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Combined Effect of Vibration Intensity, Grip Temperature,
Noise and Pushing Power on Grip Forces and
Skin Temperatures of Fingers

Kyungsim Koh', B. Griefahn?, M. Fritz2, P. Brode?

Department of Preventive Medicine!, Seoul National University College of Medicine
Department of Occupational and Environmental Medicine?

Institute for Occupational Physiology of Dortmund University Germany

Recent studies reveal that grip forces during the hand-arm vibration are most
significant for the genesis of vibration-induced white finger syndrome. Therefore, exerted
grip forces and skin temperatures of fingers were regarded as dependent variables in
experiments and the effects of grip temperature, noise, pushing force, vibration and the
combined effect of vibration and pushing force were studied.

The objectives of the present study were, first, to varify and compare the changes of
grip force affected by grip temperature, noise, pushing force, vibration and the combined
effect of vibration and pushing force and, second, to observe the reaction of finger skin
temperature affected by above factors.

_ Forty-six healthy male students(25.07 & 2.85) participated in five systematically
permuted trials, which endured 4 minutes each other. Experiments were executed in a
special chamber with an air temperature of 21C. In each experiments, the subjects were
exposed to five experiment types: (1) grip force of 25 N only, (2) pushing force of 50 N,
(3) acceleration of vibration 7.1 m/sec2(z-direction), (4) pink noise of 95 dB(A) and (5)
combination of pushing force 50 N and acceleration of vibration 7.1 m/sec2. A repeated-
measures analysis of variance (ANOVA) was performed on the grip force to test whether
it was affected by noise, pushing force, vibration and pushing force. '
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The present results show that vibration was significantly related to the increase of grip
force, but the other factors, such as pushing force, noise and grip temperature had no
signigicant influence on the increase of grip force, and that the reaction of finger skin-
témperature were significantly affected by the skin temperature at start of experiment
and grip temperature, not grip force and other experimental conditions. Therefore, we
suggest that the management for decreasing the grip force is meaningful to prevent the
occurrence of Hand-arm vibration syndrome (HAVS).

Key words: vibration, grip force, finger skin temperature, grip temperature,

Hand-arm vibration syndrome
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Table 1. Five experimental conditions

conditions control(1) 2 3 4 5
pushing force (N) 5 50 5 5 50
vibration (m/s2) 0 0 7.1 0 71
noise (dB (A)) 33 .38 38 95 38

grip temperature 20 and 33TC
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1 ' 2
rest period | preperiod
(30%) (30%)

3
main period
(180%)

1 rest period: both hand over thigh
2 preperiod:

right hand grips the handle with grip force 25 N

3 main period: maintain grip force 25 N without control and simuitaneously exposed

to various stress factors(5 experimental conditions)

phase 1: during the first minute of main period

phase 2: during the second minute of main period

phase 3: during the third minute of main period

Fig. 1. Experimental process
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Grip force |

IN] —
Experimental conditions
60 -_ 1 control
R (USSR 2. pushing force
,1 ....... ~ 3 vibration
50 A ] eeseseananeasan 4 noise
?. --------------- 5 vibration & pushing force
A%
40 Y
!
I
30 1
20 -
10
0_
—10.‘1' LI A A B 1 T T LA T N T
0 30 60 90 120 150 180 210 240
Time [s]

Fig. 2. Chang'e of grip forces by 5 experimental conditions

Table 2. Means and standard deviations of grip forces under five experimental conditions

phase 1 phase 2 phase 3

conditions

mean (N)  s.d. # (N) mean (N) s.d. (N) mean (N) s.d. (N)
1 control 26.4 10.4 18.6 7.6 16.6 8.3
2 pushing force 36.7 26.5* 21.9 11.4 17.7 8.7
3 vibration 46.9* 22.0* 25.8% 11.1** 21.4* 10.9*
4 noise 30.0* 7.3* 20.2 5.7 18.3 6.2
5 vibration and 43.9* 18.0** 23.7= 11.5* 21.2* 11.4*

pushing force

*p<0.05;* p<0.001
# s.d. = standard deviation

2 FAE Bovh FrEFe] 2% 20T} 30T
o mg ot xlol= BAHR e} FAA
g FTERC LR BE JHstele £
AR o2 F937 Aol7} uiet

2. X|tu|F 25}

eBs ARSI G AP RLe WHE B
™, Table 364 B vhe} 7o) g 7)1 A) 30 =7}
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Grip lorce

[N] B
70 Grip temperature
Mean(Grip temperature 20 ° C)
LTttt a1 standard deviation
60 - R
!
|
i
!
i
-0 N B S e S .
1] 30 60 90 120 150 180 210 240
Time [s]
Fig. 3. Change of grip force by grip temperature 20T and 33¢C
Table 3. Means and standard deviations of skin o AFFHL 25~26C AFZ Mol o
temperatures at start and its differences of right mid- ZAH 7)) ulx)at 30 %9 2 thu] B &3} o)
die finger under grip temperature 20°C and 33C ’

2 bl Aol HHl, FFEA|LEA} 0CTAAE 2
grip temperature e 3¢ ST A% st (Fig 4), F7&geless
conditions mean s.d. mean  s.d. BedAE 1 AER 27182 & 5 ot (Fig.
1 temp. at start* 2676  2.14 3048 2.28 6). ol = At F o] LAl 2w ] kS

i - . 1 "
temp. difference 249 1.58 1.07 119 Hle. o o} & gt} o] THdaAte] 2 AL F3)
2 temp. at start 26.70  2.80 3003 2.6l o SR TEe % A calAlo] 7]alah 7o
temp. difference  -2.02  1.58 1.14  1.80 o] HHEHS B AT AL 7]l AL
3 temp. at start 2579 277 29.99  2.16 AHRH ) rpZEA 2 R B v £rtete] A
temp. difference  -2.25 1.65 1.16 1.73 H 22 o] W3lx Table 49 veh} glov] A=)
4 temp. a? start 2636 238 29.72  2.29 &r}ete] | eiu] B emslel 7+e oFAle welth
temp. difference  -2.29  1.68 122 1.23 . . Z Al& ol R ET}HE
Stemp. atstatt 2667 200 1992 199 (Fig. 5, 7). Fig. 4, 594 Al 3497 A=
temp. difference  -2.51  1.38 095 1.56 F2do] A SARTA AF 2 v o 57
* temp. at start : skin temperature during the rest period ZE23Hc 52z A 37F S-S Hol
** skin temperature difference between last 30 seconds and /q 7}73 5ol w2 j_] o o 701.3-}_161 Tol= 4 ;g]
temp. at start 6 ol=l <1 A1 = ol o
# s.d: standard deviation . 22 ‘l‘l‘-qql' z]—O]—é— _EJ_O]Z] -w%‘:}- °]‘1:‘ A]Z}/K]

—768 —



31 control
Temp. { |\ ___ - __ pushing force
[ °Cl < — . — vibration
-+ noise
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28
27
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Experimental conditions

vibration & pushing force

T T

120 . 150 180 210 240
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Fig. 4. Change of skin temperature of right middie finger by grip temperature 20C

Table 4. Means and standard deviations of skin
temperatures at start and its differences of right ring
finger under grip temperature 20°C and 33C

grip temperature 20T 330

conditions mean sd. 4 mean  s.d.

1 temp. at start* 2733 285 30.74 243

temp. difference™ -2.20 2.14 1.03  1.58
2 temp. at start 2071 3.27 29.56 271
temp. difference  -2.32  2.00 026 1.69
3 temp. at start 25.54 290 30.24  2.66
temp. difference  -2.85 1.65 1.11  2.00
4 temp. at start 2635 265 29.54 285
temp. difference  -2.56 1.81 0.76  1.59
5 temp. at start 2643 240 29.62 216
temp. difference -2.96 1.64 032 1.69

* temp. at start : skin temperature during the rest period

** skin temperature difference between last 30 seconds and
temp. at start

# s.d: standard deviation
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Experimental conditions
314
control

Temp. | e e pushing force
recy (=== — vibration

S T [PRUNPNPIP noise

30- Y vibration & pushing force

Fig. 5. Change of skin temperature of right ring finger by grip temperature 20T
Experimental conditions
. 3_3 ) - . control
Temp. | . . — = = — — — — pushing force
[ °C] s = — vibration
S A noise
a1 e vibration & pushing force

28

27 4
T

—r ———r - —— g e e o eSS v
0 30 60 S0 120 150 180 210 240

Time [s]
Fig. 6. Change of skin temperature of right middle finger by grip temperature 33C
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Experimental conditions
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vibration & pushing force

28

271

( EUL A B S S B s B S et LI e 2o e e e S S e e

120 150 180 210 24Q
Time [s]

Fig. 7. Change of skin temperature of right fing finger by grip temperature 33°C
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