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ABSTRACT
Objective(s): In this paper, we evaluated some imaging properties of Fe3O4@Au and Fe3O4@Bi hybrid 
nanocomposites as contrast agents in spectral CT. For this purpose, we simulated a spectral CT scanner with 
photon-counting detectors (PCDs) in 6 energy bins by a Monte Carlo simulator.
Materials and Methods: A cylindrical phantom was designed with a diameter of 8 cm and a height of 10 cm. 
Fe3O4@Au and Fe3O4@Bi hybrid nanocomposites were designed as a core-shell with a diameter of 80 nm. 
Simulation results were utilized to reconstruct cross-sectional images through the filtered back-projection 
(FBP) algorithm in MATLAB software. Signal intensity and contrast to noise ratio (CNR) of tested contrast 
agents were calculated in spectral CT images. 
Results: The results indicated a comparable image quality for Fe3O4@Au and Fe3O4@Bi hybrid nanocomposites 
at different energy bins. However, in the energy range of 80 to 120 keV (bin 4 and 5), the difference in signal 
intensity and CNR between these two nanocomposites increased. The maximum signal intensity and CNR 
for Fe3O4@Au and Fe3O4@Bi were acquired at the highest concentration. The maximum signal intensity for 
Fe3O4@Au was 144±10 (HU) in the 4th energy bin and for Fe3O4@Bi 162±19 (HU) in the 5th energy bin. 
Besides, the maximum CNRs of 74±6 and 67.5±9 for Fe3O4@Au in bin 4, while for Fe3O4@Bi in bin 5 were 
obtained respectively. 
Conclusion: Based on our results, Fe3O4@Au and Fe3O4@Bi hybrid nanocomposites have provided promising 
results as contrast agents in spectral CT. Fe3O4@Bi nanocomposites are recommended due to their lower 
price and availability.

Keywords: Bismuth nanoparticles; Gold nanoparticles; Hybrid nanocomposites; Iron oxide nanoparticles; 
Spectral computed tomography

INTRODUCTION
Medical imaging modalities including magnetic 

resonance imaging (MRI), X-ray computed 
tomography (XCT), positron emission tomography 
(PET), and single photon emission computed 
tomography (SPECT) are essential components in 
the diagnosis and treatment of diseases [1]. X-ray 
CT is the most used imaging modality, due to its 
availability, economical, high spatial resolution, 
and faster image reconstruction [2, 3]. Spectral 

XCT is a new form of CT that has emerged in 
recent years and can be employed for clinical 
and preclinical applications [4, 5]. Spectral CT 
scanner applies a standard polychromatic X-ray 
source and photon-counting detectors (PCDs) 
[6, 7]. Conventional CT scanners use energy 
integrating detectors (EIDs) [8]. The EID detects 
signals that are equivalent to the total energy of 
the accumulated photons in each pixel, without 
specific information about the individual photon. 
On the other hand, PCDs have the ability to 
evaluate spectral information from a polyenergetic 
X-ray spectrum due to their adjustable energy 
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thresholds [9-11]. Also, PCDs can record different 
linear attenuation coefficient measurements for 
the identical object at distinct energies [6, 12-14]. 
Spectral CT systems have several advantages over 
conventional CT systems including lower noise, 
enhanced contrast to noise ratio (CNR) and better 
diagnosis for a diversity of diseases [4, 8, 15, 16]. 
In many CT imaging protocols, a contrast agent 
may be used to enhance the distinction between 
two types of tissue and to evaluate the function 
of cells or tissues [7]. Iodine-based contrast 
agents are widely applied as contrast agents 
in CT imaging. Although iodine-based contrast 
agents provide high contrast resolution, they may 
impair organs function [17-19]. Therefore, in past 
decades; many studies have been carried out to 
discover a suitable alternative to iodine-based 
contrast agents in CT [4, 6, 12, 18, 20]. Significant 
studies have been performed using nanoparticles 
based on elements, for instance, gold, gadolinium, 
bismuth, silver, tantalum, and others as contrast 
agents for CT [21-27]. The results of these studies 
demonstrate that nanoparticles as contrast agents 
improve imaging quality and have targeting ability 
compared to conventional contrast agents as well 
as longer circulation time in in-vivo conditions [10, 
28-32]. Another feature of nanoparticles is the 
facility of synthesizing different imaging contrast 
agents in one hybrid material, which provides an 
efficient platform for multimodal imaging such as 
MR/CT, PET/CT, SPECT/CT, and MR/fluorescence 
[33, 34]. Hybrid structures are more attractive 
than their single-component samples because 
they have the potential to merge the unique 
attributes of two nanomaterials in one existence 
[33]. Hybrid nanostructures have various 
physicochemical properties that are therefore 
widely used in nanomedicine, especially medical 
imaging. In hybrid structures used in medical 
imaging, iron oxide nanoparticles are valuable 
components [35]. Iron oxide nanoparticles can 
be used as T2-weighted contrast agents in MRI 
due to their superparamagnetic behavior. These 
magnetic nanoparticles in combination with metal 
nanoparticles such as gold, platinum, bismuth, or 
silver can be utilized as dual contrast agents in XCT 
and MRI [36-38]. Today, it is possible to synthesize 
hybrid structures with different architectures 
such as dumbbell, core-shell, core-hollow shell, 
nanoflower, etc [39]. Wang et al, reported that 
gold-coated iron oxide core-shell nanoparticles 
(Fe3O4@Au nanoparticles) exhibit higher chemical 

stability by safeguarding the core from corrosion 
and oxidation, as well as they show better 
biocompatibility and affinity through amine/thiol 
terminal groups on the gold (Au) surface [40].

The previous studies indicated the potential 
uses of hybrid nanocomposites in CT and MRI. 
However, to the best of our knowledge, no study 
has been conducted on the application of these 
novel hybrid contrast agents in spectral CT. For 
the first time, we evaluated the properties of 
these two nanocomposites in spectral CT using 
a validated Monte-Carlo (MC) model. The effect 
of concentration, the energy of photons, and 
nanocomposite composition was studied using 
a quantitative approach in which signal intensity 
and contrast to noise ratio (CNRs) were compared.  

MATERIALS AND METHODS 
Monte carlo simulation of CT scanner

The CT spectral scanner was simulated 
via Monte-Carlo simulation. The Monte-Carlo 
simulation was performed using MCNPX code 
version 2.6.0 [41]. For this simulation, a GE 64-slice 
(LightSpeed, VCT) CT scanner (General Electric 
Healthcare Technologies, Waukesha, WI, USA) 
was applied as a model to simulate the spectral 
CT system. The CT scanner was designed in the 
form of a cylinder with a fan beam and a detector 
row. The geometric specifications were received 
from the CT scanner manufacturer. In this study, 
the X-ray tube was simulated as a point source 
that emits photons in a fan beam at an angle of 
24 degrees toward detectors. The focus-to-center 
of rotation distance and the focus-to-detector 
distance in this CT scanner were 540 and 950 mm, 
respectively. The photon spectrum of 140 kVp was 
used in the scanner. The utilized X-ray spectrum 
was acquired by SpekCalc (version 1.0) software. 
The utilized photon spectrum of the scanner 
was displayed in Fig 1. An aluminum filter with 
a thickness of 3.25 mm and an additional filter 
of 0.1 mm copper were used to filter the X-ray 
beam. Also, a bowtie filter was designed in front 
of the X-ray source to modulate the output X-ray 
beam. A pair of lead collimators was simulated in 
front of the source on both sides of the central 
axis of the beam at a distance of 10 cm. Likewise, 
a pair of lead collimator was designed before 
detectors at a distance of 10 mm, which reduced 
scattered radiation collecting by detectors. 
As mentioned earlier, the simulated CT had a 
detector row containing 960 detector cells on an 
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arc. The thickness of each detector cell in y- and 
z-direction was 0.625 mm and 5 mm, respectively. 
All detector elements had a thickness of 3 mm in 
the x-direction. The lattice command in MCNPX 
code was used to generate these detectors. The 
lattice command is utilized to replicate a structure, 
which facilitates the definition of cells in abundant 
numbers. The detectors of the scanner were made 
of cadmium telluride (CdTe). The F4 tally in MCNPX 
code was used to determine the average flux in the 
cell. The tally card is used for determining what 
sort of data must be gained from the Monte Carlo 
simulation. By using the En card in MCNPX code, 6 
energy bins were defined for each detector. Each 
energy bin had a certain size, which was equal 
to 20 keV. The minimum energy measured was 
20 keV and the maximum measured energy was 
140 keV. Table 1 listed the energy bins and their 
receiving thresholds. 

Phantom
In the next step, a cylindrical phantom with 

a radius of 4 cm and a height of 10 cm was 
designed in the center of the CT scanner, which 
was filled with water. A hole with a radius of 1.5 
cm was embedded in the center of the water-
filled phantom, which was the place to simulate 
contrast agents. Fig 2a,b shows a schematic of the 
simulated CT scanner and phantom.

Contrast agents
In this research, two types of hybrid 

nanocomposites were investigated as contrast 
agents including Fe3O4@Au and Fe3O4@Bi. 
Contrast materials were designed as core-shell. 
In both types of hybrid nanocomposite contrast 
agent, iron oxide nanoparticles (Fe3O4 NPs) were 
placed as the core, and gold (Au) or bismuth (Bi) 
nanoparticles as the shell were placed around 
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  Fig 1. SpekCalc-calculated photon beam energy spectrum for 
140 kVp
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Fig 2. Schematic illustration of CT scanner and the simulated 
hybrid nanocomposites (a) Cross-sectional view of CT scanner 
(b) Top view of CT scanner (c) Fe3O4@Au nanoparticle (d) 

Fe3O4@Bi nanoparticle

Table 1.  Energy bins which were utilized in simulated detectors

Bins number bin1 bin2 bin3 bin4 bin5 bin6 

Energy range (keV) 20 to 40 40 to 60 60 to 80 80 to 100 100 to 120 120 to 140 
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the core. Iron oxide nanoparticle was designed 
with a diameter of 60 nm and covered with Au 
or Bi nanoparticles with a thickness of 10 nm. In 
consequence, the studied hybrid nanocomposites 
had a diameter of 80 nm. The designed hybrid 
nanocomposites have been presented in Fig 2c,d. 
Contrast agents used in this paper were simulated 
at four concentrations containing 0.5, 1, 2, and 
4 mg/ml. To simulate a contrast agent with a 
specified concentration, in the first place, it was 
necessary to the computed density of the contrast 
agent. The density of the contrast agent at a given 
concentration was calculated as follows:

                                                                  
                                                              (1)

where ρCM  is the density of contrast agent 
and  ρw , ρi , ρj are the densities of water, Fe3O4 NP, 
and Au or Bi nanoparticles, respectively. Besides, 
ωfw , ωfi and ωfj are the weight fractions of water, 
Fe3O4 NP, and Au or Bi nanoparticles, respectively.

Next, the lattice command of MC was used to 
simulate the contrast agent within the phantom. 
In this way, the central hole in the phantom was 
divided into square cubes of defined dimensions 
using the lattice command. Inside each square 
cube, an 80 nm sphere was modeled that was 
a hybrid nanoparticle. The 80 nm sphere was 
defined as a core-shell, meaning that it had a 60 
nm Fe3O4 sphere at its center, surrounded by a 
layer with a thickness of 10 nm made of gold or 
bismuth.

Next, the simulated CT scanner program was 
performed without the phantom. Data for each 
of the 6 energy bins were collected separately by 
detectors, which were called I0 for each energy 
bin. Then, each of the simulated programs was run 
in presence of a phantom with a specific contrast 
agent by a certain concentration, respectively. 
The number of photons transmitted through the 
phantom and received by detectors was acquired 
in each 6 energy bins. These acquired data were 
called I or intensity in each energy bin.

Each simulation program was run on a personal 
desktop and 2×109 histories were tracked. Also, 
forced collision method was utilized to reduce 
statistical errors of simulation results. Forced 
collision is one of the variance reduction methods 
that enhances collision in specified cells adjusted 
by the user. As a result, MC calculations of this 
study contain a statistical uncertainty of lower 

than 1% per cell. Next, we applied measurements 
I0 and I to calculate linear attenuation coefficients 
in a projection.

The following formula was used to calculate 
the linear attenuation coefficient:

                                                              
                                                               (2)

where μ is the linear attenuation coefficient 
and I0 and I are intensities of primary photons and 
transmitted photons, respectively.

Image processing
In the present study, the image processing 

toolbox of MATLAB software was used to 
reconstruct images. We extracted data from MC 
output file and calculated Ln(I0/I). Finally, data were 
prepared for image processing. Using calculated 
Ln(I0/I) values in one projection, a sinogram 
matrix was constructed that has one column and 
960 rows. The number of columns in the sinogram 
matrix indicates the number of projections and the 
number of rows shows the number of detectors. 
Then, this matrix was entered into MATLAB 
software as an m-file. Because our simulated 
phantom was symmetrical, we could replicate 
data of one projection for other projections. 
Eventually, we created a sinogram matrix with 360 
columns and 960 rows. In this paper, filtered back 
projection (FBP) was employed to reconstruct 
images. For this purpose,”ifanbeam” command 
was used in MATLAB software. The ifanbeam is a 
command in MATLAB software that is utilized for 
image reconstruction by a device with fan-beam 
geometry. Linear interpolation was exploited 
for image reconstruction. A Hamming filter was 
also used to improve the quality of images. The 
reconstructed images contained 512 × 512 pixel 
arrays. In the next step, we selected a region of 
interest (ROI) with a size of 2500 pixels from the 
water-filled region of phantom and estimated the 
average attenuation coefficient of water in this 
chosen area. Then, by Equation 3, attenuation 
coefficients of all image pixels were transformed 
into Hounsfield units and images were represented 
in the Hounsfield scale.

            
                                                                  (3)                                       

where μw, μi are the linear attenuation 
coefficients of water and contrast agents in CT 
images.

Evaluation of image quality
In this article, two parameters were used to 
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evaluate the quality of reconstructed images, 
which include signal intensity and CNR. To evaluate 
the signal intensity of each studied contrast agent 
at every energy bin, we selected an ROI with a size 
1500 pixels from the middle of images. Next, we 
assessed the mean and standard deviation of CT 
numbers for the chosen ROI. 

CNR was described as:
                                  
                                   (4)

where Xs, Xw are the average CT numbers of 
contrast agent and water, respectively and σbg is 
the quantity of image noise.

RESULTS
The measured CT numbers in the simulated CT 

system for water were 5±2, -1±1, -10±6, 0±3, 7±3, 
and 18±5 in the energy bin from 1 to 6, respectively. 
Overall, the percentage of the relative difference 
between simulated and experimental CT numbers 
of water was between 2% and less than 16% for 6 
energy bins.

Fig 3, illustrates a cross-sectional image of both 
studied contrast agents (Fe3O4@Au, Fe3O4@Bi) in 
2, 4, and 5 energy bins at a concentration of 4 mg/
ml. According to Fig 3, the image quality of a given 
contrast agent varies at different energy bins. In 
bin 2, the image contrast of two contrast materials 
is approximately identical. CT numbers of Fe3O4@

Au and Fe3O4@Bi nanocomposites in this bin are 
96±5 and 94±12, respectively. As can be observed, 
Fe3O4@Au nanocomposites have higher CT 
numbers compared to Fe3O4@Bi nanocomposites, 
but these two CT numbers are slightly different and 
are not visible in images. In bin 4, image qualities 
of the contrast agent are different from bin 2 
and 5. The image of Fe3O4@Au nanocomposites 
provides better contrast in comparison to Fe3O4@
Bi nanocomposites in this energy range. In energy 
bin 4, the CT number of Fe3O4@Au is 144±10 and 
the CT number of Fe3O4@Bi is 130±18. Fe3O4@
Au nanoparticles recorded an extremely higher 
CT number than Fe3O4@Bi in bin 4. However, in 
bin 5, the quality of reconstructed images is quite 
opposite of bin 4. In this energy bin, Fe3O4@Bi has 
produced a better quality compared to Fe3O4@Au. 
By comparing the CT number values of Fe3O4@
Bi and Fe3O4@Au which are 162±19 and 135±4, 
respectively. Fe3O4@Bi has a higher CT number 
and therefore has a higher image quality than 
Fe3O4@Au in this energy range.

Fig 4, represents the signal intensity changes 
of Fe3O4@Au and Fe3O4@Bi contrast materials in 
6 energy bins separately for each concentration. 
Also, the error bars in plots of Fig 4 indicate the 
standard deviation of CT numbers in the selected 
ROI. As the concentration of the contrast agent 
increases, the signal intensity in both studied 
contrast agents is amplified. As can be seen from 
Fig 4, in general, signal intensities of Fe3O4@Au and 

 

  Fig 3. The first row is CT images of Fe3O4@Au nanocomposite. The second row is related to CT images of Fe3O4@Bi nanocomposite. 
(a) and (d) are CT  images in the energy range of 20-40 Kev (bin 2). (b) and (e) are CT  images in the energy range of 80-100 Kev (bin 

4). (c) and (f) are CT  images in the energy range of 100-120 Kev (bin5)

M. Sadeghian and A. Mesbahi / Fe3O4@Au and Fe3O4@Bi hybrid nanocomposites as contrast agents in spectral CT



225Nanomed. J. 8(3): 220-228, Summer 2021

M. Sadeghian and A. Mesbahi / Fe3O4@Au and Fe3O4@Bi hybrid nanocomposites as contrast agents in spectral CT

Fe3O4@Bi nanocomposites are slightly different 
from each other, except for bin 4 and 5, where 
this difference is more obvious. In both contrast 
agent, the signal intensity increases in the first two 
energy bins (bins 1 and 2), but decreases from the 
second energy bin onwards and reaches its lowest 
point in bin 3. Fe3O4@Au nanoparticles record the 
highest signal intensity in bin 4 and then have a 
downward trend in the final two bins (bin 5 and 6). 
Fe3O4@Bi nanoparticles from bin 3 had a trend of 
increasing CT number which continued up to bin 5 
and showed the highest CT Number in this energy 
bin. However, the CT number in bin 6 is much lower 
than in bin 5 and is approximately equal to the CT 
number of Fe3O4@Au nanoparticles in this energy 
range. In this article, the highest CT numbers were 

measured for contrast agents at a concentration 
of 4 mg/ml. The highest CT number for Fe3O4@
Au nanocomposites is in the 4th energy bin and is 
equal to 144±10 and for Fe3O4@Bi nanocomposites 
is in the 5th energy bin and is equal to 162±19. By 
comparing plots in Fig 4, increasing concentration 
from 0.5 to 4 mg/ml augments the signal intensity 
by 350% for gold nanocomposites and 288.8% for 
bismuth nanocomposites in bin 3.

The changes in CNR and their standard 
deviation for contrast agents in 6 energy bins at 
four studied concentrations are exhibited in Fig 
5. Examination of graphs in Fig 5 indicates that 
as the concentration rises, the CNR of all contrast 
media enhances at all energy bins. According to 
Fig 5 and 6, the CNR of Fe3O4@Au nanocomposites 

Fig 4. Signal intensity changes of tested contrast agents in 
various energy bins: (a) 0.5 mg/ml (b) 1 mg/ml and (c) 2 mg/

ml (d) 4 mg/ml
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Fig 5. CNR variations for all contrast agents in 6 energy bins: (a) 
0.5 mg/ml (b) 1 mg/mg (c) 2 mg/ml (d) 4 mg/ml
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increased in 1th and 2nd energy bin but decreased 
from 2th bin onwards, and in 3th bin reached 
the lowest level. After 3rd energy bin, the CNR 
values rise again and reach the highest level in 
the 4th bin then CNR drops in the 5th and 6th 
energy bin. Changing of CNR in terms of energy 
bin for Fe3O4@Bi nanocomposites similar to 
Fe3O4@Au nanocomposites in the first 3 energy 
bins but slightly different from 3rd bin onwards. 
After the 3rd bin, the CNR amount of bismuth 
nanocomposites increases, which continued until 
the 5th energy bin. During this energy range, it 
reaches its highest CNR level and then diminishes 
in the next energy bin. As can be seen from graphs, 
CNR values of two contrast agents at the same 
concentration in all energy bins are almost close to 
each other except bin 5 and 6. The maximum CNR 
of gold and bismuth nanocomposites was 74±6 in 
bin 4 and 67.5±9 in bin 5 at a concentration of 4 
mg/ml, respectively. By switching concentration 
from 2 to 4 mg/ml, CNR grows 20.7% for Fe3O4@
Au nanocomposites and 15.8% for Fe3O4@Bi 
nanocomposites in bin 2.

 
DISCUSSION

Generally, Fe3O4 nanoparticles are used as 
contrast media in MRI imaging. On the other hand, 
studies have shown that nanoparticles such as 
gold and bismuth are effective as contrast agents 
in CT imaging. Also, studies on the use of Fe3O4@
Au nanocomposites as a multiple contrast agent in 
dual-mode MR/CT imaging have shown promising 
results. In this work, we designed Fe3O4@Au and 
Fe3O4@Bi hybrid nanocomposites and evaluated 
them by simulated spectral CT. The presented 
simulation outcomes demonstrated that signal 
intensity and CNR of images enhance by increasing 

the concentration of contrast agent. As the 
concentration rises, the number of nanoparticles 
in specified volume increases, so the amount of 
X-ray absorption goes up, which in turn grows 
signal intensity and CNR.

Moreover, results showed that Fe3O4@Au 
and Fe3O4@Bi hybrid nanocomposites produced 
nearly similar image quality except in the energy 
range of 80 to 120 keV. As we know from radiation 
physics, gold and bismuth have linear attenuation 
coefficients that are nearly similar at different 
energies. Although in the energy range of about 
80 to 100 keV, the discrepancy in attenuation 
coefficients between two materials has increased 
dramatically. This discrepancy is due to the 
presence of K edges of gold and bismuth, which are 
located in this energy range. The K-edge happens 
at photon energy 80.7 keV for gold and 90.5 keV 
for bismuth. Therefore, the signal intensity of 
Fe3O4@Au nanocomposites increased sharply in 
the 4th energy bin and was much higher than the 
signal intensity of Fe3O4@Bi nanocomposites, and 
after this energy bin, signal intensities diminish 
again. As well as, bismuth hybrid nanocomposite 
recorded the most signal intensity in bin 5, which 
is due to the higher linear attenuation coefficient 
of this material in this energy range.

To the best of our knowledge, no studies related 
to the application of Fe3O4@Au and Fe3O4@Bi 
hybrid nanocomposites in spectral CT were found to 
compare with our results. Therefore, conventional 
CT information obtained in the simulated scanner 
was reported for better comparison. Fig 6 shows 
the signal intensity of both contrast agents in 
terms of different concentrations. These data were 
obtained from conventional CT at the peak energy 
of 140 kVp. Our results indicated that the signal 
intensity of all studied hybrid nanocomposites 
is concentration-dependent and augments with 
increasing concentration of the contrast material. 
If we compare our results with other similar 
studies, our results were in agreement with Li et al 
[38] and Motiei et al [42]. In both of these studies, 
the properties of Fe3O4@Au nanoparticles were 
investigated in medical imaging. They found that 
with increasing concentration, the signal intensity 
of Fe3O4@Au nanoparticles increases linearly. 
Although the results of this work show slight discord 
in measured CT numbers with reported results in 
the article by Wang et al [40], this difference may be 
due to differences in nanocomposite composition 
and variation in energy spectrum or differences in 
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Fig 6. Comparison of CT numbers of Fe3O4@Au and Fe3O4@
Bi hybrid nanocomposites at all tested concentrations in energy 

140 kVp
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CT scanner used.
By assessing the results of Fe3O4@Bi 

nanocomposites with related studies, the results 
of the present study were in accordance with 
Veintemillas-Verdaguer et al [43]. They proved that 
core-shell iron oxide bismuth oxide nanocomposite 
offers promising results as a multiple contrast 
agent in CT and MRI imaging. Higher X-ray 
absorption of bismuth causes better contrast in 
CT images. However, there is some discrepancy 
between the results of our CT numbers and their 
reported values. This could be due to differences in 
the composition of nanocomposite as well as the 
specifications of CT scanner including differences 
in voltage, image reconstruction method, and 
detector performances. However, the CT numbers 
results of our study differed partly from the 
findings of Lou et al [44]. This discordance is related 
to the difference in composition of nanoparticles 
used in these studies so that in the study of Lou 
et al, Fe3O4@polydopamine (PDA)@bovine serum 
albumin (BSA)-Bi2S3 composite was used.

CONCLUSION 
In summary, we simulated Fe3O4@Au and 

Fe3O4@Bi nanocomposites as multifunction 
nanoparticles contrast agents and evaluated 
their imaging properties by spectral CT. Our 
results proved that Fe3O4@Au and Fe3O4@Bi 
nanocomposites produced almost the same 
image quality. However, in the energy range of 
80 to 120 keV, the difference between these two 
nanocomposites has increased so that Fe3O4@Au 
nanoparticles in the energy range of 80 to 100 keV 
had a higher signal intensity and CNR than Fe3O4@
Bi and also Fe3O4@Bi nanoparticles in the energy 
range of 100 to 120 keV produced better imaging 
properties. Moreover, our results indicated that 
the signal intensity and CNR of nanocomposites 
depend on the concentration so that the maximum 
CT number and CNR are observed at the highest 
studied concentration. Fe3O4@Bi nanocomposite 
could be a better option in comparison to Fe3O4@
Au nanocomposite due to its lower price and 
availability.

Overall, Fe3O4@Au and Fe3O4@Bi 
nanocomposites are promising contrast agents in 
medical imaging and are recommended for in vivo 
animal preclinical experiments and follow up on 
future clinical trials.
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