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Radiation exposure and establishment of
diagnostic reference levels of whole-body
low-dose CT for the assessment of
multiple myeloma with second- and
third-generation dual-source CT
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Abstract
Background: In the assessment of diseases causing skeletal lesions such as multiple myeloma (MM), whole-body low-

dose computed tomography (WBLDCT) is a sensitive diagnostic imaging modality, which has the potential to replace the

conventional radiographic survey.

Purpose: To optimize radiation protection and examine radiation exposure, and effective and organ doses of WBLDCT

using different modern dual-source CT (DSCT) devices, and to establish local diagnostic reference levels (DRL).

Material and Methods: In this retrospective study, 281 WBLDCT scans of 232 patients performed between January

2017 and April 2020 either on a second- (A) or third-generation (B) DSCT device could be included. Radiation exposure

indices and organ and effective doses were calculated using a commercially available automated dose-tracking software

based on Monte-Carlo simulation techniques.

Results: The radiation exposure indices and effective doses were distributed as follows (median, interquartile range):

(A) second-generation DSCT: volume-weighted CT dose index (CTDIvol) 1.78mGy (1.47–2.17mGy); dose length

product (DLP) 282.8mGy�cm (224.6–319.4mGy�cm), effective dose (ED) 1.87mSv (1.61–2.17mSv) and

(B) third-generation DSCT: CTDIvol 0.56mGy (0.47–0.67mGy), DLP 92.0mGy�cm (73.7–107.6mGy�cm), ED

0.61mSv (0.52–0.69mSv). Radiation exposure indices and effective and organ doses were significantly lower with

third-generation DSCT (P< 0.001). Local DRLs could be set for CTDIvol at 0.75mGy and DLP at 120mGy�cm.

Conclusion: Third-generation DSCT requires significantly lower radiation dose for WBLDCT than second-generation

DSCTand has an effective dose below reported doses for radiographic skeletal surveys. To ensure radiation protection,

DRLs regarding WBLDCT are required, where our locally determined values may help as benchmarks.
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Introduction

Multiple myeloma (MM) is a hematological malignan-
cy characterized by usually multicentric abnormal pro-

liferation of monoclonal plasma cells showing variable
degrees of differentiation (1). Progressive bone marrow
infiltration with replacement of myelopoiesis leads to

typical bone destruction including osteolysis, osteope-
nia, and seldomly osteosclerosis (2). Diagnosis relies on
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bone marrow histology and one of the following clin-
ical features: hypercalcemia; renal insufficiency;
anemia; and bone lesions (3). Furthermore, evidence
of lytic bone lesions defines active disease, for which
immediate treatment is required (3). Novel therapies
have improved the survival of MM within recent dec-
ades (4). Therefore, a sensitive imaging modality is cru-
cial for the diagnosis and surveillance of MM (5). In the
past, the imaging work-up for MM was a survey includ-
ing about 20 conventional radiographs (6). While bone
lesions in the appendicular skeleton are well recognized
by both conventional radiography and computed tomog-
raphy (CT), lesions in the spine, thoracic cage, and skull
are substantially better displayed by CT (7).

As the detection of bone lesions by conventional
radiography is limited, various cross-sectional imaging
modalities such as whole-body low-dose CT
(WBLDCT), magnetic resonance imaging (MRI), and
hybrid imaging such as positron emission tomography
(PET)/CT have been shown to be more sensitive and
provide additional diagnostic information (7,8). Hence,
by improving diagnosis and surveillance, WBLDCT
optimizes treatment of MM. In addition, the
European Myeloma Network suggested a preference
for WBLDCT as the standard imaging modality for
the assessment of bone lesions in MM (5). Besides,
WBLDCT is suitable for the assessment of other dis-
eases that cause multiple skeletal lesions such as fibrous
dysplasia, eosinophilic granuloma, enchondroma,
hyperparathyroidism, or infections. Alongside these
benefits, CT has been considered a high-dose imaging
technique since its establishment, and causes the major
part of collective effective dose for all radiographic
examinations and has even increased within the last
few years (9,10). While some recent studies reported
radiation doses of WBLDCT for MM, further detailed
dose assessment and comparison between modern CT
generations is needed to optimize radiation protection.
Additionally, specific reports of effective and organ
doses as well as diagnostic reference levels (DRLs) of
new generation CT scanners are rare. Furthermore,
because several patients with MM undergo WBLDCT
repeatedly, dose protection is indispensable. For vari-
ous indications, DRLs were established to limit radia-
tion exposure of radiological imaging modalities (11).
Nonetheless, neither European nor national DRLs are
set up for WBLDCT and published local DRLs are
rare. To compare and evaluate local radiation exposure
distributions and optimize radiation protection, 75th
percentiles of dose metric distributions are often used
as DRLs (12).

The aim of the present study was to evaluate the
radiation exposure and dose assessment and to estab-
lish local DRLs of WBLDCT at modern second- and
third-generation dual-source CT (DSCT) devices for

the assessment of diseases causing skeletal lesions
such as MM.

Material and Methods

Patient cohort

Ethical approval for this retrospective single-center
study was granted by the institutional review board
and the requirement to obtain informed consent was
waived (20-9321-BO). Patients clinically referred for a
WBLDCT for the assessment of MM on a second- or
third-generation DSCT between January 2017 and
April 2020 were identified using a Digital Imaging
and Communications in Medicine (DICOM) header
based tracking and monitoring software (Radimetrics
Enterprise Platform, Bayer Healthcare, Leverkusen,
Germany).

Dual-source CT devices and whole-body low-dose CT
protocols

Patients were examined on one of two commercially
available multislice DSCT scanners: second-
generation dual-source 128-slice SOMATOM
Definition Flash and third-generation dual-source
192-slice SOMATOM Force (both Siemens
Healthineers, Forchheim, Germany). With the
SOMATOM Definition Flash, patients were scanned
with the following parameters: 100 kV; collimation¼
128� 0.6mm; gantry rotation time¼ 0.5 s; and refer-
ence tube current-time product¼ 70mAs. At
SOMATOM Force patients were scanned with these
parameters: 100 kV with additional spectral shaping
by a tin filter (Sn); collimation¼ 192� 0.6mm; gantry
rotation time¼ 0.5 s; and reference tube current-time
product¼ 130mAs. With both devices, only tube A
was used for image acquisition and automated tube
current modulation (Care Dose 4D, Siemens
Healthineers, Germany) was applied. Image recon-
struction techniques were applied to both DSCT with
a moderate strength of 3 (levels 1–5, where a higher
number implies a stronger noise reduction): on
SOMATOM Definition Flash Sinogram Affirmed
Iterative Reconstruction (SAFIRE, Siemens
Healthineers) and on SOMATOM Force Advanced
Modeled Iterative Reconstruction (ADMIRE,
Siemens Healthineers). Technical settings according
to device are summarized in Table 1. All patients
were scanned without administration of contrast
medium, in the craniocaudal direction, positioned
supine, with their head first, and arms alongside the
body. All scans were acquired in inspiratory breath-
hold during the scanning through the thorax and the
upper abdomen.
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Dose assessment

All examination parameters were retrieved from the
control system and radiation exposure measurements
referred to the 32-cm diameter standard polymethyl
methacrylate (PMMA) CT dosimetry phantom. For
dose assessment, the commercially available automated
dose-tracking software Radimetrics Enterprise
Platform (Bayer Healthcare, Leverkusen, Germany)
based on Monte-Carlo simulation techniques was
used. All examination data and dose assessments
were extracted from this software, which collects radi-
ation exposure metadata and patient demographic
information from the DICOM header and from the
Radiation Dose Structured Report, which is stored in
the Picture Archiving and Communication System
(PACS) (13). Assessed radiation exposure indices
were the volume-weighted CT dose index (CTDIvol)
and the dose length product (DLP), which are appro-
priate parameters to enable radiation protection.
Although they do not directly represent the dose to
an individual patient, CTDIvol and DLP quantify the
radiation dose output of a CT scanner and might help
to ensure lower radiation exposures. In addition to
that, the effective dose takes the radiosensitivity of
organs into account and can be calculated out of the
DLP by using specific weighting factors (14). For the
present study, the dose-tracking software applied
weighting factors following the International
Commission on Radiological Protection (ICRP) 103
published in 2007 (15). The following organ doses
were determined: adrenal glands; brain; colon; esopha-
gus; eye lenses; gall bladder; heart; kidneys; liver; lungs;
muscle; pancreas; red bone marrow; salivary glands;
skeleton; skin; small intestine; spleen; stomach; thyroid;
thymus; and urinary bladder. Regarding the reproduc-
tive system, organ doses of the breasts, ovaries, and
uterus were calculated in female patients and of the

testicles in male patients. The effective doses for radio-

graphic skeletal surveys were estimated from published

data via a literature search using PubMed.

Statistics and data analysis

Statistical analysis was performed using GraphPad

Prism 5.01 (GraphPad Software, San Diego, CA,

USA). Samples were tested for normal distribution

using the Kolmogorov–Smirnov test, Shapiro–Wilk

test, and D’Agostino-Pearson test. Normally distribut-

ed data are reported as mean� standard deviation

(SD), non-normally distributed data are reported as

median and interquartile range (IQR). The Mann–

Whitney U test was applied to compare radiation indi-

ces and effective and organ doses. P values less than

0.05 were considered statistically significant.

Results

Patient cohort

In our retrospective study, 232 patients (mean

age¼ 63.8� 12.1 years) who underwent WBLDCT

for the screening or surveillance of MM between

January 2017 and April 2020 could be included for

evaluation, comprising 40.5% (94 out of 232) women.

A total of 39 patients underwent recurring WBLDCT

(2�: n¼ 30, 3x: n¼ 8, 4x: n¼ 1). A total of 281

WBLDCT scans were performed.

Radiation exposure and DRL

Total radiation exposure was distributed as follows

(median, interquartile range [IQR]): CTDIvol¼
0.75mGy (0.52–1.68mGy) and DLP¼ 120.0mGy�cm
(87.5–270.1mGy�cm). Of all scans, 42% (118 of 281)

were performed at second-generation and 58% (163 of

Table 1. Technical parameters of whole-body low-dose CT for the assessment of multiple myeloma at second- and third-generation
DSCT.

CT device Siemens SOMATOM Definition Flash Siemens SOMATOM Force

Type Second-generation DSCT Third-generation DSCT

Dual-source mode Off Off

No. of examinations 118 163

Slices per rotation 128 192

Tube voltage (kVp) 100 100*

Collimation (mm) 128� 0.6 192� 0.6

Detector width (mm) 52.5 38.4

Reference tube current-time product (mAs) 70 130

Automated tube current modulation On On

Rotation time (s) 0.5 0.5

Pitch 0.6 0.9

*With spectral shaping by tin (Sn) filtration.

CT, computed tomography; DSCT, dual-source computed tomography.
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317) at third-generation DSCT. Differentiated by scan-

ner radiation distribution could be depicted as follows

(median, IQR): for second-generation DSCT:

CTDIvol¼ 1.78mGy (1.47–2.17mGy) and DLP¼
282.8mGy�cm (224.6–319.4mGy�cm); and for

third-generation DSCT: CTDIvol¼ 0.56mGy (0.47–

0.67mGy) and DLP¼ 92.0mGy�cm (73.7–

107.6mGy�cm) (Table 2). Statistical analysis showed

significant differences of both CTDIvol and DLP

between second- and third-generation DSCT

(P< 0.001) (Fig. 1). DRL at our institution of

WBLDCT for MM could be depicted as follows:

CTDIvol¼ 0.75mGy and DLP¼ 120mGy�cm.

Effective and organ doses

Total median effective dose was 0.77mSv (IQR¼ 0.58–

1.81mSv). Comparing second- and third-generation

DSCT, the median effective dose for second-

generation DSCT was 1.87mSv (IQR¼ 1.61–

2.17mSv) and for third-generation DSCT 0.61mSv

(IQR¼ 0.52–0.69mSv) (Table 2). The Mann–Whitney

U test revealed significant difference for effective dose

between second- and third-generation DSCT, which

was about 67% lower with third-generation DSCT

(P< 0.001) (Fig. 1). Specific organ doses according to

DSCT device are shown in Table 3. Likewise, statistical

analysis showed significant differences for calculated

organ doses between DSCT generations, which were

66.4%–72.2% lower with third-generation DSCT

(P< 0.001). For both CT scanners, the lowest organ

dose was determined for the esophagus (both scanners:

median¼ 0.55mSv0 [IQR¼ 0.43–1.30mSv]) and the

highest for the skeleton (both scanners:

median¼ 2.19mSv [IQR¼ 1.61–5.68mSv]) (Table 3).

The highest organ dose reduction was determined for

the skeleton where the median organ dose was about

72% lower with third-generation DSCT (1.67mSv

[IQR ¼1.42–1.98mSv] vs 6.01mSv [IQR¼ 5.14–

6.86mSv]) (P< 0.001). The lowest organ dose reduc-

tion was calculated for the adrenal glands, which was

still about 66% lower with third-generation DSCT

(P< 0.001).

Radiation dose of WBLDCT versus radiographic

skeletal survey

At our institution, WBLDCT nearly replaced the con-

ventional radiographic survey. Therefore, in order to

compare our results with radiographic radiation expo-

sure, the literature was analyzed systematically for

studies that assessed the radiation doses of typical

radiographical skeletal surveys for the assessment of

MM. Several studies reported effective doses in the

range of 0.9–2.5mSv for skeletal surveys consisting of

11–22 projections (6,16–18). In contrast, WBLDCT

using third-generation DSCT required a median effec-

tive dose of 0.61mSv (IQR¼ 0.52–0.69mSv). Hence,

WBLDCT can be performed with lower effective

doses than typical radiographical skeletal surveys.

Discussion

Comparison of second- and third-generation DSCT

scanners showed significantly lower radiation expo-

sure, and effective and organ doses for third-

generation DSCT. Hence, further dose reduction in

WBLDCT is achievable using new generation DSCT

scanners where our locally determined DRLs may

help as benchmarks.
As the detection of bone lesions by conventional

radiography is limited, all advanced imaging modalities

aim to better depict the extent of skeletal lesions, bone

marrow infiltration, and soft tissue disease. Recently

published criteria for the diagnosis of MM include

the image-based evidence of lytic bone lesions by CT

or MRI (3). While CT and MRI perform equally

regarding detection rate, specificity, and sensitivity,

MRI is deemed superior over WBLDCT in cases with-

out osteolytic lesions and can monitor treatment

response (19–21). Nonetheless, WBLDCT better

depicts lesions at risk for fracture than MRI and

Table 2. CTDIvol, DLP, and effective dose for whole-body low-dose CT at second- and third-generation DSCT.

Total (n¼ 281)

Second-generation

DSCT (n¼ 118, 42%)

Siemens SOMATOM

Definition Flash

Third-generation DSCT

(n¼ 163, 58%)

Siemens SOMATOM Force

CTDIvol (mGy) 0.75 (0.52–1.68) 1.78 (1.47–2.17) 0.56 (0.47–0.67)

DLP (mGy�cm) 120.0 (87.5–270.1) 282.8 (224.6–319.4) 92.0 (73.7–107.6)

Effective dose* (mSv) 0.77 (0.58–1.81) 1.87 (1.61–2.17) 0.61 (0.52–0.69)

Values are given as median (interquartile range).

*Estimated effective dose calculated from DLP following the weighting factors from the International Commission on Radiological Protection (ICRP)

103 (15).

CTDIvol, volume-weighted CT dose index; DLP, dose length product; DSCT, dual-source computed tomography.

530 Acta Radiologica 63 (4 )



lesions <5mm (2,8). Dual-energy CT plays a specific
role for the assessment of MM as it provides additional
information about non-osteolytic bone marrow infil-
tration and may serve as an alternative for patients
with contraindications for MRI or FDG-PET/CT
(19). While WBLDCT is already used routinely in
many institutions, patients would benefit from the
expanded diagnostic spectrum, which must not be

limited to lytic bone lesions but also enables evaluation
of bone marrow infiltration with precision comparable
to MRI and thereby helps to evaluate risk of disease
progression (22,23). Considering hybrid imaging
modalities, FDG-PET/CT has advantages especially
during follow-up, because it can depict active lesions
and modified tracer uptake during treatment and there-
by predicts outcome (21). Despite the different benefits
of all modern imaging modalities, institutional avail-
ability of technical equipment affects not least the pri-
mary imaging work-up for the assessment of MM.
Therefore, CT is the preferred modality because it is
widely available and the most sensitive cross-sectional
imaging modality in the depiction of bone lesions (7,8).
Furthermore, superiority in estimation of fracture risk,
shortened examination duration, and possible detec-
tion of extraskeletal manifestations are the benefits of
WBLDCT compared with a radiographic skeletal
survey and outweigh the higher radiation exposure
(24). However, potential overexposure to radiation
and increased risk of radiation-induced cancer are
ongoing concerns to whole-body standard-dose CT,
which can result in relatively high effective doses
(2,25,26). However, using low-dose techniques for
WBLDCT has been shown to provide diagnostic
image quality and significantly reduce radiation
doses. For example, spectral shaping using tin filters
in third-generation DSCT decreases radiation exposure
of WBLDCT (27). Additionally, WBLDCT is very
accurate for the detection of bone lesions and radiation
dose is two- to threefold lower than whole-body stan-
dard-dose CT (28,29). In our institution, single-source
mode was applied routinely for WBLDCT as it is suit-
able for the detection of bone lesions. Thus, dual-
source mode can be useful for further examination of
skeletal lesions such as bone marrow infiltration, where
it provides precision comparable with that of MRI
(19).

Considering CT radiation doses is indispensable for
radiation protection and plays a key role in any opti-
mization process. Several studies assessed radiation
exposures of WBLDCT for patients with MM and
reported a CTDIvol of 2.89–6.05mGy and a DLP of
289–784mGy�cm (6,17,18). Therefore, the radiation
exposure in the present study was well below the
reported data. Lower radiation exposure could be
achieved by modified technical settings such as
increased pitch which is inversely proportional to
CTDIvol. Furthermore, for the third-generation
DSCT scanner, spectral shaping and an advanced iter-
ative reconstruction technique were applied, which
have the potential to further reduce radiation exposure.
Reported effective doses of WBLDCT are in the range
of 1.5–11.3mSv (6,7,17,27,30). Recently published
studies reported effective doses of a typical

Fig. 1. Distribution of radiation exposure and effective dose of
whole-body low-dose CT for the assessment of multiple mye-
loma. Radiation exposure in terms of (a) CTDIvol, (b) DLP, and
(c) effective dose of two modern DSCT devices: second gener-
ation DSCT SOMATOM Definition Flash (n¼ 118) and third
generation DSCT SOMATOM Force (n¼ 163) (both: Siemens
Healthineers, Forchheim, Germany). Estimated effective dose
were calculated from DLP following the weighting factors from
the International Commission on Radiological Protection (ICRP)
103 (15). Whiskers represent minimum to maximum. Asterisk
indicates significant difference (p< 0.05). CTDIvol, volume-
weighted CT dose index; DLP, dose length product; DSCT, dual-
source computed tomography.
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radiographical skeletal survey for the assessment of

MM in the range of 0.9–2.5mSv (6,16–18).

Accordingly, effective doses of WBLDCT required

about 1.3–3 times the dose of radiographical skeletal

surveys (20,27). Our radiation doses undercut the

reported data for WBLDCT and were even below sev-

eral reported doses for radiographic skeletal surveys.

Hence, modern CT devices, in particular third-

generation DSCT, can achieve low radiation exposure

and effective doses. Therefore, an increased radiation

burden of WBLDCT is no longer a valid argument to

prefer a radiographic skeletal survey when modern CT

devices are available. The additional radiation-induced

cancer risk of our WBLDCT calculated for a patient

with the mean age of the patient cohort (63.8 years)

would be 0.22% for second-generation versus 0.13%

for third-generation DSCT (31). Therefore, third-

generation DSCT can reduce the radiation burden

and radiation-induced cancer risk, which can be impor-

tant particularly for young patients and those who

undergo repeatedly WBLDCT (32,33). Regarding spe-

cific organ doses, the highest organ dose was deter-

mined at both DSCT generations for the skeleton,

where the median effective dose was significantly

lower (72%) for third-generation DSCT (1.67mSv vs

6.01mSv; P< 0.001) (Table 3). According to our

results, published dose assessments of WBLDCT for

patients with MM reported the highest organ dose

for the skeleton, which received an organ dose of 8.4–

13.1mSv (6,17). In the present study, the organ dose

for skeleton as well as for other organs were substan-

tially lower, which demonstrates that radiation doses of

Table 3. Comparison of organ doses (mSv) of whole-body low-dose CT at second- and third-generation DSCT.

Total (n¼ 281)

Second-generation DSCT

(n¼ 118, 42%)

Siemens SOMATOM

Definition Flash

Third-generation DSCT

(n¼ 163, 58%)

Siemens SOMATOM Force

Muscle 0.90 (0.69–2.35) 2.48 (2.13–2.89) 0.73 (0.61–0.84)

Red bone marrow 0.65 (0.50–1.52) 1.57 (1.35–1.81) 0.52 (0.44–0.59)

Skeleton 2.19 (1.61–5.68) 6.01 (5.14–6.86) 1.67 (1.42–1.98)

Skin 1.14 (0.83–3.05) 3.15 (2.71–3.66) 0.89 (0.75–1.05)

Head and neck

Brain 1.25 (0.85–2.72) 2.84 (2.30–3.33) 0.92 (0.77–1.09)

Eye lenses 1.72 (1.19–3.89) 4.09 (3.33–4.89) 1.30 (1.06–1.53)

Salivary glands 1.25 (0.85–2.72) 2.84 (2.30–3.33) 0.92 (0.77–1.09)

Thyroid 1.57 (1.14–3.66) 3.92 (3.12–4.79) 1.18 (0.97–1.46)

Chest

Heart 0.72 (0.57–1.73) 1.77 (1.61–2.04) 0.58 (0.51–0.66)

Lungs 0.82 (0.65–1.98) 2.05 (1.84–2.36) 0.68 (0.58–0.76)

Thymus 0.87 (0.66–2.08) 2.12 (1.91–2.46) 0.69 (0.60–0.80)

Gastrointestinal tract

Esophagus 0.55 (0.43–1.30) 1.35 (1.20–1.55) 0.44 (0.38–0.51)

Stomach 0.72 (0.57–1.74) 1.79 (1.61–2.07) 0.59 (0.51–0.67)

Small intestine 0.59 (0.47–1.44) 1.48 (1.33–1.70) 0.49 (0.42–0.55)

Colon 0.62 (0.49–1.50) 1.53 (1.37–1.78) 0.51 (0.44–0.58)

Abdominal organs

Liver 0.72 (0.57–1.73) 1.77 (1.58–2.06) 0.59 (0.51–0.66)

Gallbladder 0.65 (0.51–1.55) 1.61 (1.48–1.85) 0.53 (0.47–0.60)

Pancreas 0.57 (0.46–1.39) 1.42 (1.27–1.64) 0.47 (0.41–0.53)

Spleen 0.70 (0.56–1.68) 1.74 (1.54–2.00) 0.57 (0.49–0.66)

Adrenal glands 0.62 (0.49–1.48) 1.52 (1.37–1.76) 0.51 (0.43–0.58)

Kidneys 0.77 (0.57–1.86) 1.91 (1.71–2.22) 0.63 (0.55–0.72)

Urinary bladder 0.73 (0.57–1.74) 1.79 (1.62–2.06) 0.59 (0.51–0.66)

Reproductive system*

Testicles 1.83 (1.12–3.56), n¼ 168 3.58 (2.91–4.11), n¼ 79 1.14 (0.96–1.32), n¼ 89

Ovaries 0.50 (0.42–1.28), n¼ 113 1.45 (1.27–1.72), n¼ 39 0.45 (0.38–0.50), n¼ 74

Uterus 0.54 (0.44–1.37), n¼ 113 1.47 (1.33–1.72), n¼ 39 0.47 (0.41–0.54), n¼ 74

Breast 0.85 (0.66–2.01), n¼ 113 2.24 (1.95–2.99), n¼ 39 0.72 (0.59–0.85), n¼ 74

Values are given as median (interquartile range).

*Number of patients for reproductive system organ doses are reported after doses.

DSCT, dual-source computed tomography.
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WBLDCT can be further reduced with modern DSCT.

In addition, all organ doses were significantly lower at

third-generation DSCT compared with second-

generation DSCT (P< 0.001). Several studies reported

approaches to reduce radiation doses of WBLDCT by
spectral shaping with tin filtration and by iterative

reconstruction techniques, which can decrease the

median effective dose to 1.45mSv and provides ade-

quate image quality (16,18,27). Another study assessed

spectral shaping by tin filtration at third-generation

DSCT and reported an effective dose of 1.0mSv
for WBLDCT (16). However, image quality remains

adequate and of diagnostic accuracy. Furthermore,

previous studies demonstrated that lowering tube volt-

age and automated tube modulation reduce radiation

doses without lowering image quality (34). Our results

show that third-generation DSCT with tin filtration

can reduce radiation exposure and effective dose by
about 70% compared with second-generation DSCT.

Ionizing radiation exposures of CT techniques vary

significantly between different institutions and further

due to intrinsic differences of CT devices (35–38).

Standardized aggregation of radiation dose data is
common practice at our institution as collecting radia-

tion data helps to analyze the dose distribution accord-

ing to protocol and devices (39). Therefore, DRLs are a

helpful benchmark which indicate typical ionizing radi-

ation exposure values for a specific technique (40).

Several studies have reported local, regional, or nation-

al DRLs for various indications, which is a reasonable
solution as equipment and protocols vary by institu-

tions (40). Nonetheless, neither national nor

European DRLs are set for WBLDCT. Our radiation

exposures and dose estimates were well below the

recently published data and show that WBLDCT by

third-generation DSCT with modern low-dose techni-

ques can be in line or even undercut the radiation expo-
sure of a radiographic skeletal survey for the

assessment of MM. Therefore, our locally determined

DRLs may help as benchmarks to revise national and

European DRLs and contribute to further radiation

protection.
The present study has some limitations. These are

the retrospective design and that image quality was not

considered when comparing the two different DSCT

generations. Thus, all examinations were of diagnostic

accuracy as they were acquired and used in clinical

routine. Additionally, adequate image quality delivered

by WBLDCT with third-generation DSCT has been
reported (27). Further, we could not report local radi-

ation doses of the radiographic skeletal survey for MM

as we perform WBLDCT for the assessment of MM

only. The strengths of the study include the large

number of patients assessed by uniform CT protocols

at two different modern DSCTs and the detailed report
of radiation exposures and organ doses.

In conclusion, radiation exposure and effective dose
of WBLDCT for the assessment of MM were signifi-
cantly lower by third-generation compared with
second-generation DSCT scanners and can even under-
cut the radiation dose of a typical radiographic skeletal
survey. DRLs regarding WBLDCT are required to
ensure optimized radiation protection, where our
local DRLs may help as benchmarks as they were
well below the reported values of recently published
dose assessments.
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