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Diagnostic CT radiation and cancer induction
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Background radiation makes up most of an individual’s
exposure; however, medical sources are the largest man-
made component and have been rising rapidly [1–3]. Whilst
in the UK general radiology doses have decreased
dramatically [4], it is only interventional and CT doses that
have increased. CT use in particular has increased, and in
7 years one US Level 1 Trauma Centre increased the use of
chest CT from 2.7 to 28.7% of blunt trauma cases [5].

The deterministic effects of radiation occur after a
predictable threshold dose, e.g. opacification in the lens of
the eye is followed by cataracts, or skin irradiation
progressively produces transient erythema, temporary epi-
lation, skin erythema, and telangiectasia to desquamation at
increasing threshold doses. Random stochastic effects,
which are not dependent on the threshold, include genetic
mutations and carcinogenesis. The effect of radiation from
CT scans depends on the field of view scanned and the
sensitivity of the organs within the area. Highly radiosen-
sitive organs include bone marrow, lung, stomach mucosa,
thyroid and breast glandular tissue. Thyroid irradiation may
cause hypothyroidism and thyroid cancers, particularly at a

younger age [6]. Atomic bomb survivors, exposed to up to
4 Gy, have shown a linear and statistically highly significant
radiation dose response, causing breast cancers [7].

The Computed Tomography Dose Index (CTDI) works
out concentration units, expressed in mGy, for a procedure,
depending on the total energy deposited in the patient
divided by the mass of that section. Using Monte Carlo
dosimetry [8], the CTDI value can be used to derive mean
organ doses in a CT section in millisieverts (mSv). The
effective dose (E) is the sum of the dose to individual
organs, each organ dose being weighted according to the
radiosensitivity, and can be converted numerically to
estimate excess radiation risk. It has been recommended
[9] that effective dose values be treated with caution as
additional uncertainty is introduced by applying organ
weighting factors, but nevertheless the effective dose
quantity is a useful measure when received as an indication
of relative total stochastic risk, that is, the random risk. The
International Commission on Radiation Protection (ICRP)
has set the nominal risk coefficient for cancer induction at
5.5% per sievert for adults [9]. Some feel that this
relationship between dose and cancer risk is controversial [4].

There is a large variation in the calculated effective dose
between X-ray units and CT scanners [10–12]. For
example, in a recent UK national survey, the chest,
abdomen and pelvis examination mean effective dose was
12 millisieverts (mSv) with a coefficient of variation of
34% for multislice scanners [10]. Variations in effective
dose have also been reported for the same model of scanner
because of protocol variations [13]. Modern multislice
scanners are so fast that there is an inevitable tendency to
scan a larger field of view (the length of the patient) than is
absolutely necessary [3] and increased scanning of the
whole cervical spine rather than level-specific examinations
[14]. Estimation of life time cancer risks also varies widely
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over different countries [15]. Both national and international
radiological protection organisations believe there to be a
linear, cumulative and proportionate risk of causing a cancer
over one’s life time [16–18].

Hence, each medical exposure must be justified [19] and
it is important that we optimise multislice techniques to
answer the clinical question, limiting the CT to exactly
what is required, minimising the radiation used to produce
diagnostic images, with the patient dose as low as is
reasonably practicable (the ALARP principle). Every bit of
diagnostic information must be obtained from a single pass
through the CT scanner, including dorsal and lumbar spine
reconstructions from trauma body CTs [20–22] and coronal
and sagittal pelvis reconstructions from abdomen and pelvis
CT scans [23, 24]. This obviates the need for dorsal and
lumbar spine radiographs [25, 26]. The streak artefact from
dental amalgam, which may cause cervical fractures to be
missed are readily seen on lateral cervical radiographs and
should probably still be included [26]. Collaborations
between radiologists [27] and medical physicists [20] help
reduce the exposure without compromising image quality.

Optimised protocols on multislice scanners may be
achieved by reducing the effective mAs to the lowest value
possible whilst maintaining adequate noise levels and by
using the widest possible beam collimation consistent, for
better geometrical efficiency, with the reconstruction re-
quired, and some dose reduction is achieved in angiography
by reducing kV values [1]. In general, the lowest mAs
values are achieved in areas of high inherent contrast such
as imaging of bone or renal calculi [28] and similarly
paranasal sinuses and the cervical spine, with no loss of
diagnostic quality and so reducing the cancer risk [29].

The radiation dose from cervical spine CT gives a high
dose to the thyroid, which is particularly radiosensitive [14,
30, 31]; thus risk stratification can reduce CT scanning by
using in the UK, say, radiographs of conscious patients and
CT in unconscious major trauma cases [32, 33]. In 2002,
Rybicki et al. reported a 14-fold increase in radiation to the
thyroid when changing from cervical radiography to CT of
the whole cervical spine [31]. At our institution this is
equivalent to 0.1 mSv or one extra cancer in 200,000 for a
three-film x-ray series of the cervical spine to 3.5 mSv or
1:5,200 for CT of the cervical spine. Images of better
quality can be obtained by increasing the pitch with a small
slice thickness, rather than increasing the slice thickness
with a lower pitch in cervical spine CT [34]. Optimal MCT
cervical image quality is at 1.25-mm slice thickness with
a table speed of 7.5/360° using a pitch of 1.5 and this is
also faster than when a pitch of 0.75 is used [34].
Reducing the energy of the X-ray beam in cervical CT
scans has a great effect on the radiation dose, that is,
around 65%: 6MCT 130 vs 110 kV gives 23.17 vs
15.27 mGy and 16MCT 120 vs 100 kV gives 19.48 vs

12.48 mGy, without a subjective change in image quality
[35]. (Gray [Gy] is an absolute measurement, in this case
numerically equivalent to sieverts, but does not take into
account organ radiosensitivity).

In our institution, the CT dose of the craniocervical
junction was computed to be low (0.3 mSv) and 10-fold
more if the whole cervical spine was scanned (3.5 mSv)
[14]. For one 16 MCT using the Monte Carlo software [8],
whole dorsal spine CT has a lower risk of causing a cancer
(10 mSv or 1:1,800 life time cancer risk) compared with
CT of the chest, abdomen and pelvis (ED = 12 mSv, risk
6×10−4 or 1 in 1,500 with the current protocol and
correction for dose modulation and overscan). Whole
lumbar CT (5.6 mSv or 1:3,200) is lower than that of the
dorsal spine, partly because of the shorter length of the scan
[36]. Scanning three lumbar vertebrae carries a similar risk
to scanning three dorsal ones, but subtle variations occur
because of different quantities of bone and from all the
other structures in the slice, for instance, the iliac wings at
L5, which will also absorb radiation [36]. Lumbar
quantatitive CT, on the other hand, involves a very low
dose because after a scanogram, only three slices are
obtained at L1, L2 and L3 (0.1 mSv or 1:200,000) [36].
Huda and Morin reported typical patient doses in bone
mineral densitometry [37] of 2.5 µSv for DEXA and
300 µSv for quantatitive CT or 0.0025 mSv and 0.3 mSv
respectively. For comparison, a single chest X-ray is
typically 0.02 mSv or 1:1,000,000 life time cancer risk.

It is more important to reconstruct CT of the chest,
abdomen and pelvis for whole dorsal spine images, saving
re-scans and its attendant radiation dose [20], than brain
CT, which is a relatively low dose study (2 mSv), because
the only particularly radiosensitive organ in the scan area is
the thyroid and that is outside the main X-ray beam [30].
Cardiac coronary CT has a very high dose, but the use of
dose modulation nearly halved the cancer risk from about
1:114 to 1:219 [38], and a further 54% may be saved by
optimizing ECG gating [37]. Nevertheless, if a patient over
a lifetime had a dorsal spine, a major trauma protocol, i.e.
chest, abdomen, pelvis, whole cervical spine and brain, and
subsequently a cardiac CT, then 1:160 or one additional
cancer may be induced in the region of every 160 patients
scanned that way (D spine = 1 in 1,800, CAP = 1 in 1,500,
whole C spine = 1 in 5,200, CT brain = 1 in 9,000, cardiac
1 in 219; add the risks and get approximately 1 in 160 or
0.00625). If that person had a second accident and areas are
re-imaged and another cardiac CT then the risk is 1/160+1/
160=0.0125 or 1:80. It should be noted that this should be
seen as very approximate as the different risks have come
from different sources and using different risk coefficients.

Children up to the age of 15 years are the most
vulnerable to radiation. Risk reduces rapidly up to 30 years,
then plateaus, falling again after 60 years of age [39]. This
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means that clinicians need to consider the risk/benefit
analysis of CT in relation to each patient and their age and
the IR(ME)R regulations in the UK require special attention
to be paid to optimisation of the medical exposure of
children [19]. Clinicians generally have a poor understand-
ing of radiation doses [40], let alone the effects of different
body habitus, with the vulnerability of the small body of a
child and the dramatic effect body size has on the radiation
required to obtain diagnostic images [41]. Thirty centi-
metres of body fat can increase the CT dose 80-fold, but it
is reduced by orientating the patients thickest fat layer
opposite the tube [42]. It is inherently obvious that the use
of a well set-up dose modulation system, restricting the
radiation appropriate to the patient’s body habitus, be they
size zero or bariatric, will reduce the cancer risk, by
optimising the exposure [43]. It is important to reinforce to
the clinicians that each examination must be justified
clinically [19]; stressing that CT is a whole body screening
tool is foolhardy [44]. Until an American ER physician is
sued for causing a cancer, not missing a fracture, or liberal
widespread imaging restricted in some manner, US practi-
ces are unlikely to change, but in health care systems where
the radiologists are the gate keepers there is more hope of
minimising cancer risk.

In conclusion, the risks of cancer induction from CT
imaging of different parts of the body can be expressed
as a simple risk ratio, which are additive and easily
understood. These risk ratios, seen in the context of the
large uncertainties involved, can be used to compare
relative risk for different examinations and protocols,
optimise our practice, allowing better communication
among clinicians, radiologists and patients. For the future
should we hope that MRI or a new non-radiation-based
technology will replace CT or should we cumulatively
log each individual’s millisieverts, to encourage im-
proved CT practices? There may be a place for
internationally agreed CT protocols for each make and
model, aiding dose optimisation.
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