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Abstract 
Objectives: This study aimed to assess the effect of voxel size and object location in the 

field of view (FOV) on diagnostic accuracy of cone beam computed tomography (CBCT) 

for detection of simulated bone defects. 

Materials and Methods: In this in vitro study, bone defects were drilled in four sections of 

a dry human mandible. Bone blocks were fixed on a platform parallel to the horizontal plane 

and CBCT images were acquired using 0.2mm and 0.3mm resolutions and five locations of 

FOV (anterior, posterior, left, right and center). Three reviewers viewed the images twice 

and the presence or absence of simulated bone defects was determined in positive and 

negative cases. 

Results: Sensitivity in different locations of FOV ranged between 0.25-1.0 and 0.75-1.0 in 

low and high resolutions, respectively. These values were 0.625-1.0 and 0.69-1.0, 

respectively for specificity. Intra-observer agreements were in the range of 0.84-1.0 and 

0.75-1.0 and inter-observer agreements were in the range of 0.3-0.61 and 0.46-0.69 in high 

and low resolutions, respectively. The highest sensitivity was seen at the center of the FOV 

and with an increase in resolution from 0.3mm to 0.2mm, the sensitivity increased specially 

in the posterior region of the FOV while image resolutions and FOV locations did not affect 

specificity. 

Conclusions: The highest sensitivity values were obtained at the center of the FOV and 

lowest values were seen in images acquired in the posterior region in low resolution. 

Diagnostic accuracy improved with increased resolution. 
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INTRODUCTION 

Cone beam computed tomography (CBCT) is 

currently a valuable imaging modality with 

numerous applications in dental implant 

treatment, endodontic therapy, surgery, 

orthodontic assessment and evaluation of 

pathological lesions [1]. The effects of factors 

such as system resolution and voxel size are 

undeniable on diagnostic accuracy of images, 

and there is the possibility of using a smaller 

voxel size to increase image resolution. 

However, use of a smaller voxel size to increase 

the resolution can create noise [2], and thus, 

significant improvement in the diagnostic value 

of images may not occur. Also, the scanning time 

of objects becomes longer by increasing the 

resolution, the radiation dose increases and there 

would be higher risk of movement of patient 

during imaging [3]. 

Field of view (FOV) refers to the scan volume of 

a particular CBCT unit. A “voxel” describes the 

smallest distinguishable box-shaped part of a 

three-dimensional image. Lowering the 

resolution may reduce the quality of images, 

increase noise and artifacts, and reduce the 

amount of anatomical information of the target  
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Fig. 1: The bone blocks were scanned at five different 

areas within the field of view of the CBCT system  

A: Anterior; C: Center; L: Left; R: Right; P: Posterior 

 

areas [2]. Multiple factors such as FOV, voxel 

size and the number of basis projections and 

image artifacts significantly affect the CBCT 

image quality [4]. In most cases, larger FOV 

decreases resolution due to larger voxels in fixed 

number of pixels [5]. Previous studies have 

reported inconsistencies in CBCT measurements 

depending on the position of object within the 

FOV [6,7]. The accuracy of linear measurements 

is lower at the periphery compared to the center 

of the FOV in CBCT [8,9]. Because of the lack 

of any current protocol on selection of 

appropriate voxel size [10] and also the proper 

location within the FOV for CBCT imaging in 

dentistry, the present study was conducted to 

assess the effects of voxel size (resolution) and 

the location of bone defects in different regions 

of the FOV on diagnostic accuracy of CBCT for 

their detection. 

 

MATERIALS AND METHODS 

Four pieces of human mandible were selected 

after soft tissue removal and fixed in formalin. 

Bone defects with 1×1mm dimensions were 

drilled using high speed handpiece with a round 

bur in cortical bone. Bone blocks were then fixed 

on a platform, which was parallel to the 

horizontal plane of the CBCT unit; CBCT images 

of bone defects were obtained using Alphard-

3030 unit (Asahi Roentgen Ind. Co., Ltd., Kyoto, 

Japan) operating at 4mA, 80kVp and 17s time in 

two different resolutions and five locations in the 

FOV (Fig. 1). Bone defects were not created in  

 
Fig. 2: CBCT scan obtained with 0.2mm voxel size of a 

mandibular bone defect; (A) Center of the field of view; 

(B) Posterior region of the field of view 

the mandible of the negative (healthy bone) cases 

(a total of eight cases) and thus CBCT images 

were obtained only from healthy bone under the 

same experimental conditions (i.e. five locations 

in the FOV at both high and low resolutions). 

Locations in the FOV were center, left, right, 

anterior and posterior, and resolutions used for 

CBCT imaging included high resolution (mode I: 

0.2mm voxel size, 10×10cm FOV) and low 

resolution (mode P: 0.3mm voxel size, 15×15cm 

FOV) (Figs. 2 and 3). Three observers evaluated 

the images using the same display monitor and 

Romexis® software (Planmeca, Helsinki, 

Finland), and then information was recorded in 

the relevant forms.  

In the first session, the observers were trained to 

record the information in the relevant forms. 

Then, each sample was coded and the images 

were randomly presented to the observers. The 

ability to detect bone defects was assessed using 

a dichotomous scale (seen and not seen). The 

second session of observation was held after 10 

days. The images were coded again and 

randomly shown to the observers; the related 

information was recorded. Detection of bone 

defects (seen and not seen) was determined in 

positive cases (bone defects) and negative cases 

(healthy bone) based on the opinion of the 

observers; the frequency of observations, high 

and low resolutions, and the location of object in 

the FOV, and reported using number and 

percentage. Diagnostic indices including 

sensitivity, specificity and 95% confidence 
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Fig. 3: CBCT scan obtained with 0.3mm voxel size of a 

mandibular bone defect; (A) Center of the field of view, 

(B) Posterior region of the field of view 

 

interval were also calculated. Intra- and inter-

observer agreements for the detection of bone 

defects were calculated at different resolutions 

and locations in the FOV using the Kappa test. 

 

RESULTS 

The sensitivity, specificity and 95% confidence 

interval values are presented in Tables 1 to 3. The 

sensitivity value was higher in high-resolution 

CBCT images. The highest sensitivity was found 

in the central region in both high and low 

resolutions, which was significantly different 

from other FOV regions at 95% confidence level 

using the Wilson formula. Also, the least 

sensitivity was recorded in the posterior region of 

the FOV at low resolution and significantly 

increased by increasing the resolution (Table 1). 

Resolution of images (0.3mm and 0.2mm) and 

FOV regions had insignificant effects on the 

specificity values; because it was observed that 

the values were almost the same in all three 

observers in two resolutions and five different 

regions (Table 2). The value of inter-observer 

agreement in different FOV regions was 0.3 to 

0.69 in high-resolution images and 0.46 to 0.69 

in low-resolution images, and the lowest value 

was obtained in the posterior region in high 

resolution (0.3). The highest value was obtained 

at the center of the FOV in both resolutions 

(0.69). The intra-observer agreement coefficients 

for all groups were adequately high 

(kappa≥0.75). 

DISCUSSION 

According to the results of this study, some 

variations were observed in the diagnostic 

accuracy of CBCT for bone defect detection in 

positive and negative cases during scanning in 

different regions of the FOV. Although the 

sensitivity significantly decreased in CBCT 

images with the object in the posterior region of 

the FOV in low resolution, it increased in high 

resolution, especially in the posterior region. 

High sensitivity was observed by increasing the 

resolution of CBCT images from 0.3mm to 

0.2mm; and the values were significantly higher 

at the center of the FOV compared to other 

regions in both high and low resolutions at 95% 

confidence interval using the Wilson formula. In 

a study by Ibrahim et al, [4] in 2014 on the effects 

of different locations of object in the FOV in two 

CBCT systems, a significant difference in 

trabecular bone microstructure measurements in 

the central region was found relative to the 

peripheral areas in the FOV in NewTom system, 

but this difference was not significant in the 

Accuitomo system, which may be due to 

differences between the two systems. The 

inherent artefacts of the system and the object 

region in a limited FOV could also result in 

deviations of measurements. These factors 

increase the linear measurement values at the 

periphery compared to the central region of the 

FOV of the CBCT system [8,9]. In the current 

study, defects were observed best at the center of 

the FOV and had statistically significant 

difference with object in other regions. This may 

be because of the increased beam intensity in the 

central region. The non-uniformity of the beam 

intensity causes inconsistency in grey values 

within the CBCT FOV, in which it is relatively 

higher at the center than at the peripheral regions. 

A higher quality image can be obtained with the 

object at the center. In the current study, the 

lowest sensitivity was observed in the posterior 

region of the FOV in low resolution, which could 

be due to under-sampling from the posterior  
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Table 1: Sensitivity for detection of simulated bone defects at different object locations in the field of view (FOV) and 

two different resolutions of CBCT 

Object 

location in 

the FOV 

Observer 1 Observer 2 Observer 3 

High resolution Low resolution High resolution Low resolution High resolution Low resolution 

Anterior 1 0.75 1 0.625 0.75 0.25 

Posterior 0.75 0 0.75 0 0.875 0 

Left 0.75 0.75 1 0.625 0.75 0.75 

Right 0.875 0.625 1 0.625 1 0.75 

Center 1 1 1 1 0.875 1 

region of the FOV compared to other regions 

because of of device limitations. Variations in 

diagnostic parameters with the object in different 

regions of the FOV have also been observed in 

high-resolution peripheral CT and multislice CT 

[11]. Voxel size [12], contrast-to-noise ratio [13] 

and image artifacts are among the factors 

associated with the FOV. A small voxel size [14] 

with a small FOV [15] is generally recommended 

to improve diagnostic accuracy. Variations in the 

quality of images of bone defects in different 

FOVs and resolutions may be attributed to 

increased image artefacts particularly in smaller 

FOVs [12,13]. Also, an image with a bigger 

voxel and a higher contrast-to-noise ratio can 

have a higher resolution than an image with a 

smaller voxel and lower contrast-to-noise ratio 

[14]. Therefore, while the selection of voxel size 

depends on the nature of the diagnostic task, the 

clinician should be aware of the variations of 

resolution and selected FOV regions. Although 

CBCT has been reported as a precise technique 

for assessment and detection of bone defects, 

some limitations of the systems should be well 

acknowledged. 

Based on the results, the observer’s performance 

with regard to CBCT images taken at high 

resolution was estimated to be better than that 

with images with low resolution; thus, the 

sensitivity values improved by increasing the 

resolution of CBCT images from 0.3mm to 

0.2mm; and the frequency of correct diagnoses 

increased in both positive and negative cases.  

By rotation of X-ray beam around the patient's 

head in CBCT scanners, a cylindrical volume is 

acquired. The size of FOV is variable for 

different CBCT devices [16,17]. The selected 

FOV should provide the necessary information 

for diagnosis and treatment planning. However, 

as patients vary in size, the FOV parameter 

would be different as well. In addition, the 

selected FOV remains the most important 

scanning parameter in limiting the radiation dose 

and image quality [18]. Theoretically, more 

uniform images can be obtained in the 

maxillofacial region due to high-density 

structures. Substantial amount of scattered beams 

is produced in CBCT technique that negatively 

affects the image quality [19]. Scattered radiation 

affects low-density structures more than 

maxillofacial regions. In selected smaller FOVs, 

anatomical structures located outside the defined 

area are imaged by the detector, and since only a 

small imaging range evaluates the tissue, the 

resulting images will not be uniform [20,21]. 

Kwong et al, [22] in 2008 used 6-inch FOV and 

showed that the resultant images had the highest 

resolution and the lowest voxel size; although 

high resolution alone does not necessarily mean 

higher image quality. Different FOVs contain 

various voxel sizes and CBCT devices also vary 

in voxel size for each FOV.  
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Table 2: Specificity for detection of simulated bone defects at different object locations in the field of view (FOV) and 

two different resolutions of CBCT system 

Object 

location in 

the FOV 

Observer 1 Observer 2 Observer 3 

High resolution Low resolution High resolution Low resolution High resolution Low resolution 

Anterior 1 1 0.625 0.75 0.625 0.75 

Posterior 1 1 0.69 0.82 0.625 0.75 

Left 1 1 0.69 0.94 0.625 0.75 

Right 1 1 0.75 1 0.625 0.75 

Center 1 1 0.625 0.94 0.625 0.69 

 

Hassan et al, [12] in 2010 showed that voxels 

larger than 0.6, 0.9, or 1.2 mm in the x and y 

plane significantly reduced the visibility of 

occlusal surfaces of the teeth, interproximal 

spaces between the teeth and alveolar bone; 

whereas, the choice of larger voxels reduces the 

image noise [23]. Factors such as voxel size in 

imaging, exposure factors, various applied 

FOVs, slice thickness, imaging systems and 

detectors are effective in diagnostic results [24]. 

These parameters vary between the CBCT units 

and different imaging protocols in the same  

unit [25].  

Although short scanning time and low patient 

radiation dose are important factors in diagnostic 

imaging, risk of misdiagnosis and consequent 

complications should also be taken into account. 

In general, voxel size should be determined 

based on the severity of patient’s condition and 

treatment plan. 
 

Table 3: Mean (95% confidence interval) of simulated 
bone defects measured at different object locations in the 

field of view (FOV) and two different resolutions of the 

CBCT system 

 

Object location 

in the FOV 

High resolution 

(0.2 mm) 

Low resolution 

(0.3 mm) 

Anterior 0.82 (0.76-0.88) 0.625 (0.54-0.71) 

Posterior 0.75 (0.68-0.82) 0.02 (0-0.04) 

Left 0.875 (0.82-0.93) 0.75 (0.68-0.82) 

Right 0.875 (0.82-0.93) .625 (0.54-0.71) 

Center 0.98 (0.96-1) 0.98 (0.96-1) 

Image quality variations can be reduced or 

increased by altering the FOV, and the image 

reconstruction parameters and post-processing 

methods are studied based on the type of CBCT 

system used. The selected FOV for CBCT 

images is directly related to voxel size and affects 

the resolution and contrast. Extended FOV 

creates lower contrast and resolution compared 

to smaller FOV and thus directly affects the 

detection of anatomical structures on CBCT 

images [26]. In accordance with the results of the 

current study, FOV position seems to have little 

impact on diagnostic specificity because the 

values were more or less the same in all three 

observers at five different positions. Appropriate 

diagnostic accuracy of CBCT images for bone 

defects in the FOV and different resolutions in 

this study may be related to adequate ability and 

skills of the observers, good quality of CBCT 

scans and lack of motion artifacts in images. In 

this study, bone defects caused by drilling had 

distinctive and appropriate form, enhancing their 

detection by the observers. 

Also, Kamburoglu et al, [27] in 2014 reported the 

same performance of observers in detection of 

simulated buccal peri-implant defects using 

different parameters of FOV and various 

resolutions. In another study, no difference was 

observed in diagnostic accuracy of CBCT images 

for detection of simulated buccal peri-implant 

defects with and without pattern artifact 
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reduction in Planmeca ProMax system [28]. 

Pattern artifact reduction was not used in this 

study or in the study by Kamburoglu et al, [27] 

in 2014. According to the results of the current 

study, the sensitivity for detecting bone defects 

by the observers and the frequency of detection 

was in the range of 0.25-1 in low resolution and 

0.875-1 in high resolution at different FOV 

regions, showing that sensitivity was enhanced 

by increasing the resolution. On the other hand, 

the specificity value was between 0.75 and 1 for 

high-resolution images and 0.69-1 for low-

resolution images. In the study by Hedesiu et al, 

[29] in 2012, sensitivity for diagnosis of apical 

defects in CBCT scans was estimated to be 0.72-

0.8 and specificity was between 0.6-0.77. 

However, higher levels (a rate of 1) of sensitivity 

and specificity for CBCT system were recorded 

in examining the human mandible by Patel et al, 

[30] in 2009. The sensitivity parameter for CBCT 

images in the study by Patel et al, [31] in 2014 

was in the range of 79.2%-91.7%. Significant 

effects of resolution on sensitivity were not 

observed in the current study, which is different 

from the results of the above-mentioned studies. 

In total, the highest sensitivity was recorded in 

the central position in both high and low 

resolutions; increased resolution generally led to 

improved sensitivity especially in the posterior 

region of the FOV, but had no effect on 

specificity. The FOV parameter in CBCT should 

be adjusted to reduce patient radiation exposure 

for detection of bone defects. Concerning some 

false-positive results in the negative cases, CBCT 

should be used as an adjunct to clinical 

examination to make a correct diagnosis and for 

treatment planning. If the diagnostic purpose can 

be achieved by minimum radiation dose in the 

FOV, there is no need to change this parameter 

or increase the absorbed dose of patient. 

 

CONCLUSION 

Improving the CBCT image resolution from 

0.3mm to 0.2mm increased the sensitivity values 

for detection of simulated bone defects. Image 

resolution and position of the object in the FOV 

seem to have little impact on specificity values. 

Also, comparison of different FOV regions 

revealed that the highest sensitivity rates were 

recorded in the central position in both high and 

low resolutions, and sensitivity significantly 

decreased in the posterior position at low 

resolution 
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