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Abstract:
Introduction: The aim of this study was to analyze and compare the dental lingual arch widths and lengths, alveolar 
arch within patients with Angle’s Class I (ACI), Class IIdivision1 (ACII) and Class III (ACIII) malocclusions in Chi-
nese patients. 
Methods: This study was performed using measurements on ninety dental casts with ACI (age: 22.2 ± 3.6), ACII (age: 
23.0 ± 3.8), and ACIII (age: 22.0 ± 2.8) malocclusion subjects. Two-way ANOVA post-hoc and nonparametric tests 
were applied for comparisons in groups and genders. 
Results: Maxillary canineand premolar alveolar widths and all maxillary lingual lengths were significantly narrower 
in ACIII (p < 0.05). The mandibular intercanine andintermolar widths were wider and the maxillary intermolar width 
measurement was larger in ACIII (p < 0.05). Male’s palate height in ACIII was greater than ACII (p < 0.05). Gender 
differences were also significant in these measurements. 
Conclusions: Our data showed undergrowth of the maxilla and overgrowth of the mandible and incisor inclined lingual 
in ACIII; mandibular growth retrusion and maxillary incisor inclined in ACII. Alveolar width was greater in males than 
females.
Keywords:  Lingual arch form; Alveolar arch width; Lingual arch width; Lingual arch length; Malocclusions

Introduction

The dental arch, fundamental principle in orthodontic planning and therapy, is an import-
ant element in orthodontics[1]. Therefore, correct identification of a patient’s arch form is a 
crucial parameter in achieving a stable, functional and esthetic orthodontic treatment result, 
since failure to preserve the arch form might increase the probability of relapse[2].
	 Lingual orthodontics was developed by the end of the 70’s with the bonding of 
conventional appliances on the lingual surface of teeth[3]. The first study describing brackets 
and lingual arch shape was published in 40 years ago[4]. Since then, there are many con-
founding factors on measuring intercanine distances which hinder clinicians from deter-
mining the size of mushroom-shaped lingual arches. To simplify this technique, researchers 
introduced a new anatomic arch form technique in Lingual Orthodontics[5] and proposed the 
positioning of thicker bracket bases to allow the use of arch wires without offsets[6]. They 
obtained arch form by the different method, some used the 3D digital imaging to obtain 
a three-dimensional structural model, and some adopted the teeth landmarks such as the 
tongue side of the center or crown cusp positioned, while others applied geometric curves 
to describe the dental arch[7-10].
	 Although the average arch form of a normal occlusion sample was provided, a 
classification of the lingual arch forms per shape or size has not been attempted. Most of the 
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	 Ninety maxillary and mandibular dental and alveolar 
widths, arch lengths measurements were performed on the den-
tal casts of each subject. These measurements were recorded 
from each subject’s dental casts by one examiner, using aVer-
nier caliper (Shanghai Tool Works Inc., China) and recording 
the data to the nearest 0.02 mm. These dental and alveolar arch 
width measurements are shown as Figure 1 and Table 2. Three 
weeks after the first measurements, 20 dental casts were selected 
randomly and re-measured. The difference between the first and 
second measurements was insignificant. Intra-examiner reliabil-
ity test was performed with the Cronbach’s Alpha is 0.95.

Figure 1: Illustration of measurement parameters in Table 2: A. Max-
illary dental and alveolar width; B. Mandibular dental and alveolar 
width; and C. Palate height.

studies in the literature compare dental arch widths of Skeletal 
Class II (SC II) patients with the normal occlusion samples[7,11-13]. 
Some of them indicate absolute arch widths of children with 
malocclusion did not differ appreciably from those with normal 
occlusion[7,12]. However, in other studies, statistically significant 
differences were determined in dental and alveolar width mea-
surements of SC II patients[13].
	 Our review of the literature revealed few studies eval-
uated group of gender differences of lingual arch form among 
Angle’s Class I (AC I), Class II (AC II) and Class III (AC III) 
malocclusions in Chinese orthodontic patients. Therefore, the 
aim of this study was to compare difference in maxillary and 
mandibular dental arch and alveolar width dimensions among 
these three lingual Angle Classes, as well as the gender differ-
ences within each arch form clarified for Angle classification. 
This research might be interesting and can provide reference for 
our clinicians in the choice of orthodontic lingual wires of AC I, 
II and III patients.

Materials and Methods

The sample consisted of 90 young adults with AC I, AC II divi-
sion1, and AC III malocclusion (45 males and 45 females) ran-
domly selected from a database of 7,521 Chinese orthodontic 
patients.The distribution of age in different groups for all sub-
jects is shown in Table 1.

Table 1:  The Distribution of age in different malocclusion groups
Sample Mean Age(y) SD(y) Max(y) Min(y)

ACI Female) 15 22.6 3.31 30 19
ACI (Male) 15 21.73 3.90 30 17
ACII (Female) 15 22.87 3.20 29 17
ACII (Male) 15 23.13 4.39 30 17
ACIII (Female) 15 22.00 2.78 29 19
ACIII (Male) 15 21.93 2.76 28 19

ACI: Angle Class I malocclusion; ACII: Angle Class II malocclusion; 
ACIII: Angle Class III malocclusion; SD: standard deviation; Min: 
minimum; and Max: maximum.

The inclusion criteria were as follows: 
• AC I: bilateral Class I molar and canine relationships incentric 
occlusion,0° < ANB <5°; over bite and over jet < 4 mm;
• AC II: bilateral Class II molar and canine relationship incentric 
occlusion, 5° <ANB,protrusive maxillary incisors; convex soft 
tissue profile, excessive over jet > 3 mm, absence of posterior 
cross bite;
• AC III: bilateral Class III molar and canine relationships, ANB 
< 0°,concave soft tissue profile, negative over jet >1 mm; nega-
tive over bite>1 mm;
The exclusion criteria were as follows: 
• Minor tooth size - arch length discrepancy < 2 mm crowding, 
< 2 mm spacing;
•  Flat or slight curve of Speed < 2 mm; absence of dental mid-
line deviation;
• Permanent dentition with normal tooth size and shape, except 
third molars; 
• No open bite and no teeth of severe out of dental arch and 
torsion;
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Table 2:  Maxillary and mandibular dental and alveolar width measure-
ment parameters.
UW1 The distance between the center of the lingual clinical 

crown of the maxillary right and left central incisors
UW2 The distance between the center of the lingual clinical 

crown of the maxillary right and left lateral incisors
UW3 The distance between the center of the lingual clinical 

crown of the maxillary right and left canines
UW4 The distance between the center of the lingual clinical 

crown of the maxillary right and left first premolars
UW5 The distance between the center of the lingual clinical 

crown of the maxillary right and left second premolars
UWm6 The distance between the center of the mesial-lingual sur-

face of the maxillary right and left first molars
UWd6 The distance between the center of the distal-lingual sur-

face of the maxillary right and left first molars
UWm7 The distance between the center of the mesial-lingual sur-

face of the maxillary right and left second molars
UWd7 The distance between the center of the distal-lingual sur-

face of the maxillary right and left second molars
LW1 The projection of UW1 point in mandible 
LW2 The projection of UW2 point in mandible
LW3 The projection of UW3 point in mandible 
LW4 The projection of UW4 point in mandible 
LW5 The projection of UW5 point in mandible 
LWm6 The projection of UWm6 point in mandible 
LWd6 The projection of UWd6 point in mandible 
LWm7 The projection of UWm7 point in mandible 
LWd7 The projection of UWd7 point in mandible 
UL1 The shortest distance from a line connecting the center 

of the lingual clinical crown of the maxillary right and 
left central incisors to the proximal contact point of the 
lingual maxillary central incisors

UL2 The shortest distance from a line connecting the center of 
the lingual clinical crown of the maxillary right and left 
lateral incisors to the proximal contact point of the lingual 
maxillary central incisors 

UL3 The shortest distance from a line connecting the center 
of the lingual clinical crown of the maxillary right and 
left canines to the proximal contact point of the lingual 
maxillary central incisors

UL4 The shortest distance from a line connecting the center of 
the lingual clinical crown of the maxillary right and left 
first premolars to the proximal contact point of the lingual 
maxillary central incisors 

UL5 The shortest distance from a line connecting the center 
of the lingual clinical crown of the maxillary right and 
left second premolars to the proximal contact point of the 
lingual maxillary central incisors 

ULm6 The shortest distance from a line connecting the center of 
the mesial-lingual surface of the maxillary right and left 
first molars to the proximal contact point of the lingual 
maxillary central incisors 

ULd6 The shortest distance from a line connecting the center of 
the distal-lingual surface of the maxillary right and left 
first molars to the proximal contact point of the lingual 
maxillary central incisors 

ULm7 The shortest distance from a line connecting the center of 
the mesial-lingual surface of the maxillary right and left 
second molars to the proximal contact point of the lingual 
maxillary central incisors 

ULd7 The shortest distance from a line connecting the center of 
the distal-lingual surface of the maxillary right and left 
second molars to the proximal contact point of the lingual 
maxillary central incisors 

LL1 The projection of UL1 point in mandible 
LL2 The projection of UL2 point in mandible 
LL3 The projection of UL3 point in mandible 
LL4 The projection of UL4 point in mandible 
LL5 The projection of UL5 point in mandible 
LLm6 The projection of ULm6 point in mandible 
LLd6 The projection of ULd6 point in mandible 
LLm7 The projection of ULm7 point in mandible 
LLd7 The projection of ULd7 point in mandible 
UAC-C The distance between two points at the mucogingival 

junctions above the cusp tips of the maxillary right and 
left canines.

LAC-C The projection of UAC-C point in mandible 
UAP-P The distance between two points at the mucogingival 

junctions above the inter-dental contact point of the max-
illary first and second premolars.

LAP-P The projection of UAP-P point in mandible 
UAM-M The distance between two points at the mucogingival 

junctions above the mesiobuccal cusp tips of the maxil-
lary first molars

LAM-M The projection of UAM-M point in mandible 
P a l a t e 
Height

The shortest distance from palatal dome to the ruler edge 
distance when the ruler placed the occlusal surface of 
maxillary first molars and the edge of rule through the 
central fossa, 

	 The data that show the normal distribution used two-
way ANOVA and post-hoc tests to apply for comparison of the 
groups. And syntax was applied for comparison between gen-
ders in the group. The data that show the non-normal distribu-
tion used nonparametric tests: Wilcoxon and kruskal-Wallis test. 
All statistical analyses were performed using the SPSS software 
package (SPSS Inc, Chicago, Ill).

Results

Pertwo-way ANOVA and post-hoc tests, the statistically signifi-
cant group differences were observed in UL1, UL3, UL5, ULm6, 
ULd6, ULm7, ULd7, LL1; and significant gender differences were 
showed in UW5, UL3, UL5, ULm6, ULd6, ULm7, ULd7, LL3, LL4, 
LLm6, LLd6, LLm7, UAP-P, UAM-M and Palate Height; the 
interaction of group and genders were in UW2 and ULm6, see 
Table 3.

Gender differences on Angle’s Class I, II and III malocclu-
sions
Descriptive statistics and statistical comparisons of dental lin-
gual arch widths and lengths and alveolar width measurements 
for dental casts ACI, II and III are shown in Table 3. 

https://www.ommegaonline.org
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Table 3:  Descriptive statistics and gender differences of maxillary and mandibular lingual arch widths & lengths and alveolar width measurements 
on ACI, ACII and ACIII malocclusions.
Parameters ACI ACII ACIII

Female (mm) Male (mm)   Female (mm)   Male (mm)   Female (mm)   Male (mm)   
UW1 8.45 ± 0.58 8.85 ± 1.13       8.54 ± 0.77 8.95 ± 0.57 8.20 ± 0.58 8.25 ± 0.84       
UW2 

# 21.46 ± 0.85  21.17 ± 2.04      20.34 ± 1.73 22.1 ± 1.13bb 20.65 ± 1.28 20.93 ± 1.06      
UW3 31.20 ± 1.91  31.19  ± 2.61     30.14 ± 1.84 31.63 ± 1.45b 31.74 ± 1.70 30.81 ± 4.37      
UW4 30.01 ± 2.33  30.81 ± 2.76      28.88 ± 2.39 30.89 ± 1.63bb 30.44 ± 2.06 31.07 ± 2.23      
UW5 

* 34.56 ± 2.70  36.16 ± 3.96      32.83 ± 2.09 34.88 ± 1.31b 34.84 ± 2.53 35.49 ± 2.67      
UWm6 36.95 ± 2.73  39.31 ± 3.67      35.55 ± 2.47 37.27 ± 1.63 38.26 ± 1.70 38.86 ± 2.96      
UWd6 39.24 ± 2.83  41.43 ± 3.97      37.49 ± 2.55 39.94 ± 2.03b 40.35 ± 1.81 41.55 ± 3.21      
UWm7 41.94 ± 3.02  44.89 ± 4.97      40.52 ± 2.26 43.01 ± 2.19bb 43.18 ± 1.76 45.05 ± 3.45      
UWd7 44.96 ± 3.45  47.78 ± 5.35      43.28 ± 2.43 45.15 ± 2.44b 44.67 ± 2.01 46.93 ± 3.35c

LW1 5.51 ± 0.21  5.47 ± 0.40        5.27 ± 0.29 5.50 ± 0.45   5.40 ± 0.37 5.39 ± 0.33       
LW2 15.56 ± 1.92 15.42 ± 1.71       13.9 ± 1.58 14.88 ± 0.92 15.37 ± 0.80 15.26 ± 0.77      
LW3 23.41 ± 2.31 24.41 ± 1.86       23.07 ± 1.62 24.91 ± 1.36bb 25.29 ± 1.32 25.25 ± 1.97      
LW4 27.04 ± 2.63 27.67 ± 3.20        26.91 ± 1.81 27.84 ± 1.3      28.09 ± 1.78 28.03 ± 2.42      
LW5 31.01 ± 2.63 31.46 ± 3.51       30.26 ± 2.38 31.55 ± 1.63     31.71 ± 2.37 32.46 ± 2.79      
LWm6 32.91 ± 2.83 34.02 ± 3.8        32.35 ± 2.18 33.95 ± 1.72 34.66 ± 1.79 35.53 ± 2.89      
LWd6 34.96 ± 2.76 36.90 ± 3.81        34.74 ± 1.91 36.86 ± 1.96b 36.93 ± 1.95 38.49 ± 3.38      
LWm7 38.7 ± 2.94 40.30 ± 4.01        37.98 ± 2.15 40.10 ± 2.00b 39.83 ± 1.54 41.4 ± 3.06       
LWd7 40.43 ± 2.90 42.53 ± 3.85     39.76 ± 1.85 42.00 ± 2.14bb 41.78 ± 1.67 43.93 ± 3.30c

UL1 
&& 0.57 ± 0.12 0.64 ± 0.09        0.68 ± 0.08 0.70 ± 0.07      0.67 ± 0.08 0.70 ± 0.09       

UL2 3.06 ± 0.80 3.56 ± 0.37a 3.23 ± 0.52 4.15 ± 0.55bb 3.15 ± 0.81 3.56 ± 1.33       
UL3

**, && 8.32 ± 1.36 8.73 ± 1.23        8.16 ± 0.77 9.56 ± 1.33bb 6.04 ± 1.02 7.58 ± 1.88cc

UL4 16.85 ± 1.45 17.81 ± 1.61       17.21 ± 1.38 18.33 ± 1.15b 14.27 ± 1.37 16.58 ± 2.34cc

UL5
**,&& 23.71 ± 1.61 24.49 ± 2.05       23.36 ± 1.53 25.72 ± 1.46bb 21.15 ± 1.45 23.68 ± 2.4cc

ULm6
**,&&, # 30.67 ± 2.18 31.38 ± 2.21       30.37 ± 1.57 32.59 ± 1.01bb 27.67 ± 1.17 30.77 ± 2.53cc

ULd6
**, && 34.98 ± 2.18 35.84 ± 2.40        34.97 ± 1.48 37.41 ± 1.21bb 32.18 ± 1.38 35.03 ± 2.65cc

ULm7
**, && 41.00 ± 2.30 41.78 ± 2.81       40.41 ± 1.9 43.31 ± 1.09bb 37.91 ± 1.40 40.73 ± 2.62cc

ULd7
**, && 44.22 ± 2.12 45.52 ± 2.64       44.26 ± 2.00 46.80 ± 1.12bb 41.57 ± 1.49 44.26 ± 2.68cc

LL1
&& 0.44 ± 0.10 0.46 ± 0.09        0.50 ± 0.06 0.46 ± 0.08      0.39 ± 0.05 0.43 ± 0.06      

LL2 1.80 ± 0.64 2.04 ± 0.25        1.88 ± 0.21 2.14 ± 0.16bb 1.59 ± 0.19 1.79 ± 0.20cc

LL3
* 4.89 ± 1.40 4.91 ± 1.03        4.90 ± 1.13 5.55 ± 0.80       4.51 ± 0.77 5.34 ± 0.93c

LL4
** 10.97 ± 1.47 11.65 ± 1.37       11.48 ± 1.2 12.41 ± 1.07   11.28 ± 1.39 12.21 ± 1.62     

LL5 17.94 ± 1.67 18.88 ± 1.77       17.67 ± 1.12 18.96 ± 1.00bb 17.47 ± 2.43 19.00 ± 1.70     
LLm6

** 24.97 ± 1.99 25.63 ± 1.85       24.45 ± 1.36 25.78 ± 1.36b 24.85 ± 1.60 26.36 ± 1.75c

LLd6
** 29.33 ± 1.95 30.13 ± 1.86       28.62 ± 1.53 30.55 ± 1.34bb 29.59 ± 1.70 30.65 ± 1.87     

LLm7
** 35.16 ± 2.01 36.69 ± 1.96a 34.25 ± 2.06 36.78 ± 1.16bb 35.62 ± 1.92 37.18 ± 2.45c

LLd7 39.17 ± 2.16 40.60 ± 1.95        39.00 ± 1.83 41.31 ± 1.11bb 39.72 ± 1.97 41.32 ± 2.69     
UAC-C 39.33 ± 1.96 39.77 ± 2.66       38.91 ± 1.70 40.41 ± 1.18bb 37.39 ± 1.41 38.05 ± 2.38     
LAC-C 31.59 ± 2.63 32.06 ± 1.58       30.17 ± 1.50 30.99 ± 1.35     31.52 ± 0.93 32.89 ± 1.78c

UAP-P** 49.38  ±  1.93 51.48 ± 2.58a 48.91 ± 2.14 50.63 ± 1.91b 48.69 ± 1.94 49.40 ± 2.73      
LAP-P 42.73 ± 2.13 44.83 ± 1.39aa 42.98 ± 1.75 44.04 ± 1.86     43.75 ± 1.67 45.32 ± 1.86c

UAM-M** 58.20 ± 2.19 61.04 ± 3.52aa 57.57 ± 1.76 59.75 ± 1.73b 58.41 ± 1.40 58.69 ± 2.91     
LAM-M 54.73 ± 2.59 56.46 ± 3.32      54.21 ± 1.84 56.18 ± 1.69bb 56.31 ± 1.44 56.78 ± 2.53     
Palate Height**  20.02 ± 1.43 21.18 ± 1.89  19.81 ± 1.34  20.70 ± 1.39     19.83 ± 1.69 22.29 ± 2.46cc

 ACI: Angle Class I malocclusion; ACII: Angle Class II malocclusion; ACIII: Angle Class III malocclusion; ap < 0.05 and aap < 0.01 between gen-
ders in ACI; bp < 0.05 and bb p < 0.01 between genders in ACII; cp<0.05 and cc p < 0.01 between genders in ACIII;
*p<0.05 and ** p<0.01 gender difference; &p<0.05 and && p<0.01 Group difference; #p<0.05 and ## p<0.01 interaction of group and gender 
differences.
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	 Statistically significant differences of maxillary and 
mandibular dental arch and alveolar width dimensions were 
found in LLm7, UAP- P, LAP- P and UAM- M between male 
and female among the ACI group, these measurements of male 
are greater than those of female, p < 0.05. In the ACII group, 
men’s dimensions of UW2, UW3, UW4, UW5, UWd6, UWm7, 
UWd7, LW3, LWd6, LWm7, LWd7, UL2, UL3, UL4, UL5, ULm6, 
ULd6, ULm7, ULd7, LL2, LL5, LLm6, LLd6, LLm7, LLd7, UAC-C, 
UAP-P, UAM-M and LAM-M were significantly greater than 
those of female. In the ACIII group, statistically significant 
higher dimensions were found in UWd7, LWd7, UL3, UL4, UL5, 
ULm6, ULd6, ULm7, ULd7, LL2, LL3, LLm6, LLm7, LAC-C, 
LAP-P and palate height in male than female, p <0.05.

Group differences on Angle’s Class I, II or III malocclusions
Descriptive statistics and statistical comparisons of dental lin-
gual arch widths and lengths and alveolar width measurements 
are shown in Table 4. Statistically significant differences of 
maxillary and mandibular dental arch and alveolar width dimen-
sions were found inLW2, UL1 and LAC-C between ACII and 
ACI groups; the significant differences of  LW3, LWm6, LWd6, 
UL1, UL3, UL4, UL5, ULm6, ULd6, ULm7, ULd7, LL2, UAC-C 
and UAP-P were found between groups of ACIII and ACI; and 
between ACII and ACIII these groups differences were signifi-
cant in UW1, UWm6, UWd7, UWm7, LW2, LW3, LWm6, LWd6, 
LWd7,UL3, UL4, UL5, ULm6, ULd6, ULm7, ULd7, LL1, LL2, 
LAC-C and UAC-C .

Table 4:  Descriptive statistics of maxillary and mandibular lingual arch 
widths & lengths and alveolar width measurements among AC maloc-
clusions.
Parameters ACI(mm) ACII(mm) ACIII(mm)

UW1
8.65 ± 0.90 8.75 ± 0.69 8.23 ± 0.71 cc

UW2
21.31 ± 1.54 21.22 ± 1.69 20.79 ± 1.61

UW3
31.2 ± 2.25 30.88 ± 1.79 31.27 ± 3.29

UW4
30.41 ± 2.54 29.88 ± 2.25 30.76 ± 2.14

UW5
35.36 ± 3.28 33.85 ± 2.01 35.17 ± 2.58

UWm6 38.13 ± 3.40 36.41 ± 2.23 38.56 ± 2.39 cc

UWd6 40.34 ± 3.57 38.71 ± 2.59 40.95 ± 2.63 c

UWm7 43.42 ± 4.31 41.76 ± 2.53 44.12 ± 2.85 c

UWd7 46.37 ± 4.65 44.21 ± 2.58 45.8 ± 2.95

LW1
5.49 ± 0.31 5.39 ± 0.39 5.39 ± 0.34

LW2
15.49 ± 1.79 14.39 ± 1.36 a 15.32 ± 0.78 c

LW3
23.91 ± 2.12 23.99 ± 1.74 25.27 ± 1.64 b,c

LW4
27.35 ± 2.89 27.37 ± 1.62 28.06 ± 2.09

LW5
31.24 ± 3.06 30.90 ± 2.11 32.08 ± 2.57

LWm6 33.46 ± 3.34 33.15 ± 2.09 35.10 ± 2.4b, c

LWd6 35.93 ± 3.42 35.8 ± 2.18 37.71 ± 2.83b

LWm7 39.51 ± 3.59 39.04 ± 2.31 40.62 ± 2.51 
LWd7 41.93 ± 3.97 40.88 ± 2.27 42.86 ± 2.79 c

UL1
0.60 ± 0.11 0.69 ± 0.07aa 0.69 ± 0.08bb

UL2
3.31 ± 0.67 3.69 ± 0.70 3.35 ± 1.11

UL3
8.53 ± 1.29 8.86 ± 1.28 6.81 ± 1.68 bb, cc

UL4
17.33 ± 1.58 17.77 ± 1.37 15.43 ± 2.22bb, cc

UL5
24.10 ± 1.85 24.54 ± 1.90 22.41 ± 2.34 bb, cc

ULm6 31.03 ± 2.18 31.48 ± 1.72 29.22 ± 2.49 bb, cc

ULd6 35.41 ± 2.29 36.19 ± 1.82 33.61 ± 2.53 bb, cc

ULm7 41.39 ± 2.55 41.86 ± 2.12 39.32 ± 2.51 bb, cc

ULd7 44.87 ± 2.45 45.53 ± 2.05 42.91 ± 2.54 bb, cc

LL1
0.45 ± 0.09 0.48 ± 0.07 0.41 ± 0.05 cc

LL2
1.92 ± 0.50 1.96 ± 0.20 1.69 ± 0.22b, cc

LL3
4. 90 ± 1.21 5.22 ± 1.02 4.93 ± 0.94

LL4
11.31 ± 1.44 11.95 ± 1.21 11.74 ± 1.56

LL5
18.41 ± 1.76 18.31 ± 1.23 18.23 ± 2.21

LLm6 25.30 ± 1.92 25.11 ± 1.50 25.61 ± 1.82
LLd6 29.73 ± 1.92 29.59 ± 1.72 30.12 ± 1.84
LLm7 35.93 ± 2.10 35.52 ± 2.09 36.40 ± 2.30
LLd7 39.89 ± 2.15 40.16 ± 1.89 40.52 ± 2.46
UAC-C 39.55 ± 2.30 39.66 ± 1.63 37.72 ± 1.95 bb, cc

LAC-C 31.82 ± 2.15 30.58 ± 1.46a 32.20 ± 1.55 cc

UAP-P 50.43 ± 2.48 49.77 ± 2.17 49.04 ± 2.35 b

LAP-P 43.78 ± 2.06 43.51 ± 1.86 44.54 ± 1.91 
UAM-M 59.62 ± 3.23 58.66 ± 2.04 58.55 ± 2.25
LAM-M 55.60 ± 3.06 55.19 ± 2.00 56.55 ± 2.04
Palate Height 20.60 ± 1.75 20.26 ± 1.41 21.06 ± 2.42

ACI: Angle Class I malocclusion; ACII: Angle Class II malocclusion; 
ACIII: Angle Class III malocclusion; a, ACII vs. ACI, p<0.05; aa, ACII 
vs ACI, p<0.01;b, ACIII vs ACI, p<0.05; bb, ACIII vs. ACI, p<0.01; c, 
ACIII vs. ACII, p<0.05; cc, ACIII vs. ACII, p<0.01.

Female differences on Angle’s Class I, II or III malocclusions
Descriptive statistics and statistical comparisons of dental lin-
gual arch widths and lengths and alveolar width measurements 
are shown in Table 5. Significant differences of maxillary and 
mandibular dental arch and alveolar width dimensions were 
found in UW2, LW2, UL1 and LL1 between groups of ACII and 
ACI; the significant differences of LW3, UL1, UL3, UL4, UL5, 
ULm6, ULd6, ULm7, ULd7 and UAC-C were also found between 
ACIII and ACI; and between ACII and ACIII groups differences 
were significant in UW5, UWm6, UWd6, UWm7, LW3, LWm6, 
LWd6, LWm7, LWd7, UL3, UL4, UL5, ULm6, ULd6, ULm7, ULd7, 
LL1, LL2, LAC-C and LAM-M.

Table 5:  Female’s descriptive statistics of maxillary and mandibu-
lar lingual arch widths and lengths and alveolar width measurements 
among AC malocclusions.
Parameters ACI(mm) ACII(mm) ACIII(mm)

UW1
8.45 ± 0.58 8.54 ± 0.77 8.20 ± 0.58

UW2
21.46 ± 0.85 20.34 ± 1.73a 20.65 ± 1.28

UW3
31.20 ± 1.91 30.14 ± 1.84 31.74 ± 1.70 

UW4
30.01 ± 2.33 28.88 ± 2.39 30.44 ± 2.06

UW5
34.56 ± 2.70 32.83 ± 2.09 34.84 ± 2.53 c

UWm6 36.95 ± 2.73 35.55 ± 2.47 38.26 ± 1.70 cc

UWd6 39.24 ± 2.83 37.49 ± 2.55 40.35 ± 1.81 c

UWm7 41.94 ± 3.02 40.52 ± 2.26 43.18 ± 1.76 c

UWd7 44.96 ± 3.45 43.28 ± 2.43 44.67 ± 2.01
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LW1
5.51 ± 0.21 5.27 ± 0.29 5.4 ± 0.37

LW2
15.56 ± 1.92 13.9 ± 1.58a 15.37 ± 0.80 

LW3
23.41 ± 2.31 23.07 ± 1.62 25.29 ± 1.32b, cc

LW4
27.04 ± 2.63 26.91 ± 1.81 28.09 ± 1.78

LW5
31.01 ± 2.63 30.26 ± 2.38 31.71 ± 2.37

LWm6 32.91 ± 2.83 32.35 ± 2.18 34.66 ± 1.79 c

LWd6 34.96 ± 2.76 34.74 ± 1.91 36.93 ± 1.95c

LWm7 38.70 ± 2.94 37.98 ± 2.15 39.83 ± 1.54 c

LWd7 40.43 ± 2.90 39.76 ± 1.85 41.78 ± 1.67 c

UL1
0.57 ± 0.12 0.68 ± 0.08 aa 0.67 ± 0.08bb

UL2
3.06 ± 0.80 3.23 ± 0.52 3.15 ± 0.81

UL3
8.32 ± 1.36 8.16 ± 0.77 6.04 ± 1.02bb ,cc

UL4
16.85 ± 1.45 17.21 ± 1.38 14.27 ± 1.37bb, cc

UL5
23.71 ± 1.61 23.36 ± 1.53 21.15 ± 1.457bb, cc

ULm6 30.67 ± 2.18 30.37 ± 1.57 27.67 ± 1.17bb, cc

ULd6 34.98 ± 2.18 34.97 ± 1.48 32.18 ± 1.38bb, cc

ULm7 41.00 ± 2.30 40.41 ± 1.90 37.91 ± 1.40 bb, cc

ULd7 44.22 ± 2.12 44.26 ± 2.00 41.57 ± 1.49bb, cc

LL1
0.44 ± 0.10 0.50 ± 0.06a 0.39 ± 0.05 cc

LL2
1.80 ± 0.64 1.88 ± 0.21 1.59 ± 0.19 cc

LL3
4.89 ± 1.40 4.90 ± 1.13 4.51 ± 0.77

LL4
10.97 ± 1.47 11.48 ± 1.20 11.28 ± 1.39

LL5
17.94 ± 1.67 17.67 ± 1.12 17.47 ± 2.43

LLm6 24.97 ± 1.99 24.45 ± 1.36 24.85 ± 1.6
LLd6 29.33 ± 1.95 28.62 ± 1.53 29.59 ± 1.7
LLm7 35.16 ± 2.01 34.25 ± 2.06 35.62 ± 1.92
LLd7 39.17 ± 2.16 39.00 ± 1.83 39.72 ± 1.97
UAC-C 39.33 ± 1.96 38.91 ± 1.70 37.39 ± 1.41b

LAC-C 31.59 ± 2.63 30.17 ± 1.50 31.52 ± 0.93c

UAP-P 49.38 ± 1.93 48.91 ± 2.14 48.69 ± 1.94
LAP-P 42.73 ± 2.13 42.98 ± 1.75 43.75 ± 1.67
UAM-M 58.2 ± 2.19 57.57 ± 1.76 58.41 ± 1.40
LAM-M 54.73 ± 2.59 54.21 ± 1.84 56.31 ± 1.44 c

Palate Height 20.02 ± 1.43 19.81 ± 1.34 19.83 ± 1.69

ACI: Angle Class I malocclusion; ACII: Angle Class II malocclusion; 
ACIII: Angle Class III malocclusion; a, ACII vs. ACI, p<0.05; aa, ACII 
vs ACI, p<0.01; b, ACIII vs ACI, p<0.05; bb, ACIII vs. ACI, p<0.01; c, 
ACIII vs. ACII, p<0.05; cc, ACIII vs. ACII, p<0.01.

Male differences on Angle’s Class I, II or III malocclusions
Descriptive statistics and statistical comparisons of dental lin-
gual arch widths and lengths and alveolar width measurements 
are shown in Table 6. Significant differences of maxillary and 
mandibular dental arch and alveolar width dimensions were only 
found in UL1when ACII compared to ACI, ACII group is greater 
than ACI group, p<0.05; the significant differences of UL3, LL2, 
UAP-P and UAM-M were also found between ACIII and ACI, 
ACIII group is smaller than ACI group, p<0.05; and when ACII 
compared to ACIII group differences were significant in UW1, 
UW2, UL3, UL4, UL5, ULm6, ULd6, ULm7, ULd7, LL2, UAC-C, 
LAC-C and palate height.

Table 6: Males descriptive statistics of maxillary and mandibular lin-
gual arch widths and lengths and alveolar width measurements among 
AC malocclusions.
Parameters ACI(mm) ACII(mm) ACIII(mm)

UW1
8.85 ± 1.13 8.95 ± 0.57 8.25 ± 0.84 c

UW2
21.17 ± 2.04 22.10 ± 1.13 20.93 ± 1.06 c

UW3
31.19  ± 2.61 31.63 ± 1.45 30.81 ± 4.37

UW4
30.81 ± 2.76 30.89 ± 1.63 31.07 ± 2.23

UW5
36.16 ± 3.96 34.88 ± 1.31 35.49 ± 2.67

UWm6 39.31 ± 3.67 37.27 ± 1.63 38.86 ± 2.96
UWd6 41.43 ± 3.97 39.94 ± 2.03 41.55 ± 3.21
UWm7 44.89 ± 4.97 43.01 ± 2.19 45.05 ± 3.45
UWd7 47.78 ± 5.35 45.15 ± 2.44 46.93 ± 3.35

LW1
5.47 ± 0.40 5.50 ± 0.45 5.39 ± 0.33

LW2
15.42 ± 1.71 14.88 ± 0.92 15.26 ± 0.77

LW3
24.41 ± 1.86 24.91 ± 1.36 25.25 ± 1.97

LW4
27.67 ± 3.20 27.84 ± 1.30 28.03 ± 2.42

LW5
31.46 ± 3.51 31.55 ± 1.63 32.46 ± 2.79

LWm6 34.02 ± 3.8 33.95 ± 1.72 35.53 ± 2.89
LWd6 36.90 ± 3.81 36.86 ± 1.96 38.49 ± 3.38
LWm7 40.30 ± 4.01 40.10 ± 2.00 41.4 ± 3.06
LWd7 42.53 ± 3.85 42.00 ± 2.14 43.93 ± 3.30

UL1
0.64 ± 0.09 0.70 ± 0.07 a 0.70 ± 0.09

UL2
3.56 ± 0.37 4.15 ± 0.55 3.56 ± 1.33

UL3
8.73 ± 1.23 9.56 ± 1.33 7.58 ± 1.88b, cc

UL4
17.81 ± 1.61 18.33 ± 1.15 16.58 ± 2.34 c

UL5
24.49 ± 2.05 25.72 ± 1.46 23.68 ± 2.4 cc

ULm6 31.38 ± 2.21 32.59 ± 1.01 30.77 ± 2.53  cc

ULd6 35.84 ± 2.40 37.41 ± 1.21 35.03 ± 2.65 cc

ULm7 41.78 ± 2.81 43.31 ± 1.09 40.73 ± 2.62 cc

ULd7 45.52 ± 2.64 46.80 ± 1.12 44.26 ± 2.68 cc

LL1
0.46 ± 0.09 0.46 ± 0.08 0.43 ± 0.06

LL2
2.04 ± 0.25 2.14 ± 0.16 1.79 ± 0.20b, cc

LL3
4.91 ± 1.03 5.55 ± 0.80 5.34 ± 0.93

LL4
11.65 ± 1.37 12.41 ± 1.07 12.21 ± 1.62

LL5
18.88 ± 1.77 18.96 ± 1.00 19.00 ± 1.70

LLm6     25.63 ± 1.85 25.78 ± 1.36 26.36 ± 1.75
LLd6 30.13 ± 1.86 30.55 ± 1.34 30.65 ± 1.87
LLm7 36.69 ± 1.96 36.78 ± 1.16 37.18 ± 2.45
LLd7 40.60 ± 1.95 41.31 ± 1.11 41.32 ± 2.69
UAC-C 39.77 ± 2.66 40.41 ± 1.18 38.05 ± 2.38 cc

LAC-C 32.06 ± 1.58 30.99 ± 1.35 32.89 ± 1.78 cc

UAP-P 51.48 ± 2.58 50.63 ± 1.91 49.4 ± 2.73b

LAP-P 44.83 ± 1.39 44.04 ± 1.86 45.32 ± 1.86 
UAM-M 61.04 ± 3.52 59.75 ± 1.73 58.69 ± 2.91 bb

LAM-M 56.46 ± 3.32 56.18 ± 1.69 56.78 ± 2.53
Palate Height 21.18 ± 1.89 20.70 ± 1.39 22.29 ± 2.46 c

ACI: Angle Class I malocclusion; ACII: Angle Class II malocclusion; 
ACIII: Angle Class III malocclusion; a, ACII vs. ACI, p<0.05; aa, ACII 
vs ACI, p <0.01; b, ACIII vs ACI, p<0.05; bb, ACIII vs. ACI, p<0.01; c, 
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ACIII vs. ACII, p<0.05; cc, ACIII vs. ACII, p<0.01.

Discussion

Over the half century, despite improvements to the lingual or-
thodontic protocol, more and more Chinese patients experience 
discomfort and dysfunction[4,14]. These problems could be mini-
mized by selecting the most appropriate arch form. A survey of 
arch size could help the clinician in choosing correctly shaped 
stock impression trays for prosthodontic treatment. In addition 
to the selection of stock trays, the sizes of artificial teeth and the 
overall form of the artificial dental arch at the wax trial stage are 
amenable to modification by the dental surgeon in orthodontic 
treatment[15].
	 This study was carried out to compare the dental arch 
and alveolar base widths of Angle’s Class I, II and III malocclu-
sions. Width and length measurements described in this article 
will help clinicians diagnose and plan the treatment of patients 
with these malocclusions. Investigators who have studied trans-
verse arch changes in subjects have reported molar and canine 
arch widths did not change after 13 years of age in females and 
16 years of age in males[16]. The minimum ages of the subjects 
measured in this study were chosen based on these previous 
studies. We assumed the arch widths of the subjects studied were 
fully developed. 
	 Clinicians have speculated nasal obstruction, finger 
habits, tongue thrusting, low tongue position, and abnormal 
swallowing and sucking behavior were reasons for narrower 
maxillary dental arch widths in malocclusion patients compared 
with normal occlusion sample. Invigatinghe form of the human 
dental arch using 40 sets of pretreatment orthodontic models of 
patients, researchers found AC III maxillary dental arch widths 
were 5.1 mm greater than the arch widths of AC I widths and 
this begins in the lateral incisor-canine area and proceeds dis-
tally[17]. This surprising result was explained by frequently re-
ferring to the antero posterior skeletal discrepancy and the fact 
the mandibular arch is advanced relative to the maxillary arch. 
In contrast, the maxillary interpremolar/intermolar lengths and 
all maxillary alveolar width measurements were found to be sig-
nificantly narrower in the ACIII than in the ACI sample. When 
the corresponding interarch widths and lengths were matched 
correctly, the maxillary arch widths and lengths were usual-
ly narrower than the mandible arch widths. These were in line 
with some previous studies, which found the overgrowth of the 
mandible is the main cause of Class III malocclusionin Asian 
patients[18]. It was reported more than 50 % of white American 
patients with either normal or prognathic mandibles had a defi-
ciency in the maxilla[19]. 
	 Gender dimorphism influenced lingual arch width and 
length regardless of the front, middle and rear sections are sim-
ilar within ACI malocclusion. Male anterior mandibular molars 
and maxillary molar alveolar width groove width were larger 
than females; however, there was no canine alveolar width dif-
ference between genders. In AC II lingual arch width, maxillary 
width and was the width of the mandibular lingual arch anterior 
and posterior segments were larger in male than female; max-
illary and mandibular lingual arch lengths of male were larger 
than female as well.  Men jaw mandibular canine and premolar 
alveolar width and palate height were larger than females, indi-

cating AC III jaw overgrown in men. When the mandibular tooth 
size is increased, mandibular arch length and arch width increase 
occurs. 
	 The comparisons of measurement from three groups 
found there was a significant difference between genders on the 
maxillary and mandibular middle and posterior segment lengths 
and maxillary alveolar width of premolars and molars, and pal-
ate height. Disagreement among other studies may be explained 
by several factors, gender dimorphism, ethnic and racial differ-
ences, sample selection and size, and age of subjects. 
	 Mandibular lingual intercanine widths and widths of 
maxillary and mandibular posterior segment, III > II; length of 
lingual maxillary canine and posterior segment, III < I and II; 
alveolar widths of mandibular canine and molar, III > II; howev-
er, among the three groups of male, lingual length of  maxillary 
canine and posterior segment and the alveolar width of maxil-
lary canine, III < II; Maxillary alveolar widths of premolar and 
molar, III < I; Palate height of class III malocclusion is greater 
than class II malocclusion. Combined, mandibular canine alveo-
lar width, II < I and III; maxillary canine alveolar width showed 
no difference in II and III. These results were distinguishable 
from what reported previously that AC II subjects with normal 
occlusion had larger maxillary intercanine widths than the mal-
occlusion subjects, but no differences were found in mandibular 
intercanine widths[20]. 
	 Three types of lingual arch malocclusion of mandibular 
canine and molar area width are different, AC III malocclusion 
is greater than AC II, indicating AC III wide arch lateral over-
grown, while narrow arch and mandibular deficiency in AC II. 
Incisor lingual maxillary arch length of AC II was greater than 
AC I, which may be associated with AC II maxillary incisors 
or upper lip to a larger tilt, whereas which was shorter in AC I 
when compared to ACIII, it is possible due to maxillary incisor 
inclination related compensatory lip. A possible explanation for 
the increased arch width associated with AC III dental arches is 
the sum of all the mesiodistal widths of the dental units around 
an arch represents a specific dimension.  
	 Lingually positioned maxillary posterior cross bites are 
often seen in the AC III. One could speculate during eruption in 
AC III subjects, the maxillary posterior teeth compensate for the 
buccal relationships (result from the anteroposterior displace-
ment of the jaws) by palate movement to avoid inappropriate 
contacts with the lower teeth. Besides, it was believed a wide 
and big mandible obstructed growth and development of the 
maxillary dental and alveolar arches. It had been reported before 
the mandibular dental arch widths associated with AC III were 
on 2.1 mm wider than the AC I mandibular arches beginning in 
the premolar area[17]. The samples in our study were mainly from 
southern China, which should count into consideration of the 
differences of regions and racial standards.
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