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Abstract

Objectives To develop a 3D cone-beam computed to-

mography (CBCT) method (CBCT method) for determin-

ing tooth sizes and arch dimensions and to compare the

accuracy and reproducibility of that method with those of a

previously described 3D segmented CBCT method (CBCT

seg. method) and a 2D digital method.

Methods Plaster study models and CBCT images were

available for 34 patients. For the first method, the plaster

study casts were digitalized and measured using the 2D

digital method. For the second method, CBCT seg. method,

the CBCT images were sent in DICOM format to

InVivoDental� Company for segmentation and conversion

into three-dimensional images of the models. For the third

method, CBCT method, axial cuts were performed on the

CBCT images, and tooth sizes and arch dimensions were

measured using Anatomage� software.

Results Significant differences were found between the

tooth size measurements obtained with the 3D CBCT

method and the 2D digital method, but not for the inter-

canine width, intermolar width, and arch length. There

were no significant differences between the measurements

obtained with the CBCT seg. method and the 2D digital

method.

Conclusions A 3D CBCT method has been developed. It

presented good accuracy for the intercanine width, inter-

molar width, and arch length, but not for the mesiodistal

tooth sizes. Model segmentation will be necessary for

measurements of tooth size.
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Introduction

Cone-beam computed tomography (CBCT) represents a

great advance for orthodontic diagnosis. However, because

of the high radiation associated with conventional tomog-

raphy (CT), it has never been used for orthodontic diag-

nosis in our clinical practice. In addition, two-dimensional

(2D) radiographs cannot provide us with the same infor-

mation as CBCT scans. With CBCT we can not only obtain

three-dimensional (3D) craniofacial images, but also 3D

images of teeth that can then be measured.

Craniofacial parameter measurements obtained by

CBCT have already been reported in the literature.

Some authors found differences between the parameters

measured using conventional radiographs and those

measured using CBCT, although the differences were

not clinically significant [1–4]. Periago et al. [5] found

that the differences between CBCT and 2D radiographs

in the skull were\2 mm in most cases. Their results are

similar to the findings of Lagravere et al. [6] and

Ballrick et al. [7], who found differences of \1 and

0.1 mm, respectively.

In studies comparing CBCT with direct measurements

on real skulls, Damstra et al. [8] found no differences,

while Baumgaertel et al. [9] observed a slight underesti-

mation. Another study compared CBCT images with
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periapical radiographs and found differences between these

modalities, although CBCT scans were at least as accurate

and reliable as periapical radiographs [10].

Two previous studies have been undertaken on patients

to compare measurements on CBCT images using the

InVivoDental� program (segmentations from images) with

digital plaster models, and found no significant differences

for tooth measurements [11, 12]. The only disadvantage of

the InVivoDental� program, which provides segmentations

from CBCT images to obtain 3D digital models, is that it

involves a high cost for clinicians.

The aims of this study were (1) to develop a 3D CBCT

method for determining mesiodistal tooth sizes, intercanine

width, intermolar width, and arch length; (2) to compare

the accuracy and reproducibility of this method and the 3D

segmented CBCT method (CBCT seg. method) with a 2D

digital method; and (3) to assess the need for making

segmentations from CBCT images to obtain 3D digital

models.

Materials and methods

This study was approved by the Ethics Committee on

Human Research of the University of Valencia, Spain.

Thirty-four patients at the Orthodontics Department of the

Faculty of Dentistry (University of Valencia, Valencia,

Spain) were randomly selected (age range

10.6–51.4 years). A CBCT scan and plaster study models

were available for all of these patients as part of their

orthodontic records.

The inclusion criteria were as follows: (1) permanent

dentition from the first permanent molar; (2) absence of

anomalies in the number, size, and dental shape; (3) good

quality of study models; and (4) absence of large restora-

tions or presence of prostheses.

The observers were blinded to any information of

identity, medical history, and sample group for each sub-

ject evaluated. Points were located by the observers, who

had extensive experience in interpreting CBCT scans and

dental images, using the same standardized method.

2D digital method

A 2D digital method, designed at the University of Va-

lencia, Spain, was used as a gold standard, because its

accuracy and reproducibility for measuring plaster study

models have previously been confirmed by several studies

[13–16]. Through this method, using a conventional scan-

ner and conventional plaster models, we obtained a 2D

image of each dental arch. The 2D images were stored in a

computer and analyzed using measurement software (Or-

todig; University of Valencia, Valencia, Spain) (Fig. 1).

The software helped us to mark the points for the me-

siodistal sizes of each tooth, intercanine width, intermolar

width, and arch length, on the images of the casts. Finally,

the software designed for this purpose automatically de-

termined the dental sizes in millimeters from these data.

Fig. 1 Measurement of mesiodistal tooth sizes (TS) using three methods: digital method, CBCT seg. method, and CBCT method
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3D CBCT segmented method

The second method evaluated was the 3D CBCT seg.

method. The CBCT scanner used was a Dental Picasso

Master 3D� (EWOO Technology, Seoul, Republic of

Korea). The patients were scanned in full occlusion to al-

low use of the images for cephalometric purposes. The

slice thickness was 0.1 mm and the scanning angle covered

was 360�, thus generating a large number of slice images.

The voxel size was 0.4 mm, the tube voltage range was

40–90 kV, and the intensity range was 2–10 mA. The

computer software used to analyze the 3D images was the

InVivoDental� program (Anatomage�; InVivoDental�

Company, San Jose, CA, USA). CBCT images in DICOM

format were safely sent to the website of InVivoDental�

Company for segmentation and conversion into three-di-

mensional images of the models (Fig. 1). This allowed use

of the CBCT seg. method.

3D CBCT method

For the 3D CBCT method, axial cuts were performed on

the CBCT images at the level of the incisal edges and

occlusal surfaces of the maxillary and mandibular teeth

(Fig. 1).

Measurements

We proceeded to undertake measurements using the three

measurement methods (2D digital method, CBCT seg.

method, and CBCT method). The measurements taken

were as follows:

1. Mesiodistal tooth sizes (TS): these sizes corresponded

to the maximum width and distance between the

mesial and distal anatomical contact points. The

second and third molars, both upper and lower, were

excluded.

2. Intercanine width (ICW): this width was defined as the

linear distance between the cusp tips of both canines or

the center of wear facets, should they be present, in

both the maxilla and the mandible.

3. Intermolar width (IMW): this width was defined as the

maximum distance between the vestibular surfaces of

the first permanent molars on one or other side of the

arch, both upper and lower.

4. Arch length (AL): this length was defined as a line

passing through the ideal points of contact of each

tooth, and was obtained by joining the most mesial and

distal points of each tooth selected, from the mesial

side of the first molar to the mesial side of the

contralateral molar, in the maxilla and the mandible.

This measurement was based on a subjectively

assessed ideal arch.

Statistical analysis

The reproducibility of the methods was analyzed by de-

termining intraobserver and interobserver measurement

errors, which were calculated as coefficients of variation

(CVs). These CVs (CV = SD 9 100/mean) were ex-

pressed as percentages (%). To estimate the measurement

errors and assess intraobserver reproducibility, the princi-

pal observer made a second measurement using both

methods on a subsample of 20 randomly selected CBCT

images (600 measurements) at an interval of 1 week after

the first measurement. To estimate interobserver repro-

ducibility, a second observer made the same measurements

on these 20 CBCT images at the same interval of 1 week

after the first measurement. This second observer, who had

the same extensive experience in interpreting CBCT scans

and dental images as the main observer, performed the

same procedures to calculate the errors of the three

methods.

All data from the samples and for the three methods

were checked using the Kolmogorov–Smirnov test to de-

termine whether they followed a normal distribution, and

the significance for each variable under analysis was ob-

tained. The resulting data showed that all of the variables

followed a normal distribution, with significance values

ranging from 0.144 to 0.999.

To compare mean values, a paired Student’s t test was

used. The correlations between the variables for the three

methods were determined using Pearson’s correlation co-

efficients, with estimations of the slope and ordinate at the

origin and their respective 95 % confidence intervals.

The discrepancies among the three methods were

assessed by calculating the differences between the mean

values of a measurement taken using the three methods,

and expressed as percentages.

All statistical analyses were performed with a standard

statistical software package (SPSS v.15.0; SPSS Inc., Ar-

monk, NY, USA).

Results

The CVs for the intraobserver and interobserver errors for

the digital method, CBCT seg. method, and CBCT method

are shown in Table 1. The ANOVAs revealed differences

between the three methods. Specifically, there were sig-

nificant differences between the CBCT method and the

digital method and between the CBCT method and CBCT
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seg. method. The ANOVA produced values of p\ 0.005,

with the CBCT method having clearly different mean

values compared with the other two more homogeneous

methods.

Table 2 shows the TS, ICW, IMW, and AL data as

means and SDs, respectively, for the three methods, as well

as comparisons of the CBCT method and CBCT seg.

method with the digital method.

Table 3 shows the mean differences, SDs, discrepancies,

and p values in the determination of the TS, ICW, IMW,

and AL measurements between two methods: CBCT

method vs. digital method and CBCT seg. method vs.

digital method. Significant differences (p B 0.05) are

marked in grey.

Table 4 shows the slopes and ordinates at origin (95 %

CI) and the correlation coefficients for the regression

analysis in each group for the CBCT method and the CBCT

seg. method relative to the 2D digital method, respectively.

The measurements that included a 0 in the ordinate at the

origin and a 1 in the slope are highlighted in grey.

Discussion

Both plaster and digital (2D) study models have been im-

portant diagnostic tools for drawing up a suitable treatment

plan for a long time, while three-dimensional models have

become valuable in recent years. The measurements that

we normally carry out on these models were used in our

study to check whether the measurements undertaken by

the CBCT method and the CBCT seg. method were as

reliable as those taken by the 2D digital method (gold

standard).

The reproducibility of dental measurements in the

CBCT seg. method has been proven, as the digital method

and CBCT seg. method have similar CVs, with the CVs of

the CBCT seg. method being slightly higher.

We found some studies in the literature that compared

the CBCT seg. method with the digital method. Our results

are consistent with the studies of Lagravere et al. [6],

Ballrick et al. [7], Baumgaertel et al. [9], Tarazona et al.

[12], and Liu et al. [17]. The CVs for the CBCT Method

were slightly higher than those for the other two methods.

The interobserver CVs were slightly higher than the in-

traobserver CVs in all of the measurements for both CBCT

methods. These discrepancies possibly arose because the

second observer was less experienced than the first ob-

server, when it came to locating the different points.

In our study, we checked the accuracy of dental mea-

surements in humans. On comparing the measurements

obtained by the CBCT seg. method and the same mea-

surements obtained by the digital method, we observed that

the measurements obtained with the two methods were

equal, with significant differences only existing for the

mesiodistal size of the first upper left molar size and for the

upper IMW (Table 3). The adjustment line comparing

these two methods (Fig. 2a) showed that all of the mea-

surements analyzed were close to the bisection and that the

estimated line perfectly overlapped the main diagonal.

However, in addition to the individual measurements, we

analyzed the confidence intervals of the slope and ordinate

at the origin (Table 4). To consider that the two measure-

ment methods are comparable, the correlation coefficients

must be high and the confidence intervals of the slope and

ordinate at the origin must contain 1 and 0, respectively.

This ensures that there are no systemic differences in the

measurements (which would occur if the confidence level

of the ordinate did not contain 0) and that an increase in the

size of the object measured would represent the same in-

crease in the two measurement methods (which would not

occur if the confidence level of the slope did not contain 1).

In this case, all of the measurements (TS, ICW, IMW,

and AL) fulfilled the requirements for the above situation.

Therefore, we can state that the CBCT seg. method is ac-

curate for measuring TS, ICW, IMW, and AL. These re-

sults coincide with those of Tarazona et al. [12].

Second, on comparing the data obtained with the CBCT

method and the digital method, we observed that in this

case, there were more significant differences than in the

previous case, because there were differences between the

upper incisors (central and lateral) and upper and lower

canines, and in the AL, lower ICW, and IMW (Table 3).

The adjustment line comparing the CBCT method and the

digital method (Fig. 2b) showed that all of the measure-

ments analyzed were close to the bisection, but in a more

dispersed way than before. The regression lines did not

perfectly overlap the main diagonal of the quadrant,

although the ordinate at the origin and the slope included 0

Table 1 Intraobserver and interobserver measurement errors calcu-

lated by the coefficients of variation (CVs) of the three methods: 2D

digital method (2D digital), 3D CBCT segmented method (3D CBCT

seg.), and 3D CBCT method (3D CBCT)

2D digital 3D CBCT seg. 3D CBCT

Intraobserver

TS 1.6 1.8 2.4

ICW 0.82 1.6 1.32

IMW 0.97 1.1 1.08

AL 0.44 0.7 0.98

Interobserver

TS 2.63 2.77 3.96

ICW 1.07 1.93 2.74

IMW 1.39 1.82 2.17

AL 1.34 1.04 1.13

Values are mean CV (%)
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and 1 for all measurements (ICW, IMW, and AL) except

for the TS (Table 4). Therefore, we can say that the CBCT

method is not as accurate for measuring mesiodistal tooth

sizes as the CBCT seg. method, perhaps because of the

clearer visibility of the tooth outlines in the latter method

compared with the former method.

Our results suggest that 3D CBCT seg. method measure-

ments provide us with much more information than the 2D

digital method. We can measure not only teeth that have

already erupted, but also teeth that have not erupted at all.

Moreover, we can more accurately measure cases with

crowding teeth, and reliably measure all teeth. In conclusion:

1. An easy and fast 3D CBCT method has been

developed to determine mesiodistal tooth sizes, inter-

canine width, intermolar width, and arch length.

2. This method presented good intraobserver and inter-

observer reproducibilities.

3. The CBCT seg. method presented great accuracy

regarding mesiodistal tooth sizes, intercanine width,

intermolar width, and arch length compared with the

2D digital method, while the CBCT method presented

good accuracy only for the intercanine width, inter-

molar width, and arch length, but not for the

mesiodistal tooth sizes.

Table 2 Mesiodistal tooth sizes

(TS), intercanine width (ICW),

intermolar width (IMW), and

arch length (AL) mean values

(mm) and SDs for the three

methods and F-ANOVA results

for homogeneity between the

mean values

2D digital 3D CBCT seg. 3D CBCT F-ANOVA

Mean (mm) SD Mean (mm) SD Mean (mm) SD p value

Upper

16 10.11 0.61 10.11 0.59 10.25 0.47 0.261

15 6.93 0.74 6.91 0.71 6.76 0.39 0.187

14 6.91 0.55 6.87 0.51 6.85 0.41 0.595

13 7.38 0.69 7.39 0.66 7.67 0.35 0.040

12 6.82 0.67 6.72 0.63 6.59 0.49 0.071

11 8.46 0.56 8.48 0.53 8.73 0.42 0.001

21 8.41 0.70 8.49 0.57 8.78 0.46 0.001

22 6.79 0.69 6.74 0.70 6.51 0.42 0.007

23 7.40 0.63 7.44 0.63 7.69 0.36 0.018

24 6.82 0.52 6.80 0.48 6.88 0.39 0.394

25 6.87 0.77 6.78 0.68 6.70 0.39 0.358

26 10.45 0.69 10.38 0.64 10.20 0.49 0.120

ICW 33.68 3.34 33.71 3.00 33.93 2.44 0.675

IMW 53.97 4.20 54.33 4.05 54.67 3.49 0.215

AL 74.95 6.37 75.12 6.20 77.57 6.51 0.001

Lower

36 10.93 0.73 10.88 0.65 10.84 0.49 0.475

35 7.37 0.69 7.36 0.69 7.16 0.77 0.101

34 6.94 0.49 6.91 0.46 6.82 0.37 0.292

33 6.65 0.64 6.66 0.61 7.06 0.37 0.001

32 5.94 0.42 5.92 0.44 5.80 0.31 0.182

31 5.43 0.37 5.43 0.35 5.48 0.32 0.450

41 5.46 0.38 5.47 0.43 5.53 0.36 0.453

42 5.85 0.51 5.81 0.56 5.85 0.31 0.727

43 6.65 0.59 6.64 0.57 7.07 0.33 \0.001

44 7.07 0.54 7.03 0.56 6.89 0.40 0.136

45 7.37 0.90 7.36 0.88 7.15 0.63 0.061

46 10.93 0.80 10.93 0.77 10.88 0.44 0.726

ICW 25.89 2.77 25.90 2.75 26.97 2.13 0.003

IMW 51.79 4.20 52.10 4.13 53.32 3.48 0.009

AL 64.30 5.25 64.31 5.53 67.62 6.32 \0.001

Significant differences (p B 0.05) are shown in italics
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Table 3 Mean differences

(mm), SDs, discrepancies (%),

and p values in the

determination of TS, ICW,

IMW, and AL between two

methods: CBCT vs. digital and

CBCT seg. vs. digital

CBCT vs. digital CBCT seg. vs. digital

Mean diff. SD % p value Mean diff. SD % p value

Upper

16 0.14 0.69 1.37 0.252 -0.01 0.14 0.06 0.799

15 -0.17 0.69 2.43 0.166 0.03 0.14 0.36 0.303

14 -0.06 0.54 0.81 0.548 0.04 0.13 0.58 0.085

13 0.29 0.82 3.96 0.046 -0.01 0.21 0.12 0.815

12 -0.23 0.63 3.42 0.038 0.10 0.53 1.51 0.271

11 0.27 0.48 3.20 0.002 -0.01 0.13 0.17 0.546

21 0.37 0.63 4.36 0.002 -0.08 0.42 0.97 0.257

22 -0.28 0.56 4.13 0.006 0.05 0.35 0.71 0.429

23 0.30 0.69 3.99 0.017 -0.04 0.26 0.60 0.317

24 0.06 0.51 0.86 0.509 0.02 0.08 0.35 0.098

25 -0.16 0.76 2.36 0.219 0.09 0.50 1.31 0.313

26 -0.25 0.82 2.39 0.085 0.08 0.13 0.74 0.002

ICW 0.25 3.18 0.74 0.651 -0.03 0.77 0.09 0.824

IMW 0.70 2.82 1.29 0.159 -0.36 0.64 0.66 0.003

AL 2.62 4.37 3.49 0.001 -0.17 1.40 0.23 0.475

Lower

36 -0.09 0.65 0.82 0.428 0.05 0.15 0.44 0.072

35 -0.21 0.69 2.80 0.092 0.01 0.09 0.12 0.584

34 -0.11 0.58 1.64 0.257 0.03 0.09 0.36 0.125

33 0.41 0.66 6.17 0.001 0.00 0.11 0.04 0.885

32 -0.14 0.54 2.29 0.153 0.02 0.08 0.39 0.117

31 0.06 0.37 1.05 0.370 -0.01 0.15 0.16 0.735

41 0.07 0.45 1.28 0.372 -0.01 0.15 0.12 0.796

42 -0.01 0.54 0.15 0.925 0.04 0.17 0.72 0.151

43 0.42 0.58 6.28 0.000 0.01 0.08 0.09 0.686

44 -0.18 0.60 2.48 0.098 0.04 0.12 0.56 0.071

45 -0.22 0.64 3.01 0.051 0.02 0.10 0.22 0.364

46 -0.05 0.80 0.47 0.709 0.01 0.09 0.06 0.687

ICW 3.32 4.70 5.17 0.000 -0.01 1.16 0.02 0.946

IMW 1.53 3.10 2.95 0.007 -0.30 1.02 0.58 0.097

AL 1.53 3.10 2.95 0.007 -0.30 1.02 0.58 0.097

Significant differences (p B 0.05) are shown in italics

Table 4 Slope and ordinate at

origin, 95 % confidence

intervals (CI), and correlation

coefficients (r Pearson) for the

regression analyses of TS, ICW,

IMW, and AL for CBCT

method vs. digital method and

CBCT seg. method vs. digital

method

Arch Slope [95 % CI] Ordinate [95 % CI] r Pearson

CBCT vs. digital

Upper TS 0.859 [0.813–0.905] 1.121 [0.759–1.483] 0.878

ICW, IMW, AL 1.029 [0.988–1.070] -0.383 [-2.696–1.929] 0.981

Lower TS 0.902 [0.871–0.933] 0.702 [0.470–0.934] 0.943

ICW, IMW, AL 1.030 [0.988–1.072] 0.554 [-1.556–2.664] 0.979

CBCT seg. vs. digital

Upper TS 0.983 [0.963–1.003] 0.153 [-0.008–0.314] 0.978

ICW, IMW, AL 0.998 [0.987–1.009] -0.088 [-0.727–0.551] 0.998

Lower TS 1.003 [0.997–1.010] -0.008 [-0.054–0.039] 0.998

ICW, IMW, AL 0.995 [0.984–1.006] 0.124 [-0.438–0.686] 0.998
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4. Segmentation from the CBCT images is necessary for

measuring tooth sizes, since the measurements on the

axial cuts from the CBCT images (CBCT method)

were not sufficiently accurate.
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et al. Virtual model analysis as an alternative approach to plaster

model analysis: reliability and validity. Eur J Orthod.

2010;32:589–95.

15. Paredes V, Gandı́a JL, Cibrián R. A new, accurate and fast digital

method to predict unerupted tooth-size. Angle Orthod.

2006;76:14–9.

16. Paulino V, Paredes V, Gandı́a JL, Cibrián R. Prediction of arch

length based on intercanine width. Eur J Orthod. 2008;30:295–8.

17. Liu Y, Olszewskib R, Alexandronic ES, Enciso R, Xue T, Mah

JK. The validity of in vivo tooth volume determinations from

cone-beam computed tomography. Angle Orthod.

2010;80:160–6.

172 Oral Radiol (2015) 31:165–172

123


	Comparative study of reproducibility and accuracy in measuring mesiodistal tooth sizes using three different methods: 2D digital, 3D CBCT, and 3D CBCT segmented
	Abstract
	Objectives
	Methods
	Results
	Conclusions

	Introduction
	Materials and methods
	2D digital method
	3D CBCT segmented method
	3D CBCT method
	Measurements
	Statistical analysis

	Results
	Discussion
	Conflict of interest
	References




