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Abstract

AIM: To investigate the methodology and
influential factors of sound speed (SS) measurement
in the liver.

METHODS: SS measurement was performed
on 60 normal volunteers in different conditions
(different liver lobes, breathing phases, probe
positions, depth, and probe frequency).

RESULTS: The SS values of the left exterior
lobe, the left interior lobe, the right anterior
lobe and the right posterior lobe were 1531.94
m/s + 46.57 m/s, 1560.89 m/s £ 38.03 m/s,
1568.89 m/s + 20.34 m/s, and 1527.17 m/s *
38.09 m/s, respectively. There were significant
differences among the SS values in different
lobes, except that between the left exterior
lobe and right posterior lobe, and between
the left interior lobe and right anterior lobe.
The SS values at end-inspiration and end-
expiration were 1570.15 m/s + 15.58 m/s and
1567.33 m/s * 19.52 m/s, respectively, and
there was no significant difference between
these values. The SS values in right inter-
costal and sub-costal measurements were
1570.15 m/s + 15.58 m/s and 1568.89 m/s
* 20.34 m/s, respectively, and there was no
significant difference between them. The
SS values measured 1 cm, 3 cm, and 7 cm
under the liver capsule were 1570.15 m/s
+ 15.58 m/s, 1556.78 m/s + 18.25 m/s, and
1533.67 m/s * 25.93 m/s, respectively, and
there were significant differences in the SS
values among different depth. The SS values
measured with C6-2 probe and L14-5 probe
were 1570.15 m/s £ 15.58 m/s and 1563 m/s +
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24.78 m/s, respectively, and there was no
significant difference between them. The SS
values of males and females were 1572.68
m/s +16.93 m/s and 1568.53 m/s + 14.70 m/s,
respectively, and there was no significant
difference between them. SS measurement in
the liver showed a good fit between inter- and
intra-observer consistency.

CONCLUSION: Operators and gender do not
affect the results in the measurement of SS
in the liver. Different liver lobes and depth
are the main influencing factors. Liver SS
measurement performed at end-inspiration in
the right anterior lobe about 1 cm under the
capsule using an inter-costal approach may
reveal liver SS more accurately.

© The Author(s) 2016. Published by Baishideng
Publishing Group Inc. All rights reserved.
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ik w60 B &R LR R EHT (R
Rt RE A AR, R RAR kA
FREVRFE . @ KIRAE k) 4TSS =

£R: L4t AAr. Bart. AT
#SSAE 5 %) A (1531.94 m/s+46.57 m/s).

(1560.89 m/s+38.03 m/s). (1568.89 m/s+
20.34 m/s). (1527.17 m/s£38.09 m/s). &
Eohet 5 A, ARt S ARt E £
R FESL(P>0.05), EA 7Tk £
3 A it 3 & SL(P<0.05); AH# R A
K (1570.15 m/s+15.58 m/s)5 "+ 4 KSS{A
(1567.33 m/s+19.52 m/s), £F K%it 3
FEX(P>0.05); AATt M1 (1570.15 m/s+
15.58 m/s) B T 424 49 SS1E(1568.89 m/s £
20.34 m/s), £5FR% 5 EL(P>0.05); &
WP EE T cm. 3 cm. 7 cm@SSAA S5
#(1570.15 m/s+15.58 m/s). (1556.78 m/s
+18.25 m/s). (1533.67 m/s+25.93 m/s), =
FZ 18] £ 5t ¥ 8 it & & L(P<0.05); C6-2
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1.1 A4 AN6001 1E 5 E 3 AT SSH, B
A HIEFURT G5 R ToATART JFE U 095 1 £t e N
TR B O i 2 B 25 585 33
ZEE R, e ERAeEZE LSt
#E; Forh R34, w374, FEie21-35%, F
PIFERe24.2%5 £2.5%, MK E155(body mass
index, BMI): 17-24.24 kg/m’.

1.2 7

1.2.1 ¥ % % H Zonare Zone#B £ Wi, % H
C6-2 L L14-54%:k, TRILAH453 596 MHz
14 MHz, S2f & BUMEM, B s, R
BT JH 9O K I B B B R W, [ e
JEMRX (region of interest, ROI)K/NAISN35
mm X35 mm, B THMX, #ZO0ptimizefd, X
BB H 3 SS 5 1540 m/s 2 1] () Z(E (B4 :
m/s), o AE A (D). BEHLX 2041 1E 5
B AL R AR 2 I AT S ST =,
BAEE 1A NES SRR, HATER —/[A]
X B AL S AR SR AR PR L, A A R 45 2R
HA—E; BAEE2 B ESSRELR, 5
A 3 VLR [F) — B[R]0 46 52 308 SR 2 — IR
BE, TRl FaR e — Bt RO T
FHATHAE R cm, $R&E TR TSR
1.2.2 RE&ZE F ExT604) % &R # AT
B A T IFRESSA M : (1) AN [H] AT H-S S
CO-24R Kl B T8I R T AT, VE%
RE WG B, XA ER T AR
W KA JE I REAT S ST &, AN AL E S K,
BF FEAS [ JFF IS S 1 22 575 (2)AS [R] R R HR:
A FSSE: Co-28RKLE T A MIE, ROIE
FAHRM B R cm, VB2 E WK FS
JEMESS, Z J5WE 32 W AR
AT S, BRI A B SR, S AT A R R
WS B AR S STl E PR 52, (B) 4R kAR AL B S S
Rl C6-28R 3k 43l BT M 1) B At
™, ROIMEE TART M 1 cm, VB2 iX#
W SR BN, ANRIFRALE E S5k, B TR
Sk AL B XS SN EE M (4) A [F) IR FE S Sl -
CO-28RL B T A M A R, 326 UK bR
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RIEFE S, BETCRTEXTSS MR (5)ANFA
AFAR S Sl W 32 <5 B, ROI
BTARMHAE T cm, 275K HC6-2# 3k
M L14-548 K BT ) 18] B 47 S ST
AR ES R, HEUAS RIS 4R Sk A % S S
FR) 5

St AR R EREUE Y Dimean £
SD J %5 53 & #(coefficient of variation, CV)3&
7. AHIE] S A — B R XS A 56 A Bland-
Altmanfs 3, XKL, P<0.0587% 7 A 41t
S S R F ST R AR A 56 LU B AS [ I W B
A AR E AR Sk S %S S
(R, K FH B DR 35 7 22 93 it LU ZBOAS [RD JHF P
TRIEEXSSSIIsZM, It S ZEEII95% A 5 X
[8](95% confidence interval, 95%CI).
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2.1 RAEH A BN — BRI R A
) S — SRR S Rk BEE1S
BEAEE 22 B AT HES ST Z R LG 27 X
(1571.32 m/s+15.21 m/s vs 1570.27 m/s =+ 14.02
m/s, P>0.05), Bland-Altman#ts 36 &R A s
B F ] 45 X 0 P (EI2A), $E i Z i
— AR LT, BRVEE LRT SS9 O = ES SE
EZRTGHFE N (1571.32 m/s+15.21 m/s vs
1570.63 m/s + 14.58 m/s, P>0.05), Bland-Altman
K36 B on A — s T RIS X (A 4 (EI2B), #2
IR B IR AT

2.2 Fr ik F R W F TR ASE -SSR
KA W AR A JE S SE 4
W N(1531.94 m/s+46.57 m/s). (1560.89 m/s+
38.03 m/s). (1568.89 m/s+20.34 m/s). (1527.17
m/s£38.09 m/s). £ NI, AT ISSAE R T4
Gty At AN IS S K T A S IS S
18, Wi Z 8125 G55 L(P>0.05); £l
IS SK A2 WSS, W3 2 IH) &2 S L4 it
FRP>0.05). fAbt S NrSSIEZ ], A
A 545 JE S SR 2 (8] A5 R 5 22 A S S
HZ IR AT S5 4 G SSIE 2 A1 2 5 356 4t
THFE L (P<0.05). A AT EFISSIEAS F R%L
5/IMCV: 0.0130), 43 J& FHFIZE SN K]S STE AR 5t
FEBRA(CV: 0.0249-0.0304)(F2). AN AR A
TRSSERI: A5 HT SR SRS STE A 5N
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SRS EAESES

Bx SS(m/s) 95%Cl
HE SER—EUE
BIEB11) vs 1B/EB2  1571.32+156.21 vs 1570.27 £ 14.02 -8.31-10.42
BIEB101) vs BEE1(2) 1571.32+15.21 vs 1570.63+14.58 -8.84-10.23
ENEIISERE Eln 2y
SR vs ISR 1570.15+ 15.58 vs 1567.33+19.52 -3.57-9.20
ENEEA S A= 1 d2Y
BIBEMIE vs B TNIE 1570.15+ 15.58 vs 1568.89 +20.34 —7.81-5.29
AERKE®R
C6-2 vs L14-5 1570.15 + 15.58 vs 1563 + 24.78 -0.35-14.65
MBI
S vs 4 1572.68 +16.93 s 1568.563 +14.70 —4.20-12.38
SS: BiR.
RS FUE SS(m/s) cv
ZEINIT 1531.94 + 46.57 0.0304
TN 1560.89 + 38.03° 0.0244
GaIlt 1568.89 + 20.34° 0.0130
Gt 1527.17 £38.09°  0.0249

°P<0.05 vs ZE9NIT; °P<0.05 vs ZERIH; °P<0.05 vs Gl
SS: FBiR; CV: LWERH.

R 3 NEARERFISSHAESR

AERE SSim/s) v

BE TR cm 1570.15+ 15.58 0.0099
BE T3 cm 1556.78 + 18.25° 0.0117
BER7 cm 1533.67 + 25.93% 0.0169

2P<0.05 vs BE 1 cm; °P<0.05 vs BfE K3 cm. SS: BiE;
CV: BRREN.

(1570.15 m/s+15.58 m/s). (1567.33 m/s+19.52
m/s), WS AR AES SIE RS K TSR, HRACR
W& A2 € (CV: 0.0099 vs 0.0125), {H 32 [A]
ZERTHITFE L P>0.05)GE1). A FALE
SSHETl: A5 HY A K& R A RIS SIE 27N
(1570.15 m/s+15.58 m/s). (1568.89 m/s+20.34
m/s), Z 5 R4t X (P>0.05), {E A
30 S AF B R ETTEQ%E’J%%*MCV
0.0099 vs 0.0130)(F1). AN[FJPRBESSHLI: A7 Fii:
AT emy 3 ems 7 emfISSE S 7124(1570.15
m/s£15.58 m/s). (1556.78 m/s*18.25 m/s)~

2716

&1
Ema.
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(1533.67 m/s£25.93 m/s), CV55140.0099.
0.0117. 0.0196, 7] W.EEIREEXG N, FHES S &
fEZHED, AT, H=% 2 2R
BT 5 L (P<0.05)(3R3). AFRMIRLRLSS
FE: CO-24R 3k L 14-54R 3K I & A7 i - [ S S1H
43 93°8(1570.15 m/s+15.58 m/s). (1563 m/s+
24.78 m/s), (KSR EAE & T @ AR sk, —
H A ZERTGI 7 E L(P>0.05)(FK1). AR

IS SHTI: TEH 53PS LR SR A A LR
1 em. Co-24R%:KMTFSS7 7 H(1572.68 m/s
+16.93 m/s). (1568.53 m/s+14.70 m/s), 7T
Gt = L (P>0.05), H 5 HEFIESSIE & Ttk
&D.

318
A G538 7 K A Bk vk 1B 9 B AR R 48, IR S AN B

TC RIS 5 ) TR 3R, 9 8 45 A B T
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B 2 Bland-AtmantSIRE. A: #/EE 1 520940 5k B: IRV EZ A9 N5k

Bl oG PR B AR R PR R S A R, P R
WEANRGFE, B11540 m/s. (HYBFEAE
MY P LSRR TS5 R g 5 W2 R BUR
I, 23 R I S 1 R R 2 AT 52 1) PR
B B S I i G SO AR
B BB EE by 6 R SR GG (E 5k
A7 8 B 4 H B H A 2R LS, R T
Hi A (sound speed correction, SSC)>RK 34714
75 3K, %R — 1) T S SR B AS [F] P gk AT PR
FAB, W9 EUR 53 26 s LRI IS L [ 75 5
12 X 35 AR VT BC 75 o, i A 1 3 SRR
UL S 06 IE S 1% 75 A A L SE Y. SSC
FOAR IS SAB S I s B 75 I AE AN [R] 5 BECAR
B AFEAE KA FHR 2 E B AL R
)25 5, AT [R5 I IR A 23 P . Jd it A IS S
A DA 2H AR P EAT 58 B o0, HoOT ke e
S DR 2R HRE 9 0T e Dy L DA S AR i PR S FH
RMEEESENE. AR EREEES 155
VE& 20 20 0] — S0tk S 1N — sy ey, 2
INZAARRT M EEARA SZ A FH 2R, 5
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JHHE FR B 9

3.1 REVAF e ea AHT T I IEAS R AL
SSE: A Hiw>7c N > 76 Ah > 45 J5 i, A5 i
M5 AN AR A A R 2 R
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fEHIAL A R, A a5 AN SR O
WL I8 Bk A B, DRI EE 5 52 20 1K if

Beishideng®  WCJD | www.wjgnet.com

#zh, PPIRIEEh K B AR AT
P A T S AR, WOHEREAE A IES S
D& AR A

3.2 o oR BT AR GG R e AHIE FE LRI TR A T
SSE AT IFAAR, A0 7e! il i BY 4]k st
AT T FE AR P B A B, WO R P e KT
SV R R, S AR — 8 TR R
WSS RRIVLR B, I3, 5 S50 & Ik =
PR TR, R A IO R R K A 7 A
(IR 22 RAE G5 FTEE S, (A R RIR S
A PR A2 S R BN T HEAR(CV: 0.0099 vs
0.0125), BAIh g O FFF A S S () & B2 7E I SR
HEAT.

3.3 WAL B R ABFFRH, BhiEERISS
ERTFM T BRI, R FFAES ST 7T
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oty Doy ) e 265 P O B AR, A AE W TR A

JFREAT SSTI &
3.4 AW H e KBTI

cm. 3 cm. 7 cmAbRISSIE 5 A (1570.15
m/s£15.58 m/s). (1556.78 m/s£18.25 m/s).

(1533.67 m/s+25.93 m/s), =& Z A ZERE 5
TR, BIBEER R, FHIES ST/, [F]
I i R 52 3G, S ST AR S R G I, i B R
FE 2 S SN AL (¥ = B R 2. U D0
TR ARSI N em) A A RS
(B3 em)SSHIRTI LN 2, A AA A s
N1 em My AR NE AL, 5 AT 5T S5 SR AH L
Huan g% e B S B 1)k 5 v A8 (real-
time shear wave elastography, SWE)iE 1T ATt
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TURFEEAES cm DL A B & PR S SRl ¢ 5 3
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PR M FEROIROTA (75 8, g4 it
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SN R 22 BN, R IE AR T 1 omidk
AT &
3.5 X TRRBEMFER kM9 AWt FHC6-2
RIS B K T L14-5SI15HE, (HE R LS
THEE R AN A AN [F R Sk A2 15 5
JHWEAE FEAB EAT B FE, (RIS R A — P
Jiik, HEE R Z 7. GoertzZ " FE
& S3 Ik 4% (acoustic radiation force impulse,
ARF )& A 2 I R BL9-4 47 3K I 4511
R T C4- 1R MAB HME, HERA R ITF R
X, TMiFontanillaZs!> R F [R] B ) 75 12 I = 1
FeLE R IELF M. A 23R F Fibroscanfif
RIS T [F]— i B AR 44k, AR AR K I B8
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FHAN ) Uk S8 AR A AR T A I 55 428 JHF A
FERT 2k, (BERB LG R, SAPT
S5 AR
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