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Vascular responses in chain saw operators

Kathleen M McKenna, A D Blann, Judith A Allen

Abstract
The intensive use of chain saws is associ-
ated with development of the hand-arm
vibration syndrome (vibration white
finger). Objective testing for cold induced
vasospasm was carried out on the fingers
of 12 chain saw operators and 12 matched
control men from a similar working
environment. Two of the chain saw oper-
ators tested positive for vasospasm in the
laboratory and another three had an

abnormal result. AUl of the control sub-
jects tested negative. Measurements of
finger blood flow at different tempera-
tures and during vibration of the hand
were similar in the chain saw operators
and controls. Use ofthe chain saw did not
cause significant alterations in the
plasma concentrations of von Willebrand
factor antigen in either the long or the
short term.

(Occup Environ Med 1994;51:366-370)
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Chain saw operators were first reported in
1964 to be at risk of developing the hand-arm
vibration syndrome.' Despite improvements
in the 1970s designed to dampen vibration
and heat the handles of the saws, new cases

continued to appear.2' This may be because
isolation of the vibration actually increased
the amount of low frequency vibration trans-
mitted to the operator's hands or because the
effectiveness of antivibration mountings may
decrease with wear and tear to the saw.4

In Northern Ireland, recent questionnaire
surveys by occupational health personnel
showed that a considerable proportion of
chain saw operators in the forest service were

experiencing symptoms suggestive of the
hand-arm vibration syndrome. Currently
about 80 men are employed as full time chain
saw operators (harvesters). They are divided
into nine harvesting squads located through-
out the province and are supplied with anti-
vibration saws (Husqvarna models 254/G,
262/G, 266XP/XPG). The acceleration levels
on the handles are 5-6 ms-2. The present
study was designed to identify cases of the
hand-arm vibration syndrome in a small sam-

ple of harvesters by objective testing for cold
induced vasospasm.'6

Vibration has been shown to reduce finger
blood flow in healthy subjects.7 Some workers
have found the reduction to be greater in men
with the hand-arm vibration syndrome8 than
in healthy controls but others have not.9 The

finger blood flow responses to vibration of the
harvesters and healthy control subjects were
also examined in the present study.

Raised concentrations of von Willebrand
factor antigen (vWFAg), which is released
from endothelial cells, have been reported in
patients with the hand-arm vibration syn-
drome'0 and so the plasma concentrations of
this marker of endothelial damage were also
measured.

Subjects and methods
SUBJECTS
All measurements were started early in the
morning to ensure that the harvesters had not
used a chain saw for at least 16 hours before
testing. All smokers refrained from smoking
for at least one hour before any measurements
were made. Subjects wore light indoor cloth-
ing and lay with the arms supported at heart
level throughout.

Measurements were made on the corre-
sponding fingers of 12 harvesters, and 12 vol-
unteers from either the watercourse
management or forestry maintenance work-
force (table 1). These control subjects all
worked in an outdoor environment similar to
the harvesters but none of them used chain
saws in their routine work. They were
matched individually to the harvesters for age
and smoking habit. Anyone with a history of
trauma to the neck, trunk, or upper limbs or
on medication with a significant cardiovascu-
lar action was excluded. The project had the
approval of the local ethics committee and all
subjects gave informed written consent.

FINGER BLOOD FLOW MEASUREMENTS
After a 30 minute equilibration period in a
temperature controlled chamber maintained
at 20 ± 0 20C, finger blood flow was mea-
sured in one finger of each hand by venous
occlusion plethysmography with fluid filled
plethysmographs."1 If the subject had symp-
toms in his fingers, measurements were made
on his worst affected finger in each hand,
otherwise the middle fingers were used.
Corresponding fingers were studied in his
matched control subject. Initially the local

Table 1 Chain saw operators and their control subjects

Chain saw operators Control subjects

Noofmen 12 12
Age range (y) 23-60 (mean 35) 23-64 (mean 35)
Vibration exposure (y) 2-25 (mean 12) 0
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finger temperature was 320C and measure-
ments were made over a five minute period.
The temperature in the finger plethysmograph
was then rapidly decreased to 240C and five
minutes later flow was measured for a further
five minute period. Values cited are the mean
of 20 measurements of finger blood flow
made over a five minute period.

OBJECTIVE TESTING FOR VASOSPASM
This was carried out on the same fingers as
mentioned, with laser Doppler flowmetry to
measure finger systolic pressure. The method
has been described in detail previously.56
Finger systolic pressure was measured as the
pressure at which red cell flux in the fingertip
skin reappeared after digital arterial occlusion.
Two measurements were made with the finger
at 320C and the mean value was calculated.
Finger systolic pressure was then remeasured
after five minutes of digital cooling to 15'C or
100C. If a value of 0 mm Hg was recorded
after cooling, this indicated complete vaso-
spasm. The severity of cooling required to
induce vasospasm gave an indication of the
severity of the vasospastic condition. A finger
systolic pressure after cooling of more than
0 mm Hg but less than 50% of the precooling
value was taken to indicate partial vasospasm.

WHOLE HAND VIBRATION
Finger blood flow was measured in a room at
240C by venous occlusion plethysmography
with strain gauges (Medasonic PMS Inst
SG6) positioned just proximal to the nail bed
on both middle fingers (fig 1). The right hand
rested on a steel plate, the upper surface of
which was covered with a thin layer of insulat-
ing material to prevent conduction of heat
away from the hand. The lower surface of the
plate was rigidly attached to a pneumatic
chisel (Pnumat, Warrington) driven by com-
pressed air. A reproducible intensity of vibra-
tion was induced by accurately controlling air
flow to the chisel at a rate of 65 I/min with a

flowmeter (KDG 2000). The left hand was
also supported at heart level but received no
vibration. Both subjects and investigators
wore hearing protection.

Finger blood flow was recorded during a
two minute control period, during two min-
utes of vibration of the plate on which the
right hand rested, and for five minutes after-
wards. Blood flow was recorded for one
minute at 10 and 15 minutes after stopping
the vibration.

Six measurements of blood flow were made
per minute. Results were calculated as the
mean of 12 flows during a control period and
the mean of six flows during each minute of
vibration and recovery.
The vibration applied to the right hand was

analysed by means of an accelerometer (type
4372X, Bruell and Kjaer) attached to the
plate beside the middle finger and a real time
frequency analyser (type 2143, Bruell and
Kjaer).

PLASMA CONCENTRATIONS OF VON
WILLEBRAND FACTOR ANTIGEN
Blood samples (10 ml) were withdrawn from
an antecubital vein on two occasions: firstly,
in the laboratory, from 11 harvesters and 11
control subjects after 15 minutes lying at rest in
a comfortably warm room at 240C before
whole hand vibration was applied; secondly,
in a field study, from eight harvesters just
before starting work in the morning and again
about 4-5 hours later, immediately after laying
down their chain saws.

Plasma samples were stored at - 70'C
until analysis and analysed blind. Con-
centrations of vWFAg were estimated by an
established enzyme linked immunosorbent
assay (ELISA) method in 96 well microtitre
plates with commercial antisera.'2

STATISTICS
Statistical analysis was carried out with the
Wilcoxon signed rank test.

Figure 1 (A)
Measurement offinger
bloodflow by venous
occlusion plethysmography
with a strain gauge a
positioned on the distal
phalanx and with a
pressure cuff b on the
middle phalanx. (B) The
hand rested on the plate c
welded to the bit ofa
pneumatic chisel d.

A

B
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Table 2 Finger bloodflow (SEM) (ml/100 mlimin) in
12 harvesters and 12 matched control subjects at local
finger temperatures of320C and 240C

Finger temperature

320C 240C

Harvesters:
Right 16-0 (3 6) 7 0 (2 0)
Left 16-1 (3-1) 5-7 (1-3)

Controls:
Right 17-4 (20) 6-7 (1-2)
Left 19-3 (2.5) 7-5 (1-8)

Results
FINGER BLOOD FLOW MEASUREMENTS
There was no significant difference in finger
blood flow in the harvesters and their
matched control subjects when the fingers
were warm at 320C or cool at 240C (table 2).

OBJECTIVE TESTING FOR VASOSPASM
After finger cooling, two of the 12 harvesters
had complete vasospasm; one was graded as
mild (grade 1) and the other as moderate
(grade 2). Three more had an abnormal pat-
tern of prolonged very low laser Doppler flux
after cooling. They did not have vasospasm by
definition as finger systolic pressures after fin-
ger cooling were 98-9, 93-2, and 68-7% of the
precooling values respectively. None of the
control subjects showed either vasospasm or
an abnormal response.

WHOLE HAND VIBRATION
Figure 2 shows the blood flow in the right and
left middle fingers of a chain saw operator

before, during, and after two minutes of vibra-
tion of the right hand. Blood flow was
reduced in both the experimental right and
the control left finger during the period of
vibration. Flow increased towards resting val-
ues immediately the vibration ceased.

This pattern was seen in all 12 harvesters.
Blood flow was significantly reduced (p <
001) in both middle fingers during the first
minute of vibration (table 3). In the right
(vibrated) hand this reduction continued
through the second minute of vibration and
for one minute after vibration ceased. In the
left (non-vibrated) hand, the reduction in
blood flow was less pronounced during the
second minute of vibration and recovery was
immediate when vibration ceased.

In the vibrated hands of the control sub-
jects, finger blood flow was also significantly
reduced during vibration, but recovery was
immediate. In the non-vibrated hand, finger
blood flow was only reduced during the first
minute of vibration.

Table 3 shows finger blood flow during and
after vibration in the vibrated and non-
vibrated fingers of both harvesters and con-

trols with flow expressed as a percentage of
the previbration flow. There was considerable
variation in finger blood flow within each
group of subjects. When the harvesters were
directly compared with their matched control
subjects, there was no significant difference in
the resting previbration finger blood flow
measurements, the patterns of response to
whole hand vibration, or in the patterns of
recovery.

Figure 2 Recordings of
middle finger bloodflow in
the right (vibrated) and
left (non-vibrated) hands
of a chain saw operator
before, during, and
immediately after a two
minute period of vibration.
The value indicated above
a particularflow slope
indicates the bloodflow in
ml/100 mIlmin. Part of the
recording during vibration
has been omitted.

Vibration
on

Right 24.6 3.4

Left 24.8 6.2

Vibration
off

3.8 22.4

7.6 21.6

30 s

Table 3 Finger bloodflow (mllOO ml/min) in 12 harvesters and 12 matched control subjects before, during, and after
two minutes of vibration

Harvesters Controls

Vibrated Non-vibrated Vibrated Non-vibrated

Period Mean (SEM) (%) Mean (SEM) (%) Mean (SEM) (%) Mean (SEM) (%)

Previbration 32-5 (7-7) (100-0) 35-4 (7 7) (100-0) 20-3 (3-3) (100-0) 28-3 (5 3) (100-0)
Vibration (min):
V 1 13-6 (4-1)** (40 6) 21-9 (4.9)** (61-5) 7-5 (1-7)** (47-8) 16-7 (3.7)** (61-8)
V 2 18-2 (6-1)** (55-3) 29-5 (7.7)* (80 6) 12-8 (2.4)* (72 2) 24-0 (4 9) (93 6)

Recovery (mmn):
R 1 23-6 (6-1)** (75 3) 33-6 (8-9) (97 8) 16-8 (2 9) (90 2) 24-2 (4 7) (92.1)
R2 33-1 (7 8) (115-2) 44-8 (10-6)* (134-7) 19-2 (3 2) (107-9) 25-4 (4 7) (95-3)
R 3 31-1 (7 4) (105-4) 38-2 (7-3) (120-3) 18-7 (2-9) (105-7) 22-4 (4-1) (90 9)
R 4 36-1 (10-9) (100-4) 48-7 (13-8) (133-9) 18-8 (3 5) (105-5) 24-0 (4 4) (108-1)
R 5 33-4 (9 2) (101-6) 48-2 (12-0) (134-0) 19-6 (3-6) (114-0) 26-9 (5-2) (121-0)
R 10 28-9 (8 7) (88.1) 37-4 (9 0) (105-4) 18-2 (4 3) (98 3) 20-6 (4 4) (88 3)
R 15 32-3 (9-5) (90 3) 40 7 (12-2) (110-1) 19 9 (4 2) (113-0) 24-0 (4 6) (105-7)

(%) = percentage of previbration value.
*p < 0 05; **p < 0-01 v previbration value.
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Figure 3 Frequency spectrum recordedfrom the vibrating plate during an experiment.

VIBRATION ANALYSIS
Figure 3 shows the frequency spectrum
recorded from the plate during an experi-
ment. The highest peaks occurred close to 4
kHz although there were also prominent
peaks in the range 40-400 Hz.

PLASMA CONCENTRATIONS OF VON
WILLEBRAND FACTOR ANTIGEN
Laboratory study
There was no significant difference in the con-
centrations of this substance in the blood
samples taken from 11 harvesters and control
subjects in the laboratory (table 4). The
vWFAg concentration did not seem to be dif-
ferent in those men who exhibited cold
induced vasospasm in the laboratory and
those who did not.

Field study
Only eight harvesters volunteered for this part
of the investigation. A morning's work did not
significantly alter the plasma concentrations
ofvWFAg (table 5).

Discussion
Occupational use of chain saws is associated
with development of the hand-arm vibration
syndrome." 14 Considerable effort has been
expended, however, over the past 20 years

Table 4 Plasma concentrations of von Wilebrandfactor
antigen in 1 1 chain saw operators and their matched
control subjects in the laboratory

vWFAg (IUdV-) Chain saw operatrs Controls

Mean (SEM) 64-1(11-7) 64-4 (6 8)
Range 31-0-164-0 44-0-116-0

Table S Plasma concentrations of von Willebrandfactor
antigen in eight chain saw operators in the field before and
immediately after a morning's work

vWFAg (IUdU') Before work After work

Mean (SEM) 64-9 (9-4) 60-6 (7-0)
Range 25-0-100-0 26-083-0

trying to improve the design of saws currently
in use. Such measures include incorporation
of antivibration mountings and heating of the
handles.

Nevertheless, the present study confirms
that vibration white finger continues to be a
problem in chain saw operators. Two of the
12 harvesters (17%) had overt vasospastic dis-
ease on testing and another three (25%) had
an abnormal response to cooling. Until fur-
ther follow up studies are completed, it will
not be known if this abnormal response is an
early indication of vasospastic disease. It
might represent the lower end of the normal
range of response. It was not seen in any of
the control subjects in the present study, how-
ever, and has never been seen in any healthy
control subjects studied in our laboratory.

Resting finger systolic pressure was similar
in the chain saw operators and controls before
testing for vasospasm. This is by contrast with
previous findings that chain saw operators had
significantly lower resting pressures than the
healthy manual workers used as controls."
These authors postulated that chronic expo-
sure to vibration was associated with obstruc-
tive changes in the digital arteries and hence
reduction in resting finger systolic pressure.
The small number of men investigated in the
present study and the absence of any with
advanced vibration white finger may account
for the disparity in findings.

Because the harvesters all work in cold and
exposed conditions during the winter, the
controls were recruited from men who experi-
enced similar working conditions. The only
exclusion criteria for harvesters and controls
were a history of injury that might have
caused subsequent circulatory problems in the
hands or treatment with therapeutic agents
that might have interfered with normal vascu-
lar reactions. At the time of recruitment to the
study, neither the harvesters nor potential
control subjects were asked about the occur-
rence of vascular or neurological symptoms
such as coldness, blanching, numbness, or
tingling of the fingers. Such symptoms were
detailed later at the time of the laboratory
visit. This ensured that the two groups were
selected in as unbiased a fashion as possible,
the only exclusion criteria being a history of
trauma or relevant medication.

Once recruited, four of the 12 control men
subsequently described symptoms of coldness
or numbness in their hands on cold exposure,
but none of the 12 controls tested positive for
vasospasm or showed an abnormal response
to finger cooling in the laboratory.

Resting finger blood flow with the finger
warm at 320C or cooler at 240C was similar in
the harvesters and their matched controls.
This reflected earlier findings in patients with
non-occupational Raynaud's disease and a
group of vibration white finger claimants
composed mainly of riveters and caulkers.'6

Objective testing showed that two of the 12
harvesters had vasospastic disease. A true
incidence or pattern of severity cannot of
course be determined from such a small sam-
ple but economic constraints on the forestry

I I I I I
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service did not permit a larger number of
workers to be studied. It was only possible to
study each man on one occasion, so the sever-
ity of vasospasm was tested in only one finger
of each hand to allow time for the other mea-
surements. Other techniques such as infrared
thermography, which could have defined the
extent of the phenomenon in each hand, were
not available.

In the present study, the application of
vibration to one hand caused reductions in
finger blood flow in both hands in the har-
vesters and their matched healthy controls.
Similar bilateral reductions in finger blood
flow during unilateral hand vibration under
laboratory conditions have previously been
reported in vibration exposed workers and
control subjects.8 1617 Single frequency vibra-
tion in the range 80-125 Hz was reported to
be the most effective in provoking digital
vasospasm suggesting that a central sympa-
thetic reflex with excitation of the Pacinian
corpuscles was involved. In the present exper-
iments, the vibration was generated from a
pneumatic air chisel to mimic more closely
the complex vibration pattern associated with
industrial tools. There was still no evidence
that the finger blood flow response to vibra-
tion was altered in any way in the harvesters
compared with their matched control sub-
jects. Nor was the response either more or less
pronounced in those men who had tested pos-
itive for vasospasm, thus confirming the find-
ings of Olsen and Petring9 that the acute
response to vibration is not altered in patients
with vibration white finger.

Concentrations of vWFAg are raised in
inflammatory and non-inflammatory vascular
disease.'8 The similar concentrations in chain
saw operators and their controls in the labora-
tory and the lack of significant alteration in
the chain saw operators after a morning's
work suggests that any chronic or acute injury
to the endothelium must be minor. This con-
trasts with an earlier report that men occupa-
tionally exposed to hand-arm vibration had
higher blood concentrations of vWFAg than
controls.'0 It remains possible that accurate
detection of changes may have been impeded
by sampling from the antecubital site rather
than a hand vein. There was no delay in col-
lecting the blood samples after work in the
field study as they were obtained as soon as
the chain saw was laid down and vWFAg is a
relatively stable substance. The most likely
possibility is that the vibration exposure did
not affect endothelial cell function sufficiently
to alter release of vWFAg. These findings are
in agreement with previous measurements in
riveters.29 It is possible that measurement of
other markers of endothelial perturbation
such as adhesion molecules would be helpful

as they reflect activation of cells rather than
damage.
Thus it was possible to detect vasospasm in

two of the 12 chain saw operators (17%) by
objective testing. A further three men (25%)
were identified whose abnormal result on test-
ing may progress to full blown vasospastic dis-
ease in the future. No abnormalities were
detected in the 12 matched control subjects.
Neither measurements of finger blood flow
nor of plasma concentrations of vWFAg
seemed to be particularly helpful in diag-
nosing vibration white finger or in helping to
elucidate underlying mechanisms in the con-
dition.
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