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Abstract

Background: CT techniques and procedures have been expanded in the past decades, leading to an increase in the use of CT. At the
same time, the radiation dose to the patient and the concern surrounding this issue has also increased.
Objectives: The goal of this study was to assess clinical image quality and x-ray dose from various computed tomography (CT) scan-
ners in order to identify the CT scanners that produce the least radiation dose to patients with exact acceptable image quality for
diagnosis.
Patients and Methods: Non-randomized clinical image data were collected from six hospitals on 16, 32 and 64 slice CT scanners. A
total of 900 patients who underwent chest, abdomen, and brain scans were used for image quality evaluation and dose assessment.
The image qualities were evaluated by five observers on 1 - 5 visual grading scale. The CT dose volume index (CTDIv) and dose length
product (DLP) was documented from the image display.
Results: The averaged CTDIv was 64.96, 70.2, and 75 mGy for the brain, 11.65, 15.53 and 17.11 mGy for the chest, and 13.41, 18.44, and
19.42 mGy for the abdomen from 16, 32 and 64 slice scanners respectively. The averaged image quality scores were 3.68, 3.82, and 4.81
for the abdomen, 3.01, 4.27, and 4.42 for the chest, and 4.92, 4.94, and 4.99 for the brain from 16, 32 and 64 slice scanners respectively.
Conclusion: Sixteen slice CT scanner delivered the minimum radiation dose to patients in contrast with the 32 and 64 slice CT
scanners, and the image quality was adequate for diagnosis. Both 32 and 64 slice CT scanners produced more than acceptable image
quality as well as more than needed dose to patients. The patient dose from the 32 and 64 slice scanners may be reduced by dropping
their image quality to close to the 16 slice CT scanner.
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1. Background

Recent technological development has brought multi-
ple slices CT (MSCT) scanners into clinical practice from 2,
4, 8, 16, 32 to 64 slices and now the 256 slice scanners are
being introduced into clinics (1, 2).

Therefore, there is an ongoing push for the hospitals
to acquire newer CT scanners with higher numbers of
slices because higher slice CT scanners provide larger or-
gan coverage, faster scan time, better image quality and are
open to more clinical applications that require faster ac-
quisition such as cardiac imaging (3). Multiple slice scan-
ners generally produce better image qualities but deliver
higher radiation doses to patients than the single slice

scanners (4).

While CT techniques and procedures have expanded in
the past decades leading to an increase in the use of CT, at
the same time, the radiation dose to the patient and con-
cern surrounding this has also increased. CT scanning is
able to give high quality and value diagnostic information;
however, it is also described and recognized as a high dose
procedure (2).

During a CT examination, the radiation dose transmit-
ted to the patient can be high, so it is vital to keep the radi-
ation exposure as low as possible, paying extra attention to
the image to maintain a clear image quality that is suitable
for diagnosis (5).
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Image quality means how precisely obtained CT atten-
uation data is recreated into an optical image represent-
ing definite anatomical characters. The essential reason
of radiation dose executive and the “as low as reasonably
achievable” (ALARA) idea stems from the link between im-
age quality and radiation dose. The anatomical aspect
necessary for an exact clinical diagnosis should instruct
whether to choose CT at all, and if so, to decide the pa-
rameters and dose used in CT scans. However, decreasing
the radiation dose also reduces an image’s aspect and its
prospective diagnostic significance.

Manufacturers have been working to improve all as-
pects of CT scanners including the use of high efficient
photon detectors and highly sophisticated computer soft-
ware to improve image quality (6).

CT scanners are considered to quickly obtain thorough
data from large volumes rather than to encourage oper-
ator restraint. The high capabilities of technology fre-
quently are not as important as the risk linked to it, and
comparatively slight consideration has been paid to apply
the ALARA code compared with the efforts concentrated on
developing a technology that maximizes image quality (6-
8).

In order to minimize radiation doses to patients, the
clinical image quality should also be minimized to just ac-
ceptable for patient diagnosis because the dose to the pa-
tient is generally proportional to the image quality. There
are attempts in defining such minimal image quality crite-
ria, (9) but these criteria are not quantitative parameters
that could be used in the mathematical optimization of
dose and image quality (10, 11).

One of the radiation protection tools in limiting radia-
tion doses to patients is to establish a diagnostic reference
level (DRL) for each of the clinical protocols or anatomic re-
gions (12-14).

These diagnostic reference levels are stand on surveys
of the doses to patients from a number of hospitals where
the 75 percentile of the highest dose delivered to the pa-
tients for each of the scan protocols is generally accepted as
the dose reference level (15, 16). Any doses higher than the
reference level should be questioned and justified. These
DRLs provide the up limits for the dose to patients and
they can prevent individual CT clinics from making over
exposure to patients, but it does not address the radiation
protection principle of as low as possible radiation dose
to patients because DRL is not the lowest possible radia-
tion to patients. In order to minimize the radiation doses
to patients, the clinical image quality should also be min-
imized to exactly acceptable for patient diagnosis because
the dose to the patient is generally proportional to the im-
age quality. There are attempts in defining such minimal

image quality criteria, (12) but these criteria are not quan-
titative parameters that could be used in the mathematical
optimization of dose and image quality (10, 11, 17).

A quantitative image quality index or image quality
variable is needed in order to minimize the radiation dose
to the patients by minimizing the image quality to the ex-
act diagnosable level. It is a challenge to define an exact
diagnosable image quality index because it depends not
only on physical image quality parameters such as noise,
contrast, and resolution, but also on the perception of
observers. Several image quality indexes, figure of merit
(FOM) or by mathematical calculation using Monte Carlo
methods parameters have been suggested, (10, 11) but there
is still no generally accepted FOM as yet in measuring the
image quality quantitatively (11).

For example, the noise index is taken as the image qual-
ity parameter for the popularly implemented automatic
exposure control (AEC) in almost every manufacturer’s CT
scanner. Although the application of AEC has been suc-
cessful in reducing the dose to patients, the use of con-
stant noise for adults is not acceptable for children and the
same noise level for children may lead to an excessive dose
for adults (18, 19). However, this FOM still does not offer
the explicit choice for optimization of scan parameters as
demonstrated in recent studies (18, 20, 21).

It is clear that any image quality index or FOM must in-
clude an observer factor; the image quality ranking index
using a visual grading scale by observers appears to be the
finest for the image quality index (22, 23). In addition, the
visual grading analysis (VGA) method will be used, because
it most closely represents what happens in clinical prac-
tice, given that humans, not machines, are the ones who
read and write the reports dealing with images (24).

2. Objectives

The aim of this study was: 1. to examine clinical mul-
tiple slice CT (MSCT) image qualities and radiation doses
from different MSCT scanner designs in current practice in
order to identify the MSCT scanners that deliver the least
dose to the patients and produce acceptable image qual-
ity for diagnosis; 2. to employ observers to evaluate cur-
rent clinical CT images in order to determine the reference
level of the exact diagnosable image quality so that the ra-
diation dose to patients may be further minimized.

3. Patients and Methods

This research project was approved by Jordan Univer-
sity of Science and Technology ethics on human research
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committee. Clinical CT images were collected from six
hospitals of Jordan between May 2014 and October 2015.
The selection of these six hospitals was without any prej-
udices. It was our intention to randomly sample imag-
ing centres domestically, but nevertheless this study rep-
resents a number of hospitals and locations therefore, it
is a non-randomized study. The manufacturers involved
were also the major well-known brands in CT imaging prac-
tice. The focus of this study was mainly on the adult brain,
abdomen and chest as these are the frequently scanned
anatomical regions.

3.1. Data Collection

All types and models of CT scanners contain a gantry,
an x-ray source and detectors. The x-ray permits through
the body part depending on the part’s tissue composition,
which works due to greater attenuation for bones and
lesser for soft tissues. After the x-ray passes through the
part of the body that needs to be examined, the beam will
be generated in the detector which is used to instruct the
image (7).

Non-contrast CT images were collected from six hos-
pitals in Jordan between August 2014 and October 2015.
The image data involved a total of 900 adult patients, who
underwent abdomen, chest and brain scans using three
different MSCT scanners in six hospitals (16, 32 and 64-
slice scanners from the manufacturers of Philips, GE and
Siemens) as listed in Table 1. The 16, 32 and 64-slice CT scan-
ners are among the most popular CT scanners in current
clinical practice. The manufacturers involved were also the
major well-known brands in CT imaging practice. The fo-
cus of this study was mainly on the adult patient’s brain,
chest and abdomen, as these are the frequently scanned
anatomical regions with beam collimation 16cm for the
head and 32cm for the abdomen and chest. These exami-
nations were chosen for the reason that they are normally
carried out in most x-ray departments.

Radiological technologists in charge of the scanners
were asked to document both technique related param-
eters (e.g. kVp, mAs), dose length product (DLP) and CT
dose volume indexes (CTDIv). The kVp and mAs are the
main scan parameters that can be adjusted by the technol-
ogists or operators and have significant impact on the im-
age quality and radiation dose to the patients but we asked
all operators to follow the same standard CT protocols that
are recommended by the manufacturers. The CTDIv and
DLP were displayed on the images from multi-slice CT ma-
chines as listed in Table 1.

The CTDIv is the averaged dose parameter that has
taken into account the pitch number, detector collimation,
x-ray tube to iso-centre distance and further procedural

parameters (25, 26). During the copying procedure, the
option to de-identify the images was selected to maintain
patient confidentiality. This option removed the patient
name and ID number from the image file header. No other
means of identifying the patient was collected.

3.2. Image Quality

The images were assessed by five observers (three ra-
diologists and two technicians) from Jordan. The three ra-
diologists had 5 years of experience and the two technolo-
gists had 10 years of experience. Patient information, scan
parameters and CT models of manufacturers were all re-
moved from the images, and each of the images were as-
signed only an image number before being sent out for
evaluation. An image quality ranking score was sent to the
observers, and they were asked to rank the image quality
using a 5-point scale based on the confidence for diagno-
sis and image noise and artifact. The image quality ranks
were: 1, not acceptable since the image quality is so poor
that an interpretation is not possible and the study would
need to be repeated; 2, poor: the image is of poor quality,
however it may view major abnormalities; 3, acceptable:
the image quality is sufficient for adequate interpretation
but with clearly present artifact; 4, good: it demonstrates
better than average image quality with artifacts that are
not affecting diagnostic value; and 5, very good: it demon-
strates optimum image quality that is free of artifact and
minimum noise (23, 27). The observers were also asked to
critique the image as well as its rankings by explaining why
the image was assigned such a ranking score. The cutoff
score in order to accept the image quality was 3.

As the observer could not attend the research site, a
practical alternative was to have the observer view and
compare the images on their own PCs. Images were for-
warded to the observer at their places of employment.
900 images needed to be viewed and ranked by each ob-
server. The images, in digital imaging and communication
in medicine (DICOM) format, were downloaded in a DVD
and sent to the observers. Observers were chosen to rank
the images instead of using a software program, because in
clinical practice the radiologist reads and writes the report
for the images. The inter-observer agreement was tested by
employing the Kappa test.

3.3. Data Analysis

Statistical analysis of the collected data was performed
by using commercially available software (IBM SPSS statis-
tics 23.0). Averages and standard deviations for the fac-
tors affecting the patients’ radiation exposure dose (man-
ufacturer, number of detectors, and CT exam type) and im-
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Table 1. CT Scan Parameters (kVp, mAs), DLP and CTDIv for Machines Used in This Studya

Exam Hospital Scanner Number of slices Kvp mAs CTDIv DLP

Abdomen

1 Philips 32 120 Auto 18.4496 717.21

2 Siemens 16 120 Auto 8.991 322.62

3 Philips 64 120 Auto 19.549 899.316

4 Philips 64 120 Auto 20.472 1099.42

5 Philips 16 120 Auto 17.835 853.58

6 GE 64 110 Auto 18.248 463.36

Chest

1 Philips 32 120 Auto 15.53 591.84

2 Siemens 16 120 Auto 6.145 267.34

3 Philips 64 120 Auto 18.062 666.78

4 Philips 64 120 Auto 16.611 533.06

5 Philips 16 120 Auto 17.17 722.34

6 GE 64 120 Auto 16.66 893.1

Brain

1 Philips 32 120 Auto 70.20 1196.94

2 Siemens 16 120 Auto 66.82 1253.43

3 Philips 64 120 Auto 72.02 1217.6

4 Philips 64 120 Auto 71.11 1153.1

5 Philips 16 120 Auto 63.11 982.54

6 GE 64 120 Auto 81.87 1569.07

Abbreviations: CTDIv, CT dose volume index; DLP, dose-length product.
aDLP and CTDIv are measured in (mGy-cm) and (mGy) respectively.

age quality ratings were analysed. Correlations were cal-
culated to define the effects of the number of detectors on
the radiation exposure dose in accordance with CT exam
type (abdomen, chest, and brain) and image quality rat-
ing. Weighted kappa tests were used to measure the level
of agreement between image quality observers.

4. Results

Table 1 lists the scan parameters of kVp and mAs used
for each of the CT scanners on brain and abdomen and
their resulting volumetric dose index CTDIv (mGy) and DLP
(mGy-cm). The kVp are constant for the patients on each of
the scanners, while the mAs were auto AEC for the CT scan-
ners.

The six hospitals of this study were the typical imaging
centres of which the optimization of image quality and ra-
diation dose have not been evaluated.

Radiation doses to patients were higher from the 64
slice for the abdomen, chest and brain (19.42, 17.11 mGy and
75.0 mGy) and 32 slice (18.44, 15.32 and 70.2 mGy) scanners
than those from the 16 slice scanner (13.41, 11.65 and 64.96
mGy), without considering the penumbral effect of multi-
ple slice scanners as listed in Table 2.

Our results show that, on average, the radiation dose to
patient increases as the CT slice number increases in cur-
rent clinical practice. These data were averaged from vari-

ous hospitals and manufacturers of CT scanners, which are
in contrast to our limited sampling number of hospitals
and manufacturers.

Table 3 presents the image quality rankings on these
clinical images from the five observers. The MSCT machine
averaged for each exam (abdomen, chest and brain) image
quality scores were 3.68, 3.82 and 4.81, 3.01, 4.27, and 4.42,
and 4.92, 4.94 and 4.99 for 16, 32 and 64 slice scanners, re-
spectively as listed in Table 3.

It shows that image quality of the 16 slice CT machine
is just adequate (larger than 3) and the 32 slice scanner is
more than adequate (larger than 3) for diagnosis of the ab-
dominal area. The image quality of the 64 slice CT scanner
is far more (larger than 4) than the acceptable diagnostic
image quality. In addition, for the chest, the 16 slice CT ma-
chine is just adequate (larger than 3) and the 32 slice scan-
ner is more than adequate (larger than 4) for patient diag-
nosis.

From Table 4, we can see that the image quality rank-
ings from all five observers are in a strong correlation with
each other for CT scan 16 slices (abdomen, chest and brain),
also strong positive correlation for the abdomen in 32 and
64 slices. Furthermore, the chest has strong and moderate
agreement in 32 and 64 slices. In addition, the brain in 64
slices has constant value of CTDIv, so all observers gave the
same ranking. For example, by looking at Table 4, we can
see there is a strong positive correlation between R 1 and R
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Table 2. List of the Averaged Clinical Scan Parameters (CTDIv and DLP) for the CT Examinations Studied from Three Different Scanner Models

Exam Number of slices CTDIv DLP

Abdomen

16 13.41 588.1

32 18.44 717.21

64 19.42 820.70

Chest

16 11.65 494.84

32 15.53 591.84

64 17.11 697.65

Brain

16 64.96 1117.99

32 70.2 1196.94

64 75.00 1313.26

Abbreviations: CTDIv, CT dose volume index; DLP, dose-length product.

Table 3. Image Quality Scores from Five Observersa

CT exam Number of slices
Observers ratings (Avg)

R1 R2 R3 T1 T2 Avg

Abdomen

16 3.6 3.57 3.67 3.66 3.92 3.68

32 3.88 3.62 3.90 3.60 4.12 3.82

64 4.79 4.82 4.81 4.80 4.82 4.81

Chest

16 3.15 2.99 3.04 2.94 2.93 3.01

32 3.92 4.64 4.58 4.52 3.68 4.27

64 4.64 4.64 4.64 4.10 4.10 4.42

Brain

16 4.92 4.92 4.92 4.93 4.93 4.92

32 5.00 5.00 4.96 4.92 4.82 4.94

64 4.98 5.00 5.00 5.00 4.99 4.99

Abbreviations: Avg, Average; R, Radiologist; T, Radiologic Technologist.
a The diagnostic image quality score range is 1- 5 with 1, not acceptable; 2, poor; 3, acceptable; 4, good; and 5, very good.

2 who ranked the abdominal images of 16 slice CT, as the
correlation r = 0.918, this value indicates that the strength
between R1 and R2 are very high.

Table 5 shows the agreement between the observers re-
garding image quality ranking for each exam and MSCT us-
ing weighted kappa tests. We can see that the image qual-
ity rankings from all five observers vary but in total, are
in good agreement with each other. The observer’s agree-
ment for the 16 slices CT for the abdomen ranged from
moderate; k = 0.527 to very good; k = 0.928, the agreement
for the chest from the 16 slice CT ranged from moderate; k
= 0.650 to very good; k = 0.907, and for the brain, the agree-
ment ranged from very good; k = 0.929 to perfect; k = 1.

Although the observers agreement for the abdomen
from 32 slice CT ranged from moderate agreement; k =
0.447to good; k = 0.765, the agreement for the chest from
the 32 CT slice ranged from poor agreement; k = 0.091 to
good; k = 0.784, and for the brain the results were constant
because the CTDIv was the same for all patients and the
ranking was nearly the same for all observers.

Moreover, the observers’ agreement for the abdomen
from 64 slice CT ranged from moderate agreement; k =

0.599 to very good; k = 0.874, the agreement for the chest
from 64 slice CT ranged from moderate agreement; k =
0.544 to very good; k = 0.959, and for the brain, the re-
sults were constant because the CTDIv was the same for all
patients and the ranking was nearly the same for all ob-
servers. The inter observer agreement was tested using the
weighted kappa tests.

Table 6 shows a strong correlation as well as signifi-
cant association between image quality scores and CTDIv
for each MSCT as the correlation coefficient for the 16 slice
ranges from 0.875 to 0.887 and the P.v < 0.01. Similarly, the
correlation coefficient for the 32 slice CT ranges from 0. 559
to 0.887 (P value < 0.001). For the 64 slice CT, the correla-
tion coefficient ranges from 0.478 to 0.608 and the (P value
< 0.001).

Table 7 shows the cutoff value, sensitivity and speci-
ficity of radiation dose to discriminate between the image
qualities. According to the area under the curve (AUC) of
the receiver operating characteristic (ROC) analysis, the ra-
diation dose had a high predicted power to predict image
quality for all body parts and all number of slices (AUC >
0.5) for all CT exams and MSCT scanners.
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Table 4. Correlation Between the Observers for Each Exam and MSCTa

Exam Number of slices IQ observers
Correlation

R 1 R 2 R 3 T 1 T 2

Abdomen

16

R 1 1 0.918 0.854 0.872 0.838

R 2 1 0.886 0.870 0.821

R 3 1 0.896 0.857

T 1 1 0.895

T 2 1

Chest

R 1 1 0.869 0.838 0.803 0.845

R 2 1 0.960 0.889 0.939

R 3 1 0.869 0.910

T 1 1 0.891

T 2 1

Brain

R 1 1 1 1 1 1

R 2 1 1 1 1

R 3 1 1 1

T 1 1 1

T 2 1

Abdomen

32

R 1 1 0.808 0.844 0.816 0.879

R 2 1 0.841 0.714 0.704

R 3 1 0.811 0.743

T 1 1 0.779

T 2 1

Chest

R 1 1 0.788 0.783 0.85 0.535

R 2 1 0.876 0.826 0.584

R 3 1 0.86 0.69

T 1 1 0.561

T 2 1

Brain

R 1 1 0.788 0.836 0.85 0.535

R 2 1 0.737 0.826 0.584

R 3 1 0.859 0.574

T 1 1 0.561

T 2 1

Abdomen

64

R 1 1 0.740 0.678 0.593 0.672

R 2 1 0.840 0.749 0.788

R 3 1 0.865 0.815

T 1 1 0.863

T 2 1

Chest

R 1 1 0.958 0.929 0.624 0.550

R 2 1 0.943 0.614 0.540

R 3 1 0.644 0.569

T 1 1 0.951

T 2 1

Brain

R 1 - - - - -

R 2 - - -

R 3 - -

T 1 -

T 2 -

Abbreviations: MSCT, multiple slice CT R, Radiologist; T, Radiologic Technologist.
a - = No statistics are computed because the variables are constant; IQ, image quality.
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Table 5. Agreement Between the Observers for Each Exam and MSCTa

Exam
Number

of
slices

IQ ob-
servers

Agreement

R 1 R 2 R 3 T 1 T 2

M.A P.v M.A P.v M.A P.v M.A P.v M.A P.v

Abdomen

16

R 1 0.928 < 0.001 0.700 < 0.001 0.750 < 0.001 0.553 < 0.001

R 2 0.754 < 0.001 0.736 < 0.001 0.527 < 0.001

R 3 0.792 < 0.001 0.561 < 0.001

T 1 0.616 < 0.001

T 2

Chest

R 1 0.733 < 0.001 0.725 < 0.001 0.650 < 0.001 0.728 < 0.001

R 2 0.907 < 0.001 0.802 < 0.001 0.876 < 0.001

R 3 0.780 < 0.001 0.797 < 0.001

T 1 0.777 < 0.001

T 2

Brain

R 1 1.000 < 0.001 1.000 < 0.001 0.929 < 0.001 0.929 < 0.001

R 2 1.000 < 0.001 0.929 < 0.001 0.929 < 0.001

R 3 0.929 < 0.001 0.929 < 0.001

T 1 1.000 < 0.001

T 2

Abdomen

32

R 1 0.629 < 0.001 0.765 < 0.001 0.620 < 0.001 0.744 < 0.001

R 2 0.680 < 0.001 0.631 < 0.001 0.454 < 0.001

R 3 0.624 < 0.001 0.616 < 0.001

T 1 0.447 < 0.001

T 2

Chest

R 1 0.307 < 0.001 0.365 < 0.001 0.406 < 0.001 0.321 < 0.001

R 2 0.766 < 0.001 0.675 < 0.001 0.125 < 0.001

R 3 0.784 < 0.001 0.150 < 0.001

T 1 0.091 0.002

T 2

Brain

R 1 1 < 0.001 - - - - - - - -

R 2 - - - - - -

R 3 - - - -

T 1 - -

T 2 1 < 0.001

Abdomen

64

R 1 0.751 < 0.001 0.693 < 0.001 0.599 < 0.001 0.671 < 0.001

R 2 0.849 < 0.001 0.746 < 0.001 0.782 < 0.001

R 3 0.854 < 0.001 0.807 < 0.001

T 1 0.874 < 0.001

T 2

Chest

R 1 0.959 < 0.001 0.931 < 0.001 0.624 < 0.001 0.554 < 0.001

R 2 0.945 < 0.001 0.613 < 0.001 0.544 < 0.001

R 3 0.641 < 0.001 0.570 < 0.001

T 1 0.898 < 0.001

T 2

Brain

R 1 - - - - - - - -

R 2 - - - - - -

R 3 - - - -

T 1 - -

T 2

Abbreviations: IQ, image quality; M.A, measurement of agreement kappa; MSCT, multiple slice CT; P.v, P value; R, Radiologist; T, Radiologic Technologist.
a - = No statistics are computed because the variables are constants.

Comparison of our statistics with other CT dose studies
is given in Table 8. The X-ray dose is less than established
in the Norway survey from 2009, but higher than the rest
for the brain, while the abdomen and chest are the high-
est from all the surveys and recommendations as listed in
Table 8.

5. Discussion

If the current patient dose is unusually high, there
must be a local assessment of procedures and the tools
in order to decide whether the procedure has been suf-
ficiently optimized. If not, measures aimed at reducing
doses should be taken; a number of scan parameters and
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Table 6. Correlation Between CTDIv and Image Quality Scores for Each MSCT

Category
Number of

slices

Image quality observers ratings

R 1 R 2 R 3 T 1 T 2

C.C P.v C.C P.v C.C P.v C.C P.v C.C P.v

CTDIv

16 0.882 < 0.01 0.883 < 0.01 0.883 < 0.01 0.887 < 0.01 0.875 < 0.01

32 0.877 < 0.01 0.559 < 0.01 0.613 < 0.01 0.622 < 0.01 0.789 < 0.01

64 0.608 < 0.01 0.596 < 0.01 0.586 < 0.01 0.478 < 0.01 0.489 < 0.01

Abbreviations: C.C, Correlation Coefficient; CTDIv, CT dose volume index; R, Radiologist; T, Radiologic Technologist; MSCT, multiple slice CT; P.v, P value.

Table 7. Productive Power of Dose to Predict Image Qualitya

Exam Number of slices Cut-off Sensitivity Specificity Area under
the curve

Abdomen

16 14.15 98.3% 88.3% 0.986

32 17.43 100% 96.9% 1.000

64 19.09 85.4% 49.1% 0.703

Chest

16 15.94 98.8% 98.8% 0.998

32 13.19 100% 81.8% 0.941

64 15.86 36.6% 24.7% 0.598

Brain

16 - - - -

32 - - - -

64 - - - -

a - = No statistics are computed because the variables are constants.

Table 8. Comparisons International DRLs [CTDIvol (mGy) and DLP (mGy)] with the DRLs Obtained in This Studya

Exam
EU 2004 UK 2003 Norway 2009 Switzerland 2010 Germany 2010 Ireland 2010 Jordan 2016

CTDIv DLP CTDIv DLP CTDIv DLP CTDIv DLP CTDIv DLP CTDIv DLP CTDIv DLP

Head 60 990 100 930 75 1000 65 1000 65 950 66 940 70.05 1209.4

Abdomen 16 726 14 560 15 710 15 650 20 900 12 600 17.09 708.33

Chest 12 430 13 580 15 400 10 400 12 400 9 390 14.76 594.77

Abbreviations: CTDIv, CT dose volume index; DLP, dose-length product; DRL, diagnostic reference level.
aThe data in this table is based on reference (28).

technical measures have to be considered for reduction in
the dose of radiation associated with CT scans.

In general, image quality means how precisely ob-
tained CT attenuation data is recreated into an optical im-
age representing definite anatomical characters. The es-
sential reason of radiation dose executive and the ALARA
idea stems from the link between image qualities and ra-
diation dose. The anatomical aspect necessary for an exact
clinical diagnosis should instruct whether to choose CT at
all, and if so, to decide the parameters and x-ray dose used
in CT scans. Nevertheless, decreasing the radiation dose
also decreases an image’s aspect and its prospective diag-
nostic significance.

The high capabilities of the technology are frequently
not as important as the risk linked to it, and comparatively
slight consideration has been paid to apply the ALARA
code compared with the efforts concentrated on develop-
ing technology that increase image quality.

Nevertheless, companies have developed dose-

reduction mechanisms such as the automatic exposure
control (AEC) system. Many efforts to reduce radiation
dose, as well as imperfections in measuring, and position-
ing can degrade image quality. A better image quality
necessitates a higher radiation dose since it encompasses
minor sampling gaps. This shows the multifaceted re-
lationship between image quality and dose reduction
(29).

The results were limited to six CT scan machines from
six institutes using 16, 32 and 64-slice CT. These results
showed that the radiation dose increased by increasing the
number of detectors in the CT scan machine.

In addition, the image quality improved from 16 to 64-
slice CT, meaning that the more the detectors, the better
the image quality. This provides evidence that better im-
age quality necessitates a higher radiation dose. By looking
closely at Table 2 and Table 3, we can see that the high qual-
ity diagnostic information is linked to the higher dose.

Various studies have discussed and agreed that the ra-
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diation dose from MSCT is higher than conventional CT (30,
31). Nishizawa et al. (32) discussed the radiation dose from
conventional CT and MSCT. They pointed out that the radia-
tion dose from MSCT was slightly higher than conventional
CT.

At the time of writing this paper, there were limited
published studies that discussed the radiation dose of
16, 32 and 64 slice multidetector computed tomography
(MDCT) for the brain, abdomen and chest. Jaffe et al. (30)
and Alzimami (33) have discussed the radiation dose of 16
and 64 slices and they reported that the radiation dose of
the 64 slice machine is lower than 16 slice machine. How-
ever, recent studies from Pera et al. (34), Karim et al. (35)
and Tsapaki et al. (36) conducted a study to compare the
radiation dose between 2, 4, 16, 32 and 64 slice MSCT for
the brain, chest and abdomen and they found that 64 slice
MSCT causes more radiation dose compared to 16, and 32
slice MSCT.

All of the CT scans were using 120 kVp. The 120 kVp ap-
pears to be a standard value for most of the CT protocols
in current clinical imaging and some lower peak voltages
such as 110 kVp, 100 kVp and 80 kVp were reported in an at-
tempt to reduce radiation dosage to patients (34, 37-40).

The results showed that 16 has the lowest radiation
dose and the lowest ranked image quality, followed by 32,
and 64-slice CT scanners generally give the highest radia-
tion dose also the best image quality, as listed in Table 2 and
Table 3.

The image quality of the 64 slice CT scanner is far more
(larger than 4) than the acceptable diagnostic image qual-
ity. Furthermore, the image quality ranking for the brain
for all MSCT scanners is nearly 5 and that is the strongest
evidence in supporting the concern that the image quality
produced in current imaging practice may be more than
enough for diagnosis and the radiation dose to patients
may be more than necessary (10, 11, 16, 17).

Many studies have discussed the dose of different MSCT
scanners, and agreed that the doses of 16-slice machines
are similar or lower than the doses of 64-slice CT machines.
A study by Fujii et al. (41) investigated the radiation dose in-
volved in 64-slice CT examinations using a phantom study.
Their study showed that 64-slice CT provides the same or-
gan and effective doses for adults and children, similar to
those with 4-slice, 8-slice and 16-slice CT scanners.

Our study shows that the image quality scores signifi-
cantly increase as the CTDIv increases especially in the 16-
slice CT scanner but as we step up to 32 and 64- slice scan-
ners, the association between image quality scores and CT-
DIv becomes less significant than that of the 16- slice CT
scanner and this is justified by the already higher CTDIv val-
ues of both 32 and 16- slice scanners. This result is parallel

with the study done by Brian C. Allen on the effect of alter-
ing automatic exposure control settings and quality refer-
ence mAs on radiation dose, image quality, and diagnos-
tic efficacy in MDCT enterography of active inflammatory
Cohn’s disease and reported that for 16-MDCT, CTDIvol de-
creased from 12.82 to 10.14 mGy and for 64-MDCT, from 15.72
to 11.42 mGy between original to intermediate dose levels.
Images were rated suboptimal or nondiagnostic more of-
ten in the intermediate dose level (42).

This is the first time Jordanian detailed data have
been collected for CT scan CTDIv and DLP and this study
demonstrates that current CT dose levels are higher recom-
mended value (Table 8).

The values of our CTDIv and DLP data are still beyond
the achievable levels set in the surveys shown in Table 8, in-
dicating that the hospitals included in this study can im-
prove patient dose by optimizing their CT protocols.

There is a major shift towards multiple-slice scanners,
in particular the 64 slice CT scanner and a significant de-
crease in single slice CT scanners in clinical practice. Our
results and those from New Jersey project indicate that
higher slice number CT scanners deliver higher radiation
doses to patients in current clinical practice. It appears
in contradiction to the claims that recently manufactured
multiple slice CT scanners provide comparable radiation
dose to patients as the single slice CT scanners but much
better image quality (4). We believe that this is because
the image quality and radiation dose were not optimized
in most imaging centres and did not take the advantage
of much less dose for comparable image quality from re-
cently manufactured CT scanners.

Our results suggest that the higher dose of MSCT (16, 32
and 64-slices) scanners is mainly due to the higher mAs em-
ployed in these MSCT scanners. The normalized CTDIv (per
100mAs) indicate the scanner’s dose output per 100mAs.
It should be pointed out that the higher dose output per
mAs does not mean that it is a better CT scanner, as the
dose output varies from scanner to scanner even from the
same manufacturer. One of the trends in CT manufactur-
ing is that the dose output has improved over the years as
the new generation CT scanners are introduced to the mar-
ket (43).

These results highlight the importance of dose and im-
age quality optimization in clinical practice. It could well
be the case that most current imaging centres are ignor-
ing the radiation doses to patients by providing the radi-
ologists with the best image quality the CT scanners can
produce, as the six hospitals of this study were randomly
selected and represent the typical imaging centres. There
is a major shift in current practice towards multiple-slice
scanners, in particular the 64-slice CT scanner, and a signifi-
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cant decrease in single slice CT scanners in imaging centres
(26, 43-45). The optimization of image quality and dose to
patients for MSCT is urgently needed as MSCT scanners are
more capable in producing high quality images as well as
high radiation dose to patients.

One limitation of the study was that the study was
based on data from only six hospitals and the inclusion
of more data would have strengthened the study. Also,
this work relied on the accuracy of reported DLP and CT-
DIv from each scanner. In addition, there was no control
for patient height included within this study, which may
impact the DLP values reported if variations of scan length
are used.

In conclusion, the 16 slice CT scanner produced least
image quality and radiation dose to patients in compari-
son with the 32 and 64 slice scanners. The CT scanners with
higher numbers of slices deliver better image quality but
also higher radiation doses to the patients. The 64 slice CT
scanner produced the best image quality and highest radi-
ation to patients in this study. The image quality produced
by the16 slice CT scanner was acceptable for diagnosis and
the 32 and 64 multiple slice CT scanners produced more
than adequate image quality, therefore, delivered more ra-
diation dose to patients than necessary in current clini-
cal practice. As more and more multiple slice CT scanners
are being introduced into clinical imaging centres, the im-
age quality and radiation dose to patients should be opti-
mized.
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