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Table 6 Cold provocation test. Reduction in finger systolic blood pressure by finger cooling to 15 and 6°C from 30°C
(R-FSP), and pressure at 15 and 6°C in percentage of pressure at 30°C (FSP%;). Chain saw operators are grouped by
stage of VWF with stage 0 subdivided into two groups by exposure period. Subjects with a zero pressure at 15°C were

not tested at 6°C. Values are given as median and range

Control Chain saw operators Stage 0 subdivided
group
(n = 20) Stage 0 Stage 2 Stage 3 Exposure period (yr)
(n = 26) (n=6) (n=7)
1-3 10-23
(n=13) (n=13)
R-FSP (15°C)
(mm Hg) 10* 20t 63*1 105*t 20 30
—5to 30 0-150 20-125 75-135 0-90 0-150
R-FSP (6°C)
(mm Hg) 20* 40t 75 304 80
0-40 —10to 125 (n = 24) 60-120 (n = 3) —10to 125 25t0 125 (n = 11)
FSPY; (15°C) 91* 79t 30*+ 0*t 84 76
70-105 0-100 0-82 0-0 28-100 0-100
FSP % (6°C) 83* 64+ 0 76% 41
60-100 0-107 (n = 24) 0-43 (n = 3) 0-107 0-78 (n = 1D

*Significant from stage 0 (p < 0-05).
tSignificant from control group (p < 0-05).
1Significance between subgroups in stage 0 (p < 0-05).

finger from 30 to 15°C and from 15 to 6°C (p < 0-05).
Between the 10 youngest and the 10 eldest subjects in
the control group the cold responses did not differ
significantly. All 13 chain sawyers with VWF had an
abnormal FSP 9; and R-FSP compared with the 95 %
confidence limits (table 6). The differences in FSP %
and R-FSP were not significant between stages 2
and 3 (p > 0-10). Compared with the 95 %, confidence
limits FSP%, was abnormal in five subjects and
R-FSP abnormal in three subjects in the subgroup of
stage 0 with shortest exposure period, and FSP%
and R-FSP were abnormal at 15 or 6°C, or both, in
10 subjects in the subgroup with the longest exposure
period. The difference in the number of subjects
with an abnormal R-FSP was significant between
the two subgroups in stage 0 (p = 0-02).

Twelve of 13 chain sawyers with VWF and five of
26 chain sawyers without VWF hada zero pressure in
the finger at 15 or 6°C. In the diagnosis of Raynaud’s
phenomenon the cold provocation test therefore had
a nosographic sensitivity of 0-92 (0-64-1-00), a
nosographic specificity of 0-81 (0-61-0-93), a predic-
tive value of a positive test (zero pressure) of 0-71
(0-44-0-90), and a predictive value of a negative test
(pressure above zero) of 095 (0-77-1-00) (95%
confidence limits in parentheses). The prevalence of
VWEF was 0-33 (0-19-0-50). None of the controls has
a zero blood pressure by finger cooling.

VIBRATION CHARACTERISTICS

Expressed as median (first and third quartile in
parentheses) the maximal 1/3-octave band excess of
the saws compared with the ISO draft standard was
11 decibel (9-13) (reference 10—¢ m/s2) centred on
the 125 Hz octave band (rotation frequence of the

motor when the chain saws were used normally).
Only one of 38 chain saws did not exceed the proposed
exposure limit.

Discussion

FINGERS AFFECTED BY VWF

The number of fingers affected by VWF did not
differ significantly between the two hands. In
quarrymen using pneumatic hand tools, however, the
fingers of the hand contralateral to the preferred
working hand are the most affected.8 This difference
in hand localisation of VWF between quarrymen
and chain sawyers may be explained by the asym-
metric position of the hands on the pneumatic tools
with the non-preferred working hand nearest to the
prepared stones and in that way most exposed to
vibration, whereas both hands on the chain saw are
nearly the same distance from the prepared material.
In larger populations of chain sawyers with VWF
than in the present study Hellstrom and Andersen!?
found 579 of the right-hand and 429 of the left-
hand digits affected (123 subjects), and Pyykko!3
found more disease in the left hand. Pyykko suggest-
ed that the left-hand grip force was higher than the
right-hand grip force during work with chain saws
and that this would be more exposed to vibration,
but later Farkkild er al'4 found grip forces to be
equal in both hands during chain saw operations. In
accordance with the present study other reports!2—13
found the middle and ring fingers most often
affected and the thumbs most often spared from
symptoms. On average the subjects with longest
exposure had most disease, suggesting a progression
in the number of affected fingers with continuous
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exposure to vibrations.

SYSTOLIC BLOOD PRESSURES AT 30°C

In the present study the systolic blood pressure
gradient from the upper arm to the cooled finger at
30°C was increased in stage 3 compared with the
control group and stage 0, whereas the arm systolic
blood pressure and the pressure gradient to the
reference finger from the upper arm did not differ
significantly between the three groups. This may
reflect vibration-induced organic stenoses in the
supplying arteries of the fingers most severely
affected by VWF, or it may reflect arteriosclerosis
because of a higher age distribution in stage 3 than
in the other two groups. The pressure gradient from
the upper arm to the cooled finger at 30°C was also
higher in stage 3 than in the longest exposed sub-
group of stage 0 (p < 0-02), which had an age
distribution, smoking habits, and an arm systolic
blood pressure not different from stage 3 (p > 0-10),
and this may support the hypothesis of vibration-
induced organic stenoses. No pressures in the
fingers were below 80 mm Hg at 30°C, and as
evaluated by visual inspection no fingers had
ischaemic signs at this temperature. It had been
found earlier® that quarrymen had an increased
pressure gradient from the upper arm to the fingers
most often affected by VWF. Okada er al'® found
the finger tip blood flow to be significantly lower in
vibration-exposed groups compared with a control
group even before cold provocation. Hirail® observed
that in patients with arterial occlusive disease only
the fingers with arteriographic signs of occlusions in
both digital arteries or in more proximal arteries
leading to both sides of the finger had an increased
systolic pressure gradient from the upper arm to the
finger. This means that even a small increase in this
gradient may indicate severe organic obstructions in
the arteries. By arteriography James and Galloway!?
found that subjects with severe VWF showed
definite evidence of occlusions in the hand and
digital arteries, and in nearly all fingers the presence
of arterial occlusion coincided with the reporting of
“white finger.”” In biopsy specimens of digital
arteries from miners Ashe and Williams!8 noticed
pronounced subintimal fibrosis in men with mild to
severe VWF and vascular lumen restriction without
anatomical change in men with no or moderate
finger symptoms.

COLD PROVOCATION TEST

In the diagnosis of Raynaud’s phenomenon in chain
sawyers the cold provocation test had the same
sensitivity and specificity as had been found in a
study of quarrymen.® It was suggested® that the
sensitivity was as high as the best results obtained by
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other methods, and that subclinical Raynaud’s
phenomenon exists and can be disclosed by cold
provocation at low temperatures. In the present
study, however, the medical interview was regarded
as the valid diagnostic method, and therefore zero
pressures in subjects with possible subclinical VWF
were classified as false-positive.

The precision of the cold provocation test at 15°C
in chain sawyers was of about the same order as
found in the study of quarrymen.8 At 6°C the mean
difference of duplicates (8 mm Hg) differed from
zero with the most pronounced cold response at the
first determination. As all but one subject with
duplicate determinations at 6°C also were tested
twice at 15°C the response of duplicates at 6°C may
indicate a weakening of the vasoconstrictor response
after too many rapidly repeated cold provocations.
The relative high precision of the method compared
with the variation in cold responses in chain sawyers
without VWF suggests that it should be possible to
distinguish between different gradings of cold
response in these subjects.

The presented test discriminated between controls,
stage 0, and stages 2-3. Various objective tests had
earlier been used to discriminate between controls,
vibration-exposed subjects without VWF, and
subjects with VWF. By observing the skin tempera-
ture of the finger in the rewarming period after
cooling Pelmear et al'® found a large overlap between
vibration-exposed subjects and controls, and skin
temperature thermography did not distinguish
vibration-exposed subjects from controls or the
stages of VWF from each other. Okada et al'®
measured the finger tip blood flow during and after
cooling of the contralateral hand and found the
flow to be lower in vibration-exposed subjects with
and without VWF than in the controls, but the
measurements could not discriminate between the
two vibration-exposed groups. Chatterjee et al4
measured the somatic space-sense on non-cooled
finger tips and found that 15 of 16 miners in stage 3,
four of five in stage 2, six of 21 in stage 0, and four of
41 controls had an abnormal test result. We have
evaluated their results statistically and found the
number of abnormal test results to be higher in
stages 3 and 2 than in the controls, and higher in
stage 3 than in stage 0, but no significant difference
between the controls and stage 0 or between stages O
and 2. The difference in the discriminative capacity
between the present method and the others may be
due to differences in methodologies or in the popula-
tions studied.

The digital arterial cold response was expressed as
FSP ¢, and R-FSP. These expressions gave nearly the
same results in the present study, probably because
of the small differences in FSPi,, 30 between the
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investigated groups. Which expression of cold
response should be chosen is not clear but may
depend on which problem is to be investigated.

DIGITAL ARTERIAL COLD RESPONSE

In the present study stages 3 and 2 had a significantly
increased cold response compared with stage O,
which had an increased response compared with the
control group. This indicates that vibrations induce
hyperresponsiveness to cold in the digital arteries,
even in subjects without finger symptoms. There was
no significant difference in the level of temperature
provoking zero pressure between stages 2 and 3. As
all subjects in stage 3 and three of six subjects in
stage 2 had a zero pressure at 15°C a higher test
temperature than this might have given a better
separation between the two stages. In stage O the
subgroup with an exposure period of 10-23 years had
a significantly increased cold response at 6°C
compared with the subgroup with an exposure
period of one to three years. The result indicates that
vibrations induce increased cold responses as the
exposure period increases in subjects without
subjective finger symptoms, but this has to be
finally confirmed in a prospective study.

All but one of the chain saws exceeded the pro-
posed exposure limit, and even subjects who had
used only modern vibration-damped chain saws
showed VWF. In addition well-maintained saws
were found to vibrate considerably less than poorly
maintained saws. The results indicate that the
vibration levels of the saws used or the exposure
period, or both, should be reduced to eliminate the
risk of VWF.

The cold provocation test described here may be
used to diagnose Raynaud’s phenomenon and to
disclose an abnormal digital arterial response to
cold before subjective symptoms have appeared. The
test is approved by the health insurance authorities in
Denmark.
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