
Majalah Kedokteran Gigi Indonesia
Vol 8 No 3 – December 2022

ISSN 2460-0164 (print), ISSN 2442-2576 (online)
Available online at https://jurnal.ugm.ac.id/mkgi
DOI: http://doi.org/10.22146/majkedgiind.76015

161

RESEARCH ARTICLE

Differences in mandibular morphology between bruxism and non-bruxism 
patients based on the Levandoski analysis 

Aghitsna Aulia Aufa*, Rasmi Rikmasari**, Daisy Wulansari**

*Faculty of Dentistry, Universitas Padjadjaran, Bandung, West Java, Indonesia
**Department of Prosthodontics, Faculty of Dentistry, Universitas Padjadjaran, Bandung, West Java, Indonesia
*Jl Sekeloa Selatan I, Bandung, West Java, Indonesia;  correspondence: aghitsna18001@mail.unpad.ac.id

Submitted: 5th July 2022; Revised: 28th October 2022; Accepted: 22nd November 2022

ABSTRACT

Bruxism is a condition that involves grinding and clenching which can place a large load on the mandible, so it can 
change the morphology of the mandible. Based on the Levandoski analysis, this study aimed to determine whether 
there are differences in the mandibular morphology between bruxism and non-bruxism patients. This study was 
a cross-sectional analytic study conducted on the panoramic radiographic samples of bruxism and non-bruxism 
patients with a total sample of 30 patients (n = 30) in each group, obtained from the radiographic archives at the 
Radiology Installation of RSGM Universitas Padjadjaran which have been confirmed as bruxism and non-bruxism 
patients. Measurements were carried out using ImageJ software based on the reference lines by Levandoski. The 
results of the study were analyzed using SPSS software by performing normality and homogeneity tests, followed by 
a statistically independent t-test or Mann-Whitney test. The results of the independent t-test showed that three lines 
had a p-value < 0.05, namely the line from the point gonion to the maxillary vertical line on the right side, the distance 
from the top point of the condyle to the maxillary interincisal point on the right side, and the distance from the top 
point of the condyle to the mandibular interincisal point on the right side. The Mann-Whitney test results showed 
that two lines had a p-value < 0.05, namely the maxillary vertical midline and the distance from the condyle to the 
left maxillary vertical line. The other line had a p-value> 0.05. There were differences in the mandibular morphology 
between bruxism and non-bruxism patients based on the Levandoski analysis, namely the length of the maxillary 
vertical midline, the distance from the condyle top point to the maxillary vertical midline, the distance from the point 
gonion to the maxillary vertical midline, the distance from the top point of the condyle to the maxillary interincisal 
point on the left side, and the distance from the top point of the condyle to the mandibular interincisal point on the left 
side. On the other four lines, there was no significant difference between bruxism and non-bruxism patients.
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INTRODUCTION
Bruxism is a disorder in the oral cavity with repetitive 
jaw muscle activities characterized by clenching or 
grinding of teeth and/or by tightening the mandible.1 
According to The American Academy of Sleep 
Medicine (AASM), bruxism is an oral activity 
characterized by grinding or clenching teeth during 
sleep.2 Bruxism has a highly multifactorial etiology 
such as peripheral, psychosocial, physiological, and 
exogenous factors. Peripheral factors suggest that a 
mismatch of occlusion and articulation of teeth can 
cause bruxism. Psychosocial factors include stress, 
anxiety, and emotional factors. Physiological factors 
include genetic factors, while exogenous factors 

include alcohol consumption and drug use.3,4 

Bruxism is divided into two classifications, namely, 
sleep bruxism and awake bruxism.1 Sleep bruxism 
has a prevalence of 10 to 13% in the general adult 
population, is not related to sex, and decreases 
in the elderly. Meanwhile, the prevalence of 
awake bruxism is 22 to 31% in adults.1 Clinical 
manifestation of bruxism includes a sound when 
clenching teeth, tooth wear, tooth loss, periodontal 
ligament widening, tooth mobility, and recession.5

Levandoski analysis is a system for 
analyzing panoramic radiographs, especially of 
the temporomandibular joint. Levandoski analysis 
was then extended to analyze facial and dental 
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asymmetry. Levandoski panoramic analysis is a 
useful screening method for analyzing tooth and 
mandibular asymmetry.6 Research on mandibular 
morphological changes in patients with bruxism is 
not a new thing. The study of Gulec et al7 stated 
that excessive occlusal pressure on the teeth 
can result in tooth wear, increased mobility, and 
percussion sensitivity with increased periodontal 
ligament space, thickening of the lamina dura, 
alveolar bone loss, and an increase in the 
number and size of trabeculae on radiographic 
examination. In addition, hypercementosis and 
root fracture may occur. In 2013, Ozcan et al8 
conducted a simulation of bruxism in laboratory 
animals and found changes in periodontal tissue 
that included resorption of the alveolar bone walls, 
cement, and dentin. In 2013, Rahmi et al9 stated 
that the magnitude of the bite force in patients with 
bruxism can affect many things, such as dentofacial 
morphology. Fauziah et al10 conducted a study and 
stated that there was no significant difference in 
the height of the cortical bone between bruxism 
and non-bruxism patients.

 Some of these studies support the possibility 
of differences in the mandibular morphology 
in patients with bruxism. However, research 
on bruxism and its effect on the mandibular 
morphology using the Levandoski analysis 
method is still rarely done. Levandoski analysis is 
a method to analyze symmetry and morphological 
differences. Measurements can be made on each 
side to determine the difference between the two 
sides. This study aimed to determine whether 
there are differences in the mandibular morphology 
between bruxism and non-bruxism patients based 
on the Levandoski analysis method.6

MATERIALS AND METHODS
This cross-sectional analytic study aimed 
to determine the differences in mandibular 
morphology between bruxism and non-bruxism 
patients. The research population consisted of 
patients who came to RSGM Unpad. The samples 
were digital panoramic radiographs of bruxism 
and non-bruxism patients in the archives of the 

Radiology Installation of RSGM Unpad from 
2016 to 2021. There were a total of 30 samples 
in this study for each group of bruxism and non-
bruxism patients. The diagnosis was made based 
on the medical record filled by the residents at 
the PPDGS Prosthodontics Installation, RSGM 
Unpad. The panoramic radiographic samples were 
from patients aged 20-50 years, who had complete 
teeth up to the second molars, a panoramic photo 
with a bite block, no cysts and fractures in the 
observed area, had no developmental disorders 
or syndromes affecting the size of the mandible, 
and had no superimposition on the area to be 
analyzed. The minimum age for the inclusion 
criteria was 20 years because bone growth stops 
around age 21 for men and 18 for women and the 
prevalence of bruxism at a young age was higher.11 
The maximum age was 50 years because the 
prevalence of bruxism in the elderly decreases.12 
The sampling used a purposive sampling method 
which was limited to a certain period. The data 
analysis technique used the basic reference lines 
proposed by Levandoski.6

 

 

Levandoski panoramic analysis is a useful screening method for analyzing tooth and mandibular 
asymmetry.6 Research on mandibular morphological changes in patients with bruxism is not a new thing. 
The study of Gulec et al7 stated that excessive occlusal pressure on the teeth can result in tooth wear, 
increased mobility, and percussion sensitivity with increased periodontal ligament space, thickening of the 
lamina dura, alveolar bone loss, and an increase in the number and size of trabeculae on radiographic 
examination. In addition, hypercementosis and root fracture may occur. In 2013, Ozcan et al8 conducted a 
simulation of bruxism in laboratory animals and found changes in periodontal tissue that included 
resorption of the alveolar bone walls, cement, and dentin. In 2013, Rahmi et al9 stated that the magnitude 
of the bite force in patients with bruxism can affect many things, such as dentofacial morphology. Fauziah 
et al10 conducted a study and stated that there was no significant difference in the height of the cortical 
bone between bruxism and non-bruxism patients. 
  Some of these studies support the possibility of differences in the mandibular morphology in 
patients with bruxism. However, research on bruxism and its effect on the mandibular morphology using 
the Levandoski analysis method is still rarely done. Levandoski analysis is a method to analyze symmetry 
and morphological differences. Measurements can be made on each side to determine the difference 
between the two sides. This study aimed to determine whether there are differences in the mandibular 
morphology between bruxism and non-bruxism patients based on the Levandoski analysis method.6 
 
MATERIALS AND METHODS 
This cross-sectional analytic study aimed to determine the differences in mandibular morphology between 
bruxism and non-bruxism patients. The research population consisted of patients who came to RSGM 
Unpad. The samples were digital panoramic radiographs of bruxism and non-bruxism patients in the 
archives of the Radiology Installation of RSGM Unpad from 2016 to 2021. There were a total of 30 
samples in this study for each group of bruxism and non-bruxism patients. The diagnosis was made 
based on the medical record filled by the residents at the PPDGS Prosthodontics Installation, RSGM 
Unpad. The panoramic radiographic samples were from patients aged 20-50 years, who had complete 
teeth up to the second molars, a panoramic photo with a bite block, no cysts and fractures in the 
observed area, had no developmental disorders or syndromes affecting the size of the mandible, and had 
no superimposition on the area to be analyzed. The minimum age for the inclusion criteria was 20 years 
because bone growth stops around age 21 for men and 18 for women and the prevalence of bruxism at a 
young age was higher.11 The maximum age was 50 years because the prevalence of bruxism in the 
elderly decreases.12 The sampling used a purposive sampling method which was limited to a certain 
period. The data analysis technique used the basic reference lines proposed by Levandoski.6 

 

 
Figure 1. Levandoski's Basic Reference Line6 

 

Majalah Kedokteran Gigi Indonesia. December 2022; 8(3): 151 – ......  
ISSN 2460-0164 (print) 
ISSN 2442-2576 (online) 

 

Figure 1. Levandoski’s Basic Reference Line6

Line 1 is the maxillary vertical midline, 
determined from the line’s junction that traces the 
condyle top point to the lowest point of the orbital 
wall, to the lowest point of the symphysis, and must 
pass through the nasal septum. Line 2 is drawn 
perpendicularly from the left and right top point of 
the condyles to the maxillary midline. Line 3 is the 
posterior border of the ramus (right and left). Line 
4 is a line drawn bilaterally from the point where 
line 1 crosses the lower border of the mandibular 
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symphysis in each direction to the gonion. Line 5 is 
drawn bilaterally from the top point of the condyle 
to the maxillary interincisal point. Line 6 is defined 
from the top point of the condyle to the mandibular 
interincisal point. Line 7 is drawn from the top point 
of the condyle to the gonion. Line 8 runs from the 
point gonion to the coronoid process, and Line 9 
runs from the top of the maxillary tuberosity and is 
drawn perpendicular to the maxillary midline.6

The lines on the panoramic radiographs were 
measured using the ImageJ software version 
1.53e Wayne Rasband and the National Institute 
of Health, USA which was equipped with the 
MorphoLibJ plugin. The data were then analyzed 
by statistical tests using the SPSS application 
version 26.0.0.0.

This research was conducted from 
December–May 2022. The research received 
ethical clearance from the Health Research Ethics 
Committee Universitas Padjadjaran Number: 
1040/UN6.KEP/EC/2021. A permission letter 
from RSGM Universitas Padjadjaran to collect 
the sample data was obtained with Number 1977/
UN6.RSGM/TU.00/2021.

RESULTS
Based on the results, the characteristics of 
the research subjects could be seen (Table 
1). Levandoski recommended reference 

lines to compare between bruxism and non-
bruxism patients (Table 2). The normality and 
homogeneous tests were carried out in this 
study. If the results of the Shapiro-Wilk and 
Kolmogorov Smirnov test showed a p-value > 
0.05, the data were normally distributed; if the 
p-value was < 0.05, the data were not normally 
distributed. Furthermore, the homogeneity of 
the research data was tested with One-Way 
ANOVA. If the p-value > 0.05, the data were 
homogeneous; if the p-value < 0.05, the data 
were not homogeneous. If the data were normally 
distributed and homogeneous, then the data 
should be tested by an independent statistical 
t-test to compare the differences on each of 
the predetermined lines. On the other hand, if 
the data were neither normally distributed nor 
homogeneous, or not normally distributed but 
homogeneous, the Mann-Whitney test should 
be performed as an alternative to compare the 
differences on each of the predetermined lines.

Table.1. Characteristics of Research Subjects

Groups
Gender Age

Male Female 20-35

Bruxism 7 23 30

Non-Bruxism 14 16 30

Total 21 39 60

Table 2. Benchmark Average Score by Levandoski (mm)

Line Variable
Bruxism Non-Bruxism

Right Left Right Left

1 Maxillary vertical midline 137.53 134.79

2 Distance from the highest condyle point to the maxillary vertical line 116.80 110.77 113.92 114.78

3 Ramus height 78.43 77.80 77.74 78.01

4 Line from gonion point to maxillary vertical line 110.93 106.56 104.71 105.63

5 The maxillary condyle-interincisal points of the maxilla 131.08 125.55 126.35 127.42

6 The maxillary condyle-interincisal points of the mandible 133.98 129.47 129.08 130.03

7 Line from highest condyle to gonion point 78.52 77.95 77.58 77.73

8 Line from point of gonion to coronoid process 74.76 72.79 74.50 73.62

9 Distance from the tip of the maxillary tuberosity and drawn 
perpendicular to the midline of the jaw

77.98 74.76 76.15 76.09
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In this study, the measurements were done in 
two repetitions. Therefore, to determine the degree 
of agreement of the measurement repetition by the 
same rater, intra-rater repeatability was used with a 
two-way mixed effect model, single measurement 
type, and absolute agreement definition. Intra-
rater repeatability was measured using the intra-
class coefficient (ICC). In all the groups, the ICC 

value > 0.8 indicated very good reliability of the 
measurement by the same rater.

DISCUSSION
Bruxism is repetitive masticatory muscle activity 
characterized by clenching or grinding of the 
teeth and/or tightening the mandible, and is 
divided into sleep bruxism or awake bruxism.12 

Table 3. Statistical Test Results of Patients and Non-Bruxism Patients

 Line Variable Side
Normality Test 

Distribution
Homogeneity 

Test
Statistic Test p-value Description

1 Maxillary vertical midline Abnormal Inhomogeneous Mann-Whitney test 0.001 Significant

2

Distance from 
the highest 
condyle 
point to the 
maxillary 
vertical line

Right Normal Homogeneous Independent t-test 0.112 Not Significant

Left Abnormal Homogeneous Mann-Whitney test 0.009 Significant

3 Ramus height
Right Normal Homogeneous Independent t-test 0.680 Not Significant

Left Normal Homogeneous Independent t-test 0.898 Not Significant

4

Line from 
gonion point 
to maxillary 
vertical line

Right Normal Homogeneous Independent t-test 0.007 Significant

Left Normal Homogeneous Independent t-test 0.632 Not Significant

5

The maxillary 
condyle-
interincisal 
points of the 
maxila

Right Normal Homogeneous Independent t-test 0.008 Significant

Left Normal Homogeneous Independent t-test 0.250 Not Significant

6

The maxillary 
condyle-
interincisal 
points of the 
mandible

Right Normal Homogeneous Independent t-test 0.007 Significant

Left Abnormal Inhomogeneous Mann-Whitney test 0.564 Not Significant

7

Line from 
highest 
condyle to 
gonion point

Right Abnormal Homogeneous Mann-Whitney test 0.842 Not Significant

Left Abnormal Homogeneous Mann-Whitney test 0.790 Not Significant

8

Line from 
point of gonion 
to coronoid 
process

Right Normal Homogeneous Independent t-test 0.879 Not Significant

Left Normal Homogeneous Independent t-test 0.652 Not Significant

9

Distance from 
the tip of the 
maxillary 
tuberosity 
and drawn 
perpendicular 
to the midline 
of the jaw

Right Normal Homogeneous Independent t-test 0.233 Not Significant

Left Normal Homogeneous Independent t-test 0.375 Not Significant
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Bruxism can affect the teeth, periodontal tissues, 
temporomandibular joints, and mandible.7,9 All 
the study samples were in the age range of 20-
35 years (Table 1). These results are consistent 
with several studies which state that bruxism is 
more common at a young age. A study of Ella et 
al.1 stated that the prevalence of awake bruxism 
was 22 to 31% in adults, with higher rates among 
women and younger subjects. Wetselaar et al13 
stated that the two youngest age groups (25-34 
and 35-44) were reported to have bruxism more 
frequently (6.5% and 7.8%) compared to the older 
age group. Sleep bruxism had a higher prevalence 
than awake bruxism, with the two youngest age 
groups (25-34 and 35-44) showing the highest 
rates. The samples in this study consisted mostly 
of women. Wetselaar et al13 in their research also 
stated that both awake bruxism and sleep bruxism 
were more common in women than men with a 
ratio of 6.4% in women and 3.2% in men for awake 
bruxism and 18.6% in women and 13.9% in men 
for sleep bruxism. This might be because women 
are more sensitive to stress, where stress is one 
of the factors that can trigger bruxism. Women are 
also more open to admitting to having habitual 
bruxism or other TMD symptoms.14

Line 1, which is the maxillary vertical 
midline in patients with and without bruxism, 
showed a significant difference. According to 
Marangoni et al,15 changes in the occlusal vertical 
dimension show the occurrence of masticatory 
muscle hyperactivity and TMD symptoms; every 
increase in the vertical distance unit indicates a 
higher tendency to develop TMD. In patients with 
bruxism, the occlusal vertical dimension distance 
can decrease due to attrition of the incisal and 
occlusal surfaces of the teeth.

Line 2, i.e., the line from the top point of 
the condyle to the maxillary midline on the right 
side showed an insignificant difference, while 
the left side showed a significant difference. The 
measurements were made separately between 
the left and right sides. If combined, the statistical 
results showed different results, namely there 
was no significant difference between bruxism 
and non-bruxism patients. According to Isman,16 

the effect of bruxism on the fractal dimension 
significantly reduced in the condyle of patients with 
bruxism. The distance of line 3, i.e., the posterior 
border of the right and left sides of the ramus, 
showed no significant difference in the length of 
the left ramus between bruxism and non-bruxism 
patients. This is, however, different from previous 
research by Rahmi et al9 which stated that in 
patients with bruxism there was an increase in the 
ramus height. This difference could be because 
of a different number of samples between the two 
studiesand the number of female bruxism samples 
was greater than that of male bruxism samples. 
According to research by Xiong et al,17 genders are 
associated with the ramus height. Males have a 
longer ramus and a larger mandible than females.

The distance on Line 4, namely the length 
of the gonion to the maxillary vertical line, had 
a significant difference on the right side but 
no significant differences on the left side. The 
measurements were carried out separately 
between the left and right sides. If combined, the 
statistical results showed different results, namely 
there was no significant difference between 
bruxism and non-bruxism patients. According to 
research by Isman,16 the bone crests detected in 
the cortex of the mandibular gonion in bruxism 
patients had a higher distance than that in non-
bruxism patients. This is caused by excessive 
bite force by bruxism patients. Research by Biagi 
et al6 also showed that abnormal muscle function 
can also cause dental and bone asymmetry due 
to abnormal muscle strain. According to research 
by Rahmi et al,9 there was a significant difference 
in the bigonial width between bruxism and non-
bruxism patients.

In Line 5, i.e., the distance from the top point 
of the condyle to the maxillary interincisal point on 
the right side, and Line 6, i.e., the distance from 
the top point of the condyle to the mandibular 
interincisal point on the right side, there were 
statistically significant differences between bruxism 
and non-bruxism patients. According to research 
by Yazıcıoğlu and Çiftçi,18 patients with bruxism 
showed an increase in the deviated midline. This 
means that bruxism can cause problems with the 
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incisal relationship. Inboth the right and left sides 
of Line 7, no significant difference was observed 
between the top point of the condyle to the gonion 
in bruxism and non-bruxism patients. This is 
different from an opinion of Rahmi et al9 who stated 
that in patients with bruxism there was an increase 
in the ramus height and bigonial width, but there 
was a decrease in the gonial angle. This study 
also found that there was a significant correlation 
between the ramus height, gonial angle, and 
bigonial width. A different opinion was expressed 
by Ahila et al19 who stated that in patients with bite 
abnormalities, namely deep bite, there was no 
correlation between the ramus height and gonial 
angle. This difference can be caused by a different 
number of samples between the two studiesand 
the number of female bruxism samples was higher 
than the number of male bruxism samples.

The distance of Line 8 (gonion length to the 
coronoid process) on the right and left showed no 
significant difference between patients with and 
without bruxism. According to Padmaja et al,20 
the coronoid process has a marginal increase 
in the surface area in patients with bruxism 
when compared to non-bruxism patients. The 
hyperactivity of the masticatory muscles, especially 
the temporalis, could be a logical explanation 
for the hyperplasia. From this explanation, it can 
be concluded that the changes that occur in the 
coronoid process in patients with bruxism are 
changes in the surface area, not changes in the 
height of the coronoid process. In Line 9 (distance 
from the top of the maxillary tuberosity and 
drawn perpendicular to the maxillary midline) on 
the right and left sides, there was no significant 
difference between bruxism and non-bruxism 
patients. Similarly, whehn the measurements were 
combined between the left and right sides, the 
results showed the same results between bruxism 
and non-bruxism patients. In line with research of 
Hazar et al,21 there was no significant difference in 
terms of the arch length and width in children with 
and without bruxism.

The limitation of this study is the lack of 
secondary data that can be used, so the number 
and variation of age and sex in the samples were 

limited. It is important to explore the effect of 
bruxism on mandibular morphological differences 
in depth. Further research can collect primary data 
in the form of subjective examination, objective 
examination, and clinical examination to obtain 
a larger number of samples with diverse and 
accurate characteristics. As the secondary data, the 
panoramic radiographs did not show the duration 
that a patient has had bruxism, other abnormalities 
the patients had, and the patients’ bad habits 
such as chewing on one side. Future studies can 
consider this during primary data collection or use 
secondary data in the form of cone-beam computed 
tomography (CBCT) to improve the accuracy of the 
size and shape of the mandible.

CONCLUSION
This study concluded that there were significant 
morphological differences between bruxism and 
non-bruxism patients based on the reference lines 
proposed by Levandoski on the maxillary vertical 
midline, the distance from the top point of the 
condyle to the maxillary vertical midline, the point 
gonion to the maxillary vertical midline, the top 
point of the condyle to the maxillary incisor, and 
the distance from the top point of the condyle to the 
mandibular incisor. Meanwhile, the other four lines 
showed no significant morphological differences 
between bruxism and non-bruxism patients.

REFERENCES
1.	 Ella B, Ghorayeb I, Burbaud P, Guehl 

D. Bruxism in movement disorders: a 
comprehensive review. J Prosthodont. 2017; 
26(7): 599–605. doi: 10.1111/jopr.12479

2.	 Manfredini D, Winocur E, Guarda-Nardini 
L, Paesani D, Lobbezoo F. Epidemiology of 
Bruxism in adults: a systematic review of the 
literature. J Orofac Pain. 2013; 27(2): 99–110. 
doi: 10.11607/jop.921

3.	 Melo G, Duarte J, Pauletto P, Porporatti AL, 
Stuginski-Barbosa J, Winocur E, Flores-Mir 
C, Canto GDL. Bruxism: an umbrella review 
of systematic reviews. J Oral Rehabil. 2019; 
46(7): 666–690. doi: 10.1111/joor.12801



Aufa, et al: Differences in mandibular...

167

4.	 Commisso MS, Martínez-Reina J, Mayo J. A 
study of the temporomandibular joint during 
bruxism. Int J Oral Sci. 2014; 6(2): 116–123. 
doi: 10.1038/ijos.2014.4

5.	 Goldstein RE, Clark WA. The clinical 
management of awake bruxism. J Am Dent 
Assoc. 2017; 148(6): 387–391. 
doi: 10.1016/j.adaj.2017.03.005

6.	 Biagi R, Craparo A, Trovato F, Butti 
AC, Salvato A. Diagnosis of dental and 
mandibular asymmetries in children 
according to levandoski panoramic analysis. 
Eur J Paediatr Dent. 2012; 13(4): 297–300. 

7.	 Gulec M, Tassoker M, Ozcan S, Orhan K. 
Evaluation of the mandibular trabecular 
bone in patients with bruxism using fractal 
analysis. Oral Radiol. 2021; 37(1): 36–45. 
doi: 10.1007/s11282-020-00422-5

8.	 Özcan E, Sabuncuoglu FA. Radiological 
analysis of the relationship between occlusal 
tooth wear and mandibular alveolar bone 
density and height. Indian J Dent Res. 2013; 
24(5): 555–561. 
doi:10.4103/0970-9290.123365

9.	 Rahmi E, Rikmasari R, Soemarsongko T. 
The bone remodeling of mandible in bruxers. 
Int J Med Health Sci. 2017; 19(10): 515–518.

10.	 Fauziah H, Sumarsongko T, Azhari A. 
Perbedaan ketinggian tulang kortikal 
mandibula antara penderita bruxism dan 
bukan penderita bruxism berdasarkan 
indeks panoramik mandibular. J Kedokt Gigi 
Univ Padjadjaran. 2020; 32(2): 113-118. 
doi:10.24198/jkg.v32i2.26570

11.	 Setiawati R, Rahardjo P. Bone development 
and growth. Osteogenes Bone Regen. 2019; 
1–20. doi:10.5772/intechopen.82452

12.	 Lobbezoo F, Ahlberg J, Raphael KG, 
Wetselaar P, Glaros AG, Kato T, Santiago 
V, Winocur E, Laat AD, Leeuw RD, Koyano 
K, Lavigne GJ, Svensson P, Manfredini D. 
International consensus on the assessment 
of bruxism: report of a work in progress. 
J Oral Rehabil. 2018; 45(11): 837–844. 
doi: 10.1111/joor.12663

13.	 Wetselaar P, Vermaire E, Lobbezoo F, 
Schuller A. The prevalence of awake 
bruxism and sleep bruxism in the Dutch adult 
population. J Oral Rehabil. 2019; 46(7): 617-
623. doi: 10.1111/joor.12787

14.	 Saczuk K, Lapinska B, Wilmont P, Pawlak L, 
Lukomska-Szymanska M. The bruxoff device 
as a screening method for sleep bruxism in 
dental practice. J Clin Med. 2019; 8(7): 930-
945. doi: 10.3390/jcm8070930

15.	 Marangoni AF, de Godoy CHL, Biasotto-
Gonzalez DA, Alfaya TA, Fernandes 
KPS, Mesquita-Ferrari RA, Bussadori SK. 
Assessment of type of bite and vertical 
dimension of occlusion in children and 
adolescents with temporomandibular disorder. 
J Bodyw Mov Ther. 2014; 18(3): 435-440. 
doi: 10.1016/j.jbmt.2013.10.001

16.	 Isman O. Evaluation of jaw bone density 
and morphology in bruxers using panoramic 
radiography. J Dent Sci. 2021; 16(2): 676–
681. doi: 10.1016/j.jds.2020.09.008

17.	 Xiong X, Zhang Q, Liu Y. Correlations between 
mandibular ramus height and occlusal planes 
in Han Chinese individuals with normal 
occlusion: a cross-sectional study. APOS 
Trends Orthod. 2022; 11(4): 295-300. 
doi: 10.25259/APOS_78_2021

18.	 Yazıcıoğlu İ, Çiftçi V. Evaluation of signs and 
symptoms of temporomandibular disorders 
and incisal relationships among 7-10-year-
old Turkish children with sleep bruxism: a 
cross-sectional study. Cranio. 2021: 1-7. 
doi: 10.1080/08869634.2021.1939932

19.	 Ahila S, Sasikala C, Kumar B, Tah R, Abinaya 
K. Evaluation of the correlation of ramus 
height, gonial angle, and dental height with 
different facial forms in individuals with deep 
bite disorders. Ann Med Health Sci Res. 2016; 
6(4): 232-238. 
doi: 10.4103/amhsr.amhsr_335_15

20.	 Padmaja SL, Elenjickal T, Ram S, Thangasamy 
K. Assessment of mandibular surface area 
changes in bruxers versus controls on 
panoramic radiographic images: a case 



Majalah Kedokteran Gigi Indonesia. December 2022; 8(3): 161-168
ISSN 2460-0164 (print)
ISSN 2442-2576 (online)

168

control study. Open Dent J. 2018; 12(1): 753-
761. doi: 10.2174/1745017901814010753

21.	 Hazar BE, Çakmak ÖF, Yılmaz H, Demiriz L. 
Investigating the effect of bruxism on maxillary 

arch length and width in children using three-
dimensional digital model analysis. Prog 
Orthod. 2022; 23(1): 2-8. 
doi: 10.1186/s40510-021-00396-y


