In vitro effect of voxel size and resolution on the detection of fenestration and dehiscence defects on CBCT scans

Abstract

[bookmark: _GoBack]Background and Objectives: Detection of fenestration and dehiscence is clinically difficult and requires radiography. This study aimed to assess the effect of voxel size and resolution on the detection of fenestration and dehiscence on cone-beam computed tomography (CBCT) scans.
Materials and Methods: In this diagnostic accuracy study, eight fenestration and dehiscence defects were artificially created in the buccal bone plate of incisors, premolars and molars in a dry human mandible with teeth. The defects were created randomly. This model served as the gold standard. The holes were covered with two layers of boxing wax for soft tissue simulation. CBCT scans were taken with 0.4, 0.2 and 0.15 mm resolution. The obtained CBCT scans were mixed and randomly observed by two experienced oral and maxillofacial radiologists. The observers were requested to identify the teeth with defects and specify the type of defect as well (no defect, dehiscence or fenestration). Data were analyzed using SPSS.
Results: The sensitivity for detection of fenestration was 0.37-1 at 0.4 mm, 0.10-1 at 0.2 mm and 0.45-1 at 0.15 mm resolution. The specificity for detection of fenestration was 0.96-1 at 0.4 mm, 0.36-1 at 0.2 mm and 0.73-1 at 0.15 mm resolution. The specificity for detection of dehiscence was 0.95-1 at 0.4 mm and 0.15 mm resolutions and one at 0.2 mm resolution. The inter-rater agreement was 0.9-1 for all three resolutions, while the intra-rater agreement was 0.9-1. 
Conclusion: The use of smaller voxel size to increase resolution is not recommended to detect fenestration and dehiscence. 
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Introduction 

Periodontal disease is an inflammatory condition affecting the tooth-supporting structures, including the gingiva and bone. It may also lead to bone defects, which may remain undetected in visual examination since they are covered with soft tissue. Thus, the detection of bone defects is often challenging for dental clinicians [1]. On the other hand, thorough assessment of bone is imperative for diagnosis, treatment planning and determination of the prognosis of periodontal disease. Moreover, knowledge about the shape and type of bone defects is essential for treatment and determining the prognosis of periodontal disease [1,2].  
Radiography is indicated for visualization of anatomical structures such as the alveolar bone. 
The commonly used methods for detection of the type and extent of periodontal disease and dehiscence and fenestration defects include probing and radiographic examination for assessment of the supporting bone [3]. The radiographic modalities used for this purpose include panoramic radiography, bite-wing radiography and periapical radiography [4]. The bite-wing radiography is the most commonly used technique for periodontal disease [3]. Radiographs can reveal the interdental bone loss, root length, crown/root ratio, periodontal ligament space and periapical lesions [5]. However, buccal and lingual lesions cannot be differentiated on the conventional two-dimensional (2D) radiographs since they are masked by the bone trabeculae and remain undetected [5,6]. Thus, three-dimensional (3D) radiography such as computed tomography (CT) and cone-beam computed tomography (CBCT) are preferred for such assessments. CT is commonly used for maxillofacial imaging for the purpose of diagnosis and treatment planning in patients with tooth malformations, impacted teeth, implant treatments, bone defects and pathological lesions that require 3D visualization of the region. Evidence shows that measurement of alveolar bone height and size of infrabony defects by CT is optimally accurate. CBCT is often preferred to intraoral radiography for detection of fenestration and dehiscence due to its higher accuracy; however, use of high radiation dose, which is required in CT and CBCT, is not justified for all cases [7-9]. But, CBCT is now commonly used as an advanced imaging modality in periodontology for complex cases [10]. CBCT provides reconstructed images in different spatial planes. Such 3D images are highly accurate and can greatly help in diagnosis and treatment planning [11]. CBCT provides 3D images of dental structures with high resolution and contrast. However, imaging modalities with lower patient radiation dose should be used for routine dental examinations [12]. Studies comparing the accuracy of CBCT with 2D imaging modalities for detection of bone defects have shown that CBCT has 80% to 100% sensitivity for detection and classification of bone defects while intraoral radiography has 63% to 67% sensitivity for this purpose [8,13,14]. The accuracy of CBCT images depends on the exposure settings such as amperage (mA), voltage (kVp), voxel size and field of view [15]. Voxel size has an inverse relationship with the resolution of images. In other words, smaller voxel size yields images with higher resolution, and greater details can be detected on these images [16]. On the other hand, visualization of structures such as the periodontal ligament, cortical bone, alveolar crest and alveolar cortical bone plates is important in diagnosis of periodontal conditions. Thus, images with higher resolution (smaller voxel size) are required for this purpose, which need higher amperage (mA) and voltage (kVp) [17-19]. Voxel size plays an important role in quality of scans, their frequency and reconstruction of CBCT images. Small voxels yield images with higher diagnostic accuracy, since they can better visualize root fracture, root canal variations and root resorption [20]. Despite the presence of a number of studies regarding the effect of voxel size on detection of root fracture and internal/exernal root resorption, studies regarding the effect of voxel size on detection of fenestration and dehiscence periodontal defects are limited. Thus, this study aimed to assess the effect of changing the voxel size and resolution on the accuracy of detection of fenestration and dehiscence defects. 

Materials and Methods 

This diagnostic accuracy study evaluated the accuracy of CBCT images with 0.4, 0.2 and 0.15 mm resolutions. For this purpose, a dry human mandible with 8 teeth was used. In the experimental group, 4 teeth with dehiscence and 4 teeth with fenestration defects, and in the control group, 4 teeth with no bony defect were subjected to CBCT. Sample size was calculated according to relevant previous studies [21-23]. The study was approved in the ethics committee of Tehran University of Medical Sciences (IR.TUMS.DENTISTRY.REC.1396.2582)
First, the soft tissue was removed and the dry human mandible with 8 teeth was fixed in formalin. A total of 8 bone defects measuring 1x1 m.m. including 4 fenestration and 4 dehiscence defects were drilled in the bone cortex using a round bur and high-speed hand-piece. Another dry mandible with no bone defect served as the control group. For soft tissue simulation, the buccal and lingual cortical plates of the mandibles were covered with two layers of boxing wax, and the mandibles were mounted on a platform parallel to the horizontal plate of the CBCT system.
The CBCT scans were obtained using ProMax 3D CBCT system (Planmeca, Helsinki, Finland) with the exposure setting of 4 mA, 80 kVp and 17 s time and 0.15, 0.2 and 0.4 mm resolutions. No bone defect was created in the control mandible (n=8) and it only underwent CBCT with the same exposure settings and resolutions as the experimental group. 
Each sample was then coded and two oral and maxillofacial surgeons with 5 years of clinical experience were requested to observe the CBCT scans and express their opinion regarding the presence/absence of fenestration and dehiscence. The CBCT scans were shown to the observers in a random order and they expressed their opinion using a three-point scale as no defect, fenestration or dehiscence. The observers were requested to evaluate some of the images again after 3 months to assess their intra-observer agreement. The inter-observer agreement was also calculated. 
The overall accuracy of a diagnostic test is determined based on the percentage of correct diagnoses of presence/absence of a condition. The prevalence of condition is also involved in this assessment. The Youden’s index is used to calculate the overall accuracy of CBCT for detection of fenestration and dehiscence defects irrespective of their prevalence and indicates the percentage of correct diagnoses of health or disease status. 
Youden’s J=sensitivity+specificity-1
The sensitivity and specificity values were calculated using the formula below:
Sensitivity=True positive ( True positive +False Negative)
Specificity=True Negative (True Negative + False Positive)
Data were analyzed using SPSS version 22 (SPSS Inc., IL, USA). Presence/absence of bone defects in the experimental and control groups was reported separately by each observer for the three resolutions of the CBCT system. The sensitivity, specificity and 95% confidence interval values were also calculated. The intra- and inter-observer agreements for detection of bone defects using different resolutions were calculated using the kappa coefficient. 

Results 

Table 1 shows the frequency of true and false positive and negative results for detection of fenestration by the two observers on CBCT scans with different resolutions. The results showed that the sensitivity of the observers for detection of fenestration defects increased by an increase in resolution compared to the gold standard. However, the highest specificity belonged to images with low resolution. Also, the accuracy of detection of fenestration on CBCT images with 0.15 mm resolution was higher compared to other resolutions. The accuracy of observations on images with 0.4 mm resolution was higher than 0.2 mm resolution according to the Youden’s percentage (Table 1). 
Table 2 shows the frequency of true and false positive and negative results for detection of dehiscence by the two observers on CBCT scans with different resolutions. The results showed that the sensitivity for detection of dehiscence by the observers did not increase by an increase in resolution compared to the gold standard. The highest sensitivity belonged to 0.4 mm resolution while the lowest sensitivity belonged to 0.2 mm resolution. However, the specificity of the observations was high and the highest specificity belonged to images with moderate resolution. The accuracy of detection of dehiscence on CBCT images with 0.4 mm resolution was higher than other resolutions. The accuracy of observations on images with 0.15 mm resolution was higher than 0.2 mm resolution. 
Table 3 shows the frequency of true and false positive and negative results for detection of both fenestration and dehiscence by the two observers on CBCT scans with different resolutions. The sensitivity for detection of both fenestration and dehiscence defects in general by the observers increased by an increase in resolution compared to the gold standard. The highest sensitivity belonged to 0.15 mm resolution while the lowest sensitivity belonged to 0.2 mm resolution. The specificity decreased in general and the highest specificity belonged to images with low resolution. Assessment of the accuracy of detection of both defects in general showed that the accuracy of CBCT images with 0.15 mm resolution was higher than that of other resolutions. Also, the accuracy of observations on images with 0.4 mm resolution was much higher than 0.2 mm resolution. 
Table 4 shows the intra- and inter-observer agreements for detection of fenestration and dehiscence defects on CBCT images with 0.4 mm resolution. The first observer evaluated 14 CBCT images with 0.4 mm resolution twice for presence/absence of dehiscence and fenestration. The first observer diagnosed 12 out of 14 images similarly in the first and second observations. The second observer evaluated 14 CBCT images with 0.4 mm resolution twice for presence/absence of dehiscence and fenestration and diagnosed all 14 images similarly in the first and second observations. The two observers diagnosed 12 out of 14 images similarly in the first and second observations. 
Table 5 shows the intra- and inter-observer agreements for detection of fenestration and dehiscence on CBCT images with 0.2 mm resolution. The first observer evaluated 14 CBCT images with 0.2 mm resolution twice to detect dehiscence and fenestration defects. He diagnosed 12 out of 14 images similarly in the first and second observations. The second observer diagnosed 12 out of 14 images similarly in the first and second observations. The two observers diagnosed 11 out of 14 images similarly in the first and second observations. 
Table 6 shows the intra- and inter-observer agreements for detection of fenestration and dehiscence defects on CBCT images with 0.15 mm resolution. The first observer diagnosed all images similarly in the first and second observations. The second observer diagnosed all 16 images similarly in the first and second observations. The two observers diagnosed all 16 images similarly in the first and second observations.
In general, the first observer diagnosed 40 out of 44 images with 0.4, 0.2 and 0.15 mm resolutions similarly in the first and second observations. The same was true for the second observer. The two observers diagnosed 39 out of 44 images similarly in the first and second observations. Table 7 presents the kappa coefficient of agreement for detection of dehiscence and fenestration defects by the two observers. The highest intra-observer agreement for the two observers was achieved in assessment of high-resolution images. The same was true for inter-observer agreement. The intra-observer agreement and the inter-observer agreement for images with low resolution were higher than the corresponding values for moderate resolution images. 

Discussion 

Studies on measurement of bone defects using CBCT are limited. However, all of them have shown optimal accuracy of CBCT for this purpose. But almost all of these studies have evaluated limited defect types and had a small sample size [13,24-27]. This study assessed the effect of voxel size and resolution on detection of fenestration and dehiscence defects on CBCT scans. The results showed 37% sensitivity and 91% specificity for detection of fenestration on images with 0.4 mm resolution; these values indicated relatively acceptable sensitivity and specificity of CBCT images with low resolution (0.4 mm) for this purpose. The sensitivity and specificity for detection of fenestration on images with 0.2 mm resolution were 50% and 36%, respectively. These values indicate that CBCT images with 0.2 mm resolution are not suitable for this purpose. The sensitivity and specificity for detection of fenestration on images with 0.15 mm resolution were 83% and 73%, respectively. These values indicate almost optimal accuracy of CBCT images with 0.15 mm resolution for this purpose. Increasing the resolution from 0.4 to 0.2 mm yielded no positive effect; instead, since the resolution of images increased, some of the images with no defects were wrongfully diagnosed with defect. However, the results were satisfactory at 0.15 mm resolution and most teeth with fenestration and no defect were diagnosed correctly. In assessment of sensitivity and specificity values, sometimes by an increase in sensitivity, the specificity value decreases and vice versa. It also happened in our study. The frequency of false negative results was high on images with low resolution. Thus, the sensitivity decreased and specificity increased. In contrast, on high resolution images, in addition to teeth with defects, a number of teeth with no defects were wrongfully diagnosed with defect (false positive), which decreased the specificity value. The accuracy of detection of fenestration defect on CBCT images with 0.4 mm resolution was 28% compared to the gold standard. This value was -13% for images with 0.2 mm resolution. It means that CBCT images with 0.2 mm resolution have low accuracy for detection of fenestration defect [28]. This value was 56% for images with 0.15 mm resolution. Kolsuz et al. [29] evaluated 12 dry skulls and created 13 fenestration, 14 dehiscence and 8 tunnel defects in them. They used CBCT with five different voxel sizes for detection of defects and reported that the diagnostic accuracy for detection of fenestration defects was significantly higher than that for dehiscence and tunnel defects; no significant difference was noted in the diagnostic accuracy of CBCT for detection of dehiscence and tunnel defects. De Faria et al. [30] evaluated the detection of fenestration and dehiscence defects around dental implants using CBCT with 0.2 and 0.12 mm voxel sizes and two scanning modes (180° and 360°). The results showed that the difference in voxel size caused no significant difference in detection of fenestration defects. Based on the results, the accuracy of CBCT images with 0.15 mm resolution was higher than that of other resolutions and showed maximum number of true positive and negative results. Thus, high resolution imaging is recommended to ensure the accuracy of diagnoses. The sensitivity and specificity of CBCT images with 0.4 mm resolution for detection of dehiscence were 50% and 95%, respectively. The sensitivity and specificity of CBCT images with 0.2 mm resolution for detection of dehiscence were 10% and 100%, respectively. These values indicate that CBCT images with 0.2 mm resolution are not suitable for detection of these defects. The sensitivity and specificity of CBCT images with 0.15 mm resolution for detection of dehiscence were 45% and 95%, respectively. These values indicate that increasing the resolution does not improve the accuracy for detection of these defects. Thus, increasing the resolution is not recommended to enhance detection of dehiscence. The accuracy of CBCT images with 0.4 mm resolution for detection of dehiscence was 45% compared to the gold standard. This value was 10% for CBCT images with 0.2 mm resolution and 40% for CBCT images with moderate (0.15 mm) resolution. Thus, increasing the resolution and subsequently the patient radiation doe is not recommended for this purpose. de-Azevedo-Vaz SL. [31] showed that image resolution does not have a positive effect on detection of dehiscence in candidates for dental implant placement. They found that decreasing the voxel size only increased the cost of service and had no positive effect on diagnosis. Enhos et al. [32] also showed that decreasing the voxel size increased the accuracy only to a small extent. They reported that the accuracy of detection of lesions increased in 0.3 mm compared to 0.4 mm and in 0.2 mm compared to 0.3 mm resolution but this increase due to reduction in voxel size was not cost-effective and therefore, is not recommended for routine practice. 
In general, the results showed deterioration of diagnoses in use of moderate (0.2 mm) resolution and their relative improvement in use of high resolution (0.15 mm). In general, the accuracy of high resolution images was 12% higher than that of low resolution (0.4 mm) images. However, since increasing the resolution increases the patient radiation dose and also may cause false positive results, high resolution CBCT is not routinely recommended unless in high risk groups with high possibility of defects. A smaller voxel size can be used to increase the resolution. However, use of small voxels to increase the resolution may cause noise and may not cause a significant difference in diagnostic quality of images. Also, increasing the resolution prolongs the scanning time, increases the patient radiation dose and increases the risk of patient movement during scanning [33,34]. The current results confirmed this statement. Liedke et al. [35] evaluated the effect of voxel size of CBCT on detection of external root resorption and found no significant correlation between the voxel size, tomographic plane (sagittal, frontal, axial) and size of defect with the location of resorption in the radicular third. The diagnostic sensitivity and specificity of CBCT were the same in different voxel sizes and resolutions, and no correlation was noted between the specificity and sensitivity values with the voxel size. Dalili et al. [36] and Kamburuglu and Kursun [37] found that high resolution images (voxel size <0.16 mm) were more accurate for detection of artificially induced internal root resorption defects. 
The inter-observer agreement in our study was >90% in all three resolutions. The intra-observer agreement was around 90% for both observers. The results showed that in order to increase the inter-observer agreement, high-resolution images should be used. The agreement values obtained in our study were highly favorable; thus, our findings were reliable [38]. Detection of dehiscence and fenestration defects may be complicated in presence of metal restorations and beam scattering due to the presence of soft tissue and artifact generating materials. Thus, detection of defects in our study was easier compared to the clinical setting since the defects were created artificially and had a well-defined border, which enhances their detection compared to naturally occurring defects with irregular borders. Also, patient movement during scanning in the clinical setting can adversely affect the results. Future studies on larger sample size using different CBCT systems are required to increase the generalizability of results. Also, clinical studies on actual patients are required to assess the efficacy of CBCT with different resolutions for detection of fenestration and dehiscence defects in the clinical setting and in presence of soft tissue and metal restorations. 
Conclusion
 The current findings revealed that increasing the resolution to 0.15 mm (which also increases the patient radiation dose) is recommended for detection of dehiscence and fenestration defects only if the patient is highly suspected for these defects and clinically benefits from their detection. Otherwise, we are not ethically allowed to expose the patient to additional radiation according to the ALARA rule. 
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Tables
Table 1. Frequency of true and false positive and negative results, sensitivity and specificity for detection of fenestration by the two observers on CBCT scans with different resolutions







	Resolution
	Lesion
detection
	Gold standard
	Pure values
	Percentage 
	Youden’s percentage

	
	
	
	
	Sensitivity
	Specificity
	Sensitivity
	Specificity
	

	0.4 (low resolution)
	+
	3
	2
	0.37
	0.91
	37.40




	90.90
	28.41

	
	-
	5
	20
	
	
	
	
	

	0.2 (medium resolution)
	+
	5
	10	
	0.50
	0.36
	50.00
	36.51
	-13.49

	
	-
	5
	6
	
	
	
	
	

	0.15 (high resolution)
	+
	6
	6
	0.83
	0.73
	83.33
	73.48
	56.81

	
	-
	1
	17
	
	
	
	
	



Table 2. Frequency of true and false positive and negative results, sensitivity and specificity for detection of dehiscence by the two observers on CBCT scans with different resolutions




	Resolution
	Lesion detection
	Gold standard
	Pure values
	Percentage 
	Youden’s percentage

	
	
	
	
	Sensitivity
	Specificity
	Sensitivity
	Specificity
	

	0.4 (low resolution)
	+
	4
	1
	0.50
	0.95
	50.00




	95.45
	45.45

	
	-
	4
	21
	
	
	
	
	

	0.2 (medium resolution)
	+
	1
	0	
	0.10
	1.00
	10.00
	100.00
	10.00

	
	-
	9
	16
	
	
	
	
	

	0.15 (high resolution)
	+
	4
	1
	0.45
	0.95
	45.00
	95.00
	40.00

	
	-
	5
	20
	
	
	
	
	



Table 3. Frequency of true and false positive and negative results, sensitivity and specificity for detection of fenestration and dehiscence by the two observers on CBCT scans with different resolutions ( Detection of lesion is showed with + and No lesion presentation with _ )

	Resolution
	Lesion 
detection
	Gold standard
	Pure values
	Percentage 
	Youden’s percentage

	
	
	
	
	Sensitivity
	Specificity
	Sensitivity
	Specificity
	

	0.4 (low resolution)
	+
	7
	3
	0.43
	0.93
	43.75




	95.45
	36.93

	
	-
	9
	41
	
	
	
	
	

	0.2 (medium resolution)
	+
	6
	10	
	0.30
	0.68
	30.00
	68.25
	-1.74

	
	-
	14
	22
	
	
	
	
	

	0.15 (high resolution)
	+
	10
	7
	0.64
	0.84
	64.17
	84.24
	48.41

	
	-
	6
	37
	
	
	
	
	



Table 4. Frequency of agreements for detection of dehiscence and fenestration on CBCT images with 0.4 mm resolution for the two observers 

	
	Second observation

	First observer
	First observation
	Result of observation	
	No defect
	Fenestration
	Dehiscence

	
	
	No defect
	8
	0
	0

	
	
	Fenestration
	0
	4
	0

	
	
	Dehiscence 
	2
	0
	0

	Second observer
	First observation
	No defect
	6
	0
	0

	
	
	Fenestration
	0
	4
	0

	
	
	Dehiscence 
	0
	0
	4

	First and second observer
	First observation
	No defect
	6
	0
	1

	
	
	Fenestration
	0
	4
	0

	
	
	Dehiscence 
	1
	0
	2



Table 5. Frequency of agreements for detection of dehiscence and fenestration on CBCT images with 0.2 mm resolution by the two observers 
	
	Second observation

	First observer
	First observation
	Result of observation	
	No defect
	Fenestration
	Dehiscence

	
	
	No defect
	6
	0
	2

	
	
	Fenestration
	0
	4
	0

	
	
	Dehiscence 
	0
	0
	2

	Second observer
	First observation
	No defect
	6
	0
	2

	
	
	Fenestration
	0
	4
	0

	
	
	Dehiscence 
	0
	0
	2

	First and second observer
	First observation
	No defect
	6
	0
	1

	
	
	Fenestration
	0
	2
	0

	
	
	Dehiscence 
	2
	0
	3



Table 6. Frequency of agreement for detection of dehiscence and fenestration on CBCT images with 0.15 mm resolution by the two observers 
	
	Second observation

	First observer
	First observation
	Result of observation	
	No defect
	Fenestration
	Dehiscence

	
	
	No defect
	6
	0
	0

	
	
	Fenestration
	0
	8
	0

	
	
	Dehiscence 
	0
	0
	2

	Second observer
	First observation
	No defect
	8
	0
	0

	
	
	Fenestration
	0
	6
	0

	
	
	Dehiscence 
	0
	0
	2

	First and second observer
	First observation
	No defect
	7
	0
	0

	
	
	Fenestration
	0
	5
	0

	
	
	Dehiscence 
	0
	0
	4



Table 7. Kappa coefficient of agreement for detection of dehiscence and fenestration by the two observers
	
	Intra-observer agreement for first observer
	Intra-observer agreement for second observer
	Inter-observer agreement 

	
	Kappa coefficient of agreement
	P value
	Kappa coefficient of agreement
	P value
	Kappa coefficient of agreement
	P value

	Agreement in 0.4 mm resolution
	0.75
	0.006
	1.000
	0.000
	0.879
	0.000

	Agreement in 0.2 mm resolution
	0.774
	0.003
	0.786
	0.002
	0.794
	0.002

	Agreement in 0.15 mm resolution
	1.000
	0.000
	1.000
	0.0000
	1.000
	0.000

	General agreement
	0.848
	0.000
	0.93
	0.000
	0.932
	0.000



