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Abstract. There are 90 CT units operating in Serbia, with tenfold increase in the last decade, resulting with 
annual total of approximately 350000 procedures. The objective of this paper is to assess typical patient dose from 
adult and paediatric CT examinations. Initially, three hospitals (two general hospitals performing examination of 
adults and a dedicated paediatric hospital) were enrolled into the study. The hospitals have high workload. Both 
multi detector CT (MDCT) and single detector CT (SDCT) were included, to represent typical practice in Serbia. 
Typical patients exposure parameters based on predefined protocol for CT examinations of head, chest, abdomen 
and pelvis were collected.  Data were taken form CT unit displey. This includes exposure parameters and 
volumetric and weighted CT dose index (CTDI). Dose length product (DLP) was calculated from CTDI values 
and information on typical scan length. Also, the effective dose was estimated. DLP values were 575 mGy·cm, 
310 mGy·cm, 703 mGy·cm and 470 mGy·cm for head, chest, abdomen and pelvic CT respectively in general 
hospital using SDCT and 325 mGy·cm, 160 mGy·cm, 321 mGy·cm and 140 mGy·cm for the same examination 
using MDCT. In paediatric hospital these values were 525 mGy·cm, 230 mGy·cm , 385 mGy·cm  and 330 
mGy·cm. The assessed patients’ doses in terms of CTDI and DLP were well below reference levels and in 
accordance with surveys from other countries, although the scope for dose reduction trough optimisation of the 
examination protocol was observed. 
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1. Introduction

Computed tomography (CT) is an evolving imaging modality and the most significant diagnostic 
examination from the radiation protection point of view. The frequency of CT examinations as well as 
individual dose per examination is increasing rapidly. CT can now be responsible for up to 17% of the 
departmental workload accounting for 70-75% of the collective dose from medical radiation [1]. The 
worldwide total number of CT examinations is estimated to 93 millions, corresponding to a frequency 
of 16 examinations per 1000 inhabitants, with about 11% involving children of age 0-15 [2,3]. The 
reported increase in request for paediatric CT range from 63% to 92% [1]. This figures reflect the very 
rapid technological development in CT imagining, i.e. introduction of single detector spiral CT units 
(SDCT) and multi detector units (MDCT) [4,5]. The number of detectors also affects the dose due to 
shape of the x-ray beam, referred as “overbeaming” [6,7]. The effect decreases with more detector 
rows and is less pronounced in 16- and 64-detector machines than 4- and 8-detector machines. 
Although there is remarkable variation in the number and properties of CT units and examinations
increase of collective dose and dose per examination, both in adult and paediatric CT is a general trend 
[2].

There are 90 CT units operating in Serbia (more than ten 64-detector CT units), with tenfold increase 
in the last decade, resulting with annual total of approximately 350000 procedures or 45 examinations 
per 1000 inhabitants. This number is continuously increasing. The frequency of paediatric examination 
is less than 1% due to technical reasons, but it is likely that number of paediatric examinations will 
increase in near future. A single CT unit in paediatric hospital is at the moment the only one 
performing CT examination of children. As a rule, children from all over the country are sent to this 
hospital for CT examination. 
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The objective of this paper is to assess typical patient dose from adult and paediatric CT examinations. 
Initially, three hospitals, two general hospitals performing examination of adults and a dedicated 
paediatric hospital were enrolled into the study.

2. Materials and Methods

2.1. Dosimetry in computed tomography

There is currently much confusion on the use of dosimetric quantities in CT, which is partially driven 
by rapid development of the CT technologies [8]. Nevertheless, at present, the accepted dosimetry 
concept in CT is well established and based on the practical dose quantities: weighted CT dose index 
(CTDIw), volume weighted CT dose index (CTDIvol) and dose-length product (DLP) [7-12]. With 
advent of MDCT, CTDIvol has become more relevant. As a quotient of CTDIw and pitch, it account for 
variation in radiation exposure in the z direction when pitch is not an unity. With use of a spiral
SDCT, the CTDIvol is equal to CTDIw [4].

There are some shortcomings of using the CTDI, which is the most widely used quantity for CT 
dosimetry. This quantity is neither related to radiation risk not to noise level, since it only an
indication of average dose in the central part of scanned region when slices are contiguous [8]. It does 
not provide integral dose information, relevant for risk assessment and does not account for patient 
specific parameters. However, it enables comparisons between scanners, at can be easily measured. 
Another directly measurable quantity, DLP, is an indicator of overall radiation burden to patient [7].
Furthermore, CTDI and DLP are commonly used quantities to express Diagnostic Reference Levels
(DRLs) in CT [11]. DRLs are an optimisation tool in patient protection and permit comparison of the 
performance of different CT scanners [4].

All CT vendors are now required to display CTDI or even DLP values on the user interface. However, 
these quantities do not tell anything about actual dose that patient receives. Instead, they are useful 
information about relative changes that result from alteration of examination parameters and tailoring 
examination to individual patient. It is worth mentioning that for a given set of parameters, displayed 
CTDI and DLP will be the same, regardless patient’s size, since these quantities do not reflect the 
absorbed dose to the body. 

In additional to comparison of performance if different CT units and against DRL, there is a need to 
estimate effective dose for CT procedures, for example, to allow comparison with other types of 
radiological examinations [9]. It can be done either by using scanner-specific normalised organ dose 
data for anthropomorphic mathematical phantom [13,14], concept of energy imparted [15] or using 
age –related conversion coefficients from DLP to effective dose [10].  

Effective dose (E) is the most appropriate dose descriptor for assessment of stochastic radiological risk 
[16]. The effective doses in CT are higher for infants and children than adults for the identical 
examination protocol [3,15,17,18]. Also, risk for children is higher due to higher radiosensitivity and 
longer life expectancy. The risk for paediatric patient can be smaller if specific paediatric protocols are 
used [6,15]. 

Having in mind a complex relationship between image quality and dose to patient, a number of dose 
reduction methods are reported in the literature [1,6,19]. The biggest dose saving in CT is when 
examination is not performed, when multiphase and repeated examinations are avoided and by active 
designing of the CT protocol. The list of parameters that contribute to radiation dose is: tube current, 
tube voltage, gentry rotation time, table speed, detector configuration [1,7,19]. Recently, all major CT 
vendors have made alterations to their equipment aimed to control radiation dose and maintain image 
quality by age and size adjusted protocols [6]. 
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2.2. Data collection

The strategy for the present survey ideally involved the assessment of the CTDIw, CTDIvol and DLP 
for each sequence and examination. Basic parameters of the standard examination protocol for the 
commonly performed examinations in all radiology departments (head, chest, lumbar spine, abdomen 
and pelvis) were collected from the scanner display. Protocols suggested by the manufacturer were
normally used. The method of data collection from displays was selected, since it has been shown that 
it is sufficiently accurate in dose audit [shrimpton]. DLP was calculated from each sequence using 
information on the scan length. For comparison with other types of radiological examinations, 
effective dose (E) was assessed using suitable conversion coefficients from DLP to E [10].

Initially, three hospitals were involved in this preliminary survey. All hospitals have high workload. 
Both MDCT and SDCT and adult and paediatric examinations were included to represent typical 
practice in Serbia. SDCT (Somatom Plus 4, Siemens, Erlangen, Germany), operating  in general 
hospital performing examinations of adults, is not equipped with automatic tube current modulation, 
while MDCT (Emoiton 16, Siemens, Erlangen, Germany) in another hospital has this option. In 
dedicated paediatric hospitals using SDCT unit (Smile, Siemens, Erlangen, Germany) a specific
protocol for children was used. 

3. Results and Discussion

Typical examination protocol details for examination of head, chest, abdomen, lumbar spine and 
pelvis are presented in Table 1. These examination types were selected to cover a wide range of 
patient doses. The doses in term of CTDIvol, DLP and E are presented in Table 2. 

Table 1. Details on the typical CT scanning protocol for a given examination types in each hospital 
under the survey

Hospital CT examination
Tube potential 

[kV]
Tube loading 

[mAs]
Slice width 

[mm]
Pitch

GH-MDCT Head 130 220 5.0 0.5
Chest 130 113 5.0 0.8
Abdomen/Lumbar spine 130 90 5.0 0.8
Pelvis 130 150 5.0 0.8

GH-SDCT Head 140 170 5.0 1.5
Chest 140 160 5.0 0.75
Abdomen/Lumbar spine 120 200 5.0 0.75
Pelvis 140 506 3.0 1.5

PH-SDCT Head 120 100 5.0 1
Chest 120 100 5.0 1
Abdomen/Lumbar spine 120 80 5.0 1
Pelvis 120 120 2.0 1

As an indication of an integral dose to patients, DLP values were 575 mGy·cm, 310 mGy·cm, 703 
mGy·cm and 470 mGy·cm for head, chest, abdomen and pelvic CT respectively in general hospital 
using SDCT and 325 mGy·cm, 160 mGy·cm , 321 mGy·cm and 140 mGy·cm for the same examination 
using MDCT. In pediatric hospital these values were  525 mGy·cm , 230 mGy·cm , 385 mGy·cm  and 
330 mGy·cm. 

Effective doses were estimated for adults and for children of age 1, just for comparison to doses for 
adult patients. However, to obtain more realistic dose estimates for children, it is necessary to account 
for specific patient weight, scan length and imaged anatomy.  Since radiation risk is higher for children, 
special efforts are needed to tailor clinical practice using size-specific protocols. It has been reported 
that effective doses to paediatric patients could be 2.5 – 10 times lower than adult’s dues to the 
adaptation of tube current [15].
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Inherent differences in the design of CT equipment lead to large variations between scanner models in 
assessed dose for standard adult examination protocol and acceptable image quality. Spiral CT offers 
the ability to adjust the slice reconstruction interval. The use of higher pitch and tube current 
modulation are the major methods for balancing patient dose and image noise level, as presented in 
Table 1 and Table 2. The factors that affect the dose are scanner related, operator related or patient 
related. The first two are can be controlled either by manufacturers or by operators, while the last one 
cannot be easily controlled. However, the examination protocol must be related to the situation. 

Table 2. Results of dose assessment for various CT examination types in three hospitals. European 
DRL [11] are given in the final columns

Reference levels
Hospital CT examination

CTDIvol

[mGy]
DLP 

[mGy cm]
E 

[mSv] CTDIw

[mGy]
DLP

[mGy·cm]
GH-MDCT Head 13 325 1.0 60 1050

Chest 6.4 160 2.2 30 350
Abdomen/Lumbar spine 11 321 4.8 35 780
Pelvis 8.0 140 2.1 35 570

GH-SDCT Head 23 575 12 60 1050
Chest 18 310 4.3 30 350
Abdomen/Lumbar spine 21 703 11 35 780
Pelvis 14 470 7.1 35 570

PH-SDCT Head 21 525 4.4 / /
Chest 9 230 6.0 / /
Abdomen/Lumbar spine 11 385 12 / /
Pelvis 13 330 9.9 / /

As resented in Table 1, section thickness commonly used in slightly higher then 7-10 mm, as 
recommended in European protocol [16262]. Also, this protocol recommends pitch values of 1 for the 
smaller lesions and 1.5 for the larger lesions, to achieve acceptable image quality. Pitch values obtained 
here are, however, lower than recommended. As presented in Table 2, the CT doses in terms of CTDI 
and DLP were well below reference levels and in accordance with surveys from other countries [11,20-
22]. Wide variation in doses indicates that there is a scope for dose reduction. Immediate action is 
possible by proper selection of the section thickness, increased pitch and reduced the scanned volume. 

Due to very limited sample, it is not possible to bring the general conclusion on the difference between 
SDCT and MDCT. Other survey results pointed out that these differences are significant and that DRL 
should be set separately for these two technologies at least of the examinations of adults [10]. In 
addition, it is necessary to obtain separate DRL for children due to large variation in size whiting the 
different age groups. More representative values of radiation risk magnitude can be obtained exclusively 
by taking into account variation in patient size. 

This survey is an initial input for assessment of CT doses in Serbia, since this issue has never been 
raised before. Standard examination protocols provide the basic framework for the typical practice, 
although the extended survey should be oriented towards individual patients in order to assess 
variation among them and towards establishment of national DRL. This is especially relevant for 
further optimisation studies. In all hospitals enrolled into the survey the operators were not aware 
about magnitude of patients’ doses in CT and possibilities for dose reduction. 

4. Developments in computed tomography dosimetry

In recent ICRU Report 74, several application-specific quantities have been described for 
measurements, including those used for CT dosimetry [16]. These are: CT air kerma index free-in-air, 
as integral of the CT axial air kerma profile along the axis of rotation of the CT scanner for single 
rotation with a single slice divided by the nominal slice thickness. CT air kerma index in the standard 
CT dosimetry phantoms, defined similarly to CK but for air kerma profile inside the Perspex head or 
body phantom instead in air and weighted CT air-kerma index (analogue to definition of CTDIw). 
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Further, CT air kerma-length product is an integral of the air kerma free-in-air over a line parallel to 
the axis of rotation of a CT scanner, analogue to DLP. 

At present, the use of CT as a medical imaging procedure has increased tremendously in recent years, 
spurred in part by the rapid scanning capabilities of modern multi-slice CT scanners, up to 256 
detectors and cone beam CT units with flat panel detectors [5, 23,24]. With this increase in utilization, 
the radiation dose to patients associated with modern CT has become a larger concern. Measurement 
of above mentioned conventional quantities mainly relies on the use of pencil ionization chambers 
designed to have uniform response along the entire length of the sensitive volume. In the view of 
technical developments in CT, particularly large volume scanning, basic measurements using a 10 cm 
long detector  will be most probably inadequate in the future [6].

5. Conclusion

It is apparent that radiation protection issues in CT are extremely complex and they have become even 
more complicated with the introduction of MDCT. Commonly, radiologists are not aware about 
magnitude of patients’ doses in CT and possibilities for dose reduction. Protocol suggested by the 
manufacturer is normally used. As the number of units and examinations is increasing in Serbia, the 
training of operating staff is of utmost importance. 

Extended survey should be performed on the national scale, resulting with setting of national DRL.
Also, the efforts should be made to train the operators and to increase their awareness about dose 
management and magnitude of patient doses in CT, especially for paediatric patients.

Acknowledgements 

This work was supported by International Atomic Energy Agency trough Technical Cooperation 
Project “Strengthening Radiological Protection of Patients and Medical Exposure Control” 
(RER/9/093). The authors would like to express gratitude to the members of the radiology department 
teams from hospitals in Serbia who contributed in this survey. 

REFERENCES

[1] PATERSON, A. FRUSH, D.P., Dose reduction in paediatric MDCT: general principles, 
Clinical Radiology 62 (2007): 507-517.

[2] UNITED NATIONS SCIENTIFIC COMMITTEE ON THE EFFECTS OF ATOMIC
RADIATION. 2000 report to the general assembly, annex D: medical radiation exposures. New 
York, NY: United Nations, 2000.

[3] METTLER, F.A., WIEST, J.P., LOCKEN, J.A., KELSEY, C.A., CT scanning: patterns if use 
and dose, J Radiol Prot 20 (2000):353-359.

[4] TSAPAKI, V., ALDRCH, J., SHARMA, R., et al. Dose Reduction in CT while Maintaining 
Diagnostic Confidence: Diagnostic reference Levels at routine Head, Chest and Abdominal CT-
IAEA coordinated Research Project, Radiology 240 (2006): 828-834.

[5] GOLDING, S.J., Multi-slice computed tomography: the dose challenge of the new revolution, 
Rad Prot Dosim 114 (2005):303-307.

[6] INTERNATIONAL COMMISSION ON RADIOLOGICAL UNITS AND MEASUREMENTS 
Managing Patient Dose in Multi-Detector Computed Tomography (MDCT), ICRP Publication 
102, Annals of the ICRP Volume 37/1, Pergamon Press, Oxford, 2007.

[7] Radiation Exposure in Computed Tomography, Ed. by Nagel, H.D., CTB Publications, d-21073 
Hamburg, Germany, 2002

[8] KARPPINEN, J., TIPOVAARA, H., JARVINEN, H., The Dose Length Product is the Basic 
Dosimetric Quantity in Computed Tomography, Proceedings of an International conference 
Radiological Protection of Patients in Diagnostic and Interventional radiology, Nuclear 
medicine and Radiotherapy, Malaga, Spain, 26-30 March, 2001: 405-410.



6

[9] JESSEN, K.A., SHRIMPTON, P.C., GELEJINS, J., PANZER, W., TOSI., G., Dosimetry for 
optimization of patient protection in computed tomography, Applied Radiation and Isotopes 50 
(1999): 165-172.

[10] SHRIMPTON, P.C., HILLIER, M.C., LEWIS, M.A., DUNN, M., National survey of dose from 
CT in the UK: 2003, BR J Radiol 79(2006):968-980.

[11] EUROPEAN COMMISSION. European Commission. European guidelines on quality criteria 
for computed tomography, Report EUR 16262 EN. Office for Official Publications of the 
European Communities, Luxembourg, 2000.

[12] INTERNATIONAL COMMISSIONS ON RADIOLOGICAL PROTECTION, Managing 
Patient Dose in Computed Tomography. ICRP Publication 87. Annals of the ICRP 30(4) 
Pergamon Press, Oxford, 2000.

[13] JONES, D. G., SHRIMPTON, P. C., 1993. Normalized organ doses for X-ray computed 
tomography calculated using Monte Carlo techniques. NRPB SR250. Chilton.

[14] ZANKL, M., PANZER, W., DREXLER, G., 1991. The calculation of dose from external 
photon exposures using reference human phantoms and Monte Carlo methods. Part VI: Organ 
doses from computed tomographic examinations. GSF-Bericht 30/91. K.A. Jessen et al. / 
Applied Radiation and Isotopes 172 50 (1999) 165-172

[15] THEOCHAROPOULOS, N., DAMILAKIS, J., PERISINAKIS, K., et. al, Estimation of 
effective doses to adult and pediatric patients from multislice computed tomography: A method 
based on energy imparted, Med Phys 33 (2006): 3846-3856.

[16] INTERNATIONAL COMMISSION ON RADIOLOGICAL UNITS AND MEASUREMENTS, 
Patient Dosimetry for X Rays Used in Medical Imaging, ICRU Report 74. International 
Commission on Radiation Units and Measurements, Bethesda, MD, USA, 2006.

[17] PRPADIMITROU, D., LOUIZI, A., MAKRI, T., et al. Computed tomography dosimetry in 
children, Rad  Prot Dosim 90 (2000): 417-422.

[18] AMIS, E.S., BUTLER, P.F., APPLEGATE, K.E., et al. American College of Radiology white 
Paper on Radiation Dose in medicine, J Am Coll Radiol 4 (2007): 272-284.

[19] CRAWLEY, M.T., BOOTH, A., WAINWRIGHT, A. a practical approach to the first iteration 
in the optimization of radiation dose and image quality in CT: estimates of the collective dose 
savings achieved, Br J Radiol 74 (2001): 607-614.

[20] OLERUD, H.M., Analysis of factors influencing patient doses from CT in Norway, Rad Prot 
Dosim 71(1997):123-133

[21] POLETTI, J.L., patient doses from CT in New Zealand and simple method for estimating 
effective dose, Br J Radiol 69 (1996):432-436.

[22] NGAILE, J. E., MSAKI, P., KAZAEMA, R., towards establishment of the national reference 
dose levels from computed tomography examinations in Tanzania, J Radiol Prot 26 (2006): 
213-225.

[23] ROOS, W., CODY, HAZLE, J, Design and performance characteristics of a digital flat-panel 
computed tomography system. Med. Phys. 33 (2006), 1888-1901

[24] MORI, S, ENDO, M., HISHZIAWA, E.   et al. Enlarged longitudinal dose profiles  in cone 
beam CT and need for modified dosimetry. Med Phys 32 (2005): 1061-1069.


