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ABSTRACT 

CBCT is a diagnostic tool that is very useful for conventional endodontics to improve treatment planning. The 

resolution and noise of CBCT image results will greatly affect the image quality associated with diagnostic accuracy. 

Unclear anatomical images are likely to occur because of poor image quality. Factors affecting unclear anatomical 

images are related to voxel size and there is a need to improve image quality. This was an empirical study which aims 

to observe the role of the application of variations in voxel size on noise and spatial resolution of CBCT endodontic 

images. This was a quasi-experimental study with a pre-post test only group design. The study samples were ACR 

CT phantom images and the images of the test object (human skull). CBCT scanning was conducted with 2 (two) 

variations in voxel size. Each voxel size was scanned with 6 (six) parameter variations. 3 samples of ACR CT 

phantom images were taken for each parameter. Statistical data analysis was performed with descriptive statistics and 

Wilcoxon. The study results showed that voxel size of 180 µm had a lower noise value than the voxel size of 300 µm, 

there was a significant effect of voxel size on CBCT noise (p-value of 0.026) in the FOV variation of 10x5cm KV90. 

There was an effect of voxel size on the spatial value of CBCT resolution, although it was not significant. Application 

of FOV variation of 10x10cm KV90 after Image-J filtering on median filter and sharpening was the most optimal 

way to produce the best endodontic image quality and anatomical information using CBCT.  
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INTRODUCTION 

Cone Beam Computed Tomography (CBCT) 

imaging technology was first introduced in the 21st 

century. Imagine using this technology has become 

popular and is often used to help dentists and other 

health care professionals in diagnostic tasks to 

improve the care towards orthodontic patients. In 

Indonesia, Cone Beam Computed Tomography 

(CBCT) is a new tool with a very limited tool 

population. This tool is currently available in seven 

hospitals within the Central Java and Special 

Region of Yogyakarta areas. The use of CBCT 

endodontic can detect periapical lesions, root 

fractures, and anatomical exploration of the root 

canal system and their abnormalities. CBCT 
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examination is justified if the required diagnostic 

information cannot be obtained using a   

conventional dental tool. The results of previous 

CBCT examinations significantly provided more 

accurate results for detecting periapical lesions than 

conventional and digital radiographs. [1] This study 

showed that 26% of periapical lesions detected on 

CBCT examination were not detected on periapical 

radiographs. Even if two consecutive periapical X-

rays from the same tooth were made at different 

angles, the accuracy of the detection of periapical 

radiographs could not be similar to the results of 

the CBCT scan. [2]. The previous study concluded 

that CBCT could be used to determine endodontic 

WL in combination with EAL [3], while other 

studies stated that limited CBCT could be used for 

WL measurement. [4, 5] In onother study it was 

explained that electronic measurements were more 

reliable than CBCT scans for WL. [6] The 

difference in the results of these studies arose due 

to different voxel sizes because each using different 

CBCT parameters will affect the image quality. 

CBCT is a very useful diagnostic tool for 

conventional endodontic treatment to improve 

treatment planning. Spatial resolution and noise 

from CBCT image results will greatly affect the 

image quality associated with diagnostic accuracy. 

Unclear anatomical images are likely to occur 

because of poor image quality. Factors affecting 

unclear anatomical images are related to voxel size 

and there is a need to improve image quality. 

Advances in CBCT technology and 3D pre-

endodontic evaluation can be used to detect apical 

periodontitis, diagnose resorption lesions, and plan 

endodontic treatment of root canal anatomical 

complexes. [7, 8] Based on the kids of literature, 

CBCT examination cannot to record subtle changes in 

attenuation in various tissue radiodensity ranges. 

Contrast resolution in endodontic is important to 

distinguish soft tissue, periapical or sinus contents. 

Optimal image resolution in endodontics involves the 

smallest structure that is affected by voxel size. From 

these backgrounds, the role of the variations in voxel 

size will be examined whether there is an effect on the 

quality of CBCT endodontic images. This study aims 

to prove the role of voxel size on 

physical/photographic image quality, and prove the 

role of voxel size on anatomical/pathological image 

quality. This was an empirical study on the role of the 

application of variations in voxel size on noise and 

spatial resolution of CBCT endodontic images and 

was a factual study of the phenomena in the field. 

 

MATERIALS AND METHODS 

This was a quasi-experimental study with a pre-

post test only group design. The selection of this 

study design aims to determine changes before 

(pre-test) and after treatment (post-test) in the 

treatment group. The study subjects were CBCT 

images. 

This study was carried out sequentially, by 

conducting a preliminary study first. The study 

began with the setting of variations in voxel size on 

the object of ACR CT phantom, to produce noise 

and spatial resolution values physically. Then study 

on the test object (human skull) was conducted. 

The use of test object aimed as a substitute for a 

human head to avoid the risk of exposure to 

radiation doses. The study sample were taken using 

a purposive sampling technique which is a 

technique in determining samples with certain 

considerations by following the desired study 

objectives. [9] 

The study samples were ACR CT phantom 

images and the images of the test object (human 

skull). CBCT scanning used 2 (two) voxel size 

variations. Each voxel size was scanned with 6 

(six) parameter variations. 3 samples of ACR CT 

phantom images were taken for each parameter.  

Instruments used in this study included CBCT 

Carestream Tool, Laptop, Image-J Program for 

filtering median filter and sharpening, test object of 

ACR CT Phantom with the GAMMEX brand and 

human skull. 

Descriptive statistical analysis was used to assess the 

spatial resolution and noise of ACR CT Phantom. 

Different test analysis of with Wilcoxon was used to 

assess the effect of the difference in endodontic 

anatomical information with CBCT before and after 

filtering the median filter and sharpening with Image-

J. Determination of the optimal value in producing 

CBCT endodontic image quality was obtained from 

the best values compilation. 

 

RESULTS  

Noise measurement was done by selecting 3 

images from each parameter. Then five ROIs were 

chosen, namely in the middle of the phantom 

image, in the directions of 3, 6, 9, 12 o'clock as 
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shown in Figure 1. Furthermore, the mean value of 

each ROI was measured using Image-J software in 

the Dicom file with the plug-in Bio Format. The 

noise was measured from the standard deviation of 

the pixel value in ROI on the Phantom ACR CT 

module 3 scans. The results of the measurement of 

the mean noise value are shown in Table 1. 

 

Table 1: Results of noise value measurement on phantom ACR CT using CBCT 

FOV (cm) KV VOXEL 

µm 

MEAN NOISE (STDev) 

8X8 90 VOXEL180 

VOXEL300 

5.4418 

6.0968 

8x8 

 

60 VOXEL180 

VOXEL300 

8.3734 

8.7421 

10x5 

 

90 VOXEL180 

VOXEL300 

7.2494 

8.4072 

10x5 

 

60 VOXEL180 

VOXEL300 

12.5263 

13.0280 

10x10 

 

90 VOXEL180 

VOXEL300 

4.6670 

5.3650 

10x10 

 

60 VOXEL180 

VOXEL300 

8.0702 

8.6029 

 

Voxel size of 180µm at high energy of KV 90 

obtained the lowest mean value of noise of 4.6670 

at a 10 cm FOV10x setting. Voxel size of 300µm at 

high energy of KV 90 obtained the lowest mean 

value of noise of 5.3650 in the 10 x 10 cm FOV 

setting. Voxel size of 180µm at low energy of KV 

60 obtained the lowest mean value of noise of 

8.0702 at a 10 x 10 cm FOV setting. Voxel size of 

300µm at low energy of KV 60 obtained the lowest 

mean value of noise of 8.6029 at a 10 x 10 cm FOV 

setting. The lowest noise values that produced good 

image quality based on this study was shown in 

table 2. 

 

 
Figure 1. Image Noise of CBCT on ACR CT phantom noise with the axial slice on the phantom diameter of 

200mm. a 90 KV, 180 µm b. ROI Measurement with Image-J 

 

Table 2: Results of mean value of noise measurement that produced 6 good image quality 

No FOV(cm) KV mAs VOXEL MEAN NOISE 

1 10x10 90 8 180 4.6670 

2 10x10 90 8 300 5.3650 

3 8X8 90 8 180 5.4418 

4 8X8 90 8 300 6.0968 

5 10x5 90 8 180 7.2494 

6 10x5 90 8 300 8.4072 

 

Figure 2. ACR Phantom module 4 scanning to measure high contrast (spatial) resolution as shown in Figure 2. 
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Figure 2. ACR CT Phantom 

 

The results of high contrast (spatial) resolution 

measurement used the exposure factors of 60 KV, 

90 KV, 40 mAs with voxel size variation of 

180.300 µm and FOV size variations of 8X8 cm, 

10x5cm, 10x10 cm. Spatial resolution was 

measured by visual analysis of bar patterns on the 

axial cut. Visual analysis of the bar pattern is 

determined only by grouping 9 and 10 lp/cm. Only 

two groups of images could be seen as pairs of 

lines that are separated on the axial due to the 

limited size of FOV as seen in figure 3. Example of 

axial cut images of voxel size variations.  

 

 
Figure 3. Pair of axial cut lines of ACR CT phantom module 4 (a) Voxel size of 180 µm, FOV 8x8, 90KV, 5 mA 

(b) Voxel size of 300 µm, FOV 10x5, 60KV, 5 mA 

 

Spatial resolution was clear at high KV and not 

clear at low KV parameters. The results of visual 

measurements are shown in table 3. The mean 

value of spatial resolution at high energy level of 

KV 90 was better than at low energy level of KV 

60. 

 

Table 3: Results of Visual Spatial Resolution Measurement on ACR CT Phantom 

FOV (cm) KV VOXEL MEAN SPATIAL RESOLUTION 

8X8 90 Voxel of 180 3 

  Voxel of 300 3 

10x5 90 Voxel of 180 3 

  Voxel of 300 3 

10x10 90 Voxel of 180 3 

  Voxel of 300 3 

8x8 60 Voxel of 180 1 

  Voxel of 300 1 

10x5 60 Voxel of 180 1 

  Voxel of 300 1 

10x10 60 Voxel of 180 1 

  Voxel of 300 1 
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The further test was a scan using a CBCT 

instrument on a human skull object as shown in 

figure 4. The exposure factor setting was the same 

as the test stage on ACR CT phantom. Exposure 

factors are 60 KV, 90 KV, 40 mAs with voxel size 

variations of 180 µm and 300 µm FOV 8 X 8cm, 10 

x 5cm, 10 x 10 cm. The results of endodontic 

anatomical images were evaluated for spatial 

resolution and noise values and were assessed for 

anatomic information of lower premolar teeth by 

observers namely two Radiologists with more than 

5 years experience. Scanning results of skull object 

with CBCT instrument and anatomy assessed can 

be seen in Figure 5. 

 

 
 

Figure 4. Human Skull 

 

 
 

Figure 5. Anatomy of CBCT images assessed by observers 1. Enamel, 2. Dentin 3. Pulp chamber 4. Root canal, 

5. Root length. 

 

As many as 12 parameter variations of the 

samples of image results measurement were 

obtained. In Figure 6. The image of the skull that 

has not been filtered on the median filter and 

without sharpening with Image-J. And an example 

of image 7. Skull image that has been filtered on 

the median filter and uses sharpening with Image-J. 

In Figure 5. Filtering of the median filter was 

performed to reduce noise in the image, and then 

sharpening was arranged to add image detail. 

 

 
 

Figure 6. CBCT images of skull scan before  Image-J filtering 
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Figure 7. CBCT images of skull scan after Image-J filtering 

 

Conformity analysis between observers was 

carried out on the results of the anatomic 

information and image quality assessments on 

CBCT scans. Evaluation of all images was carried 

out by the observers. The results of the image 

assessment were analyzed by the kappa test and 

shown in table 4. Observation of the image 

assessment was carried out twice to measure the 

consistency of the results conducted by the two 

observers. 

 

Table 4: Kappa test for anatomic assessment of lower premolar teeth image using CBCT 

 Observer  Kappa Test   

K Description 

Pre Observer 1* Pre Observer 2 0.756  Perfect 

Post Observer 1 * Post Observer 2 0.866 Perfect 

 

The results of the kappa test for the assessment 

of anatomical information on endodontic images of 

lower premolars using CBCT showed that 

observers 1 and 2 before processing using image-J 

obtained 0.756, and after processing using Image-J 

obtained 0.866. This indicated that the conformity 

of the answers of the two observers had a value of 

> 0.75, with a perfect conformity level. 

 

Table 6. Different test on voxel size variations of anatomic information 

VARIATION MEAN P VALUE 

FOV8x8_vox180_kv90post- 

FOV8x8_vox180_kv90pre 

4.214286 

3.642857 
0.004678 

FOV8X8_vox180_kv60post  

FOV8X8_vox180_kv60pre                  

3.142857 

3 
0.157299 

FOV8x8_vox300_kv90post      

FOV8x8_vox300_kv90pre 

4.214286 

3.642857 
0.004678 

FOV8x8_vox300_kv60post  

FOV8x8_vox300_kv60pre 

3.357143 

3 
0.058782 

FOV10x5_vox180_kv90post- 

FOV10x5_vox180_kv90pre 

4.142857 

3.642857 
0.008151 

FOV10X5_vox180_kv60post- 

FOV10X5_vox180_kv60pre 

3.357143 

3 
0.058782 

FOV10x5_vox300_kv90post- 

FOV10x5_vox300_kv90pre 

4.142857 

3.642857 
0.008151 

FOV10x5_vox300_kv60post- 

FOV10x5_vox300_kv60pre 

3 

3 
1 

FOV10x10_vox180_kv90post- 

FOV10x10_vox180_kv90pre 

4 

3.571429 
0.014306 

FOV10X10_vox180_kv60post- 

FOV10x10_vox180_kv60pre 

3.285714 

2.857143 
0.033895 
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FOV10x10_vox300_kv90post- 

FOV10x10_vox300_kv90pre 

4 

3.428571 
0.023141 

FOV10x10_vox300_kv60post- 

FOV10x10_vox300_kv60pre 

3.071429 

2.928571 
0.157299 

 

There were differences in anatomical 

information on lower premolar teeth using CBCT 

after filtering the median filter and sharpening with 

Image-J. Bivariate analysis to test anatomical 

difference used the Wilcoxon Signed rank Test due 

to non-parametric scale data. Differences in 

anatomical information after difference test using 

the Wilcoxon Signed rank Test are shown in table 

6. The p values of <0.05 in the pre and post 

difference test meant that there was a difference in 

anatomical information after processing with 

image-J. Based on table 6, in the variation of high 

energy paired samples at voxel sizes of 180 and 

300 µm, it was obtained p values of <0.05. In the 

variation of low energy paired samples at 180 and 

300 µm voxel sizes obtained p values of > 0.05. In 

the voxel size of 180µm at high energy of KV 90, 

the best anatomical information was obtained after 

filtering with image-J with a mean value of 4.214 

in the 8x8 cm FOV setting. An inter-voxel 

difference test on 300 µm at high energy of KV 90 

obtained the best anatomical information after 

processing with image-J with a mean value of 

4.214 in an 8 x 8 cm FOV setting. Anatomical 

information difference test between the voxel size 

of 180µm and a voxel size of 300µm at KV 90 

obtained a mean value of 4.214 in the 8x8 cm FOV 

setting. 

The inter voxel difference test of 180µm at low 

energy of KV 60 obtained the best anatomical 

information after being processed with image-J 

with a mean value of 3.357 in the 10 x 5 cm FOV 

setting.  

The mean ranks of anatomical information are shown 

in table 7. 

 

Table 7. Application of filtering median filter and sharpening with Image-J towards the optimal anatomical 

information on CBCT endodontic images 

PARAMETER MEAN RANK 

Voxel of 180µm FOV 8x8cm     KV 90 59 

voxel of300µm FOV 8x8cm     KV 90  59 

voxel of 180µm FOV 10x5cm   KV 90  58 

voxel of 300µm FOV 10x5cm   KV 90  58 

voxel of 180µm FOV 10x10cm KV 90  56 

voxel of 300µm FOV 10x10cm KV 90 56 

 

The best anatomical information values were in 

the parameter settings of voxel sizes of 180 µm and 

300 µm 8x8cm, KV 90 after filtering the median 

filter and sharpening with Image-J. Wilcoxon test 

to observe differences in anatomical information 

based on voxel size variations can be seen in table 

8. 

 

Table 8. Wilcoxon test to observe differences in anatomical information based on voxel size variations 

VARIATION N MEAN STANDARD  DEVIATION P value 

Voxel of 180 pre 6 50.33 1.211 .026 

Voxel of 180 post 6 57.67 1.366 

Voxel of 300 pre 6 41.50 0.837 .041 

Voxel of 300 post 6 44.83 2.137 

 

Information N : Number of Test Parameter 

Variations (FOV 8x8cm KV90, FOV 8x8cm KV60, 

FOV 10x5cm KV90, FOV 10x5cm KV60, FOV 

10x10cm KV90, FOV 10x10cm KV90 

The way to determine the best voxel size values 

can be seen in table 9 as the compilation of the 

results of spatial resolution visual analysis, the best 

noise and the best anatomy. Six parameters were 
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obtained which resulted in optimization of 

endodontic anatomical image information with low 

noise value and spatial resolution value using 

visual analysis which had a good mean. 

Based on table 9, it can be seen the best 

physical test results and selection of voxel size was 

at the voxel size of 180µm KV 90 FOV 10x10cm. 

Whereas regarding the best anatomical information 

on the KV 90 FOV 8x8cm setting to assess the 

CBCT endodontic, the 180µm and 300 µm voxel 

settings did not show a difference.

 

Table 9: Compilation of Study Results 

CBCT PARAMETER  SPATIAL 

RESOLUTION  

BEST 

NOISE  

BEST ANATOMICAL 

INFORMATION  

VISUAL ANALYSIS  

VOXEL of 180µm KV 90 FOV 

8X8 

3 5.4418 59 

VOXEL of 300µm KV 90 FOV 

8X8 

3 6.0968 58 

VOXEL of 180µm KV 90 FOV 

10X5 

3 7.2494 59 

VOXEL of 300µm KV 90 FOV 

10X5 

3 8.4072 56 

VOXEL of 180µm KV 90 FOV 

10X10 

3 4.6670 58 

VOXEL of 300µm KV 90 FOV 

10X10 

3 5.3650 56 

 

Optimal endodontic images were those that 

have the good spatial resolution, anatomic values, 

the lowest noise in the 180µm KV 90 FOV 

10x10cm voxel parameter setting as shown in 

Figure 8. 

 

 
Figure 8. Endodontic image of lower premolar teeth in a 180µm KV 90 FOV 10x10cm voxel parameter setting 

 

DISCUSSION 

The noise was measured from the standard 

deviation of the pixel value in ROI on the ACR CT 

Phantom scan. Image noise is categorized into two 

types namely quantum noise and noise detector. 

[10] Quantum noise is produced by stochastic 

fluctuations related to absorption and scattering 

processes when radiation passes through an object. 

The number of quanta that reaches the detector 

varies. Quantum noise is proportional to X-ray 

intensity. Detector noise is caused by thermal noise 

generated by electrons in the detector and is not 

dependent on X-ray exposure. The parameters for all 

variations of the mAs value test in this study were set 

equal so that the noise factor caused by radiation 
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intensity could be minimized. Image noise which is 

visually in the form of dots differing in colour from 

the surrounding colour and grainy not only depends 

on the intensity of the radiation  but also depends on 

the reconstruction algorithm and the thickness of the 

incision. [10] This difference can also be due to the 

number of quanta produced by the X-ray generator 

which is then detected by the detector. The amount of 

this quanta is a function of thickness, density of the 

object being scanned, and the quality of the X-ray 

beam. To find out whether the X-ray generator is 

functioning properly or not, an X-ray tube potential 

accuracy test and mAs setting has been carried out 

and have been declared to have passed the conformity 

test by the BPFK testing institute. This conformity 

test is important because the potential miscalibration 

of X-ray tubes can cause quantitative analysis errors. 

[11] 

Based on the descriptive output, the highest 

mean value of noise was obtained at a voxel size of 

300µm KV 60, and the lowest noise value at a vape 

cell size of 180 µm KV 90. In this study, an 

increase in the voxel size would affect the noise 

value, and an increase in the exposure factor ,in this 

case, the KV would decrease noise value in the 

image. The use of high KV produces homogeneous 

energy so that X-ray scattering will decrease and 

the noise value will be better. The best noise value 

can be seen in the lowest mean value of noise, 

while the high mean value of noise will produce a 

bad image. From the results of the measurement 

table on noise value, it was obtained a p-value of> 

0.05 then H0 was accepted and Ha was rejected. It 

indicated that there was no difference in the mean 

value of noise between voxel sizes of 180 and 

300µm. If the p-value was <0.05, then H0 was 

rejected and Ha was accepted, which meant there 

was a significant difference in the mean value of 

noise between voxel sizes of 180 µm and 300µm. 

At the size of 10x5cm FOV, KV 90, there was a 

significant difference between the mean value of 

noise between voxel sizes of 180 µm and 300µm. 

In another study [12] it was found that using 

smaller voxels detected fewer X-ray photons than 

using larger voxels. A decrease in the number of 

photons that small voxels received resulted in a 

decreased in the signal, which led to an increase in 

image noise. A scan was performed using the CBCT 

instrument on ACR CT Phantom module 4. In this 

study the spatial resolution value based on visual 

analysis of the bar pattern only appeared in 9 and 10 

lp/cm groups, it was due to the FOV limitations on the 

CBCT instrument. Spatial resolution is one of the 

most important parameters that objectively determines 

the quality of dental endodontic images. In this study 

visual analysis was assessed at 10 lp/cm. Based on the 

descriptive output, there was no difference in the 

mean value of resolution between voxel size of 

180µm and a voxel size of 300µm. It can also be seen 

In this study that the spatial resolution changed 

significantly when the KV value increased. The best 

resolution value was at KV 90 with voxel sizes of 180 

or 300 µm, while the lowest resolution spatial value 

was at KV 60 with voxel size of 180 or 300 µm. 

It is stated in the literature that spatial 

resolution of visual pair lines (lp) measurement 

ranges from 0.6 to 2.8 lp/mm. [13] Previous study 

carried out spatial resolution measurement based on 

visual analysis on a grouping of 10 lp/cm. [14] 

According to the study, at 0.4mm, 0.3mm, 0.25mm 

and 0.2mm voxel sizes, there were no differences 

in spatial resolution based on visual analysis. 

Meanwhile, measurement using MTF with the 

voxel sizes of 0.2mm and 0.25mm produced better 

resolution than 0.3mm and 0.4mm voxel sizes. The 

result another study found that voxel size affected 

spatial resolution. [15,16] The greater the voxel 

size, the less the spatial resolution. This was du to 

the measurement of the mean value of spatial 

resolution used visual so that the validity would be 

reduced compared to physical measurement using 

the MTF value. Anatomical information on CBCT 

endodontic images after Image-J filtering on median 

filter and sharpening based on dental anatomical 

criteria included images of enamel, dentin, pulp 

chamber, root canal, root length, resolution and noise. 

The results which obtained p-value of <0.05 showed 

in the pre and post different test on voxel sizes of 180 

and 300µm meant that there was a difference in 

anatomical information after processing with image-J. 

Meanwhile, results which obtained p-value of > 0.05 

showed in the pre and post different test on voxel 

sizes of 180 and 300µm meant that there was no 

difference in anatomical information after processing 

with image-J. The results of different test table on 

information obtained a p-value of <0.05 in the 

variations of KV 90 parameter of all FOVs and there 

was a difference in anatomical information before and 

after processing with Image-J in KV 60 FOV 10x10 

voxel size of 180µm, whereas in KV 60, other than 

FOV 10x10 voxel size of 180 µm had a p value of > 
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0.05 which meant that there was no difference before 

processing with Image-J. 

In this study, the highest image anatomy 

information was on the FOV 8x8 KV 90 post- 

Image-J processing with voxel sizes of 180 and 300 

µm post the application of the median filter and 

sharpening using Image-J with a mean rank value 

of 4.21486. The voxel sizes of 180 and 300 μm did 

not significantly influence the image information. 

This is inconsistent with the previous study that 

images obtained with a voxel size of 0.2mm were 

significantly more accurate than those obtained 

using a voxel size of 0.4mm. [17] In the physical 

measurement of noise and spatial resolution, the 

best image resolution was on the parameter setting 

of voxel 180µm KV 90 FOV 10x10cm. The 

application of a combination of median filter and 

sharpening using image-J resulted in a better 

endodontic image of lower premolar teeth, as shown 

in Figure 9. For anatomical information, the voxel 

size of 180 µm had a p-value of 0.026 and voxel size 

of 300 µm had a p-value of 0.041, meaning that there 

were differences in anatomical information with voxel 

size variations. Filtering the median filter and 

sharpening using Image-J were able to minimize 

noise, improve image quality and anatomical 

information on CBCT endodontics. 

 

 
Figure 9. Endodontic image post image-J FOV 8x8cm KV 90 processing 

 

CONCLUSIONS AND 

RECOMMENDATIONS 

Based on the results it can be concluded that the 

filtering of the median filter and sharpening with 

Image-J were able to minimize noise, improve 

endodontic anatomical image quality and 

information using CBCT. The voxel size of 180 µm 

had a lower noise value than the voxel size of 300 

µm, there was a significant effect of voxel size on 

CBCT noise (p-value of 0.026) on the FOV 

variation of 10x5cm KV90, it was not significant 

on other variations. The lowest noise value was 

4.667 in the 180µm FOV 10x10cm KV 90 voxel 

parameter setting. There was an effect of voxel size 

on the CBCT spatial resolution value although it 

was not significant with p-value of > 0.05. In the 

KV 90 exposure factor setting, the mean value of 

spatial resolution was better than the KV 60 

exposure factor in all FOV variations. The 

application of the FOV variation of 10x10cm KV90 

after filtering the median filter and sharpening using 

Image-J was the most optimal way to produce the best 

endodontic image quality and anatomical information 

using CBCT, the highest mean rank value was 4.2142 

both at voxel sizes of 180 and 300µm. Similar further 

studies in the future can be conducted using a 

phantom object, a preferably dental phantom with 

endodontic abnormalities. Assessments on resolution 

and noise should use the CBCT on QCT phantom. 

Studies on CBCT endodontic image quality should 

not only examine spatial resolution, but contrast 

resolution is also important to study. 
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