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Summary . To investigate the validity of cold water immersion test—immersing the
affected hand up to the wrist in water at 10°C for 10 minutes—for evaluating peripheral
vascular and nervous functions of workers using vibrating tools, and to study other effects
of the tools, more than 6000 medical examination records of forestry workers collected over
10 years were analyzed in Nara Prefecture. The results are as follows:

1) Immersion test could detect cases of VWF (vibration-induced white fingers) only at
room temperature 20-23°C. Fingertip skin temperature of workers with VWF was signifi-
cantly lower than that of workers without it.

2) Vibrotactile threshold has been shown to be negatively associated with skin tempera-
ture. After controlling for this association, median vibrotactile threshold was shown to be
higher in workers with dysesthesia or with VWF than in controls and workers without
VWF.

3) A dose response relationship between estimated VWF incidence rate and duration of
chainsaw usage was statistically shown. '
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4) Almost all audiograms of five-year age groups showed the so-called c®dip typical of
initial noise-induced permanent threshold shifts.
Workers with longer usage of the chainsaw developed significantly greater hearing loss at
4 kHz than those with shorter usage. The association between VWF and hearing loss
remained even when confounders on hearing such as age and exposure time to noise were
considered. ‘

5) The prevalence of low-back pain was as high as 66%. This was comparable to results
derived from occupational medicine studies which reported this to be a major issue. The
prevalence of bradycardia was less than 50/min, which is 2 to 3 times higher than that of

the normal population.

This finding could be due to long-term strenuous work in the forest.
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Table 1. Time trend of the numbers of forestry workers who
had medical examinations for vibration disease in
Nara Prefecture from 1977 through 1990

Year 7 78 79 80 81 82 83 84 85 86
Number 502 .451 650 543 608 600 572 545 489 464
Year 87 '8 89 90 Total
Number 412 296 216 219 6567
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Fig. 1. Regression of the fingertip skin temperature
before cold water immersion on room tem-
peratures.
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Fig. 2. Regression of the fingertip skin temperature
5 minutes after the end of immersion on room
temperatures.
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Fig. 3. Regression of the fingertip skin temperature
10 minutes after the end of immersion on
room temperatures.
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Table 2. Comparison of ages and skin temperatures among the operators without
and with VWF under different room temperature settings
Room temperatures (°C) 13= t <18 18 t <22 225t <27
Group VWF(=) VWF(+) VWF(-) VWF(+) VWF(=) VWF()
No of subjects 17 11 26 13 41 21
Mean SD Mean SD Mean SD Mean SD Mean SD  Mean SD
Room temperature ('C) 15.3 1.3 15.7 1.3 19.7 1.4 19.6 1.4 23.3 0.9 23.7 1.2
Age (years) 46.4 4.9 46.7 4.4 485 5.1 48.2 3.6 49.4 5.0 50.1 4.3
Skin temperature (°C)
Before immersion 25.9 4.8 25.7 4.2 29.3 3.5 28.1 3.4 30.7 3.3 31.3 3.7
During immersion® 1.2 1.5 11.0 0.8 11.3 1.2* 10.6 0.3 11.2 1.1 11.2 0.8
After immersion
5th minute 16.3 3.1 15.1 3.7 17.9 4.3* 14.7 2.3 19.8 4.4 18.7 4.2
10th minute 18.3 5.2 16.8 4.1 20.6 5.6* 17.1 3.4 23.9 5.8 22.8 6.3

a)The average of the skin temperatures recorded every one minute from the sixth to the tenth minute

during cold water immersion.

* Significant difference between VWEF(—) and VWF(+) groups at the level of 0.05.

SEBEHL B (p<0.05).
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Table 3. Screening level, sensitivity (Sy), specificity(S,;) and correct diagnosis rate(C,)

Before immersion

5min after immersion

10min after immersion

Level S Sp Cr Level S S, C. Level S Sy C:

30.0 48.9 59.6 54.3 15.0 37.8 93.6 66.3 17.0 44.4 85.1 65.2

Skin 31.0 66.7 46.8 56.5 16.0 66.7 85.1 76.1 18.0 66.7 78.7 72.8
temp.(C) 32.0 71.1 31.9 51.1 17.0 77.8 72.3 75.0 19.0 71.7 72.3 71.7
33.0 82.2 25.5 53.3 18.0 82.2 57.4 69.6 20.0 82.2 70.2.76.1

30.0 66.7 80.9 73.9 45.0 73.3 78.7 76.1

Recovery 35.0 77.8 70.2 73.9 50.0 80.0 70.2 75.0

rate(%) 40.0 82.2 57.4 69.6 55.0 88.9 57.4 72.8

Level S¢ S, C.

Mean skin temp. 10.5 37.8 8.1 62.0

during immersion('C) 11.0 68.9 48.9 58.7

11.5 93.3 23.4 57.6

1. Correct diagnosis rate is the percentage of true positives and negatives to total subjects.
2. Recovery rate=(X—BT)/(X—ET) X100, where X is fingertip skin temperature 5 or 10 min
after immersion, BT is that of before immersion and ET is just before the end of immersion.
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Table 4 RIERE 27 0 KR & IRE)E & D Pear-
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hizholedboo, fiio 3FIEEEREEERADHE
FRL. —7, REKTHESSH, MI045HE, »¥
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DOHBENAD bt
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Table 5 Iz h b 4 HOFRERFRCBT2RHE
o rhFE & Mann-Whitney @ U test (Ffil) DiER &=
Lic. BER R X OBEER L, HEFEOREENS VWF
(DHEZEDMO3IFHI I IAERBEL, T4 VWF
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Table 4. Correlations between vibrotactile threshold and finger-

tip skin temperature among the subjects divided by
their subjective symptoms (% : p<0.05 3* % :p<
0.0

Groups No. of Before After Immersion :
subjects immersion Omin. 5min. 10min.
Control 25 .10 —.42%  —.73**  — 68**
VWE(-) 103 17 —.23%  —.48**  — 50**
Dysesthesia 38 .17 —.32* —.28 — . A4T**
VWE(+) 48 -.19 .11 —.50**

— . 53**

Table 5. Comparison of vibrotactile threshold in dB among the

groups divided by subjective symptoms. Median values of
vibrotactile threshold were tested by Mann-Whitney test
(% :p<0.05, ** :p<0.01, ns: not significant)

VWF Dys. VWF VWF Dys. VWF
Groups A (CD) + B =) +
Control —4.0 * % *k 11.3 * * % %
VWF(—) -1.1 - *k BT 14.3 - k% B
Dysesthesia 2.6 — - ns 19.5 - - ns
VWE(+) 6.1 ~ - - 23.5 - - -

VWF Dys. VWF VWF Dys. VWF
Groups C (&) CD) D (=) +
Control 5.8 ns * Kk 1.7 ns ok * %k
VWE(-) 7.8 - * % 3.3 — EES %
Dysesthesia 11.5 - - * sk 9.2 - — * %k
VWEF(+) 18.8 - - - 14.6 - - -

A : median vibrotactile threshold before immersion

B :immediately after immersion
D :ten minutes after immersion

C: five minutes after immersion
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Fig. 4. Regression of vibrotactile threshold on
fingertip skin temperature 10 minutes after

the end of immersion.
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Table 6. Estimated incidence rate (P,) of VWF
and the expected number of the patients
(e,) under the exponential model

Xin—X;  a; b n; o83 €:
0~4y 6 45 231 0.026 13.75
4~8 16 56 180 0.113 10.72
8~12 8 57 108 0.178 6.43
12~16 3}12 31 43 0.236 2.56}9.53
16~20 1 8 9 0.321 0.54
Total 34 197 571 34.00

a;:number of operaters with VWF in the year.

b, : number of withdrawals without VWE.
n,;:number of the subjects at the first day in the year.
&=34/571=0.060. x3=8.09>%3(0.025)="7.38

o>

%
more than 300 hr/y

/
50 b //

/' 300 hr/y and less
[ ]

10 ,//o/"/y6

43/ . L 2
4 8 12 20 Years

Estimated VWF
incidence rate

Tool operating period

Fig. 5. Estimated VWF incidence rate in the two
groups different in mean operating hours per
year.
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Fig. 6. Serial changes of fingertip skin temperature of the controls, the workers with and

without VWF before, during and after cold water immersion test.

The workers

without VWF were divided into three groups according to the sum of operating hours
of chainsaws. The ages were individually matched in each group.
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Fig. 7. Serial changes of recovery rate of the controls, the workers with and without

VWF before, during and after cold water immersion test.

The workers

without VWF were divided into three groups according to the sum of operat-
ing hours of chainsaws. The ages were individually matched in each group.
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Fig. 8. Regression of vibrotactile threshold on
fingertip skin temperature 10 minutes after
the end of immersion among the workers
without VWF. The workers were divided by
chainsaw operation time.
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Fig. 9. One third octave band noise spectrum (Ls,) of chainsaws (Case 1 to 4) and a bush cleaner (Case 5).
PS30: Permissible standard of noise level for 30 minutes of exposure recommended by Japan

Association of Industrial Health®®.
PS60 : Ditto for 60 minutes.
S: Sound pressure level [dB (SPL)]
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SIS L CEFEVERR L, F=vV—%HEALT
Uiefiod Case 1290 dBA %8 %2, 4512 Case 2 D Legld
107 dBA L BD TR E Mot THhIXZ OIFEENFER
LTWwicsF = v Y —DEEKRORE VAR E-
fel kk, GEWRREAR IR LICX 5.

PS120 : Ditto for 120 minutes.
A: A-weighted sound level [dBA]

Table 7. A-weighted equivalent sound levels
(Leq) of the noise to which the sub-
jects had been exposed during the
day analyzed

In the morning : In the afternoon:

Case Leq Measuring Leq  Measuring
[dBA]  [min] [dBA]  [min]
2 107.3 202 107.1 203
3 93.9 177 95.6 196
4 92.3 213 93.6 179
5 88.5 164 87.6 171

B. MEHEIHE ORI g

(1) DIRRE

1980 SEEDRZZLHE 543 B Dhhb, F=v Y —,
MY, MBS OBEERETRBENL, &
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PERCERDOBEERE S fedvo e PR RE L LT, FEk
EeTEEFAIBEEILT, LrdBEIABURE
MEERE S PR DI o e B OBERKC OV %R
fTote. MR REREERZRALL, EEVBRASH
B EDZEFERA V. EEEZRVGCERE, s
= VY —BIEREDIEELH N b, EFEN X ) BREFICE
WEE LD TH D, TOFER, 3604, 360 E235H
WL LTELIh. RHREOFENFL2L T 67 FiC
SAEL, FH48.1F (£8.2) Thoic. DHXIKED
5b, Pl LA HFREEEZF LT ERTRA
(22.4%)C, AU BFREF LTV c&IE 107 430.0
%) Thotle. MBTEEFERYEREAL TV L



BB LAORREYE L IRBEERLHE o XU BT 2515

B L 7B 35 & iohs o o, BB EO LM O ik
IZHRRETIT 5 Z & & L, REK X Mann-Whitney ©
U-test 7o, 7ods, BENBROMBEEEDOELH
WTW 5B,

(2) F4MRINOFEIRK

BIB DD Te o1z 30 RGO 8 F & 60 F A LD 17
BHERL 335 £ D, 5FEAHEEFIOFRETELHE
HE%% Fig. 10 ieR Lie. Z0oFED 2 EH 0 1982
&, BARITZESK JIS T 120D HHESh, BEIIIRE
KOBEIRENSHEHI VSV TEREINB LT
7o, R AFAFEERFE R IOHEAL -S4 m
O —BENIRET AERBOA — D4 7 5 AKEEERH
Wi e E & D IRICEEIROBIERTEAL T
50, —HOELSEREWThoFESRLE D, 8kHz X
D% 4kHz DERHK E W Adip e\ L L hicE W
BB EL T\5.

CHIIBERE R O 0 AR RBE & T, SR
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~ =}
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Groups A B C D E F
Age 30-34 35-39 40-44 45-49 50-54 55-59
Sample 57
size 16 29 45 103 85

Fig. 10. Median audiograms of five-year age groups.

(275)

SHICHT2BEFORELTRTL0THS. Thb
DEESERE, BHOHRE™ L RDA b FEAHERI
DB IS ZEICH 5 B RER O PRI A, 4
kHz TIXRR Le &F4RHE T, 8kHz TIX30Fh b
3 FHelR &R TERICKE b o (p<0.05).

(3) F=v vV —DOWEHEECRIETHE

F = vV —DRENBRRCRIETHEYHENT AT b
5T, ESTERABEYAVEZ LR L. Thig,
EA4 L BRE ORI T 5 BE A I TN T
HBEDREDS LT, BT HINE0BERERS
EHC, BEOBRAEOSLHMES S, BMAOHBED L h BHL
T DREHRET B 5 FRERFIESTFHEO I ES B
FEEREFTRDIMETHS. B THIKNTH S &
DREE I b 60 FOMTRBHTESLE AT
5%, —7, WHRKROSHEINE L &b KT S
9, DX 5 BEAFTIER TS HOMKEITIETE
T, o T, SEORLL RVESHER, bbb 46
FIb 49T, 50 F b 54, I UB5F A 59 0D
SRR LTS E LTRY B, E4FTEREIBKD
HBRfTo oL & L. 2L, 4630049 FFEL 55
I FEE MO 2 kHz 0B HEL 0SB
BEENRD -7 (p<0.0D).

ST, BREMAH b T = vy —HMHFHE 84 &
COWT DR BT -7, 20 5B 45 F L 60 F R
DEIF0LZT, ChbwF = vy —DRBEFEHRER T 2
B, EATTER X ABEIRLOPREYR B L
FEEX Table 8 IR L7 X 5, WAL b 4kHz OB
DEEPRSKE L, REERREIRCHOBERE
BT hoORERCSWTH EVELI D IAEL, &
T 4kHz R W TEFDEREFETH o (p<0.05).
¥, MREOPHESITHERE L

EhE, MDD IHEE S LM O D TR RIS
LWwE®, F=v v —ORBHEARECL > THELE
ST OWTHRE L. TibbEATED REMEA
RER 2385 B 2375 45 F LA E 60 FRiDOED 5B, F =V

Table 8. Comparison of age-corrected median hearing loss in the subjects
divided by operating hours of chainsaws

Operating hours Sample Hearing loss (dB) at frequency (kHz) of :
size 0.5 1 2 4 8

Less than 4,000 30 —-2.3 —2.4 0.3 15.6— 8.6

4,000 or more 30 -1.5 —1.4 3.0 28.7—  14.7

The subjects were those who had used chainsaws only and whose age ranged

from 45 to 59.

*: Significant difference at the level of 0.05 by one-tailed Mann-Whitney test.
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Table 9. Comparison of age-corrected median hearing loss among
the groups divided by operating hours of chainsaws

Operating Sample Hearing loss (dB) at frequency (kHz) of :
hour group size 0.5 1 2 4 8
Shortest group 51 -1.2 —-1.3 2.6 20.6— 8‘9—|
Middle group 51 —1.0 —2.3 0.4—, %iiilLM
Longest group 51 -1.2 —0.8 4.3— 31.0—~ 17.9

Operating hours for bush cleaners and winches were matched among the groups.
Ages of the subjects ranged from 45 to 59. Significant difference was at the level
of 0.05(%) or 0.01(* %) by one-tailed Mann-Whitney test.
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ERBILF = v Y —OREEAREIRE > T3EHL,
ETORBRETS 3HLEHRBILE LD, 2HLTH
bhicsd =v vy —DRBEHEARBORECE S 3HL
RENE B 5 = v v — B A% 60 4% REHFA
R L - T3FEF LB LE208EML5 LI X
h, —FSLBINDD IFEREK.

CHLTHBLEIFOESLF =V Y —UAADTEDR
T OE RS O MBI 1321358 b by o 2. Table
91z D 3WDOFELAFTEWNBER LB L b DTHS.
WTENOBEDHENERZIkHz TRDIAEL, 1D
“Longest group” 7' 1kHz &< £BEH CHRAOHE
HEEERL T3, 0.5, 1 38X 0 2kHz Tk 3 BFlic
KERRL, F=vV - REFERARELBEDRR L O
ZIE—EDEBIIRD bhichot. LML 4kHz BX
V0'8kHz TI3F = v v — REMAREIR VB LTE
S#E%&IIAKE L, “Shortest group” & “Middle group”
L OBICIEREIRD LRI d DD, “Shortest
group” & “Longest group” & OfEiCi% 4kHz 35X 08
kHz ©, “Middle group” & “Longest group” & DfEIC
13 2kHz & 4kHz THEEZEIRD bRl

ek, NMHHBCEOBEI~NDOEEYMB1», L <
45 XAk 60 ¥R T, BB AR OB S 2370l b 3
WESHEIRERE L, A EF = vy —DFAEY
AW, F=vvy-—0oRBEHEANEY %I LT,
Ay B0 RBEEAREIC X b SELc—BE 26 %
b ied 2HEOBENRRC OV ZT o . E4ET
IEFESRAFRMEE, EEARER S 4kHz T 281dB,
8kHz T7.9dB TH-rnixtL, BHFEARKMBE XL
Zh 34.8dB, 17.7dB L KEWMEER LA, FEER

Lbhkdote, £720.5 1, 2kHz CREHECIEE
AEEIRD LR o T, EMBcoWT Efkic—
FE23 BT B 2 BERE T, TORENEK L L L s
BT REZIBDDhish o,

C. BEHigkE VWF & nRE

PENBHLNRISEL, F=v Y —REDERPHTE
BT A HREYBE RPEE I 2, BEEEREO
ERIZEBLIRTWBEE 2%, L2 AT, Pyykks B
13 VWF %53 55 EE 0B H#EKE, VWF 2F
ERVEIDDIRENCEEREL 5. CoBRIX
FRRICAT & NCIRE) O _ BRSO AL~ O HE & T
flid 5 ECHERER. £ TEELR, TAOREMEMN
R H 4 L\ VWE [t & Btk o B H K o WiE
HRa % LR OB IRERRCE ST L LI,
5 FEBRICBIRE R L 7.

(1) WEFE DR RS

B B 0%t 5% 360 £ oh CEEH TAEAORKEMEH
BRI AHIB U7 289 45, 289 D 5 b, Fb VWF D2
B9 xR\ e kT, VWF OHEiE#E i —FH L1 51 4
L VWF 25 2 iehote 228 B0 FRE RS D, HhiHE
1:1D%EA TcaseBFR X KNeontrol FHEE LT, AL S
FESERCBEL, 7=V Y - 0REFEABEIARE T
D3O D A & A B o> R GE FA R & A48 A con-
trol FERRRRNRT =T L. TR, 37HO
_T7 - BB bR, caseHDOFHESITL9.8TF (=
5.8), F=v vV —, Mok B, EHoLREMHER
fEl vk & h £ 26057 R i (£3475), 1193 ¢ [l (=
2389), 3063 KFfE (£5723) ’6, control NI 50.1F

(£6.2), 6052 B[l (+3455), 843 RefI(+1667), 4633
B (£7323) THh o Ao control BED HE b R RS
2 case FICHENEBICE D - efllic iy, Z213B D bh
oo e,

Fig. 11 1%, case # & control D 18 % » (&



EHTEORRYE L IRBEEREHEE O ZUM T 25%

Frequency (kHz)
05 1 2 4 8

. 10 - -
=l =)
— 20
® | A
o
2 aol= | A —
30 6o
o p=t
- (=
§ 40 e m et % g
s AT 40 =
7~
50 f======== =
Controls
Cases

™~95% confidence limits (two-tail)
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Fig. 11. Median audiograms of the cases and con-
trols (37 pairs). Significant difference
between the cases and controls at the level

of '0.05(*) by one-tailed Wilcoxon’s paired
rank test and almost so at 0.06(3).
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Fig. 12. Median audiograms in 1980 and median changes of hearing levels during the follow

-up period in the groups with and without VWF (left) and those in the groups divided

by the skin temperature 5 minutes after cold water immersion (right).

a)left vertical bar : median change of hearing level of the subjects with VWF. right
vertical bar : ditto of the subjects without VWF.

b)left vertical bar : median change of hearing level of the subjdcts with lower skin
temperature. right vertical bar : ditto of the subjects with higher skin temperature.

* : p<0.05, 3 *:p<0.01 by one-tailed Wilcoxon’s paired rank test.
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Table 10. Prevalence of low-back pain(LBP) of 441 forestry
workers and age-adjusted LBP prevalence among the
workers divided by their working days prior a month

Working days prior a month

Total 0 1-9 10-19 20-31
Number of the subjects 441 52 61 227 101
LBP at present 29.9% 26.3% 38.2% 30.9% 24.1%
LBP prior a month :
constantly 15.9 10.1 18.1 18.6 10.7
occasionally 49.9 50.5 56.8 51.6 41.2
Onset of LBP: '
sudden onset
during working 28.9 31.9 30.7 29.3 34.6
during off time 7.0 9.3 8.8 7.4 2.8
gradual development 60.2 55.6 56.0 59.5 59.6
unknown 3.9 3.3 4.5 3.8 3.2
Severity of LBP prior a month:
need holiday 8.4 10.6 2.3 9.5 7.5
need frequent rests 14.7 5.3 24.9 14.5 15.1
moderate pain 23.7 23.9 30.7 22.2 28.3
slight pain 30.9 34.5 32.3 28.6 29.4
doesn’t bother 22.3 25.7 9.8 25.1 19.7
Treatment of LBP prior a month:
orthopedic therapy 8.4 2.3 5.8 9.8 8.1
traditional acupuncture 15.6 18.7 7.9 16.3 19.6
doesn’t need treatmont 75.9 79.0 86.4 73.9 72.3

Table 11. Frequency of electrocardiographic findings classified
~ by Minnesota Code among 953 subjects

Item Code No. Number %
Nothing reportable I 566 5
Q and QS item I 2

12
20
1
10
1
2
81
50
7
2
26

0
1
3
Axis items I 1
2

3

4

5

1

3

2

3

5

T-waves items A% 2 7

3

4

5

3

4

1

2

3

5

1

3

7

8

9

High R waves I

S-T depression v

10

A-V conduction VI

Ventricular conduction VI

Arrhythmias Vil
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Fig. 13. Prevalence rates of some selected Min-
nesota codes among the groups divided by
blood pressure according to WHO's criteria.
*: p<0.05, * %: p<0.01

Table 12. Comparison of blood presuure and prevalence
of some selected Minnesota codes between 90
pairs divided by chainsaw operation time. Age
of each pair was matched individually

Chainsaw operation time(X10%hr.)

less then 3 3 and over
Number 90
Age 52.9+ 6.5 52.3+ 6.1
SBP(mmHg) 146.5123.7 139.8+23.9
DBP(mmHg) 87.2+15.6 85.6+16.9
1-0 50(55.6%) 50(55.6%)
1-1-6 1(1.D 0C =)
2-1 1C1.D 202.2)
3-1 13(14.4) 8( 8.8
4-2 202.2) 0C —
5-2 3(3.3) 0o =
7-2 1(1.D 1C1.D
8-3-1 1(1.D 3(3.®)
8-8 7C7.8) 7C7.8)
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% B& & 13 low-threshold cold receptor % high-
threshold cutaneous cold receptor®% 4L C, *7&
JERYH 1T mechanothermal nociceptor®”®%# ML T, &
LI RO B R CTRMEROBEYED B & LMD
HTW5BD, T EiF, 10CEHKBERD KERIL, B
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EHTEER & AR e e )i 5REZESNLOF
#H, o VW BESRECKRELRALD, 10CE W55
BT 2 TRMEROREE b EALSDOTHD T
LEREHRLY Y. fto T, VWF(H)BOBREK T RIS
ER—RBEMERR L2 &1F, VWF(H)BEORRK
FERDRIGHENEE > TWBZ EEFRT 5D TH
B, Tok ziE, REEEBRE QM cyclic GMP BEIZ,
HF2FBHE T 10CoRKPFIC s FHBRE SR,
NBHLETVBEFHLRER TR 0SB ETER
w1, »oF o LA T phentolamine % atropine THj
#HXhpZ Lnb, FEBEED a-adrenergic receptor
%\ cholinergic  receptor DESRETTHE 2 HEE L 7o
£70%, IRENREEIC X - T a-receptor @ noradrenaline
X B RESEMNTIE T B & & RR L RO s
EL—HBLIBEEE LD ENTE LS.

C DX 5 IRTEEED B IR 0 2 V3 BN E R o BE s
b (Fig. 2, Fig. 3), BEKTH#548, MI04HLE
3 20CHBOBRTHROIKRE N LB 00325, 20T
RO, BAROXE S %E 2 TIHCHEL, VWF
(PDBEELVWF(OBOKHBREOER BT S L

(Table 2), 20+ 2 COGHERETHERD 20C o5 23C
TR rHED L A, BREMEZE VWF(H+)
HOEMBEAERIEWERRLE. LoL, BRNZ
RIDVERMATH-Th, FLERAUTH-TIEDX
5 RERBE IR o, XETHEEOERRBOY
4, 20CHIBOEEIIE & L T o B e o i
X o THRRS S h 5 MERMIRICHY T 59, §E- T,
X5 RERBET TR, SR EARRIBI
3% A RARE R O SO E R A I D fEME I R & e
T, VWF(H)F & VWF(=)BRE D 10CH KR E
T ARIGDEY, FREKEROZL L GEELSE
ehDEFELBbRB. ThIH LT 20C AT & b ERHA
DEREH IFEEHBIE S e, £FCHHTS
RBESZERHLORGEREZIT, VWF(H)BEED X
7T VWF(—)B b IR ROBENR E - 2
RBH 5. 0 X5 IRBIZ I\ T, 10C DBKER
EEHEITRMER Y X HIBEEIR LR E LT
BARTGTHBIcd, TEOBMERD KGO
RPN E L feh, BERCHELEE LTRBEAR
fewEBbha, —7, HcRTESSACE R A
T, TR L b ARMEROBIRS TS IR h T
BT ENDLY, VWF(H)B, VWEF(—)R & &R
33 % A RAE R O RS O & i) I BRI BT
P/ E S T b, Xy HEROEE LTHERHL
Lo TWnBbDEELLRAS.
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Ll Lk, &BFRHD, VWF(H)EE VWF(-)ED FE
BoErHiT5RELEE LT, 20CHENEYTT
b, thrkE LFEBBERCRCKE TESE
BIIsYcion SHBTE & 5. HBEEET, Bl
Ba T20CTH523C ) ETH2LELTWBARLERED 23
CTH2BCRIMGEERT 5 L THIEHFBETE HEERE
EFEzbhs. Lhl, EREORBICHI-TE, 0
HEANO 20CEL OEREHEFTHZLENEEL W&
Bbhs, ik, ZOBRFETLBCERLHEER
BrbBELhbOTHY, BAEBRENREL RREES
DEHFHRBI DO WCIEINCHER 2 ET 5.

2. BERNDRY == LARILIZDWT

Pbo X 5 BB Elr ToRE L BT, Rk
L7c DN L DEMET THIE I NI KFR O 5% W50t
ZOWTTH5.

BENEER I Thov <1 d, Ipsen HHBR 7 Y
==V IS VSNERERRSEEE L TRIBL T 51 Uk
E+EHRE) = 1 0RERHREENL, »o (BRE+
BRE)> 1 LWL EBRRET, A2V —-=v7
EE & LCORBMEENE B L bhi. —F, BE
R R IR I3 10.5C & 11.5C R D&t R L
B, WiE L SERRIL60 B ERE L, BEHKERSEE
I ~NERHNTEMER R L= (Table 3). BABRE
Friz i b s CIVD (cold-induced vasodilatation) d H
B2, Raynaud HEBEEE TR HEAAEWC &
DEID TS5, HEREOF/EM L5 BT
FAWTnb 10C okiR B4R, CIVD %537 5121355
WEBHETH D™, VWF OB R b bTHER
CIVD 2B L ¥ e W ieddie, &5 WA TEEMEL ko
TWBEE2BRD. FAEL™IE, BEKER?10COH
& OBEFTS K EE OB W MEILAKRA 5 CORF &
HBELTEWELTW5Y, RAE0ER#EELL)

IhbIERLT, BEKTHESHH, @105 B DKM
B X OCEERIVTRS ERORERSREVEEK
¥ (P<0.000) %% o CTEH L DLl bT, EBERL
70 %55 75 % & HIHIEER R Lic. ThbDA 7
) == VI VRAIIEREOE TS, BRED S\ I
BEOWTRIEEBRE LROBIBER, Bistkx
DOEED R THELL TR Y BLOTH, REESE
BRZOENRREZORRETHRbIE, BRENTE
BRGEL MBI 5V IV ERETHONEFLL,
COEDLE 2L 88.9 % EBRIABWERE LR R L 10
SEHOEERL BRI WEWSZ LA 5. LaL,
ZOVRVOEEREELST.4 % LKL, BEEAIRS L

B OE (hs

Blcd, Thi VBREIETES b KRELRL,
ORRE, EZRNEICIVEL LBV, b,

54 BREERD 17C, 10 4 B KER O 20C, ¥ X545
BEEED 35 %, 10 4 BEEZED 50 %0\ T hik A
2V ==V VAL TE I ENERPEEbhS. &
DOHFTILI0 45 BEERD 20C A IERED 76.1 % L4
R, HETE LS.

LaLiehidh, WFhoR2 ) —=v /v 1uEH
FTHILTh, 20 %5 30 BERE OBEHE & BiEHE
ERETHI s, RiEHoBEAE LT, SEOH
BT VWF 0EEEYEEL Wi &, VWFH
AR RMAE  4B3 % M/ INBIR o 2B 43 o0 T SR
EWHOBEOIECER L TWb0 L, BER
HNEIRO MTRE XKL T\ 52 &™), 55 W IRAE
MTBEDOFEEREEDTFHIENTELS. —F, EE
BREERE S 70 {, Raynaud L& & REROBEE TR LN
LBEMRANE, £ 5 ThRWEREE IR VWEF ZF4E L
RTWI R I B TWBHEELHL LB TESLD, &
BORETHB. ThbOBF KT HREEE EoJjet
ThBHD, BEMETN LT, McREBEEY R
HERN LT, REEREOFIEERERTHLLDIC
BEEBEERYT LI WEE 2L, FER» X
T AR MRES—EKELR N T BT THS
b, BHOBEENRWED, BENREBRIAELE
bhs. —J, BEMEECK L CMREIEEOEMR L E
PR oZBRIRTH LIS ).

B, MVNBIIROZESHRIBIC X3 5 B 2 5l %
BT, ERBIREDORELRRL bR T\ 5™, VWF ©
HBEBFT, I vERLCBEERETHY, BRE, &
BELLCEERL D IH0BECEEIELRTY
5™ Lvl, TOFHEOEMIEZERTH L, BIEET
A L AERBRZE W50 EET, KERO»
b iIeied L 13HE 2 .

3. EEEICOVWT

Bolanowski 5743, 150 Hz LI FoREBEE I3
BIRBYELL, FEERN 20T 5 25CH ETIRE hics
hT, CORESHELT CREERMET TSR
BIERLERTAZ E2HELMCL TS, KR TEHK
BEKTHRCES W CREESHER - AOMEMERLE
Z &1x(Table 4), BEMKERY VWF 2Bt0% 3
EWFRENBCUETH TR L, BEKTHRIXE
BEBRS B NBETD 5 5 B2FH 21.6C, 10 5
H23P# 24.5C &, WBE B 25 CUT DENE 2>
=2 LRG3 A b ¢, Bolanowski b dBEIZ—3K



EE TR OBRPE L EFHEERZHE OZ LK T 5515

T5LDEE XL 5. 125 Hz ORI 5 Z AT
YE—MEEHE L LR TWBH, B LIy = —/»
HEAVCEESERENERC L L, BEROEE
HME < 7o B IZHEL generater potential IZE T L, HRS
IGHRER TS EBELMCER TS, Tihbb,
FRERMEL 5 X 5 InRBIe kT, <y =—/ME
DORIGHEDIETT 5720, —EOKBRINT T, KE
BeE 125 Hz et 5 IRE)EIZAOHBER T LE
z2bhs.

e, BB 20 Hz 5 5 50 Hz®0 % 7213 100 Hz
& 200 Hz®Viexb % VWE(HBEORER (ERT) ©
BB, SBHESC VWE 2Rz WER S LER
CAEWZ EVERHEIR TS, KR TLRBEOR
BAMELR T\ 5 (Table 5). —J, 10CHKIC5 D&
BLEBROREKRTHS 5 H D 100 Hz & 200 Hz ot
35 VWF(+H)BEOER I, WRECHE LER K
Xz EAHE IR TS, KiFFRD 125 Hz 04
LihERUBREELBD, Bedbieel, B
ERTHRORB R IKER & ADHEBRD B0, KE
BEEETLILERDS. £ CTEELIEREREYH
WhBE BRI oo eht (Fig. 4), FoksERIE, VWF
(PEOBKBEROERE R IIHEREEZEL b, X
BEES VWF()BEI DL RREBLCARE T EHHL
hd ot

ABFGETIE, VWF BSRERCFHECL TR 2R LS
ERPCo e vELLTREL, TORBRELBR L
2%, FORBEEREER L VWF (B ERE B TEL
S>7eb DD, BENOAELY, BEKTHRS KERY
ERTHEVWF(HELDEZRD bR
(Table 5, Fig. 4). LaL7zab, VWR(H)EHDHR
2 BFEOLONERDORB EX—BETH - DXL,
EVEIMERETH D, FRilEoRERIBE L
N, ek 2 IFB 104 ETI8.624.3CKIXTL 23.1£6.4
Cewofl b CABIEL, MHEOFRBIRELL R
S TWBEEZLRBILE bbb bTIEEEIE 2
Mol it IREITAIC X 5 MiREEORERF »%
25 L TCRBREAT VA, BIERF BT BREROM
R, KELZORDTHENTES. Thbb,
VWF ifRZE S h 5 RIETEREE EE T % ischemic
neuropathy®®8? & 3 % i &, carpal
entrapment®CEEMERKE OB 5 L LY, VWF & i3fhir
LI s &350 Ths. BEELDO VWF(H)
FEL v VvEEL BT AR, R, WEOBE
X HMREEENICFET AL L2TmRTH0EL
TEKE . VWF X 0> E VLR 2 5IREI T AMF

tunnel ©
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2 30 LOFIREREBER ORELHWBRE LT - RA
BT, RIEHREOBRBMERE &, T hickh~5 LRED
= —IMEDO BRSO MAR e, RO
B HERALT D OWEREREL B, e, BE
b AREY B % WE U o8 T 5 O AR C b 5 IE i
DHEEEREDET VL IEMI T\ 5. AHLETR
Wi VWR(HDE L~ €V BEOIRBIRE 0 SIRI,
DX RREFNECHIET 5D L EEIhS.
BEEARPFE ORI i L 5 K AEERKE X WG
L, "OBREFEIEECIL L EE LD, 0O
RIS EAIE R ETHERRB R VT, K
MERORFE BB LB EMBREDO—D L LTESR
HBLDEE 2B, Lal, BEKTHOERBRE LD
YR HEREYERTHALENRD S I, e & 21E10 4
Bo%Ha, VWF(H)B & MBRE ORI T 5IRE
HoORIBERO Y @K D211 7.4dB (Fig. 4) &, ¥
M7 RMEDETHS 12.9dB(Table 5) & v /A
DHIbY, BREMOBWHOETHS 10.1dB X h d/»
EdoleZ & xF LT, REORBCHI- T, IR
BREOHTIREN L REK TEED 2 @TH4 L Bb
nas.

4, FRENMEEENIEEZEICOVT
RHEBEEOIREL LT, M2 TELALERILED
FRESHEM L RRE AR 2 RFR T
HRBEIAADEBOLIL L 2D THY, fFEIES
DEBHRERNIGEE L. BZ2AEENCE, 5=
vy —FoRBTEYER LkD R HERTHZ &
nOEDB. RCTERE—EMOBAOERARKE, F
%@L Co—H b b 0P i AR o WTHE
EEA. BIFE IO\ TR ERE O ME LR E < Bk
THBHD, BBCOWCTLAEEK X I o0
RThD, B 1RBHBEMCDHEELE RS, 0%, h
LEREELLC, BEOEARIEZRID 2ol
o] TR UCALIE 5 deds] [T toh] #ERIL, #HE
R R B HEL, FcrooEMoFBERE
—HOFPHFEARME OBRZ X RS, SERhEIEE
ELTRBIBECES L5 2 L2 ERERRTE T
BOIEL, ERRIEZEERS TW5.
BHETHL, TOXIELTHELhBRITEE
REARLDTHY, BADOHNNRER YT %
BELLCIRETCTHS. L bIRICIERE L6 EERL
HMELRICELTY, BREEDEHR IR TELIRE
IEEREDF = v v — OB OE W E THIET
& LTIV, Lvl, REERLOBRBEROKIMC
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Lo TREL WK 2O EMIGEHT 51D DL EEN
L LT, 20X L TE-REF AR Y A
5T ERFEYEBbhE. HEAOEBREROBRENS
BEThliRI)HABREMEBRINDZ L, TFHN
iy, FAREARVCERBIEED IV KEVF =
VY =kl TWRETH D, WICHERRRIE
WE IR TRBINEEINE S RoteF = v Y —2FH
LT3 EE 2 BB THS. Miyashita 53883, KB
L AR LB R TEORBHEHRKM N, VWF
RO BREROKFRLBEEREL DD L EHEL T
¥, EHRBEEOEEL LCHWEL Z LT EIR
Twb, e, EELORRIC XN, time study?® D
BRNOEZEDMBEIHET HHERRBI Y &, #HR
FHIRPRDICEET HERSRD bR, B ERE
FEVCHLO AL 7 290D 7%bi, HARI LB
ETHRREMSA DD Z LT E L TR LERD .

5. RENREE & DERISEFRICOWT

—fic, HHEREDDEERIGOMICREBRN D
5 L&, MAMIZE S TR, EROEFERE CILEE
H A D o BFRCHEINT 5 REMBIE SR B & &2
LBRTWBO B D &b, BERBEENAE
BICREWRIER S NEICE < 725 X 5 IISFER A8
hicBa, BRICBERIRED bhic BRI BZ &N
Zuo. Lhl, REBEGRIFELRS LSRAFED T LiT
BEIIES. flzE SREFAOKE IN—ETYH
BREROFBEEDREATESFLTH 2 —F— PHER
Bon s HEEFRAER I E W poy Sp,DBIFR & Ie B AR
EnbELI S RERMBGIL, HIE LD 0BT
M. o, BohARERMBNAE LD O
BN THH 2D o T, BLrBERGERD
BIEEREET S LB TEi.

ZD X 57z &b, Yamazoe 3 B RIGEREBRE
THETAELT [HEBEREET V] ZBAFELTWS
2, ZHRBERBREC U CERNCER LRSS
DRIEETNT, TOETANDHEEUEBET S &
X - CERKGBEROFELRHREZ S L5 %
DTH5B. KFETEIDETFARA . ThbbF
=v Y —OFRAEORE, 2% VIREBEEEOK/IE
HEESTRI, —EHEc—EDEIE& T VWF 23%4E7 5
E\W 5 TVWF BERIIEE SRS | LD T A&
FBLRE L. ZOFER, Z0EFAAOHEEMEITER
Thairdic (p<0.05 Table 6), HERFHITI
TRBEEI MR =T A TOMBEL D /&L, %
DHEIFMEL TWBHZ EAVRE i, T &, F=

H (fb8#)

vV -2 X BIREBBRE L VWEF RER L ORI ERKIE
BIfROFAET 5 Z L EIRT 5. ILICAWRTE, &
BRBEEOR L AENMORBERMRL LTS Lic
X o THERNBEGROBF AL, VWF ORERILSE
M7 h OFABEORVWHETERLEVWC L &R

(Fig. 5).

U EDR##E L VWF LIREREE & 0B RIGBEHRD
FEXSZRHTHLDTHHH, VWF DFIERC\ -5 %
TORMERBIEEE OERRI & IEHREE & OBk
Th b L, BEKTHEOFEROBEER T, VWF(—)
B 5B 5000 BEREIRIERED 2 BE L WRBEOF 3FET, £
LT 5000 BRI LA EREE VWF(HBED 2B TEhEh
BELIL Ty, B2BHOEERBNEELTWB I &R
RE¥ntc (Fig. 6). D> bEBETREE, VWF&£0D
B BAER D 720 5000 REFEI LA ERESRBRCH LER
BWEHERBE R LA L THE. Ak LIXBEN
DEBREOEZE LEER (Fig. 7) @2\ THE
IR Enb, ThBOOBREE, RMEREMEN
= vy —ORIL by, BRIGBEFRHICEE S hT
WBZEERRTIDEZ LB ENTELS. ABIE
ERTHOFEREEAE, VWF RFBIEEZTH- T
L, F=vV—OFERAERIE b MERIGO BH
BOERLCECED, BREBOE/IEIEELE 5
B LCERTHAZ LW ELLDTHS.

DX 57 VWF OFEER & FR O RE L, REE
EORIETE i AREBH B Th D Z L BTEHT
BhDTHAB. LrLihd, SEHOBRE»S, REIE
EORELTHCESM2 B Z LB TELF=v Y
— DEAREZ BENCRD 5 2 LXRET, SHOR
BELLTEIRTWA.

—7, EBECoOWCE, 0k hERGEGOE
X 7eh - 7= (Fig. 8). Miyashita 5% VWF & A
REMERRE, HRTTREEORYE 2RTEOEE
IARGEFRER & & b Nt B 2 ERHA L T\ B2,
FEREBEIRECH /AR B RH HOYDFIRIT,
EEL LU BEEARD T\, IEETAMRE
DRHEREE DR IL, B~ X 5 cEko
o RfEE I h T\ Wb, RBRER LIEDHHE LD
BRCBISR OB I I RFERF Bl O AN E L Bbh
5. LoxLicdin, BRETRED X 5 g Re 7
BEITRHTHY, STBORBELELL ).

6. IREITENEEL NI LEEEDREREL ~NIVIC
2WT
F = VY —DBRE VUL, HKREHEBA~OEALL D



R TAORBEFE L IRBEERRHE 0Z Y4BT 555

T I i SEMTR T 120 ABA BB L W 5B A b
ThH - 1920, 1967 FOPEMOI|RE ™ T, TAHIIR
12 110 dBA T, fEEFIZ I hEB LWV Vv ThHo e
LB T B, 1977 FELIE, FilRHREhsdF =
VYV —RDOWTITBHAROREE VS ENAERIh
BEORIeo12D, FhiwXhiE, 1978 EHRDF = v
v — OEWEE O FHERE L <12 101.3 dBA T, 1983
1213 100.8 ABA & T B, 20 5 FERICHEE 1K
TEEDLRRVE DD, Z L FHOHFEDLE I OHR
SN HANRIITH B I EW L RV EE 2 X 5. Lal,
FEBSTHCOh TV AR TARFERICE 35T
BDHBBTD, APFFRTHDL R L 5 EROR
Fr - vix(Fig. 9), EMoBELIE, BEELET IR
DdDbhhignEFEx bhie.

—%F, 23 LEBHILEOHERE DBRTRE L <L
(Table 7) %, AAEEHEFEVENREDOIDIT
BEL TV HHREED LB T5 &, Case 23R EL
TWIEBE LV A3 107 dBA & 30 o REEL L X
{ 10dBA EEIB v _ATH Y, Case 3 & Case 41360
BOHAREM ERAED, &b{Ed -7 Case 5 DHAHT
3 240 HOFREIELAEORE LV A Thote. il
L, ZOHFFEEIETNRTEELHEL TR,
RE T RO B FHRCE 3 B b 4 HOMKES
BoHE, KBS EDRELHREL T, FAELS 2E
BRI 2 5 & 7e b, Case 2 T30 0 LLF, Case 3 &
Case 4 TI3120 45, Case 5 Tl 480 4icish. Lo,
ERRAFEENR T ICRE S h T ek, Case 2 2
5 Case 5 DIEICFhZEh 432 5, 37345, 392 &, 345 &
THY (Table 7), A HIWEED Case 5 ZETUW
ThoBREFRE bHFAEELKE LR T

ISO D% R 1999°91%, BENEE 0.5, 1, 2 kHz
DOFHFEI Vv AN 25dBULE] LEEL, HHRFTIC
X BHEIBEEOHING 2 TFHTHHEERLTIV5. &
ARFETH LI Lg LBEERME (Table 7) AL,
CHhERUBBENBRIBDS LEELTCZOTRHE
YHEATH L, EOEERRTEOEAIL, Case 2D
ST 10 SE1512 40.8 %, 20 SEHBIZ 56.5 %, 30 FEBIC
60.3 %, Case 3 CRIU < 12.2%,19.8 %, 22.1 %, Case
4T9.8%, 15.7%, 17.7%, Case 5 Ti%2.6%, 5.3
%, 1.0%&Eleotc. FHREMREBEHEEIRS
Case 3 & Case 4 DA TH, 20 4E2 5 30 SEHIZIT 20
%R DOBEEIC L AWNEEEOHMATFHIhBZ &
iy, BOBEVSABMETFTLEBETOF = v Y =T
BoTh, O HEERIREKXNTH B LFHE
Ihis.
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7. BEEMEENCOVLT

ZELIEBLEIREOER (Fig. 10) 1%, 4kHz
b A& WEEDRA 2o IR BRSO BE S B
cdip®Iie—BH LTk Y, Lid 4kHz & 8kHz DBES
BRI L D th L oFESHER T, BAOHRE LEEN
RESET E b 7e 5 5 FESRHERIPE RIS~
BRBEKREWMETH - 7. BA & AREOBE A HEE
Lo, WL DSDTH BN, Thd LD THIRIE
FAREOERNEL R Z Ehb, KFRONSEEOTEN
BARIMSEZERCLEESZBRTHB EZELTIL, L
AR ENLEENG (Fig. 10) BB~ fFEsE 0k
EFEBBLV L (Table 7) OKEINSELT, LD
FEFIEFTCRERT 2HECH L LW TH &0 T
X5,

WRIy, BERBEOHEEL LT, BEFEORE
EFERILLAVBR TV, —HOBRFRRIFLCER-
HIEH AN —EL T\ 5 &5 2 bh s THEYEE
CoWTIE, REFAEH N & O RICR GBI
BDOLRTWBHE0 UL, WENETIE, HiEEM
TTEOEMEHBE—H O S AR b0
BB B, ERERT b bREERVBRA L TH- T
LBERBEEVLRALT LIRS . ThEToRESE
EERRR L LIcHFEs MO cERKIGERAE b ish
57Dk, TAFRERZBREEOIEL LT\ M
MR Do B2, £2T, AWETIRTAED
REHEREEEAVSC e L. REGAEREOME
RIZDOWTHEHBECRRICE Y TH B, D%
F= vy —{FAEET 55 ¥R (Table 8, Table
9), \WFh o R REERE b RS M HI R s
cdip R LTWADA LT, HHARHORVWHIEL
FEBRRIIKRE L, Lad, £hikdkHz 2rhocHist
FCEBETHoTe. SOOI EIE, HEXERVTH
BERER LPEHEL L OMERIGERNEET S C
LERBWT B, fok, M DIAGEER X O o B M
AEIDL, B E3F=vy —HALTWkD
AR TR Db TEMOBE KT 5EES,DE T
BONCTHE EIRTE ot

Pk, #iE6 CTRBAEFEAIhTWSF=v Y %0
RETEOREV AVIIFENEEE LB L2HT,
ZOETHBEEZ MO OBRFREC X - THEY B
OHENIEEIRTWEZ L, LI TAEDREHF R
fil L BEH K & ORICBRIGBIRBFIE T 5 & L 215
Lic. ThboZihb, BfToF=vy -%&Hn5
2L, TTEEIR TV AKEYBEOH I
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HEihxe s LA, FeihbeERT 5% EE
BENREERIE SRS AN E LD TRVWEE LX),
BEHEREORMEE LTCETEEIRBRER, BY
REFLHEHTAEORB CTHS. HHE EEEY
FETBEEND, F=v Y —OEBINEESY 29.4m/
sec? AT ET5 X 5B L T3 H92, BEFLVvie
DWTIHAIB R HBH ST BT, BRI
CHBIhTWS. o, TEOREXBERIE S
DOERHRHNEERL 5. i, FERAKBOENRED Y
EThs BE L RBEEMKEO BN T, R
B o—HOEARM L 2 REITefidld 5 7 8amE
BRAINTVWED, Lal, ZoBEOHRENT, —H 3
0 P T OHBEEDORE L Vi KEL LESEEY
ZUC el (Fig. 9, Table 7) bbot s Lh%x
HEATHTHY, WHRELER L ERARKRES
WDBRETHHH. FARFCIEESECHR LT, fFEF
OBBENCII= v v RELIRLZ LR, HHAKBEYE
W3 %t DIFEAE L D BRI BT 2 58 2 BB
CAT5RETHD. FREOFELOEHIIREDOR
KThDHH, BEECREZOERNLETDHS.

8. VWF CEEREMHIENREMIC DL T

BRERGECESTY, WhHcT 2 THER LS
L7z VWF Bt & etk & B\ IoEfIx BB ge ©, &
EZooWERE (Fig. 1) LBEHREE (Fig.12) X b
i, FEB, MR TR & b B b EER 4 B 7o codip ©
WhBEETsC LeRT LB, 4 kHz 2l &
L BB oM NELE VW BEE AR A S W
CEERLE. MRATLVREEBEREOREL LCRAE
AR 2 TV B R, $ICBETE CERE S
Plrnz &, BOhEROMIFICE CEERRE
ENBHETHBHH, Pyykks H57% Miyakita 5193 [F]
BOBEEREL T\ 5.

DX 5 VWF LT HE% L oBES IO WTD
BB S TR, VWE IR S h 5 RS TEBRE
BERESE & B RS & DRI S 0B OREREL B
5T, ThbwBU R EEEY, RMERLIBEND
WHCHELRIFLDoTnB EE2 BN 5. Pyykks
IR OHRD D L, LBOKEE L CRRME
REBEL T 5.

JRTTRBYRIB T3 2 A RRAE R D RS S M4 RE B AL I
LEELIWE LT, REEY AR LG oFEmE
hIER SR BB 219, BBk Raynaud &0
HET 2 RBEERELFEETH LR ENLES

CHRIE L 5. —T5, BEEOREAED TR NE O

B (84

MFEEXHEMIED 2 L1090, F foid B0 BKRIBIL
MR~ 12707 3 VEMEETIRBZ L, LR
BAE T r v 7 BB I AHEHNETEMEHT 5 &
L07e ¥, R R O BRI BN E o MKER &
LTHEMREEEL, $EoRTCEET HRREES
REEhTW5.

thETomRe i, VWFEEEDRFDH T
25 I VEHEBRERE LD %19, EABRBICI -
TE®EEZI Y SERCLRET 5 VWF FiEE DIRBIR
FEHERMO MBI X » TERALT 5 2 L1028 b A
ZEhTw5. Bih, VWF BiESE O RARRITTRVBE
BREBCDHB0, DA LTOREBUIEE>TWBT
LOBHEEI NS, ok IRBEHAHHEILED Tt
WEIESR, ABEOCBRERECH->Td, thito-
THEERDOZT 5B IHMCKE <, ZOKER
VWF BEZ I X h KEVCHEDRENHE LI EE LD
ZEBRTELS. Lrl, bEdETREMERORED
BUWERE 5 ThWEI R, RE)LBREOWT OPE
ZHReT <, VWF LHENERZMILCHIE IR T
BAREMLELORS. DDV TERSEOBEEH
Bchs.

9. BRI OWT

WX B O BRI+ s PR EB D v EVEE
EWREEE 5323 BD7 v — FAERT, (B, B
Fbb | LT 2EORIRBEALME, EMEEET
& 9 BEOMBICOWTRE L, RAREHMEKROF 2E
D 3R2.1%EHEIT, FHILIRTHH EERELT
Wa, BY, R EERGEE 912 £ R RS,
BELLAL YL S CHAEEHEF2ERERESD (B
BREWODOMBE] LT vy -+ BERT
W, [RE—2 A, BREA oS ) JEEE LD
FREMBELRTF R D E < # 35 %, kK s Lo
I 15 % T, Zhic TRE—n»A, BEER«HY |
& BRI, EMEERF TRLEL 80%,
BYEERT LR EI65% & hickty, Fiix
61.8 % THotcbBEL TS, BELONBETHIE
ERTREERD X 5 hBBHEIR, £2RNABER
JHEUCHE A DIEERTIT > TV B DIEE T 5 dE
MoK TE oo, WRELEOKFEELD &
(Table 10), Bi#e, BRbD Y |LEELAHEILX29.9%
THOEAREHEROBRITEL, Tl [FE—nA, B
VoL B D | EEE LIEIX15.9%, EhicZhic
(BE—2H, BRERR 450 | &0z BERGRER
65.8 %T, WAL DOEIRFDORKIFRICLH L Tt
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TD65.8%&\5BERRERIL, BELLRAT AR
EEHEYSEERELOMZEYAVIHREI LS
BEEHBORFEROFTH, BBREYBK - TH
KT, R VBRELSEBRS L L TCAMbhTELERT
HYEHFSC, BERBPEECORFRDLASELI S
* EESTW5B. BDIARES B TR L RS
TH5H T EREHL TS, ABGE» S L AEOER
NTELY., ZOXHIRBEROERE LT, TORER
& (Table10) »5, REARFEOEEWI Y T\ FE
R, RENAREM TRER L ShATRER fFE
LEUIDFHGER, £ H IR 2 LT 5 EM B OEIREED
mEDBHEIRS.

10, DEEARIZOWT

—fERAZRR L LB OTERREBAMRAER
HUIR, AR BEENRE LAREBI LR
LUNDEE, THLIBEIHORSYEZ L >WToIl
LR o—BERTRNR L LLBHFOWWoHE
tE, ThETOLELDOWRIE—HKLTHY, EFELE
NEmRTEOEGIMSE L IRETTHEE, EoE
MEFHT L VENZ EXBEL V5. FEELORED
FEET, EFERL (1-0) oHBERIFES L L BIET
L, BMEFF X v EWERTH - = (Fig. 13). ERl=
—FORERYL T, EOEVR(3-1) &LFEMEICS
-3-1) OHBERIME L L ITEL RBERBHLR,
FiZEOE W R (3-1) i EIEEB I LG ER
FRCEL, —F, WHEHER (8-8) 3F4y, MELD
CBIEME IR LT, WThd kMR —%L T
fo. UL, TAMESRIRO BB, HEEEIARFR &
AT 50/5 T T, BETHOBENEEDL S h ok
AGRE BN, INRBM, AR B0 ZhZh 2058 &
1.3%, 1937 43.5%, 520344 0.3 B~ 3
L, BELONGEMI6.TBEBPOLNCHERTH 1
(Table 11).

Matoba 5241223, YhiRiC X » CIEBIEERE D HE
MEEEENERLT A0 E b 7w, BIROOIBAE S
CIHEMEOHEN RO OB L XEHAIL, TDX>
mbE RO, TEOIESR LBY, * L CFLS
DEWHRIME D A b vy F— 1/ LT S h B #h
BRThD ETHRHEREL, REHRE L IAERIRE
DOREMEHEL TV 5.

LaLenih, ZoOHRIROHBICIIHES B cHER
IBEVWRMR 3EELTCWB EE2BRSE. F=v Y
— LML BEPREF I EA X Rk 7 1960 SEART
KRB I g, EEETH BEREREL
TFRIET 5 RMR 2372\ L 7 DI B H, HEY
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BLErETLEBE=FAF 121 BHH b 2500K
cal?s B 4000 Keal L HEE X T\ %, 20, EBHTED
BEACE bt THB= X AVF—BI1%, DT~
DPLTCWBLHEREINBH, KRE L TERLEh T
RV EEEIEFERSMHE ORI b 2 FERB E D
AHEEET S RMR (27 5 10 Bif128124120 L % ¢
HESETILFNREDZ L3 L b, $KEHA
YETHHEE 2L 5. HELIY, WH=FAL¥ -8
DRECEFEREED L= 2 — DEEMTR L LT,
ERHRBERENAENC L ERBET 5 & LS RkIkER
DRBEDONDEZ EEHELTW5. AR CRERIRD
HEREF = vy — 0 REFE AR & ORICEIEE 3%
bhishotcZ & (Table12) b&E x&bwhiL, g
FEIE CBE S h 5 REOTAMELRIRIL, Matoba 5124122
DT 5 X 5 RIRERBEOMEDL L LT, EETA
DHERLEDLMAENBE 5, EFRYECET B
REEOHKCHTHHBIEHSKGEFE LB EELD
DOBFEYLEbhB.

11, SHEDEE
EEOIREEML X LIEBEEERRE 0% E
1%, 1979 4D 650 o v — 7 KRFFAH L TE T3
(Table 1). 0 5 bEEEED LD HEE S 1976 5
L 1978 4D 35.5 B Hmic, HETOEEHZRE>0D
BAOERCH Y, ELFRZIBESHESLCED, &
BEIT 50 AFIBRELOTO 1/ 2BEL - TWW5, #
EFHBOTHR L Thic & b 7n 5 REY B O #ea i iR
Pz, REChPBBICI BEBEOREI—EY
fTEE STz &, MEFBDEERBRCES T HEM
WrxT&h s, SHLERBTEO TR BB LS
FHRRBEZOBD R EVHELT5EE2bh5. &
DT ENLBGND LS, IWEMNC X » T THhE
FiEEOEHEELHEI L THL 0 FEEXRZ L 5L
THHE RHEERLDSIRIEIAELEDLYOOD
5X5Brs. T TUTR, RBEER2EEDYE
LTEELNE ZLSBOREL DT TR EL .
BB RZZEOWHIBILTHS. FLiLk\»
TTh, FIHRRLZLEOTH VWF BEZEVIRER IR
B, LD EESHERLLED T, ThboEil,
BREFE R & OHREBES L idh b OFEEREE O
5wk, BoRiss CEEEHDNEVWF = vy —2HHAL
TR e TR, VWF 2FiE L CEREBL T»
LS, BIBRBIBINL T Rh s teZiEnD
THbB. TDXIREDER L TRDOMEN oM
ZOWROWIHEOWSE L, FOEEELFRIETHDD
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MBI EHOBZYMEI 5 LW ) BRTLE
ThBH. BRBTHEB oM THS. BRiERL
k5, MEHBEIBCESEELT TR, B
EHEELEREO ) 2 7 b2 T 5. BiTok2 3k
PEEYANE LbDOTH BN, ThrhEYEED
BREMR BB 5 BER 2 LB S, £
ARE e FHAREE & SEEFRBEIOEHE O b L T REN
EEYRLZ EREEh5. (UROBBLAERE T
AL WA, 0 X5 iEREEOREN LEREE L,
BCIRBIEE &\ o eBERRBO T LT TR,
Bk 2 HHREFEE OBEOMERHE T K& kg%
BT Thb . BEZRRBEEEEOLIERIEKT
»5. B, HEEBCL - TCREIh W BIRHEER
Eix, £ET—FHAEBLDELEELPRLTW5. BEHE
DBARE LHELIC % L OBIBMET bR T3, BEER
R DL THERMERE LT, &hbiFESEN
DREVF = vy —BHEALTCELBESEOBBRIIEE
FEDTB. LaLaas, HWiECEEC X - CE
ROBRNLEONBDLHEETHY, 5\ o AED,
WE R D REHECREE L e e D IER A EE R B
ZENRWE O, BENABSERCAT SRS T
AED BHAR RO R TIThh b 2 ENEERS.
HIIEREE & L CHRE» DIE Shic AxicxtT 5
r7THB. B, —EHEOBRET X EROBESL
Z b WERFEIEETEE, EREEE L Hbh
Y REROGESN LD, FDicd, REEEOERIT
ML TN THBEEYZT B & EREENCTET, &
WHDEERT B 7TIXBEORSMIT & b Te - THIR
el SHETETEELEBECRS LBbhS. &
e X AR E L L, BN BT OB S »E
¥ha, BRITBERHOBIATHS. T CIIERHL
TERL O, F=VV—0EEEDBETOHEEIE
BEEDOFHEANE LicdbDThh, BHHEEDS
HHFBDTRTS L DTH S, HENFEEOMREY
TIENCEET S LW HUBND, XY REWEEIR
DETHB. M OTCOHREHESRY?D BEH~LES
HREHBT Lo0ob B Y, HEFBEEOH B
FEINTETWS, LaLianb, &hbIREAEKT
i, F=vy —kEORKBEEREYRBRL SRR
LB T h, TEMRAFIZEIIMLE S —Bo¥ESK
HoHFESNETHS.

VI, # B

ZBELDOHEEN, RERETOF=2v Y —E%HHT3
EREE 2 RRIC 10 KEH ) i L T &7, KB

B (fhs#

EEKEE RS 28 U T b MR 2 IRE L.

(1) 10C10 KB EATREICE T L BREE%
BRI B edic, VWF(H)B L VWEF(—)#Eiczhth
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Bl ZoOfSR, BKBEREER IO BRER
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DREBIETE ok, REKTHSSH, 1045 H
DEEROEE, VWF(H) L VWF ()R 0 EIRHRH
OIEEEER 20CHIE TR IKRE L, &0 20THIEI K
BEFYLBREMG B 2 bR, EE, 20CE2FLIc
LY TN E R 3B oE UK, 20+ 2 CoERSEMt
HOBETOR, VWF(H)FE L VWF(-)BHEOREKT
BoEERICEBEIRD bR,

() LEEREGTEORAEERDOAZ ) —=v
7V _RAEDOWTHRE Lie. REITEOMFEAEI
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TH#545 HEMED 17C, R 1045 BEMED 20C, 5
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(O, v eV, VWF(HRBEDFIKE L, #i=ED
BEE =B T AR NE T, —F, BEET
#5454 H, A 104 B R IIEER & FRRADHER
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Rz —ERE OB L—EDE & T VWF 235 4E
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v — O AR & VWF OFIER & o Mic & RIEE R
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