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ABSTRACT

This study addresses the crucial role of Magnetic Resonance Imaging (MRI) of the head in
detecting disorders of the trigeminal nerve, particularly trigeminal neuralgia. Trigeminal neuralgia can
significantly affect quality of life and is commonly observed in the elderly. However, some hospitals
face limitations due to the absence of image fusion features in their MRI modalities, highlighting the
need for practical alternative solutions.

This study proposes the development of a MATLAB-based image fusion application as a
practical alternative. The use of this application is expected to enhance visualization of the trigeminal
nerve and surrounding blood vessels, particularly in hospitals whose MRI devices lack integrated image
fusion capabilities. A mixed-methods approach was employed, combining qualitative analysis to
describe the process of implementing image fusion using MATLAB, and quantitative analysis to
compare the results with those from built-in fusion software on MRI machines.

This study successfully implemented image fusion techniques using MATLAB on raw data
obtained from CISS 3D and 3D TOF sequences, with a focus on visualizing the trigeminal nerve. The
comparison between the fused images generated using MATLAB and those produced by the MRI
system's built-in fusion software revealed significant differences. The MATLAB-based image fusion
technique demonstrated a substantial contribution to improved understanding and diagnosis in medical
practice, particularly in merging images from different MR modalities. Thus, MATLAB-based fusion
can be considered a relevant and progressive solution, especially for hospitals lacking access to
advanced fusion technology.
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Introduction

Magnetic Resonance Imaging (MRI)
uses strong magnetic fields and radio waves to
produce high-resolution images of structures
and organs. Its capability to detect potentially
serious or fatal injuries makes MRI a highly
reliable diagnostic modality. In a diagnostic
context, head MRI plays an essential role in
detecting various brain abnormalities such as
stroke, infections, tumors, vascular disorders,
and provides detailed visualization of cranial

nerves, including the trigeminal nerve. The
trigeminal nerve, being the largest cranial
nerve, has an extensive sensory function in the
head and neck and also acts as a motor nerve
for the muscles involved in mastication.
Disorders of the trigeminal nerve may result in
symptoms such as stabbing facial pain, facial
paralysis, and involuntary = movements.
Trigeminal neuralgia, one such disorder, is
often caused by pulsatile vascular compression
of the trigeminal nerve, leading to stabbing
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sensations in various areas of the face. Cases of
trigeminal neuralgia generally occur in
individuals over 40 years of age, with the
highest prevalence between 60 and 70 years,
largely due to atherosclerotic changes in blood
vessels near the trigeminal nerve. Although not
life-threatening, trigeminal neuralgia
significantly affects quality of life, limiting
daily activities and potentially leading to
depression.

The trigeminal nerve has gained
attention in Indonesia’s healthcare
transformation, particularly within the Ministry
of Health’s Referral Service Transformation
Pillar, which aims to equalize referral services
by optimizing the national hospital network.
The prevalence of trigeminal neuralgia is
estimated at 0.16%-0.3%, with incidence rates
ranging from 4 to 29 per 100,000 people per
year. Recent studies have also reported
trigeminal neuralgia in younger individuals,
between 9.5 and 16.5 years of age. Moreover,
patients with hypertension are reported to have
a higher incidence of trigeminal neuralgia
compared to the general population. Among
brain imaging modalities, the sequences
commonly used in MRI examinations to
visualize the trigeminal nerve include Sagittal
SE T1/coherent T2*, Axial SE/FSE T1, Axial
SE/FSE with contrast, Coronal SE/FSE T1
with/without contrast, 3D incoherent (spoiled)
GRE T1 with/without contrast, Axial FSE T2,
and Coronal FSE T2. In addition, specialized
high-resolution sequences such as 3D FSE T2
(SPACE) and 3D GRE T2 (CISS) are used for
detailed visualization of the trigeminal nerve.

The advancement of medical technology,
particularly in radiology, has seen rapid growth
in recent years. Radiologists now have access
to advanced diagnostic methods such as MRI
with 3D CISS sequences and 3D TOF MRA.
However, the increasing demand for precise
and complex diagnoses drives continuous
development and refinement of imaging
techniques.

Unfortunately, some hospitals still face
limitations in providing image fusion features,
especially those using older MRI systems.
Image fusion has become increasingly
necessary due to its importance in establishing
accurate diagnoses. This is evident in the
distinct differences in visualization of the
trigeminal nerve and surrounding vessels

between CISS 3D and TOF 3D sequences. With
technological advancements, radiologists must
stay updated to provide optimal diagnostic
services. Yet, some hospitals are constrained by
older MRI systems that lack built-in image
fusion software. In this context, the
development of a MATLAB-based image
fusion application becomes highly relevant.
The lack of access to image fusion software in
certain hospitals may create disparities in
diagnostic capabilities. Therefore, this research
proposes a practical solution through the
development of a MATLAB-based application.
This application is expected to assist
radiologists, radiographers, and clinical doctors
in enhancing visualization of the trigeminal
nerve and adjacent blood vessels without
relying on native image fusion features of MRI
systems.

The existence of this image fusion
application is expected to offer a viable solution
for hospitals that do not have access to the latest
technologies. By utilizing MATLAB-based
software, this application simplifies the
evaluation of the trigeminal nerve and allows
for more accurate detection of abnormalities.
Thus, amid rapid advancements in medical
technology, this application represents a
progressive step to meet the needs of healthcare
institutions that may lag in implementing image
fusion features in their MRI systems.

Methods

This study was conducted with the
primary objective of implementing image
fusion techniques using a MATLAB-based
application on raw data from 3D CISS and 3D
TOF sequences, with a specific focus on the
visualization of the trigeminal nerve. The
critical stages of the research involved image
acquisition, image preprocessing to ensure
optimal quality before fusion, and the
application of fusion methods using MATLAB.
The results from this fusion technique were
then compared with the outcomes produced by
the built-in fusion software on the MRI system,
which served as the golden standard.

The research design adopted a mixed-
methods approach, incorporating a qualitative
method to describe the process of applying the
MATLAB-based fusion technique on raw 3D
CISS and 3D TOF data, and a quantitative
method to compare the results of the Matlab

61 | Page

@copyright author Journal of Applied Health Management and Technology



fusion application with the MRI software
fusion.

The tools used in this study included an
MRI Aera system from Siemens AG (2012) and
a computer running MATLAB R2018b. MRI
examinations were conducted using 3D CISS
and 3D TOF MRA sequences. The images were
read and fused by adjusting grayscale intensity
values. A visual assessment was carried out by
a radiologist to evaluate the clarity of
anatomical  information  regarding  the
trigeminal nerve and surrounding blood
vessels. This methodology is expected to
provide a comprehensive understanding of the
process and outcomes of the image fusion
technique, as well as objectively measure the
level of accuracy and advantages of the
MATLAB-based application compared to the
built-in fusion software on the MRI system.
Results and Discussion

This study successfully achieved its
objective by implementing an image fusion
technique using a MATLAB-based application
on raw data from 3D CISS and 3D TOF
sequences, with a primary focus on visualizing
the trigeminal nerve. The research process
involved several critical stages, including
image acquisition, preprocessing to ensure
optimal quality prior to fusion, and the
application of the fusion method using
MATLAB. The outcomes of this fusion
technique were compared with the results
obtained from the built-in MRI fusion software,
which served as the reference standard.

The study employed a mixed-method
approach, utilizing qualitative methods to
describe the application process of the image
fusion technique wusing MATLAB, and
quantitative methods to compare the fusion
results between MATLAB and the MRI
software. The tools used included an MR1 Aera
system from Siemens AG (2012) and a
computer using MATLAB R2018b
programming language. MRI examinations
were performed using 3D CISS and 3D TOF
MRA sequences.

The image fusion process on the MRI
system was carried out using the built-in fusion
feature of the Siemens platform, which
provided clear and accurate visualization of the
trigeminal nerve. The application of this fusion
technique enhanced diagnostic capabilities for
evaluating conditions and abnormalities related

to the trigeminal nerve at the neurovascular
level.

Figure 1. MRI Modality Fusion Results

In the next stage, the implementation of
image fusion techniques with MATLAB
involves detailed steps, such as using the DWT
and PCA algorithms. The Diagnostic Imaging
IT Team successfully compiled the MATLAB
code with a structured structure and tested its
functionality, including the design of the user
interface (GUI) display to facilitate operation.

Figure 3. Fusion Image Merging Results Using
MATLAB
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The image results from both fusion
techniques, both from MRI and MATLAB
devices, were assessed by three Radiology
Specialists with more than 5 years of
experience through a questionnaire. Statistical
analysis using the Wilcoxon test showed a
significant difference between the results of
MATLAB image fusion and MRI modality
image fusion (p-value = 0.021).

Table 1. Results Of The Wilcoxon
Difference Test

Variable p- Information
value
Fusi MRI 0,020 Thereisa
and Fusi difference
Matlab

The interpretation of the results indicates
that the image fusion method using MATLAB
yields significantly  different  outcomes
compared to image fusion using the built-in
MRI system. This finding provides a
foundation for further development or
refinement of image fusion methods, with the
aim of enhancing the quality and accuracy of
fused images in medical applications. The
results suggest that image fusion using
MATLAB can serve as an effective alternative
for producing high-quality visualizations of the
trigeminal  nerve, enriching diagnostic
information. Thus, this study offers a valuable
contribution to the advancement of diagnostic
technology in radiology, particularly in the
context of trigeminal nerve visualization and
evaluation.

The Wilcoxon non-parametric test in this
study provided statistically significant evidence
regarding differences between fused images
from the MRI modality and those generated
using the MATLAB application. With a p-
value of 0.021, which is smaller than the
predetermined significance level of 0.05, it can
be concluded that there is a meaningful
difference between the two image sets. This
result establishes a solid basis for discussing the
implications and relevance of these findings in
clinical practice, especially in medical image
interpretation and diagnosis.

The fact that the MATLAB-based image
fusion method produced significantly different
outcomes from those of the MRI modality is an
intriguing finding that warrants further
elaboration.  Interpreting this  difference

provides valuable insight into the effectiveness
and accuracy of the fusion technique used in
this study. In the medical field, where visual
information accuracy is critical, these findings
are essential for MRI practitioners in choosing
the most appropriate fusion method for their
diagnostic needs. According to Guo et al.
(2022), medical image fusion plays a central
role in supporting clinical diagnosis. Their
study explores the concept of merging medical
images such as CT and MRI to provide a more
comprehensive  view. Fusion integrates
information from different image modalities,
for example, CT highlights bone structures
while MRI focuses on soft tissue. The main
advantages of image fusion include lesion
detection, tumor growth monitoring, high-
resolution processing through multiscale
decomposition, and the selection of optimal
fusion strategies for various image components.
Beyond visual enhancement, medical image
fusion aims to improve diagnostic precision and
consistency as well as treatment planning by
offering richer and more valuable structural
information for healthcare professionals.

The importance of MATLAB-based
image fusion can also be emphasized in
contexts where hospitals or medical facilities
possess MRI systems without built-in fusion
features. Developing MATLAB-based fusion
code becomes essential in such scenarios, as it
provides an implementable solution and
introduces image fusion capabilities to
modalities that lack this feature. This can
deliver substantial benefits to medical
practitioners, allowing them to enhance
diagnostic accuracy and clarity through better
visualization ~ of  anatomical  structures.
According to Zhou et al. (2023), the
development of deep learning-based image
fusion methods offers superior advantages in
feature extraction and representation, more
flexible network architectures, and end-to-end
fusion processes that reduce information loss.

The use of deep learning in medical
image fusion is anticipated to surpass
traditional methods. In healthcare settings with
limited infrastructure, medical image fusion
emerges as an effective solution. It helps
physicians better understand image content,
allowing for more accurate, faster, and
comprehensive diagnosis and  treatment.
Overall, medical image fusion proves to be a
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valuable alternative for resource-constrained
healthcare facilities, unlocking potential
improvements in the quality of medical
services.

MATLAB is also seen as a tool that
supports accurate diagnosis by enhancing the
visualization of anatomical structures. In the
constantly evolving medical field, the ability to
present optimal visual information can
significantly contribute to treatment success
and patient care. Therefore, the development
and application of reliable image fusion
methods using MATLAB are crucial in
supporting medical practitioners in their efforts
to achieve higher accuracy and precision in
diagnosis and patient management.

According to Lu Tang et al. (2022),
MATLAB, as a goal-oriented programming
language, plays a central role in MRI diagnosis
and medical image processing. MATLAB’s
interactive and dedicated environment is
essential for  numerical computation,
programming, and visualization—especially in
the implementation of Discrete Wavelet
Transform (DWT) for medical imaging like
MRI. Its capabilities allow for data
visualization, signal plotting, and image fusion
using various wavelet types. With matrix
operations and built-in functions such as
"dwt2" and "idwt2", MATLAB significantly
contributes to medical image processing by
enabling the selection of parameters such as
wavelet types and fusion methods. Therefore,
MATLAB stands out as a critical tool not only
for analyzing medical images but also for
enhancing understanding and improving
diagnostic processes in the medical field.
Conclusion

This study concluded that the
implementation of image fusion methods using
the MATLAB application in the context of
MRI modality produces significantly different
results compared to image fusion performed
directly through the MRI system. The
Wilcoxon non-parametric test showed that this
difference is statistically significant, with a p-
value of 0.021, which is lower than the
commonly accepted significance level of 0.05.
These findings provide a solid foundation for
discussing the implications and relevance of the
results in medical practice, particularly in the
diagnostic and interpretive processes of
medical imaging. The results enhance the

understanding of the effectiveness and

accuracy of image fusion methods using the

MATLAB application and serve as an

important consideration for MRI practitioners

in selecting the most appropriate fusion method
for their diagnostic needs.

Moreover, the study highlights the
importance of developing image fusion
methods—especially through the MATLAB
platform—to improve the quality and accuracy
of fused images in clinical practice. This
conclusion supports the notion that image
fusion methods, particularly those based on
deep learning, have the potential to become a
superior alternative to traditional techniques,
offering opportunities to enhance services in
healthcare facilities with limited resources. In
general, this research not only contributes to a
deeper understanding of image fusion methods
in medical imaging diagnostics but also
emphasizes the crucial role of the MATLAB
application in supporting MRI diagnostic
processes and medical image processing. This
conclusion may serve as a basis for further
development in technologies and methods
within the field of medical imaging diagnostics,
with the hope of making a tangible contribution
to improving the quality of healthcare services.
References
1. Bathla G, Hegde AN. The trigeminal nerve:

Anillustrated review of its imaging anatomy
and pathology. Clin Radiol [Internet].
2013;68(2):203-13. Tersedia pada:
http://dx.doi.org/10.1016/j.crad.2012.05.01
9

2. Besta R, Uday Shankar Y, Kumar A,
Rajasekhar E, Bhanu Prakash S. MRI 3D
CISS-A novel imaging modality in
diagnosing trigeminal neuralgia—A review. J
Clin Diagnostic Res. 2016;10(3):ZE01-3.

3. Bithal PK. Radiofrequency
Thermocoagulation for Trigeminal
Neuralgia. Handbook of Trigeminal
Neuralgia. 2019. 141-150 hal.

4. Cahyono B. Use of Matrix Laboratory
Software (Matlab) in Learning Linear
Algebra.  Phenom J Pendidik MIPA.
2016;3(1):45-62.

5. Docampo J, Gonzalez N, Munoz A, Bravo
F, Sarroca D, Morales C. Neurovascular
study of the trigeminal nerve at 3 T MRI.
Neuroradiol J. 2015;28(1):28-35.

64 | Page

@copyright author Journal of Applied Health Management and Technology



6. El-hoseny HM, Rabaie EM El, Abd W,
Faragallah OS. Medical Image Fusion: A
Literature Review Present Solution sand
Future Directions.

7. Ferreira HA, Ramalho JN. Three Magnetic
Resonance Vascular Imaging (MRV). 2014;

8. Gardner WJ, Miklos M V. Response of
trigeminal neuralgia to “decompression” of
sensory root: Discussion of cause of
trigeminal neuralgia. J Am Med Assoc.
1959;170(15):1773-6.

9. Garcia M, Naraghi R, Zumbrunn T, Rdsch
J, Hastreiter P, Dorfler A. High-Resolution
3D-constructive interference in steady-state
MR imaging and 3D time-of-flight MR
angiography in neurovascular compression:
A comparison between 3T and 1.5T. Am J
Neuroradiol. 2012;33(7):1251-6.

10.Gao XY, Li Q, Li JR, Zhou Q, Qu JX, Yao
ZW. A perfusion territory shift attributable
solely to the secondary collaterals in
moyamoya patients: a potential risk factor
for preoperative hemorrhagic  stroke
revealed by t-ASL and 3D-TOF-MRA. J
Neurosurg. 2020;133(3):780-8.

11.Gardner WJ, Miklos M V. Response of
trigeminal neuralgia to “decompression” of
sensory root: Discussion of cause of
trigeminal neuralgia. J Am Med Assoc.
1959;170(15):1773-6.

12.Guo ZY, Chen J, Yang G, Tang QY, Chen
CX, Fu SX, et al. Characteristics of
neurovascular  compression in  facial
neuralgia patients by 3D high-resolution
MRI and fusion technology. Asian Pac J
Trop Med. 2012;5(12):1000-3.

13.Guo, Peng & Xie, Guoqi & Li, Renfa & Hu,
Hui. (2022). Multimodal medical image
fusion with convolution sparse
representation and mutual information
correlation in NSST domain. Complex &
Intelligent Systems. 9. 10.1007/s40747-
022-00792-9.

14 Hansen JT. Netter’s clinical anatomy. Vol.
47, Choice Reviews Online. 2010. 47-5684-
47-5684 hal.

15. Hashemi E, Hashman R, William G,
Christopher J.
file://C:\Users\Hossam\AppData\Local\Te
mp\~hhD0OD6.htm. 2011;1-274.

16.Hughes MA, Frederickson AM, Branstetter
BF, Zhu X, Sekula RF. MRI of the
trigeminal nerve in patients with trigeminal

vascular
Roentgenol.

neuralgia secondary to
compression. Am J
2016;206(3):595-600.

17.Hingwala D, Chatterjee S, Kesavadas C,
Thomas B, Kapilamoorthy TR.
Applications of 3D CISS sequence for
problem solving in neuroimaging. Indian J
Radiol Imaging. 2011;21(2):90-7.

18.Joseph J. Medical Image Fusion Based on
Wavelet Transform and Fast Curvelet
Transform. 2014;2(1):284-8.

19.Kannan K, Perumal A, Arulmozhi K.
Optimal decomposition level of discrete,
stationary and dual tree complex wavelet
transform for pixel based fusion of multi-
focused images. Serbian J Electr Eng.
2010;7(1):81-93.

20.Karthik R, Menaka R. Statistical
characterization of ischemic stroke lesions
from MRI using discrete  wavelet
transformation. ECTI Trans Electr Eng
Electron Commun. 2016;14(2):57-64.

21.Lee SH, Nam TK, Park K-S, Park Y-S, Park
SW, Kwon J-T, et al. Image-fusion
Technique in Microvascular Decompression
Surgery with 3D Constructive Interference
in Steady-state and Modified 3D Time of
Flight MR Images: Superior Detection of
Possible  Offending  Vessels  over
Conventional Imaging. The  Nerve.
2016;2(2):42-7.

22.Machin D, J.Campbell M. Sample Size
Tables for Clinical stusies.

23.Myna AN, Prakash J. Fusion of CT and MRI
Images Based on Fuzzy Logic and Discrete
Wavelet Transform. 2015;6(5):4512-9.

24.0lesen J, Bes A, Kunkel R, Lance JW,
Nappi G, Pfaffenrath V, et al. The
International Classification of Headache
Disorders, 3rd edition (beta version).
Cephalalgia. 2013;33(9):629-808.

25.Rutkowski TM, Cichocki A, Mandic D.
Information fusion for perceptual feedback:
A Dbrain activity sonification approach.
Signal Process Tech Knowl Extr Inf Fusion.
2008;261-73.

26.Satoh T, Onoda K, Date I. Fusion imaging
of three-dimensional magnetic resonance
cisternograms and angiograms for the
assessment of microvascular decompression
in patients with hemifacial spasms. J
Neurosurg. 2007;106(1):82-9.

65 | Page

@copyright author Journal of Applied Health Management and Technology



27.Northcutt B, Aygun N, Blitz AM. The Role
of Imaging for Trigeminal Neuralgia. A
Segmental Approach to High-Resolution
MRI. Neurosurg Clin N Am [Internet].
2016;27(3):315-26. Tersedia pada:
http://dx.doi.org/10.1016/j.nec.2016.02.004

28.Tucer B, Ekici MA, Demirel S, Basarslan
SK, Ko¢ RK, Gic¢li B. Microvascular
decompression for primary trigeminal
neuralgia: Short-term follow-up results and
prognostic factors. J Korean Neurosurg Soc.
2012;52(1):42-7.

29.Yoshino N, Akimoto H, Yamada I, Nagaoka
T, Tetsumura A, Kurabayashi T, et al.
Trigeminal neuralgia:  Evaluation of
neuralgic manifestation and site of
neurovascular compression with 3D CISS
MR imaging and MR angiography.
Radiology. 2003;228(2):539-45.

30.Zhang, X., & Qiu, S. (2023). Deep learning
methods for medical image fusion: A
review. Computers in Biology and
Medicine, 160, 106959.
https://doi.org/https://doi.org/10.1016/j.co
mpbiomed.2023.106959

31.Zerris VA, Noren GC, Shucart WA, Rogg J,
Friehs GM. Targeting the cranial nerve:
Microradiosurgery for trigeminal neuralgia
with CISS and 3D-Flash MR imaging
sequences. J Neurosurg.
2005;102(SUPPL.):107-10.

32.Zussman B, Moshel Y. Trigeminal
Neuralgia: Case Report and Review. JHN J.
2012;7(2):2-5.

33.Westbrook C, Roth K, Talbot J. MRI in
Practices [Catherine Westbrook, 4th Edition
Blackwell Publishing Ltd Ltd., United
Kingdom. 2011. 397400 hal.

34.Yoshino N, Akimoto H, Yamada I, Nagaoka
T, Tetsumura A, Kurabayashi T, et al.
Trigeminal neuralgia:  Evaluation of
neuralgic manifestation and site of
neurovascular compression with 3D CISS
MR imaging and MR angiography.
Radiology. 2003;228(2):539-45.

35.Zhang G, Ding L, Gao Y, Ma M, Song Y,
Zhang Y, et al. An improved method of 3D
arterial spin  labeling imaging for
visualization of cortical arteries and
collateral vessels in moyamoya disease.
PLo0S One. 2018;13(1):1-10.

66 | Page

@copyright author Journal of Applied Health Management and Technology



