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ABSTRACT

The objective of the study was to examine the sizes of teeth in digital models of patients with different
malocclusions using three-dimensional measurement software. METHODS: 68 digital models of 34
patients, aged between 21 and 29 years, were analyzed. A review was conducted to classify the
participants according to Angle's classification, resulting in 24 patients in the class | group and 10
patients in the class Il group. Subsequently, the patients' plaster models were scanned using the
Dentsply Sirona Cerec Omnicam Software 5.2 digital scanner to obtain their digital format. The
NemoStudio-2022 software was then utilized to perform tooth size measurements. RESULTS: After
analyzing the measurements, it was observed that there was no statistically significant relationship
between the anterior and general mesiodistal sizes and the different malocclusions. Additionally, there
was no difference between the groups in terms of the values of the anterior proportion, nor when
evaluating the values of the general proportion between the groups. Finally, none of the malocclusion
groups showed a significant relationship with the alteration of anterior or general mesiodistal size.
CONCLUSION: The difference in mesiodistal tooth size between the upper and lower anterior teeth
does not contribute to the development of Angle Class I, Class Il, and Class Il malocclusions, as no
statistically significant relationships were found in this regard.

KEYWORDS: Digital analysis. Malocclusions. Tooth size.

RESUMO

O objetivo do estudo foi examinar os tamanhos dos dentes, em modelos digitais de pacientes com
diferentes oclusdes, com o auxilio de softwares de mensuragéo tridimensional. Foram analisados 68
modelos digitais de 34 pacientes com idade entre 21 e 29 anos. Uma revisdo foi realizada para
determinar os participantes de acordo com a classificacdo de Angle, restando 24 pacientes no grupo
classe | e 10 pacientes no grupo classe Il. Em seguida, os modelos de gesso dos pacientes foram
escaneados, utilizando-se o scanner digital Dentsply Sirona Cerec Omnicam Software 5.2, obtendo-se,
assim, o formato digital. O software NemoStudio-2022 foi entdo utilizado para realizar as medi¢des do
tamanho dos dentes. Apés andlise das medidas, observou-se que os tamanhos mesiodistal anterior e
geral ndo se relacionaram estatisticamente com as diferentes oclusopatias. Também ndo houve
diferenca entre 0s grupos quanto aos valores da propor¢do anterior, nem quando avaliados os valores
da propor¢éo geral entre os grupos. Finalmente, nenhum grupo com ma oclusdo apresentou relagao
significativa com a altera¢@o do tamanho mesiodistal anterior ou geral. A diferenga no tamanho dos
dentes mesiodistais dos dentes anterossuperiores e anteroinferiores ndo contribui para o aparecimento
de mas oclusbes de Classe | de Angle, Classe Il e Classe lll, uma vez que ndo houve relaces
estatisticamente significativas a esse respeito.

PALAVRAS-CHAVE: Andlise digital. Mas oclusdes. Tamanho do dente.
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RESUMEN
El objetivo del estudio fue examinar los tamafios de los dientes, en modelos digitales de pacientes con

diferentes maloclusiones, con la ayuda de un software de medicién tridimensional. Se analizaron 68
modelos digitales de 34 pacientes con edades comprendidas entre los 21 y los 29 afios. Se realiz6 una
revision para determinar los participantes segun la clasificacién de Angle, quedando 24 pacientes en el
grupo de clase | y 10 pacientes en el grupo de clase Il. A continuacion, se escanearon los modelos de
yeso de los pacientes, utilizando el escaner digital Dentsply Sirona Cerec Omnicam Software 5.2,
obteniendo asi su formato digital. A continuacion, se utilizé el software NemoStudio-2022 para realizar
mediciones del tamafio de los dientes. Después del andlisis de las mediciones, se observd que los
tamafios mesiodistal anterior y general no se relacionaron estadisticamente con las diferentes
maloclusiones. Tampoco hubo diferencia entre los grupos en cuanto a los valores de la proporcion
anterior, ni a la hora de evaluar los valores de la proporcién general entre los grupos. Finalmente, ningln
grupo de maloclusién tuvo una relacion significativa con la alteracién del tamafio mesiodistal anterior o
general. La diferencia en el tamafio de los dientes mesiodistales de los dientes antero-superiores y
antero-inferiores no contribuye a la aparicion de maloclusiones Angle Clase I, Clase Il y Clase lll, ya
gue no hubo relaciones estadisticamente significativas al respecto.

PALABRAS CLAVE: Analisis digital. Maloclusiones. Tamario de los dientes.

INTRODUCTION

The objective of orthodontic treatment is to achieve optimal occlusion in patients, which requires
an appropriate relationship between the sizes of the maxillary and mandibular teeth (1). One of the
earliest researchers to analyze the mesiodistal width of human teeth and establish hypotheses
regarding its role in malocclusions was Black in 1902 (2). Based on these measurements of individual
teeth within the dental arch, tables of average tooth sizes were developed and continue to be used
today as a reference for diagnosing and planning orthodontic treatments (3).

Several authors have conducted research on tooth size and its potential influence on the
development of malocclusion (4-5-6). Karadede et al. (5) examined digital models of 252 patients aged
13 to 25 years to investigate the relationship between Angle malocclusions and the mesiodistal length
of each permanent tooth. The measurements revealed significant differences in tooth sizes among
individuals with different malocclusions. Specifically, individuals with class Il malocclusion exhibited
larger dimensions in both mesiodistal and buccolingual measurements compared to other groups.
These findings suggest a potential relationship between tooth size and class Il malocclusion.

In 1958, Bolton developed two types of analyses to evaluate the tooth proportions in the anterior
sector. One of these analyses is the general proportion, which is determined by dividing the sum of the
mesiodistal widths of the 12 mandibular teeth by the sum of the 12 maxillary teeth (7). The second
analysis is the anterior proportion, which is calculated by dividing the sum of the mesiodistal widths of
the six mandibular teeth by the sum of the mesiodistal widths of the six maxillary teeth. The average

results of these two analyses were found to be 91.3% (+/- 1.91) and 77.2% (+/- 1.65) for the general
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and anterior proportions, respectively. It is important to note that these two proportional relationships
are still considered the "gold standard" in dental evaluation prior to orthodontic treatment (8).

Several prevalence studies have observed that there are significant differences in tooth size
discrepancies between Class Il division 1 malocclusions (9) and Class Il malocclusions (10). Alsaigh
conducted a study comparing tooth size proportions among malocclusion groups (Class |, Il, and 1lI),
and found significant differences, particularly in patients with Class Ill malocclusion (eleven). It is
believed that sex and racial factors also contribute to the differences in tooth sizes and Angle
malocclusions (12). Some studies suggest that men have larger tooth sizes and a stronger correlation
with malocclusion (13), while other studies conducted on Turkish populations by Basaran et al. (14) and
Akyalcin et al. (15) found no significant differences in tooth size among different malocclusion groups.

In another interesting study conducted by Mullen et al. (16), they evaluated the Bolton indices
in both analog models and digital models. The study found that there were no significant differences in
measurement precision between the two methods. However, it was discovered that digital
measurements were 65 times faster than the manual method. This led to the conclusion that
measurements on digital models are not only equally precise but also faster than the analysis of plaster
models. Therefore, digital models are considered capable of replacing traditional plaster models
effectively.

There are several advantages to using digital platforms for dental analysis prior to the initiation
of orthodontic treatment. One of these advantages is the ease of accessing data when needed,
eliminating the need for measuring instruments. Another significant benefit is the ability to store scanned
intraoral models without taking up physical space, as all patient models can be archived in a dedicated
computer memory. Lastly, the most significant advantage is the considerable reduction in the time
required to manage these models. These advantages collectively make intraoral digital modeling an
essential replacement for plaster models, which will bring about a significant change in analysis
procedures in the short to medium term.

To validate the aforementioned statements, we conducted a study with the objective of
evaluating digital models from various malocclusion groups in order to analyze tooth sizes using the 3D

measurement software 3Shape.

METHODOLOGY

A retrospective study was conducted in which 3D digital models were obtained from plaster
models of 33 seventh-cycle students from the Faculty of Dentistry at the University of Cuenca-Ecuador.
Two groups were formed consisting of individuals with Class | and Class Il molar relationships based
on Angle's classification, with 11 patients in each group. The participants included in the study ranged

in age from 21 to 29 years. The age distribution between the groups is presented in Table 1.
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Table 1. Age distribution by malocclusion groups

Cluster average age | standard deviation
Class 1 (n: 24) | 23 1.80

Class 2 (n: 10) | 23 1.61
Class3(n:0) |0 0

Total (n: 34) 23

The following inclusion criteria were used to select the study models:

1. Patients between the ages of 21 and 29, including those who have undergone orthodontic
treatment, were included in the study.
All molars, excluding wisdom teeth, must be present in the dental arches.
The mesiodistal size of the teeth should not be affected by caries, loss of dental structure, or
restorations.

4. The models should not exhibit structural or developmental abnormalities such as macrodontia
or microdontia in the teeth.

5. The study included models of individuals without mesiodistal wear and with identifiable contact

points.

All high-quality study models that met the inclusion criteria were digitized and converted into a
digital format using a Dentsply Sirona Cerec Omnicam Software 5.2 scanner. The NemoStudio2022
Software was utilized for image processing and to obtain the necessary measurements.

The measurements made in the digital models were:

1. Total Maxillary 12: The sum of the mesiodistal widths of the 12 upper teeth, from the right first
molar to the left first molar.

2. Total Maxillary Anterior 6: The sum of the mesiodistal widths of the upper anterior teeth.

Total Mandibular 12: The sum of the mesiodistal widths of the 12 lower teeth, from the right first

molar to the left first molar.

4. Total Mandibular Anterior 6: The sum of the mesiodistal widths of the six lower anterior teeth.
General Ratio: The ratio between the mesiodistal width of the lower 12 teeth and the sum of the
mesiodistal widths of the upper 12 teeth.

6. Anterior Proportion: The ratio between the mesiodistal width of the lower anterior teeth and the
sum of the mesiodistal widths of the upper anterior teeth.

Statistical analyses were conducted using the SPS program. The measurement of each tooth in

the three malocclusion groups allowed for the calculation of the mean value and standard deviation of
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the anterior ratio and overall ratio. Descriptive statistics were reported, including the number of units (n),
percentage (%), mean * standard deviation (X + SD), and confidence intervals (95% CI). The normal
distribution of numerical variables was assessed using the Shapiro-Wilk normality test. Comparisons
between groups were performed using one-way analysis of variance, and Tukey's test was utilized to
determine differences between groups. Additionally, comparisons of the overall proportion and anterior
proportion between the study group and the Bolton group were conducted using the two independent

samples t-test. A significance level of P < 0.05 was considered statistically significant.

RESULTS

When evaluating the mesiodistal dimensions of the upper teeth among different malocclusion
groups, higher values were observed in the Class | malocclusion group. Similarly, when assessing the
mesiodistal dimensions of the lower teeth among the various malocclusion groups, higher values were

observed in the Class | malocclusion group (Table 2).

Table 2. Evaluation of the mesiodistal dimensions of permanent teeth according to the different
malocclusions

maxillary | Tooth | Class | | Class Il | Class lll | p

Superior | Ul 8.03 7.99 0 0.045
u2 6.51 6.66 0 0.033
U3 7.08 7.33 0 0.10
U4 6.42 6.64 0 0.038
U5 6.55 6.38 0 0.020
U6 9.52 9.90 0 0.020

lower L1 9.92 5.00 0 0.001
L2 5.42 5.58 0 0.050
L3 6.20 6.31 0 0.001
L4 6.62 6.70 0 0.123
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LS 6.83 6.70 0 0.378

L6 10.25 |10.30 |O 0.098

No statistically significant difference was found when evaluating the values of the anterior index

and the general index between the malocclusion groups under study (Table 3).

Table 3. Evaluation of Bolton indices in different malocclusion groups

Class | Class Il Classlll | p
Previous ratio | 72.85+2.88 | 74.10+3.5 | - 0.22
Overall ratio 90.09+1.64 | 89.93+2.14 | - 0.83

DISCUSSION

Several authors have unanimously concluded that there is a direct proportional relationship
between an ideal occlusion and the mesiodistal dimensions of the maxillary and mandibular teeth
(17,18,19). The scientific literature states that the mesiodistal widths of the upper anterior and lower
anterior teeth should align with occlusal details, including maximum posterior intercuspation, adequate
overbite, and correct anterior guidance. Therefore, it is crucial to adhere to these mesiodistal width
averages in order to achieve a precise occlusal fit following orthodontic treatment (20).

Several factors, including genetics, environment, race, and sex, are associated with tooth size
(21). Some authors have examined the variations in the Bolton ratio and the occurrence of
malocclusions among individuals of different races. However, statistical analysis has not found a
significant relationship between these factors. In earlier studies, Bolton did not consider race as a
determining factor in the mesiodistal size ratio.

Other studies have examined the potential correlation between the mesiodistal dimensions of
maxillary and mandibular teeth and various malocclusions, taking into account sex as a potential
independent variable. In certain instances, it has been observed that male patients with Class llI
malocclusions tend to have larger teeth, while women with certain types of malocclusions are more
likely to have smaller teeth compared to men (22). Authors such as Oktay and Ulukaya have

investigated disparities in intermaxillary tooth size among different malocclusion groups and have
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identified potential sex-related variations. According to their research, there were statistically significant
differences in posterior proportions among males, but no statistically significant differences were found
between the groups for anterior proportions (23).

On the other hand, Tomasetti (24) was one of the first authors to compare the results of manual
measurement methods with measurements obtained using computer programs for Bolton analysis. The
study concluded that the differences between the two methods were not statistically significant, and that
the computer measurement program was much easier for researchers to use. Subsequent studies have
consistently demonstrated that measurements obtained from digital models are not significantly different
from those obtained from plaster models (25,26,27). Furthermore, evaluations conducted with digital
models have been found to be significantly faster and more accurate in measuring and verifying,
providing orthodontists with sufficient information to make diagnostic and treatment planning decisions
comparable to those made using plaster models (28).

Some authors have conducted analyses on the changes in mesiodistal sizes of anterior teeth in
relation to age. For example, it has been observed that between the ages of 17 and 60 years, there is
a decrease in the mesiodistal size of teeth (29). Lundstrém (30) and other authors have also noted that
proximal contacts undergo surface changes as individuals age. It is reasonable to assume that over
time, dental structures and composition undergo changes due to constant use and exposure to a moist
environment. In our study, participants with an average age between 23 and 29 years (+/-7) showed a
higher percentage of class | and Il malocclusion. It would be interesting to observe the changes that
may occur over time in this same population using digitally analyzed Bolton proportion.

On the other hand, studies have been conducted to compare the mesiodistal size of the upper
anterior and lower anterior teeth among three groups of individuals classified as Angle's Class |, Class
II, and Class Il malocclusions. The results showed that the Angle Class | and Class Il malocclusion
groups had significantly larger tooth sizes compared to the Class Il malocclusion group. Additionally,
the average difference in tooth size was found to be significantly greater in the Angle Class Il group
compared to both the Class | and Class Il malocclusion groups (31).

However, in another study conducted by Mollabashi (32), the anterior, posterior, and overall
Bolton values of four different malocclusion groups were investigated and compared to a Class | normal
occlusion group. The results showed that the normal occlusion group had the highest values, while the
Class Il division 1 group had the lowest values for the posterior Bolton value.

Likewise, in another study (33), the tooth size proportions of patients belonging to different
malocclusion groups (Class I, Class Il division 1, Class Il division 2, and Class Ill) were compared. The
results showed statistically significant differences in the overall proportion between all groups, as well
as in the average value of the anterior proportion between the Class | and Class Il groups.

Based on this background, we were able to compare the results obtained in our study. We
observed that there was no statistically significant difference between the Class | and Class Il
malocclusion groups in terms of the general index and the mesiodistal anterior index. When comparing
the overall ratio values between the groups, no statistically significant difference was observed between
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the Class | and Class Il malocclusion groups. It is important to note that there were no participants with
Class Il malocclusion, so a comparison with this group could not be made.

Thanks to advancements in three-dimensional imaging systems, it is now possible to digitally
evaluate various dimensional and morphological characteristics of dental arches (34). Specifically, 3D
digital models allow for precise analysis and measurement, enabling multiple comparisons to be made
between individual dental characteristics and more complex conditions such as Angle malocclusions
(17,18,34). This study focuses on the Bolton proportion, which involves measuring the mesiodistal
dimensions of the anterosuperior and anteroinferior teeth, and its relationship to maxillomandibular
malocclusions classified according to Angle. By identifying specific individual characteristics associated
with certain dental groups, it becomes possible to recognize potential risk factors for the development
of complex occlusal disorders and take preventative measures in a timely manner. It is recommended
to conduct further studies utilizing this 3D imaging technology in both research and daily clinical practice,
as its precision and ease of use are important considerations for accurate diagnosis and treatment
planning in orthodontics.

The mesiodistal width of the posterior teeth is important in malocclusion due to its relationship
with the size of the dental arch and the distribution of the teeth within it. Malocclusion refers to the
misalignment of the teeth and jaws, which can affect chewing function, aesthetics, and overall oral
health. The mesiodistal width of the posterior teeth, such as molars and premolars, can influence
malocclusion in several ways:

Insufficient space: If the posterior teeth are too wide in relation to the size of the dental arch,
there may be a lack of space to accommodate all the teeth properly. This can result in dental crowding,
where the teeth overlap or bunch up.

Lack of space for eruption: If the posterior teeth are too wide, there may be insufficient space
for the permanent teeth to erupt properly. This can lead to the retention of baby teeth or the displaced
eruption of permanent teeth, which can cause alignment problems and malocclusion.

Occlusal interference: The mesiodistal width of the posterior teeth can also affect the way the
upper and lower teeth fit together when closing the mouth. If the posterior teeth are too wide, there may
be occlusal interferences, where the teeth do not meet in a proper bite position. This can cause bite
problems, such as an open bite or a crossbite. It is important to note that the mesiodistal width of the
posterior teeth is just one of the many factors that can contribute to malocclusion. Other factors, such
as the position of the anterior teeth, the relationship between the jaws, and the presence of harmful oral

habits, can also play a role in malocclusion.

CONCLUSIONS

Considering the limitations of the current study, it can be concluded that the Bolton proportion,
which refers to the difference in mesiodistal dental size of the anteroupper and anteroinferior teeth, does

not have a significant impact on the development of Angle's Class I, Class Il, and Class lll
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malocclusions. No statistically significant relationships were found in this regard. However, it is still
highly recommended to proactively assess any deviations in this measurement within the dental arches
using digital media and 3D models. This approach will yield optimal results in terms of diagnosis and

treatment planning for orthodontic interventions.
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