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Background: The prevalence of malocclusion cases in the orthodontic specialist clinic in

Airlangga University’s Dental Hospital in Surabaya, Indonesia, in 2014–2016 is fairly high,

as 55.34% of the occurrences were identified as class II skeletal malocclusion. This type of

skeletal malocclusion, which is usually recognized in adults, occurs as a result of variation

during growth and development. Lately, there have been many reports on gene polymorph-

isms of COL1A1 and COL11A1, which are assumed to be associated with class II skeletal

malocclusion in Caucasians.

Purpose: This study aims to analyze the relationship between single nucleotide polymorph-

isms (SNPs) of COL1A1 and COL11A1 with class II skeletal malocclusion in Javanese

ethnic group patients with mandibular micrognathism.

Materials and Methods: The diagnosis of class II skeletal malocclusion was established

using the lateral cephalometric radiographs (ANB angle ≥4°) (n=50). DNA was extracted

from the patient’s peripheral blood. After that, PCR, electrophoresis, and DNA sequencing

were conducted on the extracted DNA based on COL1A1 and COL11A1 primers.

Results: The SNPs in COL1A1 are c.20980G/A in 27 patients and c.20980G>A in 8

patients, whereas SNPs in COL11A1 are both c.134373C/A and c.134555C/T in 8 patients

and both c.[134373A>C] and c.134582G>A in 10 patients. All samples show the deletion (c.

[134227delA]) in COL11A1.

Conclusion: SNPs in COL1A1 and COL11A1 have been found in class II skeletal mal-

occlusion of Javanese ethnic group patients. Seventy percent of SNPs in COL1A1 occur in

rs.2249492, whereas 36% of newly discovered SNPs appear in COL11A1. All samples also

have deletion in COL11A1.
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Introduction
Class II skeletal malocclusion is defined as a distal relation of mandible to the maxilla

and has both sagittal anomaly and vertical anomaly characteristics.1 Class II skeletal

malocclusion with anteroposterior skeletal anomaly, which is shown by ANB angle

6.42 ± 1.70°, presents maxillary and mandibular disharmony to the cranial base.2

Moreover, there are two divisions of class II skeletal malocclusion: division one

and division two. Dental characteristics of division one class II skeletal malocclu-

sion are maxillary protrusion, a deep bite, and a large overbite, whereas division

two is characterized by a deep bite with maxillary central incisors proclination and
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lateral incisors retroclination or retroclination of all max-

illary incisors. However, most patients with class II skele-

tal malocclusion in Airlangga University Dental Hospital

(AUDH) have special characteristics which make them

different from the typical class II skeletal malocclusions

in Caucasians. Most patients have not only a deep bite, but

also protrusion of both maxilla and mandible, therefore the

overjet is not too large. Protrusion on maxilla only are

rarely found. The results of previous studies showed that

class II skeletal malocclusion in AUDH increased ANB

which, for the most part, was not caused by the increased

SNA (82.34 ± 3.49°). It was due to the decreased SNB

(75.91 ± 3.77°). Based on McNamara analysis, class II

skeletal malocclusion cases with a short mandible (107.87

± 8.55 mm) was found more often than the exceeded

maxillary length.3,4 This result is consistent with class II

skeletal malocclusion characteristics in the Brazilian popu-

lation, whose mandibular length is 107.87 ± 8.54 mm.5

However, studies on other ethnic groups show different

results, such as in French Canadian, Italian, and Iraqi

populations.6–8

Meanwhile, the patterns and direction of skeletal

growth can be identified by examining the profile photo,

cephalometric radiograph, and cast model. However, class

II skeletal malocclusion cases are mostly diagnosed once

patients have reached adulthood. The late diagnosis of

skeletal malocclusion limits treatment options to camou-

flage orthodontic treatment or orthognathic surgery. On the

other hand, an earlier diagnosis enables any growth mod-

ification treatment to be performed on children or teen-

agers, which provides a shorter treatment duration and

relatively more stable result compared to those diagnosed

later as adults. Dental and skeletal malocclusion that left

untreated can lead to temporomandibular disorder (TMD)

such as TMJ arthritis, which can affect oral health related

to quality of life (OHRQoL) in adolescents.9

Nowadays, many studies found that polymorphism/

gene variation also can be the cause of malocclusion.10–

12 Previous studies stated that the development of maloc-

clusion was affected by human evolution and some genetic

factors, including the muscle fibers plasticity and hetero-

geneity of both jaw skeletal morphology and masticatory

muscle, which can be inherited.13

The existence of genetic variations in skeletal malocclu-

sion can be investigated through the detection of single

nucleotide polymorphisms (SNPs). Therefore, this study

raised the question of whether genetics can cause variations

in class II skeletal malocclusions in the Javanese ethnic

group population, which belongs to the Deutero – Malay

race who have special characteristics of class II skeletal

malocclusion with short mandibles. It also determined

whether the SNPs of COL1A1 and COL11A1, which is

found in Caucasian’s class II skeletal malocclusion, are

also found in the Javanese population. This study aims to

analyze the relationship between the SNPs of COL1A1 and

COL11A1 with class II skeletal malocclusion in Javanese

ethnic group patients with mandibular micrognathism.

Materials and Methods
This research was conducted at the Airlangga University

Dental Hospital in Surabaya, Indonesia, from April 2015

to April 2016. This study was approved by the Ethical

Clearance Committee of the Faculty of Dental Medicine,

Airlangga University with the reference number 059/

HRECC.FODM/V/2018. The inclusion sample criteria of

this study were Javanese men and women, aged between

15–35 years old, who had never had any previous ortho-

dontic treatment and all permanent teeth had erupted

except for the third molar. Fifty patients fulfilled the inclu-

sion criteria and agreed to become samples in this study.

All participants, and a parent/legal guardian of participants

under the age of 18 years provided written informed con-

sent, and that this study was conducted in accordance with

the Declaration of Helsinki.

Class II skeletal malocclusion was determined using the

digital cephalometric tracing (OrthoVision - 2017, South

Korea). Anatomical landmarks (such as: N, S, A, B, Ba,

Gn, Co) were determined manually using the cephalometric

analysis software (Figure 1). DNA extraction was done using

QiaAmp Blood Mini Kit (Qiagen), as instructed by standard

blood-DNA extraction protocol. DNA amplification was

completed using the PCR technique with a pair of primers.

Primers COL1A1_F: 5ʹ-GCCTCCCAGAACATCACCTA

-3ʹ and COL1A1_R: 5ʹ-TGGGATGGAGGGAGTTTACA

-3ʹ were used for COL1A1, both with a target of 456 bp.

Primers COL11A1_F: 5ʹ-TGTGTGCCTGTATTCCCAGA

-3ʹ and COL11A1_R: 5ʹ-GAGGAC CCTGCATGAGAA-3ʹ

were used for COL11A1, both with a target of 415 bp. GoTaq

Green Master Mix (Promega) was utilized as PCR Mix.

A total of 35 cycles of PCR (Thermocycler SensoQuest

GmbH) were performed, starting with Pre-Denaturation

(94°C) for 4 minutes, Denaturation (94°C) for 30 seconds,

Annealing (55°C) for 30 seconds, Extension (72°C) for

1 minute and Final Extension (72°C) for 7 minutes.

Positive results would be shown at the location of 456 bp

for COL1A1 and 415 bp for COL11A1.
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The PCR product then underwent an electrophoresis

using 2% agarose gel (BioRad) and was analyzed using

Bio-Rad Gel Doc EZ Imager. Sequencing was performed

by Sanger sequencing method (Genetics Science, Jakarta,

Indonesia). Then, the data were again analyzed using

BLAST to find any homology and BioEdit-Win software

version 7.2.3 to find their alignment.

Results
The DNA extraction from peripheral blood was completed

from a total of 50 patients with class II skeletal malocclusion

with ANB ≥ 4°; Co–Gn ≤ 125 o (see Table 1). DNA

extraction results were then confirmed using 1% agarose

electrophoresis and amplified using PCR and 2% agarose

electrophoresis, which led to the formation of a single band

of amplicons at 456 bp and 415 bp (see Figure 2). The

difference in the DNA sequences in COL1A1 and

COL11A1 can be seen in Figure 3. DNA parallelism shows

homology in COL1A1 (NCBI RefSeq: NG_007400.1) at

a position between 20,744–21,154 and changes in

c.20980A/G. COL11A1 also shows homology with NCBI

RefSeq: NG_008033.1 at a position between 134,221–

134,583 (see Figure 4). The alignment results of COL1A1

and COL11A1 sequences can be seen in Figure 5.

Discussion
This study confirmed that there are SNPs in COL1A1 and

COL11A1 in class II skeletal malocclusion in Javanese ethnic

group patients with mandibular micrognathism. These genes

are related to temporomandibular joint (TMJ) growth and

development, as it is important in determining mandibular

length and height. Condylar growth, as a part of TMJ, is

a result of endochondral ossification, which occurs at the

deep surface of human condylar cartilage (MCC).14 MCC

arises from the edge of bone membrane after (secondary)

bone formation. Periosteum at condyle appears to be con-

verted into perichondrium after the formation of condylar

cartilage. Secondary cartilage has several definitions: one of

its broadest definitions is that secondary cartilage arises later

in embryonic development and is not influenced by the

primary cartilage framework.15,16 There are four zones of

adult mandibular condyles: (1) collagen I-expressing fibrous

tissue at the articular surface that faces the disc, (2) prolif-

erative cells in the precondroblastic zone that express col-

lagen I, (3) chondroblastic zone that expresses collagen II,

proteoglycans aggrecan, decorin, chondroitin sulfate PG, and

keratin sulfate PG, and (4) hypertrophic zone adjacent to the

bone expressing collagen X. The fibrous cell layer is

described as the fibrocartilage of articular surface.14,15

The articular surface of mandibular condyle is the peri-

osteum fibrous layer, whereas the underlying proliferative

zone is the cambium layer. Like the menisci of the knee joint,

articular discs are biconcave fibrocartilages attached to the

capsule and condyle which distribute the load. Fibrocartilage

consists of 30% chondrocytes with no hyaline pericellular

matrix and 70% fibroblasts. The main components of extra-

cellular (ECM) discs are collagen I, with a small amount of

collagen II, a trace amount of collagen III as well as non-

fibrillar collagen (VI, IX, XII). Collagen fibers are arranged

to form a ring at the edge of the disc and runmediolaterally to

the center of the disc. Fibers in the intermediate zone align in

Figure 1 The digital cephalometric tracing using OrthoVision-2017. It showed the

anatomical landmarks (such as: N, S, A, B, Ba, Gn, Co) for cephalometric analysis.

Table 1 Cephalometric Analysis of Javanese Ethnic Patients with

Class II Skeletal Malocclusion (n=50)

SNA SNB ANB Co-Gn

Mean ± SD 82.67 ± 3.5 76.36 ± 3.5 6.27 ± 0.81 106.73 ± 7.17
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the anteroposterior direction. This alignment is important for

optimum tensile strength of various tissues.15,17,18

Moreover, the development of condylar articular carti-

lage displays a special multilevel organization, which con-

sists of a thin, shallow zone of flat and tightly bound cells, the

polymorphic (pm)/ancestral (pr) layer, where chondropro-

genitors actively multiply and produce chondrocytes with

suitable growth. The lower zones contain flattened/mature

and hypertrophic chondrocytes, where cells undergo the

endochondral bone formation.15 Unlike long bones, which

contain secondary ossification centers at each apical end, the

condylar cartilage acts both as an articular cartilage and as

a growth site of mandible. Consequently, it is characterized

by the expression of multigene products including proteogly-

cans, proteoglycan-hyaluronan combination, tenascin-C, and

type II and type X collagens (Col-II and Col-X). Each of

them has a different purpose, such as markers of immature

and hypertrophic chondrocytes, protein signaling, transcrip-

tion factors and extracellular matrix.20 Similar to the super-

ficial and polymorphic/chondroprogenitor layers in mice,

condylar chondrocytes express type I collagen on the surface

of mature cartilage condyle coated with fibrous/superficial

tissue. These fibrocartilaginous condylar characteristics can

Figure 2 Electrophoresis shows a single band of amplified DNA at 456 bp (A) and 415 bp (B), as specified by the primers. Note: (M) 100 bp marker; 18: patient with

ANB=4.91°; 25: patient with ANB=7.5°; 26: patient with ANB=6.81°; 27: patient with ANB=6.1°; 28: patient with ANB=7.65°; 29: patient with ANB=7.08°; 30: patient with

ANB=6.58°; 31: patient with ANB=9.42°; 32: patient with ANB=6.48°; A-E: patient with ANB<4°.

E 

CBA

D 

Figure 3 The differences in the DNA sequence of COL1A1 and COL11A1. The
arrows indicate G (A); A (B); double peak c.20980A/G=R (C); C (D); double peak

c.134373C/A=M (E).

A B

Figure 4 The differences in the DNA sequence of COL11A1. The arrows indicate

T (A); double peak c.134555C/T=Y (B).
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also be found in other species, such as rats and human

beings.14,15

COL11A1 is normally found in cartilage, which is respon-

sible for the formation of cartilage structures in the early stages

of skeleton development.19 The presence of its gene poly-

morphism in patients with class II skeletal malocclusion with

mandibularmicrognathiamay indicate its relation to the failure

of skeletal morphogenesis. This is in accordance with the

previous study from Li et al, which stated that there is

a relationship between human chondrodysplasia andmutations

in the COL11A1 gene.20

PCR process is considered successful if a band is

formed in agarose gel that conforms to the previously

designed primer. In this study, a band is formed at 456

bp in COL1A1 and at 415 bp in COL11A1 in all patients,

which indicates that the PCR process is successful on the

corresponding genes. The electropherogram graphs show

the existence of double peaks in the COL1A1 gene

sequences. This is in accordance with the reports by

Karki et al and Kurniawati et al, which revealed that the

double peak indicates the presence of SNPs. SNPs in the

COL1A1 gene sequence is found in 54% of the samples,

Figure 5 The alignment results of COL1A1 and COL11A1 sequences. (A) SNP c.20980G/A=R is seen in the COL1A1 gene. (B) Deletion at position 134,227 in the

COL11A1 gene. (C) SNP c.134373C/A=Y is seen, followed by c.134555C/T=M in the COL11A1 gene.
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while SNPs in the COL11A1 gene sequence is found in

36% of the samples.21,22 SNPs can cause variations in

human phenotypes. In future studies, it can also be used

to identify its association with complex diseases.23

According to da Fontoura, one of the gene candidates

from class II skeletal malocclusion is COL1A1.12 As sta-

ted by Shibata et al, COL1A1 is expressed in the mandib-

ular condylar cartilage, where the center of mandibular

growth takes place. In COL1A1, SNPs are found at

c.20980A/G, which is consistent with rs2249492.16 In

Caucasians, rs2249492 has an increased risk of class III

skeletal malocclusion, whereas it is found in 70% of class

II skeletal malocclusion cases in Javanese patients with

mandibular micrognathia.12 This SNP affects the synthesis

of matrix metalloproteinase 2 (MMP2) enzymes, which

cause an abnormal facial appearance, short stature and

osteogenesis disorders.24 According to Baumert, SNP

rs224942 in muscles shows decreased muscle strength. In

this study, rs224942G>A or rs224942G/A (NCBI RefSeq:

NG_007400.1) (see Figure 2A–C) is found; therefore there

is a probability of a relationship between class II skeletal

malocclusion and muscle tension.25

Conclusion
Based on this study, it is found that in the COL11A1 gene

sequence, SNPs at c.134373A>C or c.134373C/A occur in

36% of the samples. Moreover, SNPs at both c.134373M

and c.134555Y are seen in the same patients, which is 16%

of the samples. In addition, there is a difference in DNA

sequences found in this study compared to those at

GeneBank, which is deletion at c.[134227delA]. This dele-

tion is in NCBI RefSeq: NG_008033.1. This is suspected

to be a characteristic allele of the Javanese ethnic group.
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