
J Oral Rehabil 2000;27:413-21.

33.	 Noh JY, Lee JY. Relationship between mandibular asymmetry and 
temporomandibular disorders. J Oral Med Pain 2014;39:100-6.

34.	 Moher  D, Shamseer  L, Clarke  M, Ghersi  D, Liberati  A, 
Petticrew  M, et  al.; PRISMA-P Group. Preferred Reporting 
Items for Systematic Review and Meta-analysis Protocols 
(PRISMA-P) 2015 statement. Syst Rev 2015;4:1.

35.	 Yáñez-Vico  RM, Iglesias-Linares  A, Torres-Lagares  D, 
Gutiérrez-Pérez  JL, Solano-Reina  E. Association between 
condylar asymmetry and temporomandibular disorders using 
3D-CT. Med Oral Patol Oral Cir Bucal 2012;17:e852-8.

36.	 Raustia  AM, Pirttiniemi  PM, Pyhtinen  J. Correlation of 
occlusal factors and condyle position asymmetry with signs and 
symptoms of temporomandibular disorders in young adults. 
Cranio 1995;13:152-6.

37.	 Endo  M, Terajima  M, Goto  TK, Tokumori  K, Takahashi  I. 
Three-dimensional analysis of the temporomandibular joint and 
fossa–condyle relationship. Orthodontics (Chic) 2011;12:210-21.

38.	 Ooi K, Inoue N, Minowa K, Totsuka Y. Factors related to the 
prevalence of anterior disc displacement without reduction and 
bony changes of the temporomandibular joint in patients with 
facial asymmetry. Oral Sci Int 2013;10:65.

39.	 Chung  K, Richards  T, Nicot  R, Vieira  AR, Cruz  CV, 
Raoul  G, et  al. ENPP1 and ESR1 genotypes associated with 
subclassifications of craniofacial asymmetry and severity of 
temporomandibular disorders. Am J Orthod Dentofacial 
Orthop 2017;152:631-45.

40.	 Goto  TK, Nishida  S, Nakayama  E, Nakamura  Y, Sakai  S, 
Yabuuchi  H, et  al. Correlation of mandibular deviation with 
temporomandibular joint MR dimensions, MR disk position, 
and clinical symptoms. Oral Surg Oral Med Oral Pathol Oral 
Radiol Endod 2005;100:743-9.

41.	 Khojastepour L, Omidi M, Vojdani M, Bagheri K. Investigating 
possible correlation between condylar asymmetry and clinical 
dysfunction indices in patients with temporomandibular 
dysfunction using cone-beam computed tomographic. J 
Craniomaxillofac Surg 2019;47:438-42.

42.	 de  Leão  BLC. Mandibular asymmetry in patients with 
temporomandibular disorder: Comparative study between 
posteroanterior teleradiographs (pa) and panoramic 
radiography. Int J Dev Res 2019;9:31145-50.

43.	 Kawakami  M, Yamamoto  K, Inoue  M, Kawakami  T, 
Fujimoto  M, Kirita  T. Morphological differences in the 
temporomandibular joints in asymmetrical prognathism 
patients. Orthod Craniofac Res 2006;9:71-6.

44.	 Lo CK, Mertz D, Loeb M. Newcastle–Ottawa scale: Comparing 
reviewers’ to authors’ assessments. BMC Med Res Methodol 
2014;14:45.

45.	 Sawchuk  D, Currie  K, Vich  ML, Palomo  JM, Flores-Mir  C. 
Diagnostic methods for assessing maxillary skeletal and dental 
transverse deficiencies: A systematic review. Korean J Orthod 
2016;46:331-42.


