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Objectives Repeatability and accuracy of measurements made on cone-beam computed tomography (CBCT) images are 
critical in dental practice especially in implantology. The aim of this study was to investigate the reproducibility of linear 
measurements made on reconstructed CBCT images. 
Methods In this in vitro, experimental study, 5 radiopaque markers were attached to the molars (left and right side), 
premolars (left and right side) and midline areas of 10 human cadaver dry mandibles. The distance between the 
markers and the lower border of the mandible was measured by a digital caliper and considered as the gold standard. 
CBCT images were taken, and the distance between the markers and the lower mandibular border was measured on 
cross-sectional images by three maxillofacial radiologists using Romexis software. The same measurements were made 
1 month later to assess the reproducibility of measurements. The intra-class correlation coefficient was calculated to 
assess the repeatability and agreement between the observers. 
Results Compared with the gold standard, the mean error percentage in linear measurements was calculated to be 
3.25%. The overall reproducibility of CBCT linear measurements was 0.865. The inter-observer agreement was 
calculated to be 0.972.  
Conclusion CBCT showed acceptable accuracy, repeatability and reliability for linear measurements, and can be used as 
an accurate tool for this purpose. 
 Keywords Reproducibility of Results; Image Processing, Computer-Assisted; Cone-Beam Computed Tomography 

 

Introduction 

Radiographic evaluation is an important part of implant 

treatment planning. Imaging provides valuable information 

about the supporting bone quality and quantity, and 

anatomical structures, as well as the position of the 

mandibular canal and maxillary sinuses 
1-3

. The standard 

process of implant treatment planning starts with clinical 

evaluation and two-dimensional imaging 
4
, but two-

dimensional information is not typically adequate to 

accurately show three-dimensional (3D) structures. 

Nowadays, cone-beam computed tomography (CBCT) is 

the choice for three-dimensional evaluations before implant 

surgery 
5-10

. For placement of dental implants, the surgeons 

mostly rely on 3D CBCT images and choose proper fixture 

size based on CBCT measurements 
11, 12

. However, due to 

variations in preforming the measurements on CBCT 

images, it is necessary to evaluate the accuracy and 

repeatability of these measurements 
12

. The operator adjusts 

the occlusal plane of the sagittal image horizontally, and 

determines a series of sequential dots on a selected axial 

scan. The operator usually connects the dots and develops a 

customized arch for each jaw in the CBCT software. A 

series of perpendicular lines to this arch are generated by a 

computer program with constant intervals. Cross-sectional 

reconstructions are made at the location of these lines. 

Different operators may change the head image tilt and 

draw the arch in their own way. These variations may 

influence the reproducibility of the technique when linear 

measurements are performed. The aim of this study was to 

determine the reproducibility of linear alveolar 

measurements made on reconstructed cross-sectional CBCT 

images.  

 

Materials and Methods 

The study was performed at the Department of 

Dentomaxillofacial Radiology, Faculty of Dentistry and 

approved by the Ethics Committee of Tehran University of 

Medical Sciences (IR.TUMS.VCR.REC.1395.357). 

Five radiopaque mammographic markers, each measuring 1 

mm in diameter, were attached to first molars, first 

premolars and midline areas of 10 dry mandibles (Figure 1). 
 

 

Figure 1- Dry human mandible in CBCT scanner 

 

The distance between the center of the markers and the 

lower border of the mandible was measured by a digital 

caliper (SN: 67646993; Mitutoyo, Tokyo, Japan) with 0.001 

mm accuracy to serve as the gold standard. CBCT images 
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were obtained by Alphard (Asahi, Japan) CBCT scanner in 

I mode with the exposure settings of 80 kVp and 4 mA. 

DICOM data were imported to Romexis software version 

2.9.2 (Planmeca, Finland). Three dentomaxillofacial 

radiologists adjusted the mandibular tilt horizontally and 

traced the panoramic arch in the software. The 

measurements were made by three observers independently 

(Figure 2).  

 

Figure 2- Multiplan reconstructions of CBCT data: Radiographic 

markers are seen on the bone 
 

Mandibular plane adjustments, panoramic reconstructions 

and measurements were repeated 1 month later. The 

percentage of error was determined for each case 
13

. Intra-

class correlation coefficient (ICC) was calculated to 

determine the intra and inter-observer reliability. The ICC 

value more than 0.75 was considered as good reliability and 

P-values >0.05 were considered significant. Negative 

values represented underestimation. 

 

Results 

The dimensions were compared to direct measurements 

made on the samples. The percentage of error of 

measurements is shown in Table 1. The maximum and 

minimum errors were recorded at the right premolar 

(5.15%) and left molar (1.1%) areas, respectively. The 

mean percentage of errors was calculated to be 3.25%. The 

intra-observer reliability according to the ICC is shown in 

Table 2. The maximum and minimum values were recorded 

at the left molar (0.987) and right premolar (0.938) areas, 

respectively (P<0.001). The mean intraobserver reliability 

was calculated to be 0.96. The inter-observer reliability 

according to the ICC is presented in Table 3.  

Table 1- Measurements made by the observers (mm) at the first and second observations in different regions of the mandible 

Region 
Gold 

standard 

Observer 1 Observer 2 Observer 3 

First stage Second stage First stage Second stage First stage Second stage 

Left molar 24.9±2.4 25.1±2.3 25.3±2.6 24.6±2.7 24.5±2.7 24.8±2.5 24.8±2.4 

Left premolar 26.2±2.8 25.4±2.6 26.1±2.8 25.4±2.6 25.1±2.5 25.3±2.5 25.2±2.6 

Midline  23.6±2.2 22.9±2.2 23.4±2.2 22.8±2.4 22.5±2.2 22.6±2.1 22.7±2.2 

Right premolar 25.7±2 24.6±2 25.5±2 24.1±2.3 23.9±2.3 24.2±2.4 24.2±2.4 

Right molar 26.1±1.7 25.5±2.0 26.3±2.3 25.2±2.4 25.1±2.4 25.2±2.0 25.1±2.1 

 

The maximum and minimum values were recorded at the left 

molar (0.989) and right premolar (0.942) areas, respectively 

(P<0.001). the mean inter-observer reliability was calculated 

to be 0.972.  

Figure 3 shows the Bland-Altman plot of the correlation 

between the observers’ measurements and the gold standard 

values in the first observation (Figure 3). 

. 
 

 

 

 

Table 3- Interobserver agreement in CBCT linear measurements 

Region ICC Confidence interval P value 

Left molar 0.989 0.974-0.997 <0.001 

Left premolar 0.959 0.901-0.988 <0.001 

Midline 0.988 0.971-0.997 <0.001 

Right premolar 0.942  0.860-0.983 <0.001 

Right molar 0.981 0.954-0.995 <0.001 

Mean 0.972 0.860-0.997 <0.001 

Table 2- Error percentage of measurements made by the observers in the first and second observations 

Region 

Observer 1 Observer 2 Observer 3 

Average First 

stage 

Second 

stage 
First stage 

Second 

stage 

First 

stage 

Second 

stage 

Left molar -0.48 -1.61 1.36 1.92 0.48 0.72 1.1 

Left premolar 3.2 0.22 3.09 4.15 3.31 3.62 2.93 

Midline  2.98 0.96 3.71 4.98 4.34 4.00 3.5 

Right premolar 4.3 1.02 6.35 7.12 5.96 6.15 5.15 

Right molar 2.2 -0.83 3.35 3.66 3.28 3.58 3.58 
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Figure 3- Bland-Altman plot showing correlations between the observers' measurements and the gold standard values at the first observation 

 

Discussion 

 

Linear measurements are among the most popular 

applications of CBCT images. Many clinicians utilize 

images to detect anatomical structures and measure the 

bone thickness and height before the surgical procedures. 

Therefore, any inaccuracy in measurements may alter the 

surgical plan erroneously. Although the accuracy and 

reliability of CBCT have been evaluated in different 

studies, in this study, the reliability of CBCT was evaluated 

regarding panoramic reconstruction prior to cross-sectional 

image reconstruction of the alveolar ridge. 

To have a trustworthy gold standard, dry mandibles were 

used as samples in this study. Although, patient evaluations 

are more generalizable to clinical situations, motion blur, 

metal artifacts, and soft tissue attenuation may harshly 

affect the results. Furthermore, direct measurement of bone 

during surgical procedures is almost impossible because of 

bleeding and infection control problems. Furthermore, we 

used radiopaque mammographic markers as reference 

points on the bone in this study. For sure, such accurate 

marking is impossible during surgical procedures 
14

. 

According to the results, the mean error rate was minimal in 

different regions, 1.1% in the first molar to 5.15% in 

premolar regions. The overall accuracy of the procedure 

was calculated to be 96.75%.  Accordingly, the technique 

could be evaluated as highly accurate. Fourie et al. 
15

 

reported high accuracy for surface soft tissue models of 

CBCT images, which was consistent with the results of this 

study. Ghafari and Mokhtari 
16

 evaluated the effect of 

position of the mandible during image acquisition on 

reliability of CBCT linear measurements. They reported 

less than 10% underestimation in the majority of cases 

before and less than 8% underestimation after tilt correction 

by the software. Keatmanee et al. 
17

 used a segmentation 

procedure named adaptive diffusion flow active contour 

model to evaluate bone dimensions, and found it to be more 

accurate than the conventional measurements. This method 

had significantly improved insertion accuracy for dental 

implants. Flores-Mir et al. 
18

 reported 4% underestimation 

in CBCT measurements, which was consistent with the 

results of the present study. Safi et al. 
19

 evaluated the 

accuracy and inter- and intra-observer reliability of linear 

measurements made by radiologists and periodontists. They 

found the observers’ experience to be the most important 

factor in reliability. More accurate localization of 

anatomical landmarks and boundaries positively affected 

the results. The CBCT accuracy was not 100% in any study. 

Safi and colleagues believed that inaccuracy was due to 

voxel extension and the fact that the observers might 

include different parts of a voxel in the measurement
19

.  

In the present study, the highest repeatability was seen in 

the left molar (0.987), left premolar (0.985) and central 

regions (0.983). The lowest repeatability was seen in the 

right premolar area (0.938). The mean repeatability of 

CBCT linear measurements was calculated to be 0.865 

(P<0.001).  Fourie et al. 
15

 reported that CBCT linear 

measurements of soft tissue surface model were even more 

repeatable than anthropometric measurements. According to 

Safi et al, 
19

 and the present study, the repeatability of 

optimized CBCT images is excellent.  

In this study, the highest external agreement was found in 

the left molar (0.989), midline (0.988), and right molar 

(0.981) regions. The lowest external agreement was 

obtained in the right premolar region (0.942). The mean 

external agreement in CBCT linear measurements was 

excellent (0.972) (P <0.001). Moshfeghi et al. 
20

 found   

high inter- and intra-observer reliability even with different 

voxel sizes. Ghaffari and Mokhtari 
16

 reported high inter- 

and intra-observer agreements in linear measurements 

before and after tilt correction. Safi and colleagues 
19

 

reported almost complete inter and intra-observer 

agreements. They concluded that the observer’s experience 

and skills are the most important factors concerning inter 
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and intra-observer agreements. 

 

 

Conclusion 

According to the results, it seems that CBCT linear 

measurements are highly accurate and reliable, and 

redrawing the panoramic line at different times does not 

significantly impair the repeatability of linear 

measurements. 
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