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"Students t" (p = 0.05, two-sided) and SD
is the standard deviation of FSp% of the
20 referent subjects.

RESULTS

Questionnaire and medical interview

In the reference group all 20 males were
classified as stage O. For each subject in
the vibration-exposed group the stage of
TVD, FSPUfo at 15 and 6°e, exposure time,
and latency period (defined as the dif
ference in years between exposure time
and duration of Raynaud's phenomenon)
are given in table 2. In this group the
difference in age distribution (median age
50 and 51 years, respectively) or in the use
of gloves (9 and 4 men, respectively) was
not significant between the subjects
with and without Raynaud's phenomenon.
There were 11 smokers with and 1 smoker
without TVD. The median exposure time
was 23 years (6-41 years) for the subjects

with TVD, and 7 years (2-44 years) for
four of the subjects without TVD (one
subject did not report exposure time). This
difference in exposure time between
subjects with and without TVD was not
significant. Of the 18 vibration-exposed
males, four were in stage 0, one was in
stage ON, none were in stage 1, three were
in stage 2 and ten were in stage 3; in other
words 13 of the 18 vibration-exposed
subjects had TVD, the prevalence being
72 Ufo (95 Ufo confidence limits 47-90 %).
The latency period of TVD had a median
of 11 years and a range of 0-27 years for
the 13 afflicted subjects. One in stage ON
had a latency period of eight years. Two
subjects with TVD could not give exact
information about the distdbution of
TVD in their fingers. In 11 subjects
with TVD the number of affected index,
middle and ring fingers of the hand contra
lateral to the preferred working hand
were significantly higher than the number
of other affected fingers (28 out of 37
affected fingers, p < 0.0005). The thumb
and little finger of the preferred working
hand were not affected. All 11 subjects
had affections in the fingers of the hand
contralateral to the preferred working
hand, and three of these subjects also had

TabLe 2. Stage of traumatic vasospastic disease, FSp% at 15 and 6°C,
exposure time, and latency period in years for each subject in the vibra-
tion-exposed group. (FSp% = finger systolic blood pressure on the cold
provoked finger as percentage of the pressure at 30°C - the lower normal
limit of FSp% is 68 Ofo at 15°C and 58 Ofo at 6°C)

Subject Stage FSPOfo FSPOfo Exposure time Latency period
(15°C) (6°C) (years) (years)

1 0 79 79 2
2 0 70 80 4
3 0 63 0 44
4 0 60
5 ON 42 32 10 8
6 2 48 0 15 11
7 2 11 0 25 20
8 2 0 30 20
9 3 0 6 4

10 3 40 0 10 0
11 3 55 70 12 7
12 3 0 17 7
13 3 0 17 12
14 3 0 23 11
15 3 22 0 26 2
16 3 0 30 20
17 3 0 32 27
18 3 40 0 41 26
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symptoms in fingers of the preferred
working hand.

Cold provocation test

Precision. At a mean FSPref,30 of 121 mm
Hg (range 100-150, 17 subjects) the 95 Ofo
confidence limit of a single determination
was 7.8 mm Hg. At a mean FSPth,30 of
97 mm Hg (range 80-110, 18 subjects) the
95 Ofo confidence limit of a single deter
mination was 6.9 mm Hg. At a mean
FSPOfo (15°C) of 41.5 (range 0-67, 8
subjects) the 95 Ofo confidence limit of a
single determination was 18.7 % at 15°C.
The precision of FSPOfo at 6°e was not
estimated in this small material (4 sub
jects).

Arm and finger systolic blood pressures.
The difference in arm systolic blood pres
sure between the reference group (mean
131 mm Hg) and the vibration-exposed
group (mean 149 mm Hg) was significant
(p < 0.01). The difference in FSPref,30 (mean
119 and 120 mm Hg) was not significant.
The difference in FSPth•30 between the
reference group (mean 111 mm Hg) and
the vibration-exposed group (mean 98 mm
Hg) was significant (p < 0.01)

Cold provocation in the reference group.
The median FSPOfo of the reference group
was 91 (range 70-105) at 15°C and
83 (range 60-100) at 6°e. There was a
significant fall in FSPOfo from 30 to 15°e
(p < 0.05) and from 15 to 6°C (p < 0.05).
Lower normal limits were estimated as
68 Ofo at 15°e and 58 Ofo at 6°e.

Cold provocation in the bibration-ex
posed group. All 13 employees with TVD
had a reduced FSPOfo in comparison to the
lower normal limits. Seven of these sub
jects showed arterial zero pressure at
15°e, five had zero pressure at 6°e, and
one had an FSPOfo of 55 at 15°e with
out closure at 6°e. In a comparison of
the seven and five subjects with zero
pressure at 15 and 6°e, respectively, the
difference in stages, exposure time, or
latency period was not significant. The
five subjects without TVD (stage 0 + ON)
had a significantly higher FSPOfo at 15°e
than the subjects with TVD (p < 0.01). One
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in stage 0 with an exposure time of 44
years had zero pressure at 6°C. One in
stage ON had an FSPOfo of 42 at 15°C
and an FSPOfo of 32 at 6°C. One in stage
o had an FSPOfo of 60 at 15°e, but the
value at 6°C was missed. Two subjects in
stage 0 responded normally to cold and
had exposure times of two and four years.

Sensitivity and specificity. The sensitivity
and specificity of the combined finger
and body cooling test has been estimated
from a study of the 13 stonecutters with
anamnestic and clinical evidence of TVD
and the 20 referents. Twelve of the 13
subjects with TVD had an FSPOfo of 0 at
15 or 6°e, the sensitivity therefore being
0.92 (95 Ofo confidence limits 0.64-1.00).
None of the reference subjects had zero
pressure, and therefore the speciJficity was
1.00 (95 Ofo confidence limits 0.83-1.00).

DISCUSSION

The cold provocation test presented in
this paper has several advantages. The
digital arterial temperatures in the cold
provoked finger are standardized, and the
repeatability is good (6). The temperature
of the test finger can be regulated at rather
low levels (6°C). Raynaud's phenomenon
with digital arterial closure (5) can be ob
jectively verified if the finger systolic
pressure is zero in the cold provoked
finger. One drawback of the method is
that only one phalanx of one finger is cold
provoked. Therefore hemodynamically
important stenoses in arteries proximal to
the tested phalanx are not investigated.

The presented diagnostic test was found
to have a high sensitivity. Lewis proposed
a generally accepted test involving finger
or hand cooling supplemented by body
cooling during visual inspection of the
cooled fingers (5). In the investigation of
lumberjacks with anamnestic TVD by Hy
varinen et al. (4), the cold provocation tests
were done at an environmental tempen
ture of 24-25°e with the subjects nude
above the waist, a cold wet towel on their



shoulders, and both hands compressing
flexible metal tubes immersed in cold
water (13-15°C) for a maximum of 15
min. The test yielded positive results
(white fingers), validated by visual in.
spection, for 25 (65 0/0) of the subjects. The
difference in sensitivity between this
method and the present one is not sig
nificant.

In the same material (4) finger-pulse
plethysmography during vibration expo
sure revealed spastic reactions in the
vessels of the fingers of 18 (42 0/0) of the
patients studied; the method t!herefore has
a significantly lower sensitivity than the
procedure used in the present study. Pyyk
k6 (10) had used nearly the same cold
provocation test as Hyvarinen et al. (4),
but with a room temperature of 20°C and
a towel temperature of 13-15°C and
with the arms of the subjects submerged
to their shoulders in water (13-15°C)
while the hands compressed flexible metal
cylinders. By visual inspection after 15
min of provocation he found Raynaud's
phenomenon in 21 (45 Ofo) lumberjacks with
anamnestic TVD, the sensitivity of the
method therefore being significantly lower
than that of the method presented in this
paper.

Hellstr0m and Myhre (2) found that
Raynaud's phenomenon in TVD was
provoked by a combined general and local
cold exposure. In their cold provocation
test the subjects sat naked in a room
temperature of 10 to 12°C for 40 min and
exposed their hands to water with a tem
perature of 13 to 16°C during the last
20 min. All 11 forest workers with anam
nestic TVD showed blanching of the fin
gers by visual inspection. The result gives
a sensitivity not significantly different
from the present value. In conclusion the
other provocation tests mentioned, with
combined general and local cold exposure,
had a broad range of sensitivity in diag
nosing Raynaud's phenomenon, and the
best results had sensitivities of the same
value as in the method presented in this
paper.

Chatterjee et al. (1) had used a neuro
logical test named the Ridge Test for
Somatic Space-Sense. In this study 19 of
21 miners with anamnestic TVD had an
abnormal ridge test, and therefore the
sensitivity of this test does not significant-

ly differ from that of the present method.
- But the ridge test diagnoses an associ
ated neurological phenomenon and not
Raynaud's phenomenon in TVD.

In the present study there was no sig
nificant difference in the temperature
releasing Raynaud's phenomenon between
stage 2 and stage 3. A possible explana
tion of this result could be that only three
subjects were in stage 2 and only two test
temperatures (15 and 6°C) were used.

One subject in stage 0, with an exposure
time of 44 years, showed zero pressure at
6°C. This result may be a subclinical
Raynaud's phenomenon. Investigating
lumberjacks by means of a provocation
test, in which the subject put his arms up
to his elbows in water with a temperature
of 4°C and held them there for 10 min, Tii
lila (14) found by visual inspection that
2 of 29 subjects with anamnestic evidence
of symptomless fingers had Raynaud's
phenomenon. These results may indicate
that subclinical Raynaud's phenomenon
exists and can ,be disclosed by cold prov
ocation at low temperatures. In his in
vestigation Pyykk6 (10) also observed that
in 6 of 47 lumberjacks with TVD more
fingers turned white in the provocation
test than the subjects themselves had
noticed earlier.

In the present study only two subjects
in stage 0 with a maximal exposure time
of four years showed a normal cold
response in the comparison with the refer
ents, while two subjects in stage ON and
stage 0 with an exposure time of 10 and 44
years, respectively, both had an FSPOfo that
was below the lower normal limits. This
result may suggest that it also should be
relevant to differentiate between normal
and abnormal cold response in subjects
without clinical evidence of Raynaud's
phenomenon. In an earlier investigation (9)
we found that females without any finger
symptoms had significantly higher FSP%s
than females with "dead fingers." The
sensitivity of the method may then be high
enough to provoke abnormal reactions in
vibration-exposed subjects without clinical
symptoms of Raynaud's phenomenon. The
present method should be suitable for
following the course of TVD in workers
who stop working with vibrating hand
tools and for observing the effects of
vibrating damping measures.
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