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Background: The objectives of this study were to describe and classify lingual arch form in 
dental students with normal occlusion and explore the possibility to provide a lingual arch 
form template for Nepalese population.
Methods: The occlusion and arch form of 220 undergraduate dental students were analyzed 
and thirty-three subjects (14 males, 19 females) fulfilling the inclusion criteria were selected 
for the study. Reference points were drawn on the lingual surfaces of the teeth of study model 
using an indelible marker. A transparent ruled grid was used to obtain x and y coordinate 
values of the reference point. Following distances were measured with a digital caliper: inter- 
canine width, inter-molar width, inter-second molar width, canine depth, first molar depth, 
and second molar depth. Two-step cluster analysis was used to further classify the arch. The 
mean reference point values of each cluster were entered into the software (CurveExpert 1.4, 
Hymas developers). The curve finder tool of the software was used to obtain the curve which 
best described the arch forms.
Results: Two-step cluster analysis identified two distinguished clusters of lingual arch 
forms. Tenth degree polynomial was chosen as the best possible fit for lingual arch forms 
by using Curvefinder tool of the software CurveExpert 1.4.
Conclusion: Two types of anatomical lingual arch forms derived from Nepalese dental 
students with normal occlusion have been described and templates for the same have been 
generated.
Keywords: lingual arch form, lingual orthodontics, cluster analysis, normal occlusion, 
polynomial

Background
The human dental arch form has been studied extensively because of its importance 
in orthodontic treatment planning and retention.1 Preservation of pretreatment arch 
shape and dimensions, particularly of the mandibular arch, is considered a key 
factor for stability of the post-treatment occlusion.2 The human dental arch form 
has been described as geometrical shapes like ellipse, parabola, hyperbola and has 
also been classified using curves obtained using various mathematical equations 
like polynomial equations, cubic spline function, Euclidian distance matrix analy-
sis, Fourier series, etc.3 However, very few studies have been done about arch form 
from the lingual/palatal perspective.4–6 The number of patients undergoing lingual 
appliance therapy has grown markedly in the past few years.7–9 Customization of 
arch wires to match the patient’s arch form is an important step in labial as well as 
lingual orthodontics.4 The mushroom-shaped arch form has been commonly used in 
lingual orthodontics. However, the mushroom-shaped arch form has several 
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challenges including the need for complex wire bending, 
difficult upper and lower arch co-ordination, and complex 
treatment mechanics. Utilizing a lingual straight wire tech-
nique may simplify mechanics, reduces chair time, and 
potentially improves patient comfort.10,11

The effect of ethnicity on labial arch form is well 
documented.12 Hence, it will be logical to assume that 
similar variations exist for the lingual arch form. The 
lingual arch form in the Caucasian4,5 and Korean 
population6 has been analyzed; however, no such studies 
have been conducted for Nepalese population samples.

The aim of the study was to describe and classify 
lingual arch forms in Nepalese dental subjects with normal 
occlusions which could also possibly be used as a setup 
guide for lingual orthodontic treatment in the general 
Nepalese population.

Methods
The study models of thirty-three subjects (19 females, 14 
males) with normal occlusion were retrieved for this study 
from the archives of Orthodontics Department of College 
of Medical Sciences, Bharatpur, Nepal. The subjects 
included in this study had been selected based on follow-
ing inclusion criteria: bilateral Angle’s class I molar and 
canine relationships, fully erupted dentition upto  the per-
manent second molars, regular arch form with minimal 
(≤3mm) or no crowding, normal overjet and overbite 
(2mm±1mm), minimal (≤2mm) or no spacing, and the 
absence of large lingual/palatal restorations. The median 
axis of the clinical crown on the lingual side was traced 
with a pencil. Occlusal, middle and gingival thirds of the 

crown were marked by drawing two horizontal reference 
lines with a pencil. The reference points for this study 
were drawn as described by Lombardo et al.4 The refer-
ence points were marked with an OHP marker (Snowman 
OPM,1.0 mm) (Figure 1) in the maxillary and mandibular 
arch. For the maxillary anterior teeth, the reference points 
were marked at the junction of the middle third and the 
gingival third and for the mandibular anterior teeth in the 
middle third of the clinical crown along their central 
lingual axes. In maxillary posterior teeth reference points 
were marked at the center of the clinical crown. In the 
mandibular arch, reference points were marked at the 
center of the clinical crown (vertical position) along the 
central lingual axis and at the most prominent point on the 
lingual surface of each tooth (horizontal position) on the 
molars and premolars. These reference points provide a 
direct clinical representation of the lingual side of the 
arch.4 Seven reference points were made on each quadrant, 
from central incisor to 2nd molar. A millimeter graph was 
printed on lamination paper and mounted on a transparent 
plastic sheet of 1.5 mm thickness. This sheet was placed 
over the study cast so that the posterior border of study 
model was aligned along the abscissa and the median line 
with the ordinate, thus creating a Cartesian coordinate 
system (Figure 1). A Cartesian coordinate system can be 
used in two-dimensional planes or three-dimensional 
spaces. For two-dimensional planes, the system consists 
of two perpendicular lines (x-axis and y-axis) which inter-
sect at a point called the origin. The location of any 
particular point is given by coordinates which represent 
its distance from the x and y axes.14 The Cartesian 

Figure 1 (A) Marking of reference points. (B) Measurement of x and y co-ordinates.
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coordinates (x, y) of each reference point were calculated; 
x measurements, the distance between the reference point, 
and the y-axis; y measurements, the distance between the 
reference point and the x-axis. To compensate for the 
minor asymmetries in the left and right side of the arches, 
method similar to that described by Trivino et al was 
used.15 The reference point coordinates of the 33 dental 
casts were divided into the left and right quadrants. Each 
quadrant was described by seven reference points (7 x and 
y coordinates), and was then “mirrored” to obtain 66 
complete maxillary and 66 complete mandibular arches 
with symmetrical curves.7 The mean x and y value of 
each fourteen reference point were calculated and pro-
cessed using CurveExpert software (version 1.4, https:// 
www.curveexpert.net/products/curveexpert-basic/,Hyams 
Development). The Curve finder tool of the software was 
used to find the curve which best described the lingual 
dental arch forms.

Following measurements were done on the mandibular 
cast with a digital caliper (Figure 2): 1) inter-canine width, 
2) inter-first molar width, 3. inter-second molar width, 4) 
canine depth: the distance between the inter-incisor point 
and the line connecting the canine reference points, 5) first 
molar depth: the distance between the inter-incisor point 
and the line connecting the reference points on the first 
molars and 6) second molar depth: the distance between 
the inter-incisor point and the line connecting the reference 
points on the second molars. Three ratios were calculated: 
1) canine width/depth, 2) first molar width/depth and 3) 
second molar width/depth. Statistical analysis was per-
formed using SPSS software (version 20)

Descriptive statistical analysis was used to obtain mean 
and standard deviation. Shapiro–Wilk test was used to test 
the normalcy of the lingual measurements. To identify 
sexual dimorphism independent t-test was used in mea-
surements with the normal distribution. To test the relia-
bility of the measurements, x and y coordinates of left 
central incisors, canines, second premolars and second 
molars of maxillary and mandibular arches were re-eval-
uated in fifteen pairs of casts. Paired t-test was used to 
calculate the systematic error and Dahlberg’s formula16 

was used to measure the casual error. Two-step cluster 
analysis was used to classify the arches into clusters. 
Two-step cluster analysis was done using the following 
variables for cluster identification: a) inter-canine width, b) 
inter-molar width, c) 2nd molar width, d) canine depth, e) 
first molar depth, f) second molar depth, g) canine width/ 
depth, h) first molar width/depth and i) second molar 
width/depth. The Two-step Cluster Analysis procedure is 
an exploratory tool designed to reveal natural groupings 
(or clusters) within a dataset that would otherwise not be 
apparent.17 The auto clustering feature automatically 
determined the “best” number of clusters by using the 
criterion specified in the Clustering Criterion group.17 

The mean x and y coordinate data of each reference for 
both clusters were plotted in CurveExpert software, and 
the software’s Curvefinder tool was used to find the best 
fitting curve.

Results
Shapiro–Wilk test showed that the data had a normal 
distribution. Independent t-test showed that there was no 
significant difference between male and female subjects in 

Figure 2 Measurement of lingual arch dimensions. (A) Canine depth. (B) First molar depth. (C) Second molar depth.
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regard to arch dimensions (Table 1, p-value: 0.06–0.91). 
Paired t-test and Dahlberg’s formula showed high reliabil-
ity of co-ordinate measurement (Table 2). The two-step 
Cluster analysis yielded two distinct clusters (Table 3). 
The cluster properties are presented in Table 4. The two 
clusters showed significant differences between inter- 
canine width (p=0.00) inter-1stmolar width (p=0.00) and 
inter-2nd molar width (p=0.00). Similarly, significant dif-
ferences were also observed for 1st molar width/depth 

ratio (p=0.00) and 2nd molar width/depth ratio (p=0.01). 
The tenth degree polynomial was chosen as best possible 
fit for these arch forms by using Curvefinder tool of the 
software CurveExpert 1.4 (Figures 3 and 4).

Discussions
To a large extent, the success of straight wire orthodontic 
treatment depends on the selection of archwires irrespec-
tive of the surface used to bond attachments. Archwires 
made of superelastic materials, which cannot be custo-
mized, should be selected on the basis of dimensional 
similarity, types of malocclusion, and ethnicity.4 Labial 
arch forms have been described in numerous studies, but 
very few studies have been reported regarding lingual arch 
form. The purpose of this study was to develop a template 
which can be used for straight wire lingual orthodontics, 
especially for the Nepalese population. All the subjects 
were adult or near the end of growth, hence we expect a 
minimal effect of growth-related changes in the arch form. 
Previous studies have used scanned images of study mod-
els alone for establishing the Cartesian system.4,6 In our 
study, we have used a modified millimeter sheet to directly 
establish the Cartesian system and to obtain the x and y 
coordinates of the reference points. This may have been a 
source of error as the cast or measuring sheet could move 
during the measurement. However, all the readings were 
recorded by a single observer and statistical tests showed a 
high reliability of measurement (casual error range 0.00– 
0.44). To prevent eye fatigue, all the recordings were done 
in the first working hour of the day. The readings of only 
two casts were obtained each day.

The Curvefinder tool of CurveExpert software has been 
reliably used for generating the best-fit curve for the arch 
forms in similar previous studies.4,15 Polynomial equation 
has been commonly used to describe the dental arch 
forms.18–22 In the literature, various degree of polynomials 
have been used to describe the arch forms. Ferrario et al21 

and Wakabayashi et al22 observed that the higher the 
degree of the polynomial, the more precise the graphic 
description of the dental arch. In previous studies of lin-
gual arch form, authors have used 9th degree polynomial to 
best describe the arch form as it had shown the lowest 

Table 1 Comparison Between Lingual Measurements of Males 
and Females

Lingual 
Measurements

Male 
(Mean± 
S.D)

Female 
(Mean± 
S.D)

p-value

Inter-canine width 22.47± 1.44 22.34± 1.28 0.78(NS)
Inter-molar width 34.35± 2.81 33.71± 1.92 0.82(NS)

Inter-2nd molar width 40.88± 3.05 40.33± 2.22 0.91(NS)

Canine depth 4.35± 1.13 4.61± 0.96 0.47(NS)
First molar depth 24.87± 1.42 25.76± 1.32 0.07(NS)

Second molar depth 34.13± 1.73 35.23± 1.69 0.07(NS)
Canine width/depth 5.59± 1.89 5.03± 1.02 0.37(NS)

First molar width/depth 1.35± 0.17 1.31± 0.1 0.37(NS)

Second molar width/ 
depth

1.2± 0.08 1.15± 0.07 0.06(NS)

Note: P≤ 0.05. 
Abbreviation: NS, not significant.

Table 2 Evaluation of Reliability of Measurement with Paired 
t-Test and Dahlberg’s Formula

Tooth Measurement 
1 (Mean ± S. 
D.)

Measurement 
2 (Mean ± S. 
D)

p-value Casual 
Error

21x 4.13±0.35 3.93±0.45 0.18(NS) 0.31
23x 13.93±0.7 13.7±1.1 0.33(NS) 0.36

25x 16.8±1.2 16.5±1.2 0.33(NS) 0.36

27x 21.2±2.0 21.4±2.2 0.30(NS) 0.36
31x −2.73±0.45 −2.87±0.58 0.43(NS) 0.25

33x −11.13±1.0 −10.93±0.96 0.18(NS) 0.31

35x −14.73±1.5 −14.47±1.12 0.49(NS) 0.36
37x −20.13±1.9 −20.53±2.8 0.58(NS) 0.44

21y 56.0±2.6 55.0±2.2 0.61(NS) 0.31

23y 49.27±2.5 49.0±2.44 0.48(NS) 0.36
25y 36.67±2.8 36.33±2.5 0.38(NS) 0.40

27y 19.2±3.0 19.2±2.4 1.00(NS) 0.00

31y 55.4±2.6 55.27±2.7 0.82(NS) 0.25
33y 51.0±2.9 50.6±2.8 0.53(NS) 0.44

35y 39.0±3.4 38.6±2.9 0.67(NS) 0.40

37y 21.07±3.1 20.47±3.4 0.50(NS) 0.31

Note: P≤0.05. 
Abbreviation: NS, not significant.

Table 3 Cluster Distribution

Cluster Number of Subjects % of Total

1 20 60.6
2 13 39.4
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standard error values.4,6 The criteria for selection of poly-
nomial function was the standard error. The lower the 
standard error, the better was the fit. In our study, the 
lowest standard error for the mandibular arch was 
observed with a 10th degree polynomial. Hence, this poly-
nomial function was used to describe the arch form.

Only a few population-specific studies regarding classifi-
cation of lingual arch form have been published. Lombardo 

et al4 described three arch forms, namely large, medium and 
small in the European population. In another similar study, 
Park et al6 used three-dimensional virtual models for digitizing 
the reference points and described four clusters in the Korean 
population, namely wide, narrow, tapering and ovoid types. 
Kairalla et al5 used linear measurement instead of polynomial 
equations to describe arch forms in Caucasian Brazilians. 
They concluded that the lingual arch form was parabolic in 

Table 4 Cluster Properties

Cluster

1 
(Mean ± SD)

2 
(Mean ± SD)

Combined 
(Mean ± SD)

p-value 
(Cluster 1 and 2)

Inter-canine width (mm) 21.76 ±1.17 23.38 ±0.88 22.39±1.32 0.00*
Inter-molar width (mm) 32.44 ±1.25 36.34 ±1.36 33.98 ±2.32 0.00*

Inter-2nd molar width (mm) 38.94 ±1.71 43.05 ±1.38 40.56 ±2.57 0.00*

Canine depth (mm) 4.46 ±1.06 4.61 ±.87 4.5±.98 0.74
First molar depth (mm) 25.26 ± 1.65 25.56 ±.98 25.38 ±1.41 0.74

Second molar depth (mm) 34.37±1.93 35.36 ±1.32 34.76 ±1.76 0.2

Canine width/depth 5.16 ±1.34 5.24 ±1.00 5.19 ±1.20 0.76
First molar width/depth 1.28 ±.096 1.42 ±.093 1.34 ±.11 0.00*

Second molar width/depth 1.13 ±.063 1.21 ±.072 1.16 ±.077 0.01*

Notes: P≤0.05, *statistically significant.

Figure 3 Template of maxillary lingual arch form. (A) Cluster 1. (B) Cluster 2.

Figure 4 Template of mandibular lingual arch form. (A) Cluster 1. (B) Cluster 2.
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shape and slightly flattened in the anterior portion. The dimen-
sions of cluster 1 of our study closely resemble that of cluster 3 
(narrow) as described by Park et al,6 and the narrow arch form 
as described by Lombardo et al.4 The cluster 2 of our study 
sample has relatively narrow inter-canine and broad inter- 
molar widths which resemble cluster 1 (tapering) of the 
Korean study sample.6 In our study, only two clusters were 
identified which may be because of the study’s small sample 
size. Till past few years, dental treatment was available only in 
major cities of Nepal and only limited sections of the popula-
tion had the awareness and financial means to seek dental 
care.23,24 Hence, it is rare to find adults/young adults with 
dental arches with a full complement of teeth and with a 
normal occlusion. Because of this limitation, the present 
study should be considered a pilot study and further investiga-
tions with larger sample sizes are recommended.

Conclusions
Two arch forms for the maxillary and mandibular lingual 
arches were depicted which could serve as templates for 
the fabrication of lingual archwires in Nepalese orthodon-
tic patients. There was no statistically significant differ-
ence in the arch size measurements between Nepalese 
males and female dental students.
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