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BACKGROUND: Bone  s cintigraph y is  one  of th e  m os t fre q ue ntly pe rform e d of nucle ar m e dicine  proce dure s  and
nucle ar m e dicine  te ch nologis ts  are  prone  to e xpos e  at tim e  of adm inis te ring th e  radioph arm ace utical and pos ition
th e  patie nt during im aging. Th e  purpos e  of th is  re s e arch  w ork  w as  to find out th e  e xpos ure  rate s  from  patie nts
unde rgoing bone  s can at various  tim e  inte rval afte r inje ction of radioph arm ace utical. MATERIAL AND METHODS:

Th is  w as  a pros pe ctive  s tudy conducte d at Nucle ar M e dicine  Se ction, De partm e nt of Radiology, Aga K h an
Unive rs ity H os pital, K arach i from  January 2015 till Fe bruary 2015. Afte r inje ction of radioph arm ace utical (700-
740 MBq  of Tc-9 9 m  MDP), e xpos ure  rate s  (m illi-Roe ntge n/h our; m R/h ) w e re  e s tim ate d at 1 m e te r dis tance  at
10 m inute s  (T0) and 1 h our (T1) afte r inje ction and tim e  of le aving th e  de partm e nt (T2). RESULTS: During th e
s tudy pe riod, 71 patie nts  w e re  accrue d w ith  a m e an age  of 54 ±17 ye ars . M ale : Fe m ale  51%  : 49 % . Me an dos e
of Tc-9 9 m  MDP inje cte d w as  705 ± 131 MBq  intrave nous ly. Me an e xpos ure  rate s  at 1 m e te r dis tance  at T0, T1
and T2 w e re  13.103 ± 4.631, 10.9 80 ± 4.559  and 5.300 ± 3.186 m R/h  re s pe ctive ly. Th e re  w as  a s tatis tically
s ignificant te m poral re duction in e xpos ure  rate s  w h ich  w as  16%  in 1s t h our (T0 to T1) and 60%  in ne xt ph as e
(T1-T2). CONCLUSION: W e  conclude  th at e xpos ure  rate  at 1 m e te r from  bone  s can patie nts  to nucle ar m e dicine
te ch nologis ts  at th e  tim e  of im aging is  s ignificantly low e r th an at 1 h our afte r inje ction. To k e e p radiation e xpos ure
at m inim um , NM te ch nologis ts  s h ould adopt tim e  and dis tance  s trate gie s  of radiation prote ction.
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ABSTRACT

Introduction

Bone  s cintigraph y is  one  of th e  m os t fre q ue ntly
pe rform e d of nucle ar m e dicine  proce dure s  around
th e  w orld. Th e  re as ons  for its  popularity are  its  w ide
availab ility, cos t e ffe ctive ne s s  and its  prove n
s e ns itivity. Te ch ne tium - 9 9 m -labe le d m e th yle ne
diph os ph onate s  (MDP) is  th e  m os t com m only radio-
ph arm ace utical w h ich  accum ulate s  rapidly in bone ,
and by 2-6 h ours  afte r inje ction, about 50%  of th e
inje cte d dos e  is  in th e  s k e le tal s ys te m . Th e  uptak e

m e ch anis m s  of diph os ph onate s  h ave  not be e n com -
ple te ly e lucidate d. Pre s um ably th e y are  ads orbe d to
th e  m ine ral ph as e  of bone , w ith  re lative ly little  binding
to th e  organic ph as e . Th e  de gre e  of radiotrace r up-
tak e  de pe nds  prim arily on tw o factors : blood flow
and, pe rh aps  m ore  im portantly, th e  rate  of ne w  bone
form ation.1 Th e  us ual adult dos e  is  20-25 m Ci of Tc-
9 9 m  MDP inje cte d intrave nous ly and im aging is
typically pe rform e d afte r 2-6 h ours . Th is  te m poral
gap be tw e e n inje ction and im aging allow s  cle arance
of th e  radiotrace r from  th e  s oft tis s ue s , re s ulting in
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a h igh e r targe t-to-back ground ratio and im prove d
vis ualiz ation of bone . Sk e le tal de tail can be  furth e r
e nh ance d by e ncouraging patie nts  to drink  copious
am ounts  of fluid afte r radiotrace r inje ction.  Nucle ar
m e dicine  te ch nologis ts  com e  into clos e  proxim ity
w ith  radiation s ource s , re ce iving radiation dos e s
w h ile  pe rform ing proce dure s  s uch  as  pre paring and
adm inis te ring th e  radiois otope , pos itioning th e  patie nt
on th e  s canne r be d, m onitoring th e  patie nt during
data acq uis ition, re m oving th e  patie nt from  th e  be d,
and e s corting th e  patie nt to th e  de partm e nt.2

It is  ge ne rally cons ide re d th at a patie nt unde rgoing
a bone  s can is  th e  m ajor s ource  of radiation e xpos ure
in a nucle ar m e dicine  de partm e nt and contribute s
to annual dos e  lim it of 20 m Sv to a te ch nologis t.3

Th e  purpos e  of th is  re s e arch  w ork  w as  to find out
th e  e xpos ure  rate s  from  patie nts  unde rgoing bone
s can at various  tim e  inte rval afte r inje ction of radio-
ph arm ace utical.

for s ocial s cie nce s  (SPSS ve rs ion 17® ). De m ograph ic
and s tre s s  te s t variable s  w e re  pros -pe ctive ly colle cte d
for all patie nts . A tw o-taile d s tude nt t-te s t w as  us e d
to com pare  continuous  variable s  and a ch i-s q uare d
te s t w as  us e d to com pare  cate gorical variable s . P
value  <0.05 w e re  cons ide re d s ignificant.

Material and Methods

Th is  w as  a pros pe ctive  s tudy conducte d at Nucle ar
m e dicine  Se ction, De partm e nt of Radiology, Aga
Kh an Unive rs ity H os pital, Karach i from  January 2015
till Fe bruary 2015. According to de partm e nt protocol,
patie nts  w h o w e re  s ch e dule d for bone  s can w e re
as k e d to com e  w ith  good h ydration, afte r h is tory
tak ing and e xam ination, 20-25 m Ci of Tc-9 9 m  MDP
w as  inje cte d intrave nous ly. Afte r inje ction of radio-
ph arm ace utical, patie nts  w e re  re q ue s te d to tak e  8-
10 glas s e s  of w ate r and s tay in h ot w aiting are a and
als o e ncourage  for fre q ue nt void to m inim iz e  urinary
bladde r dos e . W h ole  body im age s  w e re  acq uire d 2
h our afte r inje ction and afte r com ple tion of s canning
patie nts  w e re  re le as e d w ith  ins tructions  to m aintain
h ydration and k e e p dis tance  from  ge ne ral public for
ne xt 6-10 h ours . Expos ure  rate s  (m illi-Roe ntge n/h our;
m R/h ) w e re  e s tim ate d us ing dos im e te r (ESM, FH
40 G-L, Ge rm any) at 1 m e te r dis tance  at 10 m inute s
(T0) and 1 h our (T1) afte r inje ction and tim e  of le aving
th e  de partm e nt (T2).
Statistical Analysis: Data w as  analyz e d by us ing
com m e rcially available  pack age s  th e  Me dcalc®  s tatis -
tical s oftw are  ve rs ion 11.3.10 and s tatis tical pack age

Results

During th e  s tudy pe riod, 71 patie nts  w e re  accrue d
w ith  a m e an age  of 54 ±17 ye ars . Male : Fe m ale  51%
: 49 % . Me an dos e  of Tc-9 9 m  MDP inje cte d w as  705
± 131 MBq  intrave nous ly. Me an e xpos ure  rate s  at 1
m e te r dis tance  at T0, T1 and T2 w e re  13.103 ± 4.631,
10.9 80 ± 4.559  and 5.300 ± 3.186 m R/h  re s -pe ctive ly.
M e an tim e  patie nts  s taye d in nucle ar m e di-cine
de partm e nt w as  179  ± 44 m inute s  (Tab. 1). Th e re
w as  a s tatis tically s ignificant te m poral re duction in
e xpos ure  rate s  (Fig. 1). Re duction in e xpos ure  rate
from  T0 to T1 w as  16%  w h ile  it re ach e d up to 60%
at T2 (tim e  of re le as e ) w ith  a s ignificant p value . (Fig.
2).

Variable n=71

Age  in ye ars  (Me an ± SD)

Ge nde r (M:F)

Dos e  of Tc-9 9 m  MDP (M e an ± SD) MBq

Expos ure  rate  at 1 m e te r (m e an ± SD) in m R/h r

w ith in 10 m inute s

Expos ure  rate  at 1 m e te r (m e an ± SD) in m R/h r

at 60 m inute s

Expos ure  rate  at 1 m e te r (m e an ± SD) in m R/h r

at dis ch arge

Ave rage  duration (m e an ± SD) of dis ch arge  s ince

inje ction in m inute s

54 ± 17

36:35 (51% :49 % )

705 ± 131 MBq

13.103 ± 4.631

10.9 80 ± 4.559

5.30 ± 3.186

179  ± 44

SD=Standard de viation
MDP=Me th ye le ne Diph os ph onate
MBq =Me ga Be cq ue re l
m R/h r= m illi-Roe ntge n/h our

Table 1: Patie nts ’ de m ograph ic

Discussion

O ve r th e  las t 02 de cade s  th e  nucle ar m e dicine
com m unity h as  be com e  m ore  cogniz ant about th e
radiation e xpos ure  due  nucle ar m e dicine  proce dure s



Figure 1: Com parative  analys is  of ave rage  e xpos ure  rate s  (m R/h r)
at 1 m e te r dis tance  w ith in 10 m inute s , 60 m inute s  of Tc-9 9 m  MDP

inje ction and at dis ch arge  re s pe ctive ly
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as  re ce ntly Eins te in AJ e t al,4 re ve ale d th at about
one -th ird of patie nts  unde rgoing m ultiple  m yocardial
pe rfus ion im aging at a s ingle ce nte r re ce ive d a
cum ulative  e s tim ate d e ffe ctive  dos e  ove r 100 m Sv,
a le ve l be lie ve d to be  as s ociate d w ith  an incre as e d
cance r ris k . Th e s e  data h as  als o cre ate d conce rns
in ge ne ral nucle ar te ch nologis t about radiation e xpo-
s ure s . As  a m atte r of fact bone  s can is  th e  m os t
com m only pe rform e d proce dure  w ith  an ave rage
inje cte d activity of around 740 MBq . Adm inis te ring
th e  radioph arm ace utical and pos itioning of patie nts
unde r gam m a cam e ra are  th e  tw o s ource s  of e xpo-
s ure  to nucle ar m e dicine .5

Th is  s tudy s h ow s  th at re duction in e xpos ure  rate  in
th e  1s t h our w as  16%  and during th is  tim e  patie nts

w e re  us e d to s tay in h ot w aiting are a and do not
e xpos e  th e  NM te ch nologis t. Im portantly th e re  w as
an e xpone ntial de cline  in e xpos ure  in ne xt h our (T1-
T2) w h ich  is  60%  and th is  is  th e  tim e  w h e n patie nts
unde rgo for im aging and NM te ch nologis ts  h ave  to
com e  into clos e  contact for pos itioning unde r th e
cam e ra. Th e  bas ic re as on for th is  e xpone ntial fall is
biological cle arance  of th e  trace r th rough  k idne ys .
H ow e ve r, th e  tim e  of clos e  contact (about 1 m ) is
ve ry brie f as  m os t of th e  e xis ting cam e ras  are  pro-
vide d w ith  re m ote  control s ys te m  for gantry and be d
m ove m e nts . Th is  provide s  NM te ch nologis t to adopt
tim e  and dis tance  m e th odology of bas ic radiation
prote ction principals . Th e  s ucce s s  of th is  s trate gy is
prove d by re s ults  of q uarte rly m e as ure d radiation
dos e  to our NM te ch nologis t w h ich  is  ve ry w e ll be low
th e  s tatutory lim its . Th is  is  to m e ntion th at AKUH  is
th e  only h e alth care  facility in country us ing Optically
Stim ulate d Lum ine s ce nt (OSL) m e th od for dos im e try
w h ich  is  cons ide re d m ore  s e ns itive  th an Th e rm o
Lum ine s ce nt Dos im e try TLD).6
W e  conclude  th at e xpos ure  rate  at 1 m e te r from
bone  s can patie nts  to nucle ar m e dicine  te ch nologis ts
at th e  tim e  of im aging is  s ignificantly low e r th an at
1 h our afte r inje ction. To k e e p radiation e xpos ure  at
m inim um , NM te ch nologis ts  s h ould adopt tim e  and
dis tance  s trate gie s  of radiation prote ction.

Figure 2: Illus trate  %  re duction in e xpos ure  rate  afte r 60 m inute
of Tc-9 9 m  MDP inje ction and at dis ch arge  on ave rage  179

m inute s  re s .
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