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ABSTRACT

The orthodontists grant a considerable importance to dental arch dimensions to attain more 
stability of the dentition and better esthetics. The aim of this study was to measure tooth size 
disharmony and dental arch dimensions in both divisions of class II malocclusion and compare 
them to Normal occlusion as a control group using three dimensional digital models obtained 
from 3Shape E1 laser scanner (3Shape, Copenhagen, Denmark). This work was performed on 120 
dental casts randomly selected from the records of patients (age range 16- 22 years) attending 
the Department of Orthodontics, Faculty of Dentistry, Mansoura University. Various parameters 
were measured including anterior and overall Bolton ratios, maxillary and mandibular intercanine, 
interfirst premolar and intermolar widths, maxillary and mandibular arch depth, palatal depth, 
depth of curve of Spee, overjet and overbite. Mean and standard deviation were calculated. One-
way ANOVA was used to detect possible differences between groups. The findings indicate 
that Class II division 1 malocclusion showed significantly greater maxillary arch depth, palatal 
depth, mandibular intercanine, interpremolar and intermolar widths and larger overjet amount in 
comparison with Class II division 2, while revealed significantly higher values of maxillary arch 
depth, mandibular intermolar width, curve of Spee, overjet and overbite than Normal Class I. On the 
other hand Class II division 2 malocclusion had significantly greater overall Bolton ratio, maxillary 
intermolar width, curve of spee depth and overbite than Class II division 1, while it showed deeper 
curve of Spee and larger amount of overjet and overbite compared to Normal Class I. The results 
of the current study can help the clinicians in treatment planning and provide guidance for proper 
selection of arch wires to obtain post-treatment stability. 

KEY WORDS: Class II malocclusion, tooth size discrepancy, arch dimensions, dental models.



(900) Marwa Sameh ShamaaE.D.J. Vol. 65, No. 2

INTRODUCTION 

Class II is a prevalent type of malocclusion 
which reveals a considerable anteroposterior maxil-
lary and mandibular arches discrepancy, that might 
have a skeletal component besides or not. It is fur-
ther classified into two divisions. Among them, the 
class II division 2 malocclusion is less popular with 
limited data available in the literature.1

Tooth size discrepancy (TSD) is a disharmony 
between the individual teeth sizes that presents 
in different types of malocclusions. The lack 
of TSD is considered the seventh key for ideal 
occlusion because significant discrepancies prevent 
production of optimum results at the termination 
of orthodontic treatment.2 Tooth size and arch size 
should be in harmony with each other for proper 
teeth alignment.3

Researchers have always drawn attention 
to information concerning the maxillary and 
mandibular arch dimensions in human populations. 
Orthodontic therapy often entails alterations in 
dental arch dimensions for treatment of the existing 
malocclusion. Arch dimensions are altered as well 
by the numerous arch wires utilized throughout 
the treatment period, influencing the stability of 
the obtained results.4 The size and shape of the 
dental arches play a substantial role in diagnosis 
and treatment planning in orthodontics, having 
an impact on the dental esthetics, available space 
and the dentition stability. It was found that there 
is variation in arch dimensions between different 
classes of Angle’s malocclusion.5  

Assessment of the maxillary and mandibular 
arch dimensions and their occlusal relations can be 
carried out on cast models with acceptable reliability. 
They also permit measurement of the mesiodistal 
tooth width.6 However, the disadvantage of cast 
models is that they necessitate suitable storage 
area in addition to the likelihood of fracture which 
can result in permanent loss of patients’ records. 
Other drawbacks include the inability to send the 

information anywhere in the world for consultation 
and the possibility of bacterial accumulation on the 
models during long term storage7. In the modern 
era, the orthodontic industry announced that the 
digital study models would be a recent totally digital 
form of documentation. Analysis of the digital 
models is done by specific software and the results 
are displayed immediately on the computer screen 
with greater accuracy.8 With the development of 
this recent technology for obtaining digital models, 
the purpose of this work was to compare the TSD 
and dental arch dimensions in class II division 1 
with class II division 2 malocclusion using three 
dimensional digital models obtained from 3Shape 
E1 scanner and comparing both divisions to normal 
Class I occlusion. 

MATERIAL AND METHODS

The study was performed on 120 dental casts 
of subjects ranging in age from 16- 22 years.  A 
sample of 40 Class II division 1 study models and 
another sample of 40 Class II Division 2 study 
models were selected randomly from the records 
of patients that were treated in the Department 
of Orthodontics, Faculty of Dentistry, Mansoura 
University. They were selected according to the 
following inclusion criteria: (1) bilateral Class 
II molar relationship in centric occlusion, (2) all 
permanent teeth present regardless the third molars, 
(3) no traverse discrepancies like crossbite, (4) no 
previous orthodontic treatment, (5) no history of 
trauma, (6) no medical history. A sample of 40 study 
models of Class I normal occlusion (Control group) 
was collected from patients’ relatives and dental 
students in the Faculty of Dentistry, Mansoura 
University. The following inclusion criteria were 
used to select this sample: (1) bilateral Class I molar 
relationship in centric occlusion, (2) well aligned 
teeth with less than 3mm of spacing or crowding, 
(3) all permanent teeth regardless the third molars, 
(4) no traverse discrepancies like crossbite, (5) no 
previous orthodontic treatment, (6) no history of 
trauma, (7) no medical history.  
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The sample size of 120 study models (40 models/
group) was selected to give 97% power in the results 
of this study (effect size =.39, α=.05) based on the 
findings of a previous study9 in which the authors 
found a significant difference in the intercanine 
width between classes using a similar study design. 

The 3Shape E1 equipment was utilized to scan 
the models. The assessed measurements were as 
follows: 

1.	 Anterior and overall tooth size ratios according 
to Bolton10: they were automatically calculated 
after measuring the mesiodistal diameter of all 
teeth, except the2nd and 3rd molars (figure 1).

2.	 Maxillary and mandibular intercanine width11: 
the distance between the cusp tips of the right 
and left canines (figure 2).

3.	 Maxillary and mandibular interfirst premolar 
width11: the distance between the central sulcus 
of the right and left 1st premolars (figure 2).

4.	 Maxillary and mandibular intermolar width11: 
the distance between the central sulcus of the 
right and left 1st molars (figure 2).

5.	 Maxillary and mandibular arch depth12: the per-
pendicular distance between the line joining the 
mesial surfaces of the1st molars and the tangent 
to the labial surfaces of the incisors (figure 3). 

6.	 Palatal depth10:  it was measured from a line 
contacting the occlusal plane up to the greatest 
palatal depth (figure 4).

7.	 Depth of curve of spee13: the perpendicular dis-
tance between a flat plane which was placed on 
the top of the lower cast (contacting the incisal 
edges of the centrals and the distal cusp tips of 
the most posterior teeth in the lower arch) and 
the deepest buccal tip.

8.	 Overjet14: it was measured parallel to the occlu-
sal plane from the incisal edge of the most labial 
upper central incisor to the most labial lower 
one (figure 5).

9.	 Overbite14:  the vertical overlap of maxillary to 
mandibular central incisors.

Fig. (1): Bolton analysis

Fig. (2): Arch width measurements

Fig. (3): Arch depth measurement
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The measurements were accomplished after 
transforming study models into three-dimensional 
digital models by the 3Shape E1 scanner (3Shape 
A/S, Copenhagen, Denmark) and they were ana-
lyzed utilizing the 3Shape Ortho Analyzer software 
(3Shape A/S). 

To verify measurement precision, thirty pairs of 
study casts were randomly selected from the maloc-
clusion groups four weeks later and measured again 
by the same examiner. Intraclass correlation coef-
ficient was found greater than 80% which indicates 
that the data were reliable.

Statistical analysis 

The SPSS statistical package for social science 
version 22 (SPSS Inc., Chicago, IL, USA) was used 
for data analysis. The data were parametric and 
normally distributed. One-way ANOVA was used to 
detect possible differences between groups followed 
by multiple comparisons (post hoc test) between 
each 2 groups using the Bonferroni correction if 
significant differences were noted. P is significant if 
< 0.05 at confidence interval 95%.

RESULTS

Comparison of anterior and overall Bolton 
analysis ratios between groups is presented in table 
1. There was no significant difference in the anterior 

Bolton analysis ratio between groups. However, 
Class 	 II division 2 and Normal Class I showed 
significant higher overall ratio than Class II division 
1 (p<.002). No significant difference was detected 
between Class II divisions 2 and Class I overall 
ratios.

TABLE (1): Comparison of anterior and over all 
Bolton analysis ratios between groups

 Ant Bolton 
analysis ratio

Over all Bolton 
analysis ratio

Normal CL I X .78 1.05 A

SD .03 .02

CL II Div 1 X .78 1.00 B

SD .04 .11

CL II Div 2 X .79 1.05 A

SD .04 .06

One Way ANOVA 
p value

.147 .002*

X; mean, SD; standard deviation, * p is significant at 5%, 
different letters in the same column indicate significant 
difference between groups. 

Comparisons of maxillary measurements are 
demonstrated in table 2. There was no significant 
difference in the maxillary intercanine width 
between groups. 

Fig. (4): Palatal depth measurement Fig. (5): Overjet measurement
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However, maxillary interpremolar width, 
maxillary intermolar width, maxillary arch depth 
and Palatal depth showed significant difference 
between groups (p<.001). Class II division 1 and 
Class II division 2 groups had statistically significant 
smaller maxillary interpremolar width than normal 
Class I. No significant difference between both 
divisions was noted. 

Class II division 1 showed significantly narrower 
maxillary intermolar width than Class II division 2 
and Class I, without significant difference between 
Class I and Class II division 2 values. 

Maxillary arch depth differed significantly 
between groups with Class II division 1 displaying 
the highest value followed by Class I then Class 
II division 2. Regarding the palatal depth, Class II 
division 1and Class I revealed significantly higher 
values than Class II division 2, while no significant 
difference was detected between Class II division 1 
and Class I subjects.      

Comparisons of mandibular measurements 
are presented in table 3. There was a significant 
difference in all parameters between groups. Class 
II division 2 group had significantly narrower 
mandibular intercanine and interpremolar width 
than class II division 1 and normal Class I groups 
(with no difference observed between the latter two 
groups). 

Regarding the mandibular arch depth, no 
significant difference was noted between Class II 
division 1 and 2. Both divisions revealed significant 
smaller mandibular arch depth than normal Class 
1. Mandibular intermolar width and curve of Spee 
differed significantly between groups. Class II 
division 1 showed the largest mandibular intermolar 
width, followed by Class I and Class II division 2 
showed the least value. Class II division 2 exhibited 
the deepest curve of Spee, followed by Class II 
division I and normal Class I subjects had the least 
depth.

TABLE (2): Comparisons of maxillary intercanine, interpremolar and intermolar widths, maxillary arch 
depth, and Palatal depth between groups

MaxIC width MaxIPM width MaxIM width Max arch depth Palatal depth

Normal CL 1 X 34.92 37.74A 47.38A 28.11A 20.65A

SD 1.87 1.82 1.23 1.53 1.18

CL II Div 1 X 33.96 35.39B 44.59B 29.93B 20.12A

SD 2.17 2.91 1.41 2.10 1.97

CL II Div 2 X 34.64 34.49B 46.92A 25.62C 17.44B

SD 2.84 2.39 1.82 3.52 1.67

OneWay ANOVA 
p value

.171 <.001* <.001* <.001* <.001*

X; mean, SD; standard deviation, * p is significant at 5%, different letters in the same column indicate significant difference 
between groups. 
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Comparisons of overjet and overbite between 
groups are demonstrated in table 4. Overjet and over-
bite vary significantly among groups. The greatest 
amount of overjet was observed in Class II division 
1, followed by Class II division 2 and Class I had the 
least overjet amount. Class II division 2 showed the 
deepest overbite, followed by Class II division 1 and 
Class I showed the least overbite amount. 

TABLE (4): Comparisons of overjet and overbite 
between groups

OVER JET  OVER BITE

Normal CL 1 X 2.20A 2.41A

SD .31 .44

CL II Div 1 X 8.35B 3.35B

SD 2.01 .89

CL II Div 2 X 3.30C 5.25C

SD 1.25 1.86

One Way 
ANOVA  p value

<.001* <.001*

X; mean, SD; standard deviation, * p is significant at 5%, 
different letters in the same column indicate significant 
difference between groups. 

DISCUSSION

Orthodontic treatment should produce favorable 
contact points between the adjacent teeth. In order 
to achieve this, the teeth should be proportional in 
size. Yet, some tooth size discrepancies are not ob-
vious till the terminal stages of orthodontic treat-
ment. Therefore, several methods of determining 
tooth size proportions have been developed. The 
most popular method is that introduced by Bolton. 
He introduced anterior ratio which is calculated by 
measuring the summed width of the six mandibular 
to maxillary anterior teeth. The overall Bolton ratio 
is calculated by measuring the summed width of all 
mandibular to maxillary teeth (except the 2nd and 3rd 
permanent molars).10

Furthermore, the dental arch dimensions play 
a pivotal role in diagnosis and treatment planning 
in orthodontics. The transverse maxillary and 
mandibular arch dimensions have a fundamental 
influence on the patient aesthetics.15 The most 
commonly utilized device for determination of the 
mesiodistal tooth width and the arch length, width 
and depth is the boley gauge caliper10 However, 
it is quite difficult to properly read or identify the 

TABLE (3): Comparisons of mandibular intercanine, interpremolar and intermolar widths, mandibular arch 
depth and curve of Spee between groups

Mand IC 
width

Mand IPM 
Width

Mand IM 
width

 Mand arch 
depth

CURVE OF 
SPEE

Normal CL I X 27.59A 33.64A 41.88A 23.99A 1.57A

SD 2.14 2.23 2.10 1.84 .29

CL II Div 1 X 27.54A 32.73A 43.16B 21.40B 2.73B

SD 1.54 1.80 2.04 1.79 .55

CL II Div 2 X 24.91B 29.21B 39.56C 21.93B 4.00C

SD 1.66 1.74 2.59 2.06 .66

One Way ANOVA 
p value

<.001* <.001* <.001* <.001* <.001*

X; mean, SD; standard deviation, * p is significant at 5%, different letters in the same column indicate significant difference 
between groups. 
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measurements with improper vision or inappropriate 
angle of view. The advent of digital scanning of 
dental models has been considered to be a precise 
and less time consuming technique to perform these 
measurements in the orthodontic practice with high 
degree of validity.16 

Digital model analysis permits a 3D estimation 
of the upper and lower dental arches and their 
occlusal relation with the capability to zoom in and 
rotate the three dimensional images without altering 
their dimensions. This diagnostic tool facilitates 
data storage and retrieval and could enhance the 
treatment planning through sharing the electronic 
data more easily among professionals.17 Bukhari et 
al18 concluded that the virtual models (3shape Ortho 
system) could be considered an accurate alternative 
to conventional plaster models in performing space 
analysis  irrespective of crowding severity.

The current work was carried out to compare 
the Bolton ratio and various measurements in class 
II division 1 malocclusion with class II division 
2 using the digital models obtained from 3Shape 
E1 laser scanner and comparing both divisions to 
normal Class 1 occlusion. In our study, there was 
no significant difference in anterior Bolton ratio 
between groups. These findings are in consistency 
with Endo et al19, while disagree with Othman SA 
and Harradine NW 20 who found that 23.4 % of 
Class II division 1 group and 16.7% of Class I group 
had significant discrepancy in the anterior ratio. 

The overall Bolton analysis ratio in our results 
showed significant difference between groups 
(p<.002). Class II division 2 and Normal Class I 
showed significant higher ratio than Class II division 
1. No significant difference was detected between 
Class II division 2 and Class I overall ratios. These 
results are in line with those of Fattahi et al21 who 
reported that the Class I group had significantly 
greater overall ratio than Class II division I subjects.

In the present study, there was no significant 
difference in maxillary intercanine width between 
groups, this result is similar to that of Sayin MO 

and Turkkahraman H 22 who recorded that there was 
no difference in the maxillary intercanine width 
between Class II division 1 and Class I subjects. 

Class II division 1 and Class II division 2 subjects 
in our study had statistically significant narrower 
maxillary interpremolar width than Normal Class1. 
No significant difference between both divisions 
was noted. This is in accordance with Uysal et al1 
who reported that the Class II division 1 sample 
had statistically significant smaller maxillary 
interpremolar width compared to the Normal 
occlusion group. 

Sayin MO and Turkkahraman H 22 detected that 
the maxillary intermolar width was narrower in 
Class II division 1than the normal sample. These 
reports agree with our study where we found that 
Class II division 1 showed significantly smaller 
maxillary intermolar width than Class II division 2 
and Class 1, without significant difference between 
Class 1 and Class II division 2 values.

Maxillary arch depth differed significantly 
between groups with Class II division 1 displaying 
the highest value followed by Class I and Class II 
division 2 showed the lowest value. These findings 
agree with those of Al-Khateeb SN and Abu Alhaija 
ES23 who recorded that Class II division 1 group 
have significantly greater maxillary arch depth than 
Class II division 2 group and they explained that 
this is due to the maxillary incisors  proclination in 
Class II division 1 malocclusion.

The palate represents one of the most important 
anatomic structures because of its position and 
morphology and it can be affected by orthodontic 
treatment procedures.24 In our study, Class II 
division 1and Class I revealed significantly greater 
palatal depth than Class II division 2. No significant 
difference was detected between Class II division 
1and Class I subjects. Bhalla A et al9 showed that 
Class II division 2 group had shallow palatal depth 
while the deepest palatal depth was observed in the 
Class I sample.    
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Our findings demonstrated that Class II division 
2 group had significantly narrower mandibular 
intercanine and interpremolar width than Class 
II division 1 and normal Class I groups (with no 
difference observed between both latter groups). 
This is in agreement with Uysal et al1 who reported 
that Class II division 1had larger lower intercanine 
and interpremolar width measurements compared to 
Class II division 2 subjects. However, Uysal et al1 
stated that Class II division 2 and normal occlusion 
subjects had similar mandibular interpremolar 
width. Controversy among studies regarding the 
arch width measurements could be attributed to 
various factors such as racial and ethnic differences.

As presented in our data, Class II division 1 
showed the largest mandibular intermolar width, 
followed by Class I, while Class II division 2 showed 
the least value. Similar results were recorded by 
Buschang et al25 who found that Class II division 
1 patients had larger mandibular intermolar width 
compared to Class II division 2 cases. 

Regarding the mandibular arch depth, no 
significant difference was noticed between Class II 
division 1 and 2. Both divisions revealed significant 
smaller mandibular arch depth than normal Class 
I. The results of the current study are in line with 
that of AL Ahmar ZT 26 who reported that Class II 
division 2 malocclusion group exhibited smaller 
mandibular arch depth compared to normal Class I 
group.

Unfortunately, there is a limited number of studies 
about the relation between different malocclusions 
and the depth of curve of Spee despite that leveling 
of curve of Spee is a daily situation in the orthodontic 
practise and is important factor in diagnosis. Our 
findings showed that Class II division 2 exhibited 
the deepest curve of Spee, followed by Class II 
division 1 and normal Class 1 subjects had the least 
depth. This is in accordance with Ahmed I et al27 
who reported that Class II division 2 malocclusion 
has the deepest curve of spee proposing that this 

is affected by the anteroposterior position of the 
mandible.

The amount of both overjet and overbite 
considerably affect the variation in the mandibular 
curve of Spee. Current findings indicated that 
overbite and overjet vary significantly among 
groups. The greatest amount of overjet was observed 
in Class II division 1, followed by Class II division 
2 and Class I had the least overjet amount. Class II 
division 2 showed the deepest overbite, followed by 
Class II division 1, while Class 1 showed the least 
overbite amount.  Similarly, Walkow TM and Peck 
S 28 declared that Class II division 2 malocclusion is 
accompanied by severe deep bite that may restrain 
the dentoalveolar mandibular development in the 
sagittal plane.

CONCLUSION

·	 The Class II division 1 malocclusion showed 
significantly greater maxillary arch depth, pala-
tal depth, mandibular intercanine, interpremolar 
and intermolar widths and larger overjet amount 
in comparison with Class II division 2.

·	 The Class II division 2 malocclusion had sig-
nificantly greater overall Bolton ratio, maxillary 
intermolar width, curve of spee depth and over-
bite than Class II division 1.

·	 Class II division 1 revealed significantly higher 
values of maxillary arch depth, mandibular in-
termolar width, curve of Spee, overjet and over-
bite than Normal Class I, while Class II divi-
sion 2 showed deeper curve of Spee and larger 
amount of overjet and overbite compared to 
Normal Class I.

·	 The results of the current study can help the 
clinicians in treatment planning and provide 
guidance for proper selection of arch wires in 
accordance with arch dimensions to achieve 
post-treatment stability which represents one of 
the substantial goals of orthodontic therapy.
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·	 3D digital models obtained from the 3Shape E1 
scanner can be considered a faithful alternative 
to plaster models in performing measurements 
of the dental arch characteristics.
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