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In order to comply with ALARA test (as Low 
As Reasonably Achievable), the lowest possible 
dose of radiation should be applied without yield-
ing diagnostic parameters. In order to solve the 
question “how can we go lower”, an objective 
evaluation of image quality is required. This is 
especially important for iterative reconstruction 
methods that involve the application of nonlinear 
processes. Image quality indicators, such as con-
trast, may be sufficient to evaluate image qual-
ity in these scenarios. These indicators, based on 
model research, have become popular in assess-
ing the computed tomography (CT) image quality 
of the [2]. Most of these studies were performed 
using phantoms with a uniform background be-
cause of their simplicity and broad availability. 
However, phantoms having the realistic back-
ground texture and damage are highly desirable 
for image quality assessment in clinical comput-
ed tomography, since the anatomical background 
can affect the performance of CT systems [7]. 
Although anthropomorphic phantoms are com-
mercially available, they are usually not specific 
and difficult to adjust for metastases’ structure 
assessment [1].

CT resolution in the detection of small-sized 
metastases is limited. Metastases’ dimensions are 
often substantially less than 5 mm in diameter.

Existing staff  phantoms, that are the part of 
computed tomograph, do not always meet the 
technological requirements for assessing the pos-
sibilities the possibilities of liver metastases vi-
sualization of [5]. Therefore, there is a need to 
increase the radiation diagnosis effi  ciency with 
nanotechnologies and possibilities of the subse-
quent assessment of the developed technology on 
phantoms, which would accurately simulate the 
medical and physical properties of human liver 
metastases with a view to their CT visualization.

New classes of contrast agents for CT created 
in recent years based on the modern achievements 
in the fi eld of nanotechnology have the opportu-
nity for more intensive contrasting of the diagnos-
tic interest area in the medical image. They have 
advantages over the known ones because of low 
toxicity, possibilities of cell internalization and 
high X-rays absorption capacity [4].

Based on the above, the purpose of the work 
is to develop a tissue-equivalent phantom of the 
liver with metastases and nanoparticles to investi-
gate the contrast of the visualized metastasis im-
ages obtained with CT.

Material 
and investigation methods

Pig liver was taken as the tissue-equivalent 
phantom for metastases’ images visualization. It 
was based on the fact that according to the ab-
sorption scale of X-rays radiation pig liver had 
almost no different from the human one [6]. Ani-
mal age – 2 years, gender – male, liver weight 
– 1.7 kg.

The weight and percent composition of the 
materials used in the manufacture of artificial 
metastases are presented in Table. 1. Iron ox-
ide nanoparticles Fe3O4 20-40 nm in diameter 
obtained with electron-beam evaporation and 
condensation technology in vacuum of inorganic 
materials were applied in this work. Nanopar-
ticles were made at the E.O. Paton Institute of 
Electric Welding of the NASc of Ukraine. The 
form of the manufactured metastases was close 
to cylindrical one with the base of 3 mm and the 
height of 5 mm.

The technology of the artificial metastases 
with nanoparticles manufacture included the fol-
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lowing steps: 15 g of dry K-17 gelatin was dis-
solved in 100 ml of   90°C water. After cooling 
to 50 ° C., 2 ml of safflower oil, 6 g of formal-
dehyde and 50 mg of iron oxide nanoparticles 
(Fe3O4) were added to the gelatin solution. After 
stirring until the complete dissolution of com-
ponents, the solution was left for 12 hours for 
gelation in the room with 20°C. After the full 
congealing of the mixture, the metastases similar 
to cylinder form with the base ~ 3mm and the 
height ~ 5mm were made (Fig. 1).

Fig. 1. Artifi cial metastases primary bursts 
of: 1,4 – artifi cial metastasis with nanoparticles; 
2.3 – artifi cial metastasis without nanoparticles.

Artifi cial metastases were added to the liver 
by surgical way and placed in the liver. For this 
purpose cylindrical holes with 5 mm in diameter 
and 7 mm deep were created. Metastases were ar-
ranged in one line for 3 units with a step of 10-15 
mm (Fig. 2, 3). In the left part of the liver six 
artifi cial metastases without nanoparticles were 
placed; in the right side of the liver – nine artifi -
cial metastases based on the nanocomplex.

Fig. 2. Location of artifi cial metastases in the 
liver phantom:  – schematic image of metastasis 
without iron oxide nanoparticles;  – schematic 
image of metastasis with iron oxide nanoparticles. 
Geometric dimensions are in mm.

Fig. 3. Adding of the artifi cial metastases to the 
pork liver.

Table 1. 
Weight and percentage ratio of materials used to simulate artifi cial metastases in the liver phantom.

Material Weight, g Percentage ratio, %

Gelatin (TM “Mriya”, Ukraine) 15 65,1

Formaldehyde (Platinum, Ukraine) 6 26,0

Saffl  ower oil (Ltd «OR Golden Oil», Uzbekistan) 2 8,7

Nanoparticles Fe3O4 0,05 0,2
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After placement, they were completely covered 
with hepatic tissue. The prepared phantom was 
fi lled with physical solution until its total immer-
sion to simulate the X-rays scattering and absorp-
tion at investigations.

Phantom visualization with X-ray irradiation 
was performed on the CT unit Toshiba Aquilion 
16. Voltage and current on the tube were 120 kV 
and 200 mA, respectively. Contrast media was 
chosen as the parameter for the evaluation of 
phantom images quality [8].

Results 
and their discussion

The phantom image obtained with CT is dem-
onstrated on Fig. 4.

Fig. 4. CT zones of the liver phantom with ar-
tifi cial metastases: a – without nanoparticles; b 
– with nanoparticles.

The visual analysis of the images evidenced 
that artifi cial metastases in the left part of the liver 
without nanoparticles were almost not visualized, 
while all nine artifi cial nanoparticle metastases in 
the right part were clearly visualized on the tomo-
gram. Table 2 demonstrates the calculation of the 

contrast for images of metastasis with nanoparti-
cles in phantom. The greatest value of the contrast 
of the artifi cial metastases visualized by CT was 
0.148, and the least – 0.016.

Conclusion

Research on the visualization of liver metas-
tases phantom with nanoparticles by CT dem-
onstrated that artificial metastases of ~ 5 mm in 
diameter with nanoparticles were clearly visu-
alized in contrast to artificial metastases with-
out nanoparticles which were practically not 
visualized.

This indicates the appropriateness of combin-
ing the methods of malignant tumors radiation 
diagnosis and nanotherapy with application of 
nanoparticles as active agents [3], that in prospect 
may be used in preclinical studies in vivo and sub-
sequently brought to clinical practice.
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STRUCTURE OF METASTASES
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Tissue-equivalent phantom of the liver with ar-
tifi cial metastases sizing ~ 5 mm was developed. 
Metastases without nanoparticles were almost 
not visualized by computed tomography, in con-
trast to metastases with iron oxide nanoparticles, 
which were well visualized on the tomogram.
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Розроблено та виготовлено тканинно-екві-
валентний фантом печінки з штучними мета-
стазами розмірами ~5 мм. Метастази без на-
ночастинок практично не візуалізувались ме-
тодом комп’ютерної томографії, на відміну від 
метастазів з наночастинками оксиду заліза, які 
добре візуалізувались на томограмі.
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СПОСІБ ВЕРИФІКАЦІЇ МОЗОЧКОВОГО ДІАШИЗУ ПРИ ЧЕРЕПНО-МОЗКОВІЙ ТРАВМІ 
ІЗ ВИКОРИСТАННЯМ ОДНОФОТОННОЇ ЕМІСІЙНОЇ КОМП’ЮТЕРНОЇ ТОМОГРАФІЇ 
ТА МАГНІТНО- РЕЗОНАНСНОЇ ТОМОГРАФІЇ
120002; Каджая М.В., Макеєв С.С., Дядечко А.О., Новікова Т.Г., Готін О.С., Андрєєв О.А., Ніколов 

М.О., Коваль С.С.
Спосіб верифікації мозочкового діашизу при черепно-мозковій травмі із використанням однофотонної 

емісійної комп’ютерної томографії (ОФЕКТ) та магнітно-резонансної томографії (МРТ). Пацієнтам че-
рез 3-5 днів після отримання черепно-мозкової травми проводять (ОФЕКТ) з використанням Tc99m-ECD 
або 99mТс-НМРАО та МРТ, далі проводять ретроспективну інтеграцію отриманих томографічних зобра-
жень і за результатами порівняльної оцінки особливостей розподілу та нагромадження (Tc99m-ECD або 
99mТс-НМРАО) та МР-контрастних речовин (контрастні речовини на основі гадолінію) уточнюють дані 
стосовно мозочкового діашизу при черепно-мозковій травмі.
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