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which can cause artifacts in the resulting images. These movements
can be minimized with the PROPELLER technique. This study is
Keywords: quantitative using an experimental method with a sample size of 15
volunteers who were each scanned with T2 FSE and T2 PROPELLER

Artifact sequences. This study was conducted using a questionnaire in which
MRI Cervical . . .
each image produced was evaluated by 2 radiology specialist
T2 FSE . . . .
observers using the visual grading analysis (VGA) method to assess
T2 Propeller

each anatomy of the corpus vertebrae, intervertebrae disc, spinal cord,
CSF, intraforamen structure, nerve root and artifacts. The statistical
results showed that the image quality of T2 FSE and T2 PROPELLER
sequences had ap value of 0.000 (p<0.05). The sequence has a
difference, namely T2 PROPELLER produces more detailed image
quality on anatomy and pathology, and can reduce the occurrence of
artifacts due to movement in the cervical area, and T2 FSE produces
less informative image quality due to artifacts. In addition, there are
differences in MRI scanning time of cervical vertebrae T2 FSE
sequences which are faster than T2 PROPELLER and T2 PROPELLER
is good at reducing artifacts.
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INTRODUCTION

The technique based on hydrogen atomic nuclei in Magnetic Resonance Imaging (MRI) imaging
can depict cross-sections of the human body and soft tissues in detail.(Red Good YB, Darmini,
2020). Magnetic Resonance Imaging (MRI) shows the anatomical parts of the human body using a
magnetic field. High sensitivity to differences in soft tissue and patient safety resulting from non-
ionizing radiation are among the main reasons for using MRI as a substitute for various computed
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tomography (CT) methods and radiographic projections, etc (Nidaa Azmii Susdiningtyas, Farrah
Hendara Ningrum, Nanang Sulaksono, & Sudiyono, 2019).

MRI examinations show that most, 90%, are used to examine the head and spine organs,
while the remaining 10% are used to examine other organs (Jatmiko, Wandani, & Istigfarisky,
2021)(Suteja, Wulandari, & Triningsih, 2022). One of the most common and widely performed
types of imaging in hospitals is an MRI of the spine. This is because an MRI of the spine can
identify various types of pathology clinically, including traumatic, degenerative, or neoplastic
lesions. Cervical examination is part of an MRI examination of the spine or cervical vertebrae
(Malik, 2023)(Murniati, Rochmayanti, & Purnomo, 2021).

Cervicalis the smallest bone that can be distinguished from the thoracic and lumbar
vertebrae by the presence of a foramen on each transverse process.(Masrochah, Fatimah, &
Yunitaningrum, 2020). The seven vertebrae that form the cervical vertebrae function to support the
head and provide great freedom of movement so that it can move to the right, left, up, and down.
In addition, it can provide protection to the vertebral area and arteries, the upper part of the spinal
cord, and the flexibility of the cervical and brachial plexuses (Menchetti, 2022)(Nadeak, 2019).

In MRI examinations of various types of cases in the cervical vertebrae, and can also be
observed well in the results of MRI examinations of the cervical vertebrae, but the examination
time required will be relatively longer, so that there will definitely be movement in the anatomical
area of the patient's cervical spine (Soesilo Wibowo Ardi, Kurniawati Ary, & Hernastiti, 2016).
Based on this, cervical vertebrae examination can be applied with axial T2 FSE (Fast Spin Echo)
sequence in cervical vertebrae MRI examination (Catherine Westbrook, 2018). This is because the
FSE series helps patients and radiology specialists to perform examinations more quickly, reducing
the time during scanning and minimizing movement. The use of the FSE sequence can also
produce images with strong signals in cerebrospinal fluid (CSF), detecting various pathologies
such as edema, tumors, nerve root details, infections, fractures, and ligament injuries(Muzamil,
Nurdin, Rohmah, Rulaningtyas, & Astuti, 2023).

A movement during the examination can cause motion artifacts or movement artifacts. The
PROPELLER (Periodically Rotated Overlapping Parallel Lines with Enhanced Reconstruction)
technique is one technique that can be done to reduce the occurrence of these artifacts.
PROPELLER is a method designed to reduce motion artifacts and other movement problems such
as this is called PROPELLER as overlapping parallel lines with advanced reconstruction that
rotates periodically (Li et al, 2022). PROPELLER can be used for MRI examination in less
cooperative patients, and can also be applied to cooperative patients. Fine movements may occur
due to swallowing, and inhalation. In addition, there are often artifacts caused by common CSF
flow that can often occur (Song et al., 2024).

In PROPELLER all lines have overlapping centers in k-space because the rotating lines fill
k-space. When different lines are acquired, the superimposed k-space center region can be used to
estimate the k-space phase difference caused by the metal. This can reduce artifacts in the phase
encoding direction. Susceptibility effects cause local distortions in the static magnetic field and
mainly affect the decay of the T2 signal. Therefore, before each readout, the PROPELLER circuit
refocuses T2 using a spin echo pulse and removes the distorted T2 signal from the NMR signal to
reduce distortion in the image (Muzamil et al., 2023). The use of the PROPELLER technique can
display anatomical criteria more clearly so that it can improve image quality and increase the
resulting diagnostic analysis to be more accurate (Kartikasari, Kartili, Rochmayanti, & Aprilia,
2020).

In MRI examination of the cervical vertebrae according to research (Wen, Zhang, Zhu, &
Liu, 2023). The use of T2 FSE sequences has been proven to be good for detecting pathological
conditions. However, the cervical vertebrae are very susceptible to movement, either sudden or
unintentional, and can occur in patients who are uncooperative or cooperative. This is because the
propeller technique is not sensitive to movement in cervical anatomy (Shigenaga, Takenaka,
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Hashimoto, & Ishida, 2021). The PROPELLER technique at Jogja International Hospital (JIH)
Purwokerto is rarely applied to non-cooperative or cooperative patients. The PROPELLER
technique at Jogja International Hospital (JIH) Purwokerto is rarely applied to non-cooperative or
cooperative patients. Based on this background, the author aims to study more deeply to compare
and analyze the most optimal axial images between the T2 FSE and T2 PROPELLER axial
sequences.

RESEARCH METHOD

This type of research is a quantitative study with a simple experimental approach that aims to
determine the differences in optimal image information on MRI cervical vertebrae axial cuts on the
T2 FSE sequence with T2 PROPELLER. This data collection was carried out at the Radiology
Installation of Jogja International Hospital (JIH) Purwokerto in February 2025, using a GE 1.5 T
MRI device. This study analyzed the T2 FSE and T2 PROPELLER sequences on axial cuts. The
number of samples in the study used was 15 samples, each of which would be scanned with the T2
FSE and T2 PROPELLER sequences (Lukito, Darmini, & Murniati, 2017). The following are the
parameters used in examinations with the T2 FSE and T2 PROPELLER sequences.

Table 1. Cervical vertebrae MRI examination parameters

1. Parameter 2. T2 FSE sequence 3. T2 PROPELLER Sequence
4. TR 5. 3500 6. 3500
7. TE 8. 100 9. 100
10. FOV 11. 180 12. 180
13. Slice Thickness 14. 3.5mm 15. 3.5mm
16. NEX 17. 2 18. 2

This quantitative research was conducted with a questionnaire, then each image produced
will be evaluated by 2 observers, this is in accordance with research (Chokshi et al., 2025), the 2
observers are radiology specialists with the visual grading analysis (VGA) method including
corpus vertebrae, discus intervertebrae, spinal cord, CSF, intraforamen structure, nerve root, and
artifacts. The following is a Likert scale table.

Table 2. Visibility evaluation standards T2 fse and T2 propeller axial sequences

Anatomy Artifact

Scale Information Scale Information

1 Lacking, information is not clear 1 Lacking, large number of artifacts, severe
enough, not bright enough, not clear distortion, slight blurring, and poor
enough, and blurry. visualization

2 Sufficient, the image information is 2 Fair, moderate amount of artifacts, moderate
clear enough or visible but must be distortion, barely visible blurring, and
observed carefully moderate visualization

3 Clear, good, firm, bright, crisp and non- 3 Good, few artifacts, little distortion, no
blurry image information blurring, and good visualization.

RESULTS AND DISCUSSIONS

From the results of research conducted at the radiology installation of Jogja International Hospital
(JIH) Purwokerto in February 2025, 15 research samples were used with volunteers. The following
are the results of MRI images of the cervical vertebrae using the T2 FSE and T2 PROPELLER
sequences.
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B. T2 PROPELLER

Figure 1. (A) T2 FSE (arrow indicates presence of artifact); (B) T2 Propeller (absence of artifact)

Image assessment on T2 FSE and T2 PROPELLER sequences before the Wilcoxon test is
performed, a kappa test will first be performed which aims to analyze the results of the observer's
assessment agreement, namely with a radiology specialist. The following is a table showing the
results of the Kappa statistical test.

Table 3. Kappa test results

Sequence Kappa Value Information
Axial T2 FSE 0.864 Almost perfect deal
Axial T2 PROPELLER 0.884 Almost perfect deal

Based on the questionnaire results in Table 3, it shows that the two radiology specialists
who have been analyzed using the Cohen's Kappa statistical test showed an average result
(average kappa = 0.874), on the T2 FSE sequence with a value of 0.864 and on the T2 PROPELLER
sequence with a value of 0.884. The average results were taken from one observer who has
extensive experience and expertise in the field of MRI imaging for more than 5 years, so that it can
guarantee the level of validity of the research results.

To analyze the results of the questionnaire data from the observer, the Wilcoxon Signed
Test was used in the form of ordinal data which is useful for seeing differences in optimal
anatomical image information on MRI of the cervical vertebrae, in addition to seeing the results of
the mean rank value on each T2 FSE and T2 PROPELLER sequence.

Table 4. Overall wilcoxon test result
No. Sequence p-value Information
1 Axial T2 FSE - Axial T2 PROPELLER 0.001 There is a significant difference

The overall Wilcoxon test results in Table 4 show Asymp. Sig. (2-tailed) <0.001, this
indicates that the p-value <0.05, this means that there is a significant difference in anatomical
image information on each T2 FSE and T2 PROPELLER sequence in MRI examination of the
cervical vertebrae.

Table 5. Wilcoxon test results on MRI image information anatomy of cervical vertebrae
between axial sequence T2 FSE and T2 propeller
No. Image Information p-value Information
1. Corpus VertebraeT2 FSE

0.005 There is a significant difference
Corpus VertebraeT2 PROPELLER
2. Discus VertebraeT2 FSE
0.005 There is a significant difference
Discus Vertebrae
3. Spinal CordT2 FSE
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No. Image Information p-value Information
0.005 There is a significant difference

Spinal CordT2 PROPELLER
4. CSF T2 FSE
0.003  There is a significant difference
CSF T2 PROPELLER
5. Intraforamen StructureT2 FSE
0.001  There is a significant difference
T2 PROPELLER Intraforamen Structure
6. Nerve Root T2 FSE
0.001 There is a significant difference
Nerve Root T2 PROPELLER
7. T2 FSE Artifact
0.003  There is a significant difference
T2 PROPELLR Artifact

Based on the results in table 5, the results of the Wilcoxon difference test on the assessment
of anatomical images and artifacts show a p-value below 0.05. The p-value on both T2 FSE and T2
PROPELLER sequences shows a significant difference.

Table 6. Wilcoxon mean rank statistical test results on MRI image information of cervical
vertebrae between axial T2 FSE and T2 propeller sequences

No. Criteria Sequence Mean Rank
1. Corpus vertebrae T2 FSE 7.50
T2 PROPELLER 8.08
2. Discus intervertebrae T2 FSE 7.50
T2 PROPELLER 8.08
3. Spinal cord T2 FSE 7.50
T2 PROPELLER 8.08
4. CSF T2 FSE 6.00
T2 PROPELLER 7.08
5. Intraforamen Structure T2 FSE 0.00
T2 PROPELLER 6.50
6. Nerve root T2 FSE 0.00
T2 PROPELLER 7.00
7. Artifact T2 FSE 6.00
T2 PROPELLER 7.08

Based on the analysis of the mean rank value, the Wilcoxon statistical test displays the
mean rank value on the T2 PROPELLER sequence > T2 FSE. The results of the Wilcoxon test on the
anatomy of the vertebral corpus, intervertebral disc, spinal cord and artifacts with the T2
PROPELLER sequence have a large mean rank value. In the CSF information using the T2
PROPELLER sequence, the mean rank value shows results that are still large. The anatomical value
of the intraforamen structure and nerve root has a fairly large mean rank value. The six anatomies
shown in the table show that the mean rank produced on T2 PROPELLER has a greater advantage
compared to T2 FSE

Discussion

This study was conducted using 15 samples of cervical vertebrae MRI, each scanned on
axial slices with T2 FSE and T2 PROPELLER sequences to determine the overall average value.
This study was conducted at Jogja International Hospital (JIH) Purwokerto. The results of the
image evaluation were processed by computer with the SPSS 30 program.

Based on research on MRI examination of axial slices of the cervical vertebrae, the first
step taken was the Cohen's Kappa test, the results of which showed agreement between two
observers or an observer by a radiology specialist. From the kappa test, the highest value was
found in the T2 PROPELLER sequence of axial slices. According to (Tasyawati & Utami, 2024) the
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value of agreement in two observers is if the Cohen's Kappa test result is less than 0.00 (invalid),
0.01-0.20 (very low), 0.21-0.40 (low), 0.41-0.60 (moderate), 0.61-0.80 (high), 0.81-01.00 (very high).
Therefore, the test results have an objective consistency value based on the average value of the
kappa test research with the two sequences.

Based on the Wilcoxon statistical test as a whole, it can show a p-value = 0.001, which
means the p-value is less than 0.05. Therefore, Ho is rejected and Ha is accepted, this shows that
the overall anatomical test results are better on T2 PROPELLER. In addition, the mean rank value
for the overall use of the T2 PROPELLER sequence is also superior in displaying the quality of
image information more optimally and there is a significant difference when compared to the use
of the T2 FSE sequence.

Based on the overall Kappa and Wilcoxon tests conducted in this study, the order of the
T2 FSE and T2 PROPELLER sequences differed significantly in cervical vertebrae MRI. The use of
the T2 PROPELLER technique can improve the quality of cervical vertebrae MRI images
optimally, so that the resulting image results will increase the good diagnostic value by a
radiologist. The image quality using the T2 PROPELLER technique has a significant increase in
imaging quality compared to the T2 FSE sequence.

This is in accordance with previous research conducted byAriec, (2024). AndSriyatun et
al., (2023) which states that the T2 PROPELLER sequence can produce more in-depth anatomical
information by showing superior anatomical structures with clearer and more defined
boundaries.Meanwhile, in the artifact area on the T2 FSE sequence, it produces clearer artifacts,
which can reduce the quality of each image information produced. This is because the neck bone
is very susceptible to movement when MRI imaging is performed. This statement is in
accordance with (Rochmayanti, Murniati, Fatimah, & Sulistyadi, 2022). The use of T2 axial slices
of the spine and spinal cord is very sensitive to the occurrence of various types of artifacts,
especially in the anatomical areas of the cervical and thoracic vertebrae where movement often
occurs.

According to Shimamoto et al., (2018) in the cervical area there can be movement due to
breathing and swallowing saliva either intentionally or unintentionally. In addition, it can occur
due to CSF flow, blood circulation flow, and relaxation of the esophageal muscles. This
movement can also occur in patients who are uncooperative or even in cooperative patients.
Based on this, this study applies the T2 PROPELLER technique to reduce or reduce the
occurrence of various types of artifacts that can occur during MRI examination of the cervical
vertebrae.This is in accordance with research (Li et al., 2022). The use of the T2 PROPELLER
technique can effectively reduce artifacts and can minimize distortion in the MRI image results of
the cervical spine. According to Rochmayanti et al., (2022). PROPELLER or BLADE occurs when
the filling of k-space is enhanced from the center of k-space, where rectangular data blocks are
acquired and then rotated. The redundant information concentrated in the center of k-space is
used to improve the signal to noise ratio (SNR) or to identify times during the scan when the
patient moves, these data blocks can be processed with a phase-shifting algorithm to eliminate
the effects of movement on the data during the reconstruction process and motion artifacts can be
suppressed, so that artifacts can be minimized.

Based on the statement, the results of this study also show that the use of the
PROPELLER technique, in addition to reducing artifacts, can also produce better image
information and show that pathology can be seen more clearly, this is because the resulting image
in the pathology area appears more enhanced and the fat area appears hyperintense and the
boundary between anatomy and pathology appears more defined. This statement is in
accordance with the statement according to (Wen et al., 2023) that the T2 PROPELLER technique
is better at differentiating pathology in the cervical vertebra area than the T2 FSE technique.
However, the PROPELLER technique has a longer acquisition time compared to the T2 FSE
sequence which has a faster acquisition time. This is because the T2 FSE sequence applies longer
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TR and TE values. Based on this, the overall analysis results show that there is a significant
difference in transparent images between the T2 FSE image results and the T2 PROPELLER
image results in MRI of the cervical vertebrae with axial slices.

Based on this, there are limitations of research in hospitals, namely that this study only
discusses the T2 FSE and T2 PROPELLER sequences. In addition, this study only discusses
anatomical information on the two images produced from the two sequences. This study was
conducted with a 1.5 Tesla MRI, while the 3 Tesla MRI is more sensitive to larger artifacts and
only obtains axial section images, does not obtain sagittal and coronal images, based on this,
radiologists cannot analyze the image on other sections to see from various sides on the T2
PROPELLER sequence. Therefore, axial, sagittal, and coronal sections are needed, for further
research purposes it is necessary to combine axial, sagittal and coronal images.

CONCLUSION

There is a difference in the image quality of MRI cervical vertebrae in axial cuts between the T2 FSE
and T2 PROPELLER sequences. This is because the two sequences produce different images, the T2
PROPELLER sequence produces more detailed image quality in anatomy and pathology, and can
reduce the occurrence of artifacts caused by movement in the cervical which is sensitive to
movement, while the T2 FSE produces less informative image quality due to artifacts.

There is a difference in scan time on axial cervical MRI between the T2 FSE and T2
PROPELLER sequences, this is because the acquisition time between the two sequences is different,
the T2 PROPELLER sequence produces a longer acquisition time and the T2 FSE produces a faster
acquisition time. This is because the T2 FSE uses long TE and TR values.
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