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Abstract
Diagnosis of periodontal disease mainly depends on clinical signs and symptoms. However, in the case of bone destruction, radiographs are valuable diagnostic tools as an adjunct to the clinical examination. Two dimensional periapical and panoramic radiographs are routinely used for diagnosing periodontal bone levels. In two dimensional imaging, evaluation of bone craters, lamina dura and periodontal bone level is limited by projection geometry and superpositions of adjacent anatomical structures. Those limitations of 2D radiographs can be eliminated by three-dimensional imaging techniques such as computerized tomography. Cone beam computerized tomography (CBCT) generates 3D volumetric images and is also commonly used in dentistry. All CBCT units provide axial, coronal and sagittal multi-planar reconstructed (MPR) images without magnification. Also, panoramic images without distortion and magnification can be generated with curved planar reformation. CBCT displays 3D images that are necessary for the diagnosis of intra bony defects, furcation involvements and buccal/lingual bone destructions. CBCT applications provide obvious benefits in periodontics, however; it should be used only in correct indications considering the necessity and the potential hazards of the examination.
© 2014 Baishideng Publishing Group Co., Limited. All rights reserved.
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Core tip: Dentomaxillofacial cone beam computerized tomography (CBCT) is now commonly used for a variety of diagnostic tasks in dentistry. Its applications in periodontal disease has not been very well reviewed and documented previously. This review paper will shed light into this innovative technology and its use in periodontology. Diagnosis of periodontal disease depends on clinical signs and symptoms. However, in the case of bone destruction, radiographs are valuable diagnostic tools as an adjunct to the clinical examination. Two dimensional periapical and panoramic radiographs are routinely used for diagnosing periodontal bone levels. In two dimensional imaging, evaluation of bone craters, lamina dura and periodontal bone level is limited by projection geometry and superposition of adjacent anatomical structures. Those limitations of 2D radiographs can be eliminated by three-dimensional imaging techniques such as computerized tomography. CBCT generates 3D volumetric images and is also commonly used in dentistry. All CBCT units provide axial, coronal and sagittal multi-planar reconstructed (MPR) images without magnification. Also, panoramic images without distortion and magnification can be generated with curved planar reformation. CBCT displays 3D images that are necessary for the diagnosis of intra bony defects, furcation involvements and buccal/lingual bone destructions. CBCT applications provide obvious benefits in periodontics, however; it should be used only in correct indications considering the necessity and the potential hazards of the examination.    
Acar B, Kamburoğlu K. The use of cone beam computerized tomography in periodontology. 
Available from: 

DOI:

INTRODUCTION  
Periodontal diseases consist of a variety of conditions affecting the periodontal tissues such as: gingiva, periodontal ligament, root cementum and alveolar bone. Some of these tissues are soft (gingiva, periodontal ligament) whereas some are hard tissues (root cementum and alveolar bone)[1]. Inflammation of periodontal tissues is a common disease which results in attachment loss and destruction of alveolar bone. Diagnosis of periodontal diseases mainly depends on clinical signs and symptoms[2]. However, in the case of bone destruction, radiographs are valuable diagnostic tools as an adjunct to the clinical examination. Although periapical and panoramic radiographs are routinely used for diagnosing periodontal bone levels, the projection geometry of the X-ray beam may cause magnification and distortion which makes it impossible to obtain accurate diagnosis[3]. In panoramic and periapical radiographs, bone craters, lamina dura and periodontal bone level evaluation is limited by the superposition of adjacent anatomic structures and projection geometry. Conventional two-dimensional radiographs generate 2D images in which teeth roots are superimposed on the alveolar bone and as a result bone changes such as; furcation involvement, buccal and lingual alveolar bone defects are obscured[4-6]. Limitations of 2D radiographs can be eliminated by using three-dimensional imaging techniques such as computerized tomography (CT)[7]. Computed tomography can be categorized into two groups according to the geometry of X-ray beam: 1-fan beam and 2-cone beam (Figure 1). Cone beam computed tomography (CBCT) generates 3D volumetric images and is commonly used in dentistry[8]. CBCT technology has developed rapidly since it was first used in 1982 at Mayo Clinic Biodynamic Research Laboratory for angiography, radiotherapy and mammography applications. In CBCT technique, a cone-shaped X-ray beam rotates around the patient’s head and collects base images used to construct 3D volumetric data from which multi-planar (axial, sagittal, coronal and cross-sectional) reconstructions can be generated[7,8] (Figure 2). Voxel sizes affect CBCT image quality and alveolar defects can be evaluated with highest accuracy when smaller voxel sizes are utilized[9]. Similarly, accuracy of alveolar bone height measurements are inversely proportional to voxel sizes of CBCT images evaluated[10]. 
ADVANTAGES OF CBCT
A single rotation is sufficient during irradiation of the patient for acquisition of base projection images and CBCT scanners use two-dimensional flat-panel detectors which provide a scan of the entire region of interest [11,12]. The collimation of the X-ray beam to the area of interest minimizes the radiation dose. Most CBCT units offer different field of view (FOV) options with various sizes (Figure 3). The use of small FOV lowers the effective radiation dose[8-13]. The voxels in CBCT units are isotropic that enables sub-millimeter geometric resolution, thereby; a high degree of measurement accuracy can be obtained (Figure 4). This feature contributes to the high diagnostic capacity of CBCT images obtained from high-density dento-maxillofacial structures such as teeth and bone[8]. Whereas medical CT requires multiple rotations entailing high effective radiation doses, with CBCT, a single rotation is sufficient for the acquisition of base images[8,14,15]. All CBCT units provide axial, coronal and sagittal multi-planar reconstructed (MPR) images without magnification. Panoramic images can also be generated with curved planar reformation. Multiplanar image can be thickened by increasing the number of adjacent voxels and it is also possible to apply 3D volume rendering and modeling by use of appropriate software package[8,11]. In comparison to medical CT, CBCT offers lower radiation dose and cost along with smaller space requirement[14]. CBCT has better spatial resolution when compared with medical CT[16,17] (Table 1).
LIMITATIONS OF CBCT 
CBCT is not able to offer high contrast resolution and it cannot discriminate soft tissues, therefore; CBCT is mainly indicated for the evaluation of hard tissues in the dentomaxillofacial complex[11,12]. When compared to 2D imaging, CBCT has higher cost and effective radiation dose but it has lower resolution and lack of availability[13,16,17] (Table 2). Because of the shape of X-ray beam, the scatter radiation is higher in CBCT than with fan-beam tomography. Moreover, the beam-hardening artifacts that comprise radiolucent areas and radiopaque lines can occur more often in CBCT images (Figure 5). A significant limitation to CBCT imaging is the presence of metal artifacts, i.e., image flaws that are unrelated to the scanned object, which are caused by metal and amalgam restorations and, to a lesser extent, root-canal filling material and implants. Such artifacts include streaks around materials as well as dark zones that affect the overall quality of the image. Streak artifacts appear as linear hyperdensities that radiate from a metallic object and may extend to the width of the field, affecting visualization of areas even on the opposite side of an image (Figure 6). Beam-hardening artifacts, which appear as dark bands adjacent to high-density structures, may mimic disease[8,9,18]. 
RADIOLOGICAL EVALUATION OF PERIODONTAL TISSUES
Radiographs provide information about quantity, localization and pattern of bone resorption, changes in bone trabeculations, conditions of lamina dura and periodontal space, length and shape of teeth roots, ratio of clinical crown length to root length. Some etiological factors of periodontal disease, such as calculus, incompatible restorations may be also seen in radiographs. Inter-proximal areas of maxillary and mandibular teeth can be clearly evaluated in bitewing radiographs because the projection geometry which is applied in this technique does not cause distortion and superposition of the teeth on each other in the image[19,20].
Digital radiographs have not a proven superiority to conventional radiographs in diagnosis, although digital imaging has some distinct practical advantages including the elimination of processing procedure, less radiation dose, shorter exposure and image acquisition times, some benefits that software is allowed such as adjustment of image contrast, density and size[8,21].
CBCT displays two dimensional and three dimensional images that are necessary for the diagnosis and treatment planning of intra bony defects, furcation involvements and buccal/lingual bone destructions[4,7,22] but periapical radiographs have better image quality than CBCT including contrast resolution, clarity and detail[17,23]. Mol et al[19] observed that the CBCT images provided more accurate information on periodontal bone levels in three dimensions than the images of photo stimulated phosphor (PSP) plates. In a similar study, it was found that CBCT was better in morphological description of periodontal bone defects, while the images obtained by CCD sensor provided more bone details[24]. Moreover, it was reported that CBCT and conventional periapical radiographs differed about measuring the height of the alveolar bone crest but there was not a significant difference between the two methods detecting the depth and width of bone defects[20]. Mengel et al[25] demonstrated that CBCT images were better in detection of periodontal defects compared with periapical radiographs and medical CT. Likewise, Noujeim et al[26] concluded that CBCT technique has better diagnostic accuracy than periapical films in the detection of interradicular periodontal bone defects.
Furcation involvement 
An accurate diagnosis of inter radicular bone loss is an important issue prior to decide on appropriate treatment options including apically repositioned  flaps with or without tunnel preparation, root amputation, hemi-/trisection or root separation. Conventional two dimensional radiographs can be deceptive evaluating periodontal tissue support and inter radicular bone because the superposition of anatomical structures. However, 3D images provide detailed information about areas of multi rooted teeth (Figure 7).  CBCT images of maxillary molars provided detailed information of furcation involvement and a reliable basis for treatment decision[23] (Figure 8). Intra-surgical furcation involvement measurements were compared by using CBCT images and it was reported that CBCT images demonstrated a high accuracy in assessing the loss of periodontal tissue and classifying the degree of furcation involvement in maxillary molars[27]. Authors evaluated CBCT images of artificially created furcation involvement of the second molars in pig mandibles and accuracy for furcation lesion detection ranged between 78% and 88%[5]. A study compared dental radiographs and high resolution CT (HR-CT) in detecting and grading of artificial furcation involvements in jaw specimens from cadavers. The diagnostic rate of dental radiographs was 21% whereas HR-CT was 100%[28]. 
Soft tissue assessment 
CBCT is a more appropriate tool for evaluating mineralized tissues than soft tissues[12]. However, a practical method named soft tissue CBCT (ST-CBCT), was reported[29], and it was utilized to determine the dimensions and relationships of the structures of the dentogingival unit. The tongues were retracted toward the floor of patients’ mouths and a plastic lip retractor was used to retract the soft tissues away from the teeth and gingiva during CBCT scans and the images that were obtained provided clear information for the analysis of various dentogingival unit measurements[29]. Mentioned method was used in another study in which the average thickness of the palatal mucosa according to ages and specific localizations were determined on thirty one patients[30]. The thickness of palatal mucosa has a major importance for treatment planning of soft tissue grafts. However, this technique provides only quantitative assessment, thus the differences between the epithelial, fat and connective tissues cannot be distinguished on ST-CBCT images[29,30].
Periodontal Ligament Space 
The earliest sign of periodontitis that can be detected on radiographs is a wedge-shaped radiolucent area in the inter-proximal region. At this stage, the continuity of lamina dura is lost and some changes in periodontal ligament space can be observed[6,7,16]. Authors compared CBCT with conventional radiography in term of their ability to produce images of periodontal ligament space on a phantom with artificially created periodontal ligament of various thicknesses. Periapical radiographs were found to be superior to CBCT for the measurement of periodontal ligament space[6]. However, authors of another study[16] concluded that CBCT images had higher accuracy than intraoral radiographs in the determination of periodontal space in a similar research[16].  Conflicting findings may be attributed to the differences between radiographic systems and settings used in various studies. Visibility of periodontal ligament space using different radiographic techniques should be assessed in further studies.
Alveolar bone defects
Radiographs are frequently utilized to diagnose the amount and shape of alveolar bone destruction that affects treatment planning in periodontal therapy[25]. 2D radiographs can be insufficient for the detection of intra-bony alveolar defects due to obstruction of spongious bone changes by cortical plate. Thus, three-dimensional imaging is required for mapping of alveolar defects[22] (Figure 9). Periodontal defects in pigs and human mandibles were displayed using intraoral radiography, panoramic radiography, computed tomography and CBCT which were compared with histological specimens. The results of the mentioned study showed that 3D imaging had high accuracy in the detection of alveolar defects. Whereas, intraoral and panoramic radiographs could not determine the dehiscence unequivocally, tomographic images displayed all dehiscences and provided accurate measurements of the defects. Authors also reported that CBCT displayed the best imaging quality[25]. Authors evaluated periodontal defects in human dry cadaver skulls using CBCT and traditional methods. Consequently, they found that there was no difference between intraoral radiography and CBCT in linear measurements for all defects[22]. In another study[31], authors evaluated accuracy and reliability of CBCT for measuring alveolar bone height and detecting bony dehiscence and fenestration. CBCT measurements were found to be equivalent to direct measurements and dehiscences were diagnosed with higher accuracy than fenestrations[31]. CBCT and multi-slice CT (MSCT) images were used for alveolar bone width measurements[18]. There was no significance difference between the measurements obtained by CBCT and MSCT or direct measurements and radiographic methods[18]. 
Regenerative periodontal therapy and bone grafts 
Bone grafting is commonly used for maxillary sinus lifting and treatment of intra bony defects but evaluation of osseous defect regeneration with conventional radiography can be insufficient due to superimpositions[25,32]. Furthermore, histological evaluation of a sample of the graft is not a preferred method due to its quite invasive procedure. CBCT was found to be significantly more accurate than digital intraoral radiographs when direct surgical measurements served as the gold standard for the evaluation of intra-bony defects’ regenerative treatment outcomes. CBCT can replace surgical re-entry by providing 3D images and measurements that are almost equivalent to direct surgical measurements[32].  
Dimensions of alveolar process should be examined in detail prior to dental implant placement to avoid various complications and evaluation of CBCT images has a major importance in preoperative planning and postoperative localization of dental implants[8,33] (Figure 10). Moreover, the evaluation of CBCT images are preferred method to observe bone graft healing prior to dental implant placement[17] (Figure 11). In a previous study[33], which was based on measurement accuracy and reliability of CBCT and MSCT with the specific implant planning software package and the stereolithographic drill guide, authors applied implant surgeries in a one-stage flapless procedure. The deviations were acceptable and no complications were observed[33]. In contrary, authors of another study concluded that CBCT may be deceptive compared to direct caliper measurements and they found that ridge mapping method gave more accurate results than CBCT[34]. However, ridge mapping technique is an invasive technique whereas CBCT is not. 

CBCT evaluation can be used for determining the width, height and distance to the anatomical structures of alveolar process in pre-surgical dental implant planning. Likewise, the surgical guide stents used while dental implant surgery is produced by aid of CBCT images and software packages[17]. Immediate implant placement enables one-stage surgery and eliminates bone recovery time. In this technique, dimensions of alveolar process which is selected for dental implant placement and relationships with adjacent anatomical structures of this region should be carefully assessed[8,35]. Jin et al[35] studied bone thickness evaluation on the buccal and palatal aspects of the maxillary canine and premolars using CBCT and it was concluded that CBCT images might be advantageous in preoperative planning of dental implants[35].  
As a summary, in cases, where two-dimensional imaging is an inadequate method for accurate diagnosis of periodontal defect configuration and guiding for appropriate treatment planning, may require three-dimensional radiographic examinations. Periodontal intra-bony defects and furcation involvements keep a challenge for the examiner. Misdiagnosed or misclassification of these pathologies can lead to progress of bone destruction and teeth loss as a result of improper treatment[5,16]. CBCT evaluation can be used for determining the width, height and distance to the anatomical structures of alveolar process in pre-surgical dental implant planning. Likewise, the surgical guide stents used while dental implant surgery is produced by aid of CBCT images and software packages[17]. There are numerous studies that 3D imaging had high accuracy in the detection of alveolar defects and furcation involvements[18,25,27,28,31]. CBCT is well complied for imaging the highly mineralized structures such as bone or teeth but it cannot provide clear images of soft tissues. However, a novel, CBCT-based method to display and measure the dimensions of the palatal mucosa was reported in a recent study[29,30]. There are contradictory results on whether CBCT or conventional radiographs are more efficient in evaluation of periodontal ligament space[6,16]. 
Assessment of regenerative periodontal therapy and bone grafts’ outcomes can be performed accurately and reliably with CBCT imaging[17,32]. In conclusion, CBCT applications provide obvious benefits in periodontology, although it should be used when two-dimensional radiographs are insufficient considering the necessity and the potential radiation hazards of the examination.
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Table 1 Comparison of cone beam computerized tomography and medical computerized tomography are listed in the table 
Table 2 The table shows the features of Cone beam computerized tomography and conventional radiographs
Figure 1 The diagram displays cone-beam and fan-beam shapes in cone beam computerized tomography (A) and medical computerized tomography (B).  
Figure 2 Multi-planar reconstructed images can be generated by cone beam computerized tomography volumetric data.
Figures 3 The dimensions of the irradiated regions with different field of view sizes are shown schematically. A: Small FOV; B: Medium FOV; C: Large FOV. FOV: Field of view.
Figures 4 Anisotropic (A) and isotropic (B) 3D images. 
Figure 5 Beam-hardening artifacts caused by metal restorations (arrows). 
Figures 6 Streak artifacts are observed as radiopacity in a radial manner (arrows).
Figures 7 Furcation involvement cannot be observed in the panoramic-like section (A) whereas it can be evaluated in the axial (B) and cross-sectional (C) cone beam computerized tomography image (arrows).  
Figures 8 The amount and shape of bone resorption in the furcation area of maxillary molar tooth cannot be assessed the panoramic-like section (A), However, this involvement is seen in the axial section (B) (arrows). 
Figures 9 The vertical alveolar bone defects are viewed in cone beam computerized tomography images (A, B) (white arrows) and the expansion of periodontal ligament space is also seen in the right maxillary first premolar tooth (B) (black arrow).
Figures 10 The images acquired for preoperative implant planning are displayed the distances between the alveolar process of maxillary molar areas and the bases of the maxillary sinuses (A), a curve is projected on the axial section (B) and the cross-sectional images are obtained (C). 
Figures 11 The block graft and mini screw providing graft stabilization are placed in the maxillary anterior region (A, B), the amount of bone augmentation can be evaluated in the cross-sectional images (C, D). 
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