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INFLUENCE OF RESTING TONGUE POSTURE ON MANDIBULAR
ARCH WIDTH AND VERTICAL DIMENSIONS OF FACE

Qurat ul Ain Tarig™, Abdullah Jan, Neha Arshad, Zainab Binte Nazir
B ABSTRACT

Objective: To evaluate the influence of tongue posture on the arch width of the mandible and the facial proportions
in the vertical dimension.

Methodology: A cross-sectional analysis was carried out utilizing lateral cephalograms and dental molds from
120 participants (45 males, 75 females). The participants were classified into three categories based on the di-
mensions of their vertical facial structure: Normodivergent, Hyperdivergent, and Hypodivergent. The posture of the
tongue was ascertained by measuring the distance from the tongue to the palate using the technique introduced
by Graber and colleagues. The widths of the mandibular dental arches were assessed using the study molds. Dif-
ferences among the groups were evaluated using one-way ANOVA. Relationships between mandibular arch widths
and six distinct tongue-to-palate measurements were investigated using Pearson's correlation. A p-value of < 0.05
was deemed to indicate a statistically significant result.

Results: The comparison of the tongue to palate distances (D1, D2, and D3) at 0, 30, and 60 degrees among study
groups showed statistically nonsignificant differences, however, the tongue to palate distances (D4, D5, and D6)
showed statistically significant differences amongst all groups. Statistically significant differences were found in
intercanine and intermolar width among the three study groups. The correlation of tongue posture with mandibular
intercanine width and intermolar width at all six tongue-to-palate distances was weak.

Conclusion: In hyperdivergent patients, the tongue posture was lower as compared to hypodivergent and norm
divergent patients, especially at the mid-dorsum, anterior dorsum, and tongue tip regions. A weak correlation was
found between mandibular arch width and tongue posture.

Keywords: Dentofacial Deformities; Malocclusion; Mandibular Arch Width; Orofacial Muscles; Resting Tongue

Posture; Vertical Dimensions

B INTRODUCTION

Orofacial musculature involving the muscles of the
tongue, lips, and cheeks behave as a determinant in
the harmony of occlusion, and its dysfunction influenc-
es dentition and the morphology of dental arches. Teeth
and supporting alveolar arches are constantly under
the effect of muscles of the face and neck'. Functional
matrix theory of growth by Melvin Moss? states that soft
tissues dictate the size and shape of bony structures
and the growth of facial bones is controlled by environ-
mental factors and functional needs mediated by soft
tissues.

The imbalance between resting postural and active
functional forces can be a primary causative factor
leading to the development of malocclusion or can
aggravate an existing malocclusion as a result of an
increase in compensatory muscle activity. Open bite
malocclusion is related to thumb or finger sucking
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habits and compensatory tongue thrusting to create an
oral seal®. Leptoprosopic facial form is associated with
mouth breathing* while Class Il malocclusion is asso-
ciated with a short upper lip, redundant lower lip, and
low tongue posture®.

The tongue is one of the strongest oral muscu-
latures and it plays the role of the primary taste or-
gan along with functions of mastication, swallowing,
speech, breathing, and maintaining the equilibrium
of dentition®. The tongue is a mighty flexible muscular
organ and any discrepancy in its size’, posture®, and
activity® is labelled as the hallmark of causing various
dentofacial deformities. Macroglossia can cause diffi-
culty in breathing, deglutition, and speech as well as
the development of generalized tooth spacing and open
bite™. Literature review shows that habitual abnormal
tongue posture can be a contributing factor in the es-
tablishment of malocclusions such as anterior open
bite, mandibular prognathism, and spacing between
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teeth' 2,

Furthermore, the assessment of soft tis-
sue relations clinically bears primary diag-
nostic importance. The modern treatment
goals of orthodontic therapy are now pri-
marily focused on establishing the ideal soft
tissue proportions and improved esthetics
rather than Angle’s paradigm of ideal occlu-
sion®. Treatment planning is done to predict
the future soft tissue profile and then place
teeth in a position to achieve desired esthet-
ic outcome based on soft tissue favorability
and balance™.

Moreover, the stability of results of ortho-
dontic tooth movement is based particularly
on soft tissue pressures and equilibrium. The
concept of neutral zone refers to the zone
of equilibrium between tongue and lip and
cheek musculature™. Moving teeth out of
the neutral zone will alter the neuromuscular
balance and result in a tendency of ortho-
dontic relapse’®.

Studies have been done previously to de-
termine the relation of resting tongue pos-
ture with skeletal sagittal dimensions such
as in Class Il patients there is a significantly
lower tongue posture as compared to Class |
and Il patients®. The rationale of this study is
to investigate the influence of resting tongue
posture on the dental arch width of the
mandible and the vertical dimensions of the
face. It will contribute to the field by adding
to our understanding of the impact of soft
tissue factors on the development of dento-
facial deformities and malocclusion and can
help clinicians develop more comprehensive
treatment plans that address not only the
teeth but also the surrounding soft tissues.
By identifying and addressing abnormal
tongue postures or other functional habits,
clinicians can improve treatment outcomes
and reduce the likelihood of relapse.
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B METHODOLOGY

This cross-sectional study was carried
out at the Armed Forces Institute of Dentistry
(AFID) Department of Orthodontics Rawal-
pindi after taking ethical approval from the
ethical review committee of AFID Rawalpindi
(Ref letter no: 905/Trg-ABP1K2). A sample
size of 120 was calculated using the G Pow-
er software, the value of Effect size was kept
at 0.8, Alpha error was 0.05, Beta error was
0.2, and the Probability and power were 0.8.
Patients fulfilling our inclusion criteria were
included in the sample using a non-probabil-
ity consecutive pattern. Subjects with a com-
plete set of permanent dentition including
second molars and good visibility of tongue
in cephalogram were selected. \Whereas, ex-
clusion criteria involved a history of previous
orthodontic treatment, trauma and surgery
affecting orofacial musculature, deleterious
habits, missing teeth, any craniofacial or
dental anomaly/syndromes and neuromus-
cular disorders.

Pretreatment digital lateral cephalograms
and dental casts were recorded for all the
subjects. Based on the maxillomandibular
plane angle evaluated on lateral cepha-
logram, patients were divided into three
groups i.e. Hypodivergent (MMA <219), Nor-
modivergent (MMA = 25+4°) and Hyperdi-
vergent (MMA >29°)

For the evaluation of tongue posture, Dig-
ital cephalostat (Carestream 8000C, model
DFBD040, France) with a tube voltage of
80kV and tube current of 10mA was used
to record pretreatment lateral cephalograms
of all subjects at 170 cm film to x-ray source
distance as shown in Figure 1. Patient’s
heads were positioned at the natural head
position as they looked straight into their
eyes in the mirror at the front. After explain-
ing to the patient about centric occlusion and
resting lip posture, records of resting tongue
posture were obtained by instructing the pa-
tients to swallow and then relax. Tongue pos-

ture was evaluated on lateral cephalograms
by constructing a template using the method
developed by Graber et al'”. Assessment of
tongue posture requires measuring the dis-
tance between the superior tongue surface
and the roof of the mouth. The outlines of
the superior surface of the tongue and the
palatal roof were delineated. A horizontal ref-
erence line connecting the incisal tip of the
most prominent lower incisor and the cervi-
cal third on the distal side of the lower sec-
ond molar was drawn on the template. The
distal surface's cervical region of the lower
second molar served as the focal point, and
from this center, vertical lines were drawn
at angles of 30°, 60°, 90°, 120°, and 150°.
The distances between the tongue's dorsal
surface and the palate's contours, labeled
as D1 to D6, were quantified at six distinct
angles (0°, 30°, 60°, 90°, 120°, and 1509).

Data was analyzed using SPSS version
25.0. Frequencies and percentages were
calculated for age and gender. Using the
Shapiro-Wilk test normality of data was
tested and since the data showed normali-
ty of distribution, one-way ANOVA was used
to differentiate resting tongue posture and
mandibular arch widths among the three
study groups. To compare statistically sig-
nificant groups, a Tukey post hoc test was
applied. Using Pearson’s correlation, man-
dibular intercanine and intermolar widths
were correlated with six tongue to palate dis-
tances. A p-value of < 0.05 was considered
statistically significant.

B RESULTS

The mean age of the sample (N=120)
was 16.43 = 4.3 years (Table 1). Out of a
total of 120 patients, there were 45 males
and 75 females (Table 2) which were divid-
ed into hypodivergent, normodivergent and
hyperdivergent groups (Table 3). Statistical-
ly non-significant differences were found
among study groups by comparison of the
tongue to palate distances (D1, D2, and D3)
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Table 1: Age
N Minimum Maximum Mean Std. Deviation
Age 120 10 32 16.43 4.311
Valid N (listwise) 120
Table 2: Gender Statistics
Frequency Percent Valid Percent Cumulative
Percent
Male 45 375 375 375
Valid Female 75 62.5 62.5 100.0
Total 120 100.0 100.0
Table 3: Vertical proportions
Frequency Percent Valid Percent Cumulative
Percent
Normodivergent 49 40.8 40.8 40.8
el Hyperdivergent 37 30.8 30.8 rans
ali
Hypodivergent 34 28.3 28.3 100.0
Total 120 100.0 100.0
Table 4: ANOVA analysis
Hyperdivergent | Normodivergent Hypodivergent P value
n=37 n=49 n=34
Tongue to palate
distance at 0o (D1) 3.13+1.52 2.91 +1.65 3.50 +2.13 0.340
Tongue to palate
distance at 300 (02) 3.06+1.67 2.83 +1.69 2.79 £1.57 0.745
Tongue to palate
distance at 600 (03) 454 +1.78 3.88 £1.96 3.51 +1.81 0.067
Tongue to palate N
distance at 900 (D4) 7.54 £2.16 571 £2.64 4,67 £2.87 0.001
Tongue to palate
distance at 1200 10.37 £3.47 7.30 +3.06 6.00 +3.04 0.001*
(D5)
Tongue to palate
distance at 1500 10.08 +4.73 9.14 +3.57 7.72 £3.55 0.045*
(D6)
Mandibular Interca- .
nine Widh (C) 26.16 +2.38 27.94 £3.38 27.28 +2.92 0.025
Mandibular Intermo- *
lar Width (IM) 45.60 +5.24 48.54 +5.55 48.88 +3.02 0.007
*p-value <0.05
Table 5: Tukey post hoc test
Dependent (I) Vertical pro- (J) Vertical pro- | Mean Difference Sj
Variable portions portions (I-J) g-
. i : Hyperdivergent -1.82625* .004*
Tongue to palate ormodivergen .
distance at 90° (D4) Hypodivergent 1.03782 173
Hyperdivergent Hypodivergent 2.86407* .000*
Tongue to palate Normodivergent Hyperdivergent -3.07226* .000*
distance at 120° Hypodivergent 1.30612 163
(03) Hyperdivergent Hypodivergent -1.71514% .004*
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however the tongue to palate distances (D4,
D5, and D6) showed statistically significant
differences among normodivergent, hypo-
divergent and hyperdivergent groups (Table
4). Moreover, statistically significant differ-
ences were found in mandibular intercanine
and intermolar width among the three study
groups (Table 4). A Tukey post hoc test sug-
gested statistically significant differences
(p-value < 0.05) in resting tongue posture at
D4, D5 and D6 between hyperdivergent and
hypodivergent groups (Table 5). Comparison
between normodivergent and hyperdivergent
groups showed statistically significant re-
sults at D4 and D5. However, there were no
differences between normodivergent and hy-
podivergent groups at D4, D5 and D6. Differ-
ences in mandibular intercanine width were
significant between normodivergent and hy-
perdivergent groups. Mandibular intermolar
widths were significantly different between
both  normodivergent-hyperdivergent and
hyperdivergent-hypodivergent pairs (Table
5). A weak correlation was found between
mandibular arch width and tongue posture
(Table 6).

W DISCUSSION

The facial and masticatory musculature is
of utmost value in the causation and man-
agement of malocclusions and craniofacial
deformities, as well as for the retention of
achieved orthodontic treatment.™ Forces of
soft tissue and associated musculature act
on dentition exerting variable magnitude and
duration of forces during rest and activity.
Resting postural forces of oral musculature
are continuous and are of long duration.
The such light magnitude and long-duration
forces can cause teeth to move while forc-
es exerted during activity i.e., swallowing,
mastication and speech are intermittent and
short duration thus, unable to achieve tooth
movement.'® Resting postural forces of the
tongue have a paramount role in the devel-
opment of arch dimensions and stability of
dentition.
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Tongue to palate Normodivergent Hyperdivergent -.93822 524
distance at 150° Hypodivergent 1.42227 246
(06) Hyperdivergent Hypodivergent -2.36049* 036"
N i ' Hyperdivergent 1.78837* .018*

Mandibular Interca- ormodivergen .
nine Width (C) Hypodivergent 66242 581
Hyperdivergent Hypodivergent -1.12595 253
N " . Hyperdivergent 2.94660* .017*

Mandibular Intermo- ormodivergen .
lar Width (M) Hypodivergent -.34021 947
Hyperdivergent Hypodivergent -3.28681* .015*

*p-value <0.05

Table 6: Pearson’s correlation

Figure 1: Template for assessment of

tongue posture on lateral cephalogram

It is a well-known fact that the facial skel-
eton exhibits various vertical growth patterns
and it can grow towards a more vertical
or horizontal growth pattern. The ultimate
choice of treatment mechanics, extraction
decisions, and treatment timing are based
on underlying vertical patterns. Any treat-
ment approach or philosophy without con-
sideration of the vertical facial pattern would
appear to be insufficient thus, the orthodon-
tist should have a comprehensive knowledge
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Tongue to palate distances | Mandibular intercanine width (IC) | Mandibular intermolar width (IM)
D1 0.263 0.180
D2 0.144 0.067
D3 0.032 0.105
D4 0.029 0.178
D5 0.039 0.111
D6 0.084 0.154
s 4
-'-_..--I-'*

dm "

Figure 2: Measurement of mandibular
intercanine and intermolar width on a
dental cast

and cognizance of the craniofacial muscu-
lature and its interrelation with the growth
and development of the dentofacial complex
and orthodontic treatment and stability.” The
present study investigates the influence of
resting tongue posture on facial proportions
in the vertical dimension and arch width of
the mandible.

The tongue to palate distances D4, D5
and D6 showed statistically significant dif-
ferences (p-value <0.05) among normodi-
vergent, hypodivergent, and hyperdivergent
groups. In hyperdivergent patients, the

tongue posture was found to be lower (great-
er tongue-to-palate distances), as compared
to hypodivergent and normodivergent pa-
tients, especially at mid-dorsum(D4), ante-
rior dorsum(D5), and tongue tip regions(D6)
(Table 4). Results reported by Valdés et al*'
were also similar, he found significantly
greater vertical facial dimensions with the
resting position of the tongue on the floor of
the mouth when compared with the resting
position of the tongue against the palate.
This association is likely due to the weight
of the tongue in contact with the mandible
leading to greater eruption of posterior teeth
and the concomitant downward and back-
ward mandibular rotation. The lower resting
position of the tongue creates mandibular
descending action which consequently in-
creases the vertical dimensions of the face.
Long face patients with the anterior open bite
may experience a lower tongue posture due
to a reduced airway space, which can cause
a lower mandibular resting position and an
extended head posture®*?, In addition to
tongue posture, studies have suggested that
both genetic and environmental factors may
play a role in the aetiology of hyperdivergent
facial pattern®.

A significant relation was found between
mandibular intercanine and intermolar
widths and vertical dimensions of the face
(Table 4). Mandibular dental arch widths
were narrower in hyperdivergent subjects as
compared to hypodivergent and normodiver-
gent subjects. Hwang et al reported compa-
rable results, as the mandibular plane angle
increased, transverse mandibular width at
the midroot level decreased®. This occur-
rence is explained by the difference in the
functional activity of masticatory muscles
and the association of masticatory muscles
with the growth of jawbones. In the case of
brachyfacial individuals, muscles have in-
creased functional activity hence the jaws
are subject to increased mechanical loading
that may, in turn, enhance bone apposition
and transverse growth in the dentofacial re-
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gions, whereas, in dolicofacial patients, weak
musculature and smaller biting forces lead
to more constricted dental arches with defi-
cient transverse growth?,

Postnatal alterations in the dental arch
form might occur by size, activity, and pos-
ture of the tongue acting as one of the envi-
ronmental factors. The correlation of tongue
posture with mandibular intercanine width
and intermolar width at all six tongue-to-
palate distances was weak (Table 6). Similar
results of weak correlation of tongue posture
with mandibular arch widths were reported
by Fatima et al*’. These results were in ac-
cordance with the study conducted by Pri-
mozi et al’, in which weak to no correlation
was seen between tongue posture and the
intermolar/intercanine widths, probably due
to dental compensations.

Results of the study indicate that vertical
proportions of the face are related to the
resting tongue posture and arch width of the
mandible. As clinical inference, an abnormal
resting posture of the tongue, neuromuscu-
lar disturbances and soft tissue imbalances
can be contributing factors in the develop-
ment of malocclusion and instability of ortho-
dontic treatment results. Therefore, the ex-
amination of tongue posture and movements
particularly in hyperdivergent patients would
be endorsed and comprehensive treatment
should include the modification of improper
tongue posture to improve treatment out-
comes and to enhance post-treatment sta-
bility of orthodontic treatment.

Limitations of this study include the use
of lateral cephalogram for evaluation of
tongue posture which is a two-dimensional
imaging technigue thus tongue volume could
not be taken into account. Furthermore,
maxillary and mandibular widths should be
ideally taken from basal bone levels?® as mo-
lars and canines may show compensations
for various malocclusions, which is possible
from CBCT scans but due to high radiation

dosage we avoided taking CBCT scans for
study purposes only.

W CONCLUSION

In conclusion, this study illuminates the
intricate relationships between facial struc-
ture, dental configuration, and tongue pos-
ture. Our findings suggest that tongue-to-
palate distances increase progressively from
the root to the tip of the tongue, with a higher
posture at the posterior dorsum. Notably, fa-
cial vertical patterns, specifically hyperdiver-
gent structures, significantly influence the
resting tongue posture and the mandibular
dental arch width. Even though a weak pos-
itive correlation was observed between the
resting tongue posture and the mandibular
arch width, likely due to dental compensa-
tions, it highlights the complex dynamics of
these anatomical elements.
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