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Hand-arm vibration syndrome among travertine
workers: a follow up study

M Bovenzi, A Franzinelli, L Scattoni, L Vannuccini

Abstract
In a six year follow up study of the hand-
arm vibration syndrome, 62 stonework-
ers operating hand held vibrating tools in
10 travertine quarries and mills were first
investigated in 1985 and then in 1991. The
frequency weighted acceleration ofvibra-
tion from the rock drills and stone ham-
mers used by the travertine workers
exceeded 20 m/s2, indicating a hazardous
work activity according to the proposal of
the EC directive for physical agents. A
clinical examination and a cold provoca-
tion test were repeated with the same
procedures as those adopted at the time
of the first survey. The stoneworkers
were divided into groups according to
current work state: active stoneworkers
who continued to use powered tools dur-
ing the follow up (n = 21, median expo-
sure time 22 years), and ex-stoneworkers
with retirement vibration free intervals of
three years (n = 22, median exposure
time 27 5 years) and of six years (n = 19,
median exposure time 20 years). In the
group ofactive stoneworkers, a 38% onset
of new cases of vibration-induced white
finger (VWF) was found during the follow
up (p < 0.01). Among the retired
stoneworkers affected with VWF (n = 24),
one recovered from VWF, one showed
improvement, 20 remained stationary,
and two deteriorated. The ex-
stoneworkers experienced no significant
change in sensorineural disturbances and
a decrease in musculoskeletal symptoms
of the upper limbs. At the cold provoca-
tion test, the currently active stonework-
ers with VWF showed, on a group basis, a
delayed finger rewarming time between
the two examinations (p = 0.002). An
abnormal response to cold provocation
persisted in the fingers of the ex-
stoneworkers with VWF, even in those
reporting subjective improvement. These
findings indicate a tendency towards the
irreversibility of sensorineural and VWF
symptoms in a group of ex-stoneworkers
with prolonged exposure to high vibra-
tion levels in the past. The increased
occurrence of VWF in the active stone
workers after a few extra years of vibrat-
ing tool usage argues for an urgent imple-
mentation of preventive measures in the
stone industry.

(Occup Environ Med 1994;51:361-365)

Prolonged exposure to hand transmitted
vibration from powered processes or tools can
give rise to a complex of peripheral neurologi-
cal, vascular, and musculoskeletal symptoms,
called hand-arm vibration syndrome (HAVS).
The vascular component of HAVS is known
as vibration induced white finger (VWF), a
secondary form of Raynaud's phenomenon,
which is recognised as an occupational disease
in most of the industrialized countries. There is
some evidence for improvement or reversibility
ofHAVS disorders if reduction or cessation of
exposure to vibration occur. Since the late
1970s, reports from Nordic countries, Great
Britain, and Japan indicated a progressive
decrease in the prevalence or incidence of
VWF among forestry workers after the intro-
duction of antivibration chain saws and
administrative measures curtailing the saw
usage time.'-3 There is a shortage of clinical
and epidemiological data on the beneficial
effect of removal from vibration exposure for
VWF workers who operate hand held vibrat-
ing tools other than chain saws.4-6This paper
reports the results of a six year follow up study
of stoneworkers who use both percussive and
rotary tools to quarry and process travertine in
Tuscany (Italy). Changes in the occurrence of
HAVS symptoms were investigated in active
workers continuing to operate vibratory tools
and retired workers three and six years after
cessation of vibration exposure. A cold provo-
cation test was also performed to assess objec-
tively the subjective history of digital vascular
disturbances.

Subjects and methods
In January and February 1985, the occurrence
of HAVS was investigated in 76 stonecutters
and drillers using hand held vibratory tools in
10 travertine quarries and mills. The study
population represented 95% of the total work
force engaged in jobs with vibrating tools in
the Rapolano travertine industry (Siena,
Italy). The results of this study have been
reported in detail elsewhere.7 In March 1991,
62 of the previously studied stoneworkers par-
ticipated in a follow up study. Of the 14 sub-
jects lost during the six year follow up period,
12 had changed their place of residence and
two had died. Among these workers, five were
asymptomatic and nine complained of neuro-
logical disturbances at the time of the first
examination. All the subjects affected with
VWF in 1985 (n = 27) participated in the fol-
low up. The study group underwent a clinical
examination and a cold provocation test
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Table 1 Characteristics of the study population. Group A: active stoneworkers operating
vibratory tools during thefollow up period (1985-91). Group B: ex-stoneworkers with a
retirement vibration free interval of three years (from 1988 to 1991). Group C:
ex-stoneworkers with a retirement vibration free interval ofsix years (fivm 1985 to 1991)

Year of GroupA Group B Group C
survey (n = 21) (n = 22) (n = 19)

Age (y) 1985 45-0 (1-73) 53-5 (2.02) 56-0 (0 58)***
Smokers (n) 1985 12 (57-1%) 13 (59-1%) 8 (42-1%)

1991 7 (33-3%) 5 (22-7%) 7 (36-8%)
Drinkers (n) 1985-91 18 (85-7%) 19 (86-4%) 18 (94-7%)
Duration of 1985 16-0 (4-91) 24-5 (3-75) 20 (3.46)*
exposure (y) 1991 22-0 (4-89) 27-5 (3-83) 20 (3-46)
Daily exposure 1991 4-0 (0-29) - -

time (hours)
A(8) (m/s2) 1985 12-5 (1-29) 14-6 (1-82) 15-3 (1j01)**

*p < 0-05; **p < 0 04; ***p < 0-001, Kruskal-Wallis test. Values are medians (SEs ofmedian) or
numbers (%); A(8) = 8 hour frequency weighted energy equivalent acceleration.

performed by two occupational physicians
who used the same procedures as those used
in 1985. To study the natural course ofHAVS
symptoms, the subjects were divided into
three groups according to current work state:
group A: active stoneworkers continuing to
use vibratory tools (n = 21); group B: ex-
stoneworkers with a retirement vibration free
interval of three years, from 1988 to 1991 (n
= 22); group C: ex-stoneworkers with a retire-
ment vibration free interval of six years, from
1985 to 1991 (n = 19). For the subjects of
groups A and B, the results of a compulsory
medical examination performed during the
winter of 1988 were also available.
The stoneworkers were interviewed on

their work history, state of health, and use of
tobacco, alcohol, and medicine. Symptoms
and signs of HAVS were carefully investigated
during the physical examination. Symptoms
of VWF were defined as cold induced
episodes of blanching in one or more fingers
after excluding constitutional white finger or
other secondary forms of Raynaud's phenom-
enon. The amount of VWF was staged
according to the Stockholm scale8: stage 0 no
blanching attack; stage 1 occasional attacks
affecting only the tips of one or more fingers;
stage 2 occasional attacks affecting distal and
middle (rarely also proximal) phalanges of
one or more fingers; stage 3 frequent attacks
affecting all phalanges of most fingers.
Current state of VWF was classified as
improved, stationary, or deteriorated accord-
ing to the symptom stage assessment at the
end of the follow up. If no blanching attack
had occurred during the past two years, the
person was considered to have recovered.
The subjects were also questioned about

peripheral sensorineural disturbances (tin-
gling, numbness) and persistent pain of the
neck and upper limbs. The subjective assess-
ment of these symptoms was recorded.

Measurement of vibration was performed
on the handles of the percussive and rotary
tools used by the stoneworkers, according to
the recommendations of the International
Standard ISO 5349.9 The mean values of fre-
quency weighted acceleration measured in the
dominant direction was 30-7 m/s2 for rock
drills, 24-8 m/s2 for light stone hammers, and
3-12 M/s2 for rotary tools (vertical grinders
and hand cutters).7 Vibration exposure was
assessed in terms of eight hour energy equiva-

lent frequency weighted acceleration, accord-
ing to the proposal of the EC directive for
physical agents.'0 As no changes in tool design
and daily exposure time had occurred in the
travertine industry during the six years
between tests, the magnitude of vibration
exposure for the currently active stoneworkers
was estimated to have remained constant dur-
ing the follow up period.

Tables 1 and 2 report the characteristics of
the stoneworkers by current work state and
the distribution of HAVS symptoms at the
1985 survey. At the first examination, age and
vibration exposure were greater in groups B
and C than in group A. No difference in the
distribution of HAVS symptoms was found
between the various groups, with the excep-
tion of finger numbness and neck pain.
A cold provocation test was repeated under

the same experimental conditions as those
adopted at the time of the previous survey.
After a resting period of 30 minutes in the test
room at an ambient temperature of 21 V0C,
the subjects immersed their hands in cold
water (10C) for five minutes while gripping a
metal bar. To potentiate the ischaemic effect
of cold, a blood pressure cuff, placed around
the wrist, was inflated to suprasystolic level
during the cooling period. Finger skin tem-
perature was continuously measured by a
thermistor probe before, during, and after the
cooling period. The thermistor was placed on
the tip of the same finger monitored in 1985.
The rewarming time of the fingertip was mea-
sured as the time elapsed from the end of the
cooling and ischaemic period to the time
when the fingertip temperature reached room
temperature."

Data analysis was by non-parametric statis-
tics. The Mann-Whitney rank sum test and
the Kruskal-Wallis one way analysis of vari-
ance were used to compare two or more inde-
pendent groups. The difference between
paired observations was tested by Wilcoxon's
signed rank test. The McNemar test and the

Table 2 Distribution ofperipheral sensorineural
disturbances, vibration-induced white finger (VWF), and
musculoskeletal symptoms in the neck and upper limbs of
stoneworkers at the first survey in 1985. VWF is staged
according to the Stockholm Workshop scale

Stoneworkers

GroupA Group B Group C
(n = 21) (n = 22) (n = 19)

Tingling 17 (81-0) 17 (77 3) 13 (68-4)
Numbness 11 (52-4) 9 (40-9) 15 (78.9)*
VWF (stage):

1 3 (14-3) 8 (36-4) 3 (15-8)
2 1 (4-8) 2 (9-1) 5 (26-3)
3 1 (4-8) 3 (13-6) 1 (5-3)
1+2+3 5 (23-8) 13 (59-1) 9 (47-4)

Number of digits
affected with VWF:
<2 3 (14-3) 4 (18-1) -
3-4 1 (4-8) 5 (22-7) 3 (15-8)
5-6 - 2 (9-1) 4(21-1)
>7 1 (4-8) 2 (9-1) 2 (10-5)

Musculoskeletal symptoms:
Hands 6 (28-6) 13 (59-1) 11 (57-9)
Wrists 7 (33-3) 11 (50-0) 10 (52-6)
Elbows 8 (38-1) 15 (68-2) 12 (63-6)
Shoulders 12 (57-1) 13 (59-1) 16 (84-2)
Neck 10 (47-6) 18 (81-8) 14 (73.7)*

*p <0-05,x2 test. Values are numbers (%); groups are as
table 1.
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marginal homogeneity test were used to test
the equality of response rates in paired depen-
dent data. The x2 statistic was applied to data
tabulated in 2 x k contingency tables.
Asymptotic and exact two sided p values were
computed with the statistical software
StatXact (Cytel Software Corporation, 1992),
assuming a significance limit of 0-05.

Results
During the follow up period, eight new cases
of VWF occurred in group A (table 3). Of
these, five were classified as stage 1, two as
stage 2, and one as stage 3. Among the
stoneworkers reporting VWF in 1985, one
had changed from stage 1 to stage 2, and four
described their condition as stationary. In the
currently active group, the prevalence ofVWF
was 23-8% in 1985, 39X1% in 1988, and
61X9% in 1991 (p = 0-013). At the end of the

Table 3 Change in the symptoms of the hand-arm vibration syndrome among the active
stoneworkers (Group A, n = 21) at the end of a six yearfollow up period (1 985-1991)

Change in symptoms
Never
symptoms Improving Stationary Deteriorating

Tingling 1 0 17 3
Numbness 6 0 11 4
Stage ofVWF 8 0 4 9*
Number of digits
affected with VWF - 0 4 9*
Musculoskeletal symptoms:
Hands 11 1 5 4
Wrists 12 0 7 2
Elbows 8 1 7 5
Shoulders 6 1 11 3
Neck 5 2 8 6

*p < 0-01, McNemar test. Values are numbers of workers.

Table 4 Change in the symptoms of the hand-arm vibration syndrome at the end of the
follow up among the ex-stoneworkers with a retirement vibration free interval of three years
(Group B, n = 22)

Change in symptoms
Never
symptoms Improving Stationary Deteriorating

Tingling 4 1 17 0
Numbness 8 0 13 1
StageofVWF 7 1 13 1
Number of digits
affected with VWF - 1 11 3
Musculoskeletal symptoms:
Hands 10 4 8 0
Wrists 11 5 6 0
Elbows 5 7 8 2
Shoulders 5 10 6 1*
Neck 4 10 7 1*

*p < 0-02; McNemar test. Values are numbers of ex-workers.

Table 5 Change in the symptoms of the hand-arm vibration syndrome at the end of the
follow up among the ex-stoneworkers with a retirement vibration free interval ofsix years
(Group C, n = 19)

Change in symptoms
Never
symptoms Improving Stationary Deteriorating

Tingling 6 1 11 1
Numbness 4 2 11 2
Stage ofVWF 10 1 7 1
Number of digits
affected with VWF - 5 4 0
Musculoskeletal symptoms:
Hands 8 3 6 2
Wrists 9 2 6 2
Elbows 7 2 9 1
Shoulders 3 7 9 0*
Neck 5 8 6 0*

*p < 0-02, McNemar test. Values are numbers of ex-workers.

follow up, the latent period for VWF (the
exposure time before finger blanching) aver-
aged 14-6 years among the affected workers.
Deterioration in sensorineural and musculo-
skeletal symptoms was also reported by those
in group A, but the progression of these
disorders was not significant.

Changes in sensorineural and VWF symp-
toms were negligible in groups B and C. After
a vibration free interval of three years, one
person in group B had recovered from VWF,
one had deteriorated from stage 1 to stage 2,
and 13 had unchanged VWF symptoms (table
4). After a six year vibration free interval, one
ex-stoneworker in group C reported a worsen-
ing of VWF symptoms, one improved from
stage 3 to stage 1, and seven remained station-
ary (table 5). Among these seven, however,
four reported a reduction in the number of
fingers affected with VWF. A fairly large pro-
portion of ex-workers in groups B and C
reported a decrease in musculoskeletal com-
plaints after removal from vibration exposure,
mainly with reference to neck and shoulder
troubles (p < 002).

Table 6 reports the results of the cold
provocation test performed at both surveys.
Within each group, no difference in the
rewarming time measured from the fingertip
of the subjects without VWF was found
between the two examinations. On a group
basis, the currently active stone workers with
VWF showed a significantly more prolonged
rewarming time at the second than at the first
cold test (p = 0002). For the ex-stoneworkers
with VWF in groups B and C, no significant
change in the test results was found between
the two examinations. The two ex-workers
reporting a decrease in VWF symptoms did
not show any improvement at the finger
rewarming test. In all groups, subjects with
VWF exhibited a delayed rewarming with
respect to those without VWF at both cold
tests. The differences were significant only for
groups A and B.

Discussion
In the present study, a 38% onset of new
VWF symptoms occurred among stonework-

Table 6 Results of the cold test performed at the first
examination (1985) and at the end of the follow up
(1991)

Rewarming time (min)

First cold test Second cold test

Group A:
Without VWF (n = 8) 1-72 (0 50-5 50) 1-68 (0 72-3-92)
With VWF (n = 13) 3 00 (1-72-15-0) 5-18 (1-83-15-0)*
p Value 0 03 0-002

Group B:
Without VWF (n = 7) 1-67 (1-17-2-25) 1-72 (1-17-3-78)
With VWF (n = 15) 9 00 (1-42-14-0) 8-67 (0-50-15-0)
_p Value 0 003 0 003

Group C:
Without VWF (n = 10) 2-08 (1-00-11-4) 2-75 (1-08-11-7)
With VWF (n = 9) 3-17 (1-17-15-0) 3-33 (1-18-15-0)
p Value 0-38 0-15

*p = 0-002, Wilcoxon's signed rank test. Groups are as table 1.
Subjects developing VWF during the follow up period are
included in the VWF category. Values are medians (range).
The p value of the Mann-Whitney test for the difference
between subjects with and without VWF is also reported.
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ers who continued operating hand held vibrat-
ing tools during a six year follow up period. In
this group of active stoneworkers, the
prevalence ofVWF was about 62% at the end
of the follow up. The increased reaction of
fingers to hand cooling and ischaemia con-
firmed objectively the impairment to digital
circulation in the subjects who either devel-
oped VWF during the follow up or com-
plained of deterioration in their vascular
symptoms. These findings are consistent with
the results of other epidemiological studies of
stonecutters and drillers, in which VWF
prevalences of 29-89% have been
reported.'2-'6 The increased occurrence of
VWF in the stone industry is likely to be the
result of a summation of several risk factors
including exposure to high acceleration mag-
nitudes from powered tools, excessive dura-
tion of exposure, and exposure to external
cold climate or to a cold and humid indoor
environment.

In this study, we found neither significant
reversibility nor progression of sensorineural
and VWF symptoms in two groups of ex-
stoneworkers with vibration free intervals of
three and six years. Most of those affected
with VWF (83 3%) reported stationary symp-
toms. The spontaneous recovery or improve-
ment reported by two ex-stoneworkers was
counterbalanced by VWF deterioration in two
others. Even though six ex-stoneworkers
reported a reduction in the number of affected
digits, this finding was associated with
improvement in VWF stage in only two ex-
workers. The reversibility ofHAVS symptoms
on removal from exposure to vibration is still
a controversial matter. For some occupational
groups (for example, chain saw operators)
there is epidemiological evidence for recovery
from VWF after discontinuing exposure or
use of antivibration chain saws. In an 11 year
prospective study, Riddle and Taylor'
reported a fall in VWF prevalence from 65%
to 30% in a group of 43 forestry workers who
had stopped using chain saws. Among the
ex-saw operators affected with VWF, how-
ever, four men complained of deterioration in
VWF symptoms. Further evidence for
improvement or reversal ofVWF on cessation
of exposure to vibration came from a cohort
study of 429 VWF ex-chain saw operators
followed up by Futatsuka et al2, who reported
a 42-5% recovery rate over a 20 year period.
Nevertheless, the reversibility of VWF
depended on the original severity of the dis-
ease, as at the end of the follow up the preva-
lence of VWF was 8-3% in patients at stage 1
(Stockholm scale) and 91-5% in patients at
stage 3.2 A gradual decrease in VWF preva-
lence from 40% in 1972 to 5% in 1990 has
been found in Finnish lumberjacks, mainly as a
result of the introduction of lighter antivibra-
tion chain saws in forest work.' There are few
studies on VWF reversibility among occupa-
tional groups exposed to vibration from
powered tools other than chain saws.
Furthermore, the results of these studies
seem to be contrasting. Following up a popu-
lation of ex-users of rotary polishing tools,

Agate4 in 1949 reported unchanged VWF
symptoms in 50% and deterioration in 36% of
the subjects after a two and a half year period.
In the early 1950s, Jepson5 confirmed that
VWF, once established, tended to persist even
though exposure to vibration had ceased. By
contrast, in 1970 Stewart and Goda6 and later
in 1982 Hursh"7 reported improvement of
VWF in respectively 27% and 78% of ex-
users ofhand held vibratory tools employed in
a great variety of industrial operations includ-
ing drilling, hammering, and grinding. In a
more recent follow up study of riveters in the
aircraft industry, Dandanell et al'8 found no
significant decrease in VWF among subjects
unexposed from 1984 to 1990. The natural
course ofVWF in a group of retired stonecut-
ters and carvers has been reported by Taylor
et al'6, who in 1978 revisited the limestone
quarries of Bedford (Indiana, USA), originally
investigated by Alice Hamilton in 1918.12 In a
group of eight ex-stonecutters with a mean
vibration exposure time of 45 years and a
mean retirement period of 6-6 years, there
were five VWF stage 2 (Taylor-Pelmear
scale), two stage 3, and one stage 0. These
findings seem to be consistent with the results
of the present follow up study, suggesting a
tendency towards the irreversibility ofVWF in
groups of affected ex-stoneworkers with pro-
longed exposure to high vibration levels in the
past. It should be noted that quarry drilling
and stone cutting involve the use of vibrating
tools that can transmit to the hand and arm
system acceleration magnitudes greater than
20 m/s2, indicating a hazardous work activity
according to the proposal of the EC directive
for physical agents.'0 The presence of age
related arteriosclerotic obstructions in the
supplying arteries of the fingers may provide a
further explanation for the persistence of
VWF in the retired stoneworkers who were,
on average, in their 60s. That the reversibility
of VWF is inversely associated with age has
been suggested by Futatsuka et al,'9 who
noted less improvement in those with VWF
who were aged over 50 than in younger VWF
groups.

In our study, an abnormal response to cold
provocation was found to persist in the ex-
stoneworkers with VWF, even in those report-
ing subjective improvement. This finding is
similar to that reported by Ekenvall and
Carlsson,20 who found no significant change
in the impairment to cold reaction of digital
arteries in patients with a history of subjective
improvement or stationary symptoms during
a 3 5-6 year follow up period.
With regard to the other components of

HAVS, the ex-stoneworkers of this study
experienced no significant variation in sen-
sorineural disturbances and a decrease in neck
and arm pain. Some longitudinal studies have
shown that numbness of the hands and arms
is more resistant to improvement or recovery
than vascular disorders.2' This finding was
also confirmed objectively by Taylor et al,'6
who found sensory abnormalities at the clini-
cal tests in all but one of the retired stone-
cutters examined in the Bedford area. The
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reduction in physical strain due to withdraw-
ing from hard manual work and vibration
exposure is likely to be the main reason for the
subjective improvement in musculoskeletal
complaints reported by the ex-stoneworkers
of this investigation. This is consistent with
the decreased occurrence of arm pain found
by Stewart and Goda6 in their retrospective
study of ex-users of vibrating tools.

In conclusion, this follow up study pointed
out a severe progression ofVWF symptoms in
stoneworkers who continued to use vibratory
tools and no abatement in the prevalence of
sensorineural and vascular disorders among
retired stoneworkers. That a few extra years of
vibrating tool usage have caused a significant
increase in the occurrence ofVWF among the
active stoneworkers is a matter of concern and
argues for an urgent implementation of pre-
ventive measures in the stone industry. It is
possible that a follow up of three to six years
is too short to show changes in HAVS
symptoms among the ex-stoneworkers.
Nevertheless, the work history of these men
and their age distribution, as well as the
results of a previous follow up study of retired
stonecutters,'6 seem to indicate that sen-
sorineural disturbances and VWF symptoms
will improve very slowly, if at all, in the
affected subjects.
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