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ABSTRACT

This study aimed to improve the educational environment for ultrasound examination by developing a
cost-effective carotid artery Doppler phantom for educators and evaluating its utility by comparing its blood flow
measurements to those of the human body. A Doppler ultrasound phantom and blood-mimicking fluid (BMF)
were fabricated, and a stenosis model with an outer diameter of 8.3 mm was created using 3D printing. The
BMF, a mixture of glycerol and starch powder, was designed to replicate the viscosity and scattering properties
of human blood. Experiments were conducted by circulating the BMF through normal and stenotic vascular
models with varying concentrations. Doppler images were analyzed using Image J to assess signal areas and
distribution, confirming the BMF's effectiveness and identifying blood flow patterns to validate the Doppler
phantom’s potential. At a 2% starch concentration, a mean Doppler signal value of 91.37 was observed, while at
3%, an area ratio (%Area) of 98.82 was achieved, demonstrating that a starch concentration of 2 - 3% closely
resembles the flow characteristics of actual carotid arteries. These findings suggest that the developed phantom
can serve as a foundational tool for educational phantom development, improving accessibility to ultrasound
diagnostic training and contributing significantly to advancements in medical education.
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II. MATERIALS AND METHODS
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Fig. 1. Phantom design.

838



"J. Korean Soc. Radiol., Vol. 18, No. 7, December 2024"

wEE =5 WEe] 20 93 4Y e
Zov 270 W EE 2Eud dolA e
oAl W Sk AR SRR 8k
TN RE Fs ge £ Fxok #Eo] A
A olok &t} Fig. 13} o] F 7o) mx Ao
&2 AYE o)t o] HEs dE FH
o] dolg 7} 25 em A ST

1.2. Using 3D Printing Technology to Create
Stenosed Blood Vessels

3D ZTRY T ATAHORE PLAMAES Hoprte
FDM2 2 o] 83te] date] & Fdskaith
Fusion 360 Z=Z1a1o 2 tT]z} A7 S (Fig. 2),
3D Z#HE(e_S150, LUGO labs, South Korea)E ©]-&
sto] A7 =& E9sklth 914 S 7.9, 8.0, 8.1,
82, 83, 8.4 mm= AAZ 5, A3} Folo] A7
= 5YEA P4 24 mm, ¥l 20 mme] FA
Fox AAstgrt. Fig 29 2ol Fr el
2 mgel olFah: A& PARLA 97 83
m, 774 24 mm, ¥°] 20 mm® P FS A
Yatol 92 Ware TAAC,

i o [

=

Fig. 2 Stenosis Blood Vessel Desig.
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Fig. 3. Starch Powder-Based Fake Blood at Different
Percentages.
(A) 16 um starch powder 2%, (B) 16 um starch
powder 2%, (C) 16 um starch powder 3%, (D) 16
pm starch powder 3%, (E) 16 um starch powder 10%
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III. RESULTS
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Table 1. Carotid Atery (Normal) starch at different
percentages

Material Mean StdDev %Area
Starch 2% 91.37 16.67 99.90
Starch 3% 91.30 27.71 98.82
Starch 10% 102.36 26.18 99.08
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Fig. 6. Stenosis Blood Vessel Model (3D printing)
(a) Top view, (b) Front view.
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Fig. 7. Phantom vessel of Stenosis.

IV. DISCUSSION
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