
Scand J Work Environ Health 13 (1987) 32-36

Noise-induced hearing loss in relation to vibration-induced
white finger in chain-saw workers

by Takashi Miyakita, PhD,' Hajime Miura, MD,' Makoto Futatsuka, MD2

MIYAKITA T, MIURA H, FUTATSUKA M. Noise-induced hearing loss in relation to vibration-induced
white finger in chain-saw workers. Scand J Work Environ Health 13 (1987) 32-36. From the viewpoint
of the etiologies of noise-induced permanent threshold shift (NIPTS) and vibration-induced white finger
(VWF), the association between VWF and hearing loss was examined among 499 chain-saw workers who
underwent a compulsory health examination for vibration syndrome. They were classified by age, dura­
tion of noise and vibration exposure, and the severity of VWF. The severity of VWF was evaluated ac­
cording to the following criteria: (i) no prior history; (ii) VWF history, but symptoms had disappeared;
(iii) VWF present but appearing rarely; (iv) frequent appearance of VWF (more than 20 times per winter
season). In three age groups (ie, 40-49, 50-59, 60-69 years) with 5-9 years of exposure, the chain­
saw workers with VWF had a significantly greater hearing loss at higher frequencies than those without
VWF. However, in the 10- to l4-year exposure groups, a significant difference was not found between
the VWF and non-VWF groups, except that the 50- to 59-year age groups showed a significant difference
in mean age. It was suggested that interindividual differences in susceptibility to noise and vibration may
be the reason for the synergistic effects of noise and vibration.
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Forestry workers using chain saws are exposed to the
risk of both vibration syndrome and noise-induced
hearing loss. It has been reported that the hearing loss
of workers with vibration-induced white finger (VWF)
is severer than that of workers without VWF (7,8, 18).
The authors examined this relationship from the view­
point of the etiologies of the noise-induced permanent
threshold shift (NIPTS) and VWF. The interaction of
hand-arm vibration and noise seems to lead to an in­
crease in the prevalence of NIPTS among exposed
workers. The reason for the synergistic action of
vibration and noise on the NIPTS is still obscure. One
possible cause may be that the sympathetic nervous
tones created by hand-arm vibration severe enough to
cause VWF may raise the vulnerability of the cochlea
to noise through vasoconstriction in the inner ear (17).

In the present study subjects were classified accord­
ing to the severity of VWF, age, and duration of noise
and vibration exposure. Pure-tone air-conduction
hearing levels were measured with an audiometer at
frequencies of 0.5, 1, 2, 3,4,6, and 8 kHz in 5-dB
steps.
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Subjects and methods

Subjects

The investigations were made in connection with a
compulsory health examination of all operators of
hand-held vibration tools working for the National
Board of Forestry on the island of Kyushu in Japan.
Five hundred and seventy men who had earlier had
signs and symptoms of VWF and or peripheral neuro­
pathy underwent compulsory health examinations for
vibration syndrome in 1982 and 1983. From these 570
workers, 499 subjects were selected for the study. They
had neither a history of occupational noise exposure
other than that of chain saws nor a history of ear
disease suggesting hearing abnormality, head injury,
or the administration of drugs liable to affect hearing.

Hearing measurement

Pure-tone air-conduction hearing levels were measured
with a diagnostic audiometer (RION AA-62) at
frequencies of 0.5, 1,2,3,4,6, and 8 kHz in 5-dB
steps. The audiometer was calibrated according to the
Japanese standard JIS Tl201-1963 (9) before the in­
vestigation. The background noise in the testing room
was too high to allow the measurement of hearing lev­
el at low frequencies (:5 1 kHz), but at 2:: 2 kHz it
was well within the limit specified in the standard ANSI
S3.1-1977(1). Thus the hearing levelsat 0.5 and 1 kHz
were omitted from the data analysis. None of the
subjects had been exposed to tool noise for at least 48
h prior to the audiometric test.



Evaluation of vibration-induced white finger

The workers completed a questionnaire on their state
of health, medication, and symptoms. A medical his­
tory was taken, and a physical examination, always
by the same doctor, was carried out concerning,
especially, the symptoms and signs of VWF. A cold
provocation test (hand immersion for 10 min in cold
water at 10°C) was performed. VWF was diagnosed
when there was a history of blanching of the fingers.
Other causes, including primary Raynaud's phenom­
enon, were ruled out on the basis of the history,
examination, and results of routine laboratory tests.
The severity of VWF was evaluated according to the
following criteria: (i) no prior history of white finger;
(ii) VWF history, but symptoms having disappeared
more than three years ago; (iii) VWF present but ap-

pearing rarely; (iv) frequent appearance of VWF (more
than 20 times per winter season). In our classification,
the frequency of VWF was of greater importance than
the number of fingers afflicted by VWF.

Chain-saw noise and vibration

We analyzed the physical characteristics of vibration
and noise during the operation of various chain saws
(76 samples). The peak values of the vibration accelera­
tion levels ranged from 8 to 14 m/s-, and the main
frequency band ranged from 100 to 160 Hz. The peak
values of the sound pressure level ranged from 105 to
118 dB(A). Figures I and 2 show the noise and vibra­
tion spectra, respectively, for one of the most com­
mon chain saws (Shingu SP500D) in the last decade.

Figure 1. Noise spectrum from a chain
saw (Shingu SP500D) analyzed in the
one-third octave band, including the
curves of permissible criteria for steady­
state noise exposure recommended by
the Japan Association of Industrial
Health.
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Figure 2. Vibration spectrum from a chain-saw handle (Shingu SP500D) analyzed in the one-third octave band. (rms =
root mean square)
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Statist ics

The significance of the differences between the groups
was tested with Student 's t-test for independent
samples. Welch's test (20) was applied when the sample
variances differed considerably. Two-sided testing was
used.

Results

Table I shows the mean values and standard devia­
tions of the age and duration of exposure of the work­
ers by the severity of VWF. There were no remarkable
differences in age and duration of exposure among the
different VWF groups, except that the workers exposed
for 10 to 14 years in the 50- to 59-year age group dif­
fered significantly with respect to mean age.

Because the samp le sizes for each of the stages of
VWF were not so large, VWF severity group s 1 and
2 were combined, as were VWF severity grou ps 3 and
4. Gro up 3 +4 had significantly greater hearing losses
than group 1+2 in every age group exposed from five
to nine years, as shown in figure 3. For this range of
exposure duration, significant differences were ob­
served for the following frequencies and age groups:
at 6 kHz (p < 0.1) in the 40- to 49-year age group;
at 3 kHz (p < 0.01) and 4 kHz (p < 0.05) in the 50­
to 59-year age group; and at 4 kHz (p < 0.05) and
6 kHz (p < 0.05) in the 60- to 69-year age group .
However, as shown in figure 4; in the 10- to 14-year
exposure groups, there were no significant differences
in hearing level between VWF severity group I + 2 and
group 3 + 4, except that of the 50- to 59-year age
groups, for which there was also a significant dif­
ference in mean age (table 1).

Discussion

Although there are many reports of the hazardous ef­
fects of noise on hearing, the mechanism of NIPTS
is still obscure (2, 4, 5). A great concern to us is (i)
that the relationships between temporary threshold shift
and transient cellular changes that occur in the cochlea
are not yet understood and (ii) that the extent of the

temporary threshold shift poorly predicts the extent
of NIPTS in individual subjects . It has been suggested
that many factors, eg, direct mechanical destruction,
metabolic exhaustion, vascular changes, and ionic
changes, compete in causing acoustic damage to the
cochlea. From the viewpoint of determining the
mechanisms of NIPTS and that of estab lishing per­
missible criteria for noise exposure, it would be im­
portant to know whether vibration-induced dysfunc­
tion in peripheral circulation is also reflected in
cochlear functions, ie, whether the combination of
noise and vibration produces an exaggerated NIPTS
in subjects with VWF.

In the evaluation of the association between hearing
loss and VWF, 499 subjects were classified into two
groups, a non -VWF group (severity group 1+ 2) and
a VWF group (severity group 3 +4). Among the sub­
jects (with a past history of VWF) classified into group
2, the disorder seemed to be relatively light and to be
reversible. Thus we considered it reasonable to treat
them together with group 1 (no prior history of VWF).

In three age groups (ie, 40-49, 50-59, 60-69
years) with five to nine years of exposure, we found
that chain-saw workers with VWF had significantly
greater hearing losses at higher frequencies than those
without VWF. This difference in NIPTS agrees well
with results reported earlier (7, 8, 18). However, in the
10- to 14-year exposure groups, we could not find a
significant difference between the VWF and non-VWF
gro ups.

A large individual difference in noise susceptibility
(12, 13, 14)is wellknown, that is, given two individuals
exposed to the same noise for the same duration, one
may retain a hearing level that is almost normal while
the other may sustain a significant hearing loss (15).
However, Yamamoto (21) indicated that average trend
curves of hear ing loss (the value after "presbycusis"
correct ion) in relation to exposure time (year) roughly
fit the formula y = L(I-e-k ,) , where y signifies the
mean threshold shift induced by exposure time t, and
k and L are constants. In the present study the NIPTS
values after "presbycusis" correction seemed to reach
a plateau during approximately IO or 15 years of ex­
posure, although this occurrence depended on the ex-

Table 1. Means and standard deviations of the ages and leng th of exposure of the workers divided into groups accord ing to
age, durat ion of exposure, and severity of vibration-induced white finger (VWF).

5-9 years of exposure 10-14 years of exposure

VWF severity 1 + 2" VWF severity 3 + 4b VWF sever ity 1 + 2" VWF severity 3 + 4b

Age group
Exposure Exposure Age Exposure Age Exposure(years) Age Age

(years) (years) (years) (years) (years) (years) (years) (years)

Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD

40-49 46.0 2.6 7.3 1.4 47.0 2.6 7.1 1.4 46.2 2.6 11.6 1.4 45.9 2.4 11.5 1.7
50-59 54.0 2.9 7.5 1.4 54.3 2.8 7.2 1.2 53.6 2.6 11.8 1.5 55.2' 2.8 11.6 1.4
60-69 63.9 2.9 6.8 1.3 65.2 2.4 7.1 1.5 63.7 2.3 11.8 1.3 64.6 3.2 12.0 1.4

a 1=no prior history of VWF, 2 =VWF history, but symptoms having disappeared more than three years ago.
b 3 = VWF present but appearing rarely , 4 = frequent appearance of VWF (more than 20 times per winter season) .
, p < 0.05 (versus VWF severity group 1 -i-2).
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Figure 3. Mean audiographic values of the workers currently
SUffering (severity group 3 + 4) and those not currently sut­
fering (severity group 1 + 2) from vlbratlon-induced white fin­
ger (VWF) in the 5- to s-vear exposure group ('p < 0.05,
• • p < 0.Q1, t p < 0_1). (Exp = exposure)

Figure 4. Mean audiographic values of the workers currently
suffering (severity group 3 + 4) and those not curren tly suf­
fering (severity group 1+ 2) from vibration -induced white finger
(VWF) in the 10· to 14-year exposure group (.p < 0.05 ,
•• p < 0.Q1, " .p < 0.005) . (Exp = exposure)

posure level and the frequency of the noise. These
findings may provide one possible explanation for the
fact that no significant difference was found between
the VWF and non-VWF groups with the 10-14 years
of exposure.

Futatsuka & Ueno (3) also derived a cumulation
curve for the latency period of VWF, which was
divided into short (< 5 years), medium (5-12 years),
and long (> 12 years) exposure duration periods, as
a result of a longitudinal study which was undertaken
to evaluate changes in the prevalence of VWF during
1956-1980 among 1 456 forestry workers. They sug-

gested that some differences in the susceptibilit y to
vibrat ion in the subjects may be reflected in these re­
sults . In this population , 85 % of the workers with
VWF had a latency period of 10 years or less.

With these findings taken into account , the present
result, which suggests some relationship between
hearing loss and disorders in peripheral circulation, is
very interesting. Concerning an effect of noise on
microcirculation in the cochlea, participation of the
sympathetic nervous system has been suggested on the
basis of data obtained in animal experiments (6, 10,
II , 16, 19). But no relationships between exposure to
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hand-arm (local) vibration and cochlear microcircula­
tion have yet been found . When noise and local vi­
bration act on the ear and the hand-arm simultaneous­
ly, whether or not the reaction of the microcirculation
in the cochlea is analogous to that in the digital ves­
sels is still unclear.
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