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ULTRASONIC ATTENUATION AND VELOCITY IN FRESH SOFT TISSUES OF
PIG IN VITRO

Abstract Ultrasonic attenuation anid velocity were measured for six fresh pig tis-
sues: blood vessel, brain, heart, liver, spleen and kidney by using pulse insertion method.

Frequency dependence of attenuation has been found to be nearly linear, with the
power falling in the range from 0.96 to 1.39 over the 1-—13 MHz at 37°C.

Velocity dispersion has been observed for all of the six tissues studied and their ave-
rage values were 0.11—0.38 m/s. MHz for frequency range from 5 to 13 MHz at 37°C.

Temperature effect over the 7—37°C range for brain was also studied: velocity at 1
MHz has positive temperature coefficient with average value 1.3m/s°C and attenuation
at 1, 3, 5 MHz decreases with temperature.

Velocity for six tissues studied was an approximately linear function of their whole
protein content. Every unit protein % concentration raises velocity by about 2.9m/s at
5MHz, 37°C.
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M1 WEREARNREA
The block diagram of experimental arrangement
C HiLE (sample holder)
T,, T, %858 EAESE (ransmitter and receiver transducers)
G (guide)

B, BSEMAKEE (gas-free distilled water bath)
B, HEKBAE (temperature controlled water bath)

EARTEFRA UAC-77 RS GRS S0k &; HP-1715 BURESRIEA B R

5y RERRY 7S 7 U E B B F RS R A SHK-15
HEREENE., BESEANSENEER 1532} T
% ILg, WRERGEERAR o TRRD: gl L
@ =2 (ILy— 1Ly —IL) +ay (3) 5 15wl 1 b
D £ i ;
A ILp AERERESKAE L BT Ay 19290 %
RESSBORIRIE: 1LoOHRWMUBEN  muf ¢
B3| AROHI IR s ow X KBIEBROBID 1507
A 1 R R R S TR VT
S EH,ERIMTOLRERAT,.ILz 5 | #(MHz)
oy BT BB AR, 1L, BIREIRTR g2 o.5M-Moso, K iR 5 HiREG% A(18.6°C)
:ft,ﬂ{&ﬁ{ﬁﬂmi%%%‘. Frequency dependence of sound velocity in

%Tﬂﬁlﬁﬁﬁﬂﬁﬁﬁﬁ%ﬁﬁﬁﬁ aqueous solution of 0.5M MnSO, at 18-6°C

® A XHIE (data from this investigation)

B8, WAIE 18.6°CIUE T 52 A 5 8 1 X H3|Xx[10] (data from Ref. [10])
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0.5M - MnSO, 7K i FH BN K (9 & KR, HFRRTHE 2. ROTESA WRIMER E#HE
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FZNT 0.1%.
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3 B B A BB LR R, 37 °C BRI, NP ARREARESISE

Frequency dependence of ultrasonic %&ﬁﬁﬁﬁmﬁfﬁﬁﬁgﬁﬁﬁﬁﬂ%. Xﬂ'%ﬂl

atienuation coefficient at 37°C

o B (livers) A i Chearts) X fi#F (blood vessel) B DUIRHYSFIIIRE BAE 0.11—0.38m/s- MHz
— & E VA4 (the fitted regression curves) ﬁ"'j[ﬁp:j‘
mEREE RN —R, NREBAROAREERNGOEEERRIL—ENEEE, X
FHSLEHHBE, AICRKFOER 1 BAR T REENE B E.
O’Donnell 25 A" g3 B FHEHE R AN SFEAEEA B TFEMRES K AKX, %ZA\5
P SR R AR AL EITE R .
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#F1 BEEMHAMEEMELEAEREE, 37C
Ultrasonic attenuation coefficient as function of frequency at 37°C
R B % f(MHz)
"‘.\ T — B

B | ~ " (dB/em) R

samples N 1 3 5 7 9 11 13
P S
as (dB/cm)

M (blood vessel) [0.41 4.0 6.7 9.1 HI.U 14.7 1.39 0.41 ]0.999
% (brain) 0.32 1.8 3.3 4.7 7.2 8.9 11.9 1,38 0.34 0.998
& (kidneys) 0.4140.08) 1.340.14{2.340.3]3.54+0.3/4.74+0.4}6.1+0.6 7.9+1.0 1.14 0.39 10.998
£ (hearts) 0.774+0.14] 1.8 3.14+0.2/4.540.4}6.3+0.87.840.9j10.9+1.1 1.02 0.68 10.990
B8 (spleens) 0.4040.07) 1.5+0.1 |3.140.214.240.3)6.9+0.68.5+1.1|11.0+1.8 1.29 0.38 (0.998
B (livers) 0.9740.03} 2.74+0.6 4.3+0.75.7+1.07.741.2{9.3+0.911.74+0.9| 0.96 0.95 |0.999

i n is the exponent on frequency upon which the attenuation coefficient depends.

2 B corresponds to the attenuation coefficient value at 1 MHz.
3 R is correlation coefficient.

4 Amount of samples measured: | blood vessel, 1 brain, 3 kidneys, 4 hearts, 6 spleens and 7 livers.
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BAIF B 5—13MHz $RERNRISE S EE, 38 R(4)
WEHERAGES IMHz THERER AN L1 EikT
PR, ZERAWL, N MmE K, B A 4 MRS e WERES
TLWREHRENT 15%. HHRNESK, EibESEREE
Z/WNT 4%. BlndE IMHz TN e (FFE {4 9.2dB/em,
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K 5 %5 H Bl 8 i ZH 20 1K (IMHz) BE TR BE Ry 28 (52 58
ZE R, B, E T S AR B T LB P R SRR R s T BT, B
BENEERK. mMEEABSSKPHAERRBL. RIA
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B4 AR MR EKE R(BTC)

Frequency dependence of ultrasonic velocity at 37°C
1 J& (brain) 2 & (kidneys) 3 i{» (hearts)
4 i (spleens) 5 BF (livers) 6 M4 (blood vessel)
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Temperature dependence of ultrasonic velocity for fresh pig brain at 1 MHz
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Ultrasonic attenuation coefficient versus
temperature for fresh pig brain
o XA 451X 1, 3, SMHz LR HE
(experimental data at 1,3, 5MHz respectively)
AR EIE A SR
(the fitted power regression curves)
1, 3, SMHz f3E A& AR 5100
(the fitted regression equations for 1,3,5MHz):
a, = 0.74r7%%(dB/cm),s a, = 13.717%%
(dB/em)yer; = 41.657%% (dBfcm); #(°C)
AN KR R EDY (corresponding correlation
coefficients): —0.961,—0.970, —0.964

B B AR AU RO W 5T o, RBLAE 15°C ML 23—/
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BATE 2 BUE R E A PR 5 R S e I TR X B
ERIT A FANE, RNEF X —RE AR,

6 L, ATA N T AR 1, 3,5MHz §if
ETHBAERRA o FEEE ¢ EANERER. B
EEFL RN BER T 0, RSN RARE. Sk
B, o X ¢ BOIRBR AT DVRIFHO I ¢ WU BRER
AARMAR(mEHLLE), T 1, 3, 5MHz RER
BB E, B sh—0.18, —0.57 & —0.67, iX
A EERE Kremkau X Afigi (Corna radiata) fRF3T
2 FARR MR SBR[ L0 TR 8).

4 BERESHAPZEOSRNXR

B 7 X i A FHE R E (5MHz,37°C)
5RBEREREYNXRA. ERREAAERAEBH
BE, LARERERIEM ML, FRIREIEGE
A

¢, = 1532.9 + 2.87¢ (m/s) (5)
(R = 0.859)

e ARSMERE; ¢ ARGNEBEREE, ~AR
SR ER, MRAHEXRECY 0.859, ¥ec=0
i, B (5) XA, ¢ =1532.9m/s, XJLFRIEFE
37°CH 4 B gy EE /K v Y BT,

AL, BhHERAB AR AR IT I TR BT R AT
EEAS&E. MENIMNIRLER, BINEESR
BAPMETE 5H, MEMNEEREDNRRET
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JE#. RUPERYAIREY. XEBDOIOEZND, XEETEAPEeFEaAMEREH
HIEE R, B ER AR 55,

1

1620

1600}~ . -
Py 41 SA y
~ AR e % 1580} /';://
"“E‘- -15{)0 }/‘5 ]

LB ARER RS e

PRI, B I, D5 W R TR (i E Y
e = BRSO IEE)
2. APt 4Ry NN %ﬁ%gﬁ%(mfg‘ Total protein content

BGCFF B )LTE 37°C TLBARMAN e @y @afmsr SARMESE S RNKE
S § WA o f* R, RIS  Desodons of lsonic oy o0 wnl i
iy 1—13MHz S PN » {H7E 0.96—1.39 Z . ® LWHIE (experimental data) 5MHz, 37°C

3. R AMEE L, 7 5—13MHz  — SIS H%E (linear regression fit curve)
S P N B (B B e P L T oo e cnitner,
%, SEHEE% 0.11—0.38m/s - MHz, 4 JF (livers), 5 j# (spleens) 6 [1% (blood vessel)

4. £ 7—37°C REEEE N, N e IR s R Al (IMH2)BEIRE $F BT, # 2
5K EBAEFER (1, 3, 5MHz) NFEEAT T, SRERBRR (0 IMHz), RHEEEAE 4.

5. i R AR BARNFEHRIUH SENSENEER SRR ER., Ea&&EHMN
1% {EmE{E (5MHz, 37°C) 4K 2.9m/s,

iR (Appendix)

1 EEEEMAENELRXR, 37°C

Ultrasonic velocity as a function of frequency at 37°C

f (MHz) F#y (average)
B ac,
N 5 7 9 11 13 S s - Mite
e; (mfs)
M (blood vessel) 1600.6 1600.9 1602.2 1603.1 1603.3 0.34
B (brains) 1559.6 1559.9 1560.6 1560.8 1561.2 0.24
¥ (kidlneys) 1572.3-41.2 [1572.8+1.2 [1573.0-+1.3 |1573.2+1.4 |1573.4+1.3 0.14
i (hearts) 1581.642.0 |1581.942.2 [1582.142.3 [1582.242.3 1582..5i2-5 0.11
& (spleens) 1583.6+0.9 {1584.6+1.0 |1585.34-1.2 11586.241.4 |1586.61.6 0.38
FF (livers) 1596.24-3.6 [1596.7+3.1 }1597.2+2.8 [1597.4+43.0 |1597.8+43.0 0.28

* WRRERSEXFE 1 P

The measured samples are the same as in table 1 of this paper.
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#2 BENAOBEREARMMNEEMRENEMLRXR, 37C

Ultrasonic attenuation coefficient and velocity as a function of temperature for fresh pig brain at 37°C

e(mfs) a;(dB/cm)
1C :

1 MHz IMHz 3MHz 5MHz
6.9 1518.9 4.4 10.0
10.8 1525.4 0.49 3.5 8.4
14.0 1530.7 0.47 3.3 7.6
15.3 1533.8 0.46 3.2 7.5
18.3 1537.1 0.43 2.7 6.7
25.5 1546.3 0.41 1.9 4.5
37.1 1558.3 0.40 1.8 3.3

#F3 AL BFAERESHRER SR ZANXR

Dependence of ultrasonic velocity on total protein content for several tissues. SMHz, 37°C!

B4 (tissues) e;{m/s) W B4 B (total protein content)(%)
K (brain) 1559.6 10(8—12)

L (hearts) 1582.3 16.5(14—19)

& (kidneys) 1572.3 17(14.7—19.3)

BF (livers) 1598.0 18(16—22)

B (spleens) 1583.8 | 19.5(18.8—20.2)

1 (blood vessel) 1600. 6 | 24(23—27)

2 % X #&
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