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Introduction

Th e  us e  of CT im prove d h e alth  care  of patie nts  and
it is  cons ide re d th e  m os t im portant tool in diagnos tic
s tudie s . CT is  as s ociate d w ith  s ubs tantially h igh e r
radiation dos e s  as  com pare d to conve ntional x-rays
e xam inations .1,2 H e nce , gre ate r utiliz ation of CT in
diagnos tic proce dure s  e ve ntually incre as e s  m e dical
e xpos ure s  to ioniz ing radiation. It is  e s tim ate d th at
radiation from  m e dical proce dure  is  th e  large s t s ource
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BACKGROUND: Com pute d Tom ograph y (CT) e xam inations  are  incre as e d s ignificantly ove r th e  pas t th re e
de cade s . H ow e ve r CT contribute d s ubs tantially h igh e r radiation dos e s  as  com pare d to conve ntional x-ray
proce dure s . In th is  s tudy, th e  radiation dos e s  are  e s tim ate d for h e ad and ch e s t CT proce dure s  and calculate d
th e  cance r ris k s  on th e  bas is  of m e as ure d dos e s . MATERIAL AND METH ODS: CT dos e s  are  e s tim ate d by
us ing s canne r de rive d param e te rs  and th e rm o lum ine s ce nt dos im e te rs  (TLD) for h e ad and ch e s t CT proce dure .
TLD ch ips  w e re  place d on th e  e xpos e d are a of th e  s e le cte d patie nts  and one  TLD for e ach  patie nt place d outs ide
th e  fie ld to m e as ure  th e  s catte re d radiation. Age , w e igh t and h e igh t of all s e le cte d patie nts  w e re  re corde d. To
e valuate  th e  TLD dos e , e xpos e d TLDs  w e re  re ad w ith  TLD re ade r. RESULTS: Me an dos e s  of m ale  and fe m ale
patie nt for h e ad CT proce dure  m e as ure d w ith  CT ge ne rate d dos e  inde x and TLD w e re  57.59  ± 2.354 m Gy and
47.1 ± 5.35 m Gy re s pe ctive ly. Me an dos e s  for ch e s t s can ge ne rate d w ith  CT dos e  inde x w as  8.82 ± 2.09  m Gy
and m e as ure d w ith  TLD cam e  out to be  15.73 ± 5.2 m Gy. Th e  m e an e ffe ctive  dos e s  calculate d for CT and TLD
w e re  2.0 ± 0.579  m Sv and 0.443 ± 0.043 m Sv during h e ad CT proce dure  and 5.6 ± 0.9 13 m Sv and 1.7 ± 0.754
m Sv found for ch e s t CT e xam ination. Bas e d on m e as ure d data life tim e  e xce s s  cance r ris k s  for h e ad and ch e s t
CT w e re  calculate d. CONCLUSION: Radiation dos e s  m e as ure d from  s e le cte d proce dure s  in diagnos tic CT
e xam inations  w e re  low e r th an th e  re com m e nde d dos e  lim its  and variable  w ith in th e  s am e  e xam inations . Th e
calculate d dos e s  from  CT de rive d param e te rs  and TLD do not e xce e d th e  re com m e nde d s afe  lim its  for h e ad
and ch e s t CT proce dure s .
Ke y w ords : Th e rm o lum ine s ce nt dos im e te r, e ffe ctive  dos e , com pute d tom ograph y, cance r ris k , radiation dos e
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of e xpos ure  to pe ople  living ove r th e  globe .3-5

Ioniz ing radiation e xpos ure s  at all le ve ls  are  cons ide -
re d h arm ful for h um an be ing. Expos ure s  from  diagnos -
tic m e dical s tudie s  and re late d h e alth  ris k s  of ioniz ing
radiation are  re porte d in BEIR-VII. Th e  h igh e r e xpo-
s ure  pe r CT e xam ination m ay caus e  cance r ris k .
H ow e ve r, th e  ris k  to an individual patie nt m ay be
s m all but incre as ing CT e xam inations  and num be r
of individuals  e xpos e d to ioniz ing radiation m ay caus e
incre as e  of cance r ris k s . CT de live rs  m uch  h igh e r
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radiation dos e s  th an conve ntional diagnos tic x-rays ,
w h ich  m ay incre as e  a pe rs on’s  life tim e  ris k  of de ve -
loping cance r.6,7

Th e  e xte ns ive  us e  of CT and oth e r diagnos tic proce -
dure s  us ing ioniz ing radiation h as  rais e d conce rn
th at e ve n s m all incre as e s  in cance r ris k  could le ad
to large  num be rs  of future  cance rs .8 It is  im portant
to unde rs tand and q uantify th e  radiation dos e  in CT
im aging s o th e  pote ntial for h arm  could be  balance d
agains t th e  pote ntial for be ne fit.9  W h e n clinically
jus tifie d, CT e xam s  be ne fits  are  outw e igh  its  as s o-
ciate d ris k s , and e ve n it is  advis able  to us e  th e
m inim um  le ve l of radiation dos e  to ach ie ve  th e  re q uire d
re s ults .
Th e  radiation dos e s  to particular organs  for any give n
CT s tudy de pe nd on a num be r of factors . Th e  m os t
im portant are  th e  num be r of s cans , th e  tube  curre nt
and s canning tim e , s iz e  of th e  patie nt, th e  axial s can
range , th e  s can pitch , tube  voltage  and th e  s pe cific
de s ign of th e  s canne r be ing us e d. Many of th e s e
factors  are  unde r th e  control of th e  te ch nologis t.
Ide ally, th e y s h ould be  tailore d to th e  type  of s tudy
be ing pe rform e d and to th e  s iz e  of th e  particular
patie nt.
CT is  one  of th e  m os t im portant radiological e xam ina-
tions  w orldw ide  and m ay be  cons ide re d as  an e fficie nt
tool for diagnos ing illne s s . To date , re lative ly fe w  data
de s cribe  h ow  m uch  radiation is  re ce ive d th rough  th e
m os t com m on type s  of CT e xam inations  w h e n applie d
in clinical practice . Th is  s tudy aim e d to e s tim ate  h ow
m uch  radiation e xpos ure  is  as s ociate d w ith  th e  type s
of CT e xam inations  pe rform e d com m only. Th e  life tim e
attributable  ris k  of cance r as s ociate d w ith  pe rform e d
te s ts  e s tim ate d on th e  bas is  of m e as ure d data. Th is
s tudy w ould h e lp to e s tim ate  th e  radiation dos e
as s ociate d w ith  com m on CT e xam inations  in clinical
practice  and q uantify th e  cance r ris k  as s ociate d w ith
th e s e  s tudie s .

Se ns ation Ope n CT s canne r is  ins talle d at NORI w ith
four s tandard X-rays  e ne rgie s  (80k V, 100k V, 120k V
and 140k V).

CT dos e  m e as ure m e nt
CT dos e s  are  calculate d to cons ide r patie nt individual
e xpos ure  param e te r. Th e  param e te rs  include , tube
voltage  (k V), tube  curre nt and e xpos ure  tim e  (m As ),
CT dos e  de s criptor CTDI, s can tim e , pitch  and s lice
th ick ne s s . CT dos e s  w e re  calculate d bas e d on th e s e
te ch nical param e te r of e ach  e xpos ure  and m e as ure d
output. Th e  CT dos e s  are  h igh ly de pe nde nt on th e
s can param e te rs .
Effe ctive  dos e  is  found us ing th e  dos e  le ngth  product
(DLP), w h ich  is  re corde d as  a m ajor as pe ct of CT
e xam .  Effe ctive  dos e  is  calculate d us ing th e  follow ing
re lation

Effe ctive  dos e  = DLP ×  k

W h e re  “k ” is  th e  conve rs ion factor to account for th e
s e ns itivitie s  of various  organs  to incre as ing radiation
induce d cance r. Th e  factors  for diffe re nt organs  are
give n in th e  lite rature .5,8,9

Th e  DLP give n in th e  above  e q uation is  calculate d
by us ing th e  re lation.

DLP = CTDIvol ×  Scan le ngth

TLD dos e  m e as ure m e nt
In orde r to m e as ure  th e  organ dos e , TLD ch ip w e re
place d on th e  s can are a to m e as ure  th e  abs orbe d
dos e  for e ach  patie nt during th e  CT e xam ination for
h e ad and ch e s t proce dure s . Be s ide  th e  s canne d
are a, one  TLD is  place d outs ide  th e  e xpos e d fie ld.
Th e  organs  outs ide  th e  fie ld s e le cte d are  e ye  in cas e
of ch e s t CT e xam ination and ch e s t in cas e  of h e ad
CT proce dure  to m e as ure d th e  dos e s  outs ide  th e
e xpos e d fie ld. Th e  e xpos e d TLDs  w e re  re ad in th e
Radiation Dos im e try Lab. Th e  TLD re ade r is  ins talle d
in th e  Radiation Dos im e try Lab, PINSTECH ,
Is lam abad. Dos e  m e as ure d w ith  TLD conve rte d into
e q uivale nt dos e  by m ultiplying it w ith  radiation
w e igh ting factor th at is  1 for X - rays .

Eq uivale nt dos e  = abs orbe d dos e  ×  W R

Eq uivale nt dos e  conve rte d into e ffe ctive  dos e  by
m ultiplying it w ith  tis s ue  w e igh ting factor for h e ad and
ch e s t publis h e d in lite rature  ICRP 2007.

Effe ctive  dos e  = Eq uivale nt dos e  ×  W T

Mate rial and M e th od

Pre s e nt s tudy is  conducte d at Nucle ar M e dicine
Oncology and Radioth e rapy Ins titute  (NORI), Is lam -
abad. In th is  s tudy total 22 patie nts  including ch ildre n,
fe m ale  and m ale  w e re  random ly s e le cte d unde rgoing
CT proce dure  of ch e s t and h e ad. Sie m e n’s  SOMATOM
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Re s ults  and Dis cus s ion

In th is  s tudy, 22 patie nts  for h e ad and ch e s t e xam i-
nations  w e re  random ly s e le cte d. Th e  radiation dos e s
are  m e as ure d for h e ad and ch e s t CT proce dure s  and
corre s ponding radiation-induce d cance r ris k s  are
calculate d on th e  bas is  of m e as ure d dos e s .

Dos e s  for h e ad s can
CT ge ne rate d e ffe ctive  dos e s  for s e le cte d patie nts
h aving h e ad e xam ination in th e  pre s e nt s tudy are
give n in (Fig. 1). Effe ctive  dos e  for e ach  patie nt
unde rgoing CT proce dure  for h e ad s can m e as ure d
w ith  TLD is  s h ow n in (Fig. 2). In both  cas e s  th e  m e an
m e as ure d dos e s  are  le s s  th an th e  re com m e nde d
m e an e ffe ctive  dos e  lim its  for h e ad CT w h ich  is  2.0
m Sv.5,9 ,10 H ow e ve r, it is  cle ar from  (Fig. 1), th e  patie nts
1 and 2 h ave  ve ry low  dos e s , be caus e  th e s e  tw o
patie nts  are  s m all ch ildre n and pe diatrics  param e te rs
w e re  s e le cte d. Th e  m e an e ffe ctive  dos e  for tw o
s e le cte d ch ildre n w as  not include d in th e  s tudy.

Figure  1: Effe ctive  dos e s  m e as ure d from  CT ge ne rate d for h e ad
CT proce dure .

Figure  2: Effe ctive  dos e s  m e as ure d w ith  TLD for h e ad CT
proce dure

Ove rall m e an patie nt dos e s  for h e ad CT m e as ure d
w ith  CT ge ne rate d dos e  inde x and TLD for m ale  and
fe m ale  patie nt are  57.59  ± 2.354 m Gy and 47.1 ±
5.35 m Gy re s pe ctive ly. Me an e ffe ctive  dos e  calculate d

for h e ad CT ge ne rate d from  CT dos e  inde x and w ith
TLD found to be  2.09 3 ± 0.579  m Sv and 0.460 ±
0.043 m Sv. Ove rall Me an m e as ure d and calculate d
e ffe ctive  dos e s  for h e ad CT are  s h ow n in (Tab. 1).

Measured CT
generated

dose (mGy)

57.59  ±  2.354

Measured
TLD

dose (mGy)

Calculated
effective doses

for CT
generated

(mSv)

Calculated
effective
doses for
TLD (mSv)

47.14 ± 5.355 2.093  ±  0.579 0.460  ±  0.043

Me an h e igh t, w e igh t, age , s e x re late d to s e le cte d
patie nts  for h e ad CT e xam inations  and diffe re nt
param e te r re late d to CT are  s h ow n in (Tab. 2).  It is
cle ar from  th e  (Tab. 2), m e an dos e s  for ch ildre n, m ale
and fe m ale  in CT ge ne rate d are  32.59 , 57.9 3 and
57.26 m Gy re s pe ctive ly. Th e  m e an m e as ure d dos e s
from  TLD for ch ildre n, m ale  and fe m ale  are  22.6,
48.40 and 47.89  m Sv re s pe ctive ly. Th e  ch ildre n
s e le cte d for th is  s tudy are  ve ry s m all num be r due  to
tim e  lim itation of th e  re s e arch  proje ct.

Table  1: Ove rall m e an m e as ure d dos e s  and calculate d e ffe ctive
dos e s  ge ne rate d by CT and TLD for h e ad s can

Sex

Child

Male

Female

Mean
Age(y)

Mean
Height
(cm)

mAs CTDI
(mGy)

Dose
(mGy)

Scan
time(s)

Pitch Slice
(mm)

3.5

33

43

36.75

161

150

88.5

246

157

32.59

57.93

57.26

22.6

48.40

47.89

14.16

15.46

12.59

0.5

0.5

0.55

5

5

5

Table  2: M e an value s  of diffe re nt param e te r re late d to CT and
patie nts  s e le cte d for h e ad CT proce dure

Dos e  le ngth  product (DLP), calculate d e ffe ctive  dos e s
due  to CT s canne r and TLDs  are  s h ow n in (Tab. 3).
Scatte re d dos e s  w e re  als o m e as ure d w ith  TLDs  and
als o s h ow n in (Tab. 3).  CT Dos e s  outs ide  th e  e xpos e d
fie ld (ch e s t in cas e  of h e ad CT proce dure s ) w e re
m e as ure d us ing TLDs  and varie s  from  0.50 to 0.54
m Gy. Effe ctive  dos e s  for CTDI range d from  0.9  to 2.0
m Sv for ch ildre n and fe m ale . Effe ctive  dos e s  calculate d
for TLDs  are  0.2 m Sv for ch ildre n and 0.4 m Sv for
both  m ale s  and fe m ale s .

Sex

Child

Male

Female

Table  3: DLP, e ffe ctive  dos e  and TLD dos e  for h e ad CT

DLP
(mGycm)

Dose on the
chest due to

head CT (mGy)

Effective
doses of

CTDI (mSv)

Effective
dose of

TLDs (mSv)

426.5

1115.1

954.9

0.54

0.50

0.52

0.9

1.8

2.0

0.2

0.47

0.4
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Th e  ove rall m e an dos e s  for ch e s t s can calculate d
from  CT dos e  inde x w as  8.82 ± 2.09  m Gy and
m e as ure d w ith  TLD found to be  15.73 ± 5.2 m Gy
s h ow n in (Tab. 4). Th e  ove rall m e an e ffe ctive  dos e
calculate d from  CT dos e  inde x and m e as ure d w ith
TLD for ch e s t e xam ination found 5.64 ± 0.9 13 m Sv
and 1.780 ± 0.75 m Sv re s pe ctive ly.

  Figure  4: Effe ctive  dos e  m e as ure d w ith  TLD for ch e s t CT
proce dure

Es tim ation of cance r ris k  for h e ad CT proce dure
To e valuate  th e  cance r ris k , ave rage  age  and ave rage
dos e  is  calculate d s e parate ly for ch ildre n, m ale  and
fe m ale  patie nts . Th e  ave rage  age  for ch ildre n is  3.5
yr (2-5 yr) and ave rage  e ffe ctive  dos e  calculate d for
CT and TLD is  0.9  and 0.2 m Sv for h e ad CT
proce dure . Th e  cance r ris k s  calculate d bas e d on
m e as ure d dos e s  for ch ildre n in cas e  of CT and TLD
are  1 in 2802 and 1 in 119 08 pe rs ons .7,11-13 Th e
ave rage  age  of s e le cte d m ale  patie nts  w as  33 yr (17-
55 yr), and m e an e ffe ctive  dos e  for CT and TLD found
to be  2.13 and 0.474 m Sv. Th e  ave rage  age  for fe m ale
patie nts  w as  43 yr (20-50yr) and ave rage  dos e  for
CT and TLDs  cam e  out to be  2.0 and 0.4 m Sv. Th e
calculate d cance r ris k s  for m ale  from  th e  dos e s  of
CT and TLD found to be  1 in 1549  and 1 in 5228 and
for fe m ale  patie nt from  CT and TLD dos e  found to
be  1 in 1158 and 1 in 5831 re s pe ctive ly.

Dos e s  for ch e s t s can
Effe ctive  dos e s  for ch e s t CT ge ne rate d w ith  CT
s canne r for s e le cte d patie nts  are  s h ow n (Fig. 3). CT
dos e s  m e as ure d w ith  TLD for ch e s t e xam ination and
corre s ponding e ffe ctive  dos e s  are  s h ow n in (Fig. 4).
It is  obvious  from  (Fig. 3 and 4) th at e ffe ctive  dos e s
varie d s ignificantly for ch e s t CT proce dure s . Th e
dos e s  for all patie nts  s e le cte d for ch e s t CT e xam ina-
tions  m e as ure d w ith  TLD are  le s s  th an re com m e nde d
s afe  lim its  (7.0 m Sv).5,9 ,10 H ow e ve r, th e  dos e  of a
s ingle  patie nt gre ate r th an th e  s afe  lim it in CT
ge ne rate d dos e s  as  s h ow n in (Fig. 3). It is  found th at
th is  particular patie nt h as  m ore  s can are a as  com -
pare d to th e  oth e rs  and it w as  re com m e nde d by th e
re fe rring ph ys ician.

Figure  3: Effe ctive  dos e s  m e as ure d from  CT ge ne rate d for ch e s t
proce dure

Measured CT
generated
mean dose

(mGy)

8.823 ± 2.0939

Measured
TLD

Mean dose
 (mGy)

Calculated
mean

effective
doses  (mSv)

Measured
mean

effective
doses ( mSv)

15.73 ± 5.2 5.644  ±  0.913 1.7803 ± 0.754

Table  4:  Ove rall m e an m e as ure d dos e s  and e ffe ctive  dos e s
ge ne rate d by CT and TLD for ch e s t s can

Me an h e igh t, w e igh t, age , s e x re late d to s e le cte d pa-
tie nts  for ch e s t CT e xam inations  and diffe re nt para-
m e te r re late d to CT s canne r are  s h ow n in (Tab. 5).
DLP calculate d e ffe ctive  dos e s  due  to CT s canne r
and TLDs  for ch e s t CT are  s h ow n in (Tab. 6). CT
Dos e s  outs ide  th e  e xpos e d fie ld (e ye  in cas e  of ch e s t
CT proce dure s ) w e re  m e as ure d us ing TLDs  are  als o
give n in (Tab. 6).

Sex

Male

Female

Age(y) Height
(cm)

mAs CTDI
(mGy)

Dose
(mGy)

Scan
time(s)

Pitch Slice
(mm)

45.25

48.16

155

165

167

104

13.28

9.72

17.08

12.49

17.31

12.79

0.5

0.5

5

8

Table  5: Param e te r re late d to CT and patie nt inform ation for ch e s t
CT

Gender

Male

Female

Table  6:  DLP, calculate d e ffe ctive  dos e s  due  to CT s canne r and
TLDs  for ch e s t CT

DLP
(mGycm)

Dose on the eye
due to chest

CT (mGy)

Effective
doses of

CTDI (mSv)

Effective
dose of

TLDs (mSv)

513.0

48.16

1.87

2.24

6.0

4.6

2.2

1.4
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Es tim ation of cance r ris k  for ch e s t CT proce dure
Cance r ris k  w as  als o as s e s s e d for ch e s t CT proce -
dure s , in th is  re gard ave rage  age  and ave rage  e ffe ctive
dos e  for m ale  and fe m ale  patie nts  w e re  calculate d
s e parate ly. Th e  e s tim ate d dos e s  le ad to th e
de ve lopm e nt of a cance r varie d w ide ly de pe nding on
th e  s pe cific type  of CT e xam ination, patie nt’s  age
and s e x. Ave rage  age  in th e  pre s e nt s tudy for m ale
patie nts  w as  45.25 yr (26-60 yr). Th e  calculate d
ave rage  e ffe ctive  dos e  for CT and TLD found to be
6.0 and 2.20 m Sv for m ale  patie nts . Th e  cance r ris k s
calculate d from  th e  m e as ure d dos e s  for m ale  patie nts
h aving ch e s t e xam ination w e re  1 in 289 3 and 1 in
19 72 pe rs ons  for CT and TLD proce dure s . Th e
ave rage  age  of fe m ale  patie nts  w as  46.8 yr (28-58
yr) and ave rage  e ffe ctive  dos e  for CT and TLD cam e
out to be  4.6 and 1.4, re s pe ctive ly. Th e  cance rs  ris k
for fe m ale  patie nts  calculate d on th e  bas is  of
m e as ure d dos e s  w e re  1 in 481 and 1 in 189 6
individuals  for CT ge ne rate d dos e s  and TLD
proce dure s .

Conclus ion

Radiation dos e s  m e as ure d from  s e le cte d proce dure s
in diagnos tic CT e xam inations  from  CT de rive d
param e te rs  and TLD. Bas e d on m e as ure d data life tim e
e xce s s  cance r ris k s  for h e ad and ch e s t CT s cans
w e re  calculate d.  Th e  m e an e ffe ctive  dos e s  for CT
ge ne rate d and TLD found to be  1.8 and 0.47 m Sv
for m ale  and 2.0 and 0.4 m Sv for fe m ale  patie nts
re s pe ctive ly. Th e  calculate d ave rage  e ffe ctive  dos e
for CT and TLD found to be  6.0 and 2.2 m Sv for m ale
patie nts  and 4.6 and 1.4 for fe m ale  patie nts  in ch e s t
CT e xam ination. It is  conclude d th at patie nt unde rgoing
CT e xam ination at NORI h ave  dos e s  w ith in th e  re com -
m e nde d dos e  lim its  and variable  w ith in th e  s am e
e xam inations .
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