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Abstract

Objective Different clinical problems may require a sur-
gical approach to the dental arch, such as dentofacial
orthopedics, implant-supported dental prothesis, maxillary
orthodontics protraction, removable appliances, and post-
traumatic dental reconstruction. The aim of this study is to
analyze the dental arch size and type for supporting indi-
vidual dental protheses.

Materials and methods In this study, the reference mea-
surements on the length of the bony palate, maxillary
intercanine width, maxillary intermolar width, and the ratio
of the maxillary to the palatinal surface were studied in 120
bony palates using a computer software program.

Results The average length of the bony palate, maxilla,
and palatine was measured as 104.4 + 30.3, 40.05 + 4.05,
and 15.00 & 3.03 mm, respectively. The right and left
sides of average width of intermaxillary distances were
measured as 13.75 & 1.50 and 12.51 £ 1.50 mm, respec-
tively. The average width of intermolar distance was cal-
culated as 19.82 £ 1.61 mm (right side) and
18.89 + 1.69 mm (left side), respectively. The maxillary
dentitions were classified as square (17%), round-square
(63.5%), round (14.4%), and round V-shaped arches
(5.1%). The round-square ones showed no prominent
principal component. Among the maxillary arches, the
round arches were characterized by small values and round
V-shaped ones with the largest values. Asymmetry
between the right and the left bony palate was observed.
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The areas with equal bony palate on both sides were pre-
sent in 64.4% of the cases, and in 33.1% of the cases, bony
palate was dominant on the right.

Conclusions The primary principle in reconstructive
treatment should be describing geometrical forms and
mathematical details of the bony palate. Three-dimensional
reference values relative to the dental arch may increase
the success of individual treatment of surgical procedures
and reduce possible complications. With the help of certain
software, this research has made possible to investigate the
variability of the dental arch and calculate the variety in
measurements and thereby determining the most appro-
priate implant position, optimizing the implant axis and
defining the best surgical and prosthetic solution for the
patient.

Keywords Dental arch - Orthodontic dentistry -
Orthognathic surgery - Computer-guided dental prothesis -
Cleft palate - Asymmetry

Introduction

Numerous clinical problems, such as dentofacial orthope-
dics, implant-supported dental prothesis, maxillary
orthodontics protraction, and obvious oral pathology, may
require a surgical approach to the dental arch [6, 7, 16, 25].
Since hard bony palate restricts the function of swallowing
and affects both the face and the chin esthetic directly,
well-planned treatment is essential to improve the life
quality of the patient [12, 13]. The first step is to conduct a
detailed knowledge of the geometrical forms and mathe-
matical value of the dental arch for personalized recon-
struction [26, 28]. The main anatomical approach in bony
palate problems is to determine the mathematical details,
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Fig. 1 Measurement of the
midpoint of the median palatine
suture to posterior nasal spine
using Image J 1.47 version
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restore with suitable measurements, and repair the trau-
matic defect while preserving the bony palate area [10, 29].

It has been reported that the growth and the develop-
ment period of dental arches have been influenced by a
variety of causes, such as environmental factors, nutrition,
and ethnic variations. Systemic, health, and individual
variations could also take part during this period. In the
previous studies, there have also been descriptive mor-
phological studies differentiating upsilon, elliptique, para-
bolique, and hyperbolique dentitions [2, 4, 16]. The
previous studies focused on morphometric types of the
dental arch types and researches were limited within the
anatomical landmarks [3, 23, 26]. Therefore, obtaining a
standard measurement of dental arch has become more
difficult in a great mixed population. Also these differences
could affect the course of the clinical treatment.

While various efforts have been made to formulate a
mathematical model for the dental arch in humans, the
earliest description of the arch was via terms like elliptic,
parabolic, etc. In addition, in terms of measurement, the
arch circumference and the width were some of the pre-
viously used methods for measuring the dental arch curve
(Figs. 1, 2, 3). Various experts have defined the dental arch
curvature through the use of biometry by measuring the
linear distances and the ratios [5, 7, 14, 26]. Researchers
also maintain that important considerations in defining the
human dental arch through mathematical modeling like
symmetry or asymmetry, objective, landmarks used, and
required level of accuracy do influence the actual choice of
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Fig. 2 Measurements of the bony palate: Transverse lines; right
(a) and left (b) widths of the maxilla at the incisive foramen; right
(c) and left (d) widths of the maxilla at the median palatine suture.
Two vertical lines intersected midpoints of the incisor edge to median
palatine suture (e); midpoints of the median palatine suture to
posterior nasal spine (f). a + b intercanine width, ¢ + d intermolar
width

the model made. Factors that determine satisfactory diag-
nosis in orthodontic treatment include the dental arch form
and size [1, 5, 7, 17, 22]. Commonly used plaster model
analysis is cumbersome, whereas many scanning tools, like
laser, destructive and computer tomography scans, struc-
tured light, magnetic resonance imaging, and ultrasound
techniques, do exist now for accurate 3D reconstruction of
the human anatomy [15, 17]. Mathematical analysis of the
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Fig. 3 Specimens with prominent widths in transverse lines a right dominant, b left dominant, and ¢ equal specimen

bony palate can be applied successfully in various issues
related to dentistry thanks to the advancements in computer
imaging, digitalization, and computer analysis through
state of heart software programs [13, 15].

The planning of surgical reconstruction significantly
reduces functional and esthetic disorders which are reported
in patients with maxillary deformity, malocclusion, and cleft
lip and palate [18]. Primary repair in maxillary deformity
should require orthognathic surgery. Several therapy factors,
such as surgery, method of fixation, neuromuscular adapta-
tion, and orthodontics, contribute to the treatment. The dif-
ferences of the dental arch occurring as a result of growth and
treatment have been interest to the orthodontist and are
carefully considered during the treatment planning stage.
Development in computer-aided technology has broadened
diagnostic and interventional possibilities not only in general
medicine, but also in implant dentistry, such as implant-
supported dental prothesis, prosthetically driven implant
placement and removable appliances [1, 3, 22, 27]. The
electronic data, also obtained by the planning-process, can be
directly transferred into the fabrication of surgical guides
(stereolithography). Comprehensive knowledge on the
mathematical detail of the bony palate is necessary as part of
the surgical management of repairing, repositioning, recon-
structing, and fabrication on the hard palate [7, 10, 13].
Treatment planning with computer-guided technique should
focus on the anticipated esthetic and functional outcomes
[3, 6, 28]. Many factors are considered in the planning of
corrective surgery, such as dental arch, intercanine width,
intermolar width, and the dentoalveolar relationship. The
purpose of this article was to report the interdisciplinary
collaboration of orthognathic surgery and prosthesis
treatment.

Conducting a detailed oral examination is important in
planning an individual treatment program for each dental
patient. We have found limited studies using software pro-
gram analyzing with the mathematical details and geomet-
rical forms of the bony palate. This research aims at guiding
clinical diagnosis and treatment which requires the study of
dental arch forms, shape, size, and other parameters.

We proposed to analyze the dental arches with the ref-
erence measurements on the length of the bony palate, such
as the intercanine width, intermolar width, ratio of the
maxillary to palatinal surface, and skeletal asymmetry in
adult hard palate. Using computer-assisted diagnostics in
this study will enhanced the longevity of the maxillary
bone, help perform implant-supported dental prothesis
more effectively, and evaluate the removable application
and put limitations to the three-dimensional computer
technology in hypothetical indications.

Materials and methods

The study was conducted on 120 dry, unsexed, adult
human skulls of the twentieth century available with the
Anatolian population. None of them was affected by the
maxillopalatinal abnormally or disrupted anatomically due
to a previous maxillary surgery or trauma.

Photographs of the bony palate were taken with the
macro model of a Nikon D 300 megapixel camera, in
priority mode, with 7.1 diaphragm clarity. The bony palate
was fixed horizontally and the images were taken by fixing
the camera. The pictures were then uploaded onto a per-
sonal computer and software (last edition of National
Institute of Health’s public software Image J 1.48v) was
used to calculate the distances (Fig. 1). With the software,
benchmarks were manually chosen and their distances to
the maxillary bones were evaluated on the right and left
sides separately (Fig. 2). In this study, we designated the
midpoints of the incisor edge, median palatine suture,
transverse palatine suture, posterior nasal spine, incisive
foramen, and alveolar ridge to be as main reference points.

Lateral sulcus point
The point at which the lateral sulcus crosses the crest of the

alveolar ridge.
Maxillary anterior arch width (a-b).
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Fig. 4 Specimens with different ratio bony palate a classical ratio, b bigger maxilla, and ¢ bigger palatine

Maxillary posterior arch width (c—d).

Dental midline of the hard bony palate (e—f).

From the two vertical lines: intersected midpoints of the
incisor edge to median palatine suture; midpoints of the
median palatine suture to posterior nasal spine. From the
transverse lines: right and left width of the maxilla at the
incisive foramen (a—b); right and left width of the maxilla
at the median palatine suture (c—d).

Asymmetries were measured by determining the abso-
lute difference between homologous measurements as
related to the reference lines (Figs. 2, 3). Possibility of
irregularity in dental midline was also investigated. Dental
midlines (e—f) were evaluated with posteroanterior photos.
Correlation of dental midline to the maxilla and palatine
was also evaluated (Figs. 2, 4).

Findings were analyzed using mean value, standard
deviation, estimation of population mean with 95% confi-
dence interval, and Student’s ¢ test with levels of signifi-
cance were set at « = 0.01 and « = 0.05).

The selection criteria were followed. The maxillary
dental arches were classified as square, round-square,
round, and round V-shaped arches with reference to the
Thompson’s morphological descriptions [8].

The study was approved by the suitably constituted
Ethical Committee at Researches Department of Ege
University Hospital, within which the work was under-
taken, and the study conforms to the Declaration of Hel-
sinki (14.04.2011).

Results

The bony palate was formed by the palatine process of the
maxillary and the horizontal plates of the palatine bones,
meeting at a cruciform system of sutures. The median
palatine suture ran anteroposteriorly and divided the bony
palate into right and left halves, and it was continuous with
the intermaxillary suture between the maxillary central
incisor teeth. The transverse palatine sutures ran trans-
versely across the palate between the maxillary and the
palatine bones. The bony palate arched sagittally and
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transversely: its width and breadth were variable but were
always the greatest in the molar region.

Bony palate measurements were as follows: The average
length of the bony palate, length of the maxillary bone, and
length of the palatine bone were as 104.4 + 30.2,
40.05 £ 4.05, and 15 £ 3.03 mm, respectively. The mean
average area of the right and the left bony palates was
calculated as 520.77 & 82.19 and 501.78 =+ 72.71 mm>.
The average width at intercanine distance was
13.75 £ 1.5 mm (right side) and 12.51 £ 1.5 mm (left
side), respectively. The average intermolar distances were
measured as 19.82 £ 1.61 mm (right side) and
18.89 £ 1.69 mm (left side). (Fig. 1b). Geometric calcu-
lations were summarized in Table 1.

As for the evaluation of the breadth of the bony palate,
equal values of a-b and c—d were crucial in terms of
symmetry (Figs. 2, 3). The right side was dominant in
33.1% (Fig. 3a), the left side was dominant 2.5% (Fig. 3b),
and equal in 64.4% (Fig. 3c).

Maxilla palatine rate: classical ratio in 55.93% (Fig. 4a),
bigger maxilla in 5.08% (Fig. 4b), and bigger palatine in
38.98% (Fig. 4c).

Maxillary dentitions were classified as square (17%),
round-square (63.5%), round (14.4%), and round V-shaped
arches (5.1%). Square dental arch had protruding canines with
the anterior teeth and was arranged parallel bilaterally
between the premolars and the molar (Fig. 5a). This type of

Table 1 Measurements of the bony palate

Measurements Average (mm) £+ SD (min-max)

104.4 £+ 30.3 (35.7-187.1)
40.05 + 4.05 (29.15-50.72)
15.00 £ 3.03 (6.85-24.32)
520.77 & 82.19 (320.20-747.47)
501.78 £ 72.71 (335.37-733.38)
13.75 + 1.50 (10.38-17.42)
12.51 %+ 1.50 (9.15-15.43)
19.82 £+ 1.61 (16.00-23.71
18.89 £ 1.69 (14.19-22.71)

Length of bony palate
Length of maxilla

Length of palatine

Area of the right bony palate
Area of the left bony palate
Right width at intercanine
Left width at intercanine
Right width of intermolar

Left width of intermolar
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Fig. 5 Specimens with different alveolar arch. a Square, b round, ¢ round-square, and d round V shape

Fig. 6 Specimens of dental
asymmetry and irregularities
(arrow) of the intermaxillary
suture

dental arch was observed with 17% frequency. Round-square
arch had alittle canine protrusion resulting in a curved anterior
teeth line; the posterior teeth were linearly aligned. The
bilateral linearly aligned posterior teeth were nearly parallel in
appearance. In this study, round-square arch was observed
with 63.5% frequency (Fig. 5b). Round dental arch was seen
as semicircle dental arch showing no canine protrusion and the
incidence was 14.4%. This arch type was the smallest limit
(Fig. 5¢). Round V-shaped arch showed definite V-shaped
anterior teeth arrangement (Fig. 5d) and was present in 5.1%
of the specimen. Round V-shaped arch had large upper limit
values (Fig. 5d).

Symmetrical hard bony palate without irregularities in
dental midline was present in 51.7%, slight irregularities
were in 38.1%, and asymmetry depending medium irreg-
ularity was present in 10.2% of the cases (Fig. 6 a,b).

Discussion

The bony palate can be affected by a large number of
congenital, traumatic, neo-plastic, vascular, and orthodon-
tic disorders [6, 7, 9, 16, 18, 25]. Deformities, such as
dentofacial orthopedics, implant-assisted dental recon-
struction of oncology patients, and maxillary orthodontics
protraction may require surgical approach to the bony
palate [13].

Therefore, the ultimate goal should be the reconstruction
of the bony palate with the restoration of proper anatomy,
volume, function, and esthetics [9, 20, 21, 24]. Appropriate
planning of surgical reconstruction significantly reduces
functional and esthetic disorders in patients with maxillary
deformity, malocclusion, and cleft lip and palate [18].
Orthognathic surgery, prostheses, and implants are expec-
ted to provide satisfactory results ensuring esthetic, func-
tional, and psychological outcomes as part of the treatment
[28]. Recent advances in imaging techniques and com-
puter-aided simulation have added to the attempts to
determine dental arch form [1, 13, 14, 19, 22]. Each bony
palate had advantages and disadvantages, but none could
exactly define the shape of the human dental arch curvature
and its features like shape, symmetry/asymmetry, linear
distances, and ratios. Asymmetry has been found to play a
crucial role in its restoration as an essential problem in oral
maxillofacial surgery [9, 11, 22]. The etiology of the
asymmetry can be quite complex. In majority of the cases,
it could be related to skeletal deformity. This is based on
the principle that occlusal changes concerning the dental
arch may lead to asymmetrical changes.

The findings of a large variation indicate that the dental
arch form has no single and universal forms. These
observations are strengthened by different facial patterns
and stratified ethnic groups in this investigation. Some
studies have reported that evaluation of the anterior teeth
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curvature and length-to-width ratio are determinant factors
in the differentiation of maxillary dental arch forms [4].
Bishara et al. reported maxillary intercanine width as
34 £23, 323 + 1.8 mm in post-eruption. Maxillary
intermolar width was 53.6 & 2.9, 48.3 £ 1.6 mm in post-
eruption [4].

Nakatsuka et al. classification according to Thompson’s
definition was as follows: 21.0% square, 58.1% round-
square arches, 4.8% round arches, and 16.1% round
V-shaped arches [23]. Square ones had prominent protru-
sion of canines and a linear arrangement of the anterior
teeth leading to small upper and lower confidence limit
values, which were significantly different from other arch
types. The item showed significant differences between
round V-shaped arches with long arch length. This is an
essential parameter to differentiate round dental arches
from the others. Another variable factor analysis on this
study of the dental arch was the report that right/left ratio
of the anterior teeth, the divergence of the molar segments,
and the extent of the square shape of the anterior teeth had
affected the dental arch forms deeply.

The appropriate timing and planning of surgical recon-
struction significantly reduce functional and esthetic disor-
ders in patients with cleft palate. The dental arch has
emerged as an important part of esthetic dentistry for a
variety reasons. The analyzed dental arch shapes have used
conventional anatomical points on incisal edges and on
molar cusp tips so as to classify forms of the dental arch
through various mathematical details. The differences of
teeth forms, such as shape, size, arch spacing, and curvature
characterize a given sample for mathematical analysis, and
also essentially vary with the nationality and ethnic origin of
a child. Factors that determine satisfactory diagnosis in
orthodontic treatment include teeth spacing and size, and the
dental arch form and size. Anatomical details are important
considerations in defining the human dental arch through
mathematical modeling like symmetry or asymmetry,
objective, landmarks used, and required level of accuracy
which do influence the actual choice of model made. The
computer-guided system of stereolithography used manages
maxillary deformity, malocclusion, residual oronasal fistula,

Fig. 7 Round V-shaped arch
palate (a) after the treatment
with a removable appliance (b)
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and bone defects in these patients and enhanced quality of
life. Mathematical analysis can be applied satisfactory in
various issues relating to dentistry and the advances in
computer imaging, digitalization, and computer analysis
through state-of-the-art software programs. The paper
reports individual measurements which may present
esthetic, functional, and psychological problems.

Using computer-guided technology in implant dentistry
is more advantageous and safe in planning and controlling
prospective implant axis in relation to the prosthetic bony
palate position [10, 29]. It also leads to a higher quality of
the treatment outcome with subsequent better patient
information, fast implant placement, reduced cost, reduced
chair side time, and a reduction of follow-up visits of the
patients. Computer-guided system of stereolithography
consists of three stages: (a) photographic analysis, includ-
ing virtual implant planning; (b) formation of the surgical
flapless procedure; and (c¢) immediate loading of a tem-
porary prosthesis, within “1 h” as boosted by current
marketing [6, 13, 15, 24]. In this study, computer-aided
photometric methods were used to evaluate linear, area,
and asymmetrical data of the bony palate. Given geometric
values of the anatomical landmarks were defined (Fig. la,
b). This study was conducted to evaluate longitudinal and
transverse distances in dental asymmetry and to expand the
knowledge on dental arch changes. Therefore, it is
important to have extensive knowledge on the structure of
the bony palate, observe the mathematical details of the
curve and the area, and calculate linear distances, asym-
metry, and their effect on bony palate reconstruction. In
this study, we conducted analysis of items to standardize
and summarize the dental arch form to be represented by
three principal components. The results revealed that the
first principal component was the parameter of intercanine
distance, which was strongly affected by parameters. The
second principal component, type of the dental arch, was
mainly composed of the curvature of the anterior teeth. The
third principal component was the dental asymmetry
affected by the anterior maxillary region. In future, the
research will be planned to analyze using structure sensor
3D scanner in patients with cleft palate population.
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Different arch patterns or the existence of asymmetry
may help reduce functional and esthetic disorders. The
conclusion drawn out of this study may be individual
modeling of reconstruction. Figure 7 devised for the results
of study can be used to redesign and treat asymmetry with
removable appliances of the bony palate [1, 6, 17, 24].

Conclusion

This study made possible to investigate the form and the
arch dimensions of the hard palate, to provide detailed
information on the characteristics of dental asymmetry, and
to calculate the distances of palatal reference points with the
help of using software. Final decision-making in implant
prosthodontic treatment can be facilitated by an efficiently
planned tool-based new computer technology. In compro-
mised situations, this allows the surgeon to determine and
evaluate the best position for the placement of the implant
and the need for an additional surgical intervention. Using
the computer technology also lets the surgeon predict the
outcome of the treatment, allows for a better risk manage-
ment, and assists to obtain more individual information for
the patient. All in all, advanced technology contributes to set
up higher quality standards in implantology.
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