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Objective: The purpose of this study was to evaluate the validity of the study models involved in the simulation training for
dental technology using 3-dimensional virtual models.
Methods: The study models and dental models from 25 young adult Korean were scanned as a virtual dental model with a
3-dimensional scanner (Scanner S600; Zirkonzahn). The dental arch form (arch width, arch length), buccolingual cusp inclination, and the radius of Monson’s sphere were measured on prepared virtual models using RapidForm2004 (INUS
Technology Inc.). Wilcoxon signed-rank test was performed to verify the validity of the study models participating in the dental technique training using 3-dimensional virtual models (=0.05).
Results: Arch width (intercanine width/intermolar width) and arch length (incisor to intercanine/incisor to intermolar) were
smaller in both upper and lower study models than those of adult Korean models in general (p＜0.05). In maxilla, buccolingual cusp inclinations of right and left side of premolars and molar were larger (2.21°-5.20°) in adult Korean models except
for the first molar (p＜0.05), which was the opposite in mandible (2.98°-9.20°) (p＜0.05). The radii of Monson’ sphere was
104.92 mm in the study models and 121.85±47.11 mm in adult Korean models. There was no statistically significant difference between the two groups (p＞0.05).
Conclusion: In the study models involved in the simulation training, dental arch was smaller. Buccolingual cusp inclination
was more inclined for upper and less inclined for lower than 25 subjects. This finding could be used as a meaningful reference for further studies focusing on validity on dental technique trainings for study models.
Keywords: simulation training, dental models, dental arch, dental occlusion, dental technology

Introduction
To produce fine dental prosthesis, it is necessary that dental
technicians understand sizes of teeth, alignment, forms of dental arch, and anatomical structures of an oral cavity. So, it is necessary for future dental technicians to complete a lot of repeated
practical trainings of tooth morphology during dental technology diploma programs focusing on tooth reformation by referring to standardized dental models [1].
In the processing of producing dental prosthesis, arch form
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including length and width of teeth is a very critical standard
to produce a natural shape fit to a face and functional artificial
dentures [2-4]. A lot of studies have been performed to make
clinical reference data by analyzing dental arch form [2,3,5-10].
It was reported that buccolingual cusp inclination, which
measures angulation between buccal cusp and lingual cusp in
molars, influenced curve of Wilson and Monson’s sphere
[4,7,11,12]. Monson’s sphere is a concept combining anteroposterior curvature (curve of Spee) [13] and mediolateral curvature (curve of Wilson) [11], which has been used as reference
to decide occlusal sphere in prosthodontic reconstruction including posterior dentition [14-17].
This naturally occurring characteristic and phenomenon
have clinical importance in orthodontics and restorative dentistry [18]. It would be meaningful that future dental technicians
learn basic knowledge about tooth morphology and occlusal
curvature from curriculum using a standardized dental study
model in order to perform successful prosthodontic works [1].
Nam and Lee [1] have ever analyzed the validity, which studied
the relationship between incisive papilla and upper anterior
teeth, sizes of dental arch, curve of Spee, curve of Wilson and
Monson’s sphere, by utilizing dental study models used for dental technician college students. However, there were limitations, which was to use the only data from the previous study
instead of using firsthand measured figures.
Therefore, this study aims to evaluate validity for dental arch
and occlusal curvature measured with dental models which
have been used for students in Department of Dental Technology by comparing the models with those from contemporary
Korean adults.

Materials and Methods
1. Materials
Two types of dental models were prepared. The first one was
a pair of dental study models (Maruishi Gypsum Co., Osaka,
Japan) duplicated by using dental mold (Bowon Dental Co.,
Daegu, Korea) for upper and lower which have been used for
dental practical trainings in Department of Dental Technology.
The other was 25 clinical models from students who were
Korean young adults aged 21 to 26 years consisting of 15 males
and 10 females in order to analyze validity of models for dental
practical trainings.
The subjects for impression taking were selected from volunteers who had all existence of full dentition except the third molar, but volunteers who had prosthodontic appliances, previous
experience of the orthodontic treatment, or anterior crowding
or spacing over 3 mm were excluded. The prepared dental mod-
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els were scanned, and then produced as a virtual dental model
using a 3-dimensional scanner (Scanner S600; Zirkonzahn,
Gais, Italy).

2. Methods
All measurement in the study was performed by a computer
program, RapidForm 2004 (INUS Technology Inc., Seoul,
Korea). To demonstrate validity of comparing the dental study
models with the 25 clinical models, 3-dimensional analysis was
performed for dental arch, cusp inclination, and occlusal curvature of upper and lower dentitions.
Measured figures of dental arch (arch width, length) were
used likewise as the figures used in the previous study or modified a little by referring to the suggestion by former researchers
[1,3,12]. The items of measured figures were as shown in Table 1.
First of all, to measure cusp inclination, virtual occlusal plane
(VOP) was decided since the virtual plane consisted of the midpoint between the mesial incisal tips of both central incisor and
the most occlusal points of the mesiobuccal cusp of the first
molars. After virtual vector connecting buccolingual cusp of
each tooth in lower right and left posterior teeth was set, cusp
inclination between the virtual vector and VOP was measured.
The items of the measured figures were used likewise, referring
to the previous researcher’s suggestion [4,11] or were modified
a little. The measured items were as shown in Table 1.
Monson’s sphere was 3-dimensionally reproduced and the
radius was compared in order to verify the validity of the occlusal curvature. Using the index used in the study performed
by Nam et al. [17], fitted sphere including cusp tips from first
premolars to the second molars was made, and then the radius
was measured.

3. Statistical analysis
IBM SPSS Statistics ver. 22.0 (IBM Co., Armonk, NY, USA)
program was used for statistical analysis of this study. The mean
and the standard deviation was calculated for each item.
Wilcoxon signed-rank test was performed to verify the validity
of the analysis with the standardized level =0.05.

Results
1. Dental arch
The measured dental arch sizes were shown as in Figure 1
and Table 2. The width and length of the dentition tended to be
bigger in general in the clinical models collected from 25 adults
than in general study models for dental technician college
students.
It turned out that intercanine width (ICW), incisor to inter-
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Table 1. Measurements related to arch size
Measurement parameters
Arch width parameters
Arch length parameters

Description

ICW
IMW
IIC
IIM

Buccolingual cusp inclination

4 (L/R)
5 (L/R)
6M (L/R)
6D (L/R)
7M (L/R)
7D (L/R)

The shortest distance of the line connecting the most occlusal point of both canines
The shortest distance of the line connecting the points just below the buccal pit of each first molar
The shortest distance from the midpoint between the mesial incisal tips of both lower central
incisors to the line connecting the most occlusal point of both canines
The shortest distance from the midpoint between the mesial incisal tips of both upper central
incisors to the line connecting the most posterior points of the 2nd molars
a
The angle between the vector connecting buccal cusp and lingual cusp of 1st premolars and VOP
The angle between the vector connecting buccal cusp and lingual cusp of 2nd premolars and VOP
The angle between the vector connecting mesiobuccal cusp and mesiolingual cusp of 1st molars
and VOP
The angle between the vector connecting distobuccal cusp and distolingual cusp of 1st molars and
VOP
The angle between the vector connecting mesiobuccal cusp and mesiolingual cusp of 2nd molars
and VOP
The angle between the vector connecting distobuccal cusp and distolingual cusp of 2nd molars
and VOP

ICW: intercanine width, IMW: intermolar width, IIC: incisor to intercanine line, IIM: incisor to intermolar line, L: left side, R: right side, M: mesial
a
side, D: distal side, VOP: virtual occlusal plane. The virtual plane consisted of the midpoint between the mesial incisal tips of both central incisor
and the most occlusal points of the mesiobuccal cusp of the first molars.

Table 2. Comparisons of arch size between dental study model and 25
clinical models (mm)
25 subjects
(mean±SD)

Mean difference
(p-value)

34.22
62.67
6.68
39.45

35.49±1.80
63.19±2.66
8.46±1.24
41.22±2.03

1.27 (0.041)*
0.53 (0.346)
1.78 (0.002)**
1.77 (0.017)*

26.48
55.88
4.05
33.95

27.06±2.12
59.82±3.42
4.78±1.09
36.36±2.45

0.58 (0.183)
3.94 (<0.001)***
0.72 (0.006)**
2.41 (<0.001)***

Variable Study model

Figure 1. Comparisons of lower arch size between dental study
model (A) and one of the 25 clinical models (B). ICW: intercanine
width, IMW: intermolar width, IIC: incisor to intercanine line, IIM:
incisor to intermolar line.

canine (IIC), and incisor to intermolar (IIM) in the upper were
about 1.27 to 1.78 mm bigger (p<0.05). In the lower, IMW, IIC,
and IIM were about 0.72-3.94 mm larger (p<0.01). In particular,
in the clinical models from the collected students which had
been measured, IIC and IIM in both lower and upper had higher
figures (p<0.05).

2. Cusp inclination
Cusp inclinations of posterior teeth were shown as in Table 3.
In the upper, the clinical models’ inclinations on first and second
premolar and second molar were 2.21° to 5.20° higher, which
was alike in both right and left side (p<0.05).
On the contrary, in the lower, the figures of the models for
practical trainings were higher. The models’ figures were approximately 4.48° to 9.20° higher in premolars on both the sides,
and the figures in morals on the left side were 2.98° to 5.64° high-

Upper
ICW
IMW
IIC
IIM
Lower
ICW
IMW
IIC
IIM

Statistical significance was tested by Wilcoxon signed-rank test
between groups (p<0.05). *p＜0.05, **p＜0.01, ***p＜0.001. SD:
standard deviation, ICW: intercanine width, IMW: intermolar width,
IIC: incisor to intercanine line, IIM: incisor to intermolar line.

er (p<0.05). However, the models’ figures of cusp inclination
collected from the clinical students were approximately 5.48°
to 6.16° higher in the right morals of the lower (p<0.01).

3. Occlusal curvature
The radius of Monson’ sphere was shown as in Figure 2. The
radius of study models was 104.92 mm, and the mean radius of
clinical models was 121.85±47.11 mm. It means the radius of
the clinical students’ models is 16.93 mm bigger than that of the
www.ijcpd.org
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Table 3. Comparisons of buccolingual cusp inclination between study model and 25 subjects (°)
Left side
Variable
Upper
4
5
6M
6D
7M
7D
Lower
4
5
6M
6D
7M
7D

Right side

Study model

25 subjects
(mean±SD)

1.28
0.22
7.90
3.93
7.16
3.28

6.00±5.02
3.91±3.22
6.39±3.29
4.51±3.43
11.89±4.06
6.47±4.35

4.71 (0.006)**
3.69 (0.002)**
−1.51 (0.170)
0.58 (0.695)
4.73 (0.012)*
3.20 (0.050)

28.27
17.69
9.46
13.02
14.02
15.57

22.12±11.01
12.30±6.39
7.56±4.79
7.37±4.09
13.04±7.53
12.59±6.88

−6.16 (0.013)*
−5.39 (0.001)**
−1.90 (0.069)
−5.64 (＜0.001)**
−0.99 (0.427)
−2.98 (0.037)*

Mean difference (p-value) Study model

25 subjects
(mean±SD)

Mean difference (p-value)

3.00
2.27
4.64
2.68
5.99
0.69

4.02±4.74
4.48±3.04
5.53±3.17
3.41±2.44
9.74±4.49
5.89±3.13

1.02 (0.814)
2.21 (0.028)*
0.89 (0.239)
0.73 (0.480)
3.75 (0.005)**
5.20 (0.003)**

32.04
18.72
1.45
10.06
9.09
8.45

22.85±9.95
14.25±6.63
6.93±4.99
8.28±5.04
14.62±8.30
14.61±8.04

−9.20 (0.001)**
−4.48 (0.003)**
5.48 (＜0.001)***
−1.78 (0.069)
5.52 (0.005)**
6.16 (0.002)**

Statistical significance was tested by Wilcoxon signed-rank test between groups (p<0.05). *p＜0.05, **p＜0.01, ***p＜0.001. SD: standard
deviation, M: mesial side, D: distal side.

Figure 2. Radius of Monson’s sphere for dental study model and
25 clinical models. Statistical significance was tested by Wilcoxon
signed-rank test between groups (p＜0.05).

study models, which isn’t statistically meaningful between the
two groups (p>0.05).

Discussion
This study was performed to verify validity of dental study
models which has been used for practices in laboratories for
dental technician students, analyzing dental arch and occlusal
curvature compared to contemporary Korean adults. Dental
arch size of upper and lower, cusp inclination on the lower posterior teeth, and occlusal curvature of the lower dentition were
measured from 25 Korean adult volunteers and the measured
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figures were compared with dental study models.
Dental arch size was determined by measuring arch width
(ICW and IMW) and length (IIC and IIM). ICW was measured
according to the shortest distance of the line connecting an occlusal point of both canines, and intermolar width (IMW) was
measured according to the shortest distance of the line connecting a point immediately below a buccal pit of each first molar.
The length from IIC was measured based on the shortest distance of the midpoint between mesial incisal tips of both lower
central incisors to the line connecting an occlusal point of both
canines. The distance from incisor to intermolar (IIM) was
measured in accordance with the shortest distance of the same
anterior reference point to the line connecting a posterior point
of both 2nd molars.
The width and length of dental arch of 25 students’ models
tended to be bigger than those of study models used for practices
in laboratories. In the upper, intercanine width (ICW), incisal
edge to canine distance (IIC), and the length from incisal to the
second molar distance (IIM) were 1.27 to 1.78 mm longer in the
figures measured from 25 Korean subjects (p<0.05). In the lower, intermolar width (IMW), the distance between right and left
second molars, was 0.72 to 3.94 mm longer in the result value
from 25 Korean subjects (p<0.01).
Especially, IIC and IIM which were regarded as the length
of the dentition were longer in the figures measured from 25
Korean subjects (p<0.05) both in the upper and the lower. It
turned out that dental study models for dental technician trainings were smaller a little than real ones measured from Korean
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people. This finding was similar with the study conducted by
Nam and Lee [1]. So, it was recommended to reestablish and
develop ideal form and size of dental study models for laboratory practices of Korean dental technician students, and at the
same time, for prosthodontic appliances for Korean dental
patients.
To measure cusp inclination, VOP including the line from the
mesial incisal edge to the top of mesiobuccal cusp both in the
right and left side was produced first. And then, cusp inclination
between occlusal plane and the vector line in the lower was
measured after a virtual vector line from the buccal cusp to lingual cusp was made. In a molar teeth area, it was separated into
angulation for mesial side and distal side of cusp inclination.
Cusp inclination measured from 25 subjects was 2.21 to
5.20° higher than the figures measured from dental study models (p<0.05) except for first molar in the upper. In the lower, on
the contrary, angulation in dental study models was 2.98 to 9.20°
higher than that of 25 subjects except for the lower right molar
teeth (p<0.05). So, it was considered that the study models
which have been used for long were not exact typical types for
practical trainings and they should be appropriately adjusted for
Korean adults considering the data of these figures.
Occlusal curve includes concave forms which are curve of
Spee viewed from frontal to posterior curve [13] and Wilson’s
curve viewed from lateral side curvature [11]. A combined concept with these two curves is called Monson’s sphere [14],
which has been widely used for long as a standard of curvature
on dental arch not only to make crown and bridge but also produce full denture [1,15-17]. In this study, Monson’s sphere
which has been known as a conceptually descriptive concept
was reproduced 3-dimensionally, and the radius was measured
using the algorithm developed by the previous researchers [17].
The measured size of Monson’s sphere in the study models
was 104.92 mm, and the size from 25 subjects was 121.85±
47.11 mm. The latter was 16.93 mm bigger than previous one.
However, this difference was not statistically meaningful between the two (p>0.05). Even though there was no meaningful
difference in the data between them, it might be due to big differences of individuals’ dental arch as indicated in the previous researches [7,9,17].
This study is meaningful in terms of analyzing validity of
dental study models used for laboratory practices for dental
technician students. However, there were limitations that the
samples for this study were not enough since some subjects who
had prosthodontic appliances or orthodontic appliances were
excluded. The further and detailed study to verify validity on
analyzing dental study models needs to include plenty of
samples.

Conclusion
This study was performed to suggest a standard of dental
study models by analyzing validity on general dental study
models which have been used for laboratory practices for dental
technician students in colleges. To verify validity on dental
study models in the study, 25 clinical models taken from Korean
young adults aged 21 to 26 years consisting of 15 males and 10
females were prepared. The obtained results were as followings.
1. The general size in length and width of the dental study
models was smaller than the average size of Korean young
adults (p<0.05). Especially, length of dentition (IIC) and distance from incisor to second molar (IIM) were short in both the
upper and lower (p<0.05).
2. In the upper, cusp inclination on the posterior teeth measured from the subjects was 2.21° to 5.20° higher than that of the
study models both in the right and left side except for first molar
(p<0.05). In the lower, on the contrary, cusp inclination of the
models for practical trainings were 2.98° to 5.64 ° higher except
for a right molar area in the lower (p<0.05).
3. The radius of the study models for practices was 104.92
mm, and the average radius of clinical models taken from the
students was 121.85±47.11 mm. Although it means the radius
of the clinical students’ models was 16.93 mm bigger than that
of the study models, it isn’t statistically meaningful (p>0.05).
4. It was recommended that the dental study models used in
laboratory practices for dental technician students should be appropriately adjusted in accordance with both dental arch size
and cusp inclination of Korean adults based on the results of this
study.
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