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Abstract. This paper presents the determination of absorbed dose in critical organs of pediatric patients 
submitted to head computed tomography (CT) studies. This research included patients up to 16 years old 
submitted to head CT studies using a Siemens Somaton 16 plus multislice CT scanner. Doses were measured 
using locally made LiF:Mg,Cu,P + PTFE thermoluminescent dosimeters (TLD) due to its tissue equivalence and  
low fading. Results showed that both the organ absorbed doses and the volume computed tomography dose 
index (CTDIvol) determined for simple studies were half of those obtained for contrasted studies. In the case of 
head three-dimensional reconstruction CT studies the CTDIvol value obtained was almost the same that the 
obtained for simple CT studies but the organ doses were significantly different. These results suggest that the 
CTDIvol value is a good indication for choosing the exposure parameters of the CT studies and is useful in the 
determination of the effective dose but it is not related with the organ doses. 
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1. Introduction 
 
Head Computed Tomography is one of the most used radiological examinations made in the 
emergency department of a pediatrics hospital. Then it is very important to know the absorbed dose in 
critical organs such as thyroid and pituitary glands due that several studies suggest that the 
simultaneous irradiation of these organs increases the probability of induced cancer in thyroid [1]. 
 
Radiation dosimetry is very important in pediatrics radiology due that it is known that children are one 
order of magnitude more sensitive to radiation than adults for genetic and later somatic effects of the 
radiation [2], and due that having more life span they have more possibility for the radiation damage 
can be expressed [3]. Furthermore, in pediatrics CT it is a common practice to use technical 
parameters prescribed for adults giving higher doses for obtaining adequate image [4]. A particular 
problem is that of the children submitted to multiple CT studies along their lives because the 
associated risk is multiplicative in these cases [5]. Estimated risk in a one year age child is 0.07 for 
head CT studies [3]. 
 
Radiation exposure and the associated risk in CT are well characterized by the absorbed dose in each 
organ of the body [6], it is for this reason that in this paper it was decided to use absorbed dose as the 
dosimetric magnitude determined in the head critical organs: eye lens, thyroid, mammas and parotid 
glands even if different modalities of the computed tomography dose index (CTDI): CTDIair, 
CTDIFDA, CTDI100, CTDIW, CTDIVOL) constitute the main dosimetric quantity used for characterizing 
the   x-ray exposure and for the optimization of the absorbed dose. 
 
The CTDI value gives an indication of the average dose obtained for a slice of nominal thickness. 
However, diverse modalities of the CTDI give an estimation of the risk associated with the radiation 
dose. The recently defined CTDIVOL has the limitation that when is measured in two different 
phantoms (for example head and body phantoms) the resultant two values are not easily compared 
between them even if they are exposed at the same conditions [7]. The effective dose is not an 
appropriate reference dosimetric quantity in CT due that it is calculated from the CTDI value or 
anthropomorphic phantoms; however, it is a useful indicator of the patient exposure [8], which allows 
to compare doses received for the patient in CT studies whit that received in other radiological 
examination techniques (for example fluoroscopy, conventional radiology, nuclear medicine, etc.). 
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However, the differences observed in the obtained results using different anthropomorphic phantoms 
under similar irradiation conditions emphasize the limitation and uncertainty in the coefficients 
computed for determining it [9] 
 
It is for this reason that those results obtained for phantoms might not to be applied for individual 
explorations [10]. Another important limitation for not using the effective dose is that of it can be only 
measured in 25% of the CT scanners [7]. In other hand, knowledge of the doses received for CT 
studies is very important due that the data obtained about solid tumors in atomic bombs survivors are 
linearly consistent with doses up to 0.2 Gy, which are similar to those received by patients submitted 
to CT examinations [11].  
 
This paper presents the determination of the CTDIvol, DLP and effective dose taking into account the 
absorbed dose in critical organs evaluated by means of thermoluminescence dosimeters (TLD) in the 
same anatomic region for different modalities of head CT studies (simple and contrasted phase and 
three-dimensional reconstruction): This information could be used for characterizing the risk of 
radiation induced cancer in children due to CT examinations. 
 
Organ doses were measured “in vivo” placing TLDs on the patient skin directly in the position of the 
critical organ considered. TLDs used in this study were locally made LiF:Mg,Cu,P + PTFE  pellets 
due that their characteristics make them appropriate to be used in medical physics [12].  
 
2. Materials and methods 
 
2.1 General description of the study 
 
A transversal, observational, descriptive and prospective study was performed, having the 
authorization of the Research Committee and the Ethics Committee of the hospital. The study was 
conducted in the Radiology Department of the Pediatrics Hospital “Hospital Infantil de México 
Federico Gómez” using a Siemens Somatom 16 plus CT scanner.  
 
The group under study was constituted by pediatric patients registering their age, sex, size, and weight. 
CT measurements were effectuated separately in simple and contrasted phase as well as in three 
dimensional reconstruction. Previously to the study, the consent and authorization of the parents were 
obtained.  
 
Patients included in the study were selected according with the following criteria: 
 
Inclusion criteria:  

• Age in the range of 1 day up to 15 years 
• Patients requiring a study of simple, contrasted or three dimensional CT study as a method of 

diagnostic for any pathology of the head. 
• Head TC studies which exposure parameters are: 120 kV and 100 mA, according with the 

protocol established in the hospital 
 
Exclusion criteria: 

• Age greater than 15 years 
• Patients who have been submitted to therapy using radiopharmaceuticals or patients from 

nuclear medicine 
• Patients for medical prescription or because their parents rejected to participate in the study 

 
Elimination criteria: 

• Patients which TLD presented a glow curve no characteristic of  the TLD used  
• Patients which tomogram or one of the phases in the contrasted study was repeated.  

 
 



2.2 Thermoluminescent dosimeters (TLDs) 
 
Thermoluminescent dosimeters (TLDs) used in this study were constituted by LiF:Mg,Cu,P+PTFE 
pellets of 5 mm diameter and 0.9 mm thickness which were wrapped with black plastic to be protected 
from the light and placed on the skin of the patient in the following zones of his head: eyelids, in both 
sides of the neck close to the thyroid gland, in the zone close to the parotid gland as well as on the two 
mammas. Thermoluminescence readings were made in a Harshaw 3500 TL analyzer, heating from 
room temperature up to 240°C at a heating rate of 10°C/s in a nitrogen atmosphere in order to avoid 
spurious signals. In order to be reused, the TLDs were submitted to thermal treatment consisting in 
heating them at 240°C during 10 minutes. TLDs were selected among those having a linear response 
in the dose range of 10 mGy to 1 Gy with a standard deviation of 3 %.  
 
Calibration of the dosimeters was performed using an X-ray generator producing an x-ray beam with a 
mean energy of 55 keV (similar to the x-rays produced in the CT scanner used in this study) 
previously calibrated using a pressurized gas ionization chamber Victoreen model 150P with a 
standard deviation of 2% in the measurements.  
 
Aluminum half value layer (HVL) for the CT scanner Siemens Somatom 16 plus was 5.6± 0.2 mm Al 
at kVp = 120 kV which is congruent with the kV value established for guarantying the x-ray beam 
quality.  HVL was measured using a cylindrical arrangement of LiF:Mg,Cu,P+PTFE TLDs wrapped in 
aluminum foils (Al 1100, 99% purity). 
 
3. Results 
 
Sample under study was constituted by 50 patients submitted to head CT studies aging in the range 1.8 
to 10 years old (70% males, 30% females). From the total of patients 19 (38%) were submitted to 
simple CT studies; 22 (44%) to contrasted CT and 9 (18%) to three-dimensional reconstruction CT.  
  
Correlation among weight, size and age showed no significant difference (p < 0.12 at 0.38). 
Meanwhile, the comparison of the organ absorbed doses between simple and contrasted CT studies 
showed a significant difference (p < 0.001) having good concordance with the respective CTDIvol 
value (see tables 1 and 2). 
 
Table 1. Correlation among weight, size and age of pediatric patients submitted to simple and 
contrasted head CT studies 
 

 Simple CT Contrasted CT p 
Age (y) 1 - 11 3 - 11 0.38 
Weight (kg) 4.7 – 39.9 11.7 – 42.3 0.35 
Size (cm) 59.0 – 136.4 86.0 – 142.0 0.12 
CTDIVOL (mGy) 27.8 ± 4.1 49.6 ± 13.6 0.12 

 
Table 2. Comparison among organ absorbed doses in patients submitted to simple and contrasted head 
CT studies 
 

Organ absorbed dose (mGy)  
organ Simple CT Contrasted CT 

 
p 

Left eye 17.3 ± 2.5 30.46 ± 7.2 0.001 
Right eye 17.1 ± 2.7 30.1 ± 7.2 0.001 
Thyroid 1.4 ± 0.4 2.2 ± 0.8 0.001 
Mammas  0.4 ± 0.3 0.6 ± 0.5 0.001 
Parotids  1.9 ± 0.5 4.0 ± 1.2 0.001 

 
Comparison of patients submitted to simple and three-dimensional CT studies the only significant 
difference was observed in the case of age while size and weight did not show significant difference. 



Notwithstanding the CTDI vol value did not show any significant difference (p < 0.12); organ absorbed 
doses showed significant differences (p< 0.001). (see tables 3 and 4) 
 
Table 3. Correlation among weight, size and age of pediatric patients submitted to simple and three-
dimensional head CT studies 
 

 Simple CT Three-dimensional CT p 
Age (y) 1 - 11 1 - 4 0.002 
Weight (kg) 4.7 – 39.9 7.5 –16.5 0.31 
Size (cm) 59.0 – 136.4 65.0 –103.0 0.12 
CTDIVOL (mGy) 27.8 ± 4.1 25.1 ± 3.7 0.11 

 
 
Table 4. Comparison among organ absorbed doses in patients submitted to simple and three-
dimensional head CT studies 
 

 Organ absorbed dose (mGy) p 
 Simple CT Three-dimensional CT  
Left eye 17.3 ± 2.5 19.5 ±10.8 0.002 
Right eye 17.1 ± 2.7 19.1 ±10.6 0.001 
Thyroid 1.4 ± 0.4 16.8 ±9.6 0.001 
Mammas  0.4 ± 0.3 0.9 ± 0.8 0.001 
Parotids  1.9 ± 0.5 --------- ------ 

 
Comparison between contrasted and three-dimensional reconstruction  CT studies showed that 
differences among age size and weight were significant (p<0.002 at 0.01); meanwhile the organ 
absorbed dose did not show significant difference (0.07 at 0.91) and, as in previous comparisons, the 
el CTDIvol  value did not show significant difference as can be seen in tables 5 and 6. 
 
Table 5. Correlation among weight, size and age of pediatric patients submitted to contrasted and 
three-dimensional head CT studies 
 

 Contrasted CT Three-dimensional CT p 
Age (y) 3 - 11 1 - 4 0.002 
Weight (kg) 11.7 – 42.3 7.5 –16.5 0.01 
Size (cm) 86.0 – 142.0 65.0 –103.0 0.006 
CTDIVOL (mGy) 49.6 ± 13.6 25.1 ± 3.7 0.91 

 
Table 6. Comparison among organ absorbed doses in patients submitted to contrasted and three-
dimensional head CT studies 
 

 Organ absorbed dose (mGy) p 
 Contrasted CT Three-dimensional CT  
Left eye 30.46 ± 7.2 19.5 ±10.8 0.002 
Right eye 30.1 ± 7.2 19.1 ±10.6 0.001 
Thyroid 2.2 ± 0.8 16.8 ±9.6 0.001 
Mammas  0.6 ± 0.5 0.9 ± 0.8 0.001 
Parotids  4.0 ± 1.2 --------- ------ 

 
4. Discussion 
 
Results showed that the organ absorbed dose is higher (practically double) in contrasted CT studies 
than that obtained in simple CT studies. This is compatible with the fact that contrasted CT studies 
could be considered as a modality constituted by two phases of simple CT studies.  



It should be noted that meanwhile the CTDIvol value is the almost the same for simple and for three-
dimensional reconstruction CT studies (27.8 ± 4.1 mGy  and 25.1 ± 3.7 mGy respectively), organ 
absorbed doses are significantly different ( 14 times in the case of thyroid and 2 times in the case of 
mammas).    
 
Comparing contrasted CT studies with three-dimensional CT studies it was observed that CTDIvol 
value obtained for contrasted CT is about double than that obtained for three-dimensional 
reconstruction CT studies. 
  
5. Conclusion 
 
From the above results it could be concluded that: 

  
The CTDIvol value is related with organ absorbed doses for the same anatomical region and the same 
modality of the CT study (i.e. simple head CT study vs contrasted head CT study) However, this is not 
necessarily true for the same anatomical region but different modality of the CT study (for example 
simple or contrasted CT vs tree-dimensional reconstruction CT). 
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