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[Abstract] Objective To explore intraoral scanning strategies for elastic impressions during the fabrication process
of duplicate complete dentures and to investigate the accuracy of 3D scanning strategies on the surface of complete den-
tures. The goal is to utilize digital technology to improve the traditional fabrication methods of duplicate complete den-

tures. Methods Eight sets of replicated denture model for edentulous patients were selected. Conventional complete
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dentures were created based on these models. The condition of the patient’ s alveolar bone atrophy was simulated on
these models, and elastic impressions were built using complete dentures as individual trays with polyether silicone rub-
ber materials. TRIOS 3 intraoral scanners were used to scan the elastic impressions according to four scanning strate-
gies (A: tissue surface - artificial teeth - polished surface of denture; B: artificial teeth - polished surface of denture - tis-
sue surface; C: tissue surface - artificial teeth - polished surface of denture in powder spraying state; D: artificial teeth -
polished surface - tissue surface in powder spraying state). The 3D data obtained by the desktop scanner were used as
the reference. The maximum deviation, average deviation, and standard deviation of the 3D data models obtained by dif-
ferent scanning strategies were compared using the Geomagic Control X software. For the complete denture, the maxi-
mum deviation was 0.3 mm. The obtained results were analyzed by PASW Statistics 18 software. Results The maxi-
mum deviation value of the maxillary scans in the 3D data compared with the desktop scanning data was (0.188 =+
0.109) mm, and that of the mandibular scans was (0.200 + 0.099) mm. There was no statistically significant difference
between them (¢ = 0.139, P = 0.624). However, the maximum deviation values of both the maxillary and mandibular
scans were lower than the required maximum error (0.3 mm) for complete dentures in clinical practice, and the differ-
ence was statistically significant (P<0.001). The average deviations of the maxillary and mandibular models were (0.024
+ 0.212) mm and (0.014 + 0.014) mm, respectively, and the differences were statistically significant (¢ = 4.228, P =
0.021). The standard deviations of the maxillary and mandibular models were (0.074 + 0.032) mm and (0.074 =+
0.034) mm, respectively. There was no statistically significant difference between them (¢ = 0.813, P = 0.371). There
were no statistically significant differences in the average deviations and standard deviations of each scanning strategy
between the maxillary and mandibular impressions within and between groups. Comparing the deviation between the tis-
sue surface and the polished surface of the 3D data of the upper and lower jaws on the oral scanner and the desktop
scanner shows that the areas with larger deviations in the maxillary impressions were mainly concentrated in the maxil-
lary tuberosity and palatal vault regions, and those in the mandibular impressions were mainly concentrated in the
molar posterior pad region. Conclusion The digital impressions formed by intraoral scanning the maxillary and man-
dibular elastic impressions can meet the requirements for clinical fabrication of complete dentures. However, in clinical
practice, special attention should be paid to checking and adjusting the fit of the maxillary tuberosity and palatal vault
and the mandibular molar posterior pad areas of the complete dentures.

[Key words] complete denture; duplicate denture; computer aided design/computer aided manufacturing; — digi-
tal; intraoral scanner; scan strategy; maxillary tuberosity
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a: scan path diagram of the tissue surface and occlusion surface of maxillary elastic impression; b: scan path diagram of the tissue surface and oc-

clusion surface of mandibular elastic impression. Scans were conducted in ascending order

Figure 1  Schematic diagram of the scanning path
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Table 1  Comparison of the maximum deviation, average devia-

tion and standard deviation in maxilla and mandible — x=s

Maximum Average Standard

deviation/mm deviation/mm deviation/mm

Maxilla 0.188 + 0.109*  0.024 + 0.212  0.074 + 0.032
Mandible 0.200 = 0.099*  0.014 + 0.014  0.074 + 0.034
t 0.139 4.228 0.813
P 0.624 0.021 0.371

#The difference from the required maximum error (0.300 mm) was statis-
tically significant after conducting a single-sample i-test (P values of

maxillary and mandibular were both <0.001)
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Table 2 Comparison of the average deviation of different scan-

ning strategies in maxilla and mandible PED)

Average deviation of Average deviation of

Scanning strategy

maxilla/mm

mandible/mm

Strategy A
Strategy B
Strategy C
Strategy D

0.026 + 0.030*
0.034 + 0.024*
0.016 + 0.011*
0.021 = 0.014*

0.011 + 0.006*
0.012 = 0.008*
0.012 = 0.010*
0.024 + 0.021*

F
P

1.097
0.367

2.095
0.459

*One-way analysis of variance showed there was no statistically signifi-
cant difference between the two groups of data in the same row, and
there was also no statistically significant difference among the groups in
the same column. n = 8. Strategy A: tissue surface - artificial teeth - pol-
ished surface of denture; Strategy B: artificial teeth - polished surface of
denture - tissue surface; Strategy C: tissue surface - artificial teeth - pol-

ished surface of denture in powder spraying state;Strategy D: artificial

teeth - polished surface - tissue surface in powder spraying state
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Table 3 Comparison of standard deviation of different scan-

ning strategies in maxilla and mandible

Scanning strategy

Standard deviation of

maxilla/mm

Standard deviation of

mandible/mm

Strategy A
Strategy B
Strategy C

Strategy D

0.079 + 0.033*
0.074 + 0.050*
0.071 + 0.021*
0.071 + 0.022*

0.082 + 0.033*
0.074 + 0.035*
0.061 + 0.021%*
0.078 + 0.048*

F
P

1.087
0.967

1.054
0.959

*One-way analysis of variance showed there was no statistically signifi-
cant difference between the two groups of data in the same row, and
there was also no statistically significant difference among the groups in
the same column. n = 8. Strategy A: tissue surface - artificial teeth - pol-
ished surface of denture; Strategy B: artificial teeth - polished surface of
denture - tissue surface; Strategy C: tissue surface - artificial teeth - pol-
ished surface of denture in powder spraying state; Strategy D: artificial

teeth - polished surface - tissue surface in powder spraying state
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The 3D comparison diagram shows that most areas are green, indicating small deviations (< 0.025 mm). Parts of the maxillary tuberosity area, the

palatal vault area, and the mandibular molar posterior pad area are yellow and blue, indicating larger deviations (yellow area, ~ 0.125 mm; blue

area, ~ 0.295 mm). a: the areas with relatively large deviations in the tissue surface of the maxillary elastic impression are mainly concentrated in

the maxillary tuberosity region and the palatal vault area. b: the areas with relatively large deviations in the polished surface of the maxillary elas-

tic impression are mainly concentrated in the maxillary tuberosity region. c: the areas with relatively large deviations in the tissue surface of the

mandibular elastic impression are mainly concentrated in the area of the mandibular molar posterior pad. d: the areas with relatively large devia-

tions in the polished surface of the mandibular elastic impression are mainly concentrated in the area of the mandibular molar posterior pad

Figure 2 Comparison of 3D deviation between different parts of the maxilla and mandible
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