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Abstract: Stroke is a serious health problem faced by almost all over the world. The 
occurrence of ischemic stroke could affect the gray matter volume (GMV) in the human 
brain. In Magnetic Resonance imaging of an ischemic stroke with a FLAIR sequence, a white 
lesion known as the white matter hyperintensity (WMH) is often found. We studied 
correlation between gray matter volume (GMV) and white matter hyperintensity (WMH) in 
ischemic stroke patients using fluid attenuated inversion recovery (FLAIR) sequences. The 
MRI data were taken randomly from ten ischemic stroke patients (mean age 46.9 years) and 
ten normal patients (mean age 36.8 years). FLAIR axial image parameters, i.e. TE (time echo), 
TR (time repetition), and TI (time inversion) were analyzed. The results reveal that the TE 
and TR values in FLAIR images of normal and ischemic stroke patients are classified as long 
TE (more than 70 ms), long TR  (more than 1500 ms) and long TI (more than 1700 ms). The 
mean GMV of ischemic stroke patients (1.371 cm3) is smaller than the GMV of normal 
patients (2.267 cm3). This is related to the presence of white matter hyperintensity (WMH) in 
ischemic stroke patients.  
 
Keywords: FLAIR; Gray matter volume; Hyperintensity; Magnetic resonance imaging; 
White matter  

  

Introduction  
 

A stroke is the sudden death of several brain cells 
due to lack of oxygen when blood flow to the brain is cut 
off due to a blockage or rupture of blood vessels in the 
brain. Based on WHO data for 2019, stroke is one of the 
most common causes of global death in the world 
(Phipps & Cronin, 2020; WHO, 2020). Over the last few 
decades, the incidence of stroke has decreased by 42% in 
developed countries, but the incidents are more than 
doubled in developing countries (Kemenkes Republik 
Indonesia, 2019). 

Based on the anatomic pathology and its causes, 
stroke is divided into two types, i.e. ischemic stroke and 
hemorrhagic stroke. The ischemic stroke is more 
common than the hemorrhagic stroke (Yueniwati, 2016), 

where the highest incidence rate in Indonesia reaches 
83% (Badan Penelitian dan Pengembangan Kemenkes 
RI, 2018). Ischemic stroke is a blockage of blood vessels 
that causes blood flow to the brain to stop partially or 
completely (Brown, 2023). Blockage in ischemic stroke 
can occur along the arteries leading to the brain 
(Yueniwati, 2016). The occurrence of ischemic stroke can 
affect the content of gray matter (gray matter) in the 
brain (Alam, 2020). 

Gray matter volume (GMV), or what can be 
interpreted as gray matter volume, a quadratic function 
of distances in the surfaces and a linear function of the 
thickness (Alam, 2020). The brain consists of two types 
of tissue, i.e. white matter and gray matter (Mackenzie, 
2023). Gray matter (GM) is composed of unmyelinated 
nerve cell bodies and axons. It forms the outermost layer 
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of the brain and is pinkish-gray in color, therefore it is 
called gray matter (Mercadante & Tadi, 2022). 

Gray matter is a major component of the central 
nervous system which has an important role in 
processing information in the brain. Structures in the 
gray matter signal from sensory organs or other areas of 
the gray matter. This network directs sensory stimuli to 
neurons in the central nervous system where synapses 
induce responses to stimuli (Mercadante & Tadi, 2022). 

One of the stroke diagnostic methods currently 
being developed is imaging using the magnetic 
resonance imaging (MRI), a technique for taking images 
of organs using the principle of magnetic resonance of 
the hydrogen atomic nucleus of the organs. The scanner 
in an MRI uses a strong magnetic field, a magnetic field 
gradient, and radio waves to produce images of organs 
inside the body (McRobbie, 2020; Yueniwati, 2016).  

The basic principle of MRI is based on the magnetic 
resonance of the nucleus together with the relaxation of 
the proton spins in the nucleus. Under normal 
circumstances without any disturbance, the protons in 
the molecules of the human body's tissues have spins in 
random directions (Powers, 2021). If the proton is 
subjected to a very strong external magnetic field, the 
direction of the proton spins will be parallel or opposite 
(anti-parallel) to the direction of the external magnetic 
field (Grover et al., 2015). 

If the proton is given an electromagnetic wave in 
the form of a radio frequency (RF) signal, there will be a 
change from the spin equilibrium and absorption of 
electromagnetic energy by the atomic nucleus will occur, 
which is called excitation. If the RF signal is turned off, 
the proton nucleus will relax back in its original 
direction. The relaxation of the proton nucleus is divided 
into two parts, i.e. longitudinal relaxation, and 
transverse relaxation (Kwok, 2022; Grover et al., 2015). 

Longitudinal relaxation occurs due to energy 
exchange between the spin and lattice so it is called spin-
lattice relaxation (Powers, 2021). The lattice spin 
interaction that occurs starts with a spin that comes from 
high energy and returns to low energy so that the RF 
energy will be released back into the lattice around it. 
This longitudinal magnetization recovery process occurs 
in time T1, where T1 is the time required to recover 63% 
of the longitudinal magnetization after an RF pulse of 
90º (Powers, 2021; Grover et al., 2015). 

When relaxation occurs, where initially the 
maximum RF signal is then stopped and the signal is 
lost, then the spins will go out of phase which was 
originally uniform to become non-uniform. The 
interaction between these spins is known as transverse 
relaxation. The time required for this transverse 
relaxation process is known as T2  (Kiselev & Novikov, 
2018). 

In short, scanning an image with an MRI is done by 
sending a radio frequency signal that will disturb the 
magnetic moment of the hydrogen atom nucleus in the 
body. Changing the magnetic gradient requires a 
program called a pulse sequence(Wardlaw et al., 2015). 
Various sequences in MRI can be used in brain imaging 
processes, one of which is fluid-attenuated inversion 
recovery (FLAIR) (Moghadam et al., 2017). 

FLAIR is a sequence based on T2 weights. The 
FLAIR technique was developed in the early 1990s by a 
team of Hammersmith Hospital researchers led by 
Graemme and coworkers (Ahmed Mesrur & David 
Mark, 2018). FLAIR sequences produce diagnostic 
images from T2 weights by excluding the signal 
intensity of the cerebrospinal fluid which is 
characterized using a long Time Inversion (TI) and Time 
Echo (TE). The FLAIR technique is proven capable of 
scanning various diseases using an MRI machine 
(Moghadam et al., 2017). 

Recent research conducted by Galie et al. (2020) 
stated that gray matter can also be observed using Fluid 
Attenuated Inversion Recovery (FLAIR) sequences. In 
addition, a very common finding when observing the 
brain with MRI imaging using FLAIR sequences in 
elderly subjects and patients who have had a stroke is 
White Matter Hyperintensity (WMH). Wardlaw et al. 
(2015) conducted a study on the origin of the appearance 
of WMH using CTScan and MRI imaging modalities. 
WMH was commonly found in the elderly, and initially, 
this WMH finding was considered a normal finding 
with increasing age (Merino, 2019). However, further 
study proved that WMH findings are often an indication 
of the occurrence of a disease, one of which is in ischemic 
stroke patients (Cho et al., 2015). 
 

Method  
 

Subjects in this study were ischemic stroke patients 
and normal patients (as the control population). The 
materials used in this study were 10 axial Fluid 
Attenuated Inversion Recovery (FLAIR) images of 
ischemic stroke patients ranging in age from 8 to 65 years 
and 10 axial FLAIR images of normal patients ranging in 
age from 7 to 77 years sent to the Radiology Department 
of a General Public Hospital in Malang, East Java, 
Indonesia. The images were produced by the Magnetic 
Resonance Imaging (MRI) 3.0 T. The RadiAnt Dicom 
Viewer software was utilized to inspect the images, and 
ImageJ software to analyze them. 

The targets to be achieved in this study are long-
time echo (TI), time repetition (TR), and time inversion 
(TI) intervals with a TE range of 140 ms, a TR of around 
8000 ms, and a TI ranging from 2000 to 2500 ms. The next 
target is to obtain GMV atrophy and increased white 



Jurnal Penelitian Pendidikan IPA (JPPIPA) July 2023, Volume 9 Issue 7, 5031-5038 

 

5033 

matter hyperintensity (WMH) volume in ischemic 
stroke patients. In addition, there was also a greater 
increase in GMV and WMH atrophy in the brain images 

of patients with ischemic stroke compared to the brain 
images of a normal patient. 

 

 
 

(a) (b) 

 Figure 1. Flowchart (a) image capture stage with MRI (b) stages of image processing with ImageJ 
 

Figure 1 is the flowchart of the research. Figure 1 (a) 
is the procedure of image capture and Figure 1 (b) is the 
procedure of image processing using ImageJ. 
 

Result and Discussion 
 

Data on TE, TR, and TI values in each ischemic 
stroke patient and normal patient are presented in 
Tables 1 and 2. In these tables, the time echo (TE) values 
in patient images are classified as "long TE" because 
almost all images of ischemic and normal patients have 
values greater than 70 ms  (Setiawan et al., 2016). Long 
TE values are needed to produce good T2-weighted 
images. The longer the TE value, the longer the protons' 
transverse relaxation, resulting in more signal decay. A 
lot of signal decay results in less signal intensity being 
generated. This low signal intensity will appear dark on 
MRI imaging. So it can be concluded that a small signal 
intensity will minimize the process and produce the 
desired image (Setiawan et al., 2016). 

The repetition time (TR) value in all patients was 
greater than 1500 ms, so the TR value in patients was 
classified as "long TR" (IMAIOS SAS, 2022). With a long 
TR resulting in a magnetization process in the direction 

of equilibrium (Mz) or longitudinal relaxation for all 
types of tissues such as CSF, white matter, gray matter, 
and fat, the magnetization has reached its maximum. 
When all these networks have reached their maximum 
magnetization, the difference in relative signal intensity 
for all networks, as mentioned above, becomes 
insignificant due to the reduced T1 value of each 
network. 

Long TE and TR values produce images with a T2 
weight. T2 image weighting is often used to observe 
pathological abnormalities. However, in brain tissue, the 
high CSF signal needs to be removed to observe brain 
abnormalities more clearly. The technique that can be 
used to achieve this goal is to use the Fluid-Attenuated 
Inversion Recovery (FLAIR) sequences. FLAIR 
sequences can be performed using long-time inversion 
(TI), with values greater than 1700 ms (Lutvia, 2016). 

In the data, the TI values in normal and ischemic 
patients are more than 1700 ms, so the TI value can be 
classified as a long TI. Long TI values will reduce the 
relative signal intensity of CSF and tissue with relatively 
equal T1 and T2 values so that they will appear darker 
(hyperintense). Since the CSF and these tissues appear 
hyperintense, there will be a different signal from a 
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WMH lesion. The difference in the signal from these 
lesions makes WMH appear clearer, so it is easier to 
observe (Wardlaw et al., 2015). However, this causes the 
gray matter and white matter networks to have almost 

the same signal, so that the two images appear to have 
almost the same color, although differences can still be 
observed between the two.

Table 1. Data of TE, TR, and TI Parameters from Images of Ischemic Stroke Patients 

Patient Index Age (y.o.) 
Parameter Value (ms) 

Time Echo Time Repetition Time Inversion 

S1 8 120 11000 2800 
S2 32 340 4800 1650 
S3 35 340 4800 1650 
S4 36 87.28 9000 2572.03 
S5 48 120 11000 2800 
S6 60 111.61 12000 2850 
S7 61 340 4800 1650 
S8 62 120 11000 2800 
S9 62 120 11000 2800 
S10 65 100 11000 2800 

 

Table 2. Data of TE, TR, and TI Parameters from Normal Patients 

Patient Index Age (y.o.) 
Parameter Value (ms) 

Time Echo Time Repetition Time Inversion 

N1 7 325.06 4800 1650 
N2 10 325.90 4800 1650 
N3 19 85.82 9000 2567.07 
N4 27 340 4800 1650 
N5 40 86.54 9000 2569.85 
N6 47 90.56 9000 2571.24 
N7 59 336.77 4800 1650 
N8 16 78 9000 2500 
N9 66 78 9000 2500 
N10 77 92 8000 2370 

 

Table 3. Slice Thickness Values of Normal Patients (N) and Ischemic Stroke Patients (S) 
Patient Index Slice Thickness (mm) Patient Index Slice Thickness (mm) 

N1 1.5 S1 5 
N2 5 S2 5 
N3 5 S3 5 
N4 5 S4 5 
N5 5 S5 5 
N6 5 S6 5 
N7 1.5 S7 5 
N8 5 S8 5 
N9 5 S9 5 
N10 5 S10 5 

 

Table 4. Results of Calculating GMV and WMH Values in Stroke Patients (S) 
Patient Index Age (y.o) GMV (cm3) WMH (cm3) 

S1 8 1.10 0.05 
S2 32 2.22 0.00 
S3 35 3.17 0.08 
S4 36 1.70 0.00 
S5 48 1.05 2.57 
S6 60 0.25 0.04 
S7 61 2.45 0.12 
S8 62 0.53 0.38 
S9 62 0.83 0.78 
S10 65 0.40 0.11 
Average 1.37 0.41 
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Table 5. Results of Calculating GMV and WMH Values in Normal Patients 

Patient Index Age (y.o) GMV (cm3) WMH (cm3) 

N1 7 0.27 0.00 
N2 10 7.63 0.00 
N3 19 2.25 0.00 
N4 27 4.31 0.00 
N5 40 2.51 0.00 
N6 47 2.32 0.00 
N7 59 0.24 0.05 
N8 16 0.85 0.00 
N9 66 0.95 0.01 
N10 77 0.95 0.28 
Average 2.27 0.04 

The next step is the image processing stage using 
ImageJ so that the gray matter (GM) and white matter 
hyperintensity (WMH) area values are obtained. After 
obtaining quantitative data in the form of the area of 
gray matter and WMH, calculations can then be carried 
out to calculate the volume of both. To calculate the 
volume of GM and WMH, the area obtained can be 
multiplied by the slice thickness of each patient. Slice 
thickness values for each patient can be seen in the 
RadiAnt Dicom Viewer software. Slice thickness for each 
patient are presented in Table 3. Then the volume values 
of gray and white matters hyperintensities were 
calculated for each patient to obtain the values presented 
in Tables 4 and 5. 

The patients in this study were divided into two 
groups, i.e. normal patients with the N index and 
ischemic stroke patients with the S index. Based on 
Tables 4 and 5, these patients can be classified into 8 age 
groups according to the age category division issued by 
the Indonesian Ministry of Health in 2009 (Amin, 2017) 
as follows: 

Childhood, ages 5–11 (N1, N2, and S1). In this age 
group, the GMV of patients N1 is smaller than that of 
patients N2 and S1 because the slice thickness value of 
N1 (1.5 mm) is smaller than that of N2 and S1 (5 mm). In 
this age category, the GMV in normal patients is greater 
than the GMV in stroke patients. WMH was not found 
in normal patients, but it was found in stroke patients. 

Early adolescents, aged 12–16 years (N8). In this age 
category, it is not possible to compare the GMV of 

normal patients and ischemic stroke patients because 
data on ischemic stroke patients at this age are not 
available. In the data of patients in this age category, 
WMH was not found. 

Late adolescence, aged 17–25 years (N3). In this age 
category, data on ischemic stroke patients are also not 
available, so the GMV of ischemic stroke patients cannot 
be compared with that of normal patients. In this age 
category, WMH was not found. 

Early adulthood, aged 26–35 years (N4, S2, and S3). 
GMV in patient N4 was greater than GMV in patients S2 
and S3, with the same slice thickness in all three patients 

(5 mm). In this category, WMH was only found in 
patients with S3, while in patients N4 and S2, there was 
no WMH. 

Late Adult, aged 36–45 years (N5 and S4). GMV in 
patient N5 is greater than GMV in patient S4, with the 
same slice thickness in both patients. In these two 
patients, no WMH was found in either patient. 

Elderly 46-55 years old (N6 and S5). The GMV in N6 
patients was greater than in S5 patients, with the same 
slice thickness in both patients. WMH was found in 
patient S5, while in inpatient N6 there was no WMH. 

Late Elderly Age (56–65 years) (N7, S6, S7, S8, S9, 
and S10) The order of GMV from largest to smallest in 
this patient category is S7, S9, S8, S10, S6, and N7. Patient 
N7 had the smallest GMV because his slice thickness (1.5 
mm) was smaller than the slice thickness of the other 
patients (5 mm). WMH was found in all patients in this 
age category, with the order of smallest to largest being 
S6, N7, S10, S7, S8, and S9. 

For People over the age of 65 (N9 and N10). GMV 
in patient N9 was greater than that in patient N10, while 
WMH was found in both patients, with WMH in patient 
N10 being greater than WMH in patient N9, where the 
age of patient N10 (77 years) was older than the age of 
patient N9 (65 years). However, this age category cannot 
be compared with normal patients because data on 
normal patients in this age category are not available. 

From the patient data, if they are averaged without 
considering the patient's age, the average GMV in 
normal patients is greater than the average GMV in 

ischemic stroke patients. The difference in GMV 
between normal patients and ischemic stroke patients is 
due to changes that occur in the GMV of ischemic stroke 
patients (Diao et al., 2017). This is related to the presence 
of lesions in the white matter of ischemic stroke patients, 
as shown in Figure 2. These lesions are known as white 
matter hyperintensities (WMH). The increase in WMH 
volume is associated with a decrease in GMV in ischemic 
stroke patients, resulting in a greater GMV in normal 
patients than in ischemic stroke patients. 
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(a) (b) 

Figure 2. Illustration of a patient in the early stages of 
dementia. (a) Image of patient N6 (47 years) without white 
matter hyperintensity (WMH), (b) image of patient S5 (48 

years old) with white matter hyperintensity (WMH) 

  
From the data in Table 5, in the sample of normal 

patients, 3 patients found WMH in their images, e.g., 
patients with index numbers N7 (59 years), N9 (66 
years), and N10 (77 years). All three patients were over 
50 years old. Finding WMH at this age is reasonable 
because WMH is common at the age of 45 (Indrawati et 
al., 2016). Whereas in ischemic stroke patients, WMH 
was found in 8 out of 10 patients analyzed. Apart from 
individuals aged 45 years, WMH is also commonly 
found in stroke patients. According to Cho et al. (2015), 
there are changes in the pattern of white matter in stroke 
patients from time to time. WMH findings in stroke 
patients indicate how severe the changes are in the white 
matter of stroke patients. One of the signs of a normal 
aging process in humans is a reduced GMV in the brain 
(Cho et al., 2015). Reduced GMV is also a result of brain 
atrophy. One of the causes of brain atrophy is stroke. In 
stroke patients, there is an interruption of blood flow to 
parts of the brain that will affect the white matter and 
gray matter in the brain. The effect that is most often 
found in gray matter is reduced volume. Another sign 
that is commonly found in stroke patients is the presence 
of white matter hyperintensity (WMH) in the patient's 
main image taken using an MRI modality with FLAIR 
sequences. Imaging with the FLAIR sequence is very 
good at showing tissue abnormalities, one of which is 
the presence of WMH findings in normal elderly and 
elderly stroke patients. However, the FLAIR sequence is 
not good for observing a decrease in GMV. The analysis 
carried out in this study was assisted by the ImageJ 
software. ImageJ software has the advantage of 
converting qualitative data in the form of images into 
quantitative data. This analysis is needed to measure the 
volume of gray matter and white matter hyperintensities 
in patients so that data can be obtained, as was the case 
in the previous table. In GMV measurements, the 
process of filtering gray matter images is more difficult 
than when measuring WMH. This happens because the 
gray matter image in the FLAIR sequence looks faint and 
almost the same as the white matter image due to its low 

contrast, which affects the image processing process. It 
is different from the WMH filter process, where the 
software can easily analyze WMH images because the 
WMH contrast display is very clear, making the filter 
process performed by the software easier. 
 

Conclusion  

 
We can conclude that the time echo (TE) and time 

repetition (TR) values in FLAIR images of normal and 
ischemic stroke patients are classified as "long TE" and 
"long TR," with TE values of more than 70 ms and TR 
values of more than 1500 ms, respectively. The value of 
time inversion (TI) in all patients is also classified as a 
long TI with a TI value of more than 1700 ms. The 
average GMV of ischemic stroke patients (1.371 cm3) is 
smaller than the GMV of normal patients (2.267 cm3). 

This is related to the presence of white matter 
hyperintensity (WMH) in ischemic stroke patients.  
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