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Objectives: CT is a valuable tool in diagnostic radiology but it is also associated with
higher patient radiation doses compared with planar radiography. The aim of this article
is to review patient dose for the most common types of CT examinations reported during
the past 19 years.
Methods: Reported dosimetric quantities were compared with the European
diagnostic reference levels (DRLs). Effective doses were assessed with respect to the
publication year and scanner technology (i.e. single-slice vs multislice).
Results: Considerable variation of reported values among studies was attributed to
variations in both examination protocol and scanner design. Median weighted CT dose
index (CTDIw) and dose length product (DLP) are below the proposed DRLs; however,
for individual studies the DRLs are exceeded. Median reported effective doses for the
most frequent CT examinations were: head, 1.9 mSv (0.3–8.2 mSv); chest, 7.5 mSv (0.3–
26.0 mSv); abdomen, 7.9 mSv (1.4–31.2 mSv); and pelvis, 7.6 mSv (2.5–36.5 mSv).
Conclusion: The introduction of mechanisms for dose reduction resulted in
significantly lower patient effective doses for CT examinations of the head, chest and
abdomen reported by studies published after 1995. Owing to the limited number of
studies reporting patient doses for multislice CT examinations the statistical power to
detect differences with single-slice scanners is not yet adequate.

Received 12 April 2010
Revised 29 July 2010
Accepted 16 August 2010

DOI: 10.1259/bjr/69070614

’ 2011 The British Institute of

Radiology

The use of CT in medicine is now firmly established
and represents one of the most important radiological
procedures performed worldwide. A consequence of
the wide adoption of CT in clinical practice is that
radiation dose from CT is growing as a component of
the total radiation dose received by patients and the ge-
neral population [1, 2]. Data from various national
surveys have proved that CT is a major source of ra-
diation exposure and provides a substantial proportion
of the collective dose from medical exposure, e.g. approx-
imately 35% in Germany [3] and 47% in the UK [4].
The introduction of faster multislice and dual source
CT technology has allowed cardiac CT, large-volume
high-resolution CT and improved z-plane resolution
[5–8]. The speed and ease of CT imaging and the am-
bition to obtain quality images and cover larger areas
of the patient’s anatomy can lead to increased patient
doses; although technological developments provide the
opportunity to decreases individual CT doses [9]. Patient
radiation dose owing to CT examination is expected to be
highly variable because of the use of different imaging

protocols and the intrinsic differences among makes
and models of CT scanners [10, 11]. To limit radiation
exposure arising from CT procedures to as low as rea-
sonably achievable (ALARA), European guidelines on
quality criteria were published and specific diagnostic
reference levels (DRLs) were proposed for routine CT
examinations [12]. The purpose of this study is to re-
view published literature on patient radiation doses
from common non-cardiac CT examinations, to compare
findings with DRLs, to identify whether patient doses
are reduced or increased for newer studies and to com-
ment on the impact of multislice technology on patient
doses.

CT dosimetry

CT dosimetry differs radically from conventional
planar radiography and fluoroscopy dosimetry. In CT
scanning the X-ray beam rotates around the patient and
it is not straightforward how the radiation dose is
distributed on the surface and inside of the patient [13].
CT dosimetry is performed with physical cylindrical
phantoms, which contain several openings for insertion
of dosemeters [14]. Measurements are typically per-
formed with pencil ionization chambers with an active
length of 100 mm inserted into the phantom openings.
The measured quantity is called the CT dose index
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(CTDI) or more precisely CTDI100 when the ionization
chamber has an active length of 100 mm. This is defined
as the integral along a line parallel to the axis of rotation
(z) of the dose profile (D(z)) for a single slice, divided by
the nominal slice thickness T [15]:

CTDI~
1

T

ðz?

{?
D zð Þdz ð1Þ

CTDI is measured in milligrays. CTDI measured at
different locations and depths in a dosimetry phantom
differ. To establish an ‘‘average’’ CT dose index that can
be used as single-number indicator of radiation dose to a
patient the ‘‘weighted’’ CTDI was introduced and is
defined as [13]:

CTDIw~
2
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To calculate CTDIw, CTDI is acquired at the centre
(CTDIcentre) and at the periphery of the phantom at a
1 cm depth (CTDIperiphery). To account for helical doses
and axial doses when slice spacing I differs from slice
thickness (n 6 T) (where n is the number of slices and T
is the slice thickness) the indicator CTDIvolume is often
used [13]:

CTDIvolume~CTDIw|
n|T

I
ð3Þ

CTDIvolume spreads the dose corresponding to CTDIw

over a longer or shorter z-axis length of tissue depending

on the ratio
n|T

I
[16]. CT dose indices are estimates of

the average radiation dose only in the irradiated volume
and are independent of the scan length. Therefore, to
assess the total amount of radiation deposited in the
patient and determine the risk from ionizing radiation,
the dose length product (DLP) has been proposed. The
DLP is proportional to the total deposited energy and is
given by [17]:

DLP~CTDIvolume|L ð4Þ

where L is the total scan length. DLP is measured in
milligray-centimetres and it increases with an increase
in total scan length or with variables that affect the
CTDIw (e.g. tube current or voltage) or the CTDIvolume

(e.g. pitch). In clinical practice CTDIvolume and DLP are
displayed at the operation console of most CT units.
Despite its proportional relationship to total deposited
energy, DLP cannot be routinely used as a risk indicator
because it does not take into account the radiosensitivity
of the organs within the irradiated body area. For this
purpose the concept of effective dose (ED) has been
introduced by the International Commission on Radi-
ological Protection [18]. Effective dose can be used for
comparing doses from different diagnostic and thera-
peutic procedures and for comparing the use of similar
technologies and procedures in different hospitals and
countries as well as from use of different technologies for
the same medical examinations [19]. However, for
planning the exposure of patients and risk-benefit
assessments, the equivalent dose or the absorbed dose

to irradiated tissues is the more relevant quantity. The
European Commission has proposed DRLs for the dose
descriptors CTDIw and DLP for routine CT examination
at the European guidelines on quality criteria for CT [12].
The introduction of DRLs provides the baseline in-
formation for subsequent dose reduction or optimisation.

Methods

Literature was accessed through PubMed and Scopus
(1991 to November 2009) using the terms ‘‘computed
tomography’’, ‘‘dose’’, ‘‘radiation dose’’ and ‘‘patient
dose’’. Additional papers were identified by cross-refe-
rencing bibliographies of retrieved articles. The search
was limited to studies involving adult humans and
dosimetric results were extracted for the most common
types of non-cardiac CT examination of the head, chest,
abdomen, pelvis, spine (cervical, thoracic and lumbar)
and abdomen-pelvis. Dosimetric quantities assessed in-
cluded CTDIw, DLP, ED and organ dose. Reported values
were extracted to define median and range for each dose
descriptor per type of examination. Reported CTDIw

and DLP values were compared with the corresponding
DRLs. ED and their variations among studies were as-
sessed with respect to publication year and CT scanner
technology (i.e single-slice vs multislice).

Statistical analysis

Data normality was analysed using the Kolmogorov-
Smirnov test. Examined variables did not follow the
normal distribution; therefore results are presented as
median and range. Accordingly, differences between
variables were analysed using non-parametric tests, i.e.
the Mann–Whitney U-test was used to analyse differ-
ences between two groups and the Kruskal-Wallis test
was used to analyse differences between more than two
groups. A p-value ,0.05 was considered statistically
significant. Data were analysed using SPSS for Windows
version 13.0 (SPSS, Inc., Chicago, IL).

Results

Dosimetric data for the most common CT examina-
tions of the head and trunk were collected from 42
studies (Table 1). Reported dosimetric quantities varied
among studies with ED being the dose descriptor most
frequently quoted (Table 2). The derivation of reported
dosimetric quantities also varied between studies after
the following methodologies were employed: 1, the
measurement in physical anthropomorphic phantoms
of organ doses using suitably calibrated thermolumines-
cent or silicon photodiode dosemeters. Based on these
measurements effective doses were calculated using
appropriate organ/tissue weighting factors; 2, the CTDI
and DLP values reported at the console display of the CT
scanner were assessed and averaged for a patient cohort
and ED were calculated by multiplying CTDI and DLP
with appropriate conversion coefficients such as those
given in the EUR 16262 document [12]; and 3, the
scanning parameters and scanner specific CTDI data

I Pantos, S Thalassinou, S Argentos et al

294 The British Journal of Radiology, April 2011



were fed into Monte Carlo based applications such as the
ImPACT CT dosimetry calculator (St George’s Health-
care, London, UK) [20], CT Dose [21], CT Expo [22] and
WinDose [23] to obtain organ doses, CTDIw, DLP and
effective doses.

Median and range of CTDIw and DLP per type of
examination are given in Tables 3 and 4 together with the
corresponding DRLs. Figure 1 shows the frequency of
reported CTDIw and DLP values for the most common
types of CT examinations and Figure 2 shows the
reported CTDIw and DLP values from individual studies
sorted by publication year. Median and range of ED
per type of examination are given in Table 5. Figure 3
shows the frequency of reported ED values for the most
common types of CT examinations and Figure 4 shows
the ED from individual studies sorted by publication year.
Finally, median reported organ doses per type of exami-
nation are presented in Figure 5. To identify whether

patient doses are reduced or increased in newer studies,
reported results were divided into the following time
periods according to publication year: 1991–1995, 1996–
2000, 2001–2005 and 2005–2009 (Figure 6). ED for head
and chest CT examinations were found to be significantly
higher for studies published during the earliest consid-
ered period (1991–1995) compared with more recent
studies (p,0.05), while there was no statistically signifi-
cant difference between studies published during the
latest three periods (1999–2009). ED for abdomen CT
examinations were also found to be significantly higher
for the studies published during the earliest period
considered (1991–1995) compared with more recent
studies (p#0.05). Additionally, ED for abdomen reported
by the most recent studies (2006–2009) were found to be
significantly higher than those reported during the
preceding period (2001–2005) (p50.03). Finally, results
for the pelvis CT examinations for the earliest period were
not available and the reported ED for the pelvis in the
most recent studies (2006–2009) were found to be
significantly higher that those reported during the period
1996–2000 (p50.02). Figure 7 presents ED for the most
common types of CT examinations by studies on single-
slice and multislice scanners. The reported values for
multislice scanners refer to units that acquire from 2 up to
256 slices per rotation. Median ED for multislice CT are
equal or lower than those of single-slice CT. However,
statistical analysis revealed that owing to the limited
number of studies reporting patient doses for non-cardiac
examinations with multislice CT there is no adequate
statistical power to detect any significant differences
between multislice CT and single-slice CT for the assessed
CT scan examinations.

Discussion

Published results indicate a large variation of patient
doses for the same type of CT scan examination. This is
unsurprising considering the long time period that this
review covered during which CT scanning technology

Table 1. CT examinations and corresponding number of
studies reporting patient doses

Examination Number of studies

Head 32
Chest 36
Abdomen 34
Pelvis 23
Cervical spine 10
Thoracic spine 7
Lumbar spine 19
Abdomen-pelvis 6

Table 2. Dose descriptors and corresponding number of
studies reporting each

Quantity Number of studies

CTDIw 17
DLP 19
Organ doses 15
Effective dose 32

CTDIw, weighted CT dose index.

Table 3. Reported values of weighted CT dose index (CTDIw ) and corresponding diagnostic reference level (DRL)

CT examination Median CTDIw (mGy) CTDIw range (mGy) DRL (mGy) [12]

Head 52.0 17.0–181.0 60
Chest 18.6 3.0–86.0 30
Abdomen 22.0 4.0–166.9 35
Pelvis 23.0 4.0–107.4 35
Cervical spine 44.3 5.3–103.2
Lumbar spine 30.3 10.6–59.7

Table 4. Reported values of dose length product (DLP) and corresponding diagnostic reference level (DRL)

CT examination Median DLP (mGy-cm) DLP range (mGy-cm) DRL (mGy-cm) [12]

Head 733 81–2173 1050
Chest 394 21–2286 650
Abdomen 464 58–2537 780
Pelvis 434 67–2000 570
Cervical spine 324 56–1275
Thoracic spine 253 66–515
Lumbar spine 302 49–870
Abdomen-pelvis 472 430–1850
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Figure 1. Frequencies of reported weighted CT dose index (CTDIw) and dose length product (DLP) values for the head, chest,
abdomen and pelvis. The dotted lines indicate the corresponding diagnostic reference levels.
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has evolved and examination protocols have been
optimised.

Median CTDIw and DLP values are below the proposed
DRLs for all examinations (Tables 3 and 4); however,
there are individual studies for which the DRLs are
exceeded (Figure 1). Variation of results among studies
(maximum/minimum reported value) is evident for both
dose descriptors; however, it is more profound for DLP
and CT examinations of the trunk. CTDIw varies by a
factor of 4.2/3.8/6.0/7.2 for studies concerning the head/
chest/abdomen/pelvis, respectively. DLP varies by a
factor of 3.2/15.1/9.3/8.2 for the head/chest/abdomen/
pelvis, respectively.

Figure 2. Weighted CT dose index (CTDIw) (mGy) and dose length product (DLP) (mGy-cm) reported by individual studies for the
head, chest, abdomen and pelvis. The horizontal axis refers to the publication year of the study and the dotted line indicates the
corresponding diagnostic reference levels.

Table 5. Reported values of effective dose (ED)

CT examination Median ED (mSv) ED range (mSv)

Head 1.9 0.3–8.2
Chest 7.5 0.3–26.0
Abdomen 7.9 1.4–31.2
Pelvis 7.6 2.5–36.5
Cervical spine 2.6 0.3–7.5
Thoracic spine 4.6 1.0–9.8
Lumbar spine 5.2 0.8–15.7
Abdomen-pelvis 9.3 3.7–31.5
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Figure 3. Frequencies of reported effective doses (ED) (mSv) for the head, chest abdomen and pelvis.

Figure 4. Effective dose (ED) (mSv) reported by individual studies for the head, chest, abdomen and pelvis.
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Figure 5. Median organ doses (mGy) per type of CT examination.

Figure 6. Reported effective doses for head, chest, abdomen and pelvis CT examinations divided into time periods according to
year of publication. In each box plot the bold line indicates the median, the central box includes the middle 50% of the data and
the whiskers show range of data.
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It is anticipated that variation of CTDIw among studies
can be attributed to intrinsic differences among the makes
and models of CT scanners such as beam geometry,
radiation quality, number of detector rows, absorption
and scattered X-rays [24]. An additional significant factor
of variation is the selected examination protocol and in
particular the milliampere seconds selection because the
dose is directly proportional to this [13]. Variations in
examination protocols are attributed to different routine
protocols among institutions [25] but also to different cli-
nical indications, which can lead to variation in scanning
techniques [26].

The greater variability of results for DLP is the result of
an additional parameter i.e. scan length. Longer scan
lengths can be attributed in part to the use of contrast
media since these procedures involve a repeated scan of
the same region (i.e. with and without the contrast
media) [24]. Two obvious measures to reduce patient
dose consequent to the above are reducing the milli-
ampere seconds whilst maintaining diagnostic image
quality, especially for thinner than standard patients,
and reducing scan length as much as possible without
missing any vital anatomical regions.

An effect that contributes to increased patient exposure
is ‘‘overscan’’ which arises from the requirement in spiral
reconstruction algorithms for data beyond the actual
volume to be reconstructed [27]. Thus, at the beginning
and the end of the scan volume areas are exposed that are
not part of the area medically in question [28].

Regarding ED, results indicate that in CT examinations
of the head and neck ED is close to 2 mSv but increases
2- to 4-fold for examinations of the trunk (Table 5). Thus,
ED for head examinations is lower than that of the trunk
although individual organ doses for the head are
considerably greater than for other parts of the body
(Figure 5). This is owing to the uneven distribution of
radiosensitive organs in the human body and the lower
weighting factors for the head organs [18]. Accordingly,
the correlation between DLP and ED must be separated
into two parts: one for CT examinations of the head
and one for CT examinations of the trunk [29]. As the

relationship between DLP and ED is linear and the rela-
tionship between ED and stochastic risk is also assumed
to be linear, DLP, which is normally quoted by modern
scanners, can be used for comparing the stochastic risk
for different CT examinations [29].

The investigation of ED variation over different time
periods (Figure 6) revealed that ED for CT examinations
of the head, chest and abdomen prior to 1995 were
significantly higher than for the later studies whereas
over the period between 1996 and 2009 the ED remained
virtually unchanged. The finding that ED for abdomen
and pelvis examinations are increased during the most
recent period (2006–2009) is most likely attributable to
studies from developing countries which are in the initial
stages of protocol optimisation [24, 30, 31].

Significant dose reduction in more recent studies is
attributed to the implementation of dose management
procedures that correspond to the ALARA principle [32].
The mechanisms for dose reduction in CT equipment
include [33]:

1. X-ray beam filtration;
2. X-ray beam collimation;
3. X-ray current modulation and adaptation for patient

body habitus;
4. Peak kilovoltage optimisation;
5. Improved detection system efficiency; and
6. Noise reduction algorithms.

Tube current modulation and patient size dependent
tube current adaptation are jointly referred to as
automatic exposure control (AEC). The first commer-
cially available tube current modulation systems were
introduced in 1994 and provided dose reduction of up to
20% without considerable degradation of image quality
[34]. Subsequent studies validated that dose reduction is
achievable and that in elliptical body regions anatomi-
cally based modulation of the tube current results in up
to 40% dose reduction [35].

Multislice CT technology, which is currently com-
mon in clinical practice, increases the efficacy of CT

Figure 7. Median effective dose for single-slice CT (SSCT) and multislice CT (MSCT) for the most common types of CT
examination. The corresponding values from all studies are also shown.

I Pantos, S Thalassinou, S Argentos et al

300 The British Journal of Radiology, April 2011



procedures and offers new promising applications such
as multiphase exams, vascular and cardiac exams, per-
fusion imaging and screening exams of the heart,
chest and colon [36–38]. However, the expanding use
of multislice CT systems may result in a considerable
increase in both the frequency of CT procedures and
patient exposure levels. Regarding patient exposure, a
certain dose increase compared with single-slice CT is
unavoidable owing to underlying physical principles
and in particular dose efficiency [39]. The dose efficiency
of a CT scanner refers to the fraction of the total X-rays
emitted from the X-ray source that are captured by
the detectors and contribute to image formation. Dose
efficiency has two components: the absorption efficiency,
which is the fraction of X-rays that are captured by active
detector area; and geometric efficiency, which is the
fraction of X-rays that exit the patient and enter the
active detector area [40]. The absorption efficiencies of
single-slice CT and multislice CT are similar since the
same type of detectors is used in both cases. However,
geometric efficiency for multislice CT is reduced owing
to the requirement for dividers between individual
detector elements along the z-axis, which create dead
spaces [40]. Additionally, with multislice CT only the
plateau of the trapezoid dose profile may be used to
ensure equal signal level for all detector slices while the
penumbra region has to be discarded. This represents a
wasted dose to the patient in contrast to single-slice CT
where the entire dose profile contributes to detector
signal [39, 41]. Since the penumbra accounts for a larger
percentage of the beam when a narrow detector
configuration is used, dose efficiency is decreased with
the use of a narrow collimation. This principle applies to
CT scans performed with any multislice CT scanner, but
the effect on radiation dose is greater with four slice
scanners (because of the small beam size) than with
scanners capable of acquiring more slices per rotation
[42]. Thus, the relative contribution of the penumbra
region to patient dose decreases with increasing slice
width and also decreases with increasing number of
simultaneously acquired slices [39, 40].

To evaluate the effect of multislice technology for the
most common types of CT examinations (head, chest,
abdomen and pelvis), the ED were extracted from studies
that reported results for single-slice CT and multislice CT.
The number of studies that report ED for non-cardiac
multislice CT examinations is currently limited and the
results for multislice CT refer to various types of scanners
that acquire from 2 to 256 slices per rotation. As
previously mentioned, median effective doses for multi-
slice CT scans are equal or lower than single-slice CT
scans but the statistical power is not adequate to detect
any significant differences between them. A few com-
parative studies have evaluated multislice CT against
single-slice CT technology. A study of single-slice CT,
dual-slice and quad-slice systems concluded that average
ED over all examinations is increased by 10% for quad-
slice systems but decreased by 26% for dual-slice systems
[43]. Two subsequent studies indicate that doses are
increased for multislice CT with four or more detector
rows compared with single-slice CT [26, 44] and that on
average multislice CT scanners deliver 35% more ED than
single-slice CT scanners, although this difference is not
uniformly spread across all examinations [44]. The

distinction between single-slice CT and multislice CT ED
is generally greatest for examinations using narrow slices
(e.g. head or high resolution chest) but is less apparent for
other examinations (e.g. abdomen or pelvis) [44]. This
characteristic is owing to the necessity of multislice CT
scanners to irradiate more of the patient than is actually
imaged particularly for acquisition of narrow slices and it
can result to doses up to 40% higher compared with well-
collimated single-slice CT systems [45].

Regarding comparison of delivered dose among multi-
slice CT with varying number of detector rows, a study
comparing radiation dose at routine chest examination
between scanners with 4, 8 and 16 rows revealed a trend
towards decreasing radiation dose with increasing num-
ber of detector rows [46]. Another study comparing doses
associated with 16-slice and 256-slice scanners also
concluded that dose reduction is achieved for all types
of CT examinations with the 256-slice scanner [47]. A
recent study comparing organ and ED in chest and
abdominal CT examinations concluded that doses asso-
ciated with 64-slice scanners are similar to those with 4-,
8- and 16-slice scanners [48].

A development in multislice CT technology is the
introduction of scanners with two X-ray tubes, for which
patient doses could be up to a factor of two lower than a
single source CT scanner of the same number of acquired
slices [49].

A concurrent finding of the above comparative studies
is that multislice CT scanners with more that 4-detector
rows deliver higher patient dose than single-slice CT and
that patient dose is decreased with increasing number of
detector rows. However, it has to be noted that most
comparative studies evaluated single-slice CT scanners
that had heavily optimised protocols of exposure settings
already available and implemented compared with
multislice CT scanners which were the beginning of
their optimisation process [43]. It is therefore possible
that with modern multislice CT scanners, capable of
acquiring 16 or more slices per rotation in combination
with sophisticated exposure reduction techniques, radia-
tion doses to patients during CT examinations could be
substantially reduced. However, the improved clinical
efficacy and new applications available with multislice
CT are likely to lead to rising examination frequency and
thorough justification of exams and an effort to minimise
patient irradiation should always be undertaken.

Conclusion

Patient radiation doses from CT examinations vary
among studies owing to differences in CT scanner design
and examination protocols. However, reported values
are generally lower than the proposed DRLs. The in-
troduction of mechanisms for dose reduction resulted
in significantly lower patient ED for CT examinations of
the head, chest and abdomen reported by studies
published after 1995. Multislice scanners have increased
the efficacy and clinical indications for CT but are also
burdened, at least in theory, with increased patient
irradiation. The currently limited number of studies that
report patient doses for multislice CT examinations
prohibit the detection of differences between multislice
and single-slice scanners.
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