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Abstract 

Background and Aim: Cone-beam computed tomography (CBCT) is a 

valuable imaging modality suitable for analyzing the hard tissue of the 

maxillofacial region. However, the artifacts caused by some dental 

treatments may reduce the image quality and lead to 

misinterpretations.  The present study aimed to assess the accuracy of 

CBCT measurements in the presence of stainless-steel crowns (SSCs).    

Materials and Methods: This in vitro experimental study was 

conducted on 4 sheep hemi-mandibles. First, gutta-percha points were 

placed on the buccal and lingual surfaces of the alveolar ridge, and bone 

height and thickness were measured with a digital caliper (direct 

measurement). Then, three CBCT scans were obtained as follows: The 

first scan was performed without placing the SSCs, as the baseline 

image; the second scan was performed after placement of one SSC, and 

the third scan was performed in presence of 3 SSCs. Red wax was used 

for soft tissue simulation. Data were analyzed using SPSS version 22 

(alpha=0.05).    

Results: The findings revealed no significant difference between the 

direct measurement and the baseline image in terms of measuring the 

bone height and thickness (P>0.05). The difference between the 

baseline and scan image measurements in presence of one SSC was not 

significant (P>0.05). Furthermore, the accuracy of CBCT images did not 

decrease after the placement of 3 SSCs. 

Conclusion: The Presence of SSCs did not decrease the accuracy of 

linear measurement of alveolar bone height and thickness. Moreover, 

increasing the number of SSCs did not significantly affect the accuracy 

of measurements.  
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Introduction 

Dentistry relies on diagnostic imaging 

techniques for appropriate treatment planning 

for patients. Proper diagnosis and treatment 

planning are usually impossible without the help 

of imaging modalities. Panoramic radiography, 

periapical radiography, computed tomography, 

and cone-beam computed tomography (CBCT) 

are among the most frequently used imaging 

techniques in dentistry. An imaging technique 

may be selected depending on the importance of 

the required details [1,2]. Panoramic and 

intraoral imaging techniques have problems due 

to their two-dimensionality and superimposition 

of structures despite their advantages such as 

convenience, low radiation dose, and providing 

information about the shape and density of bone. 

The intrinsic limitations of two-dimensional 

images, such as magnification, distortion, and 

superimposition, lead to errors in examining the 

anatomical structures. Therefore, it is     

necessary to use new modalities with accurate 

estimations [3,4].  

CBCT is a valuable imaging modality in 

dentistry suitable for analyzing the hard tissue of 

the maxillofacial region. This modality is popular 

for its high resolution and speed, as well as 

lower cost and radiation dose compared to 

computed tomography [5]. One major benefit of 

CBCT is that it enables linear measurement of 

anatomical structures, which is helpful for 

measurement of alveolar bone thickness and 

height prior to dental implant insertion [6,7].  

On the other hand, the accuracy of CBCT 

images for alveolar bone measurements depends 

on various factors, including the voxel size, 

image analysis program, and presence/absence 

of soft tissue. Precise measurement of alveolar 

bone is crucial because of its effect on the 

outcome of periodontal and orthodontic 

treatments. Underestimation of alveolar        

bone height may lead to a misdiagnosis of     

bone loss [8].  

An artifact is an image distortion that is not 

related to the evaluated area and causes a 

reduction in image quality and misinterpretation 

of the findings. Teeth with restorative 

treatments, root canal therapy, and metal posts 

are more likely to cause artifacts owing to higher 

absorption of low-energy photons compared to 

higher-energy photons in polychromatic X-rays 

[9]. A recent study suggested that presence of 

dental implants could affect the accuracy of 

CBCT images [10]. While CBCT is generally 

avoided in children due to radiation concerns, 

there are rare and complex cases where CBCT 

might be necessary, such as dentomaxillofacial 

anomalies, severe trauma affecting the bone 

structure, and pathological conditions [11, 12]. 

Stainless-steel crown (SSC) is the most 

commonly used restorative option to preserve 

the remaining tooth structure in severely 

damaged primary teeth. SSCs have the benefits 

of low cost, dependability, and durability, better 

than any other restorative material [13].  

Since artifacts caused by dental restorations 

may lead to misinterpretation of CBCT findings, 

this study aimed to compare the accuracy of 

CBCT images in measuring the bone height and 

thickness before and after placing more than one 

SSC on teeth in dry sheep mandibles. The null 

hypothesis of the study was that presence of 

SSCs would have no significant effect on alveolar 

bone dimensions measured on CBCT scans. 

 

Materials and Methods 

This in vitro experimental study was 

conducted on sheep mandibles as the study 

samples selected by convenience sampling. 

Ethical approval was obtained from the ethics 

committee of Mazandaran University of Medical 

Sciences (code: IR.MAZUMS.REC.1401.14935). 

The sample size was calculated according to a 

study by Ismail et al. [14], assuming a type I 

error (α) of 0.05, measurement error (d) of 0.4, 

and σ=0.64 using the following formula: 

𝑛 =
𝑧1−𝛼/2

2 ∗ 𝜎2

𝑑2
 

A total of 12 samples from 4 hemi-mandibles 

of sheep were included. Regions on the posterior 
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part of the mandibles with at least three teeth in 

contact with each other were selected. Next, 1-

mm holes were created in the buccal and lingual 

sides of the ridge, parallel to each other and at 

the same distance from the alveolar crest at the 

site of the middle tooth in all samples using high-

speed round diamond bur. Gutta-percha points 

were placed in the holes as a radiopaque marker. 

The height and thickness (buccolingual width) of 

bone were measured using a digital caliper 

(Mitutoyo Series 500-144; Absolute, Suzano, 

Brazil) with an accuracy of 0.01 mm. The bone 

height was calculated by measuring the vertical 

distance from the edge of the crest to the gutta-

percha point on the buccal side, as well as from 

the edge of the crest to the gutta-percha point on 

the lingual side. Moreover, the thickness was 

determined by measuring the distance between 

the buccal and lingual gutta-percha points. The 

mandible was covered with 1.5 cm of red wax to 

simulate the soft tissue [15], and a CBCT image 

(baseline) was obtained without any restoration 

on the teeth. Images were obtained using a 

CS9300 CBCT scanner (Carestream Dental LLC, 

Atlanta, GA, USA) at the Dental Faculty of 

Mazandaran University of Medical Sciences. The 

samples were exposed to radiation for 8 seconds 

under the following conditions: 10×10 cm field 

of view (FOV), 88 kVp tube potential, 6.3 mA 

tube current, and 180 µm voxel size (Figure 1). 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. CBCT scanning of the baseline samples 

In the next step, the appropriate SSC was 

selected, and the tooth was reshaped with a 

taper round-end bur for occlusal adjustments. 

Proximal contacts were opened using a needle 

bur, without damaging the adjacent teeth. 

Finally, the corners and sharp edges were 

removed. The reshaping process was continued 

until the desired crown matched the tooth.

Tooth preparation was performed on all surfaces 

such that the finish line was located near the 

crestal ridge. The SSC (D2; 3M ESPE, St. Paul, 

MN, USA) was then cemented to the tooth. 

Another CBCT scan with the same parameters 

was obtained after cementation. Finally, 

mesially- and distally-positioned teeth relative 

to the middle tooth were prepared for SSCs with 

the same approach as mentioned above. D1 and 

E2 crowns were selected for mesial and distal 

teeth, respectively. As demonstrated in Figure 2, 

the third CBCT image was taken from the 

samples after placing the SSCs on the mesial and 

distal teeth, as well as the middle tooth.  

 

 

 

 

 

 

 

 

 

 

Figure 2. SSCs placed on the teeth in a hemi-mandible of 

sheep 

 

The scans were reviewed by two radiologists 

in a dark room on a 20-inch LCD monitor 

(1600×900 pixels; LG, South Korea). 

Reorientation of the reconstructed images was 

conducted while the occlusal plane was parallel 

to the horizon. Then, the panoramic view was 

reconstructed by drawing a curve through the 
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center of each jaw in the axial section  In the next 

step, the bone height and thickness were 

measured using OnDemand 3D DentalTM 

software using the ruler tool in the toolbox 

section. On the cross-sectional view, the distance 

between the buccal alveolar crest and the gutta-

percha point on the buccal side, as well as the 

distance between the lingual alveolar crest and 

the gutta-percha point on the lingual side, were 

calculated. Moreover, the thickness 

(buccolingual bone width) was measured based 

on the distance between the buccal and lingual 

gutta-percha points (Figure 3).  

 

 

 

 

 

 

 

 

 

 

 

Figure 3. Measurement of bone thickness on the (a) axial, 

(b) cross-sectional, (c) panoramic, and (d) 3D views of 

CBCT images 

 

The measurements obtained in direct 

measurement using the caliper, baseline 

measurements, and the measurements made on 

the CBCT scans were then compared. Two 

radiologists performed the measurements twice, 

with a one-month interval between the 

assessments, utilizing the ruler tool of 

OnDemand 3D DentalTM software. Diagnostic 

agreement was evaluated using sensitivity, 

specificity, area under the receiver-operating 

characteristic curve, and the intraclass 

correlation coefficient. In this study, descriptive 

indices, such as mean and standard deviation, 

were reported. For inferential analysis, the 

Friedman and Wilcoxon tests were used to 

compare the variables measured by different 

methods. SPSS version 22 was used for  

statistical calculations, and the significance level 

was set at 0.05. 
 

Results 

The intra-observer and inter-observer 

reliability values were found to be 0.89 and 0.85, 

respectively. The mean buccal and lingual bone 

height and buccolingual bone thickness are 

reported in Table 1. The mean buccal bone 

height ranged from 4.20±0.24 mm (third scan 

with 3 SSCs) to 4.51±0.28 mm (direct 

measurement), with a maximum mean 

difference of 0.30 mm observed between the 

methods. Quantitative analysis demonstrated no 

statistically significant differences (P>0.05) 

between direct caliper measurements and CBCT 

scans across all experimental conditions. 

Similarly, lingual bone height varied from 

4.47±0.05 mm (direct) to 5.05±0.82 mm (third 

scan), yielding a maximum mean difference of 

0.58 mm. Buccolingual bone thickness remained 

consistent, with direct measurements averaging 

11.50±0.22 mm compared to CBCT ranges of 

11.20 to 11.32 mm across scans (maximum 

mean difference: 0.30 mm). As demonstrated in 

Table 2, the differences in the buccal and lingual 

bone height, as well as bone thickness measured 

on CBCT scans with the direct measurements 

were not statistically significant (P>0.05). 

Critically, all differences between the direct and 

CBCT measurements fell below the 1 mm 

threshold for clinical significance. The intraclass 

correlation coefficients further confirmed strong 

agreement between methods, with values of 0.77 

(P=0.039) for buccal bone height, 0.87 (P=0.008) 

for lingual bone height, and 0.96 (P=0.001) for 

bone thickness. Thus, presence of one           

single or multiple SSCs did not compromise the 

accuracy of CBCT-based alveolar bone 

measurements (Table 3).  
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Table 1. Mean and standard deviation of direct and CBCT measurements (in millimeters)  

 

Variable  Mean 
Standard 

Deviation 
Minimum Maximum 

95% CI 

lower bound 

95% CI 

upper bound 
P value 

Buccal 

height 

1st scan 4.48 0.21 4.21 4.71 4.15 4.80 

0.319 

 

2nd scan 4.43 0.27 4.05 4.63 4.00 4.85 

3rd scan 4.20 0.24 3.90 4.45 3.81 4.59 

Direct 4.51 0.28 4.10 4.73 4.06 4.95 

Lingual 

height 

1st scan 4.97 0.82 3.80 5.65 3.66 6.27 

0.543 

 

2nd scan 5.04 0.84 3.98 5.88 3.70 6.39 

3rd scan 5.05 0.82 4.09 6.00 3.75 6.35 

Direct 4.47 0.05 4.40 4.50 4.39 4.54 

Bone 

thickness 

1st scan 11.20 0.34 10.70 11.42 10.66 11.73 

0.540 
2nd scan 11.32 0.45 10.65 11.60 10.61 12.03 

3rd scan 11.27 0.41 10.70 11.62 10.61 11.92 

Direct 11.50 0.22 11.20 11.73 11.15 11.85 

 

Table 2. Mean difference and standard deviation in buccal and lingual bone height, and bone thickness measured on CBCT 

scans in comparison with the direct technique  

 

 Buccal bone height Lingual bone height Bone thickness 

Method  
Mean 

difference 

Standard 

deviation 

P 

value 

Mean 

difference 

Standard 

deviation 

P 

value 

Mean 

difference 

Standard 

deviation 

P 

value 

1st   

scan 
0.03 0.17 0.999 - 0.50 0.81 0.273 0.30 0.14 0.068 

2nd 

scan  
0.08 0.08 0.144 - 0.57 0.82 0.273 0.18 0.27 0.273 

3rd 

scan  
0.30 0.31 0.144 - 0.58 0.79 0.273 0.23 0.23 0.144 

 

Table 3. Intraclass correlation coefficient between the methods 

 

Measures  Intraclass correlation coefficient P value 

Buccal crest to gutta-percha 0.77 0.039 

Lingual crest to gutta-percha 0.87 0.008 

Bone thickness  0.96 <0.001 

 

Discussion  

The findings of the current study suggested 

that the mean difference between the direct 

caliper measurements and baseline CBCT 

measurements was not statistically significant; 

thus, the null hypothesis of the study was 

accepted. The results obtained from this study 

were in line with some other investigations 

conducted in this field [14,16]. 

SSCs are used for severely carious primary 

teeth [13]. While CBCT is rarely indicated in 

children due to radiation concerns, it becomes 

indispensable in complex cases such as trauma 

or pathological lesions [12]. The current study 

suggests that when CBCT is indicated, SSCs do 

not impede accurate bone assessments, 

empowering clinicians to plan surgeries or 

evaluate pathologies without artifact-induced 

uncertainty. Unlike high-density alloys, which 

cause beam-hardening artifacts that distort 

CBCT measurements [17], SSCs appear to be 

minimally disruptive. This may be attributed to 

their lower metal density and homogeneous 

composition, which reduces photon starvation 

effects. These results align with those of Ismail et 

al. [14], who reported no measurement 

inaccuracies even with eight SSCs in porcine 

mandibles. However, the current findings 

contradicted those of Fakhar et al. [18] who 

reported metal-induced underestimations with 
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nickel-chromium crowns. This controversy 

suggests that material properties, not mere 

presence of metal, dictates the artifact severity. 

Absence of significant differences in the triple 

SSC group demonstrates that adjacent crowns do 

not cause measurement errors. This addresses a 

critical gap, as multiple restorations are common 

in pediatric rehabilitation yet poorly studied in 

CBCT literature. On the other hand, Adarsh et al. 

[19] compared CBCT measurements with 

conventional imaging modalities for tooth length 

measurements and reported that linear 

measurements on CBCT images in the 

craniofacial region were accurate and reliable. 

Another study performed measurements on 30 

teeth restored with metal-ceramic and full-

ceramic veneers and found no significant 

difference between measurements with manual 

and three-dimensional methods [20]. Linear and 

volumetric measurements on the condyles of 

human cadavers have shown that CBCT is a 

reliable method and does not have a significant 

difference with the measurements made with a 

digital caliper [16]. Additionally, linear 

measurements of the human skull made on CBCT 

scans with large and small FOVs did not have a 

significant difference with direct measurements 

21]. Ganguly et al. [22] assessed linear 

measurements of edentulous regions in the 

maxilla and mandible on four human cadavers 

using different FOVs and voxel sizes and found 

no significant difference between different CBCT 

settings or direct measurement methods. On the 

other hand, in another study, CBCT 

measurements of the buccal bone thickness on 

human cadavers were significantly smaller than 

direct measurements and resulted in 

underestimations [23]. Features of CBCT 

scanners can affect the accuracy of 

measurements, which include non-operator-

dependent variables such as filtration, source-to-

object distance, object-to-sensor distance, 

reconstruction algorithms used, or the design of 

different limiting devices [24]. This controversy 

can be attributed to the difference in study 

design as well as the exposure conditions such as 

FOV, voxel size, irradiation time, tube potential, 

and tube current. Additionally, Lira de Farias 

Freitas et al. [17] calculated the dimensions of 

nickel-chromium and silver-palladium posts on 

CBCT scans and reported that high atomic 

number alloys decrease the accuracy of CBCT 

measurements. The reason for this difference 

can be attributed to the beam hardening artifact 

created by gold alloys, which has been 

increasingly observed in metal posts. In contrast 

with the present investigation, Moshfeghi et al. 

[25] discovered a significant difference between 

the CBCT and direct measurements made on 

sheep dry mandible; however, the difference 

was less than 1 mm. Several studies have 

considered a 1-mm difference as the clinical 

error threshold [24, 26]. These conflicting 

results can be explained by the difference in 

exposure conditions. Studies that simulate soft 

tissue conditions provide more accurate results 

since the settings are similar to clinical 

conditions. Thus, some investigations use 

samples with soft tissue [14] and some others 

use the water immersion technique to simulate 

the soft tissue [27, 28]. In line with other 

investigations [15, 21], the present study used 

1.5 cm of red wax to simulate the soft tissue. The 

artifact created by metal objects results from 

beam hardening, which occurs in almost all 

computed tomography and CBCT imaging 

systems. In some cases, the artifact is so severe 

that it reduces the quality of the image or even 

distorts the image [29]. The current study 

observed that presence of SSC on the target 

tooth and adjacent teeth did not reduce the 

accuracy of linear measurements made on   

CBCT images.  

This study had some limitations. The use of 

sheep mandibles may not fully replicate human 

anatomical complexity, and the small sample 
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size limits broad generalizability of the findings. 

Future research should validate these results in 

human specimens or clinical cohorts, 

incorporating diverse CBCT systems and voxel 

resolutions. Assessing other high-density 

materials and advanced artifact-reduction 

algorithms would strengthen the clinical 

applicability of the results. 

 

Conclusion 

The current findings indicated that the CBCT 

imaging technique had appropriate accuracy in 

presence of SSCs, and no significant difference 

was observed between direct and baseline CBCT 

measurements. The artifact caused by SSCs did 

not cause a significant change in CBCT 

measurements compared to the direct 

measurements. Furthermore, increasing the 

number of crowns near the desired location did 

not significantly affect the measurement 

accuracy, and did not cause overestimation or 

underestimation of the alveolar bone height. 
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