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Rationale 

 

 Individualized treatment plans 

 

 

More reliable dose response data 

 

 

 Safe introduction of new sources and techniques 

 

 



Learning objectives 

 Insight into limitations of TG43 

 

 Understanding differences  TG43- MBDCA at various  photon 
energy 

 

 Insight into the importance of accuracy in dosimetry 

 

 Awareness of non-MBDCA uncertainties and non-resolved 
issues  affecting output 

 

 

 



TG43 versus MBDCA 

Superposition of 
data from source 
characterization  

Dw-TG43 

Dm,m 
 
Dw,m 

Monte Carlo 
GBBS 
Collapsed Cone  

Source  
characterization 

Tissue/applicator 
information 

Source 
characterization 

INPUT OUTPUT ”CALCULATION” 

TG43 

MBDCA 

INPUT OUTPUT CALCULATION 



I. TG43 

Superposition of single-source  
water-dose 

Imaging : to localise dose -anatomy 

Dm,m Collapsed Cone  

Dw-TG 43 

II. MBDCA 

Dose is calculated  
 
 

- Imaging: for information on tissues 

water 

Dose calculation 
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Importance of accuracy in dosimetry 

From Falk (2009) Surgery vol  27, p 169-172  



New sources- 131Cs, 169Yb, 170Th, electronic kV sources 
 
New techniques; APBI, inverse planning 
 

Brachytherapy is evolving 

Dosimetric accuracy is cruical for safe 
transfer of clinical knowledge obtained with 
one technique into new ones!  

Working Group on Robotic Brachytherapy  
 

Special Brachytherapy Modalities Working Group  



Energy region Isotope Energy  

[keV] 

~Distance 

[cm] 

Dscat=Dprim 

~Fraction to 

scattered photons, 

(1-men/m) 

low 103Pd 22 1,5 0,5 

low 125I 28 1,5 0,6 

low Electronic 30-60 kV 1-2 cm 0,5 

intermediate 169Yb 93 2,5 0,85 

high 192Ir 370 6 0,7 

high 137Cs 662 10 0,5 

Energy dependence of effects 
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Isotope Soft 

tissue 

Finite 

dims 

Seed-to-seed 

shielding 

Shields MBDC vs 

TG43 

Precaution*) 

103Pd X - X X large yes 

125I X - X X large yes 

Electronic X - - X  large yes 

169Yb (X) X ! - X ! (large) (yes) 

192Ir - X - X moderate none 

Energy dependence of effects 

*) tissue segmentation and choice of dose scoring medium 



192Ir (350 keV) breast implant : effects of finite patient dimensions  

From: Poon and Verhaegen (2009), Med Phys, p 3703-3713  

MBDC and TG43 agree in the target 

 

1/20 patients was excluded from APBI due to skin dose 

overestimated by the TG43 dose calculation. 

 



169Yb (93 keV) breast implant : effects of finite patient dimensions  

From Lymperopoulou et al 2006, Medical Physics vol 33, p 4583-4589  

Contrast media within a Mammosite balloon causes additional 

differences! see Papagiannis et al 2007, Med Phys, vol 34 p 3614-3619  



TG43 vs MC in 125I prostate implants 

Carrier et al, Int. J., Rad, Oncol., Biol. Phys. (2007) vol 68 p 1190-1198 

Prostate tissue, seed-to-seed shielding => 10 Gy reduced D90 

  



TG43 vs MC for APBI with an electronic source 

Shi et al (2010) Phys Med Biol vol 55 p 5283-5297 
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Ahnesjö and Aspradakis (1999) PMB vol 44 p R99-R155 

Dose calculation algorithms: one link in the chain  

Proposed requirement  for EBRT: 
 
Dose calculation algorithms should be accurate enough 
to not contribute significantly to the overall uncertainty. 



Precaution – CT as input at E < 50 keV 

From Landry et al (2010) Med Physics vol 37 p 5188-5198 

Variations in mean tissue composition affect MBDC dosimetry 

CT cannot estimate elemental tissue composition precise enough 

103Pd in breast  

 

DD 5%-10% 



CT and tissue segmentation 

TG-186 INTERRIM SOLUTION < 50 keV  : tissue segmentation based on 
contouring and selected datasets for tissue composition 
 
DRAWBACK : Lack of individual information on e.g. calcifications, of 
importance in prostate and breast implants 
 

Figure from: Chibani and Williamson Med Phys 32, 3688-3698 (2005) 



Precaution: Report Dm,m and/or Dw,m? 

Liu and Keall, Medical Physics 2002 

MBDC transport dose in the actual medium and can report : 

 

 - Dm,m =dose to medium in that medium 
 

- Dw,m =dose to a small water cavity in that medium 

 

 



Conversion method for Dw,m/ Dm,m :depends on cavity 

size and range of secondary electrons 
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Dimensions of potential ”cavities” for Dw,m  

nm mm mm 

Dose 

calculation 

grids (CT 

images) 

Cell 

nuclei 

DNA, 

DNA-

bound 

water 
Rivard et al (2010) 

Landry et al (2011) 

Acuros system 

Enger et al (2012) 

Thomson et al (2013) 



For BT there is a need to decide how to specify  
Dw,m before discussing which quantity Dw,m or 
Dm,m to use!! 

TG-186 recommends: report at the least Dm,m.  
 
When Dw,m is reported provide information on how 
it was defined! 



From Carlsson Tedgren and Alm Carlsson PMB (2013) p 2561-2579 

Dw,m/Dm,m under small and large cavity assumptions 



Conclusions 

• Dosimetric accuracy cruical for safe introduction and 
useful evaluation of new techniques. 

 

• Differences MBDCA:s –TG43 larger at low (<50 keV) 
than at high (>50 keV) photon energies. 

 

• Improved tissue segmentation methods important  

   < 50 keV. Dual-energy CT ? 

 

• Be aware on the Dm,m - Dw,m issue for BT! 

 

 

 



Beaulieu L et al  2012 Report of the Task Group 186 on model-based dose calculation methods in 
brachytherapy beyond the TG-43 formalism: current status and recommendations for clinical 
implementation Med. Phys. 39 6208-36 

Carlsson Tedgren Å, Verhaegen F and Beaulieu L 2012 Chapter 11: On the introduction of model-based 
algorithms performing nonwater heterogeneity corrections into brachytherapy treatment planning In: 
Comprehensive brachytherapy. Physical and clinical aspects Edited by Venselaar J, Baltas D, Meigooni A S, 
Hoskin P J CRC Press Taylor and Francis Group Boca Raton London New York (pages 145-160)  

 
Published after the TG-186 report: 
 
Carlsson Tedgren Å and Alm Carlsson G 2013 Specification of absorbed dose to water using model based dose 

calculation algorithms for treatment planning in brachytherapy Phys. Med. Biol. 58 2561-2579  
Thomson R M, Carlsson Tedgren Å and Williamson J F 2013 On the biological basis for competing macroscopic 

dose descriptors for kilovoltage dosimetry: cellular dosimetry for brachytherapy and diagnostic radiology 
Phys. Med. Biol. 58 1123-50  

Lindborg L et al 2013 Lineal energy and radiation quality in radiation therapy: model calculations and 
comparison with experiment Phys Med Biol. 58 3089-3105  

Malusek A, Karlsson M, Magnusson M and Alm Carlsson G 2013 The potential of dual-energy computed 
tomography for quantitative decomposition of soft tissues to water, protein and lipid in brachytherapy, 
Phys. Med. Biol. 58 771 

 
 
 

Suggested references 



AAPM Working Group on Model-Based Dose 
Calculation Algorithms in Brachytherapy 

Facundo Ballester 

Luc Beaulieu 

Åsa Carlsson Tedgren 

Annette Haworth 

Geoffrey Ibbott 

Firas Mourtada 

Panos Papagiannis 

Mark Rivard 

Frank-Andre Siebert 

Ronald Sloboda 

Rowan Thomson 

Frank Verhaegen 



Three follwing slides are extra material  
to be available just in case discussion 
goes this direction 



Burlin cavity theory 
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 g mean chord length of the cavity  

 
 mass attenuation of generated secondary electrons 



From Carlsson Tedgren and Alm Carlsson PMB (2013) p 2561-2579 

Values of paramater d in Burlin theory 



From Lindborg et. al. PMB (2013) p 3089-3105 

Correlation between RBE and yD in 10 nm diameter volumes 


