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Abstract— Cone beam computed tomography images 

are useful in clinical dentistry. Linear measurements are 
necessary for accurate treatment planning. Therefore, 
the accuracy of linear measurements on CBCT images is 
needed to be verified. Current program called stitching 
program in Kodak 9000C 3D systems automatically 
combines up to three localized volumes to construct 
larger images with small voxel size. The purpose of this 
study was to assess the accuracy of linear measurements 
from stitched and non-stitched CBCT images in 
comparison to direct measurements. This study was 
performed in 10 human dry mandibles. Gutta-percha 
rods were marked at reference points to obtain 10 
vertical and horizontal distances. Direct measurements 
by digital caliper were served as gold standard. All 
distances on CBCT images obtained by using and not 
using stitching program were measured, and compared 
with direct measurements. The intraclass correlation 
coefficients (ICC) were calculated. The ICC of direct 
measurements were 0.998 to 1.000. The ICC of 
intraobserver of both non-stitched CBCT images and 
stitched CBCT images were 1.000 indicated strong 
agreement made by a single observer. The intermethod 
ICC between direct measurements vs non-stitched 
CBCT images and direct measurements vs stitched 
CBCT images ranged from 0.972 to 1.000 and 0.967 to 
0.998, respectively. No statistically significant differences 
between direct measurements and stitched CBCT 
images or non-stitched CBCT images (P > 0.05). The 
results showed that linear measurements on non-stitched 
and stitched CBCT images were highly accurate with no 
statistical difference compared to direct measurements. 
The ICC values in non-stitched and stitched CBCT 
images and direct measurements of vertical distances 
were slightly higher than those of horizontal distances. 
This indicated that the measurements in vertical 
orientation were more accurate than those in horizontal 
orientation. However, the differences were not 
statistically significant. Stitching program in KODAK 
9000C 3D CBCT system provides images with a larger  

 
 

area which makes image analysis of the multiple areas in 
a single evaluation possible. This study found that 
stitching program is accurate for evaluation of linear 
measurements. Therefore, this program could lead to a 
more convenient and more effective treatment planning 
in many clinical applications.   
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I. INTRODUCTION 

 
Cone beam computed tomography (CBCT) is an 

advanced technique that demonstrates the interested tissue  
in three dimensions. Early CBCT scanners for dental use 
were developed by Mozzo et al.[1] and Arai et al.[2] in late 
1990s. Nowadays CBCT has become an important imaging 
method for diagnosis, treatment planning, and evaluation of 
treatment outcomes. The basic principle of CBCT is a cone-
shaped x-ray beam and detector rotation around the 
patient’s head. Cone beam computed tomography images 
are useful in clinical dentistry. Linear measurements are 
necessary for accurate treatment planning. Therefore, the 
accuracy of linear measurements on CBCT images is 
needed to be verified. Current program called stitching 
program in Kodak 9000C 3D systems automatically 
combines up to three localized volumes to construct larger 
images with small voxel size. The purpose of this study was 
to assess the accuracy of linear measurements from stitched 
and non-stitched CBCT images in comparison to direct 
measurements. 

II. MATERIALS AND METHODS 
 

A. Performed quality control of CBCT system Model Kodak 
9000C 3D 
 
B. Human dry mandibles 10 mandibles 

The human dry mandibles were lent from 
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Department of Anatomy, Faculty of Medicine Siriraj 
Hospital, Mahidol University 

Exclusion criteria of human dry mandibles  
1. The teeth had metal or filling materials. 
2. The teeth were primary dentition.  

 
C. Gutta-percha size 80 

Cut gutta-percha into 1 mm length and placed at 
1) The lingual bone at the level of superior border of 

the mental foramen on the left and right sides. 
2) The distobuccal alveolar crest of the left and right 

first molar teeth  
3) The distolingual alveolar crest of the left and right 

first molar teeth  
4) The most inferior point of the mandible on the left 

and right sides perpendicular to the gutta-percha indicated 
in no.1  

5) The labial bone at the level of superior border of 
the lingual foramen 

Placed gutta-percha rod to the following positions  
1) From the buccal alveolar bone to superior border 

of the left and right mental foramen 
2) From the lingual alveolar crest at the midline to 

superior border of the lingual foramen 
These markers make five vertical distances as 

followings from 
1) The buccal alveolar bone to superior border of the 

right mental foramen 
2) The distobuccal alveolar bone of the right first 

molar tooth perpendicular to the most inferior point of the 
mandible on the right side 

3) The buccal alveolar bone to superior border of the 
left mental foramen  

4) The distobuccal alveolar bone of the left first 
molar tooth perpendicular to the most inferior point of the 
mandible on the left side 

5) The lingual alveolar crest to superior border of the 
lingual foramen 

These markers made five horizontal distances as 
follows 

1) Bone width at the level of superior border of the 
mental foramen on the right side  

2) The distobuccal alveolar bone of the right first 
molar teeth to the distolingual alveolar bone of the right first 
molar tooth  

3) Bone width at the level of superior border of the 
mental foramen on the left side 

4) The distobuccal alveolar bone of the left first 
molar teeth to the distolingual alveolar bone of the left first 
molar tooth  

5) Bone width at the level of the superior border of 
the lingual foramen 

D. Measured all distances of the mandible directly using  
digital caliper three times on three different days, then 
averaged the measured values 
 
E. Positioned the mandible in the CBCT machine using 
 styrofoam holder 
 
F. Scanned the mandible using stitching and non-stitching 
 programs at 70 kVp, 3.2 mA 
 
G. Measured all distances on CBCT images obtained by  
using and not using stitching program three times on three 
different days, then average values 
 
H. Compare the measurements from CBCT images with 
direct measurements 
 
I. Statistical Analysis 

1) Descriptive statistic: mean, standard deviation 
(SD), mean differences was performed using Microsoft 
excels. 

2) The Intraclass Correlation Coefficients between 
direct measurements and non-stitched CBCT images, and 
between direct measurements and stitched CBCT images 
were calculated using SPSS program version 16.0. 
 
J. Ethical Consideration 

Although this study used only human dry mandibles, 
however, the ethical consideration had already been 
proposed and approved by the Ethics Committee of Faculty 
of Medicine, Chulalongkorn University and Siriraj 
Institutional Review Board (SIRB), Mahidol University. 

 
III. RESULTS 

 
The percentage errors of non-stitched and stitched 

CBCT images for each distance were calculated by  

100x
D

DD

d

md   

Where Dd  is the direct measurement and Dm  is 
distance measured from non-stitched or stitched CBCT 
images. Therefore, the positive percentage errors showed 
that distances obtained from CBCT images were shorter 
than gold standard.  

The percentage errors of non-stitched CBCT images 
and stitched CBCT images in each mandible were shown in 
Table 1 and 2, respectively.  

The intraclass correlation coefficients of 
intraobserver reliability and inter-method reliability were 
computed, and presented in Table 3 and 4, respectively 
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Table 3 showed that the intraclass correlation 
coefficients were 0.998 to 1.000 in direct measurements. All 
intraclass correlation coefficients of both non-stitched 
CBCT images and stitched CBCT images were 1.000 
indicated strong agreement between duplicated 
measurements made by a single observer.  

Table 4 revealed that the intraclass correlation 
coefficients of inter-method reliablility were 0.972 to 1.000 
in direct measurements vs non-stitched CBCT images and 
0.967 to 0.998 in direct measurements vs stitched CBCT 
images. These results showed that measurements from non-
stitched CBCT images were slightly more accurate than 
stitched CBCT images. However, there were no statistically 
significant differences between direct measurements and 
stitched CBCT images or non-stitched CBCT images (P > 
0.05). 

 
Table 1 The percentage errors between direct measurements and non- 
stitched CBCT images in each mandible 
 

 Mandible no. 

1 2 3 4 5 

Vertical    1    -2.49  1.17           0.95      1.22    0.23 

 2 1.27 0.80 1.28 4.42 0.89 

 3 0.43 -0.45 0.63 -2.58 -4.58 

 4 -0.13 5.97 2.61 1.97 0.55 

 5 1.15 0.49 2.32 0.54 1.62 

Horizontal 1 4.01 0.00 2.40 4.52 5.82 

 2 -4.20 0.01 0.63 -2.92 -10.98 

 3 1.99 0.40 1.08 10.42 4.27 

 4 -6.26 1.06 5.73 3.56 -0.30 

 5 0.52 0.76 -1.96 1.73 -4.31 

 Mandible no. 

6 7 8 9 10 

Vertical 1 2.44 1.66 0.55 0.08 -0.21 

 2 3.12 -0.07 4.18 0.14 0.21 

 3 1.04 -0.07 -0.10 -0.10 0.30 

 4 1.18 3.98 1.93 0.30 -0.42 

 5 0.83 0.29 1.40 0.36 1.43 

Horizontal 1 3.03 1.86 0.17 0.46 0.08 

 2 1.58 -0.50 -1.09 0.00 1.54 

 3 2.65 1.45 4.03 0.55 6.57 

 4 -2.30 1.60 0.98 0.18 2.07 

 5 -8.17 1.84 -3.92 0.04 -0.60 

 
 
 
 
 
 

 
 
 

Table 2 The percentage errors between direct measurements and stitched 
CBCT images in each mandible 
 

 Mandible no. 

1 2 3 4 5 

Vertical 1 -3.33 0.67 0.61 0.00 -2.54 

 2 2.27 0.65 1.41 3.64 0.65 

 3 0.09 -0.09 0.09 -5.37 -7.72 

 4 0.00 1.47 2.61 1.45 0.04 

 5 0.94 0.33 1.55 3.07 2.38 

Horizontal 1 3.21 -0.60 2.12 1.33 7.70 

 2 -2.05 0.26 0.00 -4.87 -11.35 

 3 1.16 -1.29 0.18 8.93 5.50 

 4 -7.21 1.38 5.10 2.71 -3.01 

 5 2.27 -0.86 -1.33 1.09 -5.41 

 Mandible no. 

6 7 8 9 10 

Vertical 1 2.44 2.35 1.65 0.26 0.28 

 2 2.45 -0.44 3.97 1.29 0.37 

 3 0.30 1.36 -0.97 -0.67 0.04 

 4 1.62 4.26 1.30 1.20 0.29 

 5 0.09 0.95 1.14 1.69 1.59 

Horizontal 1 2.29 1.26 0.42 4.10 0.06 

 2 2.96 0.94 -2.52 0.00 1.26 

 3 3.22 0.19 0.00 2.39 6.26 

 4 -3.30 2.03 1.74 -0.15 1.53 

 5 -8.40 1.84 -4.19 0.07 0.51 

 
Table 3 Intraobserver reliability 
 

 
 
 
 
 
 
 
 
 

Mandible 

no.

Measurements 

Direct Non-stitched    Stitched    

1 1.000 1.000 1.000 

2 1.000 1.000 1.000 

3 1.000 1.000 1.000 

4 0.998 1.000 1.000 

5 0.999 1.000 1.000 

6 1.000 1.000 1.000 

7 1.000 1.000 1.000 

8 0.999 1.000 1.000 

9 1.000 1.000 1.000 

10 1.000 1.000 1.000 
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