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Table 1. Classification of 24 workers using vibrating tools in skin temperature
and finger blood flow test. The numeral in each column represents No.

of cases.
Group Group
A B C A B C
age *years

<40 1 1 <10 2 2 2
=50 1 1 1 =15 5 5 4
<60 3 3 3 15< 1 1 2

<70 3 3 3

70< 1

A, group with no symptom ; B, group with numbness and/or pain without
Raynaud’s phenomenon; C, group with Raynaud’s phenomenon.

*years : period of using vibrating tools.

Table 2. Classification of 24 workers using vibrating tools in nerve conduction
velocity test. The numeral in each column represents No. of cases.

Group A B c \ Group A 5 c
age *years
=40 =10 4 4 5
=50 2 1 <15 4 4 3
<60 3 3 4 15<
=70 3 4 4
70<

A, B & C: refer to Table 1.

*years : period of using vibrating tools.
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EROIEETHS. EFREFHOEREICIE, 7
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EFEEICRE(CRLEMER 10 mmg 2EH L 7.
TEREMEIE 10 1A, 60 BICEEL, 7 OEFE Lk
FEAAOR—Z v BEROE(LELIL 2. 2D,
KRRBENEALIZUH T 10~15 2 TOMTIEHR
WEIGERE LB, Lot T 2 ORI O H R
ke, FEN»SBAEBLRE £ RBE L 299,
3) RIEHR{EEEE
WERE OO RBHE, EhHRoEsimRcs
# /& (motor nerve conduction velocity, 2A{F MNCV
EHEED) RWEL 720 B L UFEBICHEER
(WPI, Bipolar stimulator Model 601; NF, Func-
tion oscillator Model E 1011) #>5 OBEKFIB (HI#
BB Medelec EL 212M) 202 T, &% /NMEEKES (M.
abductor digiti minimi), %EESM RS (M. abductor
pollicis brevis) 7 & OFEFRFBIEEENL (muscle action
potential) % #EH L Signal processor (San-ei, Type
7SO W THEL, X-Y recorder (YEW, Type 3077)
IZELER L7z, MNCV 0 &I, FEREEs L UFE
HMABSOEECES, MIBMICL>TELNIER
ERSEEM O LB A TOBBOETRLT

m/sec DRI TRD:, FIBEEL LT, HERE
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D#I5em OFAL (K1, CA) WEEL .
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AIFSE D#2em, 4em OFIEE R EL T
BB (Medelec EL 36) OBEBO% FHEH, BEQ
ERMACZZLOEEL(FL, S.@H, $S.OH5),
AUL{#6cm, 8cm OHMULRHE_FH S L THEE
BEHEELL (®1, S,PR, S:OR). Th i
3 cm Bt - ERAL D SYETAS (segmental muscle)'® (2 %7
I 7HER (Medelec DS 37) 2RIAL, ESD
longitudinal nerve trunk % LD =g (S,, S, T
R CHBONIFERHEHEULEHL: (B,
RE). HIEMEBRHBEEFEzO>WTIEI -2 AL
TH5.,

. REAOFRARBFEHRBRHFCH T 28R

iR, RFAMER+L & MNCV ORIE

1. MR

WEAE TR 5B, 5 SIBORERTFSLTH
3., IRBTEFRRERCA — b1 EORBRERIT S
<, BEBEGES 2V,

2. RENBEA%

FEETEBRT -2 L FEUEBETH 203, IR
DOEFRECERAOmMm OEENY FAVEET ST
7V AVMOFERIMEEERHEL TEEL, Zhizd
BE ~VEEROIER Yy 7 7 v 7 (EMIC 541-
A) ZEY i, HREE (EMIC505-D) i & b g
DAY FENVOERE VRV RBER L T2,

BB IREMTEREETRIACOEL T
FLEBLELE, REERBLL. N FRLIZRER
P4 AU RBEHL, OF HBIEE (Sanei
6M57A) THIBHROH I 2 HEBREOIICB WYY S
S 7 (San-ei 5L30) &KL, BEPOED HFEITF
—EZT B LOEELT.

AR LR EEYEROBES L RL  IREE 30
Hz, 60 Hz, 120 Hz, 240 Hz, 480 Hz 35 & U° 960 Hz @

>§ e 350, 320 520 K @&D

Fig.1. Schema of electrode arrangements for the
skin temperature, local blood flow and nerve
conduction velocity measurements on the tails of
rats. For measurement of the skin telperature,
one thermister was put with paper tape at point
A. For measurement of the local blood flow,
one needle electrode was inserted at point B and
one reference electrode was put at point C. For
stimulation of the nerve fibers, two pairs of steel
electrodes were separately ringed at point S, and
S,. For recording of compound action potentials
from the nerve fibers, one steel needle was
inserted at point R.

EREERERE T, MEEZ T 50m/sec’TH
b, HEREDAFX HAE (International Standard
Organization (ISO) OEHE!Y) 24 EIE 60 SO &
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FER, AR, MNCV ORIERESEIX 1 -2
ERLCTH B,

54 -
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EHTEFERZECOWT, KWE, BETMRE,
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28 (CE) (BHn=28) DIHINRERALTH
BRFE2~5I1TFLE.

1. K&

FNZNOPOKEROTFE BB, AR
31.5+0.45°C, BE£32.2+0.41°C, C#£30.2+1.22°C
b, M2wRLid, EHMCcEEREZERRD S
RN AR

2 . REFME

FRIXE IR LA, Mg FHE +HERE
1%, AFES54.6+2.74ml/100 g/min, BEE46.6+4.84
m1/100 g/min, C B 34.4+1.98 ml/100 g/min T &
D, SEMELET2 L, CH (EAREOHH)
OMPEOFHEL, ABOZTNLIET 2 LERE
1%L TTHERECESLTEY, ARCBEOEAL
DHETHRRES U UT CEERBY TH -7, A
HLBEELOBIERLREZRIZ DR 7.
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Fig.2. Skin temperature of 24 workers using
vibrating tools. Each group represents a meanxt
S.E. M. of 8 men.

A, B & C: refer to Table 1.
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4 WERERRL Y, REWED MNCV O F
PWEHE 1, ABE54.1+2.78 m/sec, B B
61.8+3.43m/sec, CB£48.2+1.65m/sec TH o7,
BRMBOLBICBTIE, CHEBHLOMIZERR
ErED T (BRE1I%UT)., 2S5 CHEARLD
BIEMER (ERRE 10%LUT) 2@ED s, AL B
LOBCERREZRIRD o1,
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FErh#EO MNCV O FHEBEHERE L, AR
64.4+4.56m/sec, B B£59.1+4.41m/sec, C &
48.5+2.16 m/sec T, B 5w L7, CEOPHEE
ABEOFNEHET S E, BRE1IBUTTERECHE
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Fig.3. Blood flow of 24 workers using vibrating
tools. Each group represents a meantS. E. M.
of 8 men.

A, B & C: refer to Table 1.
** p<0.01; * p<0.05 (t-test).
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Fig. 4. Peripheral motor nerve conduction velocity
(MNCYV) of the ulnar nerve of 24 workers using
vibrating tools. Each groups represents a mean
+S.E. M. of 8 men.
A, B & C: refer to Table 1.

**, p<0.01; sug, p<0.10 (t-test).

BLTHED, BELOBETLERESXLUTT
MNCV 0EERBEERD 12,

.59 rRMBOEKE BFAORESL & U

MNCV 0 BFiE#HREIC L 5 (L

6~ 81z, IRENILERE % 50 m/sectiz—EICL T,
REIMAS 30 Hz 05 960 Hz £ TORBXR DIREIH 2 &
HWLBED, MR, R, MNCV OfRE%
B (240 90D & 2%t (RBRERE-FAME %
FEHETRT.

1. EE (86)

FEBHF BT, (REBBRERO K WR — RKEIR

R
i

(m/sec)

50 +

MNCV

40

A

T
A b group

Fig. 5. Peripheral motor nerve conductinn velocity
of the median nerve of 24 workers using vibrating
tools. Each group represents a mean*S. E. M.
of 8 men.

A, B & C: refer to Table 1.
** p<0.01; * p<0.05 (t-test).

1othes,

-2 E*
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Frequency (hz)

Fig. 6. Effect of various frequencies on skin
temperature on the tails of rats exposed for 4
hours to local vibration under constant accelera-
tion (50 m/sec?). Each group represents a
mean=S. E. M. of the skin temperatures changed
before and after vibration exposure of 4 rats (60,
240, 960 Hz) or 5 rats (30, 120, 480 Hz).

*, p<0.05 (t-test).
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5% UT CRFMRBBREROEME &t REROEMER
OFHEOEICERLZE2RD .. HORBEEEL &
USRS s LT, BESRLERDEr o1,

2. RprmyiE (E7)

s (REHBEXE-RBANE OFHELE
WHEE, IREBHFEIC30Hz25—9.53£1.97 ml/
100 g/min, 60 Hz #—6.21+1.24 ml/100 g/min, 120
Hz 28—6.43+£3.22 ml1/100 g/min, 240 Hz »—
2.81+1.28 m1/100 g/min, 480 Hz #¥—4.99+1.64
ml/100 g/min, 960 Hz #$—1.21+0.48 ml/100 g/min
THol, ERWABEOZNIZ—1.2711.88 m]/100
g/min THo7:, BEAEL BE L OFHEOD HEK

(WRIEDH 2HE) Tid, REE 30 Hz Bz T
EREIXRUTTEEZBY 2R, REI60Hz
B, ABIHz BB THREBREL BELOBICHE
BEERD I (EBRES KLUT), oORERHSL LU
SHEHETRAERLELERD L, o7,

3. MNCV (K 8)

EEBECREAMTEE LMK, MNCVIZDOWTH

(RERBHRE - REAHE) OTYELFERELT

(m 00g/min)
-2 - E
P
1ot

-8
-
-10 <

3‘0 6:3 12’0 24‘0 4;0 9&0
F requency

Fig. 7. Effect of various frequencies on blood flow
on the tails of rats exposed for 4 hours to local
vibration under constant acceleration (50 m/
sec?). Each group represents a mean=S. E M.
of the blood flow changed before and after
vibration exposure of 4 rats (60, 240, 960 Hz) or 5
rats (30, 120, 480 Hz).
** p<0.01; * p<0.05 (t-test).
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13 —1.55+0.89m/sec TH-7:, HREEELBELD
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ZElE@Ed s higmo it
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iR 4$ £ U MNCV ~E g

BB L ARk, IRBYONEE v~ v & —7E (50 m/
sec?) & LT, fEXORE O RATIRENRE (60 523f8)
BT BGOSR, RENI L CREFHEOFY
Exo (A TREREOFHEL2e () Tbo
TRICRL .

1. KRR

BRI OIRENRTE AT O KB O FH(E + {EHan
CRBREBEBOINERIIWARLE (30HzZ A 34.5%
0.29°C, 34.5+0.37°C; 60 Hz »% 33.9+0.63°C,
33.4+0.29°C; 120 Hz »¥33.7+0.71°C, 33.1%
0.44°C; 240 Hz #¥35.1+0.08°C, 34.1+0.26°C; 480
Hz #$33.4+1.27°C, 32.4+1.53°C; 960 Hz »
34.5+0.33°C, 34.4%0.44°C, XFBEHS 34.440.38°C,
33.6+£0.67°C). REAEDCFHE L REOFIIEL »
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b, FLNEREBRICBLTY, ARSZEERD AR

(m/sec)
1
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Fig.8. Effect of various frequencies on peripheral

motor nerve conduction velocity (MNCV) on the

tails of rats exposed for 4 hours to local vibration

under constant acceleration (50 m/sec?). Each

group represents a mean*S. E. M. of the MNCV

changed before and after vibration exposure of 4

rats (60, 240, 960 Hz) or 5 rats (30, 120, 480 Hz).
** p<0.01 (t-test).
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min; 240 Hz #2 44.7+1.99 ml/100 g/min, 39.9+
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Fig.9. Effect of various frequencies on skin
temperature on the hand exposed for 1 hour to
local vibration under cnnstant acceleration (50
m/sec?). Each group represents a mean*S.E.
M. of 5 men.
O, before vibration exposure ; ®, after vibration
exposure.
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Fig.10. Effect of various frequencies on blood
flow on the hand exposed for 1 hour to local
vibration under constant acceleration (50 m/sec?).
Each group represents a mean+S. E. M. of 5 men.
O, before vibration exposure ; ®, after vibration
exposure.
*, p<0.05; sug, p<0.10 (t-test).
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Fig. 11. Effect of various frequencies on peri-
pheral motor nerve conduction velocity of the
ulnar nerve on the hand exposed for 1 hour to
local vibration under constant acceleration (50
m/sec?). Each group represents a mean+S.E.
M. of 5 men.
O, before vibration exposure ; ®, after vibration
exposure.
sug, p<0.10 (t-test).
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53.9+3.75 m/sec, 120 Hz »353.7+2.12 m/sec,
48.3+2.03 m/sec, 240 Hz »$51.6+1.63 m/sec,
50.6+2.22 m/sec, 480 Hz »3 58.7+3.12m/sec,
56.4+3.19 m/sec, 960 Hz #»%53.4+3.00 m/sec,
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Fig. 12. Effect of various frequencies on peri-
pheral motor nerve conduction velocity of the
median nerve on the hand exposed for 1 hour to
local vibration under constant acceleration (50
m/sec?). Each group represents a mean=S. E.
M. of 5 men. »
0, before vibration exposure ; ®, after vibration
exposure.
sug, p<0.10 (t-test).
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Abstract

The influences of local vibration exposure were studied on the peripheral circulatory and
nervous functions. Twenty-four male workers (37-76 years old) who had been engaged in the job
of usiﬁg vibrating tools for 2-30 years were first examined. The cases were divided into three
groups; A group with no symptom, B group with numbness and/or pain without Raynaud’s
phenomenon, and C group with Raynaud’s phenomenon. The skin temperature showed no
significant change among them. The finger blood flow of C group was significantly less than that
of the other groups (p<0.01, p<0.05). And the peripheral nerve conduction velocity of C group
was significantly lower than that of the other groups (p<0.01).

The response to various vibration frequencies (30Hz, 60Hz, 120Hz, 240Hz, 480Hz, 960Hz)
under constant acceleration (50m/sec®) was also examined in both animals and humans, in order
to clarify which vibration frequency is most harmful to the body. The tails of rats were exposed
for 4 hours to local vibration of various frequencies. The skin temperature dropped siginificantly
after vibration (30Hz, 240Hz, p<0.05). The blood flow decreased significantly after vibration
(30Hz, p<0.01; 60Hz, 480Hz, p<0.05). The peripheral nerve conduction velocity was signifi-
cantly slow after vibration (30Hz, 60Hz, 120Hz, p<<0.01). The hands of 5 healthy men were
exposed for 1 hour to local vibration of various frequencies. The skin temperature did not
change significantly at any frequency. The blood flow decreased after vibration (60Hz, 480Hz,
p<0.05; 30Hz, 120Hz, p<0.10). The peripheral nerve conduction velocity became slightly
slower after vibration (ulnar nerve; 120Hz, p<0.10: median nerve; 30Hz, p<<0.10).

The measurements of the finger blood flow and the peripheral nerve conduction velocity were
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useful to discriminate between the group with Raynaud’s phenomenon and the groups without.
The physiological responses to local vibration depended on the vibration frequency. The peri-
pheral nervous system was affected by low frequencies from 30Hz to 120Hz, whereas the peri-
pheral circulatory system was influenced not only by low frequencies as 30Hz, 60Hz but also
by high frequencies, such as 240Hz, 480Hz. The results in humans were consistent with those in
animals,




