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Abstract] Purpose: The purpose of this study was to evaluate the efficacy of the anterior ratio for
appropriate occlusal relation using measurements of mesiodistal crown widths.

O Materials and Methods: The subjects included 202 patientsd 71 males and 131 femalesO with
skeletal Class 111, referred to the Orthodontic clinic of Niigata University Medical and Dental
Hospital, and considered to be candidates for surgical treatments. The following cases were excluded
from the subjects used in this study: those who had any missing teeth, congenital defects, prosthesis,
interproximal fillings and differential mesiodistal crown widths of more than 050 between the left
and right anterior teeth including microdont and/or peg teeth. A diagnostic cast of each patient
taken before treatment was used to measure the mesiodistal crown widths of the anterior teeth
on the maxilla and mandible. These values were then measured using a vernier caliper with an
accuracy of 1/20 O . Measurement values were taken using the mean score calculated based on two
sets of measurements taken on separate days. An anterior ratio was calculated using this formula:
Anterior ratiod %0 =0 mesiodistal crown widths of anterior teeth on mandibled /(mesiodistal crown
widths of anterior teeth on maxillallx 100

O Results and Discussion: Results showed a difference between males and females in mesiodistal
crown widths on the upper central incisors, upper and lower canines and lower lateral incisors,
respectively. Measurement data is as follows males and females, respectivelyO ; upper central
incisors; 8.77 + 0.45 and 850+ 0.49, upper lateral incisors; 7.27 + 0.60 and 7.18 + 0.61, upper canines;
823+ 053 and 7.89 + 0.46, lower central incisors; 551+ 0.35 and 545+ 040, lower lateral incisors;
6.17 + 0.39 and 6.05 + 041, lower canines; 7.22 + 0.45 and 6.86 + 0.46. The anterior ratio also showed
a difference between males and females. These were 77.92 + 236% and 77.93+ 2.63% in males and
females, respectively. The present data were smaller than those in similar reports as to patients with
skeletal Class I11, and were analogous to the data for patients with normal occlusion.

0O These results suggest that even cases with antero-posterior dentofacial anomaly due to
overgrowth of the mandible mostly have balanced mesiodistal crown widths of the upper and lower
anteriors.
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O O Introduction

O It is of great importance for orthodontic treatment
to understand correlation between teeth, dental
arch, and basal bones. Understanding this interaction
concisely, allows a precise diagnosis and treatment.
Morphological changes in teeth, maxilla and mandible
in successive periods have been often described as
a mode of dietary life or evolutionary**”. The softer
dietary foods we take, the less functional properties
of mastication become, which leads to reduction in
the size of the mandible*®”. On the other hand, other
reports have stated that there is no relation between
consistency of food and developments of the maxilla
and mandible*”. Furthermore, recent studies show that
the maxilla, mandible and alveolar bone have probably
increased in size as time has passed*”.

0 Teeth size as well as mesiodistal crown widths both
on deciduous and permanent teeth varied as larger®®
or smaller over the agesgm. Moreover, there is a
difference in mesiodistal crown widths based on the
tooth order™ ™”. However, both the changes in teeth
size and crown width with age still remain unclear.

O It's a key role for maintaining the occlusal stability
and the smooth jaw movements after orthodontic
treatment to attain the symmetrical dental arch forms
as well as the intermaxillary relation. Especially,
mesiodistal crown widths on the maxilla and mandible
contribute to improvement of the occlusion through
orthodontic procedure. If there is disharmony in
mesiodistal crown widths on the maxilla and/or
mandible, adjustment of the interproximal grinding
will be needed to improve intercuspations. The
anterior ratio™f %0 ( O (Sum of mesiodistal crown
widths of anterior teeth on mandible)/(Sum of
mesiodistal crown widths of anterior teeth on maxilla)
X 100 ) is a valuable index for determining whether
the mesiodistal crown widths of the upper and lower

anteriors are proportional or not.

O Surgical-orthodontic patients with intermaxillary
anomaly have inadequate occlusion due to imbalanced
anterior-posterior growth of the maxilla and mandible.
It is important for achieving suitable occlusion
after surgery to determine whether anterior ratio
or mesiodistal crown widths of the anteriors show
specific values in patients with skeletal discrepancy.
Further, crown widths appear to change over twenty
years due to one's dietary life or other surroundings.
This study was undertaken to evaluate the precise
anterior ratio of patients diagnosed as skeletal Class
Il malocclusion by measurements of mesiodistal
crown width.

0 O Materials and Methods

O The subjects comprised 202 patients (71 males and
131 females, mean age; 185 years old and 19.1 years
old, respectively) referred to the Orthodontic clinic of
Niigata University Medical and Dental Hospital from
October 1998 to September 2004. These patients were
diagnosed as Class Il malocclusion and considered to
be candidates for surgical treatment. The following
cases were excluded from the subjects used; those
which had any missing teeth, congenital defects,
prosthesis, and differential crown widths of more
than 0.5mm compared to the left and right anterior
teeth, including peg teeth. A diagnostic cast of each
patient taken before treatment was used to measure
the mesiodistal crown widths of the upper and lower
anterior teeth (Table 1).

O These values were measured using vernier caliper
with an accuracy of 1/20mm. The measurements were
taken twice on different days and the values were
taken based on the mean score. The skewness and
the kurtosis indicating the aspects of distribution were
calculated based on data obtained.
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0 The anterior ratio was calculated by using the
following formula:

0 The anterior ratio (%) = (Sum of mesiodistal crown
widths of anterior teeth on mandible)/ (Sum of
mesiodistal crown widths of anterior teeth on maxilla)
x100.

0 The mean value, standard deviation, skewness
and kurtosis were evaluated separately by gender.
Statistical comparisons between males and females for
each dependent variable measured were performed

using t-test for statistical significance.

0 O Results

0 The results of descriptive statistics and t-test are
showed in Table 2 and Table 3, and the values of the
measurements are showed in Fig. 1 through 6.

0 The mean value and the standard deviation of each
mesiodistal crown width for males and females were
877+ 045mm and 850+ 049mm on upper central
incisors, 727+ 0.60mm and 718+ 0.61lmm on upper
053mm and 7.89 + 046mm
on upper canines, 551+ 0.35mm and 545+ 040mm
on lower central incisors, 6.17 + 0.39mm and 6.05 +

lateral incisors, 823 +

Table 100 Sex and age distributions of the subjects (n=202)

43

0.41mm on lower lateral incisors, 7.22 + 0.45mm and
6.86 + 0.46mm on lower canines, respectively (Table
2). The skewness and kurtosis of each tooth for males
and females were -0.31 and -0.25, -0.06 and -0.15 on
upper central incisors, -0.69 and 141, 0.11 and -0.07 on
upper lateral incisors, -0.33 and 0.05, 0.21 and 0.15 on
upper canine, -0.130 and 0.15, 0.27 and 0.65 on lower
central incisors, -0.32 and 141, -0.20 and -0.01 on lower
lateral incisors, -0.39 and 1.29, -0.10 and 0.85 on lower
canines, respectively (Table 2) (Fig. 1-6).

O A statistically significant difference in mesiodistal
crown widths on the upper central incisors, upper
and lower canines (P<0.01) and lower lateral incisors
(P<0.05) was founded between males and females.

0 The mean value and standard deviation of the
anterior ratio showed 7792 + 236% and 7793 +
2.63% for males and females, respectively (Table 3).
No significance with respect to the anterior ratio was
present between males and females.

O The skewness was showed as 0.26 and 0.28, and the
kurtosis was displayed as 0.20 and 0.30 for males and
females, respectively (Table 3) (Fig. 7).

Age 014 150 17 | 180 20 | 210 23 | 240 26 | 2r0 29 | 300 32 | 3300 35 36 0 Total
Male 13 31 9 5 6 2 1 2 2 71
Female 28 42 23 12 10 6 5 3 2 131
Table 2[00 The descriptive statistic values of mesiodistal crown width
Maxillary central | Maxillary lateral | Maxillary Mandibular Mandibular Mandibular
incisors** incisors canines* central incisors lateral incisors* canines*
Male | Female | Male | Female | Male | Female | Male | Female | Male | Female | Male | Female
Mean 8.77 8.50 7.27 7.18 8.23 7.89 551 545 6.17 6.05 722 6.86
SD 0.45 0.49 0.60 0.61 0.53 0.46 0.35 0.40 0.39 041 0.45 0.46
Skewness -0.31 -0.06 -0.69 0.11 -0.33 0.21 -0.13 0.27 -0.32 -0.20 -0.39 -0.10
Kurtosis -0.25 -0.15 141 -0.07 0.05 0.15 0.15 0.65 141 -0.01 129 0.85
Unit mmOd O
#»p < 01
*P < .05
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Table 30 The descriptive statistic values of anterior ratio

Sum of 6 Sum of 6 . .
. . Anterior ratio
maxillary mandibular %)
anterior teeth (mm) anterior teeth (mm) °
Male Female Male Female Male Female
Mean 48.56 4713 37.81 36.72 77.92 7793
SD 261 246 195 217 2.36 2.63
Skewness -045 0.09 047 -0.16 0.26 0.20
Kurtosis -0.12 -0.10 118 -0.20 0.28 0.30
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0O O Discussion

1. The mesiodistal crown width

O The alteration of anterior ratio is related to the
mesiodistal crown widths because of the anterior
ratio derived from the values of upper and lower
mesiodistal crown widths on the anterior teeth.
Distribution of mesiodistal crown widths of the
anterior teeth on the maxilla and mandible were
evaluated using the mean value, standard deviation,
skewness and kurtosis. In terms of the kurtosis, these
results exceeded 1.0 on the upper and lower lateral
incisors and lower canines, but this value guides
the conditions required for statistics, with absolute
values of less than 1.5. Furthermore, these data
were distributed in a linear manner when normal
probability paper (Fig. 8 and 9), and showed an
almost normal distribution. The standard deviation
of mesiodistal crown widths of the upper and lower
anteriors had a range from 035 to 0.60 which was
almost analogous to those (0.20-0.77) in other
reports” ** ™ 2 (Taple 4). This finding suggests that
the subjects used in this study were almost the same
ones compared to the previous studies.

2. The difference in mesiodistal crown widths among
sex, age, and region (Table 4)

O In this study, statistically significant differences

in mesiodistal crown widths of the upper central

incisors, upper canines, lower lateral incisors, and

lower canines were found between males and females.

In addition respective values for males showed larger

than those for females. Endo*™

using, subjects with
normal occlusion and Akiyama et al”investigating
on the general population showed that the sizes of
all six anterior teeth were larger in males than in
females. Endo" investigated subjects with reversed
occlusion and concluded that there was a statistical
dilerence in the upper anteriors and the lower canine
between males and females. Kubota et al."using
subjects with normal occlusion also obtained the
similar results. Moreover, in terms of the cases with
crowding, Kubota et al.” reported that the size of the
upper central incisors and lower anterior teeth were
larger in males than in females. According to the other
report using the general population®”, the sizes of the
upper and lower central incisors and lateral incisors

for males showed larger values than those for females.
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Table 400 Comparison with other studies on mesiodistal crown widths Mean + Standard Deviation(mmO

vear of ) Maxillary Maxillary Maxillary Mandibular Mandibular Mandibular
o Subject central lateral . central lateral ]
publication L . canines L . canines
incisors incisors incisors incisors
Male

Present study 2005 Mandibular prognathism | 877 + 045 727+ 0.60 823+ 053 551+ 035 6.17+ 0.39 722+ 045
Otsubo *° 1957 Normal occlusion 859+ 054 | 7.08+ 077 | 804+ 040 | 544+ 043 | 603% 054 | 711% 042
Yamauchi et al. **” 1965 Normal occlusion 852+ 043 704+ 056 794+ 039 545+ 029 6.06+ 0.36 701+ 034
Endo 1970 Normal occlusion 878+ 046 736+ 0.66 825+ 036 556+ 0.37 620+ 0.36 719+ 037
Kubota et al. ** 1991 Normal occlusion 864+ 039 716+ 041 823+ 031 550+ 0.35 608+ 0.35 714+ 040
Nagaoka et al. 1993 Normal occlusion 855+ 048 700+ 054 791+ 041 544+ 042 594+ 041 700+ 044
Endo et al. **" 1971 Reversed occlusion | 890+ 044 | 742+ 061 | 829+ 049 | 570+ 034 | 634+ 035 | 746+ 044
Kubota et al. ** 1971 Crowding 912+ 050 755+ 059 833+ 056 583+ 035 640+ 0.36 724+ 039
Akiyama et al. " 1991 General population 863+ 054 709+ 0.63 804+ 049 544+ 037 604+ 041 701+ 043
Nakano et al. ™" 1993 General population 911+ 064 855+ 043 789+ 045 586+ 042 652+ 045 752+ 043
Sumi et al. *? 1985 Okinawa 893+ 043 | 759+ 056 | 831+ 050 | 574+ 028 | 633% 041 | 7.35% 0.38
Nagasaki 895+ 058 852+ 045 755+ 049 570+ 041 633+ 046 737+ 043
Akiyama et al. ™" 1991 Akita 872+ 055 718+ 0.63 811+ 048 546+ 037 610+ 043 708+ 045
Tanegashima 843+ 050 697+ 0.62 797+ 044 530+ 0.36 592+ 039 696+ 034
Tsushima 877+ 0.60 722+ 061 802+ 059 554+ 039 616+ 041 701+ 049
Okinawa 864+ 049 703+ 0.65 806+ 048 549+ 035 6.02+ 040 699+ 044

Female
Present study 2005 Mandibular prognathism | 850+ 0.49 718+ 0.61 789+ 046 545+ 040 605+ 041 6.86 + 046
Otsubo **° 1957 Normal occlusion 824+ 041 6.64+ 0.60 765+ 039 519+ 036 581+ 039 658+ 038
Yamauchi et al. **" 1965 Normal occlusion 817+ 041 660+ 051 759+ 041 518+ 032 583+ 036 6.61+ 042
Endo " 1970 Normal occlusion | 833+ 045 | 691+ 062 | 789+ 040 | 536+ 040 | 597+ 041 | 675% 0.39
Kubota et al. **” 1991 Normal occlusion 838+ 046 6.92+ 0.35 793+ 055 540+ 028 594+ 032 6.69+ 039
Nagaoka et al. ™ 1993 Normal occlusion 796+ 046 6.61+ 0.55 753+ 043 510+ 032 564+ 037 641+ 041
Endo et al. ™" 1971 Reversed occlusion | 856+ 053 702+ 073 783+ 039 563+ 0.38 618+ 0.35 6.98 + 053
Kubota et al. ** 1971 Crowding 895+ 047 746+ 050 814+ 046 562+ 031 626+ 032 700+ 040
Akiyama et al. *” 1991 General population | 843+ 051 | 690+ 064 | 7.75+ 039 | 537+ 020 | 598+ 036 | 664+ 034
Nakano et al. **” 1993 General population | 883+ 053 741+ 069 809+ 040 571+ 033 6.34+ 037 705+ 037
Sumi et al. *” 1985 Okinawa 881+ 039 725+ 050 810+ 032 568+ 0.30 619+ 031 699+ 027
Nagasaki 852+ 045 708+ 057 789+ 041 538+ 030 602+ 033 691+ 035
Akiyama et al. ™" 1991 Akita 844+ 048 689+ 0.64 784+ 037 538+ 031 603+ 034 667+ 032
Tanegashima 832+ 055 682+ 0.78 770+ 038 525+ 035 588+ 040 662+ 033
Tsushima 848+ 057 697+ 057 767+ 042 542+ 032 600+ 034 660+ 034
Okinawa 848+ 049 693+ 0.56 774+ 040 543+ 030 599+ 0.36 664+ 037
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0 Studies about tooth devolution have been published
widely. In accordance with the theory of terminal
reduction®, many researchers have explained
that human teeth tend to diminish in size over
time. In comparison with the data from the general
population in the 1990's™*”, the present data showed
intermediate values of those findings except for the
upper canines in males. In addition, compared with
normal occlusion groups in the 1990's of crown widths,
we obtained almost the same values or slightly larger,
except for the upper canines in females, than those
reported by Kubota et al. (1991) " and Nagaoka et al.
(1993) ™. On the other hand, compared with the data
of the subjects with reversed occlusion, the finding in
this study showed that all the values in males were
smaller than those of Endo et al. (1971) *°. For females
the present data were smaller than those of other
studies, except for the upper lateral incisors and upper
canines.

O As the issues of both character and size in teeth
depend on ethnicity, many relevant studies have
been performed not only in dentistry but also in
anthropology. Both size and its phenotype of teeth
have a strong relation with ethnicity. There have
been many reports published about the issue on
regional dillerences in sizes and phenotypes of teeth
in odontology as well as in anthropology. In Japanese,
regional differences in dental size and morphology
have been carried out from dental or anthropological
points of view. In comparison with the report on
regional dilerences in crown widths between Okinawa
and Nagasaki (Sumi et al., 1985 *”), our results for
males showed that the values of mesiodistal crown
widths were smaller except for the upper canines.
The present data for upper canines fall in the middle
of the data for Okinawa and Nagasaki. All the values
for females obtained in this study except for the lower
canine existed in the middle of both regions, while
the values for the lower canine showed smaller than
those of the two regions. Compared with this similar
study®” performed in Akita, Tanegashima, Tsushima,
and Okinawa, our results were highly analogous to the
values in Tsushima with the exception of the upper
and lower canines.

O In conclusion, the results obtained in this study
show that teeth are larger than those of the subjects
with normal occlusion and are almost the same
as those for the general population. In terms of

chronological transition, mesiodistal crown widths of
anterior teeth obtained in this study were larger than
those of 40-50 years ago in males and females, and
the gender difference in mesiodistal crown widths
probably tends to decrease.

3. The anterior ratio (Table 5)

O The skewness and the kurtosis of the anterior
ratio in this study were 0.26 and 0.20, 0.28 and 0.30 in
males and females, respectively. Since the total sum
of the skewness and the kurtosis on the upper and
lower anterior teeth showed -0.47 to 0.09, -0.20 to 1.18,
the anterior ratio calculated showed highly normal
distribution. In fact, the anterior ratios were aligned
on normal probability paper and seemed to fall into
a straight line. This suggests that more accurate
values of fit index were obtained using anterior ratio
compared to calculating only mesiodistal crown widths
(Fig. 10).

O The anterior ratio is an important index in
association with occlusion in the upper and lower
anterior teeth; that is, the anterior ratio is helpful in
determining whether adequate overbite and overjet,
or Class | canine relation are achieved, and is useful
for attaining smooth movements of the jaw. On the
other hand, the anterior ratio is highly dependent
upon its regional characteristics. For instance, there
are the difference between the European and the
Japanese in the anterior ratio in terms of development,
acquired deformities or condition of teeth. The
Europeans have mostly Chisel-shaped incisors, but
the Japanese have mostly shovel-shaped incisors.
Therefore, the data obtained suggest that it may
be useful for future clinical diagnosis and treatment
to investigate the regional differences in teeth
phenotypes.

O Previous studies have reported that an anterior
ratio obtained from patients having suitable occlusion
showed 783+ 201 (male; 789+ 202, female; 77.8 +
1.95) (Matsumoto et al)* and 78.09+ 219 (Motohashi
et al)®". Our results, 77.92 + 2.36 for males and
7793 + 263 for females, were close to the previous
data, indicating that the anterior ratio measured was
almost proportional in spite of anteroposterior skeletal
discrepancy. However, there has been still few study
made on the anterior ratio for the Japanese. Therefore,
using other studies on measurements of mesiodistal
crown width™ #2235 \we calculated the anterior
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Table 50 Comparison with other reports on anterior ratio

Sum of 6 Anterior Sum of 6 Anterior
Year of Subject anterior teeth (mmQO ratio anterior teeth (mmQO ratio
publication Mean £ Mean +
Maxilla Mandible SD(%D Maxilla Mandible SD(%0
Male Female
Present study 2005 Mandibular prognathism 48.56 3781 7792+ 236 47.13 36.72 7793+ 263
Matsumoto et al**” 1971 Normal occlusion 789 + 202 778 + 195
Otsubo™®” 1957 Normal occlusion 2371 1858 78.36 2253 17.58 78.03
Yamauchi et al*” 1965 Normal occlusion 2350 1852 78.81 22.36 17.62 78.80
Endo'” 1965 Normal occlusion 24.39 18.95 77.70 2313 18.08 7817
Kubota et al.**” 1991 Normal occlusion 2403 18.72 77.90 2323 18.03 77.62
Nagaoka et al.”” 1993 Normal occlusion 2346 1838 7835 2210 1715 77.60
Endo et al.”*" 1971 Reversed occlusion 2461 19.50 79.24 2341 18.79 80.26
Kubota et al.**” 1971 Crowding 25.00 1947 77.88 2455 18.88 76.90
Akiyama et al**" 1991 General population 23.76 1849 77.82 2308 17.99 77.95
Nakano et al.* 1993 General population 2555 19.90 77.89 2433 19.10 7850
Sumi et al*" 1985 Okinawa 2483 19.42 7821 2416 18.86 78.06
Nagasaki 25.02 19.40 7754 2349 1831 77.95
Akiyama et al**" 1991 Akita 2401 18.64 77.63 2317 18.08 7803
Tanegashima 23.37 18.18 77.79 22.84 17.75 77.71
Tsushima 2401 1871 77.93 2312 18.02 77.94
Okinawa 23.73 1850 77.96 2315 18.06 7801
Males and females
combined
Matsumoto et al** 1971 Normal occlusion 783 + 201
Motohashi et al.*" 1971 Normal occlusion 7809+ 219
Bolton™” 1962 Normal occlusion 772 + 165
Kayukawa™" 1956 Normal occlusion 2391 18.30 76.54
Reversed occlusion 23.66 18.67 7891

ratio for each study, and then compared them with
our results obtained. As a result, all the anterior ratio
obtained from Otsubo (1957)**”, Yamauchi et al.(1965)""
and Endo (1970)""", were larger than the present data
(-0.22 to 0.89 and 0.10 to 0.87 for males and females,
respectively). Compared to the data obtained from
Kubota et al.(1991)°" and Nagaoka et al.(1993)" in
1990's, our results showed intermediate values in male
and larger values in female in 031 to 0.33. On the
other hand, the present anterior ratio showed larger
in 1.38 than that obtained in Kayukawa (1956) *"'s
study using in mixed-up group in males and females.
Above all, in comparison with normal groups, the male
data obtained were almost similar to normal groups
and there was no relationship in chronological terms,
while there was a dillerence in the females; the data
for females were smaller in the 1950'S to 1970's, but

became larger since the 1990's. On the other hand,
Kayukawa (1956)*”, Endo et al.(1971)""and Kubota
et al.(1991)"" investigated the anterior ratios for the
cases with crowding, reversed occlusion and maxillary
protrusion. Our data were larger than the crowding
group, while they were smaller than in the reversed
occlusion and maxillary protrusion.

0O The anterior ratio depends on several factors
including morphological anomaly of teeth, such as
macrodont or microdont, congenitally missing teeth
or congenital defects. In comparison with the anterior
ratio among normal and malocclusion groups, the
frequency of occurrence of these varieties might be
considered, because this study excluded the above
parameters has been no evidence that patients with
malocclusion have more teeth anomaly and congenital
defects than the normal population. Therefore, further
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studies concerning the relationship between the tooth
morphology and occlusion may be needed to establish
a more ideal occlusion provided with orthodontic
treatment.
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