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Fig.1. Comparisons of the indices of elasticity (1/M") and
viscosity (1/V?®) in the 2nd, 3rd, and 4th digiti between
office workers and chain-sawers. Each value represents
the mean (standard error). 1) M [N/mm*=E/(1-P*) (E:
Young’'s modulus, P: Poisson’s ratio), 2) V: modulus of
viscosity [Ns/mm]. Student t- or Welch t-test was used in
testing the difference of mean. Significant difference from
the value of office workers: *p<0.05, ***p<0.001.

Table 1. Correlation of the indices of elasticity (1/M"
and viscosity (1/V?) in the 2nd, 3rd and 4th digiti to
total exposure time to vibration at use of chain-saws

(TET [1000 hr))

2nd 3rd dth
1/M —0.16 —0.17* ~0,23*
17AY 0.067 0.16% 0.14

For correlation, Pearson’s correlation coefficient was
used. *p<0,10, *p<0.05, 1) M [N/mm?=E/(1-PHE:
Young's modulus, P : Poisson’s ratio), 2) V : modulus of
viscosity [Ns/mm].
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Table 2. Age and total exposure time to vibration at
use of chain-saws (TET [1000 hr]) according to the
symptom of hands in chain-sawers

number age TET
symptom
VWF (=) T8 56.7 (0.747) 13.4 (0.868)
D) 31 56.6 (0.703) 17.5 (1.63)*
numbness (=) 78 57.2 (0.691) 13.9 (0.939
(+) 33 55.6 (0.985) 16.1 (1.45)
pain (=) 80 56.9 (0.655) 14.1 (0.870)
+> 29 56.2 (1.16) 16.1 (1.76)
chill (= 56.7 (0.638) 14.1 (0.950)
(+) 32 56.8 (1.20) 15.7 (1.42)

Each value represents the mean (standard error).
Student t- or Welch t-test was used in testing the
difference of mean. Significant difference from the
value without the symptom. *p<0.05.
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Table 3. Correlation of the indices of elasticity (1/M")
and viscosity (1/V? in the 3rd digitus to other
properties in chain-sawers

1/M 1/V
age ~0.049 —0.033
total exposure time® [1000 hr) —0.173" 0.163*

digital blood flow [ml/100g/min] 0.198* 0.095

digital skin temperature [TC] 0.052 —0.066
nail press test® 0.049 —-0.091
vibratory sense threshold® 0.000 ~0.158

—0.164" 0.276**
—0.051 0.018

digital circumference [mm]
obesity index®

For correlation, Pearson’s correlation coefficient was
used. *p<0.10, *p<0.05, **p<0.0l. 1) M [N/mm?=E/
(1—P%E: Young's modulus, P: Poisson’s ratio), 2) V:
modulus of viscosity [Ns/mm], 3) total exposure hours
at use of chain-saw, 4) recovery time [sec] of the nail
blood flow after 10 sec finger nail press test, 5) vibrato-
ry sense threshold [dB] at the frequency of 125 Hz, 6)
Broca's index.
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Fig.2. The index of elasticity (1/M according to the symptom of hands in chain-sawers. Each value represents the mean
(standard error). Student t- or Welch t-test was used in testing the difference of mean. Significant difference from the value
without the symptom: *p<0.05, 1) M [N/mm?’l=E/(I-P* (E: Young’s modulus, P: Poisson’s ratio).
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Tabled. Comparisons of other main properties in chain-sawers with and without

VWF

VWF(—-) VWEF(+)
digital blood flow [ml/100g/min] 63.8 (1.44) 49.6 (1.88)***
digital skin temperature [TC] 33.9 (0.368) 31.4 (1.17)**
nail press test" 1.91 (0.150) 2.01 (0.128)
vibratory sense threshold® 2.60 (0.739) 7.25 (1.15)**
digital circumference {mm) 63.3 (0.625) 63.5 (0.710)
obesity index® 106 (1.54) 107 (1.93)

Statistical significance ; **p<0.01, ***p<0.001. 1) recovery time [sec] of the nail blood
flow after 10 sec finger nail press test, 2) vibratory sense threshold [dB] at the
frequency of 125 Hz, 3) Broca's index.
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Fig.3. The index of viscosity {l/V") according to the symptom of hands in chain-sawers. Each value represents the mean
(standard error). Student t- or Welch t-test was used in testing the difference of mean. Significant difference from the value
without the symptom : * p<0.10, *p<<0.05, 1) V: modulus of viscosity [Ns/mm].
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Table 5. Results on multiple logistic regression analysis regarding VWF with the
indices of elasticity (1/M") and viscosity (1/V?) of the 3rd digitus, and other main

properties in chain-sawers

variables coefficient (standard error) F value
1/M —4.52 (1.84) 6.04*
4% —10.7 (10.03) 1.07

age —0.0872 (0.0561) 2.42

total exposure time® [1000 hr] 0.0595 (0.0409) 2.11

digital blood flow [ml/100g/min] —0.121 (0.0362) 11.2%*
digital skin temperature [TC] —0.163 (0.0876) 3.44*
nail press test" —0.322 (0.0396) 0.664
vibratory sense threshold® 0.112 (0.053%) 4.35*
digital circumference [mm] —0.0052 (0.0624) 0.007
obesity index® 0.0036 (0.0232) 0.024
constant 16.84 (6.64) 6.43*

Statistical significance; *p<0.10, *p<0.05, **p<0.01.

N M IN/mmi=E/(1-P}E:

Young's modulus, P: Poisson's ratio), 2) V: modulus of viscosity [Ns/mm], 3) total
exposure hours at use of chain-saw, 4) recovery time [sec] of the nail blood flow after
10 sec finger nail press test, 5) vibratory sense threshold [dB] at the frequency of 125

Hz, 8) Broca's index.

Table 8. Comparisons of other main properties in chain-sawers with and without.-pain

in hands

pain(—) pain(+)
digital blood flow {ml/100g/min} 56.4 (1.50) 52.0 (2.34)
digital skin temperature [T] 32.6 (0.357) 32.4 (0.665)
nail press test" 1.77 (0.072) 1.79 (0.100)
vibratory sense threshold® 2.75 (0.737) 5.43 (1.58)
digital circumference [mm] 58.7 (0.566) 57.5 (0.956)
obesity index” 105 (1.4 108 (2.52)

1) recovery time [sec] of the nail blood flow after 10 sec finger nail press test, 2)
vibratory sense threshold [dB] at the frequency of 125 Hz, 3) Broca's index.

Table 7. Results on multiple logistic regression analysis regarding pain in hands with
the indices of elasticity (1/M" and viscosity (1/V?) of the 2nd digitus, and other

main properties in chain-sawers

variables coefficient (standard error) F value
/M —-2.73  (1.34 3.75*
1/V —23.4 (1.03) 5.19*
age —0.0487 (0.0455) 1.15
total exposure time® [1000 hr] 0.0322 (0.0310) 1.08
digital blood flow [ml/100g/min] —0.0209 (0.0205) 1.03
digital skin temperature [TC] —0.102 (0.0946) 1.17
nail press test? —0.375 (0.480) 0.608
vibratory sense threshold® 0.0700 (0.0338) 3.81%
digital circumference [mm] —0.0188 (0.0194) 0.935
obesity index® 0.0777 (0.0572) 1.85
constant 10.8  (4.20) 3.72*

Statistical significance; *p<0.05. 1) M [N/mm*]=E/(1—P)E: Young's modulus, P:
Poisson’s ratio), 2) V : modulus of viscosity [Ns/mm), 3) total exposure hours at use of
chain-saw, 4) recovery time [sec] of the nail blood flow after 10 sec finger nail press
test, 5) vibratory sense threshold [dB] at the frequency of 125 Hz, 8) Broca's index.



310 X

ALz,

z 2

FERDEMHRDOEEIC DV TOWEDL ", MEE
ERROREEYRMLTER. & IHNKEDEBHT R
T, B2 —4IEOMEIEE (/V) RFHEADOMLDOLLDOFT
BLREVEEXETAZ LRI TVL A, 20X 5 ERE
2 — AT RV TIZBBEIRE (1/M) 720 T < RHEE (1/
V) #ARBIEMTA L0 Lo TEBHROBEE R DWTOD
BERHELBLIENTEREELDND. —F, MBIK
EHROEEXHEMIRLZLIHE/EINTE Y'Y, T hi
WM ER T T COEBERDOEAN S IR O KB HRAD
FOHEIEDLNTVWAEY, ThRLARE TIREYLZBIE
BHELF = vV —FEFOMOLESC, EROFEZ L1 -
THT e 2 BEOHBCIL, BICERNE LW 2L D TH
HAEEE (1/M) 33 X OFMEIEHE (1/V) Rl L 7o,

ERRBUEELF = v —FEEOBOREETIX, F=v
v —{EEEOE 2 — AFOMBIEE (1/M) B4 L, i, #
HAEE (/V) B ERENED bhich -T2, ZORERY,
BUIRE (1/M) & HHEIRE (1I/V) OB & bIEE DB INE
H1bTEVHIERCEBS LAbEIE, Fovy —(F¥EE
DE22—-LIEDHEHROBEIEBRBHEE T, X&
W EHTRERE. EHRARRTE, FLEBTRTF= v
v —Re(E R R IR (1/M) ORI A DB RY R
DicHd, MEEE (1/V) Lo R BEERILR
Mote. TOBERELOBERLF = v Y —{FEIEOKE
BROBEOCHEME b bTZ EAERN, FENHECL -
THLME ENi. B2 REBZE LI F v Y —
VFEEDICHEDRAR b TEIRTLAY 23, ZOB
JEMF = v Y — DIFEE DRI BT 5 BB HROEE OB INC
BELTCW2LELDND. REOHUEERLHEN T >R
i3, EEOBEMRME, WG, MREHERS X OREOHRE
BThh, FibtiEl, BROGHEREOBEADEMTHS
ZEREBRTLADD, Lo T, ZORMEROMGEN
PR, F= vV —OEEEOBE, BEEE (1/M) Ol
KEEBITEVCOHHRTIRFTOLLEIE, TOWIRF =

1/V (Ns/mm) __* * 7 control |
0.07 B pai
pain
0.06 -
005 T —
0.04 *
0.03}
0.02}
.01}
0 2nd 3rd ath
digiti

Fig.4. Comparison of the index of viscosity (1/V?") between
the chain-sawers with pain, but without VWF (14 cases)
and that without any symptoms in hands (54 cases). Each
value represents the mean (standard error). Significant
difference : *p<0.05. 1) V: modulus of viscosity [Ns/
mm].
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Abstract

To assess the increase in the hardness of the skin-muscle system quantitatively and objectively, and to clarify the involve-
ment of the elasticity and the viscosity of skin-muscle system in fingers in workers using vibratory tools in vibration-induced
white finger (VWF) and peripheral neuropathy, the author determined the indices of elasticity (1/M) and viscosity (1/V) in
the distal phalanxes of the 2nd-the 4th digiti of 109 chain-saw operators. A significant decrease in the 1/M of chain-saw
operators was recognized as compared with 50 office workers who served as the control sample. A converse relationship
between the 1/M in the 4th digiti and the total exposure hours to chain-saw use was observed. The 1/M of chain-sawers with
VWE was lower than that without VWF. The multiple logistic regression analysis with the 1/M, the 1/V and other main
properties including digital blood flow and skin temperature in its explanatory variables showed the contribution of both the
1/M and digital blood flow to the prevalence of VWF independent of the other variables. The analysis also suggested that
peripheral circulatory disturbances in users of vibratory tools should be diagnosed with reference to the index of the elasticity
of skin-muscle systems. The mono and multivariate analyses showed that the decrease in the 1/V was related to pain in the
hands. These results show that the elasticity of skin-muscle system is decreased in proportion to the use of vibratory tools,
suggesting that the decrease in the elasticity, accompanied by the increase in the hardness of skin-muscle system, may lead to
the occurrence of VWE. In contrast, the results on the viscosity of the skin-muscle system suggest that the decrease in the
viscosity may be caused by the vibration-induced peripheral neuropathy via muscle atrophy generated by that neuropathy.




