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Abstract – Purpose: Medical X-ray exposures have been the largest man-made source of population 

exposure to ionizing radiation in developed countries for many years. It is therefore important for 

radiation protection and healthcare authorities in each country to regularly assess the magnitude and the 

distribution of this large and increasing source of population exposure. The purpose of this paper is to 

present results from the survey on the number of typical X-ray examination procedures in the Republic of 

Macedonia for 2010, the distribution of examination procedures by type per modality for adults and 

pediatric patients, the annual frequency per 1000 population and the collective effective dose per 1000 

population from the X-ray examination procedures performed in the Republic of Macedonia in 2010. 

Materials and methods: In the beginning of 2011, a survey was initiated in the Republic of Macedonia for 

collecting data on the number of typical X-ray examination procedures conducted in 2010 as a basis for 

estimating frequency of these procedures and associated population doses. The survey was initiated within 

a Dose Data Med project
1
 launched by the European Commission to study population doses from medical 

exposures within the Union. The Republic of Macedonia was invited to participate in this projectas a test 

country
2
.  Typical X-ray examination procedures encompass those that are recognized to be the most 

important for the total population dose, referred to as TOP20 X-ray procedures. The survey was based on 

a specific questionnaire being prepared and distributed to the 87 X-ray departments in the Republic of 

Macedonia intended to cover the data for the year of 2010. The data was collected and summarized. Based 

on data gathered, the total number of examination procedures, annual frequency and their distribution by 

modality were calculated. Thereafter, the annual collective effective dose per 1000 population for each 

examination procedure in the TOP20 group and collective effective doses were estimated using literature 

data for values of the mean effective dose per typical examination procedure. Finally, normalization of the 

total collective effective dose from all TOP 20 X-ray procedures for the whole population in the Republic 

of Macedonia was performed. 

Results: 67% of X-ray departments present in the Republic of Macedonia at the time the survey was 

initiated provided data on the number of TOP20 X-ray examination procedures performed in 2010. On 

the basis of the data gathered, a total of 322039 TOP20 X-ray examination procedures were performed in 

2010 for both adult and pediatric patients. Plain radiography examination procedures (dental excluded) 

were the most commonly performed procedures in the Republic of Macedonia that year and the plain 

radiography of chest/thorax had the highest frequency of examinations (64 examinations) per 1000 

population. The Ba meal examination procedure with an annual frequency of 2.93 per 1000 population 

has the highest contribution to the annual collective effective dose of all other procedures. Still, in total, 

the contribution of X-ray examinations in the plain radiography modality to the collective effective dose is 

the highest. The total collective dose from TOP 20 X-ray examination procedures in 2010 is 507 man Sv, 

while the normalized collective dose to the population is 249.7 mSv/1000 population.  

                                                           
1
 So-called DDM2 project 

2
 CLAIM: No financial compensation, travel grant or any other benefit was provided for participants from the Republic of 

Macedonia in this project. 



Proceedings of the Third Conference on Medical Physics and Biomedical Engineering 

 

15 

 

Conclusions: The most common type of examination in the Republic of Macedonia for 2010 is X-ray 

projection of lungs. The contribution to the collective effective dose from X-ray examinations in the plain 

radiography modality is the highest, followed by contributions from fluoroscopy procedures, computer 

tomography and interventional radiology procedures. Comparision of the estimated collective dose from 

TOP20 X-ray examination procedures in other countries suggests possible underestimation in the 

estimated doses comparing to actual doses. A more comprehensive survey and analysis are needed to be 

carried out in future in order to obtain more precise estimates of the frequency of X-ray examinations and 

associated population doses in the Republic of Macedonia. Ideally, this need to be done on a regular basis 

with a commitment by relevant institutions. 

Keywords – frequency of X-ray examination, population dose  

1. INTRODUCTION 

Medical X-ray exposures have been the largest man-

made source of population exposure to ionizing 

radiation in developed countries for many years. 

Recent developments in medical imaging, particularly 

with respect to computed tomography (CT), have led 

to rapid increases in the number of relatively high-

dose X-ray examinations performed, with significant 

consequences for individual patient doses and for the 

collective dose to the population as a whole. It is 

therefore important for radiation protection and 

healthcare authorities in each country to regularly 

assess the magnitude and distribution of this large and 

increasing source of population exposure.  

In the beginning of 2011, the European Commission 

lunched a “Study on European Population Doses 

from Medical Exposures” so call DDM2 project .The 

predominant objectives of these population dose 

assessments in recent years have been: 

1. To observe trends in the annual collective dose and 

the annual average per caput dose from medical x-

rays in a country with time (per caput dose = 

collective dose averaged over the entire population); 

2. To determine the contributions of different imaging 

modalities and types of examination to the total 

collective dose from all medical x-rays; 

3. To determine the relationship between the 

frequencies of different types of x-ray examination, 

the typical radiation doses given to patients and their 

contribution to the total collective dose.; 

4. To determine whether there are any regional 

variations within a country in the frequency and per 

caput dose from particular types of x-ray examination 

and  

5. To compare the frequencies and the annual per 

caput doses from medical x-rays between countries. 

Republic of Macedonia has been invited to participate 

in the project as a test country among other five test 

countries.  

 

 

2. MATERIALS AND METHODS 

Macedonia has participated in DDM2 project in X-

ray and Nuclear Medicine procedures. This paper 

presents results for X-ray procedures only. The first 

step was answering of a general questionnaire about 

national regulatory framework and assessment of the 

status of implementation of the requirements for 

medical dose surveys and population dose 

estimations. According to the available categorization 

of X-ray examination procedures, it was decided that 

Macedonia will collect for data on the  TOP20 X-ray 

examinations presented in Table 1. Additionally are 

presented  average mean effective doses what were 

esstimated in the fisrt Dose Data Med project 

(DDM1). 

Table 1.  TOP20 X-ray examination and mean 

effective dose per examination DDM1 project [1] 

Category 

(modality) 

Exam type  Mean eff.doses 

          (mSv) 

 

 

Plain 

radiography 

1. Chest / thorax 

2. Cervical spice 

3. Thoracic spine 

4. Lumbar spine 

5. Mammography 

6. Abdomen 

7. Pelvis & hip 

0.25 

0.7 

2.0 

2.8 

0.4 

1.8 

1.35 

 

 

Radiography / 

Fluoroscopy 

8. Ba - meal 

9. Ba - enema 

10.  Ba – follow 

11.  IVU 
12.  Cardiac 

angiography 

15.0 

12.5 

24.5 

3.5 

  11.25 

 

 

 

Computed 

Tomography 

(CT) 

13.  CT head 

14.  CT neck 

15.  CT chest 

16.  CT spine 

17.  CT abdomen 

18.  CT pelvis 

19.  CT trunk 

2.4 

2.8 

8.2 

6.0 

13.5 

8.8 

24.4 

Interventional 

radiology 
20. PTCA 15.35 

 

The second step was preparing a national 

questionnaire for reporting the number of TOP20 X-

ray examinations and guideline in support to the 

questionnaire that describes more accurately what and 

how needs to be reported. The questionnaire 
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including the guideline was sent to all 87 X-ray 

departments in the Republic of Macedonia. The data 

reported was collected and the total number of 

examinations summarized. Thereafter, the annual 

frequency of X-ray examinations per year was 

calculated and the distribution by modality was 

determined by:  

1000*
nsexaminatio ofnumber   Total

populationfreqency

Annual
=

  (1) 

 Using the annual frequency of X-ray examinations 

and multiplying by mean effective dose per 

examinations stated in reference [1], the annual 

collective effective dose per 1000 population for each 

examination type in TOP20 group was calculated by:  

 

examper

doseeffmean
numberTotal

doseeff

collAnnual .
*

.
=

         (2) 

Finally, contribution to the collective effective dose 

from TOP20 group by modality was calculated. 

Earlier UNSCEAR reports expressed patient doses in 

terms of the mean absorbed dose to few organs or 

tissues (e.g. the gonads and red bone marrow) and 

population doses were expressed in terms of the 

annual genetically significant dose and the annual per 

caput red bone marrow dose. In its more recent 

reports [UNSCEAR, 1993 and 2000] UNSCEAR has 

used effective dose [ICRP, 1991] as a convenient 

indicator of overall risk-related exposure of the 

patient from an x-ray examination, and population 

doses were expressed in terms of the annual 

collective effective dose or the annual average per 

caput effective dose.  The effective dose (E) 

essentially takes account of non-uniform body 

exposures and organs and tissues which are sensitive 

to radiation by estimating the average whole body 

dose that would result in the same total radiation-

induced cancer risk as the non-uniform body 

exposure. The collective effective dose (S) takes 

account of the number of people exposed to a 

particular source by multiplying the average effective 

dose to the exposed group by the number of 

individuals in the group. Since the collective 

population dose depends on the size of the 

population, it is often more useful to use the annual 

average per caput dose (i.e. the annual collective dose 

averaged over the entire population). However, for 

the purpose of making population dose estimates, it is 

reasonable to assume that children receive the same 

mean effective dose as adults from the same type of 

examination. When exposure factors are selected to 

suit the smaller sizes of pediatric patients and to 

maintain the same dose to the image receptor, 

entrance surface doses will be smaller than for adults 

but will be attenuated less to reach organs at depth, 

resulting in similar effective doses. For this reason, 

patient dose surveys was designed to determine mean 

effective doses for use in population dose estimates 

taking into account adult patients only. [1]  

It is recognized that certain limitations and 

uncertainties in the estimated frequency of TOP20 

examinations and population doses exists due to: 

- Percentage of reported number of examinations; 

- Insufficiently differentiated codes of 

examinations; 

- Lack of data from some important providers of 

radiology;   

- Mistakes occurring in collected or recorded 

data;  

- Use of literature data for the mean effective dose 

per examination; 

- Uncertainties in conversion coefficients, etc. 

For example, considering the fact that only 67% of all 

X-ray departments present in the Republic of 

Macedonia at the time the survey was initiated 

responded to the survey, the uncertainties of reported 

results are ±25%. Therefore, more comprehensive 

survey and analysis needs to be carried out in future 

in order to obtain more precise estimates of the 

frequency of X-ray examinations and associated 

population doses. 

3. RESULTS 

Fifty-seven X-ray departments of total of 85 

departments (67%) present at the time the survey was 

initiated provided data on the number of TOP20 X-

ray examination procedures. In these departments, a 

total of 322039 TOP20 X-ray examination procedures 

were performed in 2010. 91.3% of patients engaged 

in these examinations were adults and 8.69% 

pediatric patients younger than 14 year. 

In this paper, the following results are presented: 

TOP20 X-ray examinations distribution by 

modalities, the distribution of examinations in 

radiography, fluoroscopy, interventional radiology 

and Computed Tomography (CT) by types; the 

estimated annual frequency and collective dose per 

1000 population; and the estimated collective dose 

from TOP 20 X-ray examinations. 

An overview of the number and type of machines for 

medical imaging present in the Republic of 

Macedonia is presented on Figure 1.  

 

Fig. 1 – Number of X-ray and other type of machines 

for medical imaging present in the Republic of 

Macedonia 
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3.1. Examinations by modality 

Plain radiography (dental excluded) examination 

procedures are the most commonly performed 

procedures in the Republic of Macedonia (Figure 1).  

 

 

Fig. 2 – X-Ray examinations distribution by modality 

The total number of TOP20 X-ray examinations per 

modality was summarized considering adult patients 

only. On the basis on this number, the annual 

frequency per 1000 population was calculated. The 

results are presented in Table 2. 

Table 2. Total number and annual frequency per 

1000 population of X-ray examinations in TOP20 

group in 2010 in the Republic of Macedonia 

Modality Total 

number 

Annual 

frequency per 

1000 popul. 

Plain radiography 

(dental excluded) 

257 482 126.84 

Radiography / 

Fluoroscopy 

9 860 4.86 

Cardiac Angiography 3 029 1.49 

Computed 

Tomography 

16 856 8.30 

PTCA 900 0.44 

 

According to the collected data, 288 127 TOP20 X-

ray examinations were performed on adult population 

in 2010 in the Republic of Macedonia.  

3.2. Examinations by type in different modalities 

3.2.1. Radiography  modality 

The most common type of examination is X-ray 

projection of lungs (26.35% of all examinations in 

adults, Figure 3, and 40.72% of all examinations in 

pediatric patients, Figure 4). In Computed 

Tomography (CT), the most frequent examination is 

head examination (53% of all examinations in adults 

and 48% of all examinations in pediatric patients).  

 

Fig. 3 - Distribution of radiography examinations in 

adult patients   

 

Fig. 4 - Distribution of radiography examinations in 

pediatric patients (<14 y) 

3.2.2. Fluoroscopy 

An examination of the stomach and the duodenum 

with Ba meal is the most common type of 

fluoroscopy examination among both adult and 

pediatric patients. 

 

Fig. 5 - Distribution of fluoroscopic examinations in 

adult patients 

 

Fig. 6 - Distribution of fluoroscopic examinations in 

pediatric patients (< 14 y) 
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3.2.3. Interventional radiology 

The diagnostic coronarography is the most common 

procedure in interventional radiology. 

 

Fig.7 - Distribution of Interventional radiology 

examinations in adults patients 

3.2.4. Computed Tomography 

CT head scans in both adult and pediatric patients are 

the most common CT procedures. 

 

Fig.8 - Distribution of CT examinations in adult 

patients 

 

Fig.9 - Distribution of CT examinations in pediatric 

patients (<14 y)   

3.3. Annual frequency per 1000 population 

It was made an  interpolation of results  as all 87 X-

ray units participeted in the survey and the annual 

frequency per 1000 population was calculated for 

adult patients only (Figure 10). Interpolated results 

show that 64 exams of chest or thorax, 24.89 for 

pelvis and hip and 12.30 for lumbar spine (including 

limbo-sacral joint) were performed per 1000 

population in 2010. 
 

 

Fig.10 - Frequency per 1000 population for TOP20 

X-ray examinations in 2010 

Plain radiography of chest/thorax had the highest 

frequency of examination per 1000 population in 

2010 in the country. 

3.4. Annual collective effective dose 

The annual collective effective dose per examinations 

in TOP20 group were calculated for 2010 (Figure 

11). The Ba meal examination procedure with an 

annual frequency of 2.93 per 1000 population, had 

the highest contribution to the annual collective 

effective dose with 89.22 manSv. Among highest 

contribution to the collective dose, have lumbar spine 

examination with 69.90 manSv and pelvis & hip 

examination with 68.22 manSv, while CT scans of 

abdominal regia have a 28.63 manSv. 
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Fig.11 - Annual collective effective dose per type of  

X-ray examinations in TOP20 group 

Due to the high frequency of Ba meal examination 

procedure, this examination had the highest 

contribution to the collective dose per examination 

Radiography of lumbar spine as well as pelvis and 

hip, had also a big contribution to the collective dose 

per examination in 2010. 
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In total, the contribution of X-ray examinations in 

plain radiography modality to the collective effective 

dose for 2010 is the highest. Althogh the patient dose 

during interventional radiology procedures are much 

higher comparing to those from plain radiography 

procedures, in total the examinations in interventional 

radiology have no the highest contribution to the 

collective effective dose. Comparing results with 

athother counries, the contriburiton from CT scans in 

our country is lower, probalby due to less reported 

number of performed exams. 

 

Fig.12 – Contribution to the collective effective dose 

from TOP20 group by modality 

According to presented data, the total collective dose 

from TOP20 X-ray examination procedures in 2010 

is 507 man Sv, while the normalized collective dose 

to the population is 249.7 mSv/1000 population.  

4. CONCLUSION 

In the Republic of Macedonia, there is no system in 

place for gathering data on national level  for the 

number and type of X-ray examinations procedures 

performed and for estimating the associated 

population doses. This survey and analysis carried out 

within the DDM2 project is the very first intent in the 

country for doing so. Considering the limitations and 

uncertainties associated with the collected data and 

estimations made, a more comprehensive survey and 

analysis needs to be carried out in future (ideally, on 

a regular basis) in order to obtain more precise 

estimates of the frequency of X-ray examinations and 

associated population doses. 

The most common type of examination in the 

Republic of Macedonia is the X-ray projection of 

lungs/thorax. Macedonian population received the 

highest dose  from the examinations in plain 

radiography modality due to their high frequency for 

2010.  

The frequency of TOP20 X-ray examinations per 

1000 population in the Republic of Macedonia is 

higher only than Romania and Cyprus [1]. This 

implies a possibility that the number of reported X-

ray examinations in TOP20 group were lower than 

the actual. As a consequence, there is a possibility for 

the calculated doses to be lower than the actual doses. 

Not knowing the number of examinations performed 

in the departments with a highest number of 

examinations performed in the country, also 

contibuted to underestimating actual population 

doses. 
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