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no case in which serological studies were made was there
evidence of vaccine failure. It also shows that the word
"eradicate "-which literally means tear up by the roots
and so destroy for ever-is inappropriate for this control
procedure. This word is used by the Rhode Island/Yale
group, as it is by many other American workers, despite
the fact that one of the most important findings is that
measles continues to exist, though in modified form, and
will so continue so long as people from susceptible popula-
tions visit their friends and relations. Therefore no country
can expect to eradicate the disease until the entire population
of the world is immune or it effectively isolates itself from
all social intercourse with all other countries. Finally the
Rhode Island experiment emphasizes that not all that is
morbilliform is really measles.

Age and Joint Mobility
That 74-year-old joints resent a game of Rugby football is
well known, but little has been done to measure this stiffness
quantitatively or qualitatively. The extensibility of the little
finger has been assessed by placing the extended hand on a
flat surface and extending the little finger as far as comfort-
ably possible, the angle being measured in multiples of 150
with a protractor.' J. T. Scott2 measured the distance the
index finger moved from the horizontal with the application
of a spring to its end. He found differences throughout the
day with this technique, though the results were not always
reproducible, probably owing to changes in the joints from
being repeatedly extended.

V. Wright and R. J. Johns'4 developed apparatus to
measure the stiffness of the metacarpo-phalangeal joints
quantitatively and qualitatively. They showed a striking
increase in stiffness with advancing age. Joint size may con-
tribute to the changes observed up to maturity, but cannot

explain increases in stiffness after that. The stiffness
experienced may in fact be related to both decrease of muscle
power and increase of physical resistance at the joint.5 C. H.
Barnett and A. F. Cobbold6 have recently studied this prob-
lem in the distal joint of the finger of 111 persons by other
techniques. They calculated a " coefficient of friction " (not
used in the way an engineer would define it) from the rate of
decay of amplitude of a pendulum swinging on the middle
finger. They found that the mean coefficient of friction in
the finger increased with age, but there was a wide scatter
of results, for a few old people had fingers almost as mobile
as other people had in youth.

Techniques of measurement have recently been devised
for larger weight-bearing joints and a similar increased stiff-
ness with age detected.7 Attempts at measuring joint mobility
in the spine have been confined to forward flexion8 I A
simple clinical measurement was carried out by P. Schober,10
who observed the degree of skin distraction between marks
10 cm. apart, the lower being placed on the spinous process
of the fifth lumbar vertebra. This method has recently been
modified with considerable increase in accuracy1' and makes
a useful simple test in clinical practice and epidemiological
study. It has been shown that the ability to flex the back
is very dependent on age in both sexes, though in all age
groups the limitation of back movement is more in women
than it is in men.
The explanation of these changes in various joints may be

found in the alteration that collagen undergoes with advancing
age. There is increase in fibril width,"2 greater thermal
contraction,"3 decreased susceptibility to collagenase,4 15 and
increased cross-linking within fibrils.13 Collagen in the
human skin becomes stiffer with advancing age,16-18 and it
may do so in the joint capsule also, thus causing the
increased physical stiffness seen in older people. On the
other hand it has also been suggested that the findings may
be explained by a decrease in the viscosity of synovial fluid
with increasing years' together with a decrease in the
resilience of cartilage owing to the death of superficial chon-
drocytes and the reduction of the content of chondroitin
sulphate.0

These studies of stiffness are an important contribution to
our understanding of the ageing process. In clinical practice
they provide an objective measure of the progress of joint
disease and the assessment of therapy.. And they are helpful
in epidemiological studies of conditions such as ankylosing
spondylitis, in which limitation of back movement is a
criterion of diagnosis.2' 22

Sulphur and Heart Disease
Toxic effects resulting from exposure to carbon disulphide
(CS,) have been recognized since the middle of the nineteenth
century.' Neurological syndromes, psychoses, encephalo-
pathy, and polyneuritis were first reported in workers in the
rubber industry, in which carbon disulphide was used as a
softening agent. Recognition of the hazard led to improved
ventilation of premises in which the substance is used, and
a threshold limit value of 20 p.p.m. of carbon disulphide in
the atmosphere has been established, Since 1924, when
poisoning by carbon disulphide became notifiable in the
United Kingdom, very few cases have been reported here,
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but the condition is more frequent on the Continent, and at
least two serious outbreaks occurred in German-occupied
territories during the second world war.'

In recent years several reports have suggested that exposure

to carbon disulphide might lead to arterial disease. These
have related mainly to the viscose rayon industry, in which
workers may be exposed to both carbon disulphide and hydro-
gen sulphide (HS). In 1954 E. C. Vigliani? noted that
though the number of new cases of poisoning by carbon disul-
phide in Italy had fallen since the war the clinical picture of
the condition seemed to have changed, for patients were pre-

senting with what appeared to be a chronic vascular
encephalopathy. Others reported arteriosclerotic lesions both
in patients poisoned by carbon disulphide and in experimental
animals exposed to it. In view of this suggestive evidence a

group from the Medical Research Council's Social Medicine
Research Unit carried out an investigation into the mortality
from cardiovascular disease among workers in the British
rayon industry, and they report their findings in an import-
ant paper in this issue of the B.M.7. at page 407.

In the manufacture of viscose rayon, cellulose produced
from wood pulp is mixed with carbon disulphide in churns to
produce cellulose xanthate, which is dissolved in caustic soda
to form viscose. The viscose solution is then spun into rayon

yarn. Men employed in the churning process may be exposed
to carbon disulphide and those working in the-spinning rooms

both to it and to hydrogen sulphide. Dr. J. R. Tiller, Pro-
fessor R. S. F. Schilling, and Professor J. N. Morris studied
mortality among the workers in three rayon factories all
situated in the same locality. One of the factories had been
in operation since 1918 and the other two since 1928 and 1935
respectively.

In the first part of their investigation they studied the
mortality from coronary heart disease among the workers in
the rayon factories, dividing them into process workers, those
engaged on churning and spinning, and non-process workers,
and used as controls other males living in the same locality in
social classes III, IV, V, but excluding agricultural workers.
They found that, over the 30-year period 1933-62, 42% of
all deaths among the rayon process workers were due to coron-

ary heart disease. The corresponding proportion among the
non-process workers was 24% and among the other local men
17%. They also found that the number of observed deaths
from coronary heart disease for each quinquennium of the 30-
year period was greater than expected in each of the three
groups of workers but that the excess reached statistical sig-
nificance only in the case of the rayon process workers. Thus
it was established that there was an apparently high mortality
from coronary heart disease among men employed in the
manufacture of viscose rayon.

In the second part of the study the actual death rates among
the men employed in the most modern of the three factories
were calculated and related to the type of work which the men
were doing and the duration of their employment in the fac-
tory. For this purpose the men were divided into three occu-

pational groups: (1) rayon process workers employed in the
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manufacture of viscose, (2) rayon process workers employed
in the spinning department, and (3) non-process workers. The
death rates for each group were calculated per 1,000 man-

years and compared with the corresponding rates for the home
population for England and Wales calculated from the Regis-
trar General's reports. The result showed that the death rate

from coronary heart disease was significantly higher than ex-

pected only in those men with more than 10 years' employ-
ment in the spinning department. There are three sections
in the spinning department-spinning itself, washing, and
drying-and further analysis suggested that the high death
rate occurs mainly in those employed in the actual spinning.
Though exposure to carbon disulphide occurs in both the

making of viscose and the spinning process, the viscose
workers are less exposed because many rotate their jobs and
spend only some of their time in the churn rooms in which
carbon disulphide is used. The spinners are constantly ex-

posed. Moreover, it was found from a study of the tests made
for monitoring the atmosphere for carbon disulphide over a

20-year period that whereas concentrations of it greater than
the threshold limit value were infrequently recorded in the
viscose-making department nearly half of the tests in the
spinning department showed more than 20 p.p.m. Though
exposure to hydrogen disuiphide also occurs in the spinning
department, it was at a relatively low concentration. Few
of the tests gave results above the threshold limit value for
this gas, and both from these findings and other evidence it is
considered unlikely that it is the important factor.
The inevitable conclusion is that there is indeed an in-

creased risk of coronary heart disease among workers in the
viscose rayon industry and that the risk is greatest among

workers engaged on the spinning of rayon. The evidence
points strongly to exposure to carbon disulphide as the factor
responsible. As the authors point out, apart from a recent
suggestion that there is a high incidence of angina pectoris
and sudden death in workers exposed to nitroglycol and nitro-
glycerin3 this is the first acceptable evidence of an occupa-

tional toxic factor in the aetiology of coronary heart disease.
It is clearly difficult to identify a specific industrial risk in

a condition like coronary heart disease which is so widespread
among middle-aged men. The present study should be
followed by further investigations into the clinical aspects
and pathological findings in those workers in the viscose rayon
industry who have died from coronary heart disease and by a

prospective study of those now employed in the industry in
which factors already known to be important in the aetiology
of coronary heart disease such as diet, physical activity, cigar-
ette smoking, and obesity are considered as well as their ex-

posure to the probable industrial hazard.
Looked at from a wider point of view, the identification of

carbon disulphide as a probable aetiological agent in the de-
velopment of coronary artery disease, together with the evi-
dence that hardness of the water supply may be an important
factor, suggests that trace elements may have an important
role in the causation of this disease. Sulphur compounds are
recognized as important inhibitors of enzymatic processes, and
it is possible that if carbon disulphide can play a part in caus-

ing arterial disease other related substances, such as sulphur
dioxide, an important pollutant of the atmosphere, may do so

too. A study of the way in which these compounds act might
provide a clue to our understanding and prevention of
coronary heart disease.
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