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ABSTRACT

Objective: To verify the existence of a correlation between the mesio-distal size of teeth and the arch width
by analyzing the data separately for maxillary and mandibular arch in patients with ideal occlusion.
Material and Methods: 58 patients with ideal occlusion were studied, for a total of 276 files analyzed.
Dental casts were then scanned using a professional scanner (Epson Perfection v 330) and images were
obtained in TIFF format at 600 dpi. All single teeth measurements were carried out for all teeth of both
arches using the VAM software (Vectra, Canfield Scientific, Fairfield, NJ, USA). The repeatability and
reproducibility of the measurement method were evaluated using the Gauge R&R method. In case a
correlation between tooth size and arch size is found to be significant, a linear regression analysis can be
applied through the following statistical relationship: y=a+b*x, where y is the result (inter-molar distance
“AvgB66” or inter-canine distance “Cusp 83”), and x the specific tooth. The a and b respectively represent
the intercept (point of intersection between the line and the y axis) and the slope of the line that describes
the regression ratio. Results: The statistical analysis highlights a significant correlation (p<1%) between
the results of the mesio-distal measurements of each tooth and the two variables considered to define the
size of each arch (“AvgB66” and “Cusp 33”). Based on these results, a numerical relationship "y=a+b*x" has
been extrapolated. Thus, it is possible to calculate the estimated inter-molar or inter canine distance
necessary to have the teeth aligned. Conclusion: The inter-canine and inter-molar distances can be
estimated starting from measuring the mesio-distal diameter of a single tooth.
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Introduction

One of the most frequent problems to face in orthodontics is a dento-basal discrepancy, which depends
on the relationship between the size of teeth and underlying alveolar bone [17. There is no scientific evidence
on the possibility of lengthening the arch that can support aligned teeth [27; if necessary, the only possibility
of gaining space is interproximal reduction (IPR) or tooth extractions. Therefore, the dimensions of dental
crowns represent a factor, which needs to be carefully evaluated in the diagnostic phase [3-57, except for cases
with implants or prostheses [6,77].

Many studies state that the mesio-distal dimensions of teeth in patients with crowding or diastemas
are significantly larger and significantly smaller than in patients with ideal natural occlusion (never treated)
[8,97. Therefore, being conscious of dental dimensions and the maxillary and mandibular teeth relationship is
important for obtaining appropriate occlusal contacts and correct overbite and overjet [107.

The best-known studies on tooth size discrepancies inter-arch are those of Bolton [11-187, developed
in 1952-1962; he measured mesio-distal teeth diameters of 55 patients with excellent occlusion and compared
the mandibular substance with maxillary one. The author thus obtained an overall inter-maxillary dental-
dental relationship from the first molar to first molar (range 87.5-94.8%, mean 91.8%, SD 1.91) and an anterior
relationship from canine to canine (range 74.5-80.4%, mean 77.2%, SD 1.65), giving the change of recognizing
and localizing the discrepancy.

Dental arches width is very important for orthodontic diagnosis, influencing aesthetic smile, space
available [147, and occlusion stability [157: it is given by the sum of mesio-distal diameters of all teeth present
[167].

The current study aims to verify the correlation between the mesio-distal size of teeth and the arch
width by analyzing the data separately for maxillary and mandibular arch in patients with ideal occlusion.
Moreover, the goal is to identify the ideal size of the arch necessary to obtain alignment by measuring a toot or
a group of teeth in patients with crowing. The null hypothesis is that exists a correlation between a certain

single permanent tooth diameter and the most suitable arch size to have teeth aligned.

Material and Methods
Study Design and Sample

In this retrospective study, tooth size measurements were obtained from a sample of 58 Caucasian
patients, selecting according to precise inclusion criteria. First, they were all adult patients showing a
completed dentition, except for third molars, with canine and molar class I, centered dental midlines and ideal

Overjet and Overbite (1-3 mm). No previous orthodontic or prosthesis treatment was reported.

Data Collection

We evaluated dental crowding according to Little’s Regularity Index (1975) [17], defined by “The
sum of linear distances between the anatomical contact points of lower anterior teeth from the mesial point of
the right canine to the mesial point of left canine” (Figure 1).

The index is equal to O if there is a perfect alignment, while between 1 and 38 indicates a minimal
irregularity. In all patients selected, the little index was measured on digital dental casts and never overcame a
value of 3. Indeed, all dental casts were scanned using a professional scanner - Epson Perfection v 330 (Seiko

Epson Corporation, Nagano Japan), and images were obtained in TIFF format at 600 dpi.
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Figure 1. Little Index calculation.

All single teeth measurements were carried out for all teeth of both arches using the VAM software
(Vectra, Canfield Scientific, Fairfield, NJ, USA) with the acquisition method previously described [187 (Figure

2).
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Figure 2. Mesiodistal distance of a single tooth according to the acquisition method described by
Huanca Ghislanzoni et al. [18].

Regarding the arch length, the measurements were carried out from the cusp of canine to that of the
contralateral and from the central fossa of the first molar to the contralateral one, as shown in Figure 8. The
data were then classified according to the type of tooth and the inter-canine and molar distance. All
measurements were carried out by two different clinicians: the first measured all casts twice, while the second

Jjust the ones of the first 10 patients.
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Figure 3. Inter-canine and inter-molar distance for both arches according to the acquisition method
described by Huanca Ghislanzoni et al. [187].
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Error Calculation

The repeatability and reproducibility of the measurement method were evaluated using the Gauge
R&R method [197]. The methodology, based on the analysis of variance (ANOVA), decomposes the total
variability into a Part-to-part component (intrinsic variability of the process) and a Gauge R&R. The latter
term includes: 1) Repeatability: variability of the measurements made by a single operator; and 2)
Reproducibility: variability caused by the measuments of the object between different operators. These sources

are expressed as a percentage of the total error of measurements.

Statistical Analysis

Fifty-eight patients with ideal occlusion were studied, for a total of 276 files analyzed. The aim was to
evaluate whether, in ideal arches, the mesio-distal dimension of each tooth (D11, D26, D31, D46) is
significantly correlated with the arch dimension, defined by examining two variables (inter-molar distance
“AvgB66” and inter-canine distance “Cusp 88”). The analysis was divided into maxillary and mandibular
arches.

In case that the above correlations are found to be significant, a linear regression analysis can be
applied through the following statistical relationship: y=a+b*x, where y is the result (or "Cusp3s" or
"AvgB66") and x the specific tooth. The a and b respectively represent the intercept (point of intersection
between the line and the y axis) and the slope of the line that describes the regression ratio.

Therefore, considering the relatively small size of the sample, bivariate correlations based on
Pearson’s correlation index p, between -1 and +1, were used for this analysis. If the sign is positive, it means
that a direct proportion is present, while if the sign is negative, it means that no proportion exists. Thus, a p-
value equal to 1 in absolute value indicates strong linear dependence, while a value of p close to zero indicates
no linear dependence.

The sample size assessment indicates that the given experiment can detect a minimum significant
correlation (effect size measure) equal to p=0.858 given the size of the sample (n=58) and the usual threshold
of type I (0=0.05) error and power (1-$=0.80).

The data processing analysis was performed using the R (R Core Team 2016) [20] software, and the

ranges of statistical significance are reported in Table 1.

Table 1. Statistical significance range.

p-value Significance
p> 10% No significant
5% < p>10% *
1% < p < 5% S
< 1% Hkok

Results
From the statistical analysis, the reliability of the measurement method through Vam Software is
positive. Correlations were studied on each arch separately, analyzing the measurements of both operators, and
they seem to be all statistically significant. The following tables show the correlation between the mesio-distal
measurements of each tooth and two variables considered to define the size of each arch (Tables 2 and 3).
Therefore, the tables show a statistically significant correlation between the mesio-distal diameter of

the dental crowns and the width of the arch: the larger the mesio distal dimension is, the greater the width of
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the arch. Analyzing the data in the mandibular arch, the greater correlations are between the anterior teeth, all
incisors, and the inter-canine distance. A less significant correlation is shown for second premolars and molars.
On the other hand, for the maxillary arch, the correlations are important for all teeth, both for the inter-canine
and inter-molar diameters. Based on these results, a numerical relationship "y=a + b * x" has been
extrapolated, thanks to which it is possible to calculate the estimated inter-molar or inter-canine distance
necessary to have the teeth aligned: x represents a specific tooth, a and b are two constants obtained from the
regression analysis, and y is the result sought, therefore the inter-molar or inter-canine distance we want to

know.

Table 2. Correlation between m-d diameters (d) of lower teeth with the mandibular arch width (Cusp 3-

3, Avg 6-6).
Variable Cusp 3-3 Avg 6-6
D Correlation p-value Significance Correlation p-value Significance

D31 0.4 0.0 R -0.01 0.95

Ds2 0.57 0.0 Hokok 0.42 0.0 Hokok
D33 0.49 0.0 R 0.64 0.0 R
D34 0.5 0.0 Hokok 0.52 0.0 Hokok
D35 0.23 0.1 0.25 0.08 &
Dse 0.11 0.44 0.18 0.22

D41 0.51 0.0 R 0.14 0.38

D42 0.57 0.0 Hokok 0.36 0.01 ok
D43 -0.03 0.86 -0.2 0.17

D44 0.35 0.01 ek 0.4 0.0 Hokok
D45 0.26 0.06 & 0.29 0.0%4 R
D46 0.07 0.64 0.07 0.63

Table 3. Correlation between m-d diameters (d) of upper teeth with the maxillary arch width (Cusp 3-3,

Avg 6-6).
Variable Cusp 3-3 Avg 6-6
D Correlation p-value Significance Correlation p-value Significance

D11 0.53 0.0 CRHS 0.31 0.0 CRHS
D12 0.53 0.0 Hxk 0.44 0.0 Hxk
Di1s 0.53 0.0 CRHS 0.3 0.0 CRHS
D14 0.49 0.0 Hxk 0.29 0.01 Hxk
D15 0.45 0.0 CRHS 0.24 0.02 pa
D16 0.33 0.0 Hokk 0.14 0.21

D21 0.43 0.0 CRHS 0.16 0.13

D22 0.39 0.0 Hxk 0.37 0.0 Hxk
D23 0.58 0.0 CRHS 0.33 0.0 CRHS
D24 0.46 0.0 Hxk 0.26 0.02 *k
D25 0.35 0.0 CRHS 0.2 0.07 R
D26 0.51 0.0 Hxk 0.29 0.01 Hxk

Tables 4 and 5 show the values of a and b extracted from the regression analysis, collect the dental

elements that have shown a significant correlation with the inter-canine or inter-molar distance.

Table 4. Mandibular arch regression, a and b value, depending on the tooth
and the inter-canine and inter-molar distance.

Variable Cusp 3-3 Avg 6-6
D a b a b
D41 13.4 2.8
D42 10.6 3.1 27 2.8
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D43 1245 2.3 2% 87
D44 12.7 2.1 34 2.8
D45 32 1.5
Ds1 9.2 3.6

D32 10.7 3.0 30 2.3
D34 14.1 1.9 24 2.7
D35 16.8 1.5 29 2.0

Table 5. Maxillary arch regression, a and b value, depending on the tooth and
the inter-canine and inter-molar distance.

Variable Cusp 3-3 Avg 6-6
D a b a b

D11 17 2.3 33 1.71
D12 2% 1.8 35 1.90
Di1s 20 2.1 35 1.51
D14 22 2.0 36 1.49
D15 23 2.0 38 1.34
D16 23 1.2

D21 21 1.8

D22 27 1.3 37 1.59
D23 20 2.1 35 1.562
D24 23 1.9 37 1.85
D25 27 1.4 40 0.96
D26 17 1.9 33 1.36

Discussion

Successful orthodontic treatment is based on careful diagnosis and an adequate treatment plan. Some
of the most important factors to analyze are certainly: analysis of space, size of teeth, arch size and shape, and
dentoalveolar discrepancy. Dental casts evaluation is, therefore, part of the initial diagnosis. In the current
study, we examined teeth mesio-distal dimension from one first molar to the over and the arch size through
software 3D and looked for a correlation between the two. Fifty-eight Caucasian patients with an ideal
occlusion and no previous orthodontic treatment were selected for this purpose. Therefore we analyzed intact
dentition, with no interproximal enamel reduction or a tooth extraction for an orthodontic reason, to have
unaltered mesio-distal teeth dimensions.

The accuracy and reliability of measurements carried out using software on digital models are widely
confirmed by the literature [21-247. Indeed, especially in crowding cases, measuring teeth size on plaster casts
is imprecise due to the difficulty in identifying the mesial and distal contacts of teeth. On the other hand, the
same procedure is easier if done on digital models since we have the possibility to rotate and enlarge the 3-
dimensional model [217].

Zilberman et al. [257 compared the accuracy and repeatability of the analyzes performed on plaster
casts and those performed digitally with 38D software. These researchers concluded that digital measurements
produce high clinical accuracy and must be taken into consideration for research study work. Wan Hassan et
al. [247 confirmed the same result: there are no significant differences between manual and digital
measurements, as they all represent a valid and reliable alternative in orthodontic practice.

Several studies in literature correlate the size of teeth with numerous variables such as crowding,
interarch spaces, and malocclusion in different ethnic groups. For example, it turned out that patients with

crowding show narrow maxillary arches and larger tooth sizes than patients with no crowding [267].
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Johe et al. [277] investigated in 306 subjects the size of teeth among several groups of malocclusion,
ethnicitiess and sex. They concluded that there were no statistically significant differences between the size of
groups studied. However, African-Americans had a higher prevalence of clinically significant anterior dental
discrepancy compared to Caucasians or Hispanics. According to them, there were no statistically significant
differences between sex. On the other hand, other studies found differences in tooth size between men and
women, indicating slightly larger teeth for men [9,287. Indeed, a limitation of the current study is that all
patients were considered with no gender distinction.

Puri et al. [97] analyzed the difference in tooth size in 240 dental casts divided into three groups:
normal dentition, crowded and presence of diastemas. The mesio-distal dimension of teeth is significantly
greater in the crowded group than in the other two.

Only one study published by Al-Kathib et al. [297 in 2011 checked the correlation between the size of
teeth and the size of arches. They analyzed 252 Malaysian subjects with ideal occlusion to investigate the
relationship between the size of teeth and the perimeter and length of the arches. The results proved a
significant correlation between the mesiodistal dimension of teeth and the size of the arch. Moreover, most of
the mandibular arch measurements showed a relevant correlation with the inter-canine diameter.

Another important factor, which plays a central role in orthodontics, is the size of the dento-alveolar
arch. Therefore, it is necessary to distinguish changes induced by orthodontic therapy from those that occur
with natural growth. Sinclair and Little [807] stated that the mandibular inter-canine distance increases
significantly with the change of dentition, but no longer after 12 years old. A review of the literature concluded
that the expansion of the mandibular arch is more stable in the posterior region, while it is unstable at the
canine level unless they initially showed a lingual position [317. Artun et al. [32] analyzed a sample of 79
patients after the end of orthodontic treatment and confirmed that a high rate of relapse occurred in those who
presented a reduced inter-canine distance. Therefore, we know that the mandibular arch cannot be subjected to
major changes, while changes in the maxillary arch are more stable over time [337.

The current study shows a strong correlation between the mesio-distal diameter of lower incisors,
especially the lateral incisors, and the inter-canine and inter-molar mandibular diameters. This means that we
can predict the diameters necessary for alignment in growing patients or patients with crowded arches by
measuring the lateral incisors dimensions.

This result could be helpful in the diagnostic phase of the orthodontic treatment: lateral incisors are
the first to erupt and show low anatomical variability. Thus, in growing patients, we can predict the size of the
arch needed for harmonic growth, while, in crowded patients, we can predict the adequate width to solve it.

The mesiodistal dimensions of dental crowns were standardized by Black more than a century ago and
are still widely used today. Another, more current research was conducted at the University of Ferrara.
Lombardo et al. [347 rated the mesio-distal size of teeth in a sample of 56 Caucasian subjects with ideal
occlusion through multivariate cluster analysis. This study found three tooth-sized clusters: small, medium,
and large for maxillary and mandibular arches, for males and females.

Instead, the current study results show significant correlations between the two variables, dental and
arch dimension, both in the maxillary than in the mandibular jaw. The last of more interests, as its
maintenance, determine a greater success of orthodontic treatment and less relapse [35,367].

The formula introduced in this study is intended as a mere approximation for the following reasons: 1)
Because the number of observations was small, it was not possible to estimate more complex relationships,

with the inclusion of other dental parameters and the validation of a more sophisticated functional formula; and
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2) Even if the relationship between parameters is linear, the low number of observations increases the

uncertainty on the estimation of the results.

Conclusions

Mesio-distal dimensions of upper teeth have a strong correlation with the maxillary arch size, both at
canine and molar level. In addition, mesio-distal dimensions of lower teeth show correlation with the
mandibular arch size, but it's statistically significant just between the central incisors and the inter-canine
diameter, and between lateral incisors and inter-molar diameter. The statistical relation: y = a + b * x allows to
estimate the inter-canine and inter-molar distances starting from the measurement of the mesio-distal diameter
of a single tooth.

Given the importance of the lower central incisor as the first erupted tooth in the mandibular arch,
and given the relevance of the inter-canine distance in orthodontic diagnosis and treatment plan, this formula
can be very useful. If we use the following variables: y = 13.4 + 2.8 * x, where x represents the lower central

incisor, we can estimate the mandibular inter-canine distance (y).
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