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Introduction
The search for the elusive “ideal” arch form to suit every 
individual has been the focus of several reports. However, 
dental arch form and shape varies in individuals based 
on anatomic dimensions of the craniofacial skeleton.1,2 
Qualitative description of the dental arch use terms like elliptic, 
parabolic or U-shaped; whereas mathematical methods 
include several curve-fitting algorithms like parabola, semi 
ellipse, catenary’s curve, conic section, cubic plane curve 
and second to eighth order polynomials.3,4 Despite the huge 
efforts and research works done to determine the ideal arch 
form, there is little agreement among investigators about the 
natural shape of the dental arches. 5-7

Hawley;8 based on the earlier work of Bonwill9 described the 
ideal arch as being constructed upon an equilateral triangle 
with slight modifications. The six anterior teeth were thought 
to be arranged on the arc of a circle whose radius was 
determined by the combined width of incisors and canines, 
with the premolars and first permanent molars arranged in a 
straight line and the second and third molars turning towards 
the midline. Catenary arch design depends on inter-molar 
distance measured at central fossae, it could be described as 
a central core around which the teeth arrange themselves.10 
Brader3 proposed that the dental arch is best considered as 
a closed curve with the properties of a trifocal ellipse with the 
teeth occupying only the narrower end of the total curve.

Raberin et al11 examined 278 dental casts of untreated French 
adults with normal occlusion. Six measurements of mandibular 

dental arch were performed, and five independent ratios 
were determined. They developed an arch form guide and 
defined five mandibular dental arch forms (narrow, wide, 
mid, pointed and flat). 

Thus it is worthwhile to mention that determination of the 
dental arch form relies in the majority of the research works 
upon dental arch width and length dimensions.12  

Materials and method
The sample consisted of 199 adults aged between 18 to 26 
years, among whom 97 were males and 102 females, selected 
from the clinical examination of 1703 Yemeni adults. 

Following criteria were used for sample selection: full 
complement of permanent dentition (excluding third 
molars); Class I molar and canine relation; Class I skeletal 
relationship (decided visually by using two-finger technique); 
free of local factors that disturb the integrity of dental 
arches (e.g. congenital missing teeth, retained deciduous 
teeth, supernumerary teeth); normal overjet and overbite 
relation; no heavy restorations that may affect the dental 
arch size and form; no previous orthodontic or facial surgical 
treatment; well-aligned arches with less than 2 mm of spacing 
or crowding in either arch. 

Measurements were taken from 398 maxillary and mandibular 
dental casts, which were made of dental stone with plaster 
of Paris base. The base was trimmed and numbered 
corresponding to the number given to the subjects. Dental 
arch dimensions were measured using the modified sliding 
calipers gauge of 0.02 mm accuracy.
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the predominance of the narrow arch form were found among Yemeni adults.
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A: arch width
a: inter-canine distance
b: inter-first molar distance
c: inter-second molar distance

B: arch length
d: anterior arch length
e: molar-vertical distance
 f: total arch length

Table 1: Descriptive statistics for dental arch dimensions of the total sample (in mm)

Mean SD Min Max Range CV

Maxillary arch dimensions

Inter-canine distance 34.2 2.04 30.0 39.0 9.0 5.40

Inter-first molar distance 51.2 2.7 44.0 57.3 13.3 4.99

Inter-second molar distance 56.9 3.3 49.4 64.7 15.3 5.18

Anterior arch length 8.7 1.2 5.0 11.4 6.40 12.19

Molar-vertical distance 30.0 2.1 24.9 34.9 10.0 6.79

Total arch length 42.6 2.4 38.4 47.6 9.2 4.99

Mandibular  arch dimensions

Inter-canine distance 25.32 1.60 21.70 29.30 7.60 5.93

Inter-first molar distance 44.02 2.60 37.50 49.60 12.10 5.06

Inter-second molar distance 51.83 3.24 44.50 59.20 14.70 5.57

Anterior arch length 5.09 1.09 1.70 7.56 5.86 13.57

Molar-vertical distance 24.93 2.02 19.70 31.30 11.60 7.70

Total arch length 38.36 2.74 33.00 45.10 12.10 5.79

Dental Arch Widths and Arch Lengths 

Dental cast measurements were divided into three sagittal 
and three transverse measurements; which were used to 
represent the dental arch width and length measurements 
(Figure 1).

Dental Arch Forms

Determination of dental arch form was done using the method 
used by Raberin et al;11 which depends on the Eucledian 
clustering method of analysis. Six dental cast measurements 
were divided into three sagittal measurements and three 
transverse measurements; which were utilized to calculate 
five independent ratios. They are: anterior arch length/inter-
canine distance, molar-vertical distance/inter-first molar 
distance, total arch length/inter-second molar distance, inter-
canine distance/inter-first molar distance and molar-vertical 
distance/total arch length. Eucledian distance between the 
five ratios of each subject with the different centroid of clusters 
was calculated, each subject was allocated according to 

the nearest centriod, and as a result five arch forms were 
developed.

All statistical analyses were performed using SPSS 13.0 program. 
Descriptive statistics were performed for the calculation of 
the mean, standard deviation and coefficient of variance of 
the dental arch dimensions. Eucledian clustering analysis was 
used to identify the dental arch forms. Statistical significance 
was pre-determined at 95% level (P<0.05).

Result
The mean, standard deviation and range of the maxillary 
and mandibular dimensions are shown in Table 1. It can 
be noticed that the inter-second molar distances have 
the widest range. The range of reading is expressed by the 
coefficient of variation (CV) values. They reflect different arch 
size and forms. The inter-canine distance and anterior arch 
length showed the highest values of CV in both maxillary and 
mandibular dental arches, while the other related dimensions 

were close to each other (Table 1). 

Figure 1: Dental Arch Dimensions
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Table 2: Correlation Coefficient between dental arch dimensions

Anterior arch length Molar-vertical distance Total arch length

F M F M F M

Maxillary arch dimensions

Inter-canine distance 0.47* 0.13 0.35* -0.11 0.30* -0.07

Inter-first molar distance 0.56* 0.20 0.32* 0.01 0.24* 0.10

Inter-second molar distance 0.18 -0.12 0.24* 0.21 0.10 0.05

Mandibular  arch dimensions

Inter-canine distance 0.38* 0.17 0.44* 0.34* 0.50* 0.33*

Inter-first molar distance -0.02 0.03 -0.02 0.14 0.05 0.20

Inter-second molar distance -0.09 -0.05 -0.09 0.15 -0.07 0.10

* Values more than 0.21 were significant at p < 0.01
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The correlation coefficient was carried out between arch widths and lengths, some of them showed high significant, positive 
and direct relations, while others showed moderate, weak or negative relationships. The correlations were clearly prominent and 
stronger between inter-canine distance and anterior arch length with other arch dimensions especially in female group as shown 
in Table 2.

Table 3 shows the average of the five ratios used in the determination of dental arch forms. The percentage of relative deviation 
between the mean value of a given ratio for arch form and the mean value of the same ratio for the whole sample helped to 
assess how each of the five forms distinguished itself from the average form. Five arch forms were distinguished as narrow, wide, 
mid, pointed and flat. 

Table 3: Mean values for the five ratios used in the determination of arch form

Ratio
Maxillary Mandibular

Female Male Female Male
Anterior arch length

Inter canine distance
0.26 0.26 0.19 0.21

Molar-vertical distance
Inter-first molar distance

0.60 0.57 0.58 0.56

Total arch length
Inter-second molar distance

0.77 0.73 0.77 0.71

Inter- canine distance
Inter-first molar distance

0.67 0.67 0.59 0.57

Inter-first molar distance
Inter-second molar distance

0.72 0.70 0.65 0.65

80
70
60
50
40
30
20
10
0

Narrow Wide Mid Pointed Flat

71

54

9

37

32

A 60

50

40

30

20

10

0
Narrow Wide Mid Pointed Flat

52

41

28
33

41

B
140
120
100
80
60
40
20
0

Narrow Wide Mid Pointed Flat

123

95

37

70 73

C

Figure 2: Distribution of the five dental arch forms. A: Female; B: Male; C: Total sample

The distribution of subjects according to five arch forms (Figure 2) is more or less balanced with a frequency of each group varying 
between 9.3% and 30.9% showing predominance of narrow arch form and fewer tendencies for mid arch form. The narrow form 
(30.9%) is the most frequent arch form followed by wide arch form (23.9%) whereas mid form (9.3%) is the least frequent in both 
gender. Pointed and flat arch forms are relatively equally distributed. Narrow arch form is rather more common in females. The sex 
distribution was significantly different (Chi-square=16.218, d.f=4, p-0.002), Table 4.
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Discussion 

Establishment of the most frequent dental arch form is useful in 
both diagnosis and construction or choosing the ready-made 
arch wires.11 The inter-canine distance was selected because 
it was stable in the maxillary and mandibular arches after 13 
years of age and the studies on retention and relapse stressed 
the need of stable unchangeable inter-canine width.13 At the 
same time the inter-canine width with the anterior arch length 
accurately describe the arch form anteriorly (pointed or flat).

The inter-first molar distance gives full picture about the widths 
of the arch, enabling to distinguish between narrow and wide 
arches especially when using the inter-canine distance/inter-
first molar distance ratio. The inter-second molar distance 
was not given the same concern as the inter-first molar 
distance in previous studies as they assumed that the arch 
width distal to the first molar was similar to that of inter-first 
molar width and was not an area of importance as most of 
the orthodontic appliances deal with the arch wire mesial to 
the second molar without incorporating it in the treatment 
plan. However we should not forget that we are dealing 
with a full complement of permanent teeth. Also, many 
studies  performed on commercially produced preformed 
wires concluded that almost all wires tend to narrow or being 
unchangeable distal to the first molar while the dental arch 
tend to widen posteriorly, so the second molar width was taken 
into consideration in the present study. It is worth mentioning 
that the greatest difference between male and female exists 
in the inter-second molar distance in both dental arches, 
which may be attributed to the difference in arch form. Thus 
to complete the skeleton of the arch form; three arch length 
dimensions were selected including: anterior, molar-vertical 
distance and total arch length.

In general, it was obvious that the mean values of all 
measurements taken for the dental arch dimensions confirmed 
the accepted view that the maxillary dental arch was larger 
in all dimensions than the mandibular counterpart.14-16 Since 
Angle;17 orthodontists have tried to determine a single ideal 
arch form that can ensure the stability of the therapeutic 
results. The findings of the present study confirm that the ideal 

dental arch form has not a single and universal form, but that 
there are at least five following different forms in untreated 
adults with normal occlusion.

Form (1); Narrow: Characterized by higher values of the 
sagittal/transverse ratios when compared with the mean 
values for these ratios, which indicates relative increase in 
arch lengths when compared with arch widths.

Form (2); Wide: Characterized by lower values of the sagittal/
transverse ratios when compared with the mean values for 
those ratios, which indicates relative increase in arch widths 
when compared with arch lengths.

Form (3); Mid: Characterized by non-significantly deviated 
values of the sagittal/transverse ratios when compared with 
the mean values.

Form (4); Pointed: Characterized by noticeably high values 
of anterior arch length/inter-canine distance ratio, which 
indicates relative increase of anterior arch length and relative 
decrease in the inter-canine distance.

Form (5) Flat: This form is opposite to the pointed form and 
characterized by a noticeably low value of anterior arch 
length/inter-canine distance ratio, which indicates relative 
decrease of anterior arch length and relative increase in the 
inter-canine distance.

According to Proffit15 dental arch form consists of dental 
units arranged in unique positions along a compound curve 
which represents a steady state of equilibrium delimited by 
the counter balancing force fields of the tongue and of the 
circum-oral tissues. Studying the descriptive analysis for the 
dental arch width revealed that the coefficient of variation 
(CV) values for all measurements are nearly close to each 
other, with the inter-canine distances showing the higher CV 
than the others. The inter-canine distance is responsible for 
the different arch forms.

It can be also noticed from the descriptive analysis of the 
dental arch length that the CV values for all measurements 
are nearly close to each other, with the anterior arch length 

Table 4: The distribution of subjects according to arch forms

Form
Female Male Total

p-value
n (%) n (%) n (%)

Narrow 72 (17.4) 51 (13.5) 123 (30.9)

0.002*

Wide 54 (13.6) 41 (10.3) 95 (23.9)

Mid 9 (2.3) 28 (7.0) 37 (9.3)

Pointed 37 (9.3) 33 (8.3) 70 (17.6)

Flat 32 (7.8) 41 (10.5) 73 (18.3)

Total 204 (50.4) 194 (49.6) 398 (100)

 *Significance level p < 0.05.
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showing the highest CV value. The anterior arch length values 
share the inter-canine distance values through the ratio in 
the contribution of determining all types of the dental arch 
forms, and it is the most important ratio that determines the 
five dental arch forms. So, it is not unexpected for the anterior 
arch length to have the highest coefficient of variation 
among other dimensions. These results are in agreement with 
conclusions of Andria and Carlos.18

The predominance of the narrow type in both maxillary 
and mandibular dental arches, in the present study is not in 
agreement with the findings of Patel et al,19 who found that 
the most frequent maxillary form is the mid form and Burris and 
Harris20 who found that the most frequent mandibular arch 
form are squarer in American blacks in the canine-premolar 

region, while data collected by Felton and Sinclair2 revealed 
the predominance of the narrowest arch form.

Conclusion
The arch form could possibly be clustered and used to 
describe each form of the maxillary and the mandibular 
arches. Five arch forms: narrow, wide, mid, pointed and flat 
were distinguished as unique forms for the maxillary and the 
mandibular arches. In the present sample of Yemeni adult 
the most prevalent form is the narrow form in both male and 
female samples.

OJN
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ABSTRACT
Objective: To determine maxillary and mandibular incisor inclination in Class II Division 1 malocclusion among different vertical 
skeletal type Chinese children. 

Materials & Method: Lateral cephalograms of Class II Division I malocclusion cases of 120 Chinese children (male-55, female-65) 
of the age range 12-14 years were divided into three vertical skeletal types (low angle, average angle, high angle) based on 
Sella-Nasion to Mandibular plane angle. To determine incisor inclination, lateral cephalometric radiographs were measured and 
analyzed using factorial analysis. All angular parameters were processed using ANOVA and t-test. Maxillary and mandibular 
incisor inclinations were discussed in detail among three vertical facial skeletal types.

Result: The maxillary and mandibular incisors of low angle individuals were found to be proclined more than those with high and 
average angle individuals.  

Conclusion: Different vertical facial types of Class II Division I malocclusion in early permanent dentition accord to establish 
discriminate values to set up the cephalometric standards for diagnosis and treatment planning for the clinicians.

Key words: cephalometric radiographs, Class II Division 1 malocclusion, incisor inclination


