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Abstract 
 
Introduction 
The purpose of this study was to estimate organ and effective doses in patients undergoing some common X-

ray examinations in Sabzevar, Iran. The effective dose is one of the best parameters for describing the 

amount of radiation dose received by a patient undergoing any diagnostic X-ray examination. The public 

dose from X-ray examinations depends on various factors, and its contribution to the overall public dose 

from medical applications widely varies in different societies; however, in Iran, limited data is available on 

this subject. 

Materials and Methods 

In the present study, we aimed to estimate organ and effective doses arising from some common X-ray 

examinations on patients. Organ and effective doses were calculated by employing PCXMC program, based 

on Monte Carlo method. 

Results 
The mean effective doses in this study were compared with similar findings reported in previous research. 

The applied methods in different studies are the main factors, which influence the effective dose values. 

Conclusion 

Radiation doses to radiosensitive organs such as the ovaries, testicles, and thyroid may induce harmful 

effects, e.g., cancer and genetic effects. Therefore, we should try to maintain the organ doses as low as 

possible. 
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1. Introduction 
Ionizing radiations are widely used in all 

hospitals and clinics for diagnostic imaging 

procedures [1, 2]. X-ray is the most frequently 

used form of ionizing radiation in everyday 

life. In many cases, prompt and accurate 

diagnosis of diseases or injuries calls for 

immediate use of X-ray examinations [2].  

X-ray examinations provide the physician with 

important information about an individual’s 

health and help ensure the suitability of patient 

treatment. Recent advances in clinical X-ray 

technologies by simplifying X-ray-based
 

diagnostic procedures have resulted in a rapid 

increase in the use of X-ray facilities and 

equipments in medical practice[3].  

Diagnostic radiology accounts for an 

enormous share of public dose from man-made 

sources. In fact, diagnostic radiology is 

recognized as the largest source of man-made 

radiation. More importantly, its application has 

risen sharply from 15% in 1980 to 48% in 

2006 in the United States [3, 4].  

Unlike occupational
 
exposure, no dose limits 

have been defined for radiation doses to the 

general public arising from medical exposure, 

although local and national dose references 

have been established. All medical exposures 

involve a balance between benefit and risk to 

the patient. X-ray examinations can promote 

disease detection and suitable treatment (based 

on the stage of the disease) by monitoring its 

progression. The patient can benefit from 

successful treatment, which may both prolong 

his/her life and improve its quality. Overall, 

the advantages should overweigh the risks 

associated with radiation exposure. 

Failure to carry out a prescribed examination 

can place a patient at a significantly greater 

risk, compared to radiation exposure. On the 

other hand, a procedure is of no value if it does 

not influence patient management in any way 

and only imposes unnecessary risks on the 

patient [5].  

In order to determine the stochastic risk of an 

X-ray examination, it is necessary to 

determine the absorbed dose in each 

susceptible organ and identify the risk of the 

absorbed dose arising from organ irradiation . 

The organ or tissue dose in a patient, resulting 

from a radiological procedure, depends on the 

amount of incident radiation, i.e., the entrance 

surface dose, as well as the location and 

direction of the incident beam[6-8] 

In radiation protection, effective dose is used 

to compare the stochastic risk in situations 

where there is no uniformity in the received 

doses, and the absorbed doses are low enough 

to avoid deterministic radiation effects ,  

effective dose can be used t compare the risks 

caused by a  non-uniform exposure and a 

uniform exposure of the whole body. The 

stochastic risks are in fact carcinogenetic and 

induce genetic effects[9-12]. 

The patient effective dose (E) was introduced 

by the International Commission
 

of 

Radiological Protection (ICRP) as an indicator 

of stochastic radiation risk, associated with 

medical exposures; it is also regarded as a 

basis for estimating the risk of occupational 

exposure. Determination of patient effective 

dose contributes to the understanding of the 

link between radiation dose and dose damages. 

Also, it can be an appropriate index for 

comparing the relative risk of different 

diagnostic procedures [13-15].  

The effective dose is given as a weighted 

average of equivalent doses in various organs 

and tissues [16, 17]. The effective dose (E) is 

calculated by summing the equivalent doses to 

individual organs (HT), multiplied by (WT):  

E=∑    WT× HT  

where
 
WT is the tissue weighting factor, which 

corresponds to the relative sensitivity of 

various tissues.                                       

 

2. Materials and Methods 
This study was carried out in eight radiology 

centers in Sabzevar, Iran. Eleven X-ray units 

and 485 patients were evaluated in this study. 

For each patient and X-ray unit, the following 

parameters were individually recorded: sex, 

age, weight, height, tube potential (kVp), mAs, 

focus-film distance, film size, and grid usage. 

The study sample included patients with a 

weight range of 40-107 kg.  

Eight typical X-ray examinations in this study 

were as follows: chest (PA), chest (AP), 

http://en.wikipedia.org/wiki/Radiation_protection
http://en.wikipedia.org/wiki/Stochastic
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lumbar spine (AP), lumbar spine (LAT), pelvis 

(AP), abdomen (AP), and cervix (AP and 

LAT). In order to estimate the effective dose, 

dose area product (DAP) value, kVp, total 

filtration, and field size needed to be 

determined. DAP values were measured by a 

DAP meter (Gammex-RMI, model 840A, 

USA). The DAP meter was used to measure 

the radiation dose to air and the area covered 

by the X-ray field; DAP is expressed in 

Gy.cm
2
 or mGy.cm

2
.  

An ionization chamber larger than the area of 

the X-ray beam was placed exactly under the 

X-ray collimators. The ionization chamber 

should intercept the entire X-ray field for an 

accurate reading. The reading from the DAP 

meter was changed in case of any alterations in 

X-ray technique factors (kVp, mAs, or time), 

the field area, or both. 

In order to calculate the organ and effective 

doses, we employed PCXMC Version 2, 

which is a Mont Carlo-based program. 

PCXMC is designed to calculate the mean 

absorbed dose, averaged over the organ 

volume. Also, this program calculates the 

effective dose for two tissue weighting factors 

(wT), suggested by ICRP 2007 and ICRP 1991. 

In PCXMC, all absorbed doses (and air kerma) 

are presented in mGy.  

For photons, the numerical values of 

equivalent organ doses in mSv are equal to the 

corresponding organ doses in mGy; also, the 

effective dose is expressed in mSv [15]. Since 

PCXMC(2008, STUK-A231, Helsinki) 

software is based on Mont Carlo simulations, 

the number of photons and photon maximum 

energy were the main factors in determining 

the achievable statistical precision. Therefore, 

in the software entries, we set the number of 

photons at 1,000,000 and maximum energy at 

100 kVp. 

 

3. Results  
As presented in figures 1 & 2, the radiation 

doses received by a particular organ from 

different X-ray examinations were widely 

different. Also, considerable variations were 

observed among different organs in terms of 

the received dose from a specific examination.  

In the PA chest radiography, the ribs received 

the highest organ dose, whereas in the AP 

examination, not only the ribs, but also breast 

and clavicles received the highest doses. 

Similar findings were reported in other 

examinations and organs in this study. It 

should be mentioned that in figures 1 & 2, the 

organ doses, which were less than 0.1 mGy, 

were excluded for all fields. Readers can refer 

to the detailed information presented in figures 

1 & 2 for further clarification. 

The mean effective doses from different X-ray 

examinations in the study population 

(averaged over eight centers) are presented in 

Figure 3. According to this figure, it is evident 

that the largest effective dose was produced by 

the AP abdominal examination, followed by 

AP pelvic X-ray examination; however, the 

minimum effective dose was induced by LAT 

cervical X-ray examinations.  

Patient information (e.g., age, weight, and the 

average and range of exposure), as well as 

kVp and mAs settings, is presented in Table 1. 

The average effective doses of patients in this 

study were compared with the corresponding 

values reported in three previous studies 

(Table 2).  

B. F. Wall et al. studied the effective dose, 

using PCXMC software;the obtained results 

are presented in Table 2. Based on the findings 

in this table, it can be concluded that effective 

doses reported by Z. Begum in Bangladesh 

were generally higher than the corresponding 

values reported in this study [6]. This 

conclusion can also be extended to the results 

reported by Bahreyni et al. for male and 

female patients [4]. The methods used for 

evaluating the effective dose and radiographic 

parameters in different studies are the main 

factors which influence the values of effective 

dose. In fact, without having access to the 

details of relevant factors, it is difficult to draw 

an analytical conclusion. 
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Table 1. The average and range of exposure values, age, and weight of patients in the present study 

 

Average (Range) 
Examinations 

Weight Age mAs kVp 

(87-42 )62.82 (82-15)49.78 (45-6.3 )18.40 (86-57 )67.82 Chest (PA) 

(90-45)64.64 (88-25)60.18 (160-6.3 )29.54 (79-51 )65.59 Chest (AP) 

(82-50 )67.68 (76-20)40.39 (80- 12.5 )29.72 (76-56)69.54 Abdominal (AP) 

(78-45 )61.63 (81-22 )44.04 (75-16)40.27 (81-60 )66.95 Pelvic (AP) 

(78-45 )61.63 (88-15)38.30 (90-10 )43.90 (60-80 )71.45 Lumbar (AP) 

(78-45)63.04 (81-15 )38.08 (180-20 )68.08 (90-63 )78.32 Lumbar (Lat) 

(97-45 )67.60 (80-16)51.32 (30-6.3 )17.33 (70-54 )60.67 Cervical (AP) 

(97-45)66.55 (76-16 )48.85 (30-6.3 )16.49 (73-58 )63.26 Cervical (LAT) 

 

Table 2. The effective doses (mSv) calculated in this study and previous research  

Examinations 

 

The present study 

(2008) 
B. F. Wall 

et al. [18] 
Z. Begum (6) 

Bahreyni Toosi et al. (4) 

 

Male Female 
ICRP 60 ICRP 103 

Chest (AP) 0.067 0.103 - - - - 

Chest (PA) 0.046 0.052 0.014 0.062 0.123 0.121 

Cervical (AP) 0.068 0.061 0.018 - 
0.082 0.079 

Cervical (LAT) 0.017 0.011 0.012 - 

Abdominal (AP) 0.482 0.091 0.43 - 0.38 0.46 

Lumbar (AP) 0.194 0.054 0.39 0.623 
0.566 0.981 

Lumbar (LAT) 0.071 0.126 0.21 0.168 

Pelvic (AP) 0.266 0.075 0.28 0.626 0.472 0.607 

 

 

 

 
Figure 1. The mean values of organ doses (mGy) 
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Figure 2. The mean organ doses (mGy), 1) colon (large intestine); 2) colon (upper large intestine); 3) lower large 

intestine; 4) gallbladder; 5) ovaries; 6) lower arm bones; 7) pelvis; 8) upper leg bones; 9) small intestine; 10) stomach; 

11) testicles; 12) urinary bladder; and 13) uterus 

 

 
 

Figure 3. The effective doses (mSv) estimated by the use of DAP meter and PCXMC software, based on ICRP 60 and 

ICRP 103 tissue weighting factors 

 

4. Discussion 
Radiation has the potential to both induce 

harmful effects on patients and facilitate 

disease diagnosis. Therefore, it is essential to 

limit the potential risk in all procedures, 

knowing that there is no radiation with zero 

risk to the patient [19, 20]. 

The equivalent dose could be obtained, based 

on the adjustments in organ doses, proposed 

by ICRP [21, 22]. Effective dose is used to 

estimate the detrimental and hereditary 

characteristics of cancer; this is a calculated 

quantity, which cannot be measured directly. 
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Effective dose is age and sex averaged, 

although it can be used to enable comparisons 

between procedures which utilize ionizing 

radiation in terms of the relative detrimental 

effects. The effective dose is able to account 

for non-uniform irradiation of different tissues 

and organs in the body [22].  

In addition to effective dose, absorbed organ 

doses are important for some procedures, 

which either involve high doses or include 

sensitive tissues in the primary radiation beam 

[23, 24]. We obtained doses for different 

organs, while evaluating the doses received by 

radiosensitive organs including the ovaries 

(female gonads), testicles (male gonads), and 

thyroid.  

For procedures outside the abdomen/pelvis, 

i.e., head, neck, and chest, the only radiation to 

which the gonads are exposed is scattered 

radiation, which characteristically results in a 

very low received dose. Overall, for any 

significant radiation exposure to occur, some 

very unusual circumstances are required. 

We also calculated the effective doses in 

different radiographic procedures for the ICRP 

60 and ICRP 103 weighting factors. There are 

differences between the calculated effective 

doses by ICRP 60 and ICRP 103, since ICRP 

approved new tissue-weighting factors in 

2007, which altered effective doses for most 

examinations.  

There has been a decline in weighting factors 

for hereditary effects, while an increase has 

been reported in these factors for other tissues 

in ICRP 103 report rather than ICRP 60. 

Therefore, effective doses for abdominal, 

lumbar, and pelvic examinations would be 

lower than those reported by ICRP 60 [25, 26]. 

However, any such changes would be 

insignificant, compared to uncertainties 

involved in the estimation of effective dose.  

The calculated effective doses based on ICRP 

103 in the present study were compared with 

the values reported in the study by B. F. Wall 

and colleagues. In fact, the setting of the 

radiography equipment, field size, and other 

parameters, which are adjustable by the 

PCXMC user, can cause differences in the 

calculated effective dose by different users.  

Also, imaging technologies and facilities such 

as screen-film radiography, computed 

radiography, and direct digital radiography 

have some impacts on both the absorbed and 

effective doses [27]. In previous studies, 

despite performing similar examinations by 

different digital systems, the calculated 

effective doses varied by nearly a factor of 

three, depending on the detector model [28, 

29]. 

 

5. Conclusion 
In conclusion, it can be stated that radiologists, 

physicians, and radiology technicians should 

balance the risks and advantages of various 

medical procedures and inform the patients. 

By exposing radiosensitive organs such as the 

ovaries, testicles, and thyroid, harmful 

radiation effects, such as cancer and genetic 

effects, may be induced; therefore, we should 

attempt to decrease the organ doses as much as 

possible. Effective dose provides a general 

idea of the disadvantages of ionizing radiation 

and allows comparisons between different 

procedures; moreover, it can help justify or 

optimize the procedures.  

 

Acknowledgments 
The authors are thankful to the office of vice 

president for research affairs of Mashhad 

University of Medical Sciences for financing 

this research. 

 

 

 

 

  



Hasan Zarghani, Mohammad Taghi Bahreyni Toossi 

Iran J Med Phys., Vol. 12, No. 4, Autumn 2015 290 

References 
1. Bahreyni Toosi MT, Zarghani H. Excess Cancer risk assessment from some common x-ray 

examinations in Sabzevar County (in Persian). Iran J Med Phys. 2011;8(3) 11-19. 

2. Kawaura C, Aoyama T, Koyama S, Achiwa M, Mori M. Organ and effective dose evaluation in 

diagnostic radiology based on in-phantom dose measurements with novel photodiode-dosemeters. 

Radiat Prot Dosimetry. 2006;118(4):421-30. 

3. Schauer DA, Linton OW. NCRP Report No. 160, Ionizing Radiation Exposure of the Population of 

the United States, medical exposure--are we doing less with more, and is there a role for health 

physicists? Health Phys. 2009 Jul;97(1):1-5. 

4. Bahreyni Toosi MT, Nazery M, Zare H. Application of dose-area product compared with three other 

dosimetric quantities used to estimate patient effective dose in diagnostic radiology. Iran J Radiat Res. 

2006;4(1): 21-7. 

5. Report of a consultation on justification of patient exposures in medical imaging. Radiation protection 

dosimetry, 2009. 135(2): p. 137. 

6. Begum, Z. Entrance surface, organ and effective doses for some of the patients undergoing different 

types of X ray procedures in Bangladesh. Radiat Prot Dosimetry. 2001;95(3):257-62. 

7. supporting Guidance, I. 2, Diagnostic reference levels in medical imaging: Review and additional 

advice. ICRP committee, 2002;3. 

8. Tsapaki V, Tsalafoutas IA, Chinofoti I, Karageorgi A, Carinou E, Kamenopoulou V, et al. Radiation 

doses to patients undergoing standard radiographic examinations: a comparison between two 

methods. Br J Radiol. 2007 Feb;80(950):107-12. 

9. Berrington de Gonzalez A, Darby S. Risk of cancer from diagnostic X-rays: estimates for the UK and 

14 other countries. Lancet. 2004 Jan 31;363(9406):345-51. 

10. Liao C, Thosani N, Kothari S, Friedland S, Chen A, Banerjee S. Radiation exposure to patients during 

ERCP is significantly higher with low-volume endoscopists. Gastrointest Endosc. 2015 

Feb;81(2):391-8 e1. 

11. Naidu LS, Singhal S, Preece DE, Vohrah A, Loft DE. Radiation exposure to personnel performing 

endoscopic retrograde cholangiopancreatography. Postgrad Med J. 2005 Oct;81(960):660-2. 

12. Huda W, Gkanatsios NA. Effective dose and energy imparted in diagnostic radiology. Med Phys. 

1997 Aug;24(8):1311-6. 

13. Sodickson A, Baeyens PF, Andriole KP, Prevedello LM, Nawfel RD, Hanson R, et al. Recurrent CT, 

cumulative radiation exposure, and associated radiation-induced cancer risks from CT of adults. 

Radiology. 2009 Apr;251(1):175-84. 

14. Brenner D, Huda W. Effective dose: a useful concept in diagnostic radiology. Radiat Prot Dosimetry. 

2008;128(4):503-8. 

15. Tapiovaara M, Siiskonen T. PCXMC 2.0. User's Guide. Radiation and Nuclear Safety Authority 

STUK, Helsinki (Finland); 2008. 

16. Hsu SL, Sutphin PD, Kalva SP. Radiation Safety.  Dialysis Access Management: Springer; 2015. p. 

39-49. 

17. Cousins C, Sharp C. Medical interventional procedures-reducing the radiation risks. Clin Radiol. 

2004 Jun;59(6):468-73. 

18. Wall B, Haylock R, Jansen J, Hillier M, Hart D, Shrimpton P. Radiation risks from medical x-ray 

examinations as a function of the age and sex of the patient: Centre for Radiation, Chemical and 

Environmental Hazards, Health Protection Agency; 2011. 

19. Hall EJ, Brenner DJ. Cancer risks from diagnostic radiology. Br J Radiol. 2008 May;81(965):362-78. 

20. Lindell B, Dunster HJ, Valentin J. International Commission on Radiological Protection: History, 

Policies and Procedures. Swedish Radiation Protection Institute, SE. 1998;171:16. 

21. International Commission on Radiological Protection. ICRP Publication 60: 1990 Recommendations 

of the International Commission on Radiological Protection. Elsevier Health Sciences; 1991 May 1. 

22. The 2007 recommendations of the international commission on radiological protection. Oxford: 

Elsevier, 2007. 

23. Brenner DJ, Georgsson MA. Mass screening with CT colonography: should the radiation exposure be 

of concern? Gastroenterology. 2005 Jul;129(1):328-37. 

24. Muryn JS, Morgan AG, Segars W, Liptak CL, Dong FF, Primak AN, et al., editors. Analysis of 

uncertainties in Monte Carlo simulated organ dose for chest CT. SPIE Medical Imaging; 2015: 

International Society for Optics and Photonics. 

25. Bedetti G, Botto N, Andreassi MG, Traino C, Vano E, Picano E. Cumulative patient effective dose in 

cardiology. Br J Radiol. 2008 Sep;81(969):699-705. 



Doses to Patients from Common Radiographies in Sabzevar 

Iran J Med Phys., Vol. 12, No. 4, Autumn 2015 291 

26. Einstein AJ, Moser KW, Thompson RC, Cerqueira MD, Henzlova MJ. Radiation dose to patients 

from cardiac diagnostic imaging. Circulation. 2007 Sep 11;116(11):1290-305. 

27. Vano E, Fernandez JM, Ten JI, Prieto C, Gonzalez L, Rodriguez R, et al. Transition from screen-film 

to digital radiography: evolution of patient radiation doses at projection radiography. Radiology. 2007 

May;243(2):461-6. 

28. Willis CE. Strategies for dose reduction in ordinary radiographic examinations using CR and DR. 

Pediatr Radiol. 2004 Oct;34 Suppl 3:S196-200; discussion S34-41. 

29. Compagnone G, Baleni MC, Pagan L, Calzolaio FL, Barozzi L, Bergamini C. Comparison of 

radiation doses to patients undergoing standard radiographic examinations with conventional screen-

film radiography, computed radiography and direct digital radiography. Br J Radiol. 2006 

Nov;79(947):899-904. 

 

 


