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Seven-year follow-up of white-finger symptoms and
radiographic wrist findings in lumberjacks and referents
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Hannu Harkénen, MD,* Timo Kuusela, MD,2 Matti Pekkarinen, MD,? Sakari Tola, MD,*
Anders J Zitting, MD?

KIVEKAS J, RIIHIMAKI H, HUSMAN K, HANNINEN K, HARKONEN H, KUUSELA T, PEKKA-
RINEN M, TOLA S, ZITTING AlJ. Seven-year follow-up of white-finger symptoms and radiographic
wrist findings in lumberjacks and referents. Scand J Work Environ Health 1994;20:101—6.

OBJECTIVES — In 1978, a cross-sectional study of 279 lumberjacks exposed to hand-arm vibration
and 178 unexposed referents was conducted. The aim of the present study was to provide a seven-
year follow-up on (i) the changes in the white-finger symptoms among the lumberjacks and the refer-
ents, (ii) the effect of white-finger symptoms on the professional prognosis of the lumberjacks, and
(iii) the relationship between hand-arm vibration and changes in wrist bones.

MeTtHODS — The methods consisted of a questionnaire, a routine clinical examination, and radiographs
of the wrists and hands. The examinations were conducted as a field study using a mobile unit.
REesuLts — The prevalence of white-finger symptoms was 18% among the lumberjacks and 3% among
the referents in the original study. Seven years later 213 lumberjacks and 140 referents participated
in the follow-up. The prevalence of white-finger symptoms was 24.9 among the lumberjacks and 5.7
among the referents, and the seven-year cumulative incidence was 14.7% among the lumberjacks and
2.3% among the referents. After allowance for age, there was no difference in the incidence of white-
finger symptoms between the lumberjacks with fewer than 15 years of exposure and the referents, but
the risk increased with increasing duration of exposure (risk ratio 8.9, 95% confidence interval 2.5—
28.9 for those exposed at least 25 years). There was no difference between the two groups in the prev-
alence of radiographically detectable translucencies or osteoarthrotic changes in the wrists and hands.
ConcLusions — According to the results, white-finger symptoms are still a problem among lumber-
jacks who started chain-saw work before 1970.

KEY TERMS — hand-arm vibration, longitudinal study, lunatomalacia, osteoarthrosis, radiographic trans-

lucencies.

Chain-saw vibration can cause white-finger symp-
toms. It has been claimed that it also causes radio-
graphically detectable translucencies in the carpal
bones of exposed workers (1—3), but the results of
various studies have been controversial (4—6).

The prevalence of white-finger symptoms among
Finnish lumberjacks was at its highest in the early
1970s, when it was 40—60% (7, 8). During the
1970s, the prevalence decreased, and in studies
conducted at the end of the decade, it was 13—18%
(6,9).

In 1978 we studied 279 lumberjacks whose mean
exposure time to chain-saw vibration was 10.4 years
(6). One hundred and seventy-eight peat workers who
were not exposed to hand-arm vibration served as the
reference group. The prevalence of white-finger
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symptoms was 18% among the lumberjacks and 3%
among the referents, respectively. The overall prev-
alence of circumscribed translucencies in the wrist
bones of the lumberjacks was 9% for each hand. In
the reference group, the respective prevalences were
8 and 9%. The prevalence of bone translucencies was
not related to either the duration of exposure or the
occurrence of white-finger symptoms.

In 1985 we conducted a follow-up study of the
same groups. The objective was to study (i) the
changes in white-finger symptoms among the lum-
berjacks and the referents, (ii) the effect of white-
finger symptoms on the professional prognosis of the
Iumberjacks, and (iii) the relationship between hand-
arm vibration and changes in wrist bones.

Subjects and methods

Subjects

In the follow-up phase, 213 lumberjacks (76% of the
original group) and 140 referents (78% of the origi-
nal group) were examined. Those 46 lumberjacks
who had left their previous occupation during the
follow-up period were included. The prevalence of
white-finger symptoms in 1978 was slightly lower
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(17 versus 18%) for the lumberjacks and higher
(5 versus 3%) for the referents who participated in
the follow-up study as compared with the original
groups.

At the end of the follow-up, the mean age of the
lumberjacks was 41.9 (SD 9.2) years and that of the
referents was 39.7 (SD 8.9) years. The lumberjacks’
mean exposure time to hand-arm vibration was 19.7
(SD 12.4) years, with a range of 8—35 years. Data
on exposure were not obtained for four lumberjacks.

Peat workers drive a tractor full-time during the
harvesting season (3—5 months per year), and dur-
ing the winter they mainly do maintenance and re-
pair work. Referents exposed to chain-saw vibration
for more than one year had been excluded from the
study in 1978.

Methods

The study program consisted of a questionnaire, a
routine clinical examination and radiographs of the
wrists and hands. The examinations were conduct-
ed as a field study using a mobile unit as in the pre-
vious study.

The survey included questions on work history,
general state of health, and symptoms of white fin-
gers. Most of the questions were the same as in the
previous study. The answers were checked for com-
pleteness. The prevalence of white-finger symptoms
was estimated on the basis of the answers to the ques-
tion “Have you had finger blanching?”

Because of technical difficulties, radiographs of
the hands and wrists were obtained from only 188
lumberjacks and 126 referents in 1985.

The occurrence of circumscribed translucencies in
the wrist bones was determined from the radiographs
taken in 1978 and 1985. The films were read inde-
pendently by two radiologists who did not know the
subject’s age, occupation, or when the films were
taken. In cases of discrepant classifications, joint re-
readings were made. The agreement rate of the first
interpretation was 82%. The size and shape (regular
or irregular) of the translucencies, as well as the pos-
sible sclerosis of their borders, were registered.

The degree of osteoarthrotic changes in the joints
of the hand and wrist bones was classified accord-
ing to Kellgren & Lawrence (10) on the basis of ref-
erence radiographs. According to this classification,

Table 1. White-finger symptoms among the lumberjacks and
referents in 1978 and 1985.

White-finger
symptoms
Risk 95%
Year Lumber- g confidence
jacks l?ﬁfgr;a‘?é)s ratio interval
(N=213) %
(%) ( °)
1978 16.9 5.0 34 1.7—6.9
1985 249 5.7 44 2.3—81

the findings were registered on a five-point scale
(none, possible, mild, moderate, severe) for each
joint. In the analysis, the occurrence of mild, mod-
erate, or severe osteoarthrosis was considered oste-
oarthrosis.

Data analysis

Separate analyses were conducted for the prevalence
data and the seven-year cumulative incidence data
(first-time events). Cumulative incidence was ap-
proximated as the proportion of those who had con-
tracted white-finger symptoms of those previously
symptomless. In the stratified analysis, risk ratios
(RR) and 95% confidence intervals (95% CI) (based
on the standard errors) were estimated (11). The test
for trend in proportions was analyzed according to
Nurminen (12).

Results

Prevalence of white-finger symptoms

In the beginning of the follow-up, the prevalence of
white-finger symptoms was higher among the lum-
berjacks than among the referents. There was a sig-
nificant increase in the lumberjacks’ prevalence,
whereas no change was found for the referents (ta-
ble 1).

White-finger symptoms were rare among the men
younger than 37 years of age; the risk was five- to
sixfold in the two older age groups (table 2). After
allowance for age, there was a significant trend for
the prevalence of white-finger symptoms according
to the duration of exposure (chi square 30.6,
P<0.001). The risk ratio for at least 25 years of ex-
posure was 6.8 (95% CI 3.0—15.8).

Incidence of white-finger symptoms

The seven-year cumulative incidence of white-fin-
ger symptoms was 14.7% among the lumberjacks and
2.3% among the referents (RR__, 6.5, 95% Cl24—
17.5). For the 23 new cases of white-finger symp-
toms among the lumberjacks the mean exposure time
from the onset of exposure to the beginning of symp-
toms was 17.5 (SD 2.8, range 13—25) years.

The incidence was highest in the middle-age group
(table 3). After allowance for age, there was a sig-
nificant increasing trend in the incidence of white-
finger symptoms according to the duration of expo-
sure (chi square 16.6, P<0.001). The risk ratio for
at least 25 years of exposure was 8.9 (95% CI 2.5—
28.9).

White-finger symptoms developed in only one pre-
viously asymptomatic lumberjack younger than 37
years and one exposed for less than 15 years. The
number of lumberjacks who reported white-finger
symptoms in 1978 was 78, and 72 of the 78 reported
white-finger symptoms also in 1985. Five of the six
“recovered” lumberjacks had reported white-finger
symptoms only in one hand in 1978.
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Table 2. White-finger symptoms according to duration of exposure to chain-saw vibration and age in 1985. (A =all subjects
in the exposure category, B =number of subjects with white-finger symptoms, 95% Cl=95% confidence interval)

Duration of exposure

Age group 0 years? 8—14 years 15—24 years 25—35 years Total Risk 95% CI
(years) ratio
A B A B A B A B A B
25—36 67 2 46 2 23 2 0 0 136 6 (4.4%) 1.00
37—46 32 4 10 1 44 13 14 1 100 29 (29.0%) 6.6 3.3—13.3
47—61 41 2 8 0 29 " 35 13 113 26 (23.0%) 5.2 25—11.0
Total 140 8 64 3 9% 29 49 24
% 5.7 4.7 271 49.0
Risk ratio 1.0 0.8 4.7 8.6
95% CI 0.2—-3.0 2.4—92 4.7—15.7
Age-adjusted risk ratio 1.0 0.9 38 6.8
95% Cl 0.2—386 1.7—-7.7 3.0—15.8

2 Referents.

Table 3. First-time events of white finger symptoms in 1978 —1985 among the lumberjacks and referents acqording to d_uration
of exposure to chain-saw vibration and age. (A = subjects without white-finger symptoms in 1978, B = subjects experiencing
white-finger symptoms for first time between 1978 and 1985, 95% Cl=95% confidence interval}

Duration of exposure

Age group 0 years= 8—14 years 15—24 years 25—35 years Total Risk 95% Ol
(years) ratio
A B A B A B A B A B

25—36 63 0 43 0 21 1 0 0 127 1 (0.8%) 1.00

37—46 29 2 10 1 33 5 10 7 82 15 (18.3%) 232 6.1—87.8
47—61 39 1 8 0 22 5 26 4 95 10 (10.5%) 13.4 29623
Total 131 3 61 1 76 1 36 1

% 2.3 16 145 30.6

Risk ratio 1.0 0.7 6.3 33

95% Cl 0.1—6.6 2.2—186 5.2—34.2

Age-adjusted risk ratio 1.0 1.1 5.0 8.9

95% Cl 0.1—10.5 1.3—15.6 25—28.9

2 Referents.
Radiographic findings (12%) had retired. Of the 140 referents examined,

There were no significant differences in the occur-
rence rates of translucencies in the wrist bones be-
tween the lumberjacks and the referents (table 4).
The prevalence of translucencies increased as age
increased.

Lunatomalacia was found in 1978 in three lum-
berjacks and in 1985 in four lumberjacks. Two of the
four had previously injured the affected wrist.
Among the referents, no one had lunatomalacia in
1978, and one had it in 1985.

The prevalence of osteoarthrosis of the hands and
wrists increased from 5.3% in 1978 to 16.0% in 1985
among the lumberjacks and from 6.4 to 12.7% among
the referents. There was no difference between the
hands. In both groups there was a strong relationship
between osteoarthrosis and age (table 5). After al-
lowance for age, the prevalence of osteoarthrosis was
not related to exposure time among the lumberjacks.

Turnover of workers

Of the 213 lumberjacks examined in 1985, 167
(78%) had continued working as lumberjacks, 20
(9%) had changed to another occupation, and 26

135 (96%) were still active in worklife.

White-finger symptoms in the beginning of the fol-
low-up was not a significant predictor for selection
out of occupation among the lumberjacks. Twenty-
four of 36 lumberjacks with white-finger symptoms
in 1978 were still working as lumberjacks in 1985,
four had changed occupations, and eight had retired.
Likewise, there was no evidence for a relationship
between the radiographically detectable translucen-
cies in the wrist bones and turnover among the lum-
berjacks.

Discussion

According to this study, white-finger symptoms are
still a problem for lumberjacks, at least among the
older men exposed for a long time. The seven-year
cumulative incidence of white-finger symptoms
among the lumberjacks exposed for at least 25 years
was as high as 30.6%, and the prevalence at the end
of the follow-up was 49.0%. In a recent Japanese
study the prevalence of white-finger symptoms
among workers with a duration of exposure of 30
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Table 4. Radiographically detectable translucencies in the wrists of the lumberjacks and referents in 1978 and 1985.

Subjects Prevalence of Subjects without Seven-year
Age group in 1985 translucencies (%) translucencies cumulative
in 1985 (N) in 1978 incidence

1978 1985 (N) (%)

Lumberjacks
25—36 years 64 4.7 6.3 61 1.6
37—46 years 58 17.2 22.4 48 6.3
47—61 years 66 31.8 33.3 45 2.2
All 188 18.1 20.7 154 4.6
Referents
25—36 years 59 6.8 11.9 55 55
37—46 years 30 10.0 13.3 27 3.7
47—61 years 37 324 37.8 25 8.0
All 126 15.1 19.8 107 5.6

Tabie 5. Radiographically detectable osteoarthrosis in the wrists and hands of the lumberjacks and referents in 1978 and 1985.

Subjects Prevalence of Subjects without Seven-year
Age group in 1985 osteoarthrosis (%) osteoarthrosis cumulative
in 1985 (N) in 1978 incidence

1978 1985 (N) (%)

Lumberjacks
18—29 years 64 0 3.1 61 3.1
30—39 years 58 1.7 6.9 57 5.3
40—54 years 66 13.7 36.4 57 26.3
All 188 53 16.0 178 11.2
Referents
18—29 years 59 0 0 59 0
30—39 years 30 6.7 16.7 28 10.7
40—54 years 37 16.2 29.7 31 16.1
Al 126 6.4 12.7 118 6.8

years or more was 20.9% (13). In this study only one
new case of white-finger symptoms occurred in the
least-exposed group of lumberjacks, who started
working with chain saws after 1970.

The differential participation in our follow-up
study with regard to white-finger symptoms in 1978
among the two groups may have caused bias. This
bias would tend to dilute the occupational effect and
thus would not substantially influence the conclu-
sions drawn from our study.

In our study, the prevalence and incidence of
white-finger symptoms was determined from the
workers’ subjective reports of finger blanching with-
out information on its origin or a specified period of
observation. Thus there may have been some cases
of finger blanching due to circulatory problems in
both groups. The proportion of such cases was as-
sumed to be similar in both groups. The same ques-
tion concerning the last two years has been used in
studies in which the prevalences of white-finger
symptoms have been slightly smaller (8, 9). Our
study was a prospective follow-up of workers with
a long exposure history. The mean exposure time
was 19.7 (range 8—35) years, which is eight years
longer than in the aforementioned studies (8, 9),
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and this difference may explain the higher preva-
lence.

The prevalence of white-finger symptoms de-
creased during the 1970s, and the most important fac-
tor contributing to this decrease was the damping of
chain-saw vibration. New chain-saw models that gen-
erate less vibration appeared in logging work in the
late 1960s and early 1970s (14—17). In addition, the
vibration measured from the wrists of lumberjacks
has been lower with these third-generation chain
Saws.

In this study, there was a group of lumberjacks
who only or mainly had used third-generation chain
saws. Only one of these men reported symptoms of
white-fingers at the end of the follow-up. In Japan,
Futatsuka & Ueno (18) found white-finger symptoms
in only 1.6% of the lumberjacks who had been ex-
posed for seven to eight years and had started using
chain saws in 1972—1973. The mean exposure time
until white-finger symptoms first occurred was 17.5
years among the new cases. This length of time is
much longer than the four to five years reported in
the early 1970s (8).

It seems that white-finger symptoms develop much
more slowly when modern saws are used instead of



older ones. Among the lumberjacks with an expo-
sure history of at least 15 years, however, the prev-
alence and incidence of white-finger symptoms in-
creased with an increase in the duration of exposure.
This finding indicates that the vibration of modern
saws can elicit or maintain symptoms initiated by
former exposure to more intense hand-arm vibration.

Two out of three of the lumberjacks who reported
white-finger symptoms in 1978 were still in the same
occupation in 1985. Most of them still had symp-
toms, but the symptoms were less severe. Typical-
ly, the symptoms appeared when the men’s hands
came into contact with cold and moist conditions, for
instance, while fishing during leisure time.

There was no difference between the study and the
reference groups in the prevalence of radiographical-
ly detectable translucencies in the wrist bones. The
prevalence of translucencies increased as age in-
creased in both groups.

The prior evidence for a connection between trans-
lucencies in the wrist bones and hand-arm vibration
is based on studies made in the early 1970s (1, 2,
19). The lumberjacks examined in these studies had
a long history of working with the old, heavy chain
saws, whose vibration was poorly damped.

A similar lack of correlation between hand-arm
vibration and translucencies, as in this study, has
been reported in many earlier studies (4—6). Accord-
ing to these studies, exposure to hand-arm vibration,
at least with the modern type of chain saws, does not
cause radiographically detectable translucencies in
wrist bones.

In this study the prevalence of osteoarthrosis was
greatly age-dependent, but it was not dependent on
exposure to hand-arm vibration. In both groups, the
prevalence was less than in the Finnish agricultural
population (20). The determination of osteoarthro-
sis in this study was based only on radiographic
changes in joints of the wrists and hands.

Findings on the connection between osteoarthro-
sis and physical load have been controversial. Gor-
don (21) and Zinn (22) found osteoarthrosis more
often in farmers than in other populations. Howev-
er, in many studies there has been no connection be-
tween the prevalence of osteoarthrosis and physical
load (23—25) or vibration (26).
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