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Multislice CT of the pelvis: dose reduction

with regard to image quality using 16-row CT

Abstract To optimize examination
protocols of 16-row multi-detector CT
(MDCT) of pelvis for dose reduction
with regard to image quality. MDCT
of pelvis was performed on 12 cadaver
specimens with stepwise reduction of
tube current from 160 mA (113, 80,
56, 40, 28) to 20 mA at 120 kV. Scan
parameters were 16×1.5 mm
collimation. Reconstructions of axial
and coronal images were used for
evaluation of cortex, trabeculum,
image quality, image noise,
acetabulum and iliosacral (ISJ) joints.
After data were blinded, evaluation of
images was done by three radiologists
according to 5-point Likert scale.
Accuracy of the observers in sorting
films according to dose reduction was
determined with kappa coefficient.
Mean values of image evaluation were
determined. Pronounced deterioration
of image quality for all criteria was
observed between 80 and 28 mA.
Adequate image quality was obtained
at 40 mA [effective dose (E): 2.2 mSv,
CTDIw: 2.8 mGy] for criterion
detailed definition of acetabulum
and ISJ and at 80 mA

(E: 4.4 mSv, CTDIw: 5.6 mGy) for
remaining criteria. Moderate
agreement was observed between the
three observers (kappa coefficient:
0.31). All observers were excellent in
arranging images according to
decreasing dose. Using 16-row
MDCT image quality of pelvis is
acceptable at 80 mA and 120 kV. This
translates into a dose reduction of 33%
of average value of the nationwide
survey of the German Roentgen
Society (1999) for this type of
examination.

Keywords 16-row MDCT . Dose
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Introduction

Although computed tomography comprises only 4% of the
total radiological investigations carried out, it contributes
up to 35% of the collective effective dose.

The CT therefore has the largest amount of radiation
exposure caused medically [1].

In the last few years, technical developments have fur-
ther increased the sensitivity of the detector system in order
to be able to bring about possible reduction in radiation.
However, faster and better imaging with higher resolution
and thinner slices have led to higher radiation dose from
one CT generation to the next [2].

The CT scan of the pelvic bones offers an overlap-free
description of the clinical condition in comparison to con-

J. Gurung and M.F. Khan contributed in
equal measure to this study

J. Gurung (*) . M. F. Khan .
A. Maataoui . C. Herzog . T. J. Vogl
Institute for Diagnostic and
Interventional Radiology,
Johann Wolfgang Goethe University,
Theodor-Stern-Kai 7,
60590 Frankfurt am Main, Germany
e-mail: jessen.gurung@gmx.de
Tel.: +49-69-63017277
Fax: +49-69-63017258

H. Ackermann
Institute for Epidemiology
and Medical Statistics,
Johann Wolfgang Goethe University,
Frankfurt am Main, Germany

R. Bux . H. Bratzke
Institute for Forensic Medicine,
Johann Wolfgang Goethe University,
Frankfurt am Main, Germany



ventional X-ray. For the frequently asked question about
pelvic fracture, it is possible to describe the fracture better
with CT especially the posterior ring [5, 6]. Multiplanar
reconstruction (MPR) with slice thickness between 2 and 4
mm allows us to describe the fracture in detail [5, 6, 14].
The nationwide survey of the German Roentgen Society
(1999) for CT exposition shows a relative high radiation
exposure with CT examination of the pelvic bones [7].
Because there are radiation sensitive organs especially in
the pelvis and also in view of the frequent young patients,
reduction in radiation exposure is desirable.

With this background, a detailed evaluation of every CT
generation is necessary with the aim to optimise investiga-
tion protocols to lower irradiation doses and simultaneously
be able to produce a diagnostically sufficient image quality.

Especially suited for a dose reduction are tissues with
high density differences, the so-called object-contrast, like
the one found in lung and bone tissue.

A nationwide study done by Galanski et al. showed a
relatively high dose value for CT examinations of the
pelvic bones [3]. The authors believe that this was because
the examinations of the soft tissues and bones performed
were not requirement oriented, that for both CT examina-
tions the same CT protocol was used. Conclusively, the
possibility of dose reduction in high object-contrast was
seldom made use of.

Hence this study is carried out to work on an ALARA
principle (as low as reasonable achievable) and simulta-
neously maintain an adequate image quality in a 16-row
MDCT with the purpose to optimise the dose for CT ex-
amination of the pelvic bones.

Materials and methods

MDCT examinations

All examinations of the pelvic bones were carried out on a
Somatom Sensation (Siemens Medical Solutions, Forch-
heim, Germany), 16-rowmultidetector computer tomograph
with 120 kV. The tube current was set at seven gradations
starting from 160 to 20 mA. The following mAvalues were
used: 160, 113, 80, 56, 40, 28, 20 mA keeping the exposure
time constant. The other investigation parameters are shown
in Table 1.

As the image noise changes proportional to the recip-
rocal value of the square root of the milliampere product, it
results in tube current grade of about factor 1/v2=0.71 in
logarithmic form. Thus the resultant logarithmic grade for
image noise is calculated to be at factor 1.19. All exam-
inations were conducted upon 12 cadavers.

A total of seven examinations were conducted upon
every cadaver with the above mentioned tube current lev-
els. The average age of the cadavers was 66.8 years. Age,
height and weight of every cadaver are listed in Table 2.

Image reconstructions

Two reconstructions were done out of the raw data for every
examination: 5 mm and 1.5 mm thick axial slices. Both
reconstructions were done with a kernel of “B70f” which
is a “very sharp” filter used for bone window. The incre-
ment for reconstruction was 5 mm for 5 mm thick slices
and 0.75 mm for 1.5 mm thick slices. The 1.5 mm thick
slices were used for coronal multiplanar reconstruction
(MPR). The slice thickness and image distance for the MPR
was 3 mm.

For the purpose of evaluation two axial images of 5 mm
slice thickness and two coronal images of 3 mm slice
thickness were printed. Both axial images were filmed
through the acetabulum. Out of the two coronal images, one
was made through the iliosacral joint (ISJ) and the other
through the acetabulum. Altogether four images were taken
in a film sheet for every milliampere gradation so that there
were seven films for each patient for evaluation (Fig. 1).
All examination parameters that would lead to identifica-
tion of the image or dose level were blinded. The films
were blinded with an alphabetical code so that the observer
could later sort them according to milliampere product and
film. The coding or blinding was done with the help of a
technical assistant.

Table 2 Age, height and weight of the 12 cadavers used for MDCT
examination

Patient Age Height (m) Weight (kg)

1 93 1.55 63
2 27 1.71 60
3 81 1.62 58
4 46 1.76 72
5 90 1.60 66
6 61 1.69 82
7 98 1.50 56
8 55 1.80 90
9 68 1.68 90
10 55 1.60 47
11 59 1.80 60
12 69 1.83 78

Table 1 The parameters for MDCT examination of the pelvic bones

Tube voltage (kV) 120
Tube current (mAs) 160–20
Collimation (mm) 16×1.5
Table feed/rotation (mm) 24
Pitch 1.0
Rotation time (ms) 420
Scan length (cm) 21–23
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Evaluation of images

The coded films, which were arranged in a random order,
were evaluated by three radiologists (J.G, M.F.K, A.M.)
who noted their findings, according to given assessment
criteria, in a form. There were five criteria for every film
and every criteria had a 5-point Likert scale for evaluation:
cortical contours, trabecular structure, subjective image qua-
lity, image noise, detailed definition of acetabulum and ISJ.

The assessment criteria were evaluated as follows (Likert
scale): 1—very good; 2—good; 3—average; 4—sufficient;
5—suboptimal/poor.

The evaluation was made from simultaneous assessment
of both axial and MPR images. At the end, all the three
observers were asked to sort out the seven films of each
patient in a descending order according to the impression of
dose reduction.

Statistical evaluation

The correlation of the three observers in the evaluation of
the five criteria was adjudged with the multi-rater-coeffi-

cient. The accuracy of the observers in correctly sorting out
the coded films in descending order in respect to the ir-
radiation doses was determined with the square deviation
of the sorted position from the true order. The image quality
was established from the mean value for every seven dif-
ferent dose gradations. In this way, a mean value of the
score given by the three observers for the five criteria was
established. This was done for each dose levels for every
patient. Thus a diagnostically sufficient image quality was
defined to be at an average point value of two (1.5–2.49)
[4].

The statistical evaluation was done with BiAS software
programme for Windows, Version 8.01, 1989–2004 Epsi-
lon (http://www.bias-online.de).

The CT Expo software programme serves for all seven
dose levels in each case the effective dose (millisievert)
which computes the effective and weighted CTDI (CTDIeff
or CTDIw), dose length product (DLP) and their relative
values with regards to the 1999 survey were determined.
The 1999 survey of CT exposition by Galanski et al. serves
as a basis for the establishment of German CT reference
values. A proportional comparison of our dose results with

Fig. 1 Example of a film with
four images that were available
to the radiologists for evaluation
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the results of the nationwide survey is possible with this
program.

Results

The correlation of the three observers concerning the five
criteria was only moderate. The multi-kappa-rater coeffi-
cient was in the average of k=0.24 and the confidence
interval was 95% with kappa coefficient of 0.20–0.30. The
kappa coefficients are shown in detail in Table 3. The best
correlation was shown by image noise with a kappa co-
efficient of 0.33.

Table 4 The mean values from the 5-point scale evaluation by the three observers for every seven dose gradations

Patients 160 mA 113 mA 80 mA 56 mA 40 mA 28 mA 20 mA

J.G. M.F.K. A.M. J.G. M.F.K. A.M. J.G. M.F.K. A.M. J.G. M.F.K. A.M. J.G. M.F.K. A.M. J.G. M.F.K. A.M. J.G. M.F.K. A.M.

1 1.8 1.6 2.6 1.4 2.4 2.6 2.8 2.6 2.6 2.2 2.4 3 2.2 3.6 2.8 2.8 3.8 2.2 3 4.2 3.4
2 1.6 1.6 1.8 2.8 1.4 1.6 3 2 2.4 2.8 2.8 2.2 3.6 3.8 2.8 3.4 3.8 2 4 3.8 3.8
3 2 1.8 2.4 1.2 2 2.8 1.8 3.2 2.6 2.4 3.2 2.2 2.8 3.8 2.6 4 3.2 3.2 4 4 3.6
4 1 1.4 2.2 2.2 1.6 1.6 2 2.8 2.2 1.8 3 2.2 2.6 3.4 2.2 3 3.6 3.4 4 4.4 2.6
5 1 1.4 1.8 1.2 1.6 2 1.2 2.4 1.6 2.4 3 2.8 3.4 4.2 2.6 3.6 4 3.2 4.2 4.2 3.2
6 2.2 1.4 1.2 1.8 1.6 1.2 1.2 2.4 1.2 2.4 3.2 2.6 4.4 4.2 2.8 4 4 2.8 4.4 3.8 3
7 2.4 1.6 2.2 2.6 2 2.6 3.6 2.8 2.8 3.6 3.4 2.4 4.2 2.8 3.2 3.8 4.4 3.8 4.6 5 4.4
8 2 2.2 1.2 1.6 1 1.4 2.8 2.6 1.2 2.2 2 2.2 2.4 3.6 2 2.4 2.2 2 3.6 3.2 3.2
9 1.8 2.2 1.8 1.4 3 4.2 1.6 2.8 3.2 2.6 3.4 3 3 5 4.2 3.4 4.8 5 3.8 4.6 4.8
10 1.6 4 2.2 1 1 1.2 1 1.8 2.2 2.2 2 2 2 1.8 1.6 2.2 2.8 2 3 2.8 3.2
11 1.2 2 2 2 1.8 2 1.8 2.8 2.2 2.4 2 2.8 2 3.6 3.6 3.4 2.8 3.6 3.8 4.4 4.6
12 1.8 3.2 2.6 1 1 1.4 2 1.8 2 2.2 2 2.2 2.2 4.6 2.8 3 4.2 3.6 3.6 4 3.8
Mean 1.7 1.7 2 1.68 1.84 2.05 2.06 1.92 1.92 2.45 2.45 2.04 2.9 2.12 2.12 3.25 2.20 3.06 3.83 2.3 3.63

Table 3 The five criterias were evaluated on a 5-point scale by three
observers

Criterias Kappa-coefficient

Cortical contours 0.19
Trabecular structure 0.25
Subjective image quality 0.22
Image noise 0.33
Detailed definition of acetabulum and ISJ 0.22

The correlations between the assessments of the three observers were
established by multi-rater-kappa coefficient

Fig. 2 Graphic representation
of all mean values for every
criteria
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The three observers were very good in sorting out the
images in an ascending order of dose reduction. Of the 36
times (three observers for 12 patients) that every seven
films were required to be sorted out in the right order, the
observers were able to sort out the films 22 times in an
exact ascending order. The films could not be arranged in
the right order 14 times. Eight times were more than one
film arranged in the false order.

The mean values from the 5-point scale evaluation are
shown in Table 4 and Fig. 2.

The average values showed an increase with a poor
image quality with increasing dose reduction. The mean
value for the maximum dose level (160 mAs/120 kV) was
calculated to be from 1.7 to 2.0 for every single evaluation
criteria. In contrary to that, the mean value for the minimal
dose level (20 mA/120 kV) was found to be between 2.3

Fig. 3 a Coronal and axial im-
ages at 80 mA and 120 kV.
Cortex, trabecular structure and
image quality are adequate. Only
minimal image noise was no-
ticed. b Coronal and axial im-
ages at 40 mA and 120 kV.
Acetabulum and iliosacral joints
can still be well defined. Note
the increase in image noise here

Fig. 4 Coronal images at 40, 28 and 20 mA showing increased image noise which compromises image quality
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and 3.8. A clear difference in the evaluation values was
found to be for a dose reduction from 80 to 56 mA.

A variation of dose levels was felt to be necessary for
every evaluation criteria to achieve an adequate image quality.

An adequate image quality could be achieved for the
criteria—cortical contours, trabecular structure, subjective
image quality and image noise with a dose level of 80
mAs/120 kV. Only for the criteria—detailed definition of
acetabulum and ISJ, an adequate image quality could be
achieved with a low dose level of 40 mA (Fig. 3).

Dose levels of 40, 28 and 20 mA did not produce an
adequate image quality (Fig. 4).

The calculated value for the CTDI eff, CTDIw, DLP and
the effective dose (mSv) and the relative values to 1999
survey for the seven dose levels done with the CT Expo
software programme are shown in Table 5.

An effective dose [E) of 4.4 mSv (CTDIw=5.6 mGy] and
2.2 mSv (CTDIw=2.8 mGy) was calculated for the dose
gradations of 80 mAs/120 kV and 40 mAs/120 kV, re-
spectively. In comparison to the 1999 survey, the relative
values were calculated to be 41 and 20% for effective dose
and 24 and 12% for CTDIw, which means that it is possible
to reduce the dose levels up to one-third of the reference
values, despite maintaining adequate image quality.

Table 5 The dose value for
CTDI eff, CTDIw, DLP, effec-
tive dose (millisievert) and the
relative values to 1999 survey
for the seven dose gradations
using CT-Expo software
programme

Dose value Relative value (%)

Doses (mA) CTDI eff (mGy) CTDIw (mGy) DLP (mGy*cm) E (mSv) CTDI eff CTDIw DLP E

160 11.2 11.2 515 8.7 56 48 81 81
113 7.9 7.9 364 6.2 39 34 57 58
80 5.6 5.6 258 4.4 28 24 41 41
56 3.9 3.9 180 3.1 20 17 28 29
40 2.8 2.8 129 2.2 14 12 20 20
28 2 2 90 1.5 10 8 14 14
20 1.4 1.4 64 1.1 7 6 10 10

Fig. 5 a Coronal and axial im-
ages at 160 mA and 120 kV.
Minimal or no image noise can
can be seen here. b Coronal and
axial images at 28 mA and 120
kV. Increased image noise in the
images
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Discussion

Our study shows that it is possible to achieve a clear re-
duction in doses in the examination of pelvic bones by
simultaneously maintaining an adequate image quality. Al-
though the various dose levels showed different evaluation
criteria as adequate, a conclusion concerning the accuracy of
the diagnosis of a fracture can be made. Description of the
cortex, the trabecular structure as well as details of the
acetabulum and ISJ plays a major role in the diagnosis of
fractures. They allow definite diagnosis of a fracture.

Although image noise was strongly reported with in-
creasing dose reductions, there was no obvious difference
for other criteria especially for the cortical contour and
trabecular structure (Fig. 5). Image noise plays an impor-
tant role in the quality of image. Techniques such as multi-
dimensional adaptive filtering (MAF) which improved
image quality by reducing image noise as described by
Baum et al. offers better perspectives for further dose re-
duction [18].

Considering the different priorities of the individual
criteria in the diagnosis of a fracture, a dose level of 80 mA
and 120 kV can be regarded as adequate for CT scan of the
pelvic bones. In our study, it was possible to obtain a di-
agnostically adequate image quality at 80 mA for criteria–
cortical contours, trabecular structure, subjective image
quality and image noise with a weighted CT dose (CTDIw)
of 5.6 mGy and an effective dose of 4.4 mSv.

As the tube current is directly proportional to dose, a de-
crease in tube current leads to decreased radiation exposure.
Contrast-rich tissues such as the lungs and the bones are
better suitable for dose reduction than tissues poor in con-
trast. Studies have been performed to obtain a reasonable
compromise between image noise and dose reduction in CT
examinations of children [16]. Various studies relating to
detection of the lung nodules show that a tube current
reduction of up to 30% from the standard is diagnostically
sufficient [8–10].

Cohen et al. reported a possible dose reduction of up to
40% for CTexamination of the skull [11]. A dose reduction
of up to 46% of nationwide average was possible for four-
row MDCT with adequate image quality [4].

Although all the observers gave a bad note for the various
criteria of image quality with increasing dose reduction,
only little co-relation could be noticed in overall evalua-
tion. It was proved that exact evaluation of the criteria
was difficult especially with low dose gradations (56, 40,
28, 20 mA).

Prasad et al. describes a better co-relation (0.59); how-
ever, in his study there were only two observers instead of
three and only two dose gradations instead of seven were
studied [12]. Kamel et al. shows that a substantial dose
reduction can be achieved in a paediatric pelvic CTat 80 mA
without recognisable deterioration of diagnostic image qual-
ity [13]. Although this does not fit as a low dose protocol
in children, the study supports our theory of the possibility
of dose reduction in CT examinations while at the same
time maintaining good image quality. Greess et al. in their
study show that a substantial reduction of dose in MDCT
examinations of children can be achieved by online modu-
lation of tube current [17].

The good results in arranging the films in descending
order of dose gradations nevertheless hint towards a good
film analysis. In summary, this shows that a parameter ad-
justment of 80 mA and 120 kV for CT examination of the
pelvic bones in a 16-row MDCT offers an optional com-
promise between dose reduction and image quality. This
leads to a definite reduction in dose levels and nevertheless
a good detectability of bone structures. The CTDIw and
DLP values serve as a guide for comparison with equip-
ments from other vendors who do not have the same milli-
ampere values, filtrations or DQE for the detectors.

All examinations were conducted on 12 cadavers that
were provided by the Institute of Forensic Medicine, Johann
Wolfgang Goethe University, Frankfurt, Germany.
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