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One hundred and eighty-seven lumberjacks in eastern Finland and 582 lumberjacks
(in two groups of 501 and 81) in different parts of Finland were studied. In the
first part of the study with 187 lumberjacks the prevalence of vibration-induced
white fingers (VWF) was decreased from 40 010 in 1972 to 25 010 in 1975. Retrospec­
tively, the attacks of VWF became more common after 1965, the number of attacks
being highest in 1970-1972. The severity of VWF among men who still had attacks
was reduced in 1975 in comparison to 1972. The latent period of VWF was about
5,500 chain saw operating hours, which corresponds to five years of operating time,
both in 1972 and in 1975. In the second part of the study 40 010 of 501 lumberjacks
had had symptoms indicating VWF during the last two years. The severity of VWF
was reduced in half of the subjects with VWF, but the reduction was not as marked
as in the first part of the study. Numbness of hands and arms was present in more
than half of the subjects in both phases of the study. No evident relief of this
symptom had occurred during the follow-up period. The most probable reason for
the decrease in the prevalence of VWF appeared to be the vibration damping of
chain saws introduced in 1969. In part two of the study 81 lumberjacks had used
only antivibration saws. The prevalence of VWF among them was 16 0/0 after
an exposure time which equaled the mean latent period of VWF.
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Chain saw vibration gives rise to a variety
of symptoms so severe that a worker
sometimes has to give up his occupation.
The most prominent of these are periodic

1 Department of Otolaryngology, University
Central Hospital, Helsinki, Finland.

2 Enso-Gutzeit, Ltd., Helsinki, Finland.
3 Institute of Occupational Health, Helsinki,

Finland.
4 Institute of Physiology, University of Hel­

sinki, Helsinki, Finland.

Reprint requests to: Dr. O. Korhonen, Institute
of Occupational Health, Haartmaninkatu 1,
SF-00290 Helsinki 29, Finland.

246

ischemic attacks provoked in fingers by
cold weather, so-called traumatic vaso­
spastic disease (TVD) (6), or vibration-in­
duced white fingers (VWF) (19). Symptoms
have also been reported in peripheral ner­
ves (13, 24) and in muscles (4, 29) of hands
and arms. These symptoms are included in
the disease entity known as the vibration
syndrome. Symptoms may occur simulta­
neously or separately. There is still some
doubt, according to some investigators,
about whether muscle weakness (8) and
bone degeneration (9, 11, 15) develop as a
result of the vibration or the heavy and
strenuous work of lumbering.



Finland has a large lumbering industry
with about 30,000 professional lumberjacks
(7) who have been operating chain saws
since the 1950s (2). The chain saws of the
first generation were, however, heavy and
clumsy and their use was limited.

In the early 1960s, when the second
generation of chain saws became common,
evidence from the National Board of
Forestry indicated an alarming increase in
the number of men with vasospastic symp­
toms. The prevalence of VWF among the
lumberjacks rose in the late 1960s and
early 1970s to 40-60 Ofo (14, 21). These
numbers were on the same level as the
VWF prevalence of about 50 Ofo found in
Scandinavia, Australia and England (5, 8,
16, 26).

The technical changes in the engines and
the introduction of vibration damping de­
vices have, since 1969, reduced the accele­
ration on the handles of chain saws from
130-350 m/s2 to 15-30 m/s2 (27). Pre­
liminary reports from Finland (23), Eng­
land (28) and Sweden (30) indicate that
the use of these third-generation chain
saws [so-called antivibration (AV) chain
saws] has probably caused a decrease in
the severity and prevalence of vibration
syndrome.

We conducted a longitudinal study, as
well as a supplementary one, to determine
the present situation with respect to vi­
bration syndrome among Finnish lumber­
jacks.

LONGITUDINAL STUDY

Subjects and methods

Investigations were made during the
winters of 1972 and 1975. They were car­
ried out in connection with a compul­
sory medical check-up of all the forest
workers, 148 in 1972 and 250 in 1975,
employed in Suomussalmi, situated in the
northeast part of Finland, by the National
Board of Forestry (21). Only men who
had used a chain saw for at least three
consecutive years with a minimum of 500 h
per year, 118 in 1972 and 187 in 1975, were
included in the study. During the follow-

up period 23 of the 118 lumberjacks under
study in 1972 resigned or retired. Ninety­
five lumberjacks from the group investi­
gated in 1972 were included in the group
under study in 1975. A questionnaire was
sent to those who had quit to find out the
reason for their resignation, and the diag­
noses of retired men were checked from
the Social Insurance Institution. The age
distribution is given in table 1.

In 1972 and 1975 the following proce­
dures were carried out. Lumberjacks com­
pleted a questionnaire in advance on their
state of health, symptoms of vibration syn­
drome and smoking habits. A medical his­
tory was recorded, and a physical exami­
nation was carried out. Symptoms and
signs indicating VWF were registered on
both occasions by the same physician. All
lumberjacks with a history of white fin­
gers were given a cold provocation test
(22).

The diagnosis of VWF was made accord­
ing to a typical history of blanching of fin­
gers. Other causes were ruled out with
the aid of the history, the clinical exami­
nation, and routine laboratory tests. If
more than two years had elapsed since
the last attack of VWF, the lumberjack
was no longer classified as disabled.

The severity of VWF was evaluated
with the aid of a TVD index (21). The
factors included in the index are shown in
table 2. The individual factors were
scaled with numerical values from 0 to 2;
separate scale values were added for the
index.

In 1975 the lumberjacks gave a sub­
jective evaluation of their occupational
disability due to different symptoms of
VWF and back disorders in their medical
history.

TaMe 1. Age distribution of the lumberjacks
in the longitudinal study.

Age 1972 1975
(years) N 010 N 010

::::;29 32 27 45 24
30-39 48 41 57 30
40-49 34 29 76 41
~50 4 3 9 5

Total 118 100 187 100
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Table 2. Variables included in the traumatic vasospastic disease index for
evaluating the degree of severity of vibration-induced white fingers.

Scale value
Variable

0 1 2

Number of phalanges
affected 1-4 5-14 15 or more
Recovery time in forest less than 5-15 more than

5 min min 15 min
Result of cold provo-
cation test negative one hand both hands

positive positive
Number of attacks
per week less than 1 1-4 5 or more
Warmest weather likely
to provoke attacks severe cold damp cold cool summer

weather

Results

The prevalence of VWF in 1972 and 1975
is given in fig. 1. The course of VWF in
different years was estimated retrospec­
tively (fig. 2). After 1965 attacks of VWF

started to become more common, the
number of attacks among these 187 men
being highest in the years 1970-1972.
After 1972 only three new lumberjacks
were disabled by VWF. They had also
used the older types of chain saws.

per cent

100
N = 118
.---

N= 187
,....---

Latent interval. The mean total time for
operating a chain saw before 1972 was 11
years (range 3-20 years) and before 1975
also 11 years (range 3-21 years). The time
was counted also in hours to get the mean
latent period of VWF. In 1972 the latent
interval was 5,600 h (SD 2,500 h), which
was essentially the same as the 5,400 h
(SD 2,600 h) recorded in 1975 (fig. 3). Ex­
pressed in years the mean latent period
was 4-5 years.

Fig. 1. Prevalence of vibration-induced white
fingers in 1972 and 1975 among lumberjacks of
Suomussalmi, Finland, in the longitudinal
study.

Severity of vibration-induced white fin­
gers. Fig. 4 shows the changes that occur­
red in the TVD index of those 26 lumber­
jacks who had symptoms indicating TVD
both in 1972 and 1975. The TVD index,
describing the degree of severity of VWF,
had decreased in all except two lumber­
jacks.

Numbness of hands and arms. In 1972,
78 Ofo of the 118 lumberjacks suffered from
numbness of the hands and/or arms. A
slight decrease in the prevalence of this
symptom was observed in 1975, when
53 % of the 187 lumberjacks reported
having numbed hands and/or arms. This
symptom was present mainly during the
night and morning. In some cases it woke
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due to some symptoms of the vibration
syndrome in 1975 is given in table 3. The
annoyance caused by blanching fingers
was generally considered mild; only three
lumberjacks reported a severe occupa­
tional disability. Numbness of the hands
and arms was reported to cause consider­
able occupational disability by 21 lumber­
jacks, and 9 of these considered the symp­
tom severe enough to reduce their wages.

The subjective evaluation of occupa­
tional disability caused by a stiff and/or
painful back as well as pain in the upper
extremities is given in table 4.

o
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Fig. 2. The prevalence (0/0) of attacks of vibra­
tion-induced white fingers among Finnish lum­
berjacks between 1965-1974 in the longitudinal
study. The number of lumberjacks was 137 in
1965 and increased almost linearly to 187 in
1975.

TVD index

number of
lumberjacks 10

Fig. 3. Latent period of the vibration-induced
white fingers found in 64 of the 187 lumber- 2
jacks in the longitudinal study.
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the lumberjack and forced him to massage
his hands and arms two or three times
every night.

Occupational disability. Three of the 118
lumberjacks under study in 1972 left this
work because of VWF. The subjective
evaluation of the occupational disability

Fig. 4. The severity of vibration-induced white
fingers, expressed as traumatic vasospastic dis­
ease (TVD) index, in 1972 and 1975. Mean
values of the indices have been drawn with
thicker lines.
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Table 3. Subjective evaluation of the occupational disability of the 187
lumberjacks in the longitudinal study in 1975 due to some symptoms of
vibration syndrome.

White fingers Numbness of hands
Symptom and/or arms

Number 0/0 Number Ofo

Not present 142 76 86 46
Present 45 24 101 54

No or slight occu-
pational disability 42 22 80 43
Considerable occu-
pational disability 3 2 21 11

Total 187 100 187 100

Table 4. Subjective evaluation of the occupational disability of the 187
lumberjacks in the longitudinal study in 1975 due to symptoms of back
and upper extremities.

Pain and/or Pain in upper
Symptom stiffness in back extremities

Number Ofo Number Ofo

Not present 59 32 95 51
Present 128 68 92 49

No or slight
occupational disability 87 46 73 39
Considerable
occupational disability 41 22 19 10

Total 187 100 187 100

SUPPLEMENTARY STUDY

Subjects and methods

The supplementary study was conducted
in 1975 in different parts of Finland and
comprised two different groups of profes­
sional lumberjacks working for one lum­
bering company.

Group 1 consisted of 501 lumberjacks
who had used a chain saw for at least four
years with a minimum of 1,000 h/year.
The age distribution of group 1 is shown
in table 5.

Group 2 consisted of 81 men who had
started lumbering in 1970 and had used
only the AV type of chain saws. The age
distribution of this group is shown in
table 6.
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The data were collected from question­
naires and a compulsory medical check­
up. In the questionnaires and during the
interviews made to obtain the medical
history, symptoms of vibration syndrome
and their changes within the past two
years were inquired about, as well as sub­
jective disability due to VWF. Other
causes than vibration were excluded.

Results

Group 1. The mean chain saw operation
time was 10 years (range 4-18 years). Out
of a total of 501 lumberjacks, 201 (40 %)
had had symptoms indicating VWF at some
stage. Numbness of hands and/or arms was
present in 288 (58 %) lumberjacks. The
subjective evaluation of changes in these



symptoms is given in table 7. The white
finger symptom decreased during 1973­
1975 in the majority of those who suffered
from it, whereas the numbness symptom
showed the opposite tendency. The differ­
ence between the changes in the two
symptoms was highly significant (X2

[11 =
56.69, P < 0.001).

On the self-administered questionnaires
51 men (10 0/0) considered themselves to
have considerable occupational disability
because of VWF, whereas only 7 (1 0/0)
reported the same during the physician's
interview.

Group 2. Of the 81 lumberjacks, 13 (16 0/0)
had a typical history of VWF. Numbness
of hands and/or arms was present in 23
(28 %) of these lumberjacks.

DISCUSSION

The prevalence of VWF had decreased
during the follow-up period. The number

Table 5. Age distribution of the 501 lumber­
jacks in group 1 of the supplementary study.

of new cases was highest in 1967-1969,
and the highest prevalence was reached
in 1971. The TVD index indicated that in
most men who still had attacks of VWF a
decrease in severity had occurred. An im­
provement was observed both in the re­
duced frequency of attacks and in a
shortened recovery time.

Stewart and Goda (25) observed that
five years after the cessation of work
30 % of the workers no longer experienced
attacks of VWF. We sometimes found a
positive cold provocation test in men who
had not had a single attack of VWF for
five years. It is therefore debatable wheth­
er those regarded as recovered have really
improved or whether they, under some
unfavorable conditions, could still suffer
from VWF. Agate (1) reported that in
some workers attacks of VWF were first
seen some months after they left their job
with vibrating instruments. In workers
already having VWF, vascular distur­
bances showed a tendency to progress
rather than to disappear after the cessa­
tion of work.

Table 6. Age distribution of the 81 lumberjacks
in group 2 of the supplementary study.

Age N Ofo Age N Ofo(years) (years)

:::;29 161 32 :::;29 68 84
30-39 135 27 30-39 9 11
40-49 140 28 40-49 4 5
~50 65 13 ~50 0 0

Total 501 100 Total 81 100

Table 7. The subjective changes that occurred in the stage of vibration­
induced white fingers and numbness of the hands and/or arms in 1973­
1975 among the 501 lumberjacks in the supplementary study.

White fingers Numbness of hands
Symptom and/or arms

Number Ofo Number %

Not present 300 60 213 43
Present 201 40 288 57

Decreased 111 22 30 6
Same 70 14 202' 40
Deteriorated 20 4 56 11

Total 501 100 501 100

251



Among chain saw operating lumberjacks
in Sweden, a six-year follow-up showed
that the prevalence of VWF had decreased
from 48 to 38 % (30). In England, Taylor
(28) 'annually estimated, with the aid of an
index, the severity of VWF among 54
chain saw operating lumberjacks. A sig­
nificant relief in VWF had taken place
during the last two years. Therefore it
seems that recovery from VWF is possi­
ble. However, it is likely that a prolonged
period is required before the abnormal
reactivity of the peripheral vessels sub­
sides (10, 17) and the structural changes
of the vessel walls regress (3, 6, 25).

The reversibility of VWF in established
cases and a low prevalence of VWF in new
cases do not result from a single factor
only. Most important seems to be the sig­
nificant reduction in the vibration level
of the chain saws manufactured since
1969. In these AV chain saws the acceler­
ation level of vibration was decreased by
about 20 dB (27). A 20 dB decrease in daJi.­
ly vibration exposure means, according to
different norms, an increase in the maxi­
mal allowed daily operation time from 0.5
to 8 h (18, 20). The importance of the reduc­
tion of vibration is supported by the find­
ing that during the use of the AV chain
saws only three men in our longitudinal
study had been disabled. They had all also
used the older types of chain saws.

In our supplementary study the preva­
lence of VWF was 16 % among men who
had used solely the AV type of chain saws.
However, the follow-up period was too
short to come to final conclusions about
the prevalence of VWF caused by these
saws. These men have not been working
for more than five years, which is the
mean latency period of VWF. Therefore
the final prevalence may well be more
than 16 0/0.

Traveling to and from work in open ve­
hicles during cold seasons was common
earlier and often provoked attacks of
VWF. Closed transportation, which is cus­
tomary nowadays, probably caused an im­
provement in some lumberjacks (21). An­
other reason for the recovery might be the
warm winters in the years 1971-1974. In
many individuals, however, attacks of
VWF are provoked most often during
moist, about OoC, weather (21). This kind
of weather was very common during these
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winters, and therefore this factor probably
did not play a significant role in the de­
crease that occurred in the prevalence of
VWF.

The noise level of chain saws [103-107
dB (A)] exceeds the level above which pe­
ripheral vasoconstriction starts to occur
[75 dB (A)]. A positive correlation has
been shown to exist between a noisy en­
vironment and Raynaud's phenomenon
(12). In 1972 about 80 Ofo of the lumber­
jacks used ear muffs, whereas more than
95 % used them in 1975, a factor which
possibly prevented the appearance of
vasoconstriction in VWF. In spite of the
lumberjacks' increasing knowledge of the
fact that smoking is one factor which pro­
vokes VWF (21), the amount of smoking
did not decrease during the follow-up pe­
riod. Hence the reduction of VWF cannot
be connected with a change in smoking
habits.

Shooting pains and numbness of the
hands and arms are common in lum­
berjacks and only minor relief of these
symptoms was observed. The symptoms
were present in more than half of
the subjects studied. Numbness of the
hands and arms is, however, common also
in workers who have only a minimal ex­
posure to vibration (25). This symptom
could partly be a result of the strenuous
work of lumbering or over-stressed mus­
culature. On the other hand, it is known
that injuries in nerve tissue heal unsatis­
factorily and require a long time to heal
(25). It is possible that AV chain saws do
not cause nervous symptoms as often as
the older saws. The prevalence of numbing
of hands was 28 % among those men who
had used solely the AV chain saws, but
their exposure time was possibly too short
for final conclusions.

Klimkova-Deutschova (13) reported se­
vere numbness of hands and arms in 60 0/0

of the workers using vibrating tools. This
symptom was considered subjectively to
be a cause of handicap also in the lumber­
jacks of Suomussalmi, but to a lesser de­
gree. Eleven per cent of them considered
their symptoms to be severe, and some of
these rated their symptoms as severe
enough to cause a reduction in wages.

When the severity of signs and symp­
toms of the vibration syndrome is com­
pared with the severity of symptoms



caused by overloading joints, particularly
the lower lumbar vertebrae, the latter, in­
cluding lower back pain, seems to domi­
nate in Finnish lumberjacks.

Improvements have occurred during the
last five years in the process of lumbering,
e.g., the new AV chain saw, car transpor­
tation and the use of ear muffs. The se­
verity of symptoms and the prevalence of
VWF have both decreased during the last
five years. On the other hand, approxi­
mately half of the lumberjacks suffer from
numbness of hands and arms, especially
during sleep, and no relief in these symp­
toms was found during the follow-up pe­
riod.

CONCLUSIONS

1. The prevalence and severity of one
symptom and sign of vibration syndrome,
blanching of fingers, has decreased in Fin­
land in recent years. The most probable
reasons are vibration damping of chain
saws and warm car transportation.

2. The prevalence and severity of numb­
ness of hands and/or arms, which may be
a symptom of vibration syndrome, has not
decreased in recent years. Therefore, it is
still too early to make final conclusions on
the prevalence of the whole vibration
syndrome.
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