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Abstract

Objective This study aimed at estimating the patient
effective dose during whole-body low-dose multi detec-
tor computed tomography with a scanner Philips Brillance
64, and to compare it with those reported in literature for
the same procedure and with the dose of the conventional
X-ray examination in our institution.

Materials and methods WBLDMDCT effective dose
was evaluated for 29 MM patients, using Dose Length
Product values. Conventional X-ray examination dose was
estimated using a Rando Phantom and Dose Area Product
indexes. ICRP Publication 103 based coefficients were
used.

Results Mean WBLDMDCT effective dose values—esti-
mated using sex-specific conversion coefficients and body
weight factors—were 3.6 and 2.8 mSv for females and
males, respectively. The effective dose for the conventional
method was 1.2 mSv for Rando phantom.

Conclusion The WBLDMDCT effective dose in our insti-
tution is consistent with the values reported in previous
studies. Such a dose is about 2.5— to 3-fold higher than the
mean radiation dose of the conventional X-ray study. Nev-
ertheless, considering the improved diagnostic accuracy of
the CT investigation, the comfort of the patient and the old
age of the MM population, dose/quality ratio can be con-
sidered favourable.
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Introduction

Multiple myeloma (MM) is the most common malignant
primary bone tumour. It affects mainly elderly population
with a peak of incidence in the seventh—eighth decade.
Bone marrow aspiration or, preferably, biopsy is necessary
for the diagnosis. The clinical staging, which is critical for
prognosis and therapeutic planning, is based upon labora-
tory findings and radiological assessment of bone involve-
ment [1-3]

Skeletal conventional X-ray imaging still represents the
“gold standard” due to its wide availability and its low cost.
However, it has been demonstrated that the X-ray imag-
ing sensitivity is low, especially in detecting small bone
lesions.

Furthermore, owing to the long acquisition time (about
30 min) and the necessity of continuously changing and
uncomfortable positions, the X-ray examination is not well
tolerated by elderly patients with bone pain.

First, Horger in 2007 settled a whole-body low-dose
multidetector computed tomography (WBLDMDCT) [4]
protocol: he showed that, given the high intrinsic contrast
of bone tissue, even a low-dose protocol (40 mAs) pro-
duces images of good quality, suitable for diagnosis, with
a significant radiation dose saving comparing with a stand-
ard CT protocol (4.1 mSv at 40 mAs versus 25.5 mSv at
250 mAs). The mean dose of the conventional X-ray study
was 2.4 mSv [4, 5].
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Table 1 Scan parameters set in the WBLDMDCT protocol

Scan parameters

kV 120/140

mAs/rotation 40

Pitch 0.984

FOV/Matrix 500 mm/512

Detectors configuration 64 x 0.625 (8 x 5 mm)

Slice thickness/step 5 mm/5 mm

Reconstructed slice thickness 1.5 mm

Filter Standard

Dose reduction methods IR iDose (no automatic control
of exposure)

Since then, the WBLDMDCT protocol has become more
widespread in the clinical practice and several studies have
proved that the sensitivity and specificity of the method are
considerably superior to the conventional X-ray study [6,
7]. An advantage of the technique is also the possibility to
evaluate the extraosseous localization of the disease.

According to this new evidence, since August 2013 we
agreed with haematologists at our institution to replace
skeletal conventional X-ray examinations with WBLD-
MDCT in MM patients. We decided to evaluate the radia-
tion dose of the first 29 consecutive patients with a biopsy-
proven diagnosis of MM who underwent WBLDMDCT in
our institution and to compare it with both the dose levels
reported by literature for this protocol and the dose of the
conventional X-ray study.

This is in compliance with the local Decree Law, (DL
187/2000) [8], that acknowledges the European Directive
97/43/EURATOM concerning radiological protection of
persons against risks related to medical exposures. Such
a document contemplates monitoring and optimization of
patients’ exposures and indicates quality tests of the equip-
ment that have to satisfy acceptance criteria, and Diagnos-
tic Reference Levels (DRL) checks as operative means to
achieve optimization. An important upgrade of both the
acceptance criteria and LDR is represented by the docu-
ment RP 162 published in 2012 [9] that accounts for the
technological evolution of the equipment and dedicates an
important section also to the CT scanners. For the proce-
dures where a DRL is not defined, it is suitable to refer to
literature. Previous works concerning radiological evalua-
tion of MM patients report radiation doses of about 4 mSv
for the WBLDMDCT protocol and about 2 mSv for the
conventional X-ray examination. The WBLDMDCT pro-
tocol, recently adopted in our institution, takes advantage
not only of the high intrinsic contrast of the bone tissue,
but also of the use of iterative reconstruction algorithms
(IR). Such a reconstruction technique, recently introduced
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in CT modality [10-12] as an alternative to conventional
methods based on the filtered back projection (FBP), is
able to reduce the noise (denoising) acting in the image
space. As a consequence it is possible to obtain images
with a signal to noise ratio (SNR) equivalent to those that
would be obtained using FBP, but with a lower patient
dose, or images with a lower level of noise at the same
patient dose. The last option is the one of interest in the
present study. A further value of these algorithms is the
ability to uncouple the image noise from the modulation
transfer function (MTF) properties so that the spatial reso-
lution is preserved.

Given this context, in the present work, the dose to
patient is evaluated for both the new CT protocol and the
old conventional one. In the following paragraphs the
dose indexes used for CT and conventional X-ray dosim-
etry are introduced. These physical quantities cannot be
compared directly, but they can be used to estimate the
effective dose, which is a radioprotection index relating
to stochastic risk, that allows for the two methods to be
compared.

Materials and methods
CT modality
CT subjects and scan parameters

The study was done for the first 29 patients with MM (14
males, 15 females, age 67 £ 13 years, mean =+ standard
deviation) who were examined with WBLDMDCT proto-
col in our department, using the CT scanner 64 Brillance,
Philips Medical System. The patients were positioned
supine, with their arm over the head. A survey scan was
performed to set the initial and end points of the diagnostic
scan, with the parameters of acquisition and reconstruction
shown in Table 1. The scan length was such that humera,
head, neck, torso and femura were included, as shown in
Fig. 1A-a.

CT dose index

The dose descriptor used in CT modality is the Computed
Tomographic Dose Index (CTDI) [13], defined by the fol-
lowing expression:

i
CTDI = — /D(Z)dZ,
nT

z1

where D(z) is the radiation dose profile along the z axis,
z1 and z2 are the limits of integration, n is the number of
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Exam Information
Study ID:

Time:

Total DLP:

Dose

Scan
Mode
Surview

$ Description

1l Surview Test

2 SENZA MDC Helical

Fig.1 A The survey image used to plan the scan (a), an axial image
for each of the segments investigated, including head and humera (b),
neck (c), chest (d), abdomen (e), pelvis (f), femura (g) and finally the
dose report (7). B Some images of the Rando phantom used to simu-

slices acquired simultaneously and 7 is the nominal slice
thickness so that n x T accounts for the beam width.
This physical quantity is measured during a single axial
scan of acrylic cylindrical phantoms with diameters of
16 or 32 cm, simulating head or body geometries, respec-
tively. The measurements are taken at the centre (C) and
at peripheral positions (P) of the phantom so that the
weighted CTDI (CTDI,,) can be estimated (CTDI,, = 1/3
CTDI. + 2/3 CTDI;) representing the average CTDI
across the irradiated slab (unit mGy). Z1 and z2 are

¥k ¥k
¥k k

335.5

mnGy*cm

xV CTDIvol
(nCy)

120 0.09

120 2.62

DLP
[(mCy*cm)
12.8
322.7

Phantom
Type(cnm)
32 CH

32 CH

late the conventional examination of the skeleton: (i) anterior—poste-
rior skull, (/) lateral skull; (m) pelvis; (n) ribs; (o) anterior—posterior
dorsal and lumbar spine; (p) lateral spine

constrained by the length of the pencil beam ionization
chamber (100 mm).

If the elicoidal technique is used, the volume dose index
is considered, defined as CTDI,,, = CTDI,/pitch, where
the pitch is the ratio AS/nT, AS being the table movement
during a rotation of the X-ray tube.

In order to account for the extension of the irradiated
volume, the dose length product (DLP [mGy x cm]) is
considered, defined as DLP = CTDI,; x L, where L
is the scan length.

scan? scan
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Fig.1 continued

CT effective dose evaluation

The effective dose E is defined as E =) pwrHt
(expressed in millisievert mSv) [14, 15].

Hi being the equivalent dose in tissue or organ, and Wy
being the appropriate tissue weighting factor; the equiva-
lent dose in tissue or organ is given by Hr = D,, x Wy,
where D,, is the absorbed dose averaged in that tissue or
organ (due to radiation R), multiplied by the radiation
weighting factor Wy (for photons Wy is equal to 1 for all
energies).

Nevertheless, E can be easily estimated by multiplying
the DLP values by conversion coefficients reported in lit-
erature for different body regions, obtained by means of
Monte Carlo simulations and anthropomorphic phantoms
[14, 16-19]. As during the CT procedure here considered
different body segments are irradiated, the effective dose
can be written as the sum
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E
ZDLPR x <—> ,
- DLP

where DLPy is the DLP relative to the anatomic segment
R and (E/DLP)y, is the DLP-to-E conversion coefficient for
the segment R (it represents the effective dose per unit DLP
of the irradiated region).

For each patient in our study the following seg-
ments (R) were included: head, neck, chest, abdomen,
pelvis, humera and femura. The DLP; of each single
segment has been calculated as a fraction of the total
DLP (DLP,,), the fraction being equal to the ratio %
(DLPg = % x DLPyot, where Ly is the length of the seg-
ment R and L, is the total scan length). The longitudi-
nal extension of each segment was measured using the
survey scan. For each segment R the contribution to the
effective dose has been calculated using the pertinent
coefficient. In particular for head, neck, chest, abdomen
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and pelvis, conversion coefficients reported by Deak
et al. [17] were used. These coefficients are based on
ICRP Publication 103 tissue weighting factors and adult
female and male anthropomorphic phantoms that include
all the organs and tissues contributing to the effective
dose as defined in ICRP Publication 60 and the new
organs and tissues not previously considered (the sali-
vary glands, extrathoracic tissue, lymph nodes, prostate,
oral mucosa, and the nasal vestibule).

For humera and femura, coefficients evinced from other
references were used [20, 21] concerning musculoskeletal
studies.

For the segments Head and Neck a further correction
factor, experimentally measured, has been used, to account
for the ratio nCTDIw 4/nCTDIw3,, the numerator and the
denominator of the fraction being the normalized weighted
dose indexes related to the phantoms of diameter 16 and
32 cm, respectively. In such a way the contribution to the
effective dose due to the irradiation of these two anatomical
regions is evaluated with a more appropriate geometry. In
fact, the arms positioned over the head do not compensate
for the minor diameter effectively.

First, sex-averaged conversion coefficients were used.
Then sex-specific conversion factors were considered [17].
Finally, correction for the body weight factor was done to
account for patient body weight differences with respect to
the reference human phantoms (73 and 58 kg for male and
female phantom, respectively). In this way the dose evalu-
ation is tailored to individual patient body segment lengths
and body masses, allowing for a better approximation to be
achieved [22, 23].

CT scanner tests

The following points were also evaluated: (a) the accu-
racy of the nominal value of the CTDI,, produced by the
scanner; (b) the gain in noise reduction achieved using
the iterative reconstruction algorithm iDose, installed in
the scanner Philips Brillance 64—such a parameter was
evaluated considering the standard deviation of the pixel
signal, expressed in Hounsfield Units (HU) in a region of
interest of the image of a phantom; (c) the MTF. For point
(a) a pencil beam dosemeter UnforsXi and a cylindrical
phantom with diameter of 32 cm simulating the body
geometry were used; for points (b) and (c) the Catphan
phantom was used; in particular the homogeneous section
and the section containing the set of bar patterns with dif-
ferent spatial frequency were used, respectively, for noise
and MTF evaluation. Images obtained with and without
the iDose option were compared for the same protocol
WBLDMDCT. MTF was evaluated using the Droege
method [24] using the points ranging from the maximum
value to 1/10 of it.

Conventional X-ray examination
Conventional X-ray imaging protocol

In order to evaluate the dose imparted to the patient during
the conventional X-ray examination, a Rando phantom was
exposed, using the imaging protocol that was previously
employed with patients, including: skull (anterior—poste-
rior AP and lateral LAT projections), cervical spine (AP
and LAT), dorsal spine (AP and LAT), lumbar spine (AP
and LAT), pelvis (AP), ribs (AP, oblique and AP inferior),
humera (AP) and femura (proximal and distal AP). Some
of the images of the Rando acquired with this protocol are
shown in Fig. 1B. Since a Rando phantom does not have
humera or femura, data concerning these segments were
obtained from patients’ examinations stored in the local
data base.

The images were acquired using the automatic control of
exposure, as is done in a clinical setting.

The equipment used for the investigation is a remote
controlled GMM Opera, with digital detector FPD Pixium
RADA4343, pixel size 148 pm.

Conventional X-ray dose index

The dose descriptor used here for conventional radiography
is the free-in-air Dose Area Product (DAP [mGy x cm?)). It
accounts for both the intensity and the size of the beam from
an X-ray tube. This physical quantity is easily measured by
a large-area transmission ionization chamber, positioned in
correspondence to the diaphragm of the X ray tube. It has
been demonstrated that it is a valuable tool for routine dose
measurements and somatic risk assessment [25].

Conventional X-ray effective dose evaluation

A practical way to estimate the effective dose E during con-
ventional X-ray examinations is based on measured DAP
values and DAP-to-E conversion coefficients.

The effective dose of a single radiograph (Ey ) is esti-
mated as the product of the DAPg , recorded during the
radiograph by the DAP-to-E conversion coefficient (taken
from literature):

Erp = DAPrp x (E/DAP)g
where R and p indicate the anatomic region irradiated
and the view, respectively [the conversion coefficient (E/
DAP)g ,, represents the effective dose per unit DAP (mSv/
Gy x cm?)].

The effective dose of the complete examination is

E
> DAPg, x () :
o DAP /¢,
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Fig. 2 Distribution of the DLP 20
values expressed in mGy x cm

18 -
16
14 -

12 +

10

Number of subjects

350

The DAPs in the sum are those recorded while exposing
the phantom Rando.

Results
CT-subjects dose data
The CTDI,; for the protocol in use was equal to 2.62 mGy

at 120 kV and 3.88 at 140 kV. Only two large male sub-
jects were studied at 140 kV. The dose indexes, shown in
the dose report, are related to the cylindrical phantom of
32 cm of diameter. An example of the dose report is shown
in Fig. 1A-h. The contributions to the patient dose due to
both survey and diagnostic scan have been considered.

The histogram shown in Fig. 2 represents the distribu-
tion of the DLP values of all subjects.

The mean DLP is 398 mGy x cm (value obtained by
averaging across all subjects). If data are separated by sex
and kV, 397 and 368 mGy x cm are obtained for males and
females, respectively, at 120 kV, whereas 628 mGy x cm is
the mean DLP at 140 kV. Table 2 summarizes these results.

The mean lengths of the anatomical segments considered
are shown in Table 3. The values are similar to those reported
by Deak et al. [17] for the adult antropomorphic phantoms,
male and female, considered in the above mentioned work.

Based on the DLP values summarized in Table 2 and
Fig. 2, patients’ anatomical segment lengths and conver-
sion coefficients, effective doses (E) were obtained. First,
sex-averaged conversion coefficients were used; the results
of the estimation are shown in the 4th column of Table 4.
The correction factor for Head and Neck geometry was
included, producing on average an increase of less than 6 %
in the estimated effective doses, with respect to the values
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DLP distribution

450 500 550 600 650 700
DLP [mGy*cm]

Table 2 In this table the mean values of the WBLDMDCT DLPs
are shown, separated by patient sex (M stands for males and F for
females) and X-ray tube high voltage (27 subjects were scanned at
120 kV and only 2 male subjects were scanned at 140 kV)

MeanDLP MeanDLP MeanDLP kV

All subjects M F

mGy x cm mGy X cm mGy x cm

398 397 368 120
628 - 140

The value reported in the 1st column was obtained averaging across
all subjects

— No female subject was scanned at 140kV

obtained without the correction factor. The scans performed
at 140 kV resulted in an effective dose higher than 5 mSyv;
a mean value of 3.2 mSv (£0.2 standard deviation) was
obtained averaging across subjects scanned at 120 kV.

The distribution (not shown here) of these effective dose
values reflects the distribution of DLP values, from which
they are derived (Pearson coefficient of correlation equal to
0.98).

Then sex-specific conversion coefficients were used,
resulting in the effective dose values shown in the 5th col-
umn of Table 4.

Application of sex-specific conversion factors dem-
onstrated changes in distribution of the effective dose
values. A further change was also produced by including
the patient weight factor [23, 24] (data shown in the 6th
column of the Table 4). Patient weight information was
available for 26 subjects; the mean (£standard deviation)
body weight was 59.1 &+ 9.7 and 83.0 % 20.5 for females
and males, respectively. The new dose data show a good
inverse correlation with the patient weight data (Pearson
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Table 3 Mean length of the patients’ body segments expressed in cm

L (cm) head L (cm) neck L (cm) chest L (cm) abdomen L (cm) pelvis L (cm) femura L (cm) humera
F 18.68 6.25 19.47 17.33 19.55 36.06 28.12
M 20.00 7.42 21.29 19.09 21.24 41.03 31.47
All 19.32 6.81 20.35 18.18 20.36 38.46 29.74

The values were obtained averaging across female subjects (F), male subjects (M) and all subjects (All)

Table 4 The dose values,

. i f Subject # Sex Weight Effective dose Effective dose (mSv) Effective dose (mSv)
expressesi in mSy, are listed for (kg) (mSv) (based on (based on sex-specific (based on sex-specific
each subject (row 1-29) sex-averaged CC) CO) CC and PWCF)

1 F 49 3.10 3.60 4.26
2 M 84 5.27 4.49 391
3 M 85 3.57 3.09 2.65
4 M 80 3.44 2.94 2.68
5 M 86 3.45 3.00 2.55
6 M 54 2.92 2.46 3.33
7 F 2.86 3.32

8 F 60 3.30 3.83 3.70
9 F 3.21 371

10 M 73 3.21 2.74 2.74
11 M 75 3.27 2.79 2.72
12 F 53 3.04 3.53 3.86
13 F 50 2.96 3.44 3.99
14 F 50 2.93 3.38 3.93
15 F 52 3.10 3.60 4.02
16 M 65 3.19 2.71 3.04
17 F 59 2.97 3.45 3.39
18 F 62 3.16 3.67 3.44
19 F 65 3.25 3.76 3.36
20 F 67 2.97 3.46 2.99
21 M 68 3.31 2.81 3.01
22 M 105 3.76 3.16 2.20
23 M 91 3.59 3.05 2.44
24 F 83 3.29 3.83 2.68
25 M 82 3.26 2.78 2.47
26 F 3.06 3.55

27 M 140 5.41 4.66 243
28 M 74 3.45 291 2.87
29 F 60 3.35 3.88 3.75

Sex and weight information are also reported (2nd and 3rd column respectively). The 4th column shows
the values obtained using sex-averaged DLP-to-effective dose CC; the 5th column shows the values
obtained using sex-specific DLP-to-effective dose CC; the 6th column shows values obtained by using sex-
specific DLP-to-effective dose CC and PWCF

CC conversion coefficients, PWCF patient weight correction factor, F female, M male

correlation coefficient equal to —0.76). This can be seen in The fact that female and male populations differenti-
Fig. 3 (effective dose expressed in mSv is represented as  ate with mean effective dose of 3.6 + 0.5 ¢ 2.8 £ 0.4 for
a function of patient weight expressed in kg; the grey and  females and males, respectively (effective dose expressed
black data relate to female and male subjects, respectively).  in mSv =+ standard deviation), is highlighted. The two
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Patient weight (kg)

100
Fig. 3 Patient effective doses E
(mSY)—obtalned using sex- mSv
specific DLP-to-effective dose
conversion coefficients and 45 1
patient weight correction fac-
tor versus the patient weight.
The data show a good inverse 47
correlation (Pearson coefficient
—0.76)
35 1
3
25
2 !
15 T
30 50
Fig. 4 The histograms show Normalized
the effective dose distribution distribution
for the two groups of patients, of subjects

males (M-black) and females

(F-grey). The continuous and 1
dotted lines represent a normal

probability function with mean

effective dose u and standard

deviation o deduced from 0.75
experimental data

0.5

0.25

0

distributions are shown in Fig. 4. The continuous and
dotted lines represent the corresponding probability

functions calculated with a normal distribution func-

_E=p)? .
202, having mean value p and

tionP, ;(E) =

standard deviation o deduced from experimental data.
The distribution parameters (mean value, standard devi-
ation, minimum, maximum, median) are shown in Table 5.
Using the ¢ Student test, a value of p lower than 0.004
has been obtained for the difference between the two
groups.
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CT scanner tests

The results of the scanner tests performed with phantoms
are the following:

a) Difference between nominal value and measured value
of CTIDI,; <8 %

b) Noise reduction expressed as the ratio of the standard
deviations o of the pixels of a ROI set in two images
reconstructed with and without iDose 0 py/0 1o

=0.6

iDose



Radiol med (2016) 121:93-105 101

Table 5 Patient dose distribution parameters

Effective dose E All subjects (based on F (based on M (based on F (based on M (based on

(mSv) sex-averaged CC—no sex-specific CC) sex-specific CC) sex-specific CC sex-specific CC
PWCF) and PWCF) and PWCF)

Mean value 3.4 3.6 3.1 3.6 2.8

Standard deviation 0.6 0.2 0.6 0.5 0.4

Minimum 2.9 33 2.5 2.7 2.2

Maximum 5.4 39 4.7 4.3 3.9

Median 34 3.6 29 3.7 2.7

Mean effective dose, standard deviation, minimum, maximum and median values are shown. 1st column: values obtained using sex-averaged
DLP-to-effective dose CC for all subjects; 2nd column: values obtained using sex-specific DLP-to-effective dose CC—female group; 3rd col-
umn: values obtained using sex- specific DLP-to-effective dose CC—male group; 4th column: values obtained using sex-specific DLP-to-effec-
tive dose CC and PWCF—female subjects; 5th column: values obtained using sex-specific DLP-to-effective dose CC and PWCF—male subjects

CC conversion coefficients, PWCF patient weight correction factor, F' females, M males

MTF

03 —#—noiDose

0.8
—m- iDose
0.7 -
0.6
0.5 -
0.4

0.3

0.2

0.1

I/ecm

Fig. 5 Comparison of the MTF measured for two images, obtained
with and without the iDose algorithm, respectively, using the same
scan and reconstruction parameters. Catphan Phantom and Droege
method, were used. The two curves overlap (difference < 1.7 %).
Abscissa lines per centimetre

¢) MTF ,p.. = MTF (mean difference for the
points considered <2 %). The two curves are plotted in
Fig. 5.

no iDose

Image-j was used to open and process images.
Conventional X-ray-Rando dose data

Table 6 shows the DAP values recorded reproducing the

conventional protocol for the study of the whole skeleton

with the anthropomorphic Rando phantom. The effective

dose values obtained for each single image are reported in

the same table. The total effective dose is about 1.2 mSv.
The data were analysed using excel sheets.

Discussion

CT, due to its general high-level dose, has been object of
recommendations addressing radioprotection aspects [20]
and still remains the main contributor to the collective dose
[17, 22, 26]. Also high-level radiation doses are given to
organs included in the irradiated volume, but of no interest
for the examination, for instance the eye lens during a head
CT or the breast during a chest CT.

Several studies have been carried out to estimate the
cancer risk related to the CT technique, following the enor-
mous technological development that has favoured the
extension of the field of application and also an increasing
interest in total body studies [27, 28].

In the case of the WBLDMDCT the radioprotection
problem is reduced by the possibility of obtaining good
quality imaging with low dose, thanks to the high intrin-
sic contrast of bone. An improved image quality is obtained
as a consequence of the use of IR that allows image noise
reduction, estimated to be 40 % for this protocol, with
respect to the image noise that would be measured, for the
same dose, using conventional reconstruction. This is in
agreement with previous study results [11, 12].

In our study the values of effective dose of WBLDM-
DCT protocol ranged from 2.2 to 4.3 mSv, with mean
values of 3.6 and 2.8 mSv for females and males, respec-
tively. This difference between males and females has been
highlighted using sex-specific conversion coefficients and
body weight correction factors. For the same scan param-
eters, sex-specific conversion coefficients cause an effec-
tive dose rise higher by about 16 % on average for females
with respect to males, although DLP values are lower for
females with respect to males. In fact, conversion coef-
ficients for females are higher than those calculated for
males, owing to differences in body size, organ position
and organ weighting factors [17]. Substantial differences
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Table 6 Exposure parameters and effective dose data obtained from the simulation of the conventional examination of the whole skeleton car-

ried out with a Rando phantom

Examination View Field size 1 (cm) Field size2 (cm) kV.  mAs  DAP (mGy x cm?) E/DAP (mSv/Gy x cm?) E (mSv)
Skull AP 20 30 68 54.0 641 0.06 0.04
Skull LAT 30 28 65 40.2 568 0.04 0.02
Cervical spine AP 17 27 68 21.2 192 0.19 0.04
Cervical spine LAT 20 28 66 18.4 191 0.12 0.02
Dorsal spine AP 20 40 85 12.5 326 0.24 0.08
Dorsal spine LAT 20 40 85 32.5 881 0.09 0.08
Lumbar spine AP 40 19 90 16.6 463 0.22 0.10
Lumbarspine LAT 20 40 95 336 1145 0.09 0.11
Pelvis AP 35 30 70 59.2 1187 0.14 0.17
Ribs AP 30 40 75 23.6 698 0.24 0.17
Inferior ribs AP 29 23 75 38.6 613 0.18 0.11
Ribs OBLR 40 40 75 19.8 713 0.13 0.09
Ribs OBLL 40 40 75 26.4 943 0.13 0.12
Humera AP (R +L) 75 3.0 55 0.06 0.01
Proximal femura AP (R + L) 75 17.2 226 0.04 0.02
Distal femura AP (R +L) 75 14.0 184 0.04 0.01
Total 1.18

Each row concerns a single radiography image. 1st column: body region imaged; 2nd column: kind of view; 3rd and 4th columns: beam size;
5th and 6th columns: exposure parameters (kV and mAs); 7th column: DAP; 8th column: DAP-to-E conversion coefficient [mSv/Gy x cm’]; 9th

column: estimated effective dose E [mSv]
AP anterior—posterior, LAT lateral, OBL oblique, L left, R right

concern chest, abdomen and pelvis coefficients, whereas
head and neck coefficients are very similar for males and
females.

Body weight factors cause dose decrease for subjects
with body weight greater than those of the reference phan-
tom and dose increase for subjects with body weight lower
than those of the reference phantom [22, 23]. In our study,
the inclusion of the weight factor has produced a fur-
ther increase of the difference between males and female
from 16 to 28 %, due to a higher body weight of the males
with respect to the male reference phantom (on average
410 kg), with a consequent dose decrease.

Behind this inter and intra gender variability, the dose
values estimated in our institution are consistent with data
reported in literature. These values are lower than those due
to a traditional CT investigation of a single segment like
chest or abdomen, with typical dose values ranging from 6
to 15 mSv [29].

In our study the effective dose estimated for the “refer-
ence male” was 3.1 mSv, that is about 2.5-fold higher than
the dose of the corresponding conventional X ray study.
Nevertheless, the advantages of the CT technique with
respect to the conventional X ray to study MM patients’
skeleton have been assessed in several studies [2, 5-7,
30]. It depends on the intrinsic features of the technique:
the high spatial and contrast resolution, the absence of

@ Springer

interposition in the evaluation of complex anatomical struc-
ture, such as spine, pelvis and ribs, the ability to depict
simultaneously extraosseous localizations of the disease.
Furthermore, coronal, sagittal and oblique reconstructions
(MPR) are of great value.

In our experience too the superiority of the CT exami-
nation was well demonstrated. Owing to its better spatial
and contrast resolution, CT allowed the detection of small
skull, vertebral and pelvic lesions undetectable or easily
overlooked in X-ray examinations (Fig. 6A-a—d).

In addition, endomedullary and extraosseous nodules
were easily recognized (Fig. 6A-e, f).

Moreover in our population, WBLDMDCT assessed
several incidental findings, especially thoracic abnor-
malities. They have been mentioned in the report. Most of
them did not have a clinical impact; nevertheless, in two
cases a prompt diagnostic/therapeutic workup was elicited
(Fig. 6B). Overall, in agreement with the above mentioned
authors, we also found such an improvement in diagnostic
accuracy of CT examination to justify the dose increment.

Also significant advantages are achieved for the patient,
usually elderly and suffering from bone pain.

Another favourable aspect is represented by the age of
the subjects undergoing this protocol. In fact, the stochastic
risk decreases with increasing age, in elderly people (=70
years) about 10 times lower than in paediatric population
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Fig. 6 A Axial CT images nicely depict small lytic lesions within the
skull (a), in the pelvis (b), in a thoracic vertebra and the adjacent rib
(c), undetectable or easily overlooked in a X-ray examination; refor-
matted sagittal CT image shows numerous lytic lesions and multiple
compression fractures in the thoracic and lumbar spine (d); reformat-
ted coronal CT image shows an endomedullary soft tissue nodule

in the humerus with minimal scalloping (e); axial CT image shows
a huge solid mass destroying the thoracic vertebra and the rib and
extending in the adjacent soft tissue of the thoracic apex (f). B Inci-
dental finding: a 16 mm left pulmonary nodule (g) and a right lower
lobe apical segment consolidation (/)
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[31]. The risk averaged across the whole population is
about 5 x 107> mSv~' [15].

In terms of economic cost, a rough estimation indicated
that the two methods are equivalent.

Then, on the whole, the adoption of the WBLDMDCT as
an alternative to conventional radiography is advantageous.

Conclusions

The effective dose evaluated for the WBLDMDCT proto-
col recently adopted in our institution has shown to be on
average 3.2 mSv, a little bit lower than the values reported
in previous studies, with a difference between males and
females due to sex-specific conversion factors and body
weight factor that cause in the latter on average a dose
increase of about 28 % than that for the former. Consid-
ering the mean value obtained for the standard male, the
effective dose is about 2.5 times the dose evaluated for the
examination of the skeleton “in toto” based on conven-
tional method. Taking into account the advantages of the
WBLDMDCT in terms of image quality, patient comfort
and patient age, it can be concluded that on balance the
adoption of this diagnostic imaging method is positive.
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