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Abstract:

Precision medicine aims to prevent and treat disease using patient-specific data, including
genetic and environmental factors. While precision medicine continues to improve the quality of
care for patients worldwide, this customized approach to care is beginning to emerge within
dentistry. The advancement of three-dimensional imaging and printing technology, artificial
intelligence, and smart appliances have created a platform for precision orthodontics. However,
there is still a lack of data in the literature regarding the effects of intrinsic patient forces on the
outcome and stability of orthodontic treatment. This study aimed to explore the relationships
between the natural position of teeth, the condition of their supporting periodontal tissue, and
contraction forces of adjacent perioral musculature. There were three null hypotheses in this study:
1) there is no direct relationship between increased lip force surrounding the dentition and
intercanine width, 2) there is no direct relationship between increased tongue force surrounding
the dentition and incisor position, and 3) there is no direct relationship between the position of the
mandibular incisors and the health of their supporting periodontium. The position and angulation
of incisors for orthodontically untreated adult patients (N= 24, average age 24.5) were measured
on lateral cephalograms and compared to maximum contraction forces of lip and tongue muscles
obtained using a novel intraoral pressure gauge (Tongueometer™, E2 Scientific). Ultrasound
images of the four mandibular incisors were also captured to examine the height of their facial
alveolar bone. The null hypotheses were accepted. We could not identify any significant
correlation between the maximum contraction force of the lip or tongue musculature on the
inclination or sagittal positioning of the incisors. However, increased intercanine widths were
positively correlated with increased lip muscle contraction strength and incisor-mandibular plane
angle measurements were negatively correlated with the facial bone height of mandibular incisors.
These preliminary findings may add further support to the existing literature that claims 1)
increasing intercanine widths during orthodontic treatment may result in poor stability due to
increased lip forces, and 2) individuals with increased incisor-mandibular plane angles lack hard
periodontal support and are at greater risk for periodontal tissue damage. Future studies with an
increased numbers of participants are necessary to identify other components of the dental

equilibrium, such as resting perioral tissue pressures.



Introduction:

Precision medicine, a medical pursuit launched from the success of the human genome
sequencing project, aims to prevent and treat disease using patient-specific data, including
individual genotypes, environments, and lifestyles.! The translational effect of precision medicine
research is undeniable, and has resulted in the development of life-altering treatments for chronic
diseases, such as cystic fibrosis, various oncological conditions, and even COVID-19.1 While
precision medicine continues to improve the quality of care for patients worldwide, this
customized and individualized approach to care is beginning to be implemented in the field of
dentistry, specifically in the subsections of oral and maxillofacial pathology, craniofacial
developmental differences, and periodontal disease.* As the integration of advanced technology
into the routine practice of orthodontics continues, the execution of precision orthodontics may
become achievable in the near future.®> For example, the commonplace use of three-dimensional
imaging in orthodontic practices allows for customizable surgical guides for orthognathic surgery,
and the sequencing of individual tooth movements can now be planned more precisely with the
use of three-dimensional intraoral scans and digital workflows.> Additionally, there are smart
devices available that use sensor technology to record several variables that affect orthodontic
treatment outcomes, such as patient compliance with wearing removable appliances and
the magnitude and direction of force vectors applied to the teeth via orthodontic appliances.®
Although there are devices available to measure how extrinsic orthodontic forces could affect the
oral cavity, there are limited opportunities to clinically assess how the patient’s intrinsic forces
contribute to the equilibrium of the surrounding dentoalveolar structures.

Human growth and development is a core tenet of orthodontics and dentofacial
orthopedics. The functional matrix theory, a widely accepted theory on human growth, states the
development of the craniofacial complex is due, in part, to functional needs of the oral cavity and
influenced by soft tissue.® There is a well-documented relationship between the strength of perioral
musculature and the size and function of their skeletal attachments. Dystrophic muscles of
mastication are associated with weaker bite forces, lowered positions of the mandible, and
transverse discrepancies of the maxilla.” Additionally, there is a documented relationship between
the vertical overlap of the maxilla and mandible and variations in myosin fiber types. For example,
patients with deep bites tend to have increased type Il masseteric myosin fibers, whereas type |

fibers comprise the majority of masseteric myosin fibers in patients with open bites.®



Like skeletal tissue, there are links reported between perioral musculature and tooth
position and angulation aberrations. Resting tongue posture, for example, may have a significant
impact on the development of proper overbite and overjet. When it deviates from its intended
resting position of its dorsum in contact with the palate and its most anterior portion in contact
with the incisive papilla, anterior open bites may develop due to constant and aberrant forces from
the tongue on the anterior dentition.® In addition to the tongue, other perioral muscles, such as
orbicularis oris, have been demonstrated to affect the dentition with increased lip pressure being
associated with an increase palatal crown torque of maxillary incisors.'® It has also been
demonstrated that, after simulated dental arch expansion, the amount of lip pressure exerted on the
mandibular incisors and canines increases.'* This may affect long-term stability of the orthodontic
movement in this region.*

The existing literature lacks detail on the intersection of oral muscular pressure, the
position and angulation of the dentition, and how this affects the supporting periodontal structures.
This is critical because the position of the dentition, specifically the position of the mandibular
anterior teeth within the alveolus, is related to periodontal health. When teeth are positioned
outside of the physiologic limits of the alveolar bone, localized bony dehiscences and gingival
recessions may ensue; when teeth are positioned well-within the confines of the alveolar bone,
existing gingival recessions may be corrected.*?

To progress toward a more patient-specific approach when considering orthodontic
treatment planning, information regarding the magnitude of oral musculature force, its association
with tooth position, and subsequently periodontal support, could prove to be pivotal. Therefore,
with the use of a novel intraoral pressure gauge and ultrasound imaging technology, this study will
investigate the relationship between a patient’s muscle forces and the pre-orthodontic treatment
status of the dentoalveolar structures, and whether the existing position of dental structures
influences alveolar facial bone height.

There are three null hypotheses in this study:

1) There is no direct relationship between tongue muscle force surrounding the dentition and
incisor position.
2) There is no direct relationship between lip muscle force surrounding the dentition and

intercanine width.



3) There is no direct relationship between the degree of mandibular incisor proclination and

effects on the local periodontal tissue.

Materials and Methods:
Adult patients between the ages of 18 and 40 were recruited for this study during

consultations for comprehensive orthodontic treatment at the Harvard School of Dental Medicine.
Patients seeking treatment who had a past history of prior orthodontic treatment, medical
conditions that may affect muscle tonicity (i.e. Bell’s palsy, muscular dystrophy, etc.), history of
cleft lip and/or palate, and patients without a full complement of adult dentition were excluded
from the study.

Intraoral scans of both the maxillary and mandibular arches were recorded using an iTero
Element® 2 scanner. Using the OrthoCAD software (iTero®), the intercanine widths of the
maxillary and mandibular arches were measured. Maxillary intercanine width was recorded in
millimeters by drawing a line from the maxillary left canine cusp tip to the maxillary right canine

cusp tip (Figure 1). Mandibular intercanine width was recorded in the same fashion (Figure 2).
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Figure 1. Maxillary intercanine width Figure 2. Mandibular intercanine width

A lateral cephalometric radiograph was used to obtain the degree of proclination and
protrusion of the maxillary and mandibular incisors. The lateral cephalometric radiograph
landmark tracings were completed using Dolphin Imaging (Patterson Dental). Proclination of the
maxillary and mandibular incisors were recorded in degrees using the U1-SN and L1-MP angles,

respectively. Protrusion of the maxillary and mandibular incisors was recorded in millimeters



using the U1-NA and L1-NB measurements. These measurements, which are the accepted

measurements put forward by the American Board of Orthdoontics, are depicted in Figure 3.

Figure 3. Standardized lateral cephalometric landmark measurements.

Muscle pressure was recorded in kilopascals at the initial orthodontics consultation using
the Tongueometer™ (E2 Scientific) for all patients enrolled in this study (Figure 4). When
compared to the lowa Oral Performance Instrument (IOPI), the current gold standard orofacial
manometer, the Tongueometer™ demonstrated strong validity in measuring orofacial strength.1314
To measure the pressure from the lip muscles, the pressure gauge was placed at the commissures
of the lips and patients were asked to close their lips together. These measurements were recorded
three times at each commissure and an average value was recorded. For calculating total pressure
applied to the teeth in this area during contraction, the sum of the average values was calculated.
To measure the pressure from the tongue muscles, the pressure gauge was placed between the
dorsal surface of the tongue and the palate, and the patient was asked to apply pressure to the gauge
with their tongue three separate times. An average value was calculated for tongue pressure. The
pressure measurement results were accessed through the iPhone application associated with the
Tongueometer ™. A new pressure gauge tip was used for each patient, and the instrument itself

was sanitized using a CaviWipe (Metrex) between each use.
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Figure 4. Image of Tongueometer™ (E2 Scientific) and associated application

To determine the status of the supporting periodontal tissue, a commercially available
ultrasound imaging device (ZS3, Mindray) was coupled with a 24 MHz (64 mm axial image
resolution) and miniature-sized (approximately 30 mm long, x 18 mm wide x 12 mm thick) probe
(L30-8) to generate ultrasound images. Single image frames (“still images”) at the mid-facial
aspect of the mandibular incisors were saved in “B-mode” in the Digital Imaging and
Communications in Medicine (DICOM) format. “B-mode” generates 2D grey-scale images in
which brightness is the result of the returned echo signal and its strength, which depends on the
acoustical properties of the periodontal soft and hard tissues. The US probe was oriented
perpendicular to the occlusal plane and parallel to the long axis of the tooth at its midfacial aspect.
A public-domain software package (Horos™, version 3.3.6, Horos Project) was utilized for
evaluating the distance between the cemento-enamel junction and the facial bone crest of the

mandibular anterior dentition.
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Figure 5. ZS3 Ultrasound System by Zonare ® and ultrasound image analysis of mandibular
anterior tooth using Horos™



Results:
Patient Demographics:
Twenty-seven participants were enrolled in this clinical research study. Three participants

were ultimately excluded due to undisclosed histories of orthodontic treatment or missing
permanent mandibular incisors. The average age of participants in this study was 24.5 years old.
There were 10 males and 14 females enrolled in the study. For portion of this study that evaluated
the distance between the cemento-enamel junction and the alveolar facial bone crest, 2 additional

patients were excluded due to poor ultrasound imaging quality.
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Figure 6. Distribution of sex and age of participants

The relationship between tongue pressure and cephalometric measurements:
Maxillary and mandibular incisor protrusion were correlated to the maximum tongue muscle

contraction strength by calculating the Pearson correlation coefficient. There were weak, non-
significant relationships between maximum tongue muscle strength, maxillary incisor protrusion
(R=0.0123, p=0.9545) (Figure 7A ), and mandibular incisor protrusion (R = 0.0684, p =0.7508)
(Figure 7B ).

Maxillary and mandibular incisor proclination were also correlated to the maximum tongue
muscle contraction strength with the Pearson correlation coefficient. There was a non-significant
positive correlation between maximum tongue muscle strength and maxillary incisor proclination
(R=0.2236, p =0.2936) (Figure 7C ). There was a weak, negative correlation between maximum
tongue strength and mandibular incisor proclination (R =-0.0387, p =0.8564) (Figure 7D).
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Figure 7. The relationship between tongue pressure and incisor position and angulation. A) The correlation
between maxillary incisor protrusion and tongue pressure was weakly positive and non-significant. B) The correlation
between mandibular incisor protrusion and tongue pressure was weakly positive and non-significant. C) The correlation
between maxillary incisor proclination and tongue pressure was positive and non-significant. D) The relationship
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between mandibular incisor proclination and tongue pressure was weakly negative and non-significant.

The relationship between lip pressure and intercanine width findings:

Maxillary (R = 0.3543, p =0.0893) (Figure 8A) and mandibular (R = 0.3024, p = 0.1509)
(Figure 8B) intercanine widths were positively, but not significantly, correlated with the maximum

contraction strength at the commissures of the lips. The Pearson correlation coefficient was used

for the statistical analysis.
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Fig. 8B)
Mandibular Intercanine Width vs. Lip Pressure
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Figure 8. The relationship between lip pressure and intercanine widths. A) The correlation between maxillary
intercanine width and lip pressure is positive and non-significant. B) The correlation between mandibular intercanine
width is positive and non-significant.

The relationship between tongue pressure and distance between CEJ and facial bone crest findings:
The Pearson correlation coefficient demonstrated a positive correlation between tongue

pressure and distance between the cemento-enamel junction and the facial bone crest of
mandibular incisors. This relationship was statistically significant for tooth #24 (R = 0.5086, p =
0.0156) (Figure 9B), but not for the other mandibular incisors (#23 (R = 0.2749 p = 0.2156), #25
(R=0.3374, p=0.1246), #26 (R = 0.2058, p = 0.3581) (Figures 9A, 9C, 9D).
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Fig. 9B) Distance Between #24 CEJ and Facial Bone Crest vs. L1-MP
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Figure 9. The relationship between tongue pressure and distance between CEJ and facial bone crest findings.
A) The correlation between the L1-MP angulation and the distance between CEJ and facial bone crest of #23 is positive
and not significant. B) The correlation between the L1-MP angulation and the distance between CEJ and facial bone
crest of #24 is positive and significant (R = 0.5068, p = 0.0156). C) The correlation between the L1-MP angulation and
the distance between CEJ and facial bone crest of #25 is positive and not significant. D) The correlation between the
L1-MP angulation and the distance between CEJ and facial bone crest of #26 is positive and not significant.



Discussion:
In the age of continually emerging and advanced technology in orthodontics, discovering

new methods to maximize the efficiency and predictability of treatment has become a leading
priority for clinicians and researchers, alike. While there have been extensive developments in the
customization of orthodontic appliances to alter the application of external forces to the dentition,
there is a lack of information in the literature regarding the inherent forces within and surrounding
the oral cavity that may influence treatment outcomes and stability. This research had three specific
aims: 1) to discern a relationship between lip pressure and the intercanine width of the maxillary
and mandibular dental arches, 2) to explore the relationship between tongue pressure and
angulation and position of maxillary and mandibular incisors, 3) to analyze the association
between proclined mandibular incisors and the status of the supporting periodontal tissue in adults
who have never had orthodontic treatment.

Intercanine width is a critical concept in orthodontic treatment planning because it is a
well-accepted notion that this width, when expanded to resolve tooth-arch length discrepancies, is
not stable.’®* A meta-analysis conducted by Burke et. al highlighted that, irrespective of
mechanotherapy or malocclusion classification, intercanine width tends to expand during
orthodontic treatment and return to its original dimensions post-retention.*® Similarly, a more
recent study by Alpakan and colleagues that evaluated long-term mandibular incisor stability in
patients who received non-extraction orthodontic treatment demonstrated that intercanine width
was expanded during active treatment and relapsed to the original width post-retention, even if
interproximal reduction was implemented within the treatment.'* Our data reveal the trend that
larger intercanine widths are associated with increased pressure at the commissure of the lips,
though this was not statistically significant. Extrapolating from the data gathered in the current
study, it can be assumed that if intercanine width were to be expanded during orthodontic treatment
in the participants of the study, the pressure at the commissure of the lip would also increase. This
may help to explain the unstable nature of intercanine width expansion, but follow-up research
studies with a greater sample size and statistical significance would be necessary to provide
evidence for this claim.

The data from this research did not identify a clear relationship between maximum tongue
pressure and the sagittal position and angulation of maxillary and mandibular incisors. The

“equilibrium theory” states that it is not the magnitude of force, rather it is light and sustained



pressure of the tongue up against the teeth that produces significant effects on tooth positioning.®
For example, a “tongue thrust” swallow pattern does not provide enough tongue-to-tooth sustained
contact to cause an effect on incisor flaring.® Rather, a forward resting posture of the tongue, which
provides the aforementioned sustaining pressure on the incisors, would be more likely to result in
changes to incisor inclination and positioning.® Due to the limited pressure detection capability of
the intraoral gauge used in this study, we recorded the maximum contraction strength of the tongue;
this, however, does not accurately correspond to resting tongue pressure against the teeth. Future
studies should attempt to validate a more sensitive oral pressure gauge to assess resting tongue and
lip posture and its effects on tooth position before making any definitive claims on the relationship
between these variables.

Great caution is taken by orthodontists when treating patients to avoid creating or
exacerbating areas of gingival recession, alveolar bone dehiscences, and fenestrations, specifically
in the mandibular anterior region. The intersection of orthodontic treatment and periodontal health
has been extensively described in the literature, with often contradicting claims on the interplay
between incisor proclination and the risk of periodontal damage. Ruf and colleagues conducted a
study in children and adolescents treated with Herbst appliances to assess the incidence of gingival
recession in this population and did not find a significant risk of compromised periodontal
support.’® However, Artun and Krogstad reported an increased risk of gingival recession during
treatment and three years into retention for adult patients who had mandibular incisors proclined
for dental decompensation prior to Class 11 surgical treatment.® There is also evidence from the
orthodontic and periodontal literature alike that gingival recession during orthodontic treatment is
the result of a pre-existing compromised width of the keratinized tissue surrounding the incisors.%"
18 The ultrasound imaging used in this study proved to be an informative and ionizing radiation-
free tool to assess dental positioning relative to the supporting periodontium. The data from our
study reveal there is a positive correlation between the proclination of mandibular incisors and the
distance between the CEJ and the facial bone crest of these teeth. This positive correlation was
statistically significant for only one tooth (#24), but it possible that the lack of significance for the
other three incisors is the result of a small study sample. The height of the facial alveolar bone in
relation to mandibular incisor proclination is important because it has been established that areas

of gingival recession are often preceded by alveolar bone dehiscences.!®



Conclusion:

This research study revealed a positive trend between maxillary and mandibular intercanine
widths and maximum muscle contraction at the commissures of the lip, no clear relationship
between maxillary and mandibular incisor positioning and maximum tongue muscle contraction,
and a negative relationship between incisor proclination and supporting facial alveolar bone height.
However, these findings were not statistically significant apart from the incisor proclination-facial
alveolar bone height relationship of tooth #24. Due to lack of robust statistical significance of these
data, further studies with greater sample sizes and intraoral gauges with greater sensitivity to
resting perioral tissue pressures are needed to be able to discern the true relationships between the

variables presented in this study.
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