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Abstract 
 

Recent studies in magnetic resonance imaging (MRI) aim to improve 

image quality while reducing scan time. Electrical current injection in the 

form of magnetic resonance electrical impedance tomography (MREIT) 

is believed to be affecting image quality and scan time thus can improve 

the possibility of becoming a non-chemical contrast agent in MRI. This 

study will observe and analyze the effect of electrical current injection 

on a phantom object to determine whether there is a different tissue 

image intensity.  A thigh of lamb was used as a biological tissue phantom. 

The scan was performed on both T1and T2-weighted without and with 

an electrical current injection of 0.5 mA Electrical current injection 

decreased mean of tissue image intensity on T1-weighted images on 

both muscle (1759 vs 794) and bone (2752 vs 1550) (p<0.05). On the other 

hand, the electrical current increased mean of tissue image intensity on 

T2-weighted images on both muscle (303 vs 897) and bone (579 vs 1499) 

(p<0.05). There is also a difference in tissue image intensity on both T1 

and T2-weighted images with and without electrical current injection on 

bone and muscle. The implication of this difference in image quality is a 

subject for further study.  
 

Keywords: Magnetic resonance imaging, Tissue image intensity, T1-

weighted image, T2-weighted images, MREIT 
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1.0 INTRODUCTION 
 

Since magnetic resonance imaging (MRI) was 

invented in the early 1970s, it has been widely used in 

medicine for diagnosis modality and massively 

developed by many researchers [1, 2, 3].  In MRI, the 

use of contrast agents is very useful to improve image 

quality on the object of observation. In the clinical 

field, until now there are two main ingredients 

commonly used as a contrast agent in MRI, namely 

Gadolinium (Gd) and iron oxides. Gadolinium is a 

paramagnetic element, whereas iron oxides are 

known as super paramagnetic materials [4, 5, 6]. The 

paramagnetic effect of Gd in contrast enhancement 
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of MRI images is by decreasing the relaxation times of 

T2 and T1 on protons. With the use of iron oxide, the 

dephasing rate of T2 * increases as well as T2 and T1 in 

the protons [7, 8, 9]. 

MRI is very useful in evaluation of pregnant women, 

especially to detect common diseases, such as acute 

abdominal and pelvic pain or placental 

abnormalities, as well as neurological or fetal 

abnormalities, infections, or neoplasms. However, the 

concerns about negative impacts during the usage of 

MRI in pregnancy are rising, especially about the 

knowledge of administration of gadolinium-based 

contrast agents, is still limited. Gadolinium is a 

permeable substance which can cross the placenta, 

thus the administration of Gadolinium to pregnant 

women can be affected the fetus. On the other hand, 

no report of any harm from the excretion of a certain 

amount of Gadolium in form of breast milk, thus the 

administration of this agent can not interrupt 

breast feeding phase [10, 11, 12]. 

Apart from this, Gd also cannot be given to 

patients with impaired kidney function. Gadolinium-

containing contrast agents may increase the risk of a 

rare but serious disease called nephrogenic systemic 

fibrosis in people with severe kidney failure [13, 14]. 

In recent years, many questions have arisen about the 

safety of this material as a contrast agent. This begins 

with the publication of Kanda et al. which states that 

there are spots of Gadolinium agent left in the 

patient's brain tissue after undergoing MRI scanning 

with contrast agent Gd. In addition, recent research 

also shows that there is a potential effect of Gd 

compounds which can cause necrosis and apoptosis 

in liver cells [15, 16, 17]. 

To overcome this, several studies were conducted 

to improve the quality of MRI images without using 

chemical contrast agents. Recent studies on MRI 

development aims to reduce in acquisition time and 

improve image resolution. For example, some studies 

about reduction acquisition time are echo-planar 

imaging (EPI) method, rapid acquisition with 

relaxation enhancement (RARE) method, 

accelerated fully sampled acquisition, and 

compressed sensing method. While some studies 

about improvement image resolution are super-

resolution reconstruction (SRR) method and magnetic 

resonance electrical impedance tomography (MREIT) 

method [18]. 

MREIT is the injection of electrical current into an 

imaging object through electrodes when the MRI is 

scanning. In a biological object, this injection will 

affect the distribution of conductivity within the 

object. The electrical current will induce magnetic flux 

density. The MRI will process the magnetic flux density 

to form an image [19]. Basic of MREIT is the alteration 

of electrical conductivity distribution inside the 

biological object when injected with electrical 

current. This alteration is affected by molecular 

composition, cellular structure, concentration, and 

mobility of chemical components intracellular, 

extracellular fluids, and temperature [20, 21, 22]. 

Previous studies have found that MREIT could be an 

alternative as non-chemical contrast agent although 

having a poor signal-to-noise ratio (SNR) [23]. In our 

opinion, SNR should be evaluated along with other 

image quality parameters that can be measured, 

e.g., tissue image intensity. The aim of this study is to 

compare tissue image intensity without and with 

electrical current on MRI.  
 

 

2.0 METHODOLOGY 
 

2.1 VCCS (Voltage Converter Current Source) 
 

A multi-frequency VCCS system with varying electrical 

current has been developed  as a contrast agent in 

MRI. VCCS is the most commonly used current source 

in Bioimpedance Analysis systems due to its ability to 

provide a controllable electric current when injected 

into the load impedance. The multi-frequency VCCS 

system consists of a microcontroller, the AD 9850 

programmable signal generator and the VCCS circuit 

shown in Figure 1. 
 

 
 

Figure 1 The VCCS multifrequency Sistem 
 

 

The VCCS system is a Howland current source 

enhanced using dual Op-Amps. In order to obtain a 

stable output across the load, this VCCS uses 

matching resistors to complete the feedback. The 

current generated in this design is consistent in  0.05 

mA to 1 mA. This VCCS design uses a dual Op-Amp 

OPA2134 in Figure 2. 
 

 
Figure 2 The VCCS schematic design 

 

 

This VCCS uses 4 resistors of 1 kΩ. The first OP-Amp 

receives the signal from the High Pass Filter and 

forwards it to the second OP-Amp. Before being 

forwarded to the second Op-Amp, the first resistor is 

connected to the output of the first Op-Amp. The 

second resistor is connected to the negative pin of the 

second OP-Amp with ground. The third resistor is 

connected to the negative pin of the second op-amp 

and the output of the second op-amp. The fourth 

resistor is connected to the positive pin of the second 
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Op-Amp and the output of the second Op-Amp. The 

output current is injected into the variable resistor (VR) 

as a load.  

 

2.2 Phantom Imaging 

 

This study used a thigh of lamb as the phantom for MRI 

scanning. The tight of lamb phantom consisted of 

muscle and bone to represent the human body. The 

image acquisition used 1.5 Tesla Philips Multiva MR 

scanner with parameters as follows: repetition time (T= 

668 ms), echo time (TE = 15 ms), number of echoes 

(NER = 1), field of view (FOV 100 × 100 mm), number of 

excitations (NEX 1), and imaging matrix 640 × 640. The 

phantom was scanned without electrical current and 

with 0.5mA electrical current injected by two flexible 

electrodes around the phantom. The scan sequences 

used in this research were T1-weighted images and T2-

weighted images. The image acquisition process is 

shown in Figure 3. 
 

     
 

 

Figure 3 (A). Thigh of lamb was used as biological phantom 

object. Due to its small size, pediatric head coil was used with 

body coil to provide better signal-to-noise ratio. (B). A multi-

frequency electrical current generator was connected to 

the phantom using electrodes and was controlled from 

operator room, just outside the scanner room 

2.3 Data Analysis  
 

We processed the images using RadiAnt DICOM 

Viewer to obtain the mean number of signal 

intensities. We divided the images into three parts, 

background, muscle, and bone. We used 25 regions 

of interest (RoI) for each part and recorded all the 

mean number of signal intensities. The RoI size was 0.3 

cm2 for the muscle and 0.06 cm2 for the bone [24]. The 

raw RoI placements were shown in Figure 4. After the 

data collected, we tested the data normality using 

Saphiro-Wilk normality test and compared the means 

using T-test and Wilcoxon test. 

 

Figure 4 Twenty-five region of interests (RoI) were placed in 

muscle area and the mean number were recorded to get 

the average muscle tissue signal intensity of this T2-weighted 

image. This procedure were repeated for bone and 

background noise area. 
 

 

3.0 RESULTS AND DISCUSSION 
 

Figure 2 shows Iout is the output current signal from the 

VCCS and Vin is the input to VCCS from the voltage 

generator. The voltage signal from the current 

injection observed is Vrms. This circuit uses 1 kΩ resistor 

before being applied to the load, so that the formula 

for finding the current is 𝐼 =
𝑉𝐼𝑁

1000
 

The output signal from the generator is easily 

distorted if it is connected directly to the VCCS. Due to 

the high output impedance of the generator circuit, it 

used a voltage buffer to transfer the generator 

voltage to a VCCS which has a relatively low input 

impedance. The curve of the stability of the VCCS trial 

is shown in Figure 5. 

 
Figure 5 The curve of load versus output current from VCCS 

in 10 kHz, 100 kHz and 1 MHz 

A 

B 
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At a frequency of 10 kHz, VCCS produces a stable 

current of 0.36 mA with a maximum load of 6 kΩ and 

the current decreases to 0.31 mA at a load of 10 kΩ. 

At a frequency of 100 kHz from a load of 0 to 10 kΩ the 

current drops from 0.35 mA to 0.18 mA. At a frequency 

of 1 MHz from a load of 0 to 341 Ω the current 

decreases to 0.051 mA. At a frequency of 10 kHz and 

100 kHz, currents are obtained that can be used and 

are safe for the body because they are still in the 

range of 0.05 mA to 0.5 mA. However, at a frequency 

of 1 MHz when the load is more than 341 Ω the current 

is below the minimum limit of less than 0.05 mA so this 

frequency cannot be used because it will  read 

inaccurately. 

Raw images from T1-weighted and T2-weighted 

images both with and without electrical current 

injection were shown in Figure 6. 
 

 

Figure 6 Images here shown different tissue image intensity 

with and without electrical current injection. Both T1-

weighted and T2-weighted images experienced tissue signal 

intensities changes due to electrical current introduction, 

with T1-weighted images appeared darker (lower signal 

intensity) and T2-weighted images appeared brighter (higher 

signal intensity) 

 

 

1. Image intensity data of phantom before applying 

electrical current 

 

Based on the scatter diagram and the correlation 

value in Figure 7 and Table 1, the relationship between 

variables observed in the T1-weighted images before 

being given the current, has a correlation value that is 

not too large, as seen from the significance of the p-

value which is greater than 10%. It can be said that 

there is no linearity pattern of the relationship between 

variables. Although not very large, the relationship in 

the opposite direction is indicated by the value of the 

standard deviation of the intensity between the 

background and the bone, which is indicated by the 

negative correlation value (r = -0.210). 

As in the T1-weighted images, the relationship 

between the variables involved in the T2-weighted 

images also did not show a significant linearity pattern 

(Figure 8 and Table 2). The indication of a linear 

relationship in the opposite direction is shown by the 

mean muscle intensity with the background (r = -0.247) 

and the standard deviation of the background 

intensity with bone (r = -0.183). However, this value is 

small enough that it tends to be neglected. 

 

 
(a) 

 
(b) 

Figure 7 Scatter diagram of the mean (a) and standard 

deviation (b) of the intensity of the image on the 

background, muscles, and bones before applying currents 

to T1-weighted images 

 

Table 1 The value of correlation and significance (p-value) of 

the relationship between variables before applying currents 

to T1-weighted images. Significance of the correlation for the 

mean intensity (lower triangle) and standard deviation of 

intensity (upper triangle). 
 

Correlation 

(p-value) 

Background Muscle Bone 

Background 1 0.041 

(0.847) 

-0.210 

(0.313) 

Muscle 0.355 

(0.082) 

1 0.206 

(0.324) 

Bone 0.216 

(0.301) 

0.163 1 
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(a) 

 
(b) 

Figure 8 Scatter diagram of the mean (a) and standard 

deviation (b) of the intensity of the image on the 

background, muscles, and bones before applying currents 

to T2-weighted images 

 
Table 2 The value of correlation and significance (p-value) of 

the relationship between variables before applying currents 

to T2-weighted images. Significance of the correlation for the 

mean intensity (lower triangle) and standard deviation of 

intensity (upper triangle) 

 

Correlation 

(p-value) 

Background Muscle Bone 

Background 1 0.220 

(0.290) 

-0.183 

(0.382) 

Muscle -0.247 

(0.235) 

1 0.220 

(0.292) 

Bone 0.040 

(0.848) 

0.031 

(0.884) 

1 

 

 

2. Image intensity data of phantom after applying 

electrical current 

 

Based on the correlation value and p-value obtained, 

the mean and background muscle intensity values 

have a significant correlation (r = 0.346) for the 

significance level  ≥ 10%. As for the standard 

deviation value, there is no linear relationship which is 

quite significant. An opposite linear relationship was 

indicated from the standard deviation of background 

and bone (r = -0.256), although it was not significant 

(shown in Figure 9 and Table 3). 

 
(a) 

 
(b) 

Figure 9 Scatter diagram of the mean (a) and standard 

deviation (b) of the intensity of the image on the 

background, muscles, and bones after applying currents to 

T1-weighted images 
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Table 3 The value of correlation and significance (p-value) of 

the relationship between variables after applying currents to 

T1-weighted images. Significance of the correlation for the 

mean intensity (lower triangle) and standard deviation of 

intensity (upper triangle) 
 

Correlation 

(p-value) 

Background Muscle Bone 

Background 1 0.065 

(0.756) 

-0.256 

(0.216) 

Muscle 0.346 

(0.090) 

1 0.213 

(0.307) 

Bone 0.235 

(0.259) 

0.117 

(0.579) 

1 

 

 

In T2-weighted images after given electrical 

current, there is a significant linear relationship on the 

standard deviation of muscle and bone intensity, (r = 

0.464) for  ≥ 2%. The opposite direction linear 

relationship is seen between the mean background 

intensity with muscle (r = -0.304) for significance  > 

14%. This opposite relationship shows that the greater 

the mean muscle eating intensity, the smaller the 

mean background intensity (shown in Figure 10 and 

Table 4). 

 

 

Table 4 The value of correlation and significance (p-value) of 

the relationship between variables after applying currents to 

T2-weighted images. Significance of the correlation for the 

mean intensity (lower triangle) and standard deviation of 

intensity (upper triangle) 

 

Correlation 

(p-value) 

Background Muscle Bone 

Background 1 -0.126 

(0.549) 

0.268 

(0.195) 

Muscle -0.304 

(0.140) 

1 0.464 

(0.019) 

Bone 0.007 

(0.974) 

0.058 

(0.785) 

1 

 

 

The existence of several relationships between 

variables that become significant when given current, 

indicates the effect of giving electrical current on the 

mean tissue signal intensity [25,26]. Therefore, a 

hypothesis test (T-test) was carried out to check for a 

significant difference in the mean intensity before and 

after being given the current, with the null hypothesis 

that no change occurred, that is, the current 

application had no impact. The results of the 

hypothesis test are summarized in Table 5. 

Based on the hypothesis test conclusion of Table 5, 

it can be seen that, except for the mean background 

intensity on T1-weighted images, all variables 

experienced a significant change in the mean 

intensity before and after the current was applied. This 

shows that the application of current gives a change 

in the mean intensity on the background with T2-

weighted images, as well as in muscles and bones in 

both T1- and T2--weighted images [27].  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

(a) 

(b) 

Figure 10 Scatter diagram of the mean (a) and standard 

deviation (b) of the intensity of the image on the background, 

muscles, and bones after applying currents to T2-weighted 

image 
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Table 5 Hypothesis testing for both T1- and T2-weighted images tissue signal intensity changes before and after electrical current 

was applied to the biological phantom object 

 T1 T2 

 Background Muscle Bone Background Muscle Bone 

  13.94 1759.32 2752.43 6.68 303.90 897.16 

𝑺𝟏
𝟐  122.77 12333.13 1020521.96 17.59 652.44 65437.72 

  10.53 777.44 1,227.05 17.81 574.14 1,700.80 

𝑺𝟐
𝟐  72.88 2228.01 195852.86 109.37 2109.68 226113.96 

n 25 25 25 25 25 25 

degree of freedom 45 32 33 32 38 37 

 0.05 0.05 0.05 0.05 0.05 0.05 

t-table 2.01 2.04 2.04 2.04 2.03 2.03 

t-statistics 1.22 40.69 6.92 -4.94 -25.71 -7.44 

p-value 0.23 0.00 0.00 0.00 0.00 0.00 

Conclusion H0 is not 

rejected 

H0 is rejected H0 is rejected H0 is rejected H0 is rejected H0 is 

rejected 
 

 

This study shows each image group is entirely 

different; in T1-weighted images, the mean of tissue 

image intensity is significantly decreased in the 

electrical current group. This result is similar to the 

previous research that concludes although MREIT has 

poor SNR and low spatial resolution but has potential 

to be a non-chemical contrast agent [28,29,30]. 

Meanwhile, in T2-weighted images, the mean of tissue 

image intensity is significantly increased in the 

electrical current group. This result supports the theory 

of MREIT that can increase the signal intensity of MR 

images and its quality [31]. This inconsistent result is a 

subject for further study. 

Unlike the previous research, this MREIT study was 

done without image reconstruction using the 

algorithm, e.g., J-substitution algorithm or single-step 

harmonic Bz algorithm [32]. This study also did not use 

SNR as the standard image quality parameter 

because the previous studies found that the SNR of 

MREIT were poor.  
 

 

4.0 CONCLUSION 
 

There is a significant tissue image intensity difference 

with and without electrical current application in both 

T1- and T2-weighted MR images of muscle and bone. 

Although this study found that the result of tissue 

intensity images is significantly different, it does not 

conclude which one is better. Therefore, there is a 

need to evaluate and validate comparison between 

the MR images without and with electrical current by 

experienced clinical radiologists. 

The evidence that electrical current injection can 

alter image properties in MR examination is a 

promising finding for future researches. More studies 

need to be done in order to optimize the EIT 

parameters, verify the images, and assess its 

applicability in clinical settings. 
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