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Symptoms of vibration syndrome and radiographic
findings in the wrists of lumberjacks
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ABSTRACT In a cross sectional study 279 lumberjacks exposed to chain saw vibration and a
reference group of 178 peat bog workers were examined. The mean ages of the two groups were
34-6 and 33-1 years, respectively. The lumberjacks' mean duration of exposure to vibration was
10.4 years. The study consisted of a questionnaire and a clinical examination, including radio-
graphs of the wrists. The prevalence of reported white finger symptoms was 18% for the lumber-
jacks and 3% for the referents, whereas that of numbness in the upper extremities was 51% and
22%, respectively. Among lumberjacks the occurrence of white finger symptoms increased
significantly with the duration of exposure to vibration but was not associated with age or
smoking. The prevalence of the numbing of the upper extremities increased linearly with age in
both groups, but it was not associated with duration of exposure after adjustment for age. Among
lumberjacks there was a significant association between the numbing symptom and the white
finger symptom, but not among the referents. A high prevalence of numbing in the upper
extremities among the lumberjacks could be at least partly explained by occupational factors
other than vibration-work posture, for example. Radiographically, cysts were found in the wrist
bones of 8-9% of both groups. The exposure to chain saw vibration no longer seems to be a
determinant in the development of vacuoles in the carpal bones.

Chain saw vibration can give rise to a set of symp-
toms called the vibration syndrome. The symptoms
may occur simultaneously or separately and include
paroxysmal ischaemia provoked by cold in the
fingers, so called traumatic vasospastic disease or
vibration induced white finger. Numbing of the
hands and arms, muscular fatigue, and degenerative
bone changes are also considered to be signs of the
vibration syndrome.'
Although bone changes, such as vacuoles and nec-

rosis of the lunate or navicular bones, have been
associated with exposure to vibration,24 these
findings have not been consistent in all studies.5 6 In
addition, numbness of the hands and arms in con-
nection with vibration exposure is often present dur-
ing the night,' but few studies have reported the
prevalence of this symptom in non-exposed popula-
tions.' 8 The present study was undertaken to evalu-
ate the prevalence of symptoms of white finger and
numbing of the upper extremities and to study the
possibility that radiological bone changes might
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occur in the wrists of subjects exposed to chain saw
vibration.

Subjects

In a larger project to evaluate the health effects of
peat bog dust a total of 298 peat bog workers and
288 forest workers were examined. The group of
peat bog workers consisted of 90% of all the men
who were not older than 54 and who worked at
preselected peat sites located in six communities in
the eastern and western part of Finland. The group
of forest workers was selected by matching by age
(+2 years) and domicile. The participation rate was
87% for the forest workers. In the present study the
forest workers formed the group exposed to chain
saw vibration and the peat bog workers the refer-
ence group.

Since the study concerned the effects of exposure
to vibration, forest workers who had used a chain
saw for less than one year were excluded. The final
group of lumberjacks therefore comprised 279 men
with the mean age of 34-6 (SD 9-4) years. The mean
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duration of exposure to vibration was 10.4 (SD 5-8)
years, chain saw use averaging 1242 (SD 393.8)
hours/year.

Peat bog workers who had used a chain saw for
more than a year were discarded from the reference
group. The reference group thus included 178 peat
bog workers with the mean age of 33-1 (SD 10.2)
years. Nineteen of these workers had used a chain
saw for one year or less.

Methods

The subjects were given both a symptom survey and
a clinical examination. In the symptom survey the
subjects completed a questionnaire that included
questions on work history, state of health, medica-
tion, symptoms of vibration syndrome, and acci-
dents. An interviewer checked the answers. The
clinical examination included laboratory tests on
blood and urine, a standard anteroposterior x ray
film of both hands and wrists, and a measurement of
active movements of the wrists. The examinations
were carried out as field studies with the use of a
mobile unit.
The prevalence of the white finger symptom was

estimated on the basis of the self reported history of
finger blanching. The severity of the symptom was
graded according to the number of blanching
phalanges in the fingers and was classified as mild,
moderate, or severe if the number of blanching
phalanges was 1-4, 5-14, or 15-28, respectively.
The radiographs of the hands and wrists were read

by two radiologists who did not know whether the
radiographs were from the exposed or reference
group. All the findings were systematically recorded
on precoded sheets. Special attention was paid to
bone density, structure, presence of cysts, number
and diameter of vacuoles, and posttraumatic and
arthrotic changes. Lunate and navicular necrosis was
also recorded as were the diameter (1-
2 mm, > 2 mm) and location of vacuoles.

Wrist movements were measured with a specially
constructed apparatus. The hand was placed on a
moving indicator and the range of the movements
was recorded, the results being read from a gradu-
ated scale. The same person made all the measure-
ments.

STATISTICAL METHODS
In the statistical analyses the chi-square tests with
Yates's correction for continuity was used in cases of
2 x 2 contingency tables, and the t test was used for
testing differences between the means of continuous
variables. To analyse the trend in prevalence in rela-
tion to age or duration of exposure, X2-statistics,

X2homog = X2lin + X2slope' with degrees of freedom
m - = (m - 2) + 1, respectively, were calcu-
lated.
The confounding effect of age was controlled in

the analysis by stratification, and the Mantel-
Haenszel procedure was used for statistical
significance testing. In cases of multiple 2x2 con-
tingency tables, Mantel's extension of the Mantel-
Haenszel procedure was applied.

Results

The prevalence of the white finger symptom was
18% for the lumberjacks and 3% for the referents
(XWm) = 20-07, p < 0.001) (table 1). Among the
lumberjacks the occurrence of the white finger
symptom increased significantly with the duration of
exposure to vibration (X2() = 14 58, p < 0.001) and
the departure from linearity was not significant
(X2 = 2-51, p > 0.25) (table 2). The symptom was
not associated with age (table 1). When the preval-
ence of the white finger symptom was estimated on
the basis of the number of blanching phalanges, the
prevalence was 16% among the lumberjacks: 2%
had mild, 12% moderate, and 2% severe symptoms.
The prevalence of moderate or severe symptoms
increased linearly with increasing duration of vibra-
tion exposure (X2 = 10-30, p < 0 001; X2 = 3-19,
p > 0.25). Smoking was not associated with this
symptom.
Numbing of the wrists was more common among

the lumberjacks than among the referents (table 3),
the prevalences being 51% and 22% respectively
(X2 = 18 51; p < 0 001; Mantel-Haenszel test). The
prevalence increased linearly with age in both
groups. Numbing severe enough to waken the sub-
ject more than one night a week was reported by
17% of the lumberjacks and 7% of the referents (XI
= 15-21, p < 0-001; Mantel-Haenszel test). The
symptom was not associated with smoking
(X2 = 0 95).
The association between numbing of the wrists

and duration of exposure to vibration was studied
by the application of the Mantel extension of the
Mantel-Haenszel procedure. After adjustment for
age the association was not significant (X = 344,
Table 1 Prevalence ofthe white finger symptom in
lumberjacks and referents by age

Age Lumberjacks Referents
(years)

No of Percentage No of Percentage
subjects with symptoms subjects with symptoms

624 41 5 48 2
25-34 109 12 59 5
35-44 76 28 35 0
45-54 53 26 36 6
Total 279 18 178 3
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Table 2 Prevalence ofthe white finger symptom in lumber-
jacks by duration of exposure to vibration in years

Exposure No of Percentage
(years) subjects with symptoms

1- 4 56 5
5- 9 73 11
10-14 61 21
15-19 61 31
-20 28 25
Total 279 18

p > 0.05). An analogous result was obtained with
partial correlation analysis.
Among the lumberjacks there was a significant

association between the numbing symptom and the
white finger symptom (X2 = 19-02, p < 0 001) but
not among the referents (p = 0 106, Fisher). When
the severity of the numbing symptom was graded
according to the weekly frequency of waking up at
night, the lumberjacks with white finger symptom
had higher scores than those without it
(t (277) = 3-75, p < 0-001).
The overall prevalence of cysts in the wrist bones

of the lumberjacks was 9% for each hand. In the
reference group the respective prevalences were 8%
and 9% (table 4). The preValence of bone cysts was
higher after the age of 35 in both groups but did not
correlate with the duration of exposure to vibration
or with the occurrence of the white finger symptom.
Among the lumberjacks three men had lunate

necrosis in the right wrist and two navicular necrosis
in the left wrist; four of the five had a history of wrist
strain. Among the referents there was no lunate or

navicular necrosis.
The range of wrist movements among the lumber-

jacks was somewhat lower than among the referents

Table 3 Prevalence ofnumbness ofupper extremities in
lumberjacks and referents by severity and age

Age No of Percentage Numbness wakes subject
(years) subjects experiencing

symptom Once a week More often
or less than once a

week

Lumberjacks
-24 41 22 17 5
25-34 109 137 31 6
35-44 76 169 37 32
45-54 53 77 51 26
Total 279 51 34 17

Referents
s24 48 10 8 2
25-34 59 15 8 7
35-44 35 23 17 6
45-54 36 50 33 17
Total 178 22 15 7

Table 4 Prevalence of bone cysts in lumberjacks and
referents

Age No of Lumberjacks No of Referents
(years) subjects subjects

Left Right Left Right
wrist wrist wrist wrist
(%o) (%o) (%o) (%o)

24 41 5 5 48 2 4
25-34 109 8 7 59 5 5
35-44 76 12 12 35 6 14
45-54 53 8 1 3 36 22 1 7
Total 279 9 9 177 8 9

(table 5). The results of the measurements exceeded
reference values9 in both groups, probably due to
improper fixation of the wrist during the measure-
ment.

Discussion

Since the early 1970s the prevalence of white finger
symptoms induced by vibration among lumberjacks
has decreased from 40-50%' 5 "' to 13%." The sev-

erity of the symptom has also decreased
significantly.' The most probable reason for the
decrease in the prevalence of the white finger symp-
tom appears to be the damping of chain saw vibra-
tion and, also, the reduced weight of the saws." l 2 The
noise level of the saws has also decreased although
the individual noise dose during one working period
can be as high as 96-103 dB(A) Leq.12

In this study the prevalence of the white finger
symptom in the reference group (3%) was lower
than the earlier reported figures of 6-9% , 8 10
whereas the corresponding prevalence in the lum-
berjacks (18%) was comparable with the previous
study." The occurrence of this symptom did not

Table 5 Results of measurement of wrist movements

Movement Lumberjacks Referents

Mean SD Mean SD

Radial deviation (degrees):
Left wrist 27-7* 4-4 28-6 5.3
Right wrist 26-9** 4-7 28-4 5-0

Ulnar deviation (degrees):
Left wrist 35-0* 5-0 36-2 4-9
Right wrist 36-1 1-8 37-2 6-6

Palmar flexion (degrees):
Left wrist 77-0 6-6 78-2 6-7
Right wrist 75.5* 9-3 77-4 7-8

Dorsal flexion (degrees):
Left wrist 64-4 9 0 65-6 7-9
Right wrist 63-7*** 9-0 66-8 8-0

Significant group differences, t test: *p 0-05; **p 0-01; ***p 0-001.
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increase after the age of 45, possibly due to selec-
tion.
The prevalence of numbing in the upper

extremities of lumberjacks was reported to be high
in 1972, about 80%,' and long lasting, intense
exposure to vibration has been assumed to result in
peripheral neuropathy. In an earlier neuro-
physiological study changes such as slowed
maximal conduction velocity of the median and
ulnar nerves and lowered conduction velocity of the
slower ulnar fibres were reported to occur in 40% of
the forest workers examined.'3 Neurophysiological
changes have also been found among rock drillers.'4
In the presept study the prevalence of numbing was
51% for the lumberjacks, and the symptom was also
common among the referents (22%). The preval-
ence of numbing has not decreased as much as the
prevalence of the white finger symptom. Numbness
did not correlate with exposure time after adjust-
ment for age, and it may be that the static load and
work position could at least partly explain the symp-
tom.
The reports of wrist bone changes (vacuoles,

cysts) in different populations exposed to vibration
are somewhat controversial. Cysts and vacuoles
have been found in 20-26% of some groups
exposed to vibration,2 3 and aseptic necrosis of the
lunate and navicular bones has also been reported
among these workers.4 These earlier studies were
not well controlled, however, and studied groups of
workers with intense exposure. Nevertheless, Kar-
jalainen et al found that vibration decreases the
blood flow in the saw bearing left hand of lumber-
jacks and also found the bone mineral density to be
lower than in controls of the same age, a finding
which could explain the wrist bone vacuoles.'5 In
some other studies, however, differences between
exposed and control groups have not been
observed.5 6 In our subjects the occurrence of vac-
uoles was rare, and there was no correlation with the
duration of exposure. This result supports the
assumption that, nowadays, exposure to chain saw
vibration does not predispose to the development of
vacuoles in carpal bones.
The differences in wrist movements observed

between the lumberjacks and referents of our study
were small and clinically insignificant. The measured

values exceeded overall reference values for both
groups, probably due to some methodological error,
but results between the groups are comparable
because the same method was used in both groups.
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