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The effect of utilizing augmented reality in a mobile application for

sequential tooth carving by users

Jae-Gi Lee, Jung-Hee Bae*

Department of Dental Hygiene, College of Health and Health Care, Namseoul University, Cheonan, Republic of Korea

Purpose: This study aimed to assess the effect of a sequential augmented-reality tooth carving mobile application on the learning
experience of users in practical training using tooth carving, focusing on maxillary central incisor carving. Materials and Methods:
The differences in the scores of tooth carving of maxillary central incisors between students taking a dental morphology course

using the 2021 (existing two-dimensional practical training textbook) and 2022 (augmented-reality application) curriculums were

analyzed. The scores were evaluated based on anatomical indicators, including mesiodistal and labiolingual length ratio, mesial
and distal lengths, curvature of cervical line, inclination of axial plane, shape of mesial surface, shape of distal surface, shape of
incisal edge, shape of cross-sections, and geometric shape scores of each surface. Mann-Whitney U test was used to evaluate the

differences between the two groups in the SPSS statistical program. Results: There was a difference in the tooth carving scores
between the group that used the existing two-dimensional textbook and the group that used the augmented-reality tooth carving
mobile application (P < 0.05). Moreover, significant differences were present in all subcategories (P < 0.05). The score of the
group using augmented reality applications was higher than that of the traditional learning group. Conclusion: This tooth carving
augmented-reality mobile application can likely be utilized to guide learners through practical training involving maxillary central

incisor tooth carving and help strengthen their competence. Further research is needed on the effect of augmented-reality mobile
applications on learners, as well as on the evaluation of teeth other than the maxillary central incisors. (J Dent Rehabil Appl Sci

2023;39(2):69-78)
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Instructor's scoring of tooth
sculptures on wax block using

conventional practice textbooks
in 2021: n=40

v

Development of an augmented
reality-based mobile application
for tooth carving practice using
sequential steps by Unity
Engine and its implementation.

.

Instructor's scoring of tooth
sculptures on wax block using

Scoring criteria for tooth carvings on a
wax block

mobile device by augmented
reality in 2022 : n=50

S1. Mesiodistal to labiolingual length ratio
(10 points)

S2. Mesial and distal Length (10 points)
S3. Cervical curvature (10 points)

S4. Slope of the labial surface (10 points)
S5. Shape of fossa (10 points)

S6. Shape of ridges (10 points)

S7. Shape of developmental groove (10
points)

S8. Shape of incisal edge (10 points)

S9. Difference between mesial and distal
surface, geometric shape for each surface
(20 points)

v

Comparative analysis of tooth
carving scores between
conventional practice textbook

SPSS statistical program

and augmented reality-based
mobile applications by the
same Instructor

Normality Nonparametric analysis
test by Mann Whitney U test

Fig. 1. Comparative analysis of tooth scores on wax block to evaluate the effects of learners using conventional practice
(textbook) and augmented reality-based sequential mobile applications for tooth carving.
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Fig. 2. Tooth carving practice in the
maxillary central Incisor using an
augmented reality-based sequential
carving guide application on a mobile
device. (A) Drawing lines for tooth
carving on distal surface of a wax
block, (B) The removed part from the
wax block on display of mobile device
(C) The process of finely refining the
tooth shape, (D) The shape of the final
carved maxillary central incisor on the
wax block.

IM, image marker of central incisor;
MD, mobile device; WB, wax block.
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Table 1. Characteristics of study population

(100%) -Ago]dct. 2021 Ho = Hu] &S EA 21
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Group 1 (G1, 2021) (n= 40)

Group 2 (G2, 2022) (n= 50)

Female (%)
Male (%)

Average ages

Gender

39 (97.5%)
1(2.5%) 2 (4%)

48 (96%)

19
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Table 2. Differences in tooth scoring results between groups were analyzed based on the type of practice media used during
tooth carving practice

Score  Group N Mean SD Median Mean rank Rank sum U 7 P . Effect size
(two-tailed)

Gl 50 70.28 4.84 88.00 25.57 1278.50
TS 3.500 -8.102 0.000 0.997
G2 40 88.33 5.21 71.00 70.41 2816.50

G1: In 2021, a group of students engaged in tooth carving practice using a conventional textbook, G2: In 2022, a group of students engaged in
tooth carving practice using an augmented reality mobile application that provided a step-by-step guide, N: number of carved tooth, M: mean, SD:
standard deviation, TS: The total score of 100 point is derived from the sum of nine scoring items, namely S1 to S9.

* P<0.05.

Table 3. Differences in scores between groups were analyzed for each scoring item pertaining to carved tooth

S  Group N Mean SD Median Mean Rank U Z P . Effect
rank sum (two-tailed)  size
Gl 50 7.08 1.43 6.00 31.37 1568.50
S1 293.500  5.902 0.000* 0.707

G2 40 9.10 1.01 9.00 63.16 2526.50

G1 50 6.78 1.00 6.00 29.69 1484.50
S2 209.500 6.591 0.000* 0.790
G2 40 8.70 0.99 9.00 65.26 2610.50

G1 50 6.86 1.31 6.00 29.43 1467.00
S3 192.000  6.814 0.000* 0.808
G2 40 9.28 1.01 10.00 65.70 2628.00

G1 50 6.92 1.18 6.00 31.56 1578.00
S4 303.000  5.826 0.000* 0.697
G2 40 8.65 1.10 9.00 62.93 2517.00

Gl 50 6.60 0.95 6.00 27.29 1364.50
S5 89.500 7.678 0.000* 0.910
G2 40 9.28 0.96 10.00 68.26 2730.50

G1 50 6.70 1.07 6.00 29.68 1484.00
S6 209.000  6.705 0.000* 0.791
G2 40 9.08 1.35 10.00 65.28 2611.00

G1 50 6.16 0.47 6.00 29.68 1484.00
S7 209.000  7.069 0.000* 0.791
G2 40 7.63 1.00 8.00 65.28 2611.00

Gl1 50 6.28 0.73 6.00 29.71 1485.50
S8 210500  6.930 0.000%* 0.789
G2 40 7.95 1.11 8.00 65.24 2609.50

G1 50 16.90 1.18 16.00 31.52 1576.00
S9 301.000 5.865 0.000* 0.699
G2 40 18.68 1.12 19.00 62.98 2519.00

G1: In 2021, a group of students engaged in tooth carving practice using a conventional textbook, G2: In 2022, a group of students engaged in
tooth carving practice using an augmented reality mobile application that provided a step-by-step guide, N: number of carved tooth, S: scoring
items, S1: mesiodistal to labiolingual length ratio, S2: mesial and distal length, S3: cervical curvature, S4: slope of the labial surface, S5: shape of
fossa, S6: shape of ridges, S7: shape of developmental groove, S8: shape of incisal edge, S9: difference between mesial and distal surface, geomet-
ric shape for each surface, SD: standard deviation.

*P<005.
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