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Abstract

BACKGROUND: Ultrasonic coupling agent is indispensable in ultrasonic imaging. The service life and change frequency of the ultrasonic
probe is determined by the internal coupling agent of the chosen hydrogel material. Due to defects in the existing gel-formula, after a period of
time in use it can cause the surface depression of probes and thus influence the ultrasonic imaging quality.

OBJECTIVE: To optimize the gel formula of the coupling agent.

METHODS: The amplified synthesis process of polyacrylamide hydrogel was optimized by changing the ratio of monomer concentration to
N,N-methylenebisacrylamide crosslinker in the synthesis conditions, and the factors influencing its acoustic properties were explored to meet

the technical requirements in the clinical use process.

RESULTS AND CONCLUSION: When the monomer concentration was set to 70 g/L and the mass ratio of monomer to crosslinker was 7:1,
the polyacrylamide hydrogel was in the best state. The obtained polyacrylamide hydrogel had a stable swelling rate, had a strong ability to
keep water and make the volume reduce under the influence of the operating temperature of ultrasound, and its relative amplitude changed
less with the change of ultrasonic frequency. The sound attenuation coefficient of polyacrylamide hydrogel would be higher when the
frequency of ultrasonic sound source was higher. The changes of monomer concentration would have significant impacts on the acoustic
properties of polyacrylamide hydrogel. Therefore, by controlling the monomer concentration ratio, we can prepare the coupling agent that
exhibits relatively stable acoustic properties at an optimum concentration and achieves an optimal imaging effect.

Subject headings: Ultrasonography; Acrylamide; Tissue Engineering
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Table 1 Composition of polyacrylamide hydrogel
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Table 2 Proportion of polyacrylamide hydrogel monomer to
crosslinker

5 LA AR FE (/L) B AT B L ARG R (Q)  BKCEEARI(mL)  KERAAR(mL)
1 50 7:1 15:1 0.101 1 5 0.2
2 50 8:1 2
3 50 9:1 125:1 0.120 8 5 0.2
4 50 10:1 2
5 50 1:1 5
6 50 12:1 0:1 0.1517 5 2
7 50 13:1 5
8 50 14:1 10
9 50 15:1 9:1 0.166 7 5 10
13 60 7:1 15
14 60 8:1 8:1 0.1875 5 10
15 60 9:1 15
16 70 7:1 20
17 70 8:1 30
18 70 9:1 50
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Table 3 Parameter setting of Model 5077 PR
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Table 4 Measured results of swelling rate of polyacrylamide
hydrogel
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Figure 1 The balanced time when polyacrylamide hydrogel
reaches swelling equilibrium
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Table 5 The first wave amplitude of polyacrylamide hydrogel with
different proportions between monomer and crosslinker when the
frequency is 5.0-6.0 MHz
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7.1 0.4000 0.2520 0.3045 0.3188 0.9489
8:1 0.2555 0.2485 0.2275 0.2438 0.7257
9:1 0.2030 0.2450 0.2100 0.2193 0.6528
10:1 03526 0.3836 0.3875 03746 11148
1:1 03332 03487 0.2625 0.3148 0.9370
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16:1 04730 04037 0.2900 0.3889 1.1575
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18:1 0.1439 01203 0.1356 0.1333 0.396 6
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Table 6 The first wave amplitude of polyacrylamide hydrogel with
different proportions between monomer and crosslinker when the

frequency is 10 MHz

DA 45.0-6.0 MHz [ 75 ik i A Sk 75 i 2 AR AR /N T BRGEHARRIL RS L RER 2 RRMN 3 PN MR
H¥E4EH10.79-0.92, A EAT H AN IR K T 1100
. . ; 7:1 00756 0.0630 0.0811 00732 0.6151
B ) lrxd s r‘i» g & AN i~
p 7 n
23 FRABRIBARIR 5 % PR LIRS R AL 8:1 00516 00569 0.1260 0.0782 0.6567
I 2 A 2 1) 2R TAT s TR B 7K TR s T R A B A BE 0 Al 9:1 00832 00799 00585 0.0739 0.6207
50, 60, 70g/L, HAKLATBEAIG FREL 7 1159 1, 10:1 0.0846 00969 01011 00942 0.7914
1:1 01158 0.1146 0.1012 0.1105 0.9284
/MY RN A ANSEATRE, ARIL —
JCO /ML, RMLE I3 AFATHE, 41 LEL 5.0-6.0 MHz 12:1 01097 0.0945 0.1001 01014 0.8523
110 MHz e 2okl . ILrp iy TR Wb i B, 13:1 01021 01076 00935 01011 0.8494
A9 AT BRI 70 g/l MR Jy 5.0-6.0 MHz (1) 3 14:1 00961 01384 00846 01063 0.8935
s > N 15:1 0.0526 0.0643 0.0743 0.0637 0.5355
AVKCR IR, ORI OB K. Ry 50— 0] 0026 00643 00743 00637 ¢
6.0 MHz [P /S ikt T, FARBTEMREE D 70 g/l IR IN 17:1 / / / / /
[ S5k, WE 6 . 18:1 / / / / /
A 0.257 7011 E o025 11011 : 0.151 ! B
7:12 1:12 15:1.3
0.20 7:1-3 0.20 11:1-3 0.104
pont B TR 8'13 I oos] I
< 0.10 | 1y — S 11—
> . S 0.5 ] < 0L bttt O M adalle
= 0.051 il ol Ll o] el L1 A s Mo o E ~oos] TP P it
B 04 v |'|‘&"‘ I R :.r-.'s ;’,.f"J"'n.I\I \.'._a‘.‘ [ ‘.."_\"'."’“‘l feci) ~0.051 [ Wbl | gl W -0.10] | il |
-0.05 o : 010 I " -0.15] |
~0.10 i 01s{ -0.201
-0.15] | ! -0.20/ -0.25
-0.20 - -0.25 " . . : . . :
0.110 0112 0114 0.116 0118 0120 0.122 0.106 0110 o114 o118 0110 0112 0114 0116 0118 0.120 0.122
5 i) (ms) I 17 (ms) I [l (ms)
B — F J 1
oss] | i oss| B0 oo e
| 8:1-3 1 1-
iy \ . 0.051 , o
S 0.05 ) Ji r ) < o] e Mmn il g y > 0.051 | L i
_ﬁ_ h "r\ it i | |l i S—0.0S- | ‘ ~]£3 o1 I it ol -_"-.!" FUREYS
0.051 | | - -010] ~0.05 " N Lo
-0.10{ I ~0.151 -0.10 y |
-0.15] -0.20 -01s] ||
-0.20 ‘ i i : i o2l 0201 1 : . .
0.110 0.114 0.118 0.122 0.108 0.112 0.116 0.120 0110 0112 0114 0116 0118 0.120
i) (ms) & i) (ms) i i) (ms)
— . : 1711
C o015 913 G 0% . 313 K o01s 17:1-2
9:13 0.151 | 13°13 | 17:13
0.101 | | ‘ 0.104
| _ , 0.101 W . 0.05
< 005 TR \ 0.05] i = L
]i/ 01 it .I. f ‘ of 9 .'-P'.u‘ oy -‘ .I‘u | f .'I" i ]il O it =”"\.'= ki Ok ‘,‘! v "-‘*.'I lJ
=008 BB LA Ui = 005 IR l
| 1 | 1
-0.10 it -0.10{ -0.104 i
-0.15] -0.15] -0.15] .
_0 70 _0.20_ T T T T T T T 7020 T T T T
0.110 0.114 0.118 0.122 0.108 0112 0116 0120 0110 0112 0114 0116 0118 0.120
() (ms) s [\EJ(mS) iE] (ms)
D 0.257 10 1-1 H 020 14 :1-1 L 0.10 18:1-1
10:1-2 14 :1-2 | :
0.20 10:13 015 | 14313 1812
0.15 | 0.10 0.05
0.10 | | : | Ay I, 1
_ | 0051 I < it linalliinle
g o]l g G P st H ‘ B
£ -0.054 It | ‘ m -0.051 i il = -005 |1 |
-0.101 -010] :
-0.154 U | -0.10
—0.20] -0.151 ,
-0.25 e — 0204 : : . . : : -0.15
0.106 0.110 N 0.114 0.118 0.110 0.114 0.118 0.122 0.108 0.112 0.116 0.120
i E) (ms) i) (ms) i} ] (ms)

Bl B AL KSR sk SAc eI e bk 701, 801, 901, 1001, 1101, 1201, 13

B2 #$i#EH 5.0-6.0 MHz Bt B K 5 2B A B B b T RO SRR M B R 7K 5

iF‘ [l /&1::: SiEE

1.14:1. 1571, 16:1. 17:1. 18! 1.

Figure 2 Echo signal spectra of polyacrylamide hydrogel with different proportions of monomer and crosslinker at a frequency from 5.0 to

6.0 MHz
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Figure 4 Echo signal spectra of polyacrylamide hydrogel with different proportions of monomer and crosslinker at a frequency of 10 MHz
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Figure 6 Ultrasonic echo signal spectrum of 7% polyacrylamide hydrogel at a frequency from 5.0 to 6.0 MHz
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Table 7 Initial wave amplitude of 7% polyacrylamide hydrogel at a
frequency from 5.0 to 6.0 MHz
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Figure 7 Relation between the relative amplitude of
polyacrylamide hydrogel and the content of
N, N-methylenebisacrylamide crosslinker
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