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Occurrence of intimal thickening of the peripheral
arteries in response to local vibration
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From the Department of Public Health, School of Medicine, Kanazawa University, Kanazawa, 920 Japan

ABSTRACT Experiments were performed to elucidate a possible mechanism for the peripheral circu-
latory disturbance caused by vibration. Rats were exposed to local vibration (60 Hz, 5 G) on their
hind legs for four hours a day for 30 days or 90 days. With exposure for 30 days the small arteries
at the exposed site did not change. With exposure for 90 days, however, disruption of the internal
elastic lamina was observed in the small arteries. This disruption was followed by focal cell pro-

liferation with regenerative formation of collagen and elastic fibres. The fibrocellular thickening of
the intima was further augmented, and in addition a complete stenosis of the lumen of the small
arteries was observed. Electron micrography showed that the fibrocellular thickening of the intima
consisted of a proliferation of arterial smooth muscle cells and numerous collagen and elastic fibres.
These alterations were not observed in the arteries of the controls. The thickness of the media did
not differ between the control and exposed groups or in animals with different durations of
exposure. Concerning plasma total cholesterol, HDL-cholesterol, and lipoperoxide, there were no

significant differences between the control and exposed groups after either 30 or 90 days, but the
whole blood viscosity was significantly increased by day 90. This finding may be related to the
intimal thickening.

To clarify the mechanism of the occurrence of
Raynaud's phenomenon, which is a characteristic
symptom of the vibration syndrome, it is important
to study the effects of hand arm transmitted
vibration. Some researchers have reported histologi-
cal changes in the peripheral arteries in workers with
Raynauds phenomenon using vibrating tools.1 2 It is
necessary, however, to ascertain experimentally
whether or not these changes are specific to exposure
to local vibration.

Recently, we have succeeded in demonstrating the
occurrence of intimal thickening in the peripheral
arteries of the rat after long term exposure to local
vibration. The purpose of the present study was to
evaluate the relation between the histological changes
in the peripheral arteries and the mechanism of the
occurrence of Raynaud's phenomenon in response to
vibration.

Materials and methods

MATERIALS
Twenty male Wistar rats, initially weighing
230-250 g, were used in groups of five.
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EXPOSURE TO VIBRATION
The apparatus used to induce vibration comprised an
electromagnetic shaker (EMIC 513-A) with a shaking
power of 7 5 kg (vibration frequency range
5-5000 Hz) coupled to an amplifier (TACHIKAWA
TA-100), a function oscillator (TORIO AG202), and
a vibration meter (EMIC 505-D).
The animals were placed prone in individual mesh

cages. The hind legs were outside the cage and the
plantar surfaces were horizontally fixed to the
vibrating plate by means of double sided adhesive
tape, so that the vibration would be transmitted only
to the hind legs. The part of the cage containing the
rest of the animal was fixed on a non-vibrating plate
separated from the shaker. The hind legs of the rat
were exposed to vertical sinusoidal vibration with a
frequency of 60 Hz under a constant acceleration of
5 G. The duration of exposure was for four hours a
day for either 30 or 90 days.

Before the experiments, the rats were trained for
one week to ride on the vibrating platform.
The control animals for each experiments were also

placed in wire mesh cages, which were placed near to
the electromagnetic shaker during the exposure
experiment so that any noise produced would be
experienced but not the vibration.
The temperature in the laboratory room was
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maintained at 20 + 2°C and a 12 hour "light-dark"
cycle was maintained in the animal room. Food and
water were provided freely before the start of the
experiment.

PATHOHISTOLOGICAL OBSERVATION
Eighteen hours after the last exposure, samples for
electron microscopic examination were obtained
from the dorsal site of the foot. Samples for electron
microscopic examination were fixed with 2-5% glu-
taraldehyde for one hour, and postfixed in 2%
osmium tetroxide for one hour, both of which were
buffered with 0-1 M sodium cacodylate at pH 7-4.
After dehydration, the samples were embedded in
Epon 812 filled gelatin capsules. Thin sections were
made with an LKB Ultrotome and were stained with
uranyl acetate and lead citrate. Samples were exam-
ined with a Hitachi H-500 electron microscope
operating at 75 kV.

For microscopic examination, cross sections of the
foot, 1 5 cm peripheral from the ankle, were obtained
and were stained with haematoxylin-eosin and
elastica-Van Gieson. According to Suwa's histo-
metrical method, cross sections of the arteries were
reduced to the state in which the intimal elastic lam-
ina was perfectly stretched and the thickness of the
media (D) and the radius (R) were measured and the
ratio R/D calculated.3

BLOOD COLLECTION
Immediately after the samples had been taken for
electron microscopic examination, blood was col-
lected into heparinised tubes after decapitation. The
blood was used for measuring the whole blood vis-
cosity and plasma lipid components (total choles-
terol, HDL-cholesterol, and lipoperoxide).

MEASUREMENT OF WHOLE BLOOD VISCOSITY
AND PLASMA LIPIDS
Whole blood viscosity was measured with a Wells-
Brookfield cone plate microviscometer (model LVT)
at 37°C at two shear rates, 230 and 115 s -'.
The plasma concentrations of total cholesterol

(TCH) and HDL-cholesterol (HDL-C) were mea-
sured by enzymatic methods; plasma concentrations
of lipoperoxide (LPO) were determined using the
fluorometric method developed by Yagi.4

STATISTICAL ANALYSIS
The statistical significance of the results was tested
with Student's t test.

Results

EFFECTS OF LOCAL VIBRATION EXPOSURE
ON THE INTIMA OF THE ARTERIES
After 30 days exposure, the small arteries at the

exposed site did not change histologically. In three of
the five rats exposed for 90 days, however, there were
some histological changes in the small arteries at the
exposed site; alterations in the arteries of the control
group were not observed. Figure 1 shows the histo-
logical changes in the small artery of the rat's hind leg
after exposure to local vibration for 90 days; dis-
ruption of the internal elastic lamnina may be observed
in the artery. This disruption was followed by focal
cell proliferation with regenerative formation of col-
lagen and elastic fibres. Figure 2 shows a fresh fibrin
thrombus in the lumen of the small artery observed at
the exposed site in one of the five rats exposed for 90
days and in figure 3 mild fibrocellular thickening of
the intima may be seen. Further thickening of the
intima was followed by complete stenosis of the
lumen observed (figure 4). Figure 5 shows that the
fibrocellular thickening of the intima results from the
proliferation of arterial smooth muscle cells from the
media associated with the formation of collagen and
elastic fibres.

EFFECTS OF LOCAL VIBRATION EXPOSURE
ON THE MEDIA OF THE ARTERIES
Figure 6 shows the changes in medial thickness of the
arteries as represented by the ratio D/R. We found
that D/R in the arteries of the rat changed abruptly
when the radius was approximately 35 p. Thus we
separated the results depending on whether it was
greater or less than 35 p but the medial thickness
showed no significant differences between the control
and the exposed groups with either 30 or 90 days
exposure.

EFFECTS OF LOCAL VIBRATION EXPOSURE ON
WHOLE BLOOD VISCOSITY AND PLASMA LIPIDS
Figure 7 shows the effects of vibration on the whole
blood viscosity measured at shear rates of 115 and
230 s'-. There were no significant differences between
the control and the exposed group at 30 days
exposure. With 90 days exposure, however, the
exposed group showed a significantly higher blood
viscosity at each shear rate compared with the con-
trols (p < 0-05). There were no significant differences
in plasma concentrations of TCH, HDL-C, or LPO
between the controls and the exposed groups at either
duration of exposure (table).

Discussion

Both Pellegrini and Richard have suggested the possi-
bility that there is some relation between organic
changes in the artery and the occurrence of Ray-
naud's phenomenon after exposure to vibration.5 6 In
the present study we found that intimal thickening of
the small arteries in the rat was induced by repetitive
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Fig I Small artery ofrat hind leg after exposure to local vibration forfour hours a dayfor90 days. Disruption ofinternal elastic lamina andfocal cell proliferation withformation ofcollagen and elasticfibres are shown. (Elastica- Van Gieson stain, x 330.)
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Fig 2 Small artery ofra hind leg after exposure to local vibrationforfour hours a dayfor90 days. A freshfibcinjhtohnbus is shown in lumen ofsmall artery. (Haematoxylin-eosin stain,
330.)
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Fig 3 Small artery in rat hind leg after exposure to local vibrationforfour hours a dayfor
90 days. Mildfibrocellular thickening ofintima is shown. (Elastica- Van Gieson stain, x 330.)

Fig4 Small artery in rat hind leg after exposure to local vibrationforfour hours a dayfor
90 days. Severe intimal thickening and complete stenosis oflumen are shown. (Elastica- Van
Gieson stain, x 330.)
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Fig 5 Electron micrograph ofsmall artery of rat hind leg after exposure to local vibration for
Jour hours a dayfor 90 days. Proliferation ofarterial smooth muscle cellsfrom media associated
withformation ofcollagen and elasticfibres is shown ( x 4500).

and long term exposure to local vibration (figs 1-5).
Recently, Ross etal proposed a new hypothesis for
the pathogenesis of atherosclerosis.7 According to
this hypothesis, the lesions result from some form of
injury to the arterial endothelium that results in endo-
thelial desquamation. This is followed by adherence,
aggregation, and release of platelets at the focal site of
injury. During the process of release, a mitogenic fac-

Exposure for:
30 days 90doys

tor is secreted from the platelets which gains entry
into the arterial wall, resulting in focal intimal prolif-
eration of the smooth muscle cells. If the injury is a
single event the lesions may heal and regress, leaving
a slightly thickened intima. If the injury to the endo-
thelium is repeated or chronic, however, the lesions
may become complete, resulting in the production of'
pronounced intimal thickening. In the present experi-
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Fig 7 Effects oflocal vibration on whole blood viscosity
measured at shear rates of 115 and 230s-
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Fig 6 Changes in medial thickness (represented as DIR) of
arteries caused by local vibration.
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Effects oflocal vibration exposure on plasma lipids

Total cholesterol HDL-cholesterol Lipoperoxide
(mgldl) (mg/dl) (nmol/ml)

Exposure for 30 days Control 66-3 + 3-4 22-3 + 0 9 3-65 + 0 21
Vibration exposed 69-2 + 3-1 23 0 + 1-0 3-46 + 0-29

Exposure for 90 days Control 47-0 + 2 5 19 8 + 1 8 2-42 + 0-15
Vibration exposed 45 4 + 2-9 19 0 + 1 6 2-78 + 0-38

Each value represents the mean ± SE.

ment a fresh fibrin thrombus was observed in the
small artery after 90 days exposure (fig 2). Therefore,
it is considered that vibration induces intimal thick-
ening through the processes described by Ross.7
Azuma et al reported that, after vibratory stimu-

lation, the responsiveness of arterial smooth muscle
to noradrenaline was greatly increased and that the
vasoconstrictive activity of noradrenaline was also
greatly raised.8 Kobori observed that endothelial
injury may be caused to the mesenteric artery by the
injection of methoxamine HC 1, which is a vaso-
constrictive agent.9 Therefore it is considered that the
sensitivity of arterial vessels to noradrenaline
increases after exposure to vibration and that the
artery constricts or goes into spasm, thus causing
injury to the endothelium. Moreover, it may be sup-
posed that if repeated or chronic endothelial injury
was caused by local vibration, pronounced intimal
thickening of the artery would appear at the exposed
site. In the present experiment histological changes
were observed in the small arteries at the exposed site
after 90 days exposure but not after 30 days. This also
suggests that repetitive injury to the endothelium is
important in producing severe intimal thickening.
Ashe and Williams reported that the clinical condi-

tion of workers using vibrating tools whose skin
biopsy showed intimal thickening of the artery was
more severe than those without.' The data from the
present study suggested that there is some relation
between the intimal thickening in the small arteries
and the attacks of Raynaud's phenomenon. Our
results support the theory that intimal thickening is
related to the severity of the attack.

In general, vibration induced medial thickening of
the artery is given greater attention than intimal
thickening.2 Therefore we examined whether
vibration can induce changes in the thickness of the
media of the artery but found this was not the case.
Furuyama reported significant correlations between
the medial thickness of the mesenteric and femoral
arteries and the systemic blood pressure.3 Therefore,
the results of skin biopsy of workers using vibrating
tools should be interpreted with due consideration to
their blood pressure.
Changes in blood lipids induced by local vibration

were not observed in this experiment; plasma TCH,
HDL-C, and LPO concentrations which are consid-

ered to be related to atherosclerosis'0 were not
significantly different between the control and the
exposed groups for any duration of exposure. Never-
theless, the whole blood viscosity was significantly
increased after 90 days exposure and not 30 days.
Fujinaga reported that in workers with Raynaud's
phenomenon using vibrating tools the whole body
viscosity was significantly higher than in normal
workers. Therefore, there may be some relation
between the increase in whole blood viscosity and the
intimal thickening seen in the small arteries at the
exposed site and, in addition, whole blood viscosity
may be useful in diagnosing the hand-arm vibration
syndrome.

We are grateful to Dr S Katsuda and Dr Y Oda
(department of pathology, School of Medicine,
Kanazawa University) for their valuable advice. We
also thank Mr T Yamaguchi for his technical help.
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