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W OE:. Br i) B8l BIETIERTRE & WL H {37 ( vestibular-evoked myogenic potentials, VEMPs) il
PN, FTEE X 25 IE R AR O HA T AU T A (air-conducted sound, ACS) , BIIF5E B81 &
P& 3h 4] 3% ( bone-conducted vibration, BCV) ) VEMPs ki, 3f:%f ACS-,BCV-VEMPs #; & 45 Rt T4 i 12400 &R

ACS-, BCV-HR WLRTRE 75 & WLE 1 H v (ocular vestibular-evoked myogenic potentials, oVEMP) [{ 5| H 435Il ok 92%
(46/50) ,98% (49/50) , BCV-oVEMP 5 ACS-oVEMP b4, E 5| H R 2Z RS ITFE X (P =0.36); & NI
WBARIBI(P =0.00) \P1 AR (P =0.00) NI-P1JE[EJH (P =0.01) XIRIE(P =0.00) Z R HAGHIH#E XL
(P <0.05) ;BCV-oVEMP [f) N1 .P1 3538 (R, N1-P1 35 [R50, M4 IR K . ACS-, BCV-FILABE 5 & WLIE 1
FL {37 ( cervical vestibular-evoked myogenic potential, ¢cVEMP) 5] H 24 100% (50/50) , BCV-cVEMP 5 ACS-
cVEMP LE&, N1 BRI 22 R B ge A28 L (P =0.96) ,P1 i (R 3 (P =0.02) , PI-N1 J¢[A] 1 (P = 0. 00) 4R &
(P=0.04) A5 22 5% (P <0.05) ; BCV-cVEMP {1 P1 iz v AR 15, PL-NT P RBTHC, R IEAC K. BCV-
oVEMP ACS-oVEMP BCV-cVEMP 1 ACS-cVEMP ) 5 H- [i] 4% i 7S % 7% 2 (% ) 43 %1 4. 28. 08 +21.10,27. 95 =+
18.13.23.60 £17.86.,32.24 =18.92, it B81 HyR ¥ I LIHT VEMPs BRI, S 4R S d e PN 14 S PR U
FI R B TR O SR D RE IR UL TS A I, AT AR U A TS & VEMPs R SRR 2

X R ATEETIRE ; BUREVE R NURTE B AL S - AR S
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Vestibular-evoked myogenic potential induced
by bone-conducted vibration
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Abstract: Objective To investigate the application of B81 bone vibrator in the detection of vestibular-evoked
myogenic potentials (VEMPs). Methods Bilateral air-conducted sound ( ACS) , unilateral B81 bone-conducted vibration
(BCV) VEMPs were detected in 25 normal volunteers. Their results were analyzed statistically. Results The response
rates of ACS-, BCV-ocular VEMP (oVEMP) were 92% (46/50) and 98% (49/50) respectively, and the difference was
statistically insignificant (P >0.05). N1 wave latency, Pl wave latency and N1-P1 wave interval of BCV-oVEMP were
shorter than those of ACS-oVEMP while the N1-P1 amplitude of BCV-oVEMP was greater than that of ACS-oVEMP, and
the differences were all statistically different (all P <0.05). The response rates of ACS-, BCV-cervical VEMP( ¢cVEMP)
were both 100% (50/50). Compared with ACS-cVEMP, BCV-cVEMP had no statistical difference in N1 wave latency
(P>0.05), while the P1 wave latency, P1-N1 wave interval and amplitude were statistically different (P <0.05). The
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P1 wave latency of BCV-cVEMP was shorter, and the P1-N1 wave interval was longer and the amplitude was larger than

those of ACS-cVEMP respectively, and the differences were all statistically significant (all P <0.05). The amplitude
asymmelry rates between the two ears of BCV-oVEMP, ACS-oVEMP, BCV-cVEMP and ACS-cVEMP were (28. 08 +
21.10)% , (27.95 £18.13) %, (23.60 +17.86) % , and (32.24 +18.92)9% , respectively. Conclusions B81 hone

vibrator can be used for the detection of VEMPs. Bone-conduced vibration is superior to air-conducted sound in evaluating

vestibular otolith function in patients with conductive hearing loss. It can be used as a supplementary examination of VEMPs.
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S 5 AR (air-conducted sound, ACS) Ffl
5 30413 ( bone-conducted vibration, BCV) ¥4 1] DL
7 BRI 152 0 A0 B, 9 T 7 A 55 ke %) UL PR 2 T
10 57 2 Y L HS (S FR i BE 75 & WL H 7 ( vestibular-
evoked myogenic potentials, VEMPs) . #if [ % 2& B
2R , e ay F2M L FTEE B2 R E pl 2
% PPN TR 52 S 2000 0 2y IR Ao 28 A%, 43 55 28 IR Ak
WL, 78 Sk i T RO T C 5 2 A9 L L PR IR JIL AT 2
175 &% WLIE PE H#, f37 ( ocular vestibular-evoked myogenic
potential, oVEMP) ; BR4E 4 BEIRSZ HHUS , My 1%
T HTEE T HZE HTRERIZAZ RIS 6 o | R
ZEA% , B 2 [ O e B 7L 5 UL, 7 5 o 17 i B 2L S L
FIm T2 1 WL AL PR SULATE 5 & LR (cervi-
cal vestibular-evoked myogenic potential, cVEMP) ,
I oVEMP A6 =22 FH R PFAk i 18 3 i i | 2 4%
5308 BE AN BE IR S g ( vestibular ocular reflect, VOR)
D BEIRAS s c VEMP 50 3= 22 FI R PP Al 3R B Hif Ji T
2L T 3@ 8% AT RE I )2 5 ((vestibular collic re-
flect) B LNBEARA

H AT Y-S VEMPs f e il 4 5 p
AR ILE] B8 4k 11 VEMPs H1 i i FIBFFE4RIE
A laE B81 HRTIEH T ABR K, HERE
BOBT1 A€, R BN, AT LAE N & 5 W ) K
A, {H B8 HHR TR AT AEW 51 A E () VEMPs
BOY , 315 ACS-VEMPs B ] 25 57, ARG
AR

1 iRt

1.1 WFExt4

WP A IS SN VEMPs £ 25 (1 {25 4], 3
510 1, 22 15 5 AF i 20 ~ 39 %, F My ARE IR
(24.84 +£3.98) % . FTA I8 & A7 485 W B0 A
PSP R EAA . ABERRIE : O HRHAAE KA I
WL AR VT BN A A S PUIE R, JO R s @03k
ML RN ;G B EIEALS 2 VEMPs K2 (1) 75

JE# R A 2 A [ P
1.2 VEMPs #2587~

K51 22 E BR Wt 7 (interacoustics eclipse ) 4= I
RENT IS K WL 43 HTiL . BCV SR Radioear B81
PR+, ACS RAHEAXEAHL; A g R uEw , i AXH-
U A St AR M, B8 B iR sl vt B A TN
T#.5€(4930, Bruel and Kjaer) £:ifE, HHE(ES E PR
FRUEEAR ST, FI S0 B R X R, BCV fil ACS 1y
4500 Hz tone burst il ( BT R DT R Fp2 T
[ 2 ms , BRI R 5.1 IR/ s, B IR A 80 IR,
JOSRP %0 80 ms) o AP BN : 10 ~ 1 000 Hz, A A
JEAK Uk K2 ACS-0VEMP . BCV-0VEMP | ACS-cVEMP
BCV-cVEMP, 314 S, S %

oVEMP i 7537« 324X M ML, 22 B A%
HITH 75 % AOT0AS IS 085 5 37 R i B2k, PRSI ok
HEL ARG RO F RN AE N Zk S R 724 1 em 4b
(CANE S8 f A B T 22 AR BE R 7, Z2 0 5t v
BETAMRET J7) , % aCE T N, Hih f ik
BT RIAUE T, SR E /N T 5 kO, ACS j@ it
AR EHLLS TR, BCV it B8 B 78 T
SEESG 2 em FLER R TR, iC k), 52
TR OOUHR ] b A R 2R 0E b 24 3500 B IS ]
Yy, oVEMP 5t LIS 453 1) 7 B2 TOBR A (B FRH-45 T
FBAEXH MR IE T 2090 5% oVEMP A iz Ml
HEFi X R ROV AR S

cVEMP i J7 970« 32480 %5 0 48 007, 35 185 I
JER , PR 57 R AR OGS Ak T 7 A e A L 2 L rh L
B, 2B T B b, 4 i iR A T R
o BORAR A L BN T 5 kQ o KA B BRI sk
S 2pt T XA, T 0 A I X B A e i L 2 L
PRIF BRI IE 3] 50 ~200 WV B (HEnZe
AW cVEMP Hig i (09 0] Hu ) 285 70 3. PR E 2
A [0 B L S LR TR I S cVEMP AR
SR P T X I S A T o

VEMPs llj izt i, ACS L4 123. 5 dB peSPL ( peak
sound pressure level ) 1 & 4] 1 Hll j 75 58 &, BCV L)

514 -



HE AL A5 B SR ST S TR 5 R JUL U FLA

56 39

135.5 dB peFL( peak force level ) 1 4] b 5l i 7= 5%
JI AR | SL A A H AT 1) cVEMP B oVEMP i
T2, LA 10 dB B8/ NG B, BRI A
RES | TE AT B A e o AR, 70 R0 B Y
FEfit EXG I SdB H A AT I, LA E BI(E . BB
S AT H Y cVEMP 5 o VEMP I ir i 14 fi
ZINIRD ) 5 B B Sl VEMPs (1 859 (B, W %€ 0 %
ACS-,BCV-cVEMP/oVEMP F5| Hi & [H{H.123.5 dB
peSPL PRI I T A1 135.5 dB peFL §i% Sh L 75
FfY VEMPs I N1 BRI P18 R N1-P1
WA BRI B RERS H I B ] T 5T 1) VEMPs
BIEI 25T 1 e/ NRIEGRE (dB peSPL/dB peFL) , 1
DRI A MR T U 5 1) N1 s PL s ik 06 1 ik ()
(ms) , JEIATHAR N1 e 55 P I 22 [] g ) 22
(ms ) , YR A PR B AT B RS (V) o HERIR
AN XS B % (asymmetry ratio, AR) 35230 : AR
(%) =100( AL-AS)/ (AL + AS) , H.vp AL B AW E-
HAEORIY N1-P1 IR, AS D240/ N1-P1 4RI
1.3 st

AT GET AR SPSS 20.0 AT GETT AR Ak
B TPECTER AL B H R A b A E SR I X K
BT THRVORIIN A HZ M S AL, AT
TR AT 5 22 55 Wk ST AR AS ¢ K B kAT o A
FFE B3 BT 2255 10T BORHE LR R
FRAIRG S . Seit2e B MK o JL0. 05,
s

=A

2 BHR
2.1 VEMPs i BASHANEILFHE

BCV-oVEMP, ACS-oVEMP FI BCV-cVEMP,
ACS-cVEMP 5]t 2 (B N1\ P1 Bi(R 30, N1-
P13 (A1 39, I 18 090 - [ 1R i 109 50 il WL 3% 1
VEMPs B LK 1,

BCV-oVEMP
N

b BOV-OVEMP
o 7 5
0ms ms

135.5dB peFL, 135.5dB peFL| N,

P,

N

129.5dB peFLi 129.5dB peFL

L\
119.5dB peFL{

Nop
B N\~~~ 109.50B peFL

119.50B peFL

109.5dB peFL|

104.508 peFL! SSv=104.508 peFL

0 10 2 30 40 5 60 o A S0 sy
ACS-cVEMP
3

ACS-oVEMP 5
3 Y oms

10m:
123.5dB peSPL’
e/ N
113.5dB peSPL:
N, P/ N,
J\F’/\,_,_\,\/\
N.
)

123,508 peSPL

113.5dB peSPL. /—N/—’\/\/\/\A,

103.50B peSPLA

N,
NN N~ —— 588 peSPL.

108.508 peSPL!

103,508 peSPLA AR SR e e 93508 peSPL

10 20 30 40 50 60 10 20 30 40 50 60

A1
FFAE

BCV-/ACS-0VEMP 5 BCV-/ACS-cVEMP [ iE % ¥ %

2.2 ACS-/BCV-VEMPs [ L4

ACS-oVEMP, BCV-oVEMP ) 5| tf & 43 51 K
92% (46/50) ,98% (49/50) , BCV-oVEMP & ACS-
oVEMP HLAL, B 51 R ICGE T # 2257 (P =0.36)
NI BRI (P =0.00) , P1 A (P =0.00) ,N1-
PLZIRIYI(P =0.01) Jkfi (P =0.00) B HA G
Z5:(P <0.05) ; BCV-oVEMP ) N1 P1 i ¥R 1,
NI-P1 i (] 399 4% 852 B, 0 91K i 42 K. ACS-/BCV-
oVEMP A7 B S 44 ik BCV-oVEMP [ P1
PRI B A Geit 2 a2 57 (P =0.04) b, 1 B Pl
IR (14,97 = 1. 84) ms, 72 H P13 R )
(16.13 = 1. 98) ms Ji, &K Z B4 it 7 2 7o
ACS-/BCV-oVEMP {4 5 1 5 L PES S L4 - R BCV-
oVEMP Hy¥R i A Git 272253 (P =0.03) Sb, 2otk
1) oVEMP i (10. 54 £6.37) wV KT F 1 oVEMP
PRI (5.42 £3.42) WV, REBWER LGRIEE X
(P>0.05),

%1 BCV-/ACS-VEMPs S 50(E (% +5)

P oVEMP ¢VEMP
” BCV-0VEMP ACS-0VEMP BCV-cVEMP ACS-cVEMP

Btz 122.66 £6.75(dB peFL)  111.43 +9.04(dB peSPL)  115.30 +4.99(dB peFL)  108.10 =6.53(dB peSPL)

NI V&R H7 (ms) 10.68 £1.70 " * 12.04 £1.57 26.20 £2.97 26.23 +2.83

P1 AR (ms) 15.57 £1.98* * 17.79 £2.30 16.35 +2.59* 17.47 £2.20

N1-P1 % [a] ] (ms) 4.88+1.72* 5.75+1.53 10.27 £2.30% 8.76 +2.11

PRIE (V) 9.67 +8.73** 4.93 +4.76 149.88 +92. 03" 112.38 +88.67

AKX PR (AR ) 28.08 +21.10 27.95 £18.13 23.60 £17.86 32.24 +18.92

VE :BCV-oVEMP 5 ACS-oVEMP His, * 75 P <0.05,* * 75 P <0.01 ;BCV-cVEMP 5 ACS-cVEMP %, # 7% P <0.05," 7% P <0.01
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ACS-cVEMP, BCV-cVEMP [ 5| H 2 2%y 100%
(50/50) . BCV-cVEMP 15 ACS-cVEMP [ #:, N1 3§
AR G 25 57 (P =0.96) ; PL g T AR 3]
(P=0.02), PI-N1 J% a3 (P = 0. 00) . ¥ i
(P=0.04) =5 HA5 2% E X ;BCV-cVEMP [
PL v A 300 4 J, PL-NT 38 ) 200 5 K, 3% I e
ACS-/BCV-cVEMP £ Z: B [8] 5 Jo 48 i} 24 2 7
ACS-/BCV-cVEMP B W5 LS5 i, 254
Tegiit2EE X (P >0.05),

LV

3 it

it
ST R (ACS) (B SRS (BCV)
YIRT % VEMPs, B ijif B _E 732 B VEMPs K
M J7 ik ACS,H ACS J5 A% BCV B &R BR
UNANELIE 254 S5 HE A5 A AT e S (TR A
9o SMIBNE R EESE B PELL I v A R B R
W45 ), FR IS M A BE ] ACS-VEMPs #EHfPEAL N
T AT 2 I REARAS , 1T BCV-VEMPs JUJ R 32 48 -
W H S5 s e 5 A BRI, o7 R R PEAL E R B0
RIFTEDIRER S . HAEPH AR B,
ZEF SRR B IR S B L ST S Bk 34 h 4
() FE 5, ST T R i[5 7 FB S 4 M e A B, P9 B
IRESZ B0 T8 Bk B 48 5 PRAS X — 30 20 1 fR 3 N
HYjRERT, ACS-VEMPs Hy F i 1E # 1% v H- D) e 1
FEfd 32 B, A RE YRR AL P BE B JEE D0 BEIR 25, T
BCV-VEMPs A 1 H- DI RE , 8¢ ACS S REHERA AL
PRSI SR H IR E SN BERZS . R AL R H L R
FEAE T 1o 5 77 24 K P BRI E , (FL LI 3 1 % S 1k
W S33582k T i 530 ACS-VEMPs JG i B A% P9 -
ARZS, T BCV-VEMPs ] 45 34 Py 112 D BEIR
BHE LA,

AW 3T, BCV-oVEMP 5 ACS-oVEMP [t %%,
BCV-oVEMP [ N1 . P1 3R H, N1-P1 i [a] H 34 ¢
G, PR IE# A, BCV-cVEMP 5 ACS-cVEMP H %%,
BCV-cVEMP ) P13 v Ak 1 40 J, R iE e k. 5
Yang 25 (9 F 58— 3L, Atk AT BE S BCV 1 ACS
AT R JRZ 7 L M B3 R Bl — o 22
AT X, BCV AT RETE A 0 RN 77 88z 2 5t vl
R Fh1 T Jok 20 1AV 53] 94 20 O At 350 7 B O AR ], ACS ]
BE 3 T SRR FE A B, 17 BCV U] AT i = 254 e o [
PERE 5 Z MG I e BT BCV JIl35E ACS ) 38CE
U, Curthoys 25" 3 1 3 ¥ SL 36 BF 5% % 1L, BCV
it E A7 SR SR L ACS BT 3K, R BCV 3l

S T E A 8 S [ . 24 AW i 2z ( ABR)
BI(E R K, T ACS 11 /i BE B 1 25 5N (3 {6 29 0
70 dB ABR ) B {5, B & & T ABR [ {H, ACS-/
BCV-oVEMP /245 B 5 8 H %5 - BCV-oVEMP 45 H- [
P1 PR A% J . ACS-/BCV-oVEMP [ 5B PE 5%
PESE AL ot BCV-oVEMP 4RI . FIRT
{f ] Mini-shaker 4810 4k 7 LA, BF5E 45 A 143
—30, ATRE BT Sy FA il SR SR A O, T A ol
BB, 224 B B81 B iR & TR M AL AT
REANTE 2 —3, J3 AP R B K B TR A S A1
7], T RE X H A7 w2 A A 1 o et A [/
ArRE A Bk 2E S . BERIASXTRR R A A KA Ho
7.2% %) 23. 1% A4, BN 32% HiR L 50% AR
JESER AR AR A (5 DAL 5E A A
PRAEKE—5L. Tseng 45" XF 20 {51 fit B 2 i %5 A
50 51| B H A JE 520 1Y £8 4 43 Bl EAT T R A (Fz)
FLIHBALAY BCV-oVEMP, X 1 o A [7] 30 385050 5 90 4
T HHR - iR R R AL ST BCV-0oVEMP [ {k
WA, R i 3K, 7E M8 8 329 B & BCV-oVEMP
OGRS =R VN R {3t v b G S T
A RE LA T P00 R0 o0 R 38, X A (R A A B 1Y)

SRR T SR T A R, 7L 5 FB AL 4 8 38T LA

FHHEF PR IR AR H A a BB IR
B81 & T2 b, il A B B AR &

WRLRAE , P AL R SO PRI o W T A M i
B2, B N ERRIOLE 22 S5, Ao B
AP BE 32 B 1 R B R RE N — B, HAEwUL
SR BREGHE LA, X FR I AT REAR XT3 25 (HAR A 9T
KW SAHRGE . JE AP BESE B8 B T4k K PRk
REFE T2 9 57 B 1 VEMPs {14 B 7] A % R 362 75
HZES5 .
4 Zig

B81 4R+l LA T VEMPs (4G, & =3
FIBAEPEB AL WY 3 450 2% S5 3 Y i E A 45 D) fiE
PO T 05 75 0 9, R O RS A RO R Y
VEMPs {4 7046 2
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