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Abstract 
Background: This study intended to measure radiation doses to various organs and

calculate the risk of cancer incidence from neck computed tomography and head
computed tomography scans of trauma patients by using a thermoluminescent dosimeter. 

Methods: We assessed 93 patients who presented to the Emergency Department.
Based on their health conditions, different computed tomography scans were performed.
We used a fixed tube current of 200 mAs and tube voltage of 120 kVp for all patients.
Next, we derived the effective radiation dose by multiplying the dose length product
and conversion factor of each computed tomography scan based on the International
Commission on Radiological Protection 103. Organ dose estimations were calculated
from the dosimeter readout. We calculated the life attributable risk for cancer incidence
based on the Committee on the Biological Effects of Ionizing Radiation VII preferred
models.  

Results: Neck computed tomography scans had a mean effective dose of 2.18 mSv.
The mean effective dose for head computed tomography scans was 1.53 mSv. The highest
mean equivalent organ dose was for the thyroid with the neck computed tomography
scan and the lenses of the eyes with the head computed tomography scan.  There was
no significant difference between scan lengths in each computed tomography acquisition.
There was a noticeable correlation observed between effective radiation dose and
tube current. As anticipated, young people had a higher life attributable risk of cancer
compared to the elderly. This amount was less than 0.011 per 100 persons for both
computed tomography studies. 

Conclusion: Our data showed a significant organ radiation dose in both neck and
head computed tomography scans, not only for the thyroid and the lenses of the eyes,
but also for the chest.
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Introduction
Computed tomography (CT) scanning is one

of the main diagnostic procedures for trauma
patients. It is undeniable that while emergency
departments use CT scan exams to improve
diagnostic accuracy, the concern regarding
biological effects of ionizing radiation on patients
remains a crucial matter. There are a number of
clinical guidelines and regulations such as the
Canadian C-spine rules and the NEXUS Criteria
for Cervical Spine (c-spine) Imaging that assist
emergency physicians in determining which
patients should undergo CT scans. However, we
could not find any specific guidelines that consider
the amount of radiation exposure and estimate the
probability of cancer incidence in trauma patients,
which would cause limitations to the CT studies.
The average annual radiation dose from natural
sources (environmental sources) varies from 2.2
to 3.6 mSv per person, whereas CT exposure is 1-
2 mSv for a head CT scan and 5-7 mSv for a chest
CT scan.1, 2 Increased low dose radiation to
patients corresponds to an increased risk for
cancer and genetic disorders. Extensive studies
have evaluated the radiation doses to patients
during CT scanning. Numerous dose reduction
techniques have been applied to limit the radiation
dose such as decreasing tube current and tube
voltage, use of an appropriate shield, adjustments
to collimation, use of an automatic tube voltage,
and tube current.3-9 According to recent studies,
the use of lower tube voltage and protected shield
can reduce the radiation dose more than 30% in
comparison with routine CT methods.10-12

In order to evaluate the radiation dose from CT
scans to radiosensitive organs like the thyroid
gland, breasts, and lungs, many studies have used
in vivo dosimeters such as metal oxide
semiconductor field effect transistor (MOSFET)
detectors or thermoluminescent dosimeters on an
anthropomorphic phantom.13-15 Currently, few
studies have investigated the dose to radiosensitive
organs during CT scans in patients who present to
the emergency room.16,17 The aim of this study is
to evaluate the radiation dose by using a thermo-
luminescent dosimeter (TLD-100) for the three

radiosensitive organs, namely lenses of the eyes,
thyroid, and breast, during neck CT and head CT
scans on trauma patients. We also have calculated
the life attributable risk (LAR) of cancer incidence
based on the Committee on the Biological Effects
of Ionizing Radiation (BEIR) VII preferred
models. 

Materials and Methods 
Study population

We assessed 48 head CT scans and 45 neck CT
scans from 93 trauma patients who presented to
the Emergency Department of Loghman Hakim
Hospital from February 2017 to August 2017.
Male patients had a mean age of 55 and female
patients of 49. There were 54 males and 39
females. All patients provided their informed
consent. The local Institutional Review Board
approved this study.

CT scan technique 
All patients underwent head and neck CT scans

on a 16 multi-slice CT scanner (Activion Toshiba,
Japan) according to the following scanning
parameters. Each patient first underwent a lateral
and coronal scanogram, followed by a neck CT
scan from the base of the skull to the boundary
between the thoracic and cervical spine. For the
head CT, the scan ranged from the skull base to
the vertex (routine head CT). We did not use any
contrast agent for the scans. The scan parameters
consisted of a tube voltage of 120 kVp, pitch
factor of 1, and rotation time of 0.75 sec. The slice
thickness was set at 5 mm for the head CT scan
and 1.5 mm for the neck CT scan. The tube current
was fixed at 200 mAs for the head CT scan and
120 mAs for the neck CT scan. Our indications for
head CT and neck CT scans in trauma patients was
based on the Canadian CT head rules and NEXUS
Criteria for Cervical (C-spine) Imaging. 

Radiation dose measurement method
We calculated the effective dose (ED) from the

dose report page obtained from the CT console.
We multiplied the dose length product (DLP) to
the conversion factor by using the International
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Commission on Radiological Protection (ICRP)
Publication 103 (head=0.0019 and
neck=0.0051).10,14,18-20 For measuring organ dose,
we used a thermoluminescent dosimeter (TLD-
100) that had been calibrated in a Secondary
Standard Dosimeters Laboratory (SSDL, Karaj,
Iran). We placed four TLDs on each patient, two
on nipples of the breasts, one TLD on the thyroid,
and the last one on the glabella (between both
eyes). The conversion coefficient factor was
derived from ICRP Publication 103 in order to
calculate the ED of the mentioned organs.18

Cancer risk estimation
The BEIR VII report provides a method to

estimate lifetime attributable risk of cancer based
on the radiation dose and patient’s age and gender.
For all patients, the LAR of the cancer incidence
for thyroid and breast was calculated from the
BEIR VII report tabulation (Table 12D-1 page
311).2
The LAR is expressed by the formula: 

LAR (D, e) = ∑ M (D, e, a) S (a)/S (e) 
Where: 
D is the absorbed dose; ‘e’ is the exposed age of
the patient; ‘a’ is the attained age; S (a) is the
probability of survival until age ‘a’; and S (e) is
the probability of survival until age ‘e’. 
For example: 

A 20-year-old male received a dose of 0.01 Gy
to the thyroid from a CT scan. Table 12D-1 in the
BEIR VII report shows the estimate lifetime risk
of a thyroid cancer diagnosis for a male exposed
to 0.1 Gy at age 20 would be 21 per 100,000. Thus,
the estimate for a male exposed at 0.01Gy is
determined as follows: (0.01/0.1)×21=2.1 per
100000 person. 

Statistical analysis 
All analyses were performed with SPSS

software (version 16). We used regression analysis
to assess the correlation between radiation dose
and scan parameters that affected the radiation
dose (scan time, scan length, and tube current). All
results were assessed descriptively.

Figure 1. Correlation between effective dose (ED) and scan parameters for neck computed tomography (CT) scan. A) Correlation between
scan length and ED. B) Correlation between scan time and ED.

Table 1. The ED, CTDIvol, and DLP for head and neck CT scans.
Head CT Neck CT

(Average ± SDe) (Average ± SD)
EDa (mSv) 1.7 ± 0.4 2.2 ± 1.4
CTDIvol b (mGy) 36.87 ± 9.6 22 ± 9.8
DLPc (mGy.cm) 807.67 ± 91.5 427.9 ± 87.8
a Effective dose; b Volumetric CT dose index; c Dose length product; e Standard deviation; CT: Computed tomography
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Results
The mean body mass index (BMI) was

25.3±3.2 kg/m2 for the head CT scan and 25.5±2.6
kg/m2 for the neck CT scan. The mean scan
lengths were 18.01 cm for the head CT scan and
21.5 cm for the neck CT scan. Table 1 lists the
radiation dose results. Table 2 lists the dose results
for the specific CT scans. For head CT scans, the
results indicated a significant correlation between
radiation dose and scan time (P= 0.015), while this
trend was not remarkable for scan length and ED
(P=0.35). In the neck CT scans, we did not observe
any correlation between the ED and scan length
(P=0.243). Figures 1 and 2 show these for the neck
and head CT scans.

Table 3 shows the LAR calculation for
radiosensitive organs for the head and neck CT
scans. As observed, thyroid LAR and breast LAR
for young females is noticeable. For patients
above 60 years of age, this amount was negligible.
The use of a 16 detector CT scanner resulted in
a cancer incidence of less than 0.0077/100 persons

for breast and for 0.0023/100 persons for thyroid
in women, and a thyroid cancer incidence of
0.00017/100 persons for the head CT in men.
This result for the neck CT was 0.011/100 persons
for thyroid and 0.00767/100 persons for breast in
women.

Among the 48 head CT scans, we observed 4
abnormalities (2 hemorrhage, 1 skull fracture,
and 1 skull base fracture). Among the 45 neck CT
scans, 2 patients had vertebral fractures and the
others were normal.

Discussion 
A fundamental goal for medical imaging

techniques is to provide maximum information
content with minimum radiation exposure to the
patient. Radiation exposure is an important topic
in CT technology because of the vulnerable impact
of ionizing radiation on the organs. Although
many studies have reported that changes to
imaging parameters could reduce the radiation
dose, some concerns regarding diagnostic image

Table 2. Organ radiation dose.
Head CT Neck CT

(Average ± SDe) (Average ± SD)
Lenses of the eyes (mSv) 20.9 ± 9.6 9.8 ± 3.8
Thyroid (mSv) 3.8 ± 2.6 19.5 ± 6.5
Breast-right (mSv) 2.4 ± 0.8 2.7 ± 1.4
Breast-left (mSv) 3.2 ± 4.9 2.9 ± 1.5
CT: Computed tomography

Figure 2. Correlation between effective dose (ED) and scan parameters for head computed tomography (CT) scan. A) Correlation
between scan length and ED. B) Correlation between scan time and ED.
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quality remain. A number of manufacturers have
developed various schemes to diminish radiation
exposure and maintain image quality. For instance,
new reconstruction algorithms, particularly the
iterative reconstruction technique, can reduce
radiation dose up to 15% in comparison with the
filter back projection technique.21,22

Radiosensitive organs such as the thyroid and
the lenses of the eyes receive high radiation doses
during the scanning time, especially in head and
neck CT scans. Many studies have suggested to
decrease peripheral dose values by placing a
shield on the patient and reduce the tube
current.21,23

Adjusting the lower scan length is another
radiation dose reduction method reported by some
studies.10,24 Liebmann et al. have been reported
that the radiation dose to the thyroid in head CT
scans with a standard protocol was 2.65 mSv,
whereas in the current study the dose was much
lower.23 This difference could be attributed to the
different scan length which was nearly 7 cm
shorter in our study. Parikh and Shah reported that
reducing z-coverage could reduce radiation dose
without any effect on diagnostic ability. In
comparison with the study by Parikh and Shah, we
had a higher ED in the current study.24 Different
scan lengths and CT scanners might be the cause
for this difference.

Among different radiation dose reduction
techniques, decreasing the tube current is the one of
the most routine of radiation dose reductions.12,14,25,26

In the head CT scans, our results showed that the
organ dose (thyroid) was fairly similar to that

reported by Gunn et al. who used a different CT
scanner and automatic tube current instead of a
fixed tube current.12 When compared with a study
by Nikupaavo et al. of head CT scans, the radiation
dose to the lenses of the eyes was slightly more
in the current study due to the higher tube
current.13 Our results showed substantially lower
CTDIvol and DLP compared to the results from
a study by Rivers-Bowerman and Shankar. This
difference might be the consequence of the impact
of tube current on radiation dose. The tube current
in our study was 200 mAs in comparison with 300
mAs in the Rivers-Bowerman and Shankar
study.21

Another ED reduction technique is to decrease
the scan length. The impact of reducing the z-axis
scan range on reducing radiation dose in neck
CT scans has been reported by Weiss et al.10 The
current study results for the neck CT scans had
much higher DLP and CTDIvol compared to the
Weiss et al. study. Although the scan length was
much lower in the current study, the use of a
fixed tube current would cause an increase in
CTDIvol and DLP. In comparison with neck CT
studies that used fixed tube currents, our results
showed a significantly lower effective thyroid
dose; again, a lower scan range would be the
cause.14, 15 The other dose reduction technique
used for neck CT scans is the bismuth shield.
Although many studies have suggested that a
neck shield could reduce the radiation dose up to
42% (range: 33% to 42%), the diagnostic image
quality would decline as a consequence of
increased image noise.14, 15, 23 Of note, it is not

Table 3. The average life attributed risk (LAR) cancer incidence per 100,000 persons.
Head CT Neck CT

Female Male Female Male
Age (y) Thyroid LAR Breast LAR Thyroid LAR Thyroid LAR Breast LAR Thyroid LAR
11-20 N/A N/A 0.525 N/A N/A 3.4425
21-30 2.3516 7.70694 0.00225 11.165 7.6725 3.775
31-40 0.928125 5.6625 0.17892 7.75125 4.05229 0.8325
41-50 0.645 2.27083 0.125 2.314 3.3913 0.33312
51-60 0.0375 1.09416 0.020821 0.4633 1.9177 0.09606
61-70 0.0325 0.5283 0.007 0.145083 0.6566 0.0395
71-80 0.0051083 0.221 0.0070875 0.012 0.27 0.0075
>80 0.0002583 0.0783 0.00033 N/A N/A N/A
CT: Computed tomography; LAR: Life attributable risk
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possible to use a shield on some trauma patients;
hence, in the current study we have not used any
shield. 

The thyroid and lenses of the eyes, and other
radiosensitive organs like the chest and abdomen,
are considered during a CT scan, whether or not
they located in the exposure range. Our results
have shown that the radiation dose to the breasts
in a routine neck CT was lower than reported by
Weiss et al. with an approximately 2 mSv
difference.10 The current study results showed a
higher breast dose when compared with the Gunn
et al. study who used automatic tube current
modulation for their head CT scans.12

We measured the amount of radiation absorbed
dose and the estimated cancer risk for the thyroid
and breast when using a 16 multi-slice CT scanner.
Presumably, there were few neck and head CT
studies published that estimated the cancer risk,
especially in emergency departments.27,28 Of note,
our results might have underestimated the LAR of
cancer because we did not consider smoking,
family, genetics, and other causes of cancer
incidence. Our data showed a significantly higher
mean LAR of thyroid cancer for young females
compared to young males in each CT scan study.
However, the LAR of breast for head and neck CT
scans were approximately the same (Table 3).
Possibly, patients who need both neck and head
CT scans due to their health conditions would
probably have an increased risk of cancer.

This study has some limitations. We limited the
number of TLDs to four because of each patient’s
condition. In addition, we used a 16 multi-slice CT
scanner. However, the focus-detector, focus-
isocenter distances, and bowtie filters differ among
CT scanners. Thus, the impact of different dose
reduction methods may vary among different CT
scanners.

Conclusion
According to this study, the mean ED values

of trauma patients was 2.18 mSv for neck CT
scans and 1.53 mSv for head CT scans.  Trauma
patients need urgent medical procedures and
sometimes they must undergo more than one CT

scan. The increased radiation exposure from the
CT scans would probably affect not only the
exposed organ, but also increase the likelihood of
cancer in the other radiosensitive organs,
particularly for young people. The LAR result in
the current study has clarified that the risk of
cancer incidence for young people is more than
two-fold higher than in elderly people. Our study
showed that, in addition to the radiation dose to
the thyroid and lenses of the eyes, the chest is
another organ that received a notable radiation
dose (approximately 3 mSv) in each CT scan. As
a result, we suggest that decreasing each of the CT
scan parameters and the use of a new
reconstruction algorithm would probably be more
effective than the routine CT technique used in the
current tudy. 
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