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ABSTRACT

Eleven patients with Raynaud's phenomenon of the toes as well as the fingers were encountered among
about 1,000 vibration-exposed patients. They consisted composed of four chain-saw operators, five rock
drillers, a stone quarrier and a welder in a shipyard. All the cases were examined carefully for differential di
agnosis, but there were no particular abnormalities in hematological, immunological and homodynamic
examinations. The rock drillers, quarrier and welder had direct vibration exposure of the foot, which was
considered to be responsible for their Raynaud's phenomenon of the toe. Four chain-saw operators, who
had been little exposed to vibration of the foot directly, were examined further on skin temperature of fin
gers and toes every three hours except at night and in a 3D-min cold provocation test at soc. The skin tem
perature of both their fingers and toes was lower than in age-matched healthy controls. The chain-saw op
erators started to work in the 1960's and early in the 1970's, when the chain saw vibration level was high. It
is, hence, considered that they were exposed to strong vibration of the hand from chain saws, and then suf
fered severe Raynaud's phenomenon of both fingers and toes.
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INTRODUCTION

Loriga1) was the first to report Raynaud's phenomenon of the fingers due to hand-arm vibra

tion among quarriers in 1911. Many reports followed on Raynaud's phenomenon of the finger

among workers who use vibrating tools such as chain saws, rock drills, and chipping hammers

etc. There have also been several reports of patients will Raynaud's phenomenon of the toe.2-
7
)

Mills reported in 1942 a pneumatic hammer operator with Raynaud's phenomenon of the toe. 2
)

Most cases reported were pneumatic hammer or drill operators who used their foot on the tool

and had direct vibration exposure of the foot. Hence, their Raynaud's phenomenon of the foot

has been attributed to exposure of the foot to vibration.
The authors also encountered some cases with Raynaud's phenomenon of the toes among vi

bration-exposed patients with vibration syndrome. In the present study, these cases were exam

ined carefully for differential diagnosis. Particularly Raynaud's phenomenon of the toes of

chain-saw operators, who had been little exposed to vibration of the foot directly, were dis

cussed in detail in the present study.

SUBJECTS AND METHODS
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Data on patients with Raynaud's phenomenon of the toes were collected from about 1,000
patients with vibration syndrome treated over a lO-year period at four hospitals by the authors
and cooperators in Japan. The cases were limited to patients whose Raynaud's phenomenon of
the toe was confirmed by a doctor directly or through color photos. Consequently, eleven pa
tients with Raynaud's phenomenon of the toes were identified. The eleven subjects were closely
questioned about past history of diseases, present symptoms, history of symptoms relating to vi
bration syndrome, working conditions including operation of vibrating tools, and the like.

Clinical examinations were done to exclude complications, particularly secondary Raynaud's
phenomenon: blood pressure, ECG, immunological and hematological examinations, urine test,
etc. The subjects were also examined carefully for chronic obstructive arterial diseases. Their
feet were inspected by a doctor, and the ankle pressure index (API) was measured at rest and
after jogging 500 m at a rate of 100 m/min, using Doppler rheometer according to Veno.B)

The present cases included four chain-saw operators without exposure of the foot to vibra
tion. The four chain-saw operators were further examined on skin temperature of the forehead,
right finger (digit 2) and right toe (digit 2) under two conditions. First, skin temperature was
measured at 12, 15, 18, 21, 6, 9, and 12 o'clock, excluding nighttime, in a room with air tem
perature controlled between 26T and 27SC, together with four age-matched healthy controls
(mean age; 60.0, vs. 59.5 for four chain-saw operators). The initial test value at 12 was omitted
from analysis. Second, skin temperature was measured when four patients and ten age-matched
controls (mean age; 59.7) were at first in a room at 25T, then in a cold room at SOC for 30 min,
and again in a room at 2YC for 60 min. During the measurements subjects wore light uniform
clothing.

RESULTS

The present eleven cases were composed of four chain-saw operators (case 1-4), five rock
drillers (case 5-9), a stone quarrier (case 10) and a welder in a shipyard (case 11), as shown in
Table 1. Chain-saw operators (case 1-4) had been little exposed to vibration of the foot, while
others (case 5-11) operating rock drills or chipping hammers had got direct vibration exposure
of the foot by resting it on the tool.

Seven of among eleven patients noticed the first occurrence of Raynaud's phenomenon in the
fingers and toes almost at the same time (Table 1). The others experienced Raynaud's phe
nomenon in the fingers first and then in the toe. More than half of the patients had frequent at
tacks of blanching in the fingers and toes in winter (Table 2). In seven patients the blanching ex
tended to all the fingers, including the thumb and all the toes. The frequency and location of
blanching in the feet seemed to correlate with those in the hands.

They had no past history of severe ailments and no experience of lead or arsenic poisoning
(Table 3). Case 7 and 10 were under treatment for hypertension. Case 9 had a history of spinal
fracture from falling down, but after one-month hospital he had no trouble working. Other pa
tients had no particular past history affecting circulation conditions in the lower extremities.

The laboratory data indicated no hematological disorders like cryoglobulinemia, collagen dis
eases like rheumatoid arthritis, and no metabolic diseases like diabetes mellitus (Table 3). But
cases 1 and 3 had slight liver trouble, probably due to alcohol abuse. The ankle pressure index
was within the normal limit, suggesting no chronic obstructive arterial diseases in the foot (Table
4).
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Table 1. Age, operation of tools and onset of Raynaud's phenomenon in eleven cases with Raynaud's phenome-

non of fingers and toes.

Case Age Tool Age at begin- Age at onset of Raynaud's phenomenon TOT (hours) Vibration
ning of tool exposure of
operation Finger Toe the foot

1 56 CS 25 40 50 4,500 (-)

2 58 CS 30 31 31 1,600 (-)

3 59 CS 41 46 46 6,000 (-)

4 65 CS 47 59 59 10,000 (-)
5 60 RD 36 40 57 4,000 (+)

6 76 RD 26 34 34(?) 15,000 (+)

7 55 RD 18 32 32 20,000 (+)

8 51 RD 19 36 36 20,000 (+)

9 55 RD,SC 22 55 55 27,000 (+)

10 61 CB, CH,SC 32 50 53 15,000 (+)

11 60 AC,CB 39 40 53(?) 1,400 (+)

TOT, total operating times; CS, chain saw; RD, rock drill; SC, stone crusher; CB, concrete breaker; CH, chipping

hammer; AC, air chipper

Table 2. Location and frequency of blanching attacks

Case Location Frequency

Finger Toe Finger Toe

Right Left Right Left

1 1-5 1-5 1-5 1-5 frequent frequent

2 1-5 1-5 1-5 1-5 frequent frequent

3 2-5 2-5 4,5 4, 5 frequent frequent

4 1-5 1-5 1-5 1-5 frequent frequent

5 1-5 1-5 1-5 1-5 frequent frequent

6 1-5 1-5 1-5 1-5 frequent frequent

7 1-3 1-3 1-3 1-3 frequent sometimes

8 1-4 1-4 1-4 1-4 frequent sometimes

9 2 2 sometimes rare

10 3,4 3,4 sometimes rare

11 4 4 sometimes rare
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Table 3. Past history of diseases and results of laboratory examinations

Case Past history Smoking Laboratory examination
of diseases Index

Blood chemistry RA Autoantibody

1 820 slight liver trouble

2 660

3 0 slight liver trouble

4 1020

5 860

6 0

7 hypertension 800

8 505

9 spinal fracture 420

10 hypertension 770

11 gastric ulcer 840

Smoking Index: number of cigarettes per day X years

Autoantibodies: anti-NF, anti-DNA, anti-RNP, anti-SS-A, anti-SS- B, anti-Centrom, anti

Scl-70

Table 4. Blood pressure, ECG and ankle pressure index

Case Blood pressure ECG API at rest API after walk

Right Left Right Left

1 142186 WNL 1.2 1.2 1.2 1.3

2 124/86 WNL 1.2 1.2 1.2 1.2

3 134/78 WNL 1.2 1.1 1.2 1.2

4 146/84 WNL 1.0 1.0 1.1 1.2

5 140/76 WNL 1.0 1.0 1.0 1.0

6 102160 WNL 1.1 1.1 0.9 1.0

7 142/78 WNL 1.0 1.0 1.0 1.0

8 130/90 WNL 1.1 1.2 1.2 1.2

9 152/86 WNL 1.1 1.1 1.3 1.2

10 158/84 WNL 1.1 1.1 1.2 1.2

11 140/70 WNL 1.2 1.2 1.2 1.2

WNL: within normal limit

API: ankle pressure index. The abnormal values are below 0.7 at rest and lower after

walk.

Four chain-saw operators included in the present study were further investigated. The history
of symptoms of Raynaud's phenomenon and their working conditions were as follows.
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Case 1: aged 56
The patient began to work with chain saws in 1969. He operated a chain saw for 5 to 6 hours

per day, for 240 to 250 days per year. In 1974 at the age of 40, he first experienced Raynaud's
phenomenon in his fingers. He also had a strong feeling of coldness in the lower extremities. In
1975 he quit his chain-saw work and underwent treatment. In 1988 he started chain-saw work
again, although he still had Raynaud's phenomenon of the fingers. One year later in 1989, at the
age of 55, he noticed Raynaud's phenomenon not only in the fingers but also in toes.

Case 2: aged 58
The patient was engaed in chain-saw work since 1962. He operated a chain saw till late at

night, sometimes for nearly 10 hours per day, because he was paid on a piece-rate basis. The
number of working days per year was 240. After one and a half years, in the winter of 1963, at
the age of 31, Raynaud's phenomenon appeared in both fingers and toes. The attack often oc
curred in the winter, when he was washing his face, when driving before the heater had warmed
up the air, or when riding his bicycle. He quit work in 1980.

Case 3: aged 59
The patient used a chain saw for 7 years from 1971 till 1977, sawing for 4 to 6 hours a day,

200 to 250 days a year. In the winter of 1976, at the age of 46, he experienced Raynaud's phe
nomenon in both the fingers and toes. In 1977 he quit chain-saw work and changed his occupa
tion in the mountains, but Raynaud's phenomenon continued to occur frequently in both fingers
and toes in winter.

Case 4: aged 65
The patient had operated chain saws since 1960. He worked 170 days a year, because he was

also engaged in part-time farming. During his working, chain-saw operation averaged 6 to 8
hours. He operated a log collecting machine for a short time. Then, in the winter of 1982, at the
age of 59, he experienced Raynaud's phenomenon in both fingers and toes simultaneously.
Since then, it manifested almost everyday on cold days, and sometimes spread to the soles of the
feet. Consequently, he stopped using chain saws in 1984.

All the chain-saw operators under study here started to operate chain saws in the 1960's or
early 1970's, when the vibration level of a chain saw was very high. They experienced the initial
onset of Raynaud's phenomenon at the age of over 30 after they used a chain saw consistently
for about 5 hours per day. Case 2 had a rather short total operating time of 1,600 hours before
the first attack of Raynaud's phenomenon, but he worked very hard for nearly 10 hours per day.
These patients experienced Raynaud's phenomenon of fingers and toes almost simultaneously,
except case 1. The attacks of blanching in the fingers and toes were very frequent in winter, and
included all the digits except in case 3.

Fig. 1 shows diurnal change of skin temperature among chain-saw operators and age
matched healthy controls. There was no significant difference at the forehead, but skin tempera
ture of the finger and toe was lower in the patients than the controls during the daytime. Fig. 2
gives the skin temperature change in a cold room at YC for 30 min. In the cold room skin tem
perature of the finger and toe dropped more in the patients than in the controls. When they re
turned to a room at 2YC, the recovery of skin temperature of the patients was delayed as com
pared with the controls.
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Fig. 1. Diurnal change of skin temperature of the finger and toe (mean ±SD).
Room temperature was controlled within 26.0·C-27SC.
* P < 0.05; ** p <0.01; statistical differences between the patients and the controls.
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Fig. 2. Skin temperature change with severe cold exposure at SOC for 30 min (mean ± SD).
* P < 0.05; statistical differences between the patients and the controls.
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DISCUSSION

The present eleven patients with Raynaud's phenomenon of the toes were encountered
among about 1,000 patients with vibration syndrome treated at the authors' and cooperators'
hospitals. The present patients were only limited cases whose Raynaud's phenomenon was rec
ognized by physicians directly or through color photos. It is generally difficult to visually identify
Raynaud's phenomenon of the toes. Hence, there may well be more patients with Raynaud's
phenomenon of the toes.

Raynaud's phenomenon is commonly divided into primary and secondary syndromes. The
latter includes some blood disorders, collagen diseases, poisoning, and chronic obstructive arte
rial diseases as well as vibration syndrome. In the present study, clinical examinations were per
formed to exclude such diseases, and confirmed that the present patients had no hematological
disorders, collagen diseases, metabolic diseases, and chronic obstructive arterial diseases in the
foot.

There are several reports on Raynaud's phenomenon of the foot in workers handling vibra
tory tools. 2

-
7

) Almost all of the cases involved had direct vibration exposure of the foot. The
first report by Mills2) in 1942 was of a pneumatic hammer operator. Hedlund6) found six cases
(22.2%) among twenty-seven miners using rock drills. Their feet were exposed to vibration. Di
rect exposure of the foot to vibration can be a cause of Raynaud's phenomenon of the toes. In
the present study there were five rock-drillers, a quarrier and a welder who had been exposed to
vibration by resting their feet on the tool. Their Raynaud's phenomenon of the toes was prob
ably ascribable to direct vibration exposure of the foot.

However, the present study also included four chain-saw operators who only rarely had been
exposed to vibration of the foot. They were severe cases with vibration syndrome, because the
blanching attacks were very frequent in winter, and all digits were affected, except in case 3.
And the skin temperature of both their fingers and toes was lower than in age-matched healthy
controls, in accordance with another study.8) They all started chain-saw work in the 1960's or
early 1970's, when the vibration level of chain saws was high, 50-100 m/s2

• They used such
chain saws very hard for more than 4 hours a day, and subsequently experienced Raynaud's
phenomenon in both fingers and toes. No collagen diseases, chronic obstructive diseases, and
other diseases causing secondary Raynaud's phenomenon were found in the present clinical
examinations for differential diagnosis. It is, therefore, assumed that they were intensely exposed
to strong hand-arm vibration from chain saw operation, and then suffered severe Raynaud's
phenomenon not only of the fingers but also of the toes.

Vibration exposure of the hand can cause vasoconstriction in the contralateral hand 10,11) and
also in the foot. 12) It was recently demonstrated that hand-arm vibration activates skin sympa
thetic nerve activity which consists of vasomotor and sudomotor bursts, and leads to vasocon
striction of the finger and toe. 13,14) It has been also reported that operation of a chain saw de
creases the blood flow in the fOOt. 15) Sakakibara et a1. 9•16) indicated the existence of circulatory
disturbances both in the upper and lower extremities in patients with Raynaud's phenomenon of
fingers, and mentioned that long-term repeated vasoconstriction of the foot induced by hand
arm vibration through the sympathetic nerve system may, together with a cold working environ
ment, contribute to circulatory disturbances of the foot. It is thus possible that hand-arm vibra
tion causes circulatory disturbances in the foot, and worst of all, Raynaud's phenomenon of
toes. Strong vibration probably affects the foot more easily.

Another possibility is that the chain-saw operators might have primary Raynaud's disease or
a predisposition to it. The first occurrence of Raynaud's phenomenon of case 2-4 took place
after almost the same length of exposure in both the finger and toe. But all the cases
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experienced Raynaud's phenomenon of both fingers and toes after heavy operation of chain
saws with strong vibration in the 1960's and early 1970's. On the other hand, there were no
chain-saw operator patients with Raynaud's phenomenon of toes who started to use chain saws
after the late 1970's, when chain saw vibration levels were decreased. Hence, the authors con
sidered that such intense exposure to strong hand-arm vibration from chain saws was the main
cause of Raynaud's phenomenon of the toes in the present patients, though they might have
been predisposed to Raynaud's phenomenon.

Raynaud's phenomenon of the toe is rare when the foot is not exposed to vibration directly.
But the present study suggest that intense exposure to strong hand-arm vibration may lead to
Raynaud's phenomenon in the foot in some cases.
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