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This is anOpe
Abstract – Whole-body computed tomography (WB
CT) is a standard diagnostic imaging tool used for the
urgent evaluation of patients with serious traumatic injuries. However, the use of WBCT for screening
patients suspected of having multiple blunt traumas remains controversial due to the excessive radiation
exposure involved. This study aimed to estimate effective and organ equivalent doses and evaluate the
lifetime attributable risk (LAR) of cancer incidence and mortality resulting from WBCT examinations for
trauma patients. Data, including patients’ demographic and exposure parameters, were collected
retrospectively from the picture archiving and communication system for 175 traumatic patients. National
Cancer Institute CT (NCICT) software was used to calculate the organ doses and effective doses. The age-
and sex-specific LAR incidence and mortality for organ doses were calculated via risk models proposed by
the BEIRVII report. The overall mean effective radiation dose for trauma patients who underwent WBCT
was 20.81 ± 10.78 mSv. Compared with males, females had a greater mean dose (21.95 ± 11.72 mSv)
(18.93 ± 8.73 mSv). The organ doses ranged from 1.76–37.69 mGy for females and from 1.26–32.79 mGy
for males. Females face higher lifetime cancer risk (incidence 0.70%, mortality 0.40%) than males do
(incidence 0.60%, mortality 0.32%). The overall lifetime cancer risk was 0.65% for incidence and 0.36% for
mortality. WBCT scanning involves significant radiation exposure and carries a risk of developing cancer.
Therefore, the use of WBCT should be clinically justified, and measures should be taken to reduce the
radiation dose.
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1 Introduction

Whole-body computed tomography (WBCT) has become
an essential diagnostic procedure in the initial evaluation and
management of patients with multiple traumatic injuries. The
use of WBCT allows for rapid and comprehensive assessment
of injuries, enabling timely diagnosis and treatment decisions
that can improve patient outcomes (Mulas et al., 2022).
According to a recent retrospective multicenter study, using
WBCT as the primary imaging modality for patients with
multiple types of trauma significantly improves their chances
of survival compared with a selective imaging approach that
uses radiography, sonography, and CTof specific body regions
(Huber-Wagner et al., 2009; Jiang et al., 2014). As a result,
research has recommended using WBCT as the primary
diagnostic tool for trauma patients, even in cases where the
patient’s hemodynamic stability is borderline (Huber-Wagner
et al., 2018). However, the increased utilization of WBCT in
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trauma settings has raised concerns about the potential risks
associated with radiation exposure, particularly in younger
patients, who are more susceptible to the long-term effects of
ionizing radiation (Wen et al., 2013; Weber et al., 2023).

The radiation dose from WBCT scans can vary signifi-
cantly depending on the scanning protocol, patient character-
istics, and CT scanner technology used (Gordic et al., 2015;
Zensen et al., 2022). Trauma patients often require multiple CT
scans during their hospital stay, which can result in cumulative
radiation doses that exceed those of the general population
(Moorin et al., 2014). Therefore, it is crucial to assess and
optimize radiation doses in WBCT protocols for multiple
injured patients to minimize potential risks while maintaining
diagnostic accuracy.

Several studies have investigated the radiation dose
associated with WBCT in trauma patients. Sierink et al.
reported that the mean effective dose for a single WBCT scan
was 20.6 mSv, which is equivalent to approximately 1,000
chest X-rays (Sierink et al., 2016). Brenner and Elliston
estimated that a single WBCT scan with an effective dose of
12 mSv in a 45-year-old patient could increase the lifetime
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attributable risk (LAR) of cancer by 0.08% (Brenner et al.,
2004). These findings highlight the importance of implement-
ing dose reduction strategies and optimizing WBCT protocols
to minimize radiation exposure while maintaining diagnostic
quality.

The estimation of the associated radiation-induced risks
helps to provide some direction in terms of CT dose
optimization. The radiation dose, especially to the abdomen
and pelvis, involves relatively radiosensitive organs and
tissues such as the testes, ovaries, small intestines, rectum,
bladder, and uterus. Additionally, organs and tissues with low
to intermediate radiosensitivity, including the pancreas,
kidneys, and adrenal glands, are exposed to radiation.
Accordingly, the abdominal and pelvis organs account for
50% of the tissue radiosensitivity (ICRP, 2007). It is crucial to
understand how much radiation is supplied to patients during
CT procedures to balance the probability of harm and the
potential benefits properly. This is especially important
because the CT usage has become less restrictive, resulting
in increased utilization among healthy individuals, where the
potential risks of CT-related carcinogenesis could surpass its
diagnostic benefits (Kim et al., 2010). Research investigating
radiation exposure from WBCT and associated cancer risk
among trauma patients in Saudi Arabia is limited. Therefore,
this study aimed to estimate effective and organ equivalent
doses and evaluate the LAR of cancer incidence and mortality
resulting from WBCT examinations for trauma patients.

2 Methods and materials

2.1 Study design and setting

This studywas a retrospective analysis conducted at a general
hospital in Saudi Arabia. The aim of this study was to investigate
the radiation risk associatedwithWBCTscans in trauma patients.
The hospital’s radiology department used aGeneral Electric (GE)
Lightspeed 16-slice CT scanner for imaging.

2.2 Study population and data collection

The study included adult patients who were admitted to the
emergency department and underwent WBCT scans (head,
neck, chest, abdomen, and pelvis) for trauma-related
indications. Patient demographic information, such as age,
sex and body mass index, was collected (Tab. 1). A picture
archiving and communication system (PACS) was used to
gather data for patients with indications suggestive of trauma,
including motor vehicle accidents, falls, and assaults. The
scans were completed in two separate protocols: (a) head and
(b) neck, chest, abdomen, and pelvis. The collected data
included WBCT exposure parameters as reported in the CT
radiation dose report. Head and neck were scanned first,
followed immediately by a contiguous neck-to-pelvis helical
acquisition; CTDIvol and DLP for the two series were summed
before entering NCICT.

2.3 Radiation dose assessment

National Cancer Institute CT (NCICT) dosimetry software
was used to calculate organ doses and effective doses in
millisieverts (mSv) for the total number of scans (Lee et al.,
2015). The software requires various patient and exposure
parameters for dose calculation, such as patient age, sex,
height, weight, scan range, scanner manufacturer and model,
filter (head/body), tube potential (kVp), current� time (mAs),
pitch, and CTDIvol.

2.4 Radiation risk estimation

The risk models proposed by the BEIR VII (2006) report
describe a technique to approximate the LAR of cancer on the
basis of the amount of a single radiation dose and a patient’s
age and sex (NRC, 2006). The LAR is defined as an additional
cancer risk above and beyond the baseline cancer risk. The
calculated organ doses were used to estimate the age- and sex-
specific LAR cancer incidence and mortality rates via BEIR
VII risk estimates.

2.5 Statistical analysis

The statistical analysis was performed via the Statistical
Package for the Social Sciences (SPSS version 26, IBM Inc.,
Chicago, IL). Continuous variables are reported as the
means ± standard deviations, whereas categorical variables
are presented as frequencies and percentages. Independent
samples t tests were used to compare variables, with p < 0.05
considered statistically significant.

3 Results

The total study population included 175 participants,
including 109 males (62.3%) and 66 females (37.7%). As
shown in Table 2, the CTDIvol had a mean value of
16.03 ± 8.13 mGy, with a 50th percentile of 15.9 mGy and an
interquartile range (25th–75th percentile) of 9.3–21.13 mGy.
The mean DLP was 1063.21 ± 523.5 mGy · cm, with a 50th
percentile of 1043 mGy · cm and an interquartile range of 633–
1456.5 mGy · cm. The overall mean effective dose for all
trauma patients who underwent a WB CT scan was
20.81 ± 10.78 mSv, with a range of 3.10–64.7 mSv.

The mean effective dose from trauma-related WBCTscans
for female patients (21.95 ± 11.72 mSv) was greater than that
for male patients (18.93 ± 8.73 mSv), with a p value of 0.019,
indicating a statistically significant difference. Figure 1 shows
how effective radiation doses are distributed between male and
female patients. The distribution for female patients exhibited
a pronounced right skew, suggesting a scarcity of high doses
despite a broader range. In contrast, male patients’ radiation
doses are more centrally distributed, with a less pronounced
right skew, indicating less variability in their exposure levels.

Figure 2 presents the radiation doses received by various
organs in female and male patients undergoing WBCT
examinations in poly-trauma cases. The data revealed differ-
ences in radiation doses between the two sexes. The range of
organ doses ranged from 1.76 mGy to 37.69 mGy for females
and from 1.26 mGy to 32.97 mGy for males, with the thyroid
receiving the highest dose and muscle receiving the lowest
dose in both sexes. For the majority of organs, females
received higher organ radiation doses than males did. The



Table 2. Mean values ± SD, ranges and 50th (25th–75th) percentile of DLP, CTDIvol for WBCT examinations.

kVp Effective mAs CTDIvol
(mGy)

DLP
(mGy · cm)

Mean ±SD 117.03 ± 15.32 240.48 ± 116.6 16.03 ± 8.13 1063.21 ± 523.5

Mode* 117 240.48 6.75 569
Range 80–140 73–678 2.5–52.14 173–2312
50th (25th–75th) percentile 15.9 (9.3–21.13) 1043 (633–1456.5)

* Mode =most frequently recorded value (indicator of routine practice).

Table 1. Demographic characteristics of study participants.

Characteristic Males (n = 109) Females (n = 66) Total (N = 175)

Age (years) 41.3 ± 19.3 (18–87) 53.3 ± 21.9 (18–92) 45.8 ± 20.9 (18–92)

BMI (kg/m2) 27.8 ± 5.2 (18.5–41.2) 29.5 ± 6.1 (19.0–43.0) 28.4 ± 5.7 (18.5–43.0)

Data are presented as mean ± SD; median (range). BMI: body mass index.

Fig. 1. Effective dose distribution of CT scans of the WB for trauma
patients.

Fig. 2. Radiation organ doses of the WBCT scan for trauma patients.
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thyroid, kidney, lens, spleen, and brain were among the organs
with the most significant dose differences. In females, the
thyroid received a dose of 37.69 mGy, whereas in males, the
dose was 32.97 mGy. Similarly, the kidney dose was
29.39 mGy in females and 22.59 mGy in males. The lens
dose was 28.1 mGy in females and 25.72 mGy in males,
whereas the spleen dose was 26.88 mGy in females and
21.99 mGy in males. The brain dose was 24.75 mGy in females
and 19.92 mGy in males.

There were a few exceptions to the general trend of higher
doses in females. The breast and heart wall doses were slightly
higher in males than in females. The breast radiation dose was
22.26 mGy in males and 20.63 mGy in females, whereas the
heart wall radiation dose was 21.99 mGy in males and 23.38
mGy in females. The radiation dose for the prostate in males
was 14.72 mGy, whereas for the uterus in females, it was 13.94
mGy. The dose for testes in males was 6.41 mGy, and for
ovaries in females, it was 17.34 mGy.



Table 3. Lifetime attributable risk of cancer incidence and mortality.

Probability of incidence
Number of cases per 100,000 persons

Probability of mortality
Number of cases per 100,000 persons

Cancer Site Male Female Male Female

Stomach 5 7 3 4

Colon 22 16 12 8
Liver 4 2 3 2
Lung 20 47 21 43
Prostate 4 – 1 –
Bladder 11 11 3 4
Breast – 19 – 5
Uterus – 2 – 0.4
Ovary – 4 – 3
Other 531 586 273 332
Thyroid 2 6 – –
All solid 597 697 314 400
Leukemia 12 10 10 9
All cancers 609 707 324 409
Overall, all cancers 658 366
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The results presented in Table 3 elucidate the LAR of
cancer incidence and mortality, distinguishing between male
and female populations across various cancer sites. The
cumulative data for "All cancers" indicate a higher overall
incidence and mortality rate for females (707 per 100,000 for
incidence and 409 per 100,000 for mortality) than for males
(609 per 100,000 for incidence and 324 per 100,000 for
mortality). Considering both genders together, the overall LAR
for all cancers stands at 658 cases per 100,000 individuals for
incidence and 366 cases per 100,000 individuals for mortality.

4 Discussion

The assessment of radiation dose and associated cancer
risk from WBCT examinations in poly-trauma patients is a
critical area of investigation. Trauma patients undergo multiple
CT scans as part of their diagnostic and treatment protocols,
potentially exposing them to significant ionizing radiation
(Godt et al., 2021; Hijji et al., 2023). This cumulative radiation
exposure raises concerns about the long-term risk of radiation-
induced cancers, necessitating a regular evaluation of effective
doses and organ-specific radiation burdens.

The typical values are represented by the mean of the
proposed reference level based on the 75th percentile and the
achievable dose based on the 50th percentile. The most
common value in the sample is used to determine the mode,
which is used as an indicator of typical practice
(Huber-Wagner et al., 2018). In the present study, the mean
CTDIvol was 16.03 mGy, with a median of 15.9 mGy, and the
75th percentile was 21.13 mGy. The DLP mean was
1063.21 mGy · cm, with a median of 1043 mGy · cm, and
the 75th percentile was 1456.5 mGy · cm. A similar study
reported that the average CTDIvol was 59.2 mGy, with a
median of 59.2 mGy, and a 75th percentile of 62 mGy. The
DLP had a mean of 2774.4 mGy · cm, a median of
2762.6 mGy · cm, and a 75th percentile of 2873.4 mGy · cm
(Abuzaid et al., 2022). The current study’s reported values for
CTDIvol and DLP are lower than those of Abuzaid et al. The
overall mean effective dose for all trauma patients who
underwent a WBCT scan was 20.81 ± 10.78 mSv. Published
data on WBCT suggest that average radiation doses vary from
10 to 31.8 mSv (Brenner et al., 2004; Davies et al., 2016; Sato
et al., 2017; Harrieder et al., 2012; Sierink et al., 2016).
Another previous study reported higher effective doses at 34.5
mSv (Abuzaid et al., 2022) and 29.5mSv (Gordic et al., 2015),
and another study reported a higher ED at 76 mSv (Asha et al.,
2012). The mean effective dose (20.81 ± 10.78 mSv) in the
current study is within the range reported by several previous
studies but lower than those reported by Abuzaid et al., Gordic
et al., and Asha et al.

The results of this study demonstrated differences in the
radiation doses received by various organs between female and
male patients who underwent WBCT examinations among
poly-trauma patients. The organ doses from WBCT ranged
from 1.76 to 37.69 mGy and from 1.26 to 32.79 mGy for
females and males, respectively. A similar previous study
reported that the organ doses fromWBCT ranged from 10.2 to
63.7 mGy (Abuzaid et al., 2022). Although females in our
sample had a slightly higher mean BMI (29.5±6.1kg/m2) than
males (27.8±5.2kg/m2), BMI alone does not explain the
observed dose distribution differences. These differences in
organ doses may result from anatomical and compositional
variations between sexes, scanner settings, or protocol
adjustments. Additionally, the location of certain radiosensi-
tive organs in females (e.g., breasts) often contributes to higher
absorbed doses compared to males.

Patients with multiple traumatic injuries, who are often
younger, face an elevated lifetime risk of radiation-induced
cancer from CT imaging. Although precise individual risk
remains uncertain, estimates suggest it is very low at doses
under 0.2mSv (<1 in 100,000) but rises with higher exposures
(ARPANSA, 2005). For example, Brenner et al. estimated that
a 45-year-old adult undergoing a single WBCT scan at
10–20mSv faces a lifetime cancer mortality risk of approxi-
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mately 0.08% (1 in 1,250) (Brenner et al., 2004). In our study,
the estimated LAR of cancer incidence was 707 cases per
100,000 for females and 609 per 100,000 for males, with
corresponding mortality risks of 409 cases per 100,000 and
324 per 100,000. While these risks are low in absolute terms,
they are not negligible, especially in younger patients.
Importantly, the justification principle remains critical: in
emergency departments, high-dose WBCT may be warranted
when rapid, comprehensive diagnosis is needed to guide life-
saving treatment. Clinical decisions must therefore balance
potential radiation risks with the clear, immediate benefits of
timely and accurate assessment in trauma care.

Optimizing the radiation dose from WBCT in trauma
patients with multiple injuries is crucial to minimize potential
risks while maintaining diagnostic accuracy. Several dose
reduction strategies can be employed, such as using iterative
reconstruction algorithms, lowering the tube voltage and
current, and utilizing automatic exposure control systems
(Purcell et al., 2020; Mulas et al., 2022). Advances in CT
technology have enabled significant dose reductions in WBCT
protocols without compromising image quality (Elmokadem
et al., 2019; Simma et al., 2022). A study demonstrated that
using a low-dose WBCT protocol with iterative reconstruction
resulted in a 40% reduction in radiation dose compared with a
standard protocol while maintaining comparable diagnostic
accuracy (Elmokadem et al., 2019). Additionally, protocol
optimization based on clinical indications and patient-specific
factors can further reduce radiation exposure. At our emergency
department, targetedscanningofcriticalbody regions suchas the
head and cervical spine, followed by a single-phase acquisition
of the thorax, abdomen,andpelvis, is routinelypracticed toavoid
unnecessary radiation exposure. Careful patient positioning,
limiting scan ranges, and minimizing repeat acquisitions are
integral components of our established procedures. Ultimately,
our goal aligns with the ALARA (as low as reasonably
achievable) principle, carefully balancing timely and accurate
diagnoses with minimized radiation doses, tailored to the
specific clinical scenarios encountered in trauma care (Purcell
et al., 2020; Mulas et al., 2022).

This study has several limitations. First, there are
differences between the Saudi population’s baseline cancer
incidence levels and mortality rates and those listed in the
BEIR VII study (NRC, 2006). Second, the LAR of cancer
occurrence from X-rays ranged from 80�140 kVp, possibly
distinct from that of high-energy gamma rays, for which the
BEIR VII database represents a majority of cases on the basis
of these high-energy rays (Kim et al., 2010).

5 Conclusion

The findings of this study highlight the significant radiation
exposure associated with WBCT in trauma patients, empha-
sizing the need for careful consideration of its use in clinical
practice. Our results indicate a considerable effective dose
received by patients, with a mean value of 20.81 ± 10.78 mSv
and a lifetime cancer risk of 0.65% for incidence and 0.36% for
mortality. WBCT scanning carries a substantial risk of
developing cancer due to this significant radiation exposure.
Therefore, the use of WBCT should be clinically justified, and
measures must be taken to reduce the radiation dose.
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