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Abstract. Crosstalk artefacts appear as dark signal lines on MR images that
occur due to imperfect multi-slice settings. There is still a good deal of
emergence of crosstalk artefacts on T1 of SE and FSE sequence with
interleaved slice acquisition methods. This study aims to determine the
differences and the optimal value of reduction of crosstalk artefacts against
changes in TR on T1 between SE and FSE sequences in interleaved slice
acquisition methods. The experiment was carried out by scanning the water
phantom with a variation of TR 500ms, 600ms, and 700ms in SE and FSE
sequences. An assessment of the reduction of crosstalk artefacts was carried
out using SNR values. There is a significant difference in the reduction of
crosstalk artefacts between SE sequences and FSE on T1 (p-value = <
0.001). The reduction of crosstalk artefacts in SE sequences with TR values
of 600ms and 700ms respectively, were 22.2% and 37.7%. Whereas the FSE
sequences were 28.3% and 56%. Optimal crosstalk artefact reduction occurs
in FSE sequences of T1 (56%). It is intended to use FSE sequences with TR
700ms on T1 if there are overlapping slices so that the crosstalk artefacts
that occur will be reduced optimally.

1 Introduction

MRI is a diagnostic imaging modality that has a relatively safer advantage compared to the
other examinations that use ionizing radiation. In addition, MRI can provide a good image
quality to evaluate several diseases such as degenerative diseases, trauma, fractures, tumours
and lesions in the bone, even malignancies in the spine [1-6]. One of the tests that can be
done is a lumbar or lumbosacral spine MRI examination [7].

MRI examination of the lumbar spine has been the standard examination most often used
to evaluate abnormalities in the lumbar spine with various indications and is the most
sensitive examination to evaluate the presence of disc herniation [8], [9]. Disc herniation
evaluation can be done in several areas in the axial plane such as the central canal,
subarticular foramina, and extra foramina to evaluate the protrusion or extrusion of the disc
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[10]. Under certain conditions, some of these areas may not be assessed properly due to an
artefact [11].

Although some artefacts are relatively insignificant and easy to identify, artefacts that
appear can interfere with anatomical imagery and pathological conditions or may cause
inaccuracies in making a diagnosis [11], [12]. Artefacts that often occur in MRI examination
of the lumbar spine are artefacts that arise due to the movement, Gibb’s, metal and crosstalk
(superposition slices) [13]. However, crosstalk artefacts are artefacts that most often appear
on MRI examination of the lumbar spine [14].

Crosstalk artefacts occur due to imperfect multi-slice settings, so there are areas that are
accidentally excited. If a proton is excited in a relatively short time compared to the relaxation
time of T1, then superposition slices can experience the release of magnetization and signal
loss. [15]. Crosstalk artefacts appear as signal lines with dark images on MR images that
often resemble the shape of saturation bands. Parts of the image that experience crosstalk
artefacts will look darker or hypo-intent because crosstalk artefacts can cause a decrease in
SNR (Signal to Noise Ratio) [16].

There are recommendations to reduce crosstalk artefacts by using a slice gap of at least
30% or using interleaved slice acquisition techniques [16]. Meanwhile, previous studies have
produced contradictory conclusions about the statement.

Previous research was carried out by scanning the phantom water with variations in TR
values (500 ms, 600 ms and 700 ms) on the reduction of crosstalk artefacts between
sequential and interleaved slice acquisition techniques in the SE (Spin Echo) sequence. The
research concluded that the reduction of the largest crosstalk artefacts was produced by the
acquisition technique of sequential slices, followed by an increase in TR values, this became
irrelevant to the facts in the field [17].

Based on the unstructured observations that the authors have done, the most widely used
slice acquisition technique is the interleaved slice acquisition technique. However, there are
still many crosstalk artefacts appearing on MRI examination of the lumbar spine in both SE
and FSE sequences with T1 weighted images especially on axial slices. Based on this, the
authors tested the comparison of the reduction of crosstalk artefacts on the T1 weighted
images of the SE and FSE sequences for variations in the increase in TR values in the
interleaved slice acquisition technique.

2 Method

This type of research is a quantitative research experiment with a quasi-approach. The
research has been carried out on water phantom objects with a volume size of 2000 ml, placed
on the head coil in longitudinal position and scanned with 1.5 MRI Tesla modality. Variations
apply to the TR value parameters that are equal to 500 ms, 600 ms, and 700 ms Each variation
is carried out in SE and FSE sequences by controlling other parameters besides TR value
parameters by the interleaved slice acquisition method.

Axial wedge scans are performed with a total of 10 slices divided into 2 groups of slices
that form an angle of 45 °. Groups of slices A and B each have 5 slices, the position of slice
group A forms an angle of 0 ° to B1, while groups of slices B form an angle of 45 ° to B1.
The intersection between groups of slices is arranged in the middle of the water phantom
object. Here is Figure 1 which is the arrangement of axial slices in sagittal slices:
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Fig. 1. Arrangement of axial slices in sagittal slices.

The scan was performed to obtain axial slices of the T1 weighted SE and FSE sequences
with the provisions of the parameters in Table 1 as follows:

Table 1. Description of the research sample.

Parameters m

SE FSE
Time Repetition (ms) § % § § % §
Time Echo 24 ms 24 ms
FA 90° 170°
SG 0% 0%
FOV 24 cm 24 cm
Matriks 256 256
Slice Thickness 4 mm 4 mm
Bandwidth 150 Hz 150 Hz
NEX 2 2
ETL - 3

Data processing is done by calculating the SNR value of each slice obtained using the
help of the ImageJ application with the ROI (Region of Interest) Manager tool. SNR
measurements carried out in the area of crosstalk artefacts three times and calculate the
average value on each slice obtained.
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Fig. 2. SNR measurement location with ROL

The analysis is carried out in several stages to test the hypotheses that have been
formulated. After all, data have been completely collected, the analysis will be carried out
using the Statistical Product and Service Solutions (SPSS) version 25.0 with a confidence
level of 95% (p-value = 0.05).

The evaluation of the crosstalk artefact reduction is done using an assessment with the
SNR value. In-depth analysis of the author is required regarding the determination of the
reduction of crosstalk artefacts based on the theory as follows [18]:

SNR | = Crosstalk
Artefact 1 SNR 1 =
Crosstalk Artefact |

The SNR value of TR 500 ms is used as a benchmark to determine the reduction of
crosstalk artefacts. Hypothesis testing is done with positive data from the results of the
reduction of the SNR value of TR 700 ms with 500 ms, 600 ms with 500 ms.

3 Results and Discussions

This research was conducted during May-June 2019 on the object of water phantom research
at Radiology Installation Telogorejo Hospital Semarang.

The research has been carried out on water phantom objects with a volume size of 2000
ml, placed on the head coil in longitudinal position and scanned with 1.5 MRI Tesla modality.
Each scan performed, obtained as many as 10 slices of images in each of the 3 TR variations
applied. So that the total number of images obtained is 30 slices (10 x 3). The following is a
picture of the results of a phantom water scan in T1 weighted images SE (Fig. 3) and FSE

(Fig. 4):
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Fig. 3. T1 SE weighted images with TR (A) 500 ms, (B) 600 ms, and (C) 700 msonI(1-5;0 ° from
Bl)and II (6 - 10 ; 45 ° from B1).
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Fig. 4. T1 FSE weighted images with TR (A) 500 ms, (B) 600 ms, and (C) 700 ms on I (1 - 5; 0 ° from
Bl) and II (6 - 10 ; 45 ° from B1).

The resulting axial wedge images are then measured and calculated to find the SNR value.
To facilitate measurement and calculation, ROI is carried out with the help of the ImageJ
application with the ROI Manager tool and Specific ROI with a diameter of 5 mm.

The data used for testing the hypothesis is only the data from the calculation of the
crosstalk artefact reduction that occurs from the SNR value. The following is Table 2 data
used in testing:
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Table 2. SNR value of the calculation result of crosstalk artefact reduction.

SNR T1
Slices TR 700 ms — 500 ms | TR 600 ms — 500 ms
SE FSE SE FSE

1 63.99 102.93 28.85 54.57
2 37.89 82.48 75.27 19.73
3 69.73 109.33 36.29 48.11
4 53.95 271.57 20.28 83.05
5 54.97 215.74 26.10 97.21
6 47.98 118.17 26.88 49.64
7 39.84 71.60 33.23 54.02
8 69.94 169.28 9.49 134.12
9 96.49 165.74 61.35 138.40
10 66.58 189.34 -4.72% 34.01%*

* Data that is not used

3.1 Reduction of Crosstalk Artefacts on Changes in Time Repetition in T1
Weighted Image between Spin Echo Sequence and Fast Spin Echo in
Interleaved Sliced Acquisition Technique.

This test is carried out with the aim to determine the difference in crosstalk artefact reduction
in TR changes in the T1 weighted image between the SE and FSE sequences in the acquisition
technique of interleaved slices. Conclusions drawn on the T1 weighted image are based on
the results of the paired T-test because the data used meets the assumptions of normal data.
The following are Table 3 paired T-test different test results:

Table 3. Paired T-test different test results.

SNR T1 Value Mean Sig. (2-tailed)
SE - FSE -66.10158 .000

The test results obtained a significance value <0.001 (<0.05). From the test results it can
be stated that there is a difference in the reduction of crosstalk artefacts to changes in TR in
the T1 weighted image between SE and FSE sequences in the interleaved slice acquisition
technique.

Based on the results of hypothesis testing, the reduction of crosstalk artefacts is
significantly different between SE sequences and FSE. The difference in the reduction of
crosstalk artefacts between SE and FSE sequences is evidenced from the significance value
of the results of the paired T-test difference test <0.05. The significance value of the
difference in the crosstalk artefact reduction between SE and FSE sequences on T1 weighted
image is <0.001. The results of the test concluded that there was a difference in the reduction
of crosstalk artefacts on TR changes in the T1 weighted image between SE sequences and
FSE in the interleaved slice acquisition technique.

Differences in the reduction of crosstalk artefacts that occur between SE and FSE
sequences are analysed due to differences in factors that affect the SNR value. In the FSE
sequence, each echo experiences a different amount of intrinsic T2 decay, which results in
differences in image contrast when compared with SE from similar TR and TE [12]. So the
SNR value generated by the FSE sequence will be different from the SE sequence. This is
supported by the results of previous studies which stated that there is an influence of the ETL
value used on the SNR value generated [19].
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3.2 Reduction of Optimal Crosstalk Artefacts Resulting from Changes in
Time Repetition in the T1 Weighted Image between the Spin Echo
Sequence and the Fast Spin Echo in the Interleaved Slice Acquisition
Technique.

This analysis was carried out with the aim of finding out the reduction of optimal crosstalk
artefacts produced against TR changes in the T1 weighted image between SE and FSE
sequences in the interleaved slice acquisition technique. Analysis on T1 image weighted is
done by looking at the paired sample statistics table (Paired Samples Statistics) from the
results of the paired T-test different tests. Here are Table 5 test results of paired sample
statistics:

Table 4. Paired samples test results statistics.

SNR T1 Value Mean
SE 48.3737
FSE 114.4753

In the test results obtained by the highest mean value is owned by the SNR value of T1
weighted image in the FSE sequence that is equal to 114.4753. To find out the optimal TR
value on the T1 weighted image SE and FSE sequences in reducing the crosstalk artefact, it
can be done by looking at Fig 5 chart of the value of the crosstalk artefact reduction to the
change in TR value on the T1 weighted image sequences SE and FSE sequences as follows:

160 149.618
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100 75.428

80 60.136

35.304
40 FSE

20
0
500 - 600 ms 500 — 700 ms

TR Value

Crosstalk Artefact Reduction

Fig. 5. Chart of reduction value of crosstalk artefact towards changes in TR value of SE and FSE
sequences.
In Figure 5 it can be seen that the highest reduction of crosstalk artefacts is at TR 700 ms,
both in SE and FSE sequences. Following is Table 5 reductions of crosstalk artefacts to
changes in TR values in the T1 weighted image of SE and FSE sequences:

Table S. Reduction of crosstalk artefacts to changes in TR values in the T1 weighted image
sequences SE and FSE.

Mean Value of Reduction Reduction
SNR TR 500 ms (SNR) (%)
SE FSE
159.338 | 266.8110 SE FSE SE | FSE
TR
(600 ms —500 ms) | 35.304 | 75.428 | 22.2 | 28.3
(700 ms — 500 ms) | 60.136 | 149.618 | 37.7 | 56
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Table 5 shows that increasing the TR 500 ms to 600 ms resulted in a 22.2% reduction in
crosstalk artefacts in the SE sequence and 28.3% in the FSE sequence. While an increase in
TR 500 ms to 700 ms results in a 37.7% reduction in crosstalk artefacts in the SE sequence
and 56% in the FSE sequence. The highest reduction in crosstalk artefacts was 37.7% in SE
sequences and 56% in FSE sequences.

Crosstalk artefacts appear as signal lines with dark images on MR images that often
resemble the shape of saturation bands. Parts of the image that experience crosstalk artefacts
will look darker or hypo-intent because crosstalk artefacts can cause a decrease in SNR [16].
If there is an increase in SNR, then the dark level in the part of the image that has a crosstalk
artefact will decrease so that the crosstalk artefact will decrease.

The results of the analysis of optimal crosstalk artefact reduction on TR changes in the
T1 weighted image between the SE and FSE sequences obtained the highest mean value in
the FSE sequence that is equal to 114.4753. This means that the optimal reduction of crosstalk
artefacts occurs in the FSE sequence of T1 weighted images. The mean value is directly
proportional to the magnitude of the reduction in the crosstalk artefact that occurs, the greater
the mean value, the reduction in the crosstalk artefact that occurs is also greater. The test
results can also be proven by the percentage value of the crosstalk artefact reduction that
occurs between the SE and FSE sequences on T1 weighted image. In SE sequences, crosstalk
reduction only occurred in 37.7%, whereas in FSE sequences, it was greater at 56%. The
highest percentage reduction in crosstalk artefacts occurred at TR 700 ms, both SE and FSE
sequences.

The increase in the value of the SNR that occurred to increase the value of TR is supported
by the results of previous studies which stated that the value of the SNR has increased
exponentially in the TR value between 100 ms to 700 ms [20]. As for the results of other
studies that support the results of this study are the results of previous studies which stated
that the reduction of the largest crosstalk artefacts was produced by the acquisition technique
of sequential slices followed by an increase in TR values [17].

Aside from the superior aspect of reducing crosstalk artefacts, the FSE sequence is also
superior to the scan time aspect. At the time of data collection, the average scan time of the
FSE sequence is shorter than that of the SE sequence. This adds to the superior quality of the
image owned by the FSE sequence, because the scan time is also one aspect that affects the
quality of the MR image [18]. If the scan time is longer it will increase the likelihood of other
artefacts appearing such as ghosting and blurring artefacts due to the movement of the object
being examined [15].

The author suggests using FSE sequences with TR 700 ms in T1 weighted images if there
are overlapping slices or superposition so that the crosstalk artefacts that occur will be
optimally reduced. Further research needs to be done to determine the results of application
in the field with patients as research subjects and a qualitative assessment by a radiology
doctor on the quality of image information and link it with the scan time aspects required.

4 Conclusion

There is a significant difference in the reduction of crosstalk artefacts between SE and FSE
sequences of T1 weighted images. Reduction of optimal crosstalk artefacts occurred in FSE
sequences which occurred by 56% in T1 weighted images with TR 700 ms.
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