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of more than a few pounds per square inch requires
re-acclimatization, this also increased the risk of
decompression sickness.
Paton and Walder (1954) showed that the bends

rate varies with accuracy of decompression in that
too short a decompression increased the number of
cases of bends, whereas too long a decompression
made no difference. At the Tyne Road Tunnel only
a negligible number of decompressions were short
of the statutory times, and no statistically significant
relationship with decompression sickness was found.
The records of the Tyne Road Tunnel showed that

there were 47 cases of bends following decompres-
sions from pressures less than 18 psig (124-1 kN/m2)
and 22 cases from pressures less than 17 psig
(1 17-2 kN/m2), which was the minimum pressure
adopted on this contract for a timed decompression.
This underlines further the need to reconsider the
level at which the statutory timed decompressions
should begin. As there were no cases below 14 psig
(96-5 kN/m2), it is suggested that this should be the
level of pressure at which timed decompression
starts and this level has been adopted in the now
widely used Elackpool Trial Decompression Tables
(1966).
The incidence of bends following decanting is

surprisingly no greater than that following ordinary
decompression and therefore on this evidence it
appears to be an acceptable procedure.

The treatment of bends
An important improvement in the technique of
medical decompression following a treatment for
decompression sickness was made. On empirical
grounds at the suggestion of the Agent, Mr. E. L.
Earp, the pressure in the medical lock was reduced
over a period of 5 minutes to half the maximum
gauge pressure used instead of to half the absolute
pressure as previously. This was so successful in
reducing the number of treatment failures that it is
now recommended by the MRC Decompression
Sickness Panel as a standard procedure.

Aseptic necrosis of bone
The most important health problem today amongst
compressed air workers is aseptic necrosis of bone.
The difficulties in studying this condition are great
because radiographic examinations of the joints of
compressed air workers are not compulsory.
Usually only a small proportion of men can be
persuaded to go to a hospital radiological depart-
ment during a contract and immediately the contract
finishes they leave the area and it is difficult to trace
them.
At the Tyne contract an x-ray apparatus was

installed at the tunnel medical centre in the hope that
this would enable all successful applicants for work
in compressed air to be radiographed at the time of

their initial medical examination. In fact, because
so many men were examined by the doctor when the
part-time radiographer was not available, only 26%
of the men accepted were radiographed on the same
day.
At subsequent contracts, visits from a com-

mercial portable x-ray unit have been more success-
ful in achieving the required radiological investiga-
tions. The aim has been to take radiographs of the
joints of all the compressed air workers who are
employed on the site during the period of the visit
of the unit. The unit is usually present for one or
two weeks, during which time men can be examined
at any time of the day or night.
The prevalence of bone lesions in men who were

radiographed at the Tyne Tunnel contract was as
high as that at other comparable contracts. Forty-
one per cent of those experienced in compressed air
work before the Tyne contract and 18% of those
men who had never worked in compressed air before
were found to have definite or suspected bone
lesions. Thus 26% of the 171 men who were radio-
graphed showed evidence of damage to one or more
bones. Most of the lesions were symptomless and
unlikely to cause any disability in the future but up
to the present time three men, all between the ages
of 22 and 34, are known to have such severe bone
necrosis of their femoral heads that although they
have been treated surgically they are still markedly
disabled. A fourth young man has received surgical
treatment for gross destruction of one humeral
head.
None of these four men with disabling lesions

had worked in compressed air before the Tyne
contract. No disabling lesions were found in the
men who had been exposed to compressed air before
this contract.
No bony abnormalities suggestive of aseptic

necrosis were found in the radiographs of the
shoulder, hip and knee joints of 121 men who had
been declared physically fit for work in compressed
air but who had never been exposed to it before the
radiographs were taken.
The aetiology of bone necrosis is still obscure but

most authorities assume that it is due to gas bubble
embolism. There is, however, no direct proof of this
hypothesis. During the Tyne contract indirect
evidence of bubble embolism was sought by studying
the anatomical position of bone necrosis lesions of
the femur in relation to the posture of a man's legs
when seated during decompression. It was assumed
that men with long legs would sit in the man lock
with their knees above the level of their hips while
men with short legs would sit with their knees
below the level of their hips. Further assumptions
were that bubbles would tend to rise to the higher
end of the femur where they would be trapped and
interfere with its blood supply.
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There are many flaws in this argument, not the
least important being that the men frequently lie
down in the lock during a long decompression. In
fact no statistical relationship could be found be-
tween leg length and the site of a femoral bone
lesion.
Bone necrosis may cause marked disability if it

affects the head of a femur or humerus, and can
cause disability in relatively young men. The un-
satisfactory nature of the treatment for bone necrosis
(Decompression Sickness Panel Report, 1966) makes
its complete prevention all the more imperative.
In order to understand the pathogenesis of bone
necrosis and to find a satisfactory form of treatment
it is essential to undertake regular radiography of
the major joints of compressed air workers. At
present this is carried out voluntarily, largely at the
request of the Decompression Sickness Panel, and
only a minority of workers are examined. A scheme
for compulsory regular radiography of the major
joints of all compressed air workers should be intro-
duced as part of the statutory regulations for work
in compressed air.

Standardized radiographic projections of the
shoulder, knee and hip joints, as described in the
Appendix, are required. The frequency of the
examinations must be limited so that the total dose
of radiation received by the man is within safe limits.

Provided that careful radiographic techniques and
a gonad shield are used, a radiographic bone
examination of this sort can be safely carried out as
frequently as once in every three months, but once
in six months is usually adequate for the routine
surveillance of compressed air workers.

Recognition of the early radiological changes of
aseptic necrosis of bone in compressed air workers
(Decompression Sickness Panel Report, 1966)
requires experience which relatively few medical
practitioners have the opportunity to obtain. It
has undoubtedly been a great advantage to hold at
the MRC Decompression Sickness Central Registry
in the University of Newcastle upon Tyne a very
large number of joint radiographs of men who have
been employed in compressed air. This has enabled
the development of bone necrosis to be studied in
many series of radiographs and the early radio-
logical criteria for diagnosis to be established
(Radiographic Appearances of Bone Lesions in
Compressed Air Workers, 1968). Radiographic bone
changes in compressed air workers have not yet
been seen earlier than four months after their first
exposure to compressed air.
Some juxta-articular bone lesions progress rapidly

to involve the joint surface and give rise to severe
disability within a few months whereas others,
apparently radiographically similar, progress more
slowly or even appear to remain static over a period
of years.

Skinfold thickness
The estimate of fatness in compressed air workers
from their skinfold measurements has confirmed
the long-held view that fat men are more liable to
decompression sickness than thin men. Boycott and
Damant (1908) drew attention to the likelihood of
this and quoted an observation of Vernon (1907)
that at body temperature the volume of nitrogen
dissolved in fat is more than five times the volume
dissolved in an equivalent amount of water. They
postulated that 'fatness would either leave unaltered
or somewhat diminish the susceptibility to caisson
disease with very short exposures and increase it
with moderate and long exposures'. They carried
out experiments using rats, guinea-pigs and dormice
in which an unselected series of animals was de-
compressed in five seconds from a nearly or com-
pletely nitrogen saturated state after an exposure of
up to 120 psig (828kN/m2) for one hour. Some of the
animals died from decompression sickness and some
of them survived. The total fat of both groups was
estimated and it was found that those which died had
on the whole more fat than those which survived.
From these experiments on animals it was argued

that 'really fat men should never be allowed to work
in compressed air and plump men should be ex-
cluded from high pressure caissons (e.g., over
+25 lb)'. Conversely, they said that 'if deep diving
is to be undertaken or caissons worked at pressures
approximately to +45 lb, skinny men should be
selected'.
From the practical point of view, however, the

estimate of fatness by skinfold measurements would
have been of limited value in the prediction of a
particular subject's susceptibility to bends because
some of the thin men had bends and some fat men
did not. The discrimination of the test may have
been diminished because the obviously fat men had
already been excluded from work in compressed
air by the examining doctor. Comparison of our
group with 5 117 Birmingham male undergraduates
mostly aged 18 and 19 (Parnell, personal communica-
tion) suggests that the extremely thin men also
avoided or were not selected for compressed air
work. There was no indication of any relationship
between a man's fatness and the development of a
bone lesion.

Lung cysts
Walder (1963) showed that in guinea-pigs generalized
bronchospasm during decompression can result in
air-trapping and the passage of air from the alveoli
into the pulmonary veins to give bubbles in the
general circulation. If alveolar air enters the circula-
tion when the blood and tissues are supersaturated
with gases, even a minute volume of air may act as
a nucleus from which bubbles will be formed to give
rise to type II decompression sickness. Furthermore,
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Walder demonstrated that in both human and pig
lungs, which are structurally similar, the blockage
of a bronchus before or during decompression could
lead to shear stresses in the lung. This could result
in the tearing of inter-alveolar septa and the con-
tained veins so that air could enter the pulmonary
circulation.
Only one of the men whose chests were radio-

graphed during the construction of the Tyne Road
Tunnel was found to have a lung cyst. Nevertheless
the possibility that cysts may be associated with
type II decompression sickness must not be for-
gotten and they should always be looked for.
The attempt to determine whether increased air-

ways resistance or air trapping occurs in those men
who subsequently suffer from type I decompression
sickness failed. The possibility that air becomes
trapped in a small area of lung during decompression
because of some local airway obstruction was not
excluded. Such a small volume of trapped air would
be invisible on a chest radiograph so that more
information will be required before it can be estab-
lished whether or not it plays a part in the causation
of type I decompression sickness.
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Appendix

Radiography of the bones of compressed air workers
1. Good definition of the trabecular structure of the

bone is important.
2. The gonads must be protected from ionizing radia-

tion by the use of a lead shield.
3. The following projections are required:

(a) an antero-posterior projection of each shoulder joint.
A 12 x 10 in. film is recommended. The patient is
placed in a supine position with the trunk rotated at
an angle of approximately 450 to bring the shoulder
to be radiographed in contact with the table. This
arm is partially abducted and the elbow is flexed.
Centre 1 in (25.4 mm) below the coracoid process of
the scapula, and cone to show as much humerus as
possible, bringing in the lateral diaphragms to show
only the head and shaft of the humerus. This view
should show a clear joint space, and the acromion
should not overlap the head of the humerus;

(b) an antero-posterior projection of each hip joint.
A 12 x 10 in. film is recommended. The patient is
placed in a supine position with the feet at 900 to-the
table top. The edge of the gonad protector should be
as near the femoral head as possible, but not in any
way obscuring it. Centre the cone over the head of
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the femur, that is, 1 in. (25 4 mm) below the mid-
point of a line joining the anterior superior iliac
spine and the upper border of the pubic symphysis;

(c) an antero-posterior and lateral projection of each

knee. A 17 x 7 in. film is recommended. Centre at
the level of the upper border of the patella. The field
should include the lower third of the femur and the
upper third of the tibia and fibula.
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