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Abstract 

W e h a ve  i n v e s t i ga ted  ch a n ge s  i n  e xp o s u re  d o se  i n  J ap a n .  I n ve s t i ga t io n  o f  CT  

ex a mi n a t io n  wa s  s t a r t e d  i n  1 9 9 7 .  I n  CT  e xa mi na t io n ,  d o s es  we re  a ss e s sed  i n  t e r ms  o f  

CT DI vo l .  CT DI vo l  was  ca l c u la t ed  b y  d e t e r mi n i n g  CT DI w as  d e f i n ed  b y  t he  

In t e r n a t io na l  Co mmi s s i o n  o n  R ad io lo g ica l  P r o tec t i o n  ( I C RP ) ,  I n t e r na t io na l  A to mi c  

En e r g y  Ag e nc y  ( I AE A)  and  o t he r  o r ga n iz a t io n s  u s i n g  P MM A c yl i nd e r s  1 6  c m a nd  3 2  

c m i n  d i a me te r ,  a nd  d i v id i n g  i t  b y  B P .  T he  t r end s  f ro m 1 9 9 7  to  2 0 1 1  in  t he  d o se s  i n  

ad u l t  c r a n ia l  a nd  ab d o mi n a l  CT  e xa mi n a t io n s ,  t h e  d o s e s  i nc r ea sed  s l i g h t l y  u n t i l  2 0 0 7 ,  

wi t h  fu r t he r  i nc r ea se s  to  2 1 % fo r  c r a n ia l  CT  a nd  3 3 %  fo r  ab d o mi n a l  CT  i n  2 0 1 1 ,  

co mp ar ed  wi t h  t h e  2 0 0 7  l e v e l s .  O n  t he  h i s to g ra m fo r  2 0 0 7  a nd  2 0 1 1 ,  t he  mea n  d o se  

i nc r ea sed  b y  2 5 %  f ro m 6 4  mG y to  7 9  mG y.  A l t ho u g h  t h e  h i s to gr a ms  a r e  s i mi l a r  i n  

s hap e ,  2 .4 % o f  t he  i n s t i t u t io n s  had  mea n  d o s es  e xce ed i n g  1 2 0  mG y .  In  2 0 0 7 ,  t he  

4 - ro w s ys t e m wa s  t he  mo s t  p r e v a l e n t  t yp e ,  ac co u n t i n g  fo r  2 4 %.  I n  2 0 1 1 ,  t he  6 4 - ro w 

s ys t e m ac co u nt ed  fo r  3 8 %.  An o t h e r  n o te wo r t h y f i nd i n g  fo r  2 0 1 1  wa s  t ha t  s ys t e ms  

wi t h  mo re  t ha n  6 4  ro ws ,  wh i c h  we re  no t  a va i l a b le  i n  2 0 0 7 ,  we re  b e i n g  u sed  c l i n i ca l l y  

a t  so me  i n s t i t u t io n s ,  a l t ho u g h  t he y  ac co u n ted  fo r  o n l y  0 .0 1 % .  I n  2 0 1 1 ,  CT DI vo l  i n  

no n -h e l i c a l  ad u l t  a n d  c h i ld  c r a n i a l  were  8 2 .3  ±2 9  mG y a nd  4 2 .2  ±1 9 .5  mG y.  C he s t  

ad u l t  a nd  c h i ld  we re  1 4 .6  ±1 0 .0  mG y a nd  7 . 2  ±4 .7  mG y.  Ab d o me n  ad ul t  a n d  c h i ld  

we re  1 8 .7  ± 9 .3  mG y a n d  6 .6  ±3 .2 mG y.  T he  d o se s  i n  c h i ld r e n  r a n g ed  f ro m 3 0 % to  5 0 % 

re l a t i ve  to  t h e  ad u l t  l e v e l s ,  a l t ho u g h  so me  va r i a t i o n  e x i s t ed  d ep e nd i n g  o n  t he  p o r t io n  

ex a mi n ed .  
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1. Introduction 

 Published diagnostic reference levels (DRLs) for X-ray computed tomography (CT) 

examinations available in Japan include the target dose levels for medical settings involving 

radiography (scout and contrast-enhanced), interventional radiology, CT examination, and 

nuclear medicine examination as specified in the Guideline for Medical Exposure 2006 1 )  by 

the Japan Association of Radiological Technologists (JART). Internationally, DRLs for adults 

and children are specified by the International Commission on Radiological Protection in its 

publications ICRP publ. 872 )  and ICRP publ. 1023 )  ( t ab le  1 .  t ab le  2) . 

 

Table 1.  CTDIvol  Adult guideline and DRL [mGy] 

 

 

 

Examination JART ICRP.87
Head 65 60
Chest - 30

Abdomen 20 35
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※Head is Calculated values of CTDIvol relate to the 16cm diameter dosimetry phantom 

※JART's Abdomen Calculated values of CTDIvol relate to the 30cm diameter dosimetry 

phantom 

※ICRP.87's Chest and Abdomen Calculated values of CTDIvol relate to the 32cm diameter 

dosimetry phantom 

 

Table 2.  CTDIvol  Child DRL [mGy] 

 

 

 

 

※ Calculated values of CTDIvol relate to the 16cm diameter dosimetry phantom 

 

 According to OECD Health Data 20114 ) , which contains a wide variety of comparative data 

from 34 countries, the number of X-ray CT systems available per million population has been 

increasing(Fig.  1) . It is notable that Japan, which reported 14.4 systems per million 

population in 1981, had increased this rate to 97.3 by 2008, significantly higher than even the 

second-ranking country, Australia, which reported a rate of 42.5 in 2010. In Japan, 350.37 

X-ray CT examinations per thousand population were undertaken in 2011 (Fig .  2) . 
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Fig. 1  The possession number of CT examination equipment of each country 

 

The objective of this study was to acquire basic data for generating DRLs and for assessing the 

currently available exposure doses in X-ray CT examinations in Japan. 

 

Fig. 2  The number of CT exaninations of each country 

 

 

Examination ICRP.102
Head 43
Chest 13
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2. Method 

2.1. Ques t ionna i re -based  su rvey  

Data on CT examination systems and imaging conditions were obtained from a 

questionnaire-based survey undertaken at 3,000 medical institutions throughout Japan. 

Questionnaires were sent to 3,000 randomly selected institutions. The survey focused on the 

names of radiographic systems, tube voltage, tube amperage, pitch factor, rotating time, 

monitor-displayed CT dose index volume (CTDIvol), and other items. Target parts of the body 

were child/adult heads, child/adult chests, and child/adult abdomens.  

 

2.2. Dose assessments 

Doses were assessed in terms of CTDIvol as calculated with the ImPACT dose estimation 

program. CTDIvol values for the head, chest, and abdomen of children and adults were 

calculated from the imaging condition data obtained from the questionnaire-based survey. 

 

2.3. Doses by irradiation site at the same institution 

 Doses at various irradiation sites were calculated from the imaging conditions used at a 

selected representative institution (institution-A) and compared with the results of the 

nationwide survey. 

 

3. Results 

3.1. Ques t ionna i re s  were  recove red  f rom 1 ,306  in s t i tu t ions ,  the  recove ry ra te  

be ing  43 .6% amon g the  3 ,000  in s t i tu t ions  in  J apan .  The  number  o f  ins t i tu t ions  

p rov id ing  ca lcu lab le  da ta  was  291  fo r  ch i ld  heads  wi th  non -he l ica l  scans ,  140  for  

ch i ld  heads  wi th  he l ica l  scans ,  178  for  ch i ld  ches ts ,  and  182  fo r  ch i ld  abdomens .  

Regard ing  adu l t  da ta ,  the  numb er  o f  in s t i t u t ions  was  544  for  adu l t  heads  wi th  

non -he l ica l  scans ,  331  for  adu l t  heads  wi th  he l ica l  scans ,  353  fo r  adu l t  ches t s ,  and  

392  fo r  adu l t  abdomens .  

 The  mean ,  s tanda rd  dev ia t ion ,  tex t i l e /quar t i le  dose  (75% dose) ,  maximum va lues ,  

and  min imum va lues  o f  CTD Ivo l  as  ca l cu la ted  wi th  the  ImPACT program were  

tabu la ted  by i r rad ia t ion  s i te  fo r  bo th  ch i ld ren  and  adul t s (Table 3 and 4).  

 

Table  3 .  CTDIvo l  o f  each  par t  in  a  Chi ld  [mGy]  

 Examination Average Standard deviation Maximum Minimum 75％dose
Head　(Non-Helical scan) 42.2 19.5 161.3 4.3 50.3

Head　(Helical scan) 45.4 29.1 231.9 0.5 50.9
Chest 7.2 4.7 28.0 0.2 9.8

Abdomen 6.6 3.2 14.2 1.1 13.9  

 

Table  4 .  CTDIvo l  o f  each  par t  in  a  Adul t  [mGy]  

 Examination Average Standard deviation Maximum Minimum 75％dose
Head　(Non-Helical scan) 82.3 29.0 250.3 11.1 97.2

Head　(Helical scan) 74.1 36.3 207.7 1.1 101.6
Chest 14.6 10.0 111.2 0.5 19.3

Abdomen 18.7 9.3 69.8 3.6 23.7  

 

 CTDIvo l  va lues  ca l cu la te d  wi th  the  ImPACT program f rom c ran ia l  CT da ta  a re  

shown in  h i s tograms (Fig .3 ) .  The  mean  fo r  c r an ia l  non -he l ica l  s cans  was  82 .3  mG y 

for  adu l ts  and  42 .2  mG y fo r  ch i ld ren .  The  mean  for  c ran ia l  he l i ca l  scans  was  74 .1  

mG y fo r  adu l t s  and  45 .4  mG y fo r  ch i ld ren .  T he  he l ica l  va lues  we re  lower  than  the  

non -he l ica l  va lues .  C TDIvo l  va lues  ca l cu la ted  f rom tho rac ic  and  abdomina l  CT  

da ta  a r e  a lso  shown in  h i s tograms (Fig .4 ) .  The  mean  for  tho rac ic  scans  was  14 .6  
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mG y for  adu l t s  and  7 .2  mG y fo r  ch i ld ren .  The  mean  fo r  abdomina l  scans  was  18 .6  

mG y for  adu l t s  and  6 .6  mG y for  ch i ld ren .  A  compar i son  o f  these  na t iona l  means  

wi th  the  gu ide l ine  va lues  fo r  adu l t  CT examina t ions  spec i f ied  in  the  JART 

Guide l ine  2006  r evea l s  tha t  the  c ran ia l  CTD Ivo l  was  1 .14  t imes  fo r  he l ica l  scans  

and  1 .27  t imes  fo r  non -he l ica l  scans ;  the  abdomina l  CTD Ivo l  was  0 .93  t imes .  

Meanwhi le ,  a  compar i son  o f  the  na t iona l  means  wi th  the  DR Ls spec i f ied  in  the  

in te rna t iona l  s tandard  ICRP  Publ .  87 ,  102  revea l s  the  c r an ia l  CTD Ivo l  in  ch i ld ren  

was  1 .05  t imes  fo r  he l i ca l  s cans  and  0 .98  t imes  fo r  non -he l ica l  scans ;  and  the  

tho rac ic  CTD Ivo l  fo r  ch i ld ren  was  0 .55  t imes .  For  adu l ts ,  t he  c ran ia l  CTD Ivo l  was  

1 .37  t imes  fo r  he l ica l  scans  and  1 .23  t imes  fo r  non -he l ica l  s cans ;  the  thorac ic  

CTDIvo l  was  0 .49  t imes  and  the  abdomina l  C TDIvo l  0 .53  t imes .  

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig .  3   The  h is togram of  CTDIvol  in  a  head  X -rays  CT examina t ion  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig .  4  The  h is togram of  CTDIvo l  in  a  ches t・ Abdomen X -rays  CT examina t ion  
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CTDIvol［mGy］
Head　(Non-Helical scan) 215.7

Head　(Helical scan) 133.7
Chest 11.7

Abdomen 9.3

3.2 Adul t  c ran ia l ,  t horac ic ,  and  abdomina l  CTD Ivo l  va lues  ob ta ined  a t  

represen ta t ive  in s t i tu t ion -A were  tabu la ted  (Table .5 ) .   

 

Table5  CTDIvo l  o f  adul t ' s  head ,  a  ches t ,  and  an  abdome n in  the  ins t i tu t ion  A  

 

 

 

 

 

 

The  na t iona l  means  and  the  in s t i tu t ion -A da ta  fo r  CTDIvol  va lues  we re  

g raph ica l ly  rep resen ted (Fig .5 ) .  The  tho rac ic  and  abdomina l  va lues  were  lower  

than  the  na t iona l  means ,  whereas  the  c ran ia l  va lues  exceeded  the  na t iona l  means  

fo r  bo th  he l ica l  and  non -he l ica l  scans .  A  compar i son  o f  our  f ind ings  wi th  the  

JART Guide l ine  2006  revea l s  tha t  the  c ran ia l  CTD Ivo l  was  2 .06  t imes  fo r  he l ica l  

scans  and  3 .32  t imes  fo r  non -he l i ca l  scans ;  t he  abdomina l  CTD Ivo l  was  0 .47  t imes .  

A  compar ison  o f  the  ins t i tu t ion -A da ta  and  the  DR Ls  spec i f ied  in  ICRP  pub l .  87  

revea l s  tha t  the  c r an ia l  CTD Ivo l  was  2 .23  t imes  fo r  he l ica l  scans  and  3 .60  t imes  

fo r  non -he l i ca l  scans ;  the  tho rac ic  CTDIvol  was  0 .39  t imes ,  and  the  abdomina l  

CTDIvo l  was  0 .27  t imes .  

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig .  5  CTDIvol  o f  average  va lue  and  the  Faci l i ty  A  (adu l t )  

 

４．Conclusion 

 The Japanese national mean CTDIvol values for adult chest and abdomen were lower than the 

DRLs specified in JART Guideline 2006 and ICRP publ. 87. However, the national mean 

CTDIvol value for adult head exceeded the DRLs specified in JART Guideline 2006 and ICRP 

publ. 87. 

 Many institutions in Japan have endeavored to reduce thoracic and abdominal exposures and 

have recognized the need to reduce cranial exposures. Child CTDIvol values — whether of the 

head, chest, or abdomen — were 30% to 50% of the corresponding adult doses. Furthermore, 

mean child CTDIvol values were lower than, or equivalent to, the DRLs specified in ICRP 

publ. 102. We attribute this to institutional efforts to reduce exposure doses in children.  

 The cranial (both helical and non-helical) CTDIvol values obtained at institution-A were 

higher than the DRLs specified in JART Guideline 2006 and ICRP pub. 87, as well as the 

national means. On the other hand, the thoracic CTDIvol value was lower than the national 

mean, and the abdominal CTDIvol was lower than both the national mean and the target value 
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specified in the Guideline. It was therefore necessary to establish appropriate imaging 

conditions at each institution in order to optimize exposure doses in CT examinations.  

 

 The  pr esen t  s tudy p rov ides  ba s ic  da ta  fo r  asse ss ing  exposure  doses  o f  pa t ien t s  

undergo ing  CT examina t ions  in  J apan  and  for  gene ra t ing  d iagnos t ic  re fe rence  

leve ls  (DR Ls) .  
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