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BRACHYTHERAPY DOSIMETRYBRACHYTHERAPY DOSIMETRY

Early treatments of Radium - No physical or biologic al basis, empirical

INTRACAVITORY BRACHYTHERAPY :

1911: Stockholm System - Forsell
2 -3 applications at 3 weekly intervals, each lasting 27-30 hrs.2 -3 applications at 3 weekly intervals, each lasting 27-30 hrs.

1920: Paris System - Regaud
1 application over 6-8 days

1934: Manchester System - Paterson & Parker
8000 R to point A, over 140 hrs. divided into 2 equ al applications

ICRU 38  
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INTERSTITIAL BRACHYTHERAPY

Manchester System (Paterson - Parker) :

milligram hours of Radium needed to deliver 1000R
planar & volume implants
surface mouldssurface moulds
differential activity

Paris System (Pierquin- Deuterix):

Iridium 192 as isotope
Reference isodose: 85% of basal dose rate
Equidistant, parallel, rectilinear radioactive line s
Equal linear activity



BRACHYTHERAPY DOSIMETRYBRACHYTHERAPY DOSIMETRY
INTERSTITIAL BRACHYTHERAPY

Quimby System:

Uniform distribution of sources of equal linear act ivity
non uniform distribution, higher in the central reg ion of the 

treatment volumetreatment volume

Memorial System:

Extension of the Quimby System
Complete dose distributions around lattices of poin t sources

of uniform strength spaced 1 cm. Apart
Computer generated dose distributions



BRACHYTHERAPY DOSIMETRYBRACHYTHERAPY DOSIMETRY
LDR: 0.4-2 Gy/hr

MDR: 2-12Gy/hr

HDR: >12Gy/hr

Mathematical models for radiobiological equivalence :

• NSD (nominal standard dose)
• TDF (time dose fractionation)
• CRE (cumulative radiation effect)
• LQ model - most widely accepted
• BED/ERD (biological equivalent dose/ 

extrapolated response dose)



BRACHYTHERAPY DOSIMETRYBRACHYTHERAPY DOSIMETRY
INTERSTITIAL BRACHYTHERAPY

Computer Dosimetry System:

Development of advanced treatment planning computer s
Flexibility to deviate from established dosimetry s ystemsFlexibility to deviate from established dosimetry s ystems
Optimise isodose distributions according to clinica l needs
May try to compensate for poor implant geometry

Stepping Source Dosimetry Systems:

Evolution of HDR & PDR systems
High activity, single, miniaturised source
Dwell time is a function of prescribed dose, geomet ry of 

the application and source strength on the day of a pplication.



BRACHYTHERAPY DOSIMETRYBRACHYTHERAPY DOSIMETRY
Dosimetric steps on treatment planning systems:

Patient data

Selection of source data

Selection of reconstruction methods

Appropriate orientation of implant geometry

Dose point descriptions if appropriate

Dose distribution and evaluation



BRACHYTHERAPY DOSIMETRYBRACHYTHERAPY DOSIMETRY

ICRU 38

•Specification of treatment technique

•Reporting of total reference air kerma

•Reference volume be described in terms of height, w idth and thickness,
the volume enclosed by the 60Gy isodose surface.

•Absorbed dose at  reference points in organs at ris k (bladder, rectum)

•Absorbed dose at  reference points related to bony structures

•Specification of time dose pattern 



BRACHYTHERAPY DOSIMETRYBRACHYTHERAPY DOSIMETRY
ICRU Recommendations for dose specification in brac hytherapy

Gross tumor volume: (GTV)

Actual mass of tumor

Clinical target volume: (CTV)

Actual mass of tumor plus occult diseaseActual mass of tumor plus occult disease

Planning target volume: (PTV)

Identical to CTV as it does not need the margin for  
patient motion

Treatment volume: (TV)

Volume of tissue, based on the actual implant, that  is 
encompassed by the peripheral dose isodose surface
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ICRU Recommendations for dose specification in brac hytherapy

High dose regions:

Corresponds to 150% of the mean central dose

Low dose regions:Low dose regions:

Corresponds to any region withinnthe target volume that receives 
90% or less of the mean central dose

Dose uniformity:

Ratio of the peripheral dose to the mean central do se
It is 75% +/- 7%
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3-D RECONSTRUCTION METHODS

ORTHOGONAL 

SEMI-ORTHOGONAL

ISOCENTRIC

STEREO SHIFT

VARIABLE ANGLE
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HDR TREATMENT PARAMETERS

MACHINE PATIENT

Positions Dose prescription point

Time Treatment length
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OPTIMIZATION

Optimization in high dose rate system is the technique in whi ch a
uniform dose distribution of the applications with rigid ca theters or
tubes or needles by adjusting the dwell time of the stepping s ource
in each dwell position

NON OPTIMIZATION

In this the dwell time of the stepping source in each dwell pos ition
is the same
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OPTIMIZATION

GEOMETRIC OPTIMIZATION- DISTANCE, VOLUME

DOSE POINT OPTIMIZATION- DISTANCE, VOLUMEDOSE POINT OPTIMIZATION- DISTANCE, VOLUME

POLINOMIAL OPTIMIZATION- DISTANCE, VOLUME
(WITH OR WITHOUT DTGR)

(DTGR - DWELLTIME GRADIENT RESTRICTION)



BRACHYTHERAPY DOSIMETRYBRACHYTHERAPY DOSIMETRY
Geometric Optimization
Optimizing on distance:
dwell positions are also used as dose points
Optimization on distance is obtained by taking all d well positions
in to account. Is done on a single plane implant
Optimizing on volume:
Is done on multi plane volume implants aiming at a homogenous 
dose distribution in the target volume. Optimization  in volume uses 
only the dwell positions in other cathetersonly the dwell positions in other catheters
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Dose point optimization
Number of dose points defined along the axis of cat heters at a constant 
distance from each dwell position
Polynomial Optimization
Approximates the dwell times along the catheter as a function of the 
distance to the first dwell position in that cathet er. DTGR taken in to 
accountaccount

S1            S2          S3          S4          S5          S6

 P1          P2          P3          P4         P5           P6

(b)
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Calibration Factor Units

•Air Kerma Strength             Gy.m2.h-1.A-1
•Exposure Strength               R.m2.h-1.A-1

Calibration Factors supplied by the 
Manufacturers

METHOD-1:WELL TYPE IONISATION CHAMBER

•Exposure Strength               R.m2.h-1.A-1

•Activity                               GBq.nA-1 or  Ci/A-1

In our HDR Chamber-Nucletron SDS-the typical calibration factor
given is 2.301 x 108 Ci/A



The source strength(Si) is calculated from the following 
formula:

Si =  M x Nx x Pion  x K t,p
where

METHOD-1:WELL TYPE IONISATION CHAMBER]

i x ion  t,p
where
M is the measured reading in nA,
Nx  is the calibration factor in Ci/nA,
Pion is the reciprocal of ion collection 

efficiency   factor,
K t,p  is the temperature and pressure correction 
factor.



Source 
No. 

Date SDS Reading Certificate % Var. 

  Ci Ci  
1 16.06.1994 10.13 10.00 + 1.2 
2 11.10.1994  9.14  9.28 - 1.5 
3 29.01.1995 11.10 10.70 + 2.6 

The  measurements   of the  activity  for ten Ir-19 2  sources  with the
Source  Dosimetry System (SDS) as compared to  the manufacturer’s
certificate values.

3 29.01.1995 11.10 10.70 + 2.6 
4 14.06.1995 10.54 10.59 - 0.5 
5 20.10.1995  8.57  8 . 42 + 1.8 
6 22.03.1996  8.25  8 . 21 + 0.5 
7 26.06.1996  9.59 9. 84 - 2.5 
8 29.10.1996 10.80 10.55 - 2.4 
9 26.02.1997 10.95 10.87 + 0.73 

10 04.08.1997 10.36 10.28 + 0.70 

 



The air-kerma rate (Kair) at 1 meter is calculated by the 
following formulation:

Kair =   M  x Nx x K t,p  x (d/100)2 x Katt  X  f

METHOD:2  [SECONDARY STANDARD DOSIMETER]

Nx is the  exposure calibration factor in R/reading traceable to 
national standardization laboratory,

K t,p is the temperature and pressure correction    factor,
d is the distance between the source and the   chamber center in 

cms.,
Katt is the wall attenuation correction factor for  the attenuation 

beyond electron equilibrium thickness,
f is the Roentgen to Rad conversion factor.



Intracavitory Application



CVS -Optimized Distribution



CVS- Non optimized Distribution



MUPIT - Dose Distribution



Increasing the dose rate produced increased biological
effects which are different for tumour & acute responding
normal tissues than for late responding normal tissues.

It is, therefore, important to know the number of fractions
& total dose that should be chosen so that that HDR

DOSE RATE – LDR-HDR

The Linear Quadratic (LQ) model  is more successful 
in predicting the early and late reactions as it is 
derived from micro dosimeteric analysis for cell 
survival (Dale 1985, Orton 1991)

& total dose that should be chosen so that that HDR
brachytherapy produces the same effects is the LDR
modality on tumour & normal tissues.
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���D>�*�4�7���
�C>>>�*�4�7�9�>����C>>>�*�4�7�9�>���

NO. of HDR 
Fractions

Equivalent 
early normal 
tissue and 
tumor effect
� / � = 10 Gy

Equivalent late 
normal tissue 
reactions
� / � = 2 Gy

Equivalent late 
normal tissue 
reactions
� / � = 3 Gy

Equivalent late 
normal tissue 
reactions
� / � =4 Gy

30 30 x 202 x 204 x 204 x 203

10 10 x 489 x 407 x 425 x 438

8 8 x 577 x 465 x 488 x 507

6 6 x 709 x 550 x 581 x 608

5 5 x 806 x 611 x 648 x 680

4 4 x 938 x 693 x 740 x 779

3 3 x 1136 x 814 x 874 x 925

Actual fractions to be chosen by carefully weighing  the early tumor effect and late 
normal tissue reaction                                                                                                
(FOWLER 1990)



Thank You.Thank You.


