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Fabrication and research of gelatin-based tissue mimicking material phantom with wall-less
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Abstract: Objective To fabricate wall-less vascular tissue mimicking materials (TMM) with different tube diameters that
match the hemodynamic parameters of human carotid arteries, and to investigate their hemodynamic characteristics. Methods
TMM with different diameters and blood mimicking fluids containing scattering particles were fabricated. The variation laws
of hemodynamic parameters under different flow velocities and TMM phantom diameters were verified. Key hemodynamic
parameters including peak systolic velocity (PSV), end-diastolic velocity (EDV), and resistance index were measured using
Doppler ultrasound, and their clinical application value in carotid artery diseases was evaluated. Results The fabricated
samples exhibited a sound velocity of (1 506.2+0.1) m/s and an attenuation of (0.76+0.01) dB/cm, and the vascular diameters
were 4.0 and 6.0 mm, which corresponded to the normal clinical range of the external and internal carotid arteries,
respectively. For the 4.0 mm TMM, both PSV and EDV were linearly correlated with flow velocity (R?>=0.77, P<0.001;
R*=0.74, P=0.001), and Pearson correlation analysis confirmed strong positive correlations (+=0.89, 95%CI: 0.82-0.93;
r=0.94, 95%CI: 0.90-0.97, all P<0.001). For the 6.0 mm TMM, PSV and EDV also demonstrated significant linear
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correlations with flow velocity (R*=0.70, P=0.001; R*=0.61, P=0.005), with Pearson correlation analysis revealing strong
positive correlations (r=0.86, 95%CI: 0.78-0.91; »=0.79, 95%CI: 0.68-0.87). All the data were consistent with hemodynamic

parameters and followed the variation law of hemodynamic parameters. Conclusion The fabricated TMM and blood

mimicking fluids meet the requirements for clinical ultrasound research on hemodynamics, and their material ratios can be

used as a reference for the subsequent researches with diverse objectives.

Keywords: Doppler ultrasound; tissue mimicking material; hemodynamic parameter; blood mimicking fluid
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Table 1 Contents and functions of materials acquired in
BMF fabrication
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Figure 1 Structural design of the phantom box
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Figure 2 Fabricated TMM phantom
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Table 2 Contents and functions of materials acquired in
TMM fabrication
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Figure 3 TMM images in grayscale mode of Samsung HS40 ultrasound system
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514 PSV 1 EDV %04 , BH /1 75 %4 (Resistivity Index,

T W L 0

] LU 3 5 PSV R EDV 22 [a] 1 22 {8 FEBR A
PSV A P # i a1 R 150~400 mL/min,
PLAF 25 mL/min Ay [B) B R ik , AEA5 21 11 S0 1A
A RS 28 R B AR AR 4.0 F16.0 mm Y
TMM [ BMF 7E A~ [7] 3 38 I 04 1L 98 36 1 2% S 80n 2
3FFEAFTR

RI):RI =
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Table 3 Hemodynamic parameters of the 4.0 mm
TMM at different velocities

iid/mL - min'! PSV/em*s!'  EDV/em-s' RI
150 56.82 16.73 0.71
175 67.23 19.02 0.72
200 79.62 23.19 0.71
225 72.99 20.07 0.73
250 86.24 18.65 0.78
275 82.55 22.94 0.72
300 78.12 21.23 0.73
325 89.98 25.52 0.72
350 92.49 29.81 0.68
375 93.80 38.19 0.59
400 90.24 33.03 0.63

4 6.0 mm i) TMM T ERE MR D F S8
Table 4 Hemodynamic parameters of the 6.0 mm
TMM at different velocities

Jitid/mL - min'! PSV/ecm*s! EDV/em-s'! RI
150 56.03 20.91 0.63
175 68.31 23.65 0.65
200 64.29 21.43 0.67
225 68.54 24.50 0.64
250 77.57 23.74 0.69
275 68.03 21.89 0.68
300 73.27 26.64 0.64
325 85.73 31.37 0.63
350 76.93 29.51 0.62
375 81.32 28.86 0.65
400 80.21 26.70 0.67

HH 2% 3 FE 4 B vl 0, 4.0 mm & B 4219 TMM
R R 4R 3 Bk 4.0~5.0 mm 1K /NERTEE , 7 150~

300 mL/min i3 T , H PSV I EDV 444 Il A 45 A
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HWCF, H PSV I EDV 45 4 It R 2 19 250 9 3 ik 14
PSV 1 (67.7414.3) cm/s .EDV {£(27.3+6.4) cm/s FY Ifil
Wi 3l 12 S 8005 B 5 7E 325~400 mL/min (737 3 R H:
EDV fF4 1 &84 PSV I =5 - 1Ifs PR3 Hh 1) 251 4 3 ik
(A I 8N ) 24 S50, 15 B0 I R 2 H 19 35 sl k2 2 1
IR EZIWAL 22 = R[N i

XS AT AR O 23 BT, e BUH: BMF 3t i A
RER 4 BAR S REAR I I 8 71 2% S 802 A7 7
F RO . LPERIAHT B7R8 ,4.0 mm H4E TMM
1) PSV LA I EDV 5 Jiit i 2 ] 5t i 35 4 Pk AH 56 (R*=
0.77, P<0.001; R>=0.74, P=0.001) , 3 & & % R fi; T
0.60~0.80, $& /< A AU it B 2 R 4F, PH 4 /N T 0.05, 4
KMEEA G I3 X . Pearson H M HTIESE & 5
I 7 5 5 1 AH 56 (7=0.89, 95% C1:0.82~0.93;7=0.94,
95% CI:0.90~0.97, 3 P<0.001) , H Pearson # &M 5
Bor ¥ KT 0.7, #1248 Cohen FUARE, $E7m — & S5
HEAT B IEF E X R . 6.0 mm FLIE TMM )
PSV 5 EDV [f] # 2 8 I 3 2 % ¢ & (R=0.70,
P=0.001; R*=0.61, P=0.005) , H:AH 3¢ & 5050 9 Jy =
0.86 (95% CI: 0.78~0.91) 1 7=0.79 (95% CI: 0.68~
0.87), Wil =& 5 s A8 AT B M IEAROCC R, H
HEERASIT¥*E L., K ERY PSV (=
0.62, P=0.008) .EDV (r=-0.58, P=0.013) & i 1 #H
5, 13X 5 BEAE I 3 F1 2R s 458 — B0 iR e
AV B A I YR U T, 3G 1 A ) 2] A 1 v Bl g
2= 2B PSV EDV AR $8 & , R B IEAHE 5 A
Poiseuille & 1 ML 8 1 F4FAE> . FEIR RIS TE,
Bk A= 41 PSV . EDV K RI ) & 25 /3 T (et o iR
24 (P<0.001, Cohen's d>1.2) , H:i2 ¥ I (E 45 4 #i 3 ik
B 75 8 75 VEAL 48 7 B fE (PSV=230 em/s, EDV=100
cm/s, R1=0.75) 12021

0 5 [ i B 2 2 7S R R SR S WU $E 31 Y 3
K PSV<125 cm/s Fl EDV<40 cm/s . £ N 3 ik )
PSV 5 #UE sk PSV HAE<2.0 i, HA5i 50 ki T 1E
FORAS BB A5 FE B /N T 50% 5 24 4 o) Jik 1 PSV 4 F
125~230 cm/s f1 EDV 4t F 40~100 cm/s . 55 N 31 ik 1%
PSV 5 8 2.3 ik i PSV LULAE AL T 2.0~4.0 i, H: 551 5y
ke A= R BE AL T 50%~69%; 24 Fi sl ik ) PSV>230 cm/s
FEDV>100 cm/s., 3 N 3l ik (1) PSV 55 51 & 50 ik 1Y
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() 5E S PE RN DI AR T E 2 A S Bk AR Ak i) 5
SN, BBKEE BRI A i B A 1R & A A A S
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W PSV (EDV FI RIZE ML 80 1% 4000 284k, AT 78
e R 2 F B8 407 b [ 00 A0 4 R LA S 4%

H LG TT AT, BB S8 I A5 R AR 5 H AL I PRAR H
(9 NS5 PN A1 20 K ) I 3 7 2 S 85006 L, AR AT &
M B 72 AR AR . 7E /853K 400 mL/min F 9
T REARR I R D I L, SRR LT RS R A7
Ui BMF X TMM P RER ifity . RIWIASYRBIF SR ] 45 1Y
TMM [ C BT DAAR G- b 7 Fe 11 PR 75 68 I A5 I 97 174
WEFE , ARG b mT i A2 HA ) D7 R [R5 R e I
LSS 2, H AR BT SR Hl T2 il 48 1 T™MM LT
T BB A TMML AT B R 06 A SIS B ) P

34 ig

AHIEFE T ] A A R A7 24 PR AR 1 TMM
BMF ¥ fi , & 80 A4 RHC HE A R 5 i R I PR T
P 5Y ESR, LR ol A R ST A I DR 4
AR A1 80 Jik I (B 3 BB 78 S A R AR A
I PR 1 A AAR 55 P4 41 30 ik I 3 30 ) 2 S 880, e
S A5 (%) B S 1 BN ) AR AR I R G
Hb o BT AS TR S RN A2 R I I 3h S 40, B AR
150~400 mL/min (1) 300 5 b oA HH 300 228 s VA 1) 15
H, TMM (1) 5% B AV P PE A DLSGTIE . BiF 98 45 SR &
HH , b6 IR0 R (R B4 0, PSV M EDV 45 5 5 (14 1fi 7
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