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ABSTRACT

Background: Malocclusion is abnormal relationship between upper and lower jaw. Malocclusion can lead to not
only facial aesthetics dissatisfaction, difficulty in speaking, chewing and swallowing, but also temporomandibular
joint disorder and orofacial pain. There are several factors that can cause malocclusion, such as: genetics
(hereditary), overall health history, oral habit and local factors (e.g.: misplaced tooth germ, agenesis, and caries).
These factors can be observed by measuring jaw length and width, jaw discrepancy as well as caries severity
level.

Purpose: To analyze the relationship between some etiology of malocclusion and the severity of malocclusion.
Methods and materials: This was a cross-sectional observation research to analyze the severity of malocclusion
and its possible cause of etiology. Alginate impression was taken on all 104 students in grade 4-6, then poured
with type Ill dental plaster to create study models. Several measurements were made on the models: premolar
and molar width (Pont’s analysis), tooth size discrepancy (Bolton’s analysis), and jaw discrepancy. The severity
of malocclusion was determined based on ICON index, while the severity of caries was categorized using DMF
index. The data obtained were displayed in the form distribution and percentage based on gender, then Chi-
square test was performed to analyze the relationship between the variables.

Results and Conclusion: The characteristics of malocclusion in grade 4-6 students at SDN Gambut 10 are mild
level of malocclusion with constriction of both upper and lower jaw. There is correlation between constriction
in molar region and lower jaw crowding with the severity of malocclusion. Malocclusion occurs due to various
etiological factors, thus its severity cannot be determined by some factors alone.
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Background

Malocclusion is abnormal relationship between upper
and lower jaw.! Malocclusion can lead to not only facial
aesthetics dissatisfaction, difficulty in speaking, chewing
but also temporomandibular joint

and swallowing,

Orthodontic diagnosis and treatment planning can be
aided by using study model. As the 3-dimensional jaw
printing, various measurements can be done on the study
model.> Arch width in each jaw (maxilla and mandible) can
be analyzed using Pont’s and Bolton’s analysis. Besides,
arch length discrepancy also plays an important role in

disorder and orofacial pain.? Malocclusion and its impact
to oral function and facial aesthetics have become
significant points in the field of oral health. According to
World Health Organization (WHO), malocclusion is the
third biggest problem in oral health, after periodontal
disease and dental caries.? Based on Indonesia’s National
Basic Health Research in 2018, the prevalence of oral
health problem in Indonesia was 57.6%, while in South
Kalimantan province was 60%. The prevalence of
malocclusion in elementary school students was 15,6%.*
There were still no data regarding malocclusion South
Kalimantan Province. SDN Gambut 10 is one of the
elementary schools in Banjar Regency, South Kalimantan
province. Based on previous study, it was known that 9
out of 10 students at SDN Gambut 10 grade 3 suffered
from malocclusion. However, its etiology was still
unknown.
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determining orthodontic treatment plan. These methods
are very useful for dentists and orthodontists to
determine the etiology of malocclusion, which relates to
orthodontic treatment plans, including the decision to
perform tooth slicing, expansion, extraction, or
combination of those to obtain good occlusion.® However,
the normal values used in those analyses were made for
the Caucasian ethnic group, as the original researches
were done on Caucasians. Caucasians tend to have
narrower jaws and more pointed noses compared to
other ethnic groups.” On the other hand, Mongoloid
ethnic group dominates most of Indonesia. As one of the
38 provinces in Indonesia, South Kalimantan was
dominated by Banjar sub-ethnic group.®° South
Kalimantan region mostly consists of wetland areas,
whose civilians may have special malocclusion
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characteristics. There was still no data available on the
characteristics of malocclusion in this sub-ethnic group.

Based on the explanation above, research regarding
the severity of malocclusion cases and their etiology in
students in 4" to 6™ grade at SDN Gambut 10, Banjar
Regency, South Kalimantan was performed. There has
been no previous research regarding the etiology of
malocclusion in wetland communities, including SDN
Gambut 10.

Materials and Methods

Approval was received for this study from the local
ethical review committee (reference number: 048/KEPKG-
FKGULM/EC/111/2023, approved on March, 237 2023). This
was a cross-sectional observation research to analyze the
severity of malocclusion and its possible etiology. Total
sampling was done on students at SDN Gambut 10, Banjar
Regency, South Kalimantan with the inclusion criteria: age
9-12 years old (grade 4-6), residing in South Kalimantan,
and willing to participate in this research. The exclusion
criteria were samples that could not be taken impression
or the impression could not be analyzed.

There were 104 students in grade 4-6 in SDN Gambut
10. Alginate impression was taken on all 104 samples,
then poured with type Ill dental plaster to create study
models. Several measurements were made on the
models: premolar and molar width (Pont’s analysis), tooth
size discrepancy (Bolton’s analysis), and arch length
discrepancy. The severity of malocclusion was determined
based on ICON index, while the severity of caries was
categorized using DMF index. The data obtained were
displayed in the form distribution and percentage based
on sex, then Chi-square test was performed to analyze the
relationship between the variables.

Pont’s Analysis
The result of Pont’s analysis can be used to determine

whether dental arch expansion in the premolar and molar
region needs be done during orthodontic treatment. The
following parameters are required to calculate the
index:!!

— The sum of the mesiodistal width of 4 maxillary
incisors (SI)

— The measured premolar value (PPV) is obtained by
measuring the inter-premolar width from the distal
pit of the maxillary first premolar on both sides

— The measured molar value (MMV) is obtained by
measuring the inter-molar width, which is
measured from the mesial pit of the maxillary first
permanent molar on both sides.

— The calculated premolar value is obtained using the
formula: (SI/80) x 100

— The calculated molar value is obtained using the
formula: (SI/64) x 100

Bolton’s Analysis
Bolton’s analysis is widely used to determine the

discrepancy between the size of maxillary and mandibular

teeth. The mesiodistal width of 12 maxillary teeth from
the incisor to the first permanent molar on either side is
measured (Figure 1). Then, the sum of the mesiodistal
width of 12 mandibular teeth is measured. The overall
ratio is calculated using the formula (the sum of 12
mandibular teeth divided by the sum of 12 maxillary
teeth) times 100. Similarly, the anterior ratio is calculated
using the formula (the sum of 6 mandibular anterior teeth
divided by the sum of 6 maxillary anterior teeth) times
100. The normal values of the overall and anterior Bolton
ratios were determined to be 91.3% and 77.2%,
respectively. The overall ratio greater than 91.3% suggests
that the mandibular teeth material is in excess, while an
overall ratio of less than 91.3% suggests the mandibular
teeth material is deficient in comparison to those in
maxillary. The anterior analysis follows the same
principle.?

Arch Length Discrepancy (ALD)

ALD may manifest itself as crowding or spacing in
dental arches. Arch length discrepancy is the difference
between the available space minus the required space,
where the available space represents the basal region
available in the dental arch (Figure 2), and the required space
is the sum of the mesiodistal length of existing teeth.!3

ICON Index

Occlusal trait scores include:

1. Upper and lower segment alignment

2. Anterior vertical relationship, centerline, impacted
teeth, upper and lower buccal

segment alignment, buccal segment AP relationship,
buccal segment vertical

relationship, crossbite, missing teeth

3. Esthetic assessment based on
component, overjet, reverse overjet,

upper and lower incisor inclination relative to occlusal
plane, upper arch crowding/

spacing, lip competenc

ICON index measures several points, which include:'*

1. Upper and lower segment alignment

2. Anterior vertical relationship, centerline, impacted
teeth, upper and lower buccal segment alignment, buccal
segment antero-posterior relationship, buccal segment
vertical relationship, crossbite, missing teeth

3. Esthetic assessment based on IOTN esthetic
component, which visually scores: overjet, reverse
overjet, upper and lower incisor inclination relative to
occlusal plane, and upper arch crowding/spacing.

IOTN esthetic

DMF Index

This index determines the number of decayed (D),
missing (M) and filled (F) teeth on dental surfaces. The
sum of those tooth surfaces was divided by the total
number of evaluated surfaces (molars and premolars
having five surfaces and incisors and canines having four
surfaces).’
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Figure 1: Measuring the mesiodistal width of the second right premolar using

caliper.3

Figure 2: Measuring available space with brass wire.13

Results

The most common type of malocclusion found was
Angle class | malocclusion (92%), followed by Angle class
II (4%) and class Il (4%), with anterior crowding. Anterior
crowding was marked with a negative value of space
discrepancy on each maxilla and mandible. Space
discrepancy is the contrast between mesiodistal teeth size
and the length of the alveolar base on each jaw.
Descriptive data of each arch length and space
discrepancy are shown in Table 1.

Based on Pont's analysis, there were arch constrictions
both in premolar and molar regions in all samples. Mild
premolar arch constriction occurred the most (69.2%),
followed by moderate (26.9%) and severe constriction
(3.8%). In the molar region, mild constriction was found at
61.5%, while moderate constriction was 23.1% and severe
constriction was 15.4%. Based on Bolton's analysis, it was
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known that there was nonconformity of teeth size in the
mandible (on anterior teeth in 76.9% of samples, and
overall teeth in 65.4% of samples) (Table 2).

The severity level of malocclusion based on ICON index
showed that most malocclusion cases were categorized as
easy (42.3%), followed by moderate (23%), difficult
(18.5%), and extremely difficult (11.5%) (Table 3). There
was no significant difference in the ICON score between
men and women samples (p<0.05). Based on DMF
category results, it was shown that most samples had very
low and low carious teeth (Table 4).

Kolmogorov-Smirnov test and Levene's homogeneity
test showed that all data above were normal and
homogeneous. Based on independent T-test results, there
was no significant difference in all variables between men
and women, except in the maxillary arch length. The mean
of maxillary arch length in male samples was significantly
higher than that in female samples (p<0.05). However,
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there were no significant difference in mandibular arch
length and space discrepancies.

There was a correlation between maxillary molar arch
constriction, mandibular space discrepancy and the

Table 1. Mean of arch length and space discrepancies based on gender.

severity of malocclusion, although there was no significant
correlation between the severity of malocclusion and
other etiological variables of malocclusion in this study
(Table 5).

Gender Maxillary arch length Mandibular

arch Maxillary

space Mandibular space discrepancy

(mm) length (mm) discrepancy (mm) (mm)
Men 102.69 +5.60 92.92 +4.52 -1.53+6.36 -0.84+1.48
Women 97.08 +5.99 89.65 +4.04 -1.81+3.92 -2.38+0.90
Table 2. Mean of Pont’s and Bolton’s analysis variables.
Pont’s Analysis Bolton’s Analysis
e Maxillary molar 6 . maxillary 6 . Ll oLl 12 maxillary teeth 12  mandibular
Gender premolar length anterior teeth anterior teeth
length (mm) (mm) teeth (mm)
(mm) (mm) (mm)
Men 38.88+2.42 47.35+3.40 49.65+4.17 39.35+3.44 104.23+7.63 94.12 +4.51
Women 38.19 + 4.66 47.27 +6.31 46.92 +4.15 39.50+2.72 98.88 +3.43 92.04 +5.04
Table 3. ICON category result
Easy Mild Moderate Difficult Very difficult
(score 0-29) (score 30-49) (score 50-62) (score 63-76) (score >77)
Men 12 (11.5%) 4(3.8%) 12 (11.5%) 12 (11.5%) 12 (11.5%)
Women 32 (30.8%) 0 (0%) 12 (11.5%) 8 (7.6%) 0(0%)
Total 44 (42.3%) 4(3.8%) 24(23%) 20 (18,5%) 12 (11.5%)
Table 4. DMF category result
Very low Low Moderate High
(score <3) (score 4-6) (score 7-9) (score >10)
Men 35(33.7%) 0(0%) 0(0%) 7(6.7%)
Women 28 (27.9%) 21(20.2%) 14 (13.5%) 0(0%)
Total 63 (60.6%) 21(20.2%) 14 (13.5%) 7(6.7%)
Table 5. P values of correlation between etiology of malocclusion with Malocclusion Severity Level (ICON)
Pont Anterior . .
e DT gy Oveiotn by s by sy
analysis analysis
ICON 0.317 0.026* 0.262 0.139 0.107 0.005* 0.392

Note: * significant

Discussion

This research was done on grade 4-6 elementary school
students (age range 9-12 years old) because the second phase
of mixed dentition happens in this age range. In addition,
growth spurt, which is the peak acceleration of skeletal growth
and development, occurs in the age range in boys and girls.*
The prevalence of dental patients with the age of 9-12 years
old are also quite high, and they are expected to be able to
cooperate well and follow dental procedures, including
undergoing dental impressions.’*° As early malocclusion had
been detected and its possible etiological factors had been
known, it is better to have earlier intervention treatment to
prevent it become worse.*®

There was no significant difference in the severity of
malocclusion between male and female samples. The same
result was also found on other variables, such as arch width
and length, teeth size, as well as the severity of caries. This
result was in line with Farani's research (2021), which reported
that gender does notinfluence the occurrence of malocclusion
because men and women have the same possibility of
malocclusion.?# Malocclusion can be caused by differencesin

the size of the teeth and jaw arches, which are more related to
genetic factors than to gender.?! However, the results of this
study contradict other studies which stated that men tend to
have a higher severity level of malocclusion than girls do.?*

In this research, the observed etiological factors were: arch
length and width, teeth size and caries severity level. There
was a correlation between arch constriction in the maxillary
molar area, mandibular space discrepancy and the severity
level of malocclusion. Upper molar arch constriction may be
caused by various things, for example: caries proximal,
habitual mouth breathing, finger biting, mastication muscle
imbalance, and genetic factors. Space discrepancy that was
found in this research was in the form of a lack of arch length
compared to teeth size. This can also be caused by proximal
caries, premature loss of teeth, and genetic factors. The
majority of samples had tooth displacement to the mesial,
which would also cause the shortening of arch length. The
presence of proximal caries, as well as missing teeth, may
cause mesial tooth migration which will result in the reduction
of arch length and tooth spacing.?>?* Moreover, premature
primary tooth loss may lead to the loss of permanent tooth
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eruption reference, which will further cause arch shortening
and the worsening of malocclusion.”

It was found that there was no significant correlation
between the severity level of malocclusion (based on ICON
index) and observed etiological factors. It was due to the
etiology of malocclusion was very complex. Kusnoto (2014)
explained that there were several factors that lead to
malocclusion, which were categorized into general and local
factors. General factors include congenital, hereditary,
environmental, malnutrition, and bad habits, while local
factors are anomalies in the number of teeth, tooth shape,
tooth size, caries and premature extraction of deciduous
teeth.?® Other research also stated that the longer the duration
and the frequency of bad habits, the worse the severity of
malocclusion.?’

Dental caries can cause the shortening of arch length,? as
interproximal caries can reduce mesiodistal tooth size and
cause the adjacent tooth to migrate to the mesial. It can result
in crowded teeth as well as abnormal molar relations.® Severe
caries in primary molars will also cause the disintegration of
tooth crowns and may alter the chewing habit in children over
time. As a result, temporomandibular joint disorder may
occur, which may lead to the worsening of malocclusion.?
However, no correlation was found between the severity of
caries and the severity of malocclusion in this study. This result
was in line with research by Fadel (2022) and Luzzi (2011).2%
On the other hand, research by Zhou (2016) agreed that there
was a significant correlation between the severity of caries and
the incidence of malocclusion in younger-age children.?
Research by Singh (2011) also stated the same opinion while
using the other malocclusion severity index, namely the Dental
Aesthetic Index.3! The reason why the results in this study were
not significant was because the majority of respondents had
very low and moderate caries. Besides, the dental caries index
used in this study (DMF) did not measure interproximal caries
in particular.

The exact etiology of malocclusion that has the strongest
correlation with the level of malocclusion severity is still not
found yet. Further studies need to be carried out on the other
possible etiological factors, such as: genetics, the presence of
bad habits as well the history of local factors (tooth persistence
or premature loss). The findings about the constriction of the
jaw arch in the molar area may also implicate that Pont's
analysis may not apply to the Banjar tribe aged 9-12 years old.
Additionally, time delays in pouring casting with dental plaster
during the study model procedure may also cause
measurement errors. To overcome this matter, it is suggested
to use an intraoral scanner to obtain more precise
measurement results and more comfortable for samples.
However, measurement using the intraoral scanner was not
done in this study as it was still unavailable in our area and it
cost alot to provide it.

Conclusions

The characteristics of malocclusion in grade 4-6 students at
SDN Gambut 10 are mild level of malocclusion with
constriction of both the upper and lower jaw. There is a
correlation between constriction in the molar region and lower
jaw crowding with the severity of malocclusion. Malocclusion
96

occurs due to various etiological factors, thus its severity
cannot be determined by some factors alone

Acknowledgements

This research was funded by Universitas Lambung
Mangkurat lecturer research grant no. 615/UN8/PG/2023.

Conflict of Interest Statement

The authors declare no conflict of interest.

References

1. Simangunsong SM, Muttagin Z, Tampubolon IA. Gambaran
maloklusi pada siswa/i suku Batak berdasarkan Dental Aesthetic
Index. Prima Journal of Oral and Dental Sciences 2018;1(1):10-15.

2. Rorong GFJ, Pangemanan DHC, Julatri. Gambaran maloklusi pada
siswa kelas 10 di SMA Negeri 9 Manado. E-GiGi 2016;4(1).

3. Farani W, Abdillah MI. Prevalensi maloklusi anak usia 9-11 tahun
di SD IT Insan Utama Yogyakarta. Insisiva Dental Journal: Majalah
Kedokteran Gigi Insisiva 2021;10(1):26-31.

4. Riset Kesehatan Dasar. Laporan Provinsi Kalimantan Selatan
RISEKDAS. Laporan Riskesdas Nasional 2019. 2020. 493 p. Available
from:
https://ejournal2.litbang.kemkes.go.id/index.php/lpb/issue/view/25
3

5. Murniwati, Safitri M. Penggunaan analisis Pont pada populasi
mahasiswa suku Minang di Fakultas Kedokteran Gigi Universitas
Andalas. Andalas Dental Journal 2019:1(2):126-141.

6. Demmajannang T, Erwansyah E. Gambaran indeks Bolton pada
pasien yang dirawat dengan peranti ortodontik lepasan di Rumah
Sakit Gigi Mulut Universitas Hasanuddin. Journal of Dentomaxillofacial
Science 2013;12(3):172-182.

7. Terres YC, Fitzmaurice OS, Tejada HEP. Pont’s index in study
models of patients who finished a non-extraction orthodontic
treatment at the Orthodontic Clinic of the Postgraduate Studies and
Research Division of the National University of Mexico. Revista
Mexicana de Ortodontica 2013;1(1):7-12.

8. Selvia L, Sunarso S. Keberagaman hubungan budaya antara Suku
Dayak dan Suku Banjar di Kalimantan. Jurnal Antropologi: Isu-Isu Sosial
Budaya 2020;22(2):208.

9. SyabiraTA, Sahelangi OP. Gambaran Nilai Pengukuran Parameter
Sefalometrik Pasien Ras Deutro Melayu Usia 6-12 Tahun
Menggunakan Analisis Steiner. Jurnal Kedokteran Gigi Terpadu
2019;1(1).

10. Putra ES. Studi etnografi Orang Banjar di Kabupaten Indragiri Hilir
Propinsi Riau. Selodang Mayang 2019;5(3).

11. Selvaraj M, Sennimalai K. Orthodontic model analysis in the
permanent dentition: a review of past, and current methods. IP Indian
Journal of Orthodontics and Dentofacial Research 2022;8(4):220-226.
12. Machado V, Botelho J, Mascarenhas P, Mendes JJ, Delgado, A. A
systematic review and meta-analysis on Bolton’s ratios: normal
occlusion and malocclusion. Journal of Orthodontics 2019;47(1):7-29.
13. Correia GDC, Habib FAL, Vogel CJ. Tooth-size discrepancy: a
comparison between manual and digital methods. Dental Press J
Orthod 2014;19(4):107-113.

14. Gupta A, Shrestha RM. A review of orthodontic indices.
Orthodontic Journal of Nepal 2015;4(2):44.

15. Weijdijk LPM, Van der Weijden GA, Slot DE. DMF scores in
patients with diabetes mellitus: a systematic review and meta-analysis
of observational studies. Journal of Dentistry 2023;136:104628.

16. Widiarsanti S, Sutantyo D, Pinandi Sri Pudyani. Perawatan
ortodontik interseptif dengan alat aktivator pada periode percepatan
pertumbuhan. MKGK 2015;1(1):27-32.



Budipramana and Wibowo/ Cumhuriyet Dental Journal, 27(2): 92-97, 2024

17. Adha MAR, Wibowo D, Rasyid NI. Gambaran tingkat keparahan
maloklusi menggunakan Handicapping Malocclusion Assessment
Record (HMAR) pada siswa SDN Gambut 10. Dentin Jurnal Kedokteran
Gigi Kedokteran Gigi 2019;3(1):1-9.

18. Fenanlampir 1), Mariati NW, Hutagalung B. Gambaran indikasi
pencabutan gigi dalam periode gigi bercampur pada siswa SMP Negeri
1 Langowan. e-GIGI 2014;2(2).

19. At-taufig SD, Putih C, Wijayanti P, Ismah N. Gambaran maloklusi
dan kebutuhan perawatan ortodonti pada anak usia 9-11 tahun (studi
pendahuluan). Jurnal PDGI 2014;(1):5-9.

20. Farani W, Abdillah M. Prevalensi maloklusi anak usia 9-11 tahun
di SD IT Insan Utama Yogyakarta. Insisiva Dent J Maj Kedokt Gigi
Insisiva 2021;10(1):26-31.

21. Riyanti E. Prevalensi maloklusi dan gigi berjejal berdasarkan jenis
kelamin dan umur pada anak-anak sekolah dasar di Bandung. J
Pengabdi Kpd Masy 2018;1(1):631-640.

22. Zhou Z, Liu F, Shen S, Shang L. Prevalence of and factors affecting
malocclusion in primary dentition among children in Xi’an, China. BMC
Oral Health. 2016;16(1):91.

23. Zou J, Meng M, Law CS, Rao Y, Zhou X. Common dental diseases
in children and malocclusion. Int J Oral Sci 2018;10(1):1-7.

24. Caplin JL, Evans CA, Begole EA. The relationship between caries
and malocclusion in migrant workers’ children in Shanghai. Chin J Dent
Res 2015;18(2):103-110.

25. Herawati H, Sukma N, Utami RD. Relationships between
deciduous teeth premature loss and malocclusion incidence in
elementary school in Cimahi. ) Med Heal 2015;1(2):156-169.

26. Kusnoto J. Buku Ajar Ortodonti. 1st ed. Jakarta: EGC; 2014.

27. Hardiyanti S. Relationship of non-nutritive sucking habit towards
to malocclusion to the children aged 3-5 years. Makassar Dental
Journal 2020;9(1).

28. Rapeepattana S, Thearmontree A, Suntornlohanakul S. Etiology of
malocclusion and dominant orthodontic problems in mixed dentition:
a cross-sectional study in a group of Thai children aged 8-9 Years. J Int
Soc Prev Community Dent 2019;9(2019):383-389.

29. Fadel MAV, Santos BZ, Antoniazzi RP, Koerich L, Bosco VL, Locks A.
Prevalence of malocclusion in public school students in the mixed
dentition phase and its association with early loss of deciduous teeth.
Dental Press J Orthod 2022;27(4):1-24.

30. Luzzi V, Fabbrizi M, Coloni C, Mastrantoni C, Mirra C, Bossu M,
Vestri A, Polimeni A. Experience of dental caries and its effects on early
dental occlusion: a descriptive study. Ann Stomatol 2011;2(1-2):13-18.
31. Singh A, Purohit B, Sequeira P, Acharya S, Bhat M. Malocclusion
and orthodontic treatment need measured by the Dental Aesthetic
Index and its association with dental caries in Indian schoolchildren.
Community Dent Health 2011;28(4):313-316.

32. Phulari BS. Advertising Principles and Practice 2nd Edition. New
Delhi: Jaypee Brothers Medical Publisher’s 2017:1-8.

97



