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ARTICLE INFO ABSTRACT

Article history: Due to the long scan time, patients often report pain and discomfort
during lumbar MRI examination. NEX and SENSE are two parallel
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study examines the information between NEX variations with and
without SENSE on anatomical images and their relationship with scan
Keywords: time on lumbar T2 TSE MRI examinations. This study is quantitative
and uses an experimental method. The sample in this study was 10
MRI Lumbar volunteers who would be given 6 treatments, namely NEX 1 variation
NEX' " \vithout SENSE, NEX 1 with SENSE, NEX 2 without SENSE, NEX 2
Parallel Imaging vy, SENSE, NEX 3 without SENSE, and NEX 3 with SENSE on
SENSE Lumbar T2 TSE MRI examinations in January 2025. Using the Visual
Grading Analysis (VGA) method, two radiology specialist observers
analyzed the image results. Then the Cohen's Kappa consistency test
was carried out and the Friedman test was used to verify the
questionnaire results statistically. This study shows that there is a
significant difference in the value of image information between NEX
1 variations of vertebral body anatomy with and without SENSE.
While in the anatomy of the Intervertebral Disc, Ligament, Spinal
Cord, and Spinal Stenosis did not show a significant difference in
each variation of NEX with and without SENSE. For scan time, with
NEX variations using SENSE requires a shorter scan time compared
to without the use of SENSE.
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INTRODUCTION

Lumbar MRI is often used to assess various disorders, including degeneration of the intervertebral
discs that can trigger herniation of the nucleus pulposus (HNP), compression of the thoracic
vertebrae, and to view the structure of the spinal cord and cerebrospinal fluid (CSF) and any
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abnormalities that may occur (Frost et al. 2019). Lumbar Vertebrae, consists of five bones with a
larger part of the neck and spine (thoracic). The appearance of the lumbar vertebrae (corpus) is
large, thick, oval, the pedicle is short and thick, the intervertebral foramen is small and the shape
resembles a triangle.

The spinous process is thick, wide and somewhat horizontal (1B Anatomy-And-
Physiology-For-Paramedicspdf.Pdf, 2011). Various pathological disorders that commonly occur in
the Lumbar vertebrae, including scoliosis, fractures, metastasis, ductal stenosis, Lumbar
spondylosis, and low back pain (LBP) (Pipit Muliyah, Dyah Aminatun, Sukma Septian Nasution,
Tommy Hastomo, Setiana Sri Wahyuni Sitepu 2020).

The radiology modalities that can be used to examine the pathology include mobile x-ray
machines, CT-Scans, and MRI (Magnetic Resonance Imaging). A non-invasive method for
examining soft tissue that does not require the use of ionizing radiation, magnetic resonance
imaging (MRI) is used to monitor treatment and obtain more detailed images (Theodorou et al.
2020)(Peschke et al. 2021). Currently, nuclear magnetic resonance imaging (MRI) is very popular
and is routinely performed in hospitals. In general, MRI mode can be used to examine almost any
part of the body. Almost 90% of MRI procedures are focused on examining the head and spine,
while only about 10% are applied to other organs. Among these examinations, spinal scans tend to
be more dominant in medical practice (Lenski et al. 2017).

Lumbar MRI examination is generally used to evaluate abnormalities such as disc
degeneration which can cause HNP, thoracic compression, visualization of the spinal cord and
cerebrospinal fluid (CSF) and other abnormalities (Nuha et al. 2022). The standard protocol for
MRI Lumbar examination to be able to see the anatomical and pathological structures uses the
Sagittal T2 TSE, sagittal T1 TSE, sagittal T2 TSE STIR, Axial T2 TSE, and Axial T1 GRE sequences
(Khanna, 2015). The routine sequences used for MRI Lumbar examination are sagittal T1 TSE,
sagittal T2 TSE, axial T1 TSE, axial T2 TSE (Pipit Muliyah, Dyah Aminatun, Sukma Septian
Nasution, Tommy Hastomo, Setiana Sri Wahyuni Sitepu, 2020b). According to Zeitoun et al.
(2019)Routine Lumbar MRI protocol consists of sagittal T1, sagittal T2, axial T2.

In general, MRI image quality greatly influences the ability to display the contrast of the
body's soft tissues, which depends on factors such as spatial resolution, signal-to-noise ratio (SNR),
tissue relaxation time (T1 and T2), and the use of contrast agents that can improve the
differentiation of anatomical and pathological structures (Pipit Muliyah, Dyah Aminatun, Sukma
Septian Nasution, Tommy Hastomo, Setiana Sri Wahyuni Sitepu, 2020b). Image quality is affected
by four elements: CNR, spatial resolution, SNR, and scan time (Agrilian et al. 2023). Scan time, also
known as Scane time, is the time required to collect data. The quality of the resulting image can be
compromised due to patient movement during the examination, which can be caused by long scan
times. Therefore, the value of scan time becomes very important (Ariadi et al. 2023).

MRI scan time is affected by various parameters, one of which is NEX (Number of
Excitations), which is the average number of data acquisition repetitions for each signal taken. The
higher the NEX value, the more signals are collected, thereby increasing the signal-to-noise ratio
(SNR) and producing better quality images. However, increasing NEX also lengthens the scan
time. The noise and signal data sets will be stored by K-spase (Diana Ega Rani, 2016). The NEX
value can affect the examination time and image quality; higher NEX values result in better images
and longer examination times, but lower NEX values result in poorer images (Nirmala 2019).

Research that has been conducted byThe Legend of Zelda (2017), said that the use of NEX 2
in lumbar MRI scanning can produce images with optimal quality while maintaining efficient
examination duration. Another study conducted by Ariadi et al. (2023), stated that the best NEX
value The use of NEX 3 in lumbar MRI examination with sagittal T2 TSE sequence plays a role in
increasing the signal-to-noise ratio (SNR), thus producing clearer and more detailed images for
anatomical analysis and detection of pathological abnormalities. Meanwhile, research conducted
by Agus et al. (2022)stated that use of the NEX 1 resulted in the fastest scan times, although the
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potential for reduced image quality due to lower signal-to-noise ratio (SNR) remains a
consideration in diagnostic evaluation.

Scan timelong periods of time can result in poor image quality and anatomical information,
and can also cause patient discomfort during the examination (Fathyan and Rahardian 2024). Time
acquisition technique or parallel imaging is one way to reduce examination time. Parallel imaging
is a method that can be used to speed up MRI data acquisition (Deshmane et al. 2012). In MRI
modality, two methods that are often used for parallel imaging techniques are reconstruction in
image space and reconstruction in k-space (Ruel et al. 2004). Paralle] Magnetic Resonance Imaging
(MRI) examinations have many advantages, including reduced scan time.

First, it is very advantageous for sequences that require short scan times, such as
individual breath holds. Second, the total examination time can be shortened, especially in patients
who suffer from severe pain in certain situations, such as pain when lying down, in pediatric
patients, or in emergency cases (Forshult 2007). Reducing examination time is one way to speed up
MRI data acquisition, especially with acquisition techniques or parallel imaging (Deshmane et al.
2012)(Filippi et al.. 2012).

In MRI there are several types of parallel imaging (PI), namely GRAPPA (Generically
Autocalibrating Partial Parallel Acquisition) on Siemens MRI machines: one of the multi-coil PI
methods, ARC (Autocalibrating Reconstruction for Cartesian imaging) on GE MRI machines: one
of the multi-coil PI methods, and SENSE (sensitivity encoding) on Philips MRI machines: one of the
PI methods used clinically (Indra Wicaksono et al. 2018).

SENSE is a parallel imaging method using images formed from phased array coils. SENSE
reconstruction can reduce scan time by accelerating the filling of K-space (Ummah, 2019).
Although SENSE image reconstruction takes twice as long as conventional image reconstruction, it
can reduce the signal value in anatomical images. The decrease in SNR in SENSE reconstruction
affects the reduction factor (R) or the number of elements in the Phased Array coil (Glockner et al.
2005). Depending on the R used, SENSE reduces and speeds up data acquisition (Susanto et al.
2016).

Previous research that has been conducted previously by Wibowo et al. (2015), stated that
SENSE can be used for patients with a high level of pain to reduce the possibility of patient
movement during the examination with image information without significant differences
compared to not using SENSE. While the research conducted by Indrati et al. (2020), stated that the
assessment of anatomical information on MRI Lumbar with and without the use of parallel
imaging is better using parallel imaging than without using parallel imaging. Another study
conducted by 2023 stated that the assessment of anatomical information on MRI Lumbar with and
without the use of parallel imaging has differences in some anatomy (Discus Intervetebralis and
Corpus Vertebra). Patients often experience discomfort and pain during lumbar MRI examination.

Therefore, the purpose of this study was to determine the best anatomical information on
T2 TSE lumbar MRI images with NEX changes between the use of and without SENSE and to
determine the differences in anatomical information on T2 TSE lumbar MRI images with NEX
changes between the use of and without SENSE.

RESEARCH METHOD

The type of research used is quantitative research with an experimental approach that aims to
analyze the differences in lumbar anatomical image information in variations of NEX use with and
without SENSE. The study was conducted using a 1.5 Tesla MRI machine at the RSD RSD Gunung
Jati Cirebon radiology installation in January 2025. The sample in this study was 10 volunteers who
would be given 6 treatments, namely NEX 1 variation without SENSE use, NEX 1 with SENSE use,
NEX 2 without SENSE use, NEX 2 with SENSE use, NEX 3 without SENSE use, and NEX 3 with
SENSE use in the T2 TSE Lumbar MRI examination.
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The results of MRI Lumbar examination images using the T2 TSE sagittal slice sequence in
the period of January 2025. The research instruments include MRI machines, Lumbar spine coils,
examination equipment (fixation devices, emergency buzzers, headphones, patient clothes,
blankets, and pillows), Operator consoles, questionnaires given to 2 radiology specialists to analyze
differences in Lumbar anatomical image information in variations in the use of NEX with and
without SENSE and analyze artifacts from the sequence.

Two observers (radiology specialists) participated in the qualitative evaluation using
Visual Grading Analysis (VGA), which included the vertebral corpus, intervertebral disc,
ligaments, spinal cord, and spinal stenosis (Indrati et al. 2020).

Table 1. (Tasyawati and Utami 2024) T2 TSE sequence visibility evaluation standard

Anatomy
Scale Information
1 Lacking, the image is unclear, not bright enough, blurry, and difficult to
analyze.
2 Enough, The image is quite clear, but requires closer inspection.
3 Good, Sharp, bright, clear and easy to analyze image.

The research data were analyzed using the Cohen's Kappa consistency test to evaluate the
level of similarity in perception between observers in assessing images, as well as the Friedman
difference test to determine the significance of differences in lumbar anatomical image information
in various variations of NEX use, both with and without the application of the SENSE technique, in
order to obtain optimal images in MRI imaging.

RESULTS AND DISCUSSIONS

The following is a table of volunteer characteristics based on gender in this study.

Table 2. Sample characteristics based on gender

Gender Amount Percentage
Man 5 50%
Woman 5 50%

Total 10 100%

The assessment of anatomical image information was carried out by 2 (two) respondents.
The research respondents were radiology specialists. The provisions for respondents were that
they had expertise in the field of MRI for more than 5 (five) years.

Table 3. Respondents' kapa test results

Variation Kappa Value information

NEX 1 without SENSE 0.82 Strong Perceptual Fit
NEX 1 with SENSE 0.78 Strong Perceptual Fit
NEX 2 without SENSE 0.83 Strong Perceptual Fit
NEX 2 with SENSE 0.89 Strong Perceptual Fit
NEX 3 without SENSE 0.80 Strong Perceptual Fit
NEX 3 with SENSE 0.80 Strong Perceptual Fit

In the kappa test, all groups of image information assessed by two observers in the NEX 1
variation with and without SENSE, NEX 2 with and without SENSE, NEX 3 with and without
SENSE showed a kappa value above 0.60, which means that the average agreement between the
two observers is high. According to Sim and Wright (2005) in Utami (2019), the level of agreement
between two observers in classifying subjects can be measured using Cohen's Kappa, with the
following categories: <0.00 (Invalid), 0.01-0.20 (Very low), 0.21-0.40 (Low), 0.41-0.60 (Medium),
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0.61-0.80 (High), 0.81-1.00 (Very high). Based on these results, there is objective consistency in the
six treatments tested.

Data were obtained from the results of image assessment by 2 radiologists by giving a
score of 1, 2, and 3 to each image produced by the T2 TSE sequence with variations of NEX 1
without SENSE, NEX 1 with SENSE, NEX 2 without SENSE, NEX 2 with SENSE, NEX 3 without
SENSE, and NEX 3 with SENSE. Then the score values of each image from the 2 respondents were
summarized and analyzed using SPSS 30 through the Friedman test. The results obtained are as
follows.

Table 4. Friedman Test Results between use and no use of SENSE

Variation p-Value Information

NEX 1 with and without SENSE 0.001 There is a difference
NEX 2 with and without SENSE 0.001 There is a difference
NEX 3 with and without SENSE 0.007 There is a difference

The results of the Friedman test between NEX 1 with and without SENSE, NEX 2 with and
without SENSE, and NEX 3 with and without SENSE obtained a p-Value <0.05. So the null
hypothesis (Ho) is rejected, meaning there is a significant difference between images using SENSE
and without using SENSE.

To see which has anatomical image information for the Lumbar, you can look at the mean
rank results from the Friedman test between NEX 1 with and without SENSE, NEX 2 with and
without SENSE, and NEX 3 with and without SENSE.

Table 5. Mean rank results from the friedman test

Variation Mean Rank
SENSE NO SENSE

NEX 1 131 1.69

NEX 2 1.28 1.72

NEX 3 141 1.59

The mean rank results between the NEX 1 variations with and without SENSE, NEX 2 with
and without SENSE, and NEX 3 with and without SENSE show that without using SENSE has
better image information compared to using SENSE.

To find out in more detail the differences in each anatomy in lumbar MR, a difference test
was carried out using the Friedman test with the results as in Table 6.
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Figure 1. Results of MRI images of the lumbar sagittal section with T2 TSE sequence (a) NEX 1 variation
without SENSE, (b) NEX 1 variation with SENSE, (c) NEX 2 variation without SENSE, (d) NEX 2
variation with SENSE, (e) NEX 3 variation without SENSE, and (f) NEX 3 variation with SENSE

Caption figure (e): (1) Corpus Vertebra, (2) Intervertebral Disc, (3) Ligaments, (4) Spinal
Cord, (5) Spinal Stenosis

Table 6. Friedman test results of anatomical organ information with NEX variations

with and without SENSE
Anatomy p-Value
NEX1 with and NEX 2 with and NEX 3 with and
without SENSE without SENSE without SENSE
Corpus Vertebra 0.025 0.083 0.564
Intervertebral Disc 0.317 0.317 0.564
Ligaments 0.083 0.046 0.157
Spinal Cord 0.317 0.317 0.157
Spinal Stenosis 0.317 0.317 0.157

Table 7. Mean rank results of the friedman test per anatomy

Mean Rank
Anatomy NEX1 NEX 2 NEX 3

SENSE  NO SENSE SENSE  NO SENSE SENSE  NO SENSE
Corpus Vertebra 1.25 1.75 1.35 1.65 1.45 1.55
Intervertebral Disc 1.45 1.55 1.40 1.60 1.45 1.55
Ligaments 1.35 1.65 1.30 1.70 1.40 1.60
Spinal Cord 1.45 1.55 1.45 1.55 1.40 1.60
Spinal Stenosis 1.45 1.55 1.45 1.55 1.40 1.60

Table 8. Difference in scan time values

Variation NO SENSE SENSE

NEX 1 1.18 minutes 52.5 seconds
NEX 2 2.33 minutes 1.43 minutes
NEX 3 3.48 minutes 2.33 minutes

Image quality and information are influenced by four main factors, namely the signal-to-
noise ratio (SNR) which determines the clarity of the signal to interference, spatial resolution which
affects the sharpness of image details, contrast-to-noise ratio (CNR) which plays a role in
distinguishing anatomical structures, and scan time which has an impact on the efficiency of data
acquisition and the possibility of motion artifacts (Agrilian et al. 2023). Some parameters that can
affect image information and scan time include NEX and parallel imaging SENSE (Diana Ega Rani,
2016). The NEX SNR value is affected; the higher the NEX value, the higher the SNR value and the
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clearer the anatomical information. Muthia's (2018) study found that adding or increasing the NEX
value would increase the SNR value but reduce the scanning time. The results of this study are in
line with these findings. According to the research results Based on the research results of Dwi
Rochmayanti et al. (2010), the increase in SNR compared to NEX occurs because NEX acquires and
collects more data during the scanning process, thereby improving the quality of the resulting
image. Higher SNR is achieved by increasing the recorded signal value above the noise level. This
is because the signal amplitude will increase at a larger NEX when data is taken without changing
the encoding phase (Diana Ega Rani, 2016).

Enabling SENSE usage will change the SNR value. Reconstruction will cause the SNR
value to decrease. SENSE can excite all coils to take images quickly. Therefore, the scanning time
becomes shorter, which can decrease the SNR resolution and produce lower image quality (Pipit
Muliyah, Dyah Aminatun, Sukma Septian Nasution, Tommy Hastomo, Setiana Sri Wahyuni
Sitepu, 2020a). This is in line with research by Apriliani, et al. (2022);2023, because parallel imaging
techniques can minimize patient movement during the examination and reduce the duration of the
scan, SENSE is very helpful for uncooperative patients. In addition, the use of SENSE parallel
imaging techniques can produce images with almost as good quality as images obtained without
the technique.

Based on table 6, for the anatomy of the vertebral corpus in the NEX 1 variation with
SENSE has a p-value <0.05 which means there is a difference in image information in the anatomy.
Then for the anatomy of the vertebral corpus in the NEX 1 variation without SENSE; NEX 2 with
SENSE; NEX 2 without SENSE; NEX 3 with SENSE; NEX 3 without SENSE, the anatomy of the
intervertebral disc in the NEX 1 variation with SENSE; NEX 1 without SENSE; NEX 2 with SENSE;
NEX 2 without SENSE; NEX 3 with SENSE; NEX 3 without SENSE, the anatomy of the ligament in
the NEX 1 variation with SENSE; NEX 1 without SENSE; NEX 2 with SENSE; NEX 2 without
SENSE; NEX 3 with SENSE; NEX 3 without SENSE, the anatomy of the spinal cord in the NEX 1
variation with SENSE; NEX 1 without SENSE; NEX 2 with SENSE; NEX 2 without SENSE; NEX 3
with SENSE; NEX 3 without SENSE, and spinal stenosis anatomy in the variations of NEX 1 with
SENSE; NEX 1 without SENSE; NEX 2 with SENSE; NEX 2 without SENSE; NEX 3 with SENSE;
NEX 3 without SENSE have a p-value > 0.05 which means there is no difference in image
information in the anatomy.

These results are in line with previous studies Ariadi et al. (2023), stated that no anatomy
was significantly affected by NEX changes. Each anatomy has a different proton density, which
results in different signal intensities, which causes variations in the results. Differences can also
arise due to the patient or factors that influence the development of noise (Rochmayanti et al.
2010). Based on research data using the SENSE parallel imaging technique, a lower SNR value was
obtained compared to without using the SENSE parallel imaging technique, thereby reducing
anatomical image information. These results are in accordance with research by (Astari and
Semarang 2016) which states that the use of parallel imaging can speed up scanning time but will
reduce SNR, which means that anatomical image information is reduced.

For the scan time between the variations of NEX 1 with and without SENSE, NEX 2 with
and without SENSE, and NEX 3 with and without SENSE can be seen in table.8 that NEX 1 NON
SENSE requires a scan time of 1.18 minutes. NEX 1 SENSE requires a scan time of 52.5 seconds.
NEX 2 NON SENSE requires a scan time of 2.33 minutes. NEX 2 SENSE requires a scan time of 1.43
minutes. NEX 3 NON SENSE requires a scan time of 3.48 minutes. And NEX 3 SENSE requires a
scan time of 2.33 minutes. So it can be concluded that the use of SENSE can shorten the scan time
during the inspection. Because fewer rows are obtained for each section, the scan time becomes
shorter. The number of items used in the measurement increases as the scan time decreases
(Ummabh, 2019).

Scan time is reduced because fewer rows are acquired for each coil element in SENSE,
which uses phased array coils to measure and process signals from slices before combining the
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components to create an image covering a larger anatomical area. To reduce scan time, the number
of coil elements used is proportional.(Indrati et al. 2020).

CONCLUSION

Based on the results of the research that has been done, it can be concluded that the variations of
NEX 1, NEX 2, and NEX 3, both with and without SENSE, do not show significant differences in
image information. However, scanning with SENS results in a shorter examination time than
without SENSE. Therefore, in MRI Lumbar T2 TSE examinations, NEX variations with and without
SENSE can be applied in routine examinations, but are more recommended for less cooperative
patients to reduce the possibility of motion artifacts due to longer scan durations.
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