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Main Points
• A relationship is present with some traits of the face and alpha-actinin-3 (ACTN3) rs1815739 polymorphism.
• This relationship is present in the sagittal position of the maxilla and inclination of the maxillary incisors.
• The prognathic maxilla was related to RR genotype.
• The retrognatic maxilla was found to be related to RX and XX genotypes.
• Subjects having normal incisor angulation in the maxilla had no RX genotype but had RR and XX.

ABSTRACT

Objective: A functional polymorphism on the 16th exon of the alpha-actinin-3 gene has an effect on the protein structure and cellular 
signaling and therefore on muscle contraction. In this study, we aimed to analyze the alpha-actinin-3 rs1815739 polymorphism in 
3-dimensional malocclusions and different craniofacial skeletal patterns.

Methods: Forty-nine volunteering subjects enrolled for the study. Genotyping of alpha-actinin-3 rs1815739 polymorphism was per-
formed using real-time polymerase chain reaction. Pre-orthodontic cephalometric radiographs were traced using NemoTech ceph-
alometric tracing software. IBM SPSS Statistics for Windows was utilized to carry out statistical analysis. P < .05 was considered to be 
statistically significant.

Results: The respective numbers and the percentages of alpha-actinin-3 rs1815739 polymorphisms for RR, RX, and XX genotypes 
were 39 (79.6%), 4 (8.2%), and 6 (12.2%), respectively. Twenty-one patients had low angle vertical patterns and 17 patients had Class I  
and the same number of the patients had Class III facial patterns. But none of these had statistically significant difference in terms 
of alpha-actinin-3 rs1815739 polymorphism and in vertical or sagittal facial patterns, and mandibular incisor inclination. When we 
examined the maxillary anteroposterior position, we found a significant difference between rs1815739 polymorphisms (P < .05). Also, 
we detected a significant difference between rs1815739 polymorphism and maxillary incisor inclination (P < .05). 

Conclusion: Maxillary incisor inclination and maxillary anteroposterior position are associated with alpha-actinin-3 rs1815739 poly-
morphism in a Turkish cohort.

Keywords: ACTN3, facial pattern, malocclusion, polymorphism

INTRODUCTION

Malocclusion is a complex trait in both its phenotypic expression and its genetic etiology, and several genes are 
associated with the phenotype. Dental and skeletal malocclusions, especially bone, teeth, skeletal muscles, and 
other soft tissues, are affected by transcription and growth factors combined and additional environmental fac-
tors. Our knowledge of the etiology of many of the resulting malocclusion is very limited. The effect of muscle 
tissues on the bone structure of the face and therefore malocclusions has been a subject that has been included 
in textbooks for years.1 In studies conducted in the last decade, it has been shown that facial muscles are quite 
effective on facial morphology.2,3 Therefore, gene variants related to muscle composition and activity have also 
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been studied and have been associated with different craniofa-
cial skeletal phenotypes.4 Alpha-actinin-3 (ACTN3) is one of these 
genes. Proteins expressed by these genes are closely related to 
muscle function. The presence of ACTN3 was found to be associ-
ated with strong and rapid contraction in type II muscle fibers.5 
The rs1815739 polymorphism (R577X) of the ACTN3 gene has 
been associated with Class II deep-bite malocclusion6 and sagit-
tal and vertical craniofacial skeletal pattern.7

Actinins are actin-binding proteins and have important functions 
in muscle contraction. In humans, there are 4 different types of 
actin, and each type of actin is encoded by specific genes.8 The 
product of the ACTN3 gene, ACTN3 protein, is localized in the Z 
lines of the sarcomers and is responsible for binding the actins 
more closely to the Z line.9 The result of the variation in codon 
coding for amino acid 577 of exon 16 of ACTN3 (R577X; dbSNP 
rs1815739) leads to a change of arginine amino acid (R) to a stop 
codon (X). This transformation results in shorter protein forma-
tion than normal form.10

In addition, ACTN3 interacts with the signal protein calcineurin 
to influence fiber-type ratios during growth, causing changes in 
muscle function.11 Alpha-actinin-3 binds to the calsarcin family 
of signal proteins on the Z disc and binds to calcineurin to acti-
vate specific gene expression pathways of the muscle fiber type 
that determine muscle fiber types and size.12,13

The aim of our study is to investigate the potential relation-
ship between 3-dimensional malocclusion phenotypes and 
ACTN3 gene that may play a role in craniofacial development. 
For this purpose, the ACTN3 rs1815739 polymorphism, which is 
expressed in muscle cells and is related to muscle structure by 
having important functions in providing appropriate muscle 
movements, is examined in adults with malocclusions to deter-
mine its clinical effect in a Turkish population.

METHODS

The Participants
Forty-nine (18 male and 31 female) orthodontic patients, who 
have applied to the Department of Orthodontics at Marmara 
University between January and October 2019 and have agreed 
to be a part of this project, participated in this study. The study 
protocol was in agreement with the Helsinki Declaration 2 
(2015) guidelines and approved by Usküdar University Non-
Interventional Ethics Committee (61351342/2019-575). The 
volunteers participating in the study were given detailed infor-
mation about the analyses and outputs before the study, and 
their consent forms were obtained.

The following inclusion and exclusion criteria were followed to 
include or discard patients who were not in line with the purpose 
of this study. Inclusion criteria were being older than 18 years, 
being in permanent dentition, having no previous orthodon-
tic treatment, and having available pre-orthodontic records. 
Exclusion criteria were having a history of orthodontic or orthog-
nathic treatment, an aesthetic/plastic operation or trauma in the 
facial area, having any hereditary genetic disease in its self and 

in their first-degree relatives, having uncontrolled medical sys-
temic disease or diseases, cleft lip and palate and having lost 
more than 1 permanent tooth.

Pre-orthodontic cephalometric radiographs were used in this 
study to evaluate the sagittal and vertical malocclusion of the 
patients. All cephalometric radiographs were traced using 
NemoTech Cephalometric tracing software (Version 10.4.2, 
Madrid, Spain) by a single examiner (HA). 

CEPHALOMETRIC MEASUREMENTS USED IN THIS STUDY

Vertical
1. Sum of inner angles: the collective sum of the saddle angle, 

articulare angle, and the gonial angle
2. Gonion–Menton–SN: the angle between the anterior cranial 

base and the plane passing through the gonion and menton 
points

3. ANS-Me/N-Me: the ratio of anterior facial height to lower 
anterior facial height

4. Jarabak ratio: the ratio of posterior facial height to anterior 
facial height

5. FMA: the angle between the Frankfort horizontal plane and 
the mandibular plane

6. Maxillary height: The angle between the nasion, center of 
face, and A point

Sagittal
1. SNA: the angle between the S-N and the N-A plane
2. SNB: the angle between the S-N and the N-B plane
3. ANB: the angle between the N-A and the N-B plane that 

determines the sagittal relationship between maxilla and 
mandible

4. Wits: a measure of jaw relationships in an anteroposterior 
plane, by drawing perpendiculars from A and B points on 
the occlusal plane

5. N per A: distance between A point from a line drawn perpen-
dicular from nasion with respect to the Frankfort horizontal 
plane

Dental
1. UI-SN: the angle between the axis of maxillary central incisor 

and the SN plane
2. IMPA: the angle between the axis of the lower central inci-

sors and the mandibular plane
3. LI-UI angle: the inter-incisal angle, the angle between the 

axis of maxillary and mandibular incisors
4. UI-OP angle: the angle between the axis of upper incisor and 

occlusal plane
5. LI-OP angle: the angle between the axis of lower incisors 

and occlusal plane

For the assessment of vertical discrepancy, cephalometric radio-
graphs were used to categorize the patient into normal, high and 
low angle vertical pattern. The analyses that were used are total 
inner angle, GoMe-SN, Jarabak, ANSMe/NMe, Frankfort man-
dibular plane angle, and Maxillary height. Since there are many 
variations in these analyses, all of the measurements were used 
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to categorize the patient into 1 of the 3 vertical patterns in order 
to come up with a more accurate diagnosis for the patients.

ANB and Wits analyses were utilized to classify the patients into 
Class I, Class II, and Class III relationship. SNA, maxillary depth, and 
nasion perpendicular A were utilized to categorize the patients 
into normal, prognathic, and retrognathic maxillary position 
groups, and the overall maxillary position of the patients were 
decided by considering all 3 analysis.

Incisor SN angle and maxillary incisor-occlusal plane angle were 
utilized to determine maxillary incisor inclination and catego-
rized them into normal, proclined, and retroclined incisor incli-
nation groups. Similarly, incisor-mandibular plane angle and 
incisor-occlusal plane angles were utilized to determine man-
dibular incisor inclination and categorizing patients into normal, 
proclined, and retroclined incisor inclination groups.

ACTN3 RS1815739 GENOTYPING

DNA Isolation
Oral epithelium cells were collected by DNA collection swabs 
from the volunteers who participated in the study, and DNA 
isolation was completed by using PureLink DNA isolation kit 
(Invitrogen, Van Allen Way Carlsbad, Calif, USA). Briefly, 20 μL 
proteinase K was vortexed by adding 10 μL of RNAase to 200 μL 
of DNA isolation. After 2 minutes at room temperature, 200 μL of 
binding buffer was added and homogenized with stirring. After 
incubation for 10 minutes in a 55°C water bath, 200 μL of etha-
nol was added and vortexed for 5 seconds. It was taken to the 
filtered tube and centrifuged at 10 000 g for 1 minute. The super-
natant was discarded and 500 μL of washing buffer was added to 
the pellet and centrifuged at 10 000g for 1.15 seconds. Later, 80 
μL of elution buffer was added and incubated and centrifuged at 
maximum speed for 1 minute. The DNA samples obtained were 
stored at −20°C until the analysis of the respective gene regions 
was completed. An average of 20 ng of DNA was isolated from 

each sample, and the isolated DNAs were evaluated according 
to the OD260/280 spectrophotometric ratio. The DNA samples 
obtained were stored at −20°C until the analysis of the relevant 
gene regions was completed.

Genotyping of ACTN3 rs1815739
Genotyping of ACTN3 rs1815739 polymorphism was performed 
from the isolated DNA by using 7500 Fast Real-Time PCR System 
(Applied Biosystem, Foster City, Calif, USA). Taqman Genotyping 
Assays (Applied Biosystems) genotyping kit was used for allelic 
determination. 

Statistical Analysis
IBM SPSS-Statistical Product and Service Solutions (Statistics 
for Windows, Version 19.0., Armonk, NY, IBM Corp.) was used to 
conduct statistical analysis. Descriptive analyses were presented 
using means, standard deviations, median, and minimum and 
maximum values for continuous data, and frequencies and per-
centages for categorical data. The variables investigated using 
Kolmogorov–Smirnov test to determine whether or not they 
were normally distributed. The Fisher’s exact test was used to 
compare the proportions of the groups. Since the variables were 
not normally distributed, Kruskal–Wallis test was used to com-
pare medians of the groups. A 5% type I error level was used to 
infer a statistical significance. 

RESULTS

Vertical Facial Pattern
There was no statistically significant relationship between 
ACTN3 rs1815739 polymorphism and vertical pattern P > .05 
(Table 1).

When the overall vertical pattern was analyzed, the low angle 
group had 21 patients, normal group had 9 patients, and the 
high angle group had 19 patients. In the low angle group, 18 

Table 1. Genotype and Percentage Distribution of ACTN3 rs1815739 Polymorphism in Vertical Pattern Groups

 

Genotype

Total PXX RX RR

Overall 
vertical 
pattern

Low Patients 1a 2a 18a 21 .560
 
 
 

Percentage 4.8 9.5 85.7 100.0

Percentage within all patients 16.7 50.0 46.2 42.9%

Normal Patients 2a 0a 7a 9

Percentage 22.2 0.0 77.8 100.0

Percentage within all patients 33.3 0.0 17.9 18.4

High Patients 3a 2a 14a 19

Percentage 15.8 10.5 73.7 100.0

Percentage within all patients 50.0 50.0 35.9 38.8

Total Patients 6 4 39 49

Percentage 12.2 8.2 79.6 100.0

Percentage within all patients 100.0 100.0 100.0 100.0
P < .05 indicates statistically significant difference. Same subscript numbers indicate statistically insignificant relationships among genotype groups.
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patients had RR, 2 had RX, and 1 had XX genotype. In high verti-
cal group, 14 had RR, 2 had RX, and 3 had XX genotype. In normal 
vertical group of patients, 7 had RR and 2 had XX. No RX geno-
type was detected in the normal group. 

In XX genotype, 50% consisted of high-angle patients, 33.3% 
normal vertical, and 16.7% low-angle patients. Low- and high-
angle groups shared RR genotype each 50%. RR genotype was 
seen 46.2% in low angles, 17.9% in normal vertical, and 35.9% in 
high angles. 

Sagittal Facial Pattern
In the sagittal plane, 17, 15, and 17 patients had Class I, Class II, 
and Class III malocclusion, respectively. There was no statisti-
cally significant relationship between ACTN3 rs1815739 poly-
morphism and sagittal pattern using ANB or Wits appraisal  
P > .05.

Maxillary Anteroposterior Position
There was a statistically significant relationship between ACTN3 
rs1815739 polymorphism and overall maxillary sagittal position  
P < .05 (Table 2). The people who had retrognathic maxilla 
had significant proportional difference between XX and RX, 
and between XX and RR. In the prognathic maxilla group, all 
the patients had RR genotype and 23% of all RR genotype was 
expressed in these 9 prognathic patients. In the normal maxil-
lary sagittal position group, RR genotype percentage was 94.1% 
and 100% of RX and 83.3% of XX were represented by 4 and 5 
patients out of total 23 retrognathic patients, respectively.

Maxillary Incisor Inclination
There was a statistically significant frequency distribution differ-
ence between ACTN3 rs1815739 polymorphism and incisor incli-
nation using I-SN (P < .05) (Table 3). The subjects who had normal 
incisor angle had statistically significant proportional difference 

Table 2. Genotype and Percentage Distribution of ACTN3 rs1815739 Polymorphism in Sagittal Pattern Groups 

 

Genotypes

Total PXX RX RR

Maxillary 
Position

Normal Patients 1a 0a 16a 17 .044*
 
 
 

Percentage 5.9 0.0 94.1 100.0

Percentage within all patients 16.7 0.0 41.0 34.7

Prognathic Patients 0a 0a 9a 9

Percentage 0.0 0.0 100.0 100.0

Percentage within all patients 0.0 0.0 23.1 18.4

Retrognathic Patients 5a, b 4b 14a 23

Percentage 21.7 17.4 60.9 100.0

Percentage within all patients 83.3 100.0 35.9 46.9

Total Patients 6 4 39 49

Percentage 12.2 8.2 79.6 100.0

Percentage within all patients 100.0 100.0 100.0 100.0
*P < .05 indicates statistically significant difference. Same subscript numbers indicate statistically insignificant relationships among genotype groups.

Table 3. Genotype and Percentage Distribution of ACTN3 rs1815739 Polymorphism in Maxillary Incisor Inclination Groups

 

Genotype

Total PXX RX RR

I-SN Normal incisor angle Patients 4a 0a, b 5b 9 .024*
 
 
 

Percentage 44.4 0.0 55.6 100.0

Percentage within all patients 66.7 0.0 12.8 18.4

Proclined Upper Incisor Patients 1a 3a 24a 28

Percentage 3.6 10.7 85.7 100.0

Percentage within all patients 16.7 75.0 61.5 57.1

Retroclined upper incisor Patients 1a 1a 10a 12

Percentage 8.3 8.3 83.3 100.0

Percentage within all patients 16.7 25.0 25.6 24.5

Total Patients 6 4 39 49

Percentage 12.2 8.2 79.6 100.0

Percentage within all patients 100.0 100.0 100.0 100.0
*P < .05 indicates the statistically significant difference.
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between RX and XX (P < .05) and between RX and RR (P < .05). 
In the normal incisor angle group, we detected no RX genotype. 
Also, 66.7% had XX and 12.8% had RR genotype in this group, 
presenting in 4 and 5 subjects, respectively. In the proclined 
group, 85.7% and in the retroclined group, 83.3% of subjects had 
genotype RR, presenting in 24 and 10 subjects, respectively.

On the other hand, there was no statistically significant fre-
quency distribution difference between ACTN3 rs1815739 poly-
morphism and incisor inclination when UI-OP measurement was 
used (P > .05). 

Mandibular Incisor Inclination
There was no statistically significant frequency distribution dif-
ference between ACTN3 rs1815739 polymorphism and incisor 
inclination using IMPA or LI-OP (P > .05). In volunteers with nor-
mal incisor angle, all of them had RR genotype RR. 

DISCUSSION

Identifying the cause and early detection of malocclusion is valu-
able in the effective treatment, management of malocclusions, 
as well as public health planning. Many researchers have pointed 
out to date the relationship of facial bones and facial muscles. 
Therefore, the aim of the present research was to investigate the 
impact of ACTN3 rs1815739 polymorphism, which has an effect 
on the muscle performance and on the configuration of the 
facial bones. 

In order to describe the configuration of facial pattern, cephalo-
metric radiographs were utilized because they are inexpensive 
and powerful tools, readily available in the patient files, and give 
information about both the vertical and sagittal relationship of 
the facial bones. Well-established diagnostic angular measure-
ments in orthodontics were selected to determine the skeletal 
malocclusion and the facial type in the present study.

Wolff’s14 law points out that the internal structure and the shape 
of the bone is closely related to function and defines a relation-
ship between bone shape and muscle function. Following this 
rule, one of the most established concepts in orthodontics is 
that there is an effect of facial muscles on the facial skeleton and 
malocclusion.2,3,15,16

In previous research, it was shown that facial morphology was 
related to the fiber type of masticatory muscles.17,18 The relation-
ship of fiber type and genetic variations were revealed by other 
researchers.4,19,20

In the present study, when the overall vertical pattern was ana-
lyzed, there was no statistically significant relationship of ACTN3 
rs1815739 polymorphism and vertical facial pattern. Also, 50% of 
XX genotype consisted of high-angle patients, 33.3% normal verti-
cal, and 16.7% were low-angle patients, which showed tendency 
of XX genotype to have a higher frequency of high-angle vertical 
pattern supporting the findings of Cunha et al.21 who have stated 
that the XX genotype is associated with dolichofacial phenotype. 
It was stated in the recent literature that ACTN3 rs1815739 poly-
morphism resulted in a lack of ACTN3 protein expression. 

The loss of this protein has been shown to lead to smaller type 
II fiber diameters in masseter muscles and an increased expres-
sion of ENPP1, a negative regulator of mineralization, which was 
related to a small-sized mandible and reduced bone mass in the 
mandible.22,23,24 This condition was found to be similar to Class II 
openbite morphology in humans. Cunha et al.21 have also stud-
ied ACTN3 rs678397and rs1815739 and have concluded that 
polymorphisms in ACTN3 were found to be associated with sagit-
tal and vertical craniofacial skeletal patterns, and this could vary 
according to the patient’s ethnicity. In our study, as 2-dimen-
sional measurements were carried out, mandibular bone volume 
analysis could not be performed.

For the sagittal facial pattern, there was no statistically significant 
relationship between ACTN3 rs1815739 polymorphism results 
and sagittal relation using ANB or Wits. Also, 35.9% and 48.7% 
of RR genotype consisted of Class III patients. Recent studies 
reported the association of XX genotype which was found with 
higher frequency of Class II patients.6,21 Zebrick et al.6 has studied 
ACTN3 rs678397 which is a cytosine to thymine transition in the 
intronic region of ACTN3.

Rs678397 and rs1815739
Even though there was no relationship between ACTN3 rs1815739 
polymorphism and sagittal classification, there was a statistically 
significant relationship between ACTN3 rs1815739 polymorphism 
results and overall maxillary sagittal position in our study. It was 
found that the prognathic maxilla group was only associated with 
RR genotype. For incisor inclination, there was a statistically sig-
nificant relationship between ACTN3 rs1815739 polymorphism 
and incisor inclination in the I-SN parameter (P < .05). The subjects 
who had normal incisor inclination had significant proportion dif-
ference between RX and XX and between RX and RR. It showed 
an association of XX genotype with normal incisor inclination 
phenotype and RR genotype with proclined upper incisor incli-
nation phenotype. A master’s thesis in 2018 has stated that the 
genotype for polymorphisms rs678397 and rs1815739 was associ-
ated with both weak lips and a skeletal Class II phenotype, with a 
protrusive maxilla, and that genotype and soft tissue were signifi-
cantly associated with skeletal phenotype. There was a significant 
association between the position of the maxilla and the strength 
of the labial musculature, and associations were found between 
markers in gene ACTN3 and skeletal measures.25 The findings of 
this study, especially about lip weakness, may explain why maxilla 
was prognathic and upper incisors were proclined in patients with 
rs1815739 polymorphism in the present study.

ACTN3 rs1815739 Polymorphism
There are some limitations in our study. Although the study 
investigated a relatively large number of patients, the study pro-
tocol separated participants into subgroups for comparisons. 
This resulted in a limitation of the study for the statistical com-
parisons. Future studies should include larger subject numbers 
to further understand the relationship of genetic variants with 
facial phenotype.

This study used conventional lateral cephalograms to determine 
morphologic differences in the pattern of craniofacial skeletal 
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patterns. These imaging modalities are routinely utilized in radio-
graphic evaluation of dental patients. Although cone beam com-
puted tomography is more precise, for this study, routine and 
already available records were evaluated. Future studies may use 
3D evaluations of the dentofacial complex to unfold relations of 
genetics and morphology of the face. 

CONCLUSION

There was no statistically significant frequency distribution dif-
ference between ACTN3 rs1815739 polymorphism and facial pat-
tern except: 

1. Overall maxillary position measured by SNA, maxillary 
depth, and nasion perpendicular A: 
(a) The prognathic maxilla was related to RR genotype.
(b) The retrognatic maxilla was found to be related to RX 

and XX genotypes
2. Maxillary incisor inclination measured by I-SN:

(a) In the normal incisor angle group, there was no RX 
genotype.

(b) In the proclined group, 85.7% and in the retroclined 
group, 83.3% of subjects had genotype RR.

(c) Both proclined (85.7%) and retroclined (83.3%) groups 
were dominized by RR genotype.
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