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ABSTRACT SAFIRE should be utilized to its full potential, as this innovative image reconstruction algorithm can
significantly reduce image noise without loss of sharpness, preserving image quality and anatomical information. This is
particularly important in the case of non-hemorrhagic stroke, where image noise can obscure small lesions, potentially leading
to misdiagnosis and inappropriate treatment. SAFIRE has five variations of strength, making it essential to identify the most
optimal SAFIRE Strength for head CT Scan examinations in non-hemorrhagic stroke cases. The aim of this study is to
determine differences in image quality and anatomical information in head CT Scan of non-hemorrhagic stroke cases using
SAFIRE variations to identify the most optimal SAFIRE Strength. This experimental quantitative study involved a sample of
30 patients, with each case reconstructed using five SAFIRE Strength variations. Image quality was assessed using the
IndoQCT application, while anatomical information was evaluated through the visual grading analysis method by three
radiologists. Image quality data were analyzed using the Friedman statistical test, which resulted in a p-value of 0.000 (p <
0.05), indicating significant differences among the SAFIRE Strength variations. Similarly, anatomical information data were
analyzed using the Kruskal-Wallis statistical test, yielding a p-value of 0.000 (p < 0.05), confirming significant differences
across the variations. The results of the study showed that there are significant differences in image quality and anatomical
information among the five SAFIRE Strength variations. SAFIRE Strength 3 was identified as the most optimal for head CT
Scan examinations in non-hemorrhagic stroke cases, as it produces images with minimal noise and higher detail, providing
clearer anatomical information compared to the other SAFIRE Strength variations.

INDEX TERMS Head CT-Scan, Non-hemorrhagic Stroke, Image Quality, Anatomical Information.

I. INTRODUCTION treat a wide range of conditions. With its ability to provide fast,
In recent years, the use of Computed Tomography (CT) Scan  precise, and non-invasive imaging, CT Scan has proven
has become increasingly prevalent in clinical practice, invaluable in accurately assessing anatomical structures and

revolutionizing the way medical professionals diagnose and  detecting abnormalities. CT Scan for radiodiagnostic imaging
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can measure differences or changes in the transmission of
radiation across a targeted organ or body segment, allowing it
to represent morphological aspects precisely. CT Scan
produce fast and precise results, many medical professionals
consider it an efficient and practical imaging technique to
determine the type and severity of disease and help establish a
diagnosis. Furthermore, it has been found that CT Scan
contributes significantly to lowering the need for surgery by
enabling alternative treatment recommendations, which
lowers the surgery rate from 13% to 5%. [1][2]. Head CT Scan
Examination is one of the most frequently performed
procedures using CT Scan imaging.

Head CT Scan is a specialized imaging procedure of the
head that utilizes tomographic techniques with X-ray beams
passing through the patient's head from multiple angles. This
process employs a computerized system to generate
anatomical images in axial, sagittal, and coronal views [3].
Head CT Scan is recommended for a variety of conditions,
including suspected neoplasms, brain metastases, strokes,
aneurysms, intracranial bleeding, head atrophy, post-traumatic
abnormalities, congenital anomalies, head injuries, and tumor
masses or lesions.

Stroke is the second most common cause of mortality and a
major contributor to disability worldwide [4][5][6]. Stroke
also causes a large financial burden associated with pre-
hospital, hospital, and post-hospital care costs [7], [8]. Based
on its cause, stroke is classified into two types, namely non-
hemorrhagic stroke or infarction and hemorrhagic stroke. The
cause of infarction or non-hemorrhagic stroke is caused by
embolism in the blood vessels of the brain, hemorrhagic stroke
occurs due to a ruptured blood vessel in the brain [9]. Non-
hemorrhagic stroke or infarction, also known as ischemic
stroke accounts for 88% of all stroke cases. Ischemic stroke is
associated with several major risk factors, including advanced
age, hypertension, diabetes, hyperlipidemia, smoking,
arrhythmia, and heart disease [10], [11], [12]. The clinical
course of ischemic stroke is categorized into Reversible
Ischemic Neurological Deficit (RIND), Transient Ischemic
Attack (TIA), stroke in evolution, and completed stroke [13],
[14], [15].

The increasing use of CT Scan has attracted significant
attention, particularly on the exposure to radiation doses
generated greater than other radiology modalities. According
to the United States National Council on Radiation Protection
and Measurements (NCRP), CT scans account for up to 24%
of the radiation dose in medical imaging. Therefore, it is
essential to minimize unnecessary variations in examination
methods and reduce exposure to medical imaging [16]. On the
other hand, what must be considered is that the lower the
radiation dose will result in increased image noise, and the
increasing noise, the image quality will decrease, and vice
versa the higher the radiation dose, the lower the noise, the
image quality will increase [17]. Noise is a random fluctuation
of pixel values in an image [18]. Factors that influence the
presence of noise are tube current (mA), tube voltage (kVp),
tube rotation speed (s), slice thickness, type of image
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reconstruction filter, etc. [19]. Therefore, it is crucial to
identify a technique for lowering radiation exposure while
preserving good image quality.

Image quality in CT Scan can be assessed by several
parameters such as spatial resolution, contrast resolution,
noise, and artifacts [17]. In addition, good image quality is
characterized by high Signal to Noise Ratio (SNR) and high
Contrast to Noise Ratio (CNR) [20], [21]. SNR is the ratio of
signal intensity to background noise level, while CNR
represents the capability to differentiate various tissue types
based on their contrast differences. On the other hand,
obtaining high-quality CT Scan images requires careful
consideration of various factors and techniques, the quality of
the equipment used, and the skill of the operator. By
prioritizing these factors, healthcare providers can ensure that
CT Scan images meet the highest quality standards, allowing
for accurate diagnosis and effective treatment [22].

Several measures have been taken to lower the radiation
dose of CT scans while preserving the image quality of the
observed object, one of which is by using Iterative
Reconstruction (IR) algorithms. IR is an image reconstruction
algorithm superior to Filtered Back Projection (FBP). FBP
works on the assumption that the obtained projection data is
free from noise. After mathematical processing, such as
smoothing or edge sharpening, the data is projected back into
the image space to form the image volume. This process is fast
and can produce adequate images in most clinical conditions.
However, IR permits imaging at lower doses while sustaining
image quality comparable to routine dose FBP [23].
Meanwhile, when using FBP, when the radiation dose is
reduced, the image reconstructed with FBP is very noisy [24].

Various IR algorithms are accessible, including those that
work in image space data such as Iterative Reconstruction in
Image Space (IRIS) and Adaptive Statistical Iterative
Reconstruction (ASIR), as well as those that operate in raw
data, such as Sinogram Affirmed Iterative Reconstruction
(SAFIRE), Adaptive Iterative Dose Reduction (AIDR) 3D,
and Hybrid Iterative Reconstruction (HIR). SAFIRE is an
iterative reconstruction algorithm developed by Siemens,
which operates based on raw data [25]. Utilization of this
algorithm has been shown to reduce noise in CT images and
successfully remove CT spiral artifacts. When the SAFIRE
algorithm is applied in CT image reconstruction, it has the
potential to significantly improve image quality, which may
lead to a reduction in the radiation dose required for CT Scan.
In addition, studies have shown that SAFIRE technology can
reduce CT Scan dose without increasing image noise and with
minimal effect on image quality [26]

SAFIRE can effectively improve image quality in various
clinical imaging. So SAFIRE should be utilized to its full
potential, as an innovative image reconstruction algorithm that
significantly reduces image noise without losing sharpness
[27] and maintain image quality and diagnostic information
[28]. This is particularly important in the case of non-
hemorrhagic stroke, where image noise can cause small
lesions to be overlooked or misinterpreted, potentially leading
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to incorrect diagnosis and inappropriate treatment. On

Siemens CT scanners, SAFIRE software has five variations,

namely Strength 1, Strength 2, Strength 3, Strength 4 and

Strength 5. Given the context described earlier, it is important

to investigate the impact of SAFIRE application on image

quality and anatomical information in head CT Scan
examination, especially in patients with non-hemorrhagic
stroke cases.

Previous studies on abdominal CT Scan examinations have
shown that preference for image reconstruction methods does
not correlate with CNR values. Because CNR cannot be used
as the only reference for assessing image quality [29].
Therefore, this study not only assessed CNR but also assessed
SNR and anatomical information in head CT Scan
Examination in non-hemorrhagic stroke so that with the
addition of variables and other examinations, this study is
different from previous study. This study is expected to
determine whether or not there are differences in image quality
and anatomical information in the use of SAFIRE Strength
variations in head CT Scan in cases of non-hemorrhagic stroke
so that the most optimal SAFIRE strength in producing image
quality (SNR and CNR) and anatomical information can be
identified. The aim of this study is to determine differences in
image quality and anatomical information in head CT Scan of
non-hemorrhagic stroke cases using SAFIRE Strength
variations to identify the most optimal SAFIRE Strength. This
study contributes to:

a. Offer a more in-depth analysis of how variations in
SAFIRE Strength impact image quality and anatomical
details in head CT Scan examination of non-hemorrhagic
stroke cases, so that it can be a reference in developing
studies related to iterative reconstruction techniques in CT
Scan.

b. Assist radiology practitioners in determining the most
optimal SAFIRE Strength to improve image quality and
anatomical information in head CT Scan with non-
hemorrhagic stroke cases, thereby supporting diagnostic
accuracy.

c. By knowing the most optimal SAFIRE Strength, this study
helps enhance the efficiency and effectiveness of the
diagnostic process in non-hemorrhagic stroke cases, which
can ultimately improve patient clinical outcomes.

Il. MATERIALS AND METHOD

This study uses a quantitative analytical research method with
an experimental approach to analyze the difference in the
value of SAFIRE Strength variation on image quality and
anatomical information on the results of head CT Scan
examination images of non-hemorrhagic stroke cases from
July - October 2024 in one of the hospitals in Surakarta. Data
collection in this study has received approval from the hospital
with letter number 114/RSDOI/PSDM/11/2024.

The population in this study was the raw data of all
radiology patients who had performed head CT Scan with a
diagnosis of non-hemorrhagic stroke during the study period.
Data were collected retrospectively using the simple random
sampling method, so that each patient's raw data had an equal
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chance of being selected as a sample. The sample consisted of
30 patients who met the inclusion criteria, namely head CT
Scan examination patients with a diagnosis of non-
hemorrhagic stroke, patients age more than 18 years at the
time of examination, patients were examined less than 24
hours after symptoms of non-hemorrhagic stroke, and patient
medical data in the form of raw data imaging results were
available and complete. Then the samples taken were head CT
Scan examination patients with a diagnosis of non-
hemorrhagic stroke who use the same protocol, namely
supine, headfirst position, using 120 Kv, Care Dose is on, slice
thickness 5 mm, using window brain, and have been
reconstructed using five SAFIRE strengths namely Strength 1,
Strength 2, Strength 3, Strength 4, and Strength 5. Image
quality is assessed with the IndoQCT application, which is an
application designed to help analyze the quality of medical
images, especially CT Scan images. This application is used
to calculate quantitative parameters such as SNR and CNR,
which are key indicators of image quality. Meanwhile,
anatomical information was evaluated through the VGA
method by three radiologists with more than five years of
working experience.

The statistical tests used include the normality test, then
the Friedman statistical test to assess image quality and the
Kruskall-Wallis ~ statistical test to assess anatomical
information. The selection of these tests were carried out based
on the type of data used and the research objectives to evaluate
whether or not there was a significant difference in the use of
SAFIRE Strength variations. Flow diagram of the study can
be seen in FIGURE 1.

Selecting Raw Data of

The Patients With The

Same Inclusion Criteria
and Protocol

Reconstruction of
Selected Raw Data With
Five Variations of
SAFIRE Strength

Save to
Compact Dise (CD)

Image Quality
and Anatomical

Image Quality
and Anatomical
Information Information Statistical

Assessment) Test

Result

FIGURE 1. Flow diagram of the study
A. IMAGE RECONSTRUCTION
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Image reconstruction begins by selecting raw data of head
CT Scan images from 30 patients with a diagnosis of non-
hemorrhagic stroke. Then raw data from the thirty patients
that have been selected are reconstructed using five
variations of the SAFIRE Strength iterative reconstruction
algorithm, namely SAFIRE Strength 1, Strength 2, Strength
3, Strength 4, and Strength 5. This reconstruction process is
carried out to produce five different sets of images for each
patient, which allows comparison of image quality based on
SAFIRE Strength variations. Once the reconstruction was
complete, all the images were transferred to a Compact Disc
(CD) storage media to facilitate the transfer process to a
laptop. Furthermore, the images were analyzed using the
IndoQCT application to assess image quality based on the
Signal-to-Noise Ratio SNR and CNR values. Assessment of
anatomical information was done through the Visual
Grading Analysis (VGA) method by three radiologists, who
gave scores based on the completeness and clarity of the
anatomical structures seen in the images. This process
ensured that each step of the study was conducted
systematically to produce reliable data to evaluate the
differences in image quality and anatomical information in
each SAFIRE Strength

B. IMAGE QUALITY ASSESSMENT (SNR AND CNR)

The head CT Scan image results of each patient with non-
hemorrhagic stroke cases were opened using the IndoQCT
application for further analysis. The first step is to select the
Low Contrast Detectability menu and then select the CNR
option. After that, the ROI Object and ROI Background areas
that will be used are determined with a size of 5 pixel (px)
for each area. ROI Object is placed on the anatomy being
assessed, while ROl Background is placed on the
background area of the image. By pressing the calculate
button, the calculation results in the form of SNR and CNR
values will be displayed by the application. This process was
carried out systematically for each anatomy in the 30 patients
assessed, covering all images that had been reconstructed
using the five SAFIRE Strength variations, namely Strength
1, Strength 2, Strength 3, Strength 4, and Strength 5. This
approach ensures that image quality analysis is carried out in
a consistent and standardized manner to obtain valid and
comparable results.

Mathematically, SNR can be assessed with the following
equation (Eq.(1)[30]:

— K
SNR =1 1)

l is the reconstructed attenuation coefficient for a given area,
while o is the standard deviation in the same area.

Another alternative equation for calculating SNR can be
expressed using the following equation (Eq.(2)[31]:

_ HUaverage
SNR= —greteoe )

Homepage: jeeemi.org

HUaverage is the average pixel value given in Hounsfield units
in a chosen region of interest. FHU is the standard deviation
of the pixel values within same region of interest.

Mathematically, CNR can be assessed with the following
equation (Eq.(3) [32]:

CNRzHl;Rou —HURoI2 (3)

background

HURron and HURoi2 are average pixel values in two different
chosen regions of interest. ohackground IS the standard deviation
of the pixel values in the background, where background may
i.e. be defined as the ROI with lowest average pixel value.

C. ANATOMICAL INFORMATION ASSESSMENT

Analysis of differences in anatomical information from head
CT Scan of non-hemorrhagic stroke patients with SAFIRE
Strength variations was conducted through an assessment
process by observers. In this study, three radiologists acted
as observers who independently observed and assessed the
CT Scan images of the patient's head directly from the
computer monitor screen. The anatomical information
assessed included structures such as pons, thalamus, lateral
ventricle, caudate nucleus, hypodense lesion/infarct, sylvian
fissure, peripheral sulci, white matter, and gray matter. The
assessment process was conducted using the VGA method,
with each observer placing a check mark (\) on a
questionnaire that had been prepared according to the
instructions. The assessment was done using a three-level
numerical system that includes scores of 1, 2, and 3, with the
scores representing the clarity of the anatomical information
in the image. A score of 1 indicates ‘not clear’, a score of 2
indicates ‘less clear’, and a score of 3 indicates ‘clear’. These
scoring were applied to all SAFIRE Strength variations for
each patient to identify the reconstruction variation that
provides the best anatomical information. This process was
carried out systematically and consistently to ensure the
accuracy and reliability of the study results. The assessment
of anatomical information used the Kruskall Wallis
statistical test which mathematically has the following
equation (Eq.(4)[33] :

12
NN+1

Y nia2-3N+1 (4

N is the total number, niis the number in the i-th group,
and R; is the total sum of ranks in the i-th group; in the

2
second equation r2= ZnLZ‘ Either equation can be used. The
value of His tested against the chi-square distribution
fork —1 degrees of freedom, where k is the number of

groups.

TABLE 1
Visual grading analysis of CT scan head in non-hemorrhagic stroke
cases assessment
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Score  Definition Information
1 Not The assessed anatomy is not clear,
Clear the boundaries are not clear, and
cannot be analyzed
2 Less The assessed anatomy is visible
Clear and can be analyzed but the
boundaries are not clear.
3 Clear The assessed anatomy is clearly

visible, boundaries are well
defined and easy to analyze.

D. DATA ANALYSIS

Data from the assessment of Image Quality which includes
SNR and CNR parameters on CT Scan examination of the
head of non-hemorrhagic stroke cases that have been
assessed using the IndoQCT application were further
analyzed using the Friedman statistical test, which was
chosen because the data obtained were not normally
distributed. In this analysis, the significance level used is p
value <0.05. This means that if the p-value obtained is
smaller than 0.05, the null hypothesis will be rejected, and it
can be concluded that there is a significant difference in
image quality produced by different SAFIRE Strength
variations.

The data from the assessment of anatomical information
on the head CT Scan examination for non-hemorrhagic
stroke cases, which was conducted by three radiologists as
observers, was also analyzed to measure the level of
agreement between the observers. The three radiologists
were asked to assess the anatomical information that could
be extracted from the CT Scan image, which included
observations on the structure and anatomical condition of the
patient's head. To assess the extent to which the three
observers agreed to provide an assessment, Cohen's Kappa
test was used to measure the level of agreement between
observers or assessors in a study. If the results of the Cohen’s
Kappa test statistics are less than 0.20, it is said that the
suitability of opinions is poor, 0.21-0.40 is fair agreement,
0.41-0.60 is moderate agreement, 0.61-0.80 is good, and
0.81-1.00 is very good. In this study, the Kruskal-Wallis
statistical test was conducted on anatomical information
because the data were not normally distributed. In the context
of this study, the Kruskal-Wallis test was applied to
determine whether there is a significant difference in the
anatomical information obtained from the use of various
variations of Strength SAFIRE in the head CT Scan
examination setting for non-hemorrhagic stroke cases. The
level of significance applied is p value <0.05, which means
that the hypothesis will be accepted if the p value obtained is
smaller than 0.05, indicating a significant difference in the
quality of anatomical information based on the variations of
Strength SAFIRE used in the head CT Scan examination
setting for non-hemorrhagic stroke cases.

Ill. RESULT

A. IMAGE QUALITY
1. DIFFERENCE IN IMAGE QUALITY (SNR)
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The difference in image quality (SNR) was assessed using
the Friedman statistical test because the data were not
normally distributed. Friedman statistical test results can be
seen in TABLE 2.

TABLE 2
Friedman statistical test results of SNR
SAFIRE  meanrank p-value
Strength 1 1.16
Strength 2 2.16
Strength 3 3.08
Strength 4 3.89
Strength 5 4.72

0.000

The result in TABLE 2 show that the Friedman statistical
test resulted in a p-value of 0.000 (p < 0.05), indicating a
significant difference between the tested groups. This
finding supports the rejection of the null hypothesis (Ho) and
acceptance of the alternative hypothesis (H,), confirming
that variations in SAFIRE Strength significantly affect image
quality, as measured by CNR. Among the SAFIRE Strength
variations, the highest mean rank, representing the highest
CNR value, is observed at SAFIRE Strength 5, followed
sequentially by Strengths 4, 3, 2, and the lowest at Strength
1. This trend is further illustrated in FIGURE 2, which
visually depicts the progressive increase in CNR value with
higher SAFIRE Strength levels.

SNR

5 4.72

Mean rank

Strength 1 Strength 2 Strength 3 Strength 4 Strength 5
SAFIRE

FIGURE 2. Mean Rank SNR Graph of Friedman statistical test results

2. DIFFERENCE IN IMAGE QUALITY (CNR)

The difference in image quality values (CNR) uses the
Friedman statistical test because the data is not normally
distributed. The Friedman test results can be seen in TABLE
3.

TABLE 3
Friedman statistical test results of CNR
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SAFIRE mean rank  p-value
Strength 1 1.56
Strength 2 1.78
Strength 3 3.11 0.000
Strength 4 3.78
Strength 5 4.78

The results in TABLE 3 indicate a p-value of 0.000 (p <
0.05) from the Friedman statistical test, demonstrating a
significant difference among the tested groups. This
confirms the rejection of the null hypothesis (Ho) and
supports the alternative hypothesis (H.), which states that
SAFIRE Strength variations significantly influence image
quality as measured by CNR. The highest image quality,
represented by the mean rank, is achieved with SAFIRE
Strength 5, followed sequentially by Strengths 4, 3, 2, and
the lowest at Strength 1. This progressive improvement in
CNR with increasing SAFIRE Strength levels is also clearly
depicted in FIGURE 3.

5 4.78

Mean rank

Strength 1 Strength 2 Strength 3 Strength 4 Strength 5
SAFIRE

FIGURE 3. Mean rank CNR graph of Friedman statistical test results

Based on the FIGURE 4 above, it can be seen that the
higher the SAFIRE Strength value will produce a smoother
image because the noise is reduced. However, images that
are too smooth will reduce image details. Based on the
results above, it can be known that the highest mean rank for
SNR and CNR values are found in the use of SAFIRE
Strength 5. This shows that SAFIRE Strength 5 produces the
most superior image quality compared to other SAFIRE
Strength variations. The next positions are successively
occupied by SAFIRE Strength 4, 3, 2, and 1. The
improvement in image quality is in line with the increase in
SAFIRE Strength level.
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FIGURE 4. Head CT Scan Examination Images of Non-Hemorrhagic
Stroke Cases With (A) Using SAFIRE Strength 1, (B) Using SAFIRE
Strength 2, (C) Using SAFIRE Strength 3, (D) Using SAFIRE Strength 4,
and (E) Using SAFIRE Strength 5.

B. ANATOMICAL INFORMATION

The assessment of anatomical information was carried out by
asking three radiologists to assess the image by filling out a
questionnaire for each anatomy. This research questionnaire
has three scales, namely 1, 2, and 3. Value 1 states 'unclear’,
value 2 states 'less clear', and value 3 states ‘clear'. After
obtaining the scores from the radiologist, the Cohen's Kappa
test was conducted using SPSS to evaluate the level of
conformity or agreement between the three radiologists. The
results of the Cohen's Kappa test can be seen in TABLE 4.

TABLE 4
Cohen's Kappa test results

Observer Value of Kappa
Observer 1 * Observer 2 0,990
Observer 1 * Observer 3 0,929
Observer 2 * Observer 3 0,939

Based on TABLE 4, it can be seen that the agreement
between observers has a value of> 80, which means that the
observers have a very good level of agreement. The test
results show that the three observers have an objective
assessment so that the researcher can use one of the
assessment results from one of the observers for further
testing. Therefore, the researcher used the data from the
assessment of observer 2 because observer 2 has a longer
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work experience as a radiologist than observer 1 and
observer 3. The difference in information on each anatomy
of the five SAFIRE Strength variations uses the Kruskal
Wallis test because the data were not normally distributed.
The results of the Kruskal-Wallis test can be seen in TABLE
5.

TABLE 5
The results of Kruskal-Wallis statistical test of
information on each anatomy

Anatomy p-value Information

Pons 0.000 Difference

Thalamus 0.000 Difference
Ventricle Lateral 1.000 No Difference

Caudate Nucleus 0.000 Difference

Hypodense Lesion/Infarct  0.000 Difference
Sylvian Fissure 1.000  No Difference
Peripheral Sulci 1.000  No Difference

White Matter 0.000 Difference

Gray Matter 0.000 Difference

The data in TABLE 5 show that the Kruskal-Wallis test
yielded a p-value of 0.000 (p < 0.05) for several anatomical
structures, including the pons, thalamus, caudate nucleus,
hypodense lesion/infarct, white matter, and gray matter,
indicating a significant difference in anatomical information
among these structures when using different SAFIRE
Strength variations. This confirms that SAFIRE Strength
variations influence the quality and sharpness of anatomical
details in these structures.

Conversely, for the ventricle lateral, sylvian fissure, and
peripheral sulci, the Kruskal-Wallis test returned a p-value
of 1.000 (p > 0.05), suggesting no significant difference in
anatomical information for these structures across the
SAFIRE Strength variations. This indicates that variations in
SAFIRE Strength do not affect the image quality or
anatomical detail of these structures. To identify the SAFIRE
Strength variation that provides the most optimal anatomical
information for each structure, the mean rank values in
TABLE 6 can be analyzed. These mean rank values serve as
a key indicator to evaluate which SAFIRE Strength variation
yields the best results for each anatomical structure. Based
on TABLE 6, it can be seen that the highest mean rank is
found in SAFIRE Strength 3 for the anatomy of the pons,
thalamus, caudate nucleus, hypodense lesion/infarct, white
matter, and gray matter which indicates that SAFIRE
Strength 3 has the ability to display information on these
anatomies better than other SAFIRE Strengths. Whereas in
the anatomy of ventricle lateral, sylvian fissure and
peripheral sulci have a constant mean rank value indicating
that all SAFIRE Strengths have the same ability to display
these anatomies. FIGURE 5 also presents a detailed diagram
illustrating the distribution of mean rank values for each
anatomical structure analyzed under the different SAFIRE
Strength variations. This diagram serves as a visual
representation of the comparative effectiveness of each
SAFIRE Strength level in displaying anatomical details,
providing a clearer understanding of the trends and
disparities observed across various anatomical regions. The
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visualization highlights how specific SAFIRE Strength
variations perform in optimizing image quality for different
anatomical structures, emphasizing their relative strengths
and limitations in enhancing diagnostic accuracy.

TABLE 6
Mean rank results of Kruskal-Wallis statistical test of
information on each anatomy

Mean Rank

Anatomy SAFIRE Strength
1 2 3 4 5
Pons 615 615 1315 615 615

Thalamus 615 615 1315 615 615
Ventricle 755 755 755 755 755
lateral
Caudate 615 615
nucleus
Hypodense 615 61.5
lesion/infarct
Sylvian 755 755 755 755 755
fissure
Peripheral 755 755 755 755 755
sulci
White matter 61.5 61.5

Gray matter 615 615

1315 615 615

1315 615 615

1315 615 615
1315 615 615

140

120

100

80

Mean Rank

60

40

20

Anatomy
SAFIRE Strength 2
SAFIRE Strength 4

u SAFIRE Strength 1
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u SAFIRE Strength 5

FIGURE 5. Mean rank results of Kruskall-Wallis statistical test of each
anatomy
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FIGURE 6. Anatomical Information of Pons and Hypodense Lesion/Infarct
Using (A) SAFIRE Strength 1, (B) SAFIRE Strength 2, (C) SAFIRE Strength
3, (D) SAFIRE Strength 4 and (E) SAFIRE Strength 5.
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FIGURE 7. Anatomical Information of The Caudate Nucleus, Ventricle
Lateral, Thalamus, and Sylvian Fissure Using (A) SAFIRE Strength 1, (B)
SAFIRE Strength 2, (C) SAFIRE Strength 3, (D) SAFIRE Strength 4 and (E)
SAFIRE Strength 5.
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FIGURE 8. Anatomical Information of Gray Matter, White Matter, and
Peripheral Sulci With (A) Using SAFIRE Strength 1, (B) Using SAFIRE
Strength 2, (C) Using SAFIRE Strength 3, (D) Using SAFIRE Strength 4
And (E) Using SAFIRE Strength 5.

The difference in overall anatomical information used the
Kruskal-Wallis test because the data were not normally
distributed. The results of the Kruskal-Wallis test can be seen
in TABLE 7.

TABLE 7
Kruskall-Wallis statistical test results of overall anatomical information
SAFIRE mean rank p-value
Strength 1 586.00
Strength 2 586.00
Strength 3 1033.50 0.000
Strength 4 586.00
Strength 5 586.00

Based on TABLE 7, it can be seen that the results of the
Kruskal-Wallis test obtained a p value of 0.000 (p <0.05), so
these results indicate that Ho is rejected and H, is accepted so
that there are differences in overall anatomical information
in the use of SAFIRE Strength variations. The SAFIRE
Strength variation that produces the most optimal anatomical
information can be seen from the mean rank value where in
FIGURE 8, it can be seen that the highest mean rank is in
SAFIRE Strength 3 which indicates that SAFIRE Strength 3
has the ability to display the most optimal overall anatomical
information compared to other SAFIRE Strengths.
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FIGURE 8. Mean rank Kruskal-Wallis statistical test results of overall
anatomical information

IV. DISCUSSIONS

A. IMAGE QUALITY

This study shows that the Friedman statistical test resulted in
a p-value of 0.000, which means that there is a significant
difference in the SNR value in the use of SAFIRE Strength
variations. From the results of the mean rank analysis, there
is an increasing trend in SNR as SAFIRE Strength increases.
SAFIRE Strength 1 has the lowest mean rank of 1.16 which
indicates that this variation produces the lowest SNR. At
SAFIRE Strength 2, the mean rank increases to 2.16 which
indicates that this variation provides better SNR compared to
SAFIRE Strength 1. Furthermore, at SAFIRE Strength 3
there is an increase in mean rank to 3.08 which indicates that
SAFIRE Strength 3 has a higher SNR compared to the two
previous variations (SAFIRE Strength 1 and SAFIRE
Strength 2). The increase in mean rank continues for
SAFIRE Strength 4 with a mean rank of 3.89 which indicates
that this variation also provides a higher SNR improvement
compared to all previous variations. SAFIRE Strength 5 has
the highest mean rank of 4.72.

This study also shows that the Friedman statistical test
resulted in a p-value of 0.000, which means that there is a
significant difference in the CNR value in the use of SAFIRE
Strength variations. From the results of the mean rank
analysis, there is also a trend of improving image quality as
SAFIRE Strength increases. SAFIRE Strength 1 has the
lowest mean rank of 1.56 which indicates that this variation
produces the lowest CNR. At SAFIRE Strength 2, the mean
rank increases to 1.78 which indicates that this variation
provides better image quality compared to SAFIRE Strength
1. Furthermore, at SAFIRE Strength 3 there is an increase in
mean rank to 3.11 which indicates that SAFIRE Strength 3
has a higher CNR compared to the two previous variations
(SAFIRE Strength 1 and SAFIRE Strength 2). The increase
in mean rank continues in SAFIRE Strength 4 with a mean
rank of 3.78 which indicates that this variation also provides
an increase in CNR compared to all previous variations.
SAFIRE Strength 5 has the highest mean rank of 4.78 which
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indicates that this variation has the highest CNR value
among all SAFIRE Strength variations.

This is in accordance with previous research which states
that SNR and CNR value increases with each increase in
SAFIRE strength variation [34][35]. The higher the signal or
the lower the noise, the higher the SNR value. [23]. So that
SNR has an influence on image quality where the higher the
SNR value, the better the quality of the resulting image [36],
[37]. Then the higher the signal or the lower the noise, the
higher the CNR value [38]. Images with high CNR values
are easier to use for diagnosis than images with low CNR
values [39]. Therefore, the higher the CNR value, the better
the image quality. This study shows that SAFIRE Strength 5
has SNR and CNR with the highest mean rank value which
indicates that this variation has the best image quality among
all SAFIRE Strength variations.

The image quality test results show that each SAFIRE
Strength has a different ability to reduce noise. The
difference in the amount of noise between SAFIRE Strength
variations occurs because it is related to the SAFIRE
working mechanism in reducing noise in CT Scan images.
SAFIRE uses two loops, one of which occurs in sinogram
space (raw data) and the other in image space. The first loop
uses dynamic noise modeling technology to correct the
initial deviation by reconstructing using FBP. The second
loop occurs in image space, where noise is estimated and
subtracted from the dataset, making the obtained image
smoother. Each SAFIRE strength level has different
parameters for noise regularization. Where the level of noise
reduction and noise texture will change depending on the
user-selected strength for each reconstruction, with strength
1 being noisier and strength 5 being smoother [27].

B. ANATOMICAL INFORMATION

In the anatomy of the pons, thalamus, caudate nucleus,
hypodense lesion/infarct, white matter and gray matter, the
Kruskal-Wallis test results showed a p-value of 0.000 (p <
0.05), which statistically indicates that there is a significant
difference in the quality of anatomical information
generated by the use of SAFIRE Strength variations in
each of these anatomies. In other words, these results
indicate that variations in SAFIRE strength levels have a
different effect on the ability to display anatomical
information on the tested brain structures. From the mean
rank analysis, it can be seen that the SAFIRE Strength 3
variation recorded the highest mean rank, which indicates
that SAFIRE Strength 3 has the best ability to display and
clarify anatomical information on the pons, thalamus,
nucleus caudatus, hypodense/infarct lesions, white matter,
and gray matter. Achieving the highest mean rank indicates
that SAFIRE Strength 3 is able to produce images with
more optimal quality, enabling sharper and more accurate
visualization of these structures, which in turn can improve
clinical interpretation and the quality of radiology analysis.
In contrast, for the anatomy of the ventricles lateral,
sylvian fissure, and peripheral sulci, the Kruskal-Wallis
test results showed a p-value of 1.000 (p > 0.05), indicating
that there was no significant difference in the anatomical
information displayed by the use of SAFIRE Strength
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variations on these structures. This means that although
various SAFIRE Strength variations were applied, the
image quality produced for the anatomy of the ventricle
lateral, sylvian fissure, and peripheral sulci showed no
significant difference, and all SAFIRE Strength variations
had almost similar capabilities in displaying these
structures. From the mean rank analysis performed, it can
be seen that the mean rank values for these three anatomies
are constant across all SAFIRE Strength variations tested.
This indicates that all SAFIRE Strength variations, ranging
from SAFIRE Strength 1 to SAFIRE Strength 5, provide
almost identical results in terms of image quality and
visualization capabilities anatomy of the ventricle lateral,
sylvian fissure, and peripheral sulci. Therefore, it can be
concluded that for these three anatomies, none of the
SAFIRE Strength variations provide a significant
advantage over the others, and all variations have an equal
capacity to display anatomical information.

The preference for using SAFIRE Strength 3 over other
levels in CT imaging, particularly for anatomical details,
comes from the balance between noise reduction and
image sharpness. Studies show that moderate strength
levels, such as SAFIRE Strength 3, effectively reduce
image noise while maintaining adequate anatomical
clarity, thus making them optimal for various clinical
applications such as abdominal and lung thoracic imaging,
whereas higher strengths (e.g., Strength 4 or 5) may over-
smooth the image, which may result in the loss of fine and
small anatomical details, thus affecting diagnostic
confidence. On the other hand, lower strengths may not
sufficiently suppress noise, resulting in coarser images
[29].

This is in accordance with this study which can be seen
that in the anatomy of the pons, thalamus, nucleus
caudatus, hypodense / infarct lesions, white matter and
gray matter the highest mean rank value is found in
SAFIRE Strength 3, which indicates that SAFIRE Strength
3 has the most optimal ability to display this anatomical
information compared to other SAFIRE Strengths. On the
other hand, in the test of each anatomy above, it can be
seen that there is no difference in anatomical information
on the ventricle lateral, sylvian fissure and peripheral sulci.
This is because these three anatomies are composed of
fluid and CT scan images are not superior in distinguishing
fluid collections compared to conventional imaging
images [40], so the variation of SAFIRE strength in CT
scan does not affect the information of these anatomies.

1. Differences in Overall Anatomical Information

Based on the results of the Kruskal-Wallis test, it can be
seen that there are differences in overall anatomical
information on the use of SAFIRE Strength variations with
a p value of 0.000 (<0.05). From the results of the mean
rank analysis, it can be seen that SAFIRE Strength with the
highest mean rank is SAFIRE Strength 3 with a mean rank
of 1033.50. Meanwhile, SAFIRE Strength 1, SAFIRE
Strength 2, SAFIRE Strength 4, and SAFIRE Strength 5
both have a mean rank value of 586.00. This indicates that
SAFIRE Strength 3 has the ability to display the most
optimal overall anatomical information than other SAFIRE
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Strengths.

According to research by Hardie et al., medium
strength reconstruction settings (SAFIRE Strength 2 and
SAFIRE Strength 3) are preferred over lower and higher
strengths (SAFIRE Strength 1, SAFIRE Strength 4, and
SAFIRE Strength 5) [30]. This is in accordance with the
results of this study which show that there is a
contradiction where SAFIRE Strength 5 has the highest
SNR and CNR values among other SAFIRE Strengths,
which indicates that SAFIRE Strength 5 has the best image
quality among other SAFIRE Strengths. However,
according to respondents, SAFIRE Strength 3 is the most
optimal SAFIRE Strength in overall anatomical
information, because the results of anatomical information
from SAFIRE strength variations 4 and 5 look too smooth
so the image details are reduced. Other studies have also
shown similar things where good image quality does not
necessarily display good anatomy as well, in previous
studies, the use of a slice thickness of 7 mm produced good
image quality but could not show firm tip boundaries and
anatomical information such as the Rosen muller fossa
organ, torus tuberous, and eustachian tube could not be
seen clearly due to decreased detail [41]. In this study, the
case taken is non-hemorrhagic stroke, where in the case of
non-hemorrhagic stroke, the image detail required must be
high enough to show the infarct condition more clearly
because small lesions can be missed or misinterpreted due
to image noise, leading to incorrect diagnosis and
potentially harmful treatment [42]. Identification of non-
hemorrhagic stroke patients at high risk of developing life-
threatening malignant infarction at an early stage is
essential considering closer monitoring and further
therapeutic measures [43]. In this study, it can be seen that
SAFIRE Strength 3 infarction conditions are most clearly
visible compared to other SAFIRE strength variations.
The results of this study have significant clinical
implications, particularly in improving patient outcomes
and diagnostic accuracy. In cases of non-hemorrhagic
stroke, where identification of small infarcts is critical,
SAFIRE Strength 3 offers the best balance between noise
reduction and image clarity. This study supports the
development of standardized CT protocols that can
maximize diagnostic utility while minimizing unnecessary
complexity.

This study has several limitations. First, the sample size
which although statistically valid, may not be sufficient to
represent all patient demographics or medical conditions.
Second, the findings may also lack generalizability, as they
are based on a single type of CT scanner and reconstruction
algorithm, which might behave differently across various
models or manufacturers. Third, this study was conducted
at a single center, which could limit the applicability of its
conclusions to other clinical settings with varying patient
populations and imaging technologies. The last, ideally
this kind of study should compare standard and low-dose
examinations in the same patient. However, ethical
considerations make this approach difficult to implement
in real practice.

A notable observation in this study is the contradiction
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between SNR/CNR values and anatomical information.
While SAFIRE Strength 5 achieves the highest SNR and
CNR values, it is not preferred for anatomical visualization
due to excessive smoothing, which reduces the visibility of
fine details. This phenomenon underscores the need to
consider not only quantitative measures like SNR and
CNR but also qualitative factors such as image sharpness
and anatomical clarity when evaluating Iterative
reconstruction techniques.

Future studies should explore the performance of
SAFIRE across different anatomical regions and medical
conditions to validate its utility beyond the scope of this
study. Future studies may also focus on evaluating the use
of other iterative reconstruction techniques in addition to
SAFIRE, to determine the most efficient method in various
clinical conditions.

In summary, this study demonstrates that SAFIRE
Strength 3 provides the optimal balance between image
quality and anatomical information, making it the
preferred choice for clinical imaging in cases requiring
high precision, such as non-hemorrhagic stroke. The
results contribute to a better understanding of iterative
reconstruction techniques, offering valuable insights for
optimizing CT scan imaging protocols and improving
diagnostic practices. The results of this study also provide
guidance for radiology practitioners to select the optimal
SAFIRE Strength level in head CT Scan examination in
non-hemorrhagic stroke cases.

V. CONCLUSION

The aim of this study is to determine differences in image
quality and anatomical information in head CT scan of non-
hemorrhagic stroke cases using SAFIRE variations to
identify the most optimal SAFIRE Strength. This study
confirms that SAFIRE Strength variations significantly
affect image quality and anatomical information in head CT
scan of non-hemorrhagic stroke cases. SAFIRE Strength 3
provides the optimal balance of anatomical detail, supported
by a Friedman test p-value of 0.000 (p < 0.05) for image
quality and a Kruskal-Wallis test p-value of 0.000 (p < 0.05)
for anatomical structures like the pons, thalamus, and
caudate nucleus, hypodense lesion/infarct, white matter, and
gray matter. However, no significant differences (p = 1.000)
were found for structures like the ventricle lateral, sylvian
fissure, and peripheral sulci. Although SAFIRE Strength 5
achieves the highest CNR, Strength 3 offers superior
anatomical detail, making it ideal for clinical diagnostic in
non-hemorrhagic stroke cases. These findings support
SAFIRE Strength 3's use in practice while highlighting the
need for further research into broader clinical applications.
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