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Introduction 

 

 Since the first dental x-ray, in 

1896, radiology has become part of the 

protocol in the dental patient assessment. 

The most of dental radiographs are intra-

oral, but with an increasing number of extra-

oral views, such as dental panoramic 

tomography and cephalography
1
.   

Conventional radiographs are based on the 

transmission, tissue attenuation and 

recording of the residual X-ray on a single 

planar medium, either analogue film or a 

digital receptor. An accurate image 

formation requires an optimal geometric 

configuration of the X-ray generator, patient 

and sensor during the activation of the X-ray 

generator, but the result is a 2D 

representation of a 3D object. If any 

component of this process is compromised, 

the image can acquire exposure or geometric 

errors and become suboptimal for diagnostic 

purpose
2
.  

 Advanced three dimensional 

imaging techniques has been limited in 

dentistry for reasons of accessibility, costs 

and radiation dose. Despite these 

restrictions, various clinical situations 

require “multiplanar” imaging. Until 

recently, this has only been obtained by 
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computerized tomography (CT) or magnetic 

resonance imaging (MRI) but, with the 

advent of cone beam computed tomography; 

this facility became available in dental 

clinics, revolutionizing the diagnoses 

possibilities and treatment planning
1
.  

 An early predecessor of CBCT, the 

dynamic spatial reconstruction scanner, was 

developed in the late of 1970s (The 

Dynamic Spatial Reconstructor,  

Biodynamics Research Unit, Mayo Clinic, 

Rochester, MN, USA) and introduced into 

clinical practice in 1981 as an alternative to 

angiography, in order to investigate a 

number of congenital heart diseases
3
. The 

device has been designed according to the 

CT’s principles. The differences from 

computed tomographic scanners involved 

the particularities of scanned volume, with 

equal spatial resolution in axial and 

transaxial direction, quickly scan time 

(0.011 seconds per volume with an axial 

height of 21.5 cm and a transaxial diameter 

between 21.5 and 39 cm ) and the property 

to repeat the scan 60 times per second, over 

a period of 20 seconds
4
.  

 The transfer of CBCT technology 

to dentistry was initiated in 1995 when 

Mozzo and Tacconi developed a CBCT 

system for maxillofacial region, designed 

and produced by QR Verona, Italy. That 

device, NewTom QR - DVT 9000, became 

the first CBCT device commercially 

available to the dental market and it was 

initially introduced in Europe in 1999
3
. 

 CBCT was initially introduced for 

incomparable imaging contribution in the 

field of dental implantology. CBCT 

applications in dentistry are multiple and 

currently has been shown to be useful in the 

following dental and maxillofacial areas: 

treatment planning in  

implantology, orthodontics, endodontics, 

exploration of impacted teeth, TMJ 

pathology, facial fractures, maxillary sinus 

or pathological processes of the jaws
5, 6, 7,8, 9, 

10
. 

 The considerable expansion of 

CBCT’s applications and their availability,  

not only for hospitals but also for dental 

clinics led to an impressive increase in 

market supply. In the same time, the lack of 

systematization of technical specifications, 

make difficult practitioner’s options. 

 In 2005 there were four main 

CBCT equipment’s, reported in the 

literature
11

, in July 2008, 16 companies 

produced 23 equipments, and in 2012, 20 

companies produced 47 equipments
12

. 

 In addition, the rate of new 

technologies development and the limited 

amount of knowledge about the relationship 
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between physical characteristics and clinical 

results support a growing demand for 

diagnostic testing effectiveness. This would 

facilitate the expansion of clinical results 

and would provide the scientific data to 

guide the development of new technologies, 

consistent with clinical requirements. 

 

Materials and methods 

 In this study are presented all 

CBCT devices that were most commonly 

sold in the period 2005-2016, in Europe. It 

was conducted a review of literature, by 

using MEDLINE search, on technical 

specifications of the CBCT devices used to 

explore oral and maxillofacial regions. It 

was found that in the last 3 years has not 

been published any studies about the 

characteristics of CBCT devices. 

 Information about each CBCT 

device was collected from the official 

websites of manufacturers and missing or 

incomplete data were completed in some 

cases by e-mail sent to official 

representatives of the companies. 

Information collected about CBCT devices 

are shown in Table 1.  

 After gathering the information, it 

was developed a database with 

specifications for each CBCT device in 

order to systematize and compare data. The 

data were processed using IBM SPSS 

Statistics version 19.  

 

Results 

 There were 21 producers who 

provided a total of 78 CBCT devices, 

manufactured in 7 different countries (Japan, 

Korea, Finland, USA, France, Italy and 

Germany). Japan had the highest production 

number (21 different devices, 26 % of the 

total), followed by Korea (19 devices, 24.7 

%), Finland (13 devices, 16.9 %), USA (8 

devices, 10.4%), Italy (7 devices, 9.1 %), 

France (5 devices, 6.5 %) and Germany (5 

devices, 6.5 %). Regarding producers, most 

devices were manufactured by Asahi 

Roentgen JAP (10), followed by Vatech 

COR (8) and J. Morita JAP (6) (Table 2). 

 The dimension of the devices 

concerns their exact dimensions and not the 

print. The largest equipment is Promax 3D 

Max® (Planmeca, FIN) and the lowest is 

X9® Hyperion (My Ray, IT). The weight 

refers to the unit itself, not including 

separate work units. New Tom 5G (QR 

Verona IT) has the highest weight, 530 kg. 

Orthophos SL® and Orthophos 3D® XG 

(Sirona Dental G ) have the lowest 

weight,110kg (Table 2). 

 Most devices provide many 

options for field of view adjustment. The 
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highest field of view height (24cm) is 

provided by xCAT® (Xoran, USA) and 

Scanora 3Dx® (Palodex Group, Soredex, 

FIN) and the largest field of view transverse 

diameter (24cm) is provided by PaX - Zenith 

3D® (Vatech, COR) and NewTom VGi evo® 

(QR Verona, IT). Of all provided devices, 

56% provides the option to scan a small 

region (less than 8 cm ) and 12 % allows a 

large region scanning (more than 15 cm) 

(Table 2). 

 Regarding the tube potential, 20% 

of devices presents a fixed kV (85, 90, 98, 

105, 110, 120 or 125 kV) and 80 % allows 

kV adjustment (mostly in the range of 60-90 

kV). The largest adjustable range (70 kV 

units) is provided by PAX Zenith3D® 

(Vatech, COR) and Dinnova3® (HDX WIL, 

COR) and the rest of decives ranges from 

24-60 kV (Table 2). 

 Regarding the tube current, 8 

devices (10.2 %) have a fixed value: Gendex 

GXDP - 700S®, Gendex GXDP - 700SC®, 

PreXion 3D®, 3D Prexion Elite®, PreXion 

3D Eclipse®, MiniCAT®, xCAT® and Fine 

Cube® and the rest of devices have different 

mA intervals, ranging from 1 to 20 mA 

(Table 2). 

 Most manufacturers (92 %) use 

flat panel detectors (FPD), but the technique 

wasn’t presented for all devices. Five 

devices (6 %) operate with image intensifier 

detectors: Sky View®, NewTom GiANO®, 

GALILEOS Compact®, GALILEOS 

Comfort®, GALILEOS Comfort PLUS® 

(Table 2). Pulsed beam is reported at 29 

devices and continuous beam at 12 devices 

(Table 2). 

 Most of the device, besides CT 

detectors, also integrates detectors to 

achieve panoramic or cephalometric 

incidents, allowing multiple investigations 

with the same unit (Table 2). Voxel 

dimensions were ranged between 0.06 - 0.5 

mm. The largest adjustable range is offered 

by CS® 9300 / 9300C (0.41 mm units), 

followed by SCANORA® 3DX (0.35 mm 

units) and 22 % of devices provide a unique 

voxel size, non-adjustable (Table 2). 

 Gray scale values ranged between 

8-16 bits. 43 % of the CBCT devices have 

14 bits, 21% have 12 bits, 18 % have 16 bits 

and the rest have 15, 13 or 8 bits (Table 2). 

 Focal spot varied from 0.09 to 1.5 

mm. 93 % of devices operate with a fixed 

focal spot and 75% of devices use 0.5 mm. 

Only five devices offered a variable focal 

spot (Volulx 21®, VOLUX 21C®, ILUMA 

CBCT Scanner LFOV®, ILUMA CBCT 

Scanner SFOV® and Sky View®) (Table 2). 

 Rotation angle varied between 180 

°-360 °. 56 % of the devices operate with a 
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unique rotation angle, and 44 % with 

different rotation angles. Most devices 

operating with a unique rotation angle (72 

%) use a 360° rotation (Table 2). 

 Regarding patient positioning, 

48% of devices have multiple options: 21 % 

of devices allow “standing”, “sitting“ and 

“wheelchair” options, 11% allow “standing 

and sitting” options, 11% allow “seating” 

and “wheelchair” options and 6 % allow “ 

standing and wheelchair” options. The rest 

of devices (52 %) offer only one option: 

“standing”, “sitting” or “supine” (Table 2). 

 Scan time ranges from 5.4 to 40 

seconds and reconstruction time ranges 

between 2-300 seconds (Table 2). Effective 

exposition time varies between 0.9 to 34 

seconds. NewTom VGi evo®, Verona QR IT 

has the shortest exposition time, between 0.9 

- 4.3 seconds. 

 Number of images acquired during 

a single scan varies between 180 and 1260, 

most of the devices generating 360 

projections per rotation (only 41 % of the 32 

devices that provides this information) 

(Table 2). 

 Effective radiation dose has a wide 

range of variation, between 5-388 μSv and a 

pre-installed software was reported in 58 % 

of devices (Table 2). 

 

Discussion 

 It is anticipated that in the last 3 

years a large number of CBCT devices was 

developed, in line with the increase request 

and accessibility to dental clinics. It is also 

anticipated a diversification of the 

adjustment ranges of technical parameters to 

meet the most specific diagnostic 

requirements. 

 Conceiving an appropriate 

treatment plan is essential for a successful 

therapy and imaging evaluation of dental 

structures and surrounding tissues is a 

fundamental condition for most areas of 

dentistry.  

 Multiplanar possibilities, 

represented by images in the axial, coronal 

and sagittal planes are provided by 

computed tomography (CT), magnetic 

resonance imaging (MRI), ultrasound and 

cone beam computed tomography (CBCT). 

These resources allow the specialist to 

reconstruct the three-dimensional 

anatomical structures and to increase 

diagnostic efficiency of clinical cases
13

. 

 CT technology was developed in 

1960, but was patented by British engineer 

Hounsfield in 1973, for which he won the 

Nobel Prize for medicine in 1979
14

. From 

the first generation of CT devices, offering 

only images in the axial plane, "slice by 
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slice", now we reach the possibility to 

simultaneously scan different plans and 

associate them to reconstruct three-

dimensional images
15

. 

 First CBCT devices were 

commercially available in Europe, in 1999
3
. 

In the US, the devices started to be used 

since 2001
16

. Since that time, researches 

show applications of this technology in 

dentistry, so the devices have been steadily 

improved to accurately answer clinical 

requirements. 

 Commercially available CBCT 

devices are classified according to the 

detector type: a combination of devices 

coupled to an image intensifier tube or a flat 

screen detector, the latter showing a reduced 

susceptibility to produce artifacts
17

. 

 In clinical practice, the image 

quality of CBCT scans is influenced by a 

number of variables such as: field of view, 

subject examined during scan, tube voltage, 

tube current and also the spatial resolution 

defined by voxel size
18

. The voxel size is 

defined by height, width and depth and 

CBCT voxels are generally equal in these 

three parameters. The voxel size of a 3D 

image is equivalent to the pixel resolution in 

2D images, a resolution of 300 ppi (pixels 

per inch) directly correlates with a voxel 

size of 0.085 mm. The images obtained with 

smaller voxel size, although subjectively 

sharper
20

, involves a higher radiation dose 

and might provide the same diagnostic 

information as lower resolution images
21

. 

 Voxel size may influence the final 

image features in several ways. Noise can 

influence the orthogonal sections of an 

image: the smaller the voxel size is, the 

higher is the noise, but the spatial resolution 

is high
19

. Depending on the voxel size, 

radiopaque structures can become 

“invisible”. This may be due to the effect of 

the partial volumes averaging, a common 

artifact in CBCT devices when a voxel is 

placed at the border of the two tissues with 

different densities. This voxel will soon 

reflect the average density of the two tissue 

densities than real one. The lack of visibility 

of certain structures can be caused by 

limited contrast resolution of some devices, 

which refers to the lack of discrimination 

tissues with similar densities
17

. 

 Concerning bone structures 

measurements performed on CBCT images 

compared with direct measurements (which 

are considered the gold standard), Vieira et 

al
22

 determined the mesial - distal size of the 

alveolar bone to the first molar teeth and did 

not show statistically significant differences 

between CBCT measurements and direct 

measurements or between linear 
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measurements performed on CBCT images 

of 0.125 or 0.25 mm voxel size. This finding 

is in agreement with the results obtained by 

Torres et al.
19

, who did not identify 

differences of the bone linear measurements 

in voxel size of 0.2, 0.3, and 0.4 mm and 

with the results obtained by Hekmatian and 

al.
23

 who also have not identified differences 

in thickness mandible determination, in 

voxel size of 0.15 to 0.3 mm, recommending 

0.3 mm voxel size to avoid additional 

radiation exposure without a significant 

information intake. 

 Regarding the soft tissues 

thickness, determined at the level of ten 

facial points, CBCT measurements at a 

voxel size of 0.3 mm were accurate, 

reproducible and according to direct 

anthropometric measurements
24

.  

 Voxel size is important in terms of 

image quality and also is directly connected 

to scan time and image reconstruction, 

together with other factors such as field of 

view, amperage and voltage
8
. 

 In terms of field of view, most 

devices offer multiple options , ranging from 

a few inches in height and diameter to the 

whole reconstruction of the skull
12

, which 

involves judicious selection, since it is 

directly proportional to the radiation dose, 

which although is considerably lower than 

with multi slice CT, is higher than radiation 

produced by panoramic radiographs
25

. Size 

of the field of view is proportional with 

radiation dose when other factors are 

constant. This should prompt practitioners to 

choose the smallest field of view that is need 

to achieve the diagnostic aims of a particular 

examination
26

. 

 The number of basis images that 

are acquired for an image volume and the 

amount of exposure for basis image have a 

direct effect on patient dose. Some units 

have unique parameters, but for other 

devices these factors are under operator’s 

control, involving a judicious choice of 

factors resulting in the lowest tube current 

and exposure time, consistent with 

diagnostic task
 26

. A study conducted by Sur 

and al 
27

 evaluated the effect of reducing the 

tube current on CBCT  image quality of  jaw 

and mandible bone in implant treatment 

planning and emphasized that images 

obtained at 4mA and at 8 mA display a 

similar accuracy, even images obtained at 

2mA are sharp enough to allow treatment 

planning. Similarly, some units allow a 

partial rotation (180° or 200° instead of 

360°), in order to enable a low dose 

radiation scan. 

 Most devices are equipped with 

special software for data processing and 
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simulation of dental implants insertion, with 

considerable advantages in treatment 

planning. 

  

Conclusion 

 Introduction of CBCT technology 

in dentistry created new diagnostic 

resources, being a valuable technique in 

implantology, oral and maxillofacial 

surgery, orthodontics, endodontics and 

periodontics. The advantages of CBCT, 

information complexity, imaging accuracy 

and low radiation dose led to a spectacular 

growth of this technology in recent years: 4 

devices in 2005, 47 devices in 2012 and 78 

devices now. 

 Modern CBCT units come with a 

compact design, similar to a sophisticated 

panoramic device with an extra 

tridimensional sensor and also flexible to 

integrate a cephalometric arm or to adjust 

the field of view to scan smaller or larger 

volumes. There is a tendency to optimize 

image resolution, to increase the range of 

technical parameter adjustment to diversify 

the options for rotation angle, tube potential 

or tube current, following the ALARA 

principle. 

 The spectacular growth of CBCT 

technology requires systematization of their 

technical parameters to facilitate 

practitioners’ options, the technical 

documentation since the decision to conduct 

CBCT explorations should be rigorously 

analyzed and also all it is important to have 

a structured result for all CBCT exams. 
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