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Who or what is IDT?

Image Diagnostic 

Technology Ltd

based in UK 

IDT Ireland based in Ireland

Three Companies in the IDT Group:

since 1991

specialises in 

arranging 

CT scans and

3D processing

based in UK

IDT Dental Products Ltd

distributes 



interactive implant planning software

SIMPLANT™ is a trademark of DENTSPLY Implants



Guide resting on:

• Bone 

• Mucosa

• Teeth

Guiding

cylinders

The SurgiGuide controls:

• Position

• Orientation

• (Depth)

SIMPLANT drill guide

SIMPLANT™ is a trademark of DENTSPLY Implants



Bone Mucosa Teeth

Drill Guides can be supported on

Bone Supported Guides:
- Bone crest must be clearly visible in the CT images and ≥ 3cm long

Mucosa Supported Guides:

- Patient must be scanned with a radio-opaque scanning stent in place

Tooth Supported Guides:

- Tips of teeth must be clearly visible in the CT images

- A recent and accurate plaster cast will be required

Need to think about the Guide before you request the CT Scan!



www.simplantscans.com



www.simplantscans.com







Outline of Presentation

• Introduction / Disclosures

• Imaging for Dental Implants
– Conventional Radiography

– Cross-Sectional Imaging

• Radiation Dose and Risk

• Dose versus Image Quality



Need to be able to:

• Review patient anatomy and pathology

• diagnostic quality images

• Assess bone quantity and quality

• quantitative assessment

• Decide where implants should go

• accurate 3D measurements

• avoid sensitive structures

• must work mechanically and aesthetically

Imaging for Dental Implants



Restoration-Driven Implant Planning

“Create a model of the desired 

result, then work backwards to 

determine how it can be achieved”

- Radio-Opaque Scanning Stents

- Treatment Planning Software

- Surgical Drill Guides



Place implants so accurately that a 

(temporary) restoration can be fabricated 

before the surgery takes place

The Ultimate Goal

“The Immediate Smile” – Materialise Dental

“Teeth in an Hour” - Nobel Biocare

“Smart Implants” - Dr Siew Lim



The Ultimate Goal

- To do this you have to rely on 

your imaging!

Place implants so accurately that a 

(temporary) restoration can be fabricated 

before the surgery takes place



Which Imaging Modalities are best?

• Intra-oral radiography
• Occlusal films, bitewings, periapicals

• Extra-oral radiography
• AP and Lateral cephs

• Conventional tomography
• Dental Panoramic Tomography (DPT)

• Linear / Complex Motion Tomography (CMT)

• Magnetic Resonance Imaging

• Medical computed tomography (CT)

• Cone Beam computed tomography (CBCT)



+ Very high resolution (20 lp/mm)

+ Fast, convenient, low dose

– No bone width

– No (quantitative) bone quality

– Magnification / Distortion

Intra-oral Imaging



X-RAYS

FILM

TOOTH

Solutions:
• bisecting angle                

• paralleling technique

Distortion in intra-orals



+ Good overview

– Width and height on midline only

– No (quantitative) bone quality

Extra-oral:  Lateral Cephs



Conventional Tomography
(tomography by blurring)

T1 T2

Q
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TUBE

FILM



Dental Panoramic Tomography (DPT)



+ Very good overview

– No bone width

– No (quantitative) bone quality

– Variable magnification => distortion

– Patient positioning is crucial

Dental Panoramic Tomography (DPT, OPG, OPT)



DPTs are useful for:

• Overall status of teeth and supporting bone

• Anatomical anomalies and pathological conditions

• Triage between:
– Sites where placing implants will be straight-forward

– Sites where grafting or distraction will be needed

– Sites where implants are not advisable

Reddy et al. Clin Oral Implants Res. 1994 Dec; 5(4):229-238
− Errors as large as 30% in estimating bone height from DPTs

− Bone width cannot be estimated at all.

DPTs are not accurate:



Cross-Sectional Imaging

• Linear Tomography

• Complex Motion Tomography (CMT)

• Magnetic Resonance Imaging (MRI)

• Computed Tomography (CT or CBCT)



Magnetic Resonance Imaging

+ no radiation dose

+ no metallic artefact

- large, expensive machine

- teeth generate no signal





Computed Tomography (CT)
(tomography by computation)





(First paper on dental reformatted CT)



Dental CT or CBCT Scans

• Bony anatomy of Mandible, Maxilla or Both

• Useful for:
 planning dental implants

 maxillofacial surgery

TMJ and airway analysis

impacted and supernumerary teeth

root canals, root fractures etc

• High natural contrast

• High resolution

• Low dose



Medical CT Scanner





Cone Beam CT (CBCT) Scanner

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



(Review Paper)





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



acquisition

Animation courtesy of 

Demetrios J. Halazonetis



acquisition

Animation courtesy of 

Demetrios J. Halazonetis



acquisition

Animation courtesy of 

Demetrios J. Halazonetis



reconstruction

Animation courtesy of 

Demetrios J. Halazonetis



volume dataset

Animation courtesy of 

Demetrios J. Halazonetis



Animation courtesy of 

Demetrios J. Halazonetis



Animation courtesy of 

Demetrios J. Halazonetis



Animation courtesy of 

Demetrios J. Halazonetis



Voxels (Volume elements)

Animation courtesy of 

Demetrios J. Halazonetis



Voxels (Volume elements)

≈ 100 million voxels (200 Mb)
400

slices
512 x 512 x

density:
0 - 4095

Animation courtesy of 

Demetrios J. Halazonetis



cone-beam CT
(CBCT)

Animation courtesy of 

Demetrios J. Halazonetis



cone-beam CT
(CBCT)

Animation courtesy of 

Demetrios J. Halazonetis



cone-beam CT
(CBCT)

Animation courtesy of 

Demetrios J. Halazonetis



cone-beam CT
(CBCT)

Animation courtesy of 

Demetrios J. Halazonetis



cone-beam CT
(CBCT)

Animation courtesy of 

Demetrios J. Halazonetis



x-ray tube

flat panel 

detector

adjustable 

chair

adjustable 

collimator

Cone Beam CT Scanner

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



Axials Panoramics Cross Sections

Sagittal Coronal

Basic CT images



Cross-sectional

Panoramic

Transaxial







Segmentation









Hyperdontia

Courtesy of Nicolette Schroeder





Third Molars

Courtesy of Barry Dace



Take the CT Scan first, do the surgery second (not the other ways around)!



Advantages of using a Scanning Stent

• Gives inter-arch stability for the patient during the scan

• Opens the bite slightly (a few mm) using occlusal stops

• Position and size of the desired restoration can be

visualised in the CT images

• If the maxilla and mandible are scanned together

the 3D image will illustrate the inter-arch relationship.



Making a Scanning Stent

• Plastic and clear acrylic does not show up on a CT scan.

• To make it show up, you can:

• mix barium sulphate with the acrylic

• paint barium sulphate on the surface

• use radio-opaque teeth

• use markers made from a radio-opaque material

– lab putty

– gutta percha

– glass ionomer

• use a dual-scan technique.



• We recommend using a barium sulphate-acrylic mix for both 

the radio-opaque teeth and the baseplate.

• Use 15% barium sulphate in the teeth and 10% barium sulphate 

in the baseplate. This allows the teeth to be picked out 

separately.

• An accurate fitting stent with radio-opaque baseplate is usually 

the best option for mucosa-supported surgical drill guides.



Good Stent



Mick Jagger Artefact
Bad Stent



Worse 

Stent



Dual Scan Technique





Software for planning Dental Implants

• SIMPLANT (DENTSPLY Implants)

• NobelGuide (Nobel Biocare)

• coDiagnostiX (Straumann)

• In Vivo Dental (Anatomage)

• Blue Sky Plan (Blue Sky Bio)

• Easyguide (Keystone Dental)

• ImplantMaster (iDent)

• VIP (Biohorizons)









Outline of Presentation

• Introduction / Disclosures

• Imaging for Dental Implants
– Conventional Radiography

– Cross-Sectional Imaging

• Radiation Dose and Risk

• Dose versus Image Quality



Radiation Dose and Risk

• What are the risks from low radiation doses?

• How can we estimate the risks to our patients?

• What are the tradeoffs governing

dose versus image quality?





The Problem

• Under IR(ME)R 2000 we have a duty to ensure the 

benefits of exposing the patient to radiation 

outweigh the risks.

• But how do we know what the risks are?

• How do we manage the tradeoffs between
benefits and risks?



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







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 is a measure of risk!



More about Effective Dose

The Effective Dose calculation takes the size of the 

region and the body parts irradiated into account.











Prof. Ria Bogaerts, Katholieke Universiteit Leuven,  March 2011



Prof. Ria Bogaerts, Katholieke Universiteit Leuven,  March 2011



Prof. Ria Bogaerts, Katholieke Universiteit Leuven,  March 2011



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





Typical Doses from Dental X-Rays

Effective Dose 

(µSv)
Intraoral (F speed, rect coll) 2

Intraoral (E speed, round coll) 6

Lateral Ceph 10

Panoramic 3 to 24

Cone Beam CT 19 to 1073

Medical CT 280 to 1410



What is the Risk from an Intraoral x-ray?

• Assume adult patient,  F speed,  rectangular collimation

• Effective Dose might be 2 microSieverts approx.

• 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 microSievert

= 2 in 20 million for 2 microSieverts

Health & Safety people 

would call this a 

“Negligible Risk”

= 1 in 10 million for 2 microSieverts





The Risk from an Intraoral x-ray



Typical Doses from Dental X-Rays

Effective Dose 

(µSv) Risk

Intraoral (F speed, rect coll) 2 1 in 10 million Negligible

Intraoral (E speed, round coll) 6 1 in 3.3 million Negligible

Lateral Ceph 10 1 in 2 million Negligible

Panoramic 3 to 24

1 in 6.7 million to 

833 thousand

Negligible to 

Minimal

Cone Beam CT 19 to 1073

1 in 1.05 million to 

1 in 19 thousand

Mimimal to

Very Low

Medical CT (using dental protocol) 280 to 1410

1 in 71 thousand to 

1 in 14 thousand Very Low







Risk varies with Age

5% per Sievert at age 30





How can we estimate the

Effective Dose in practice?

kVp, mAs etc

• only works for comparing scans on the same machine

Dose Length Product (DLP)

• works very well for comparing medical CT scans

Dose Area Product (DAP)
• works reasonably well for comparing cone beam CT scans



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



IDT Physics Report





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

0.15 x DAP (mGy.cm2) Mandible



Dose Area Product (DAP) for 

Cone Beam CT Scanners

Multiply DAP by 0.1 for Maxilla or 0.15 for Mandible

to get the Effective Dose in microSieverts (µSv)

Mn 45µSvAccuracy:  ±50%



CBCT 45µSv



CBCT 145µSv



How to Reduce the Dose

1. Reduce the 

mAs (tube 

current, 

scan time)

2. Reduce the 

Height 

(vertical 

collimation)



3. Reduce the Width (horizontal collimation)

• Reducing the beam height by 50% reduces the dose by 50%

• Reducing the beam width by 50% reduces the dose by 50% at most.

X-ray Tube Detector









Dose versus Image Quality

in CBCT scans

- Noise
• depends on radiation dose

- Artefact
• metal objects within the patient
• depends on machine calibration and 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 (filtration and kVp)



High Resolution

Low Noise

Low Dose



Noise in CT / CBCT images

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)











Artefacts in CT / CBCT images

• Motion artefact 

• Cone beam artefacts

• Ring artefacts

• Starburst (streak) artefact

• Beam hardening

Artefact = structured contribution to the image

which has no counterpart in the object.



Cone Beam CT Scanner

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



Motion Artefact



cone beam artefact



cone beam artefact



ring artefact



STARBURST ARTEFACT

• Starburst (streak) artefacts arise in CT 
scans when sharp changes in density are 
present, e.g. between air and bone or 
between bone and dense metals

• Starburst artefacts are caused by
limitations in high frequency sampling

• Starburst artefacts are not caused by 
scattered radiation





BEAM HARDENING ARTEFACT

• Beam Hardening artefacts also occur in CT scans 
when metals are present

• Metals cause the low energy x-rays to be filtered 
out of the x-ray beam

• The average energy becomes higher

• The CT numbers become lower

• Parts of the image appear black







High-Z materials cause the worst artefacts



Detail at high contrast

Spatial Resolution



Detail at low contrast

Contrast Resolution



Spatial and Contrast Resolution

LOW 

CONTRAST



Spatial and Contrast Resolution are both important

Image 1 has good Spatial Resolution and good Contrast Resolution

Image 5 has poor Spatial Resolution and poor Contrast Resolution



Conclusions

• If your patient will truly benefit from a CT or 

CBCT Scan the risks are likely to be minimal 

or very low compared to the benefits.

• A certain amount of Dose is essential for good 

image quality but Spatial Resolution, Contrast 

Resolution and freedom from artefacts are 

important too.



Thank You!

• Any Questions?


