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Among the representative types of magnetic resonance imaging (MRI) sequences, inversion recovery (IR) can

improve the ability to detect brain lesions. The purpose of this study was to confirm the MRI characteristics

according to TI changes in IR sequences. In this study, the MRiLab simulation program a newly developed,

well-validated program was used to quantitatively analyze image characteristics with respect to the TI value in

the IR sequence. Brain tissue phantom and standard phantom images were acquired by changing the TI at

100-ms intervals from 100 to 2,500 ms. In brain tissue phantom images, signal intensity (SI) values   showed the

lowest signals at TI values   of 400, 700, and 2,500 ms in the white matter (WM), gray matter (GM), and cere-

brospinal fluid (CSF), respectively. The contrast evaluated in CSF-WM was superior at 400 ms and the lowest

at 1,800 ms. In addition, the contrast evaluated in WM-GM was superior at 400 ms and the lowest at 1,500 ms.

In the case of the brain standard phantom, the SI and contrast showed the same tendency as brain tissue phan-

tom. In conclusion, an appropriate TI value was derived for obtaining images with excellent SI and contrast

between brain tissues using a newly developed simulation program.

Keywords : Magnetic resonance imaging (MRI), Inversion recovery (IR), Inversion time (TI), MRiLab simulation
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1. Introduction

Magnetic resonance imaging (MRI) is a diagnostic

technique that utilizes a series of phenomena in which

protons placed in a static field are excited and relaxed

according to their absorption of electromagnetic waves

[1]. MRI uses magnetic fields and nonionizing radiation;

therefore, unlike other radiographic devices, it is non-

invasive and does not involve exposure to radiation, and

there is little risk from scanning [2]. In addition, it

provides a high contrast for soft tissues and good resolution

due to its excellent signal-to-noise ratio. It provides useful

morphological and functional information for diagnosis as

it can acquire multidirectional images in the sagittal,

coronal, and transverse planes without changing the

patient’s position during the examination [3]. According

to reports on imaging diagnosis, MRI showed excellent

accuracy at 93 % compared with computed tomography,

which was 87 % accurate in the identification and

differential diagnosis of lesions. Moreover, the usefulness

of MRI had been proved [4, 5].

In general, in addition to spin echo (SE) techniques but

several sequences with excellent lesion detection efficiency

are used in MRI because parameters must be adjusted to

detect lesions, thereby resulting in excellent lesion

detection efficiency [6]. These sequences include gradient

echo adjusting the flip angle, fast spin echo adjusting the

echo train length, and inversion recovery (IR) adjusting

the inversion time (TI) [7-9].

The IR sequence is used to effectively detect lesions by

maximizing the T1 contrast between tissues [10]. This

sequence stimulates the 180° radiofrequency (RF) pulse

prior to the 90° RF pulse in a typical SE sequence. After

inverting the longitudinal magnetization, images are

obtained by applying the existing 90° and 180° RF pulses

[11]. The delay time between the leading 180° RF pulse

inversion wave and 90° RF pulse excitation wave in the

IR sequence is called the TI. The length of the TI has led

to the development of a short tau inversion recovery

(STIR) technique, which removes fat signals using short

TI, and a fluid-attenuated inversion recovery (FLAIR)

technique that removes the signal of a liquid component
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using a long TI. Compared with T1-weighted and T2-

weighted images, STIR imaging is known to be effective

in diagnosing fibrofatty lesions. FLAIR imaging enables

the detection of lesions around the cerebrospinal fluid

(CSF) in a conventional T2-weighted image [12, 13]. As

such, because a difference occurs in the signal and contrast

of each tissue in the image according to the length of the

TI, the detection of the lesion can be facilitated due to this

difference [14].

Increasing interest in the computer-assisted, quantitative

analysis of medical image data has led to the development

of well-validated programs. With these programs, it is

possible to perform various simulations without directly

testing patients in clinics. As a representative program,

the BrainWeb simulation program can perform MRI

simulations using random values of pulse sequences,

source digital phantoms, and collection artifacts, and

several studies have been conducted on MR images using

this program [15-19]. In addition, research has been

carried out using the MRiLab simulation program, which

is a simulation program that can conduct virtual MR

experiments on the brain and has a high degree of

consistency with the actual brain with a simple operation

that can easily adjust various MR image acquisition

parameters [20]. Compared with other simulation programs,

MRiLab simulation program can use much more various

sequences, phantoms and parameters. In addition, the coil,

sequence, RF pulse, motion, etc. can be designed within

the program, and if necessary, various types of noise can

be added and quantitative evaluation can be performed.

However, despite these advantages of this simulation

program, few MRI studies have been conducted with

MRiLab. Therefore, our research team performed a study

to determine the optimal values by adjusting the MRI

parametersflip angle, number of excitations, and band-

widthin the MRiLab simulation program, and confirmed

the reliability of the program [21].

Based on this reliability, the purpose of this study was

to confirm the MRI characteristics according to TI changes

IR sequences using the MRiLab simulation program. For

this study, brain tissue phantom and brain standard phantom

images were obtained using the MRiLab simulation

program, followed by quantitative evaluation of signal

intensity (SI) and contrast to analyze the results.

2. Materials and Methods

2.1. MRiLab simulation program

The MRiLab simulation program version 13 used in

this study was modeled by Madison’s University of

Wisconsin based on a system similar to an actual MRI

device (GE Discovery MR750, GE Healthcare, USA).

This program can simulate MR signal formation, k-space

acquisition, and MR image reconstruction. Thus, an

image can be obtained by designing an MR sequence and

configuring various coils. In addition, MRiLab was used

in this study because it was possible to adjust the vari-

ables with simple manipulation and acquire images within

a short period [20]. Because only brain images can be

acquired through the MRiLab simulation program, brain

tissue phantoms that represent signals from brain tissues,

such as the white matter (WM), gray matter (GM), and

CSF, were used in this study. After acquiring brain tissue

phantom images according to TI changes in the IR

sequence, the images of brain standard phantoms were

obtained under the same conditions and quantitative

evaluation was performed. 

2.2. Parameters for acquiring IR sequence images

After fixing all variables such as repetition time, echo

time, and noise level in the IR sequence of the MRiLab

simulation program, only TI was changed from 100 to

2,500 ms at 100 ms intervals to acquire the brain tissue

phantom (WM/GM/CSF) and brain standard phantom

images. Table 1 shows the parameter values of the MRiLab

simulation program used for image acquisition.

2.3. Quantitative evaluation

To quantitatively evaluate the images obtained through

the MATLAB program, the regions of interest (ROIs) of

the WM, GM, and CSF in brain tissue phantom and brain

standard phantom images were set as shown in Fig. 1. In

Fig. 1, ROICSF 1 represents the ROI in the CSF, ROIWM

represents the ROI in the WM, and ROIGM represents the

ROI in the GM. Figs. 1(a) and (b) are examples of images

obtained using the brain tissue phantom and brain standard

phantom, respectively. The SI and contrast of the acquired

images were measured to analyze the characteristics of

the images, and the equations (1) and (2) were used to

determine the contrast [22]:

Table 1. Parameters for acquiring magnetic resonance images with the MRiLab simulation program

Sequence Inversion time (ms) TR (ms) TE (ms) Noise level (%)

Inversion recovery From 100 to 2,500 ms at 100 ms intervals 15,000 50 0
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 (1)

where ST refers to the sum of all the pixels in the ROI,

and N refers to the number of pixels in the ROI.

Contrast =  (2)

where SA is the average SI value in the target tissue region

and SB is the average SI value in the background tissue

region.

3. Results

In this study, the characteristics of each tissue were

quantitatively evaluated according to the TI change in the

IR sequence, using the brain tissue phantom (WM/GM/

CSF) and brain standard phantom through the MRiLab

simulation program.

3.1. Brain tissue phantom (WM/GM/CSF) images and

quantitative evaluation results

Figure 2 shows images acquired from 100 to 2,500 ms

by changing only the TI at 100 ms intervals after fixing

all the parameters in the brain tissue phantom. Fig. 3

shows a graph of the SI results of the WM, GM, and CSF

based on the acquired images. As a result of analyzing the

SI graph of each tissue, the WM showed the lowest signal

at TI 400 ms, which increased to TI 1,700 ms. The GM

showed the lowest signal at TI 700 ms, which and

SI = 
ST

N
-----

SA SB–

Fig. 1. (Color online) Setting of the region of the interest in

the acquired (a) brain tissue phantom (WM/GM/CSF) and (b)

brain standard phantom image

Fig. 2. Brain tissue phantom (WM/GM/CSF) images acquired by changing the inversion time using the MRiLab simulation pro-

gram.

Fig. 3. Signal intensity of each tissue in brain tissue phantom

(WM/GM/CSF) images acquired by changing the inversion

time.
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increased to TI 2,500 ms. The CSF maintained a constant

signal until TI 1,700 ms but decreased after TI 1,800 ms.

Figs. 4(a) and (b) show the contrast in CSF-WM and

WM-GM, respectively, in the brain tissue phantom

according to the TI value. The CSF-WM contrast was the

best at TI 400 ms, and the WM-GM contrast was superior

at TI of 400 and 2,500 ms. The GM-CSF contrast was not

shown because the GM and CSF tissues were not

adjacent to each other on the brain MR and, therefore,

difficult to compare.

3.2. Brain standard phantom images and quantitative

evaluation

Figure 5 shows images acquired from 100 to 2,500 ms

by changing only the TI at 100-ms intervals after fixing

all the parameters in the brain standard phantom. Fig. 6

Fig. 4. Contrast of each tissue in brain tissue phantom (WM/GM/CSF) images acquired by changing the inversion time: (a) CSF-

WM contrast and (b) WM-GM contrast.

Fig. 5. Brain standard phantom images acquired by changing the inversion time using the MRiLab simulation program.

Fig. 6. Signal intensity of each tissue in brain standard phan-

tom images acquired by changing the inversion time.
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shows a graph of the SI results of the WM, GM, and CSF

in the brain standard phantom images acquired by changing

TI. The analysis of the SI graph of each tissue showed,

the lowest signals for WM, GM, and CSF at 400, 700,

and 2,500 ms, respectively. Figs. 7(a) and (b) show

graphs for contrast in the CSF-WM and WM-GM,

respectively, for the brain standard phantom according to

the TI value. According to the graph, the CSF-WM contrast

showed the largest difference at TI 400 ms and the

smallest difference at 1,800 ms. The WM-GM contrast

also showed the largest difference at TI 400 ms, but the

smallest difference at 1,500 ms.

4. Discussion

The signal of the tissue changes as the length of TI

changes in the IR sequence, and these can make mean-

ingful differences like the contrast between tissues and

resolution. Thus, through these meaningful differences,

the detection of the lesion can be facilitated. Therefore, in

this study, the SI and contrast changes in the WM, GM,

and CSF were quantitatively evaluated when TI was

changed from 100 to 2,500 ms at 100-ms intervals in the

brain tissue phantom image. Subsequently, the SI and

contrast changes of the WM, GM, and CSF were quan-

titatively evaluated in the brain standard phantom images

under the same conditions and the results were compared.

In Fig. 2, the black solid line is the brain tissue

phantom image at the TI with the best CSF-WM contrast,

while the black dotted line represents the image at the TI

with the lowest CSF-WM contrast. The gray solid line

represents the brain tissue phantom image at the TI with

the best WM-GM contrast, the gray dotted line represents

the image at the lowest TI. As the difference in CSF-WM

contrast was the largest at TI of 400 ms, the CSF was

clearly visible, and the tissue could be distinguished. In

the graph in Fig. 4(a), the contrast difference between the

two tissues was the largest at 400 ms. However, although

both the WM and CSF showed high SI at TI 1,800 ms,

the contrast was the lowest, making it difficult to distinguish

between the tissues. However, the CSF-WM contrast

increased after 1,800 ms, enhancing the differentiation of

WM at 2,500 ms. If we examine the WM-GM contrast

for the TI indicated by gray lines, we see that the SI of

the WM showed the lowest value at TI 400 ms, while the

SI of GM showed the lowest value at TI 700 ms.

Accordingly, the WM-GM contrast difference was the

largest for the corresponding TI, facilitating the detection

of GM at TI 400 ms and of WM at 700 ms. However,

although both WM and GM tissues showed a high SI at a

TI of 1,500 ms, it was difficult to distinguish between the

tissues because the contrast difference was the lowest.

To confirm this tendency, a brain standard phantom was

acquired under the same conditions and compared with

the brain tissue phantom. The tissue changes in the two

phantoms showed the same tendency. In Fig. 5, the black

solid line is the brain standard phantom image at the TI

with the best CSF-WM contrast, while the black dotted

line represents the image at the TI with the lowest CSF-

WM contrast. The gray solid line is the image at the TI

with excellent WM-GM contrast, while the gray dotted

line represents the image at the TI with the lowest WM-

GM contrast. Similar to the brain tissue phantom, the SI

of the WM showed the lowest signal, whereas the CSF-

WM contrast difference was the largest at a TI of 400 ms;

therefore, this condition was the best for the identification

of CSF. As the SI of the CSF had the lowest signal at a TI

2,500 ms, it was easy to confirm the WM. Unlike the

Fig. 7. Contrast of each tissue in brain standard phantom images acquired by changing the inversion time: (a) Cerebrospinal fluid-

white matter (WM) contrast and (b) WM-gray matter contrast.
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brain tissue phantom that showed the lowest CSF-WM

contrast at TI 1,800 ms, the contrast difference was the

lowest at 1,700 ms in the brain standard phantom. It is

believed that this difference occurred because the types of

phantoms used were different. Comparing the WM-GM

contrast in the gray box in Fig. 5 showed that, the SI of

the WM was the lowest at TI 400 ms, as in the brain

tissue phantom, making it easy to identify the GM. At TI

600 ms, the SI of the GM showed the lowest value, and it

was easy to identify the WM. At TI 1,500 ms, both WM

and GM tissues showed high SI, but because the difference

in contrast was the smallest, it was difficult to distinguish

between the tissues. By quantitatively comparing the

brain tissue phantom and the brain standard phantom, it

was confirmed that the tendency of each tissue was con-

sistent according to the TI change in the two phantoms.

According to the SI change graph, the WM, GM, and

CSF in the brain tissue phantom showed the lowest

signals at 400, 700, and 2,500 ms, respectively. Similarly,

the SI of the WM, GM, and CSF in the brain standard

phantom showed the lowest signals at TI 400, 700, and

2,500 ms, and the tendency of the SI change graph was

consistent. 

According to the contrast change graph, the CSF-WM

contrast of the brain tissue phantom was the highest at TI

400 ms and the lowest at 1,800 ms. The WM-GM contrast

was the highest at TI 400 ms and the lowest at 1,500 ms.

Similarly, the TI with the best CSF-WM contrast of the

brain standard phantom was 400 ms, and the lowest TI

was 1,700 ms. Although there was a slight difference

from the brain tissue phantom, the overall tendency was

similar. The WM-GM contrast of the brain standard

phantom was also the best at a TI of approximately 400

ms and the lowest at a TI of 1,500 ms, similar to the

contrast in the brain tissue phantom.

Both brain tissue phantom and brain standard phantom

showed different results from previous studies, which are

evident in the SI of the WM. In clinical studies on tissue

SI changes according to TI changes, the SI of the WM

showed the lowest signal at TI 400 ms and continued to

increase as TI increased [23-25]. In contrast, the SI of the

WM decreased slightly after TI 1,700 ms, but the overall

tendency for SI of the WM was consistent with previous

studies. In addition, although the MRiLab simulation

program was designed based on the real device, this study

was conducted only by the simulation data. Therefore, to

overcome these limitations, we intend to conduct further

simulation and an actual experiment in the future, and

check whether similar results are obtained. In addition,

not only using the MRiLab simulation program, we

intend to improve an accuracy of our results by using the

data acquired from validated program such as BrainWeb

simulation program.

In this study, two types of phantom images were acquired

by changing only the TI after fixing all parameters using

the well-validated MRiLab simulation program. This

again proved the reliability of the program. In addition,

when acquiring MRI brain IR images, our results are

expected to be used as basic data to set an appropriate TI

in acquiring images with excellent contrast for each

tissue.

5. Conclusion

In this study, it was confirmed that the WM, GM, and

CSF on MR images changed according to the change in

TI in the IR sequence. As a result, in the brain tissue

phantom images, the SI was the lowest at TI 400 ms for

WM, 700 ms for GM, and 2,500 ms for CSF. The same

trend was observed in the brain standard phantom. The

CSF-WM contrast of the brain tissue phantom was the

best at TI 400 ms and the lowest at approximately 1,800

ms. The CSF-WM contrast of the brain standard phantom

was also the best at a TI of 400 ms and lowest at 1,700

ms. The WM-GM contrast was the best at TI 400 ms for

both the brain tissue phantom and brain standard phantom

and was the lowest at 1,500 ms. At the TI corresponding

to the lowest CSF-WM contrast, there was a slight difference

between the two phantoms, but it was confirmed that the

CSF-WM contrast results in both phantoms showed the

same overall tendency. As a result, the SI and contrast of

each tissue could be evaluated according to the TI length,

and the optimal TI useful for observing the target tissue

was identified. Thus, this study provides optimal TI for

different brain tissues that will be useful for applying to

MR images obtained with the IR sequence using a newly

developed well-validated program, MRiLab simulation

program.
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