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Question: Dr Ray Leach

For Australia, it seemsthat thepatternistotreat the patient
with 100% oxygen as close in time as possible to the
accident and then transport him by Hercules to Sydney.
ButusingalargeplanelikeaHercul esdoesseem somewhat
unnecessary. | understand that even commercial aircraft
can be pressurised to atmospheric pressure, but at some
expense to the airline. Should we not have some sort of
simpler aerial ambulance for divers, smaller Jets, which
could bepressurisedto atmospheric pressure, duringwhich
timethediver couldreceive100% oxygen during transport,
rather than bothering the Air Force for these expensive
Hercules?

Dr John Knight

If thediver can afford to charter aLear Jet he can beflown
at groundlevel. But how many of thediversyou know can
afford to have his own private jet? That is one of the
problems. Another problem is that civilians are only
treated at the School of Underwater M edicinebecausethey
are emergencies that turn up there.

Because the demand is small outside New South Walesit
isvery difficult to set up acomprehensive system that will
becost effective. If wearegoingtohavean Australiawide
system it is going to have to be Government funded and
with present financial attitudes the Commonwealth
Government is not going to pay for it.

DY SBARIC OSTEONECROSIS

David Elliott

Dysbaric osteonecrosis, athough we are not absolutely
certain of itscause, isan association of bone necrosiswith
exposuretopressurechanges. Thefirst caseswerereported
about 70 years ago. Pain was the problem and they were
found on X-ray to have damaged joints.

The British Medical Research Council decided that they
would do surveysfirst on compressed air workersand then
ondivers. They really got going inthe 1950'sand 1960’ s
and cameupwith quiteafew useful reportsinthe Journals.
Onemust appreciate that theradiological classification of
bone necrosis scooped in awhole lot of people who were
totally asymptomatic. Bonenecrosisoccursintwo places,
in the shaft of abone and in the juxta-articular region. It
is only collapse of the joint surface that will giveriseto
pain. The shaft lesion is for practical purposes totally
benign. The shaft lesions are histologically exactly the
same as osteonecrosis due to other aetiologies. It hasthe
same prognosis- aonein approximately 10,000 chance of
osteosarcomatous change. Two cases of osteosarcoma
occurring in compressed air workers with bone necrosis
have been written up.

Sofar asweareconcerneditisajuxta-articular lesion that
isimportant, because it can be a crippling disease. Inthe

1950sand 1960stherewasatenyear survey of diversinthe
Kiel Canal in North Germany. Of about 40 divers, 7
became totally unable to work.

A group of 79 Japanese divers had about 20% definite
lesions, of which about 15 were juxta-articular. John
Harrison and myself reviewed Royal Navy divers about
the sametime. Out of 350 diverswe found only 4% with
lesions, of which less that 2% were juxta-articular. Ohta
and Matsinukafrom Japan had 50% of diverswithlesions.
About 15% or 16% were juxta-articular. There is a
significant differencebetweentheBritishandthe Japanese
figures. If youlook at Ohta’ soriginal report, whichwasin
Japanese (1 had it trandlated) you find that the divers aged
18 only had about 2%incidence, thediversintheir twenties
had a5%-10%incidence, diversintheir thirtiesabout 50%
incidence and the diversin their forties had about an 80%
incidence of bone necrosis. There were 60 or so divers
aged 18 down to 2 divers aged 40. The dive profile for
these guys was given. Two diverswent down to 120 feet
or sofor four hoursinthemorning. Being of peasant stock
they knew nothing about decompression tables, so they
came up for their lunch and in the afternoon they went
down and didthesamething all over again. Which, aswas
said in the paper, is why the flag of the factory ship was
alwaysat half-mast. So there could be some cluethereas
to the aetiology of bone necrosis.

The shaft lesions are benign and appear to be basically
ossified fat. So to the pathology of the juxta-articular
lesions. Thefirst changeisacreeping substitution. New
trabeculae grow over dead trabeculae. The radio-opague
areaisafailure of new growth coming into that part. But
if you examine the area histologically you would find
evidence of new trabeculae replacing trabecul ae over as
much astwo thirds of the head of the humerus. Thelesion
isvery much more widespread than can be seen on X-ray.
Thereisalatent period. It takesthreetofour monthsbefore
thefirst X-ray evidence can be spotted. Thismakesit very
difficult togiveadiver theOK at any particular time, if he
isgoing along to a new employer.

What is the possible pathogenesis? As with spinal cord
decompression sickness, there are a whole stack of
hypothesesand you can takeyour pick. They areprobably
all true. Thereis an embolic hypothesis which suggests
that lipid emboli, which are formed from bubble activity,
enter theend vessel sof thebones. Autochthonousbubbles,
bubbles which are generated per se, formed in the bone,
may expand and cause occlusion of theblood supply. Then
there clever hypothesesliketheisobaric counter diffusion
of gases inside the bone, gaseous osmosis, change of
intermedullary pressureand all thosethings. Whatitreally
means is that we have not got a clue.

After all sorts of clever papers have been written on the
pathogenesis of thislesion, what do we actually find? In
the origina programme that John Harrison and | did the
surprising thing was that we got nothing in the hip joints.
The hip and shoulder are two juxta-articular regions that
are affected. You can get shaft lesions in both upper
humerusand upper femur, but they aremuch morecommon



inthelower femur. Among other causes of bone necrosis
are severe and chronic acoholism, in which they tend to
get alot of lesionsinthefemur, both juxta-articular and in
thefemoral head. Of course somewag said that maybethe
cause of the Naval osteonecrosis was alcohol. So, very
carefully, we did a controlled survey of an age and rank
matched samplein the Navy of over 100 men and found a
zero incidence of bone necrosis. This has since been
repeated by the US Navy with the sameresult. So | think
thatitreally isadiving related condition. | amvery careful
to say that early on because often when | start showing
slides of early lesions to orthopaedic surgeons say “Oh, |
often see things like that. These things are of no
significance’.

TheMedica Research Council , specifically DennisWal der,
lan MacCalum and a few others, has established an
international classification of this condition.

Our Naval survey showed that dysbaric osteonecrosisis
related to age. People under 24 have 0.2%, and remember
that thisis dealing with both the benign shaft lesions and
thejuxta-articular lesions, so thefigureisabit misleading.
Over theageof 24, theincidencegoesup sothereisanage
association. As to length of experience, there is some
relationship, becausetheol der you get themoreexperience
you get. There is a very significant rise in the more
experienced divers. They aremorelikely to havealesion.

Our Naval survey showed arelationship of bone necrosis
to bends. Of those recompressed for decompression
sickness, we had 9 out of the total population of 42 with
bone necrosis. Whereas in those who had never suffered
from decompression sickness we had only 4 cases out of
nearly 100 divers. So there seemsto be some association
with recompression for decompression sickness. There
was an association with symptoms of decompression
sicknessand al so an association with experimental diving.
So we had awhoale lot of things with which there was a
statistical association, and all you can say at the end of all
that isthemorediving you do and the more horrendousthe
diving, the more likely you are to get bone trouble.

Wedid get cases of peoplewho dived only on compressed
air. Theoriginal Kiel Canal work wasonly on compressed
air. You can get it in sports divers, but what we do not
know is what those divers have really done with their
decompression stops and whether they stayed within the
correct Navy tables. Wedid haveoneNavy diver who had
only done air diving, but again we just have not got the
faintest ideawhat he might or might not have donein his
sparetime. | do not think you can say that the Navy tables
were responsible for that case.

The primary presenting complaintispain. Whenthejoint
spacesareintact theindividual isasymptomatic. But when
thejoint surfaceis damaged, painisfelt. Onediver had a
very sudden onset of pain. He wasacivilian diver doing
astandard diverepairing somelock gates. He put hishand
above his head to push up on something and hisjoint just
gave way. So that sharp onset of pain underwater was
totally coincidental, he could have doneit equally well on
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the surface. A sudden onset of pain isunusual, but it has
happened.

Although the usual latency isabout 3 months, it may take
upto5yearstoshowthelesion. Submarineescapecanalso
causedysbaricosteonecrosis. In1931 HMASPOSEIDON,
a submarine, sank in about 100 feet of water. Six men
escaped fromtheforward compartment. They all got back
to the surface. After twelve years three of them were X-
rayed and all three of them had articular lesions. So that
demonstrates that one exposure can cause it.

Theprognosisisvery difficult, onthewholepeopletendto
get worserather than better. Shaft lesionsmay regress, but
itisunusual. Whether or not one can predict the future of
anindividual, | think onemust assumetheworst. |f anyone
hasajuxta-articular lesion you want to get themto give up
diving, andgiveupany work that might stressthat particul ar
joint. Perhapsthe best treatment is to send them along to
an orthopod who can then take the responsibility, for by
thenitistoolatefor adiving doctor to do anything for him.

The diagnosisisfairly easy. The only point of the shaft
lesion so far as| am concerned isthat thereis confirming
evidence. | havesuggested to DenisWalder that heshould
cut out the knee X-rays, but he likes to see shaft lesions
thereif thereisadoubtful juxta-articular lesion somewhere
el se, becauseit helpsto support thediagnosis. Itistheway
inwhich the X-raysareread that isimportant. Each set of
X-raysissenttoaconsultant radiol ogist, whoisexperienced
in the diagnosis of bone necrosis, and he will classify the
lesions, if any, that hesees. Thezerosof coursecan get put
on the heap, but the rest will be sent to another consultant
of equal experience and are re-read. If there is any
difference between them, the films are sent to yet another
radiologist, whowill try and resol vethedifferencebetween
thefirst two. Considering there are eight films per diver,
thereisquitealot of hard work establishing the diagnosis
at thisresearch level.

Dr Elliott showed slides of typical lesions. For examples
please refer to “ Dysbarism Related Osteonecrosis’ (the
proceedings of a symposium held in February 1972)
published in 1974 by the US Department of Health,
Education and Welfare. Sold by the Superintendent of
Documents, US Gover nment Printing Office, Washington
DC.

Reading these X-raysisnot easy but it hasbeen doneina
very scientific manner and therefore may be considered
vaid.

When it is necessary to do these particular bone X-rays
(and anyone who does them should look up the original
papers) each X-ray hasto betaken in aparticular way and
external rotation of the shoulder joint is important.
Occasionally lesionsareonly seenononeof thetwoviews.

So herethenistheclassificationasset outin Table1l. The
A lesionsarethejuxta-articular andthe B lesionsareof the
shaft, which of course can occur in the head itself.
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TABLE|
CLASSIFICATION OF DYSBARIC
OSTEONECROSIS
A LESIONS  JUXTA-ARTICULAR
Al Dense areaswith intact articular cortex.
A2 Spherical segmental opacities
A3 Linear opacities
A4 Structural failures
a. Translucent subcortical band.
b. Collapse of cortex
C. Sequestration of cortex
A5 Secondary degenerative arthritis
(osteoarthritis)
B LESIONS HEAD, NECK AND SHAFT
Bl Dense areas (not Bone Islands)
B2 Irregular calcified areas
B3 Translucent areas and cysts
B4 Cortical thickening

Not everything that showsonan X-ray isbonenecrosis. A
standard cyst of the neck of the femur has been sufficient
to stop a diver being employed, which of course is quite
unfair. Themedico-legal implicationsof bonenecrosisare
S0 great that alot of diving companies, especially in the
USA, are not prepared to take divers on if they have got
anything wrong with their bones at all.

What about the distribution? Of over 300 lesionsin over
200 men the majority were in the B category. So onecan
almost dump that lot and forget all about them. Only nine
people atogether had structural failure. Those figures
come from a survey by the Medical Research Council,
whichiscontinuing. Thefigureswhichwenow havefrom
the Registry were 60 divers with intact juxta-articular
lesions and 9 with fractures. An incidence of only 1.4%,
because the survey now has over 4,000 divers, avery big
collection of X-rays.

The condition isfairly well understood in that we think it
is caused by inadequate decompression. We now know
enoughabout it sothat wewill advisethediver with ashaft-
lesion that it does not matter a damn and he can carry on
diving. Whichisadvicethat ayear or two ago wewerenot
prepared to give. We now advise anybody who has got a
juxta-articular lesion that he should give up diving and
should see an orthopaedic surgeon.

We have been looking also at other survey techniques.
Oneor twoof themarestill purely intheresearch stage, but
bone scanning has been really quite interesting. The
trouble with bone scanning isthat it istoo sensitive and if
done soon after a dive, you get lesions in a very high
proportion of divers, but more than two thirds of them
revert back tonormal over ayear. Soscans, whicharequite
alot of troubleto do, arenot really very helpful. They will
merely tell you that if you have got nothing there, the odds

arethat you are going to get nothing in due course. If you
have got a lesion it does not prove anything, but
unfortunately about onethird of those do go onto produce
aradiological lesion sometime later.

DISCUSSION
Dr John Knight
Someof thecasesof osteonecrosisthat werestudied by lan
Unsworth in New South Wales were divers who had a
history of traumafromfootball and suchlike. Theirlesions
could bedetected on X -rayswhich had beentakenfor other
reasons before their diving.
Dr David Elliott
Fair enough. Theofficial list of the differential diagnosis
isgiveninTable2. If anyonehasgot oneof thosediseases,
they should not be diving.

TABLE 2

CAUSES OF OSTEONECROSIS NOT ASSOCIATED
WITH DIVING

Steroid Therapy

Excessive Alcohol Consumption
Hepatic Disease

Gout or Hyperuricaemia
Thrombocytopenia
Thrombocythaemia
Hypercholesteraemia
Hyperlipidaemia

Discoid Lupus Erythematosis
Systemic Lupus Erythematosis
Fabry’s Disease

Raymaud’ s Disease

Gaucher’s Disease

If you are unfortunate enough to have a juxta-articular
lesion, go to your favourite orthopaedic surgeon and have
aseriesof new hipsfor therest of your life. Juxta-articular
lesions do not necessarily progress from Al to A5. The
trouble is that you do not know which will. Some will
remain asymptomatic.

Question:

At what stage do symptoms develop? Do jointshaveto be
involved?

Dr David Elliott
A lot of peoplewithjuxta-articular lesionsaresymptoml ess.

But al people with symptoms have got a juxta-articular
lesion with a structural fault of the joint.



Question:

I's there a recommended period of time after along bone
fracture that a person can resume diving?

Dr David Elliott

Onthewholepeoplejust carry ondiving assoonasthey are
fittodoso. Until weknow better, thereisno reason to stop
them.

Question:

Do you have any evidence that dysbaric osteonecrosisis
related more to prolonged exposure under pressure rather
than exposure to high pressure?

Dr David Elliott

Therearethreefactorsactually: decompression, exposure
to high pressure, and the duration of the exposure under
pressure. | am on the side of the decompression aspect,
which ismy particular drum. However the MRC figures
tend to show that saturation divers are more prone than
bouncedivers. | do not know what interpretation to put on
that. It is not depth related. But it certainly is duration
related for saturation diving. You could say that the
saturation diver, so far asbonesare concerned, could have
a pretty lousy decompression. There is hardly ever a
saturation decompression that is bends free. Bends are
normal in saturation diving. Limb bendsare not regarded
as any sort of emergency in commercial diving. Itisjust
part of the daily scene. You know that the pain will go
away under recompression. | think that itisprobably more
related to that, than either the depth or the duration of the
saturation.

Question:

| wonder how the companies cope with the problem of the
long latent period. If you take a diver from another
company and he devel ops alesion after twelve months of
working for you, who will be responsible?

Dr David Elliott

You are dealing with a complex situation with law suits
andjuriesandall that. Shell only employ contractors. The
diving contractor isthe person who isresponsible. When
adiver gets bone necrosis he will sue everybody. Thatis
abit of good legal strategy. Thefact that hehad aclean X-
ray when hejoined the company will usually bejudged by
ajury as evidence that he was in good nick when he was
first employed, and therefore the company isresponsible.
You will get alot of people arguing of course, about that
sort of point. The latency is well established in the
literature. Therefore| believethat acourt which hasbeen
properly advised by Counsel should hot givejudgement to
one party or the other.

25
Dr John Knight

In Singapore, where the fishermen divers have much the
same sort of incidence as the Japanese, they tend, for
reasons of kindness to the patient, to hang the osteo-
arthritic hip on the last attack of decompression sickness
that gave him pain in the joint, so they can get him some
compensation from his current employer. They consider
it too difficult to decide who is responsible.

Dr David Elliott

In diving, there are two kinds of insurance, personal
liahility and personal accident. Inthe USA divershavehad
up to $50,000 for atotally benign lesion. But in the UK,
there has never yet been a court case about a diver's
osteonecrosis. | know of only one casethat was settled out
of court. It was brought on the accident insurance which
wasof nogreat consequence. Asitwassettled out of court,
it does not create a precedent. There are only two big
insurance companiesinthisbusiness. They aresayingthat
they are going to settle out of court until they find acaseto
act as a precedent. But for that they have to have all the
records correct. Thisisdifficult because what happensis
that when you go to adiving company to get diver’slogs,
they can not find them. The diver says“Look here, | got
bent, and they did not do theright decompressionanditis
all their fault”. Sofar the diving company hasbeen unable
todisprovethat hewasbent through negligence. But at the
sametimeit has not been proven either. Once negligence
isestablished in onefield, then of courseit can be applied
all theway through. Soitisacomplex legal approach, but
so far no case has been successful under employer’s
liahility legislation in the UK.

Question:
How often should the screening be?
Dr David Elliott

It is pretty complex. It used to be annual for everybody.
But now that it has been recognised that compressed air
diversand young diversdo not get it so often, that hasbeen
changed. | objected to the wording of the new rules and
regulations, but my objectionswereignored. Onthewhole
the British regulations are quite good. They read as
follows:

“X-rays of long bones and joints, in accordance with the
recommendations of the MRC decompression sickness
panel techniques, should be carried out on al diversat the
initial examination, with the exception of divers who
indicatethat they will not bediving oncompressed .natural
air to depths greater than 30 metres and whose total
exposure to pressure will not exceed four hours in any
single occasion. Such examination should then becarried
out annually as appropriate considering the diver’s
experienceover thepreviousthreeyearswiththefollowing
exceptions. Annual X-rays are not required for divers
using only compressed natural air, who have not been
exposed to pressuremorethan the equival ent of 30 metres,
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and whose exposure at any onetime hasnot exceeded four
hours.”

Do you want me to go on? You can get the gist. Onthe
wholeitisannual, but for young guysand peoplewho dive
at lessthan 30 metres, and do not stay under for more than
four hours, they will be about every three years.

COMMERCIAL HELIUM-OXYGEN DIVING

David Elliott

Divingisasubjectinwhichyouareall obviously interested,
so having given you some fairly serious papers, | thought
that it was timeto give you one which isreally of interest
value only. But, nevertheless, as doctors involved in
diving, it isworth your whileknowing what isgoingonin
the commercial diving field, if only to appreciate the fact
that divingisavery important part of occupational medicine
and applied physiology.

Pressure affects every ceil of the body. In fact there is
hardly a system that is not affected by pressure. |1 would
remind you that many bio-chemical reactionsin the body
arenotiso-volumetric, which meansthat they will either be
inhibited or accelerated by pressure. This means that
literally every cell of the body is affected. There are
variousrather subtleenzymechangesthat cangooninman
when he is at very great depth. Pressure is used as a
researchtool, asanadditional variableto basic physiology.
There are anumber of physiologistswho areinterested in
the effects of pressure, who study various uni-cell
preparationsand other systemsin order totest how pressure
affectsphysiology. | think that itisworthwhileappreciating
that thereisalot moretodiving applied physiology thanthe
somewhat easy version which we teach in the courses for
diversand soforth. | feel very strongly that diving should
be part of applied physiology training, becauseitisavery
useful academic subject in the area of atered physiology.
| aso believe that more occupational medicine should be
taught in medical schooals. | think asdiving doctorsand as
hospital consultantsthisissomethingthat you caninfluence
in the future.

Having finished my little sermon, let me now get onto the
diving which | am working in myself. Divingisindeed a
limiting factor for the future of the offshore gas and oil
industry. Thistalk will not be diving medicine, it will be
about practical diving and diving physiology.

The diver is regarded as nothing more than a versatile,
effective and relatively cheap underwater tool. If thejob
could be done by some mechanical device the engineers
wouldpreferit. Sofar asthey areconcernedthediverisjust
a damned nuisance, because heis a biological specimen.
Things can go wrong and when they do everything elseon
theplatform can cometoastop. Diversare cheap, andthey
areversatile, but they are not very popular. But with good
diving proceduresand well mai ntai ned equi pment acci dents

are quiterare. Our problem isthat as divers go to deeper
and deeper depths, as the world needs oil from deeper
water, so the margins of safety for divers associated with
the oil industry are getting less and less. Also the cost of
supporting a diving system at great depth increases
enormoudly.

This has stimulated a number of developments such as
JM, which isaone-atmosphere suit. | imagine that most
people in Australia are familiar with this because it has
been used extensively, both in Bass Strait and on the
North-west Shelf. Thething about JIM and the other one-
atmosphere systems is that the man is totally protected
from the high pressure environment. Therefore there are
no physiological problems of any significance. The
difficulty isthat JM, although pressurerated now to 2,000
feet,iscumbersome. Forinstance, if hegetshisfoot caught
in something he can not reach down below his knees so
another JJM would have to haveto be used to rescue him.
It is so big that if you design an underwater manifold
system for the pipeline you have to design it three to four
times as large as you would haveto do if you had adiver
to do the same job. That costs a lot more money than
employing a diver in the first place. Sometimes it is
cheaper to employ a diver to do the job because it is so
cumbersome. JIM and remotecontrolled unmannedrobots
were supposed to virtualy replace divers from the off-
shore scene. Like most predictions this one was
considerably premature. Infact the only placewhere JM
really worksisontheexploration side. Herethedrill ship
is just testing a well in some remote part of the sea and
occasionally may need to send JJM down to do something
at the seabed. For the construction phase of the oil field
and later for the life of that oilfield, when there hasto be
maintenance inspection and occasional repair, there are a
lost of tasks for which JIM is quite unsuitable.

Welding underwater is often required. One uses a thing
called apipe alignment frame. The pipe alignment frame
links up the bits of an underwater pipeline that haveto be
joined. Theframeisquiteabig pieceof engineering. The
bell will comedown andthediverswill either get out of the
bell and do some sort of jobinthe water, or they will blow
down thelittle inverted habitat inside the frame and work
in a dry environment to weld the two ends of the pipe
together.

Divers are essentia to the kind of work which the gas
industry and the oil industry will need in the future.
Therefore the priorities are to try to determine how deep
man can go in the open sea to work both effectively and
safely, becausethat isthelimit for what wecan get back out
of theseaintheway of oil and gas. Thatismy primary job
for aparticular oil company. Rather surprisingly, thereis
no other oil company that does this sort of thing. | think
they are hoping that we will do it for them. But in the
meanwhile we have got a head start on them and are far
better able to bid on offshore contracts, because we know
as much about commercial diving as any diving concern.

What | would like to do next, is to give you a synoptic
history of helium diving. Although | am tempted to go



