
FABRICATION OF A WEDGE SHAPED MID-LINE 
BLOCK AND THE STUDY OF ITS 

CHARACTERISTICS

MASTER OF PHILOSOPHY 
THESIS

4 03 5 3 2

tsT<rif

Supervised by

Professor Dr.Md.Adnan Kiber 
DEPARTMENT OF APPLIED 
PHYSICS & ELECTRONICS 
UNIVERSITY OF DHAKA 
(FORMER ASSOCIATE 
PROFESSOR DEPARTMENT 
OF PHYSICS UNIVERSITY OF 
DHAKA)

Submitted by

Alok kumar dey 
Exam.Roll No.: 10 
Registration No.: 279 
Session: 1997-1998



&  ■ /  V  

t / '

i g s i

t  m r v  

f k W f U



D n ? A R T M I:N T  O F  P H Y S IC S  
U N IV E R S IT Y  O F  D H A K A

Ettn-SOOO,
< -’ P t T T  :  a 3 . 0 / 8 a 8 ^

’PTtSI: b'̂ b'SCtCb'O

DECLARATION

This is to certify that Alok Kumar Dey has written the thesis titled “Fabrication 
of a wedge shaped mid-line block and the study o f its characteristics.” under my 
direct supervision. He has written the thesis o f his M. Phil, degree on Physics.

1 have gone through the thesis thoroughly and am recommending its examination 
by the appropriate authorities.

I further affirm that the work reported in this thesis is original and no part or 
whole o f the dissertation has been submitted to, any form in any other University 
or institution for any degree.

(GIFT)
Supervisor

Dated : 25/06/2005
Prof. Dr, Md. Adnan Kiber 

Department of Applied Physics & Electronics 
University o f Dhaka (Former associate professor 

Department o f Physics University o f Dhaka)

4035 3 2

l>1 -T>t

■ars£i*Tnsi

Dhaka University Institutional Repository



(Dedicated
To

My Dfder (Brother dt Late (Parents

40

131

■arsnnra

Dhaka University Institutional Repository



ACKNOWLEDGEMENT

At th e  very beginning, I w ould like to acknowledge my deep sense  of 

g ra titude  to my supervisor Dr.Md. A dnan Kiber, Professor D epartm ent of 

Applied Physics & E lectronics University of D haka  (Form er Associate 

Professor, D epartm ent of Physics, University of Dhaka) for co n stan t 

guidance, valuable advice, encouragem ent an d  keen supervision  th ro u g h o u t 

th is  research  work w hich pave the  way to com plete my thesis .

1 am  very m uch  grateful to Dr. Syed Raza H ussain , Chief Physicist, D elta 

M edical C enter Ltd. D haka, and  express my th an k fu ln ess  for h is 

encouragem ent an d  valuable suggestions an d  help.

With full g ratitude  an d  respect I would like to acknowledge Dr. K hondkar 

S iddique-e-R abbani, Professor, D epartm ent of Physics U niversity of D haka, 

for h is  suggestion an d  encouragem ent all th rough  th is  research  work.

With a  grateful h eart I would like to acknowledge to Mr. Ja h a n g ir  Alam, 

Medical Physicist, Delta Medical C enter Ltd. D haka for h is  g rea t con tribu tion  

du ring  carrying o u t my work. In a  tru e  sense, I w ould like to express th a t  

w ithou t h is  direct help I c a n ’t finish my th es is  work a t all.

I would also like to express my g ratefu lness to Mr. Rafi Uddin Lecturer, 

D epartm ent of Physics, B angladesh University of Engineering & Technology 

(BUET) for helping.

I am  very grateful to my in tim ate  friends, su ch  as, N asrul, Nom an, Iqubal 

M am un, Shah in  and  Saiful who have m entally inspired m e to accom plish my 

research  work.

Dhaka University Institutional Repository



I w ould like to ex tend my grateful th a n k s  to  th e  staffs a n d  tech n ic ian s of 

D elta Medical C enter Ltd. D haka who have helped me du ring  my working 

period. I would like to give th an k fu ln ess  specially techn ic ians, nam ed Md. 

R ashed ul Islam , S uraya  Begum and  Md. Sajder H ossain.

From  th e  core of my h e a rt I w ould like to th a n k  my friend Em on Nir for h is 

in sp ira tion  and  help ab o u t my th es is  work.

Above all I am  grateful to my whole family, especially to my two elder 

b ro th ers  Kamal Kanti & Dipak Dey for the ir co n tin u o u s m en ta l su p p o rt and  

in sp ira tion  to con tinue  my th esis  work.

Dhaka University Institutional Repository



Abstract
Cervical cancer is com m on am ong female in  B angladesh. R adiotherapy is 

one of the  im portan t and  widely used  m odality for the  trea tm en t of th is  

cancer. Uniform dose delivery is very essen tia l for th e  trea tm en t. The m ain  

goal is to deliver the  m axim um  dose a t  th e  cancer affected a re a s  and  the  

m inim um  dose below th e  to lerance level in the  su rro u n d in g  norm al tis su es  

like rec tum  an d  urinary  bladder. So proper p lann ing  is very im portan t to 

accom plish th is  critical task .

This p lann ing  is often challenging because the  different o rgans like rec tum  

an d  u rinary  b ladder of th is  a rea  have different rad ia tion  to lerance levels. To 

overcome th is  problem , a  block nam ed  “wedge shaped  m id-line 

block”(WMLB) is proposed to use  for th e  trea tm en t of cervix cancer. WMLB 

sto p s th e  rad ia tion  dose u p  to position “A” in the  cervix an d  delivers 

op tim um  dose to the  param etrium  an d  the  d istance  betw een po in ts  “A” to 

“B”. Point A is defined to be 2 cm  superior to th e  ex ternal cervical os an d  2 

cm lateral to the  cervical canal. Point B is defined 3 cm lateral to po in t A.

The wedge shaped  m id-line block consists  of a  rec tan g u lar block a t  cen ter 

an d  wedge shaped  slope on both  sides. The cen tra l rec tan g u lar portion with 

an  a rea  10x4cm2 and  th ickness of 5 .5 HVLS (Half value layer surface) en su re  

nearly  100% shielding up  to po in t A an d  the  wedge shaped  portion from 

po in t A to  po in t B on bo th  sides of the  u terine  cana l gives a n  overall a rea  of 

10x10cm 2 a t  80 cm  source to surface d istance  (SSD). Beyond th e  po in t B 

and up  to  the  edge of th e  beam , there  is no shielding, since the  con tribu tion  

of in tracav itary  dose is m inim al. Conventional rec tan g u lar block sh ie lds the  

rec tum  a rea  and  u rinary  bladder; the  re su lta n t dose fall off is veiy rap id  

beyond poin t A. To overcome th is  problem , “Wedge shaped  Mid-line
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Block”(WMLB) is used  to pro tect the  unnecessary  cen tra l axis rad ia tion  dose 

to th e  critical organs.

We have fabricated a  “wedge shaped m id-line block” in o u r laboratory. We 

m ade a  Styrofoam  image of th e  block by a  block c u tte r  (styroformer). This 

image w as placed on a  p lane table and  covered by som e th in  wet p las te r of 

Paris except a t  bottom . After it h ad  hardened , the  foam image w as removed 

and  a  negative image of the  block w as m ade. Then the  m olten alloy (lead, 

tu n g sten  an d  tin  alloy, having m elting po in t of 70°C) w as poured  in to  it and  

allowed it to harden . In th is  way the “Wedge S haped  Mid-Line Block” (WMLB) 

w as fabricated.

In developed countries, expensive Multi leaf collim ators Coeo m achine is 

u sed  w hich have beam -m odifying system  and  th e  beam  is controlled by a  

com puter. In developing coun tries like u s, single leaf collim ator Coeo 

m ach ine  is used , a s  it is relatively cheap. Single leaf m achine requires 

different types of block shielding to control the  shape  an d  in tensity  of the  

irrad iating  beam  a s  required.

We stud ied  an d  characterized  th e  response an d  d istribu tion  of dose delivery 

of the  fabricated WMLB for Cogo irrad iating  gam m a beam . The dose 

m easu red  by a  0.6cc Farm er ion cham ber an d  m easu red  w ith a  PTW 

UNIDOSE electrom eter. We stud ied  th e  dose d istribu tion  for different field 

size (10x10,15x15,20x20 and  25x25) for open field scan n in g  an d  isodose 

curve w as found a s  expected. We also stud ied  th e  block field scan n in g  an d  

found 96%  a tten u a tio n  up  to poin t A, w hich is a  good resu lt.

Dhaka University Institutional Repository



CONTENTS
Chapter 1 Page #

1. Introduction
1.1 General 01

1.2 Aim of the present study 03

1.3 Previous works 05

Chapter 2
2. Anatomical importance of Cervix Region and its surroundings
2.1 Introduction 09

2.2 Anatomical structure of the uterine cervix 09

2.3 Anatomical Importance of A Point and B Point in Therapeutic Procedure 13

2.4 Surrounding Critical organ

2.4.1 The urinary bladder 15

2.4.2 The rectum 18

Chapter 3
3. Radiotherapy Instruments
3.1 Introduction 23

3.2 Linear Accelerator

3.2.1 Introduction 23

3.2.2 The magnetron 26

3.2.3 The klystron 27

3.2.4 The Linac X-ray beam 27

3.2.5 The electron beam 28

3.2.6 Treatment head 28

3.2.7 Target and flattening filter 29

3.2.8 Beam collimation and monitoring 30

3.2.9 Gantry 31

Dhaka University Institutional Repository



3.3 Cobalt-60 Unit

3.3.1 Source 32

3.3.2 Source housing 33

3.3.3 Beam collimation and penumbra 34

3.4 Description of Ion Chamber and Electrometer

3.4.1 Ion chamber 37

3.4.2 Ionization chamber dosimetric system 37

3 .5 . Water phantom  in radiotherapy in stru m en ts

3.5.1 Necessity of water phantom in radiotherapy 39

3.5.2. Elementary Description of Fabricated Water Phantom 42

Chapter 4
4. Introductory Description of Radiotherapy Procedure

4.1 Interaction of radiation with matter 43

4.1.1 Coherent scattering 43

4.1.2 Photoelectric effect 44

4.1.3 Compton effect 47

4.2 Interaction of X-rays & Gamma rays in the Body

4.2.1 Introduction 49

4.2.2 F-factor 50

4.2.3 Interaction with fat 51

4.2.4 Interaction with soft tissue 52

4.2.5 Interaction with bone 53

4.2.6 Dose to soft tissue near an interface between soft tissue and bone 53

4.2.7 Dose to soft tissue within bone 56

4.2.8 Dose to soft tissue beyond bone 59

Dhaka University Institutional Repository



4.3 Determination of Absorbed Dose to W ater

4.3.1 Reference conditions and correction factors

4.3.2 Warm-up effects

4.3.3 Leakage current

4.3.4 Polarity effects

4.3.5 Temperature and pressure effects

4.3.6 Humidity effects

4.3.7 Recombination

4.3.8 Chamber calibration factors, Nx

4.3.9 Cavity-gas calibration factors, Ngas

4.3.10 Wall correction factors, Awau, pwau, Pwaii

4.3.1 IThc perturbation correction factor, Pu

Chapter 5
5. Materials and Methods
5.1 Introduction

5.2 Block in the Treatment Planning

5.2.1 Field block

5.2.1.1 Block thickness

5.2.1.2 Block divergence

5.2.2 Field shaping

5.2.2.1 Custom blocking

5.2.2.2 independent jaws

5.2.2.3 Multileaf Collimators

5.3 Wedge Filters

5.3.1 introduction

5.3.2 Wedge isodose angle

5.3.3 Wedge transmission factor

5.3.4 Wedge system

5.3.5 Effect on beam quality

5.3.6 Design of Wedge filters

Dhaka University Institutional Repository



V 5.4 Wedge field techniques

5.4.1 Introduction

5.4.2 Uniformity of dose distribution 90

87

5.5 Planning and Fabrication

5.5.1 Introduction 91

5.5.2 FIGO Staging for Cancer of the uterine cervix 92

* 5.5. 3 Specification of dose tolerance 93

5.5.4 Description of wedge shape mid-line block 95

5.5.5 Fabrication 96

Chapter 6
6. Results and Discussion

> 6.1 Introduction 101
6.2 Results 102
6.3 Discussion 114

Conclusions 115

References 116

► Appendix 126

List of publication 143

Dhaka University Institutional Repository



Chapter 1 

1. Introduction
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1.1 G eneral

Chapter 1

1 .Introduction

Physics h a s  been  playing a  vital role for th e  c reation  of m odem  

civilization. This basic  science now possesses n u m ero u s  w ell-established 

b ran ch es , w hich deal w ith non-living objects. The capability  of sequen tia l 

logical analysis, the  flexibility of sorting o u t of any  com plicated problem  and  

ap p ro ach  to th e  in te rp re ta tion  of any  physical m echan ism  w ith deep inside, 

physics h a s  extended its b ran ch es  in the  field of life science. B iophysics an d  

m edical physics a re  th e  two m ain  b ran ch es of physics in  life science, w hich 

involves in the  u n d e rs tan d in g  the basic  physical activities an d  ru les  of 

different h ea lth  an d  d iseased  conditions in  th e  body and  th u s  helping in 

designing su itab le  m ethods and  in s tru m e n ts  for d iagnosis an d  therapy.

It can  be argued th a t  the  s ta r t  of R adiotherapy w as R ontgen’s 
discovery of x -rays since th a t  w as directly linked to B ecquerels discovery of 

radioactivity w hich in tu rn  led to th e  discovery of rad ium  by Marie a n d  Pierre 

Curie. This w as followed in 1901 by Pierre cu ries self-exposure experim ent 

(the first B rachytherapy radiobiology) devised following B ecquerels acciden tal 

rad ium  b u m  an d  Pierre C uries analysis of th is  event a s  being sim ilar to an  

x-ray b u rn . R adiotherapy trea tm en t s ta rted  from th ese  discoveries and  

in c id en ts  I1!.
R adiation therapy  is used  for th e  trea tm en t of cancer. C ancer is a  

critical d isease. There are  different types of cancers occurs in  different p a rts  

or o rgans in th e  body. Som e of them  are  incurab le  an d  som e a re  curab le  

w ith the  respect of th e ir stage and  position by using  radio therapy, 

chem otherapy  an d  surgery w here necessary . After chem otherapy  and  

surgery, rad ia tion  therapy  is used for com pleting the  trea tm en t (if m alignan t 

sell is  spread). F urtherm ore, rad ia tion  therapy  is alone used  for m any cases. 

For th is  pu rpose  G am m a rad ia tion  an d  X-rays are  used . G am m a rad ia tion  

an d  X -rays a re  electrom agnetic wave, w hich h a s  long-term  biological effect in

1
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Chapter 1 Introduction

h u m a n  body. Again it is u sed  for the  trea tm en t of cancer. So extrem e care 

have to include in the  trea tm en t planning. This w ork is to develop a  

trea tm e n t p lann ing  protocol for the  trea tm en t of the  cervical region cancer 

for cervix cancer p a tien ts  w ith special reference to B angladeshi population .

Cervical cancer is the  second com m onest fem ale cancer worldwide 

w ith  a lm ost m ore th a n  half a  million cases per a n n u m  I1!. In  m any  developing 

co u n tries  it is  the  com m onest cancer in fem ales w ith a  five-year survival ra te  

of only 20% to 30% w hilst in developed coun tries it is 50% I1!. The sp read  of 

cervical cancer is by local invasion and  via the  lym phatic  system  to pelvic 

an d  para -ao rtic  nodes. Therefore, th is  d isease  shou ld  be am enab le  to loco- 

regional therapy  by surgery  or rad io therapy  or com bination.

Uniform dose delivery to the  trea tm en t volum e is p rerequ isite  for 

effective m anagem en t of cancer by rad io therapy . The m ain  goal is to give 

m axim um  dose a t lesions (tum or volume) and  the  m inim um  dose (below the 

to lerance level) in su rround ing  norm al tissu es. O therw ise, th e  norm al 

t is su e s  by w hich bu ildup  non-m alignan t regions or o rgans will be affected 

an d  m ay get dam aged. As a  re su lt m any side effect shou ld  occur an d  p a tien t 

m ay die. So it is essen tia l to m easu re  the dose a t  tu m o r position a n d  norm al 

tis su e  position  to achieve the  goal.

Therefore, before trea ting  cervix cancer or m alignan t lesion w ith 

rad ia tion , a  p roper p lan  for determ ining  the  best m ethod  of delivering 

rad ia tion  dose to th e  tu m o r is m andatory . The aim  of the  trea tm e n t p lanning  

is to en su re  th a t  the  tu m o r receives a  uniform  rad ia tion  dose while healthy  

norm al tis su e  and  norm al critical s tru c tu re s  receives a s  low dose a s  possible 

(below the  to lerance level).

For th is  critical job  a t  first one needs to determ ine accura te ly  the 

tu m o r volum e or m alignan t tissu e  volume w hich is to be trea ted  an d  th en  

design the  appropria te  rad ia tion  fields for delivering rad ia tion  to th a t 

volum e. This p lann ing  is often a  challenging process; to tre a t th e  tum or

2
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Chapter 1 Introduction

volum e it is required in  achieving an  optim um  an d  reproducible d a ta  for 

rad ia tion  trea tm en t technique. The dose d istribu tion  in  th e  trea tm en t 

volum e shou ld  be a s  hom ogeneous a s  possible w hich sufficiently m inim ize 

th e  rad ia tion  dose to the  su rround ing  healthy  tissue.

A ccurate p a tien t dosim etry i.e. p lann ing  is only possible when 
sufficiently accu ra te  dosim etric d a ta  are  available from the  experim ental 

m easu rem en ts . S uch  d a ta  collection includes body co n to u r outline, density  

of relevant in te rn a l s tru c tu re s , location an d  ex ten t of th e  ta rg e t volume. 

A cquisition of these  d a ta  is necessary  w hether the  dosim etric calcu lations 

a re  perform ed w ith a  com pu ter or m anually . To avoid undesirab le  rad ia tion  

hazard  in norm al tissu e  position and  for getting m ore accu ra te  dose a t  the  

tum or volum e is the  key poin t of the  proposed research  project.

1.2  Aim o f  th e  p resen t stu d y

We w an t to develop a  trea tm en t p lann ing  protocol to  tre a t cervical 

cancer pa tien ts . It is  difficult, because  the  different o rgans of th is  a rea  have 

different rad ia tion  to lerance level. So teletherapy an d  b rachy therapy  is 

generally used  to  tre a t cervical cancer. The dose optim ization to  th e  fornix 

and  the  param etrium  region are  basic  requ irem ent of the  trea tm en t 
p lanning . Fornix’s is a n  organ, w hich can  to lerate  th e  h igh dose like 140Gy 

b u t the  radical dose of the  param etrium  is only 50Gy. So, to  m inim ize th e  

dose d is tribu tion  to the  respective organ bo th  teletherapy a n d  b rachytherapy  

irrad iation  is  necessa iy . B rachytherapy is a  tool of irrad ia tion , w hich can  

deliver h igh dose to  a  sh o rt d istance. D ue to  anatom ical s tru c tu re , 

p a ram etriu m  c an n o t be trea ted  by b rachy therapy  w ith required  dose.

Now a  days, wedge shaped  m id-line block is being used  during  

teletherapy, which stops the  rad iation  dose u p  to position “A” in th e  cervix 

an d  delivers optim um  dose to th e  param etrium  an d  th e  d istance  between 

po in ts “A” to “B”. Point A is defined to be 2 cm  superio r to the  external

3

Dhaka University Institutional Repository



Chapter 1 Introduction

cervical os and  2 cm  lateral to th e  cervical canal. Point B is defined 3 cm 

latera l to po in t A. The dose to the  fornix is delivered by two in sertions of 

b rachy therapy  depending on the  stage of th e  cancer I2).

The wedge shaped  m id-line block co n sis ts  of a  rec tan g u la r block a t  

cen ter and  wedge shaped  slope on the  sides. The cen tra l rec tan g u lar portion 

w ith a n  a rea  10x4cm2 an d  th ickness of 5.5 HVLS (Half value layer surface) 

e n su re  nearly  100% shielding u p  to po in t A th e  wedge shaped  portion from 

po in t A to po in t B on both  sides of the  u terine  canal gives a n  overall a rea  of 

10x10cm 2 a t  80 cm source to surface d istance  (SSD). Beyond th e  po in t B 

an d  u p  to the  edge of the  beam , there  is no shielding, since th e  con tribu tion  

of in tracav itary  dose is  m inim al. To estim ate th e  th ic k n ess  of th e  block 

betw een poin t A an d  B a  la tera l 100% dose profile w as generated  for 

Fletcher- S u it app licator l2I a t  po in t A level u sin g  com puter. The fall off of 

dose betw een po in t A and  B w as estim ated in percentage by norm alizing the  

po in t A dose to 100%. The th ickness  of th e  alloy block required for ex ternal
r

beam  in order to com pensate  the  fall off of dose.

Conventional rec tangu lar block sh ields the  rec tum  a rea  and  

u rinary  bladder; the  re su lta n t dose fall off is very rapid  beyond po in t A. To 

overcome th is  problem , “Wedge shaped  Mid-line Block”(WMLB) is u sed  to 

pro tect the  unnecessary  cen tral axis rad ia tion  dose to the  critical organ. The 

dose lim itation of the  rec tum  (anal canal) an d  b ladder region shou ld  be

> m ain tained  by using  the  newly developed idea for th e  trea tm en t protocol.

After u sing  WMLB, in tracav itary  therapy  will be necessary  for com pleting the  

trea tm en t. The aim  of the  work is to design and  fabricate a  wedge shaped 

m id-line block an d  study  its rad ia tion  absorp tion  ch arac te ris tics  and  

dosim etric m easu rem en ts  for a  s tan d a rd  d a ta  for th e  trea tm en t in 

B angladesh.

4
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Chapter 1 Introduction

1.3  P revious Works

x Many sc ien tis ts  have worked m any different w ays to  tre a t th e

gynecological cancer pa tien ts . Their system  w as different b u t  goal w as the  

sam e. Som e of the  previous works, w hich are  m ost relevan t to th e  p resen t 

study , a re  d iscussed  in the  su b seq u en t pages.

C unn ingham  an d  et.a l i3l evaluated  the  rectal, rectosigm oidal an d  

b ladder doses from in tracavitary  b rachytherapy  in th e  trea tm e n t of 

carcinom a of the  cervix. C o n tras t radiography on  a  radiography sim u la to r 

' w as u sed  to image th e  rec tum  an d  b ladder and  dose ra te s  were determ ined

a t predesignated  reference po in ts  with the  aid of com puter calcu lated  dose 

d is tribu tions. Forty-three p a tien ts  have been reviewed in  order to ascerta in  

th e  correlation  betw een rad ia tion  injury an d  dose a t  reference po in ts  in th e  

rec tum  an d  bladder.

Alecu an d  Alecu I41 m easu red  the  in-vivo rectal dose w ith d iodes to 

avoid m isadm in istra tion  du ring  in tracavitary  high dose ra te  b rachy therapy  

for carcinom a of th e  cervix. A device con ta in ing  a n  energy com pensated  

silicon diode w as specially designed for these  m easu rem en ts . D uring  the  

trea tm e n t p lann ing  p rocess the  rectal po in ts  are  identified by m ea n s  of the  

th ree  d im ensional TPS. J u s t  before trea tm en t delivery, th e  diodes m ounted  

on the  plastic rod are  inserted  w ithin the  rectal m arker, m aking su re  th a t 

th e  tip of the  rod coincides w ith the  end of th e  m arker. D uring trea tm en t the  

v  diode read ings are  m onitored. M easurem ents have been perform ed for 50

trea tm e n ts  delivered w ith a  Fletcher-Suit-D elclos applicator. In order to 

validate in vivo dosim etry program , m easu rem en ts  in ph an to m  have also 

been perform ed for in tracav itary  im p lan ts w ith different configurations of the  

FSD applicator, i.e. different in trau te rin e  tan d em s an d  ovoids a s  well a s  

various dwell positions an d  tim e p a tte rn s . A pelvic ph an to m  w as designed 

an d  fabricated  o u t of a  tissu e  equivalent m aterial. The app lica to r an d  the

5
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Chapter 1 Introduction

rec ta l m arker have been  inserted  in to  th e  p h an to m  a t  th e  sam e relative 

x positions.

M ohan et.al. I5) have com puted  the  rad ia tion  dose d is trib u tio n s for 

shielded cervical applicators. For shielded sources, because  of a  lack  of 

sym m etry an d  because  of a  rapid variation of dose a s  a  function  of position

relative to the  source, extensive m easured  d a ta  in th ree  d im ensions a re

required. They have developed the  dose a t  a  given po in t from a  source  in  a  

shielded ovoid w as calcu lated  by m ultiplying th e  dose from a n  unsh ie lded

> source by th e  “effective a tten u a tio n  factor” of th e  shields. The unsh ielded-

source d a ta  w as calcu lated  w hich is  th e  p roduct of source s tren g th  an d  tim e 

of im plan t, d istance  dependen t geometry factor an d  a  tab u la ted  quan tity  

called th e  “relative dose ra te  factor”. Relative dose-rate  factor w as ob tained  

by dividing m easu red  dose ra te  by th e  p roduct of geom etiy factor an d  source 
streng th .

W eeks l6l determ ined  th e  dose d istribu tion  for a n  ovoid w ith
y

tu n g s ten  shielding designed u sin g  Monte Carlo sim ulation . S ta n d ard  137Cs 

tu b e  source, tu n g s ten  shielding an d  a lum inum  ovoid app lica to rs were each  

m odeled a s  a  collection of solid objects. Dose w as calcu lated  in  p lan es above, 

below, in front of an d  on th e  sides of th e  colpostat. The M onte Carlo re su lts  
were com pared w ith the  re su lts  from a  param eterized  calcu lation  algorithm  

an d  good agreem ent w as obtained . The dose d istribu tion  m atrix  derived from 

y  th e  param eterized  algorithm  can  be used  for clinical trea tm en t planning.

M uench an d  N ath I7) m easured  th e  dose d is trib u tio n s produced by 

shielded app lica to rs u sin g  241Am for in tracav itary  irrad iation  of tu m o rs in 

th e  vagina. In th is  dosim etry study  four source configurations for a  vaginal 

app lica to r have been investigated in  detail. These configurations were: (i) a  

5Ci app lica to r th a t  co n ta in s  one 5Ci source, (ii) a  5-5Ci app lica to r th a t  

co n ta in s  two 5Ci sou rces ad jacen t to each  o th er (iii) a  5-4-5Ci applicator

* w hich co n ta in s  a  5Ci source nex t to a  cen ter line con ta in ing  two 2Ci

6
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sources, following by an o th e r 5Ci source on  th e  o ther side of th e  cen ter line,

> all in  a  p lane, (iv) a  5-5-5Ci applicator w hich co n ta in s  th ree  5Ci sources

ad jacen t to one an o th e r in a  p lane. Dose ra te s  a t  various po in ts  a ro u n d  the  

241 Am sou rces were m easu red  using  a  lith ium  fluoride (LiF) 

therm olum inescence  dosim etry  (TLD) system . For th is  experim ent LiF ch ips 

were placed in shallow  (0.48cm  d iam eter an d  0.1cm  deep) ho les drilled in a  

solid w ater phan tom . In a  typical experim ent -8 0  TLD ch ips were placed in  a  

20cm x20cm  solid w ater sh ee t an d  irrad iated . This sh ee t w as p a r t  of a  20cm  

tall s tack  of 20cm *20cm  solid w ater sheets . A gainst one side of th e  stake  

w as placed a  w ater filled, solid w ater walled ta n k  in  w hich 241 Am sources 

were m ounted . At leas t 8cm  of scattering  m ateria l (water or solid water) w as 

p resen t in  all d irections a round  th e  source. For each  source configuration 

dose d is trib u tio n s in two orthogonal p lanes were m easured . The experim ent 

for each  p lane w as repeated  up  to th ree  tim es to achieve b e tte r s ta tis tica l 

accuracy.y
Palta  et.al. l8l have stud ied  the  dosim etric characteriza tion  of th e  18-MV 

pho ton  beam  from th e  S em en’s  M evatron 77 linear accelerator. Percentage 

dep th  dose, dose in th e  build  u p  region, field size dependence of o u tp u t, 

tran sm iss io n  th rough  lead, tray  a tten u a tio n , an d  isodose curves for th e  open 

a n d  wedged fields were m easu red  using  a n  ionization cham ber in  w ater an d  

polystyrene p h an to m s. A two-piece filter m ade from s ta in le ss  steel an d  

tu n g s ten  is u sed  to fla tten  the  x-ray beam  over th e  com plete range of field 

sizes available on th e  m achine (2x2 to 40*40cm 2). All w ater phan tom  

m easu rem en ts  were m ade u sing  a  com puter-controlled  d a ta  acquisition  

system . The system  co n sis ts  of a  w ater phan tom , tw o-dim ensional scanner, 

ionization cham ber, an d  com puter/con tro ller. A 0 .1cm 3 a ir gas, cylindrical 

ionization cham ber, PTW 30-350, w as used  for all th e  in -w ater 

m easu rem en ts . D epth dose in the  bu ildup  region, betw een th e  surface an d  

th e  dep th  of m axim um  dose, were m easured  in a  polystyrene phan tom  using
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a  PTW 30-330 parallel p late  ionization cham ber (1.5m m  plate  separation) 

>. w ith a  Keithley 602 electrom eter.

K rithivas and  Rao I9) h ad  stud ied  the  dosim etric ch arac te ris tics  of a  24- 

MV x-ray from a  Varian Clinec 2500 linear accelerator. P articu lar a tten tio n  

w as paid for m easu rem en ts  and  app lica tions rela ting  to dep th  of m axim um  

dose a n d  sca tte r  correction factors. S ca tter factors were determ ined  for field 

sizes ranging  from 5*5 to  40><40cm2 [Phantom s of various sizes an d  

m ateria ls  a n d  a  variety of de tecto rs were used  th ro u g h o u t the  

v investigations]. The following m easu rem en ts  were u sed  for collecting th e

d a ta ; (1) w ater ph an to m  sca tte r  (model RFA-3, T herades, Sweden); (2) aciylic 

(density =1.198 g /c m 3) an d  Sub-com m ittee on R adiation Dosim etry (SCRAD) 

type polytyrene (density=1.05 g /c m 3) phan tom s; (3) silicon diode (part of 

RFA-3 above) an d  Physikalische-Technische W erksta tten  (PTW m odel 30- 

350, n u c lea r A ssociates, Inc) an d  Farm er-type (NEL-2505) ion cham bers of 

collecting volum es 0.1 an d  0 .6cm 3, respectively; a n d  (4) keithley m odel 614 

electrom eter.

>

V
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chapter 2 ^  Anatomical importance o f cervix region

2.1 In tro d u c tio n
* Cervical can cer is the  second com m on fem ale cancer. High dose 

rad ia tion  field is used  for th e  trea tm en t of th is  cancer. For the  effective re su lt 

th e  dose should  be uniform  and  rad ia te  to th e  tu m o r volum e only. The m ain 

goal is  m axim um  dose a t  lesions (tum or volume) an d  m inim um  dose (below 

th e  to lerance level) in su rro u n d in g  norm al tis su e s  an d  vital o rgans like 

rec tu m  an d  u rinary  bladder. So it is very essen tia l to know  th e  anatom ical 

s tru c tu re  of th e  cervix region and  su rro u n d in g  critical organs.

Before th e  trea tm en t, a  p roper p lan  is necessary  w hich e n su re  the  

b est m ethod of delivering rad iation  to  the  tu m o r volume. The aim  of th e  

trea tm e n t p lan  is to en su re  th a t  th e  tu m o r receives a  uniform  rad ia tion  dose 

while healthy  tis su e  and su rro u n d in g  critical s tru c tu re s  receives a s  low dose 

a s  possible. For creating  a  p roper p lan  we have to know  th e  anatom ical 

s tru c tu re  of th e  affected organ an d  also to know  th e  su rro u n d in g  anatom ical 

s tru c tu re .»■

2.2 A natom ical s tru c tu re  o f th e  u te rin e  cervix
The cervix u te ri a re  a b o u t 2 .5  cm  in length; it is narrow er a n d  hence 

m ore cylindrical th a n  the  body, an d  is a  little w ider in the  m iddle th a n  above 

or below. Owing to its  re la tionsh ips it is less freely m oveable th a n  the  body, 

so th a t  its  long ax is an d  th a t  of body a re  seldom  in the  sam e s tra ig h t line. 

The long ax is of th e  u te ru s  a s  a  whole rep resen ts  th e  form of a  curved line 

w ith its  concavity forward, an d  th e  organ is described a s  being anteflexed. In 

extrem e cases  there  m ay be an  an g u la r bend a t  the  region of the  in te rn a l os 

-  a cu te  anteflexion. W hen th e  b ladder is em pty th e  long axis of th e  cervix 

m eets th e  long ax is of th e  vagina a t  a n  angle, w hich faces an te ro—inferiorly, 

an d  th e  whole u te ru s  is therefore tu rn ed  anteriorly  on th e  vagina, or

* anteverted .
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Chapter 2 Anatomical importance o f cervix region

The cervix pro jects th rough  the  an te rio r wall of the  vagina, w hich 

divides it in to  upper, supravaginal an d  lower vaginal regions (fig 2.1).

The supravaginal p a rt of the  cervix is separa ted  in front from the  

b ladder by cellu lar connective tissue , the  param etrium , w hich ex tends also 

on to  the  sides of the  cervix, and  laterally betw een the  layers of th e  broad 

ligam ents. The u terine  a rte ries reach  the latera l a sp ec ts  of th e  cervix in th is  

tissu e , w hilst on each  side th e  u re te r ru n s  dow nw ards an d  forw ards in  it a t 

a  d is tan ce  of ab o u t 2 cm  from the cervix. The re la tionsh ip  of th e  a rte rie s  an d  

the  u re te rs  is n o t alw ays sym m etrical, an d  in  p a rticu la r one  o r o th e r  of the  

u re te rs  m ay be som ew hat an terio r to the  cervix. Posteriorly th e  supravaginal 

cervix is covered w ith peritoneum , w hich is prolonged below  on to the  

posterio r vaginal wall, w hence it is reflected to th e  rec tum , form ing th e  rec to ­

u terine  pouch  (fig 2.1). It is in relation w ith the  rectum , from w hich it may be 

sep ara ted  by the  term inal coil of the  ileum.

The vaginal p a rt of th e  cervix projects in to  th e  an te rio r wall of th e  vagina 

form ing the  vaginal fornix’s (fig 2.1). On its  projecting rounded  extrem ity 

there  is a  sm all, depressed , c ircu lar apertu re , th e  ex ternal os of th e  u terus, 

th rough  w hich th e  cavity of the  cervix com m unicates w ith th a t  of th e  vagina. 

In w om an who have borne children  the  ex ternal os is bounded  by two lips, 

an te rio r a n d  posterior, of w hich  the  an te rio r is the  sh o rte r and. thicker,, 

a lthough , because  of th e  slope of the  cervix, it projects lower th a n  the  

posterior. Normally bo th  lips a re  in con tac t w ith the  posterior vaginal wall.

10
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Fig. 2 .1  A medial sagittal section through a hum an female pelvis. The 

peritoneum is shown in blue.

The cavity of the  u te ru s  (fig 2.2) is sm all in com parison  w ith th e  size of 

the  organ, partly  due  to its  th ick  wall.

The cavity of th e  body is a  m ere slit in  sag itta l section  because  the  

an te rio r an d  posterior walls a re  a lm ost in contact. In coronal section it is 

seen  to be trian g u la r in shape, the  base  being form ed by the  in te rn a l surface 

of the  fu n d u s betw een the  orifices of the  u te rin e  tu b es , the  apex by the  

in te rn a l os of th e  u te ru s ; th rough  th is  orifice the  cavity of the  body 

com m unicates w ith the  cana l of the  cervix.

The canal of the  cervix is som ew hat fusiform , fla ttened  from  before 

backw ards, an d  b roader in the  m iddle th a n  a t the  ends. It com m unicates 

y above, th rough  the  in te rnal os, w ith the  cavity of the  body, an d  below,

SusJunior y

I 'H u m  tub< 

l.iuamtnt o f

E xterna! Him t tS i f l t

Fundus of 
attru i

U ecio-utnin?
fo ld
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. b u il tarut!
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fea tu re  of bo th  the  an te rio r and  posterior walls of th e  cana l an d  from each  a  

i. n u m b er of sm all oblique palm ate folds ascend  laterally, giving th e
app earan ce  of b ran ch es  from the  stem  of a  free (arbor vitae uteri). The folds 

on  the  two walls are  no t opposed b u t fit betw een one an o th e r so a s  to close 

th e  cervical canal.

The to ta l length  of the  u terine  cavity from the  ex ternal os to the 

fu n d u s  is ab o u t 6cm.

Fig. 2 .2  Sectional diagram showing the interior divisions of the uterus and its 

continuity with the vagina.

Approxim ately the  upper th ird  of the  cervix h a s  been term ed the  
is th m u s, because  it p re sen ts  certa in  fea tu res w hich differentiate it from th e  

re s t (10,11,12) A lthough it is unaffected in  the  first m on th  of pregnancy, it is 

gradually  tak en  up  in to  the  body of the  u te ru s  du ring  th e  second m on th  an d  

form s th e  low er u terine  segm ent. The fetal m em branes, th ro u g h  firmly 

blended w ith th e  re s t of th e  u terine  m ucosa, a re  no t a tta c h ed  to  th e  lower 

u te rine  segm ent. In th e  n o n -p reg n an t u te ru s  th e  is th m u s  undergoes
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changes associated  w ith m en stru a tio n  sim ilar to, b u t  less p ronounced  th a n  

i those , w hich occur in  th e  body of the  organ. Histologically th e  is th m u s

resem bles the  body m ore th a n  it resem bles the  cervix; its  lining epithelium  is 

low cylindrical in type and  is ciliated; its  m ucous coat is th in n e r an d  the  

g lands a re  fewer in n u m b er th a n  they are  in th e  cervix I2).

2.3 A natom ical Im portance o f A P oin t and  B P oin t in  
T herapeu tic  Procedure

-V
The M anchester system  is one of the  oldest an d  m ost extensively u sed  

system s in th e  world. It is  characterized  by doses to four points: po in t A, 

po in t B, a  b ladder po in t an d  a  rectum  point. The d u ra tio n  of th e  im p lan t is 

based  on the  dose ra te  calcu lated  a t  po in t a , a lthough  th e  dose a t  th e  o th er 

po in ts  are  tak en  in to  consideration  in  evaluating  a  trea tm en t p lan . W ith the  

availability of th e  trea tm en t p lann ing  com puters, m ost u se rs  of th e  

v- M anchester system  exam ine th e  isodose d istribu tions in th e  fron tal an d

sag itta l p lanes in add ition  to obtain ing  dose a t  th e  four designated  poin ts. 

Point A still rem ains the  po in t of dose prescrip tion.

Point A w as originally defined a s  2 cm  superio r to th e  latera l vaginal 

fornix an d  2cm  lateral to the  cervical can a l (Fig 2.3). Later, it w as redefined 

to be 2cm  superio r to th e  external cervical o s (or cervical end of th e  tandem ), 

and  2cm  latera l to th e  cervical cannel. Point B is defined 3 cm  lateral to
v.

poin t A.
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I
Fig. 2 .3  Original definition of points A and B according to the Manchester system.

Ideally, the  po in t A rep resen ts  th e  location w here th e  u terine  

vessels c ro ss the  u rete r. It is believed th a t  the  to lerance of these  s tru c tu re s  

is th e  m ain  lim iting factor in the  irrad iation  of th e  u te rin e  cervix. The 

anatom ic  significance of po in t A, however, h a s  been  questioned  by several 
investigators (is, 14,1s), The critics po in t o u t th e  following lim ita tions of po in t A: 

(a) it re la tes to the  position of the  sources an d  n o t to a  specific anatom ic 

s tru c tu re ; (b) dose to po in t A is very sensitive to the  position of th e  ovoid 

sou rces relative to the  tandem  sources, w hich shou ld  n o t be th e  determ ining  

factor in deciding on im plan t duration ; an d  (c) depending  on th e  size of th e  

cervix, po in t A m ay lie inside th e  tum or or o u t side th e  tu m o r (Fig 2.4). T hus, 

dose prescrip tion  a t  th e  po in t A could risk  u n d e r dosage of large cervical 

can cers  or over dosage of sm all ones I2!.
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Fig. 2 .4  Variation of point A relative to anatomy, (a) Point A inside large cervix, 

resulting in under dosage, (b) Point A outside small cervix, resulting over 

dosage.

2.4. Surrounding C ritical Organs
2.4.1 The urinary  bladder

The u rinary  b ladder reservoir varies in its  size, sh ap e  an d  position an d  

re la tions according to th e  am o u n t of fluid th a t  it con ta ins, a s  well a s  w ith 

th e  s ta te  of d istension  of neighboring viscera. W hen em pty, it is  entirely 

w ithin  th e  lesser pelvis, b u t a s  it becom es d istended  it expands upw ards and  

forw ards in to  the  abdom inal cavity.
The em pty b ladder is roughly te trahed ra l in form an d  th u s  h a s  a  base, 

neck, apex, superio r surface and  two inferolateral surfaces. The fu n d u s  or 

base  is trian g u la r and  directed backw ards an d  dow nw ards. In th e  fem ale (fig 

2.1) it is  closely related  to the  an terio r wall of th e  vagina. In th e  m ale it is 

re la ted  to the  rectum , b u t its  u p p er p a rt is separa ted  from  th e  rec tum  by the
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rectovesical pouch  of peritoneum , an d  below th a t  the  sem inal vesicles an d  

different d u c ts  separa te  the  two viscera . In the  trian g u la r in terval betw een 

th e  two deferent ducts ,

*“3JL — A /*'•'■

Probe in right 
ureter

Inter ureteric 
crest

Orifice o f left 
ureter

—  Trigone

-  U vula

_ In ternal urethral 
orifice

Fig. 2 .5  Anterior aspect of the interior of the urinary bladder, 

th e  b ladder an d  the  rec tum  are  separa ted  only by th e  rectovesical fascia ; the  

inferior p a rt of th is  trian g u la r interval m ay often be obliterated by the  

approxim ation  of th e  deferent d u c ts  above the  prosta te . A lthough the  fu n d u s 

(or base) of the  b ladder shou ld  be, by definition, th e  lowest region of the  

bladder, it is th e  neck w hich is in fact the  lowest an d  also th e  m ost fixed p a rt 

of th e  bladder; it lies 3 to 4 cm  behind  the  lower p a rt of the  sym physis pub is
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of the  bladder; it lies 3 to 4 cm  behind  th e  lower p a rt of th e  sym physis pu b is  

w (i.e. a  little above the  p lane of the  inferior ap ertu re  of the  lesser pelvis). It is

pierced by the  in te rnal u re th ra l orifice and  is sub ject to b u t  little a ltera tion  

in position w ith varying conditions of the  b ladder and  rectum . There is no  

special constric tion  of the  b ladder a t  the  site of the  neck. In th e  m ale the  

neck  re s ts  on, and  its  wall is in d irect con tinu ity  w ith, th e  b ase  of the  

p rosta te ; in the  female it is related  to the  pelvic fascia, w hich su rro u n d s  the 

u p p er of the  u re th ra . The apex in bo th  sexes is directed  forw ards tow ards 

v the  u p per of the  sym physis pubis, an d  from it th e  m edian  um bilical ligam ent

is con tinued  upw ards on the  posterior surface of th e  an te rio r abdom inal wall 

to the  um bilicus; the  peritoneum  folded over th is  ligam ent is th e  m edian 

um bilical fold. The superio r surface, triangu la r shape, is bounded  on each 

side by a  la tera l border th a t  ru n s  from the  apex to th e  en tran ce  of th e  u re te r 

in to th e  b ladder, and  by a  posterior border w hich co rresponds w ith a  line 

jo in ing  the  en tran ces  of the  u re te rs  in to the  bladder. In th e  m ale the  

superio r surface is completely covered w ith peritoneum , w hich ex tends 

slightly on to the  base  and  is con tinued  behind  in to  th e  rectovesical pouch, 

a t th e  sides in to  th e  paravesical fossae, and  a t  th e  fron t in to th e  m edian 

um bilical fold. It is in con tac t with the  sigmoid colon an d  the  term inal coils 
of th e  sm all in testine . In the  female the  superio r surface is a lm ost entirely 

covered w ith peritoneum , b u t n e a r its  posterior border th e  peritoneum  is 

reflected from it to th e  u te ru s  a t  the  level of th e  in te rnal o s (i.e. th e  ju n c tio n  

of the  body an d  cervix of the  uterus), form ing the  vesico-uterine pouch. The 

posterio r p a rt of th e  superio r surface, devoid of peritoneum , is separa ted  

from the  supravag inal p a rt of the  u terine  cervix by areo lar fibrous tissue . 

Each inferolateral surface in th e  mail is  separa ted  anteriorly  from th e  pu b is  

an d  puboprosta tic  ligam ents by an  adipose m ass term ed the  retropubic  pad; 

fu rth e r posteriorly it is separa ted  by fascia from th e  levator an i and  

o b tu ra to r  in te rn u s. In th e  female the  rela tions are  the  sam e, except th a t  the
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pubop rosta tic  are replaced by the  pubovesical ligam ents. The inferolateral 

su rfaces are  n o t covered by peritoneum .

As the  b ladder fills, its  borders becom e rounded  off an d  it a ssu m es 

an  ovoid form. In front it d isp laces the  parie ta l peritoneum  on the 

su p rap u b ic  region of the abdom inal wall, so th a t  the  inferolateral su rfaces 

(now becom ing the  an te rio r surface of the  d istended  bladder) re s t ag a in st the  

an te rio r abdom inal wall w ithou t th e  in tervention  of peritoneum  for som e 
d istance  above the  sym physis pubis; th is  d istance  varies w ith th e  degree of 

d istension  of the  bladder, b u t commonly, w hen the  b ladder is  d istended  to  

an  average degree, it m easu res  ab o u t 5cm, th rough  in  excessive d istension  it 

m ay ex tend  a s  far a s  th e  um bilicus or even h igher. T hus th e  full b ladder 

m ay be approached  surgically by incisions or p u n c tu re s  th rough  th e  an te rio r 

abdom inal wall a  little above the  sym physis pub is w ithou t traversing  the  

peritoneum . The sum m it of the  full b ladder is directed up w ard s and  

forw ards above th e  po in t of a ttac h m en t of the  m edian um bilical ligam ents, 

so th a t  the  peritoneum , w hich follows the ligam ent, form s a  supravesical 

recess of varying dep th  betw een the  sum m it a n d  th e  an te rio r abdom inal 

wall; the  recess often co n ta in s  coils of sm all in testine.

At b irth  , the  b ladder lies a t  a  relatively h igher level th a n  in  the  adu lt; 

the  in te rna l u re th ra l orifice is  a t the  level of th e  u p p er b ladder of the 

sym physis pub is an d  th e  b ladder is  an  abdom inal, ra th e r  th a n  a  pelvic 

organ, ex tending a b o u t tw o-th irds of the  d istance  up to th e  um bilicus. It 

progressively descends un til it  reach es its  a d u lt position  shortly  after 

puberty  I12l.

2.4 .2  The R ectum
The rec tum  (fig 2.6 and  2.7) is co n tin u o u s above w ith th e  sigmoid colon a t 

the  level of th e  th ird  sacra l vertebra, th e  ju n c tio n  being ind icated  by th e  

lower end of the  sigmoid m esocolon. From  its  origin it descends, following
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th e  concavity of the  sacrum  an d  coccyx, form ing an  an teroposterio r curve 

know n a s  the  sacral flexure of the  rectum . It th u s  p a sse s  a t  first

F ig .2 .6  Oblique coronal section through the pelvis to expose the anterior aspect of 

the rectum.

dow nw ards an d  backw ards, th en  dow nw ards, an d  finally dow nw ards and  

forw ards to becom e co n tin u o u s w ith the  an a l cana l by passing  th rough  the  

pelvic d iaphragm . The anorectal junction is s itu a ted  2 to 3 cm  in fron t of an d  

slightly below th e  tip  of the  coccyx; from th is  level, w hich is th e  m ale is 

opposite the  apex of the  p rosta te , the  an a l cana l p a sse s  dow nw ards and  

backw ards from th e  lower end of th e  rectum , th e  backw ard bend of th e  gu t 

a t  the  ano recta l ju n c tio n  being term ed the  perineal flexure of th e  rectum . In
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addition  to its an teroposterio r curve, the  rec tum  deviates from the  m idline in 

the  form of th ree  latera l curves; the  u p p er one is convex to the  right, the  

m iddle one (which is the  m ost prom inent) bulges to the  left, an d  th e  lower 

one is convex to the  right; the  beginning and  end  of th e  rec tum  are  in  the  

m ed ian  p lane (fig 2.7).

F ig .2 .7  Posterior aspect of the rectum exposed by removal of the lower part of the 

sacrum and coccyx.

The rec tum  is abou t 12 cm long and  its u p p e r p a rt h a s  the  sam e 

Y d iam eter a s  th e  sigmoid colon (about 4 cm in the  em pty state), b u t its lower
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p a rt is d ilated  to form the  rectal ampulla. The rec tum  differs from  the  

sigm oid colon in th a t it h a s  no saccu lations, append ices epiploicae or 

m esen tery , while the  taen iae  coli bend  ab o u t 5 cm  above the  ju n c tio n  of the  

rec tum  an d  sigmoid colon to form two wide m u scu la r b a n d s  w hich descend, 

one on th e  an te rio r an d  the  o th er on the  posterior wall of the  rec tum . The 

peritoneum  is re la ted  only to the  u p per tw o-th irds of th e  rec tum , covering a t 

first its  front an d  sides, b u t lower down its  front only; from th e  la tte r  it is 

reflected on to the  b ladder in the  m ale, form ing the  rectovesical pouch  of 

peritoneum , an d  on to th e  posterior wall of the  vagina in  the  fem ale, form ing 

th e  rec to -u terine  pouch. The level of peritoneal reflexion is h igher in the  

m ale, the  rectovesical pouch  being ab o u t 7.5 cm  from  the  a n u s  (the heigh t to 

w hich the  index finger inserted  th rough  the  a n u s  can  reach); in  th e  female 

the  rec to -u terine  pouch  is  ab o u t 5.5 cm  from the  a n u s . In th e  m ale fe tu s the  

peritoneum  ex tends on the  front of the  rec tum  as  far a s  th e  lower end  of the  

p ro sta te  (fig 2.7). O n the  sigmoid colon, a s  on the  gu t generally, the  

peritoneum  is in tim ately  a ttach ed  to the  m uscle coat, b u t  a s  it descends on 

th e  rec tum , the  peritoneum  becom es m ore loosely a ttach ed  an d  sep ara ted  

from th e  m uscle by fatty  tissu e , an d  th u s  allows considerable expansion  of 

th is  p a r t  of th e  gut.

In th e  em pty s ta te  of the  rec tum , the  m ucous m em brane of its  lower p a rt 

p re sen ts  a  n u m b er of longitudinal folds, w hich a re  effaced by d istension  of 

the  rec tum . B esides these , there  a re  p e rm an en t transverse or  horizontal folds 
of a  sem ilunar shape, w hich are  m ost m arked  w hen th e  rec tum  is d istended. 
Two form s of horizontal folds have been recognized 68(76>- One, consisting  of 

m uco u s m em brane, the  c ircu lar an d  som e longitudinal m uscle  coat, is 

m arked  on the  o u ter surface of the  rec tum  by an  inden tation . The o ther form 

is devoid of longitudinal m uscle coat an d  ex ternal surface m arking. 

Com m only th ree  folds a re  p resen t, b u t the ir n u m b er is variable. The u p p er 

one is s itu a ted  n e a r the  com m encem ent of the  rec tum  an d  m ay be on the  left

21

Dhaka University Institutional Repository



Chapter 2 Anatomical importance o f cervix region

or th e  righ t side; occasionally it m ay encircle th e  gu t an d  the  lu m en  of the  

g u t is th en  som ew hat constric ted  a t th is  site. The m iddle fold is  th e  largest 

and  m ost c o n s tan t an d  is s itu a ted  im m ediately above the  am pu lla  of the  

rec tum ; it p ro jects from the  an terio r and  righ t w alls of th e  rec tum  ju s t  below 

th e  level a t w hich the  peritoneum  is reflected from the  an te rio r su rface  of the  

rec tum ; the  c ircu la r m uscle in  th is  fold is m ore m arked  th a n  in  th e  o thers. 

The lowest fold is in co n s tan t an d  lies on th e  left side, ab o u t 2 .5  cm  below the 

m iddle fold; som etim es a  fourth  fold is p resen t on the  left side, a b o u t 2 .5  cm 

above the  m iddle fold described  above.

It h a s  been  suggested  I12-16) th a t  the  rec tum  consists  functionally  of two 

p a rts , one above an d  th e  o ther below the m iddle fold, the  u p p e r p a rt 

con ta in ing  faeces an d  being free to d istend  tow ards the  peritoneal cavity, 

while th e  lower p a rt occupies a  m ore confined s itua tion , enclosed in  a  tube  

of condensed  ex traperitoneal tissu e  an d  (except du ring  defaecation) em pty in 

norm al individuals, though  in cases of chronic constipation , or after death , it 

m ay con ta in  faeces. It m ay be noted  th a t  the  p a rt of th e  rec tu m  above the 

m iddle fold is u sua lly  considered  to be developed from th e  h in d g u t while the  

p a rt below, together w ith the  u p p er p a rt of th e  an a l canal, is derived from 

th e  cloaca (post-allantoic gut). O thers, <12> however, consider th a t the  

sigm oid colon a c ts  a s  th e  faecal reservoir, th a t in  norm al individuals the  

rec tum  is em pty (though it m ay con ta in  faeces in  cases off chronic 

constipation), an d  th a t  th e  passage  of faeces into th e  rec tum  norm ally 

excites th e  desire  to defaecate. It h a s  been  show n experim entally, by 

registering  th e  p re ssu re  in balloons in serted  into th e  rec tum  a n d  an a l canal, 

th a t  considerable d istension  of the  rec tum  re su lts  in  a  desire to defaecate 

an d  relaxation  of the  an a l sph inc te rs. (12<17).
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3.1 In troduction
C ancer p a tien ts  are  trea ted  by radiation , surgery  or chem otherapy  or 

consideration . A trea tm en t m ethod proving increasingly effective is rad ia tion , 

u se d  by itself or in com bination w ith o ther m odalities. The principal 

rad ia tion  m odality for the  trea tm en t of deep-seated  tu m o rs is X or y rays of 

high energy an d  high penetra ting  power.

Such  X rays a re  created  w hen high-energy electrons a re  stopped  in  a  

ta rge t m ateria l su ch  a s  tu n g sten . Alternatively, the  e lectrons them selves m ay 

be u se d  directly to tre a t m ore superficial cancers. The electron linear 

accelera to r (linac), a  th e rap eu tic  x ray  m achine th a t  p roduces high energy X 

rays or m akes u se  of the  electrons them selves, is widely u sed  for rad ia tion  
therapy . A linear accelerator accelerates charged partic les in a  s tra ig h t line, 

in co n tra s t to the  c ircu lar orb its th a t characterize  th e  b e ta tro n  an d  

cyclotron.

y-Rays a re  p roduced by using  radionuclides. R adionuclides su ch  a s  

rad ium -226 , ces iu m -137, an d  cobalt-60 have been  u se d  a s  sou rces of y rays 

for te letherapy . These y rays are  em itted  from the  rad ionuclides a s  they 

undergo  radioactive d isin tegration.

3.2  Linear A ccelerator
< 3 .2 .1  In trod uction

The L inear A ccelerator (linac) is a  device th a t  u se s  h igh  frequency 

electrom agnetic  w aves to accelerate  charged partic les su ch  a s  electrons to 

high energ ies th rough  a  linear tube. The high-energy electron beam  itse lf can  

be u se d  for trea ting  superficial tum ors, or it can  be m ade to strike  a  ta rg e t to 
p roduce  x-rays for trea ting  deep-seated  tum ors.

The th ick  concrete  walls of the  trea tm en t room  shield  the  technologist 

an d  o th er staff from the  penetra ting  radiation . The linac is m oun ted  in  a
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gantry , w hich ro ta te s  on a  s ta n d  contain ing  electronic an d  o th er system . The 

linac can  be ro ta ted  into position ab o u t the  horizontal gan try  axis for u se  in 

trea tm en t. The rad ia tion  beam  em erging from the collim ator is  alw ays 

d irec ted  th rough  an d  cen tered  on the  g an tiy  axis. The beam  cen tra l axis 

in te rsec ts  th e  gan try  axis a t  a  point in  space called the  iso-center. In 

m ajority  of cases, the  couch is positioned so th a t the  p a tie n t’s is cen tered  a t 

th e  isocenter. Usually, the  p a tien t lies sup ine  or prone on the  trea tm en t 

couch  (som etim es called p a tien t suppo rt assem bly). The couch  incorpora tes 

th ree  linear m otions an d  a  ro tation  m otion ab o u t th e  isocen ter to facilitate 

positioning the  p a tien t for trea tm en t. Side an d  ceiling LASERS project sm all 

do ts or lines th a t  in te rsec t a t  the  isocenter. These facilitate positioning the 

p a tien t in con junction  w ith reference m arks, often ta ttoos, p laced on the  

p a tie n t’s skin. The digital position ind icators display the  trea tm en t field size 

together w ith collim ator an d  gan tiy  ro tation  angles. In  o u r case  a  co n stan t 

rad ia tion  Source-gan try  Axis-D istance (SAD), u su a lly  100 cm, in  employed. 

A lternatively, som e trea tm en t techn iques u se  a  c o n s tan t rad ia tion  Source- 

Skin (of patient) -  D istance (SSD), u sua lly  for large fields a t  d is tan ces of 100 

cm  or g reater.
The technologist opera to r views the  pa tien t, an d  p rese ts  and  

m onitors the  trea tm e n t from a  control console ou tside  th e  trea tm e n t room. 

M uch of the  auxiliary  electronics (as well a s  control an d  m onitoring devices) 

is ho u sed  in  th e  electronic card  rack  cab inet m ounted  a t  th e  console. A 

nearby  m odula to r cab inet ho u ses auxiliary electronics for the  larger linacs.

There are  several types of linear accelerator designed, b u t the  ones 

u sed  in rad io therapy  accelerate  e lectrons e ither by traveling or s ta tionary  

electrom agnetic waves of frequency in  the  microwave region (-3000 

m egacycles/sec) the  difference betw een traveling wave an d  s ta tionary  wave 

accelera to rs is th e  design of the accelerator s tru c tu re . Functionally , the
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traveling wave s tru c tu re s  requ ire  a  term inating , or “dum m y,” load in  o rder to 

abso rb  th e  res idua l power a t th e  end of the  s tru c tu re , th u s  preven ting  a  

backw ard  reflected wave. On the  o ther hand , th e  stan d in g  wave s tru c tu re s  

so th a t  the  com bination  of forward an d  reverse traveling w aves will give rise 

to s ta tio n ary  waves. In th e  stan d in g  wave design, the  microwave pow er is the  

beam  ap ertu re . However, it is m ore expensive an d  requ ires in sta lla tion  of a  

c ircu la to r or (isolator) betw een the  power source an d  the  s tru c tu re  to p revent 

reflections from reach ing  the  power source.

Figure-4.1 is a  block diagram  of a  m edical linear accelerator show ing 

m ajor com ponents an d  auxiliary system s. A power supply  provides DC power 

to the  m odulator, w hich includes the pulse  form ing netw ork  an d  a  sw itch 

tube  know n a s  hydrogen thy ra tron . High voltage pu lses from the  m odula to r 

section  are  flat-topped DC pu lses  of a  few m icroseconds in  du ra tion . These 

p u lses  are  delivered to the  m agnetron  or k lystron  an d  sim ultaneously  to the  

e lectron  gun. Pulsed m icrowaves produced in the  m gnetron  or k lystron  and  

in jected into the  accelerator tube  or s tru c tu re  via a  wave-guide system . At 

th e  p roper in s ta n t electrons, produced by an  electron gun, are  also pulse 

in jected it to the  accelerator s tru c tu re .

Accelerator T ubc

F ig.3  . lA  block diagram of typical medical linear accelerator
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The accelerator s tru c tu re  (or accelerator wave guide) consists  of a  

copper tube  w ith its  in terio r divided by copper d iscs or d iaph ragm s of 

varying a p ertu re  an d  spacing. This section is evacuated  to a  h igh vacuum . 

As th e  e lectrons a re  injected into the  accelerator s tru c tu re  w ith a n  in itial 

energy of ab o u t 50 keV, the  electrons in te rac t w ith the  electrom agnetic  field 

of the  m icrowaves. The e lectrons gain energy from the  sinuso ida l electric 

field by an  acceleration  process analogous to th a t of a  su rf  rider.

As the  high-energy electrons em erge from the  exit w indow of the  

accelera to r s tru c tu re , they are  in  the  form of a  pencil beam  of a b o u t 3 m m  in 

d iam eter. In th e  low energy linacs (up to 6 MV) w ith relatively sh o rt 

accelera to r tube , th e  e lectrons are  allowed to proceed s tra ig h t on a n d  strike  

a  ta rg e t for x-ray production . In th e  h igher energy linacs, however, the  

accelera to r s tru c tu re  is too long and , therefore, is p laced horizontally  or a t 

a n  angle w ith respec t to the  horizontal. The e lectrons a re  th e n  b en t th rough  

a  su itab le  angle (usually  ab o u t 90° or 270°) betw een th e  accelerator 

s tru c tu re  an d  the  target. The precision bending  of th e  e lectron  beam  is 

accom plished by the  beam  tran sp o rt system  consisting  of bending  m agnets, 

focusing coils, an d  o ther com ponents.

3 .2 .2  The M agnetron

The m agnetron  is a  device th a t p roduces m icrowaves. It functions a s  a  

h igh  pow er oscillator, generating  microwave pu lses of several m icroseconds 

d u ra tio n  an d  w ith a  repetition  ra te  of several h u n d red  p u lses  per second. 

The frequency of the  m icrowaves w ith in  each  pu lse  is a b o u t 3000MHz.

The m agnetron  h a s  a  cylindrical construction , having a  cen tra l 

cathode an d  a n  o u te r anode w ith re so n an t cavities m ach ined  ou t of a  solid 

piece of copper. The space betw een the  cathode an d  th e  anode is evacuated . 

The cathode is h ea ted  by an  inner filam ent an d  the  e lectrons a re  generated  

buy  therm ionic  em ission. A sta tic  m agnetic field is applied  perpend icu lar to
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th e  p lane of the  cross section of the  cavities an d  a  pu lsed  DC electric field is 

applied betw een the  cathode an d  the  anode. The e lectrons em itted  from the  

cathode a re  accelerated  tow ard the  anode by th e  action  of the  pu lsed  DC 

electric field. U nder the  sim u ltaneous influence of th e  m agnetic  field, the  

e lectrons move in  complex sp ira ls tow ard the  re so n an t cavities, rad ia ting  

energy in the  form a of m icrowaves. The generated  microwave p u lses  are  led 

to the  accelera to r s tru c tu re  via the  wave-guide.

3 .2 .3  The K lystron

The k lystron  is no t a  generato r of m icrowaves b u t ra th e r  a  microwave 

am plifier. It needs to be driven by a  low power microwave oscillator.

The e lectrons p roduced  by the  cathode are  accelerated  by a  negative 

pu lse  of voltage into th e  first cavity, called the  b u n ch er cavity, w hich is 

energized by low power m icrowaves. The m icrowaves se t u p  a n  a lte rn a tin g  

electric field across the  cavity. The velocity of the  e lectrons is a lte red  by the 

action  of th is  electric field to a  varying degree by a  process know n a s  velocity 

m odulation . Some electrons are  speeded u p  while o th ers  are  slowed down 

an d  som e a re  unaffected. This resu lts  in b unch ing  of e lectrons a s  the  

velocity-m odulated beam  p a sse s  th rough  a  field free space in the  drift tube.

As the  electron b u n ch es  arrive a t  the  ca tcher cavity, they  induce 

charges on the  en d s of the  cavity an d  thereby  generate  a  re ta rd in g  electric 

field. The e lectrons suffer deceleration, an d  by the  principle of conservation  

of energy, the  kinetic energy of electrons in converted in to  high  power 

m icrowaves.

3 .2 .4  The Linac X-Ray Beam

B rem sstrah lu n g  X -rays a re  p roduced w hen the  e lectrons are  incident 

on a  ta rge t of a  high-Z  m ateria l su ch  a s  tu n g sten . The ta rg e t is w ater-cooled 

a n d  is th ick  enough  to abso rb  m ost of the  inciden t electrons. As a  re su lt of 

b rem sstrah lu n g -ty p e  in terac tions, the electron energy is converted in to  a
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sp ec tru m  of X-ray energies w ith m axim um  energy equal to th e  inciden t 

e lectron  energy. The average photon  energy of the  beam  is approxim ately  

one-th ird  of the  m axim um  energy.

It is custom ary  for som e of the  m an u fac tu re rs  to designate  th e ir linear 

accelera to rs th a t  have bo th  electron an d  X-ray trea tm en t capabilities by the  

m axim um  energy of the  electron beam  available. For exam ple, the  V arian 

C linac 18 u n it p roduces electron beam s of energy 6, 9, 12, 15, an d  18 MeV 
a n d  X -rays of energy 10 MV (million electron volts).

3 .2 .5  The E lectron  Beam

The electron beam , a s  it exits the  window of the  accelerator tube  is a  

narrow  pencil ab o u t 3 m m  in diam eter. In th e  electron m ode of linac 

operation , th is  beam , in stead  of strik ing  the  target, is m ade to strike  an  

e lectron  sca ttering  foil in order to sp read  th e  beam  as  well a s  get a  uniform  

electron  fluence acro ss the  trea tm en t across the  trea tm e n t field. The 

sca tte rin g  foil consists  of a  th in  m etallic foil, u sua lly  of lead. The th ick n ess  of 

th e  foil is su ch  th a t m ost of the  electrons are  sca tte red  in stead  of suffering 

b rem sstrah lu n g . However, a  sm all fraction of the  to ta l energy is still 

converted into b rem sstrah lu n g  an d  ap p ea rs  a s  X ray  con tam ination  of the  

e lectron  beam .

In som e linacs, the  b roadening  of the  electron beam  is accom plished 

by e lectrom agnetic  scann ing  of the  electron pencil beam  over a  large area. 

A lthough th is  m inim izes the  X-ray contam ination , som e X -rays a re  still 

p roduced  by e lectrons strik ing  the  collim ator walls or o th er h igh  atom ic 

n u m b er m ateria ls  in th e  electron collim ation system .

3 .2 .6  T reatm en t Head

The trea tm e n t head  consists of a  th ick  shell of h igh density  shielding 

m ateria l su ch  a s  lead, tu n g sten , or lead -tungsten  alloy. It con ta in s a n  X-ray 

targe t, sca tte ring  foil, flattening filter, ion cham ber, fixed an d  movable
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collim ator, an d  light localizer system . The head  provides sufficient shielding 

a g a in st leakage rad ia tion  in accordance w ith rad ia tion  pro tection  guidelines.

3 .2 .7  Target and F la tten in g  F ilter

The linear accelera to rs produce e lectrons in  th e  m ega voltage range, the  

X -ray in tensity  is peaked  in the  forward direction. To m ake th e  beam  

in ten sity  uniform  acro ss  th e  field, a  flatten ing  filter is in se rted  in  th e  beam . 

T his filter is u su a lly  m ade of lead, a lthough  tu n g sten , u ran iu m , steel, 

a lum inum , or a  com bination  h a s  also been  u sed  or suggested .

F.lectron

Flattening Filter

Fig.3 .2  Schematic diagram of LINAC
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3 .2 .8  Beam  C ollim ation  and M onitoring

The trea tm en t beam  is first collim ated by a  fixed prim ary  collim ator 

located im m ediately beyond the  X ray  target. In th e  case  of X rays, the  

collim ated beam  th en  p a sse s  th rough  the  flatten ing  filter. In th e  e lectron  

m ode, th e  filter an d  X-ray ta rge t are  moved ou t of the  way.

The flattened  X-ray beam  or the  electron beam  is inciden t on  th e  dose 

m onitoring  cham bers . The m onitoring system  consists  of several ion 

ch am b ers  or a  single cham ber w ith m ultip le  p lates.

The function  of th e  ion cham ber is to m onitor dose ra te , in teg rated  

dose, an d  field sym m etry. Since the  cham bers a re  in  a  h igh -in tensity  

rad ia tio n  field an d  the  beam  is pu lsed , it is im portan t to m ake su re  th a t  the  

ion collection efficiency of th e  cham bers rem ains u n ch an g ed  w ith  changes in  

th e  dose ra te . B ias voltages in  th e  range of 300 to  400V a re  applied  across 

th e  cham ber electrodes, depending  on the  cham ber design. C on trary  to the  

beam  calib ration  cham bers , th e  m onitor cham bers in  th e  trea tm e n t h ead  are 

u sua lly  sealed so th a t  th e ir response  is no t influences by tem p era tu re  and  

p re ssu re  of th e  ou tside  air. However, these  cham bers have to be periodically 

checked  for leaks.

After passing  th ro u g h  th e  ion cham bers, the  beam  is fu rth e r collim ated 

by a  con tinuously  m ovable X-ray collim ator. This collim ator consists  of two 

pa irs  of lead or tu n g s te n  blocks (jaws) w hich provide a  rec tan g u la r opening 

from  0x0 cm 2 to th e  m axim um  field size 40x40 cm 2 or a  little less  projected 

a t  a  s ta n d a rd  d istance  su c h  a s  100 cm  from th e  X-ray source (focal spo t on 

th e  target). The collim ator b lacks a re  constra ined  to move so th a t  th e  block 

edge is alw ays along a  rad ia l line passing  th ro u g h  th e  target.
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The field size definition is provided by a  light localizing system  in the  

trea tm e n t head . A com bination  of m irror and  a  light source located in  the  

space betw een the  cham bers an d  the  jaw s pro jects a  light beam  as  if 

em itting  from the  X-ray focal spot. T hus the  light field is congruen t w ith the  

rad ia tio n  of field alignm ent.

W hereas the  X-ray collim ation system s of m ost m edical linacs are  

sim ilar, the  electron collim ation system s vary widely. Since e lectrons sca tte r 

readily  in air, the  beam  collim ation m u st be achieved close to th e  sk in  

surface  of th e  pa tien t. There is a  considerable sca tte ring  of e lectrons from 

th e  collim ator su rfaces including the  m ovable jaw s. Dose ra te  can  change by 

a  factor of two or th ree  a s  the  collim ator jaw s are  opened to m axim um  field 

size lim its. If the  e lectrons a re  collim ated by the  sam e jaw s, a s  for X-rays, 

there  will be a s  extrem ely s tringen t requ irem en t on th e  accu racy  of the  jaw  

opening, since o u tp u t so critically depends on the  surface a re a  of the 

collim ator. This problem  h a s  been  solved by keeping th e  X-ray collim ator 

wide open an d  a ttach in g  a n  auxiliary collim ator for e lectrons in  th e  form of 

trim m ers extended down to th e  sk in  surface. In o ther system s, th e  auxiliary 

e lectron  collim ator consists  of a  se t of a ttachab le  cones of various sizes.

It shou ld  be m entioned th a t  due  to th e  electron sca tte rin g  th e  dose 

d istribu tion  in  an  electron field is significantly influenced by th e  collim ation 

system  provided w ith the  m achine.

3 .2 .9  Gantry
M ost of the  accelerators cu rren tly  p roduced are  co n stru c ted  so th a t 

the  source of rad ia tion  can  ro ta te  ab o u t a  horizontal axis. As th e  gan try  

ro ta tes , the  collim ator axis (supposedly coincident w ith the  cen tra l axis of 

the  beam) m oves in  a  vertical p lane. The po in t of in te rsection  of the  

collim ator axis an d  the axis of ro tation  of the  gan try  is know n a s  the  iso­

center.
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The isocentric m ounting  of the  rad ia tion  m ach ines h a s  advan tages over 

the  u n its  th a t  move only u p  an d  down. The la tte r  u n its  a re  no t su itab le  for 

isocentric trea tm e n t techn iques in  w hich beam s are  d irected  from  different 

d irections b u t in te rsec t a t  the  sam e point, th e  isocenter, p laced inside the  

p a tien t. However, the  nonisocentric  u n its  a re  u su a lly  swivel m ounted , i. e., 

th e  trea tm e n t h ead  can  be swiveled or ro ta ted  in  any  d irection  while the  

gan try  can  move only upw ard  or downw ard. A lthough th ese  u n its  a re  no t a s  

flexible, they a re  m echanically  sim pler, m ore reliable, a n d  less expensive 

th a n  th e  isocentric  m odels l18l.

3.3 Cobalt-60 Unit
3 .3 .1  Source

The 60Co source is p roduced by irrad iating  o rd inaiy  stab le  59Co w ith 

n e u tro n s  in  a  reactor. The nu c lear reaction  can  be rep resen ted  by

59Co(n,y)60Co.

The 60Co source, u sua lly  in the  form of a  solid cylinder, d iscs, or 

pallets, is con ta ined  inside a  sta in less-stee l capsu le  an d  sealed  by wilding. 

This capsu le  is placed into an o th e r steel capsu le , w hich is again  sealed by 

welding. The double-w elded seal is necessary  to p revent any  leakage of the  

radioactive m aterial.

The 60Co source decays to 60Ni w ith em ission of p partic les (Emax=0.32 

MeV ) an d  two p ho tons per d isin tegration  of energies 1.17 an d  1.33 MeVl4l. 

These y rays constitu te  the  usefu l trea tm en t beam . The P particles are  

abso rbed  in the  cobalt m etal an d  the  s ta in less  steel cap su les  resu ltin g  in  the  

em ission  of the  b rem sstrah lu n g  X -rays an d  a  sm all am o u n t of charac teristic  

X-rays. However, these  X -rays of average energy a ro u n d  0.1 MeV do no t 

con tribu te  appreciably  to the  dose in  the  p a tien t because  they  a re  strongly 

a tte n u a te d  in  th e  m ateria l of the  source an d  th e  capsu le . The o ther 

“c o n ta m in a n ts” to the  trea tm en t beam  are  the  low er-energy y ray s p roduced
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by th e  in terac tion  of the  prim ary y rad ia tion  w ith the  source itself, the  

su rro u n d in g  capsu le , the  source housing, an d  the  collim ator system . The 

sca tte red  com ponents of the  beam  con tribu te  significantly (-10% ) to th e  to ta l 

in tensity  of the  beam . All these  secondary in te rac tions th u s , to som e ex tent, 

re su lt in heterogeneity  of the  beam . In addition, e lectrons a re  also p roduced  

by th ese  in te rac tions and  constitu te  w hat is u sua lly  referred  to a s  the  

e lectron  con tam ination  of the  pho ton  beam .

A typical te le therapy  60Co source is a  cylinder of d iam eter rang ing  

from 1.0 to 2 .0  cm  an d  is positioned in the  cobalt u n it w ith its  c ircu la r end  

facing the  pa tien t. The fact th a t  the  rad ia tion  source is no t a  po in t source 

com plicates the  beam  geom etry gives rise to w hat is know n a s  th e  geom etric 

penum bra .

3 .3 .2  Source H ousing

The housing  for the  source is called the  source head . It co n sis ts  of a  

steel shell filled w ith lead for shielding pu rposes an d  a  device for bringing the  

source  in front of an  opening in the  head  from w hich the  u sefu l beam  

em erges. Also, a  heavy m etal alloy sleeve is provided to form  a n  additional 

prim ary  shield w hen the source is in the  off position.

A n u m b er of m ethods have been developed for m oving th e  source from 

the  off position  to th e  on position. It will suffice h e r to m ention  briefly four 

different m echan ism s: (a) the  source m oun ted  on a  ro ta ting  w heel inside the  

source head  to carry  the  source from the  off position to th e  on position; (b) 

the  source m oun ted  on a  heavy m etal d raw er p lu s its  ability to slide 

horizontally  th rough  a  hole ru n n in g  th rough  th e  source  head -in  the  on 

position the  source faces the  ap ertu re  for the  trea tm en t beam  an d  in  the  off 

position the  source moves to its shielded location an d  a  light source 

m oun ted  on the  sam e draw er occupies the  on position of the  source; (c) 

m ercury  is allowed to flow into the  space im m ediately below th e  source to
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s h u t off the  beam ; and  (d) the  source is fixed in front of th e  a p e rtu re  an d  the  

beam  can  be tu rn ed  on and  off by a  sh u tte r  consisting  of heavy m etal jaw s. 

All of the  above m echan ism s incorporate  a  safety fea tu re  in  w hich th e  source 

is re tu rn e d  au tom atically  to the  off position in case  of a  power failure.
3 .3 .3  Beam  C ollim ation  and Penumbra

A collim ator system  is designed to vary th e  size an d  sh ap e  of the  

beam  to m eet the  individual requ irem ents. The sim plest form  of a  

con tinuously  ad ju stab le  d iaphragm  consists  of two p a irs  of heavy m etal 

blocks. E ach pa ir can  be moved independently  to ob tain  a  sq u a re  or a  

rec tang le-shaped  field. Some collim ators a re  m ultivane type, i.e., m ultiple 

blocks to control the  size of the  beam . In e ither case, if the  in n e r surface of 

the  blocks is m ade parallel to the  cen tra l axis of the  beam , th e  rad ia tion  will 

p a ss  th rough  the  edges of collim ating blocks resu lting  in  w h a t is know n as 

the  tran sm iss io n  penum bra . The ex ten t of th is  p en u m b ra  will be m ore 

p ronounced  for larger collim ator openings because  of g ra te r obliquity of the  

rays a t the  edges of the  blocks. The effect h a s  been m inim ized in som e 

designs by shap ing  the  collim ator blocks so th a t  th e  in n er surface  of the  
blocks rem ains alw ays parallel to the  edge of the  beam . In th ese  collim ators, 
the  blocks are  h inged to the  top of the  collim ator housing  so th a t  th e  slope of 

the  blocks is co incident w ith the  included angle of the  beam . A lthough the 

tran sm iss io n  p en u m b ra  can  be m inim ized w ith su ch  an  a rrangem en t, it 

c an n o t be com pletely rem oved for all field sizes.

The term  p enum bra , in a general sense, m eans the  region, a t  the  edge 

of a  rad ia tion  beam , over w hich the dose ra te  changes rapidly a s  a  function 

of d istance  from the  beam  axis. The tran sm iss ion  p en u m b ra , m entioned 

above, is the  region irrad ia ted  by pho tons, w hich a re  tran sm itted  th rough  

the  edge of the  collim ator block.
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A nother type of penum bra , know n a s  the  geom etric penum bra , is 

illu stra ted  in  Fig.-4.3. The geom etric w idth of the  p en u m b ra  (Pd) a t any  

d ep th  (d) from th e  surface of a  p a tien t can  be determ ined  by considering 

sim ilar triang les ABC an d  DEC. From  geom etry we have 

DE CE CD MN OF + F N - O M
-----= ------= ------= -------= ...............................  ................................................ 3.1
AB CA CB OM OM

If AB = s, the  source diam eter, OM = SDD, the  source to d iaphragm  d istance,

OF = SSD, the  source to surface d istance, th en  from the  above equation , the

p en u m b ra  (DE) a t dep th  d is given by

p  _ s(SSD + d - S D D )  32
SDD

The p en u m b ra  a t the  surface can  be calcu lated  by su b s titu tin g  d = 0 in 

E quation-3 .2

F ig .3 .3  Diagram for calculating geometry penumbra
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As E quation-3 .2  indicates, the  p en u m b ra  w idth increases w ith increase  

in source  d iam eter, SSD, and  dep th  b u t decreases w ith a n  increase  in  SDD. 

The geom etric p en u m b ra , however, is independen t of field size a s  long a s  the  

m ovem ent of th e  d iaphragm  is in one p lane, i.e., SDD stays c o n s tan t w ith 

increase  in field size.

Since SDD is a n  im p o rtan t p a ram eter in  determ in ing  th e  p en u m b ra  

w idth, th is  d istance  can  be increased  by extendable p en u m b ra  trim m ers. 

These trim m ers consist of heavy m etal b a rs  to a tte n u a te  the  beam  in  the  

p en u m b ra  region, th u s  “sharpen ing” the  field edges. The p enum bra , 

however, is no t elim inated com pletely b u t reduced  since SDD w ith the  

trim m ers extended is increased . The new SDD is equal to th e  source to 

trim m er d istance. An alternative  way of reducing  the  p en u m b ra  is to u se  

secondary  blocks, placed close to the  patien t, for redefining or shap ing  the  

field. The blocks shou ld  no t be placed closer th a n  15 to 20 cm  from the 

p a tien t because  of excessive electron co n tam in an ts  p roduced  by th e  block- 

carry ing  tray.

The com bined effect of the  tran sm iss ion  an d  geom etric p en u m b ras  is 

to c rea te  a  region of dose variation  a t  the  field edges. A dose profile of the  

beam  m easu red  acro ss the  beam  in  a ir a t a  given d istance  from  th e  source 

w ould show  dosim etrically the  ex ten t of the  penum bra . However, a t  a  dep th  

in th e  p a tien t the  dose varia tion  a t th e  field border is a  function  of no t only 

geom etric an d  tran sm iss io n  p en u m b ras  b u t also the  sca tte red  rad ia tion  

produced  in the  p a tien t I19).
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3 .4  D escription of Ion Cham ber and  E lectrom eter
3 .4 .1  Ion ization  Chamber

Ionization cham ber is basically a  gas field detector system . An 

ionization cham ber consists  of two co-axial electrodes th a t  a re  in su la ted  

from each  other. The in n er surface of the  cham ber wall is coated by a  special 

m ateria l to m ake it electrically conducting. This form s one electrode (anode). 

The o th er electrode (cathode) is a  rod of low atom ic n u m b er m ateria l su c h  a s  

g raph ite  or a lum inum  held in the  cen ter of th e  cham ber b u t electrically 

in su la ted  from it.

The pho tons in te rac t w ith the  wall m ateria l an d  release  electrons. 
These e lectrons ionize the  a ir in the  cavity. A su itab le  voltage is applied 

betw een the  two electrodes to collect the  ions produced  in  the  a ir  cavity. 

E stim ation  of absorbed  dose in soft tissu e  or any  o th er m edium  can  be 

ob tained  by m easu rem en ts  of ionization in  a  sm all gas filled cavity in  the  

m edium . The conversion of ionization in the  gas filled cavity to absorbed  

dose in the  m edium  is accom plished by application of th e  Bragg-G ray 

principle.

A lthough there  are  several dosim eters available, u s in g  calibrated  

ionization cham ber of good stability  and  a  sensitive electrom eter, th e  h ighest 

dosim etric  accu racy  can  be obtained  including dosim etiy , a n d  hence 

ionization dosim etiy  is the  recom m ended m ethod  of dosim etiy  in 

rad io therapy .

3 .4 .2  Ion ization  Chamber D osim etric  S ystem

An ionization cham ber dosim etric system  con ta in s an  ionization 

cham ber an d  a  charge-m easu ring  device called electrom eter. The basic  p a rts

37

Dhaka University Institutional Repository



Chapter 3 Radiotherapy Instruments

of an  ionization cham ber dosim etric system  are  show n in F igure-3.4. In the 

p resen t study , a  0.1 cc micro ion cham ber type 23323 in con junction  w ith a  

PTW UNIDOS electrom eter h a s  been u sed  for dose m easu rem en ts . The 

collecting electrode of the  ionization cham ber is connected  to a  

c h a rg e /c u rren t-m e asu rin g  device called the  electrom eter. The cable shou ld  

be long enough  so th a t the  electrom eter can  be placed ou tside  th e  room  a t 

the  control console of the  teletherapy  un it.

The PTW ionization cham ber type 23323 is a  s ta n d a rd  sealed  cham ber 

for therapy  dosim eter. It is w atertigh t an d  equipped w ith a  flexible stem  so 

th a t it can  be u sed  in variable tem pera tu re  su rround ing .

E ic c tro m c tc r

F ig .3 .4  Parts of an ionizaton chamber dosimetric system
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UNIDOS is a highly sensitive electrom eter. It is a  m icro-processor 

controlled un iversal field c lass dosim eter. It can  determ ine the  dose by 

m easu ring  the charge or by num erically  in tegrating  the dose ra te , the 

m easu rem en t of w hich is based  on the  m easu rem en t of cu rren t. The first 

m ethod  is called d irect dose mode, the  second m ethod in teg rated  dose mode. 

The in tegrated  dose m ode enables sim u ltaneous m easu rem en t of th e  dose 

an d  the dose ra te

3.5. W ater phan tom  in rad io therapy  in s tru m en ts
3 .5 .1  N ecess ity  o f  w ater phantom  in  radiotherapy

In addition  to a  phan tom  for rou tine  calibrations, a  larger ph an to m  is 

requ ired  for accep tance te s ts  and  m achine com m issioning 

m easurem ents!3’5 *1. Once an  ionom etric dosim etry system  h a s  been  selected, 

one m u st decide on a w ater phan tom . The phan tom  m ateria l shou ld  have 

the  sam e density  as tissue  and  the  sam e num ber of e lectrons per gram . 

W ater and  wet tissu es  abso rb  pho tons in alm ost the  sam e way because  

w ater have the sam e effective atom ic num ber i.e n u m b er of electrons per 

gram , an d  m ass density  as tissu es, and  for th is  reason  w ater h a s  been u sed  

in m any  dose d istribu tion .
It is recom m ended th a t a w ater phan tom  is extended 5 cm  beyond the 

rad ia tion  field on all sides and  10 cm beyond the  deepest point of 

m easu rem en t I3-51!. Since m ost accelerators have field sizes u p  to 40x40 cm 2, 

a w ater phan tom  of 50x50x40 cm3 seem  to be required. D ue to som e 

difficulties we have m ade a  phan tom  of 45x45x30 cm 3 size b u t we have 

calcu lated  the  doses u p  to the  field size of 35x35 cm 2. A lthough we have 

calcu lated  doses u p  to field size of 40X40 cm 2 for observed the  variation  

som e d iscrepancy.

Ideally, for a given m ateria l to be tissue  or w ater equivalent, it m u st have 

sam e effective atom ic num ber, num ber of e lectrons per gram , an d  m ass
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density . Z is th e  effective atom ic nu m b er of a n  elem ent w ith w hich p ho tons 

in te rac t the  sam e way a s  w ith the  given com posite m aterial. Since

photoelectric effect is highly Z dependent, Z is considered for photoelectric 

in te rac tions. The effective atom ic n u m b er of a  com pound is ca lcu lated  by the  

following equation

Z = (a,Z,!M + ...............................+ ..................................(3.3)

W here a i, &2, a3,................ a n are  the  factorial con tribu tion  of each  elem ent to

th e  to tal n u m b er of e lectrons in the  m ixture.

Since th e  Com pton effect is the  p redom inan t m ode of in terac tion  for 

m egavoltage pho ton  beam s in  th e  clinical range, th e  necessary  condition  for 

w ater equivalence for such  beam s is the  sam e electron density  (num ber of 

e lectrons per cubic centim eter) a s  th a t  of w ater.

The electron density  (pe) of a  m aterial m ay be calcu lated  from its  m ass 

density  (pm) an d  its atom ic com position according to th e  form ula:

Pc = P„,N.i -  .................................................................................. (3.4)A

v Aj j
(3.5)

Na is the  Avogadro’s nu m b er an d  ai is the  fraction by w eight of the  

each elem ent of atom ic n u m b er Zj and  atom ic weight Ai. E lectron densities of 

various h u m a n  tis su e s  an d  body fluids are given in Table-3.1.
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Table-3.1: No. Of electrons per gram of various body material
Material Density (g/cm3) Effective atomic 

number
No. of electrons per 
gram

Fat 0.916 5.92 3.48x10**
Muscle 1.00 7.42 3.36xl023
Water 1.00 7.42 3.34xl023
An- 0.001293 7.64 3.01xl023
Done 1.85 13.80 3.00xl023

Table-3.2 gives th e  properties i4-21l of various p han tom s, w hich have been 

frequently  u sed  for rad ia tion  dosim etry. Of the  com m ercially available 

p h an to m  m ateria ls, L ucite and  polystyrene are  th e  m ost frequently  u sed  a s  

dosim etiy  phan tom s.
Table-3.2: P hysica l p ro p e r tie s  of v a rio u s  p h a n to m  m a te r ia ls

M ateria l C hem ical

com position

M ass 

d en s ity  

(g/ cm 3)

No. Of

e le c tro n s

(xl023)

Zefi'

(Photoelectric)

W ater HttO 1 3 .3 4 7 .4 2

P o lysty rene (CsHs),, 1.03-1.05 3 .2 4 5 .6 9

P lex ig las (Perspex, 

Lucite)

(CsO^Halu 1 .1 6 -1 .2 0 3 .2 4 6 .4 8

P o lyethy lene (CH2)„ 0 .9 2 3 .4 4 6 .1 6

P araffin OnH'2n+2 0 .8 7 -0 .9 1 3 .4 4 5 .4 2

Mix D P ara ffin -6 0 .8  

P o ly e th y len e -3 0 .4 

M gO -6.4 

TiO^-2.4

0 .9 9 3 .4 1 7 .0 5

M 3 P ara ffin -7 0 .0 0

M g 0 -2 9 .0 0

C a C 0 3-0 .9 4

1.06 3 .3 4 7 .3 5

S olid  W ate r Expoxy re s in  b a se d  

m ix tu re

1.00 3 .3 4

Z e r r f o r  photoelectric effect is given by Equation (3.3)
(We have used Perspex for fabrication of our water phantom.)
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3 .5 .2 . E lem entary D escrip tion  o f  Fabricated W ater Phantom

A m ulti-pu rpose, w ater filled phan tom  w as developed for dosim etry 

m easu rem en t in rad io therapy  trea tm en t. The phan tom  accom m odates 

com m on designs of thim ble ionization cham ber, an d  bo th  the cham ber 

position an d  orien tation  are ad justab le . We have u sed  Perspex for fabrication 

of w ater phan tom . The specifications of o u r w ater phan tom  a re  given below: 

O uter D im en sion s

Length

W idth

Height

Inner D im en sion s
Length

W idth

Height

T ank M aterial 

Density of M aterial 

T ank  Volume 
T ank W eight (Empty) 

T ank W eight (Filled) 

C onstruction

45 cm 

33 cm 

45 cm

42 cm 

30 cm

43.5 cm

1.5 cm  th ick  Perspex 

~ 1.147 gm /cm 3

55 lite rs 
15 Kg 

70  Kg 

Cem ented

The w ater p han tom  is designed for calibration m easu rem en ts  in 

rad io therapy  using  horizontal beam . It h a s  10x10 cm 2 en tran ce  window, 

which is 5.0 cm  th ick  in one wall.
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chapter-4 4. Introductory Description of Radiotherapy procedure

4.1 In te rac tio n  o f rad ia tion  w ith  m a tte r

A ttenuation  of a  pho ton  beam  by an  absorb ing  m ateria l is  cau sed  by five 

m ajor types of in terac tions. One of these , is photo  d isin tegration . This 

reaction  betw een pho ton  an d  n u c leu s  is only im p o rtan t a t  veiy high pho ton  

energ ies (>10 MeV). The o th er four process are:

1) C oheren t scattering

3) The photoelectric effect

2) The Com pton effect and

3) The pa ir p roduction

4.1.1  C oheren t sca tte rin g
The coheren t scattering , also know n a s  c lassical sca ttering  or 

Rayleigh scattering , is  illu stra ted  in (Fig.4.1). The process can  be visualized 

by considering  the wave n a tu re  of electrom agnetic rad iation . This in terac tion  
co n sis ts  of an  electrom agnetic wave passing  n e a r th e  electron an d  se tting  it 

in to  oscillation. The oscillating election re rad ia tes the  energy a t  th e  sam e 

frequency a s  the  inciden t electrom agnetic wave. These scattered  x-rays have 

the  sam e w avelength a s  the  inciden t beam .
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Atom

F ig u r e  4 .1  Diagram illustrating the process of coherent scattering. The scattered photon 

has the same wavelength as the incident photon. No energy is transferred.

T hus no energy is change in to  electronic m otion an d  no energy is 

abso rbed  in th e  m edium . The only effect is  the  scattering  of th e  pho ton  a t  

sm all angles. The coheren t scattering  is probable in high atom ic n u m b er 

m ateria ls  an d  w ith p ho tons of low energy. The p rocess is only of academ ic 

in te res t in  rad io therapy.

4.1 .2  P ho toelectric  effect
The photoelectric effect is a  phenom enon in w hich a  pho ton  in te rac ts  

w ith an  a tom  an d  ejects one of the  orbital e lectrons from the  a tom  (Fig.4.2). 

In th is  process, the  en tire  energy hu of th e  photon  is transferred  to the  

atom ic electron. The kinetic energy of the  ejected electron (called the  

photoelectron) is  equal to hu — E b , where E b is the  b inding energy of the  

electron. In terac tions of th is  type can  take place w ith e lectrons in th e  K, L, M 

or N shells.

After th e  electron h a s  been ejected from the  atom , a  vacancy is  created  in 

the  shell, th u s  leaving the  atom  in an  excited sta te . The vacancy can  be filled 

by an  o u te r orbital electron w ith the  em ission of characteristic  x-rays. There 

is a lso  the  possibility of em ission of Auger electrons, w hich are
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m onoenergetic e lectrons produced by the  absorp tion  charac teristic  x-rays 

in ternally  by th e  atom . Since th e  K shell binding energy of soft t is su e s  is  only 

ab o u t 0 .5  keV, th e  energy7 of th e  characteristic  pho tons produced in  biologic 

ab so rbers is veiy low and  can  be considered to be locally absorbed . For 

higher-energy pho tons and  higher atom ic n u m b er m ateria ls, the  

charac teristic  pho tons are of h igher energy an d  may deposit energy a t  large 

d is tan ces com pared w ife th e  range of th e  photoelectrons. In su ch  cases, the  

local energy absorp tion  is reduced by th e  energy em itted  a s  characteristic  

rad iation  (also called fluorescent radiation), w hich is considered to  be 

remotely absorbed.

C h a r a c t e r i s t i c
X -ray s

k  Kphoton)

Figure 4 .2  I l l u s t r a t i o n  o f  t h e  p h o t o e l e c t r i c  e f f e c t

The probability of photoelectric absorp tion  depends on  the  p ho ton  energy 

a s  illustra ted  in (Fig.4.3), w here th e  m ass  photoelectric a tten u a tio n  

coefficient (x /p) is plotted a s  a  function  of pho ton  energy. D ata  are  show n for 

water, rep resen ting  a  low atom ic num ber m aterial sim ilar to tissue , and  for
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lead, rep resen ting  a  high atom ic n u m b er m aterial. Since on logarithm ic 

p ic ...paper, the  g raph  is a lm ost a s tra igh t line w ith a  slope of approxim ately 

-3 , we get the  following rela tionsh ip  betw een t  /p  a n d  pho ton  energy.

t / p a  1 /E 3

The g raph  for lead h a s  d iscon tinu ities a t ab o u t 15 an d  88 keV. T heses 

a re  called absorp tion  edges an d  correspond to the  b inding energies of L and  

K shells. A photon w ith energy less th a n  15 keV does no t have enough  

energy to eject an  L electron. T hus, below 15 keV, the  in te rac tion  is lim ited 

to the  M or h igher-shell electrons. W hen the  photon  h a s  a n  energy th a t  ju s t  

equals the  b inding energy of the  L shell, resonance  occurs an d  the  

probability  of photoelectric absorp tion  involving th e  L shell becom es very 

high. Beyond th is

Photon Energy <MeV)

Figure 4 .3 . Mass photoelectric attenuation coefficient (x/p) plotted against photon energy.
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point, if the  photon  energy is increased , the  probability  of photoelectric 

a tte n u a tio n  decreases approxim ately a s  1 /E 3 u n til th e  nex t d iscontinu ity , 

th e  K absorp tion  edge. At th is  po in t on the  g raph , th e  photon  h a s  88 keV 

energy, w hich is lu s t enough  to eject the  K electron. As seen  in  Figure the  

abso rp tion  probability in lead a t th is  critical energy increases dram atically , 

by a  factor of ab o u t 10.

The d iscon tinu ities or absorp tion  edges for w ater a re  no t show n in  the  

g raph  b ecau se  the  K absorp tion  edge for w ater occurs a t  very low pho ton  

energies (-0 .5  keV).

The d a ta  for various m ateria ls indicate th a t photoelectric a tten u a tio n  

depends strongly on the  atom ic n u m b er of th e  absorb ing  m ateria l. The 

following approxim ate rela tionsh ip  holds:

x /p  a  Z3

This relation form s the  basis  of m any applications in d iagnostic  radiology. 

The difference in Z of various tis su es  su ch  a s  bone, m uscle, an d  fa t am plifies 

differences in x-ray absorp tion , provided th e  prim ary  m ode of in te rac tion  is 

photoelectric. This Z3 dependence is also exploited w hen u sing  co n trast 

m ateria ls  su ch  a s  BaSC>4 m ix and  H ypaque. In th e rap eu tic  radiology, the  

low-energy beam s produced by superficial an d  orthovoltage m ach in es cause  

u n n ecessa ry  high absorp tion  of x-ray energy in bone a s  a  re su lt of th is  Z3 

dependence.

4 .1 .3  Com pton effect
In the  C om pton process, the  photon  in te rac ts  w ith a n  atom ic electron as 

though  it were a “free” election. The term  free  here  m eans th a t  th e  binding 

energy of the  electron is m uch  less th a n  the  energy of the  bom barding  

photon. In th is  in terac tion , the  electron receives som e energy from the 

pho ton  an d  is em itted  a t a n  angle 0 (fig.4.4) .The photon, w ith reduced  

energy, is sca tte red  a t a n  angle <f>.
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The Com pton process can  be analyzed in term s of a  collision betw een two 

partic les, a  pho ton  and  an  electron. By applying the  law s of conservation  of 

energy and  m om entum , one can  drive the  following re la tionsh ips 12°1.

q( l  - co s* )
+ cos$)

hv' — hv ---------------------
1 + a ( l  -  cos <j>)

cosO = (l + a )  tan<j> / 2

w here hvo , hv', an d  E are  the energies of the  inciden t photon , sca ttered  

photon , and  electron, respectively and , a  = hvo/moc2, w here moc2 is the  re s t 

energy of the  electron (0.51 IMeV). If hvo is expressed  in  MeV, th e n  a  = 

frvo/0.511

e ( C o mp t on  e le ct ro n )

Figure 4 .4 . Diagram illustrating the Compton effect.
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4 .2  In te rac tio n  of X and Gamma Rays in  th e  Body 
~ 4.2.1 In troduction

The dom in an t m ode of in terac tion  of x- an d  gam m a ray p h o to n s in  a  

p a rticu la r region of the  body varies w ith the  energy of th e  ph o to n s an d  with 

th e  effective atom ic n u m b er an d  electron density  (electrons per kilogram) of 

th e  region. For pu rposes of dosim etry, the  bod}' m ay be divided into regions:

(1) Fat
•4

(2) M uscle (or soft tissu e  excluding fat)

(3) Bone and

(4) Air-filled cavities.

The effective atom ic num ber, average density  an d  electron density  a re  listed 

in Table-4.1 for these  c o n s titu en ts  of the  body.

■x T ab le-4 .1 : Effective atom ic num ber, physical density  an d  electron  density

for a ir w ater and  body constituen ts .

M aterial Effective atom ic 

no.

Density 

(kg /cu  m)

Electron density  

(electrons/kg)

Air 7.6 1.29 3.01 x 10^6

W ater 7.4 1.00 3.34 x 1026

Soft

tissue

7.4 1.00 3.36 x 1026

Fat 5.9-6.3 0.91 (0.34-3.48) x 1026

Bone 11.6-13.8 1.65-1.85 (3.00-3.19) x 1026
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4 .2 .2  F-Factor
An exposure  of 1R provides an  absorbed dose of 0 .869 rad  in air:

Dair(rad) = 0.869 X (R) ....................................................  (4.1)

The dose to a  m edium  su ch  a s  soft tissu e  is rela ted  to th e  dose in  a ir  a t 

th e  sam e location by th e  ratio  of energy absorp tion  in  th e  m edium  to  energy 

abso rp tion  in air:

D _ r\ i n
nKcl ~  air 17 TH  .................................................  (4.2)

L\/^cw J ttt J a ir

0.869   (4.3)
LV< en )  m Jair

In equation  (4.3), [(|̂ en)m]med is the  m ass energy absorp tion  coefficient to the  

m edium  for pho tons of th e  energy of in terest. This coefficient describes th e  

ra te  of energy abso rp tion  in th e  m edium  an d  [(jiea)m]air describes th e  ra te  of 

energy absorp tion  in air. In equation (4.3), the  expression m ay be simplified

Dm t= { f\X )  .............................................................  (4.4)

Where, /  = 0 . 8 6 9 ^ ^ 4 ^  ......................................................  (4.5)
Lve// )m JLf/r

The expression denoted a s  f is know n a s  the  f-factor an d  varies w ith the  
n a tu re  of the  absorb ing  m edium  and  the  energy of the  radiation.

The f-factor is used  to com pute the  absorbed dose D in rad  in a  m edium  

receiving an  exposure X in roentgens. The f-factor is p lotted in  Fig.4.5 for air, 

w ater, fat, m uscle an d  com pact bone a s  a  function of pho ton  energy.
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4 .2 .3 . In te rac tio n  w ith  F at
X an d  gam m a rays pho tons w ith energy less th a n  a b o u t 35 keV in te rac t in 

soft tissu e  prim arily by the  photoelectric effect, w ith a  probability  for 

in te rac tion  th a t  varies roughly a s  Z3 t29). Com pared to m uscle an d  bone, fat 

h a s  a  h igher concen tra tion  by w eight of hydrogen (-11% ) an d  carbon  (-57% ) 

an d  a  lower concen tra tion  of n itrogen (-1% ), oxygen (30%) an d  high-Z  trace 

e lem ents (< l%)f30l. Hence, th e  effective atom ic n u m b er of fa t (Zefr = 5.9-6.3) is 

less th a n  th a t  for soft tissu e  (Zefr = 7.4) or bone (Zefr = 11.6-13.8), an d  low- 

energy ph o to n s are  a tte n u a te d  less rapidly in fat th a n  in  a n  equal m ass  of 

soft tis su e  or bone I30-31). The reduced  a tten u a tio n  in  fat is  reflected in  a  lower 

f-factor for p h o to n s of low energy in  th is  body co n s titu en t (Fig.4.5).

Figure 4 .5 . The f-factor for conversion between roentgens and rads for air, water and 

different constituents of the body, plotted as a  function of photon energy.
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X- a n d  gam m a rays pho tons of h igher energy in te rac t prim arily by Com pton 

scattering , w ith a  probability th a t  varies w ith the  electron density  of the 

a tte n u a tin g  m edium  b u t no t with the  atom ic num ber. The electron density  of 

hydrogen is a b o u t twice th a t  of o ther elem ents t29l, because  th e  n u c leu s  of 

hydrogen co n ta in s no  neu trons . Since m ore hydrogen is p resen t in  fa t th a n  

in o th er body co n stitu en ts , m ore Com pton in te rac tions occur in fat th a n  in 

an  equal m ass  of m uscle or bone. For ph o to n s of in term ediate  energy, 

therefore, the  f-factor for fat exceeds th a t  for o th er body co n stitu en ts .

The f-factor can n o t be defined rigorously for X- an d  gam m a rays pho tons 

w ith energy greater th a n  a b o u t 3 MeV, because  the  roentgen  is no t 

applicable to pho tons of h igher energy. C onsequently , f-factors in Fig.4.5 are 

p lotted  to only 3 MeV. The a tten u a tio n  of X- and  gam m a rays p h o to n s  in fa t 

m ay be estim ated  from a tten u a tio n  m easu rem en ts  in  m ineral oil or 
polyethylene, because  the  effective atom ic num bers , densities an d  electron 

densities  of these  m ateria ls are  close to those for fat l29l.

4 .2 .in t e r a c t io n  w ith  Soft Tissue
The effective atom ic num ber and  density  of body fluids and  soft tissue , 

excluding fat, a re  a lm ost identical to those  for w ater, because  soft tissue  is 

roughly 75%  w ater and  body fluids are  (85-100)%  w ater. Soft tis su e  often is 
sim ula ted  by a  w ater filled phan tom  or by Plexiglas, Mix-D or p ressed  wood 

(e.g., M asonite).

Hydrogen is a b se n t from air, b u t con tribu tes a b o u t 10% of th e  w eight of 

m uscle. C onsequently , the  electron density  is g reater for m uscle th a n  for air, 

a n d  the  f-factor m uscle exceeds th a t  for a ir (Fig. 4.5).
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4.2 .5  In te rac tio n  w ith  Bone
The effective atom ic num b er and  physical density  (kg /cu  m) a re  greater 

for bone th a n  for soft tissue . Hence, X- and  gam m a rays p h o to n s  a tten u a ted  

m ore rapidly in bone th an  in an  equal volume (not necessarily  m ass) of soft 

tissue , a n d  the  absorbed  dose is reduced to s tru c tu re s  beyond bone. On the  

o th er h an d , th e  absorbed  dose to soft tissu e  ad jacen t to o r enclosed w ithin 

bone m ay be increased  by photoelectrons liberated a s  ph o to n s in te rac t w ith 

high-Z  a to m s (e.g., a to m s of p h o sp h o ru s an d  calcium) in  bone.

4 .2 .6  Dose to  Soft Tissue near an  In terface betw een Soft 
Tissue and Bone

U nder conditions of electron equilibrium , th e  absorbed  does D in  rad  to 

com pact bone is

D - ( f i x )  ................................................................................  (4.6)
w here X is the  exposure in roen tgens and  f  is  th e  f-factor for th e  bone 

exposed to p ho tons of a  p a rticu la r energy (Fig.4.5). To com pute  th e  absorbed  

dose to soft tissu e  beyond the  range of e lectrons escaping  from  bone, the  f- 

factor for soft tis su e  is used  in equation  (4.6). The absorbed  dose to soft 

tis su e  n ear bone is less th a n  the  absorbed  dose in  bone b u t  g rea ter th a n  the 

absorbed dose in  soft tissue  beyond the  range of e lectrons from bone. In 

tissu e  irrad ia ted  by diagnostic or orthovoltage X rays, the  region of increased  

dose to soft tissu e  ex tends over a  d istance of lOOp. or less from  an  in terface 

betw een soft tis su e  a n d  bone. These tran sitio n  zones of increased  doses are  

illu stra ted  in Figures 4.6 to 4 .8  for X-ray beam s of different qualities.
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Figure 4 .6 . The f-factor (rad/R) for 50kVp, 0.08 mm Cu HVL X-rays near

an interface between soft tissue and bone. Arrows indicate the direction of 

the X-ray beam.

Figure 4 .7 . The f-factor (rad/R) for 140 kVp, 0.7 mm Cu HVL X-rays near an 
interface between soft tissue and bone. Arrows indicate the direction of the 
X-ray beam.
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Figure 4 .8 . The f-factor (rad/R) for 220-kVp 2.1 mm Cu HVL X-rays near an interface 

between soft tissue and bone. Arrows indicate the direction of the X-ray 
beam.

The rad ia tion  dose delivered to soft tissue  n e a r a n  in terface betw een soft 

tis su e  an d  bone m ay be com puted w ith an  f-factor in term ediate  betw een 

those  for soft tissu e  an d  bone. The f-factor for p h o to n s of different energies 

a re  p lotted  in Figure 4.9 a s  a  function  of th e  d istance  form th e  interface.
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Figure 4 .9 . Calculated and measured f-factors as a  function of the distance in soft tissue 

from an interface between soft tissue and bone.

4 .2 .7  Dose to  Soft Tissue w ith in  Bone

Soft tis su e  th a t  occupies cavities w ith in  bone includes th e  soft tissue  

com ponen ts of the  H aversian system . These com ponents include osteocytes 

a b o u t 5p in  d iam eter, connective tissu e  along the  walls of H aversian canals , 

and  blood vessels in the  walls of the  canals. H acersian can a ls  vaiy from 50 

to lOOp in diam eter. In trab ecu lar bone, spaces occupied by bone m arrow  

are  relatively large, averaging ab o u t 400j.i across.

The absorbed  dose in sm all (diam eter<lp) inclusions of soft tis su e  w ithin  

com pact bone is close to th a t com puted w ith equation  (4.6) a n d  a n  f-factor
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for bone. The dose to larger (diam eter>lp) soft tissue  inclusions is less th a n  

th a t  estim ated  w ith equation  (4.6) an  f-factor for bone. In larger inclusions, 

the  absorbed  dose varies from a  m axim um  a t  the  bone-tissue  in terface to a  

m inim um  a t the  cen ter of the  inclusion  (Fig. 4.10).

DISTANCE FROM CAVITY CEMTF.R (mlnrotn)

Figure 4.10. The f-factor for phantoms of various energies, as a  function of the distance 

from the center of cavities of different sizes. A layer of bone around cavity 
provides electron equilibrium.

The absorbed  dose across these  larger inclusions is  difficult to determ ine. 

Average f-factors in Table 4.2 were com puted by Spiers!32! for osteocytes, for 

typical soft tissu e  inclusions excluding bone m arrow  an d  for th e  soft tissu e  

lining of a  typical Havesian canal. The average f-factors are  h ighest for
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osteocytes because  these  com ponents occupy veiy sm all cavities. H aversian 

cana ls , on the  average, a re  m uch  sm aller th a n  spaces in  trab ecu la r bone 

th a t  con ta in  bone m arrow , an d  the  average dose to bone m arrow  usually  is 

n o t m uch  greater th a n  th a t  delivered to soft tissu e  in  th e  absence  of bone. 

The increase  in average absorbed  dose in bone m arrow  spaces of different 

sizes is plotted in Figure 4.11 a s  a  function  of the  energy of inciden t 

pho tons. For m arrow  cavities of all sizes, the  increase  in dose is  less th a n  

50%  of th e  dose to soft tissu e  w ithou t bone.

Figure 4 .1 1 . Percent increase in average absorbed dose to bone marrow cavities, 

averaged over cavities of various sizes.
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Table 4 .2: Average f-factors for inclusions of soft tissu e  in  b o n d 32!

Photon 

Energy (keV)

Osteocyte 

5 p diam eter

Typical soft 

tissu e  in bone

10 p lining of 

50 p H aversian cana l

25 2.80 1.73 1.50

35 3.12 2.05 1.76

50 3.25 2.27 1.89

75 2.40 1.85 1.60

100 1.52 1.36 1.26

200 1.05 1.03 1.02

The probability of pa ir production  increases w ith th e  atom ic n u m b er of 

the  a tten u a tin g  m edium . C onsequendy, the  dose delivered by high-energy 

p h o to n s is g reater in bone th an  in soft tissue. For exam ple, th e  dose 

delivered by 10-MeV pho tons is ab o u t 15% greater in  bone th a n  in  soft 

tis su e  receiving a n  identical exposure. E lectrons released  du ring  pair 

p roduction  in te rac tions have an  average range of a b o u t 2-3 cm  in  soft tissu e  

and  m ore th a n  1 cm in bone. For a  th ickness of bone less th a n  th a t  required 

for electron equilibrium , it is difficult to estim ate  th e  dose to  bone and  to soft 

tissu e  inclusions w ithin  bone.

4 .2 .8  Dose to  Soft Tissue beyond Bone

The dose delivered to soft tissue  by X or gam m a ray is reduced  by bone 

in terposed  betw een the  soft tissue  and  the  surface. The reduction  in 

absorbed  dose to  soft tissu e  is influenced by:

1. The increased  a tten u a tio n  of prim ary pho tons in  bone caused  by 

the  higher atom ic num ber and  density  of th is  co n stitu en t of tissue .
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2. C hanges in  th e  am o u n t of rad ia tion  scattered  to soft tis su e  beyond 

th e  location of bone. These changes depend upon  m any factors, 

including  field size, quality  of rad ia tion  an d  th e  d istance  betw een 

th e  bone and  the  soft tissu e  of in terest.

Low energy X or y ray ph o to n s are  a tten u a ted  prim arily by photoelectric 

in te rac tions, an d  th e  a tten u a tio n  of these  pho tons is m uch  greater in bone 

th a n  in  an  equal m ass  of soft tissu e  or fat. For p h o to n s of h igher energy, 

C om pton scattering  replaces photoelectric absorp tion  a s  th e  on th e  electron 

density  of the  a tten u a tin g  m edium , b u t n o t on its  atom ic num ber. The 

electron density  is slightly less for bone th an  for soft tissu e  or fat, an d  the  

energy absorbed  per gram  of bone is slightly less th a n  th e  energy absorbed  

per gram  of m uscle or fat exposed to  pho tons of in term ediate  energy. 

However, the  physical density  (kg /cu  m) of com pact bone is a lm ost twice the  

density  of fat or m uscle. Therefore, the  energy absorbed  per u n it  volum e of 

com pact bone is a lm ost twice th a t  absorbed in a n  equal volum e of fat or 

m uscle exposed to an  identical num ber of X or y ray ph o to n s of in term ediate  

energy.

The effect of bone th e  rad ia tion  exposure and  absorbed  dose a t  various 

d ep th s  w ith in  a  p a tien t exposed to diagnostic or orthovaltage X rays 

illu stra ted  in Figure-4.12. The rad iation  exposure, w hich alw ays is m easured  

in  a  sm all volum e of air, is reduced a t  locations B, C an d  D by bone 

in terposed  betw een the  locations and  the  surface. The reduction  in  exposure 

a t  these  locations reflects prim arily the  increased  a tten u a tio n  of p h o to n s in 

overlying bone, th e  dose absorbed in bone is increased  a t  A, B a n d  C, 
because  the  a tten u a tio n  of diagnostic or orthovoltage X rays in creases  w ith 

th e  atom ic n u m b er of the  a tten u a tin g  m edium . The absorbed  dose is
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reduced  to soft tissu e  beyond bone because  a  g reater n u m b er of p h o to n s are 

rem oved from the  beam  by th e  overlying bone.

Figure 4.12. Radiation exposure and absorbed dose plotted as a  function of depth in soft 

tissue containing bone.

4.3 D eterm ination  of Absorbed Dose to  W ater
4.3 .1  R eference C onditions and C orrection Factors

The calibration  factor for a n  ionisation cham ber is th e  ra tio  of th e  tru e  

value of the  q u an tity  to be m easured  to the  indicated value u n d e r reference 

conditions. The reference condition is described by a  se t influence qu an titie s  

for w hich the  calib ration  factor is valid w ithou t fu rth er correction  factors. 

Influence q u an titie s  are  defined a s  qu an titie s  n o t being the  su b jec t of the  

m easu rem en t b u t yet influencing the  quan tity  u n d e r m easu rem en t. They 

m ay be of different n a tu re  as, for exam ple, tem pera tu re , hum id ity  a n d  m ains
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voltage; they m ay arise from th e  dosim eter (e.g. ageing, zero drift, a n d  w arm - 

up) or m ay be q u an titie s  related to the  rad ia tion  field (e.g. rad ia tion  quality, 

dose ra te , field size, dep th  in  a  phantom ). In calib rating  a  dosim eter a s  m any 

influence q u an titie s  a s  possible are  kept a t  reference conditions. However, 

som e influence quan tities, e.g. tem pera tu re , p ressu re , hum idity , dose ra te  

an d  polarity  effect, m u st generally be corrected for to yield th e  ‘in fluence’ 

corresponding  to the  reference conditions i3l. Reference conditions for bo th  

calib ration  of ionisation cham bers and  m easu rem en t of absorbed  dose, 

^  rela ted  to the  rad ia tion  field, a re  Tables 4.3 an d  4.4.

Table-4.3: Reference conditions of the  irrad iation  geom etiy for the  

calib ration  of an  ionisation cham ber Tree in a ir’.

*

R adiation beam R adiation quality D istance from 

the  source to 

the  cen ter of 

cham ber cavity

Field size 

in cm  x cm

Low energy X-ray 

(10 kV-100 kV)

0.03 m m  A1<HVL<2 

m m  A1

U sual

trea tm en t

(calibration)
d istance

3 x 3

M edium  energy 

X-ray (100 kV- 

300kV)

2 m m  Al< HVL <3 

m m  Cu

U sual

trea tm en t

(calibration)

d istance

10 x 10

Co-60 gam m a 

rad ia tion
( hv ) = 1.25 MeV 1 m 10 x 10

v
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Table-4.4: Reference condition of the  irradiation geom etry  for absorbed dose m easu rem en ts
using an  ionisation cham ber in a  ph an tom.

R adiation
beam

Beam quality Reference 
dep th  in  
phantom  in 
cm a

Effective point of 
m easu rem en t of the 
ion isation  cham ber

SSD Field size in  cm  x 
cm

Low energy 
X -rays

0.03 m m  AI < 
HVL < 2 m m  
AI

Surface F ron t surface of the 
p lane parallel cham ber

U su a l
tre a tm e n t
d is tan ce

3 x 3

M edium  
energy  X- 
ray s

2 m m  AI < 
HVL
< 3 m m  Cu

5 C en ter of cylindrical 
cham ber

10 x 10

137Cs gam m a 
rays

5 0 .3 5 rb 10 x 10

60Co gam m a 
ray s

5 0 .5 rb 10 x 10

High energy 
X -rays

TPR™ <0.70 5 0 .7 5 rb 10 x 10

TPR™ >0.70 10 0 .7 5 rb 10 x 10

E lectrons
E 0 / MeV <5 Rioo 0 .5 rb 10 x 10c

5<,EjMeV(\0 Rioo or l d 0 .5 rb 10 x 10c
10 < EjM eV(20 Rioo or 2d 0 .5 rb 10 x 10c
20<EjMeV(50 Rioo or 3d 0 .5 rb 15 x 15°

a D ep th  of Peff. c Field sizes for energy range m ea su re m e n ts  are  different.
b The d istance  zpeff -  zp is given, see Fig. 11 (Reference-21, p-38 d The la rg e r depth  should  alw ays be 

chosen .

63

Dhaka University Institutional Repository



Chapter 4 Introductory Description o f radiotherapy Procedure

As a  general recom m endation is given in  reference!2 *1, w hen u sin g  therapy  

accelera to rs an d  X-ray u n its , it is strongly recom m ended th a t  a n  add itional 

m onitoring  dosim etry system  be used  during  the  experim ental p rocedure  to 

acco u n t for fluc tuations in the  rad iation  ou tpu t.

4 .3 .2  Warm-up Effect

Before m easu rem en ts  are  m ade w ith a n  ionisation  cham ber system , 

enough  tim e shou ld  be allowed for the  cham ber to  reach  therm al equilibrium  

an d  for th e  m easu ring  system  to w arm  up.

4.3 .3  Leakage C urren t

The leakage c u rre n t should  be m easured  and  shou ld  be insignificant 

com pared  to th a t  c u rre n t ob tained  for the  real m easu rem en ts . It shou ld  be 

observed th a t  the  leakage m ight be m uch  larger du ring  a n  irrad ia tion  th a n  

th e  leakage w ithou t irrad iation  I21).

4 .3 .4  The Polarity  Effect

The polarity effect of the  cham ber m u st be checked, particu larly  for p lane 

parallel ionisation  cham bers, an d  found to be w ithin  th e  given lim its in 

T able-1 of th e  reference I3! page-10,. This effect m ay be large for e lectrons of 

low energy. The m ean value of the  cu rre n ts  (or charges) m easu red  a t  bo th  

polarities of th e  cham ber voltage is considered to be the  b est approxim ation  

of th e  tru e  ionisation  cu rren t. However, in practical s itu a tio n s, only one
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polarity is generally used , a s  th e  correction using  th e  cham bers d iscussed  

here  shou ld  sm all

4.3.5 T em perature and  Pressure

Since the  ionisation cham ber is no t sealed an d  com m unicate  to the  

ou tside  a tm osphere, its  response is affected by a ir tem pera tu re  an d  

p ressu re . In accordance w ith the  gas laws, the  density  of a ir in th e  cham ber 

volum e will likewise depend on these  atm ospheric  conditions. The density  or 

the  m ass of a ir in  the  cham ber volume will increase  a s  the  tem pera tu re  

decreases or p ressu re  increases. Since exposure is given by the  ionisation 

charge collected per u n it m ass  of air, the  cham ber reading  for a  given 

exposure will increase  a s  the  tem pera tu re  decreases or a s  th e  p ressu re  

increases.

S tan d ard  laboratories calibrate  cham bers u n d er the  conditions p resen t a t 

the  tim e of calibration. This factor is then  converted to specific atm ospheric  

conditions, nam ely, 1013 m illibar (760 m m  Hg) p ressu re  an d  22°C 

tem pera tu re . The correction C t .p  for conditions o th er th an  th e  above 

reference conditions can  be calculated.

^ 1 0 1 3 ^
X

f  2 7 3 .5  + A

I P ^ 2 9 5 .5  J

w here P is the  p ressu re  in m illibar and  t  is tem pera tu re  in degree Celsius. 

The second bracketed term  gives the  ratio  of tem pera tu re  t  to the  reference 

tem pera tu re  (22°C), both  converted to the  abso lu te  scale of tem p era tu re  (in 

Kelvin) by adding  273.5 to the  C elsius tem pera tu res.
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4 .3 .6  H um idity
The hum idity  of th e  am bien t a ir has-excep t w hen hygroscopic wall 

m ateria ls  are  used such  a s  A-150 plastic o r nylon-only a  m inor influence on 

th e  charge produced in the  cham ber cavity. If the  calib ration  factor is  related 

to  a  relative hum idity  of 50%  th en  in a  range of 20%  to 70%  relative 

hum id ity  no correction is needed for tem p era tu res  rang ing  betw een 15°C 

an d  25°C. If, on th e  o th er h an d , the  calibration  factor is rela ted  to  dry a ir 

a n d  m easu rem en ts  are  taken  betw een 20%  an d  70%  relative hum idity  and  

in a  tem pera tu re  range of 15°C to 25°C, a  correction factor kh = 0 .997 is 

ad eq u a te  for 60Co gam m a rad ia tion  t22l.

4 .3 .7  R ecom bination

The incom plete efficiency in collecting charge in  th e  cavity volum e due 

to  ion recom bination requ ires th e  u se  of a  correction factor. The effect 

depends on  th e  geometry of the  cham ber, th e  applied collection voltage, an d  

th e  ra te  of charge production  by th e  rad iation . In th e  case  of pu lsed  

rad ia tion , especially w ith scanned  beam s, th e  correction factor for 

recom bination becom es ra th e r  im portan t. On the  o th er h an d , for co n tin u o u s 

rad ia tion  (gam m a ray beam s) the  effect is  usually  very sm all.

It is possible to derive a  correction factor ps theoretically, u sin g  the  

theory  of Boagt23'26! b u t a s  th e  m agnitude of the  correction d epends on the  

position of th e  cen tra l electrode an d  th is  could accidentally  be changed 

w ithou t an  external change in the  cham ber, it is  recom m ended here  th a t  an  

experim ental procedure  be used  to determ ine the  recom bination  factor.
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The so-called ‘two-voltage’ m ethod (27I is, owing to  its  sim plicity, th e  

m ethod  to be used . It is  based  on two m easu rem en ts  of th e  collected charge, 

Qi an d  Q2 , u sing  different voltages Vi (the norm al operating  b ias  voltage) an d  

V2 for the  sam e irrad iation  conditions. The ratio  V1/V 2 shou ld  be equal to  or 

g rea ter th a n  3. Many of the  com m ercially available ionization cham ber 

in s tru m e n ts  provide m ultip le b ias voltages while som e o th e rs  can  easily be 

modified to do so.

The recom bination  correction factor p s a t  th e  norm al opera ting  b ias 

voltage Vi can  th en  be ob tained  from a  quad ra tic  equation  th a t  h a s  been 

fitted to the  num erica l so lu tions of the  expressions for pu lsed  an d  pu lsed  

scanned  rad iation

P , = a 0+«l ' 0 , '
Q,

+ a. r Q'l 1
\Q l J

(4.8)

w here ai Eire co n stan ts .

4 .3 .8  C ham ber calibration  factor, Nx

This factor w hich is characteristic  of th e  cham ber, its  volum e, and  its  

build  u p  cap- is determ ined by exposing it to a  60Co beam  of know n exposure 

ra te  an d  /o r  com paring its response  w ith a  cham ber of know n exposure  

calib ration  factor for 60Co. Specially construc ted  spherical, graphite  

ionization cham bers  of know n volum e are  used  to calibrate  th e  cobalt beam  

in te rm s of exposure rate . Nx provided by the  U.S. calibration  labora to ries is 

norm alized to 22°C and  760 m m  Hg. C alibration of the  electrom eter, if
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detached , is provided separately. E xposure m easu red  in 60Co beam  is given 

by

X = M.Nx.Nei...........................................................................  (4.9)

W here X is the  exposure a t  a  point corresponding to the  cen te r of the  

cham ber w hen the  cham ber is no t there; M is the  reading corrected for 

tem pera tu re  an d  p ressu re  and  Nei is the  electrom eter calib ration  factor, if 

sep ara te  from the cham ber. The above equation  functionally defines N x .

4.3 .9  Cavity-gas calibration factor, Ngas

It is defined a s  dose to the  gas in the  cham ber per u n it charge or

electrom eter reading. Dgas is simply given by Jgas =
J

, w here J g a s is th e

charge per u n it m ass of cavity gas and is the  average energy expended

per u n it charge of ionization produced in  the  gas.

4 .3 .10  Wall correction  factors, A ^ ,  (3wall, Pwall

The Awaii correction factor occurs in the  Ngas form ula a n d  acco u n ts for 

a tten u a tio n  an d  sca tte r of pho tons in the  wall an d  bu ild -up  cap  of the 

cham ber w hen exposed in a ir to 60Co y ray beam .

Pwaii is the  quo tien t of absorbed  dose to collision p a rt of kerm a in the  wall 

u n d e r the  conditions of tran s ien t electronic equilibrium  . p Waii acco u n ts  for 

th e  difference betw een the  point of in teraction  and  the  po in t of energy 

deposition. Its value is taken  to be 1.005 for 60Col4l.
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Pwaii is a  correction factor th a t  acco u n ts  for th e  difference betw een th e  

com position of the  cham ber wall an d  the  ph an to m  a s  it p e rta in s  to  pho ton  

beam  in te rac tions in  the  u se r ’s beam . This factor depends on beam  energy, 

wall th ickness, wall com position, and  th e  fraction a  of th e  cavity ionization 

con tribu ted  by e lectrons originating in the  cham ber wall.

4 .3 .11 .The pertu rb a tio n  co rrec tio n  factor, pn

For electron rad ia tion  pertu rba tion  correction factor tak es  in to  acco u n t 

th e  difference in  scattering  in the  p han tom  m ateria l an d  in  th e  a ir  cavity I31. 

For pho ton  beam s it m u st be considered th a t  e lectrons a re  p roduced an d  

stopped  differently in the  cham ber wall m ateria l an d  in  w ater. In th e  
com putation  it is alw ays assum ed  th a t  the  m easu rem en t in the  w ater 

p h an to m  is carried  o u t w ithou t a  bu ildup  cap. The p e rtu rb a tio n  correction 

effect p u can  th en  be approxim ately calculated  from th e  equation  by Almond 

a n d  Svensson l28l.

a S'
Pu =

p  )  w
+ (l - a ) s w.a

(4.10)

w here a  is  th e  fraction of the  to ta l ionization produced in  th e  a ir in  th e  cavity 

by e lectrons arising  in the  cham ber wall an d  S waiuir is  th e  stopp ing  power 

ra tio s for different cham ber m aterials.
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Before trea ting  by rad io therapy  the  vital o rgans w ithin a  rad ia tion  field, 

w hich is no t o u r target, is to be protected by shielding, is  one of th e  m ajor 

concerns.

5.1 Introduction

For p roper trea tm en t the  dose should  be hom ogeneous. For th is  critical 

ta sk  special filters or absorb ing  blocks are  placed in th e  p a th  of a  beam  to 

modify its  isodose d istribu tion . The m ost comm only u sed  beam -m odifying 

device is the  wedge filter. This is a  w edge-shaped absorber, w hich cau se s  a  

progressive decrease in th e  in tensity  across the  beam , resu lting  in  a  tilt of 

th e  isodose curves from th e ir norm al positions. In a c tu a l wedge filter design, 

the  sloping surface is m ade e ither s tra ig h t or sigmoid in  shape; th e  la tte r 

design is u sed  to p roduce stra igh ter isodose curves.

Relatively superficial tum ors, extending from th e  surface to  a  d ep th  of 

several cen tim eters, can  be irrad iated  by two “wedged” beam s directed from 

the  sam e side of the  patien t. It is seen th a t  in the  region of overlap of the  

beam s, th e  dose d is tribu tion  is nonuniform . The dose is  th e  h ighest in th e  

superficial or proxim al region of overlap and  falls off to lower values tow ard 

th e  deeper a reas . By in serting  appropria te  wedge filters in  th e  beam  and  

positioning them  w ith th ick  en d s ad jacen t to each  o ther, th e  angled field 

d istribu tion  can  be m ade fairly uniform .

The m ain  goal of th e  rad io therapy for cervix cancer trea tm en t is  to 

maxim ize the  dose a t  lesions (tum or volume) and  m inim ize th e  dose below 

th e  to lerance level in su rround ing  norm al tissu e  like a s  rec tum  a n d  u rinary  

b ladder du ring  the  ca-cervix trea tm en t p lanning. C onventional rec tangu lar 

block sh ields the  rec tum  area  and  u rinary  b ladder and  the  re su lta n t dose 

fall off is very rapid  beyond po in t A. To overcome th is  problem , an  alternative 

m ethod  h a s  been developed to p ro tect the  unnecessary  cen tra l ax is rad ia tion
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dose to th e  critical organ  by th e  device of “Wedge shaped  Mid-line 

Block”(WMLB). The dose lim itation of th e  rec tum  (anal canal) a n d  b ladder 

region shou ld  be m ain ta ined  by using  th e  newly developed idea for the  

trea tm en t protocol.

5.2 Block in  th e  T rea tm en t Planning

The shap ing  of trea tm en t fields is prim arily d icta ted  by tu m o r 

d istribu tion-local ex tensions a s  well a s  regional m etas tases . Not only shou ld  

th e  dose to vital o rgans n o t exceed th e ir to lerance b u t also th e  dose to 

norm al tissue , in general, should  be m inimized. As long a s  th e  targe t volum e 

includes, w ith ad eq u a te  m argins, the  dem onstra ted  tu m o r a s  well a s  its  

p resum ed  occult sp read , significant irrad iation  of th e  no rm al tis su e  ou tside  

th is  volum e m u st be avoided a s  m uch  a s  possible. These res tric tions can  

give rise to com plex field shapes, w hich require  in trica te  blocking.

The frequency an d  complexity of field shap ing  vary from in s titu tio n  to 

in stitu tio n . However, if com plex techn iques involving elaborate  blocking are  

u sed  often, it is necessary  to estab lish  a  ra tional system  of field shaping .

5.2.1.1B lock T hickness
Shielding blocks are  m ost comm only m ade of lead. The th ick n ess  of 

lead required  to provide adequate  protection of the  shielded a re as  depends 

on th e  beam  quality  an d  th e  allowed tran sm iss ion  th ro u g h  th e  block. A 

prim ary  beam  tran sm iss io n  of 5% th rough  th e  block is considered 

acceptab le  for m ost clinical s itua tions. If n is th e  nu m b er of half-value layers 

to achieve th is  tran sm issions,

5.2.1 Field blocks

or

or

2" = —— 20 
0.05

n  log 2 -  log 20
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or n  = — —  = 4.32
log 2
log20

T hus a  th ick n ess  of lead betw een 4.5 an d  5.0 half-value layers would 

give less th a n  5%  prim ary beam  transm ission  an d  is, therefore, 

recom m ended for m ost clinical shielding.

Shielding aga in st prim aiy  rad ia tion  for superficial an d  orthovoltage 

beam s is readily accom plished by th in  sh ee ts  o f lead th a t  can  be placed or 

m olded on to the  sk in  surface. However, a s  the  beam  energy increases to the  

m egavoltage range, th e  th ickness of lead required  for shielding increases 

substan tia lly . The lead blocks are  th en  placed above the  p a tien t suppo rted  in 

th e  beam  on a  tra n sp a re n t p lastic  tray, called th e  shadow tray. Table 5 .1  

gives th e  recom m ended lead shield th ickness for various quality  beam s.

A lthough the  prim ary beam  transm iss ion  can  be reduced  fu rth e r by 

using  ex tra  th ick  blocks, th e  reduction  in  dose in  th e  shielded region m ay 

n o t be th a t  significant due  to the  predom inance o f  scattered  rad ia tion  from 

th e  adjoining open a re a s  of the  field.

5 .2 .1 .2  Block Divergence
Ideally, the  blocks shou ld  be shaped  or tapered  so th a t  th e ir  sides follow 

th e  geom etric divergence of th e  beam . This m inim izes th e  block tran sm iss ion  

p e n u m b ra  (partial tran sm iss ion  of th e  beam  a t  the  edges of th e  block). 

However, divergent blocks offer little advantage for beam s w ith large 

geom etric penum bra . For exam ple, in the  case of 60Co, th e  sh a rp n e ss  of the  

beam  cutoff a t  the  block edge is n o t significantly im proved by using  

divergent blocks. Also, for som e clinical s itu a tio n s  th is  sh a rp n e ss  is no t 

critical or w orth  th e  tim e required for m aking divergent blocks, w hich have 

to  be invariably custom  designed for a  given trea tm en t se tup . Therefore, 

m o st in s titu tio n s  keep a  stock of s tra ig h t-cu t blocks of various sh ap es  and  

d im ensions.
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Divergent blocks are  m ost su ited  for beam s having sm all focal spots. 

S ince the  sides of these  blocks follow beam  divergence, one can reduce the  

la tera l d im ensions by designing the  sh ields for sm aller source-to-block 

d is tan ces w ithou t increasing  the block tran sm iss ion  penum bra .

Table 5.1

Recom m ended M inimum T hickness of Lead for Shielding

Beam  Quality______________________________ R equired Lead th ick n ess
1.0 mm Al HVL 0.2 mm

2.0 m m  Al HVL 0.3 mm
3.0 mm Al HVL 0.4 mm

1.0 m m  Cu HVL 1.0 m m

3.0 mm Cu HVL 2.0 mm

4.0 m m  Cu HVL 2.5 m m

137Cs 3.0 cm

&°CO 5.0 cm
4 MV 6.0 cm

6 MV 6.5 cm

10 MV 7.0 cm

25 MV 7.0 cm

Approximate values to give < 5% primary transmission.

5.2 .2  FIELD SHAPING
5.2.2 .1  C ustom  Blocking

A lthough a  nu m b er of system s have been used  for field shaping , the  

one in troduced  b}' Powers e t al. <33> is m ost com m only used in rad io therapy  

This system  u se s  a  low m elting po in t alloy, Lipowitz m etal (brand nam e, 

Cerrobend), w hich h a s  a  density  of 9.4  g /cm 3 a t  20°C (~83% of lead density). 

This m ateria l co n sis ts  of 50%  b ism uth , 26.7%  lead, 13.3%  tin , and  10.0% 

cadm ium  (34L The m ain advantage of Cerrobend over lead is th a t  it m elts a t 

a b o u t 70°C (com pared w ith 327°C for lead) and , therefore can  be easily c as t 

in to  any shape. At room  tem peratu re , it is h a rd e r th a n  lead.
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The m inim um  th ick n ess  of Cerrobend blocks required  for blocking 

m ay be calcu lated  from Table 5.1 u sing  its  density  ratio  relative to  lead (e.g., 

m ultiply lead th ick n ess  by 1.21). In the  megavoltage range of p ho ton  beam s, 

th e  m ost com m only used  th ick n ess  is 7.5 cm, w hich is equivalent to  a b o u t 6 

cm  of pu re  lead.

The procedure  for constructing  C errobend blocks s ta r ts  w ith a  

sim u la to r rad iograph  or a  po rt film on w hich th e  rad io th erap is t d raw s the  

ou tline  of the  trea tm en t field indicating  a reas  to be shielded. The film is th en  

used  to co n s tru c t divergent cavities in a  Styrofoam  block th a t  a re  u sed  to 

c a s t C errobend blocks. S tyrofoam -cutting device th a t  co n sis ts  of a n  

electrically heated  wire, w hich pivots a b o u t a  po in t sim ula ting  th e  source or 

th e  x-ray target. The film, th e  Styrofoam  block, a n d  th e  wire a p p a ra tu s  are 

so ad ju sted  th a t  th e  ac tu a l trea tm en t geom etry (sam e source  to  film a n d  

source to block distances) is obtained. The lower end  of th e  wire traces the  

ou tline  on th e  film.

If "positive" blocks su ch  a s  lung  blocks are  to be m ade, cavities are  c u t 

in to  the  Styrofoam  w ith the  heated  segm ent of th e  wire an d  subsequen tly  

filled w ith m elted Cerrobend. If a  "negative" block w ith cen tra l a rea  open a n d  

peripheral a re a s  blocked is desired, a n  in n er c u t is  first m ade to outline the  

field opening. An o u ter rec tangu lar c u t is th en  m ade to define th e  collim ator 

field 1-2-cm m argin. The th ree  Styrofoam  pieces th u s  m ade a re  placed on a  

Lucite p late  and  carefully aligned relative to  th e  cen tra l axis. The 
in term ediate  piece, corresponding to the  a re a s  to  be shielded, is  then  

rem oved and  Cerrobend is poured  in to  the  cavity.

It is  im p o rtan t th a t  the  Cerrobend is poured  slowly to  prevent 

form ation of a ir  bubbles. Also, Styrofoam  block shou ld  be p ressed  tightly 

ag a in st a  ru b b er pad  a t  the  bottom  to avoid leakage of th e  m etal. The inside 

w alls of the  cavity m ay be sprayed with silicone for easy release of the  

Styrofoam  p ieces from the  block.
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The blocks can  be m ounted  on a  Lucite plate, w hich is p rem arked  

w ith th e  cen tral ax is cross hair. Blocks can  also be placed on a  tem plate  

m ade on a  clear film by trac ing  th e  outline of th e  field a t  th e  shadow  tray 

position  while the  port film outline is placed a t  the  d istance  a t  w hich th e  
rad iograph  w as taken .

F ig u re  5 .1 . A an d  B  show s exam ples of C errobend blocks, one constructed  

for shielding lungs an d  the  o th er for a  head  an d  neck  field.

75

Dhaka University Institutional Repository



Chapter 5 Materials and Methods

5 .2 .2 .2  Ind ep en d en t Jaw s
Asymm etric fields are  som etim es used  to block off a  p a rt of the  field 

w ithou t changing the  position of the  isocenter. A lthough blocking is often 

used  to generate  irregular field shapes, rec tangu lar blocking can  be easily 

done by independently  movable collim ators, or jaw s. This fea tu re  is very 

convenien t w hen m atch ing  fields or beam  splitting. In th e  la tte r  case, the  

beam  is blocked off a t the  cen tra l axis to  remove divergence. W hereas half­

beam  blocks have been used  a s  beam  sp litte rs in  th e  p ast, th is  c an  now be 

done simply by m oving in the  independen t jaw s.

M ost m odem  m ach ines are  equipped w ith independently  m ovable 

jaw s. Some m ach ines have one independen t jaw , o th e rs  have two 

independen t pa irs , an d  som e have all four jaw s a s  independen t. 

O perationally, the  independen t jaw  option is in terlocked to avoid e rro rs in 

th e  se tting  of sym m etric fields, in  w hich case  th e  opposite jaw s open or close 

sym m etrically.

One of the  effects of asym m etric collim ation is th e  change in the  

physical p en u m b ra  and  the  tilt of the  isodose curves tow ard th e  blocked 

edge (Fig. 5.3). This effect is simply the  resu lt of blocking, w hich elim inates 

pho ton  an d  electron sca tte r  from the  blocked portion of th e  field, thereby 

reducing  the  dose n e a r  the  edge. The sam e effect would occur on th e  isodose 

curves if th e  blocking were done w ith a  lead or Cerrobend block on a  tray.

W hen asym m etric fields are used , special considera tions m u s t be 

given to the  beam  flatness and  th e  dosim etric pa ram ete rs  u sed  to  calcu late  

m onitor u n its . Khan e t al. (2) have proposed a  system  of dose calcu lations for 

fields generated  by asym m etric collim ators.
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5 .2 .2 .3  M ultileaf Collim ators

A m ultileaf collim ator (MLC) for pho ton  beam s consists  of a  large 

n u m b er of collim ating blocks or leaves th a t  can  be driven autom atically , 

in d ep en d en t of each  other, to generate  a  field of any  shape  (Fig.5.3). The 

th ick n ess  of th e  leaves along the  beam  direction is sufficient to  provide 

acceptably  low beam  tran sm iss io n  (e.g., < 1%). The w idth of each  leaf is 

usually  ab o u t 1 cm  a s  projected a t  th e  isocenter. The field edges are, 

therefore, formed stepw ise, 1 cm  wide.

Some MLC system s have double-focused leaves form  a  cone of 

irregular cross-section  diverging from the source position  a n d  move on  a  

spherical shell centered  a t  the  source. The rationale  beh ind  a  double-focused 

MLC is to provide a  sh arp e  beam  cutoff a t  the  edge. However, for high-energy 

beam s th is  objective is achieved only to a  lim ited ex ten t, because  th e  dose 

falloff a t  the  edge is largely determ ined by scattered  ph o to n s a n d  electrons. 

B ecause double-focused MLCs a re  difficult to m anu fac tu re , som e system s 

have been designed w ith rounded  leaf edges an d  d irec tions of travel 

p e rpend icu lar to th e  cen tral ray. The purpose  of rounded  edges is  to  provide 

c o n s ta n t beam  tran sm iss io n  th rough  a  leaf edge, regard less of its  position in 

th e  field.
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Figure 5 .2 .C o m p ariso n  of isodose  d is tr ib u tio n  w ith  h a lf  th e  b e a m  b locked  

by an independent jaw versus a block on a tray. Notice close agreement as 

well as the tilt of the isodose curves towards the blocked edge.

An im portan t consideration  in th e  u se  of MLCs for sta tioneiy  fields is 

th e  conform ity betw een the  p lanned  field boundary , w hich is con tinuous,
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an d  the  jagged stepw ise boundary  created by the  MLC. The degree of 

conform ity betw een th e  two depends n o t only on th e  projected leaf w idth b u t 

also on the  shape  of the  target volume and  th e  angle of ro ta tion  of the  

collim ator. O ptim ization of MLC rotation  an d  se tting  h a s  been d iscussed  by 

B rahm e <35). His analysis show s th a t  the  best o rien ta tion  of th e  collim ator is 

w hen  th e  direction of m otion of the  leaves is parallel w ith th e  direction in 

w hich th e  target volum e h a s  th e  sm allest cross-section .

Figure 5 .3 . Varian m ultileaf collimator.

There are several potential applications of th e  MLC system : rep lacem ent of 

custom  Cerrobend blocking; au tom atic  beam  shap ing  for m ultip le  fields; 

dynam ic conform al rad io therapy  for w hich beam s are  shaped  a s  they are 

ro tated ; an d  modifying dose d istribu tions w ithin  th e  field by com puter-
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controlled dwell tim e of the  individual leaves. Many of these  functions are  

still u n d e r developm ent an d  are  n o t available routinely in  th e  clinic. For 

m ore deta ils  the  reader is referred to a  review article by M ohan <36>-

5.3 Wedge F ilters
5 .3 .1 . In troduction

Frequently , special filters o r absorbing  blocks are  placed in the  p a th
i

of a  beam  to modify its isodose d istribu tion . The m ost comm only u sed  beam - 

modifying device is th e  wedge filter. This is a  w edge-shaped absorber, w hich 

c a u se s  a  progressive decrease in th e  in tensity  acro ss th e  beam , resu lting  in 

a  tilt of the  isodose curves from their norm al positions. As show n in  Figure

5.4 the isodose curves are  tilted tow ard the  th in  end, the  degree of tilt 

depends on th e  slope of the  wedge filter. In ac tu a l wedge filter design, the

^ sloping surface is m ade e ither stra igh t or sigmoid in shape; th e  la tte r  design

is used  to p roduce stra igh te r isodose curves.

The wedge is usually  m ade of a  dense m aterial, su c h  a s  lead or steel, 

and  is m ounted  on a  tra n sp a re n t p lastic  tray, w hich can  be inserted  in the  

beam  a t  a  specified d istance  from th e  source (Fig.5.5). This d istance  is 

a rranged  su ch  th a t  the  wedge tray  is alw ays a t  a  d istance  of a t  leas t 15 cm
V

from th e  sk in  surface, so a s  to avoid destroying the  sk in -sparing  effect of the  
m egavoltage beam .
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Figure 5 .4 . Isodose curves for a  wedge filter. A, normalized to Dmax. B,

normalized to D„iax without the wedge. 60Co wedge angle=45°, field 
size=8x10cm , SSD=80.

5.3 .2  Wedge Isodose Angle

The term  wedge isodose angle (or simply wedge angle) refers to "the 

angle th rough  w hich an  isodose curve is titled a t  th e  cen tra l ray  of a  beam  a t  

a  specified d ep th ”. In th is  definition, one should  note th a t  th e  wedge angle is 

th e  angle betw een th e  isodose curve and  the  norm al to th e  cen tra l axis, a s  

show n in  Figure 5.4. In addition, the  specification of dep th  is  im portan t 

since; in  general, th e  presence of scattered  rad ia tion  c au se s  th e  angle of 

isodose tilt to decrease w ith increasing dep th  in  the  phan tom . However, 

there  is  no general agreem ent a s  to the  choice of reference dep th . Some 

choose dep th  a s  a  function  of field size (e.g., h a lf o r tw o-third  of th e  beam  

width) while o th e rs  define wedge angle a s  the  angle betw een th e  50%  isodose 

curve an d  th e  norm al to th e  cen tral axis. The la tte r choice, however, 

becom es im practical w hen higher energy beam s are u sed . For exam ple, the
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cen tral ax is dep th  of the  50%  isodose curve for a  10-MV beam  lies a t  ab o u t 

18cm for a  10 X 10-cm fields an d  100-cm SSD. This dep th  is too large in  the  

con tex t of m ost wedge filter applications. The wedge filters are  m ostly used  

for trea ting  superficial tum ors, e.g., no t m ore th a n  10 cm  deep. Therefore, 

the  c u rre n t recom m endation  is to use  a  single reference dep th  of 10 cm  for 

wedge angle specification.

•4

Figure 5 .5 . Photograph of a 45° wedge filter for a  4-MV x-ray linac.

5.3 .3  Wedge Transm ission Factor
The presence of a  wedge filter decreases the  o u tp u t of th e  m achine, w hich 

m u st be taken  in to  accoun t in trea tm en t calcu lations. This effect is 

characterized  by the  wedge transmission factor (or sim ply wedge factor), 

defined a s  th e  ratio  of doses w ith an d  w ithou t th e  wedge, a t  a  po in t in 

phan tom  along th e  cen tral axis of the  beam . This factor shou ld  be m easured

m lm
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in phan tom  a t  a  su itab le  depth  beyond the  depth  of m axim um  dose (e.g., 5 

to n lO  cm).

The wedge factor is som etim es incorporated  into th e  isodose curves, a s  

show n in  Figure 5 .4 R  In th is  case, the  dep th  dose d istribu tion  is norm alized 

relative to the  Dmax w ithou t the  wedge. For exam ple, th e  isodose curve a t 

dep th  of Dmax is 72% , indicating  th a t the  wedge factor is already tak en  into 

acco u n t in the isodose d istribu tion . If su ch  a  c h a r t is u sed  for isodose 

p lann ing , no fu rth er correction should  be applied to the  o u tp u t 

corresponding to th e  open beam  should  be used.

A more com m on approach  is to norm alize the  isodose curves relative 

to th e  cen tra l axis Dmax with the  wedge in the  beam . As see in Figure 11.6A, 
th e  100% dose is indicated a t the  dep th  of Dmax W ith th is  app roach , the  

o u tp u t of the beam  m u st be corrected using  the  wedge factor.

5 .3 .4  Wedge System s

Wedge filters are of two m ain types. The first m ay be called the  

Individualized wedge system, which requires a  separa te  wedge for each  beam  

w idth, optim ally designed to m inim ize the  loss of beam  o u tp u t. A m echanism  

is provided to align the  th in  end of the  wedge w ith the  border of th e  light field 

(Fig 5 .6A). The second system  u ses  a  universal wedge, i.e., a  single wedge 

serves for all beam  w idths. S uch  a  filter is fixed centrally  in  th e  beam  while 

th e  field can  be opened to any size. As illu stra ted  in  Figure 5.6B, only a  

sm all p a rt of th is  wedge, i.e., ABC, is effective in p roducing  th e  given wedge 

angle. The re s t (ACDEj, being unw edded, does no t con tribu te  to  th e  isodose 

tilt b u t  unnecessarify  reduces the  beam  intensit}'. Since the  individualized 

system  econom izes on th e  beam  o u tp u t, it is preferred for u se  in  cobalt 

teletherapy. The universal wedge, on the  o ther h an d , is usefu l for linear 

accelerator beam s w here the  o u tp u t is plentiful. From  th e  se tu p  and
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tre a tm e n t p lann ing  po in ts of view, the  universal wedge is sim pler to u se  th a n  

th e  individualized filter

5.3 .5  Effect on Beam Q uality
In general, the  wedge filter a lte rs  th e  beam  quality  by preferentially 

a tte n u a tin g  the  lower-energy pho tons (beam hardening) and , to  a  lesser 

ex ten t, by Com pton scattering  which re su lts  in energy degradation  (beam 

softening). For the  60Co beam , because  the  prim ary beam  is essentially

B e a m  C e n t r a l  
A x i s

B e a m  C e n t r a l  
A x i s

Figure 5 .6 . Schematic representation of (A) an individualized wedge for a  specific field 

width in which the thin end of the wedge is always aligned with the field 
border and (B) a  universal wedge in which the center of the wedge filter is 
fixed at the beam axis and the field can be opened to any width.
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m onoenergetic, the  p resence of the  wedge filter does n o t significantly a lter 

th e  cen tra l ax is percen t dep th  dose d istribu tion . For x-rays, on th e  o ther 

h an d , there  can  be som e beam  hardening , and  consequently , th e  dep th  dose 

d istribu tion  can  be som ew hat altered, especially a t  large dep ths.

A lthough the  wedge filters produce som e change in beam  quality, a s  

no ted  above, the  effect is n o t large enough to a lte r o th er calcu lation  

p a ram eters  su ch  a s  the  b acksca tte r factor or the  equivalent square , w hich 

m ay be assum ed  to be the  sam e a s  for the  corresponding open beam s. Even 

cen tral ax is percen t dep th  doses, TARs or TMRs m ay be a ssu m ed  unchanged  

for sm all d ep th s  (e.g., less th a n  10 cm). The error caused  by th is  a ssu m p tio n  

is m inim ized if the  wedge tran sm iss io n  factor h a s  been m easu red  a t  a  

reference dep th  close to the  po in t of in terest.

5.3 .6  Design of Wedge F ilters

The design for wedge filters for megavoltage beam s h a s  been 

described by m any au th o rs . Here I will briefly p resen t the  design of a  

un iversal wedge filter following the  techn ique of Aron and  Scapicchio f37'. The 

principle of th is  m ethod is to determ ine the  ratio  of percen t dep th  doses a t 

various po in ts for wedged and  nonwedged fields. The th ick n ess of th e  wedge 

filter m ateria l a t  these  po in ts is th en  determ ined from these  ra tio s an d  the  

knowledge of the  half-value layer or th e  a tten u a tio n  coefficient of th e  given 

beam  for the  filter m aterial.

Figure 5.7 illu stra te s  the  design of a  wedge filter. A line is draw n a t a  

selected dep th  acro ss the  nonw edged field a t the  right angle to th e  cen tra l 

axis. This dep th  shou ld  correspond to the  reference dep th  u sed  for th e  wedge 

angle definition. Fan  lines, represen ting  rays from the  source, a re  draw n a t  

fixed in tervals (e.g., 1 cm) on bo th  sides of the cen tral axis. A series of
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parallel lines is draw n m aking an  angle with the  cen tral ax is equal to the  

com plem ent of the  given wedge angle and  in tersecting  the  cen tral ax is a t  th e  

sam e p o in ts  of in tersections a s  th e  nonw edged isodose lines. A tab le  is 

c o n stru c ted  w hich includes the  percentage dep th  doses a t  the  po in ts of

A B C D E F G H  I J K L M N O P Q R S T U
100

Figure 5.7. New 45° lines constructed parallel to one another, intersecting the central axis 

at same points o f intersection as nonwedge isodose lines.

v
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Table 5 .2
T r a n s m i s s io n  R a t io s  fo r  t h e  c o n s t r u c t i o n  o f  W e d g e  F i l te r

A B C E G I K M O  Q S T  U 

N o n w e d g e

40 55 62 65 67 68 68 68 67 65 62 55 40
isodose Wedge

35 39 41 47 53 60 68 76 86 95 105 110 115
i s o d o s e  R a tio  w e d g e /

0.875, 0.710 0.660 0.720 0.790 0.880 1.00 1.12 1.28 1.46 1.70 1.20 2.88

n o n w e d e g e  T r a n s m i s s io n

0.387 0.425 0.462 0.515 0.59 0.66 0.75 0.86 1.0
r a t i o  m m  P b

15.2 13.6 12.2 10.5 8.3 6.5 4. 2.3 0

in te rsection  of the  fan lines an d  the  reference dep th  line for the  nonw edged 

isodose curves an d  the  wedged isodose lines (sloping lines). The ra tio  of the  

wedged to nonw edged values is calcu lated  a s  show n in Table 5.2. These ratio  

are  norm alized to the  h ighest value w ithin the  field (excluding the  p en u m b ra  

region) to give the  relative tran sm ission  ratio  along the designated  fan lines. 

A wedge filter of a  given m ateria l can  th en  be designed to provide these  

tran sm iss io n  ratios.

5.4 wedge field techn ique
5.4.1 In troduction
Relatively superficial tum ors, extending from the surface to a  dep th  of 

several cen tim eters, can  be irrad iated  by two “wedged” beam s d irected  from 

the  sam e side of the  patien t. Figure 5.8 show s isodose d istribu tion  of two 

angled beam s w ith no wedge in the  beam s. It is seen  th a t in the  region of 

overlap of the  beam s, the  dose d istribu tion  is quite  nonuniform . The dose is 

h ighest in the  superficial or proxim al region of overlap an d  falls off to lower 

values tow ard the  deeper areas. By inserting  appropria te  wedge filters in the 

beam  an d  positioning them  w ith th ick ends ad jacen t to each  o ther, the
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angled field d istribu tion  can  be m ade fairly uniform  (Fig-5.8B). E ach wedged 

beam  in th is  h a s  a  reduced dose in superficial region relative to th e  deeper 

region so th a t  the  dose g rad ien t in the  overlap region is m inim ized. The dose 

falls off rapidly beyond the  region of overlap or the  “p la teau ” region, w hich is 

clinically a  desirable feature.

There are  th ree  param eters th a t affect the  p la teau  region in  te rm s of its 

dep th , shape, an d  dose d istribu tion : 0, $>, an d  S, w here 0 is th e  wedge angle 

<t> is the  hinge angel, an d  S is the  separation . These p a ram ete rs  are 

illu stra ted  in Fig 5.9. The hinge angle is the  angle betw een the  cen tra l axes 

of the  two beam s an d  th e  separa tion  S is the  d istance  betw een th e  th ick  

en d s of th e  wedge filters a s  protected on the  surface. C ohen an d  M artin <38) 

have d iscussed  in detail how 0, and  S can  be ad ju sted  to achieve a  

desired p la teau .

There is an  optim um  rela tionsh ip  betw een the  wedge angle 0 and  the 

hinge angle O w hich provides the  m ost uniform  d is tribu tion  of rad ia tion  dose 

in th e  p lateau :

0 = 90° -<i>/2................................................................  5.1

This equation  is based  on the  principle th a t  for a  given hinge angle the  

wedge angle shou ld  be su ch  th a t  the  isodose curves from each  field are  

parallel to the  bisector of the  hinge angle (see Fig.5.9). U nder these  

conditions, w hen the  isodoses are  com bined, the  re su lta n t d istribu tion  is 
uniform .

The equation  5.1, a lthough  helpful in trea tm en t p lann ing , m ay n o t yield 

an  optim um  p lan  for a  given p a tien t contour. The re la tionsh ip  a ssu m es th a t  

the  wedge isodose curves are  no t modified by the  surface con tour. In 

practice, however, con tou rs are  usually  curves or irregular in  shape  and  

th u s  modify the  isodose d istribu tion  for the wedged beam s. As a  resu lt, the 

isodose curves for the  individual fields are no longer parallel to the  b isector 

of the  hinge angle, th u s  giving rise to a  nonuniform  d istribu tion  in th e
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overlap region. This problem  can  be solved by using  com pensato rs, which 

m ake the  sk in  surface effectively flat and  perpend icu lar to each beam .

Figure 5 .8 . Isodose distribution for two angle beams. A, without wedges; B, with wedges; 

4 MV, field size= 10* 10cm, SSD=80cm, wedge angle=45°

Figure 5 .9 . Parameters of the wedge beams, 0 is wedge angle, <t> is hinge angle, and S is 

separation. Isodose curves for each wedge field are parallel to the bisector.
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An alternative approach  is to modify the  wedge angle (using a  different 

wedge angle filter from th a t  given by E quation  5.1) so th a t  a  p a rt of the  

wedge angle a c ts  a s  a  com pensato r and  the  res t a s  a  tru e  wedge filter. The 

m ain objective is to m ake isodose curves parallel to th e  hinge angle bisector. 

A lthough the  la tte r approach  obviates the  need for a  com pensator, the  

determ ination  of a n  optim um  wedge angle may no t be easy if p lann ing  is 

done m anually . The form er m ethod, on th e  o th er h an d , is well su ited  for 

m an u a l calcu lations since all you need is a  com pensato r an d  a n  a tla s  of 

p recalcu lated  isodose d istribu tions for a  variety of 0, <P, an d  S values. This 

m ethod, however, becom es technically difficult to im plem ent if com plicated 

secondary  blocking is required in addition  to the  com pensato r an d  th e  wedge 

filter.

E quation  5.1 suggests th a t for each  hinge angle one shou ld  u se  a  

different wedge angle. However, in practices, selected wedge angle, i.e., 15°, 

30°,45°and 60°, a re  adequate  over a  fairly wide range of hinge angles.

In m odem  radio therapy, complex trea tm en t techn iques are  frequently 

used , w hich m ay involve wedge filters, com pensators, field blocking, and  

field reductions, all for the  sam e patien t. M anual trea tm en t p lann ing  is 

difficult for su ch  cases. For th is  reason , in m any in s titu tio n s , all complex 
trea tm en ts , including  wedged fields, are p lanned by com pu ter a s  a  m atte r of 

s ta n d a rd  practices.

5.4 .2  U niform ity o f Dose D istribution
Since wedge pair techn iques are  norm ally used  for trea ting  sm all, 

superficial tum or volum es, a  high dose region (hot spot) of u p  to +10% 

w ithin the  trea tm en t volume is usually  acceptable. These ho t sp o ts  occur 
u n d e r the  th in  en d s of th e  wedges and  their m agnitude increases w ith field 

size an d  wedge angle. This effect is related  to the  differential a tten u a tio n  of 

th e  beam  u n d e r th e  th ick  end relative to the  th in  end.

G enerally, the  wedge filter technique is su itab le  w hen the  tu m o r is 

approxim ately from 0 to 7 cm deep and  w hen it is necessary  to irrad iate  from
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one side of th e  sk in  surface. The m ost desirable feature  of th is  techn ique  is 

th e  rapid  dose fall off beyond th e  region of overlap. This fall off can  be 

exploited to p ro tec t a  critical organ su ch  a s  the  sp inal cord. A lthough wedge 

filters are  invaluable in radio therapy, som e of these  tech n iq u es a re  being 

replaced by electron beam  techniques.

5.5 P lanning and fabrication
5.5 .1 . In troduction :

Since 1989 a  new protocol h a s  been in itiated  for stage lb, Ha an d  lib 

for rad ical trea tm en t for cancer of the  u terine  cervix. The irrad iation  consists  

of AP/PA ex ternal beam  delivering 40Gy in 20 fraction over 4 week period 

(includes in itial lOGy open field and  su b seq u en t 30Gy usin g  Svedge shaped  

m id-line block) an d  two in tracavitary  insertions, a t  2nd week of ex ternal 

irrad ia tion  an d  a t  the  end of trea tm en t l34l  The to ta l dose delivered th rough  

in tracav itary  rem ains 60Gy and  68Gy to Point A for stage lb, Ila an d  lib 
respectively. The wedge shaped  m id-line block w as designed u sin g  th e  dose 

d is tribu tion  for F letcher-S uit app licator of typical configuration of 137Cs 

pellet sources. This block w as designed su ch  th a t  th e  fall of dose ra te  w ith 

an  in tracav itary  application betw een po in t A an d  poin t B h a s  been 

com pensated  by external irrad iation . The com m on m odality of trea tm en t of 

early stage cervical cancers Ib,IIa and  lib cases is by com bination if 

in tracav itary  app lica to r an d  external beam  in tracavitary  irrad iation  delivers 

very high dose to the  cervix an d  significantly reduces dose to  the  

su rro u n d in g  norm al tissu e  an d  vital o rgans like rec tum  an d  u rinary  bladder. 

The dose to the  param etrium  is delivered by external beam  e ither by AP/PA 

paralle ls opposed fields w ith cen tra l shielding for an te rio r an d  posterior 

fields. A lthough th e  conventional rec tangu lar block sh ields cervix, rec tum  

and  u rinary  bladder, the  re su lta n t dose fall off is  vaiy  rapid  beyond po in t A 

a n d  re su lts  in dose inhom ogeneity a ro u n d  target volum e l4-5l. To overcome 

th is  problem  an  a lternative m ethod of cen tral shielding m ay be adopted  in 

rad io therapy  by using  a  Svedge shaped  m id-line block (WMLB). The block is
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sim ilar to Ben S ischy’s block, w hich w as designed for linear a rrangem en ts 

sou rces for in trau te rin e  an d  vaginal applicators. In order to get im proved 

dose hom ogeneity a round  the  target volume a  wedge shaped  block w as 

in troduced  on e ither side of cen tra l rec tangu lar block. The sh ap e  an d  

th ick n ess  of wedge w as designed from in tracav ita iy  dose d istribu tion  

p a tte rn . Uniform dose delivery to the  trea tm en t volume is p rerequisite  for the  

effective m anagem ent of cancer by radio therapy. For th e  trea tm en t of 

cervical cancer or m alignan t lesion w ith rad iation , a  p roper p lan  for 

determ ining  th e  b e s t m ethod of delivering rad ia tion  dose to th e  tu m o r is 

m andatory . The dose d istribu tion  in  th e  trea tm en t volum e shou ld  be a s  

hom ogeneous a s  possible w ith necessary  m easu rem en ts , w hich sufficiently 

m inim izes the  rad ia tion  dose to the  su rro u n d in g  healthy  tissue . A ccurate 

p a tien t dosim etry i.e. p lann ing  is only possible w hen sufficiently accu ra te  

dosim etric d a ta  are  available from experim ental m easu rem en ts.

5.5 .2  FIGO Staging for Cancer of th e  u te rine  cervix  (39)
Stage 0: C arcinom a in situ , in traepithelial carcinom a (Case of 0 shou ld  no t 

be included in any therapeu tic  s ta tis tic s  for invasive carcinom a.) 

Stage I: C arcinom a strictly confined to the  cervix (Extension to th e  co rpus 

shou ld  be disregarded.)

S tage IA: Invasive cancer identified only microscopically. All gross lesions 

even w ith superficial invasion are stage IB cancers. Invasion is 

lim ited to m easured  strom al invasion w ith m axim um  dep th  of 5.0 

mm and  no w ider th an  7.0m m .

IAi: M easured invasion of strom a no greater th a n  3.0 m m  in d ep th  an d  

no w ider th a n  7.0 mm.

IA2 : M easured invasion of strom a greater th a n  3.0 m m  an d  no  greater 

th a n  5.0 mm and no wider th a n  7.0 mm.

Stage I B : Clinical lesions confined to the  cervix or preclinical lesions greater 

th a n  stage I A.

IBi: Clinical lesions no greater th a n  4.0 cm size 

IB2 : Clinical lesions greater th a n  4.0 cm in size.
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Stage II. C arcinom a ex tends beyond the  cervix b u t h a s  no t extended onto

the  pelvic wall. C arcinom a involves the  vagina b u t n o t a s  far a s  th e  lower 
th ird .

IIA: No obvious param etria l involvement.
IIB: Obvious param etria l involvem ent 

Stage III: C arcinom a h a s  extended on to the  pelvic wall. On rectal 

exam ination , there  is no cancer free space betw een the  tu m o r an d  pelvic 

wall. Tum or involves the  lower th ird  of the  vagina. All c ases  with 

hydronephrosis or nonfunction ing  kidney should  be included, u n less  they 
a re  due  to o th er causes.

IIIA: No extension  onto  th e  pelvic wall b u t involvem ent of th e  lower 
th ird  of the  vagina.

IIIB: E xtension to the pelvic wall or hydronephrosis or nonfunction ing  

kidney.

Stage IV: C arcinom a h a s  extended beyond the  tru e  pelvis o r h a s  clinically 

involved the  m ucosa  of the  b ladder or rectum .

IVA: Spread to ad jacen t organs.

IVB: Spread to d istance  organs.
FIGO = International Federation of Gynecology and Obstetrics

5.5 .3  Specification of dose to lerance ,40)
1. Cervix u teri

Stage IA (Patien ts u n su itab le  for surgery): 67.5 Gy to po in t A from two 

Selection in se rtions a t m edium  dose ra te  in 18-24 h o u rs  each.

Stage IB /IIA  sm all-volum e (CT/MR1 negative nodes): 55 Gy to poin t A 

from two Selection in sertions or 5 to 7 fractions of 5-7 Gy w ith HDR 
brachy therapy  followed by: external beam  therapy  to the  pelvis w ith 

opposing fields and  cen tral lead shield.

36-40 Gy in 18 to 20 fractions given in 4 to 5 weeks.

All o ther stages (External beam  therapy): 40-50 Gy in 20 to  25 fractions 

given in 4 to 5 weeks.

4 0 3 5 3 2

OT*crr
ivr«‘)un,r«i*r
-ang-mr*
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In tracavitary  therapy: 25-30 Gy to poin t A from a  single Selection 

insertion  or 21-25 Gy to po in t A in 3 to 5 fractions (5-7 Gy per fraction) of 
HDR brachytherapy.
2. R ectum
Pre-operable dose  

E ithe 44 Gy in 22 fractions given in 4.5 weeks, followed by surgery 

often 6to 8 weeks, (for fixed tum or).

Or 25 Gy in 5 fractions given in one week followed im m ediately by 

surgery (for mobile tum or).

This m u st be done using  a  3 or 4 field plan.
P ostoperative dose

45-50 Gy in 25 fractions given in 5 weeks. W here there  is 

residual m acroscopic disease, a  fu rther 10-15 Gy in 5-7 fractions m ay be 

given to a  sm all volume to a  total dose of 55-60 Gy in 6 .5  to 7 weeks.

Local control is improved by increasing the  total dose, b u t m orbidity due  

to sm all bowel dam age is often the  dose-lim iting factor, particu larly  if 

mobility is reduced by postoperative adhesions. It is desirable to  image 

sm all bowel and shield it w herever feasible if high doses are  given. 

Inoperable or recurrent d isease

45-50 Gy in 20-25 fractions given in 4 to 5 weeks.

For m axim um  local control w here prolonged survival is expected, an  

additional 10- 15Gy in 5-7 fractions m ay be given to a  sm all volum e to a 

to tal dose of 55-60 Gy in 6.5 to 7 weeks.

3. Bladder

Radical trea tm en t

Initial target volum e (whole pelvis)

44 Gy in  22 fractions given in 4 .5  weeks.

Boost to  b ladder along (after whole pelvis irradiation)

20 Gy in 10 fractions given in 2 weeks.

Sm all volum e (bladder along)
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64 Gy in 32 fractions given in 6.5 weeks.

P alliative treatm en t

35 Gy in 10 fractions given in two weeks 

or 21 Gy in 3 fractions given in one week.

5.5 .4  D escription of wedge shape m id-line block
Wedge shaped  m id-line block is no t a  general rec tangu lar block. It is 

sim ilar to Ben S ischy’s block, w hich w as designed for linear a rran g em en ts  

so u rces for in trau te rin e  and  vaginal applicators. In order to get im proved 

dose hom ogeneity a round  the  target volume a  wedge shaped  block w as 

in troduced  on e ither side of cen tral rec tangu lar block. The sh ap e  and  

th ick n ess  of wedge w as designed from in tracav ita iy  dose d is tribu tion  

p a tte rn .

The bottom  of block is square  and  the  size is 6 .8cm *6.8cm  su ch  th a t  

the  magnifying block portion a t 80cm  SSD is to be lOcm xlOcm . The cen ter 

of the  block is rec tangu lar w ith th ickness of 5.5cm  an d  w idth  is 2.72cm . 

su ch  th a t  the  magnifying portion a t 80 cm  SSD is to be 4cm. From  the  top 

tow ards bottom  th e  w idth increases by 0.23cm  for a  decrease  of heigh t by

0.5cm . So the  side aspect of the  block is looked wedge shaped  slope. The 

p ictu re  of the  block is show n in fig. (5.11).

nv
y

Figure 5 .1 0
“S ch em atic  diagram o f  “Wedge Shaped Mid-Line B lock”
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5.5.5  Fabrication
The wedge shaped  m id-line block consists of a  rec tan g u la r block a t 

cen ter an d  wedge shaped  slope on the  sides. The cen tra l rec tan g u la r portion 

covers w ith a n  a rea  10x4cm2 an d  th ickness of 5.5 HVLS en su re  nearly  100% 

shielding u p  to poin t A the  wedge shaped  portion from poin t A to po in t B on 

bo th  sides of the  u te rine  canal gives an  overall a re a  of 1 Ox 10cm2 a t  80 cm  

Source to Surface D istance (SSD). Beyond the poin t B an d  u p  to the  edge of 

the  beam , there  is no shielding, since the  con tribu tion

Figure 5.11

Fabricated wedge shaped mid-line block

of in tracav itary  dose is m inim al. To estim ate  the  th ickness of th e  block 

betw een poin t A an d  B a  latera l 100% dose profile w as generated  for 

F letcher- Suit applicator a t poin t A level u sing  com puter (Table 5.3). The fall- 

off dose betw een poin t A and  B w as estim ated  in  percentage by norm alizing 

the  poin t A dose to 100%.
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T able-5.3

E stim ation  of th ick n ess of wedge shape portion betw een po in t A a n d  Point B
Off axis
Distance from point 
A

Standard 
intracavitary 
dose fall off

Transmission required 
through block

Thickness 
required for (cm) 
60Co

0.0 100% 0 7.00

0.5 70% 30% 2.10
1.0 54% 46% 1.34

1.5 43% 57% 0.97

2.0 35% 65% 0.75

2.5 29% 71% 0.59

3.0 24% 76% 0.48

Linear a tten u a tio n  coefficient (per cm) 0.5775

The Block w as m ade in  such  a  way th a t  it blocks 100% open field 

rad ia tion  from central axis u p  to po in t A. To accom plish th is  critical ta sk  the  

s ta n d a rd  m easu rem en ts  of table 1 is transferred  to foam  sheet, c u t by 

styroform er (block cutter) an d  a  positive image of required  Block I31 a s  m ade. 

This image w as placed on a  p lane table  and  covered by som e th in  wet p las te r 

of Paris (mixed w ith cloths) except the  bottom . After it h ad  hardened , the  

foam  image w as removed. In th is  way a  negative image of th e  block w as 

m ade. Then th e  m olten alloy (lead, tu n g sten  an d  tin  alloy, m elting poin t 

70°C) w as poured  in to  it an d  allowed it to harden . In th is  way th e  “Wedge 

S haped  Mid-Line Block” w as m ade. The schem atic  d iagram  and  photograph 

of the  block is show n in figure 5.11 an d  5.12.

R eal d im en sion  m easurem ents: In 80 SSD the  m agnification factor is 1.47. 

So if we w an t to block lOcmxlOcm  a reas  a t  80cm  SSD, th e  bottom  of the 

fabricated  alloy block should  be 6.8cm x6.8cm  (10/1 .47=6.8). So th e  cen tra l 

ax is line is 3.4cm  (6.8/2=3.4) from th e  edge of th e  block. The A po in t of the
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requ ired  field is 2cm  from cen tra l axis and  B poin t is 3cm  from A point, so 

-»■ the  A poin t of the  fabricated  alloy block is 1.36cm  from cen tra l axis

(2/1 .47=1.36) and  B poin t is 2.04cm  from A poin t (3 /1 .47=2.04). Therefore, 

the  rec tan g u la r portion of the  fabricated alloy block is 2 .72cm x6.8cm  an d  

heigh t 5 .5cm , w hich covers the  field a rea  of 10cmx4cm a t  80 SSD. From  the 

top of th e  rec tan g u la r portion the  block increases bo th  sides a n d  m ake a  

wedge shape  p a tte rn . Increase in sideway leng th  from th e  top tow ards 

bottom  is calcu lated  a s  follows:

Total change in  length  is 2.04cm (From  A point to B point), he igh t change 

(5 .5-l)cm =4.5cm , so increase  in wedge length  per step  is 

2 .04cm /4 .5= 0 .45cm

. Therefore, increase  in  wedge length  per 0 .5cm  is 0 .4 5 /2= 0 .23 .

F ig5.12: D im en sion  m easurem ent for fabricate a alloy b lock
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Fig 5 .1 3
D osim etric  m easurem ent by using WMLB
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Fig. 5 .1 4
D osim etric m easurem ent by u sin g  WMLB
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6.In troduction :
Before using  the WMLB for trea tm en t, dosim etric m easu rem en ts  need to 

be carried  ou t for sym m etry verification, adequacy  of th ick n ess  an d  o u tp u t 

param eters . The sym m etry verification of the  block w as tested  u sin g  a  check 

radiograph. Prelim inary off ax is m easu rem en ts  were carried  o u t to confirm  

the adequacy of th ickness using 0.6 cc ion cham ber. An observed sm all 

varia tion  of ±4% from the estim ated  values w as corrected by ad ju stin g  the  

th ick n ess of th e  block. Furtherm ore, sym m etry check an d  th e  percentage 

tran sm iss ion  were confirm ed by talcing horizontal profile w ith farm er ion 

cham ber. The sym m etry an d  percentage tran sm iss io n  were found in 

agreem ent w ith the  estim ated  values. The th ickness profile and  th e  linear 

a tten u a tio n  coefficients for respective energies were m easu red  by trea tm en t 

p lann ing  com puter system  and  isodose curves were generated . The 

horizontal profiles were found to be quite  sym m etric. For the  pu rpose  of 

dosim etric calcu lation  w ith m id-line block the  percentage dep th  dose 

(vertical profile) and  o u tp u t m easu rem en ts  were carried  ou t in a  solid 

ph an to m  in unsh ie lded  region. These param eters were found to be m atching  

w ith equivalent sq u a res  of 102-252 cm 2 for 60Co gam m a rays. The dosim etric 
m easu rem en ts  were perform ed from 102 to 252 sizes an d  th e  transm ission  

h a s  been w ith in  limited .

We took the  open field-scanning dose of different field sizes like 

5cm x5cm , 7cm x7cm , lOcm xlOcm , 15cm  x 15cm and  20cm x20cm . We also 

took the  block field-scanning dose of fields of lOcm xlOcm , 15cm* 15cm, 

20cm x20cm  and 2 5cm x2 5cm. We did n o t tak e  th e  scan n in g  dose for field 

sizes of 5cm><5cm an d  7cm x7cm  because  o u r WMLB block covers a n  a rea  of 

lO cm xlO cm  in 80 SSD, so no scann ing  dose found for th e  field sizes, w hich 
are  below the  field of lOcmxlOcm.

Dhaka University Institutional Repository



Chapter 6 Results and Discussions

R e s u lts :
The dose d istribu tion  for the  field size of 5cm><5cm, 7cm x7cm , 

lOcm xlOcm , 15cm><15cm an d  20cm x20cm  for th e  case  of open field are  

show n in Fig. 6.1 to 6.5. It is clear from the  g raphs th a t  th e  m axim um  doses 

a t  cen tra l ax is are  420, 441.6 , 485.9, 500 an d  528.2 for field sizes of

5cm *5cm , 7cm *7cm , 10cm* 10cm, 15cm* 15cm an d  20cm *20cm
A

respectively. It is c lear th a t  the  m axim um  dose increase  ■ slightly a s  th e  field
k *  Ai * v <-/ /

size increases. It is belief th a t  th is  increase  is due  to scattering . From the

graph  it is a lso  seen  th a t  a t  the  edges of any field size, th e  dose falls to

approxim ately 50%  of the  cen tral ax is dose. The shape  of th e  g raph  show s

th a t  sym m etry ag a in st th e  cen tra l axis is very good.

Fig 6.1: Field size 5cmx5cm

Distance vs open field scanning
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A

Fig 6.2: Field size 7cm><7cm 
D istance vs open field scann ing

Fig 6.3: Field size 1 Ocm* 10cm 
D istance vs open field scann ing
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Fig 6.4: Field size 15cm xl5cm  
D istance vs open field scann ing

y

Fig 6.5: Field size 20cm x20cm  
D istance vs open field scann ing
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The dose d istribu tion  for the  field size of lOcm xlOcm , 15cm><15cm, 

20cm x20cm  a n d  25cm x25cm  for the  case  of block field are  show n in  Fig. 6.6 

to 6.9. It is c lear from the g raphs th a t  the  m axim um  doses a t  cen tra l ax is are  

23.14, 49.29, 62 .28  an d  73.32 for the  field sizes of lOcm xlOcm , 15cm xl5cm  

20cm x20cm  an d  25cm x25cm  respectively. The doses a t  A po in t w ith  respect 

to  th e  cen tra l axis dose, w as found 1.13, 1.07, 1.19 an d  1.10 tim es 

respectively (Fig. 6.1 to 6.5). It is c lear th a t  there  is practically  no  dose 

varia tion  from cen tra l axis to A point. The shape  of the  g raph  show s th a t 

sym m etry ag a in st the  cen tra l axis is very good.

Fig 6.6: Field size lOcmxlOcm
D istance vs block field scanning
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Fig 6.7: Field size 15cm><15cm 
D istance vs block field scann ing

Fig 6.8: Field size 20cmx20cm
D istance vs block field scanning
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y.

Fig 6.9: Field size 2 5cm  *2 5cm 
D istance vs block field scann ing

>

>
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The dose d istribu tion  of open field an d  block field for the  field size of 

+ lOcm xlOcm , 15cm xl5cm  an d  20cm><20cm an d  the  a tten u a tio n  of

respectively fields are  show n in Fig. 6.10 to 6.12. It is c lear from th e  g raphs 

th a t the  m axim um  a tten u a tio n  a t cen tra l axis is 462 .76 , 446.71 a n d  458.92 

for the  field sizes of lOcm xlOcm , 15cm xl5cm  and  20cm><20cm respectively. 

It is clear th a t  m axim um  a tten u a tio n  is show n in the  field size of 10><10. The 

shape of the  g raph  show s th a t sym m etry aga in st the  cen tra l axis is very 

good.
yt.

Fig 6.10 Field size lOcmx 10cm 
Series 1: D istance vs open field exposure 
Series 2: D istance vs block field exposure 
Series 3: D istance vs a tten u a tio n
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Chapter 6 Results and Discussions

Fig 6.11 15cmx 15cm a tten u a tio n  
Series 1: D istance vs open field exposure 
Series 2: D istance vs block field exposure 
Series 3: D istance vs a tten u a tio n

Series 1: D istance vs open field exposure 
Series 2: D istance vs block field exposure 
Series 3: D istance vs a tten u a tio n
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Chapter 6 Results and Discussions

The open field ratio  (A point w ith scan) vs scan  an d  block field ratio  (A 
poin t w ith scan) vs scan  are  show n in  figure 6.13 to 6 .15 for th e  field size of 
10cm* 10cm, 15cmx 15cm an d  20cm x20cm . The open field ratio  g rap h  show s 
th a t  the  dose is  uniform  nearly  u p  to th e  edge of th e  field for th e  field size of 
10cm  x 10cm an d  uniform ity increases a s  th e  field size increasing  b u t the  
block field ratio  g raph  show s u p  to po in t A (2 cm  from cen tra l axis) th e  dose 
is uniform  for every respective field. So it is  c lear from  th e  g rap h s  th a t  from 
A po in t to A po in t (the a rea  o f 10x4 cm) the  dose shou ld  keep  uniform  by 
u sin g  alloy block. The shape  of th e  g raph  show s th a t  sym m etry  ag a in st th e  
cen tra l ax is is  very good.

1 1 0
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Chapter 6 Results and Discussions

Fig 6.15: Field size 20cmx20cm
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Chapter 6 Results and Discussions

The dose d istribu tion  of open field an d  block field for th e  field size of 

lOcm xlOcm , 15cm xl5cm  and  20cm><20cm an d  the  a tten u a tio n  percentage 

of respectively fields are  show n in Fig. 6.16 to 6.18. It is c lear from the  

g raphs th a t th e  m axim um  a tten u a tio n  from cen tra l axis to A po in t a re  nearly  

96%, 90% an d  88% for field sizes of lOcm xlOcm , 15cm* 15cm and  

2 0 c m x 2 0 c m  respectively by u sin g  WMLB.

Fig 6.16: Field size of lOcmxlOcm;
Series 1: D istance vs open field scann ing  
Series 2: D istance vs block field scanning  
Series 3: D istance vs a tten u a tio n  percentage
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Chapter 6 Results and Discussions

Fig 6.17: Field size of 15cm xl5cm  
Series 1: D istance vs open field scann ing  
Series 1: D istance vs block field scann ing  
Series 1: D istance vs a tten u a tio n  percentage

Fig 6.18: Field size of 15cm xl5cm  
Series 1: D istance vs open field scann ing  
Series 1: D istance vs block field scann ing  
Series 1: D istance vs a tten u a tio n  percentage
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Chapter 6 Results and Discussions

Discussions:

The m axim um  a tten u a tio n  a t the  cen te r is found in  th e  case  of field size of 

lO cm xlO cm . Here, the  sca ttered  dose is found to be m in im um . The 

l O c m x  10cm field is found to be optim um  as  the  sca tte red  dose is found to be 

m inim um . From  the cen tra l axis u p  to point A the  a tten u a tio n  is found to be 

approxim ately  96% (appendix table 10). The 100% a tte n u a tio n  is no t 

possible practically  because  of the  sca ttered  irrad iation . The s tu d y  of the  

dose d istribu tion  charac te ristics of the  fabricated  WMLB show s th a t  

app ropria te  dose a t th e  targe t volum e an d  m inim um  dose a t  su rro u n d in g  is 

achieved.
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Conclusion:
The dose d istribu tion  curves show s th a t  96% a tten u a tio n  is possible 

w ith the  fabricated Wedge Shape Mid-Line Block. The WMLB can  be u se d  for 

th e  rad io therapy  trea tm en t of the  cervix cancer for (Bangladeshi) female 

p a tien ts . F u rth e r im provem ent on a tten u a tio n  m ay be achieved b u t it needs 

fu rth e r  study. However, the  100% a tten u a tio n  from the  cen tra l axis to A 

poin t m ay no t be achieved due to the  scattering  problem .
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Appendix

Specifications o f  Universal Dosimeter UNIDOSV40!

D igital reso lu tion  M aximum in p u t rating

Table 1:

Charge m ode 

C u rren t m ode 

In teg ra ted  c u rren t m ode 

Leakage cu rren t 

Amplifier zeroing 

Linearity

Long-term  stability  typically 

M easuring qu an titie s

C ham ber voltage

T em peratu re  range 

Relative hum idity  

Signal in p u t connector

Power supply

C ase d im ensions

W eight

1014 C 2.2 x 108 C

10-15 A 10-&A

10 14C 6 .5  x 10-2 c

< 1 0 15A

autom atically  w ithin  75 second according to  IEC

< ± 0.5 according to IEC 

±0.05% p er year

absorbed  dose to w ater, a ir kerm a, ab so rb ed  dose 

to air, photon  equivalent dose, exposure

(0.....400)V, ad ju stab le  in 50-Volt increm en ts,

polarity selectable

(10........40)°C /(50............. 104)°F

(10....75)% relative hum idity , 20 g /m 3 m ax 

PTW type M. INC or BNT (BNC w ith b a n a n a  , Plug 

on req u est

line power 1 1 5 /2 3 0  V [ 5 0 ...... 6] Hz, or

indep en d en t of power line, from rechargeab le  NiCd 

ba tte ries  (operating time: 7 to 9 hours)

[H x W x D] 152 x 257 x 262 m m 3 

(6x10.1x10.3 in)

6.4 kg (44.11 lb)
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Table 2:
T ech n ica l sp ec ifica tio n  o f ion iza tion  cham ber type 23323140!

Volume

R esponse

Leakage

Polarizing Voltage 

Cable Leakage 

Wall M aterial

Wall D ensity 

Wall T hickness

Area D ensity 

E lectrode

Range of T em perature  

Range of Relative Hum idity 

Ion Collection Time

0.10 cm 3 

3 .8 x l0 9 C /G y 

± 4 x l0 15 A 

M axim um  500V 

lx lO -12 C/(Gy.cm)

R ubber

+PMMA (C5H80 2)n 

+G raphite (C)

1.20 g /c m 3 (Rubber)

1.19 g /c m 3 (PMMA)

0.82 g /c m 3 (C)

0.95 m m  R ubber 

+0.613 m m  PMMA 

+0.125 m m  C 

: 197 m g /c m 2

: A lum inum , G raphite  coated;

0.8 m m  cp; 10 m m  long 

: +10°C to +40°C 

: 10% to 80% (<20 g /m 3)

: 300V :0.4 m s 

400V :0.03 m s 

500V :0.02 m s
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Table 3: Open Held scanning S c m x 5 c m  field size
Distance from Field size Dose at A Ratio A Dose at B Ratio B Deviation ADeviation B
central axis 5*5 point point vs point point vs point vs point vs

in cm scan scan scan scan
-10 3.27 233.9 71.529 11.55 3.532 230.63 8.28
-9.5 3.6 233.9 64.972 11.55 3.208 230.3 7.95
-9 3.96 233.9 59.066 11.55 2.917 229.94 7.59

-8.5 4.32 233.9 54.144 11.55 2.674 229.58 7.23
-8 4.95 233.9 47.253 11.55 2.333 228.95 6.6

-7.5 5.58 233.9 41.918 11.55 2.070 228.32 5.97
-7 6.48 233.9 36.096 11.55 1.782 227.42 5.07

-6.5 7.71 233.9 30.337 11.55 1.498 226.19 3.84
-6 8.85 233.9 26.429 11.55 1.305 225.05 2.7

-5.5 10.95 233.9 21.361 11.55 1.055 222.95 0.6
-5 14.22 233.9 16.449 11.55 0.812 219.68 -2.67

-4.5 19.35 233.9 12.088 11.55 0.597 214.55 -7.8
-4 28.65 233.9 8.164 11.55 0.403 205.25 -17.1

-3.5 63.54 233.9 3.681 11.55 0.182 170.36 -51.99
-3 133.1 233.9 1.757 11.55 0.087 100.8 -121.55

-2.5 215.5 233.9 1.085 11.55 0.054 18.4 -203.95
-2 393.4 233.9 0.595 11.55 0.029 -159.5 -381.85

-1.5 411.3 233.9 0.569 11.55 0.028 -177.4 -399.75
-1 420 233.9 0.557 11.55 0.028 -186.1 -408.45

-0.5 420.1 233.9 0.557 11.55 0.027 -186.2 -408.55
0 420.6 252.1 0.599 11.55 0.027 -168.5 -409.05

0.5 419.9 252.1 0.600 11.55 0.028 -167.8 -408.35
1 418.4 252.1 0.603 11.55 0.028 -166.3 -406.85

1.5 411 252.1 0.613 11.55 0.028 -158.9 -399.45
2 396.2 252.1 0.636 11.55 0.029 -144.1 -384.65

2.5 213.7 252.1 1.180 11.55 0.054 38.4 -202.15
3 131.5 252.1 1.917 11.55 0.088 120.6 -119.95

3.5 65.4 252.1 3.855 11.55 0.177 186.7 -53.85
4 42.06 252.1 5.994 11.55 0.275 210.04 -30.51

4.5 23.79 252.1 10.597 11.55 0.485 228.31 -12.24
5 16.38 252.1 15.391 11.55 0.705 235.72 -4.83

5.5 12.66 252.1 19.913 11.55 0.912 239.44 -1.11
6 9.96 252.1 25.311 11.55 1.160 242.14 1.59

6.5 8.28 252.1 30.447 11.55 1.395 243.82 3.27
7 6.84 252.1 36.857 11.55 1.689 245.26 4.71

7.5 5.94 252.1 42.441 11.55 1.944 246.16 5.61
8 5.22 252.1 48.295 11.55 2.213 246.88 6.33

8.5 4.5 252.1 56.022 11.55 2.567 247.6 7.05
9 3.99 252.1 63.183 11.55 2.895 248.11 7.56

9.5 3.6 252.1 70.028 11.55 3.208 248.5 7.95
10 3.27 252.1 77.095 11.55 3.532 248.83 8.28
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Table 4: Open field scanning 7cmx7cm field size
Distance from Dose in Dose at Ratio A Dose at Ratio B Deviation A Deviation B
central axis mR/min A point point vs B point point vs point vs point vs

in cm scan scan scan scan
-10 6.15 405.8 65.984 45.06 7.327 399.65 38.91
-9.5 7.11 405.8 57.075 45.06 6.338 398.69 37.95
-9 8.01 405.8 50.662 45.06 5.625 397.79 37.05

-8.5 8.82 405.8 46.009 45.06 5.109 396.98 36.24
-8 10.23 405.8 39.668 45.06 4.405 395.57 34.83

-7.5 11.67 405.8 34.773 45.06 3.861 394.13 33.39
-7 13.98 405.8 29.027 45.06 3.223 391.82 31.08

-6.5 16.98 405.8 23.899 45.06 2.654 388.82 28.08
-6 20.7 405.8 19.604 45.06 2.177 385.1 24.36

-5.5 28.44 405.8 14.269 45.06 1.584 377.36 16.62
-5 38.22 405.8 10.617 45.06 1.179 367.58 6.84

-4.5 83.65 405.8 4.851 45.06 0.539 322.15 -38.59
-4 158.8 405.8 2.555 45.06 0.284 247 -113.74

-3.5 221.8 405.8 1.830 45.06 0.203 184 -176.74
-3 337.7 405.8 1.202 45.06 0.133 68.1 -292.64

-2.5 406.3 405.8 0.999 45.06 0.111 -0.5 -361.24
-2 432.1 405.8 0.939 45.06 0.104 -26.3 -387.04

-1.5 437.2 405.8 0.928 45.06 0.103 -31.4 -392.14
-1 439.6 405.8 0.923 45.06 0.103 -33.8 -394.54

-0.5 441 405.8 0.920 45.06 0.102 -35.2 -395.94
0 441 6 409.9 0.928 45.06 0.102 -31.7 -396.54

0.5 441.5 409.9 0.928 45.06 0.102 -31.6 -396.44
1 440.1 409.9 0.931 45.06 0.102 -30.2 -395.04

1.5 438.1 409.9 0.936 45.06 0.103 -28.2 -393.04
2 435.1 409.9 0.942 45.06 0.104 -25.2 -390.04

2.5 426.1 409.9 0.962 45.06 0.106 -16.2 -381.04
3 387.1 409.9 1.059 45.06 0.116 22.8 -342.04

3.5 223.9 409.9 1.831 45.06 0.201 186 -178.84
4 159.8 409.9 2.565 45.06 0.282 250.1 -114.74

4.5 82.9 409.9 4.945 45.06 0.544 327 -37.84
5 50.31 409.9 8.147 45.06 0.896 359.59 -5.25

5.5 30.6 409.9 13.395 45.06 1.473 379.3 14.46
6 24.21 409.9 16.931 45.06 1.861 385.69 20.85

6.5 18.69 409.9 21.932 45.06 2.411 391.21 26.37
7 15.54 409.9 26.377 45.06 2.900 394.36 29.52

7.5 12.96 409.9 31.628 45.06 3.477 396.94 32.1
8 10.83 409.9 37.849 45.06 4.161 399.07 34.23

8.5 9.39 409.9 43.653 45.06 4.799 400.51 35.67
9 8.31 409.9 49.326 45.06 5.422 401.59 36.75

9.5 7.47 409.9 54.873 45.06 6.032 402.43 37.59
10 6.66 409.9 61.547 45.06 6.766 403.24 38.4
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Table 5: Open fielc scanning 1 Ocm* 10cm field size
Distance from Dose in Dose at Ratio A Dose at Ratio B Deviation A Deviation B
central axis mR/min A point point vs B point point vs point vs point vs

in cm scan scan scan scan
-10 14.16 453.5 32.027 316.9 22.380 439.34 302.7
-9.5 16.08 453.5 28.203 316.9 19.708 437.42 300.8
-9 18.18 453.5 24.945 316.9 17.431 435.32 298.7

-8.5 21.54 453.5 21.054 316.9 14.712 431.96 295.4
-8 25.44 453.5 17.826 316.9 12.457 428.06 291.5

-7.5 31.2 453.5 14.535 316.9 10.157 422.3 285.7
-7 37.41 453.5 12.122 316.9 8.471 416.09 279.5

-6.5 51.99 453.5 8.723 316.9 6.095 401.51 264.9
-6 98.76 453.5 4.592 316.9 3.209 354.74 218.1

-5.5 184.1 453.5 2.463 316.9 1.721 269.4 132.8
-5 244.1 453.5 1.655 316.9 1.156 179.4 72.8

-4.5 382.4 453.5 1.186 316.9 0.829 71.1 -65.5
-4 447.5 453.5 1.013 316.9 0.708 6 -130.6

-3.5 467.9 453.5 0.969 316.9 0.677 -14.4 -151.0
-3 475.4 453.5 0.954 316.9 0.667 -21.9 -158.5

-2.5 479.3 453.5 0.946 316.9 0.661 -25.8 -162.4
-2 482.1 453.5 0.941 316.9 0.657 -28.6 -165.2

-1.5 483.8 453.5 0.937 316.9 0.655 -30.3 -166.9
-1 485.6 453.5 0.935 316.9 0.653 -31.6 -168.7

-0.5 485.4 453.5 0.933 316.9 0.652 -32.5 -168.5
0 485 9 453 5 0 933 316.9 0 702 -32.4 -169.0

0.5 485.4 453.5 0.933 316.9 0.702 -32.7 -168.5
1 485.7 453.5 0.934 316.9 0.702 -32.2 -168.8

1.5 484.6 453.5 0.936 316.9 0.704 -31.1 -167.7
2 483.4 453.5 0.938 316.9 0.706 -29.9 -166.5

2.5 480.7 453.5 0.943 316.9 0.710 -27.2 -163.8
3 477.6 453.5 0.950 316.9 0.714 -24.1 -160.7

3.5 473.6 453.5 0.958 316.9 0.720 -20.1 -156.7
4 467.4 453.5 0.970 316.9 0.730 -13.9 -150.5

4.5 391.1 453.5 1.028 316.9 0.773 12.4 -74.2
5 243.2 453.5 1.256 316.9 0.944 92.3 73.7

5.5 186.1 453.5 1.667 316.9 1.254 181.4 130.8
6 96.8 453.5 2.769 316.9 2.082 289.7 220.1

6.5 57.48 453.5 5.184 316.9 3.899 366.02 259.4
7 48.87 453.5 9.280 316.9 6.980 404.63 268.0

7.5 36.81 453.5 12.320 316.9 9.267 416.69 280.1
8 30.24 453.5 14.997 316.9 11.280 423.26 286.7

8.5 24.51 453.5 18.503 316.9 13.917 428.99 292.4
9 20.7 453.5 21.908 316.9 16.478 432.8 296.2

9.5 17.79 453.5 25.492 316.9 19.174 435.71 299.1
10 15.54 453.5 29.183 316.9 21.950 437.96 301.4
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Table 6; Open field scanning 15cm* 15cm field size
Distance from Dose in Dose at Ratio A Dose at Ratio B Deviation A Deviation B
central axis mR/min A point point vs B point point vs point vs point vs

in cm scan scan scan scan
-10 45.57 493.2 10.823 480 10.533 447.63 434.43
-9.5 56.19 493.2 8.777 480 8.542 437.01 423.81
-9 81.96 493.2 6.018 480 5.857 411.24 398.04

-8.5 220.3 493.2 3.371 480 3.281 346.9 333.7
-8 237.8 493.2 2.074 480 2.019 255.4 242.2

-7.5 258.3 493.2 1.441 480 1.402 150.9 137.7
-7 417.1 493.2 1.182 480 1.151 76.1 62.9

-6.5 462.4 493.2 1.067 480 1.038 30.8 17.6
-6 472.9 493.2 1.043 480 1.015 20.3 7.1

-5.5 479.4 493.2 1.029 480 1.001 13.8 0.6
-5 483.4 493.2 1.020 480 0.993 9.8 -3.4

-4.5 487 493.2 1.013 480 0.986 6.2 -7
-4 489.6 493.2 1.007 480 0.980 3.6 -9.6

-3.5 492.3 493.2 1.002 480 0.975 0.9 -12.3
-3 494.2 493.2 0.998 480 0.971 -1 -14.2

-2.5 495.6 493.2 0.995 480 0.969 -2.4 -15.6
-2 496.7 493.2 0.993 480 0.966 -3.5 -16.7

-1.5 497.7 493.2 0.991 480 0.964 -4.5 -17.7
-1 498.4 493.2 0.990 480 0.963 -5.2 -18.4

-0.5 498.6 493.2 0.989 480 0.963 -5.4 -18.6
0 500 4932 0994 480 0.968 -2.8 -16

0.5 496.7 493.2 0.993 480 0.967 -3.3 -16.5
1 496.6 493.2 0.993 480 0.967 -3.4 -16.6

1.5 495.7 493.2 0.995 480 0.968 -2.5 -15.7
2 495.7 493.2 0.995 480 0.968 -2.5 -15.7

2.5 494.9 493.2 0.997 480 0.970 -1.7 -14.9
3 493.7 493.2 0.999 480 0.972 -0.5 -13.7

3.5 492.1 493.2 1.002 480 0.975 1.1 -12.1
4 489.7 493.2 1.007 480 0.980 3.5 -9.7

4.5 487.2 493.2 1.012 480 0.985 6 1 ho

5 484.2 493.2 1.019 480 0.991 9 -4.2
5.5 480.1 493.2 1.027 480 1.000 13.1 -0.1
6 475.6 493.2 1.037 480 1.009 17.6 4.4

6.5 455.6 493.2 1.052 480 1.024 24.6 11.4
7 402 493.2 1.086 480 1.057 39.2 26

7.5 260.9 493.2 1 268 480 1.234 104.3 91.1
8 236.2 493.2 1.611 480 1.568 187 173.8

8.5 218.4 493.2 2.258 480 2.198 274.8 261.6
9 128.4 493.2 3.841 480 3.738 364.8 351.6

9.5 66.69 493.2 7.395 480 7.197 426.51 413.31
10 51.84 493.2 9.514 480 9.259 441.36 428.16
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Table 7: Open fielc scanning 20cm* 20cm field size
Distance from Dose in Dose at Ratio A Dose at Ratio B Deviation A Deviation B
central axis mR/min A point point vs B point point vs point vs point vs
in cm scan scan scan scan

-12.5 59.37 513.7 8.6525 505.8 8.5195 454.33 446.43
-12 70.14 513.7 7.3239 505.8 7.2113 443.56 435.66

-11.5 108.4 513.7 4.7389 505.8 4.6661 405.3 397.4
-11 199 513.7 2.5814 505.8 2.5417 314.7 306.8
-10.5 242.5 513.7 1.7562 505.8 1.7292 221.2 213.3
-10 282.6 513.7 1.3448 505.8 1.3241 131.7 123.8
-9.5 391.7 513.7 1.1373 505.8 1.1198 62 54.1
-9 478.6 513.7 1.0733 505.8 1.0568 35.1 27.2
-8.5 486.3 513.7 1.0563 505.8 1.0401 27.4 19.5
-8 492.7 513.7 1.0426 505.8 1.0266 21 13.1
-7.5 496.7 513.7 1.0342 505.8 1.0183 17 9.1
-7 501.3 513.7 1.0247 505.8 1.0090 12.4 4.5
-6.5 504.7 513.7 1.0178 505.8 1.0022 9 1.1
-6 507.8 513.7 1.0116 505.8 0.9961 5.9 -2
-5.5 510.3 513.7 1.0067 505.8 0.9912 3.4 -4.5
-5 512.4 513.7 1.0025 505.8 0.9871 1.3 -6.6
-4.5 514.4 513.7 0.9986 505.8 0.9833 -0.7 -8.6
-4 516.4 513.7 0.9948 505.8 0.9795 -2.7 -10.6
-3.5 516.1 513.7 0.9953 505.8 0.9800 -2.4 -10.3
-3 518.4 513.7 0.9909 505.8 0.9757 -4.7 -12.6
-2.5 519.4 513.7 0.9890 505.8 0.9738 -5.7 -13.6
-2 520 513.7 0.9879 505.8 0.9727 -6.3 -14.2
-1.5 520.5 513.7 0.9869 505.8 0.9718 -6.8 -14.7
-1 521.3 513.7 0.9854 505.8 0.9703 -7.6 -15.5
-0.5 524.7 513.7 0.9866 505.8 0.9714 -7 -14.9
0 526.2 513.7 0.9856 505.8 0.9705 -7.5 -15.4
0.5 524.4 513.7 0.9852 505.8 0.9701 -7.7 -15.6
1 520.9 513.7 0.9875 505.8 0.9723 -6.5 -14.4
1.5 520.5 513.7 0.9869 505.8 0.9718 -6.8 -14.7
2 520.1 513.7 0.9877 505.8 0.9725 -6.4 -14.3
2.5 518.6 513.7 0.9906 505.8 0.9753 -4.9 -12.8
3 518.3 513.7 0.9911 505.8 0.9759 -4.6 -12.5
3.5 517.4 513.7 0.9928 505.8 0.9776 -3.7 -11.6
4 515.4 513.7 0.9967 505.8 0.9814 -1.7 -9.6
4.5 514.2 513.7 0.9990 505.8 0.9837 -0.5 -8.4
5 512.7 513.7 1.0020 505.8 0.9865 1 -6.9
5.5 509.9 513.7 1.0075 505.8 0.9920 3.8 -4.1
6 509.9 513.7 1.0075 505.8 0.9920 3.8 -4.1
6.5 505.1 513.7 1.0170 505.8 1.0014 8.6 0.7
7 501.5 513.7 1.0243 505.8 1.0086 12.2 4.3
7.5 498.2 513.7 1.0311 505.8 1.0153 15.5 7.6
8 494.1 513.7 1.0397 505.8 1.0237 19.6 11.7
8.5 488.3 513.7 1.0520 505.8 1.0358 25.4 17.5
9 483.5 513.7 1.0625 505.8 1.0461 30.2 22.3
9.5 374.5 513.7 1.0826 505.8 1.0660 39.2 31.3
10 290.5 513.7 1.1378 505.8 1.1203 62.2 54.3
10.5 258.7 513.7 1.3895 505.8 1.3681 144 136.1
11 200.8 513.7 1.8626 505.8 1.8339 237.9 230
11.5 111.8 513.7 2.6783 505.8 2.6371 321.9 314
12 80.1 513.7 4.9825 505.8 4.9059 410.6 402.7
12.5 59.09 513.7 8.6935 505.8 8.5598 454.61 446.71
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Table 8: Block field scanning 10cm* 10cm field size
Distance from Dose in Dose at Ratio A Dose at Ratio B Deviation A Deviation B
Central axis mR/min A point point vs B point point vs point vs point vs

in cm scan scan scan scan
-10 9.9 31.86 3.218182 125.1 12.63636 21.96 115.2
-9.5 10.86 31.86 2.933702 125.1 11.51934 21 114.24
-9 12.18 31.86 2.615764 125.1 10.27094 19.68 112.92

-8.5 13.56 31.86 2.349558 125.1 9.225664 18.3 111.54
-8 15.81 31.86 2.01518 125.1 7.912713 16.05 109.29

-7.5 18.9 31.86 1.685714 125.1 6.619048 12.96 106.2
-7 25.63 31.86 1.243075 125.1 4.880999 6.23 99.47

-6.5 30.87 31.86 1.03207 125.1 4.052478 0.99 94.23
-6 55.35 31.86 0.57561 125.1 2.260163 -23.49 69.75

-5.5 100.2 31.86 0.317964 125.1 1.248503 -68.34 24.9
-5 138.9 31.86 0.229374 125.1 0.900648 -107.04 -13.8

-4.5 173.5 31.86 0.183631 125.1 0.721037 -141.64 -48.4
-4 177.4 31.86 0.179594 125.1 0.705186 -145.54 -52.3

-3.5 153.3 31.86 0.207828 125.1 0.816047 -121.44 -28.2
-3 112.1 31.86 0.284211 125.1 1.115968 -80.24 13

-2.5 60.99 31.86 0.522381 125.1 2.051156 -29.13 64.11
-2 28.24 31.86 1.128187 125.1 4.429887 3.62 96.86

-1.5 28.22 31.86 1.128987 125.1 4.433026 3.64 96.88
-1 28.22 31.86 1.128987 125.1 4.433026 3.64 96.88

-0.5 28.2 31.86 1.129787 125.1 4.43617 3.66 96.9
0 28.14 31.86 1.132196 125.1 4.445629 3.72 96.96

0.5 28.14 31.86 1.132196 125.1 4.445629 3.72 96.96
1 28.22 31.86 1.128987 125.1 4.433026 3.64 96.88

1.5 28.21 31.86 1.129387 125.1 4.434598 3.65 96.89
2 28.25 31.86 1.127788 125.1 4.428319 3.61 96.85

2.5 60.98 31.86 0.522466 125.1 2.051492 -29.12 64.12
3 112.11 31.86 0.284185 125.1 1.115868 -80.25 12.99

3.5 153.3 31.86 0.207828 125.1 0.816047 -121.44 -28.2
4 177.3 31.86 0.179695 125.1 0.705584 -145.44 -52.2

4.5 173.44 31.86 0.183695 125.1 0.721287 -141.58 -48.34
5 138.9 31.86 0.229374 125.1 0.900648 -107.04 -13.8

5.5 100.2 31.86 0.317964 125.1 1.248503 -68.34 24.9
6 55.35 31.86 0.57561 125.1 2.260163 -23.49 69.75

6.5 30.87 31.86 1.03207 125.1 4.052478 0.99 94.23
7 25.65 31.86 1.242105 125.1 4.877193 6.21 99.45

7.5 20.41 31.86 1.561 125.1 6.129348 11.45 104.69
8 17.79 31.86 1.790894 125.1 7.03204 14.07 107.31

8.5 13.56 31.86 2.349558 125.1 9.225664 18.3 111.54
9 12.75 31.86 2.498824 125.1 9.811765 19.11 112.35

9.5 10.25 31.86 3.108293 125.1 12.20488 21.61 114.85
10 9.81 31.86 3.247706 125.1 12.75229 22.05 115.29
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Table 9: Block field scanning 15cm * 15cm field size
Distance

from Block field Dose at Ratoi A Dose at Ratoi B
Deviation

A
Deviation

B
central axis dose in A point point vs B point point vs point vs point vs

in cm mR/min scan scan scan scan
-10 38.32 52.72 1.375783 301.8 7.875783 14.4 263.48
-9.5 46.65 52.72 1.130118 301.8 6.469453 6.07 255.15
-9 71.85 52.72 0.733751 301.8 4.200418 -19.13 229.95

-8.5 131.3 52.72 0.401523 301.8 2.298553 -78.58 170.5
-8 209.3 52.72 0.251887 301.8 1.441949 -156.58 92.5

-7.5 304.7 52.72 0.173023 301.8 0.990482 -251.98 -2.9
-7 382 52.72 0.13801 301.8 0.790052 -329.28 -80.2

-6.5 425.9 52.72 0.123785 301.8 0.708617 -373.18 -124.1
-6 429.8 52.72 0.122662 301.8 0.702187 -377.08 -128

-5.5 378.7 52.72 0.139213 301.8 0.796937 -325.98 -76.9
-5 317.1 52.72 0.166257 301.8 0.95175 -264.38 -15.3

-4.5 252.3 52.72 0.208958 301.8 1.196195 -199.58 49.5
-4 228.3 52.72 0.230924 301.8 1.321945 -175.58 73.5

-3.5 198.2 52.72 0.265994 301.8 1.522704 -145.48 103.6
-3 154.4 52.72 0.341451 301.8 1.954663 -101.68 147.4

-2.5 98.43 52.72 0.535609 301.8 3.066138 -45.71 203.37
-2 49.72 52.72 1.060338 301.8 6.069992 3 252.08

-1.5 49.42 52.72 1.066775 301.8 6.106839 3.3 252.38
-1 49.32 52.72 1.068938 301.8 6.119221 3.4 252.48

-0.5 49.3 52.72 1.069371 301.8 6.121704 3.42 252.5
0 49.29 52.72 1.069588 301.8 6.122946 3.43 252.51

0.5 49.21 52.72 1.071327 301.8 6.1329 3.51 252.59
1 49.4 52.72 1.067206 301.8 6.109312 3.32 252.4

1.5 49.42 52.72 1.066775 301.8 6.106839 3.3 252.38
2 49.72 52.72 1.060338 301.8 6.069992 3 252.08

2.5 90.33 52.72 0.583638 301.8 3.341083 -37.61 211.47
3 138.6 52.72 0.380375 301.8 2.177489 -85.88 163.2

3.5 184.7 52.72 0.285436 301.8 1.634001 -131.98 117.1
4 219.3 52.72 0.240401 301.8 1.376197 -166.58 82.5

4.5 246.8 52.72 0.213614 301.8 1.222853 -194.08 55
5 290.6 52.72 0.181418 301.8 1.038541 -237.88 11.2

5.5 365.2 52.72 0.144359 301.8 0.826396 -312.48 -63.4
6 425.9 52.72 0.123785 301.8 0.708617 -373.18 -124.1

6.5 433.9 52.72 0.121503 301.8 0.695552 -381.18 -132.1
7 417.6 52.72 0.126245 301.8 0.722701 -364.88 -115.8

7.5 351 52.72 0.150199 301.8 0.859829 -298.28 -49.2
8 277.6 52.72 0.189914 301.8 1.087176 -224.88 24.2

8.5 190 52.72 0.277474 301.8 1.588421 -137.28 111.8
9 107.1 52.72 0.49225 301.8 2.817927 -54.38 194.7

9.5 58.32 52.72 0.903978 301.8 5.174897 -5.6 243.48
10 43.71 52.72 1.206131 301.8 6.904598 9.01 258.09
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Table 10: Block fie d scanning 2 Ocm * 2 0cm field size
D is ta n c e  from D ose in D ose a t R atio  A D ose a t R atio  B D eviation  A D eviation  B

c e n tra l  ax is m R /m in A p o in t p o in t vs B p o in t p o in t vs p o in t vs p o in t vs
in  cm sc a n sc a n sc a n sc a n
-1 2 .5 55 .71 74 .3 1 1 .333872 2 7 4 .4 4 .9 2 5 5 0 7 18.6 2 1 8 .6 9

-12 6 5 .8 74 .31 1 .129331 2 7 4 .4 4 .1 7 0 2 1 3 8.51 2 0 8 .6
-1 1 .5 103 .5 74 .31 0 .7 1 7 9 7 1 2 7 4 .4 2 .6 5 1 2 0 8 -2 9 .1 9 170.9

-11 193 .5 74 .31 0 .3 8 4 0 3 1 2 7 4 .4 1 .4 1 8 0 8 8 -1 1 9 .1 9 8 0 .9
-1 0 .5 286 .1 74 .31 0 .2 5 9 7 3 4 2 7 4 .4 0 .9 5 9 1 0 5 -2 1 1 .7 9 -1 1 .7
-10 3 7 5 .3 74 .31 0 .1 9 8 0 0 2 2 7 4 .4 0 .7 3 1 1 4 8 -3 0 0 .9 9 -1 0 0 .9
-9 .5 4 3 7 .5 74 .31 0 .1 6 9 8 5 1 2 7 4 .4 0 .6 2 7 2 -3 6 3 .1 9 -1 6 3 .1

-9 4 5 9 .2 74 .31 0 .1 6 1 8 2 5 2 7 4 .4 0 .5 9 7 5 6 1 -3 8 4 .8 9 -1 8 4 .8
-8 .5 4 6 3 74.31 0 .1 6 0 4 9 7 2 7 4 .4 0 .5 9 2 6 5 7 -3 8 8 .6 9 -1 8 8 .6
-8 4 6 7 .4 74 .31 0 .1 5 8 9 8 6 2 7 4 .4 0 .5 8 7 0 7 7 -3 9 3 .0 9 -193

-7 .5 4 6 9 74.31 0 .1 5 8 4 4 3 2 7 4 .4 0 .5 8 5 0 7 5 -3 9 4 .6 9 -1 9 4 .6
-7 4 6 9 .4 74 .31 0 .1 5 8 3 0 8 2 7 4 .4 0 .5 8 4 5 7 6 -3 9 5 .0 9 -1 9 5

-6 .5 4 6 6 .4 74 .31 0 .1 5 9 3 2 7 2 7 4 .4 0 .5 8 8 3 3 6 -3 9 2 .0 9 -1 9 2
-6 4 5 5 .2 74 .31 0 .1 6 3 2 4 7 2 7 4 .4 0 .6 0 2 8 1 2 -3 8 0 .8 9 -1 8 0 .8

-5 .5 4 0 6 74 .31 0 .1 8 3 0 3 2 7 4 .4 0 .6 7 5 8 6 2 -3 3 1 .6 9 -1 3 1 .6
-5 3 2 8 .2 74 .31 0 .2 2 6 4 1 7 2 7 4 .4 0 .8 3 6 0 7 6 -2 5 3 .8 9 -5 3 .8

-4 .5 2 7 3 .5 74 .31 0 .2 7 1 7 2 7 4 .4 1 .003291 -1 9 9 .1 9 0 .9
-4 2 4 2 .2 74 .31 0 .3 0 6 8 1 3 2 7 4 .4 1 .1 3 2 9 4 8 -1 6 7 .8 9 3 2 .2

-3 .5 2 0 7 .6 74 .31 0 .3 5 7 9 4 8 2 7 4 .4 1 .3 2 1 7 7 3 -1 3 3 .2 9 6 6 .8
-3 161.1 74 .31 0 .4 6 1 2 6 6 2 7 4 .4 1 .70329 -8 6 .7 9 113.3

-2 .5 105 .9 74 .31 0 .7 0 1 7 2 7 4 .4 2 .5 9 1 1 2 4 -3 1 .5 9 168 .5
-2 7 0 .8 74 .31 1 .0 4 9 5 7 6 2 7 4 .4 3 .8 7 5 7 0 6 3.51 2 0 3 .6

-1 .5 63 .91 74 .31 1 .1 6 2 7 2 9 2 7 4 .4 4 .2 9 3 5 3 8 10.4 2 1 0 .4 9
-1 6 2 .4 8 74 .31 1 .189341 2 7 4 .4 4 .3 9 1 8 0 5 11.83 2 1 1 .9 2

-0 .5 6 2 .2 8 74 .31 1 .19316 2 7 4 .4 4 .4 0 5 9 0 9 12.03 2 1 2 .1 2
0 6 2 .2 8 74 .31 1 .19316 2 7 4 .4 4 .4 0 5 9 0 9 12.03 2 1 2 .1 2

0 .5 6 2 .2 8 74 .31 1 .19316 2 7 4 .4 4 .4 0 5 9 0 9 12.03 2 1 2 .1 2
1 6 2 .4 8 74.31 1 .189341 2 7 4 .4 4 .3 9 1 8 0 5 11.83 2 1 1 .9 2

1.5 63 .91 74.31 1 .1 6 2 7 2 9 2 7 4 .4 4 .2 9 3 5 3 8 10.4 2 1 0 .4 9
2 7 0 .8 74 .31 1 .0 4 9 5 7 6 2 7 4 .4 3 .8 7 5 7 0 6 3 .51 2 0 3 .6

2 .5 105.9 74 .31 0 .7 0 1 7 2 7 4 .4 2 .5 9 1 1 2 4 -3 1 .5 9 168.5
3 161.1 74 .31 0 .4 6 1 2 6 6 2 7 4 .4 1 .70329 -8 6 .7 9 113 .3

3 .5 2 0 7 .6 74 .31 0 .3 5 7 9 4 8 2 7 4 .4 1 .3 2 1 7 7 3 -1 3 3 .2 9 6 6 .8
4 2 4 2 .2 74 .31 0 .3 0 6 8 1 3 2 7 4 .4 1 .1 3 2 9 4 8 -1 6 7 .8 9 3 2 .2

4 .5 2 7 3 .5 74 .31 0 .2 7 1 7 2 7 4 .4 1 .003291 -1 9 9 .1 9 0 .9
5 3 2 8 .3 74 .31 0 .2 2 6 3 4 8 2 7 4 .4 0 .8 3 5 8 2 1 -2 5 3 .9 9 -5 3 .9

5 .5 406 74 .31 0 .1 8 3 0 3 2 7 4 .4 0 .6 7 5 8 6 2 -3 3 1 .6 9 -1 3 1 .6
6 4 5 5 .2 74 .3 1 0 .1 6 3 2 4 7 2 7 4 .4 0 .6 0 2 8 1 2 -3 8 0 .8 9 -1 8 0 .8

6 .5 4 6 6 .4 74 .31 0 .1 5 9 3 2 7 27 4 .4 0 .5 8 8 3 3 6 -3 9 2 .0 9 -192
7 4 6 9 .5 74 .31 0 .1 5 8 2 7 5 2 7 4 .4 0 .5 8 4 4 5 2 -3 9 5 .1 9 -195 .1

7 .5 4 6 9 74 .31 0 .1 5 8 4 4 3 2 7 4 .4 0 .5 8 5 0 7 5 -3 9 4 .6 9 -1 9 4 .6
8 4 6 7 .4 74 .31 0 .1 5 8 9 8 6 2 7 4 .4 0 .5 8 7 0 7 7 -3 9 3 .0 9 -1 9 3

8 .5 4 6 3 74 .31 0 .1 6 0 4 9 7 2 7 4 .4 0 .5 9 2 6 5 7 -3 8 8 .6 9 -1 8 8 .6
9 4 5 9 .2 74 .3 1 0 .1 6 1 8 2 5 2 7 4 .4 0 .5 9 7 5 6 1 -3 8 4 .8 9 -1 8 4 .8

9 .5 4 3 7 .5 74 .31 0 .1 6 9 8 5 1 2 7 4 .4 0 .6 2 7 2 -3 6 3 .1 9 -1 6 3 .1
10 3 7 5 .3 74 .31 0 .1 9 8 0 0 2 274 .4 0 .7 3 1 1 4 8 -3 0 0 .9 9 -1 0 0 .9

10.5 2 8 6 .2 74 .31 0 .2 5 9 6 4 4 2 7 4 .4 0 .9 5 8 7 7 -2 1 1 .8 9 -1 1 .8
11 193.5 74 .31 0 .3 8 4 0 3 1 2 7 4 .4 1 .4 1 8 0 8 8 -1 1 9 .1 9 8 0 .9

11.5 103 .5 74 .31 0 .7 1 7 9 7 1 2 7 4 .4 2 .6 5 1 2 0 8 -2 9 .1 9 170.9
12 65 .9 74 .31 1 .127618 2 7 4 .4 4 .1 6 3 8 8 5 8.41 2 0 8 .5

12.5 55 .71 74 .31 1 .333872 2 7 4 .4 4 .9 2 5 5 0 7 18.6 2 1 8 .6 9
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Table 11: Block field scanning 2 5cm x 2 5cm field size
Distance from Dose in Dose at Ratio A Dose at Ratio B Deviation A Deviation B
Central axis mR/min A point point vs B point point vs point vs point vs

in cm scan scan scan scan
-12.5 425.4 101 0.2374236 367.3 0.8634227 -324.4 -58.1
-12 460.8 101 0.219184 367.3 0.797092 -359.8 -93.5

-11.5 469.5 101 0.2151225 367.3 0.7823216 -368.5 -102.2
-11 476.5 101 0.2119622 367.3 0.770829 -375.5 -109.2

-10.5 480.4 101 0.2102415 367.3 0.7645712 -379.4 -113.1
-10 484.4 101 0.2085054 367.3 0.7582576 -383.4 -117.1
-9.5 486.9 101 0.2074348 367.3 0.7543643 -385.9 -119.6
-9 489 101 0.206544 367.3 0.7511247 -388 -121.7
-8.5 490.4 101 0.2059543 367.3 0.7489804 -389.4 -123.1
-8 490.7 101 0.2058284 367.3 0.7485225 -389.7 -123.4

-7.5 490.4 101 0.2059543 367.3 0.7489804 -389.4 -123.1
-7 488.4 101 0.2067977 367.3 0.7520475 -387.4 -121.1
-6.5 484.1 101 0.2086346 367.3 0.7587275 -383.1 -116.8
-6 471.9 101 0.2140284 367.3 0.7783429 -370.9 -104.6

-5.5 413.1 101 0.2444929 367.3 0.889131 -312.1 -45.8
-5 335.8 101 0.3007743 367.3 1.0938058 -234.8 31.5
-4.5 281.1 101 0.3593027 367.3 1.3066524 -180.1 86.2
-4 252.2 101 0.4004758 367.3 1.4563838 -151.2 115.1

-3.5 216.5 101 0.4665127 367.3 1.6965358 -115.5 150.8
-3 161.5 101 0.625387 367.3 2.2743034 -60.5 205.8
-2.5 108.5 101 0.9308756 367.3 3.3852535 -7.5 258.8
-2 83.04 101 1.2162813 367.3 4.4231696 17.96 284.26
-1.5 77.01 101 1.311518 367.3 4.7695105 23.99 290.29
-1 74.49 101 1.3558867 367.3 4.9308632 26.51 292.81
-0.5 73.38 101 1.3763968 367.3 5.0054511 27.62 293.92
0 73.32 80.58 1.099018 367.3 5.0095472 7.26 293.98
0.5 73.38 80.58 1.0981194 305 4.1564459 7.2 231.62
1 74.49 80.58 1.0817559 305 4.0945093 6.09 230.51

1.5 77.01 80.58 1.0463576 305 3.9605246 3.57 227.99
2 83.04 80.58 0.9703757 305 3.6729287 -2.46 221.96

2.5 108.5 80.58 0.7426728 305 2.8110599 -27.92 196.5
3 161.5 80.58 0.4989474 305 1.8885449 -80.92 143.5

3.5 216.5 80.58 0.372194 305 1.408776 -135.92 88.5
4 252.2 80.58 0.3195083 305 1.2093577 -171.62 52.8

4.5 281.1 80.58 0.2866596 305 1.0850231 -200.52 23.9
5 335.8 80.58 0.2399643 305 0.9082787 -255.22 -30.8

5.5 413.1 80.58 0.1950617 305 0.73832 -332.52 -108.1
6 471.9 80.58 0.1707565 305 0.6463234 -391.32 -166.9

6.5 484.1 80.58 0.1664532 305 0.6300351 -403.52 -179.1
7 488.4 80.58 0.1649877 305 0.6244881 -407.82 -183.4
7.5 490.4 80.58 0.1643148 305 0.6219413 -409.82 -185.4
8 490.7 80.58 0.1642144 305 0.621561 -410.12 -185.7

8.5 490.4 80.58 0.1643148 305 0.6219413 -409.82 -185.4
9 489 80.58 0.1647853 305 0.6237219 -408.42 -184

9.5 486.9 80.58 0.165496 305 0.626412 -406.32 -181.9
10 484.4 80.58 0.1663501 305 0.6296449 -403.82 -179.4

10.5 480.4 80.58 0.1677352 305 0.6348876 -399.82 -175.4
11 476.5 80.58 0.1691081 305 0.6400839 -395.92 -171.5

11.5 469.5 80.58 0.1716294 305 0.6496273 -388.92 -164.5
12 460.8 80.58 0.1748698 305 0.6618924 -380.22 -155.8

12.5 425.4 80.58 0.1894217 305 0.7169723 -344.82 -120.4
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Table 12: D istance vs a ttenuaidon lOcm* 0cm  field
Distance

from Open field Block field Attenuation Attenuation
Central axis dose in dose in for use percentage

in cm mR/min mR/min block
-10 14.16 9.9 4.26 30.0847458
-9.5 16.08 10.86 5.22 32.4626866
-9 18.18 12.18 6 33.0033003

-8.5 21.54 13.56 7,98 37.0473538
-8 25.44 15.81 9.63 37.8537736

-7.5 30.2 18.9 11.3 37.4172185
-7 32.41 19.93 12.48 38.5066338

-6.5 51.99 30.87 21.12 40.6231968
-6 98.76 55.35 43.41 43.9550425

-5.5 184.1 100.2 83.9 45.5730581
-5 274.1 138.9 135.2 49.3250638

-4.5 382.4 173.5 208.9 54.6286611
-4 447.5 177.4 270.1 60.3575419

-3.5 467.9 153.3 314.6 67.236589
-3 475.4 112.1 363.3 76.419857

-2.5 479.3 60.99 418.31 87.275193
-2 482.1 23.24 458.86 95.1794234

-1.5 483.8 23.22 460.58 95.2004961
-1 485.1 23.22 461.88 95.2133581

-0.5 486 23.2 462.8 95.2263374
0 485.9 23.14 462.76 95.2377032

0,5 486.1 23.14 462.96 95.2396626
1 485.01 23.22 461.79 95.2124698

1.5 483.7 23.21 460.49 95.2015712
2 482 23.25 458.75 95.1763485

2.5 479.3 60.98 4 18.32 87.2772794
o 475.5 112.11 363.39 76.4227129

3.5 467.8 153.3 314.5 67.2295853
4 447.4 177.3 270.1 60.3710326

4.5 382.4 173.44 208.96 54.6443515
5 274 138.9 135.1 49.3065693

5.5 184.1 100.2 83.9 45.5730581
6 98.76 55.35 43.41 43.9550425

6.5 51.99 30.87 21.12 40.6231968
7 37.43 25.65 11.78 31.4720812

7.5 31.31 20.41 10.9 34.8131587
8 25.46 17.79 7.67 30.1256874

8.5 24.51 13.56 10.95 44.6756426
9 20.7 12.75 7.95 38.4057971

9.5 17.79 10.25 7.54 42.3833614
10 15.54 9.81 5.73 36.8725869
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Table 12: D istance vs a tten u a tio n  15cm><15cm field size
Distance from Open field Block field Attenuation for Attenuation for

central axis dose in dose in use block percentage
in cm mR/min mR/min
-10 45.57 38.32 7.25 15.91
-9.5 56.19 46.65 9.54 16.98
-9 81.96 71.85 10.11 12.34

-8.5 146.3 131.3 15 10.25
-8 237.8 209.3 28.5 11.98

-7.5 342.3 304.7 37.6 10.98
-7 417.1 382 35.1 8.42

-6.5 462.4 425.9 36.5 7.89
-6 472.9 429.8 43.1 9.11

-5.5 479.4 378.7 100.7 21.01
-5 483.4 317.1 166.3 34.40

-4.5 487 252.3 234.7 48.19
-4 489.6 228.3 261.3 53.37

-3.5 492.3 198.2 294.1 59.74
-3 494.2 154.4 339.8 68.76

-2.5 495.6 98.43 397.17 80.14
-2 496.7 55.17 441.53 88.89

-1.5 497.7 50.22 447.48 89.91
-1 498.4 49.32 449.08 90.10

-0.5 498.6 49.3 449.3 90.11
0 496 49.29 446.71 90.06

0.5 496.5 49.21 447.29 90.09
1 496.6 49.4 447.2 90.05

1.5 495.7 50.24 445.46 89.86
2 495.7 55.61 440.09 88.78

2.5 494.9 90.33 404.57 81.75
3 493.7 138.6 355.1 71.93

3.5 492.1 184.7 307.4 62.47
4 489.7 219.3 270.4 55.22

4.5 487.2 246.8 240.4 49.34
5 484.2 290.6 193.6 39.98

5.5 480.1 365.2 114.9 23.93
6 475.6 425.9 49.7 10.45

6.5 468.6 433.9 34.7 7.41
7 454 417.6 36.4 8.02

7.5 388.9 351 37.9 9.75
8 306.2 277.6 28.6 9.34

8.5 218.4 190 28.4 13.00
9 128.4 107.1 21.3 16.59

9.5 66.69 58.32 8.37 12.55
10 51.84 43.71 8.13 15.68
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Table 12: Distance vs a ttenuation  20 cm x 2 0 cm  field size
Distance from Open field Block field Attenuation for Attenuation

central axis Dose in Dose in use block percentage

in cm mR/min mR/min

-12.5 59.37 55.71 3.66 6.16

-12 70.14 65.8 4.34 6.19

-11.5 108.4 103.5 4.9 4.52

-11 199 193.5 5.5 2.76

-10.5 292.5 286.1 6.4 2.19

-10 382 375.3 6.7 1.75

-9.5 451.7 437.5 14.2 3.14

-9 478.6 459.2 19.4 4.05

-8.5 486.3 463 23.3 4.79

-8 492.7 467.4 25.3 5.13

-7.5 496.7 469 27.7 5.58

-7 501.3 469.4 31.9 6.36

-6.5 504.7 466.4 38.3 7.59

-6 507.8 455.2 52.6 10.36

-5.5 510.3 406 104.3 20.44

-5 512.4 328.2 184.2 35.95

-4.5 514.4 273.5 240.9 46.83

-4 516.4 242.2 274.2 53.10

-3.5 516.1 207.6 308.5 59.78

-3 518.4 161.1 357.3 68.92

-2.5 519.4 105.9 413.5 79.61

-2 520 70.8 449.2 86.38

-1.5 520.5 63.91 456.59 87.72

-1 521.3 62.48 458.82 88.01

-0.5 520.7 62.28 458.42 88.04

0 521.2 62.28 458.92 88.05

0.5 520.7 62.28 458.42 88.04

1 521.2 62.48 458.72 88.01

1.5 520.5 63.91 456.59 87.72

2 520.1 70.8 449.3 86.39

2.5 519.6 105.9 413.7 79.62

3 518.3 161.1 357.2 68.92

3.5 516.1 207.6 308.5 59.78

4 516.4 242.2 274.2 53.10

4.5 514.3 273.5 240.8 46.82

5 512.5 328.3 184.2 35.94

5.5 510.3 406 104.3 20.44

6 507.9 455.2 52.7 10.38

6.5 504.6 466.4 38.2 7.57

7 501.5 469.5 32 6.38

7.5 496.7 469 27.7 5.58
8 492.6 467.4 25.2 5.12

8.5 488.3 463 25.3 5.18

9 478.5 459.2 19.3 4.03

9.5 451.6 437.5 14.1 3.12

10 382.3 375.3 7 1.83

10.5 292.5 286.2 6.3 2.15

11 199.5 193.5 6 3.01

11.5 108.4 103.5 4.9 4.52

12 70.15 65.9 4.25 6.06

12.5 59.37 55.71 3.66 6.16
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Table 15: Open field vs Block field A point Ratio lOcmxlOcm field size
Distance from Open field ratio A Block field ratio A
Central axis point vs point vs

in cm scan scan
-10 32.02683616 3.218181818
-9.5 28.20273632 2.933701657
-9 24.9449945 2.615763547

-8.5 21.0538533 2.349557522
-8 17.82625786 2.015180266

-7.5 15.01655629 1.685714286
-7 13.99259488 1.598595083

-6.5 8.722831314 1.032069971
-6 4.591940057 0.575609756

-5.5 2.463335144 0.317964072
-5 1.654505655 0.22937365

-4.5 1.185930962 0.183631124
-4 1.013407821 0.179594138

-3.5 0.969224193 0.207827789
-3 0.95393353 0.284210526

-2.5 0.9461715 0.522380718
-2 0.940676208 1.37091222

-1.5 0.937370814 1.372093023
-1 0.934858792 1.372093023

-0.5 0.933127572 1.373275862
0 0.933319613 1.376836646

0.5 0.93293561 1.376836646
1 0.935032267 1.372093023

1.5 0.937564606 1.372684188
2 0.940871369 1.370322581

2.5 0.9461715 0.522466382
3 0.953732913 0.284185175

3.5 0.969431381 0.207827789
4 1.013634332 0.179695431

4.5 1.185930962 0.183694649
5 1.655109489 0.22937365

5.5 2.463335144 0.317964072
6 4.591940057 0.575609756

6.5 8.722831314 1.032069971
7 12.11594977 1.242105263

7.5 14.48419035 1.56099951
8 17.81225452 1.790893761

8.5 18.50265198 2.349557522
9 21.90821256 2.498823529

9.5 25.49184935 3.108292683
10 29.18275418 3.247706422
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Table 17: Open field vs Block field A point Ratio 20cm*20cm field size
Distance from Open field ratio A Block field ratio A

central axis point vs point vs

in cm scan scan

-12.5 8.652518107 1.333871836

-12 7.323923581 1.129331307

-11.5 4.738929889 0.717971014

-11 2.581407035 0.384031008

-10.5 1.756239316 0.259734359

-10 1.344764398 0.198001599

-9.5 1.137259243 0.169851429
-9 1.073338905 0.161824913
-8.5 1.056343821 0.16049676
-8 1.042622285 0.158985879

-7.5 1.034225891 0.158443497

-7 1.024735687 0.158308479
-6.5 1.017832376 0.159326758

-6 1.011618748 0.163246924

-5.5 1.006662747 0.183029557

-5 1.00253708 0.226416819

-4.5 0.998639191 0.271700183

-4 0.994771495 0.306812552

-3.5 0.995349738 0.357947977

-3 0.990933642 0.461266294

-2.5 0.989025799 0.701699717

-2 0.987884615 1.049576271

-1.5 0.986935639 1.162728837

-1 0.985421063 1.189340589

-0.5 0.986556558 1.193159923
0 0.98561013 1.193159923

0.5 0.986556558 1.193159923

1 0.98561013 1.189340589

1.5 0.986935639 1.162728837

2 0.987694674 1.049576271

2.5 0.988645112 0.701699717

3 0.991124831 0.461266294

3.5 0.995349738 0.357947977
4 0.994771495 0.306812552

4.5 0.998833366 0.271700183

5 1.002341463 0.226347853
5.5 1.006662747 0.183029557

6 1.011419571 0.163246924

6.5 1.018034086 0.159326758
7 1.024327019 0.15827476

7.5 1.034225891 0.158443497

8 1.042833942 0.158985879

8.5 1.052017203 0.16049676

9 1.073563218 0.161824913

9.5 1.137511072 0.169851429

10 1.343709129 0.198001599

10.5 1.756239316 0.259643606

11 2.574937343 0.384031008

11.5 4.738929889 0.717971014

12 7.322879544 1.127617602

12.5 8.652518107 1.333871836
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Table 16:O pen field vs Block leld A point Rat
Distance from Open field ratio A Block field ratio A

central axis point vs point vs
in cm scan scan

-10 10.82290981 1.375782881
-9.5 8.77736252 1.130117899
-9 6.017569546 0.73375087

-8.5 3.371155161 0.401523229
-8 2.074011775 0.251887243

-7.5 1.440841367 0.173022645
-7 1.182450252 0.138010471

-6.5 1.066608997 0.123784926
-6 1.042926623 0.122661703

-5.5 1.028785982 0.139213097
-5 1.020273066 0.166256701

-4.5 1.012731006 0.20895759
-4 1.007352941 0.230924223

-3.5 1.001828154 0.265993946
-3 0.997976528 0.341450777

-2.5 0.995157385 0.535609062
-2 0.992953493 0.955591807

-1.5 0.990958409 1.049780964
-1 0.989566613 1.068937551

-0.5 0.989169675 1.069371197
0 0.994354839 1.069588152

0.5 0.993353474 1.071326966
1 0.993153443 1.067206478

1.5 0.994956627 1.049363057
2 0.994956627 0.94803093

2.5 0.996564963 0.583637773
3 0.998987239 0.38037518

3.5 1.002235318 0.285435842
4 1.007147233 0.240401277

4.5 1.012315271 0.213614263
5 1.018587361 0.181417756

5.5 1.027285982 0.144359255
6 1.037005887 0.123784926

6.5 1.052496799 0.12150265
7 1.086343612 0.126245211

7.5 1.268192337 0.15019943
8 1.610711953 0.189913545

8.5 2.258241758 0.277473684
9 3.841121495 0.492250233

9.5 7.395411606 0.903978052
10 9.513888889 1.20613132
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