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of agar gel phantom with iron (III) oxide 
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Abstract 

Background: Agar has been commonly used as one of the materials to fabricate magnetic resonance imaging 
phantoms in the past few decades. In this study, eleven agar gel phantoms with different iron (III) oxide  (Fe2O3) 
masses were prepared. This study was aimed to evaluate the signal-to-noise ratio (SNR) uniformity and stability of 
agar gel phantoms with and without the addition of  Fe2O3 at two different time points (TPs).  Fe2O3 powder was used 
as a relaxation modifier to manipulate and produce various SNR,  T1 and T2 values. These phantoms were scanned 
using turbo spin echo pulse sequence to produce T1- and T2-measurement images. The SNR was then computed by 
plotting 1, 3 and 25 regions of interest on the images using ImageJ software. The T1 and T2 relaxation equations were 
then fitted to the experimental results of SNR versus TR and SNR versus TE curves for the determination of saturation 
 (SNRo), T1 and T2 values.

Results: The results demonstrated that the agar gel phantoms were able to maintain SNR uniformity but not SNR 
stability after 4 weeks of phantom preparation. The change in the water content and microstructure of the phantoms 
have no significant effect on T2 relaxation but on T1 relaxation. The T1 and T2 of the agar gel phantoms were mini-
mally affected although there was a systemic increase in the content of the  Fe2O3 powder.

Conclusions: It can be concluded that the agar gel phantoms exhibited the characteristics of SNR uniformity, but 
they showed instability of SNR at TP2. The  Fe2O3 in powder form is not an effective relaxation modifier to reduce the 
T1 and T2 when it is introduced into the agar gel phantoms. Dissolved nanosized particles should be the focus of 
future studies.
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1  Background
Nowadays, magnetic resonance imaging (MRI) phantoms 
are designed to possess the properties of human tissues. 
Human tissue mimicking materials are gaining increas-
ing attention in this field of research. The materials used 
to fabricate an MRI phantom should be easy to handle, 
cost-effective, robust, non-hazardous and stable [1]. In 

previous studies, agarose, agar, polyvinyl alcohol (PVA), 
carrageenan gel and water have been used to produce 
phantoms [1]. Water phantom is easy to handle but it 
is also affected by vibration, producing air bubbles that 
can cause non-uniformity. Another concern when using 
a water phantom is the relaxation time of water that is 
much longer than human tissue. Hence, other materi-
als that have relaxation times closer to human tissue are 
gaining more attention [1–6]. A phantom made from 
human tissue mimicking material is reliable as its T1 
and T2 fall in a range possesses by most human tissues, 
which makes the experimental result closer to the result 
performed on human subjects [7]. This is an advantage as 
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the human subject is not required in the research and the 
accuracy of the result is guaranteed.

Furthermore, MRI phantom has developed a new 
role in the standardization protocol of quantitative MRI 
(qMRI) biomarkers. This is also the key to the success 
of clinical trials in integrating qMRI biomarkers as pri-
mary endpoints. In testing the accuracy, repeatability and 
reproducibility of qMRI biomarkers, the use of phantom 
is crucial. Basic imaging parameters, such as SNR and 
relaxation times, should be acquired from the MRI phan-
tom and established as part of the quality assurance pro-
gram for qMRI [8]. Therefore, it is crucial to obtain the 
practical T1 and T2 for agar to investigate its suitability 
as a phantom material [3].

In this study, agar gel phantoms were developed to 
fulfill the objective of this study which was to test the 
uniformity and stability of SNR for investigating the suit-
ability of the material as an MRI phantom. Agar is an 
organic product derived from red algae and seaweeds, 
such as Gracilaria and Gelidium, and is a mixture of two 
components including a linear polysaccharide (agarose) 
and a heterogeneous mixture of small molecules known 
as agaro-pectin. It is a biological gelling agent that is non-
toxic, cost-effective, easy to make and use and less prone 
to leakage. Although various types of phantom materials, 
such as polyvinyl alcohol (PVA), gelatin, carrageenan and 
distilled water, have been proposed, agar and agarose gel 
are the most commonly used materials to fabricate the 
MRI phantom with the addition of relaxation modifier as 
agar and agarose have fulfilled the desired characteristics 
of MRI phantoms [1–3, 5, 6].

As agar is a hydrogel and consists of water molecules, 
it can be used in diffusion MRI measurement to observe 
the diffusion pattern of water molecules in the agar [2]. 
Agarose gel phantoms also aid in MRI-based radio-
therapy treatment planning by providing more accu-
rate quantitative features of disease and healthy tissue 
rather than depending solely on qualitative assessment 
[9]. Furthermore, as the resting-state fMRI depends on 
transversal relaxation of tissue (T2*), the usage of agar 
as phantom materials can result in local inhomogeneity 
of the magnetic field which will further reduce the T2* 
value. The effect is more pronounced when the tumor-
mimicking materials have been introduced in the agar gel 
phantoms [6].

To modify the relaxation time of the agar gel phantoms, 
a relaxation modifier known as contrast agent must be 
added. Theoretically, it can shorten the relaxation time of 
protons in water molecules by increasing the efficiency of 
energy transfer in T1 relaxation and dephasing of proton 
in T2 relaxation [10]. Since the first study of contrast-
enhanced MRI with the use of ferric chloride as a con-
trast agent in 1981, the use of contrast-enhanced study in 

clinical studies has been widely used to date [11]. Super-
paramagnetic  Fe2O3 nanoparticle is one of the examples 
of negative contrast agents. It can also be a T1 contrast 
agent by modifying the particle size and coating which 
are still under research for several years [11, 12]. In previ-
ous studies, different concentrations of gadolinium (III) 
oxide have been used as relaxation modifier in agarose 
gel or PVA slime phantoms to obtain the T1 and T2 val-
ues [5, 13].

In this research, different masses of superparamagnetic 
 Fe2O3 in powder form were added into the agar gel phan-
toms to investigate its effect on both T1 and T2 values. 
To the best of our knowledge, several studies have quan-
tified T1 or T2 values or merely the SNR values of agar 
gel phantoms with different types of relaxation modifi-
ers through various protocols such as standard, diffusion 
MRI and fMRI protocols. Therefore, this research aimed 
to compare the image quality of agar gel MRI phantom 
with different  Fe2O3 masses at 1, 3 and 25 regions-of-
interest (ROIs) at different time points (TPs). SNR rep-
resents the signal-to-noise ratio obtained from each agar 
gel phantom directly from the equation. Each phantom 
has its own specific SNR value.  SNRo is the SNR acquired 
when the longitudinal magnetization  (Mz) of the proton 
spins has returned to its equilibrium state, which means 
when the saturation of proton spins has been achieved. 
These were obtained after plotting the T1 and T2 curves 
by the curve fitting tool in MATLAB®. SNR was used to 
compare the SNR uniformity between 1, 3 and 25 ROIs, 
while  SNRo was used to compare the stability of SNR 
between two different TPs. The SNR uniformity and sta-
bility of the agar gel phantoms obtained in this study can 
be assured as this method can improve the precision of 
SNR measurement by using 1, 3 and 25 ROIs [5, 13–15].

2  Methods
This study was conducted according to the guidelines for 
ethical reviews and approved by the Institutional Ethics 
Committee (IEC).

The materials and apparatus required for the prepara-
tion of agar gel phantom were as follows: (1) agar pow-
der ≥ 99.65% (Sigma Aldrich, Malaysia); (2) relaxation 
modifier, iron (III) oxide  (Fe2O3) 85.9%; (3) distilled 
water; (4) sterile plastic container; (5) digital weighing 
scale; (6) conical flask; (7) duct tape; (8) magnetic stirrer 
hotplate.

The agar gel phantoms were prepared in a biomedical 
laboratory. The agar gel phantoms were then scanned 
using the SIEMENS Magnetom Verio 3-T MRI machine.

Eleven agar gel phantoms with different  Fe2O3 masses 
(0 g, 0.002 g, 0.004 g, 0.006 g, 0.008 g, 0.010 g, 0.012 g, 
0.014  g, 0.016  g, 0.018  g and 0.020  g) were prepared 
using conventional mixing method. One distilled water 
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phantom was also prepared as control. For each agar 
phantom, 2.55  g of agar powder was mixed with 85  ml 
of distilled water at room temperature. Magnetic stirring 
technique was used for 8 min to achieve a homogeneous 
distribution of agar in the distilled water while the solu-
tion was heated to 90  °C on the hot plate. The change 
in color of the mixture from cloudy to clear indicated 
that the solution was in a completely uniform distribu-
tion state. Then, the  Fe2O3 powder was gently mixed and 
stirred in the agar mixture for another 2  min. The agar 
mixture with  Fe2O3 powder was poured into an 85-ml 
sterilized plastic container (see Additional file 1: Appen-
dix Figure A1) and allowed to cool gradually to room 
temperature after the lid was tightly sealed. The phan-
toms were kept in an air-tight desiccator before the scan-
ning day. The prepared phantoms were scanned at two 
different TPs, namely 2 weeks (TP1) and 4 weeks (TP2) 
after the preparation. Table  1 shows the volume of dis-
tilled water, mass of agar powder, concentration of agar 
mixture and mass of  Fe2O3 powder used in phantom 
preparation.

Data acquisition was performed by scanning all the 
agar gel phantoms using a 3-T SIEMENS Magnetom 
Verio MRI machine. Before and until the day of scanning, 
the condition of the agar gel phantoms was daily exam-
ined to ensure absence of air bubbles and fungal growth 
as these would impact the image quality. On the MRI 
couch, eleven agar gel phantoms and one distilled water 
phantom were positioned horizontally at the iso-center 
of the MRI bore inside the head coil with a laser aligned 
at the center of both the phantoms and the head coil as 
shown in Additional file 1: Appendix Figure A2 and A3. 
This was to ensure that all the phantoms were longitu-
dinally subjected to the same magnitude of magnetic 

field strength during scanning. The middle slice of all 
the phantoms was obtained to calculate the SNR value. 
Turbo spin echo (TSE) sequence was applied to obtain 
both the T1- and T2-measurement images in axial pro-
jection. Except for TR and TE, other imaging parame-
ters were set as constant, which included slice thickness 
of 10.0 mm, field of view (FOV) of 200 × 200 mm and a 
matrix size of 256 × 256. The phase encoding direction 
for both T1- and T2-measurement images was set from 
right to left. For T1-measurement image, the TR was set 
from 400 to 8000 ms with a constant TE value of 18 ms as 
short TE was needed to acquire T1-measurement image. 
For T2-measurement image, the TE was set from 12 to 
233  ms with a constant TR of 2000  ms as long TR was 
needed to acquire T2-measurement image. All images 
acquired were stored in a CD-ROM in DICOM format. 
The phantoms were scanned at two respective TP1 and 
TP2 to test the stability of the phantoms. Examples of 
images obtained from T1- and T2-measurements are 
shown in Additional file 1: Appendix Figure A4 and A5.

ImageJ software (The National Institute of Health, 
NIH) and MATLAB® (The Math Works, Inc., Natick) 
were used in the data analysis, while the Statistical Pack-
ages for Social Sciences (SPSS version 25) was used to 
assess the uniformity and stability of agar gel phantoms 
with different  Fe2O3 concentrations. After the images 
were obtained, the ImageJ software was used to specify 
the ROIs on the middle axial slice of the obtained images 
to calculate the SNR, T1 and T2 values. First, the SNR 
determination was performed by placing the 1, 3 and 
25 ROIs on images of the twelve phantoms accordingly 
to measure the signal intensities. For the placement of 
1 ROI, the size of the ROI was made up to 1005   mm2 
on each phantom image. For 3 and 25 ROIs, they were 

Table 1 The compositions of agar gel phantoms

Phantom Volume of distilled water (ml) Mass of agar powder (g) Concentration of agar solution 
 (gml−1)

Mass of 
 Fe2O3 
powder (g)

1 85 2.55 0.03 0

2 85 2.55 0.03 0.002

3 85 2.55 0.03 0.004

4 85 2.55 0.03 0.006

5 85 2.55 0.03 0.008

6 85 2.55 0.03 0.010

7 85 2.55 0.03 0.012

8 85 2.55 0.03 0.014

9 85 2.55 0.03 0.016

10 85 2.55 0.03 0.018

11 85 2.55 0.03 0.020

Water 85 0.00 0.00 0.000
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randomly placed on the phantom images and the respec-
tive ROI sizes were ‘large’ and ‘XXL’ in the ImageJ setting. 
The signal intensity (Ip) for 1 ROI was entirely taken from 
the ROI, while for the 3 and 25 ROIs the mean Ip was 
obtained over the ROIs. Another ROI was then specified 
as large as possible on the background of all the images 
to obtain noise intensity (Ib) and its standard deviation 
(σb). The noise intensities were averaged for all images to 
obtain the mean noise intensity and standard deviation. 
The SNR determination was performed on both the T1 
(various TR and fixed TE) and T2 (various TE and fixed 
TR) measurement images using Eq. (1).

The T1 and T2 values of the phantoms were deter-
mined based on the SNR against TR plot (T1 curve) 
from the equation of SNR(TR) =  SNRo(1 – e−TR/T1) and 
SNR against TE plot (T2 curve) using the equation of 
SNR(TE) =  SNRi(e−TE/T2), respectively. The value of 
 SNRo was obtained at long TR, while the value of  SNRi 
was obtained at the beginning of T2 relaxation.  SNRo 
is defined as the SNR obtained when the longitudi-
nal magnetization (Mz) of proton spins has reached an 
equilibrium. The experimental data were fitted to both 
equations using MATLAB® R2019b (The Math Works, 
Inc., Natick) curve fitting toolbox. The T1 and T2 val-
ues were obtained upon achieving the minimum sum of 
squared difference between the observed and fitted data. 
By referring to the fitted T1 and T2 curves, the satura-
tion of SNR  (SNRo) and the initial maximum SNR for T2 
curve  (SNRi) were also estimated. The 95% confidence 
interval (CI) standard sum of errors (SSE), root mean 
square errors (RMSE) and adjusted and unadjusted R2 
of fit were also computed. The R2 of fit is the correlation 
coefficient between the observed and fitted data and the 
ideal value of R2 is 1. The R2 values of all agar gel phan-
toms were averaged and recorded. The T1 and T2 curves 
in this study were fitted in such a way that the R2 of fit 
was maximized and the SSE was minimized. The SSE 
obtained was then converted to standard deviation (SD) 
using Eq.  (2) from which n is the number of phantoms. 
The effects of different  Fe2O3 content and different TP on 
R2,  SNRo,  SNRi, T1 and T2 were evaluated and discussed. 
The recorded quantities were also compared between 1, 3 
and 25 ROIs at each TP.

3  Results
3.1  Effects of different number of ROIs on SNR uniformity
Figures 1 and 2 show the T1 and T2 curves of all agar gel 
and distilled water phantoms obtained from 1, 3 and 25 

(1)SNR =

(

Ip − Ib

)

/σb

(2)SD =

√

SSE/(n− 1)

ROIs at two different TPs. As expected, the T1 curves for 
all agar gel and distilled water phantoms exhibit an expo-
nentially increasing trend as TR is increased while TE is 
fixed at 18  ms with no indication of saturation. The T2 
curves for all agar gel phantoms exhibit an exponentially 
decreasing trend as TE is increased while TR is fixed at 
2000 ms, while for distilled water phantom, the trend is 
different from the phantoms but consistent among all 
ROIs and at both TPs. It can be summarized that all agar 
gel phantoms show similar trend of T1 and T2 relaxa-
tions for all ROIs and at both TP1 and TP2 as indicated 
by the overlapping of the T1 and T2 curves. Distilled 
water phantom, however, shows a distinct T1 and T2 
curves as compared to those of the agar gel phantoms 
for all ROIs and at both TP1 and TP2. For T1 curves, the 
distinction between distilled water phantom and agar gel 
phantoms is larger when comparison is made between 
TP1 and TP2 from which distilled water phantom shows 
higher SNR at higher TR for TP2 for all ROIs. For T2 
curves, the distinction between distilled water phantom 
and agar gel phantoms is obvious with a longer relaxation 
time and higher SNR for distilled water phantom. This 
occurs for all ROIs and at both TP1 and TP2. There is a 
difference in T1 SNR obtained using different numbers 
of ROIs between TP1 and TP2 from which the values at 
TP2 are relatively higher. T2 SNR for all ROIs however, 
remains equal at both TPs.

SNR uniformity can be investigated by comparing the 
 R2 values between different number of ROIs at any one 
TP and between TP for each of the ROI. The T1 and T2 
R2 data obtained from all ROIs at both TPs are shown in 
Tables 3, 4 and 5.

Kruskal–Wallis test conducted to examine the differ-
ence in the R2 values of all agar gel between the number 
of ROIs at TP1 revealed no significant difference in R2 
values between 1, 3 and 25 ROIs for both T1 R2 and T2 
R2 at a significant level of 0.05 (p = 0.732 for T1 R2 and 
p = 0.331 for T2 R2). Insignificant difference in R2 values 
(correlation coefficient between the observed and fitted 
data or the goodness of fit) between 1, 3 and 25 ROIs 
indicated uniformity of the SNR of the prepared agar gel 
phantoms.

On the contrary, Kruskal–Wallis test on the R2 values 
at TP2 showed a significant difference in at least one pair 
among 1, 3 and 25 ROIs (p < 0.001 for T1 R2 and p = 0.002 
for T2 R2) for T1 and T2  R2 at a significant level of 0.05. 
Tukey post hoc test indicated that the T1 R2 values differ 
significantly between 1 and 3 ROI and between 1 and 25 
ROI (p < 0.05), while for T2 R2 values, significant differ-
ence was observed between 1 and 3 ROI and between 3 
and 25 ROI (p < 0.05).

The results of Mann–Whitney U test comparisons 
between the two TPs revealed that T1 R2 for 1 ROI 
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at TP2 is significantly higher than at TP1 (p < 0.001). 
A significantly higher T1 R2 was also obtained for 25 
ROI at TP2 (p < 0.05) as compared to TP1. However, 
no significant difference was observed in T1 R2 for 3 
ROI between TP1 and TP2 (p > 0.05). For T2 R2, com-
parisons between TP1 and TP2 for 1, 3 and 25 ROIs 
revealed no significant difference (p > 0.05).

The statistical analysis results above showed that 
there was a significant data dispersion when different 
numbers of ROI were used to obtain SNR value at TP2 
possibly originating from loss of uniformity. However, 
the R2 values of all T1 and T2 SNR curves for 1, 3 and 
25 ROIs were close to 1, meaning that even though the 
data dispersion between the simulated and experimen-
tal SNR were significantly different, the difference is 
small.

The results also revealed that the SNR uniformity 
degradation over time was only observed on the T1 
curves. No significant change in uniformity is observed 
on T2 curves.

3.2  Effects of TP on SNR stability of agar gel phantoms
SNR stability over time can be concluded by comparing 
the  SNRo and  SNRi values between different number of 
ROIs at any one TP and between TP for each of the ROI. 
The T1 and T2 SNR data obtained from all ROIs at both 
TPs are shown in Tables 3, 4 and 5. At TP1 (Tables 2, 4), 
it can be seen that the value of  SNRo for each agar gel 
phantom is about the same for 1, 3 and 25 ROIs. How-
ever, the value of  SNRi for each agar gel phantom is rel-
atively higher for 3 ROIs as compared to the other two 
ROIs. Kruskal–Wallis test conducted to examine the 
difference in the  SNRo values of all agar gel between the 
number of ROIs reveals no significant difference in  SNRo 
values between 1, 3 and 25 ROIs for T1  SNRo (p = 0.957) 
at a significant level of 0.05. Similar insignificant differ-
ences were obtained for T2  SNRi (p = 0.063).

At TP2 (Tables 3, 5), the values of  SNRo and  SNRi for 
all agar gel phantoms obtained from 3 ROIs are relatively 
higher than 1 and 25 ROIs. Kruskal–Wallis test on the 
 SNRo values showed a significant difference in at least 
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Fig. 1 T1 curves obtained from the phantoms at TP1 (left) by using a 1 ROI, b 3 ROIs and c 25 ROIs, and at TP2 (right) by using d 1 ROI, e 3 ROIs and 
f 25 ROIs
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Fig. 2 T2 curves obtained from the phantoms at TP1 (left) by using a 1 ROI, b 3 ROIs and c 25 ROIs, and at TP2 (right) by using d 1 ROI, e 3 ROIs and 
f 25 ROIs

Table 2 SNRo and R2 values of agar gel and water phantoms for T1 curves at TP1

Phantom TP1

SNRo R2

1 ROI 3 ROI 25 ROI 1 ROI 3 ROI 25 ROI

1 1116 1106 1120 0.99790 0.99769 0.99790

2 1112 1117 1113 0.99789 0.99766 0.99797

3 1129 1116 1131 0.99864 0.99862 0.99867

4 1093 1094 1093 0.99891 0.99890 0.99877

5 1081 1073 1084 0.99868 0.99861 0.99866

6 1137 1120 1136 0.99810 0.99813 0.99808

7 1038 1041 1037 0.99886 0.99886 0.99882

8 1046 1052 1044 0.99869 0.99856 0.99868

9 1037 1025 1034 0.99802 0.99781 0.99797

10 1064 1062 1065 0.99817 0.99793 0.99833

11 1091 1091 1092 0.99834 0.99850 0.99841

Water 1251 1286 1276 0.99944 0.99878 0.99951
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one pair among 1, 3 and 25 ROIs (p < 0.001) for T1  SNRo 
at a significant level of 0.05. Tukey post hoc test con-
ducted showed that there was no significant difference in 
 SNRo between 1 and 3 ROIs (p = 1.000). However, there 
exists significant differences in  SNRo between 1 and 25 
ROIs (p = 0.001) and between 3 and 25 ROIs (p < 0.001) at 
a significant level of 0.05.

Kruskal–Wallis test on the  SNRi values showed a sig-
nificant difference in at least one pair among 1, 3 and 
25 ROIs (p < 0.001) for T2  SNRi at a significant level of 
0.05. Tukey post hoc test conducted showed that there 
are no significant differences in  SNRi between 1 and 25 
ROIs (p = 1.000) at a significant level of 0.05. However, 

comparisons showed significant differences in  SNRi 
between 1 and 3 ROIs (p = 0.006) and between 3 and 
25 ROIs (p = 0.013) at a significant level of 0.05. Higher 
 SNRi can be seen for 3 ROIs as compared to 1 ROI and 25 
ROIs. The results from Mann–Whitney U test indicated 
that  SNRo values for T1 curves and  SNRi values for T2 
curves increase significantly (p < 0.001) at a significant 
level of 0.05 from TP1 to TP2 for all 1, 3 and 25 ROIs, 
with the exception of comparison between  SNRi for 25 
ROIs which is not significant (p < 0.05). Looking at a small 
change in  SNRo and  SNRi shown in Tables 2, 3, 4 and 5 
when  Fe2O3 is systematically added to the pure agar gel, it 
can be said that the addition of  Fe2O3 is seen to have little 

Table 3 SNRo and R2 values of agar gel and water phantoms for T1 curves at TP2

Phantom TP2

SNRo R2

1 ROI 3 ROIs 25 ROIs 1 ROI 3 ROIs 25 ROIs

1 1494 1626 1474 0.99928 0.99792 0.99869

2 1484 1628 1465 0.99934 0.99788 0.99878

3 1530 1628 1508 0.99934 0.99858 0.99880

4 1453 1601 1435 0.99957 0.99884 0.99913

5 1468 1567 1448 0.99940 0.99839 0.99875

6 1511 1652 1494 0.99933 0.99797 0.99876

7 1424 1517 1412 0.99957 0.99898 0.99901

8 1413 1536 1398 0.99959 0.99887 0.99912

9 1390 1509 1364 0.99942 0.99789 0.99882

10 1468 1535 1449 0.99933 0.99804 0.99875

11 1417 1592 1396 0.99937 0.99835 0.99881

Water 1957 1900 1942 0.99971 0.99912 0.99919

Table 4 SNRi and R2 values of agar gel and water phantoms for T2 curves at TP1

Phantom TP1

SNRi R2

1 ROI 3 ROIs 25 ROIs 1 ROI 3 ROIs 25 ROIs

1 250.7 261.2 261.2 0.98960 0.98960 0.98960

2 250.7 259.1 251.4 0.98910 0.98920 0.99040

3 253.6 260.2 255.2 0.99120 0.99330 0.99160

4 240.3 250.5 241.9 0.99830 0.99830 0.98950

5 248.3 258.6 252.0 0.98510 0.98510 0.98480

6 265.8 276.0 274.8 0.99010 0.99010 0.98110

7 239.6 249.2 238.5 0.98740 0.98740 0.98810

8 246.3 259.5 246.3 0.98580 0.98580 0.98810

9 255.9 265.5 256.6 0.98460 0.98460 0.98550

10 250.3 257.8 249.5 0.99010 0.99010 0.98880

11 266.4 283.0 269.6 0.98840 0.98840 0.98830

Water 287.1 466.7 173.6 0.98530 0.98500 0.97340
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effects on the magnetization of all agar gel phantoms in 
this study.

3.3  Effect of  Fe2O3 addition on T1 and T2 of agar gel 
phantoms

As shown in Figs. 1 and 2, the T1 and T2 curves for all 
the agar gel phantoms demonstrate similar trend for all 
 Fe2O3 contents, from which T1 SNR increases exponen-
tially as TR is increased when TE was fixed at 18 ms, and 
T2 SNR decreases exponentially as TE is increased when 
TR was fixed at 2000 ms. As a result, the T1 and T2 of 
agar gel phantoms with different  Fe2O3 content are about 
the same when observed for each ROI at both TP but dif-
fer markedly with that of distilled water (see Tables 6, 7, 

8, 9). T1 and T2 values for distilled water are much longer 
than for any agar gel phantom.

Kruskal–Wallis test conducted to compare the T1 val-
ues for all agar gel phantoms between 1, 3 and 25 ROIs at 
TP1 revealed no significant difference (p > 0.05) at a sig-
nificant level of 0.05.

At TP2, significant differences in T1 values existed 
among 1, 3 and 25 ROIs (p < 0.001) at a significant level 
of 0.05. Tukey post hoc test results showed that there 
was no significant difference in T1 values between 1 and 
25 ROIs pair (p = 0.114). Significant differences in T1 
values were, however, observed between 1 and 3 ROIs 
(p < 0.001) and between 3 and 25 ROIs (p = 0.009) pairs at 
a significant level of 0.05.

Table 5 SNRi and R2 values of agar gel and water phantoms for T2 curves at TP2

Phantom TP2

SNRi R2

1 ROI 3 ROIs 25 ROIs 1 ROI 3 ROIs 25 ROIs

1 261.0 271.7 262.1 0.99030 0.99240 0.99080

2 258.3 269.8 257.9 0.98950 0.99160 0.99030

3 268.3 279.0 267.2 0.99060 0.99330 0.99110

4 245.8 258.7 267.2 0.98780 0.99260 0.99110

5 256.0 266.1 255.9 0.98640 0.98820 0.98660

6 272.9 285.6 273.7 0.99050 0.99290 0.99030

7 251.0 265.5 253.3 0.98830 0.99120 0.98910

8 250.9 272.4 253.7 0.98710 0.99150 0.98880

9 256.3 269.9 255.4 0.98560 0.98800 0.98620

10 266.7 276.9 266.0 0.98930 0.99110 0.98990

11 262.7 275.6 258.2 0.98910 0.99120 0.98910

Water 136.8 133.2 144.4 0.98530 0.98810 0.98690

Table 6 T1 values of all agar gel phantoms at TP1

Phantom 1 ROI 3 ROIs 25 ROIs

T1 (ms) T1 (ms) SD T1 (ms) SD

1 2093 2103 14.35 2094 13.84

2 2090 2085 14.55 2088 13.53

3 2095 2093 11.17 2090 11.11

4 2090 2082 9.78 2087 10.31

5 2157 2119 10.81 2152 10.72

6 2101 2076 13.04 2107 13.42

7 2041 2054 9.44 2040 9.54

8 2019 2019 10.70 2022 10.17

9 2027 2030 12.86 2031 12.50

10 2034 2061 12.99 2001 11.63

11 2006 2009 11.30 2014 11.65

Water 2287 2262 12.26 2464 7.78

Table 7 T1 values of all agar gel phantoms at TP2

Phantom 1 ROI 3 ROIs 25 ROIs

T1  (ms) T1 (ms) SD T1 (ms) SD

1 1886 2087 19.99 1920 14.17

2 1892 2085 20.20 1928 13.61

3 1900 2106 16.53 1932 13.86

4 1898 2087 14.72 1923 11.23

5 1904 2121 16.98 1928 13.61

6 1898 2093 20.06 1920 13.96

7 1879 2038 13.00 1913 11.74

8 1862 2027 13.87 1886 10.94

9 1883 2024 18.57 1915 12.44

10 1873 2037 18.23 1901 13.55

11 1849 2015 17.33 1882 12.73

Water 2837 2516 15.46 2953 15.17
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Kruskal–Wallis test conducted to compare the T2 
values for all agar gel phantoms between 1, 3 and 25 
ROIs at TP1 reveals no significant difference (p = 0.090) 
at a significant level of 0.05.

At TP2, significant differences in T2 values existed 
among 1, 3 and 25 ROIs (p = 0.037) at a significant level 
of 0.05. Tukey post hoc test results showed that there 
were no significant differences in T2 values between 
1 and 25 ROIs pair (p = 1.000) and between 3 and 25 
ROIs pair (p = 0.157). A significant difference in T2 
values was, however, observed between 1 and 3 ROIs 
(p = 0.046) at a significant level of 0.05.

Mann–Whitney U test conducted to compare the 
T1 values for 1, 3 and 25 ROIs between TP1 and TP2 
showed that T1 TP1 1 ROI was significantly higher 

than T1 TP2 1 ROI (p < 0.001). Similarly, T1 TP1 25 
ROIs were significantly higher than T1 TP2 25 ROIs 
(p = 0.001). However, no significant difference was 
observed between T1 TP1 3 ROIs and T1 TP2 3 ROIs 
(p = 0.842). There was no significant difference in T2 
values between TP1 and TP2 for all 1, 3 and 25 ROIs 
(p > 0.05).

4  Discussion
In this study, SNR measurement via ROI analysis was 
implemented. This method is quite common in acquir-
ing SNR value from an image. In addition, this method 
is easy and provides a faster way to calculate the regional 
statistics of the SNR which can be obtained directly from 
the image [16, 17]. In this work, the SNR measurement 
method was refined using 1, 3 and 25 ROIs.

Distilled water has a distinct characteristic of T1 and 
T2 curves as compared to the pure agar gel and agar 
gels containing the relaxation modifier. Higher SNR for 
distilled water at any TR and TE values (see Figs. 1, 2) is 
attributed to a higher water content. The same argument 
can be used to explain a higher  SNRo for distilled water 
tabulated in Tables 2 and 3.

Two weeks after preparation, the agar gels almost 
contain as much water molecules as the distilled water 
resulting in a small difference between them as shown 
by their T1 curves at TP1 (Fig. 1—top three). Over time, 
water content in the agar gels at TP2 decreases mainly 
due to evaporation, hence a decrease in intensity. The 
evaporation of water did occur for distilled water but the 
effects on SNR is more prominent for agar gel phantoms. 
Hence, the difference in the T1 curves of the agar gels 
with distilled water becomes clearer at TP2 (Fig. 1—bot-
tom three).

In relation to the above discussion, the intensity of 
background noise was found to be relatively higher 
for the agar gels at TP1, resulting in lower SNR for dis-
tilled water and agar gels according to Eq.  (1), while for 
the scans conducted 4 weeks after preparation (at TP2), 
lower background noise intensity resulted in higher SNR. 
The average background noise intensity and standard 
deviation of noise for T1 measurements are 15.083 and 
2.144 at TP1. The values decrease to 12.461 and 1.466 at 
TP2. It can be said that a higher background noise at TP1 
supersede the decrease in signal intensity at TP2, result-
ing in an overall higher SNR at TP2 as can be seen when 
comparing TP1 and TP2 on Fig. 1 (see also Eq. (1)).

For T2 curves (Fig.  2), the average background noise 
intensity and standard deviation of noise are 10.762 and 
7.864 at TP1. At TP2, the values are 9.333 and 6.895. 
The small differences between these TP1 and TP2 val-
ues explain why the T2 curves are similar regardless of 
at which TP they were obtained. It can also be said that 

Table 8 T2 values of all agar gel phantoms at TP1

Phantom 1 ROI 3 ROIs 25 ROIs

T2 (ms) T2 (ms) SD T2 (ms) SD

1 59.91 56.19 6.20 56.19 6.20

2 60.07 57.69 6.32 59.60 5.82

3 57.04 54.37 5.91 55.84 5.44

4 56.25 53.17 5.64 55.81 5.78

5 58.91 55.90 7.04 57.57 7.29

6 56.13 52.90 6.11 55.76 6.35

7 52.18 47.92 5.71 51.86 5.95

8 52.59 49.82 6.79 51.71 6.16

9 53.12 50.56 7.09 51.96 7.19

10 58.59 54.93 5.64 57.48 6.20

11 52.88 49.12 6.12 51.66 7.04

Water 1825.00 3026.00 1.14 1115.00 1.15

Table 9 T2 values of all agar gel phantoms at TP2

Phantom 1 ROI 3 ROIs 25 ROIs

T2 (ms) T2 (ms) SD T2 (ms) SD

1 61.64 57.56 5.53 61.39 5.97

2 62.27 58.76 5.76 62.00 6.04

3 59.58 55.46 5.30 59.10 5.93

4 57.96 54.97 5.15 59.10 5.93

5 61.44 57.94 6.78 61.22 7.20

6 58.51 54.20 5.54 57.83 6.32

7 54.46 50.53 5.65 53.60 6.11

8 54.67 50.18 5.68 53.38 6.18

9 54.61 51.16 6.75 54.16 7.01

10 60.11 56.44 5.73 59.47 6.32

11 54.43 50.78 5.85 54.65 6.24

Water 686.20 629.20 0.93 749.80 0.93
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T2 relaxation for all agar gel phantoms and distilled 
water was not influenced by the water content which was 
assumed to be lesser at TP2.

The value of R2, also known as correlation coefficient, 
or the goodness of fit measures how disperse are the 
experimental SNR data about the fitted curve. The agar 
gel phantoms produce good T1 and T2 SNR uniformity 
at TP1 across 1, 3 and 25 ROIs which is mainly attrib-
uted to the freshness of the phantoms. Water content in 
all phantoms was at its initial maximum with only little 
being evaporated, hence no change in SNR across the 
image. Thus, the choice of number of ROIs is independ-
ent of SNR uniformity.

As more and more water evaporated from the phan-
toms’ matrix during the interval between TP1 and TP2, 
the signal (and noise) across the image starts to fluctu-
ate and resulting in SNR non-uniformity. The R2 is no 
longer indistinguishable between number of ROIs with 
the exception between 3 and 25 ROIs for T1 SNR and 
between 1 and 25 ROIs for T2 SNR. It is thought that 
these ROIs will also show differences in R2 if a longer 
interval is implemented.

The results also show that signal uniformity across an 
image was not influenced by  Fe2O3 content. Neverthe-
less, the presence of water in the agar gel phantoms in 
maintaining the uniformity of signal intensity across an 
image was vital. It was found that the phantoms were 
only useful if used immediately after preparation up to 
2 weeks. Improvement on the ability of the plastic con-
tainer in preventing water evaporation such as the for-
mation of water vapor inside the container is crucial and 
deserves special attention in future studies.

Microstructure changes that occurred during the inter-
val between TP1 and TP2 have been proven to be the 
cause of significant different in T1 R2 for 1 ROI and 25 
ROIs. T1 relaxation is microstructure-dependent, also 
known as spin–lattice relaxation. The loss of an amount 
of water at TP2 had caused the T1 relaxation data (T1 
SNR) to disperse significantly, thus, causing the R2 value 
at TP2 to be distinguishable (significantly higher) to that 
at TP1 for 1 ROI and 25 ROIs. It is believed that if the 
interval is longer, the difference in R2 between TP1 and 
TP2 for 3 ROIs may also be noticeable. It is most unlikely 
that  Fe2O3 was the cause of the increase of dispersion at 
TP2 because the content of  Fe2O3 remained unchanged 
at both TPs.

Equal dispersion of T2 SNR between TP1 and TP2 
for all the 1, 3 and 25 ROIs clearly indicated that the T2 
relaxation mechanism was not influenced by the micro-
structure changes that occurred within the phantom 
particularly on the reduction of water content during 
the interval between TP1 and TP2 as discussed above. 
T2 relaxation originates from spin–spin relaxation in the 

presence of external and local magnetic field inhomo-
geneities. The fact that at either TP1 or TP2 all the pre-
pared phantoms showed similar T2 relaxation regardless 
of the differences in water and  Fe2O3 content obviously 
discounted the dependence of the T2 relaxation on water 
and  Fe2O3 Content. Furthermore, under the TSE scheme, 
contribution from external magnetic field inhomogene-
ity was nullified by the delivery of multiple RF180°-pulse 
leaving only local magnetic fields as the source of inho-
mogeneity from which the latter had caused R2 to be 
incomparable between TP1 and TP2 for all ROIs.

The uniformity of  SNRo and  SNRi was achieved at TP1 
regardless of the number of ROIs from which they were 
measured. Similar to the discussion on the effects of 
ROIs on R2, the phantoms prepared 2  weeks before the 
scan were still fresh and quite uniform in intensity across 
the image. At TP2, these characteristics were not as that 
at TP1 as changes in the microstructure of the phantoms 
occurred during the interval between TP1 and TP2. At 
TP2, most comparisons in  SNRo and  SNRi between 
1, 3 and 25 ROIs return a significant difference which 
explains that uniformity of the signal across the image is 
no longer preserved.

It is evident that the stability of the  SNRo and  SNRi was 
not achieved for all agar gel phantoms as indicated by a 
significant increase of the two values at TP2 for all ROIs 
with the exception of  SNRi for 25 ROIs that showed equal 
 SNRi at both TPs. These findings are consistent with the 
results for SNR presented above. As discussed earlier, the 
main cause of SNR increase at TP2 was due to a relatively 
higher noise at TP1 as compared to TP2. The argument 
of this sort should also apply to  SNRo and  SNRi. Never-
theless, in previous studies, the addition of low concen-
tration of paramagnetic ions have been found to show a 
large reduction in both  SNRo and T1 values of the phan-
toms [1, 13, 19–21].

The uniformity of the signal intensity of the T1 and T2 
measurement images at TP1 was also supported by the 
small differences in the T1 and T2 values obtained from 
1, 3 and 25 ROIs. It can be said that the spin–lattice and 
spin–spin relaxations that had occurred within the phan-
toms during the scans have little influence on signal 
intensity fluctuation across the images. These again can 
be attributed to the freshness of the phantoms that were 
prepared 2 weeks before, with initial content of water and 
microstructure.

The non-uniformity of the signal intensity across the 
images starts to appear at TP2 at which the comparisons 
in T1 and T2 values between 1, 3 and 25 ROIs resulted 
in significant difference for at least 3 out of 6 compari-
sons for both T1 and T2 values with comparisons of T2 
values between the ROIs indicated difference in only 1 
comparison. The change in the spin’s environment during 
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the interval between TP1 and TP2 as discussed above 
was obviously the reasons for such differences in the 
comparisons.

Longitudinally, only T1 value was affected by the 
change in water content and microstructure of the phan-
toms that had occur during the interval specifically for 1 
ROI and 25 ROIs, while T2 value remains unchanged at 
TP2 for all ROIs. This evident strengthens previous argu-
ments that the change in the water content and micro-
structure of the phantoms have no significant effect on 
T2 relaxation but on T1 relaxation. In a previous study, 
the instability in the agar gel phantoms was indeed 
existed. T1 of the agar gel phantoms showed a slow 
increase from TP1 to the next [18].

The use of  Fe2O3 in this study was not able to modify 
the T1 of the pure agar gel phantom. Furthermore, the 
T1 of the agar gel phantoms apparently did not mimic 
human tissue even with the addition of different  Fe2O3 
 masses. The closest human tissue mimicked by the agar 
gel phantoms was blood (1948  ms) which is fluid in 
nature. Meanwhile, the T2 of the agar gel phantoms 
would be able to represent and mimic certain tissues or 
organs in human body, such as muscle (50 ms), kidneys 
(56  ms), and breast fat and glandular (53–54  ms) [20]. 
However,  Fe2O3 could have been a good relaxation modi-
fier if dissolved in hydrochloric acid (HCl) due to the fact 
that  Fe2O3 is an insoluble salt and can only be dissolved 
in HCl. The end product of the reaction is iron (III) chlo-
ride  (FeCl3) which is a soluble salt, and has been proven 
to be a good T1 relaxation modifier [22].

Several studies have demonstrated that the concentra-
tion of gelling agent would affect the T1 and T2 of the 
gel phantoms [19–23]. In those studies, it was found that 
by increasing the concentration of gelling agents reduced 
the T1 of the gel phantoms. This was related to the water 
content in the phantoms. High concentration of gel 
phantom indicates high proportion of agar used and less 
free water in the gel structure. This creates a high barrier 
for hydrogen spins to move resulting in a shorter T1. It 
has also been reported that high gel phantom concen-
trations resulted in low T2 due to its low water content 
after evaporation, indicating less dipole–dipole interac-
tion for the mechanism of T2 relaxation [4, 19]. In this 
study, the concentration of agar gel phantoms was fixed 
at 0.03  gml−1; hence, any change in T1 and T2 relaxations 
within and between TP1 and TP2 was not attributed to 
the concentration of the gelling agent.

At TP1 and TP2, the T1 curves of all agar gel phantoms 
showed an exponential increment as TR increased. How-
ever, there was a reduction in T1 in this study which may 
be due to the water loss that occurred during the interval, 
increasing the concentration of the agar gel phantoms. 
T1 is a measure of the rate of T1 relaxation process. A 

longer TR means more time for longitudinal magnetiza-
tion to recover. T1 relaxation is also termed as spin–lat-
tice relaxation. Proton spins in the agar gel phantoms 
release energy to the surrounding and then return to the 
low energy spin-up state resulting in a recovery of longi-
tudinal magnetization (Mz) to its equilibrium state. The 
faster the recovery of Mz, the shorter the T1. The agar gel 
phantoms with shorter T1 indicates higher efficiency of 
proton spins in releasing its energy to the surrounding 
as compared to distilled water. This means, the preces-
sion frequency of proton spins in the agar gel phantoms 
is closer to the Larmor frequency and much shorter than 
that of distilled water. The reduction in water content of 
the phantoms resulted in the spin–lattice relaxation to 
become more efficient and thus shortened the T1.

When TR was fixed at 2000  ms, the SNR of all the 
phantoms decreased exponentially as TE increased for all 
ROIs at both TP. This was due to the progressive dephas-
ing of the spinning dipoles resulting in gradual decrease 
of transversal magnetization (Mx–y) with time. T2 is a 
measure of the rate of this dephasing process. It deter-
mines the rate at which the excited protons are being 
out of phase with each other. This trend can be observed 
in all agar gel phantoms with the addition of  Fe2O3 as a 
relaxation modifier. Pure agar hydrogel and agarose gel 
phantoms in other studies have exhibited a similar trend 
of SNR signal reduction as TE increased with T2 values 
of 116.71 ms and 150.00 ms, respectively [5, 19]. The T2 
values of the agar gel phantoms in this study are still in 
the range of T2 for human tissues (40–150 ms) [1].

The agar gel phantoms consisted of abundance of 
hydrogen atoms, hence the spins. When larger  Fe2O3 
molecules were introduced into the agar gel phantoms, 
they caused local magnetic field inhomogeneity which 
then induced a larger difference from the Larmor fre-
quency of the spins [24]. As a result, the T2 of the agar 
gel phantoms with the addition of  Fe2O3 was shorter as 
the spins dephased faster. Although the use of  Fe2O3 as a 
relaxation modifier has been able to reduce the T2 of the 
agar gel phantoms, the change was not clearly manifested 
at both TP1 and TP2. This may be due to the insolubility 
of  Fe2O3 in the agar gel phantoms or due to the size of the 
 Fe2O3 particles.

5  Conclusions
Agar gel phantoms exhibited the characteristics of SNR 
uniformity but they showed instability of SNR at TP2. 
This was due to the evaporation of water molecules 
inside the agar gel phantoms which has strong influence 
on the  SNRo and T1 values of the agar gel phantoms. It 
can be concluded that  Fe2O3 in powder form is not an 
effective relaxation modifier to reduce the T1 and T2 
when it is introduced into the agar gel phantoms. The T1 
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and T2 of the agar gel phantoms were minimally affected 
although there was a systemic increase in the mass of 
the  Fe2O3 powder. Limitations of this study include the 
use of relaxation modifier in powder form instead of the 
paramagnetic ion typically in aqueous solution. There 
were sediments of  Fe2O3 powder at the bottom of some 
agar gel phantoms. For further studies using  Fe2O3 as the 
relaxation modifier, nanosized particles should be used 
and the particles should be dissolved properly before 
being added to the agar gels. Moreover, the scanning TP 
of this study was 2 weeks and 4 weeks after the prepara-
tion of phantoms. For future studies, it is recommended 
that the phantoms should be scanned as soon as phan-
tom preparation is complete to obtain the original  SNRo 
from the MRI phantoms.
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