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— Abstract —

Effect of Hand Transmitted Vibration on the Auditory System

Jae-Kook Yoon, Cheol-In Yoo, Ji-Ho Lee

Department of Occupational and Environmental Medicine,
University of Ulsan, College of Medicine, Ulsan University Hospital

Objectives: This study was undertaken to estimate the effect of hand transmitted vibration exposure
for long time period on the auditory system in shipyard grinder workers.

Methods: From 2006 to 2009, the study was carried out on 87 grinder workers for hand transmitted
vibration exposure group, with 81 welders who were served as the control group. All subjects were male;
at baseline, none of the participants had ear disease or diabetes mellitus. Auditory threshold at different
frequencies ranged from 0.25 kHz to 8 kHz for both ear was recorded; the following were a'so collected
from the subjects: age, exposure duration, noise exposure level of investigation year, total cholesterol,
systolic/diastolic blood pressure, and smoking history.

Results: In comparison of two groups, mean of age, exposure duration, noise level, total cholesterol,
systolic/diastolic blood pressure, smoking rate were not significantly different between the groups.
Auditory thresholds of 0.25, 0.5 kHz frequenciesin both ear, 1 kHz frequency in right ear, and 8 kHz fre-
quency in left ear were higher in hand-transmitted vibration exposure group than that in the control group
at a statistically significant level. After stratification by age 50 years, there were no significant differ-
ences between the two groups in less than 50-years old age group, but auditory threshold of 0.25, 0.5, 1
and 8 kHz frequency were significantly different between the two groups in above 50-years old age
group. The differences between two groups ranged from 0.4 dB(HL) to 6.7 dB(HL). Multiple linear
regression analysis showed that hand transmitted vibration exposure was significant only in 0.25, 0.5 kHz
frequency and the regression coefficients of vibration exposure ranged from 3.826 to 5.028 in those fre-
quencies.

Conclusions: The differences of hearing threshold between two groups only in the 50-years old group
were possibly owing to changed peripheral vascular system with autonomic nervous system, and signifi-
cances only in low frequencies such as 0.25, 0.5 kHz probably mean that hand vibration exposure have
been transmitted to auditory organ over long term. Collectively, older people can be more susceptible to
hearing loss in the presence of hand transmitted vibration exposure and auditory threshold at low fre-
guency may be more affected by the hand transmitted vibration exposure than high frequency.

Key Words: Hearing loss, Hand-arm vibration syndrome, Autonomic nervous system, Cochlear,
Auditory threshold
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Table 1. Comparison between hand transmitted vibration exposure group and control group

0.25 kHz¢ 0.5 kHz, %3¢ 1 kHz 218]a #59] 8
KHzelH % @ zte] Aol7h BAAOR felgith
(X0.01 & p(0.05). 7 F3sold] % 2 2ke] Aol

025 05 1 2 3 4 6 8
Frequency (kHz)

Fig. 1. Differences of hearing threshold level between hand
transmitted vibration exposure group and control group (mean
of right and left)

(mean+ standard deviation)

Characteristics Vibration (n=87) Control (n=81) Total

Age (year) 51.8+4.9 50.8+4.7 51.3+4.8(33.0~58.0)*

Exposure duration (year) 24.6+4.7 248+35 24.6+4.2(8.0~31.0)

Noise level [dB(A)] 88.4+2.6 89.5+4.7 88.9+3.8(81.1~114.1)

Total cholesterol (mg/dl) 191.1+29.0 190.0+32.6 190.6+30.7(81~271)

Systolic BP (mmHg) 124.6+13.2 124.8+13.1 124.7+13.1(100~174)

Diastolic BP (mmHg) 76.1+84 75.8+8.8 75.9+ 8.6(60~96)

Smoking rate (%) 44.8 333 39.3

Past smoking rate (%) 19.5 30.9 25.0

0.25kHz HL (dB)  Left 16.8+9.3" 12.7+10.3" 14.8+10.0(5~85)
Right 18.7+12.11 14.0+9.6' 16.4+11.2(5~80)

0.5 kHz HL (dB) Left 16.0+9.6' 12.1+10.6* 14.1+10.3(5~85)
Right 17.4+11.7" 12.3+9.4' 14.9+10.9(5~80)

1kHz HL (dB) Left 19.6+125 17.4+13.2 18.5+12.9(5~100)
Right 20.1+135" 16.1+11.8" 18.2+12.8(5~90)

2 kHz HL(dB) Left 28.6+15.1 25.8+17.2 27.3+16.1(5~95)
Right 2744154 23.1+16.1 25.3+15.8(5~90)

3kHz HL (dB) Left 448+17.2 432+174 44.0+17.2(5~90)
Right 41.6+16.7 39.2+18.6 40.5+17.7(5~90)

4 kHz HL (dB) Left 53.9+13.9 52.4+14.9 53.1+ 14.4(5~95)
Right 51.0+16.3 50.6+16.8 50.8+ 16.5(10~95)

6 kHz HL (dB) Left 56.6+18.0 54.0+20.3 55.3+19.1(10~105)
Right 56.4+18.7 52.8+21.9 54.7+ 20.3(15~105)

8 kHz HL (dB) Left 57.1+19.9' 50.4+20.6" 53.9+ 20.5(10~105)
Right 55.6+20.5 51.0+23.3 53.3+22.0(10~105)

*(minimum value~maximum value).
"p<0.01, *p<0.05 : calculated by t-test.

HL: Hearing level.

21



istxidetdolstsx| w23 d# H 1= 20114

—

o nE A3 $39 AT Fig. 1o =A3sich
(Table 1, Fig. 1).

2. AT ChAMRIS S| oiZohe B|m

50ME 71Fe 504 met 2g 500 1go R v}
ol & & wlwapdck A A % 504 vlghe
499 (29.2%). 50dl+= 1199 (70.8%)°] ATt

BOAI WI¥k 2golA it AYL o] FaAE
o] 4514, ti&wo] 46.34 2 vx=Te Ha
7t kot BAKOR felakA ggton

71k R ZAAF =EFFo] 21.0d, Wz

(oW
=
=
u
4
-m
1,
W
B>
)
offt
o=
e
2
o
o
A g
B PN

gARE EAH R Golaln| ekttt = Ty 2HE,
Z71/e197] Egt, %Oﬂ =

)
i)
oAt A oHE oo R

FollAel A X5 HH #5 1, 2, 3, 4, 6 kHzel
Aol A 9A+= 1.5 dB(A)~4.7 dB(HL)S Aol=
el 927k o #sken 0.25, 0.5, 8 kHzo| &5
I 5 283 1, 2, 3, 4, 6 kHzdA= 559 A9

X7+ 0.1 dB (HL)~6.2 dB(HL)9] Apol& 79 =
AE wHPlA d B I 29@ Aol ®
% gAd0R felaA et

09 24 B dee G4 3
54.04, o] 53 5HZ F3e] 2o
b ko) BAAQ Aol |

S
e SR F2AE wETol
[©)

fr
mgg
PR
T |
n:)
i)
i)
oﬂﬁl‘qq‘{tﬁaj},r
R o o e
omgt[owrﬁﬁg\l

fru
Ho
o
N
55
fui
b
!
B
lo
&
M\
rlo
&
= I
© 0= a0 oo fo oo

d
dB(A)Z Wtz H Lgol :
FAAHF(p€0.05). F FH|=El=E, FF71/°]

A

NE
ok
re
o

R T
>

» e
O
A
[ HiF
29 32
ot R
o e o
m o, N i

i
N
=
fitl
_l

4z
H
o
59
of
br
i
Y

Table 2. Comparison between hand transmitted vibration exposure group and control group by age group

(mean + standard deviation)

L ess than 50(n=49)

Characteristics

508(n=119)

Vibration(n=21)

Control(n=28) Vibration(n=66) Control (n=53)

Age (year) 451+49
Exposure duration (year) 21.0+6.4
Noise level [dB(A)] 89.1+3.0
Total cholesterol (mg/dl) 187.8+30.6
Systolic BP (mmHg) 126.5+11.8
Diastolic BP (mmHg) 74.6+7.8
Smoking rate (%) 47.6
Past smoking rate (%) 28.6
0.25kHz HL (dB)  Left 16.2+9.1
Right 17.4+9.8
0.5 kHz HL (dB) Left 15.7+9.0
Right 17.1+8.7
1 kHz HL (dB) Left 17.4+10.2
Right 17.9+10.4
2 kHz HL (dB) Left 245+11.0
Right 226+11.8
3kHz HL (dB) Left 37.6+16.7
Right 36.4+16.1
4 kHz HL (dB) Left 49.8+16.8
Right 47.94+20.8
6 kHz HL (dB) Left 49.8+20.6
Right 54.1+24.0
8kHz HL (dB) Left 50.04+23.2
Right 50.7+23.2

46.3+33 54.0+2.2 535+25
22.3+39 25.4+3.4 26.1+25
88.8+3.6 88.2+2.5* 89.9+5.1*
188.6+35.4 192.2+28.6 190.7+31.4
124.1+13.7 123.9+13.7 125.2+12.9
73.7+10.4 76.5+8.6 76.9+7.7
53.6 4391 22,61
25.0 16.7* 34.0*
13.8+15.1 17.0+9.41 12.1+6.7"
14.3+13.7 19.1+12.8" 13.9+6.6"
12.0+15.6 16.1+9.9* 12.1+6.8*
11.4+13.0 17.4+12.6* 12.7+6.8*
18.9+19.2 20.3+13.2 16.5+8.7
15.7+16.4 20.8+14.3* 16.4+8.5*
26.4+22.1 30.0+16.0 255+14.1
21.4+18.4 28.9+16.1 24.0+14.9
42.3+19.6 47.1+16.8 43.7+16.3
36.3+20.9 43.3+16.7 40.8+17.4
52.3+15.4 55.2+12.7 52.4+14.9
47.9+19.8 52.0+14.6 52.1+15.0
53.44+21.0 58.8+16.7 54.3+20.1
48.2+229 57.2+16.9 55.2+21.2
47.7+22.8 59.4+18.3* 51.9+19.4*
445+25.4 57.1+19.5 54.3+21.6

*p<0.05, "p<0.01: calculated by t-test.
¥p<0.05: calculated by chi-square test.
HL: Hearing level.
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Table 3. Comparisons of adjusted hearing threshold among hand vibration exposure group according to hand-transmitted vibration
tool (mean+ standard error)

Hand vibration exposed workers (n=83)

Frequency

4inch* (n=39) 4 with 7 inch (n=11) 7 inch* (n=29) Others' (n=4)
0.25 kHz HL (dB) Left 164+16 18.7+29 17.3+18 19.1+4.9
Right 19.8+20 159+38 19.2+23 19.3+64
0.5kHz HL (dB) Left 157+16 16.4+3.0 17.1+19 20.2+5.0
Right 18.1+20 14.6+3.7 183+23 19.0+6.2
1kHz HL (dB) Left 18.3+2.0 17.7+3.8 224+23 22.3+6.3
Right 19.7+£2.2 17.9+4.2 22.0+2.6 226+7.1
2kHz HL (dB) Left 243+23 30.8+4.3 34627 236+73
Right 259425 25.0+4.7 30.6+29 29.2+79
3kHz HL (dB) Left 40.4+25 46.9+4.7 51.3+29 39.7+7.8
Right® 37.8+26 43.0+50 46.2+3.1 448+8.3
4 kHz HL (dB) Left 514422 58.9+4.1 57.0+25 457+6.9
Right 49.6+2.7 54.0+5.1 521+31 50.1+8.5
6 kHz HL (dB) Left 55.8+2.8 62.0+5.2 58.0+3.2 47.7+8.7
Right 58.8+3.1 56.9+5.9 53.8+3.6 58.3+9.8
8kHz HL (dB) Left 56.4+3.0 59.2+5.6 58.6+3.4 55.8+9.3
Right 57.8+3.3 54.9+6.3 54.3+3.9 53.2+10.5

The value of results were estimated mean and standard error adjusted by age, exposure year, noise exposure level, systolic blood
pressure, total cholesterol using general linear model (GLM) and missing data were excluded.

*Average acceleration of 4 inch grinder was 4.4 m/s’, 1.9 m/s%, and 7 inch grinder was 13.2 m/’, 2.7 m/s’, "Hammer or impact
wrench, *p<0.01 by post hoc comparison of GLM(7 inch > 4 inch), $p<0.05 by post hoc comparison of GLM(7 inch > 4 inch).

Table 4. Multiple regression analysis of hearing threshold level (dB) for variables according to frequencies (left ear)

Variables 0.25 kHz 0.5kHz 1kHz 2 kHz 3 kHz 4kHz 6 kHz 8 kHz
Vibration exposure B 4.010 3.826 1.776 3.261 2.022 0.948 1.949 6.007
Sp 0.210 0.187 0.069 0.101 0.059 0.033 0.051 0.149
SE. 1.578 1.628 2.080 2.545 2.664 2.259 3.048 3.170
p <0.05 <0.05 0.394 0.202 0.449 0.675 0.523 0.057
Age B 0.142 0.177 0.352 0.000 0.217 0.388 0.712 0.769
Sp 0.069 0.083 0.132 0.000 0.061 0.130 0.179 0.181
SE. 0.217 0.224 0.286 0.350 0.366 0.311 0.419 0.436
p 0.514 0.429 0.220 0.999 0.555 0.214 0.092 0.080
Exposure duration B 0.227 0.230 0.141 0.848 1.066 0.599 0.296 0.444
SB 0.095 0.093 0.046 0.219 0.258 0.174 0.065 0.091
SE. 0.253 0.261 0.333 0.408 0.427 0.362 0.488 0.508
p 0.371 0.379 0.673 <0.05 <0.05 0.100 0.545 0.383
Noise level B -0.132 -0.091 -0.096 -0.309 -0.303 -0.445 -0.224  -0.524
SB -0.050 -0.033 -0.028 -0.072 -0.066 -0.117 -0.044  -0.097
SE. 0.206 0.213 0.272 0.333 0.348 0.295 0.399 0.415
p 0.522 0.670 0.724 0.354 0.385 0.134 0.575 0.208
Current smoking B 1.776 1.713 1.170 -3.303 -1.546 3.113 4.745 1.612
Sp 0.087 0.082 0.045 -0.100 -0.044 0.106 0.121 0.039
SE. 1.836 1.895 2.420 2.962 3.100 2.629 3.547 3.689
p 0.335 0.367 0.630 0.266 0.619 0.238 0.183 0.663
Past smoking B 3.117 2512 0.769 0.241 3.429 4,004 6.055 6.909
SB 0.136 0.106 0.026 0.006 0.086 0.121 0.137 0.147
SE. 2.019 2.083 2.661 3.256 3.407 2.890 3.899 4.055
p 0.124 0.230 0.773 0.941 0.316 0.168 0.122 0.090
Total cholesterol B 0.004 0.009 0.014 -0.015 0.000 0.002 -0.013 0.011
SB 0.013 0.028 0.033 -0.029 0.000 0.005 -0.021 0.016
SE. 0.025 0.026 0.033 0.041 0.043 0.036 0.049 0.051
p 0.867 0.722 0.680 0.709 0.997 0.946 0.788 0.830

B: Regression coefficient, Sg: standardized regression coefficient, S.E.: standard error.
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Table 5. Multiple regression analysis of hearing threshold level (dB) for variables according to frequencies (right ear)

Variables 0.25 kHz 0.5kHz 1kHz 2kHz 3kHz 4 kHz 6kHz 8kHz
Vibration exposure B 4.684 5.028 3.790 4.602 3.233 0.403 2.980 4.885
B 0.210 0.231 0.149 0.146 0.092 0.012 0.073 0.111
SE. 1.776 1.715 2.044 2.495 2.780 2.623 3.272 3.457
p <0.01 <0.01 0.066 0.067 0.247 0.878 0.364 0.160
Age B 0.216 0.155 0.259 -0.035 -0.220 0.061 0.539 0.878
SB 0.093 0.069 0.098 -0.011 -0.060 0.018 0.141 0.193
SE. 0.244 0.236 0.281 0.343 0.382 0.361 0.450 0.476
p 0.377 0.511 0.358 0.919 0.566 0.865 0.190 0.067
Exposure duration B 0.139 0.258 0.276 0.965 1.314 0.791 0.027 0.267
SB 0.052 0.099 0.090 0.254 0.310 0.200 0.005 0.051
SE. 0.284 0.275 0.327 0.400 0.445 0.420 0.524 0.554
p 0.627 0.349 0.400 <0.05 <0.01 0.061 0.960 0.631
Noise level B 0.041 0.037 0.079 -0.194 0.151 0.253 0.370 0.474
SB 0.014 0.013 0.023 -0.046 0.032 0.058 0.069 0.081
SE. 0.232 0.224 0.267 0.326 0.364 0.343 0.428 0.452
p 0.861 0.868 0.767 0.553 0.678 0.461 0.388 0.296
Current smoking B 2.133 2.728 0.524 -0.730 -0.457 2.082 4.076 0.935
SB 0.093 0.123 0.020 -0.023 -0.013 0.062 0.098 0.021
SE. 2.067 1.996 2.379 2.904 3.235 3.052 3.808 4,023
p 0.304 0.174 0.826 0.802 0.888 0.496 0.286 0.816
Past smoking B 3.334 2.505 0.287 -0.341 -1.811 -2.101 0.044 5.461
SB 0.129 0.100 0.010 -0.009 -0.045 -0.055 0.001 0.108
SE. 2.272 2.194 2.615 3.192 3.556 3.355 4.186 4.423
p 0.144 0.255 0.913 0.915 0.611 0.532 0.992 0.219
Total cholesterol B -0.002 0.008 0.009 0.007 0.003 0.047 0.033 0.022
SB -0.005 0.023 0.022 0.013 0.006 0.088 0.049 0.030
SE. 0.028 0.027 0.033 0.040 0.044 0.042 0.052 0.055
p 0.944 0.768 0.777 0.862 0.941 0.260 0.535 0.695

B : Regression coefficient, SB : standardized regression coefficient, S.E.: standard error.
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