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ABSTRACT

Introduction: The growth and development of the craniofacial complex are under the influ-
ence of genetic and environmental factors, which determine its morphological and functional
characteristics. Twin studies provide significant insight into how many genetic and environ-
mental factors determine dental and craniofacial characteristics. Aim: The aim of the study
was to determine the genetic influence on craniofacial complex using a twin study model.
Methods: The study sample comprised 52 pairs of twins who were referred to the Orthodontic
Department, School of Dental medicine, University of Sarajevo. Informed consent was ob-
tained by the parents of the children included in the study. Twenty pairs of twins were diag-
nosed as monozygotic while 32 pairs were diagnosed as dizygotic. Zygosity was diagnosed by
physical characteristics similarity. Nineteen variables were measured: 10 dental variables, 9
cephalometric. Results: Based on the findings of this study, t-test showed significant genetic
effect on the length of cranial base (p = 0.03), corpus of maxilla (p = 0.02) and mandibular
length (p = 0.03), and also for B-angle (p = 0.04). Environmental factors are more involved
in determining dental traits (e.g., the inclination of the incisors). Conclusion: There is a sig-
nificant genetic effect on the linear cephalometric variables: the length of the cranial base,
maxillary length and mandibular length.
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1. INTRODUCTION

and gene distribution—the genotype,

The growth and development of
the craniofacial complex are under
the influence of genetic and environ-
mental factors, which determine its
morphological and functional char-
acteristics. In the etiology of maloc-
clusion, inheritance, congenital and
environmental factors are equally
important. However, in severe skel-
etal anomalies, the inheritance has a
dominant role (1, 2).

It is important to accurately assess
the impact of heritability on the de-
velopment of craniofacial and occlu-
sal characteristics for the planning
of orthodontic therapy and progno-
sis because in genetically inherited
anomalies, preventive action is not
possible and the therapy is signifi-
cantly limited (3). Research on twins
presents a unique method for assess-
ing the impact of genetic and envi-
ronmental factors on the formation
of an individual (4). Monozygotic
twins are created by the fertiliza-
tion of one oocyte, which is divided
into two identical embryos at the
early stage of the embryogenesis.
Each embryo has the same number
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which is manifested by identical
morphological characteristics - phe-
notype. Variations in monozygotic
pairs are the result of the influence
of different environmental factors,
as well as the interaction of genet-
ic and environmental factors. The
fertilization of two oocytes creates
dizygotic twins, and from the very
beginning they develop as two dif-
ferent embryos, which have a similar
genotype, so they are phenotypically
similar to other siblings, which are
not twins. Variations in dizygotic
twins are mostly due to differences in
genetic bases (5). Observing occlusal
characteristics within families, Har-
ris and Smith have concluded that
most of the examined variables are
under the influence of environmen-
tal factors, which is the consequence
of the same living conditions within
the family (6).

Furthermore, the papers of Cor-
ruccini support the thesis of the
stronger influence of environmen-
tal factors on malocclusion, which
is associated with modernization in
contemporary living conditions (7-
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9). The low prevalence of malocclusion in the Australian
Aboriginal population supports this claim (10). Occlu-
sal characteristics such as overbite, overjet, sagittal and
the rotation of the anterior teeth do not show dominant
genetic control, while the dimensions and shape of the
dental arch are under the influence of the inheritance
(11, 12). The results of the studies, which included size
and shape of the dental arch and specific type of ortho-
dontic irregularities as observed variables, show that the
examined variables related to the maxilla are under the
strong influence of the inheritance (11-13). Analyzing
the craniometric and occlusal variables, similar studies
concluded that the craniofacial characteristics are under
a stronger genetic control compared to occlusal charac-
teristics (14-17). Recent studies, in which scanning of
the craniofacial complex was done, and where cephalo-
metric and gnathometric analysis have been performed
with sophisticated computer analyses, also confirm these
conclusions (18-21).

2. AIM

Starting from the assumption that genetic factors have
a dominant role in the formation of craniofacial char-
acteristics concerning their influence on occlusal and
functional characteristics, the aim of the study was to
determine genetic influence on craniofacial complex us-
ing twin study model.

3. METHODS

The study sample comprised 52 pairs of twins from the
same geographical area and the same race, who were re-
ferred to the Orthodontic Department, School of dental
medicine, University of Sarajevo. All referred patients
were recruited as part of the project “Genetic character-
istic of the craniofacial complex in the twins” The study
was approved by the Ethics Committee of School of Den-
tal Medicine, University of Sarajevo (09-225-15/05).

Zygosity was diagnosed by physical characteristics
similarity, and by number of fetal membranes and pla-
centas on birth as reported by mother. Informed consent
was obtained by the parents of the children included
in the study. Only healthy children without a history of
head and neck trauma, surgery or orthodontic treatment
were included in the study. Twenty pairs of twins were
diagnosed as monozygotic (MZ) and 32 pairs were diag-
nosed as dizygotic (DZ). Nineteen variables were mea-
sured: 10 dental variables, 9 cephalometric (3 linear and
6 angular). Data were analyzed using Statistical Package
for Social sciences (SPSS/PC). For each variable, mean
value, standard deviation, intra-pair and inter-pair dif-
ferences were calculated and tested by t-test, for MZ and
DZ twin pairs.

Dental characteristics

Dental variables were obtained from study models, be-
ing that as follow: mesiodistal diameter (MDD) of central
and lateral maxillary and mandibular incisors, overjet
and overbite. All measurements were made on the slid-
ing caliper (Dentaurum). Teeth were selected for mea-
surements only if they were fully erupted, not noticeably
affected by attrition or caries and had not been restored.
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The MDD of a tooth is obtained measuring the greatest
distance between proximal surfaces of the crown.

Overjet was defined as the horizontal distance be-
tween incisors (11 and 21) and (31 and 41) and was mea-
sured directly on the models, from buccal to buccal sur-
faces. The overbite was defined as the vertical distance
between incisors (11 and 41) and was measured directly
on the models, a pencil marking indicating the upper in-
cisor edge was made on the buccal surface of the lower
incisors. In case of the open bite, the distance between
incisal edges was measured.

Cephalometric
points

The most anterior point of the frontonasal suture

N (Nasion) in the midsagittal plane

S Midpoint of sella (the center of sella turcica)

The deepest midline point on the anterior outer

A (subnasal) .
contour of the maxillary alveolar process

The deepest point on the outer contour of the

B (supramentale) mandible

Anterior nasal spine, the most anterior point of the

ANS tip of the anterior nasal spine in the midsagittal
plane

PNS Posterior nasal spine
A point at the intersection of lines tangent to

Go (Gonion) the posterior border of the ramus and the lower
border of the mandible

Me (Menton) The most inferior point of the outline of the

symphysis in the midsagittal plane

Cephalometric
linear variables

Maxillary plane A plane passing through ANS and PNS

Mandibular plane—a plane passing through points

Mandibular plane Me and Go

Length of maxilla Distance between points ANS to PNS

Length of mandible  Distance between points Me to Go
Lower incisal constructed between incisal tip of
L1 most anterior mandibular central incisor and its
apex
U1 Upper incisor constructed between incisal tip of

most anterior maxillary central incisor and its apex

Cephalometric
angular variables

The sagittal position of the maxilla relative to the
cranial base using A-point as a cephalometric
landmark

SNA angle

The sagittal position of the mandible relative to
the cranial base using B-point as a cephalometric
landmark

SNB angle

The sagittal relative position of the maxilla to
mandible. The ANB angle can be measured or
calculated from the formula: ANB = SNA-SNB

ANB angle

The angle between mandibular and maxillary

B angle plane

The angle of the long axis of a upper central

Ull (Upperincisors . .
incisor from a maxillary plane

inclination)

LIl (Lower incisors
inclination)

The angle of the long axis of a lower central incisor
from a mandibular plane

Table 1. Definition of cephalometric points, linear and angular variables
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Cephalometric characteristics

All cephalograms were made on the Kodak C 8000
Panorex—Ceph machine. Films of poor quality and those
of which posterior teeth were not occluded, were not in-
cluded in the study. Skeletal cephalometrics landmarks
were identified on each radiogram. Linear and further
angular measurements were taken: Cranial base length
(S-N), Maxillary length (ANS-PNS), Mandibular length
(Go-Me), SNA, SNB, ANB, B angle, the inclination of
maxillary incisors and inclination of mandibular inci-
sors, as shown in Figure 1 and Table 1.

Intra-observer method error was assessed using Pear-
son test of correlation. The correlation was 0.899 and
tested by tracing and measuring 10 randomly selected
lateral cephalograms, twice in 30 days.

4. RESULTS

Data were analyzed using Statistical Package for So-
cial sciences (SPSS/PC). Mean value, standard deviation,
intra-pair and inter-pair differences were calculated and
tested with a t-test. The mean age of twins was 8.3 to
14.8 years. The difference in average variability between
DZ and MZ twins was used as an estimate of the heri-
tability in the etiology of malocclusion. Mean value for
MDD in monozygotic twins was smaller than the dizy-
gotic twins. There were no statistically significant differ-
ences in MDD of teeth 11, 21, 22, 31, 32 and 42 between
MZ and DZ group. Measurements have shown that vari-
ability differed between a single tooth, as the upper right
lateral incisor and lower left central incisor has exhibited
the greatest variability, p = 0.04 and p = 0.05. An over-
jet and overbite in the group of monozygotic twins were
different as compared to the dyzigotic group, but with
no statistical significance (p=0.56, p=0.39). The relative
variability in MDD of permanent incisors determined by
the t-test in the MZ and DZ groups are shown in Table 2.
The relative difference in cephalometric variables deter-
mined by the t-test, are shown in Table 3.

5. DISCUSSION

One of the major methods in genetics to estimate ge-
netic and environmental influences is the twin method
(22-24). As MZ twins possess identical genetic material,

sonsics "7 0z ttest 5"
X SD X SD
MDD 11 0.11 021 033 043 -1,507 0.14
MDD 12 0.11 019 045 048 -2,13 0.04
MDD 21 0.11 021 039 045 -1.854 0.08
MDD 22 0.16 022 042 0.50 -1.594 0.14
MDD 31 0.07 0.16 030 034 -201 0.06
MDD 32 0.14 023 036 038 -1.683 0.11
MDD 41 0.07 016 033 038 -2.06 0.05
MDD 42 0.14 022 039 038 -1.855 0.08
Overjet 140 249 196 228 -0.597 0.56
Overbite 0.85 .11 128 1.26  -0.866 0.39

Table 2. Comparison of dental characteristics between monozygotic and
dizygotic twins. MDD—mesiodistal diameter
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Cephalometric —val-
chgracteristics Mz bz ttest Ee
X SD X SD

Cranial base length  0.90 1.06 287 258 -2.281 0.03
Maxillary length 0.97 151 344 281 -2548 0.02
Mandibularlength  1.60 098 4.15 3.29 -2371 0.03
ANB angle 0.97 073 193 171 -1.677 0.10
SNA angle 1.39 1.68 260 282 -1220 0.23
SNB angle 1.85 1.85 323 3.07 -1278 0.21
B angle 330 248 6.23 370 -2.202 0.04
ull 379 357 566 331 -1360 0.19
LIl 298 283 547 419 -1.652 0.11

Table 3. Comparison of cephalometric characteristics between
monozygotic and dizygotic twins. Ull — Upper incisors inclination; LIl —
Lower incisors inclinations

differences between them can be attributed to environ-
mental factors (23, 24). Our study included 52 pairs of
MZ and DZ twins from the same geographical area and
the same race, zygosity based on physical characteristics
similarity was reliable in 95% of cases in previous re-
searches (25, 26).

Dental characteristics

Based on the results of this study, we could not confirm
the primary role of the genetics in dental traits such as
overjet and overbite, and incisor size (Table 2). The den-
tal traits are strongly influenced by environmental fac-
tors such as food, habits (suckling, etc.) and trauma (27-
30). However, the role of the genetic factors controlling
tooth size and morphology has been shown in previous
studies (31). It has been suggested that the peg-shaped or
reduced lateral incisors may be the result of a variation in
the expression of hypodontia (32), this can be the reason
for the differences in the diameter of the 12 and 41 teeth,
as observed in our study.

Cephalometric characteristics

Based on the results of this study, the primary role of
the genetics in length of the cranial base was confirmed
(p = 0.03), the corpus of the maxilla (p = 0.02) and the
mandibular length (p = 0.03). The same findings were
obtained for B-angle (p = 0.04) (Table 3). Similar results
were obtained in twin studies of the Chinese, Saudi and
Iranian population (33-35). This could be the reason why
orthodontic treatment is not stable in case of skeletal
anomalies when compared with surgical treatment (36).
Other cephalometric traits did not show a statistically
significant difference between the MZ and DZ SNA an-
gle (p = 0.23), SNB (p = 0.21), angle ANB (p = 0.10), incli-
nation of maxillary incisors (p = 0.19) and inclination of
mandibular incisors (p = 0.11), hence the environmental
factors may contribute to deter these traits. Lobb found
the similar results as the results in our study (37). Based
on these findings the orthodontic treatment is possible
and it is possible to achieve aesthetic and functional oc-
clusion without surgical treatment. The muscular action,
which helps in performing of all functions of the orofa-
cial region, presents a significant factor in the remodel-
ing of the jaw bones. By performing a proper function, it
is possible to prevent and make corrective actions even
in severe skeletal forms of orthodontic anomalies. By
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making a re-education of mimic and masticatory mus-
culature, interceptive and curative actions are possible.
Difficulties in pairing the twins in the study and in the
control group is the limitation of the twin studies.

6. CONCLUSION

Significant genetic effect on the linear cephalometric
variables including the length of the cranial base, max-
illary length, and mandibular length was proven in our
study. Environmental factors are more involved in deter-
mining dental traits.
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