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— Abstract

compared to a plaster model.

analysis was assessed by paired t-test.

length, Arch length discrepancy

The purpose of this study is to evaluate validity, reliability and reproducibility of tooth width (TW), arch length (AL) and
arch length discrepancy (ALD) measured on a digital model taken via 3-dimensional model scanner and intraoral scanner

A total of 30 patients aged 12 to 18 were eligible for the study. 3 types of models were acquired from each patient: a
conventional plaster model (P), a model scanned digital model (MSD) taken via Freedom UHD® and an intraoral scanned
digital model (ISD) taken via CS3600° in-vivo. The reliability of TW and AL in each group was evaluated using Pearson’s
correlation coefficient, while the reproducibility was evaluated with intraclass correlation coefficient. The validity of space

As a result, all measurements of P MSD and ISD groups showed favorable reliability and reproducibility. Most of mea-
surements for space analysis in MSD group and TW in ISD group also presented high validity. AL and ALD presented sta-
tistically significant difference between P and ISD group. The validity of measurements of space analysis in ISD group was
short in doubt to valid, but clinically acceptable. Both MSD and ISD are clinically acceptable to use for space analysis but
clinician should be aware that errors can be found using a digital model.
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Fig. 1. lllustration of the flow charts of model manufacture with classification of groups.
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Fig. 2. Model scanner and intraoral scanner. (A) Freedom UHD® (Dof Inc, Seongdong-gu, Seoul, Korea), (B, C) CS3600° (Car-
estream Dental, Atlanta, USA).

Fig. 3. Plaster model and scanned images: scanned by model scanner and intraoral scanner. (A) Plaster model, (B) Scanned
images by Freedom UHD®, (C) Scanned OBJ (Object code) file format images by CS3600°, (D) Scanned STL file format im-
ages by CS3600°.
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Fig. 4. Measurement of mesiodistal width of tooth and arch length. (A) coronal section view of the tooth for measurement
of greatest mesiodistal width by maestro 3D, (B, C) Tooth width: occlusal and anterior view, (D, E) Arch length: occlusal and

anterior view.
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Table 1. Reliability of tooth widths and arch length on each group
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. P group MSD group ISD group
Verification - - .

coefficients p value coefficients p value coefficients p value
#15 0.993 <0.0001° 0.998 <0.0001° 0.997 <0.0001°
#14 0.993 <0.0001° 0.998 <0.0001° 0.997 <0.0001°
#13 0.996 <0.0001° 0.998 <0.0001° 0.996 <0.0001*
#12 0.993 <0.0001° 0.998 <0.0001° 0.996 <0.0001°
#11 0.996 <0.0001° 0.998 <0.0001° 0.992 <0.0001°
#21 0.993 <0.0001° 0.998 <0.0001° 0.997 <0.0001°
#22 0.994 <0.0001° 0.996 <0.0001° 0.995 <0.0001°
#23 0.994 <0.0001° 0.998 <0.0001° 0.998 <0.0001°
#24 0.994 <0.0001° 0.998 <0.0001° 0.996 <0.0001°
#25 0.994 <0.0001° 0.999 <0.0001° 0.997 <0.0001°
#35 0.990 <0.0001° 0.999 <0.0001° 0.997 <0.0001°
#34 0.995 <0.0001° 0.998 <0.0001° 0.996 <0.0001°
#33 0.991 <0.0001° 0.998 <0.0001° 0.996 <0.0001°
#32 0.996 <0.0001° 0.998 <0.0001° 0.996 <0.0001°
#31 0.989 <0.0001° 0.997 <0.0001° 0.992 <0.0001*
#41 0.995 <0.0001° 0.996 <0.0001° 0.992 <0.0001°
#42 0.990 <0.0001° 0.997 <0.0001° 0.994 <0.0001°
#43 0.995 <0.0001° 0.997 <0.0001° 0.996 <0.0001°
#44 0.994 <0.0001° 0.998 <0.0001° 0.997 <0.0001°
#45 0.994 <0.0001° 0.998 <0.0001° 0.998 <0.0001°
MXxAAL 0.998 <0.0001° 0.996 <0.0001° 0.996 <0.0001°
MxLAL 0.998 <0.0001° 0.997 <0.0001° 0.994 <0.0001°
MxRAL 0.998 <0.0001° 0.991 <0.0001° 0.994 <0.0001°
MnAAL 0.989 <0.0001° 1.000 <0.0001° 0.982 <0.0001°
MnLAL 0.995 <0.0001° 0.998 <0.0001° 0.984 <0.0001°
MnRAL 0.993 <0.0001° 0.999 <0.0001° 0.984 <0.0001°

Pearson'’s correlation coefficient (a : p < 0.0001)

FDI two-digit notation system is used to identify teeth. P = Plaster, MSD = model scanned digital model, ISD =

intraoral scanned digital model, MxAAL =

Maxillary anterior arch length, MxLAL = Maxillary left arch length, MxRAL = Maxillary right arch length, MnAAL = Mandible anterior arch length, MnLAL =
Mandible left arch length, MnRAL = Mandible right arch length, SD = standard deviation
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Table 2. Reproducibility of tooth widths and arch length on each
group

Verification P group MSD group ISD group
#15 0873 0.953° 0.945°
#14 0.839° 0.936° 0.920°
#13 0.915° 0.960° 0.910°
#12 0.869" 0.948° 0.925°
#11 0.871° 0.965° 0.848"
#21 0.834° 0.967° 0.945°
#22 0.880° 0.932° 0.883°
#23 0.865 0.972° 0.957°
#24 0.860° 0.946° 0.922°
#25 0.842° 0.950° 0.934°
#35 0.796" 0.946° 0.938°
#34 0.893° 0.957° 0.935°
#33 0.825° 0.940° 0915°
#32 0.866" 0.963° 0.926°
#31 0.763" 0.893° 0.842°
#41 0.817° 0911° 0.845°
#42 0.811° 0.936° 0.907°
#43 0.879 0.937° 0915°
#44 0.857° 0.961° 0.944°
#45 0.854° 0.955° 0.934°

MxAAL 0.914° 0.832° 0.628°
MXLAL 0.936° 0.725° 0.724°
MxRAL 0.956° 0.827° 0.753°
MnAAL 0.880° 0.818"° 0.774°
MnLAL 0.777° 0.807° 0.583°
MnRAL 0.851° 0.792° 0.554°

Intraclass correlation coefficient
(@:1cC>09b:09>1CC>0.75 ¢:0.75 > ICC > 0.5)

2) AAL, LAL, RAL
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Table 3. Validity of tooth widths and arch length using each digital model
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o P - MSD P-1SD
Verification
Mean SD p value Mean SD p value
#15 -0.088 0.223 0.000*** -0.096 0.297 0.0071**
#14 -0.123 0.250 0.000*** -0.105 0.296 0.000%***
#13 -0.075 0.222 0.000*** 0.078 0.293 0.004**
#12 -0.042 0.216 0.037* -0.007 0.231 0.747
#11 -0.023 0.197 0.207 0.028 0.317 0.340
#21 -0.033 0.226 0.116 -0.011 0.254 0.358
#22 -0.034 0.258 0.150 0.002 0.282 0.954
#23 -0.040 0.239 0.068 -0.056 0.270 0.024*
#24 -0.107 0.226 0.000%*** -0.106 0.251 0.000%***
#25 -0.086 0.255 0.000%*** 0.060 0.271 0.008**
#35 -0.061 0.251 0.009** -0.017 0312 0.542
#34 0.001 0.218 0.947 0.020 0.264 0418
#33 0.001 0.265 0.959 0.035 0319 0.227
#32 -0.034 0.196 0.056 -0.033 0.197 0.070
#31 -0.061 0.200 0.007#*** -0.008 0.268 0.731
#41 -0.063 0.202 0.007*** -0.026 0.222 0.201
#42 -0.039 0.242 0.082 -0.008 0.264 0.751
#43 -0.070 0.278 0.007** -0.032 0.342 0310
#44 -0.062 0.225 0.003** -0.056 0.280 0.032*
#45 -0.070 0.260 0.004** -0.029 0.275 0.259
MxAAL 0.013 1.244 0.908 0.389 1497 0.005**
MxLAL -0.204 0.882 0.013* 0.076 1.094 0.451
MxRAL -0.209 1.119 0.043* 0.045 1.085 0.146
MnAAL 0.060 1.055 0.535 0.270 1.046 0.006**
MnLAL -0.136 0.832 0.015* 0.133 1.178 0.219
MnRAL -0.160 0.730 0.018* 0.120 0.844 0.121
paired t-test (* : p < 0.05, **: p < 0.01, ***: p < 0.001, unit = mm)
Table 4. Validity of space analysis using each digital model
. P - MSD P-1SD
Verification
Mean SD p value Mean SD p value
Maxilla AS(AL) -0.399 2328 0.063 0.519 2.695 0.000*
RS -0.649 1.120 0.000* -0.233 1234 0.197
ALD 0.250 2410 0.257 0.752 3.084 0.009*
Mandible AS(AL) -0.236 1.641 0.118 0.523 2.070 0.007*
RS -0.456 1.191 0.000* -0.153 1.351 0216
ALD 0.221 1.789 0.179 0.676 2.390 0.002*

paired t-test (*: p < 0.05, unit = mm)

AS=Available space same mean as arch length, RS= Required space same mean as sum of tooth widths, ALD= Arch length discrepancy
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Fig. 6. Proximal surfaces of both digital models. (A, C)
Model scanned image by Freedom UHD®. Black arrow
shows bubbles and damaged surface from the plaster
model. It makes accurate measurement of contact points
difficult, (B, D) Intraoral scanned image by CS3600°, No
bubbles or damage on proximal surfaces.
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