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Who or what is IDT?

Image Diagnostic Technology Ltd aka “IDT Scans”

31,500 scans processed since 1991

• arranging dental CT/CBCT scans

• 3D processing

• radiology reports

• implant simulation

• 3D models

• surgical drill guides

Specialises in:

FOV, kVp, mAs, DAP, DLP, Effective Dose

recorded for last 10,000 scans



www.idtscans.com





“Half of the lies about CBCT 

are not true”

To challenge some fundamental 
concepts that many people accept 
without questioning.

• Do they agree with Physics principles?

• Are they supported by the literature?



“Confessions of an ex-CBCT 

salesman”

To challenge some fundamental 
concepts that many people accept 
without questioning.

• Do they agree with Physics principles?

• Are they supported by the literature?



Scanning only 

one side of the 

patient is a good 

way to reduce the 

radiation dose.

8 cm

Fact #1:



Cone Beam CT (CBCT) Scanner

GXCB-500™ is a trademark of Gendex Dental Systems of Lake Zurich, USA



What happens in a Small Field Of View scan

How much dose do points outside the primary beam receive?

X-ray Tube
Detector
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The Absorbed 

Dose to the left 

side of the patient 

is not zero 

(maybe around 

50% of the 

Absorbed Dose to 

the right side).

8 cm



“Sorry mate – no can do!”



1. If I can’t see it in the images it didn’t receive any dose.
FALSE

2.  If I can’t see it in the images I don’t have to report on it.
TRUE

Fact #1 Revisited:

(benefits the dentist not the patient)



Why do we want to reduce the Dose?



Recommendations of the ICRP



Principles of Radiation Protection

ICRP103:

• Justification (benefits must outweigh the risks)

• Optimisation   (keep doses As Low As Reasonably Achievable)

• Dose Limits (1 mSv per year for members of the public)
(no dose limits for medical exposures)

Diagnostically Acceptable



Benefit versus Risk

Risk of losing your luggage: about 6 per thousand

Risk of fatal cancer: about 1 per 20 million



Want to Optimise

Benefit to Patient*

Risk to Patient

* not to the dentist!

Optimisation



What is the best way to Optimise the Dose?

1. Reduce the 

Height 

(vertical 

collimation)

Reduces the risk 

without loss of 

benefit in most 

cases.

Absorbed Dose outside primary beam is effectively zero
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More ways to Reduce the Dose

2. Reduce the mAs 

(tube current, scan duration)

- Reducing the mA may increase the noise

- Reducing the scan duration may

decrease the number of projections. 



how CT works…

Godfrey Hounsfield

Nobel prize in Medicine, 

1979

Allan Cormack

Animation courtesy of 

Demetrios J. Halazonetis

www.dhal.com



x-ray source

detectors



Reducing the Scan Duration

- Fewer projections 

- Less detail (spatial resolution) 

- Example: i-CAT Classic

40 second scan has better detail than 20 second scan



3. Reduce the Width (horizontal collimation)

• Absorbed Dose outside primary beam is not zero

(about 50% from SEDENTEXCT measurements)

• There may be some loss of benefit

X-ray Tube
Detector



1. Reduce the Height

2.  Reduce the mAs

- linear reduction in risk, no loss of benefit in most cases

3.  Reduce the Width

- linear reduction in risk, some loss of benefit

- less than linear reduction in risk, more loss of benefit

Which is the best way to reduce the dose?

4.  Move patient to the side
- Very little reduction in risk, large loss of benefit



8 cm



If you halve the 

diameter of the 

scan (from 8cm to 

4cm) then the dose 

will be roughly half 

as much (for the 

same kVp and 

mAs). 

Fact #2:



If you double the 

diameter of the 

scan (from 8cm to 

16cm) then the 

dose will be 

roughly twice as 

much (for the same 

kVp and mAs). 

Fact #2a:



X-ray Tube
Detector

8.6cm

Gendex CB-500: 8.6cm FOV



X-ray Tube

Detector

15.6cm

• Same mAs

• Same DAP

• Same Dose

Gendex CB-500: 15.6cm FOV



Gendex CB-500 – Cesium Iodide panel

Medium Field Of View (MFOV) 8.6cm

Scan Duration 

(s) Rotation (°) Projections

Exposure 

(mAs)

Voxel Sizes 

(mm)

Typical DAP 

(mGy.cm)

Both Jaws

Typical

E.D. (μSv)

Both Jaws

4.8 180 160 8.5 0.4, 0.3 155 20

8.9 360 300 15.4 0.4, 0.3 285 35

12.6 180 320 16.9 0.25, 0.2, 0.125 315 40

23 360 600 30.9 0.25, 0.2, 0.125 570 70

Extended Field Of View (EFOV)* 15.6cm

Scan Duration 

(s) Rotation (°) Projections

Exposure 

(mAs)

Voxel Sizes 

(mm)

Typical DAP 

(mGy.cm)

Both Jaws

Typical

E.D. (μSv)

Both Jaws

8.9 360* 300 15.4 0.4, 0.3 285 30

23 360* 600 30.9 0.25, 0.2 570 65



• Data are collected over 360°

• Half the patient gets irradiated for the first 180° and 

the other half gets irradiated for the second 180°.

• Therefore a 360° EFOV scan is equivalent to 

two 180° MFOV scans.

• There will be some loss of resolution, but no increase 

in dose.

Effect of Offsetting the Detector:



Example:

• Gendex DP-700 uses 4cm detector twice to get 8cm Field Of View

• However, the mAs increases from 24.6 for the 4cm FOV

to 51.0 for the 8cm FOV.

• The increase in dose is due to the increase in mAs, not the increase in 

Field Of View.

Just about all modern CBCT machines use a 

small detector multiple times to obtain a larger 

Field Of View.

• On the Gendex CB-500 the mAs stays the same

• On most other scanners the mAs does not stay the same.



It’s the diameter of 

the beam that 

counts, not the 

diameter of the 

visible images.

Fact #2 revisited:



CBCT Scanners 

are much more 

dose efficient now 

than they were 10 

years ago.

Fact #3:



pulsed

x-ray tube

large 

detector
18cm x 24cm

adjustable 

chair

adjustable 

collimator
4 to 13 cm height

9.5 or 16 cm width

CBCT State of the Art (circa 2005) 

i-CAT™ is a trademark of Imaging Sciences International LLC of Hatfield, USA

Around £150K

fixed mA

2 scan times
20s or 40s

low dose
typical Mx 30µSv

typical Mn 45µSv



Gendex™ is a trademark of Gendex Dental Systems of Lake Zurich, USA

Around £50K

medium dose
typical Mx 60µSv

typical Mn 100µSv

CBCT State of the Art (circa 2015)

variable mA

fixed scan times
11s for SFOV

45s for MFOV

fixed collimator
4cm x 6cm SFOV

8cm x 6cm MFOV

small detector

no chair



Method 1: Measure it!

1. Put TLD chips in a Rando phantom and measure 

Absorbed Doses to each organ

2. Apply correction factors to obtain Equivalent Doses for 

each organ

3. Take the weighted sum of all the Equivalent Doses.

How do we know what the Effective Dose is?



SEDENTEXT paper

Eur J Radiol 81,2,267-271 (February 2012)

Method 2: Use published data.



DentoMaxilloFacial Radiology

CBCT Special Issue



Method 3: Use the Dose Length Product (DLP)

CTDIvol is the dose per cm

DLP = CTDIvol x Irradiated Length 

Effective Dose = DLP x F (where F is a conversion factor)

• works well for medical CT

• most CBCT manufacturers don’t display CTDIvol

(exception: J.Morita, NewTom)



Conversion Factor F

Table from “Radiation Exposure in Computed Tomography” edited by Hans Dieter Nagel

F can also by calculated from ImPACT CTDosimetry calculator      www.impactscan.org

Roughly speaking, F = 0.002mSv / mGy.cm for Maxilla and 0.003mSv / mGy.cm for Mandible

Accuracy:  ±50%
2 µSv 3 µSv

http://www.impactscan.org/


Effective Dose for Medical CT Scanners

Multiply DLP by 2 for Maxilla or 3 for Mandible

to get the Effective Dose in microSieverts (µSv)

Mx 128µSvAccuracy:  ±50%



Medical CT 128µSv



Sara Lofthag-Hansen

Method 4: Use the DAP (with caution!)



Dose versus DAP

Effective Dose (µSv) = 0.1 x DAP (mGy.cm2) for Maxilla

Effective Dose (µSv) = 0.15 x DAP (mGy.cm2) for Mandible

Effective Dose (µSv) = 0.125 x DAP (mGy.cm2) for Mn & Mx

VERY ROUGH – USE WITH CAUTION !





• Same DAP

• Different Dose

Use the DAP with caution!



Accuitomo 4cm x 4cm @ 90kVp and 87.5mAs



DAP = 4.02 x 100 = 402mGy.cm2

DLP = 4.57 x 4 = 18.28mGy.cm



Accuitomo 4cm x 4cm:
43µSv from SEDENTEXCT

55µSv from DLP

60µSv from DAP

50µSv ± 20%

i-CAT  16cm x 4cm:
38µSv from Ludlow’s meta-analysis



How accurate do we need to be?

• Only interested in dose because it enables us to estimate 

the risk.

• A factor of 2 change in risk is unlikely to bring about a 

change in the patient’s management.

• A factor of 10 would be in line with estimates of risk

in other areas.



Calman Risk Table



What is the Risk from a CBCT scan?

• Assume adult patient, dento-alveolar scan, both jaws

• What is a typical dose?
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What is the Risk from a CBCT scan?

• Assume adult patient, dento-alveolar scan, both jaws

• Effective Dose might be 100 microSieverts

• Risk that patient might develop fatal cancer in 20 years time

= 5% (1 in 20) per Sievert  (from ICRP103)

= 1 in 20 million for 1 microSv

= 100 in 20 million for 100 microSv

Health & Safety people 

would call this a

“Minimal Risk”

= 1 in 200,000 (roughly) for 100 microSv

* If your patient is a child the risk is 3x more



5.7% per Sievert at age 30

Risk varies with Age



Calman Risk Table



Doses are not 

getting lower 

(but scanners are 

getting cheaper).

Fact #3 revisited:



Even if the Effective 

Dose is a bit high, we 

are only irradiating a 

very small region of 

the body, so that’s OK.

Fact #4:



How do we know that exposure to 

radiation results in harm?

Deterministic Effects are reproducible

• severity of the effect increases with the dose

• not observed below a threshold dose of about 500mSv

Stochastic Effects are random
• the risk (not the severity) increases with the dose

• known to occur above 20mSv or so

• below about 20mSv we don’t know if they occur or not

Hereditary Effects are random but the incidence is very low



Deterministic Effect



Estimated excess relative risk (±1 SE) of mortality (1950–1997) from solid cancers among 

groups of survivors in the LSS cohort of atomic bomb survivors, who were exposed to low 

doses (<500 mSv) of radiation (2). 

Brenner D J et al. PNAS 2003;100:13761-13766

©2003 by National Academy of Sciences





The concept of Effective Dose

We know the risks from high doses of radiation
• e.g. Atom Bomb survivors

• Atom Bomb survivors received whole body doses

• Dental patients receive doses to a very small region

• How can we relate the risks?

Effective Dose is a way of describing the dose to a 

limited region in terms of the whole body dose that 

would result in the same risk to the patient

Effective Dose takes the size and the nature 

of the region into account.



The Effective Dose 

already takes the size 

of the region (and the 

organs involved) into 

account.

Fact #4 revisited:



The smaller the voxel 

size, the higher the 

dose (this is a basic 

law of nature).

Fact #5:

0.08mm voxels



Image Quality in CBCT scans

- Noise
• electronic noise (dark current)
• photon noise (not enough x-rays)

- Artefact
• patient movement
• metal objects within the patient
• rings (machine calibration, poor operator technique)

- Spatial Resolution (resolution at high contrast)
• depends on machine design 

(focal spot size, detector elements, sampling, mechanical stability)

• voxel size can only limit the resolution – cannot increase it!

- Contrast Resolution (resolution at low contrast)
• depends on machine design (kVp, filtration, reconstruction algorithms)



High Resolution

Low Noise

Low 

Dose

The impossible dream

A good scanner will offer a range 

of voxel sizes, mAs and field sizes 

to suit the imaging task at hand.



Noise in CT / CBCT images

• Electronic noise (dark current)
– Calibrating the scanner will reduce this

• Photon noise (not enough x-rays)
– Signal-to-Noise Ratio is proportional to √n

– Where n is the number of x-ray photons 

Noise = unstructured contribution to the image

which has no counterpart in the object.



If you halve (1/2) each side of a cube e.g. from 0.4mm to 0.2mm

Number of x-ray photons passing through it goes down by 8 (i.e. 1/8)

Noise goes up by √8 = 2.83

mAs (dose) may have to be increased to compensate

Noise depends on voxel size

x-rays
(from all 

directions)



• The noise depends on the voxel size

• On some machines (i-CAT Classic, Accuitomo F170)

the operator may choose to increase the dose to 

compensate for a smaller voxel size

• On other machines (i-CAT 17-19 and CB-500)

the machine automatically increases the dose for

a smaller voxel size.

Dose does not depend directly on Voxel Size



The smaller the voxel 

size, the higher the 

noise. 

Increasing the dose 

is a choice made by 

the operator (or the 

manufacturer).

Fact #5 revisited:

0.08mm voxels

50µSv



The pixel values in a 

CBCT scan are an 

accurate representation 

of the tissue densities.

Fact #6:



• The Hounsfield Scale is defined at 120kVp, but most 

CBCT scanners run at 80-90kVp

• The x-ray spectrum contains more low energy photons 

because of scattered radiation

• The voxel densities cannot be calculated accurately!

Three reasons why CBCT pixel values 

don’t lie on the Hounsfield scale:



Fundamental Limitation of Small Field Of View 

• CBCT measures the density within the Field Of View only

• Material outside the Field Of View has an unpredictable effect

• Software corrections means pixels may change with updates

X-ray Tube Detector



4cm x 4cm 6cm x 4cm

8cm x 5cm 10cm x 6cm



The smaller the 

Field Of View, the 

less reliable the 

pixel values are.

Fact #6 revisited:



Medical CT scanners 

deliver a much higher 

dose than dental 

CBCT scanners.

Fact #7:



Toshiba Aquilion ONE medical CT Scanner

Aquilion™ is a trademark of Toshiba Medical Systems Corporation

Around £1M

320 detector rows

operates in cone 

beam mode

0.5s scan time

Effective Doses
typical Mx 100µSv

typical Mn 150µSv

volume capture
24cm x 16cm max

The Best CBCT Scanner on the Market



Dental Protocols on

medical CT Scanners

• Operator has more control over kVp, mAs, pitch than on 

a dental CBCT scanner.

• The dentoalveolar region has high natural contrast, so 

we can get away with a low radiation dose.

• Figures quoted in the literature (e.g. 2100µSv) are for 

brain scans, not for dental CT scans

• Training is required to help operators choose a low dose 
protocol for dental CT scans.



Toshiba Aquilion ONE

12cm x 6cm

0.25mm voxels

DLP 54mGy.cm

Effective Dose 150μSv 

approx.
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Toshiba 

Aquilion

ONE

Siemens 

Definition 

AS

GE 

LIghtSpeed

VCT

Siemens 

Sensation 

64

Philips 

Brilliance 

64

Toshiba 

Aquilion

64

Siemens 

Emotion 

6

Min 

E.D.

70 100 150 150 160 111 145

Avg

E.D.

124 276 370 310 346 416 343

Max 

E.D.

200 550 750 475 630 880 650

n= 28 46 351 36 70 129 35

Table 2B. Effective Doses (μSv) estimated from DLP*

*conversion factors from Shrimpton PC et al. Effective dose and dose-length product in CT.

Radiology 2009; 250; 604-605.





The dose depends on 

the protocol, for both 

medical CT and 

dental CBCT.

Fact #7 revisited:


