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Influence of genotype and perioral musculature on maxillary and

mandibular development

Sarah E. Hansena; Joseph F. A. Petroneb; John M. Burnheimerc; Alexandre R. Vieirad

ABSTRACT
Objectives: To determine whether there is an association between skeletal jaw position and
perioral musculature, and if genotypes can predict skeletal growth.
Materials and Methods: A prospective study on 42 patients over 1 year was performed. The study
included 22 females and 20 males with and average age of 28.5 years. Lip strength was compared
to radiographic cephalometric measurements. Allelic and genotypic frequencies from polymor-
phisms rs678397 and rs1815739 in ACTN3 and rs10850110 in MYO1H were compared to each
variable. Chi–square and Fisher exact tests were used to determine if differences were statistically
significant (alpha ¼ 0.05).
Results: The data showed significant differences between rs678397 genotype and allele
frequencies and SNA angle (P¼ .01; P¼ .003, respectively); between rs1815739 allele frequency
and SNA angle (P¼ .01); between rs678397 allele frequency and ANB angle (P¼ .049); between
rs678397 genotype and allele frequencies and lip strength in females (P ¼ .045; P ¼ .02); and
between rs678397 allele frequency and overall lip strength (P¼ .049), after mean strength values
used as cut off being customized by sex.
Conclusions: Polymorphisms in ACTN3 are associated with weak lips and larger SNA and ANB
angles. (Angle Orthod. 2022;92:628–634.)
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INTRODUCTION

Growth and development of the human craniofacial

skeleton are complex processes that cannot be

explained by a single determinant. The functional

matrix hypothesis has been applied to the effects of

masticatory muscles on hard tissue, including measur-

ing bite force,1 muscle cross-section sizes,2 and

electromyography activity.3 Muscle fiber types have

been associated with variation in skeletal facial

morphology.4,5 For example, patients with higher

electromyography activity in the masticatory muscles

tended to have a wider maxilla and a shorter lower

anterior facial height than those with lower activity.6,7

Others found a relationship between perioral force and

tooth position.8 When twins were studied, vertical facial

measurements showed substantial genetic control

(varying from 57% to 81% depending on the measure-

ment), in addition to a relevant environmental contri-

bution (18% to 42% depending on the measurement).9

Genetic impact on malocclusion may also be indirect,

through contributions to variation in tooth size discrep-

ancies.10

Previous work suggested a role for MYO1H (myosin

1H) and ACTN3 (a-actinin-3) in skeletal malocclusion.

In MYO1H, the G allele of marker rs10850110 tended

to be overrepresented in subjects with mandibular

prognathism.11–15 Overrepresentation of the G allele at

marker rs10850110 has also been associated with

more qualitative factors of the Class III phenotype,
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including Class III molar relationship and negative
overjet.12 ACTN3 in cranial muscles appears to be less
responsive to activity.16–18 The absence of a-actinin-3
resulted in smaller diameters of fast-contracting type II
fibers in the masseter muscles.19 Additionally, single
nucleotide polymorphisms rs1815739 and rs678397 in
ACTN3 were found to be associated with Class II and
deep bite malocclusions,20 craniofacial asymmetry,21

and self-reported bruxism.22

To further explore the value of these associations
and genetic variants in the prediction of postnatal
craniofacial growth, the aims of this study were: (1) to
determine whether there is an association between
skeletal jaw position and labial musculature function,
and (2) to determine if genotype is associated with
skeletal growth patterns in the maxilla or mandible.

MATERIALS AND METHODS

Forty-two patients that presented to the Orthodontic
Department at the University of Pittsburgh, School of
Dental Medicine in Pittsburgh, Pennsylvania, from
January 2017 to January 2018, that were part of the
Dental Registry and DNA Repository project were
studied. Written consent was obtained from each
subject before recruitment, and the study was ap-
proved by the University of Pittsburgh Institutional
Review Board (IRB approval # 0606091). Subjects
were required to be over 18 years of age, have had no
previous orthodontic treatment, and have provided a
DNA sample, a measurement of lip strength, and a
lateral cephalogram.

Genomic DNA was extracted from saliva samples
according to published protocols.23 Three single
nucleotide polymorphism (SNP) probes were selected
in MYO1H and ACTN3 based on associations con-
firmed in previous studies.11,12 TaqMan chemistry24 and
end-point analysis to determine genotypes were used.

Lip strength was measured via the Iowa Oral
Performance Instrument (IOPI), Model 2.3. Patients
were asked to close their teeth together, and the bulb
was placed inside each patient’s right cheek, posterior
and lateral to the corner of the mouth. They were then
asked to press the bulb against their teeth by pursing
their lips as hard as they could for two seconds. The
peak pressure, corresponding with the magnitude of
the strength of the lips,25 was recorded in kilopascals
(kPa). The maximum pressure was recorded three
times for each subject with one minute of rest between
each measurement. The highest value was used for
analysis.

Maxillary and mandibular positions were determined
through digital tracings of lateral cephalograms (Dol-
phin Imaging, Chatsworth, CA). Tracings were com-
pleted by one observer (SEH), and intra-examiner

agreement was assessed by a second cephalometric
tracing done by the same observer at the end of data
collection. The mean variation in angle measurement
was 0.428 (intraclass coefficient 0.8). Tracings were
evaluated with the Steiner analysis. The ANB value
was used to classify the subjects as Steiner Class I,
Class II, or Class III. All values were compared with
their respective norms used for Whites.

The SNA norm was set at 828. Those values equal to
or greater indicated a tendency toward a protrusive
maxilla, and those less, a tendency toward a retrusive
maxilla. The SNB norm was set at 80.98. Values equal
to or greater were considered to have a protrusive
mandible tendency and those less were considered to
have a retrusive mandible tendency. The ANB norm
was set at 1.68. Values above or equal to 1.68 indicated
a Class II tendency, and values that were less
indicated a Class III tendency.

Lip strength was compared to continuous skeletal
measurements (SNA angle, SNB angle, and ANB
angle) using a simple linear regression. Chi-square or
Fisher exact tests were used to determine associations
between genetic markers rs678397, rs1815739, and
rs10850110, and Steiner classification, SNA angle,
SNB angle, ANB angle, sex, ethnicity, and lip strength.
The number of copies of each allele and each
genotype per marker were compared for each variable.
A P value of less than .05 was considered statistically
significant.

RESULTS

The distribution of sex and ethnicity is shown in
Table 1. For the original 42 patients in the sample, the
average age was 28.5 years (range: 18 to 65 years;
standard deviation: 9.63 years); 22 were female and 20
were male; and 25 were White, eight Black, and nine
Asian. No differences were found in the distribution of
genotypes by sex and ethnicity.

There was a significant negative correlation between
SNA angle and lip strength (P ¼ .03; Figure 1). There
was no significant association between SNB or ANB
and lip strength. Steiner class comparisons are
summarized in Table 2.

There were significant differences in genotypic and
allelic frequencies for the ACTN3 markers in patients
that had a more protrusive maxilla compared to those
with a more retrusive maxilla. Genotypic and allelic
variations for rs678397 were significantly different

Table 1. Demographics

White Black Asian Total

Male 14 3 5 20

Female 11 5 4 22

Total 25 8 9 42
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between the groups (P ¼ .01; P ¼ .003, respectively).

More subjects with a high SNA angle had a homozy-

gous CC genotype, while subjects with a low SNA

angle tended to have heterozygous or homozygous TT

genotypes. The presence of a C allele at rs678397

increased the patient’s risk of having a high SNA by a

factor of 4.5. Allelic variation of ACTN3 rs1815739
between the two groups was found to be significantly
different (P ¼ .01), and the presence of a T allele
lowered the risk of having a high SNA angle by 0.31
times (Table 3).

There was a significant overrepresentation of the C
allele in ACTN3 rs678397 (P¼ .049) in patients with a
higher ANB angle (Table 3).

The mean lip strength of all subjects in this study
was 30 kPa. Subjects with a lip strength greater than or
equal to 30 kPa were considered ‘‘strong’’ and subjects
with a lip strength less than 30 kPa were considered
‘‘weak.’’ The average lip strength for females was 28
kPa versus an average lip strength of 31 kPa for males.
For ACTN3 rs678397, a significant difference was
found between genotype and lip strength in females (P
¼ .04), as well as between allelic frequency and lip
strength in females (P ¼ .02). Females with a C allele
were 0.14 times more likely to have strong lips than
weak lips. Half of females with strong lips had T alleles,
while only 12.5% of those with weak lips had T alleles
at ACTN3 rs678397 (Table 4).

DISCUSSION

The results of this study supported findings from
previous research regarding select polymorphisms and
their associations with jaw development.11,12,20 In the
current study, ACTN3 polymorphisms rs678397 and
rs1815739 were associated with larger SNA and ANB

Figure 1. Summary results of regression analysis. SNA vs lip

strength (r2¼0.69; P¼ .03), SNB vs lip strength (P¼ .3), and ANB vs

lip strength (P¼ .25).

Table 2. Relationship Between genotype and Steiner’s Classifications

Based on ANB Values

Gene Genotype Class I, n Class II, n Class III, n

ACTN3 rs678397 (C/T)

CC 3 8 1

CT 10 4 2

TT 2 2 3

P value reference .09 .19

C allele 16 20 4

T allele 14 8 8

P value reference .16 .24

rs1815739 (T/C) 2 2 3

TT

TC 9 4 2

CC 7 9 2

P value reference .38 .2

T allele 13 8 8

C allele 23 22 6

P value reference .41 .18

MYO1H rs10850110 (A/G) 0 1 1

AA

AG 4 3 0

GG 13 11 4

P value reference .55 .1

A allele 4 5 2

G allele 30 25 8

P value reference .57 .5
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angles, and rs678397 was almost significantly associ-

ated with a Class II skeletal phenotype. MYO1H SNP

at rs10850110 was associated with a Class III skeletal

phenotype, although it was not associated with a

protrusive mandible. The hypothesis that jaw position

would be associated with lip strength was supported by

the present findings for the maxilla. Weak lips were

significantly associated with a higher SNA angle, or a

more protrusive maxilla. Additionally, in females, weak

lips were associated with an overrepresentation of the

Table 3. Relationship Between Genotype and Cephalometric Measurements

Gene Genotype SNA�82, N SNA,82, N SNB�80.9, N SNB,80.9, N ANB�1.6, N ANB,1.6, N

ACTN3 rs678397 (C/T)

CC 11 1 6 6 10 2

CT 8 8 6 10 8 8

TT 2 5 3 4 3 4

P value .01 .16 .12

C allele 30 10 18 22 28 12

T allele 12 18 12 18 14 16

P value .003 .67 .05

rs1815739 (T/C)

TT 2 5 3 4 3 4

TC 9 6 6 9 7 8

CC 14 4 9 9 13 5

P value .07 .84 .22

T allele 13 16 12 17 13 16

C allele 37 14 24 27 33 18

P value .01 .62 .08

MYO1H rs10850110 (A/G)

AA 1 1 0 2 1 1

AG 4 3 3 4 4 3

GG 18 10 13 15 18 10

P value .88 .44 .88

A allele 6 5 3 8 6 5

G allele 40 23 29 34 40 23

P value .57 .25 .57

Table 4. Relationship Between Genotype and Lip Strength

Gene Genotype

Strength

� 30 kPa,

n (%)

Strength

, 30 kPa,

n (%)

Female

� 28 kPa,

n (%)

Female

, 28 kPa,

n (%)

Male

� 31 kPa,

n (%)

Male

, 31 kPa,

n (%)

Strong Lips,

n (%)

Weak Lips,

n (%)

ACTN3 rs678397 (C/T)

CC 5 (25) 7 (46.7) 2 (22.2) 6 (75) 3 (25) 1 (16.7) 5 (23.8) 7 (50)

CT 9 (45) 7 (46.7) 5 (55.6) 2 (25) 5 (41.7) 4 (66.7) 10 (47.6) 6 (42.9)

TT 6 (30) 1 (6.7) 2 (22.2) 0 (0) 4 (33.3) 1 (16.7) 6 (28.6) 1 (7.1)

P value .17 .04 .6 .049

C allele 19 (47.5) 21 (70) 9 (50) 14 (87.5) 11 (45.8) 6 (50) 20 (47.6) 20 (71.4)

T allele 21 (52.5) 9 (30) 9 (50) 2 (12.5) 13 (54.2) 6 (50) 22 (52.4) 8 (28.6)

P value .06 .02 .81 .49

rs1815739 (T/C)

TT 6 (26.1) 1 (5.9) 3 (27.3) 0 (0) 3 (23.1) 1 (12.5) 6 (25) 1 (6.3)

TC 7 (30.4) 8 (47.1) 3 (23.0) 2 (25) 5 (38.5) 5 (62.5) 8 (33.3) 7 (43.8)

CC 10 (43.5) 8 (47.1) 5 (45.5) 6 (75) 5 (38.5) 2 (25) 10 (41.7) 8 (50)

P value .22 .13 .56 .31

T allele 19 (41.3) 10 (29.4) 9 (40.9) 2 (12.5) 11 (42.3) 7 (43.8) 20 (41.7) 9 (28.1)

C allele 27 (58.7) 24 (70.6) 13 (59.1) 14 (87.5) 15 (57.7) 9 (56.3) 28 (58.3) 23 (71.9)

P value .27 .06 1.0 .21

MYO1H rs10850110(A/G)

AA 2 (9.5) 0 (0) 2 (20) 0 (0) 0 (0) 0 (0) 2 (9.5) 0 (0)

AG 4 (19) 3 (18.8) 1 (10) 2 (25) 3 (27.3) 1 (12.5) 4 (19) 3 (18.8)

GG 15 (71.4) 13 (81.3) 7 (70) 6 (75) 8 (72.7) 7 (87.5) 15 (71.4) 13 (81.3)

P value .44 .33 .44 .44

A allele 8 (19) 3 (9.4) 5 (25) 2 (12.5) 3 (13.6) 1 (6.3) 8 (19) 3 (9.4)

G allele 34 (81) 29 (90.6) 15 (75) 14 (87.5) 19 (86.4) 15 (93.8) 34 (81) 29 (90.6)

P value .25 .34 .46 .25

Angle Orthodontist, Vol 92, No 5, 2022

GENES AND MUSCLE JAW DEVELOPMENT 631

D
ow

nloaded from
 https://prim

e-pdf-w
aterm

ark.prim
e-prod.pubfactory.com

/ at 2025-05-14 via free access



C allele in rs678397 (P¼ .02) and rs1815739 (P¼ .06)
(Table 4). Although lip strength was not significantly
associated with SNB angle, there was a trend toward a
negative association.

The results suggested that an overrepresentation of
C alleles for markers in gene ACTN3 may be related to
weaker lips, as well as more protrusive maxillae, larger
jaw discrepancies, and a Class II skeletal relationship.
It was found that a marker in gene MYO1H may be
related to a Class III skeletal relationship. Therefore, it
is possible that genotype and soft tissue have an effect
on skeletal development of the jaws.

An underrepresentation of T alleles for rs1815739 in
deep bite patients, and an overrepresentation in Class
II patients, have been established by prior research.20

In the current study, parameters of the vertical
dimension of the occlusion were not examined and
an association between a Class II phenotype due to a
protrusive maxilla and an overrepresentation of C
alleles was found. Although Zebrick et al.20 found that
skeletal Class II malocclusion was associated with the
homozygous TT genotype, and the results seem
contradictory, there were notable differences between
the populations in that study and the present one.

In the study by Zebrick et al.,20 subjects were
organized into three groups of skeletal malocclusion.
In the current study, skeletal malocclusion was
considered, and patients were grouped into high and
low measurements for SNA, SNB, and ANB. The
patients in the study by Zebrick et al. were Class II and
Class III orthognathic cases from the University of Lille
in France but the control group was from Pittsburgh,
Pennsylvania.20 All of the patients were of European
descent. In the present study, the necessity for
orthognathic surgery was not examined, so there was
most likely a mixture of orthognathic and nonorthog-
nathic cases, and patient ethnicity was not uniform.
Also, the entire sample consisted of patients present-
ing for treatment at the University of Pittsburgh. Allele
frequencies between the populations in Pittsburgh,
Pennsylvania, may be different than the population in
France.

It is also possible that the discrepancy was due to
the type of Class II malocclusion present. A Class II
skeletal discrepancy can be due to a protrusive
maxilla, a retrusive mandible, or a combination of the
two. There are also two divisions of Class II patients.
Class II division 1 patients often present with flared
incisors and significant overjet, while Class II division 2
patients tend to have retroclined upper incisors and
mild overjet. The specific type of Class II malocclusion
that was present was not recorded, and vertical
measurements were not measured. The number of
patients with a protrusive maxilla or the number of
Class II division 1 patients in this study may have been

greater than the number of patients with a retrusive
mandible or Class II division 2 patients. It is possible
that only Class II relationships with a protrusive maxilla,
a division 1 malocclusion, or an open bite may have
been associated with the C allele, while those with a
retrusive mandible, division 2 malocclusion, or deep
bite were not.

Although the CC genotype has been associated with
faster and more powerful muscle contractions, in this
study, the C allele was associated with weaker lip
strength. Masseter muscles are used for mastication
and need to provide, quick, strong movements to
operate effectively. The orbicularis oris, however, does
not provide the same function. The orbicularis oris is a
muscle of facial expression, primarily used in speech.
Regulation of lip movement involves a coordinated,
sustained muscle contraction26 that may not necessar-
ily be influenced by an absence of a–actinin–3. In this
case, greater amounts of a–actinin–2 may be preferred
for endurance. It is also possible that, although fast
twitch fiber diameter may be decreased, the number of
fibers may be increased.20

The relationship between lip strength and position of
the maxilla was more significant in females. Previously,
the effect of ACTN3 on muscle performance appeared
to be influenced by the sex of the subject. No female
sprint athletes had a homozygous TT genotype that
would cause a–actinin–3 deficiency, and 57% were
heterozygous. Conversely, 29% of female endurance
athletes had a homozygous CC genotype. In males,
this difference was not found. It was suggested that the
influence of a–actinin–3 on muscle power may be
lower in males because the androgen hormone
response to strength training may contribute to
performance.27

The relationship between the GG genotype at
rs10850110 and a Class III skeletal phenotype has
also been suggested by previous studies,11,12 although
this association was not detected in the current study.
Myosin 1 is a motor protein that produces mechanical
force,12 and the G allele marker at rs10850110 is
associated with mandibular prognathism10–12 as well as
the Class III phenotype.12 Because myosins are
involved in cell motility, phagocytosis, and vesicle
transport,4 it is possible that jaw development may not
be strictly dependent on skeletal growth but that
muscular force may be involved.

Lip strength was not significantly associated with
rs10850110. Because of the association previously
discovered between Myosin 1 and mandibular prog-
nathism,11 it is possible that sample size may not have
been large enough to detect differences, or that a
muscle other than orbicularis oris may have had more
of an effect on the mandible. A method for testing the
strength of muscles closer to the lower lip and chin,
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such as the mentalis muscle, may provide a different
result.

The associations discovered in this study between
genotype, lip strength, and skeletal development
supported the ideas expressed by Moss in the
functional matrix hypothesis of 1962. Moss understood
that genetic factors played a role in skeletal growth, but
proposed that growth was also linked to the underlying
muscular matrix.28 The sustained forces of facial
expression and speech from the orbicularis oris may
contribute to the position of the maxilla. A stronger
orbicularis oris may place pressure on the maxilla,
limiting the amount of forward growth possible, and
weaker perioral musculature may allow the maxilla to
continue to grow forward with less resistance. It could
also be suggested that the maxilla influences the
strength of the lip, and a more protrusive maxilla results
in weaker labial musculature.

If growth of the maxilla is associated with strength of
the orbicularis oris, there may be an opportunity to alter
its position before patients have completed growth.
Normally, altering anteroposterior growth of the jaws is
difficult, depending on the age of the patient and how
much skeletal growth remains. If genotypic information
from a saliva sample allows prediction of skeletal
growth tendencies, intervention to modify skeletal
growth would be possible.

In the future, knowing if a patient is genetically
predisposed to skeletal discrepancies in jaw position
may result in improved diagnosis and treatment
planning. Patients whose genotypes are associated
with a retrusive maxilla may benefit from the use of
myofunctional appliances to resist lip pressure. Pa-
tients susceptible to a protrusive maxilla might be able
to reduce their risk through lip strength exercises. The
IOPI device used to measure lip strength in this study
can be used for exercise therapy and has been used to
improve orofacial muscle strength in dysphagia pa-
tients.29 If jaw position can be predicted, risk of
unfavorable growth may be reduced, thus decreasing
the number of patients requiring retreatment.

One potential limitation of the study was the
relatively small sample size and the inclusion of
individuals with distinct geographic origins (Asian,
Black, and White), which raises the possibility of
population stratification. Future studies with larger
samples should be designed to account for population
substructure. This study was novel, however, for
including an assessment of muscle strength, which
was associated with ACTN3. Individuals were grouped
according to cephalometric measurements using the
same norm values. The sample size did not permit
further comparisons by sex or ethnicity between
groups divided using cephalometric measurements,
and larger samples may allow the detection of

differences based on those characteristics. When
patients were divided into two groups based on the
cephalometric norm, patients who were within the
normal range were included in both groups. Neverthe-
less, the two groups showed significant differences in
genotypic and allelic frequencies for SNA and ANB
angles, which suggested that using these definitions as
phenotypes may be useful in future genetic analyses.
However, when the patients were divided into three
groups (Class I, II, and III), there was no statistically
significant difference among the groups in genotypic
and allelic frequencies, which may have been an
indication that larger samples are needed to allow for a
demonstration of possible existing differences.

Further studies should be conducted to confirm the
association between maxillary position and lip strength.
In addition, future work should be focused on deter-
mining the effect of other muscles on the position of the
mandible. Future research will require larger sample
sizes including more Class III phenotypes with
protrusive mandibles. Other analyses besides the
Steiner analysis should be used to classify jaw position
and jaw discrepancy. Finally, CBCT analysis would
allow a comparison of muscle volume in addition to
other skeletal measurements.

CONCLUSIONS

� Phenotypic definition including soft tissue assess-
ment may provide new opportunities for identifying
genetic associations.

� ACTN3 polymorphisms rs678397 and rs1815739
were associated with larger SNA and ANB angles.

� The relationship between lip strength and position of
the maxilla was more significant in females.
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