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ABSTRACT 
Objective: To assess the effect of metal artifact reduction (MAR) algorithm of two cone-beam computed 
tomography (CBCT) software programs on the accuracy of peri-implant bone width measurements. 
Material and Methods: This in vitro study evaluated 35 bovine rib bone blocks measuring 8 x 8 x 11 mm. 
Titanium implants were inserted in bone blocks and placed in a wax model of mandible. CBCT scans were 
obtained with ProMax 3D and Cranex 3D CBCT systems with and without the MAR algorithm. The width 
of buccal and lingual bone plates surrounding the implant was measured on CBCT scans by two observers. 
The Cronbach’s alpha was calculated to assess inter-observer agreement. The area under the curve (AUC), 
sensitivity and specificity values were calculated and compared. Results: The two observers had an 
excellent agreement. The accuracy of Cranex 3D was higher than that of ProMax 3D (p<0.05). Both CBCT 
systems showed higher accuracy when the MAR algorithm was not used (p<0.05). Both CBCT systems 
showed higher accuracy for measuring the width of the lingual plate than buccal plate (p<0.05). 
Conclusion: The application of MAR algorithm did not notably increase the measurement accuracy in any 
CBCT system. Cranex 3D showed generally higher measurement accuracy than ProMax 3D. 
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Introduction 

Dental implants are increasingly used for replacement of lost teeth [1,2]. Long-term clinical 

assessment of dental implants and their supporting structures can provide valuable information regarding the 

success and failure of implant restorations [3]. The success criteria for implant treatment include the absence 

of pain and hypersensitivity when in function, no mobility, and limited bone loss not exceeding 0.2 mm 

annually after the first year of loading [4]. The level of peri-implant bone is among the critical factors 

determining the success of dental implants. Inadequate bone volume or quality can compromise the long-term 

prognosis of dental implants [4]. 

Periapical or panoramic radiographic modalities are commonly used for the assessment of dental 

implant status. However, these imaging modalities are two-dimensional and provide two-dimensional images 

of three-dimensional (3D) structures and suffer from superimposition. Also, they do not have adequately high 

resolution and can lead to erroneous measurements or misinterpretations [5,6]. 

The advent of computed tomography (CT) in early 1970 enabled a more accurate assessment of 

anatomical structures, particularly the calcified structures such as bones and teeth. Nonetheless, long-duration 

of exposure, high cost, and difficult access to CT scanners led to development of cone-beam computed 

tomography (CBCT) [5]. The main advantage of CBCT over CT is lower patient radiation dose. At present, 

CBCT has a higher diagnostic value in dentistry than CT due to the smaller size of the scanner, lower cost, 

high speed of scanning, resolution < 1 mm, low radiation dose, isotropic voxels, and a stronger image 

reconstruction software compared with CT. In addition, CBCT enables 3D image reconstruction in cross-

sectional and panoramic views with high resolution and optimal accuracy [7,8]. However, both CT and CBCT 

suffer from metal artifacts (mainly related to dental implants), affecting the image quality in 3D image 

reconstruction [9,10]. Metal artifacts can significantly lower the quality of CBCT images. Thus, some 

algorithms have been suggested for metal artifact reduction (MAR) in CT and CBCT. The MAR software 

programs employ different algorithms to eliminate or minimize metal artifacts [11-13]. 

Radiographic measurement of the width of buccal and lingual bone plates around a dental implant can 

help in the assessment of implant health as an adjunct to clinical examination. It also enables prompt and early 

intervention in case of a problem to prevent further bone destruction and eventual implant loss [11-13]. Thus, 

this study aimed to assess the effect of MAR algorithm of two CBCT software programs on the accuracy of 

peri-implant bone width measurements. 

 

Material and Methods 

Study Design and Sampling 

This in vitro experimental study evaluated 35 bovine rib bone blocks (due to their similarity to human 

alveolar bone) measuring 8 x 8 x 11 mm [14]. The sample size was calculated to be 30 according to a previous 

study [15]. To increase accuracy, 35 samples were included. The bone blocks were kept refrigerated at 4 °C 

during the study period to prevent dehydration [14]. The soft tissue residues were removed, and titanium 

implants (SIC invent AG, Basel, Switzerland) with 4 mm diameter and 9.5 mm height were placed in bone 

blocks such that the distance between the implant and the buccal and lingual surfaces was 2 mm (Figure1). 

Also, a plastic mold was fabricated, and the bone blocks were firmly placed in the plastic mold to enhance 

implant placement. Next, several layers of red dental wax with 2 mm thickness were used to create a model of 

mandible. The bone blocks were mounted in this model and underwent CBCT. 
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Figure 1. Implant placed in bone block. 

 
Data Collection 

CBCT scan were obtained using ProMax 3D (Planmeca, Helsinki, Finland) scanner with the exposure 

settings of 84 kVp, 14 mA, and 12 s time, and Cranex 3D scanner (Soredex, Helsinki, Finland) with the 

exposure settings of 90 kVp, 14 mA, and 12 s time. CBCT scans were obtained in two modes, with and without 

enabling the MAR algorithm. 

The CBCT scans obtained by ProMax 3D were edited and saved in Romexis software version 

11.5.0.593, while the CBCT images obtained by Cranex 3D were edited and saved in On-Demand software 

version 1.0.10.5385. Next, cross-sectional images with 1 mm slice thickness and 1 mm slice interval were 

reconstructed, focusing on the implant center as much as possible. The buccal and lingual bone width was then 

measured at two points with 2 mm and 5 mm distance from the implant platform using the linear measurement 

tool of the two software programs (Figures 2 to 5). 

 

 
Figure 2. The buccal and lingual bone width measurement at two points with 2 mm and 5 mm distance 
from the implant platform using the linear measurement tool of On-demand software without artifact 

reduction. 
 

 
Figure 3. The buccal and lingual bone width measurement at two points with 2 mm and 5 mm distance 

from the implant platform using the linear measurement tool of On-demand software with artifact 
reduction. 
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Figure 4. The buccal and lingual bone width measurement at two points with 2 mm and 5 mm distance 

from the implant platform using the linear measurement tool of Romex is software without artifact 
reduction. 

 

 
Figure 5. The buccal and lingual bone width measurement at two points with 2 mm and 5 mm distance 

from the implant platform using the linear measurement tool of Romex is software with artifact reduction. 
 

The measured values were then recorded in a checklist [16]. The measurements were made by two 

observers, namely a senior dental student and a periodontist. The observers were allowed to adjust the 

brightness and contrast of images to perform measurements on images with the best possible quality. Also, the 

observation conditions, such as the environmental lighting and computer features, were the same for both 

observers to obtain more reliable results. 

 

Data Analysis 

Data were analyzed using SPSS version 16 and MedCalv version 13. The Cronbach’s alpha was 

calculated to assess the inter-observer agreement (Cronbach’s alpha=0.4 indicated poor, 0.4-0.59 indicated 

moderate, 0.59-0.70 indicated good, and >0.70 indicated excellent agreement) [17]. The mean and standard 

deviation of the measurements were reported. The receiver operating characteristic (ROC) curve was drawn, 

and the area under the ROC curve (AUC) was calculated to assess the accuracy of the two CBCT scanners. The 

accuracy, sensitivity, and specificity values were calculated and reported for the two scanners with and without 

the MAR algorithm. The level of significance was set at 0.05. 

 
Results 

Table 1 shows the inter-observer agreement for different measurements using Cronbach’s alpha. As 

shown, the two observers had an optimal inter-observer agreement for all measurements. 

Table 2 shows the mean buccal and lingual bone width at 2 and 5 mm distance from the implant 

platform measured on ProMax 3D and Cranex 3D CBCT scans with and without the MAR algorithm. The 

results showed that on both ProMax 3D and Cranex 3D CBCT scans, enabling the MAR algorithm resulted in 

underestimation of bone width compared with no use of MAR. 
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Table 1. Inter-observer reliability for different measurements using Cronbach’s alpha. 
ProMax Cranex 3D 

Without MAR With MAR Without MAR With MAR 
Buccal Lingual Buccal Lingual Buccal Lingual Buccal Lingual 
0.981 1.0 1.0 0.984 0.798 0.802 0.887 0.9 

 

Table 2. Mean buccal and lingual bone width at 2 mm and 5 mm from the implant platform on ProMax 
3D and Cranex 3D CBCT scans with and without the MAR algorithm. 

ProMax Cranex 3D 
Without MAR With MAR Without MAR With MAR 

Lingual Buccal Lingual Buccal Lingual Buccal Lingual Buccal 
2 mm 5 mm 2 mm 5 mm 2 mm 5 mm 2 mm 5 mm 2 mm 5 mm 2 mm 5 mm 2 mm 5 mm 2 mm 5 mm 
1.76	
±		
0.22	

1.87
± 

0.26	

1.75	
±		
0.51	

1.83	
±		
0.52	

1.74	
±		
0.29	

1.74	
±		
0.29	

1.51	
±		
0.61	

1.52	
±		
0.61	

1.90	
±		
0.19	

1.96	
±		
0.21	

1.93 
± 

0.18	

2.01
±		
0.19	

1.74	
±
0.41	

1.84
±		
0.46	

1.65
±
0.26	

1.70
± 
1.28	

 

The difference in measurements made at 2 mm and 5 mm distance was not significant (p>0.05). Thus, 

considering the small sample size, the mean bone width values at 2 and 5 mm distances were merged and the 

mean values were reported as the mean buccal and lingual bone width (Table 3). 

 
Table 3. Mean buccal and lingual bone width. 

 Cranex 3D ProMax 3D 
 Presence of MAR Absence of MAR Presence of MAR Absence of MAR 
 Buccal Lingual Buccal Lingual Buccal Lingual Buccal Lingual 

Mean 1.68±0.27 1.79±0.44 1.97±0.19 1.93±0.20 1.52±0.61 1.74±0.29 1.79±0.51 1.82±0.25 
p-value* 0.441 0.340 0.075 0.214 0.945 0.988 0.518 0.060 

Comparing 2 mm and 5 mm. 
 

Figures 6 and 7 show the AUC for the width of buccal and lingual bone plates measured by the two 

observers on Cranex 3D and ProMax 3D CBCT scans. Also, Tables 4 and 5 show the AUC calculated by the 

first and second observers. Comparison of the two observers revealed a difference only in use of Romex is 

software without the MAR algorithm for measurement of the thickness of buccal bone plate, which was 

significant for the first observer and insignificant for the second observer. 

 
Table 4. Area Under ROC curve determined by the first observer. 

 Cranex 3D ProMax 3D 
 Presence of MAR Absence of MAR Presence of MAR Absence of MAR 
 Buccal Lingual Buccal Lingual Buccal Lingual Buccal Lingual 

AUC1 0.608 0.797 0.9 0.937 0.504 0.705 0.825 0.999 
SE2 0.093 0.059 0.04 0.029 0.145 0.082 0.094 0.001 

95% CI3 0.48-0.72	 0.68-0.88	 0.59-0.80	 0.85-0.98	 0.38-0.62	 0.58-0.80	 0.71-0.90	 0.94-1.0	
Z Statistic 1.151 5.002 9.919 14.68 0.026 2.47 3.44 423.55 

p-value 0.249	 <0.0001	 <0.0001	 <0.0001	 0.98	 0.013	 0.0006	 <0.0001	
1Area Under ROC Curve; 2Standard Error; 3Confidence Interval. 
 

Table 5. AUC determined by the second observer. 
 Cranex 3D ProMax 3D 
 Presence of MAR Absence of MAR Presence of MAR Absence of MAR 
 Buccal Lingual Buccal Lingual Buccal Lingual Buccal Lingual 

AUC1 0.591 0.797 0.9 0.917 0.557 0.751 0.729 0.934 
SE2 0.097 0.059 0.04 0.0351 0.101 0.081 0.126 0.056 

95% CI3 0.46-0.70 0.68-0.88 0.59-0.80 0.82-0.97 0.45-0.69 0.63-0.84 0.61-0.82 0.54-0.98 
Z Statistic 0.929 5.002 9.919 11.90 0.76 3.09 1.81 7.66 

p-value 0.352 <0.0001 <0.0001 <0.0001 0.447 0.002 0.069 <0.0001 
1Area Under ROC Curve; 2Standard Error; 3Confidence Interval. 
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Figure 6. AUC for the width of buccal and lingual bone plates measured by the two observers on 

Cranex 3D CBCT scans. 
 

 
Figure 7. AUC for the width of buccal and lingual bone plates measured by the two observers on 

ProMax 3D CBCT scans. 
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Tables 6 and 7 show the sensitivity and specificity of Cranex 3D and ProMax 3D CBCT scans by the 

first and second observers. As shown, the sensitivity of both scanners in use of MAR algorithm increased 

except for the measurement of lingual bone plate by the second observer on ProMax 3D scans. Comparison of 

the two scanners revealed that ProMax 3D had higher sensitivity except for measurements made by the second 

observer in use of MAR algorithm. The results of the two observers were in agreement with each other. 

Comparison of buccal and lingual bone plates revealed that the sensitivity for both measurements was the 

same; however, the specificity for measurement of buccal plate thickness was lower than that for lingual plate 

except in the use of Cranex 3D without the MAR algorithm. 

 

Table 6. Sensitivity and specificity of Cranex 3D and ProMax 3D CBCT scans by the first observer. 
 Cranex 3D ProMax 3D 

Presence of MAR Absence of MAR Presence of MAR Absence of MAR 
Buccal Lingual Buccal Lingual Buccal Lingual Buccal Lingual 

A. Cri.1 ≥2 ≥1.96 ≥2 ≥1.98 ≥1.95 ≥1.95 ≥1.95 ≥1.95 
Sen.2 96.15 94.44 86.36 91.49 100.0 100.0 100.0 100.0 
Spec.3 33.33 70.59 96.15 95.65 45.45 47.37 82.35 100.0 

1Associated Criterion; 2Sensitivity; 3Specificity. 
 

 

Table 7. Sensitivity and specificity of Cranex 3D and ProMax 3D CBCT scans by the second observer. 
 Cranex 3D	 ProMax 3D	
 Presence of MAR	 Absence of MAR	 Presence of MAR	 Absence of MAR	
 Buccal	 Lingual	 Buccal	 Lingual	 Buccal	 Lingual	 Buccal	 Lingual	

A. Cri.1 ≥2 ≥1.96 ≥2 ≥1.98 ≥1.95 ≥1.92 ≥1.95 ≥2.02 
Sen.2	 96.23	 94.44	 86.36	 89.58	 92.86	 94.23	 91.38	 98.36	
Spec.3	 35.29	 70.59	 96.15	 95.45	 28.57	 50.0	 75.0	 88.89	

1Associated Criterion; 2Sensitivity; 3Specificity. 
 

Discussion 

This study aimed to assess the effect of MAR algorithm of two CBCT software programs on the 

accuracy of peri-implant bone width measurements. Some CBCT scanners such as ProMax 3D allow the users 

to enable MAR algorithm during image reconstruction. By doing so, 3D information is recalculated, and all 

areas (voxels) over a certain threshold of gray value are eliminated [9,10]. 

The current results showed maximum mean width in the buccal bone plate in use of Cranex 3D 

without the MAR algorithm, while minimum mean width was in the buccal plate in use of ProMax 3D with the 

MAR algorithm. Comparison of the two scanners indicated maximum accuracy in measurement of lingual bone 

width on ProMax CBCT scans without the MAR algorithm followed by the measurement of lingual bone plate 

on Cranex 3D scans without the MAR algorithm. Minimum accuracy was noted in measurement of buccal 

bone width on ProMax scans with the MAR algorithm. Measuring the AUC revealed that, in general, Cranex 

3D had higher accuracy than ProMax 3D except for measurement of lingual bone width without the MAR 

algorithm. Also, both scanners had higher accuracy in the absence of the MARalgorithm. Moreover, the 

accuracy of measuring the lingual bone width was higher than buccal bone width in use of both scanners. 

ProMax 3D had higher sensitivity than Cranex 3D both with/without the MAR algorithm, while Cranex 3D 

had higher specificity. Minimum specificity belonged to ProMax 3D with the MAR algorithm for measurement 

of buccal plate width. It should be noted that the exposure parameters were the same for both scanners except 

for voltage, which was 84 kVp for ProMax 3D and 90 kVp for Cranex 3D. 
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Studies on the effect of MAR algorithms on the accuracy of peri-implant bone measurements are 

limited. Bohner et al. [18] measured the thickness of peri-implant bone at three points using Care Stream 9300 

andR100 Vera view CBCT scanners and reported no significant difference in the accuracy of the two scanners 

for this purpose, which was in line with our results. Although MAR algorithms could not improve the quality 

of CBCT scans in our study, many manufacturers have recommended them to improve the quality of images 

[19,20]. Kamburoğlu et al. [16] evaluated the peri-implant buccal bone on ProMax 3D CBCT scans with and 

without the MAR algorithm and reported that MAR did not improve the quality of CBCT scans, in agreement 

with our results. Similarly, Parsa et al. [12] evaluated the quality of images of peri-implant bone with and 

without the MAR algorithm and reported that MAR did not improve the quality of images. 

Bechara et al. [21] reported that application of MAR algorithm decreased image accuracy for 

detection of root fracture. Despite different methodology, their results confirmed our findings. Also, de-

Azevedo-Vaz et al. [4] demonstrated that application of MAR did not improve the diagnostic accuracy of 

CBCT images for detection of fenestration and dehiscence defects. Vasconcelos et al. [22] used the MAR 

algorithm in four CBCT scanners for detection of procedural defects in endodontic treatment and reported that 

application of MAR algorithm did not improve the diagnostic quality of images. 

Decreased image quality can be attributed to beam hardening, which cannot be eliminated even by 

using the MAR algorithms. When the X-ray beam passes through an object, low-energy photons are absorbed 

in greater amounts than high-energy photons; this phenomenon is referred to as beam hardening [9,23,24] 

and occurs in high-density objects [9,23]. It occurs in all CBCT systems [23] and leads to generation of cup 

and beam hardening artifacts attributed to the non-linear attenuation of X-ray beam [25]. 

Cremonini et al. [26] indicated that the effect of metal artifacts of multi-slice computed tomography 

on measurement of bone width and height was not significant. In contrast to our findings, they showed low 

sensitivity of CBCT scans for evaluation of peri-implant bone, while in our study, both CBCT scanners had 

relatively high sensitivity for this purpose. However, the specificity of images was low in our study, especially 

when the MAR algorithm was used. Difference between the results of the two studies can be due to the use of 

different CBCT scanners with different exposure parameters. Razavi et al. [27] used two CBCT scanners to 

measure the thickness of peri-implant bone and showed that iCAT NG did not have high accuracy for this 

purpose while Accuitomo 3D60 had much higher accuracy. The iCAT NG CBCT scanner has a lower 

resolution, which explains its lower accuracy. Also, in contrast to our study, they used different exposure 

parameters for each CBCT scanner. In our study, ProMax 3D had higher sensitivity but lower diagnostic 

accuracy than Cranex 3D. In line with our findings, Kajan et al. [28] and de Rezende Barbosa et al. [29] 

reported inefficacy of MAR algorithms for detection of vertical root fracture. 

Type of CBCT scanner has a significant effect on the diagnostic accuracy of images. Differences 

between CBCT scanners are mainly attributed to their resolution. Similar to our study, Vasconcelos et al. [22] 

used Cranex 3D scanner and showed optimal accuracy of images. Some others have reported optimal 

sensitivity of ProMax 3D for assessment of peri-implant bone [16,30]. However, most available studies on the 

efficacy of CBCT images for assessment of peri-implant bone, including ours, have an in vitro design and suffer 

from the limitations of in vitro studies. The clinical setting cannot be well simulated in vitro. Thus, the results 

cannot be reliably generalized to the clinical setting. Clinical studies are required to obtain more reliable 

results. Also, future studies should use different CBCT scanners with variable voxel sizes and different 

exposure parameters for such measurements. 



 Pesqui. Bras. Odontopediatria Clín. Integr. 2021; 21:e0050 

 
9 

Conclusion 

The application of MAR algorithm did not significantly increase the measurement accuracy in both 

CBCT systems. However, Cranex 3D showed generally higher measurement accuracy than ProMax 3D, 

except for measurement of lingual bone width without the MAR algorithm. Also, the accuracy of measuring 

the lingual bone width was higher than buccal bone width in both scanners. 
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