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ABSTRACT

Objectives (1) to evaluate the differences of linear measurement on dentoform
with conventional method and digital models (2) to evaluate the differences of linear measurement
on digital models, which created from direct scanning of dentoform, the impression scanning and
the plaster cast replicas scanning and (3) to evaluate the differences of space analysis in various
groups with different severity of crowding on digital models obtained by three scanned processes
compared with those taken from plaster models.

Materials and methods Part 1: a plastic dentoform was marked for 24 reference
points and direct measured linear distances with a digital caliper. Digital models were created from
the plastic dentoform with three processes by direct scanning the dentoform, impression scanning
and plaster cast replica scanning with 3Shape R700™ scanner. Measurements of linear distances
were made for all three groups of digital models with 3Shape OrthoAnalyzerTM. Comparison the
differences of linear measurement made directly on dentoform and digital models obtained from
direct scanning and the differences of linear measurement made directly on three groups of digital
models were done. Part 2: 120 upper and lower plaster models of patients were divided into four
groups according to the severity of crowding (group 1: no crowding, group 2: <2 mm, group 3: 2-4
mm, group 4: >4 mm) and those were converted to digital models by three different scanning
methods: direct scanning using 3Shape R700™ scanner, impression scanning and plaster cast replica
scanning. Tooth size and arch length measurement were performed on both plaster models by the
using of digital caliper and digital models with the using of 3Shape OrthoAnalyzerTM. Space
discrepancy for each study model was calculated. The comparison of the tooth size, arch length and
space discrepancy measurement made directly on plaster models and made on all three groups of

digital models were done.



®)

Results Part 1: Statistically significant differences were found between the
measurements made directly from the dentoform and digital models (P<0.05) as 19 from 24
observations. The measurements on digital model were greater than the measurements on dentoform
but just slightly as 0.08-0.41 mm. Statistically significant differences were found among three
groups of digital models (P<0.05) only 4 from 24 observations. The differences were slightly just
around as 0.11-0.23 mm. Part 2: No statistically significant differences were found between plaster
and digital model measurement for the sum of tooth size, arch length and space discrepancy
measurement in any of the various groups of crowding. (P=0.05)

Conclusion Although there were statistically significant differences between the
measurements made directly from the dentoform and digital models but the differences were slightly
and considered no clinical significant. Therefore, the use of digital models appears to be acceptable

in linear, tooth size, arch length and space analysis measurement.
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NuUANTIY tazuuusiassaInanaununuuuaesHnljrianwiuans sy

Dentoform Digital models Mean
Distances P-value Significance
Mean (mm.)| SD (mm.) |Mean (mm.)| SD (mm.) Differences
D1 8.66 0.05 8.92 0.02 -0.26 <0.01 *
D2 35.92 0.07 3591 0.10 0.01 0.36" NS
D3 55.06 0.07 55.09 0.09 -0.03 0.41 NS
D4 22.74 0.12 22.81 0.07 -0.07 0.11 NS
D5 15.66 0.08 15.84 0.09 -0.18 <0.01 *
D6 15.04 0.10 15.24 0.07 -0.20 <0.01 *
D7 23.36 0.11 23.48 0.06 -0.12 <0.01 *
D8 24.34 0.06 24.48 0.07 -0.14 <0.01 *
D9 16.84 0.08 16.93 0.08 -0.09 0.03 *
D10 16.54 0.08 16.61 0.06 -0.07 0.05 *
D11 24.95 0.05 24.94 0.08 0.01 0.68 NS
D12 8.92 0.11 9.22 0.11 -0.30 <0.01 *
D13 5.41 0.09 5.49 0.07 -0.08 0.04 *
D14 26.83 0.05 26.93 0.06 -0.10 <0.01 *
D15 47.97 0.09 48.27 0.07 -0.30 <0.01 *
D16 22.71 0.07 23.12 0.07 -0.41 <0.01 *
D17 11.87 0.05 12.09 0.07 -0.22 <0.01" *
D18 12.31 0.04 12.55 0.08 -0.24 <0.01 *
D19 21.79 0.07 22.05 0.08 -0.26 <0.01 *
D20 23.86 0.15 24.10 0.11 -0.24 <0.01 *
D21 13.23 0.07 13.40 0.10 -0.17 <0.01 *
D22 13.29 0.05 13.28 0.05 0.01 0.32" NS
D23 24.76 0.05 24.92 0.08 -0.16 <0.01" *
D24 5.36 0.07 5.53 0.06 -0.17 <0.01 *

*Significance, P<0.05; NS, Not significant, P>0.05
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M3190 3 AundouazanlouuuLIATIINYINTIATTeZIFUdUIUILUS Ia0IATNa NN
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Plaster model replica
Distances Pirectscanning | Impression scanning scanning P-value | Significance
Mean (mm.)| SD (mm.) (Mean (mm.)| SD (mm.) |Mean (mm.)| SD (mm.)

DI 8.92 0.02 8.84 0.11 8.87 0.11 0.18" NS
D2 35.91 0.10 | 35.96 0.08 3592 | 0.10 | 041" NS
D3 55.09 | 0.09 55.13 0.06 55.12 | 0.06 0.42 NS
D4 22.81 0.07 | 22.81 0.09 22.82 | 0.05 0.86 NS
D5 15.84 | 0.09 15.87 0.11 15.85 | 0.09 0.82 NS
D6 1524 | 0.07 15.25 0.09 1521 | 0.10 0.57 NS
D7 23.48 0.06 | 23.52 0.09 2351 | 0.08 | 0.59" NS
D8 24.48 0.07 | 24.54 0.08 2450 | 0.08 | 0.22° NS
D9 16.93 0.08 16.90 0.07 16.93 | 0.08 | 0.56" NS
D10 16.61° | 0.06 16.73" | 0.12 16.63 0.08 0.02 *

DI1 2494 | 0.08 25.01 0.15 2494 | 0.11 0.34 NS
D12 9.22 0.11 9.11 0.13 9.18 0.13 0.16 NS
DI3 5.49 0.07 5.63 0.25 5.60 0.15 0.20 NS
D14 | 2693" | 0.06 | 27.04" | 0.09 26.96 | 0.08 0.01" *

D15 4827 | 0.07 | 4821 0.11 4826 | 0.09 | 033 NS
D16 23.12 | 0.07 | 23.06 0.15 23.05 | 0.14 0.42 NS
D17 1209 | 0.07 12.12 0.20 1209 | 0.14 0.92 NS
DI8 | 12.55* | 0.08 | 12.32° | 0.09 | 1242° | 0.16 | <0.01 *

D19 22.05 0.08 22.00 0.18 2209 | 0.07 | 0.29" NS
D20 |24.10*° | 0.1 | 2391° | 0.07 | 23.96° | 0.10 | <0.01 *

D21 13.40 | 0.10 13.51 0.11 13.45 | 0.12 0.12 NS
D22 13.28 0.05 13.29 0.09 1331 | 0.07 | 0.64" NS
D23 2492 | 0.08 24.94 0.18 2496 | 0.13 | 0.82° NS
D24 5.53 0.06 5.57 0.16 5.53 0.12 | 0.70" NS

*Significance, P<0.05; NS, Not significant, P>0.05, a, b; The mean difference is significance at the 0.05 level
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Digital model
Plaster model Impression Plaster model
Tooth size Direct scanning P-
scanning replica scanning Significance
measurement Value
Mean SD Mean SD Mean SD Mean SD
(mm.) | mm.)) | (mm.) | (mm.) | (mm.) | (mm.) | (mm.) | (mm.)
Maxillary arch
No #
75.00 | 3.47 | 76.13 | 3.50 | 75.30 | 3.53 | 75.53 | 3.24 | 0.68 NS
crowding
Mild
75.86 | 2.64 | 7596 | 2.45 | 76.08 | 2.64 | 76.11 | 2.74 | 0.99 NS
crowding
Moderate
78.48 | 4.63 | 7890 | 435 | 78.84 | 426 | 79.23 | 4.25 | 0.97 NS
crowding
Severe
80.67 | 3.55 | 80.97 | 3.73 | 80.74 | 3.85 | 80.96 | 3.65 | 0.99 NS
crowding
Mandibular arch
No
64.19 | 3.51 | 65.17 | 3.52 | 65.03 | 3.61 | 6497 | 391 | 0.88 NS
crowding
Mild
65.88 | 232 | 6637 | 2.70 | 66.74 | 2.76 | 66.89 | 2.84 | 0.74 NS
crowding
Moderate "
66.74 | 2.68 | 67.25 | 2.82 | 66.80 | 3.10 | 66.86 | 3.40 | 0.83 NS
crowding
Severe
69.25 | 3.06 | 69.22 | 3.20 | 68.79 | 2.96 | 69.40 | 3.03 | 0.95 NS
crowding

*Significance, P < 0.05; NS, Not significant, P > 0.05
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Digital model
Plaster model Impression Plaster model
Arch length Direct scanning P-
scanning replica scanning Significance
measurement Value
Mean SD Mean SD Mean SD Mean SD
(mm.) (mm.) (mm.) (mm.) (mm.) (mm.) (mm.) (mm.)
Maxillary arch
No
76.86 | 4.12 | 77.81 | 4.12 | 77.50 | 4.21 | 77.82 | 4.11 | 0.90 NS
crowding
Mild
74.95 | 2.65 | 75.59 | 2.58 | 75.76 | 2.46 | 76.10 | 2.56 | 0.66 NS
crowding
Moderate
7522 | 443 | 7590 | 421 | 76.12 | 4.40 | 76.36 | 4.32 | 0.90 NS
crowding
Severe
73.58 | 3.24 | 7346 | 298 | 73.71 | 2.89 | 73.89 | 2.94 | 0.98 NS
crowding
Mandibular arch
No
66.61 | 3.28 | 67.63 | 3.33 | 67.51 | 3.34 | 67.72 | 3.21 | 0.78 NS
crowding
Mild
64.69 | 2.19 | 6532 | 2.81 | 65.63 | 2.40 | 66.04 | 2.64 | 0.52 NS
crowding
Moderate )
63.75 | 2.86 | 64.83 | 3.12 | 64.78 | 3.07 | 65.36 | 2.94 | 0.51 NS
crowding
Severe
62.47 | 4.14 | 6293 | 398 | 63.17 | 4.06 | 63.55 | 420 | 0.91 NS
crowding

*Significance, P < 0.05; NS, Not significant, P > 0.05
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@

Digital model
Plaster model Impression Plaster model
Space Direct scanning P-
scanning replica scanning Significance
discrepancy Value
Mean SD Mean SD Mean SD Mean SD
(mm.) (mm.) (mm.) (mm.) (mm.) (mm.) (mm.) (mm.)
Maxillary arch
No #
1.86 | 2.02 1.68 | 244 | 220 | 2.65 | 2.30 | 2.33 | 0.66 NS
crowding
Mild
-0.81 | 041 | -037 | 0.52 | -0.32 | 1.23 | -0.32 | 0.49 | 0.21 NS
crowding
Moderate
-3.26 | 0.56 | -3.00 | 1.02 | -2.72 | 1.01 | -2.87 | 1.24 | 0.50 NS
crowding
Severe .
-7.10 | 2.78 | -7.51 | 3.19 | -7.02 | 3.16 | -7.07 | 2.96 | 0.95 NS
crowding
Mandibular arch
No #
2.42 2.17 | 246 | 235 248 | 2.79 | 2.5 2.80 | 0.93 NS
crowding
Mild #
-1.19 | 0.62 | -1.05 | 0.62 | -1.10 | 0.76 | -0.84 | 0.55 | 0.33 NS
crowding
Moderate
299 | 050 | -242 | 1.16 | -2.03 | 1.14 | -2.18 | 1.08 | 0.06 NS
crowding
Severe
-6.78 | 191 | -6.30 | 1.97 | -5.63 | 1.96 | -5.86 | 238 | 0.44 NS
crowding

*Significance, P < 0.05; NS, Not significant, P > 0.05
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