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Abstract Multi-slice (MS) technol-
ogy increases the efficacy of CT pro-
cedures and offers new promising
applications. The expanding use of
MSCT, however, may result in an in-
crease in both frequency of proce-
dures and levels of patient exposure.
It was, therefore, the aim of this
study to gain an overview of MSCT
examinations conducted in Germany
in 2001. All MSCT facilities were
requested to provide information
about 14 standard examinations with
respect to scan parameters and fre-
quency. Based on this data, dosimet-
ric quantities were estimated using
an experimentally validated formal-
ism. Results are compared with those
of a previous survey for single-slice
(SS) spiral CT scanners. According
to the data provided for 39 dual- and
73 quad-slice systems, the average
annual number of patients examined
at MSCT is markedly higher than
that examined at SSCT scanners
(5500 vs 3500). The average effec-
tive dose to patients was changed
from 7.4 mSv at single-slice to
5.5 mSv and 8.1 mSv at dual- and
quad-slice scanners, respectively.
There is a considerable potential for
dose reduction at quad-slice systems

by an optimisation of scan protocols
and better education of the person-
nel. To avoid an increase in the col-
lective effective dose from CT pro-
cedures, a clear medical justification
is required in each case.
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Introduction

Since its introduction by Houndsfield 30 years ago,
computed tomography (CT) technology has made tre-
mendous progress. After the introduction of single-slice

spiral CT (SSCT) into clinical practice in 1989 [1], the
next considerable advance was the development of
multi-slice spiral CT (MSCT) systems. The first step in
this direction was taken in 1992 by Elscint with its 
“CT Twin” – a CT system with two contiguous detector
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arcs [2]. Based on the experiences with this early 
dual-slice machine, several manufacturers in 1998
launched CT systems capable of scanning four slices 
simultaneously within a reduced scan time. The result-
ing increase in scanner performance can be used either
to scan larger body regions in a reasonable time or to
image a given body region in a shorter time or with an
improved spatial resolution [3, 4, 5, 6, 7, 8]. These 
opportunities definitely increase the clinical efficacy of
CT procedures and offer promising new applications in
diagnostic imaging [3, 8, 9, 10], e.g. coronary angiogra-
phy [11, 12, 13], coronary calcium scoring [14, 15], 
or virtual colonoscopy [16, 17]. On the other hand, how-
ever, the expanding use of MSCT systems in clinical
practice may result in a considerable increase in both
the frequency of CT procedures and patient exposure
levels.

Data from various national surveys have confirmed,
as a general pattern, the growing impact of CT as a ma-
jor source of patient and population exposure [18]. In
Germany, for example, it accounted for 4% of all X-ray
examinations conducted in 1997, but for 37% of the re-
sultant collective effective dose [19]. Therefore, many
efforts have been undertaken by the European Union and
its member states to limit radiation exposure arising
from CT procedures as far as possible, e.g. by setting up
guidelines on quality criteria for CT, including the speci-
fication of diagnostic reference levels [20]. In line with
these efforts, the application of CT procedures without
any clear medical justification or the application of non-
optimised CT protocols must be avoided.

These basic principles have to be considered in partic-
ular during the current stage of introducing MSCT tech-
nology into clinical routine and, going along with that,
the establishment of new examination protocols. Where-
as there is an increasing number of investigations assess-
ing the clinical potential of this innovative technology,
patient exposure in MSCT as compared with SSCT has
been evaluated in only a few studies [21, 22, 23] being
neither representative for the various MSCT systems in-
stalled in hospitals and private practices nor for the large
variety of imaging protocols used.

Therefore, it was the aim of this study (a) to gain an
overview on the practice of MSCT examinations current-
ly conducted in Germany, (b) to estimate mean values of
scan parameters and dosimetric quantities for standard
CT examinations, (c) to compare the estimated MSCT
dose levels with those determined for SSCT systems in a
previous nationwide survey [24], and (d) to propose
modifications of the current practice, if necessary.

Materials and methods

Nationwide survey

In order to characterise MSCT practice in Germany, a survey was
conducted from January to April 2002 in a concerted action by the
German Roentgen Society (DRG), the Federal Office for Radia-
tion Protection (BfS) and the Association of Manufacturers of
Electromedical Equipment (ZVEI). To this end, all hospitals
(n=146) and private practices (n=61) running an MSCT scanner at
the beginning of 2002 were requested by letter to provide dose-
relevant data on 14 standard CT examinations in a questionnaire.

1980

Table 1 Definition of the 14 standard examinations and 4 additional examinations frequently carried out in a minor number of facilities.
Lst standard scan length, fmean,st mean conversion coefficient for standard type of scanner (see text)

Examination Abbreviation Scan range Lst (cm) fmean,st (mSv/mGy·cm)

Upper limit Lower limit Male Female

Brain BR Vertex Base of skull 12 0.0022 0.0024
Face and sinuses FS Frontal sinus Shenoidal sinus 11 0.0022 0.0024
Face and neck FA/NE Sella Inferior extremity 18 0.0029 0.0035

of thyroid gland
Chest CH C7/T1 Sinus 27 0.0068 0.0088
Abdomen and pelvis AB/PE Subphrenic space Symphysis 42 0.0072 0.0104
Pelvis PE Inferior extremity Symphyis 24 0.0062 0.0112

of kidney
Liver/kidney LI/KI Subphrenic space Inferior extremity 18 0.0085 0.0096

of kidney
Whole trunk WT C7/T1 Symphyis 66 0.0070 0.0098
Aorta, thoratic AT Clavicle Subphrenic space 26 0.0071 0.0092
Aorta, abdominal AA Subphrenic space Hip 28 0.0070 0.0110
Pulmonary vessels PV Clavicle Subphrenic space 16 0.0073 0.0096
Pelvis, skeleton PS Iliac crest Ischial bone 22 0.0065 0.0116
Cervical spine CS C1 C7 10 0.0049 0.0053
Lumbar spine LS L1 S1 15 0.0081 0.0094
Extremities EX
Coronary CTA COAN T7/T8 Sinus 12 0.0071 0.0105
Calcium scoring CASO T7/T8 Sinus 12 0.0071 0.0105
Virtual colonoscopy VICO Subphrenic space Symphysis 42 0.0072 0.0104



A description of the standard examinations, which are defined in
exactly the same way as in the previous reference survey concern-
ing SSCT examinations [24], is given in Table 1. Facilities that did
not respond to our inquiry were contacted a second time in order
to increase the response rate as far as possible.

Besides the type and year of installation of their MSCT
system, holders were requested to provide for each of the 14 pre-
defined standard examinations and, if applicable, for further spe-
cial procedures frequently performed at their scanner the number
of procedures per year and the relevant scan parameters (tube po-
tential, electrical current, rotation time, slice collimation, pitch,
scan length, thickness of reconstructed images, and number of se-
ries) in the questionnaire. For the purpose of further evaluation,
data were transferred to a worksheet file (Excel 7.0, Microsoft, 
Seattle, Wash.).

Dosimetry

For the various CT examinations and scanners considered, patient
exposure was estimated using the complex dosimetric formalism
implemented in the program CT-EXPO (version V1.1, Ham-
burg/Hannover, Germany), which has been described elsewhere in
detail [25, 26]. In brief, calculation of the effective dose Eser (in
mSv) for a single CT scan series is based on the following equa-
tion:

(1)

with CTDIair the well-known CT dose index free-in-air (in mGy),
i.e. the dose on the axis of rotation of the scanner, and f(z) the
scanner-specific conversion factor between CTDIair and Eser for a
single slice placed at the axial position z within the scan region
zL≤z≤zU in an anthropomorphic phantom mimicking either an
adult male or female patient; p is the pitch factor defined as the ra-
tio of table movement per gantry rotation and beam collimation
N·hcol with N the number of slices acquired simultaneously and
hcol the nominal slice (or detector) collimation during data acquisi-
tion (see Fig. 1). For the calculation of the effective dose, tissue
weighting factors developed by the ICRP from a reference popula-
tion of equal numbers of both genders and a wide range of ages
were used [27]. In the definition of the effective dose they apply to
either gender.

In practice, a convenient assessment of CTDI can be made us-
ing a pencil ionisation chamber with an active length of 100 mm.
This measurement is carried out either free-in-air (CTDIair) or, as
is usually done, at the centre (CTDI100,c) and at the periphery
(CTDI100,p) of the standard head or body CT dosimetry phantom.
On the assumption that the dose decreases linearly with the radial
position from the surface to the centre of the phantom, the average
dose can be characterised by the weighted CTDI as follows:

(2)

In contrast to this quantity, the normalised weighted CTDI

(3)

with Qel the radiographic exposure (in mAs), is a scanner-specific
quantity which comprises all output characteristics of a given type
of scanner and thus can be used for further dose assessment [20].
The relation between CTDIw and CTDIair depends on the scanner
type used for the examination and on the dosimetric phantom con-
sidered. For the purpose of dose estimation, the ratio of both quan-
tities is determined for the standard head (H) and body (B) CT do-
simetry phantom

(4)

respectively. Finally, two further operational quantities are de-
fined: the effective weighted CTDIw,eff=CTDIw/p and the dose-
length product per scan series DLPser=CTDIw,eff L characterising
the integral dose for a complete CT scan series over an axial
length L.

With these definitions, Eqs. (1) can be rewritten as

(5)

with fmean=Σ f(z)/L the scanner-specific average conversion factor
over the scan length L=zU−zL.

Unfortunately, scanner-specific conversion factors are not
available for most of the CT scanners and the vast variety of scan
parameters applied in clinical routine; therefore, conversion fac-
tors determined for a standard CT scanner (fmean,st) are used and
corrected properly. The standard conversion factors fmean,st are cal-
culated from organ-specific conversion factors derived by Zankl et
al. [28] for the anthropomorphic mathematical phantoms ADAM
and EVA [29] by means of Monte-Carlo calculations for the CT
scanner SOMATOM DRH (Siemens) working without beam shap-
ing filter at a voltage of U=125 kV and a filtration of 2 mm alu-
minium and 0.2 mm copper. Corrections are performed according
to

(6)
where kCT is a correction factor taking into account differences in
scanner geometry and the effect of beam shaping filters. Correc-
tion factors kCT are determined following the concept presented by
Shrimpton et al. [30].

Moreover, since for many scanners nCTDIw,H/B is not known
for all voltages and slice collimations applied in clinical routine,
this quantity is calculated from a reference value nCTDIw,H/B,ref de-
termined for a voltage Uref and a slice collimation href applying ap-
propriate correction factors:

(7)

1981

Fig. 1a, b Design of a quad-slice CT scanner with a non-isotropic
adaptive detector array. By changing beam collimation and elec-
tronically binning of different numbers of adjacent detector ele-
ments together, images from four slices with variable thickness
can be acquired simultaneously. a Four thick slices and b four thin
slices. The figure reveals that the relative contribution of over-
beaming (dark grey penumbra) to total patient exposure becomes
more relevant with decreasing slice thickness. The overbeaming
parameter dz represents the width of the penumbra at both sides of
the detector array
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The factor kOB, correcting for differences in slice collimation
and for overbeaming effects, is determined analytically using the
scanner specifications given in Table 2 according to:

(8)

where dz, the overbeaming parameter, is equal to the width (in z
direction) of the rectangle which is obtained by combining the
penumbra triangles at both edges of the dose profile at the detector
array (see Fig. 1).

With these approximations, the effective dose was calculated
according to Eqs. (5), (6), (7) and (8) for the 14 standard examina-
tions on the basis of (a) the scan parameters hcol, p, L, Qel, and U
provided by the users in the questionnaire, and (b) representative
values stored in a look-up table for PH/B, nCTDw,H/B,ref, kOB, kCT and
fmean,st characterising the type of scanner and the body region 
considered. Scanner parameters are summarised in Table 2 for the
relevant MSCT systems. Effective doses were calculated first sep-
arately for the adult mathematical phantoms ADAM and EVA
with gender-specific characteristics and were then averaged.

To experimentally validate the complex theoretical formalism
applied for the estimation of the effective dose in the present and
the previous reference survey, measurements were performed with

an anthropomorphic whole-body Alderson RANDO phantom 
(Alderson Research Laboratories, Long Island City, N.Y.) transsec-
ted horizontally into 2.5-cm-thick slices with holes drilled on a 3×3-
cm grid. The holes were plugged either by tissue-equivalent pins or
by holder pins for LiF thermoluminescent dosimeters (TLD-100;
Bicron-Harshaw, Cleveland, Ohio). The TLDs were calibrated using
conventional X-ray equipment with a tube potential of 120 kV and a
filter of 5 mm aluminium to approximate the radiation quality of CT
scanners. Calibration, annealing and readout of the TLDs was per-
formed following a standard procedure [31].

Measurements were performed at four SSCT (GE LX/i, Philips
Tomoscan AV, Siemens Somatom Plus 4, Toshiba XVision) and
four MSCT systems (GE Lightspeed QX/i, Philips Mx8000 Quad,
Siemens Volume Zoom, Toshiba Aquilion). At each scanner, three
body regions of the Alderson phantom (head, chest and pelvis)
were imaged using protocols frequently carried out at the selected
MSCT and SSCT scanners for the standard examinations (BR, CH
and PE; Table 1). The TLDs were suitably distributed throughout
the Alderson phantom to sample the non-uniform dose distribution
associated with the CT procedures. Based on the evaluated dose
values, organ doses and the effective dose were estimated follow-
ing a scheme similar to that presented by Huda and Sandison [32].

Presentation and statistical analysis of data

Mean values of the most important scan parameters and dosimet-
ric quantities determined for dual- and quad-slice CT scanners
were analysed for the 14 standard examinations relative to the cor-
responding mean values which was established in the previous na-
tionwide survey for 398 CT scanners installed between January
1996 and June 1999. This group of newer CT scanners, which
forms a subgroup of the CT systems considered in the previous
reference survey, consists to more than 98% of SSCT scanners.

Statistical evaluations were performed with the statistical pro-
gram package SigmaStat (version 2.03; SPSS Science Software,
Erkrath, Germany) at a significance level of p=0.05. For the scan
parameters and dosimetric quantities considered, differences in the
median values determined for single-, dual- and quad-slice CT
scanners were evaluated pairwise for each of the 14 standard CT
examinations using the non-parametric Dunn’s test for multiple
comparisons. Correlation between calculated and measured effec-
tive doses was evaluated by calculating Spearman’s rank correla-
tion coefficient rS. In addition, a linear regression analysis be-
tween the two dose quantities was performed.

Results

Of the 207 owners of MSCT scanners in Germany, 113
responded to our inquiry and filled out the questionnaire.
This corresponds to an overall response rate of 55%
(60% for hospitals and 43% for private practices). More
than 70% of all questionnaires, however, were filled out
incompletely or showed obvious mistakes. In these
cases, users were contacted in order to get correct data.

With respect to the scanner type, the response rate
was 49% (39 of 79) for dual-slice and 58% (74 of 128)
for quad- and octa-slice CT scanners; details are given in
Table 2. Due to historical and national reasons, the ma-
jority of dual-slice and quad-slice scanners were of the
type “CT Twin” (30 of 39) and “Volume Zoom” (41 of
73), respectively. According to the information provided
in the questionnaires, 87% of the MSCT scanners that
have been installed since 1999 are quad- or octa-slice
systems (Fig. 2).

As shown in Fig. 3, the annual number of examina-
tions carried out per MSCT scanner varied considerably
between the facilities which responded to our inquiry.
Whereas at approximately 11% of the scanners between
10,000 and 15,000 procedures were performed per year,
the mean annual number of procedures was approxi-
mately 5500 (dual-slice scanner: 4900; quad-slice scan-
ner: 5700). In comparison with the average number of
3500 procedures conducted at SSCT systems, the rise at
quad-slice systems is statistically highly significant
(p<0.001). In addition to the standard examinations de-
fined in Table 1, four additional procedures were fre-
quently conducted in a minor number of facilities: exam-
inations of the skeleton of upper and lower extremities,
coronary angiography, coronary calcium scoring, and
virtual colonoscopy. The percent contribution of the dif-
ferent CT examinations to the total number of proce-

1983

Fig. 2 Year of installation of the 113 MSCT scanners for which
information was provided in the questionnaires



dures reported, as well as the corresponding mean scan
parameters and dosimetric quantities, are summarised in
Table 3. For comparison, the values obtained for SSCT
systems in the previous survey are given in Table 4. For
a more detailed analysis, mean values of the most rele-
vant scan parameters and dosimetric quantities deter-
mined for dual- and quad-slice CT scanners are plotted
in Figs. 4, 5, 6 and 7 for the 14 standard examinations
relative to the corresponding mean values established for
SSCT scanners.

Figure 4a reveals that the mean CTDIw,eff determined
for quad-slice scanners is higher for all standard examin-
ations compared with dual-slice and for most examina-
tions also compared with single-slice CT systems. Tak-
ing into account the different frequencies of the 14 stan-
dard examinations, the average CTDIw,eff over all exam-
inations is increased for quad-slice scanners, in compari-
son with single- and dual-slice systems, by 17 and 59%,
respectively. The second major parameter determing ra-
diation exposure of patients undergoing a CT procedure
is the scan length L. Figure 4b demonstrates that the scan
length is only slightly increased in MSCT compared with
SSCT for 12 of the 14 standard examinations, whereas a
large and highly significant increase by up to 160% is
observed for examinations of the cervical and lumbar
spine. Results of the DLP per scan series – which is de-
fined as the product of both quantities, DLPser=CTDIw,eff
L – are presented in Fig. 4c. In comparison with SSCT
examinations, this quantity is significantly higher for 13
of the 14 standard examinations carried out at quad-slice
scanners by up to 150% (on average by 29%). On the
other hand, a decrease by 22% is observed for the aver-
age DLPser determined for dual-slice scanners.

In order to characterise CT procedures completely,
the number of series, Nser, i.e. the number of CT scans

1984

Fig. 3 Distribution of the number of MSCT examinations per year
and scanner. Data are based on information provided for 113
MSCT scanners

Fig. 4 Mean values of a CTDIw,eff, b scan length L and c DLP per
scan series determined at dual- and quad-slice scanners for the 14
standard CT examinations defined in Table 1 and the correspond-
ing mean values averaged by weight over all CT examinations.
Data are presented relative to the corresponding mean values de-
termined in a previous survey [24]. for SSCT scanners installed
between January 1996 and June 1999 (see Table 4). Significant
differences (p<0.05) in the median values between the three scan-
ner groups are marked by asterisk (dual vs single and quad vs sin-
gle) or by square bracket (■■) (dual vs quad)
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scanners as shown in Fig. 6a (average: ,

, ).
On the other hand, Fig. 6b reveals that the thickness

of reconstructed slices is more similar for all types of
scanners (average: , ,

).
Nevertheless, reconstructed slice thickness is signifi-

cantly reduced when MSCT systems are used.
The relevant quantity for risk assessment is the effec-

tive dose per examination, which depends not only on
the scan parameters chosen and the number of CT scan
series performed, but also on the body region examined.
The effective dose per examination is plotted in Fig. 7
for the 14 standard procedures considered. Averaged
over all examinations it is increased by 10% and de-
creased by 26% for quad-slice and for dual-slice scan-

1987

Fig. 5 Mean values of a the number Nser of scan series and b the
DLP per examination determined at dual- and quad-slice scanners
for the 14 standard CT examinations defined in Table 1 and the
corresponding mean value averaged by weight over all CT exam-
inations. For details see Fig. 4

performed before and after administration of a contrast
agent, must be taken into account. As shown in Fig. 5a,
this quantity has been reduced – with the exception of
liver examinations at quad-slice systems – for all 
standard examinations conducted at MSCT scanners 
(on average by 6 and 11% for dual-slice and quad-
slice systems, respectively). The DLP per exami-
nation, DLPexam=DLPser Nser, is plotted in Fig. 5b for 
the 14 standard examinations carried out at MSCT 
scanners relative to the corresponding mean values eval-
uated for SSCT systems. Compared with SSCT scan-
ners, DLPexam is increased on average by 11% for 
quad-slice scanners, whereas it is reduced by 28% for
dual-slice scanners.

An essential difference in CT practice between dual-
and quad-slice scanners is the significantly reduced slice
collimation for CT examinations performed at quad-slice

Fig. 6 Mean values of a detector collimation hcol and b recon-
structed slice thickness hrec determined at dual- and quad-slice
scanners for the 14 standard CT examinations defined in Table 1
and the corresponding mean values averaged by weight over all
CT examinations. For details see Fig. 4



ners compared with the same investigations carried out
at SSCT machines, respectively.

Effective doses calculated for representative CT ex-
aminations of the head, chest and pelvis for eight differ-

ent types of SSCT and MSCT scanners are plotted in
Fig. 8 vs the corresponding dose values determined ex-
perimentally on the basis of TLD measurements at the
Alderson phantom. According to Spearman’s rank test
there is a highly significant correlation (p<0.001,
rs=0.929) between calculated and measured data. Linear
regression analysis yielded a slope of 0.91 for the regres-
sion line through the origin.

Discussion

This article provides, for the first time, a comprehensive
overview of the practice of MSCT examinations carried
out in both hospitals and private practices in Germany.
The results presented were derived from indications in
the questionnaires filled out by 55% of all facilities who
were running at least one MSCT system at the beginning
of 2002; therefore, they have a high level of reliability
from a statistical point of view. For benchmarking, data
determined in this study for 14 standard CT examina-
tions were compared with results obtained in a previous
nationwide survey for the same examinations at newer
SSCT systems which were installed between January
1996 and June 1999.

As an overall trend, our survey reveals that radiation
exposure of patients – as described by the dosimetric
quantities DLPexam and Eexam – is increased for CT pro-
cedures performed at quad-slice compared with single-
slice CT systems, whereas it is reduced for dual-slice
systems. There are three general reasons for this trend,
which are more related with technical features of quad-
slice systems and general concepts of CT scanning at
these systems than with the specific type of examination:
firstly, at MSCT scanners with more than two detector
rows, each detector contributes to every reconstructed
image, and therefore the image noise and the slice sensi-
tivity profile for each slice need to be similar to reduce
image artefacts. To accommodate this condition, beam
collimation is usually adjusted in such a way that the fo-
cal spot-collimator blade penumbra falls outside the edge
detectors (see Fig. 1). The resulting overbeaming causes
an increase of radiation dose compared with single- and
(most) dual-slice scanners, where the collimator width is
always smaller than the maximum detector width [33].
As shown in Fig. 1, this effect becomes more relevant
for thinner slices, which are preferred at quad-slice in
contrast to single- and dual-slice systems (see Fig. 6a);
however, with the availability of MSCT systems capable
of scanning more than four slices simultaneously
(n=8,16,...) overbeaming will become less significant in
the future.

Secondly, utilising the improved tube output at quad-
slice scanners, narrow slice collimation is frequently
used for CT examinations at these machines since it of-
fers the possibility to retrospectively reconstruct CT im-

1988

Fig. 7 Mean effective dose Eexam determined at dual- and quad-
slice scanners for the 14 standard CT examinations defined in Ta-
ble 1 and the corresponding mean value averaged by weight over
all CT examinations. For details see Fig. 4

Fig. 8 Statistical relation between calculated and measured effec-
tive dose values determined for three representative CT examina-
tions (head, chest and pelvis) carried out at four SSCT (filled sym-
bols) and four (open symbols) MSCT systems of different manu-
factures each (GE, Philips, Siemens, Toshiba). Spearman’s rank
correlation test yielded a significant correlation between the pa-
rameters (p<0.001, rs=0.929). The solid line gives the result of a
linear regression analysis through origin and the dotted curves the
95% confidence interval



ages or maximum intensity projections (MIPs) in all di-
rections with an almost identical in-plane resolution. 
Although isotropic voxel imaging is a sound approach, it
runs the risk of selecting radiographic exposure values
(in milliamperes) with respect to the narrow slice colli-
mation, in order to compensate for the increased noise,
and not to the thickness of the reconstructed CT images.
Both parameters differ considerably at quad-slice scan-
ners as demonstrated by Fig. 6a and b, respectively.
Moreover, it is noted that detail contrast is greatly en-
hanced with narrow slice collimation due to the reduc-
tion of partial-volume effects and thus contrast-to-noise
ratio (CNR) is significantly improved even in the pres-
ence of increased noise. This fundamental advantage of
MSCT, which makes increased milliampere settings ob-
solete, has not sufficiently been appreciated by the ma-
jority of users up to now.

Thirdly, at the majority of quad-slice scanners used in
Germany, radiographic exposure Qel is automatically
adapted in such a way that the effective radiographic ex-
posure per slice Qel/p is held constant when the pitch is
changed. As a consequence, the dose per slice (i.e.
CTDIw,eff) is no longer influenced by the pitch selected as
in SSCT. Since this concept is rarely understood by us-
ers, especially by those with a strong background in
SSCT, they frequently underestimate patient exposure
when choosing a pitch of p>1.

Figure 5b reveals that the DLP per examination – and
in almost the same manner the effective dose per exami-
nation (Fig. 7) – is markedly increased in comparison
with SSCT for various CT procedures performed at
quad-slice and, in contrast to the overall trend but to a
smaller extent, also at dual-slice systems. This concerns
especially investigations (a) of the liver which are fre-
quently carried out at quad-slice systems as multiphase
scans (see Fig. 5a) to improve detection and character-
isation of liver lesions by a separation of distinct circula-
tory phases [34], (b) of the aorta and pulmonary vessels
which are conducted with narrow slice collimation and
increased DLPscan with regard to the generation of high-
quality MIPs, and (c) of the cervical and lumbar spine
which are no longer scanned over the relevant segments
only but rather over the complete section of the spine.
Taking the different frequencies of the 14 standard appli-
cations into account, the mean DLP per examination
evaluated in this study has been changed from
683 mGy·cm at SSCT scanners to 495 and 757 mGy·cm
at dual-slice and quad-slice systems, respectively; thus,
this dosimetric quantity is increased at quad-slice scan-
ners by 53% on average with respect to the same proce-
dures carried out on dual-slice systems.

There is another noteworthy observation concerning
examinations of the whole trunk, which are usually car-
ried out for tumour staging and in the case of multiple
trauma patients. In the majority of CT facilities, the rela-
tive frequency of this type of examination is correspond-

ingly low (<5%). According to the frequency data indi-
cated in the questionnaires for quad-slice systems, how-
ever, CT scanning of the whole trunk is performed in
some facilities in up to 40% of all CT examinations.
Since this procedure results in a rather high level of pa-
tient exposure (Table 3), it has to be limited to the above-
mentioned cases with a clear medical justification. The
CT examinations of the whole trunk or even of the whole
body must not be established as a new standard in clini-
cal CT practice.

The major challenge in performing a nationwide sur-
vey aimed at assessing radiation exposure of patients
undergoing CT procedures is to estimate the effective
dose for the vast variety of imaging protocols and CT
scanners which are used both in hospitals and private
practices. In the present and previous reference study, a
complex dosimetric formalism was applied to calculate
approximately the effective dose on the basis of scan
parameters, provided by the users in a questionnaire, to-
gether with representative parameters characterising the
type of CT scanner used and the body region irradiated.
To evaluate the reliability of this approach, measure-
ments were performed with an anthropomorphic whole-
body phantom at four SSCT and four MSCT scanners of
different manufactures each. Statistical evaluation yield-
ed a high linear correlation between measured and cal-
culated dose values, although larger differences of up to
29% were observed for a few examinations. These dif-
ferences are mainly due to two factors: firstly, the math-
ematical phantoms ADAM and EVA have not the same
size and configuration as the anthropomorphic Alderson
phantom. As a consequence, tissues and organs with
higher or lower tissue weighting factors may be partly
in the scan region in one phantom but not in the other.
Secondly, a mean nCTDIw,H/B value is used for each type
of scanner (Table 2), which may differ from the actual
value at the specific scanner considered. It is mentioned,
however, that both effects cancel out by determining the
effective dose for larger groups of patients and scanners
as in the present study. Taking these considerations into
account, the data presented in Fig. 8 validates the accu-
racy of the effective doses summarised in Tables 3 and 4
for standard examinations performed at MSCT and
SSCT scanners, respectively. It is noted, moreover, that
effective doses summarised in Table 3 and 4 are average
values ignoring gender specific differences. Actually,
the effective dose for all 14 standard CT examinations
considered is somewhat higher for females than for
males.

As a major result, our investigation reveals that the
mean effective dose to patients has been changed 
from 7.4 mSv at SSCT scanners to 5.5 and 8.1 mSv at
dual-slice and quad-slice systems, respectively; thus, the
effective dose at quad-slice scanners is increased by 
approximately 47% on average with respect to the same
procedures carried out at dual-slice systems. Since there

1989



is no reason – with the exception of the overbeaming 
effect discussed above – why radiation exposure as 
described by the dosimetric parameters DLPexam and
Eexam should be considerably higher at quad- than at du-
al-slice scanners, there is a considerable potential for
dose reduction at quad-slice systems by optimising scan
protocols and better education and training of medical
and technical staff. As a first step in this direction, all
owners of MSCT scanners who responded to our inquiry
were informed in a feedback action about the dosimetric
quantities that were estimated for the standard examina-
tions based on their indications in the questionnaire in
relation to the mean values established in the German
SSCT survey in 1999. If an MSCT owner already partic-
ipated in the former survey, a direct comparison of the
scan parameters and dose values between his new MSCT
and his old SSCT scanner was also provided.

Conclusion

The increase in the average dose per CT examination de-
termined in the present study for quad-slice systems with
respect to SSCT is not as alarming as it might have ap-
peared from recent studies (e.g. [22]) in which heavily
optimised SSCT protocols were compared to MSCT ex-
posure settings at the begin of their optimisation process.
Another trend, however, gives cause for concern, namely
the large rise in the annual number of CT procedures car-
ried out per MSCT scanner. According to the informa-

tion provided in the questionnaires, this number has sig-
nificantly increased by 63% at quad-slice compared with
single-slice systems. Although there may be a bias in the
quad-slice data due to the fact that expensive MSCT
scanners are presently mainly only afforded by institu-
tions with a high workload, it can be assumed that the
improved clinical efficacy and new applications will
nevertheless lead to rising examination frequencies. If
this rise is not compensated by an equivalent reduction
of the total number of patients investigated at SSCT sys-
tems, which cannot be decided on the basis of the avail-
able data, it will result in a substantial increase in the
collective effective dose arising from CT procedures.
This trend may be justified in part by an increased bene-
fit for the patient, as, for example, by performing coro-
nary angiography by MSCT scanning instead of by an
interventional X-ray procedure. For these dedicated ap-
plications, scientific evidence has to be warranted by
sound clinical studies. In general, however, the danger of
an uncontrolled increase of patient exposure due to CT
procedures has to be limited by a clear medical justifica-
tion in each individual case, independent of whether a
standard examination is carried out or a new MSCT ap-
plication such as coronary angiography, coronary calci-
um scoring or virtual colonoscopy.
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