(2021) 52:269
Mokhtar et al. Egypt J Radiol Nucl Med
https://doi.org/10.1186/s43055-021-00613-y

Egyptian Journal of Radiology
and Nuclear Medicine

Open Access

RESEARCH

Studies on the radiation dose, image quality
and low contrast detectability from MSCT
abdomen by using low tube voltage
A. Mokhtar1* , Z. A. Aabdelbary2, A. Sarhan1,2, H. M. Gad1 and M. T. Ahmed2

Abstract
Background: To study radiation dose, image quality and low-contrast cylinder detectability from multislice CT
(MSCT) abdomen by using low tube voltage using the American College of Radiology (ACR) phantom. The ACR
phantom (low-contrast module) was scanned with 64 MSCT scanner (Brilliance, Philips Medical System, Eindhoven,
Netherlands) with 80 and 120 KVP, utilizing different tube current time product (mAs) range from 50 to 380 mAs. The
image noise (SD), signal to noise ratio, contrast-to-noise ratio (CNR), and scores of low contrast detectability were
assessed for every image respectively.
Results: From images analyses, the noise essentially increased with the use of low tube voltage. The CNR was
0.94 ± 0.27 at 120 KVP, and CNR was 0.43 ± 0.22 at 80 KVP. However, with the same dose, there were no differences of
statistical significance in scores of low-contrast detectability between 120 KVP at 300mAs and 80 KVP at (200–380)
mAs (p > 0.05). At 300 mAs, the C TDIvol obtained at 80 KVP was about 29% of that at 120 KVP. The C TDIvol obtained at
80 KVP were decreased from 5% at 50 mAs, to 37% at 380 mAs.
Conclusions: There is a possibility to decrease exposure of radiation virtually by reducing KVP from 120 to 80 KVP
in examination of abdominal CT when the high tube current is used, though increasing image noise at low tube
voltage.
Keywords: Multislice CT, Radiation dose, Image qualityCT ACR phantom
Background
There is a marked increment in using multislice computed tomography (MSCT) from its presenting. Yearly
scan of computed tomography (CT) has been increased
rapidly from (2–72) million since 1980 to 2007, approximately [1–4]. MSCT has major diagnostic ability and
enables expanded medical applications. However, it may
has ability to lead up to increasing radiation dose due to
using of the thinnest sections routinely, the expanded volume of irradiation, and multiple-phase irradiations that
was routinely completed in patients who are anticipated
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of having hepatocellular tumors. The patient has been
exposed in CT imaging to ionizing radiation [5]. Depending on the National Council on Radiation Protection and
Measurements (NCRP) [6], the radiation exposure from
CT is half of all the radiation exposure from medical
processes to the United State (U.S.) population approximately. According to the literature, actually, CT accounts
for approximately 7% of all radiological tests in earth but
participates more than 40% of the assembled effective
dose [7]. The theoretic risk of irradiation in fact cancer
due to CT scanning to patients cannot be neglected [8–
11]. Assess the risk of dying from cancer for those subjecting the process of CT per pass of CT scan across the
abdomen was 12.5/10,000 population [1]. Subsequently,
interests relating a reducing of radiation dose lately
have been excited through abdomen CT examinations.
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Though reducing tube current has the more means for a
reduction in radiation dose of CT [4, 12], such modification as well decreases the contrast to noise ratio CNR,
that already impact in the diagnostic result of the test.
This is mostly true in abdominal examination [13], wherever low-contrast areas have hardly and badly impacted
via the CNR. Several studies [14–16] propose that examination at low tube voltage can be decrease dose without
remarkably effecting image quality. In present work aims
to study the radiation dose, the image quality and the
low-contrast cylinder detectability from MSCT abdomen
by using low tube voltage using the American College of
Radiology (ACR) phantom.

Methods
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respectively for slice thickness 2.5 mm,pitch 1.172 mm/
rotation, rotation time 0.75 s, collimation 64 × 0.625,
matrix 512 and standard filter (Fig. 2).
Radiation dose measurement

We utilized the Computed Tomography dose index volume (CTDIvol) according to the output’s data for radiation dose appreciation. We are record the obtained CT
dose index volume (CTDIvol) of each irradiation conditions from the picture archiving and communication system (PACS) (Fig. 3).
We make a comparison between the CTDIvol that we
are obtained at protocol of standard tube voltage with
that protocol we are obtained at low tube voltage.

Description of phantom

CNR and SNR measurements

We used Gammex 464 ACR CT Accreditation Phantom
ACR phantom model: 464 CT Phantom Serial Numder:
804882-4996, manufacturers: Gammex Inc USA.
The ACR CT accreditation phantom consists of four
independent parts which can measure the required image
quality parameters [17–20]. In our study, we use Module
2 Fig. 1.

We measured the object of low-contrast in 25 mm diameter CT number (HU) and that of the background, for
each scanning protocol (120 KVP-80 KVP). The region
of interest (ROI) utilized to execute the measurements be
maintain at 100 mm2.
CNRs were calculated as follows:

Scanning of CT

The ACR phantom has been scanned two times per
protocol (120-80) KVP with a 64-section MSCT scanner (Brilliance, Philips Medical System, Eindhoven,
Netherlands). Scanning was performed with the standard tube voltage (120 KVP) and with the low tube voltage (80 KVP), with tube current time product settings
arrangement of 50, 100, 150, 200, 250, 300, and 380 mAs,

Fig. 1 The low-contrast module of ACR phantom. It contains six
groups of cylinders with different diameters (25, 6, 5, 4, 3 and 2 mm).
In this study, a 25 mm diameter object only was chosen to be
analyzed [17–20]

CNR = (HUM − HUB )/SDB ,
SNRs were calculated as follows:

SNRM = (HUM )/SDM
where HUM is the object of low-contrast (a 25 mm
diameter) average CT numbers, H
 UB is the background
average CT numbers, SDB is the standard deviation of
the attenuation values of the background and SDM is the

Fig. 2 Scatter diagram for positive correlation between C TDIvol and
CNR
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Table 1 The C TDIvols values obtained at 120 KVP and 80 KVP for
each set of acquisition conditions
Tube current–time product
(mAs)

CTDIvols (mGY)
120 KVP

80 KVP

50

3.2

0.9

100

6.5

1.9

150

9.7

2.8

200

12.94

3.8

250

16.12

4.7

300

19.4

5.6

380

24.6

7.12

Table 2 Comparison of C TDIvol (mGy) between 120 and 80 KVP
Fig. 3 Scatter diagram for positive correlation between (1/noise) and
mAs. At same mAs, image noise acquired with 120 KVP is less than
image noise acquired with 80 KVP

CTDIvol (mGY)

Mean ± SD
Min–Max

120 KVP

80 KVP

13.21 ± 7.46

3.83 ± 2.16

3.20–24.60

Student t-test

p value

3.19

0.008*

0.90–7.12

*means p < 0.05

standard deviation of the low-contrast object (a 25 mm
diameter) attenuation values.
Table 3 Comparison of CT number between 120 and 80 KVP

Assessment of LCD

Requested by two proficient viewers who were sightless
for each group of survey parameters, check the images
independently. Each object visualization was progressive by each observer on scoring scale of a 3-point: if the
object was appeared and visible clearly as perfect cylinder, a 3.0 score was acquired, if the object do not visible clearly a 2.0 score was acquired, and a 1.0 score was
acquired if the object not appeared (cannot be detected).
All images were evaluated respectively by each observer.
Statistical analysis

Data were analyzed with SPSS version 21.

Results
Radiation dose

Results show that 
CTDIvol range was from 3.2 to
24.6 mGy at 120 KVP, also the mean was 13.21 mGy and
stander deviation was ± 7.46 mGy. The result shows that
CTDIvol range was from 0.90 to 7.12 mGy when 80 KVP
was used, the mean was 3.83 mGy and stander deviation
was ± 2.16 mGy. The C
 TDIvol acquired of each group of
irradiation conditions (120–80) KVP is listed in Table 1.
At the same mAs settings, the CTDIvol acquired at 80
KVP was about 29% of the C
 TDIvol acquired when 120
KVP is utilized. By make a comparison with C
 TDIvol
acquired when120 KVP and 300 mAs is used, the relative
CTDIvols acquired with 80 KVP are 5% at 50 mAs, 10% at

CT number

Mean ± SD
Min–Max

120 KVP

80 KVP

90.47 ± 0.62

64.97 ± 1.29

89.64–91.45

Student t-test

p value

47.04

< 0.001*

63.14–66.50

*means p < 0.05

100 mAs, 14% at 150 mAs, 20% at 200 mAs, 24% at 250
mAs, 29% at 300 mAs, and 37% at 380 mAs.
Table 2 shows that, there is significant difference
between 120 and 80 KVP regarding C
 TDIvol (mGY).
Mean (SD) CTDIvol is higher at 120 KVP 13.21 (7.46)
compared to 3.83 (2.16) at 80 KVP with p value < 0.05.
Image quality

For each scanning technique, the CT numbers, stander
deviation of image noise, SNR, also CNR results are
registered in the below tables. The result shows that CT
number range was from 89.64 HU to 91.45 HU when
used 120 KVP, the mean was 90.47 HU and stander
deviation was ± 0.62 HU. The result shows that CT number range was from 63.14 HU to 66.50 HU when used
80 KVP, the mean was 64.97 HU and stander deviation
was ± 1.29 HU.
Table 3 shows that, there is significant difference
between 120 and 80 KVP regarding CT number. Mean
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Table 4 Comparison of image noise (SD) between 120 and 80
KVP
Image noise(SD)

Mean ± SD
Min–Max

120 KVP

80 KVP

7.90 ± 3.23

15.15 ± 6.56

5.09–14.61

Student t-test

p value

2.62

0.022*

Table 7 Correlation between C TDIvol (mGY) and CNR
CTDIvol (120KVP)

CNR

9.89–28.21

CTDIvol (80KVP)

Pearson correlation r

p

Pearson correlation r

p

0.951

0.001*

0.691

0.086

*means p < 0.05

*means p < 0.05

Table 8 Correlation between tube current (mAs) and image
noise
Table 5 Comparison of CNR between 120 and 80 KVP
CNR

Mean ± SD
Min–Max

Student t-test

120 KVP

80 KVP

0.94 ± 0.27

0.43 ± 0.22

0.51–1.24

p value
mAs

3.73

(1/noise) (120 KVP)

(1/noise) (80 KVP)

r

r

p

0.927

0.003*

Mean

p value

0.967

0.003*

Table 9 LCD subjective score
KVP/mAs

SNR
120 KVP
13.20 ± 4.32
6.14–21.36

Student t-test

LCD subjective score
observer A

Table 6 Comparison of SNR between 120 and 80 KVP

Min–Max

< 0.001**

0.02–0.63

*means p < 0.05

Mean ± SD

p

p value

observer B

80 KVP/50 mAs

3.0 (2.0,1.0)

3.0 (2.0,1.0)

80 KVP/100 mAs

3.0 (2.0,1.0)

3.0 (2.0,1.0)

80 KVP

80 KVP/150 mAs

4.0 (3.0,1.0)

4.0 (3.0,1.0)

4.88 ± 1.57

80 KVP/200 mAs

4.0 (3.0,1.0)

3.0 (2.0,1.0)

6.77

< 0.001*

2.01–6.79

*means p < 0.05

(SD) CT number is higher at 120 KVP 90.47 (0.62) compared to 64.97 (1.29) at 80 KVP with p value < 0.001.
Image noise (SD) range was from 5.09 HU to 14.61 HU
when used 120 KVP, the mean was 7.90 HU and stander
deviation was ± 3.23 HU. The result show that image
noise (SD) range was from 9.89 HU to 28.21 HU when
used 80 KVP, the mean was 15.15 HU and stander deviation was ± 6.56 HU (Table 4).
Table 4 shows that, there is significant difference
between 120 and 80 KVP regarding image noise (SD).
Mean (SD) image noise is lower at 120 KVP 7.90 (3.23)
compared to 15.15 (6.56) at 80 KVP with p value < 0.05.
The CNR range was from 0.51 to 1.24 when used 120
KVP, the mean was 0.94 and stander deviation was ± 0.27.
The result shows that CNR range was from 0.02 to 0.63
when used 80 KVP, the mean was 0.43 and stander deviation was ± 0.22 (Table 5).
Table 5 shows that, there is significant difference
between 120 and 80 KVP regarding CNR. Mean (SD)
CNR is higher at 120 KVP 0.94 (0.27) compared to 0.43
(0.22) at 80 KVP with p value < 0.05.
SNR range was from 6.14 HU to 21.36 HU when used
120 KVP, the mean was 13.20 HU and stander deviation was ± 4.32 HU. The result shows that SNR range

80 KVP/250 mAs

5.0 (3.0,2.0)

5.0 (3.0,2.0)

80 KVP/300 mAs

5.0 (3.0,2.0)

6.0 (3.0,3.0)

80 KVP/380 mAs

6.0 (3.0,3.0)

6.0 (3.0,3.0)

120 KVP/300 mAs

6.0 (3.0,3.0)

6.0 (3.0,3.0)

*

1.50 ± 0.71

1.50 ± 0.71

2.00 ± 1.41

2.00 ± 1.41

2.50 ± 0.71

2.50 ± 0.71

3.0 ± 0.0

3.0 ± 0.0

0.014*
0.014*
0.182
0.182
0.5
0.5
1
(r)

Significant p < 0.05, (r) reference group, the p values are those obtained with 80
KVP Comparative with results acquired with 120 KVP/300 mAs. There is a good
agreement among the two observers (A, B) regarding the personal evaluation of
the LCD (κ = 0.667)

was from 2.01 HU to 6.79 HU when used 80 KVP, the
mean was 4.88 HU and stander deviation was ± 1.57 HU
(Table 6).
Table 6 shows that, there is significant difference
between 120 and 80 KVP regarding SNR. Mean (SD)
SNR is higher at 120 KVP 13.20 (4.32) compared to 4.88
(1.57) at 80 KVP with p value < 0.001.
Table 7 shows that, there is positive significant correlation between C
 TDIvol (mGY) and CNR at 120 KVP
(r = 0.951, p = 0.001). On the other hand no significant
correlation is observed at 80 KVP p value > 0.05.
Table 8 shows that, there is positive significant correlation between (1/noise) and mAs at 120 KVP (r = 0.967,
p =  < 0.001) and at 80 KVP (r = 0.927, p = 0.0).
LCD results

The results of subjective scores of LCD assigned by two
proficient observers are listed in Table 9.
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At 120 KVP and 300 mAs, the average score of the
images was 2.50 ± 0.71. At 80 KVP, the average score
was 1.50 ± 0.71 at (50–100) mAs which was significantly
much less than the average score at 120 KVP and 300
mAs with p value = 0.014 at (50–100 mAs) (Table 9). The
score was 2.00 ± 1.41 at (150–200 mAs), and the score
was 2.50 ± 0.71 at (250–300 mAs) there were no differences of statistical significance between average score
at 120 KVP and 300 mAs and average score acquired
at 80 KVP and other tube current settings (mAs) that
were investigated (p value = 0.182 at 150–200 mAs; p
value = 0.5at 250–300 mAs and p value = 1.0 at 380 mAs).

Discussion
Now, advancement in MSCT technique permits CT
examinations to be fast and easily implementation, and
this leads to a potential increasing of radiation dose for
patients. particularly, risk of cancer death and the radiation exposure from hepatic CT examinations have
increased significantly due to dynamic-enhanced of
multiple-phase computed tomography examination
was performed constantly. Management patient dose
is subsequently a main interest in MSCT abdominal
examinations.
We find in this study that, the relation between CNR
and CT dose index volume ( CTDIvol) was a directly relation, which was compatible with Waaijer et al. [21, 22],
they found that S
 NR2 was proportional to effective tube
current and CT dose index volume. Though the average
CNR was reduced whenever CT examination was executed at 80 KVP tube voltages with the same tube current adjusting, CNR ameliorated basically when selfsame
CTDIvol was utilized.
Also we find in this study that CNR range was from
0.02 to 0.63 when used 80 KVP. Furthermore, the relative
radiation dose obtained at 80 KVP and 380mAs was 37%
of the relative radiation dose obtained at 120 KVP and
300 mAs. Thus, we assume that low KVP scanning as low
as 80 KVP is available for a pediatric Abdominal computed tomography scanning without diagnostic accuracy loss when mAs is maximum than 300 mAs allowing
radiation dose reduction by 29% to 37%. This results have
agreement with American ACR abdominal CT (CNR for
a pediatric was more than 0.5) [16].
One of the greatest substantial factors for abdominal
computed tomography is LCD, specially when we are
searching for little lesions of organs of Abdomen like,
pancreas, liver, kidneys or spleen.
LCD also is related for contrast improved series, not
only related for not improved series, because contrast
between abnormal and normal tissue could only increasing lightly by the iodine [23].
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The low contrast detectability subjective scores
obtained with 80 KVP and 150, 200, 250, 300 and 380
mAs were not varying significantly from scores obtained
with 120 KVP. Moreover, the low contrast detectability
average score obtained with 80 KVP and 380 mAs was
similar to the low contrast detectability average score
obtained with 120 KVP and 300 mAs. From our results,
reducing KVP from 120 to 80 KVP also may result in up
to 37% dose reduction without degeneration low contrast
resolution. Funama et al. [21] reported that a 35% reducing of radiation dose might be obtained with examination
was assessed at 90 KVP instead of at 120 KVP without
degeneration of low contrast detectability. Our results
have agreement with Funama also suppose that the capability of using lower tube voltage in abdominal computed
tomography thereby achieving decreasing of radiation
dose while image quality is maintaining acceptable.
Verdun et al. [24] shown that there is a strong correlation significantly between the average measurements of
CNR and the low contrast detectability subjective scores
(r = 0.95, p < 0.05).
Increasing in image noise and decreasing in SNR which
resulted from the decreasing of photon flux were considered the basic obstacle of low tube voltage technology.
In our study, we found that there is significant difference between 120 and 80 KVP regarding image
noise (SD). Also, there is positive significant correlation between (1/noise) and mAs at 120 KVP (r = 0.967,
p =  < 0.001) and at 80 KVP (r = 0.927, p = 0.003), such as
Waaijer et al. [13, 22] we showed that the tube current
has correlative relationship inversely with image noise. In
other expression, when the lower tube voltage strategy or
lower tube current is performed, the increased noise will
be obtained.
However, image noise, has a good effect on abdominal
images quality as the region of abdomen is lower contrast
inherently.
So, low tube voltage computed tomography scanning
required settings of higher tube current to recompense
for the photon slower number.
As well, new technologies must be evolved to obtained
image noise reduction. Over last years, Sundry articles
showed that filter back projection (noise decreasing filters) (FBP) [25–28], also reconstruction methods, like
adaptation statistical iterative reconstruction technique
(ASIRT) [29–31] can virtually help to decrease the Computed Tomography images noise with reducing radiation
dose without degradation of image quality.
Study limitations

First, this results must be further confirmed for clinical using as that CT examination at low KVP (80 KVP)
was only implemented in ACR phantom, but this solid
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phantom was not consider body composition variability,
nevertheless, Marin et al. [32] reported that a technology
of low tube voltage with 80 KVP might be performed to
ameliorate the conspicuity of liver tumors of malignant
hyper vascular while significantly reduction of radiation
dose of patient.
Second, the incident X-ray beam attenuation in computed tomography depends on the body portion size
that wants to be evaluated but our studies do not take
into consideration body sizes differences; that is, most
great exposure is wanted for fat patients to achieve
the same image quality to that for thinner humans
[33]. However, preceding studies with a phantom propose that the technique of low KVP is efficient for dose
reducing of abdominal computed tomography for comparatively patients having body weight below 80 kg
(light weight patient) [34].
Another part is that more humans existing with
implants of high-attenuation, that can significantly
reduce image quality by applying low KVP protocols
continuously.
Third, the contentious usage of maximum high tube
current shortens the life of the tube so it has a bad
effect on the machine. In our present work we use high
mAs until 380 mAs but we did not get to the maximum
tube current.
Lastly, we only utilize the computed tomography
dose index volume (CTDIvol) acquired from the picture
archiving and communication system (PACS) via manufacturer to assess the radiation dose.
As a final of limitations we recommended to do this
study with a protocol 80 KVP on patient for more
assessment.

Conclusions
Results of our study detected that there is a possibility
to decrease exposure of radiation virtually by reducing
KVP from 120 to 80 KVP in examination of abdominal
CT when the high tube current is used, though increasing image noise at low tube voltage. As an effective
technique to reduce the dose of CT scan at low KVP
safety and help patients of light weight relatively, specially patients who may want to subject MSCT tests for
high-risk examination or long-term follow-up.
Abbreviation
MSCT: Multislice computed tomography; CT: Computed tomography; NCRP:
National Council on Radiation Protection and Measurements; U.S.: United
State; CNR: Contrast to noise ratio; SNR: Signal to noise ratio; ACR: American
College of Radiology; CTDIvol: Computed tomography dose index volume;
PACS: Picture archiving and communication system; ROI: Region of interest;
LCD: Low contrast detectability.
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