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Background

• CBCT is seeing increasing application in dentistry
• Several CBCT units have recently been added to a 

number of units already in the market place.
• Actual dose information unknown for newer CBCT
• Important for Oral & Maxillofacial Radiologists to 

know and communicate the dose and associated risk 
of specific examinations to patients and referring 
professionals.

• Where possible it is also our responsibility to reduce 
dose (ALARA)



ICRP 1990 Recommendations
• 1990 Recommendations of the International 

Commission on Radiological Protection
– Effective dose - method of comparing risk from

any exposure to ionizing radiation
– Weighted organs & tissues known to be most 

susceptible to radiation damage
– Definition: sum of the products of the tissue 

weighting factor (wT) and the radiation weighted 
dose (HT) to each tissue/organ

– Mathematical expression: E = 
ä wT x HT



ICRP 2007 Recommendations

• 2007 Recommendations of the ICRP
– Reassessment of Risk based on cancer 

incidence data from the Life Span Study of 
Japanese atomic bomb survivors 

– Revision of included Weighted tissues

– Adjustment of weights of Weighted tissues



Effective dose: E = 
ä wT x HT

* Adrenals, brain, upper large 
intestine, small intestine, kidney, 
muscle, pancreas, spleen, thymus, 
uterus

† Adrenals, Extrathoracic region, Gall 
bladder, Heart, Kidneys, Lymphatic 
nodes, Muscle, Oral Mucosa, 
Pancreas, Prostate, Small Intestine, 
Spleen, Thymus, and Uterus/cervix.

Tissue weighting factors for 
calculation of Effective Dose –
Comparison of 1990 and 2007 
ICRP Recommendations
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Objectives

• Compare dosimetry of 4 recently 
available CBCT units 

• Compare calculated dose using ICRP 
1990 tissues weights and recently 
approved 2007 weights



Medium FOV (5-7”) CBCT units

Sirona Galileos Imtec Iluma OrthoCAT



Small FOV (2-4”) CBCT units

Tera Recon PreXion 3D Planmeca ProMax 3D



Methods

• RANDO phantom
• TLD 100 chips (3 mm x 3 mm x 1 mm) 

– Placed at 24 sites
– Chips supplied and analyzed by Landauer (Landauer Inc., 

Glenwood, IL)

• Standard maxillofacial scan
– 4 CBCT units
– Mfg. recommended technique factors
– 3 scans per exposure trial
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Radiation Weighted Dose (Equivalent dose): HT = 
ä WR x DT

3.4%cervical spine

11.8%calvaria

1.3%mandible

16.5%Bone surface †
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fraction 
irradiated

5%muscle

5%lymphatic nodes ‡

100%extrathoracic airway ‡

100%oral mucosa ‡

100%brain �i

Remainder

100%Brain ‡

100%sub-lingual

100%submandibular

100%parotid

100%Salivary glands ‡

fraction 
irradiated

�i ICRP 1990
‡ ICRP 2007
* White SC, Rose TC. J Am Dent Assoc 1979
† Bone surface dose = bone marrow dose X 4.64



Comparison of Effective Dose: 1990 & 2007 Wt

Technique 
 
 

Effective Dose 
in uSv - ICRP 

1990 
tissue weights 

Effective Dose 
in uSv - ICRP 

2007 
tissue weights 

% change in 
Effective dose 

(b-a)/a 
1990-2007 

Galileos Š (default exposure) 29.3 68.4 133% 
Galileos Š (maximum exposure) 53.6 124.5 132% 
Iluma Š low exposure (1.0mA, 20 sec) 61.4 110.9 81% 
Iluma Š standard exposure (3.8mA, 40 sec) 331.0 591.9 79% 
Promax 3D  (small adult) 156.8 448.7 186% 
Promax 3D  (medium adult) 189.7 534.9 182% 
Promax 3D  (large adult) 210.2 599.3 185% 
PreXion 3D Š (standard exposure) 68.5 184.9 170% 
PreXion 3D Š (1,024 basis images) 159.6 377.8 137% 
Panormic (OrthoPhos Plus DS)* 6.4 21.6 236% 
maxillo-mandibular CT scan  2,100   

 

1.8X

2.9X

3.4X

• from: Ludlow JB, et al. Dentomaxillofacial Radiology 2003;32:229-34
† from: Ngan DC, et al. Aust Orthod J. 2003;19:67-7



Comparison of Effective Dose: standard exposures

• from: Ludlow JB, et al. Dentomaxillofacial Radiology 2003;32:229-34
† from: Ngan DC, et al. Aust Orthod J. 2003;19:67-7

Technique 

Effective 
Dose in uSv - 

ICRP 1990 
tissue weights 

Effective 
Dose in uSv - 

ICRP 2007 
tissue weights 

Galileos Š (default exposure) 29.3 68.4 

Galileos Š (maximum exposure) 53.6 124.5 
Iluma Š low exposure (1.0mA, 20 sec) 61.4 110.9 

Iluma Š standard exposure (3.8mA, 40 sec) 331.0 591.9 

Promax 3D  (small adult) 156.8 448.7 
Promax 3D  (large adult) 210.2 599.3 
PreXion 3D Š (standard exposure) 68.5 184.9 

PreXion 3D Š (1,024 basis images) 159.6 377.8 
Panormic (OrthoPhos Plus DS)* 6.4 21.6 
maxillo-mandibular CT scan  2,100   

 

9X



Comparison of Effective Dose: within CBCT unit

• from: Ludlow JB, et al. Dentomaxillofacial Radiology 2003;32:229-34
† from: Ngan DC, et al. Aust Orthod J. 2003;19:67-7

Technique 

Effective 
Dose in uSv - 

ICRP 1990 
tissue weights 

Effective 
Dose in uSv - 

ICRP 2007 
tissue weights 

Galileos Š (default exposure) 29.3 68.4 

Galileos Š (maximum exposure) 53.6 124.5 
Iluma Š low exposure (1.0mA, 20 sec) 61.4 110.9 

Iluma Š standard exposure (3.8mA, 40 sec) 331.0 591.9 

Promax 3D  (small adult) 156.8 448.7 
Promax 3D  (large adult) 210.2 599.3 
PreXion 3D Š (standard exposure) 68.5 184.9 

PreXion 3D Š (1,024 basis images) 159.6 377.8 
Panormic (OrthoPhos Plus DS)* 6.4 21.6 
maxillo-mandibular CT scan  2,100   

 

1.8X

5.3X

1.3X

2.0X



Technique 

Dose as 
multiple of 
average 

Panoramic 
Dose 

(ICRP-1990) 

Dose as 
multiple of 
average 

Panoramic 
Dose 

(ICRP 2007) 

Galileos Š (default exposure) 5 3 

Galileos Š (maximum exposure) 8 6 

Iluma Š low exposure (1.0mA, 301basis images) 10 5 
Iluma Š standard exposure (3.8mA, 601basis images) 52 27 

Promax 3D  (small adult) 24 21 

Promax 3D  (large adult) 33 28 

PreXion 3D Š (standard exposure) 11 9 

PreXion 3D Š (1,024 basis images) 25 18 

Panormic (OrthoPhos Plus DS)* 1 1 
maxillo-mandibular CT scan  327   

 

* Ludlow JB, et al. Dentomaxillofacial Radiology 2003;32:229-34
† Ngan DC, et al. Aust Orthod J. 2003;19:67-75

Dose as multiple of Panoramic Exposures

70%
reduction



Technique 

Dose as % of 
annual per 

capita 
background 
(ICRP-1990) 

Dose as % of 
annual per 

capita 
background 
(ICRP-2007) 

Galileos Š (default exposure) 1.0% 2.3% 
Galileos Š (maximum exposure) 1.8% 4.2% 

Iluma Š low exposure (1.0mA, 20 sec) 2.0% 3.7% 
Iluma Š standard exposure (3.8mA, 40 sec) 11.0% 19.7% 
Promax 3D  (small adult) 5.2% 15.0% 

Promax 3D  (large adult) 7.0% 20.0% 
PreXion 3D Š (standard exposure) 2.3% 6.2% 
PreXion 3D Š (1,024 basis images) 5.3% 12.6% 

Panormic (OrthoPhos Plus DS)* 0.2% 0.7% 
maxillo-mandibular CT scan  70.0%   

 

Dose as % of Annual Background Radiation

* Ludlow JB, et al. Dentomaxillofacial Radiology 2003;32:229-34
† Ngan DC, et al. Aust Orthod J. 2003;19:67-75



Technique 

Dose as days 
of equivalent 
background 
exposure 

(ICRP-1990) 

Dose as days 
of equivalent 
background 
exposure 

(ICRP-2007) 

Galileos Š (default exposure) 4 8 
Galileos Š (maximum exposure) 7 15 

Iluma Š low exposure (1.0mA, 20 sec) 7 13 
Iluma Š standard exposure (3.8mA, 40 sec) 40 72 
Promax 3D  (small adult) 19 55 

Promax 3D  (large adult) 26 73 
PreXion 3D Š (standard exposure) 8 23 
PreXion 3D Š (1,024 basis images) 19 46 

Panormic (OrthoPhos Plus DS)* 1 3 
maxillo-mandibular CT scan  256   

 

Dose in days of equivalent Background Radiation

* Ludlow JB, et al. Dentomaxillofacial Radiology 2003;32:229-34
† Ngan DC, et al. Aust Orthod J. 2003;19:67-75



…in a million risk of death from 
radiographic exposure

Technique 

Probability of 
x in a million 
stochastic 
effect  
(ICRP-1990) 

Probability of 
x in a million 
fatal cancer 
(ICRP-2007) 

Galileos Š (default exposure) 2 4 
Galileos Š (maximum exposure) 4 7 

Iluma Š low exposure (1.0mA, 20 sec) 4 6 

Iluma Š standard exposure (3.8mA, 40 sec) 24 33 
Promax 3D  (small adult) 11 25 

Promax 3D  (large adult) 15 33 
PreXion 3D Š (standard exposure) 5 10 
PreXion 3D Š (1,024 basis images) 12 21 

Panormic (OrthoPhos Plus DS) 0.5 1 
maxillo-mandibular CT scan 153   

 
 

.073 events/ microsievert .055 events/ microsievert



Why a difference in standard dose?

• Field of view 
Promax 3D = ProXion 3D < Galileos < Iluma 

• Detector
– Image intensifier - Galileos,  

– Flat Panel - Promax 3D - ProXion 3D - Iluma

• Pulsed source - Galileos - Promax 3D 

• Image Quality

Galileos < Promax 3D < ProXion 3D < Iluma



Galileos - default

Image Quality



Promax 3D 

12 mA, 84 kVp “small adult” technique

16 mA, 84 kVp “large adult” technique

Image Quality



Iluma

 

1.0 mA, 20 seconds technique 

 

3.8 mA, 40 seconds technique 

Image Quality



Prexion 3D

512 basis images

1024 basis images

Image Quality



Further Questions

• How much dose is needed for specific diagnostic 
tasks?

• Can exams be dose optimized for specific diagnostic 
tasks?

• What available tools can be used to measure image 
quality?

• What new tools must be developed to measure 
CBCT quality?

• What strategies can we employ for further dose 
reduction?



High Dose or Low Dose?
…it’s a matter of perspective

CT

CBCT

Pan/PA



Conclusions
• CBCT dose varies substantially depending on 

the device, FOV, and selected technique 
factors. 

• Effective dose detriment is several to many 
times higher than conventional panoramic 
imaging and several to many times lower 
than reported doses for conventional CT.

• CBCT will undoubtedly be used with 
increasing frequency in dentistry. Its use 
should be based on a critical assessment of 
benefit & risk for each patient.


