Dosimetry
of dental CBCT
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Why dosimetry?

X-rays — Ionizing radiation

— deterministic and stochastic effects

deterministic stochastic
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Why dosimetry?

Cancer risk?
International Commission on Radiological Protection?
French Academies Report, 20052

cancer risk
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1CRP103: The 2007 Recommendations of the International Commission on Radiological Protection .
Annals of the ICRP Vol 37 (2007)

2French Academies Report, 2005. Larelationdose-e f f et et | 6esti mati on de
faibles doses de rayonnements ionisants.
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Why dosimetry? _
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Age at Time of Exposure

Age group (years) Multiplication factor for risk
<l0 x 3
10-20 x 2
20-30
30-50 x 0.5
50-80 x 0.3

80+ negligible risk

Multiplication factor at 30 years = |

* Derived from International Commission on Radiation Protection Recommendations.'®
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Why dosimetry? Effective dose ranges and dental investigations
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Why dosimetry?

The ICRP basis for radiation protection: paticnt and personnel protection policy
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Why dosimetry?

and technical dose characterization
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Why dosimetry?

and technical dose characterization
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Why dosimetry?

Patient dose and characterization

- effective dose is influenced by technical parameters as mAs and FOV

- definition of standard dose index that can be measured in a physical
phantom during a routine medical physics quality control check

- candidates:
- cfr. medical CT: Computed Tomography Dose Index,
CTDl,,
DLP (Dose Length Product)
DAP
CTDI
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Why dosimetry?
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Why dosimetry?
- determine conversion factors between technical quantities and effective dose:

the more dose determining factors that are included in the dose index, the more
uniform the conversion factors will be:

dose conversion factors from mAs to effective dose will be different for different
CBCTs and imaging protocols

dose conversion factors from a dose index including the influence of both mAs
and FOV can possibly be the same for different CBCTs and imaging protocols
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Why dosimetry?
Available knowledge at the start of SEDENTEXCT

AFew dosimetric studies
| anthropomorphic phant oms
| TLDs
Limited number of TLDs & CBCT devices

AFew studies investigating CTDI and alternative indices for
modern MSCT scanners

ANo dose simulation studies for dental CBCT
ANo reports on scattered dose in dental CBCT
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SEDENTEXCT dosimetry

KUL Leuven, UNIMAN Manchester, NKUA Athens,
VU Vilnius, MAHOD Malmo, LTO Leeds

ADental CBCT dose index

AAssessment of dental CBCT dose
(adult & paediatric phantom, patients)

AMonte Carlo simulation framework for optimisation

APersonnel dose
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Measurement of the dose distribution Iin
anatomical phantoms and subsequent
calculation of effective dose
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Phantom dose

Adult (Alderson) and paediatric (ATOM) phantoms
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Phantom dose: adult

Effective dose for large field CBC
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Phantom dose: adult

Effective dose for medium field CBC"
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Phantom dose: adult

Effective dose for small field CBC”
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Phantom dose: adult
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Phantom dose: paediatric

Effective dose (USv) for paediatric phantoms
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Phantom dose

Conclusions

A Wide dose range (~20 uSv to 400 uSv: 20-fold)

A Main contributors: thyroid gland, salivary glands,
Oremai nder 0 eikt@athomalcic amuagsd S

A Clear effect of FOV size & position on effective
dose

A Other differences between doses: interplay with
Image quality!

AOpti mi sed (Acustomi sedo)
selection based on region of interest + exposure
selection based on image quality requirement
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In vivo dose measurements
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In vivo dose

KUL VU NKUA
Scanora 3D NewTom 9000 NewTom 9000
Clinical indication # Patients Age # Patients | Age # Patients | Age
Implant placement 43 13-61 30 20-68 15 28-62
Orthodontic planning 4 10-13 0 / 1 13
Impacted teeth 10-20 43 10-83 10 18-33
Maxillofacial trauma/
tumors/ development 1 20 29 11-49 0 /
abnormalities
Sinus visualisation 4 35-60 42 22-76 0 /
Others 10 10-54 0 / 8 24-62
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In vivo dose

Skin dose (mGy)

= MIN
AVERAGE
= MAX

Scanora NewTom 9000 (A) NewTom 9000 (V)
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In vivo dose

Conclusions

A Wide range of in vivo doses due to difference in
exposure and patient size

AManual adjustment of ex|
Pre-set exposure protocols based on patient
Sl ze 7z Automati c exposutl
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Development of a standardised dose index
to characterise dose distribution in dental
CBCTs
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Dental CBCT dose index

Assessment of dose distribution

KUL UNIMAN & LTO
TLD TLD
lon chamber Film
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Dental CBCT dose index

Assessment of dose distribution
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Dental CBCT dose index

Scanora 3D, TLDs 1 n

Inferior
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Dental CBCT dose index

Scanora 3D, ion chamber, along z-axis
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Dental CBCT dose index
TLDs, along z-axis

SCANORA 3D 3D Accuitomo XYZ
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Dental CBCT dose index

TLDS, Oaxl al o
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Dental CBCT dose index

ProMax 3D ProMax 3D ProMax 3D
8x5 cm/ 200° / central 8x8 cm / 200° / central 8x5 cm / 200° / off-axis

L) “l

Anterior Anterior Anterior

NewTom VG NewTom VG

360° / central 360° / off-axis

Anterior Anterior
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3D Accuitomo 170
4x4 cm / 360° / central

Anterior

3D Accuitomo 170
8x8 cm / 360° / central
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Anterior

3D Accuitomo 170
10x10 cm / 180° / central

Anterior
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6x6 cm / 360° / central

Anterior

3D Accuitomo 170
14x10 cm / 360° / central

Anterior
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Anterior
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Dental CBCT dose index
FIi Il m measur ement s,

NewTom VG 3D Accuitomo 170
360° - off-axis 4x4 cm / 360° / central

i-CAT N.G. i-CAT N.G.
8x8 cm / 360° / central 8x8 cm / 360° / off-axis
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Dental CBCT dose index
Dose distribution Y

Measuring
points FOV at the

central axis

FOV off

Phantom central axis SAEE

FOV axis

Measuring
points
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Dental CBCT dose index
Dose Area Product (DAP)?
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Dental CBCT dose index

TLD holes 1.1mm deep

N.B. Film Plate remains unchanged,
with recess 3.5mm deep

Leeds Test Objects Ltd
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Dental CBCT dose index
Y Validation of

1) Measurement of indices In practice

2) Definition of correlation factors through
Monte Carlo simulation
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Dose index measurements for the 3D Accuitomo 170 Dose index measurements for the Scanora 3D
Index1 Index 2 Index1 Index 2

(MmGy) (mGy) (MmGy) (MmGy)
Protocol AVG STDEV AVG Protocol AVG STDEV AVG
90 kV, 5 mA, 17s, 360 . 24 mAS,
80 kV, 5 mA, 17s, 360 . 14.5x7.5 central 2.1 0.1 2.2
70 kV, 5 mA, 17s, 360 . 30 mAs,
80 kV, 5 mA, 9s, 180 . 10x7.5 central 0.1
90 kV, 5 mA, 17s, 360 . . . 30 mAs,
90 kV, 5 mA, 17s, 360 . . i off-axis 0.6
90 kV, 5 mA, 17s, 360 . . . 36 mAS,
90 kV, 5 mA, 17s, 360 . . . 6x6  antral ' 04
90 kV, 5 mA, 17s, 360 . . . 36 mAS,
80 kV, 5 mA, 17s, 360 . . ) off-axis ' 1.0
70 kV, 5 mA, 17s, 360
90 kV, 5 mA, 9s, 180
80 kV, 5 mA, 9s, 180
70 kV, 5 mA, 9s, 180
90 kV, 5 mA, 17s, 360
80 kV, 5 mA, 17s, 360
70 kV, 5 mA, 17s, 360
90 kV, 5 mA, 9s, 180
80 kV, 5 mA, 9s, 180
70 kV, 5 mA, 9s, 180
90 kV, 5 mA, 17s, 360
80 kV, 5 mA, 17s, 360
70 kV, 5 mA, 17s, 360
90 kV, 5 mA, 9s, 180
80 kV, 5 mA, 9s, 180
70 kV, 5 mA, 9s, 180
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Dental CBCT dose index
Conclusions

A dose distributions in homogenous phantoms
have been measured for different CBCTs and
settings

A 2 CBCT dose indices have been proposed in
addition to DAP

A validation measurements have been performed
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Development of mathematical models for
dental CBCT dosimetry

SEDENTEX Workshop on dental Cone Beam CT



Monte Carlo simulations

ADevelopment of computational models for dental CBCT
dosimetry

ACalculation of conversion factors to effective dose using
Monte Carlo (MC) simulations

AMC simulations are a class of computational algorithms that
are based on repeated random sampling to compute the
results

AMCNPS5: a general purpose Monte Carlo N-Particle code
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Monte Carlo simulations

APoint sources with biased direction

AArranged on a circle positioned at 10 degrees intervals
AA set of collimators to shape the beam

AATOM 10 year old phantom

AICRP male reference computational phantom

AICRP female reference computational phantom (in progress)
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Monte Carlo simulations

Y Validation of the simulated CB geometry-Stage 1
ASimulated doses were compared against measured doses

A PMMA cylinder on a 3D Accuitomo 170 CBCT scanner
A Thermoluminescent dosimeters (<10% error)

A Full and half rotation CB geometry

A Range of tube voltages

A Range of FOVs

A Axis and off-axis

A% difference between simulated and measured normalised
doses ranged between 7% to 19%
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Monte Carlo simulations

Y Validation of the simulated CB geometry-Stage 2
ASimulated doses were compared against measured doses

A ATOM 10 year old anthropomorphic phantom
A Thermoluminescent dosimeters (<10% error)
A Range of CBCT machines

A Range of FOVs

A Range of clinical examinations

A% difference between simulated and measured effective
doses ranged between 3% to 17%
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Monte Carlo simulations
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