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Association between vibration-induced white finger and hearing
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IKI M, KURUMATANI N, HIRATA K, MORIYAMA T, SATOH M, ARAI T. Association between
vibration-induced white finger and hearing loss in forestry workers. Scand J Work Environ Health 12
(1986) 365—370. The present investigation was a case-referent study in which age and hours of vibrating
tool operation were matched for the cases and referents in an effort to confirm the earlier reported differ-
ence in hearing loss between workers with vibration-induced white finger (VWF) and those without VWF.
Thirty-seven pairs were formed from 51 men with VWF and 228 without it. The greatest hearing loss
was at 4 kHz in both the case and reference groups, as is usually found in typical noise-induced hearing
loss. The case group had a higher hearing threshold than the reference group at every frequency, and
the difference was significant at 4 and 8§ kHz and almost so at 2 kHz. As corroboration for this associa-
tion, the subjects were divided into three groups by recovery rate of skin temperature 5 min after cold
provocation at 10 °C for 10 min, a procedure which is one of the valid objective tests for VWF. The
subjects with the most delayed recovery reached the highest age-corrected median hearing level at 4 kHz,
and those with the promptest recovery marked the lowest. The cause of this increased damage of hearing
in relation to VWF is not known. However, the association between VWF and hearing loss is interesting
in view of the effects of vibration on parts of the body other than the hand and arm.

Key terms: effect of vibration on cochlea, etiology of noise-induced hearing loss, fingertip skin tempera-
ture, matched-pair analysis, peripheral circulatory disturbance, Raynaud’s phenomenon, sympathetic ner-

vous system.

Forestry workers using chain saws run the risk of both
vibration syndrome (18) and noise-induced hearing loss
(7, 9). Recently Pyykko et al (17) reported that Ium-
berjacks with a history of vibration-induced white fin-
ger (VWF) had a hearing loss at 4 kHz that was about
10 dB greater than that of lumberjacks without a his-
tory of VWF. They suggested that the extra hearing
loss was based on sympathetic vasoconstriction in-
duced by local vibration not only in the fingers but
also in the inner ear. This proposal is interesting in view
of effects of local vibration on parts of the body other
than the hand and arm. However, before an associa-
tion between VWF and hearing loss can be established,
possible confounding by age and exposure to noise
have to be simultaneously eliminated. Therefore, we
have done a matched-pair case-referent study design-
ed to allow for such confounding (10).

Rewarming features of fingertip skin temperature
after cold provocation of the hand are known to rep-
resent the digital circulatory functions well and are
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widely used as an objective test for VWF in Japan (4,
13). To confirm the association between VWF and
hearing loss, we have assessed whether or not the hear-
ing of workers with peripheral circulatory disturbance
was more severely affected by noise than that of
healthy men.

Subjects and methods

Among 343 forestry workers (524 males and 19 fe-
males) who voluntarily underwent the annual medi-
cal examination for vibration syndrome in 1980, 360
men were selected as the subjects for the analyses. They
had no history of ear disease, vertigo, head injury, or
the intake of drugs liable to affect hearing. Conduc-
tive deafness was eliminated as a diagnosis on the basis
of otoscopy and audiometry. Among the 360 men ex-
amined, 289 had no history of occupational noise ex-
posure other than that of chain saws, bush cleaners,
or winches, and their total operating hours for all the
tools were evaluated.

In the audiometric examination pure-tone air- and
bone-conduction hearing level was measured at fre-
quencies of 0.5, 1, 2, 4, and 8 kHz in 5-dB steps with
a diagnostic audiometer (Rion AA-62), which was cal-
ibrated according to Japanese industrial standard JIS
T 1201—1963 (12). Audiometry was conducted in a
portable soundproof chamber (Rion AT-4C) located
in a quiet room, where the background noise level was
always lower than 40 dB(A). Each subject was free
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Figure 1. Median values of the audiograms of the five-year
age groups of the subjects.
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Figure 2. Median values of the audiograms of the subjects
with [VWF( +)] and without [VWF(—)] vibration-induced white
finger (VWF). (*p<0.05, **p<0.01, ***p<0.001, one-tailed
Mann-Whitney test).
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Table 1. Mean age of the subjects and the mean number of
operating hours for the vibrating tools used.

Mean SD
All the subjects (N = 360)
Age (years) 48.1 8.2
Subjects whose hours of tool use
were known (N = 289)
Age 48.0 8.2
Operating hours
Chain saws (N = 2819) 4762 4613
Bush cleaners (N = 1249 3531 4478
Winches (N = 1123) 7518 8162

2 Number of workers who had operated the tool.

from the noise of the tools for at least 18 h prior to
the audiometric examination.

The hand suffering from VWF or numbness or the
right hand in the case of subjects without symptoms
was immersed to the wrist in water at 10+0.5 °C for
10 min. The skin temperature of the third fingertip of
the immersed hand was measured with a digital ther-
mistor thermometer (Takara HD-111) before and at
the end of the immersion, and then 5 and 10 min af-
ter the immersion. The room temperature was kept at
20—23 °C throughout the measurements.

The recovery rate of the fingertip skin temperature
X minutes after the immersion (RR,) was calculated
as follows:

RR,= (Tx_Tcnd)/(Tbefore_Tend)’

where Ty e, Tenas and T, = fingertip skin tempera-
tures before, at the end of, and X minutes after the
immersion, respectively.

Operating years, mean operating hours per year, and
mean operating hours per day for chain saws, bush
cleaners, and winches up to the test date were obtain-
ed in the detailed interviews. Total hours of work with
each tool were calculated by multiplying these three
parameters.

A diagnosis of VWF was formed when one of the
authors judged a subject to have had a typical history
of blanching of the digits in the detailed interviews.

Of the 289 men with no occupational noise expo-
sure other than that of the tools in question, 51 (17.6
%) had had VWF [VWF(+} group], and 228 (78.9 %)
had not [VWF(—) group]; the other 10 (3.5 %) were
those who had had a suspicious attack. Thirty-seven
case-referent pairs matched for age and exposure
duration could be formed from the VWF(+) and
VWF(—) groups. The referents were matched to the
same five-year age group as the cases, and their op-
erating hours for each tool were almost equal to or
larger in some degree than those of the cases.

Hearing losses according to the Japanese standard
(JIS T 1201—1963) were converted to those on the ba-
sis of the international standard (11). The air-
conduction hearing level of the left ear was analyzed.
The difference of the median hearing levels was test-



Table 2. Age of the workers with and without vibration-induced white finger (VWF) and their hours of work with the vibrating

tools. (NS = not significant)

Hours of work

Age
Group?2 Sample (years) Chain saws Bush cleaners Winches
size —_——
Mean SD Mean SD Mean SD Mean SD
VWF(+) 51 51.2 6.7 7929 6 360 1074 2292 4713 8916
VWF(-) 228 47.1 8.5 3898 3833 1644 3656 2614 5570
t-test p<0.01 p<0.01 NS NS
a2 VWF(+) = subjects with VWF among the 289 workers with exposure history evaluated, VWF(—) = subjects with no history
of VWF.
Table 3. Age of the cases and referents and their hours of work with the vibrating tools.
Hours of work
Age
Group Sample (years) Chain saws Bush cleaners Winches
size U ——
Mean SD Mean SD Mean SD Mean SD
Cases 37 49.9 58 6 057 3475 1193 2389 3063 5723
Referents 37 50.1 6.2 6 052 3455 843 1667 4633 7323
t-testa NS NS NS p<0.05

2 Two-tailed Student’s t-test for paired samples.

ed by the one-tailed Wilcoxon’s paired rank test for
paired samples and the one-tailed Mann-Whitney test
for unpaired samples.

Results

General features of the subjects

Table 1 shows the mean age of the subjects and the
hours of work with the three types of tools used by
the subjects. Among the 289 subjects whose exposure
history was being evaluated, 60 men had worked only
with chain saws and 8 only with bush cleaners. The
rest had used two or three different types of tools.

Figure 1 represents the median values of the audio-
grams of the five-year age groups of 335 subjects.
Twenty-five men who were younger than 30 years of
age or older than 60 were excluded. The older the sub-
jects, the higher the hearing levels, especially at 4 and
8 kHz. The greatest hearing loss, however, was ob-
served at 4 kHz in most of the groups, and this type
of audiogram is typical of noise-induced hearing loss.
The hearing levels at 4 kHz of all the age groups were
significantly higher than those of the same-aged nor-
mal Japanese population with no exposure to noise
(20). Therefore, the hearing of the subjects was affec-
ted by noise, as well as by ageing.

Vibration-induced white finger and hearing loss

Figure 2 illustrates the median audiograms of the
VWF(+)and VWF(—) groups. The greatest hearing
loss was at 4 kHz in both groups. The VWF(+ ) group
had a significantly higher hearing threshold at every

frequency than the VWF(—) group. The comparison
of age and hours of exposure to noise between these
two groups is represented in table 2. The subjects of
the VWF(+) group were significantly older and had
used chain saws for more hours than those of the
VWEF(—) group. Therefore it could not be determined
which of these features (age, operating hours, or VWF)
was related to the difference in hearing level.

Table 3 shows the mean age and operating hours for
the three tools of the cases and referents. The two
groups were closely matched for age and hours of work
with chain saws. The cases, however, had worked sig-
nificantly fewer hours with winches than had their ref-
erence pairs. On the other hand, they had used bush
cleaners for rather more hours than the referents so
that the total hours of work with the three tools were
considered to be adequately matched for the pairs.

Figure 3 illustrates the median audiograms of the
cases and referents. The cases had a greater median
hearing loss than the referents at every frequency.
These differences were not so large as shown in the
comparison between the VWF(+) and VWF(-)
groups (figure 2) since the effects of age and exposure
to noise had been eliminated in this analysis. However,
the difference remained significant at 4 and 8 kHz
(p<0.05) and almost so at 2 kHz (p=0.06).

Fingertip skin temperature and hearing loss

The subjects whose ages ranged between 45 and 59
years and whose total hours of work with all the tools
were less than 8 000 h were divided into three groups
according to the recovery rate of their fingertip skin
temperature 5 min after cold provocation. Group 1
had the highest recovery rate, and group 3 had
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Figure 3. Median values of the audiograms of the case and
reference (control) groups. The cases and referents were
matched for age and hours of tool operation from the group
with and that without vibration-induced white finger. The ver-
tical bars represent the 95 % confidence limits of the medi-
ans (*p<0.05, + p=0.06, one-tailed Wilcoxon’s paired rank
test).
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Figure 4. Age-corrected median values of the audiograms of
the groups formed on the basis of the recovery rate of the fin-
gertip skin temperature 5 min after cold provocation (*p <0.05
versus group 1, one-tailed Mann-Whitney test). The subjects
were limited to the men whose age ranged between 45 and 59
years and whose number of workhours with all the tools was
< 8000. See the Subjects and Methods section for the calcu-
lation of the recovery rate (1 = group with recovery rate of =
0.40, 2 = group with recovery rate of 0.25—0.39, 3 = group
with recovery rate of < 0.25).

Table 4. Age of the groups divided by recovery rate of fingertip skin temperature 5 min after cold provocation at 10 °C for

10 min and their hours of work with the vibrating tools.

Hours of work

Age
Group? Recovery Sample (years) Chain saws Bush cleaners Winches
rateP size
Mean SD Mean SD Mean SD Mean SD
1 =0.40 40 50.2 3.9 2810 2122 559 1375 271 889
2 0.25-0.39 37 51.5 4.0 2358 1767 861 1523 461 1192
3 <0.25 31 52,6 3.6 3067 2199 598 1053 377 1098

2 The subjects were limited to the men whose age ranged between 45 and 59 years and whose total number of hours of work

with all the tools was < 8 000.

b See the Subjects and Methods section for the calculation of the recovery rate.

* p<0.01, versus value of group 1, two-tailed Student’s t-test.

the lowest. Table 4 shows the mean age and operating
hours of the three tools for each group. No signifi-
cant difference was found in operating hours for the
tools between any two of the groups. However, the
difference between the mean ages of groups 1 and 3
was statistically significant. To eliminate the effect of
this age difference, an age correction for hearing level
was applied to the subjects. The age-corrected hearing
level was obtained by subtracting the median hearing
loss, as a function of age of normal Japanese ears not
exposed to noise (20), from the recorded level of the
subjects.
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The workers whose total operating hours for all the
tools exceeded 8 000 h were eliminated in this study
because we could not match the workhours with each
type of tool between the groups divided by the recov-
ery rate.

Figure 4 shows the age-corrected median audiograms
of the groups. Group 3 had the highest hearing levels,
and group 1 the lowest at 1, 2, and 4 kHz. The differ-
ence in the hearing level at 4 kHz was significant
(p <0.05) between groups 1 and 3. Similar results were
obtained when the skin temperature at the end of or



S min after the cold provocation was used as a param-
eter of digital circulatory function.

Discussion

It has been accepted that vibration syndrome is com-
prised of VWF, numbness in the hands or arms, ex-
cessive muscle fatigue, and bone and joint injuries (19).
Furthermore, Matoba et al (14) and some Soviet au-
thors (5) have reported that the vibration syndrome
involves the central nervous system. This involvement
has been hotly debated, special reference being given
to autonomic nervous disorders, but it has not yet
achieved general acceptance (6).

With respect to the effects of local vibration on the
autonomic nervous system, the findings of Pyykko et
al (17) are very interesting. The present study has not
only obtained similar results, but also findings indi-
cating that there is also an association between VWF
and hearing loss at frequencies they did not examine
and that there is also a relationship between hearing
loss and fingertip skin temperature. Kurumatani et al
(13) demonstrated the validity of measuring skin tem-
perature during the first 10 min after hand cooling in
discriminating men with VWF from normal ones.
Therefore we may conclude that the digital circulato-
ry disturbance of the workers with vibration syndrome
was associated with additional hearing threshold shift.
The cause of this increased hearing damage is not
known.

One possible cause of the association is an effect of
the activated sympathetic nervous system as Pyykko
et al (17) assumed. An elevated sympathetic tone has
been suggested for patients with vibration syndrome
(15). One may speculate that a high sympathetic tone
plays a part in the production of increased hearing
damage, as unilateral sympathectomy in albino rats
leads to less hearing loss on the operated side (3).
Therefore, the extra hearing loss of the cases with
digital circulatory disturbance in this study might have
been caused by the influence of their higher sympa-
thetic tone.

Another possible mechanism is suggested by studies
on systemic arteritis, polyarteritis nodosa (2, 16). The
patients with this disease often have secondary Ray-
naud’s phenomenon, and some of them develop sen-
sorineural hearing loss. As a possible mechanism to
explain the hearing involvement, it has been proposed
that thromboembolic events based on platelet hyper-
aggregability produces ischemic changes in the inner
ear (2, 16). Increased platelet function has been found
in the patients with VWF, and its possible relation to
cerebrovascular diseases has been suggested (8). A hy-
peraggregability based on this increased platelet func-
tion might be enhanced by hyperviscosity of the whole
blood in patients with vibration syndrome (1), and it
might lead to ischemic hearing damage in men with
VWF.

In our matched-pair case-referent study confounding
due to age and operating hours for the tools was elim-
inated. But we could not control all the confounding
variables. The case workers might have used the tools
which produced more intense vibration and noise, or
they might have operated the tools in a more hazard-
ous manner than did the referents. Most lumberjacks
in Japan have used several models of chain saws since
the vibrating tools were introduced to forestry, and it
was therefore difficult for this cross-sectional study to
assess the vibration and noise levels of each tool hav-
ing been used up to the present time. It was even more
difficult to quantify the manner in which the tools were
used by each subject.

Even though possible confounding due to vibration
and noise level or the manner of tool use has remained
unsolved, it is interesting that the present study and
that of Pyykkd et al (17) have obtained similar results.
To establish the association between VWF and hear-
ing loss more clearly, further prospective studies al-
lowing for such confounding are necessary.
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