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Usefulness of blood parameters, especially viscosity,
for the diagnosis and elucidation of pathogenic mechanisms
of the hand-arm vibration syndrome

by Akira Okada, MD, DMSc, Ryoichi Inaba, MD, DMSc, Toshio Furuno, MD, DMSc,
Seiich i Nohara, MD, DMSc, Makoto Ariizumi , MD, MDSc 1

OKADA A, INABA R, FURUNO T, NOHARA S, ARIIZUMI M. Usefulness of blood parameters,
especially viscosity, for the diagnosis and elucidation of pathogenic mechanisms of the hand-arm vibration
syndrome. Scand J Work En viron Health 13 (1987) 358-362. In the present study it was found that,
in vibratin g-tool operators with Raynaud ' s phenomenon , whole blood viscosity was significantly higher
than in operators without Raynaud 's phenomenon at shear rat es from 230 to 11.5 S-I . In addi tion rats
were experimentally exposed to local vibrat ion (60 Hz, 5 g) on their hind limbs for 4 hid for 30 or 90
d. In the case of 30-d exposure, the small arteries in the exposed site did not change. However, after exposure
for 90 d, disru ption of the intern al elastic lamina was observed in the small arter ies. The disrupti on was
followed by focal cell prolifera tion with regenerati ve formation of collagen and elastic fibers. The fibro­
cellular thickening of the intima was furth er augmented, and , in addition, a complete stenosis of the small
lumen of the small art ery was observed. Medial thickness did not show significant differences between
the control and exposed groups for either exposure duration . The whole blood viscosity was significantly
increased by the 90-d but not by the 30-d exposure. Th ese results suggest that there are some relationships
between the increase in whole blood viscosity and the intimal thickening of some small arteri es in the
exposed site.
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To clarify the mechanism of the occurrence of Ray­
naud's phenomenon, which is a c ha racteristic sym p­
tom of the hand-arm vib ra tio n syndrome, our depart ­
ment has studied the occurrence o f intimal th ickening
in the peripheral artery of the rat at the site of local
chronic exposure to vibra tio n in the rat. The present
study aimed at evaluating the possible relationship
between histological ch anges in the peripheral arter ies
and blood viscosity on the basis of data from a field
survey and an animal experiment.

Material and methods

Measurement of blood viscosity
in the f ield survey
The study group consisted of II workers with and 18 without
Raynaud ' s phenom enon. All the subjects regularly worked
with chain saws. The two groups were similar with respect to
age and the length of use of vibrating tool s. Whole blood
and plasma viscosity, plasma cyclic AMP (adenosin-rnono­
phosphate), and GMP (guanosin-monophosphate) were de­
termin ed. The whole blood and plasma viscosity were
measured at 37°C with a Wells-Brook field cone-plate micro­
viscometer (model LVT) at the following five shear rates: 230,
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115,46,23, and 11.5 S - I . The plasma cyclic AMP and cyclic
GMP levels were determined with the radioimmunologic
method developed by Honm a et al (3).

Experimental study
Twenty male Wistar rat s, initially weighing 230 - 250 g, were
used. Each group consisted of five rats. The rat s were ex­
posed to local vibration on their hind legs for 4 hid for either
30 or 90 d . The appa ratus used for the vibration exposure
consisted of an electromagn etic shaker with a shaking power
of 7.5 kg (vibration frequency range 5 - 5 000 Hz) cou pled
to an amp lifier, a function oscillato r, and a vibration meter.
The animals were placed in individual mesh cages, in the prone
position. The hind legs were out side the cage, their plant ar
surfaces horizont ally fixed to the vibrating plate with 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 rat body was fixed on a non vibrating plate separated
from the shaker. Th e hind legs were exposed to vert ical
sinusoidal vibrati on with a frequency of 60 Hz under a
constant accelerat ion of 5 g (50 rn-s -! ) . Before the ex­
periments, the rats were trained for one week to accept this
exposure . The contro l group, in each experiment , was kept
in wire mesh cages like the ones used for the exposed group.
The contro l animal cages were placed near the operat ing
electromagnetic shaker during the exposure experiment so that
the exposure to noise would be equal in both grou ps. The
temperat ure of the animal room was kept at 20 ± 2°C, and
a l2-h "li ght-dark cycle" was maintained. Food and water
were provided ad libitu m before the start of the exposu re ex­
periment . Eighteen hours afte r the last exposure, samples for
electro n microscopic examination were obtained from the
dorsal side of the foot, and blood was then collected after
decapitati on.

Whole blood viscosity was measured in this study with a
Wells-Brookfield cone-plate microviscometer at the shear rates
of 230 and 11 5 S-I . A microscopic examination was made



Table 1. Whole blood viscosity, plasma viscosity, and hematocrit measured at37" C in the vibration-exposed workers with and
without Raynaud's phenomenon.

Viscosity (cent ipoise)

230 '

Whole Blood
11.5 ' 230' 115 '

Plasma
46 ' 23 ' 11.5 '

Herna­
tocrit
( '!o )- - - - - - - - - --- --- - -- - - - --- ---- ---- ----

Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD

Groupwithout
Raynaud's
phenomenon
(N = 18) 4.59 0.60 5.19 0.81 6.76 1.21 7.91 1.45 8.18 1.71 1.62 0.26 1.71 0.38 2.06 0.53 2.15 0.60 2.61 1.02 42.6 4.3

Group with
Raynaud's
phenomenon
(N = 11) 5.32"" 0.65 6.36"" 0.96 8.25"" 1.10 9.85 " " 1.74 10.29" 2.57 1.71 0.26 1.76 0040 2.20 0 .58 2.21 0.60 2.74 0.87 44.8 4.2

, Shearrate (s ').
" P < 0.05 , " " P < 0.01 (t-test).

of cross-sections of formalin-fixed specimens obtained from
the foot, 1.5 cm distal of the ankle, and stained with hema­
toxylin eosin and Elastica-Van Gieson. According to Suwa's
histometrical method (2), cross-sections of arteries were
reduced to the state in which the internal elastic lamina was
perfectly stretched, and the thickness of the media (D) and
the radius (R) could be measured. Samples for the electron
microscopic examination were fixed with 2.5 070 glutaralde­
hyde for I h and postfixed in 2 070 Osmium tetroxide for I
h, both of which were buffered with 0.1Msodium cacodylate
at pH 7.4. After dehydration, the samples were embedded
in Epon 812-filled gelatin capsules. Thin sections were
obtained with an LKB Ultrotome, stained with uranylacetate
and lead citrate, and observed in a Hitachi H-500 electron
microscope operating at 75 kV.

Results and discussion

Table I sho ws the whole blood and plasma viscosity
of the vibrating tool opera tors with and without
Raynaud 's phenom enon. In the group with Raynaud's
phenomenon, the whole blood viscosity was statisti­
cally significa ntly higher at each shear rat e in compar­
ison with that of the group without Raynaud's
phenomenon . No significan t differences in plasma
viscosity were observed between the two groups. These
result s indicate that whole blood viscosity may play
an importan t role in the appearance of the vascu lar
symptom or signs of the hand-arm vibration syndrome.
In addition , the data imply that it is possible to dis­
criminate between a group with Raynaud 's phenome­
non and a group without it by measuring whole blood
viscosity . The plasma cyclic AMP and GMP levels
showed no group differences with statistica l signifi ­
can ce.

Several investigators have studied the effects of
hand-arm vibra tion on blood components (7) (ta ble
2), and there are indi cati ons that many blood compo­
nent s may be af fected by hand-arm vibra tion. How­
ever, some of the reports lack pertinent stati stical tests.

In the present work 30-d exposure did not cause any
histological changes in the small arteries at the exposed
site. Ho wever, after 90 d , there were changes in the
small art eries of the hind leg of the rat s with the
following findin gs: disruption of the interna l elastic
lamina , focal cell proliferation, and regenerative for-

Table 2. Reports relating to the effects of hand-armvibration
on blood components .

Blood components Effect Authors and year
ofpublication

Serum noradrenaline Increase Lubanska et al (1965)
Serum noradre naline Increase Johansen et al (1977)
Serum haptoglobin and
immunoglobulin M Increase Okada et al (1971)
Erythrocyte osmotic
fragi li ty Decrease Habu et al (1978)
Erythrocyte osmotic
fragili ty Ikeda et al (1979)
Red cell deformation Decrease Dodds (1979)
Platelet aggregation Increase Ikehata et al (1980)
Platelet aggregation Increase Kanamori et al (1982)
Serumsarcoplasmic
enzyme activity(aldolase,
creatine phosphokinase,
lactate dehydrogenase) Incre ase Kasamatsu et al (1980)
Serumsarcoplasmic
enzyme activity(aldolase,
creatine phosphokinase,
lactate dehydrogenase) Increase Okadaet al (6) (1985)
Blood beta-th rornboqtobuttn Increase Kanamori et al (1982)
Coagulation system activity Increase Kondo et al (5) (1984)
Fibrinolysis systemactivity Inc rease Kondo et al (5) (1984)

mation of collagen and elastic fiber s (figure I), throrn­
bofixat ion (one case, figure 2), fibrocellular thickening
of the intima (figur e 3), and complete steno sis (figure
4). Electron microscopically (figure 5), the fibrocellular
thickening of the intima was seen to be caused by a
proliferation of ar terial smooth muscle cells from the
media together with a form ation of collagen and elastic
fibers.

According to the hypothesis recently presented by
Ross et al (8), atheroscleroti c lesions may ar ise as a
result of injury to the endothelium and result in des­
quamation follow ed by the adherence, aggregation,
and release of platelets at the site of the injury" During
the process of platelet release, a mito genic factor,
secreted from the platelets, gains entry into the ar tery
wall and causes focal proliferation of int imal smooth
muscle cells. If the injury is a single event , the lesions
may heal and regress, a slightly th ickened intima being
the result. How ever, if the injury to the endothelium
is repeated or chronic, the initial thickening may be
pronounced. Figure 6 describes a hypothesis for the
mechani sm of vibration-induced intimal thickening of
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Figure 1. Light micrograph of a section through a small artery
of a hind leg of a rat after local vibration exposure 4 hid for
90 d. Disruption of the internal elastic lamina and focal cell
proliferation wi th formation of collagen and elast ic fibers.
(Elastica-Van Gieson stain , X 330)

Figure 3. Light micrograph of a section through a small artery
of a hind leg of a rat after local vibration exposure 4 hid for
90 d. Mild fibrocellular thickening of intima. (Elastica-Van
Gieson stain, X 330)
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Figure 2. Light micrograph of a section through a small artery
of a hind leg of a rat after local vibration exposure 4 hid for
90 d. A fresh fibrin thrombus in the lumen of the small artery .
(Hematoxylin-eosin stain , X 330)

Figure 4. Light micrograph of a section through a small artery
of a hind leg of a rat after local vibration exposure 4 hid for
90 d. Severe intimal thickening and complete stenosis of the
lumen. (Elastica-Van Gieson stain , X 330)



11
Marked Int ima l Thickening

/Il

Pla te lets release granules for

th e grow th of Smooth-muscle

cell s .

Plate let Aggregat es. or

Microthrombi as a Result o f

Adherence of the Platelets to

the Exposed Subendothelial

Inti ma l Connet ive T issue.

Endothelia l Desquamation

Possibl y Resulting in Exposure

of the Underl y ing Int ima l

Connecti ve Tissue.

Endot helia l Injury Caused

by Loca l v ibrat ion

Dir ectl y or Indirect ly

Smoo th- Muscle Cells Migrating from the Media into

the Int ima through Fenestrae in the Internal Elast ic

Lamina and Activ ely Multip lying within the Intima.

Endot helial cells regenerate in an attemp t to recover

the exposed int ima . which thickens ra pidly o wi ng to

smooth-muscl e pro life rat ion and format ion of new

connective tissue .

Repeated or Chronic

Endothelial Injury

Caused by Local

V ibra tion.

Regress ion of th e Pro lifer at ive

Lesions. Leaving a Slightly

Thickened Int imal Layer.

Figure 5. Elect ron mic rog raph f rom a sma ll artery of a hind leg
of a rat aft er local vibrati on exposure 4 hid for 90 d. Proli ferat ion
of arterial smooth muscle ce lls from the media assoc iated with
for mat ion o f coll agen and elastic fib ers . (X 4500)

Figu re 6. Hypothesis o f the mech anism of in t imal th ickeni ng
in small arteries as induced by local vibrat io n exposu re.
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Figure 9. Hypothesis of the pathogenetic mechan ism of Raynaud's phenomenon induced by local vibration exposure.

small art eries; the hypothesis is supported by the
finding of a fresh fibrin thrombus after 9O-d exposure
in the present exper iment.

Azuma et al (1) reported that, after vibratory
stimulation, the responsiveness of arterial smooth
muscle to noradrenaline markedly increa sed, and the
vasoconstrictive activity of noradrenaline was also
markedly elevated . Kobori (4) observed that an injec­
tion of methoxamine hydrochl oride (a vasoconstric­
tive agent) caused endothelial injury in the mesenteric
artery. It is proposed by us that the sensitivity of the
arterial vessels to noradrenaline increases after vibra ­
tion exposure, and the artery constricts or goes
into spasm, resulting in endothelial injury. The hypo­
thetical mechanism of repeated or chronic endothelial
injury by vibration, as causing an intimal thickening,
receives support from the present results.

Vibration-induced medial thickening of the art ery
has been paid greater attention than intimal thickening
(9). In the present study there was no statistically
significant difference in medial thickness between the
control and exposed groups with either exposure
duration (figure 7). Furthermore, Furu yama (2)
reported on a stat istically significant correlation
between the thickness of the media in the mesente ric
and femor al arteries and blood pressure, a finding
which calls for caution when biopsy data from vibra ­
tion-exposed workers are being interpreted.

Whole blood viscosity at shear ra tes of 11 5 and 230
s I did not differ statistically significantly between
the control and exposed group s after 30 d of exposure
(figure 8). After 90 d, however, the exposed group
showed a significantly higher blood viscosity at each
shear rate as compared with the control group . These
results indicate some relationship between the increase
in whole blood viscosity and the intimal th ickening of
some small arteries in the exposed site. In addition ,
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whole blood viscosity is implied as a useful parameter
in the diagnosis of the hand-arm vibration syndrome.

A hypothesis for the pathogenic mechani sm of
Raynaud' s phenomenon is described in figure 9. On
the basis of the findings in the present study, it is
suggested that some relation ship exists between intimal
thickening of small arteries and the occurrence and
severity of Raynaud 's phenomenon.
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