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HISTORY 
 

 The first Cone Beam CT 
(CBCT) scanner was built by 
Robles RA in 1982 for 
angiography –Mayo Clinic 
Biodynamics Research 
Laboratory 

. 

 First  CBCT system- 
DentoMaxillofacial imaging-
2001-NewTomQR DVT 
9000 

 Mozzo et al and Arai et al -
1990- early dedicated CBCT 
scanners. 

Cone beam CT applied to Dentomaxillofacial region.-Bull Tokyo Dent Coll.-2006 

 



Dental volumetric tomography 

 

Cone beam volumetric tomography. 

 

Dental computed tomography. 

 

Cone beam imaging. 

 

Digital volume tomography. 

OTHER NAMES  



POSITION 

SUPINE  

Larger surface area         

Physical disabilities. 

STANDING- not 

able to adjust to a 

height to 

accommodate the 

wheel chair bound 

patients. 

SITTING 

 Most comfortable 

 Fixed seat 

Oral radiology- white and pharoah- 6 edition. 



PRINCIPLE 

  Scanner consist of an  x-ray source 

and detector  mounted on a rotating 

gantry. 

During rotation of the gantry, the 

receptor detects x –rays  attenuated 

by the patient. 

Raw data 

Reconstructed by  computer 

algorithm to generate cross sectional 

images. 

Oral radiology- white and pharoah- 6 edition. 



                                 

 Conventional CT  

 Helical fashion around the 

patient. 

 Solid state detectors 

 Axial cross section images 

 

FAN  BEAM 
 

DCNA-Contemporary dental and maxillofacial imaging.october 2008,vol 52,no 4. 

 



CONE BEAM 

 Cone beam use a 2 D  

digital array providing 

an area detector. 

 

 Combines with  3 D x –
ray beam with circular 

collimation so that 

resultant beam is shape 

of cone . 

Oral radiology- white and pharoah- 6 edition. 



 Acquistion configuration 

 Image detection 

 Image reconstruuction 

 Image display 

 

 

IMAGE PRODUCTION 

ACQUISITION 
CONFIGURATION 

IMAGE DETECTION RECONSTRUCTION IMAGE DISPLAY 



Acquistion configuration 

 Single 360 o scan  

 X-ray source and reciprocating area detector 
moves synchronously  

 

DCNA-Contemporary dental and maxillofacial imaging.october 2008,vol 52,no 4. 

 



X-RAY GENERATION 
 During, scan rotation , each projection image is made by 

sequential single image capture of the attenuated x-ray 

beam by the detector. 

 Constant beam of radiation , used to expose the patient, 

allow the x-ray detector to sample the attenuated beam in 

its trajectory. 

 Continous  exposure- no image formation. 

 Pulse the x-ray beam to coincide with the detector 

sampling. 

DCNA-Contemporary dental and maxillofacial 

imaging.october 2008,vol 52,no 4. 



FIELD OF VIEW 

 Scan volume 

 Shape  -   cylinder/ spherical. 

    Primary x-ray beam 

        

          Collimation 

 

 

Limit x –radiation exposure to 

region of interest.  

•Detector size and 

shape 

•Ability to collimate 

the beam 
 

DCNA-Contemporary dental and 

maxillofacial imaging. 



The 3D orthodontist  



SCAN VOLUME HEIGHT 

LOCALISED REGION app. 5 cm / less 
 

 [dento alveolar, tmj] 
 

SINGLE ARCH 5 cm to 7 cm  maxilla/ mandible 
 

INTERARCH 7 cm to 10 cm Mandible-inferior 
concha. 
 

MAXILLOFACIAL 10 cm to 15 cm Mandible -nasion 

CRANIOFACIAL greater than 15 cm lower border of the 
mandible to the vertex 

DCNA-Contemporary dental and maxillofacial imaging.october 2008,vol 52,no 4. 



WIDTH OF FOV 

DCNA-Contemporary dental and maxillofacial imaging.october 2008,vol 52,no 4. 

 



SCAN FACTORS 

FRAME RATE 

SPEED OF ROTATION 

TRAJECTORY  ARC 



FRAME RATE AND SPEED OF 

ROTATION 
 Single exposure made at certain intervals- BASIS / 

FRAME / RAW images.  

 FRAME RATE- number of images acquired per 
seconds. 

 Higher frame rate –better image quality. 

 Greater number of projections- 

                           amount of radiation. 

                           longer scan time 

                           primary reconstruction time. 

                           

DCNA-Contemporary dental and maxillofacial imaging.october 2008,vol 52,no 4. 

 



TRAJECTORY ARC 

 Complete  circular trajectory or a scan arc of 
360  

 

 

DCNA-Contemporary 

dental and maxillofacial 

imaging.. 

 



Image detection 

 Image intensifier tube/Charge coupled device 

combination 

 Flat panel imager 

 



 Flat panel imaging- detection of x-rays with an indirect 

detector that is based on a large area solid state sensor panel 

coupled to an x-ray scintillator layer. 

 Cesium iodide scintillator applied to a thin film transistor made 

of amorphous silicon.  

 

DCNA 



IMAGE RECONSTRUCTION 

 

 

 

 

 

 

 

 

 

 

 Oral radiology- white and pharoah- 6 edition. 

ACQUISTION  

                    

STAGE  
RECONSTRUCTION     

 
STAGE 
                 



Oral radiology- white and pharoah- 6 edition. 



IMAGE DISPLAY 
 The volumetric data set is a 

compilation of all available 

voxels and, for most CBCT 

devices, it is presented to 

clinicians  on screen as 

secondary reconstructed 

images in three orthogonal 

planes. 

 

DCNA-Contemporary dental and maxillofacial imaging.october 2008,vol 52,no 4. 

 



 

PATIENT PREPARATION: 

 
 Remove all  metallic objects 

from head and neck areas. 

 Patent escorted to scanner 
unit 

 Personal radiation barrier 
protection 

 Head stabilisation 

 Alignment of the area of 
interest with the x-ray 
beam. 

 Oral radiology- white and pharoah- 6 edition. 



Imaging protocol 

Voxel  size 

 Basis of matrix size of the detector and projection 
geometry. 

 Decreasing voxel size increase the spatial 
resolution 

Scan time and number of projections 

 Frame rate  

 Increases number of projections 

 

Oral radiology- white and pharoah- 6 edition. 

 

 



Scanning trajectory: 

 Incomplete , limited, or truncated scanning 
trajectories- limited angle artifacts 

 Incomplete scanning arcs – unidirectional 
streaking artifacts , cupping artifacts. 

FOV 

 Collimating the primary x- ray beam 

 Enables limitations of x-ray radiation  

 To the region of interest. 

 

Oral radiology- white and pharoah- 6 edition. 



ADVANTAGES  

1.Rapid scan time 

 All projection image in single rotation 

 Reduced subject movement  

 10 sec -70 sec. 

 

DCNA-Contemporary dental and maxillofacial imaging.october 2008,vol 52,no 4. 

 



 2.Beam limitation 

 
 

 Collimation  of  CBCT ,  Primary x- ray beam 

limits  x- radiation to the area of interest. 

Optimum FOV  

 

Dose savings 



Image accuracy 

 

 

 

 

 

 

 

 Size of voxel in detectors detemines the resolution 

of the image. 

 Images with submillimeter isotrophic voxel 

resolution ranging from 0.4 mm to as low as 

0.076mm. 

 DCNA-Contemporary dental and maxillofacial imaging.october 2008,vol 52,no 4. 

 



DOSE REDUCTION 

 

 29-477 microsievert. 

 Effective dose between 0.035 and 0.10mSv 

 98% - conventional CT. 

DCNA-Contemporary dental and maxillofacial 

imaging.october 2008,vol 52,no 4. 



Interactive display modes 

 Unique images demonstrating features in 3D. 

 CBCT  units reconstruct the projection data to 

provide interelational  images in three 

orthogonal planes. 

 Reconstruction data is performed in a personal 

computer, data can be reoriented so that 

patients anatomic  features are realigned 

 Cursor driven measurement  

 On screen measurement 



Multiplanar reformation 

 Isotrophic nature of the volumetric data set,sectioned 
non orthogonally. 

 Oblique , curved planar reformation 

 Serial transplanar reformation 

 

 DCNA-Contemporary dental and maxillofacial imaging. 

 



Ray sum / ray casting 

 Any multiplanar images can be thickened by 

increasing the number of adjacent  voxels  

included in the display , which  creates an 

image slab that represents a specific volume of 

the patient, referred to as raysum. 

DCNA-Contemporary dental and maxillofacial 

imaging.october 2008,vol 52,no 4. 



DCNA-Contemporary dental and maxillofacial imaging.october 2008,vol 52,no 4. 



LIMITATIONS 

X-RAY BEAM 

PATIENT 

SCANNER 

CONE BEAM 

A 

R 

T 

I 

F 

A 

C 

T 

Image noise 

 
Poor soft 

tissue contrast 
 



Limitations  

X-ray beam artifacts 
 Inherent polychromatic nature of the projection x-ray 

beam that results   beam hardening. 

 Distortion of metallic structures- cupping artifact 

 Streaks and dark bands , can appear between two 
dense objects. 

 To overcome: 

                Reduce FOV 

 Modification of patient positioning 

            

 

 

 

 

 

Image artifact in dental CBCT, Oral Surg Oral MedOralPatholOral Radiol Endod  



Image artifact in dental CBCT, Oral Surg Oral MedOralPatholOral Radiol Endod  

 



Patient related artifacts 

 
 

 

 

 

 Patient motion  misregistration  of data  

unsharpness 

 Minimized  by  head restraint  

 Short scan time 

 
Image artifact in dental CBCT, Oral Surg Oral MedOralPatholOral Radiol Endod  

 



Image artifact in dental CBCT, Oral Surg Oral MedOralPatholOral Radiol Endod  

 



Scanner related artifacts 

 
Circular / ring shaped   

Imperfections in scanner detection or poor 

calibration 

Consistent and repetitive reading at each angular 

position of the detector  

 

DCNA-Contemporary dental and maxillofacial 

imaging.october 2008,vol 52,no 4. 



Cone beam related artifacts 

PARTIAL VOLUME 
AVERAGING 

UNDERSAMPLING 

CONE BEAM EFECT 



Cone beam related artifacts 

Partial volume averaging 

 CBCT- limited FOV 

                1.entire volume is not covered by the 
detector.- shading artifact. 

                 2.x-ray penetrate other portion of object, as 
well as region of interest. 

 

 Occur in regions where surfaces are rapidly changing 
in the z direction [ eg in the temporal bone] 

 
Image artifact in dental CBCT, Oral Surg Oral MedOralPatholOral Radiol Endod  

 



Undersampling 

 Too few basis projections . 

 Reduced data – misregistration  

                             sharp edges  

                             noisier images 

 

Image artifact in dental CBCT, Oral Surg Oral MedOralPatholOral Radiol Endod  



Cone beam effect 

 
 Peripheral portions of the scan volume  

 The outer row detector pixels  

  central detector pixels  

 

 Image distortion, streaking artifacts and 

greater peripheral noise. 
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Image noise 

 
 Scattered radiation[Omnidirection] 

 

 pixels on the cone beam area detector, 

 

 This additional recorded x-ray attenuation , 
reflecting non linear attenuation, called noise 

 

Image artifact in dental CBCT, Oral Surg Oral MedOralPatholOral Radiol 

Endod  

 



Image artifact in dental CBCT, Oral Surg Oral MedOralPatholOral Radiol Endod  

 



Poor soft tissue contrast 

 
 Scattered radiation  

 Divergence of the  x-ray beam over area 
detector . 

 Flat panel detector based artifacts 

DCNA-Contemporary dental and maxillofacial imaging.october 2008,vol 52,no 4. 

 



APPLICATIONS 

Wisdom tooth extractions 

Relation to mandibular nerve 

Localisation of impacted teeth 

Location of  Cyst  and  Tumour 

Implantology 

TMJ analysis 

Sinus evaluation 



IMPACTED TOOTH 





IMPACTED SUPERNUMERARY TEETH 



Inferior alveolar nerve 



TMJ 



Implantology 





ENDODONTICS 





Root fracture 





Radicular cyst 



PERIO 



OCCLUSAL CARIES 



SINUS 



CBCT MACHINES 



3D ACCUITOMO 80           3D ACCUITOMO 170  



3D ACCUITOMO FPD 

XYZ SLICE VIEW 

TOMOGRAPH 

 

Veraview pocs 3d 

 



Veraview pocs 3d 

 



i-CAT 

 



GENDEX CB-500 



ProMax 3D       ProMax 3D s 



ProMax 3D MID     

 



ILUMA 

 



 KODAK 9000 3D  KODAK 9500 3D 

 

 



GALILEO 

 



 KaVo 3D eXam  KaVo 3D eXam I   



SKYVIEW 



NewTom 3G         NewTom VGi 

 

 



SCANORA 3D 

 



CB THRONE 

 



Picasso trio 





PaX-Duo3D 

Pax-Reve3D 



CONCLUSION 
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