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Abstract. The collective effective dose to the population from all x-ray examinations in Finland in 2005 was 
estimated. The numbers of x-ray examinations were collected by a questionnaire to the health care units (response 
rate 100 %). The effective doses in plain radiography were calculated using a Monte Carlo based program 
(PCXMC), as average values for selected health care units. For computed tomography (CT), weighted dose length 
product (DLPw) in a standard phantom was measured for routine CT protocols of four body regions, for 80 % of 
CT scanners including all types. The effective doses were calculated from DPLw values using published 
conversion factors. For contrast-enhanced radiology and interventional radiology, the effective dose was estimated 
mainly by using published DAP values and conversion factors for given body regions. About 733 examinations 
per 1000 inhabitants (excluding dental) were made in 2005, slightly less than in 2000. The proportions of plain 
radiography, computed tomography, contrast-enhanced radiography and interventional procedures were about 92, 
7, 1 and 1 %, respectively. From 2000, the frequencies (number of examinations per 1000 inhabitants) of plain 
radiography and contrast-enhanced radiography have decreased about 8 and 33 %, respectively, while the 
frequencies of CT and interventional radiology have increased about 28 and 38 %, respectively. The population 
dose from all x-ray examinations is about 0,43 mSv per person (in 1997 0,5 mSv). About half of this is caused by 
CT (in 1997 only 20 %) although the relative number of CT examinations is only 7 %. The contribution by plain 
radiography is 19 %, interventional radiology 17 %, and contrast-enhanced radiology 14 %. It is concluded that 
CT examinations are the major source of the population dose, while interventional radiology gives about the same 
population dose as plain radiography. For plain radiography, body examinations cause the highest effective dose.  
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1. Introduction 
 
The use of radiation for medical diagnostic examinations contributes over 95 % of the man-made 
radiation exposure and is only exceeded by natural background as a source of exposure [1]. In the next 
few years, particularly with the rapidly increasing use of computed tomography (CT), the medical use 
of radiation may exceed natural background as a source of population exposure. In countries with 
advanced health care systems, the annual number of radiological diagnostic procedures approaches or 
exceeds one for every member of the population. Therefore, it is of high interest to monitor the 
examination frequencies and patient doses and observe any trends in their relative number and 
significance as for the dose to the population. The population dose is important in order to evaluate the 
overall significance of medical exposure compared with other sources of exposure and to get 
information on its relative risks as a source of radiation induced cancer and other detriments. 
 
The number of CT examination and interventional procedures are known to be rapidly increasing 
worldwide and can cause high doses to the patients, in particular if the procedures are not carefully 
optimized. It is of particular interest, therefore to evaluate the relative importance of these procedures as 
a source of population dose. In Finland, the latest estimation of collective effective dose to the 
population from medical x-ray examinations (0.5 mSv/capita [2]) is based on rather old data which is 
partly more than 10 years old. Therefore, there was a clear need to up-date this value to correspond to 
the current radiological practices. 
 
2. Purpose 
 
The purpose of this study was to survey the number of x-ray examinations performed in Finland in 
2005, to collect information on the patient dose in various types of x-ray examinations and 
interventional procedures, and to combine these data to estimate the collective effective dose to the 
population from all x-ray examinations and procedures in Finland. The purpose was also to settle out 

1 



the relative importance of various examinations and procedures for the population dose and to evaluate 
any recent trends by comparing the results with earlier data from Finland.  
 
3. Methods 
 
3.1 Numbers of x-ray examinations 
 
The numbers of x-ray examinations in 2005 were collected by a questionnaire to the 406 health care 
units registered as safety license holders by the Radiation and Nuclear Safety Authority of Finland 
(STUK) [3]. The radiotherapy and isotope units were excluded from this inquiry. The inquiry was 
based on the joint nomenclature [4], which is the examination coding system used in Finland. In the 
nomenclature the examinations are distributed to plain radiography, contrast-enhanced radiography, 
angiography, computed tomography and radiological interventional procedures based on the imaging 
technique utilised. The fluoroscopy examinations without contrast medium are included into plain 
radiography examinations. In this study, apart from the classification of the joint nomenclature, the 
contrast-enhanced radiography includes also angiographic examinations. The numbers of 
examinations have been presented in frequencies, i.e. examinations per one thousand (1000) of 
population. The population in Finland in 2005 was 5.256 millions.   
 
The trends in radiological practices performed in Finland between 2000 and 2005 were determined  
comparing the results with the results of a previous nationwide summary conducted by STUK [5].  
 
For the determination of the collective effective dose to the population, the above classification of the 
examinations was used. The collective effective dose was determined based on both the information 
about the number of examinations and the effective dose of each type of examination.  
 
3.2 Population dose for plain radiography 
 
For plain radiography examinations, the determination of collective effective doses was made utilising 
a Monte Carlo based program (PCXMC) [6]. PCXMC is a computer program for calculating patients' 
organ doses and the effective dose in medical x-ray examinations (radiography and fluoroscopy). The 
program incorporates adjustable-size paediatric and adult patient models, and allows a free choice of 
the x-ray examination technique. PCXMC has been developed by STUK for its own research 
purposes. All the parameters affecting the patient dose (focus to skin distance FSD, radiation quality 
and output, filtration, field size and the number of exposures in each examination) were computerized 
and the effective dose was calculated. The effective doses of thorax, abdomen, hip and pelvis 
examinations are the average doses of the university hospitals, some central hospitals, some regional 
hospitals and a few health centres in Finland based on an individual inquiry made for 20 imaging 
centres during the summer 2006. The AP/PA and SS-projections were calculated separately within 
these four examinations separated from the other examinations, where the effective doses are assumed 
to be the number of exposures multiplied with the effective dose of the AP/PA-projection. The doses 
of the other examinations are based on the average of two health centres. The effective doses of some 
limb examinations were assumed to be similar to each other, in the examinations of the hand and 
fingers and the wrist, for example. The effects of these assumptions were thought to be diminutive to 
the collective dose on the whole. 
   
3.3 Population dose for computed tomography 
 
For the most typical CT examinations of head, thorax, abdomen and lumbar spine, with the standard 
imaging protocol, the weighted dose length product (DLPw) was measured in a standard PMMA 
phantom using a calibrated pencil ionization chamber. The measurements were carried out using a 
technique developed at STUK, where the phantom is kept in a fixed position in air in the centre of the 
CT hole and above the couch, by the help of a special “swing”, while during the measurement the 
couch is moving below the phantom in accordance with the CT protocol [7]. In this way, the DLPw 
value for the whole examination will be directly obtained. The measurements covered about 80 % of 
the CT scanners used in Finland and included all types of equipment (1-, 2-4-, 6-10- and 16-slice 
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equipment). Average DLPw values from the measurements for each type of the CT examination were 
calculated and converted to effective doses using the conversion factors published by Shrimpton et al. 
[8].   
 
The average effective doses for each type of CT examination specified in the national classification or 
coding system were determined based on the imaged body region and taking into account the number 
of series used (1 or 2). For the CT examinations specified as “very extensive” in the national coding 
system, the dose was doubled compared with the “extensive” or “normal” examination. The measured 
DLPw values were somewhat dependent on the type of the CT equipment (number of slices); therefore, 
for the CT examinations which contributed more than 3 % of the total population dose from CT 
examinations, the effect of the CT equipment were taken into consideration when calculating the 
population dose.       
 
3.4 Population dose for contrast-enhanced radiology and interventional radiology 
 
For contrast-enhanced radiology and interventional radiology, a number of publications were reviewed 
and a set of published dose area product (DAP) values, or effective dose values, for a few common 
examinations or procedures were collected, including some published data from Finland [9-12].  Most 
of the data was taken from the publications by the NRPB [9] and McParland [10]. For a given body 
region, the effective doses were calculated from the DAP values by using the conversion factors 
published by the NRPB [9] or McParland [10]. In some cases, the published effective dose was used 
directly instead of the conversion from the DAP value.  
 
4. Results and discussion 
 
4.1 Frequencies of x-ray examinations 
 
About 733 x-ray examinations per 1000 inhabitants were made in 2005, which is slightly less than in 
2000. The frequencies of plain radiography and contrast-enhanced radiography examinations have 
diminished about 8 % and 33 % from 2000 to 2005 whereas the frequencies of CT examinations and 
radiological interventional procedures have increased about 28 and 38 % respectively (Table 1). The 
proportions of plain radiography, computed tomography, contrast-enhanced radiography and 
interventional procedures were about 92, 7, 1 and 1 %, respectively (Figure 2). 
 
The frequencies of medical x-ray examinations are also compared with previous data obtained from 
United Kingdom, Norway, Luxemburg, Switzerland and the average value reported by the UNSCEAR 
for Healthcare I level countries (Table 2) [1]. The frequencies of x-ray examinations (excluding 
interventional procedures) and CT examinations are close to the average value for health care level I 
countries, while the frequency of interventional procedures is significantly higher. However, the latter 
is in reasonable agreement with more recent data from UK and Luxembourg.  
 
 
Table 1: Radiological examinations in Finland in 2000 and 2005 per 1000 inhabitants  
  
 2000 2005 
Plain radiography 724.1 663.9 
Contrast-enhanced radiography 18.3 12.2 
Computed tomography 39.5 50.4 
Interventional radiology 4.7 6.5 
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Figure 2: The relative proportions of x-ray examinations performed in Finland in 2005 
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Table 2: The frequencies (examinations per 1000 inhabitants) of medical x-ray examinations 
performed in Finland, United Kingdom, Norway, Luxemburg, Switzerland and UNSCEAR Healthcare 
level I countries on average in 1991-2005 [1]. 

 

  Finland 
 

[5] 

Finland
 

[3] 

UK 
 

[13] 

Norway
 

[14] 

Luxemburg 
 

[15] 

Switzerland 
 

[16] 

UNSCEAR 
 

[11] 
Year 2000 2005 2002 2002 2002 1998 1991-1996 
Total 775 733 376  1366 1340 920 
Interventional 
procedures  4.7 6.5 7.4  9.0 3.8 2.7 

Computed 
tomography 39 50 26 104 135 46 48 

X-ray 
examinations 
(excluding 
CT/Interventional 
procedures) 

732 676 324 638  707 838 

 
4.2 Population dose for plain radiography 
 
The collective effective dose to the population caused by plain radiography examinations during 2005 
in Finland was ca. 0.08 mSv per person, while 664 examinations per thousand inhabitants were made. 
This is about 19 % from the total dose from all x-ray examinations. The highest contributions came 
from the body examinations (54 %), mammography (16 %), thorax examinations (13 %) and limb 
examinations (10 %). The corresponding frequencies were 78, 55, 222 and 223 (examinations per 
thousand inhabitants), indicating that the plain radiography examinations of the body and the 
mammography examinations are of more importance on point of view of patient dose even if their 
frequency is much lower than those of thorax and limb examinations.  
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4.3 Population dose for computed tomography 
 
The collective effective dose to the population caused by computed tomography was 0.22 mSv per 
person, while about 50 CT examinations per thousand inhabitants were made.  This is about 50 % 
from the total dose of all x-ray examinations and has been significantly increased from 1997, when it 
was estimated to be only 20 %. The highest contributions came from the contrast-enhanced CT-
examination of the trunk (17 %) and native head CT examinations (15 %). The corresponding 
frequencies were 3.2 and 19 (examinations per thousand inhabitants), indicating that the CT 
examinations of the trunk are of more importance on point of view of patient dose even if their 
frequency is much lower.  
 
4.4 Population dose for contrast-enhanced radiology and interventional radiology procedures 
 
The collective effective dose to the population caused by contrast-enhanced radiology was 0.06 mSv 
per person, while about 12 examinations per thousand inhabitants were made. This is about 14 % from 
the total dose of all x-ray examinations. The highest contributions came from coronary angiography 
(CA; 32 %) and contrast-enhanced examinations of small and large intestine (about 23 %). The 
corresponding frequencies were 3.1 and 1.9 examinations per thousand inhabitants.  
 
The collective effective dose to the population caused by interventional radiology procedures was 0.07 
mSv per person, while about 6.5 examinations per thousand inhabitants were made. This is about 17 % 
from the total dose of all x-ray examinations. The highest contributions came from PTCA (28 %) 
while any other IR procedure contributes to less than about 10 % of the total.  The frequency of PTCA 
was about 0.8 procedures per thousand inhabitants.  
 
4.5 Total population dose 
 
The total collective effective dose to the population in Finland in 2005 is 0.43 mSv per person (Table 
3), which is a little less than the earlier estimation of 0.5 mSv from 1997. This is much lower than the 
average value of 1.2 mSv reported for health care level I countries [1]. About half of the total effective 
dose is caused by CT examinations, while the other contributions vary between 14 and 19 %.    
 
Table 3: Collective effective population dose per inhabitant in 2005 in Finland  
 Collective effective 

dose / person 
[mSv] 

Relative proportion 
of the total dose 

[%] 
Plain radiography 0.08 19 
Contrast-enhanced radiography 0.06 14 
Computed tomography 0.22 50 
Interventional radiology 0.07 17 
TOTAL 0.43  

 
 
5. Conclusions 
 
The population dose from all x-ray examinations, about 0.43 mSv per person, has slightly decreased 
from the earlier estimation of 0.5 mSv from 1997 and is much lower than the average value of 1.2 mSv 
reported for health care level I countries [1]. About half of this is caused by CT (in 1997 only 20 %), 
although the relative number of CT examinations is only 7 %. The contribution by plain radiography is 
about 19 %, interventional radiology about 17 %, and contrast-enhanced radiography about 14 %. It is 
concluded that CT is the major source of the population dose, while interventional radiology gives about 
the same population dose as plain radiography. For plain radiography, body examinations cause the 
highest effective dose.  
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The staff in use of radiation must receive supplementary training enabling their radiation protection 
knowledge and skills to be kept up to date. The aim of the supplementary training is to increase the 
knowledge of the doses caused by the medical x-ray examinations to the patients. The significance of 
the justification and optimisation of the examinations is also impressed. The supplementary training 
has been implemented in collaboration with the authorities (STUK) and the experts involved in the use 
of radiation. In addition to the radiation protection training involved in basic training and to regular 
supplementary training, anyone using a radiation appliance and radiation source shall be familiarized 
with radiation safe working methods for each procedure, and with the optimal use of the radiation 
appliance and radiation source. 
 
Acknowledgements  
 
The authors gratefully acknowledge cooperation of the Finnish health care units providing information 
for the basis of this study.  
 
REFERENCES 
 
 
[1] United Nations Scientific Committee on the Effects of Atomic Radiation. Sources and Effects 

of Ionizing Radiation. UNSCEAR 2000 Report to the General Assembly, with Scientific 
Annexes. Volume I: Sources. United Nations, New York, (2000).  

[2] Rannikko S., Karila K.T.K., Toivonen M. Patient and population doses of x-ray diagnostics in 
Finland. STUK-A144. Helsinki (1997). 

[3] Tenkanen-Rautakoski P Radiologisten tutkimusten ja toimenpiteiden määrät vuonna 2005. 
STUK-B-STO 62. Helsinki: Säteilyturvakeskus. (2006) 

[4] Radiologinen tutkimus- ja toimenpideluokitus 2003. Helsinki, Suomen Kuntaliitto. (2003).  
[5] Hakanen, A. Radiologisten tutkimusten ja toimenpiteiden määrät vuonna 2000. STUK-B-STO 

49. Säteilyturvakeskus, Helsinki (2002). 
[6] http://www.stuk.fi/sateilyn_kayttajille/ohjelmat/PCXMC/en_GB/pcxmc/ 
[7] Karppinen J., Järvinen H. Tietokonetomografialaitteiden käytön optimointi. STUK-A220. 

Helsinki (2006).  
[8] Shrimpton P C, Hiller M C, Lewis M A and Dunn M. Doses from computed tomography 

examinations in the UK-2003 Rewiew. NRPB-W67. 2005. 
[9] Hart D and Wall B F. Radiation Exposure of the UK population from Medical and Dental X-ray 

Examination. NRPB-W4 (2002) 
[10] McParland B.J. A study of patient radiation doses in interventional radiological procedures, 

Br.J.Radiol. 71 (1998), 175-185. 
[11] Aroua A., Rickli H., Stauffer J.-C., Schnyder P., Trueb P.R., Valley J.-F., Vock P., Verdun F.R. 

How to set up and apply reference levels in fluoroscopy at a national level, Eur. Radiol. 17 
(2007), 1621-1633.  

[12] Vano E., Järvinen H., Kosunen A., Bly R., Malone J., Dowling A., Larkin A., Padovani R., 
Bosmans H., Dragusin O., Jaschke W., Torbica P., Back C., Schreiner A., Bokou C., Kottou S., 
Tsapaki V., Jankowski J., Papierz S., Domienik J., Werduch A., Nikodemova D., Salat D., 
Kepler K., Bor M.D., Vassileva J., Borisova R., Pellet S., Corbett R.H. Patient Dose In 
Interventional Radiology. A European Survey. Rad. Prot. Dos. SENTINEL (Delft) Special Issue 
(2008) doi:10.1093/rpd/ncn024.  

[13] Hart D, Wall B. UK population dose from medical X-ray examinations. European Journal of 
Radiology (2004)  

[14] Borretsen I, Lysdahl K, Olerud H. Radiologi i Noreg. Strålevern Rapport 2006:6 (2006) 
[15] Shannoun F, Zeeb H, Back C, Blettner M. Medical exposure of the population from diagnostic 

use of ionizing radiation in Luxembourg between 1994 and 2002. Health Physics (2006)  
[16] Aroua A, Burnand B, Decka I, Vader J-P, Valley J-F. Nation-wide survey on radiation doses in 

diagnostic and interventional radiology in Switzerland in 1998. Health Physics (2002)  
 
 

6 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU (Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /KOR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee575284e8e9ad88d2891cf76845370524d6253537030028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f0030028fd94e9b8bbe7f6e89816c425d4c51655b574f533002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c9069752865bc9ad854c18cea76845370524d521753703002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f300290194e9b8a2d5b9a89816c425d4c51655b57578b3002>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


