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Clinical Validity of Tooth Size Measurements
Obtained via Digital Methods with
Intraoral Scanning
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Purpose: Dental diagnostic records derived from study models are a popular method of obtaining reliable and
vital information. Conventional plaster models are the most common method, however, they are being gradually
replaced by digital impressions as technology advances. Moreover, three-dimensional dental models are becoming
increasingly common in dental offices, and various methods are available for obtaining them. This study aimed to
evaluate the accuracy of the measurement of dental digital models by comparing them with conventional plaster
and to determine their clinical validity.

Materials and Methods: The study was conducted on 16 patients’ maxillary and mandibular dental models. Tooth
size (TS), intercanine width (ICW), intermolar width (IMW), and Bolton analysis were taken by using a digital cali-
per on a plaster model obtained from each patient, while intraoral scans were manually measured using two digital
analysis software. A one-way analysis of variance test was used to compare the dental measurements of the three
methods.

Result: No significant differences were reported between the TS, the ICW and IMW, and the Bolton analysis
through the conventional and two digital groups.

Conclusion: Measurements of TS, arch width, and Bolton analysis produced from digital models have shown ac-
ceptable clinical validity. No significant differences were observed between the three dental measurement tech-
niques.
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Introduction

Diagnostic records based on plaster dental models
are popular in dentistry, providing a reliable and
vital source of information. For many years, study
model analysis has been the gold standard for diag-
nostic procedures”. The use of plaster dental models
is a common procedure used for orthodontic diag-
nosis or to evaluate orthodontic treatment outcomes.
Furthermore, successful orthodontic treatments rely
heavily on the use of accurate measurements and
study model analysis. The assessment of the degree
and severity of dental malposition and/or malocclu-
sions in three dimensions, as well as the “determina-
tion of spaces, crowding, rotations, tooth sizes, tooth
size discrepancies, arch form, arch symmetry, arch
dimensions, tooth-arch discrepancies,” aid in diag-
nosis and dental treatment planning?.

Traditionally, dental models have been analyzed
using conventional plaster models, which require
an impression tray and materials such as alginate.
Plaster dental models are the cornerstone of ortho-
dontics, and are used beyond diagnosis for teaching,
research, and clinical documentation”. In addition
to illustrating the dentition dimensionally, plaster
dental models can be used to analyze discrepancies
in tooth size (TS) and arch length as well as to pre-
dict permanent TS. However, the high precision of
plaster models is reportedly affected by factors such
as the processing method and impression technique.
Moreover, plaster models are more prone to break-
age and deterioration, and take up a lot of space for
storageQ). Furthermore, volumetric deformation is
associated with plaster dental models, increasing the
possibility of errors”.

However, digital models are gaining popularity
among dentists, with many options for obtaining
three-dimensional (3D) dental models. The recent
advances in computer science have enabled many
orthodontic practices to replace traditional methods
with technology, which offer more reliable diagnos-

tic tools at an affordable cost”

. The intraoral scanners
and software used in the digital dental impression
technique allow the dental clinician to directly ac-
quire patient data”. Moreover, digital models are
distinguished by their ease of use and good mobility,
as well as their ability to eliminate many difficulties
associated with plaster models”. While plaster mod-
els depict occlusion in 3D, the digital storage feature
in digital models makes the model more accessible,
and allows easier data retrieval”.

A literature review reveals a lack of consistency re-
garding the accuracy of digital models, as well as the
methodology, such as the measurements selected,
and the scanners or software used for analysis”.
Pertaining to the comparison of the digital model’s
accuracy with the plaster model, several studies
have reported the clinical acceptability of digital
models, and that they can be used instead of plaster
models for diagnosis and treatment planning”. For
example, Zhang et al.? used iTero® (Align Technol-
ogy, San Jose, CA, USA) and reported no significant
differences between intraoral scans and plaster
models, except in one measurement, which is the
lower interdental width measurement. Conversely,
Camardella et al.” reported significant differences
between the measurements taken using a plaster
model and the digital measurements scanned with
TRIOS Color intraoral scanner (3Shape®, Copenha-
gen, Denmark) and measured with Ortho Analyzer
software (3Shape®). According to their results, the
highest measurement error occurred when measur-
ing the crown height of the upper central incisors. In
contrast, Tomita et al.” utilized multiple scanners to
compare the two models and reported greater accu-
racy in reported digital models than in conventional
plaster models.

There have been many similar studies so far, but ac-
cording to the inconsistency of the results, this study
aimed to evaluate the accuracy of the measurement
of dental digital models by comparing them with
conventional plaster and to determine their clinical
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acceptability. In this paper, one conventional and
two digital methods will be used to analyze tooth
measurements to compare the accuracy of conven-
tional models with the accuracy of digital mod-
els. The plaster model was the first gold standard
method used, followed by two digital models with
different ways of tooth segmentation, one generated
by Ortho Analyzer software (3Shape®), and the other
generated by the Autolign program (Diorco, Yongin,
Korea).

Materials and Methods

This study included 16 patients who finished
orthodontic treatment at Yonsei University Dental
Hospital. Informed consent and all experimental
protocols were approved by the Institutional Review
Board of Yonsei Dental Hospital (IRB No. 2-2021-
0030) and adhered to the Declaration of Helsinki
(2013).

Assessed for eligibility
(n=17)

Alginate impression
(n=16)

The inclusion criteria for all patients who under-
went alginate impression-taking and intraoral scan-
ning at one appointment were as follows: complete
adult dentition from the first molar to the contralat-
eral first molar, and no missing or malformed teeth.
The sample selection method and the software uti-
lized to obtain and analyze the dental impressions,
for both the plaster and digital models, are shown in
Fig. 1.

1. Measurements

To evaluate the accuracy and efficiency of mea-
surements for the three groups, measurements were
obtained using a digital caliper on a plaster model
obtained from each patient referred to as the manual
group (Fig. 2A) and digital impression generated by
iTero 5D Element (Align Technology) were manu-
ally measured using digital analytics software such
as Ortho Analyzer (3Shape®) referred to as the LS
group (landmark-based tooth segmentation), and

Excluded (n=1)
Did not meet inclusion criteria

: extraction case

Intraoral scanner
(i-Tero, n=16)

Plaster model analysis using
a digital caliper

Digital model analysis using
Ortho-Analyzer
(3Shape, Denmark)

Digital model analysis using
Autolign software

¢ Fig. 1. Study selection flow dia-
(Diorco, Korea)

gram.

3shapeb ®

Fig. 2. Model types used for the measurements; (A) manual measuring on a plaster model with a digital caliper (Manual group); (B) mea-
suring the upper arch using Ortho Analyzer software (3Shape®, Copenhagen, Denmark) (LS group); (C) measuring the upper arch using

Autolign software (Diorco, Yongin, Korea) (DS group).
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Autolign software (Diorco) referred to as the DS
group (tooth designation and segmentation) (Fig.
2B, C). For landmark-based tooth segmentation, the
tooth is segmented only when the mesial and distal
points of each tooth are accurately set after orienta-
tion through the virtual coordinate system. In con-
trast, tooth designation and segmentation methods
differ in that they are segmented when the approxi-
mate mesial and distal points of individual teeth are
set after orienting the digital model®.

These measurements were used in model analy-
ses to determine the TS (mesiodistal width for each
individual tooth), intercanine width (ICW; distance
between the canine tips in each arch), and intermolar
widths (IMW; distances between the central fossa
of the first molars in each arch), and Bolton analysis
(Bolton ratio 6 and 12). Bolton ratio 6 is the percent-
age obtained by summing the widths of the six
mandibular teeth divided by the widths of the six
maxillary teeth, and Bolton ratio 12 is the percentage
obtained by summing the widths of the twelve man-
dibular teeth divided by the widths of twelve maxil-
lary teeth.

Table 1. Descriptive statistics of the study sample (N=16)

Variable Value
Age (yn) 23.1+49
Gender 16

Men 9 (56.25)
Women 7 (43.75)

Values are presented as meantstandard deviation or number
(%).

Table 2. Reliability analysis of tooth measurement

2. Reliability analysis

To check their level of reliability, all measurements
were taken twice at intervals of two weeks for the
three groups by a single researcher. Intraclass coef-
ficient (ICC) values were calculated to determine the
level of reliability.

3. Statistical analysis

All measurements were analyzed with IBM SPSS
Statistics 28.0.0.0 (IBM Corp., Armonk, NY, USA). To
verify the normality of the data distribution, we ap-
plied the Shapiro-Wilk test. The data were normally
distributed, a one-way analysis of variance with
Tukey’s post hoc test was performed to identify any
difference in the measurement values between the
three groups.

Result

As shown in Table 1, our data analysis revealed the
descriptive statistics of the study sample. The sample
had a mean age of 23.1 years with a standard devia-
tion of +4.9 years. A total of 16 people were included
in the study, 9 men (56.25%) and 7 women (43.75%).

ICC values were calculated to determine the level
of reliability of the digital models, as seen in Table 2
(less than 0.50, poor reliability; between 0.5 and 0.75,
moderate reliability; between 0.75 and 0.9, good reli-
ability; greater than 0.9, excellent reliability)”. In the
manual group, the ICC value of TS was 0.871, main-
ly due to a measurement error of approximately
0.2~0.4 mm that occurred when measuring the max-

illary second premolar. This may be because it is one

TS ICW IMW
Group
ICC P-value ICC P-value ICC P-value
Manual 0.871 <0.001 0.987 <0.001 0.997 <0.001
LS 0.983 <0.001 0.999 <0.001 0.996 <0.001
DS 0916 <0.001 0.996 <0.001 0.999 <0.001

TS: tooth size, ICW: intercanine width, IMW: intermolar width, ICC: intraclass coefficient, Manual: manual measurement on a plaster
model, LS: landmark-based tooth segmentation, DS: tooth designation and segmentation.

TS, ICW and IMW, presented as continuous variables, were verified for intra-rater reliability using ICC.
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of the teeth with a large variation of TS, so there was
a measurement error during repeated approaches
with a digital caliper. Nevertheless, ICC showed ex-
cellent reliability of 0.8 or more. On the other hand,
the LS and DS group values were 0.983 and 0.916,
respectively, which indicated excellent reliability for
both digital models. However, even with a small
difference, the DS method also showed a slightly
smaller ICC value than the LS due to the influence of
the size diversity of the maxillary second premolar
because it uses approximate mesial and distal points
of individual teeth. In all three groups, ICW and
IMW showed an ICC close to 1, which is because
they are simple distance measures.

Table 3 displays a comparison of the maxillary
arch TS, ICW, and IMW measurements between the
investigated methods. Among the three groups, the
central incisors, lateral incisors, canines, premolars,
and molars were compared bilaterally. The results
revealed no significant difference between TS, ICW,
and IMW measurements of the maxillary arch

among the manual, LS, and DS groups. However,
although there was no statistical significance, the
P-value of the maxillary second premolar was the
smallest compared to other teeth due to the diversity
of TS.

Table 4 demonstrates a comparison of TS, ICW,
and IMW measurements between the investigated
methods for the mandibular arch. Among the three
groups, the central incisors, lateral incisors, canines,
premolars, and molars were compared bilaterally.
The results revealed no significant difference be-
tween the TS, ICW, and IMW measurements of the
mandibular arch among the manual, LS, and DS
groups.

A comparison of the Bolton analysis for the inves-
tigation method between manual, LS, and DS meth-
ods is shown in Table 5. No significant difference
was observed between Bolton ratio 6 and Bolton 12
among the manual, LS, and DS groups. Bolton 6 ex-
hibited a mean of 77.6, 77.6, and 77.7 for the manual,
LS, and DS groups, respectively, while Bolton 12 ex-

Table 3. Comparison of TS, ICW and IMW between investigated methods of the maxilla arch

Measurement Manual = P P-value
Mean SD Mean SD Mean SD
Right (mm)
Central incisor 84 +04 84 0.3 84 +0.3 0.978
Lateral incisor 7.1 +04 7.1 104 7.1 +04 0.993
Canine 80 80 79 +04 0.907
First premolar 74 74 74 0.2 0.938
Second premolar 6.9 70 70 104 0.727
First molar 10.7 +0.5 10.6 +0.5 10.6 +0.5 0.987
Left (mm)
Central incisor 84 +04 84 +0.3 84 +0.3 0.978
Lateral incisor 7.1 +04 7.1 +04 7.1 +04 0.996
Canine 79 +0.3 79 +0.3 79 0.3 0.977
First premolar 7.5 +0.2 7.5 +0.2 7.5 +0.2 0.994
Second premolar 6.9 +04 6.9 +0.3 6.9 +0.9 0425
First molar 104 +04 104 +04 104 +04 0.987
ICW (mm) 370 +1.7 36.9 +1.7 370 1.7 0.993
IMW (mm) 49.6 +2.8 49.6 +2.8 49.6 2.8 0.999

TS: tooth size, ICW: intercanine width, IMW: intermolar width, Manual: manual measurement on a plaster model, LS: landmark-based
tooth segmentation, DS: tooth designation and segmentation, SD: standard deviation.
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Table 4. Comparison of TS, ICW and IMW between investigated methods of the mandible arch

Measurement Manual = b P-value
Mean SD Mean SD Mean SD
Right (mm)
Central incisor 54 0.2 54 +0.2 54 +0.2 0.831
Lateral incisor 6.0 +0.3 6.0 +0.3 6.0 +0.3 0.988
Canine 6.8 +0.3 6.8 +0.3 6.8 +0.3 0.989
First premolar 74 +0.3 73 +0.3 74 +0.3 0.932
Second premolar 73 0.3 70 +0.3 70 104 0.998
First molar 1.2 +0.6 11.2 +0.7 1.2 +0.7 0.999
Left (mm)
Central incisor 54 0.2 54 +0.2 54 +0.2 0.972
Lateral incisor 59 +0.3 6.0 +0.3 59 +0.3 0.989
Canine 6.9 +0.3 6.9 +0.3 6.9 +03 0.980
First premolar 7.5 +03 7.5 +0.3 7.5 +03 0.986
Second premolar 7.2 104 7.2 +0.3 7.2 104 0.998
First molar 11.2 +0.5 112 +0.5 11.2 +0.5 >0.999
ICW (mm) 27.5 +1.1 275 +1.1 275 +1.1 0.993
IMW (mm) 437 2.7 437 +2.7 436 126 0.999

TS: tooth size, ICW: intercanine width, IMW: intermolar width, Manual: manual measurement on a plaster model, LS: landmark-based
tooth segmentation, DS: tooth designation and segmentation, SD: standard deviation.

Table 5. Comparison of the Bolton tooth size discrepancy measurements for investigated method between manual, LS, and DS

Manual LS DS
Measurement P-value
Mean SD Mean SD Mean SD
Bolton ratio 6 (%) 77.6 +2.2 776 +24 77.7 +2.2 0.992
Bolton ratio 12 (%) 91.3 +14 91.2 +14 91.2 +14 0.875

Manual: manual measurement on a plaster model, LS: landmark-based tooth segmentation, DS: tooth designation and segmentation,

SD: standard deviation.

hibited a mean of 91.3, 91.2, and 91.2, respectively.

Discussion

With technological advances, plaster study models
can be displayed as 3D images, which are utilized by
many dental clinicians in diagnosis and treatment
planning, as well as to obtain specific measurements
such as Bolton ratios and TS. However, the literature
describes various methods and techniques for digital
dental measurements, resulting in varying findings
between the studies in terms of accuracy, reliability,
and efficiency.

Our study utilized two digital software. The results

revealed no significant differences between the mea-
surements of the dental impressions obtained via the
conventional method and those obtained via the two
digital methods. The comparison of TS, ICW, and
IMW measurements revealed no significant differ-
ences (Tables 3, 4), indicating the acceptability of us-
ing digital models as an alternative to conventional
models. This finding was consistent with those of
multiple studies that reported clinically non-signif-
icant differences between conventional and digital
models and supported the clinical use of computer

7,10-12)

digital models

For example, a similar study by Sfondrini et al.”?

compared measurements obtained via the conven-
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tional model with those obtained via digital models
analyzed using Ortho Analyzer software, identi-
fying no significant differences in the upper and
lower arch measurements, nor in the ICW and IMW
between the two models. Another similar study by
Murugesan and Sivakumar'’ did not report any
significant variations in the measurements obtained
from conventional and digital methods and argued
that both model types are clinically reliable in dental
practice, and offer accurate measurements. Another
study by Tomita et al.” compared the accuracy of
measurements between four groups, i.e., the conven-
tional group, and three other experimental groups
including the alginate, silicone, and intraoral scan-
ning groups. The study reported no statistical dif-
ferences between the measurements among the four
groups. Though Ender and Mehl'” reported higher
accuracy of conventional impression scans to obtain
full-arch digital models compared to that of direct
digital impression scans, the differences were not
significant. Moreover, Schlenz et al.” reported sig-
nificant differences between conventional and digital
models, with digital models showing superior per-
formance and accuracy over conventional models.
As for the Bolton analysis measurements, our
study reported no significant difference between
Bolton ratio 6 and 12 among the manual, LS, and DS
groups (Table 5). This was supported by Kim and
Lagravére'”, who compared Bolton analysis mea-
surements and reported the accurate and consistent
performance of digital models in Bolton analyses.
Conversely, Lee and Park' used alginate impres-
sions for their plaster models and two intraoral scan-
ners (TRIOS and iTero scanners) to analyze the mea-
surements from their digital model, identifying an
overall deviation of 0.10 mm between conventional
alginate impressions and in vivo intraoral scans of the
full dental arch. Moreover, Schlenz et al."” reported
challenges regarding tooth measurements among
periodontal compromised patients and emphasized
the importance of considering the challenging aspect

pertaining to impression taking as these patients
usually have numerous undercuts and extensive in-
terdental areas.

Furthermore, Lim et al.'” considered the involve-
ment of different dental restorative materials to mea-
sure the accuracy and differences between intraoral
scanning impressions and conventional impression
groups. The two groups had similar accuracy when
it came to non-metallic crowns; however, significant
differences were noted between the groups when
metallic crowns were utilized. Hence, the study
argued the importance of considering the restora-
tion material already placed in the oral cavity when
choosing an impression method.

Another important factor for consideration is the
effect of lighting conditions on the accuracy and pre-
cision of the impressions obtained via digital models.
According to Revilla-Ledn et al.”, the precision and
accuracy significantly differs between digital impres-
sions obtained under different lighting conditions.
The study argued that different intraoral scanners
require different digital impressions, and recom-
mended the use of the appropriate ambient lighting
conditions that match the intraoral scanning method
selected to avoid distortion to the precision and ac-
curacy of the scans taken.

Regarding the strengths and limitations, the cur-
rent study adds to the literature by supporting the
findings from previous studies that reported digital
models and measurements as acceptable tools in
dental practices as replacements for the conventional
plaster model. Regarding the study limitations, the
study had a relatively small sample size and a non-
diverse study sample. There was no difference be-
tween groups in all the TS, ICW, IMW, and Bolton
values in this study, but this may be due to the very
small sample size. In addition, since this study was
conducted on patients after orthodontic treatment to
exclude factors other than the measurement method,
such as crowding or rotation at the time of TS mea-

surement, it is expected that patients randomly re-
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cruited will show significant differences in TS values
between groups'”.

Therefore, future studies must include a larger
sample size, and a more diverse study sample, with
the utilization of more different digital software
and intraoral scanning tools available to support
the movement toward the use of digital models.
Furthermore, specific attention must be given when
measuring patients with specific conditions such as
crowding and rotation of the tooth, and the type of
restoration material that exists in the oral cavity, as

these may contribute to the variations in findings.

Conclusion

After the development of computer-aided design
and computer-aided manufacturing systems, espe-
cially intraoral scanners, digital models have become
increasingly important and were successful in pro-
ducing dental impressions that have high accuracy
similar to the dental impressions obtained via con-
ventional methods. Most of the literature supports
the use of digital models and measurements as ac-
ceptable tools in dental practices that can replace the
conventional plaster model. Our study also supports
this fact as no significant differences were reported
between the TS, the ICW and IMW, and the Bolton
analysis through the conventional and two digital
groups. Measurements of TS, arch width, and Bolton
analysis produced from digital models have shown
acceptable clinical validity.
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