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ObjecObjec
Address the issues that Address the issues that 

dosimetry of clinical elecdosimetry of clinical elec
changes recently introduchanges recently introduchanges recently introduchanges recently introdu
dosimetry calibration prodosimetry calibration pro

Suggest how to approprSuggest how to approprSuggest how to approprSuggest how to appropr
the widely accepted TGthe widely accepted TG--
protocol.protocol.

Describe a detail procedDescribe a detail proced
measured depthmeasured depth--ionizatiionizati
chambers into depthchambers into depth dosdoschambers into depthchambers into depth--dosdos
recently published stopprecently published stopp
other conversion factorsother conversion factors

Present the important poPresent the important po
AAPM TGAAPM TG--70.  70.  (Gerbi et al. M(Gerbi et al. M

ctivesctives
currently influence the currently influence the 

ctron beams due to ctron beams due to 
uced by the newuced by the newuced by the new uced by the new 
otocol (TGotocol (TG--51).  51).  
riately modify and updateriately modify and updateriately modify and update riately modify and update 
--25 electron dosimetry 25 electron dosimetry 

dure of converting dure of converting 
ion curves with ion ion curves with ion 
se curves making use ofse curves making use ofse curves making use of se curves making use of 
pingping--power ratios and power ratios and 
s. s. 
oints of the upcoming oints of the upcoming 
Med. Phys. July 2009, issue!)Med. Phys. July 2009, issue!)





ObjecObjec
Describe the use of wateDescribe the use of wate

to perform relative electrto perform relative electrto perform relative electrto perform relative electr
recently published converecently published conve

Discuss small and irreguDiscuss small and irreguDiscuss small and irreguDiscuss small and irregu
field dosimetry using thefield dosimetry using the
buildup ratio (LBR) as anbuildup ratio (LBR) as anbuildup ratio (LBR) as anbuildup ratio (LBR) as an
electronic equilibrium anelectronic equilibrium an
for those fieldsfor those fieldsfor those fields.  for those fields.  

Give some common clinGive some common clin
electron beam dosimetryelectron beam dosimetry

ctivesctives
er equivalent phantoms er equivalent phantoms 
ron dosimetry based onron dosimetry based onron dosimetry based on ron dosimetry based on 
ersions factors.  ersions factors.  
ularly shaped electronularly shaped electronularly shaped electron ularly shaped electron 
e concept of lateral e concept of lateral 
n avenue to evaluaten avenue to evaluaten avenue to evaluate n avenue to evaluate 
nd compute dose per MU nd compute dose per MU 

nical examples where nical examples where 
y is applied.y is applied.



Important repImportant rep
TGTG--25 25 (Clinical electron be(Clinical electron be

TGTG--51 51 (protocol for clinica(protocol for clinicaTGTG 51 51 (protocol for clinica(protocol for clinica
energy photon andenergy photon and

TGTG--69 69 (Radiographic Films(Radiographic Films
Dosimetry).Dosimetry).

TGTG--39 39 (The calibration and(The calibration and
ioni ation chambeioni ation chambeionization chamberionization chamber
electron beams) .electron beams) .

TGTG--53 53 (Quality assurance (Quality assurance TGTG 53 53 (Quality assurance (Quality assurance 
treatment planningtreatment planning

TGTG--106106 (Accelerator beam(Accelerator beam
procedures.procedures.

 TGTG--70 (just published)70 (just published)

ports to haveports to have
eam dosimetry).eam dosimetry).

l dosimetry for highl dosimetry for high--l dosimetry for highl dosimetry for high
d electron beams).d electron beams).

s for MV Beam s for MV Beam 

d use of planed use of plane--parallel parallel 
s fo  dosimet  of s fo  dosimet  of rs for dosimetry of rs for dosimetry of 

for clinical radiotherapy for clinical radiotherapy for clinical radiotherapy for clinical radiotherapy 
g).g).

m data commissioning and m data commissioning and 
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Current calibraCurrent calibraCurrent calibraCurrent calibra

TGTG--51 of AAPM (1951 of AAPM (19TGTG 51 of AAPM (1951 of AAPM (19
TRSTRS--398 of IAEA (398 of IAEA (

“Ab b d D  d i“Ab b d D  d i“Absorbed Dose determin“Absorbed Dose determin
Radiotherapy: An InternaRadiotherapy: An Interna
based on Standards of Abbased on Standards of Ab

Code of practice ofCode of practice of
““Code of practice for elecCode of practice for elecCode of practice for elecCode of practice for elec
radiotherapy beams withradiotherapy beams with
MeV based on airMeV based on air--kerma kerma 

ation protocolsation protocolsation protocolsation protocols

999)999)999).999).
2003).2003).

i  i  E l B  i  i  E l B  nation in External Beam nation in External Beam 
ational Code of Practice ational Code of Practice 
bsorbed Dose to Water”bsorbed Dose to Water”

f IPEM (2006).f IPEM (2006).
ctron dosimetry of ctron dosimetry of ctron dosimetry of ctron dosimetry of 

h initial energy from 2 to 50 h initial energy from 2 to 50 
 calibration calibration””
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Defines Defines DoseDose at one poiat one poi
Proposes to do two thinProposes to do two thinProposes to do two thinProposes to do two thin

1. Incorporate the new abs1. Incorporate the new abs
–– Absorbed dose is more roAbsorbed dose is more ro

q
Q

wD NkN , 
–– Dose to water is closer to Dose to water is closer to 

2. Simplify the calibration f2. Simplify the calibration f
possible)possible)possible)possible)

 Makes use of Makes use of realisticrealistic ww
SPRsSPRs w

SPRs.SPRs. w
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ves of TGves of TG--5151
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ngs:ngs:ngs:ngs:
sorbed dose standardsorbed dose standard
bust than the Airbust than the Air--Kerma Std.Kerma Std.
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 the dose to tissue the dose to tissue

formalism (as much as formalism (as much as 

waterwater--toto--air restricted air restricted 



Because of TGBecause of TG--5151
dosimetry data), dodosimetry data), do

TGTG--TGTG--

YES! TGYES! TG 7070YES! TGYES! TG--70 70 

1 (and other recent 1 (and other recent 
o we need to modify o we need to modify 
--25 ?25 ?--25 ?25 ?

was charged!was charged!was charged!was charged!



EE--Beam QualitBeam Qualitty Specificationty Specification



Electron Beam QuElectron Beam Qu
New beam quality specifieNew beam quality specifie
at which dose falls to 50% of at which dose falls to 50% of 
large field size (>10x10 cmlarge field size (>10x10 cm22) ) 

 First find First find II5050 (50% of io(50% of io

 cmcm06.0029.1 5050  IR

oror

cc37.0059.1 5050  IR

*(TG*(TG--25, be25, be

uality Specificationuality Specification
er*er*: : RR50 50 (depth in water(depth in water
 maximum for  maximum for 
  (TG(TG--51)51)..

nization maximum).nization maximum).

m for m for cmcm102 50  I

cm forcm for cmcm1050 I

eam quality specifier:  eam quality specifier:  (E(Epp))00))



Energy aEnergy a
Harder’s Eq. still vHarder’s Eq. still v

 Mean energy at depth:Mean energy at depth:

M   t f  M   t f  

E

 Mean energy at surface Mean energy at surface 

059265600E 
oror

059.2656.00E 

93518180E 

 Practical range: Practical range: (Ro(Ro

935.1818.00E 

271.1 50RRp 

at depthat depth
valid! valid! (Harder 1968)(Harder 1968)

d 





 f h t    f h t   (IPEM 2003)(IPEM 2003)

)(10 MeV
R
dEE

p
d 












 of phantom :  of phantom : (IPEM 2003)(IPEM 2003)

)(0220 2
5050 MeVRR  )(022.0 5050 MeVRR 

)(04005 2 MeVII 

gers 1996)gers 1996)

)(040.05 5050 MeVII 

)(23.0 cm



Energy aEnergy a

Harder’s Eq. still vHarder’s Eq. still vqq

Mean energMean energMean energMean energ

10EE d 



 0d 


??

at depthat depth

valid! valid! (Harder 1968)(Harder 1968)( )( )

gy at depth:gy at depth:gy at depth:gy at depth:

)(MeV
R
d





)(
R p 



??



Energy at surface aEnergy at surface a
 Mean energy at surfaceMean energy at surface

oror

059.2656.00 RE 
oror

93518180 IE  935.1818.00 IE 

 Practical range: Practical range: (Ro(Ro

2711 RR 271.1 50RRp 

and practical rangeand practical range
e of phantom : e of phantom : (IPEM 2003)(IPEM 2003)

)(022.0 2
5050 MeVRR 

)(0400 2 MeVII  )(040.0 5050 MeVII 

ogers 1996)ogers 1996)

)(230 )(23.0 cm



CommComm
Harder’s Eq.Harder’s Eq.

 Mean energy at depth:Mean energy at depth:

U  f (  f TGU  f (  f TG 25)25)

)(33.2 500 MeVRE 

 Use of (as of TGUse of (as of TG--25):25):

500

)(40.2 500 MeVRE 
or                                                 or                                                 

500

Produce values withinProduce values within
relatiorelatiorelatiorelatio

mentment

d 





. still valid!. still valid!

)(10 MeV
R
dEE

p
d 










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n 0.4 MeV of previous n 0.4 MeV of previous 
nshipsnshipsnshipsnships



MeasuremeMeasurements of %DDsnts of %DDs



Phantoms anPhantoms anPhantoms anPhantoms an

WATER WATER for relative mfor relative m
(%DDs, OFs, etc) su(%DDs, OFs, etc) su
collectioncollection..

Plastic (nonPlastic (non--WaterWater ast c ( oast c ( o ateate
measurements of clinmeasurements of clin
OF, etc).OF, etc).O , )O , )

Detectors Detectors (cylindric(cylindric

nd detectorsnd detectorsnd detectorsnd detectors

measurements measurements 
ch as ch as large data large data 

r) r) for for limitedlimited relative relative )) oo tedted e at ee at e
nical setups (%DDs, nical setups (%DDs, 

al, pal, p--p, diodes, film)p, diodes, film)
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Step 1Step 1:: Shift chamShift chamStep 1Step 1:: Shift chamShift cham
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Step 2Step 2:: Correct reCorrect reStep 2Step 2: : Correct reCorrect re

)()( dMdM raw )()( raw
.

Apply TGApply TG 51 requirem51 requirem•• Apply TGApply TG--51 requirem51 requirem
(For %DD: measure at(For %DD: measure at

10)(% ddi 10)(% ddi

eading foreading for PPii PP lleading for eading for PPionion, , PPpolpol

)()() dPdP polion  )()() polion

ments forments for PP andand PPments for ments for PPionion and and PPpolpol
t It I5050 and Rand Rpp depths)depths)

)(00 dM
)(

00
maxIM



Step 3Step 3: Use realist: Use realist

From From BurnsBurns 19961996 (in w(in w

pp

From From BurnsBurns 19961996 (in w(in w

  lnw baL 




   

 50
50 ln1

ln
,

air Re
ba

zRL














Where: Where: 

a = 1.0752a = 1.0752 b = b = -- 0.508670.50867 cc
e = e = -- 0.428060.42806 f = 0.064627f = 0.064627 gg

These coefficients give an rmsThese coefficients give an rms
de iation of 1 0% for /Rde iation of 1 0% for /R betbetdeviation of 1.0% for z/Rdeviation of 1.0% for z/R5050 betwbetw
increases to 1.7% if z/Rincreases to 1.7% if z/R5050 valuevalue

tic SPRs water/airtic SPRs water/air

water)water)water)water)

    2
5050 lnn R

zdRcR     
     

50

50

3
50

2
50

5050

lnln
lnn

R
z

R

hRgRf
dRcR





c = 0.088670c = 0.088670 d = d = -- 0.084020.08402
g = 0.003085g = 0.003085 h = h = -- 0.124600.12460

s deviation of 0.4% and a max. s deviation of 0.4% and a max. 
een 0 02 and 1 1 The ma de iationeen 0 02 and 1 1 The ma de iationween 0.02 and 1.1. The max. deviationween 0.02 and 1.1. The max. deviation

es up to 1.2 are considered.es up to 1.2 are considered.
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b) Correb) Corre
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ect for ect for PPflfl and and PPwallwall

w

)()(),( 50 dPEPdR walldfl
air
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Errors associaErrors associa

Fitted SPRs vs individuallyFitted SPRs vs individuallyFitted SPRs vs. individually Fitted SPRs vs. individually 

R

ated with SPRsated with SPRs

calculatedcalculatedcalculatedcalculated
Error: Error: 
% of Max dose=% of Max dose=
%  f th  fitt d %  f th  fitt d %error of the fitted %error of the fitted 
SPRs vs. individuallySPRs vs. individually
calculated values.calculated values.

Rogers has shown that Rogers has shown that gg
the %DD can be the %DD can be 
determined to within determined to within 
1% of the dose at d1% of the dose at d

Rogers, 2004
1% of the dose at d1% of the dose at dmaxmax..

(Rogers 2004)(Rogers 2004)



ReminderReminder: F: FReminderReminder: F: F

PPrepl PP 

PPgrgr:  addressed with:  addressed with

PPflfl:  Use Table V in T:  Use Table V in T

For electronsFor electronsFor electronsFor electrons

PP flgr PP 

ff chamber shift chamber shift

TGTG--2525



PPflfl fromfromPPflfl fromfrom

(MeV) 3

dE
( )

2 0.977
3 0.978

0 9825 0.982
7 0.986

10 0.990
.  

15 0.995
20 0.997

d EE 10*where

m TGm TG--2525m TGm TG 2525

Inner diameter (mm)

5 6 7
0.962 0.956 0.949
0.966 0.959 0.952
0 9 1 0 96 0 9600.971 0.965 0.960
0.977 0.972 0.967
0.985 0.981 0.978
0.992 0.991 0.990
0.996 0.995 0.995

pRd /1



PPPPww

PP 11 f l t b df l t b dPPwallwall=1:=1: for electron beams andfor electron beams and
chamberschambers (Johansson 1978)(Johansson 1978)

PPwallwall: : Recent dataRecent data (Buckley&Rog(Buckley&Rog
to 2 5% at 0 5 cmto 2 5% at 0 5 cm RR for 6 Mefor 6 Meto 2.5% at 0.5 cmto 2.5% at 0.5 cm--RR5050 for 6 Mefor 6 Me

RecommendationRecommendation: make: make
introduces less than 2%introduces less than 2%
comparing its response comparing its response 

llllwallwall

d ld l Z thiZ thi ll dll dd lowd low--Z thinZ thin--walled walled 

gers 2006)gers 2006) show change up show change up 
eVeVeV.eV.

e sure your chamber e sure your chamber 
% error at depths by % error at depths by 

to published data.to published data.



pp--p chambp chambers in waterers in water



Use of pUse of p--p champ cham
•• In general, front of window is In general, front of window is 

Front window thickness (Front window thickness (((
account.account.
PPgrgr=0=0 for all pfor all p--p chamberp chambergg
PPflfl=1 =1 for most chambers for most chambers 

PSPS--033 (use TG033 (use TG--3939
PP corrections are conscorrections are consPPwallwall corrections are conscorrections are cons

cases.cases.
PP ::PPwallwall::
Recent dataRecent data (Buckley&Rogers 2(Buckley&Rogers 2
depth dependence for NACPdepth dependence for NACPdepth dependence for NACPdepth dependence for NACP
Capintec PSCapintec PS--033.033.

mbers for %DDmbers for %DD
point of measurementpoint of measurement

(1(1--2mm) should be taken into 2mm) should be taken into (( ))

rs.rs.
except except Markus and Capintec Markus and Capintec 

9 for correction factors).9 for correction factors).
sidered negligible in mostsidered negligible in mostsidered negligible in most sidered negligible in most 

2006) 2006) have shown strong have shown strong 
--02, Roos, Markus and02, Roos, Markus and02, Roos, Markus and 02, Roos, Markus and 



Buckley&RogersBuckley&Rogerss: ps: p--p chambersp chambers

RecommendationRecommendation: : 
C h b ’C h b ’Compare your chamber’sCompare your chamber’s
response with data from response with data from 
lit t t b 2%lit t t b 2%literature to be <2%literature to be <2%

Know your chamber!Know your chamber!
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Use of diodUse of diod

Diodes specifically desigDiodes specifically desigp y gp y g

The effective point of meThe effective point of mepp
(get specs from ma(get specs from ma

Validate %DDs measureValidate %DDs measure
curves measured wcurves measured w

Have a QC program for Have a QC program for 
amount of data.amount of data.

des for %DDdes for %DD

gned for electron beams.gned for electron beams.gg

easurement is the dye easurement is the dye yy
nufacturer).nufacturer).

ed with diodes against     ed with diodes against     
with chambers with chambers (TG(TG--25)25)..

diodes diodes beforebefore taking large taking large 



Use of diodUse of diod

1) Look at new TG1) Look at new TG--106106 (Da(Da1) Look at new TG1) Look at new TG--106 106 (Da(Da

2)2) Look at this Summer ScLook at this Summer Sc))

des for %DDdes for %DD

as 2008)as 2008)as 2008)as 2008)

chool’s chapterchool’s chapterpp



QUESQUESSTIONSTION



1 Ridiculous1.Ridiculous
2.Frightening
3.Horrific
4.Abominable
5.Hungry

ABOMINABLE (AABOMINABLE (AA-Bomb-In-A-Bull)A-Bomb-In-A-Bull)
Courtesy of J. Gibbons, PhDCourtesy of J. Gibbons, PhD



General CharacteGeneral Characteeristics of Eeristics of E--%DDs%DDs



definitiodefinitio

Therapeutic RangeTherapeutic Range

ons….ons….

Practical RangePractical Range

ICRU 35 (1984)ICRU 35 (1984)



As Energy As Energy 

Surface dose (at 0.5Surface dose (at 0.5
dd ↑↑ for lower Es afor lower Es addmaxmax ↑↑ for lower Es afor lower Es a

moderate/high Es.moderate/high Es.
 Beam penetration (Beam penetration ( Beam penetration (Beam penetration (
 Distance between dDistance between d
 xx--ray contaminationray contamination

 increases increases

5mm) 5mm) ↑↑..
and stops atand stops atand stops at and stops at 

(d(d dd and Rand R )) ↑↑(d(d9090, d, d5050 and Rand Rpp) ) ↑↑..
dd9090--dd1010 ↑↑..
n n ↑↑..



As beam energAs beam energgggy increases….gy increases….gygy

Hogstrom (2003)Hogstrom (2003)



As field sizeAs field size

Surface dose (at 0.5mSurface dose (at 0.5m
 dd and dand d9090 ↓↓ (shift t(shift t ddmaxmax and dand d9090 ↓↓ (shift t(shift t
Distance between dDistance between d9090

RR h dh d RRpp unchanged.unchanged.

e decreasese decreases

mm) mm) ↑↑..
to surface)to surface)to surface).to surface).

00--dd1010 ↑↑..



As field size dAs field size d

9 MeV9 MeV

Hogstrom (2003)Hogstrom (2003)

decreases….decreases….

20 MeV20 MeV



OutputOutputt factorst factors



DefinDefinDefinDefin

  aae SSDrrdS ,,max 

ffrraa:  treatment field at:  treatment field at

rr00:  reference / cal fie:  reference / cal fie

nitionnitionnitionnition

  
  

treataa
SSDdD
SSDrrdD ,,max





SSSS

  nomSSDrrdD ,, 00max

t SSDt SSDtreattreat

eld at SSDeld at SSDnomnom



NonNon--waterwaterNonNon water water 
Relative meRelative me

phantomsphantomsphantomsphantoms
asurementsasurements



Use of nonUse of non--wawaUse of nonUse of non wawa
 Water substitutes shouWater substitutes shou

th  h l  l t  th  h l  l t  the whole electron enerthe whole electron ener
––mainly in stopping anmainly in stopping an

h  b h h  lh  b h h  l thus, both the electrothus, both the electro
atomic number shouldatomic number should

 in practice for some pin practice for some p in practice for some pin practice for some p
achieve (due to the caachieve (due to the ca

––offoff--thethe--shelf material shelf material 
variationsvariations in density ain density a
 Must be careful in usiMust be careful in usi

SO:SO:

ater phantomsater phantomsater phantomsater phantoms
uld mimic water across uld mimic water across 

  rgy rangergy range
nd scattering powersnd scattering powers

 d i  d h  ff i   d i  d h  ff i  on density and the effective on density and the effective 
 be matched to water be matched to water

phantoms  this is difficult to phantoms  this is difficult to phantoms, this is difficult to phantoms, this is difficult to 
arbon in plastics)arbon in plastics)

 can have  can have large large gg
and scattering powerand scattering power
ng these materialsng these materials



USE WATERUSE WATER
POSSPOSS

R WHENEVER R WHENEVER 
SIBLE!SIBLE!



Use of nonUse of non--wawa
di idi idiscussion odiscussion o

Depths need to be scDepths need to be sc
Ch b  di  Ch b  di  Chamber readings neChamber readings ne

an appropriate fluencan appropriate fluenc
StoppingStopping--power ratiopower ratio

the scaled depth.the scaled depth.
Charge storage effecCharge storage effec

mind using polystyremind using polystyreg p y yg p y y

ater phantomsater phantoms
f if if correctionsf corrections

caled.caled.
d t  b  lti li d b  d t  b  lti li d b  eed to be multiplied by eed to be multiplied by 

cece--ratio correction.ratio correction.
os should be taken at os should be taken at 

cts should be kept in cts should be kept in 
ene and PMMA.ene and PMMA.



CorrectionCorrectionCorrectionCorrection

Depth correction:Depth correction: wd

mamax

Corrected dose Corrected dose (D(D

medmedww dDdD ()( mamax 

Electron fluence correction factor

ns neededns neededns neededns needed

 wR










 med

w

medeffmed R
R

dd
50

50

   wwax

(Ding 1997)(Ding 1997)::

   w
med

w
medcolld L /)ax



Depth correcDepth correcDepth correcDepth correc

Material Mass densi
(g cm-3

Water* 1.00

Clear polystyrene* 1.045

High-impact polystyrene 
(white)*

1.055
( )

Electron solid water* 1.04

Polymethylmethacrylate 
( )*

1.18
(PMMA)*

Epoxy resin water 
substitute, photon 

1.02

formulation**
*from TG-25, Table VI
**From IPEM 2003, p

ction factorsction factorsction factorsction factors

ity Recommended effective y
3) density, eff

1.00

0.975

0.99

1.00

1.115

0.98

II, p. 84.
p. 2945.



Output in nonOutput in non--wwOutput in nonOutput in non ww

S (dmax r)  S d (dmSe,w(dw ,r) Se,med (dm

: Use data from : Use data from DDw
medmed

NOTE: Since corrections appeNOTE: Since corrections appeNOTE: Since corrections appeNOTE: Since corrections appe
neglegible. neglegible. CHECK it!CHECK it!

water phantomwater phantomwater phantomwater phantom

d
max r) 

(dmed
max,r) med

w

med ,r)
(dmed

max,r0 ) med

w

Ding 1997Ding 1997..gg

ear as RATIOSear as RATIOS might bemight beear as RATIOS ear as RATIOS might bemight be



MeasuremMeasurem
iiin nonin non--watewate

The SSD and field size aThe SSD and field size a

Chamber must be positioChamber must be positio
point of measurement atpoint of measurement atpoint of measurement atpoint of measurement at
depthdepth in the nonin the non--water pwater p

Correct for electron fluenCorrect for electron fluen

ents PDDs ents PDDs 
PhPhr Phantomsr Phantoms

re not to be scaled.re not to be scaled.

oned with its effective oned with its effective 
t the t the equivalentequivalent--scaled scaled t the t the equivalentequivalent scaled scaled 
phantom.phantom.

nce nce w
med



PDDs in nonPDDs in non--ww
•• Cylindrical chambersCylindrical chambers

w


)(%)(%
w

w

airmed
med

w
w

L

L

ddiddd















air

L
 








h bh b PP 11•• pp--p chambers: p chambers: PPflfl=1=1

•• Film XVFilm XV--2 (TG2 (TG--25)25)(( ))

Large energy dependenceLarge energy dependence

water phantomswater phantoms

)(
)(

)(),( 50

medw

medw
med

dfl
ww

r

d
d

EPdR med








)(
)(),( max

max50
max

med
dfl

ww d
EPdR med






DosimetryDosimetry
anananan

irregulairregulairregulairregula

y of smally of small
ndndndnd
ar fieldsar fieldsar fieldsar fields



Dose determination inDose determination in

Inherent problems inInherent problems inInherent problems inInherent problems in
electron fieldselectron fields
––depth of depth of dd becomebecome––depth of depth of ddmaxmax becomebecome
–– the output factor maythe output factor may

different than the condifferent than the condifferent than the condifferent than the con
is small enough for lais small enough for la
(LSE).(LSE).( )( )

–– isodose coverage is reisodose coverage is re
as the field shrinks.as the field shrinks.

n small/irregular fieldsn small/irregular fields

n dosimetry of small n dosimetry of small n dosimetry of small n dosimetry of small 

es shalloweres shalloweres shallower.es shallower.
y be y be significantlysignificantly
ne factor if the field size ne factor if the field size ne factor if the field size ne factor if the field size 
ateral scatter equilibrium ateral scatter equilibrium 

educed in all directions educed in all directions 



SquareSquare--RoRo

 For rectangular fields ofFor rectangular fields of

,, ,([%),(% XXYX rdddrddd 

,, ),([),( XXmeYXme rdSrdS 

oot Methodoot Method

f X & Y dimensions:f X & Y dimensions:

2/1
, )],(%) YYX rddd

2/1 2/1
, )],() YYme rdS

(Hogstrom (1981) & Mills (1982))(Hogstrom (1981) & Mills (1982))



Approximate irregular sApproximate irregular sshapes with rectanglesshapes with rectangles

Hogstrom (2000)Hogstrom (2000)



Comparison of the percent differ
calculated output factors for com
in the literature  The measured ain the literature. The measured a
were for cutout shields that were
rectangles, circles, ellipses, and 
clinic

Calculation method 

clinic

Equivalent square  
Square rootSquare root 
One-dimensional 
Pencil beam 
Sector integration  

 

(Jursinic 1997)(Jursinic 1997)

rence between measured and 
mmon methods of calculation 
and calculated output factors and calculated output factors 
e shaped as squares, 
 arbitrary shapes used in the 

Percent difference 
(%)(%) 
2.7*, 5.9*, 3.0* 
3 0* 2 3* 4 6* 3 0*3.0 , 2.3 , 4.6 , 3.0
3.0*, 2.0*, 2.1* 
2.7*, 2.0*,
3.0, 1.5, 1.0* 



Lateral Buildup RaLateral Buildup RaLateral Buildup RaLateral Buildup Ra
(Khan et (Khan et 

atios (LBRs) Modelatios (LBRs) Modelatios (LBRs) Modelatios (LBRs) Model
t al. 1999)t al. 1999)



THE WRATHTHE WRATHTHE WRATHTHE WRATHH OF KHANH OF KHANH OF KHANH OF KHAN



When is special doWhen is special do

 When the minimum fielWhen the minimum fiel
th  i i  di  f th  i i  di  f the minimum radius of the minimum radius of 
produces produces lateral scattelateral scatte

0,88.0 peq ER 

058.1 pEa

or

 0,p

where

0, 9.122.0pE 

osimetry required?osimetry required?

d dimension d dimension is less thanis less than
 i l  fi ld th t  i l  fi ld th t a circular field that a circular field that 

er equilibriumer equilibrium (LSE)(LSE)

0

(Khan&Higgins 1999)(Khan&Higgins 1999)

20025.098 pp RR 



Do you remember Do you remember 

 From From Lax&Brahme (198Lax&Brahme (198
th  it i  f  LSEth  it i  f  LSEthe criterion for LSE:the criterion for LSE:

eqR 

E
wher

0

or
E 

0E 

what it has been?what it has been?

80)80) we have been using we have been using 

0
52

E


5.2

E
re

(also in Khan’s book)(also in Khan’s book)

0E

0,pE



Pencil bPencil b

Broad fieldBroad field--same surface fluence as pensame surface fluence as pen
beambeam

)(
exp

)0()(
2

2

z
r

Dd r 







beambeam

)(
)(

),0(),( 2 z
zDzrd

r

r
p


 

beam…beam…

ncilncil





Due to multipleDue to multiple

Khan et al. (1998)Khan et al. (1998)

 pp
Coulomb ScatteringCoulomb Scattering



LBR deLBR de

 LBRs are related to       LBRs are related to       
d f il b  (d f il b  (

r
2

spread of pencil beam (spread of pencil beam (
size). size). 

DEFINITIDEFINITIDEFINITIDEFINITI

),( DrdLBR 

rrxx: small field (e.g., 2 c: small field (e.g., 2 c

),(
D

rdLBR

xx s a d ( g ,s a d ( g ,
rr∞∞: broad field (e.g., 20: broad field (e.g., 20
(…): incident fluence (…): incident fluence (…): incident fluence (…): incident fluence 

depth)depth)

efinitionefinition

     mean square radial      mean square radial 
(i d d t f fi ld (i d d t f fi ld 
 d
(independent of field (independent of field 

ION of LBR:ION of LBR:ION of LBR:ION of LBR:

),(),( ErrdD ix 
 

cm radius)cm radius)

),(),( Errd i

ad us)ad us)
0x20 cm0x20 cm22))
(normalize at 0.5 mm (normalize at 0.5 mm (normalize at 0.5 mm (normalize at 0.5 mm 

(Khan et al. 1998)(Khan et al. 1998)



Measured PDDs normaMeasured PDDs norma
(surf(surf(surf(surf

Diode 

alized at 0.5 mm depth alized at 0.5 mm depth 
face)face)face)face)

data

1: 2 cm1: 2 cm
2: 2.8 cm2: 2.8 cm
3: 3 7 cm3: 3 7 cm3: 3.7 cm3: 3.7 cm
4: 5.8 cm4: 5.8 cm

Khan et al. (1998)Khan et al. (1998)



DeterDeter

 Take a small circular field Take a small circular field rrxx xx
measure PDDs and ratio thomeasure PDDs and ratio tho
20x20 cm20x20 cm22 ,normalized both,normalized both
determine LBRsdetermine LBRsdetermine LBRs.determine LBRs.

2r













),(1
1ln

)(2

drLBR

r
d

x

x
r

w

rminermine  dr
2

xx=2 cm diam. to =2 cm diam. to 

 r

xx
ose to PDDs from a ose to PDDs from a 
h at 0.5 mm, to h at 0.5 mm, to 

with LBR<1

(Khan et al. 1998)(Khan et al. 1998)



Sigma vs. field sSigma vs. field ssize and energysize and energy

LBRLBRminmin Khan et al. (1998)Khan et al. (1998)



In which applicator In which applicator 

6 MeV6 MeV 12 MeV12 MeV

20 MeV20 MeV

to use the to use the rrxx field?field?

It does NOTIt does NOTIt does NOT It does NOT 
matter!matter!

2 cm diam. insert in 
10x6, 10x10 and 
20x20 cm2

applicators



For irregularly sFor irregularly s
 Sector integration summingSector integration summing

contributions.contributions.







n

i r

i
eff d

rrdLBR
1

2

2

]
)(

exp[)
2

(1),(




rrii

θθ
xx

OO

yy

shaped fields…shaped fields…
g the pencil beam g the pencil beam 

(Khan&Higgins 199(Khan&Higgins 19999))



Can we predict dCan we predict dmm

 Circular fields as example, wCircular fields as example, w
maximum dosemaximum dosemaximum dose.maximum dose.

 67.1
0

67.0
max 062.0174.0 px
xr Erd   0,max px

670R 67.0
0,max 46.0 p

eqR Ed  rx ≥ Re

Compute output factor:Compute output factor:

),(),(  rdLBRSrdS jeffeje

max max for small fields?for small fields?

within within ±±0.5% of 0.5% of 

 33.02
025 pE rx ≤ Req0,p

For broad fieldFor broad field

eq

Relative applicatorRelative applicator

Output FactorOutput Factor

(Khan&Higgins 199(Khan&Higgins 19999))
),(%  rddd



Data vs. predictions fData vs. predictions f

ddmaxmax

for small circular fieldsfor small circular fields

(Khan&Higgins 1999)(Khan&Higgins 1999)



Data vs. predictions fData vs. predictions ffor small circular fieldsfor small circular fields

MU
Dose

(Khan et al. 1998)(Khan et al. 1998)



TreatmTreatm
aaaa

extendedextendedextended extended 

ments ments 
atatat at 
distancesdistancesdistancesdistances



Electron beam featurElectron beam featur
 Differences in PDDs resulting Differences in PDDs resulting 

because electrons do not penebecause electrons do not pene
the significant increase of penthe significant increase of penthe significant increase of penthe significant increase of pen
the SSD to 115 cm or less in cthe SSD to 115 cm or less in c

 The depth of The depth of ddmaxmax at extendedat extended
field size and beam energy   Ffield size and beam energy   Ffield size and beam energy.  Ffield size and beam energy.  F
depth changes little.  As the fidepth changes little.  As the fi
cmcm22), the ), the ddmaxmax depth increasesdepth increases
energies below 12 MeV   For henergies below 12 MeV   For henergies below 12 MeV.  For henergies below 12 MeV.  For h
increases with increasing SSDincreases with increasing SSD
1997)1997)..

 However, this effect is clinicalHowever, this effect is clinical
electron energies have broad electron energies have broad 
flatness decreases and penumflatness decreases and penumpp
extended SSD, an effect moreextended SSD, an effect more
sizes and lower electron energsizes and lower electron energ

res at extended SSDsres at extended SSDs
from InvSq. effect are small from InvSq. effect are small 
etrate that deep and because etrate that deep and because 
numbra width with SSD restricts numbra width with SSD restricts numbra width with SSD restricts numbra width with SSD restricts 
clinical practice clinical practice (Hogstrom 2003)(Hogstrom 2003). . 
d SSD is a complex function of d SSD is a complex function of 
For small field sizes  the For small field sizes  the ddFor small field sizes, the For small field sizes, the ddmaxmax
ield size increases (>10x10 ield size increases (>10x10 
s very slowly for electron s very slowly for electron 
higher energies  the higher energies  the dd depth depth higher energies, the higher energies, the ddmaxmax depth depth 
D D (Das et al. 1995, Cygler et al. (Das et al. 1995, Cygler et al. 

ly insignificant since higher ly insignificant since higher 
ddmaxmax ranges.  In addition, beam ranges.  In addition, beam 

mbra width increases at mbra width increases at 
e pronounced at smaller field e pronounced at smaller field 
gies. gies. (also in Khan’s book)(also in Khan’s book)



Treatment planning sysTreatment planning sys
Carlo) differ in their abiCarlo) differ in their abi
the effects of extended the effects of extended 
institutions should invesinstitutions should inves
of their planning systemof their planning systemof their planning systemof their planning system
patients.patients.

Use TGUse TG--25 rec25 rec

stems (without Monte stems (without Monte 
lity to accurately depict lity to accurately depict 
SSD and individual SSD and individual 

stigate the limitations stigate the limitations 
ms before use onms before use onms before use on ms before use on 

commendations.commendations.



Beam oBeam oBeam oBeam o
aa

extended extended 

The The EffectiveEffective--SSSS

outputoutputoutput output 
atat
distancesdistances

SDSD ((SSDSSDeffeff) method) method



How to deterHow to deter

 For every applicator andFor every applicator and

SSDSSDeffeff

Typically Typically ddmaxmax

mine mine SSDSSDeffeff

d energy plot:d energy plot:

nomext SSDSSDg Gap:Gap:

dd SSSSIIoo: Rdg at : Rdg at SSDSSDnomnom

II: Rdg at : Rdg at SSDSSD ttII: Rdg at : Rdg at SSDSSDextext

SSDSSDextext: extended SSD : extended SSD 
(typically <115 cm)(typically <115 cm)( yp y )( yp y )

SSDSSDnomnom: 100 cm: 100 cm

(TG(TG--25 & in Khan’s book)25 & in Khan’s book)



Data from SieData from Sie

CONECONE INSERTINSERT ddmaxmax SS SSDSSDeffeff

7 MeV7 MeV

SIZESIZE SIZESIZE [cm][cm] [cm][cm]

10x10 2x2 0.9 0.791 33.1

" 3x3 1.2 0.870 46.6

" 4x4 1.4 0.957 55.4

" 6x6 1.4 1.001 61.5

" 8x8 1.6 0.998 73.6

5cm 5cm 1.5 0.817 57.3

10x10 10x10 1 6 1 000 83 910x10 10x10 1.6 1.000 83.9

15x15 15x15 1.6 0.998 99.4

20x20 20x20 1.6 1.001 100.4

25x25 25x25 1.6 0.992 106.0

emens Primusemens Primus

CONECONE INSERTINSERT ddmaxmax SS SSDSSDeffeff

14 MeV14 MeV

SIZESIZE SIZESIZE [cm][cm] [cm][cm]

10x10 2x2 1.2 0.893 58.7

" 3x3 1.6 0.918 66.4

" 4x4 2.0 0.944 62.5

" 6x6 2.6 0.987 71.5

" 8x8 2.9 0.995 79.1

5cm 5cm 2.7 0.922 82.0

10x10 10x10 2 9 1 000 94 210x10 10x10 2.9 1.000 94.2

15x15 15x15 2.9 0.984 103.5

20x20 20x20 2.9 0.957 104.6

25x25 25x25 2.9 0.957 106.9

(Mihailidis, et al.)(Mihailidis, et al.)



Weak dependence of Weak dependence of SS
(Varian 2(Varian 2

AveraAvera

SSDSSDeffeff on applicator sizeon applicator size
100 Data)100 Data)

Insert 
i

Beam Energy (MeV)
size
(cm2)

gy ( )

6 9 12 16 20

4 46.2 61.1 72.5 76.4 76.6
6 62.2 74.7 80.2 81.8 80.6
8 77.6 83.8 83.6 82.7
10 82.9 85.9 86.8 85.5 83.8
15 90.7 90.9 90.1 90.0 89.7

83.283.2

15 90.7 90.9 90.1 90.0 89.7
20 90.0 91.8 91.4 90.9 92.0
25 90.7 91.9 91.0 92.5 93.3

(Roback et al. 1995)(Roback et al. 1995)ageage



Output at extenOutput at extenOutput at extenOutput at exten

SSdSSSDdS meextme  (),( meextme (),( ,

 SS
withwith 







SSD
SS

GF

Monitor Units:Monitor Units: D
MU 

eS
MU

nded distancesnded distancesnded distancesnded distances

GFSDnom )nom )

2
 dSD

max

max










gdD
dSD

eff

eff

onprescriptiD
),( extm SSDd

(Khan et al. 1998)(Khan et al. 1998)



QUESQUESSTIONSTION



1. Sad
2. Disgusting
3. Noble
4. Horrific
5. Silly

NOBLE (No-BuNOBLE (No-Buull)ull)
Courtesy of J. Gibbons, PhDCourtesy of J. Gibbons, PhD



Electron BeamElectron Beam
(Simple d(Simple d

m Algorithmsm Algorithmsgg
iscussion)iscussion)



General CGeneral CGeneral CGeneral C

 What should be done toWhat should be done to What should be done toWhat should be done to
algorithms (being consialgorithms (being consi
–– know the pitfalls and limiknow the pitfalls and limiknow the pitfalls and limiknow the pitfalls and limi

algorithmsalgorithms
–– careful with normalizatiocareful with normalizatio

l t  l ithl t  l ithelectron algorithmselectron algorithms
 Restricted fieldRestricted field
 Extended treatment distanExtended treatment distan
 Plans involving inhomogenPlans involving inhomogen

 Attention to how data sAttention to how data s
the programthe programthe program.the program.

CommentsCommentsComments Comments 

o commission these o commission these o commission these o commission these 
stent with TG53)stent with TG53)
itations of electron itations of electron itations of electron itations of electron 

n of dose distributions for n of dose distributions for 

cece
eitieseities

hould be entered into hould be entered into 



Some clinicallySome clinicallySome clinicallySome clinically

 Inhomogeneities in elecInhomogeneities in elec o oge e t es e eco oge e t es e ec
–– The effects of inhomogenThe effects of inhomogen
–– Computer representationComputer representation

inhomogeneitiesinhomogeneitiesinhomogeneitiesinhomogeneities
 Use of bolusUse of bolus
 Field abutmentField abutment Field abutmentField abutment

–– ElectronElectron--electron, with saelectron, with sa
–– ElectronElectron--photon, with staphoton, with stap ,p ,
–– Tertiary shielding for fieldTertiary shielding for field

 Library of clinical treatmLibrary of clinical treatm

y relevant testsy relevant testsy relevant testsy relevant tests

ctron treatmentsctron treatmentsct o t eat e tsct o t eat e ts
neities on dose distributionsneities on dose distributions
n of the effects of dose n of the effects of dose 

ame or different energiesame or different energies
andard or extended distancesandard or extended distances
d abutmentd abutment

ment examplesment examples
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Not doNot do
Stay whereStay where

one yetone yet
e you are!e you are!

The DukeThe Duke



ProbProb

 A small area will beA small area will be A small area will beA small area will be
electrons and a cuselectrons and a cus
5 5 cm diameter (a5 5 cm diameter (a5.5 cm diameter (a5.5 cm diameter (a
What are the necesWhat are the neces
parameters to be mparameters to be mparameters to be mparameters to be m
determine the outpdetermine the outp

blemblem

e treated with 16 MeV e treated with 16 MeV e treated with 16 MeV e treated with 16 MeV 
stom circular field of stom circular field of 
verage)  at 100 SSD   verage)  at 100 SSD   verage), at 100 SSD.  verage), at 100 SSD.  

ssary dosimetric ssary dosimetric 
measured in order to measured in order to measured in order to measured in order to 
ut of such field?ut of such field?

2.25 cm radius2.25 cm radius







SoluSolu
Ch k f  LSE fi t  I  Ch k f  LSE fi t  I   Check for LSE first. In praCheck for LSE first. In pra
(from (12.19)). Then, (from (12.19)). Then, RReqeq
no LSE since a diam=7 cmno LSE since a diam=7 cm
N d t  fi d  N d t  fi d  dd thth Need to find new Need to find new ddmaxmax thatha
surface.  Use either film dsurface.  Use either film d
parallel to electron beam parallel to electron beam 
parallel chamber in solid wparallel chamber in solid wparallel chamber in solid wparallel chamber in solid w
mm to measure the mm to measure the ddmaxmax. . 
ddmaxmax for the 5.5 cm diam. for the 5.5 cm diam. 
(12.24)).(12.24)).( ))( ))

 Measure the output factorMeasure the output factor
(new (new ddmaxmax) relative to the ) relative to the 
both at 100 SSD.both at 100 SSD.

 From film or planeFrom film or plane--paralleparalle
ddmaxmax, , dd9090, , dd8080 and at thoseand at those
lines with film perpendiculines with film perpendicu
S  fil  iS  fil  i l  d l  d Scan films inScan films in--plane and crplane and cr
of 95%, 90%, 80% and 5of 95%, 90%, 80% and 5
above depths.above depths.

utionution
ti    d ti    d EE 16 2 M V 16 2 M V actice  cm and actice  cm and EEp,0p,0=16.2 MeV =16.2 MeV 

=3.5 cm (eq. (12.18)), thus =3.5 cm (eq. (12.18)), thus 
m will be required.m will be required.
t i  hift d t d  th  t i  hift d t d  th  t is shifted towards the t is shifted towards the 

dosimetry with film placed dosimetry with film placed 
in solid water or planein solid water or plane--
water with thin sheets of 1 water with thin sheets of 1 water with thin sheets of 1 water with thin sheets of 1 
  An estimate of expected   An estimate of expected 
 field is: 2.8  cm (from  field is: 2.8  cm (from 

r of 5.5 cm field at 2.8 cm r of 5.5 cm field at 2.8 cm 
 reference 10x10 at 3.4 cm,  reference 10x10 at 3.4 cm, 

el chamber dosimetry find el chamber dosimetry find 
e depths measure isodose e depths measure isodose 
lar to beam in solid water.       lar to beam in solid water.       

l    h  id h  l    h  id h  rossross--plane to get the widths plane to get the widths 
0% isodose lines at the 0% isodose lines at the 



THANKTHANK

Now, let’s go forNow, let’s go forNow, let s go forNow, let s go for

K YOU!K YOU!

r a brew or two!r a brew or two!r a brew or two!r a brew or two!


