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Editori al

Qur appreciation of the world around us is the result of our personal prejudices,
i nfornmati on being filteredthrough a conpl ex m x of what we have been t aught and what
we have di scovered for ourselves, with a natural disposition to get an answer that
suits our purposes. Science noless than Art illustrates this, and anyone |istening
to a diver explain the deviation of his diving from*“the book” will appreciate the
i ndi vidual factors that lie behind any sinple incident. Only a flexible approach
within a frame of guidelines seens appropriate when dealing with such an
individualisticclientele. Thetineis past when absol ute certainty coul d be of f ered,
with an inplied guarantee of perfect safety if instructions were followed with
absolute rigidity. W now know that Nature is variable and risk al ways present to
sonme degree. W also know that reducing the risk is worthwhile and that to ignore
the guidelines of safe diving is to tenpt disaster. The price of life is eternal
vigil ance, so the thinking man has a better survival chance. The Authors whose work
appear inthis issue offer nore than facts, accurate and interesting thoughthe facts
are. They seemto have deeper neanings that relate to the underlying phil osophy of
Iife and especially of underwater problenms. Each reader will find his own neaning,
but as Editor | have first crack.

The apparent preponderance of overseas Authors is both an indication of the
interesting work done there and a remi nder of the dearth of articles fromour own
menbers, though they certainly have nuch of value to report. Qur |earned col | eagues
fromthat other sem-legitinmate of fspring of UMS, the EUBS, have provided us with
a great exanpl e of what a Soci ety such as our can undertake. Diving inits present
formis anextremely young di sci plinew thnore dogmathan knowl edge can excuse. There
is agreat need to not only accunul ate facts but al so to di scuss and eval uate t hem
a matter noted bel ow

Physi ol ogi sts have | ong been aware of the narrow range of core tenmperature that is
conpatible with life. The significance of this know edge for those who go to sea
has only been recognised in recent years, and the significance of hypothermnia for
t hose underwat er has been appreci ated only foll owi ng t he expensive tragic fiasco of

Sealab Il and the “Greek Tragedy” of the Link subnersible. It is hoped that the
doubl e fatality in a North Sea DDC fromhypert herm a, an ironic cause i n such a cold
environnent, will alert all those concerned with such chanbers of the absolute

requi renent to nonitor both upper and | ower tenperature readings. That hyperthernia
has played a nmajor role in at |east one Australian Gl R g fatality is known, but
just how many ot hers have occurred around the world is unlikely to becone known. It
is recognised that hypothermia is a hidden assassin el sewhere. | ndependent
eval uation of Incident Reports could reveal such hidden dangers.

Qur President’s article concerningthe Bone Survey of divers in Sydney can be rel at ed
to t he broader subj ect of usinginfornationto maxi numbenefit to both the individual

di ver and the increase in understanding of diving problens. It is suggested that
centralisation of records will inprove our chances of discerning the main factors
is the onset and possi bl e regressi on of Bone Necrosis in divers. Inline with the

suggestion by the EUBS subcomrittee, it could be deci ded to nake Sydney t he central
repository of such filnms and facts, with this or sonme other centre responsible for
ot her areas of data assessnent. SPUMS nenbers night |i keto consider this suggestion.
In viewof the sonmetinmes conflicting notives of the interested parties (Governnent,
Enpl oyer, Industry, Divers, Unions, Insurance and the hunbl e Sport divers) only the
guar ant ee of conpl ete security of reports would i nduce any party to reveal the total
information if there was the slightest possibility of another party becom ng privy

continued on page 38
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HYPERTHERM A | N HYPERBARI C CHAMBERS

Two divers died in a deconpression chanber foll owing a 400 foot dive. The cause of
their death was not inmedi ately obvious. Sone of the evidence suggests that the
i medi ate cause of death may have been hypertherm a (heat stroke).

The deat hs occurred i n a chanber with a vol une of approxi mately 400 cubic feet. The
partial pressure of oxygen in the chamber is estimated to have been 0.4 to 0.5
at nospheres. The bal ance of the m x was heli umsave for 0.8 at nospheres of nitrogen.
The t enper at ure of the at nosphere at thetime of transfer is esti mated to have between
110°F and 120°F degr ees.

Man's tol erance to high tenperature may be related to his tenperature sense, his
ability to | ose heat by regul atory sweating, and his ability to nove heat fromhis
body core by blood flow to the skin surface, where cooling is nost effective.

Cool i ng by evaporation of the sweat produced makes short exposures to extrenely hot
environnents tol erable. However, when the anbi ent vapour pressure approaches 44 mm
Hyg (ie. A dew point of 36°C or 97°F) or that typically found on man’s skin while
sweating inthe heat, toleranceis drastically reduced. Atenperature of 50°C(122°F)
may well be intolerable if the dew point tenperature is greater than 25°C (77°F, 24
mmHg) and i f both deep body tenperature and heart rate rise rapidly within mnutes.

The proteins in the delicate nervous tissues in the hypothal anmus of the brain which
functioninthe body’ s tenperature regul ati on may be danmaged i f core t enper at ure goes
too high, ie. above 41°C (106°F). | nappropri ate vasoconstriction, cessation of
sweati ng i ncreased heat production by shivering, or sonme conbination of these nmay
result. Such heat stroke damage is frequently irreversible and carries a high risk
of fatality.

A heat storage by the body of 80 Kcal (320 BTU) (or a rise in body tenperature of
1.4°Cor 2.5°F degree) for an average si zed man represents an average voluntary limt.
Col | apse can occur at about 160 kcal (640 BTU) of storage (2.8°Cor 5°F degree rise).

A final problem is the hyperventilation which occurs predomnantly in hot/wet
conditions and results i n washi ng out nore of the CO; in the blood than is desirable.
This can lead to sensations of tingling and nunbness of the skin and result in
vasoconstriction in the brain with occasional |oss of consciousness.

Total sweat rates in excess of 2 litres per hour can occur in short exposures, but
about 1 litre per hour is an average naxi muml evel sustainable for an acclin nated
nman.

The partial pressure of water vapour at 120°F (49°C) degrees is 88 mmHg and has a
specific volume of 203 cubic feet per pound.

A400 cubic foot chanber will hold 0.9 litres of water in the atnosphere at a
tenperature of 120°F (49°C) degrees.



Humi dity control inthe conmpl ex was nornmal |y acconpli shed by al | owi ng t he at nosphere
to circul ate by convection between the mai n chanber and the transfer chanber, the
noi st ure condensi ng on the transfer chanber walls. The dew point tenperature woul d
be perhaps 50°F degrees or higher. (Vapour pressure 9 nm Hg).

When the door to the transfer chamber was cl osed hum dity control stopped. |If the
divers started to sweat at the high rate of 2 litres per hour due to the high heat
it would take 5 m nutes for the vapour pressure to reach 44 nmHg at whi ch poi nt skin
cooling due to sweat evaporation would be negligible. This does not count water
carried in fromwet diving gear or water generated by the sodalinme canister

Fromt he above it can be assuned t hat no ski n cool i ng occurred due t o sweat evaporati on
after five mnutes.

A man doi ng work equi val ent to house cl eaning will produce heat at the rate of 180-
300 kcal / Hour (800-1400 BTW Hour). |If all this heat is retained by the body a heat
storage of 160 kcal could be reached as soon as 32 minutes resulting in collapse.
If heat is being added through the | ungs and skin, coll apse can occur even sooner

A man i s breathing Hel i um Oxygen at 300 feet with a ventilation rate of 1 cubic foot
per m nute and a gas tenperature of 114°F, 16°F above body tenperature, will add heat
at arate of 0.5 kcal/nminute. |If the breathing rate increases due to an increase
of core tenperature the rate of heat addition will increase nore.

Consi der an extrene case with a breathing rate of 2 cubic feet per m nute, and a gas
t enper at ur e of 130°F degrees, col |l apse coul d occur as soon as 23 m nutes after initial

exposure.

One’ s body nust al ways be abl e to gi ve up heat. At no tine shoul d chanber tenperature
be allowed to increase above 35°C (95°F) degrees.

John Boyce
OCEANEERI NG | NTERNATI ONAL
Aber deen, Scot! and

10t h Sept enber 1975

Ref erence: ASHRAE 1972 Handbook of Fundanental s



AVASCULAR BONE NECROSI S | N DI VERS
Dr lan P Unsworth

| NTRODUCTI ON

The pl ace of acute deconpression sickness as one of the nmaj or probl ens of diving has
now been taken by a far nore potentially crippling condition, that of avascul ar bone
necrosis. There is no effective known treatnent at present tinme and only avoi dance
may be used to prevent it. It is aconditionthat affects not only standard and sel f
cont ai ned di vers, but al so cai sson wor kers, hyperbaric chamber workers and, rarely,
aviators. Significantly, it is now been found in increasing incidence in sports
di vers. Previously, only professional divers had been investigated for this
condi tion.

H STORY

In 1888 Konig described “Silent Necrosis of bone”. He was probably referring to
‘osteochondritis dissecans’, but he is credited as being the first to describe
avascul ar necrosis of bone. Bornstein and Plattl in 1912 described a condition of
bone af fecting cai sson workers, and i n 1941 G ut sznmacher 2 descri bed necrosi s of bone
in standard divers. It was not until the late 1950's and early 60’s that research
wor kers started taking an i mense i nterest inthe bone necrosis affecting divers and
fromthen on up until the present time, many surveys were conducted and are stil
bei ng conducted, into bone necrosis affecting divers. The aetiology of avascul ar
necrosis of bone is very varied as may be seen from Table 1

The necr osi s caused by i ncreased corti costeroi d adm ni strationfor i munosuppression
in organ transplantation and particularly that of kidney transplantation, has been
causi ng an i ncreased nunber of cases of bone necrosis to present. It has been known
for avery longtimethat trauma such as fractures of the neck of femrur, dislocations
of the head of femur, fractures of the scaphoid, etc have been liable to cause
avascul ar necrosi s of bone but deconpression is now bei ng consi dered as one of the
commonest causes of avascul ar necrosis of bone in the particul ar group of personne
t hat we have been considering and has nerited the title of Dysbaric Osteonecrosis.
There are a nunber of hyperbaric factors that have been associated with Dysbaric
Ost eonecrosi s but none of them have been shown directly to be the cause of bone
necrosis. Table 2 shows sone of the factors concerned.

For exanpl e, in divers over the age of 35, necrosis has been found to be nore frequent
i nthose who have di ved rel ati vel y deep or who have suffered sone f ormof deconpr essi on
sickness, but nost of the evidence so far suggests relatively inadequate
deconpression as a precipitating factor whether or not that deconpression lead to
synptomatic acute deconpression sickness3. In Table 3 sone of the diving factors
are shown, the | owest pressure as yet described as produci ng Dysbari c Gst eonecrosi s
has been 38 feet of sea water. There have been cases reported of Osteonecrosis
occurring after single exposures to pressure. There are, for exanple, the cases of
Necrosi s of the fenoral and huneral heads in personnel escaping fromthe sunken HVBS
Posei don in 19314 and there is well docunented case occurring in a caisson worker
who had only two exposures on different days at a pressure of 79 feet of sea water.
It is undoubtedly true that there are many professional divers who have suffered
attacks of deconpression sickness, whose bones renai n cl ear of any formof necrosis,
and | woul d equate the onset of bone necrosis in many respects to the deadly gane
of Russian Roulette.

PATHOLOGY

Ther e are many nechani sns t hat have been postul at ed f or Dysbari c Ost eonecrosi s anong
these are vasculitis, coagul ati on defects, fat enbolism and gas enbolism(Table 4).



As far as Dysbaric Osteonecrosis is concerned, there is no evidence for vasculitis
or coagul ati on defects. However, t he nechani smof avascul ar bone necrosis insteroid
t herapy has been shown to be due to fat enbolisnP. |In these patients there is no
evi dence of osteoporosis and t he hi stol ogy of fenoral heads and huneral heads renoved
at operation shows fat enbolisation. No evidence of vasculitis or vascular
obstruction is shown in these people although intravascular fat enboli have been
denmonstrated. In divers, | believe the pathology is related to the so-called silent
bubbles that has now been denonstrated to occur in very many asynptomatic
deconpressi ons fol |l owi ng pressurizationé. The use of the Doppler by Spencer anong
others, has shown that micro-enboli of 20 micron dianeter or greater can be
denonstratedinthe venous returnthroughthe heart. It can be shownthat i nterruption
of bl ood supply to the bone cortex for between six to nine hours results in an area
of necrosisinthat part of the bone. This, however, is not detectabl e by radi ol ogi cal
neans for sone three to four nmonths. | envisage the formati on of venous gas enbol i
wi thin the bl ood supply of bone. In cortical bone, capillaries are continuous with
t hose of the nedulla and flowis unidirectional and evi dence points to this as being
centrifugal. | suggest that venous gas bubbles formin the nedullary sinusoids, and
even in the cortical sinusoids, thereby interrupting the flow of blood fromthe
nmedul I a through the cortex to the interfascial and intramuscul ar venous drainage
systemsurroundi ng the bone. This results in aninterrupted oxygenation of corti cal
bone and t her eby paves the way for the necrotic process. The pathol ogy of necrosis
varies slightly as to whether the site is that of the head of the | ong bones (the
femur and the humerus) or whether it occurs in the shaft of the | ong bones. Figures
1 and 2 illustrate a postul ated pathol ogi cal process.

The sites that have been shown to be affected in divers and conpressi on workers are
t he shoul ders, the hips, the |l ower end of the fernur, the upper end of the tibia and
very occasionally other sites. The problemsites are those i medi ately beneath the
articular surfaces of the fenoral head and the humeral head. It has been shown t hat
it is in these situations where the joint cartilage nmay be maximally affected,
resulting ultimately in secondary osteoarthritis. Were the | ower end of the femnur
or upper end of thetibiaareeffected, it has only been shown i n four cases t hr oughout
all worldliterature that the kneeitself is affected. 1n surveys conducted by many
research workers, there have been an interesting disparity between the nmgjor site
af f ect ed. For exanple, in free swiming divers, such as surveyed by Chta and
Kawashi ma, 1973 it was found that i n 450 divers, the vast nmajority of | esions occurred
in the hips. However, other surveys conducted on professional divers who nmay use
mainly their arns and al so cai sson workers, have suggested that the shoul ders may
be the nore affected. | believethisis dueto the increased usage of one joint over
anot her wi th a correspondi ng i ncreased bl ood supply, and therefore the i ncreased ri sk
of gaseous enboli forming in or around that joint. There has been a trend show ng
t hrough one survey takenin Australia (WIIlianms and Unsworth, 1976) t hat t he dom nant
shoul der of professional diver is nore often affectedthanthe non-doni nant shoul der.

RADI OLOGY

In 1966, well defined criteria for the radiol ogical classification of bone necrosis
was |laid down by MCallum Walder and others’. This divides the radiol ogical
appearances intotypes ALto 5, (those | esions concerned with juxta articul ar areas)
and types B1to 4 (those | esions occurringinthe head, neck and shafts of | ong bones).
These criteria and cl assifications have been adopted i nternationally and certainly
aid in the diagnosis and interpretation of bone lesions in divers. The original
nedi cal research council classification relied upon straight x-ray filns. |n nore
recent surveysl2 pol ytonography have been used with some substantial success,
particularly in delineating cysts and spherical |esions.



The i nci dence of bone necrosis (Table 5) shows widely differing results. | believe
this is due to the different type of diver concerned. Elliott and Harrison8 for
exanpl e dealt with 350 Royal Navy self-contained divers. The Medical Research
Deconpressi on Sickness Registry® dealt with over 1600 caisson workers, where
Kawashi mal0 dealt with 450 self contained Japanese shell divers. The US Navyll on
the other hand restricted their survey to Naval divers alone and WIIlians and
Unswor t h12 have started a survey in Australia | ooki ng at, not only professional, but
also - and this is believed to be of sone significance - sports divers. Figure 3
shows the break-up of WIllianms' survey taking 110 divers and conpressi on workers.
He showed t he incidence of 24%w th bone | esions, of which 7%were in the sinister
position of juxta-articular. O these juxta-articular, five affected the shoul der
joint and only 3the hipjoint. It is believedthat this ratio is due to the higher
i nci dence of working divers who woul d be using their arns and shoul ders nore than
their hips as in swinmrming. However, the increased incidence of fenoral head, neck
or shaft I esions over the |l esions associ ated wi th t he hunerus nmust not be overl ooked.
It is interesting to conpare the sites of bone necrosis anong 238 cases of
deconpressi on si ckness as opposed to 77 cases of steroidinduced bone necrosi s (Figure
4). As can be seen in the deconpression sickness i nduced cases 52%occurred in the
shoul ders, whereas i nthe steroid-induced nunber, 80%occurredwi thinthe hipjoints.
This is very suggestivethat it occursinthe dom nant joint, dom nant wei ght-beari ng
or active joint that may be involved. This significance of the active joint, of
course, will apply, not to professional divers but equally to sports divers.

DI AGNOSI S

In the asynptonatic diver the only neans of diagnosis are radiol ogi cal and nucl ear
(Figureb5). Wereadiver has reachedthe stage of joint disintegration, thenclinical
neans of di agnosis enter the picture. The radiol ogi cal techniques involve not only
straight x-rays but as previously mentioned, polytonography also. The difficulty
Wi th nucl ear medical isotopes uptake lies in the interpretation of the resultsl3,
The radiol ogi cal classification and interpretati on has been known for many years.
where as it is only recently that nuclear nedicine has been applied to avascul ar
necrosi s of bone in

Di vers (Cox 1973), so for sonme while to come nore enphasis will be laid upon the
radi ol ogi cal diagnosis than upon the nucl ear diagnosis.

MANAGEMENT

Inthe non-articular (the Bclassification), the recommended managenent of patients
wi t h bone disease is nodifications to their diving technique. The individual isto
restrict hisdivingtowithinthelimtinglineof the Royal Navy Table. This all ows
a maxi nrum for exanple, of 20 m nutes at 180 feet. The hazardous deconpression of
experinental and oxyhelium diving would no |onger be permtted. In articular
asynptomati c | esions the individual if a professional shoul d cease diving but there
is nocertainty that the di sease even at this stage will regress. It is equally not
known for certain whether continuing to dive will aggravate the hi stopat hol ogy, but
it may be presuned that an area of di sorgani sed bone vascul ature mat invite further
gaseous enbolisation and degeneration

Active measures in asynptonmatic articul ar di sease may involve drilling through the
fibrous layers and inserting pegs or bony chips to i nprove the bl ood supply of the
area and therefore reossification. These however, have not proved particularly
successful. The managenent of synptonmatic severe juxta articular |esions with pain
and degeneration of the joint will involve well recognized orthopaedi ¢ procedures
such as osteotony or arthrodesis.



El evation of the indented articular cartilage and bolstering with ships inserted
beneat h the articul ar cartil age have al so been tried but with only I'imted success.
When al | other orthopaedic attenpts have failed to inprove the joint, thentotal hip
repl acenent remains. The problemwi th total hip replacenment isthat inayoung diver
aged 25 to 30 and a hip replacenment with an anticipated life of 10 to 15 years then
one may antici pate perhaps two or three joint changes prior to that diver’s dem se
and this is a particularly daunting thought. The surgery of established dysbaric
ost eonecrosis has up to this point in tinme, proved rather unsatisfactory. The
predi canent that we arein, isthat an apparent unavoi dabl e ri sk of divingis dysbaric
ost eonecrosis and that the only precaution is to avoid diving and not to expose the
human body to changes i n anbi ent pressure. But this not only invol ves consi derabl e
financial | oss to professional divers but al so involves giving up a sport that very
many peopl e not only enj oy at present but arelikelytotake upandenjoyinthefuture.
W have therefore a potentially crippling condition about which we are not sure of
its aetiol ogy, the managenent of which is as yet unsati sfactory but of one thing we
can be certain, that is of its existence - a nost unfortunate situation and one to
be resol ved as soon as possible in the future.
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TABLE 1
AVASCULAR NECROSI S OF BONE

AETI CLOGY

Endogenous Hypercorti soni sm

Corticosteroid | muno- Suppression (renal transplation)
Trauma - fractures, dislocations

Pol yarteritis Nodose

Chroni ¢ Al coholismand Pancreatitis

Sickle Cell Anaem a

Al captonuria

Syphilis

Gaucher’ s Di sease

Schandl er’ s Di sease

Deconpr essi on Si ckness (dysbaric osteonecrosis)

* * *x k% * * * *

TABLE 2
HYPERBARI C FACTORS

Pressures > 17 psig (4 atm

Frequent exposures

Long history of exposure

35+ years of age

Experi mental diving

| nadequat e deconpressi on

| nadequat e treatnent of deconpression sickness

* *x * *x * * *x *

TABLE 3
DI VI NG FACTORS

Lowest pressure known - 38 feet sea water

Shortest time known - 2 exposures on different days (2.5 hours, 4.5 hours) in 79 f eet
sea water.

* * *x k% * % % %

11



TABLE 4
MECHANI SMS

Vasculitis

Coagul ati on Defects
Fat Enbolism

Gas Enbol i sm

* *x * *x * * *x *

TABLE 5
| NCl DENCE
No. Divers % Lesi ons
Elliott and Harrison (1970) 350 <5
MRC D)C S reg (1972) 1694 19.7
Kawashi ma (1973) 450 59
USN (1973) 303 32
Wllianms and Unsworth (1976) 110 24
*x *x * * % *x * *
FI GURE 1
SHAFT PATHOLOGY
| SCHAEM A
1]
OSTECCGENI C Tl SSUE SUBJECTED TO
@ pH and  pCC? #
1}

THI CKENED TRABECULAE AND | NCREASED CALI FI CATI ON

* *x * *x * * *x *
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FI GURE 2
HEAD PATHOLOGY

NECRCSI S and OSTEOCYTE DEATH
l
BONE RESORPTI ON
l
PARTI AL REVASCULARI ZATI ON
l
THI CKENED TRABECULAE
l
ZONE OF COLLAGEN
l
TRABECULAR BREAKDOVW
and
JUXTA- ARTI CULAR COLLAPSE

* * *x * * % % *

FI GURE 3
DI AGNCSI S

DI VERS AND COVPRESSI ON WORKERS

/ llo\

84 (75% CLEAR 26 (249 LESI ONS

N

7% JUXTA ARTI CULAR 17% HEAD, NECK, SHAFT

Wllians and Unsworth (1976)

* * *k * * * % *



FI GURE 4

SI TES
Deconpr ession (238 cases) St eroi ds (77 cases)
Shoul ders 249 (52% 11 (7%
Hi ps 94 (20% 127 (80%
O her 181 4
Col | agen/ Vascul ar di sorders
St eroi ds
Ski n
FI GURE 5
DI AGNCSI S
d i ni cal - Ot hopaedi c
Radi ol ogy - Tonogr aphy
Nucl ear - Skel tec

* *x * *x * * *x *

A “red” Monster?

Sovi et Cceanogr aphi ¢ Soci ety nenber A Pechersky tol d a reporter of the Konsonol skaya
Pravda t hat he and his son saw a gi ant snakel i ke creature i n Lak Kok-Kol in southern
Kazakhstan. Water fow fled the water in alarmas the nonster reached the surface
and ploughed through the water. Several sightings of a huge creature have been
reported in the lake. Scottish scientific circles have refused to conment on the
possibility that “Nessie” has defected.

The Australian, 31 January 1977

* * *k * * * % *

The kiss of MIldred s Life

Ml dred the goldfish is alive and ki cking today ... saved by the kiss of life. She
had been found fl oating apparently lifeless in her tank by Rodney Giiffiths, 8, at
his hone i n Stevenage, Hertfordshire, England. his uncle, Mchael Reed, lifted the
fish fromthe water and blewinto it’s nouth. *“I was amazed,” said M Reed, “the
fish responded i medi ately and | ooks fine now.”

6 April 1977

* * *x k* * * % *
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A DECOVPRESSI ON CHAMBER FOR FI SHES
Phil S Lobel and Jane B Cul p

In recent years, the demand for |ive speci nens of deep-water fishes for use in both
scientific studies and aquariunms has increased. One problem however, is that,
regardl ess of the collecting techni que used, nost fishes should be deconpressed if
captured at depths greater than 30 feet.

Many marine fishes possess a gas-filled swim bladder, which expands as they are
brought toward the surface. It is used by fishes to nmaintain a stable position in
m dwat er and often to produce and detect sound.

Fi shes are capabl e of absorbing excess gases from the swim bl adder, as well as
secreting gases into it. |In nost coral-reef species, the absorption of the gases
is a slow process. They are absorbed by the blood in a capillary network known as
t he oval gl and and then secreted back into the water through the gills. Only a few
bottom dwel | i ng fishes such as hawkfishes (Cirrhitidae) and bl enni es (Bl enniidae)
do not need to be deconpressed, since they l|ack gas-filled bl adders.

An angel fish captured at a depth of 100 feet may require nore than three hours to
be safely brought upto the surface. |f brought uptoorapidly (ie. the nornal ascent
rate for a scuba diver), its swimbladder will probably burst. Evenif the fishis
brought up slowy with occasi onal stops to prevent exploding, its swi mbladder may
still expand enough to damage nearby vital organs such as the kidney, which lies
directly above the swimbladder. 1In either case, the fish will slowy die, perhaps
lingering as long as a week or two. A fish whose swi mbladder is overexpanded is
t ermed hyper buoyant; the fish needs to be equalizedin order toremain stableinthe
wat er col um.

UN- | DEAL COLLECTI NG METHODS
Unfortunately, nost divers nerely tal k about fishes requiring deconpression tine.

There are, however, several adequat e nmet hods for bringingthemto the surfacein slow
stages. Conmonly, it is nost practical to take a few hours and relax in the boat

while periodically raising the fishes in a holder attached to a Iine. The
di sadvantages of this nmethod are that it nmay be time consum ng and, if the seas are
rough, extremely unpleasant. |t also takes considerable experience to |learn the

proper rates at which to raise the different species.

Whi | e ascending with the fishes, a diver can watch to see when their abdonmens swel | .
At this point, they are unableto naintainasteady positioninthe water. They should
be rai sed just enough so that they are slightly hyperbuoyant but still able to swim
down. |f done properly, the fishes will maintain a head-down posture but will not
appear to be overly distressed. They should be kept at this depth until they are
swi nming normal ly again. Then they can be raised a little nore.

One nmethod used by some collectors is to bring a fish near the surface and insert
a hypoderm c needl e (about 23 gauge) carefully under the scales and directly into
t he swol I en swi mbl adder. Then, with slight pressure on the fish, the collector can
bl eed out the excess gases. This nethod is useful but requires a certai n anount of
experience in learning the exact |ocation of the swimbladder in various species.

Reprint fromSEA FRONTI ERS Vol . 22 no. 4, 1976 by ki nd perm ssion of the aut hors and
of the International Cceanographi c Foundati on.
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The di sadvant ages of this nethod are two-fold. |f not properly inserted, the needle
may cause consi derabl e danmage to ot her organs.

Al so, by allowing the swimbladder to becone overexpanded, a rupture in the swim
bl adder may occur due to the excess pressure on nearby organs. This may partially
be avoided by inserting the needle in the fishes at the
dept h at whi ch they are caught. The fishes al so shoul d be
treated with antibiotics in order to prevent infection of T
t he wound. (- T ‘ﬂ

THE DREAM MACHI NE

A few years ago a group of scientists and divers began
di scussing the ideal situation in which sone sort of
cont ai ner coul d be used to maintain pressure on fishes as
they are brought to the surface. Thus, once they were
there, the pressure could be slowy decreased.

After some testing, Edwi n Baughman has nade this dream <::>
nmachi ne avail able. Known as the “decomtank” the little
deconpression chanber is made from a high-pressure
cylinder and is nodified with val ves, view ng ports, and

filters. It is epoxy coated and hol ds approxi nately 18 =
gall ons of seawater. It is lowered fromthe boat to the k“,h
desired depth on a 1/8-inch stainless-steel cable. L T J

After capture, fishes are placedin a*“keep”, whichisthen

pl aced i nside the decomtank. The lid is fastened by six

cover clanps, and air is adnitted at anbient pressure from a pony bottle via a
regul ator into apurge control valve. Theair is containedin arubber bl adder inside
the chanber. Al valves are then cl osed. The decomtank is wi nched up to t he boat,
and a reverse pressure regulator is attached. The pressure inside the decomtank
is then equal to the pressure at the depth at which the fishes were placed in it.
Once on the surface, the pressure can al so be increased, equilibrating pressure to
a deeper depth if needed. The fishes can now be slowy deconpressed and carefully
wat ched t hrough the view ng ports.

UNNECESSARY DEATHS PREVENTED

Oiginally, the decomtank was rigged so that fresh air could be continually punped
through the water that was under pressure. It was found, however, that since the
fishes were then breathing conpressed air, they were subject to deconpression
si ckness, or the bends. It is physically inpossible to provide air at 1 atnosphere
of pressure and still keep the animals in water at the pressure at which they were
captured. The lack of oxygen does not affect the fishes as |long as they are not
crowded.

The decomt ank has enabl ed Hawai i an researchers to col |l ect many rare fi shes fromdeep
water. Usually, only one dive to depths between 150 and 200 feet is now necessary
tocollect fishes suchastinker’s butterflyfish Chaetodontinkeri, bandit angel fish

Mbl acant hus arcuatus, and the fancy bass, Pseudanthi as thonpsoni .

In our resource-conscious world, the decom tank should becone generally used by

col l ectors of deep-water fishes, sinceit saves nany rare and beautiful species from
unnecessary deat h.
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DRUGS AND DI VERS - CASE REPORT AND COMMVENTS
Prof essor Martin J Nemroff

W here at Ann Arbor, Mchigan, are particularly suited to comment on this natter
as our fair city has been dubbed the “Dope Capital of the Mdwest: at |east since
the decrimnalisation of marijuana and the institution of a $5 mail-in fine for
possession. | will not address the noral or ethical issues but will describe diving
and drugs fromthe physician’s point of view, the treatnment and prevention of scuba
acci dent s.

CASE

A 21 year old uncertified diver was brought to the Energency Departnent at 7.15 pm
with the following history. He was in prior good health until 3 pm when he had
approximately 2-4 ozs of alcohol and “snorted” an unknown anount of “THC
(tetrahydrocanabi nol, the active ingredient in marijuana). He put on a scuba tank
and dived alone in a 30 foot maxi mumdepth | ake for an unknown period of time. H's
entry and exit points were on opposite sides of the lake. He clinbed fromthe water,
then fell backwards of f the dock into the water again. He was recovered and brought
to the Hospital.

On adm ssion he was conbative, inappropriate and disoriented, with widely dil ated
unresponsi ve pupils. He had a bl ood pressure of 150/ 90, pul se rate 80, respirations
of 24. His skin colour was nornmal and the skin felt warm He had narked coarse
nystagnmus to the left. There was nmarked hyperreflexia throughout. Sensory testing
was i haccurate.

An attenpt was nade to pressurize in the University of Mchigan Sea G ant (NOAA)
chamber to 165 fswutilising US Navy tabl e 5A. This was acconpli shed with incredible
difficulty due to a rage reacti on and marked di sorientation. Wth the aid of his
fiancee, a certified scuba diver, he was persuaded with “verbal anaesthesia” to co-
operat e and consent to cl osing the pressure seal s, although he coul d not be persuaded
to wear a pressurized 02 mask at the prescri bed 60 foot | evel. At depth he gradually
resuned hi s nornmal behavi our pattern and becane orientedto tine, place, and person.
The neurol ogi ¢ abnormalities resolved to nornal at this tine and the pressurisation
was terminated after 2 hours.

Subsequent investigation revealed the drug inhaled was actually “PCP", a horse
tranquilliser (phencyclidi ne) and popul ar street drug-hal | uci nogen. The patient was
returned to the neuropsychiatric Institute, whereit was felt he had a m | d residual

organi ¢ brai n syndrone probably secondary to drug i ntake. He renoved hinself from
t he hospi tal one hour | ater, agai nst nedi cal advice. Qur final inpressionwas Organic
Brai n Syndrone, secondary to PCP usage, with a secondary diagnosis of possible air

enmbol i smsecondary to scuba diving. Research into the effects of PCPindicates that

hyperrefl exia, nystagmus and refl ex asynmetry are common si gns of i ntoxication. One
factor | eading to suspicion of theinitial history was that THCis usually i ngested
or inhaled rather than “snorted”. W believe that this is a unique case of response
to the drug-intoxicated diver sinulating air enbolism

DI SCUSSI ON

A diver may seek to heighten the positive aspects of diving by utilising drugs. |
i ncl ude al cohol sincethisisthecomonest agent abused and studiedinthisinstance.
The | evel of consciousness is depressed and neasurenents in our |aboratory have
confirmed the additive, and even synergistic, effects of alcohol intake with that
of nitrogen narcosis. Forty six subjects were tested for eye-hand co-ordinationwth
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a maze test before and during a sinulated bounce air dive. Depths ranged from 132
to 228 fsw. |In paired divers (one al cohol inpaired, the other not) the decrenent
in performance i ncreased with depth, with the greatest change in an extrene risk in
the sea, especially if inpairnment of judgenent is synergised by the effects of
nar cosi s.

hal | uci nogens have been widely denounced in the diving medicine literature. The
di sorientation, the long | atency of onset and peak action, and t he depersonali zati on
of sonme (as noted in this case) nake this point quite clearly. The underwater
environnent with its inpaired visual stinmuli, unknown animal risks and subtle
dangers, intensifies hallucinogenic effects. A reaction as occurred in our
hyperbaric chanber could lead to a fatal lack of judgenment in a hostile sea
envi ronnent .

A recent article in The Physician and Sports Medicine (Goner-Strauss and M chae
Strauss; Aug 1976) |ists pharnacol ogi cal agents and contraindications to diving. |
agree with their I|ist:
ABSOLUTE RELATI VE NONE
Al cohol

Anti ast hmati cs
Ant i convul sants

Ant aci ds
Birth control pills
Ext ernal agents
(eg. lotions, oils, salves
Laxati ves

Anal gesi cs
Anti biotics
Anti di arrhoeal agents

Cardi ovascul ar nedi cations Antienetics

Depressant s
(eg. barbiturates)

Ant i hi st am nes

Mout hwashes

LSD Ant i tussives Vi tam ns
Marij uana Ci garette snoking Wheat germ
Nar coti cs Aspirin

St eroi ds Rel axant s

Stinulants Thyroi d medi cation
Vasoconstrictors

Insulin

As physicians we are asked to certify the health of divers prior to diving in the
USA. | believe we arethe first |ine of defence to a sport that i s endangered because
of its unique hazards. To certify a diver taking anticonvul sants or using insulin
has t o be done wi t hout any concrete stati stical background of safety. My own anal ysi s
of the | ast 45 consecutive near-drowni ng cases | have treated reveal s 7 had a hi story
of seizure disorders, all supposedly under control. | seriously question the
advisability of certification of a diver with a history of chronic usage of drugs
listed in the first two groups above.

A Fin way to ensure cleared water!

Terry Hendrickson of the La Jolla Scripps School of Cceanography has been credited
with a novel way of clearing others away fromwhere he wants to dive. He is said
to have constructed alarge dorsel finandwiredit for renote control. When solitude
i s requiredhe cones ashore and suddently the fi nappears weavinginasinister fashion
along the top of the water. It is to be hoped that he al so | eaves the water is the
fin fails to respond to the control instructions ....

Manly Daily, 16 February 1977
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REPORT OF A SCUBA DI VI NG TRAI NI NG COURSE FOR PARAPLEG CS AND DOUBLE LEG AMPUTEES W TH
AN ASSESSMENT OF PHYSI OLOG CAL AND REHABI LI TATI ON FACTCORS

NC Flem ng, Institute of CQceanographic Sciences, UK
Y Mel aned, |srael Undersea Exploration Society, Haifa, |srae

ABSTRACT

Si x severely disabled men were selected for their swinmmng ability and
physi ol ogi cal suitability for diving. Four paraplegics - T4, T6, T12, and
L3, and two doubl e | eg anput ees, one wi t h bot h | egs anput at ed above t he knee,
one with one above and one below. The three high | esion paraplegics and
the nore severe doubl e anputee were nornally nobile only in wheel chairs.
Medi cal history and present physical status is presented for all trainees.
Adailyreport is givenof afive-day acquai ntance di vi ng cour se duri ng whi ch
the trainees conpleted all the nornmal scuba pool training schedule as
required by t he Confederati on Mondi al e des Acti vites Subaquati ques and t he
British Sub Aqua Club. The course concluded with trainees diving in the
open sea. It is concluded that self-contained diving training is an
excellent rehabilitatory activity for disabled people with the foll ow ng
limtations: no paraplegic should diveinthe seawth alesion above T5;
no parapl egic whose injury was caused by bends should dive at all; no
di sabl ed diver should undertake deconpression dives. Certain genera
limtations should be appliedto weather conditions, etc. Recomendati ons
are made for further training courses, and for supervision of disabled
peopl e in diving schools and cl ubs.

* *x * *x * * *x *

DI VI NG TRAI NI NG FOR THE SERI QUSLY DI SABLED

| NTRODUCTI ON

Since the 1940s it has been recogni sed that sports offer to di sabl ed peopl e a uni que
opportunity to inprove their health, enjoy thenmselves, and achieve socia
participation and acceptance. Since the inception of the Stoke Mandevill e ganes by
Sir Ludwig GQuttman in 1948 this aspect of rehabilitation has received public
recognition all over the world.

Because of the institutional background of hospital life, and the need to supervise
many subjects with fewinstructors, it is natural that enphasis has usually been on
t eam ganmes and conpetitive ganes. These ganes have al so, in western culture, been
grant ed great respect, sothat di sabl ed peopl e acquired soci al integration by pl ayi ng
such ganes, and particularly by winning. Less attention has been paid to the nore
solitary sports, characterised in the extrene by the rugged individualist clinbing
Mount Everest. This class of sports included skiing, canoeing, sailing, nmountain
cli nbi ng, diving, pony trekki ng, canpi ng, canpi ng, cavi ng or pot-holing, parachuti ng,
flying, hang-gliding, gliding, etc. They are sonetines described as ‘adventure
sports or ‘risk’ sports.

Inviewof theriskentailedinnost of these activities, andthe outdoor nobil e nature
whi ch nmakes supervision difficult, it nmay seemperverse to encourage people to take
part who have al ready suffered severe injury or disability at | east once. However,
there is a good case to be nmade, and this will be put forward fully at the end of
this paper. At this point it is sufficient to say that there is a psychol ogi ca
di fference between teamconpetitive ganes and adventure sports, and that peopl e who
are attracted to one are often not attracted to the other. Thus, granted that sports
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have rehabilitative value, adventure sports reach a new section of the disabled
popul ation. The risk elenment is no higher than with abl e-bodi ed peopl e since the
essential art of learningthese activitiesistolearnhowtomintaintheriskwthin
acceptable Iints by nodi fying the techniques and restricting the task attenpted.

DEFI NI TI ON OF THE PRCBLEM

Swi M ng has | ong been recognised as a sport of enornous val ue, though usually
restricted to a pool, and we only know of a few exanpl es of seriously di sabl ed peopl e
who attenpt long distance swins in the open sea.

Several individuals have taught themsel ves SCUBA divi ng, but there has been little
formal attenpt to define standards of diving instruction and diving qualifications
so that disabled people may acquire safe diving training.

The United States army has run several courses in Hawaii for soldiers with single
and doubl e | eg anmputations, and we have been inforned by an instructor in Guam of
a diver who learnt to dive although he had one arm anputated at the shoul der, and
the other at the wist.

At this point we shoul d defi ne what we nean by a seriously di sabl ed person, and what
degree of self-sufficiency is aimed at in training. In the context of diving, the
anput ati on of one legis not serious, because nmany peopl e can swimwell w th one | eg.
There are probl ens i n wal ki ng about wearing the equi prent, but they are not nedical
or physiol ogi cal probl ens, nor peculiar to diving. The absence of a hand or armis
nore serious, since a diver frequently has to adjust his equi pnment whil e underwat er.
However, the probl emi s one whi ch can be sol ved by caref ul supervisionandinstruction
by a good diving instructor, who nust judge the safety of the pupil. There is no
speci al nedi cal problem

The cl ass of disability which we are consideringis typifiedby doubleleg anputation
or parapl egi c spinal lesion. The preciselinitations of safe divingw Il be di scussed
bel ow, but it is obvious that any injury which affects the subject’s respiration,
sinus, heart, etc. inmmediately debars him from open water diving.

It isinportant also to define the conpetence in diving which we intend the subject
to acquire. |In 1966 M Pritchard in Kenya showed that diving was possible even for
a cervical | esion. He dived acconpani ed by two friends who lifted himintothe water,
fitted hi s aqual ung, and t owed hi mabout underwater. Thi s has enornous psychol ogi cal
val ue for the individual who enjoys the underwater world, but does not constitute
saf e di ving at an i ndependent level. Inthelate 60s and early 70s several i ndividual
parapl egics found that it was possible to dive, particularly R Head of London,
Engl and, who was an active diver for nany years with a partial T10 | esion.

The | evel of conpetence which we are seeking to achieve is as follows:- the subject
is passed as nedically fit to dive so that his conpani ons do not have to worry about
him He drives hinself to the dive site, | ooks after his own diving equi pnent, but
may need assi stance getting into a boat, and getting his scuba gear fitted in the
water. Once dressed he can swi munai ded, dive, adjust his equipment, performall
t he normal saf ety exerci ses, swi mi nthe conpany of a buddy di ver, nonitor the progress
of the dive, control his ascent, and swmto the boat on the surface. At the boat
he wi Il probably require further assistance to renmove his equi pnent and to get back
on board. Inthe event of beconi ng separated fromthe boat he couldinflate hislife-
j acket and survive for many hours. This |level of i ndependence ensures a hi gh degree
of safety, and permts the disabled personto join in diving groups of able-bodied
peopl e, to enj oy underwat er observati on, phot ography, natural history, or underwater
sci ence and research.
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MEDI CAL AND PHYSI OLOd CAL REQUI REMENTS FOR SUBJECTS

In July 1974 six disabled men were selected fromthe |srael Defence Forces wounded
sol diersrehabilitationprogramme. Thecriteria of the nedical exani nati on used were
t he sanme as t hose demanded f or any person whoistojoinadivingcourse. (References:
Bennett and Elliott, Mles, CMAS, NAU, MAC, etc). | n addition each case was examni ned
separately taking into consideration the causes of the injury, and the results of
the criterion for uninjured people necessitates a conpletely normal physiol ogi cal
system central nervous system ear nose and throat, and sinuses. In short, the
potential diver should be very fit.

The exam nation included a preci se medical history (anamesia) plus a description
of the present physical status, as well as the character of the applicant as far as
it couldpossiblybejudged. Wthregardtodi sabl eddivers, all thefactors nentioned
above were taken into consideration, plus the eight follow ng special points:

1. The respiratory systemshoul d be conpletely normal. Al the respiratory
nmuscl es should be under control, and the spinal |esion not above T5,
preferably not above T8.

2. It isof extreneinportancethat the skinconditionof aparaplegicis proper
wi thout any injury, kobitus (pressure sores). For anputees, the scars
shoul d be conpl et el y heal ed or perfect, neaning at | east three nonths after
anput at i ons.

3. The par apl egi ¢ shoul d not have any urinary tract infection, and shoul d have
full control of urine and bowel novenents, with or wi thout artificial aids.
4, Ful | est consideration should be given to the personality of the disabl ed

person: he should show self-discipline, with a full know edge of his own
abilities and disabilities. He should be of steady character with the
capability of wi thstandi ng anxi ety and wi t hst andi ng anxi ety and panic. He
shoul d al so be of a co-operative nature, accepting orders fromhis superiors
wi t hout resentnent.

5. He shoul d be an excellent swimer, participating regularly in intensive
swi nmi ng, including sea sw nming.

6. He shoul d pass physical tests and exerci ses concerned in preparation for
the course, and if necessary undergo special physio-therapeutical
trai ni ng.

7. If heis aparaplegic, hisdisability should not have been caused by a spi nal

bend (discussion below), nor by arterio-vascular nalfornation, nor by
transverse nyelitis.

8. It should be pointed out to persons with partial spinal |esions, from
what ever cause, that there is a possibility that diving m ght make the
| esion complete. There is no record of this ever having happened ot her
than with bends cases, but it is a possibility. There are several cases
of people with partial traumatol ogical lesions divingwithnoill effects.

Descripti on OF COURSE CANDI DATES

CASE A

Date of birth: 1947

Date of injury: 28 February 1969

I njury: @un- shot wound penetrating the right upper thorax, lung, and | am na of

the fourth thoracicvertebra, withlaceration of nerveroots ontheright
side and contusion of the spinal cord.
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Status after treatnent:
State after deconpression | anenectony at | evel T4-5 (27 February 1969).
The bull et during penetration caused intra parenchi mal haenorrhage in
t he upper apex of the right | ung and haenopneunot hor ax, and was oper at ed.
Aweek after operationall X-rays werewi thinnormal linits. The patient
remai ned a parapl egic T4.
Medi cal history:
Beforethe injury thereis nothingto say, and Case A was al ways heal t hy.
Present physical status:
Except for theresult of theinjuryiswthout pathol ogical finding. Lung
and heart within nornal linits.

Not e: As a result of the high injury it was decided that this person was not
fit for sea diving, but he was allowed to participate in the exercises
in the swinmng pool with full guidance. This was in order to define
nore precisely the realistic limts for disabled divers. Case A
performed nost of the exercises correctly, but it was clear that short
bursts of intense exercise caused a difficulty in breathing. This was
because he was breathing only with the di aphragm

CASE B

Date of birth: 4 Septenber 1945

Date of injury: 21 July 1970

Type of injury: @un-shot wound of the chest. Bilateral haenmppneunothorax with

fracture of sixth rib and scapul ar. Parapl egia T6.

Treatment: The penetrating wound back | eft shoul der, and exit wound in the right
shoul der. Suction applied twice and after 4 days of tracheotony, his
condition was i nmproved. He was left paraplegic with sensory |evel of

T.6. X-ray of chest and heart w thin nornal l[imts.

Medi cal history:
According to the check sheet the ananmesi a excl uded any il |l ness past or
present.

Present physical status:
Bl ood pressure 70/110. 60 seconds later - 70.

Ears, eustachian tubes, sinus and pharynx, within normal linits.
Chest, good expansi on, good al veol ar breathing on both |ungs.
Heart - rate 70, regular sinus rhythm wthin normal linits.

Chest x-ray - normal . State of fracturedrib6thright, slight thickening
of pleura in that region

Parapl egic with sensory |evel at T6.

Skin on | egs healthy without any pressure sores. Good bl ood supply to
the extrenmties.

Concl usi on: Case B passed the acquai ntance course successfully performng all the
exercises to the satisfaction of the instructors, including one diveto
7 netres in the open sea.

CASE C

Date of birth: 1947

Date of injury: 27 August 1970

Type of injury: Gun-shot wound entered ri ght si de of the back vertebra T12, passed

t hrough the spleen and cane out through the left side of the body.
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Treatnent: Had a spl enectony.

Status after treatnent:
Paraplegic with sensory |evel L2. Has had several wurinary tract
infections, but left the hospital in a good condition.

Medi cal History:

According to the check-up sheet the artamesi a excludes any illness in
the past. After theinjury always heal thy, only occasi onal urinarytract
i nfection.

Present Physical Status:
Bl ood pressure - 110/70 Pul se - 60, 80, 70, 60.

Ears, eustachian tube, ear drum pharynx, within normal linits.
Chest - good expansion, alveolar breathing with both |ungs.
Heart - regular sinus rhythmw thin normal linits.

Neur ol ogi cal - paraplegia with sensory | evel L2. No sense of position,
no sense of vibration, noreflexes inleg, stomach reflex w thin nornmal
limts, | ower epigastriumreflex absent, nofeelinginthegenital area,
no feeling in the sphincters.

Chest X-ray - without pathol ogical findings.

Concl usi ons: Case Cpassed t he acquai nt ance cour se successfully, perforningall the
exercises to the satisfaction of the instructors, including one diveto
a depth of netres in the open sea.

CASE D

Date of birth: 2 Novenber 1947

Date of injury: 10 June 1967

Type of injury: Conpressi on of cauda equina at level 111, IV.

Treatnent: Deconpression | am nectony.
Status after treatnent:
Lesion L3-5. State post haenothorax right side, state after rupture of
liver (laparotony).
Medi cal history:
According to the nedical sheet there was no ill ness before the injury.
After the injury there was paral ysis bel ow t he knees.
Present physical status:
Bl ood pressure - 130/8. Pulse - 80, 100, 80.
Ears, sinus, nose, eustachi antube, pharynx, without pathol ogi cal finds.
Chest - good expansion, alveolar breathing in both |ungs.
Heart - Sinus rhythmregular 80. Wthin normal linits.
Chest X-ray - without pathological finding, Iung and heart.
Neur ol ogi cal - paralysis belowthe knees. Wth control of sphincters.

Concl usi ons: Case D passed the acquai ntance course successfully and perforned all
the exercises to the satisfaction of theinstructors, including one dive
to a depth of 7 netres in the open sea.

CASE E
Date of birth: 20 Cct ober 1945
Date of injury: August 1969

Type of injury and treatnent:
Anput ati on above knee right. Rupture and fracture of right hand.
Anput ati on of left foot.

Medi cal history:
Medi cal record sheet shows al ways heal t hy.
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Present physical status:
Bl ood pressure - 110/ 70.
Pul se - 60, 80, 60
Ears, nose, eustachian tube, sinus, pharynx, without pathol ogical
findi ng.
Chest - wi thout pathol ogical finding.
Chest x-ray - Lungs and heart wi t hout pat hol ogi cal finding. Asmall netal
fragment 0.5 cns x 0.5 cns belowrib 10 on left side. Al scars have
heal ed perfectly and are dry.

Concl usi ons: Case E passed t he acquai ntance course successfully performng all the
exercises to the satisfaction of the instructors, and nmade one dive to
a depth of 7 netres at sea

CASE F

Date of birth: 1947

Date of injury: Cct ober 1973

Injury and treatnent:
Bot h | egs anput at ed above the knee.

Medi cal History and Present physical status:
Heal t hy.

Concl usions: Case F passed t he acquai nt ance course successfully performng all the
exercises to the satisfaction of the instructors, including one diveto
a depth of 7 nmetres in the sea.

PHYSI OTHERAPY AND PHYSI CAL TRAI NI NG

Medi cal exam nation shows whether people have disabling conditions which would
prevent themfromdiving, but even if they are nedically suitable they may not be
fitinthe sportsman’s sense of beingintraining. Divingdoes require quickreflexes
and physical exertion, and fitness is therefore essential. Subjects for a diving
course should be able to pull down with 1/8 -1/5 their body wei ght on each hand at
full armextension sideways. They should swimregularly, and | ead an active life,
i nvol ving frequent transfers in and out of wheel chairs, or wal king on crutches.

If the nornmal |evel of physical activity of the subject, and his present physica
condition, do not satisfy a physiotherapist or physical training instructor that he
isfit todive, then a course of exercises shoul d be attended for several weeks pri or
to comrenci ng di ving training. This course wouldinvolve at | east an hour of swi mm ng
daily, with bar exercises, walking on callipers, and exercises with weights,
punchbags, etc.

DESCRI PTI ON CF THE DI VI NG COURSE, JULY 1974

The six subj ects mentioned above were sel ected by the |Israel War Veterans Di sabl ed
Rehabi litati on organi sation, and the nedical exaninations carried out by Yehuda
Mel amred and Dan Harel. The course ran fromJuly 11-16th, based at Tivon, a snall
town near Haifa, Israel. A staff of diving instructors, swimrng instructors, and
physi ot her api sts was assenbl ed. The essential point is that every di sabl ed subj ect
was acconpani ed by a diving instructor when in the water in the training pool, and
by two i nstructors, wheninthe sea. Thevisibility inthe pool was about 3.0 netres,
and there was no attenpt to run an underwater class, with one instructor supervising
several pupils.
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Pre-course training

The subj ects gathered at the Tivon swi nm ng pool a week before the course and were
tested for swimring ability. They purchased nmasks and snorkels, and practised
swinming with themin the pool

Cour se routine

I't was originally plannedthat the course should be full-tineduringthe day, allow ng
atotal of 6 hours for | ectures and pool sessions each day. Sone of the course pupils
had to continue studies and exans in the nornings, and thus the tinetable was
reschedul ed to run from 1500 to 1900 or | ater each day. The pupils thus had a very
heavy day’ s work. Four days of pool exercises and theoretical | ectures were foll owed
by one day for diving in the open sea at Akko. Pupils drove thenselves to and from
t he pool and | ecture areas, changed i nto swi nmingtrunks thensel ves, and i n nost cases
could get in and out of the pool w thout assistance.

Course syl | abus

The cour se syl | abus was based onthe British Sub- Aqua C ub 3rd and 2nd d ass st andar ds,
and the training nethods of the |Israel Underwater Federation

DAY 1 - Denonstration by disabledinstructor (NCF) of the foll owi ng exercises inthe
pool

(a) Fitting mask and snorkel on pool side and entering water

(b) Fitting mask and snorkel while swi mm ng

(c) Duck-dive to 3 nmetre depth

(d) Swim 20 netres underwater

(e) 3 rolls forward underwater on one breath

(f) 3 rolls backwards underwater on one breath

(g) Breathing through snorkel w thout mask, face down in the water
(h) Fitting scuba set while hanging on side of poo

(i) Adjusting buoyancy with air-inflatable life-jacket (ABLJ)

(j) Removing and repl acing mask and scuba nout hpi ece underwat er
(k) Removing weight belt, mask, and scuba underwater, and free ascent

The pupils then swam 180 netres each on the surface, at a steady pace. The T4 Case
A was considerably slower than the others, though the swimwas not tined.

The pupi | s then denpnstrat ed br eat h- hol di ng and confi dence inthe water by |ying face
down floating on the surface for as long as possible. Times, wthout
hyperventil ation, were as foll ows:

Case A - 35 secs Case B - 1 nmin 42 secs Case C- 1 mn 35 secs;
Case D- 1 min 20 secs; Case E - no test; Case F - 28 secs.

Pupils hung on the side of the pool and breathed t hrough snorkel without wearing a
mask for one minute. Al adapted successfully with the exception of Case A, who had
to continue practising. Al pupils then swam 20-30 netres subnerged on a single
breath, with tines varying from 20-40 seconds

Pupi | s then denonstrated forward and backward rolls underwater equi pped only with
mask and snorkel. Al pupils achieved 3 rolls on one breath, with the exception of
Case A who could only do two. It was clear that, although very conpetent and self-
possessed in the water, this exercise required greater breath control and i nhal ation
than coul d be achi eved usi ng the di aphragm al one.
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Pupi |l s then practised fitting mask and snorkel whil e swinmingor floatinginthe pool.
For a parapl egic, or double anputee without fins, this is nuch nore difficult than
it sounds, since the act of raising the hands out of the water causes the body and
t he head to sink. The nost effective techni que was as follows: the pupil duck-dived
to 3 netres and pi cked up t he nmask and snorkel fromthe bottom The snorkel was then
tucked into the side of the swimrng trunks while the mask was fitted. Since the
head and the nouth sank into the water during mask fitting, breath-holding was
requi red, and the mask was inevitably full of water. As soon as the mask was seal ed
t he pupi| breathed t hrough his nouth, swi nmming with one hand, whil e he recovered his
snorkel . The snorkel was fitted while breathhol di ng agai n, and then the mask coul d
be cl eared of water by inhaling through the snorkel and exhalingintothe nask. Most
pupi | s made several attenpts before succeedinginthistest, and Case Afoundit very
difficult because of his difficulty in preventing inhalation through the nose.

During this pool session pupils were inthe water for nearly two hours, nost of that
ti me being actively devoted to exerci ses, and part of it hangi ng on the side. Because
of the effort involved getting in and out of the pool, pupils tended to keep this
to a minimm Several pupils scratched or grazed their legs, in spite of frequent
war ni ngs. In subsequent sessions all paraplegic pupils wore elastic athletic
bandages around their knees, and a canvas pad was arranged on t he side of the poo
in the corner.

Lectures before and after the pool session included the follow ng topics: Mbility
for the disabled diver; physics of diving; liquid|laws (Boyle's Law, Charles’ Law,
Dalton’s Law, Henry’'s Law); outline of the physiol ogy of diving; respiratory system
dangers of hyperventilation and incorrect breathing.

DAY 2: The pupils spent 25 nminutes in the pool repeating the exercises |earnt on
Day 1. To test confidence and sense of direction, all pupils then swamone | ength
on the surface with the mask conpl etely bl acked out.

This was foll owed by a 45 minute | ecture at the pool -si de on the foll ow ng subj ects,
wi t h denonstrations: adjustnment of ABLJ, fillingandfitting ABLJ cylinder, buoyancy
adj ustnent while diving, breath control, principle of breathing regulator, fitting
regul ator to tank, testing tank pressure, i nportance of exhali ng during ascent, hand
si gnal s.

The pupils all filled their own ABLJ cylinders fromtheir scuba tanks, and entered
the water for their first exercises with scuba equipnent. |In each case the pupi
entered the pool at the corner wearing mask, snorkel, and ABLJ. The scuba set was
| ower ed besi de the pupil as he hung on the rail, and the instructor hel ped the pupi
to fit the set and adjust the harness. Wth an inflated ABLJ the pupil could fit
t he scuba gear without help. Two or three pupils were in the pool at a tine, each
with an instructor. The pupils dived to rehearse hand signals, and then perforned
the following tests: two |l engths of the 30 netre pool subnerged on scuba; rolls and
| oops to denponstrate attitude control; buoyancy control by breathing; clearing the
mask of water.

Perf ormance was very variable. Case A was good on sw nm ng and hand signals, but
coul d not clear mask; Case B was so confident that he took of f his mask conmpletely
several tines and exchanged masks with his instructor while subnmerged; Cases C, C
and E performed well; Case F was confident and successful, but had difficulty in
mai ntai ning a bal anced attitude in the water

Each pupil was subnerged for 20-30 m nutes on scuba. Although they wore ABLJs they

wer e not pernittedto adjust buoyancy t hensel ves for the first day, to avoi dthe danger
of over-inflation and rapid ascent. The instructor adjusted the buoyancy as needed.
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There were no lectures on this day.

DAY 3: In the pool training all pupils dived first to rehearse the I esson of the
previ ous day. After assenbling and donning their ABLJ and scuba gear they perforned
the following tests: rolls forward and backwards; renove and replace regul ator
nmout hpi ece; renove and repl ace mask underwat er. Pupil A was subnerged for 16 m nutes
but coul d not succeed i n nask cl earing; the other pupils conpletedthe testsintines
as follows: B - 16 minutes, C- 9 minutes, D9 nmnutes and E - 14 ni nutes. Pupil
F had extrene difficulty in getting his attitude trimbal anced, and worked cl osely
wi th aninstructor attachi ngwei ghts onvarious positionsonthetorsountil stability
was gai ned. Thi s was achi eved by fitting wei ghts tothe ABLJ at t he upper chest | evel .
Pupil F was subnerged for 18 mi nutes.

A pool -side lecture and denonstration was then given on the follow ng topics:
operation of the ABLJ, control of ascents, effect of wearing a diving suit, effect
of pressure on buoyancy of suit and ABLJ, effects of work, cold, and depth on rate
of air consunption, variations in breathingresistance with depth and tank pressure.
There was a denonstration of the correct order of donning equipnent.

Al'l pupilsthendivedwiththeir instructorsinthe pool and carried out the follow ng
exerci ses: submerge and share the scuba nout hpi ece breathing alternately with the
instructor for several minutes; swim one |length subnerged, surface, change to
snor kel , and swi mone | engt h ont he surface; swi mone | engt h underwat er wi t h a bl acked-
out face mask. All pupils conpleted these tests successfully.

Inthe eveningtherewas alectureonthefoll ow ngtopics: physiology under pressure;
ef fects of the various gas | aws as they apply to the gas spaces of the body; Dalton’s
Law and the various kinds of gas poisoning, oxygen, nitrogen narcosis, carbon
nonoxi de, carbon di oxi de, and hydrocarbon gases.

This was foll owed by a |l ecture on nobility for di sabl ed peopl e on di vi ng expedi ti ons,
i ncl udi ng net hods of crossing rough ground, negotiating steps, canping, and |iving
rough.

DAY 4: The course gat hered at the pool to practise the advanced exerci ses of fitting
and renovi ng conpl et e scuba gear whil e subnmerged, and life-saving. It was expl ai ned
t hat renovi ng scuba gear underwat er was possi bl y useful incertainkinds of energency,
and that donni ng equi prent underwater was rel evant to changing sets for prol onged
deconpression, etc. However, it was nade cl ear that the principle reasons for these
tests was to show conplete control of the equiprment by the pupil, and conplete
confi dence underwat er.

For renovi ng equi pnent the pupils were instructed to proceed as follows: sit onthe
bottom renmove wei ght belt and place it across the | egs, unfasten scuba harness and
slip off one shoul der strap, swing tank round and slip of f the other shoul der strap,
pul | tank down beside diver and lay it on the bottomso that the regulator is close
to the diver, renove mask and snorkel and place themon the bottom start to turn
of f thetank pillar-val ve, take onelarge breath and cl ose t he tank conpl etely, ascend
slowy exhaling all the tine.

For fitting equiprment underwater all the gear was thrown into 2-3 nmetre depth with
the tank pillar-val ve turned on, and t he regul at or nout hpi ece t ucked under t he wei ght
belt to prevent free venting. The pupils wereinstructedto proceed as follows: swim
down, pick up nouthpiece and start breathing, take weight belt off tank and pl ace
across legs while sitting onthe bottom pick up mask, fit and clear it, pick uptank,
slip one armt hrough harness, sw ng tank round behi nd back or over t he head, put other
armt hr ough harness, faster wai st buckle, fit weight belt, swi mone | ength subner ged,
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surface slowy.

It was expl ained that the second exercise was nuch nore difficult than the first.
Pupi | s nust conpete the first exercise to qualify for a sea dive, but would not be
disqualifiedif they failed to conplete the second. For parapl egics with no control
of their waist nuscles it should be appreciated that both exercises require an
extrenmely acute sense of bal ance, and conti nuous slight hand novenents to prevent
the diver falling over. NCF then gave a denonstration of fitting the equipnent
underwat er using the technique as instructed.

The pupils then carried out exercises as follows:

A - Had not achi eved sufficient control to attenpt these tests. Was givenintensive
instruction in breath control, balance, and nask clearing. |nproved rapidly.

B - Renoved equiprent swiftly and calmy. Had trouble with balance during fitting
equi pment, and i nstructor held | egs down to i nprove stability. Conpleted both
tests.

- as for B, but could have conpl eted exercise w thout help

as for B

- both exercises conpleted quickly and cal My without any help

- both exercises conpleted quickly and cal My without any help

Mmoo

Pupils B - F were very enthusiastic about these tests, and carried themout several
times inorder toinprove their efficiency. Theinstructors then denonstrated life-
savi ng wi th each pupil inturn, bringingthemtothe surface andtow ngthemonelength
of the pool. The pupils were shown that they could assist a diver indifficulty by
rel easing his weight belt and/or inflating his ABLJ, but these exercises were not
practi sed.

In the evening there was a |l ecture on the followi ng topics: structure and function
of the sinus, ear, eustachian tube, ear-drum circul ation and respiration, function
of alveoli, risks of enbolism and blocked alveoli, dangers of heat |oss and
exhaustion; dive planning.

This was fol l owed by a | ecture on nethods suitable for di sabl ed people getting from
the shore onto diving boats, in and out of the sea fromvarious kinds of beach and
foreshore, and fromboats into the sea and out again.

DAY 5: The class and i nstructors net at the quay-side in the harbour of Akko at 0715.
The early hour was chosen to try and avoid the wi nd which gets up during the day.
After careful consultation and di scussi on YMand NCF had deci ded that it was not safe
for A todiveinthe seaw th scubatanks. While he undoubtedly had excel |l ent nent al
and enotional adaptation to diving, the height of the lesion at T4 made diving
danger ous anywhere except in a pool under supervision. At 0750 the first pair of
pupils, B and F boarded the 8 netre di vi ng boat, acconpani ed by diving i nstructors,
a doctor (YM and physi ot herapi sts and observers. In a water depth of 8 netres the
boat was anchored, the pupils | owered t hensel ves over the side, and the instructors
hel ped themto fit scuba gear in the water. Each pupil dived in the conpany of two
instructors, and the visibility was | ess than 3 netres. They were submerged for 20
m nutes, and then returned to the boat. F was able to get fromthe boat into the
wat er and out again unassisted, but B required assistance.

The boat returned to shore, and the personnel were exchanged so that the other four

course nenbers could put to sea. Pupils C and E carried out the sane dive as the
first pair, inaslight wind with a half netre swell. Pupil Ddived | ast, by which
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time, nearly 1000, there was a strong breeze and waves of about 1.0 netre. Pupil
A snorkell ed safely for about half an hour, but did not dive.

On July 22nd 1974 pupil s A, C, Dand E gave a denonstrati on of di ving at Beith Hal ochem
Sports Centre for the Disabled, near Tel Aviv. The pool was 50 netres long with
excellent clear water, and the denpbnstration was docunmented wi th underwater
phot ogr aphs and underwat er tel evision. An audience of several hundred watched the
denonstration at the pool, and the participants were presented with certificates
recordi ng their achievenents.

DI SCUSSI ON

Ef fecti veness of the course

The cour se descri bed above was desi gned as an acquai nt ance course to denonstrat e t hat
seriously di sabl ed peopl e coul d nast er the t echni ques of scuba diving insafety, and
to establish the best nmet hods of diving and i nstruction. The progress of the course
has been presented in detail since authorities wishingtofollowor inprove uponthis
exanmple will naturally be very cautious, not to say sceptical, and it is therefore
i mportant to provi de exact evi dence of the progress of a group pupils. The question
of further training will be discussed bel ow

Maxi nrum degree of injury permssible

Thi s probl emhas al ready been di scussed in the section on nedical criteria, but is
consi dered here fromthe point of view of safety on a dive in the open sea, rather
than froma purely physiol ogi cal standpoint. |t has been denonstrated clearly that
T4 paraplegic lesion prevents diving in the open sea. Whilst pupil A showed the
great est courage, self-control, and conpetence inthe water, the |l oss of respiratory
nmuscl es was critical. |In contrast, pupil Bwith a T6 | esion was conpletely safe.
This confirns the theoretical prediction that T5 is the highest | esion which can be
permitted diving inthe present definition. Any pupil with alesion above T8 shoul d
be scrutinised especially carefully.

The nost serious problens of safety related to attitude control in the water, and
the restrictions resulting fromthe hands being required both for propul sion and
adj ust nent of equi pnent. The parapl egi cs had good attitude control when sw mm ng,
t hough the feet tended to float up a bit, but had sone problenms with the advanced
pool tests because of thel ack of wai st nuscl e control. Conversely, the doubl e anput ee
with both I egs off above the knee had difficulty in controlling the attitude when
swiming with scuba, but had no difficulty when swinming with scuba, but had no
difficulty whensittingonthe fl oor of the pool. Pupil Ffoundit necessaryto attach
wei ghts at waist level to attain a good swinmng attitude with tanks.

A speci al danger for paraplegics is that they do not knowthe position of their |egs
unl ess they l ook at them This is quite difficult while wearing mask and scuba, and
so there is the risk that their feet or knees will collide with rocks, coral, or
wreckage. |f conplete suit covering is worn there is no risk of abrasion or cuts,
but in the absence of a suit, extrene care nust be nuaintained.

Speci al consi deration has been giventothe situation of parapl egic |esions, or other
types of paralysis, arising frombends. The conclusion quite sinply is that a person
who acquired a paral ysing disability as a result of bends shoul d not dive agai n, and
this applies to a spinal or cerebral bend even if a cure is achieved through
reconpressi on treatnent.
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Di scussion with Dr HV Hempl eman and Dr HL Frankel produced the follow ng evidence.
A spinal bend damages the spinal card as a result of interrupted or reduced bl ood
supply. Reconpression treatnment, or the restoration of blood fl ow However, there
i s no means of knowi ng whet her the capillaries havetruly beenrestoredtotheir nornal
efficiency. Neurological tests of reflexes etc. wll confirmthat the spinal cord
i s functioning adequately at nornmal atnospheric pleasure, but there is no neans of
di scovering whether the blood supply woul d renmai n adequate under extrene stress,
pressure, or unusual respiratory conditions, other than by exposing the subject to
risk in those conditions.

The recent cases can be quoted to illustrate the risk. Subject Xwas diving in the
Channel |Islands, acquired a bend, and was brought to Stoke Mandeville Hospita
paral ysed after reconpressi ontreatnent whichfailedto bringanyinprovenment. After
ten weeks of conplete rest and care X began to recover sensation and nuscle contro
inthe lower part of his body, and eventual |y wal ked out of hospital conpletely fit.
Afewnonths | ater Xwas swiming in a pool, and attenpted to swi ma | engt h underwat er
whi | st hol di ng hi s breath. He was paral ysed agai n and was returned to hospital. After
a further few weeks he recovered sufficient strength in his legs to walk with the
aid of astick, but four years later he still wal ked with a serious |inp, and required
a stick for support.

Subject Y was diving daily to 35 nmetres in the North Sea, and acquired a bend which
paral ysed himfromthe wai st dowm. He was treated i mediately with reconpression,
and apparently recovered conpletely. Several weeks |l ater he returned to diving with
scuba, and two nonths [ ater was diving at 25 nmetres on a no-stop dive. After ascent
he was paral ysed again, fromthe | ower chest down. Reconpression treatnent failed
to produce conplete alleviation of synptons, and for several nonths he experienced
nunbness in the | egs, headaches, and abnormal refl exes a year later there were still
slight residual synptons.

These cases denobnstrate that inadequate deconpression causing spinal danmage can
result in a condition which is undetectabl e by neurol ogi cal exani nation, but which
is extrenely dangerous. Qite apart fromthe fact that a person who has suffered
one Type ||l bend nmay be prone to such bends, the first exposure, whether partially
or totally cured or not, nmay have |left danage at a higher spinal level with no
neur ol ogi cal synptoms. Upon a second exposure the subject may be very seriously
i njured.

Opti mum Trai ni ng Schedul e

The course at Tivon/ Akko was desi gned as an i ntensive acquai ntance course. It was
successful because the pupils had been sel ected as havi ng exceptional aptitude, in
spite of their disabilities, andthere was alarge teamof skilledinstructors. There
were doubts on the first day as to whether the course nmenbers could stand t he pace
of two hours in the water and two hours | ectures as the second hal f of a working day.
I npracticethe pupils showed i ncreasi ng ent husi asmand no adverse effects. However,
t he cour se was excessi vel y i ntensive, and peoplewi thlessinnate aptitude are capabl e
of becoming competent divers. |In general an introductory course should be nore
gradual and | ess intensive.

An opti mumi ntroductory course, with aviewto subsequent conti nuous di ving training,

m ght consi st of 5-10 trai nees, supervised by a doctor, 2-3 physi ot herapi st/ sw mm ng
instructors, and 3-5 diving instructors.

30



The course woul d I ast 3-5 full days, including 2 hours of | ectures, denonstrati ons,
films, technical displays, etc for each hour actual ly spent i nthe pool. There should
be anpl e opportunity for readi ng and studyi ng, di scussionwith the instructors, and
trainees to form a single social group. Each disabled trainee has special
difficulties and problens arising fromhis injury, and the instructors wll be
| earning how to cope with this, as nuch as is the trainee. This requires the
instructors to understand and identify thenselves with the trainees to a very high
degree.

Optinum foll ow up and progressive training

When t he standards of training for disabled divers have beconme well established it
may be possi bl e, and preferable, for trainees to join diving clubs or diving school s
i mredi ately after their nmedical sel ection, andreceivetrainingfromqualifieddiving
instructorsintheusual way. Intheneantineit is preferablethat severely disabled
peopl e in the categories considered here should receive initial training at speci al
short courses supervised by doctors and physiotherapists. Such courses could be
establ i shedinmany countries by co-operation of national sports diving organi sati ons
such as NAU, BSAC, FFSSEM and the veterans adninistration, and disabled sports
or gani sati ons.

Di sabl ed di vers should not dive with each other. After receivinginitial training,
the trainee should join an active diving club or diving school. Training in these
organi sations is usually carried out on a part-tinme basis over many weeks or a few
nmonths, and this is ideal for the di sabl ed person. By diving regularly wi th nenbers
of the club or school the disabled diver will acquire a group of friends and fell ow
di vers who know his capabilities and linitations when diving at sea, and this wl|
provi de nmaxi num safety.

Di sabl ed divers should as far as possible conplete all the established training
exerci ses as | ai d down by t he Confederati on Mondi al e des Activites Subaquati que, and
be granted the appropriate certificates. The CMAS standards of training should only
be reduced or nodifiedto all owfor restricted depth and sea conditi ons, as di scussed
bel ow, and i n respect of |ife-saving, since the disabled diver can give very little
assi stance to others. The di sabl ed di ver who acquires sufficient sea experienceto
becone qual i fied shoul d receive acertificate or | og book endorsenment statingclearly
thelimting conditions wthin whichhe may dive safely. He shoul d recei ve an annual
nedi cal check to ensure that it is safe to continue diving.

Performance linitations and dive planning

It is hoped that the present article will be used by di vi ng cl ubs and di sabl ed sports
organi sations to hel p themassess the suitability of disabled diving trainees, and
to plan diving trips including disabled people. It is inportant therefore to try
and visualise the full perfornance envel ope of a disabled diver, showi ng the weak
poi nts, and the nmeans of conpensation.

Table 1 is a very subjective attenpt to estimate the relative | evel of conpetence
whi ch nmay be shown by a di sabl ed di ver conpared wi th an average trai ned sports diver.
The figure of 100 is taken to represent the nornmal conpetence, safety | evel, etc for
t he average sports diver.

Par apl egics may tend to get cold nore quickly than abl e-bodi ed di vers, and shoul d
wear additional protection. This will vary between individuals very much. |If a
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par apl egi ¢ becones very col d during diving,
as this may cause burns.

hot bat h,

Per f or rance | osses

do not try to warmhimup with a very

The hottest bath that is safe is about 40°C

TABLE ONE

Per f ormance i nprovenents

AVERACGE SPCRTS DI VER = 100

Li fe saving
Manoeuvr abi lity/ bal ance
I njury resistance

Speed i n water

Bends resi stance

Col d resistance

Equi pnent control
Narcosi s resitance

FI GURE 1

BENDS RESISTANCE

MANOQUVRABILITY
BALANCE

10
30
40
50
50
70
70

100

Di ve pl anni ng 140
Ant i ci pation 140
Arm strength 130
Al ert ness 120
Equi pnent mai nt enance 120
Theory know edge 120
Endur ance 110

Respiratory efficiency 100

— NARCOSIS RESISTANCE

LIFE SAVING —

INJURY RESISTANCE

SPEED OF SWIMMING

EQUIPMENT CONTROL

COLD RESISTANCE ENDURANCE
THEORETICAL KNOWLEDGE
(——DIVE PLANNING
\
\ - ANTICIPATION
)
[_——ARM STRENGTH
ALERTNESS
EQUIPMENT
RESPTRATORY MAINTENANCE
EFFICIENCY
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BASI C RULES FOR SEA DI VI NG BY DI SABLED PEOPLE

The followi ng rul es are based on six years of disabl ed diving experience by one of
the authors (NCF) and the conclusions fromthe course in |srael

1. oey all wusual diving regulations and nedical regulations concerning
di vi ng.

2. Your safety factor is always |lower than for an abl e-bodi ed diver.

3. The di ve begi ns when you | eave hone and ends when you get back hone safely.

4, NEVER DI VE ALONE.

5. ALVWAYS DI VE W TH TWO ABLE- BODI ED EXPERI ENCED DI VERS CLOSE TO YQU IN THE
WATER, THAT I SW THI N5 METRES OR VI SI Bl LI TY RANGE VH CHEVER | S THE SMALLER.
THERE MUST BE AT LEAST ONE DI VER I N THE COVER BOAT AND A BOATNAN.

6. Al ways plan and survey your entry into and exit fromthe water with the
people who will be hel ping you

7. Make sure that your diving conpani ons know your linmitations in terns of
di ving safety, and general nedical care

8. You cannot use your hands to adjust your equi pnent or carry out work while
you are swinming. Avoid situations which require both at once.

9. Never dive in a current stronger than you can swi magai nst for along tine.

10. Avoid abrasions and cuts fromreefs and rocks. Do not touch corals.

11. Do not nmke dives requiring deconpressions stops.

12. Never go under overhangs.

13. Never go inside caves or w ecks.

14. Never dive at night.

15. Never dive in visibility less than 3 netres. It is inpossible for your
conpani ons to stay sufficiently close to you to give rapid help in these
condi tions.

16. Never dive in waves of nore than 2 m(?) or a strong wi nd.

17. Plan all diving operations with multiple redundant safety neasures and
fail-safe procedures.

VALUE OF DI VI NG FOR DI SABLED PECPLE

It has | ong been recogni sed that swinmingis anideal sport for di sabl ed peopl e, since
it enables themto discard all artificial aids to nobility and to obtain a naxi mum
| evel of exercise enjoyably. While swinmmng gives the disabl ed personfree mobility
in tw dinmensions, diving gives the third di mension. The disabled diver can swim
rise, or descend, roll and turninany attitude, with no speci al equi prent ot her than

33



conventional diving gear.

As pointed out at the beginning of this article, risk sports, or adventure sports,
appeal toadifferent nental and enotional character than do teamconpetitive sports.
Team conpetitive sports require superlative performance within the limts of
arbitrary man-nmade rul es; the goal is conpetitive victory over the opponent. It is
nost unlikely that the di sabl ed personw || be abl e to conpete wi th abl e-bodi ed peopl e
because he woul d al ways be beaten. Adventure sports are not conpetitive, although
t hey can be made so i n sone cases, and the goal istouseskill, judgenent, and strength
to live with and overconme a natural environnental situation: the air, the sea, a
sheer cliff, a glacier.

Quite apart fromthe satisfaction of mastering a difficult techni que, a dangerous
envi ronnent, and obt ai ni ng enj oyabl e physi cal exercise, diving - in conmon with sone
ot her adventure sports - requires intense group cohesion, loyalty, and nmutual trust.
Asolitary diver is al ways unsaf e, whet her di sabl ed or not, and divers | earnto depend
on eachothers’ skill andability for their physical safety. This appliesto planning,
equi pment mai nt enance, and training, as nuch as to actual co-operation during buddy
dives. Involvenent inthe overall planning and preparation for di ves neans that the
di sabl ed person shoul d beconme conpletely integrated into the team Even in cases
where a personissoseverelydisabledthat it isnot safetodiveat sea, it is possible

" Ger \ oer m C Oz Eigsr!

t he sufficient enjoynent and exerci se nay be obtainedinapool tojustifytheeffort.
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republ i cation.

APPENDI X A
BRI TI SH SUB- AQUA CLUB DI VI NG OFFI CERS CONFERENCE
Gui dance for Branch Diving O ficers onthe Possibility of Diving Trainingfor D sabl ed
Peopl e
6 Novenber 1974

| NTRODUCTI ON

Early in 1974 there was a neeting between the Mnister for Sport and the Mnister
for the Di sabl ed, as aresult of whichthe Sports Council has set up a nunber of |iai son
groups bet ween sporting bodi es and vari ous groups representing di sabl ed peopl e. The
aimof this schene is to pernit disabled people to join normal sports clubs, and to
participateinoutdoor activities. Reg Vallintinerepresentedthe BS-ACat the first
few neetings until, about mdsumer 1974, | was appointed the official BS-AC
representative on the Sports Council Conmittee for Water Sports for the D sabl ed.

In spite of the strict necessity for nedical fitness in diving, it has |ong been
apparent that a person with quite a serious injury, say one | eg anput ated above the
knee, coul d becone quite a conpetent diver, other things being equal. Several nore
seriously injured peopl e have taught thensel ves to dive, and i n about 1968 Bob Head,
a parapl egic with both | egs al nost conpl etel y paral ysed, joi ned London Branch. Keith
Ni chol son was then Diving Oficer, and he decided to accept Bob for training, using
hi s experience of diving safety to judge what coul d and coul d not be safely attenpted
by a person with this disability. Bob becane a conpetent and keen diver, w th nmany
sea dives to his credit, though he has recently cut back on his diving in order to
take up flying aircraft!

In 1969 | becane paral ysed fromthe waist down as a result of a car accident, a
condition known nedically as paraplegia. From1970-73 | worked slowy and steadily
at exploring the full possibilities for disabled diving, sticking as closely as
possible to the full BS-AC training schedule and tests. 1In 1974, as a result of
negoti ati ons by BS- ACVi ce Presi dent Al ex Flinder, | conpiledadivingtrainingcourse
for seriously disabled nen. The attached report is a prelininary version of a paper
which | have witten together with Dr Yehuda Mel anmed, whi ch we hope wi || be published
soon in the journal Undersea Bionedi cal Research.

The policy of the BS-ACis to encourage branches to accept di sabl ed menbers for diving
trai ni ng wherever possible, entirely at the di scretion of the Branch Diving O ficer.
The attached report shoul d denonstrate that di sabl ed peopl e can be safe divers, and
active branch nenbers, provided that the proper nedical precautions and checks are
made first. |f a seriously disabled person cones to you and wants to |l earn to dive,
gi ve hi ma copy of this paper, and ask himto take it to his GP, and your branch di vi ng
doctor, so that the doctor can establish the basic feasibility of the person taking
up diving. Once that has beendoneit is uptoyou, the DO, to decideif the candidate
is suitable. To put it inits nost direct terns, if a nman is going to nmake a safe
diver in a disabled condition, he would have been a very good diver when he was
conpletely fit.

There i s no reason why a di sabl ed di ver shoul d be a passenger in the branch, and you
can al ways cl obber himfor equi prent mai nt enance, treasurer, social organisation,
fund raising, editor of the Branch newsletter, etc.

If half the branches of the BS-AC enrol |l ed one di sabl ed person each and taught him
or her to dive, that woul d be a fantastic achi evenent. Please wite to ne if you
have any questions.

NC Fl eni ng
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NSW Branch Scientific Meeting - 5 March 1977

The menbers who attended this nmeeting were treated to an interesting and varied
program the result is large part of the determ ned efforts of Dr Chris Lowy. The
settingwas the O d Stone Buildinglectureroomat the Prince of Wal es Hospital. This
choi ce of venue | oses nothing fromits proximty to a pl easant and hi storic hostelry
and is commended for future neetings.

The first speaker was Dr Doug Wal ker, who tried to persuade the audi ence that a fresh
| ook was needed in the realm of Medical Standards. He instanced the cases of
applicants with histories of asthna, diabetes, spinal Bends or even traunmatic
parapl egi a. Individual consideration rather than inflexible rules were advocat ed.
Thefallibility of theresting ECGin predictingfuture coronary thronbosi s was noted,
quoting avi ation nmedi cal sin Australiaover arecent 10 year period. The overwhel i ng
i mportance of good training and correct diving routine as the nost inportant safety
factor was stressed. Next Dr Bart MKenzi e spoke on sinus barotrauma, nentioning
t hat 25%o0f cases were associ ated wi th ascent and warni ng that facial nunbness coul d
result fromantral reaction effecting the nerve directly and need not indicate a CNS
| esion. The diagnosis naturally considerably effects therapy!

W were privileged to hear Dr Yeo describe the recent work at the RNSH Spinal Unit,

usi ng sheep, concerning the use of HPOto reduce t he damage after spinal injury. The
results justify further work and in fact sonme patients have received treatnent. It

was suggested that possible repeated treatnents woul d be even better than a single
one, the node of theinitial sheep experinents. The supposed reason for benefit from
HPO was by hel ping tissues near to the primary danmage retain viability despite the
brui sing and reduced circulation. That HPO can itself produce toxic effects was
nment i oned by one nenber. It was notedthat inthe elderly acentral cord |l esion could
very easily followaninor fall. It was suggested that any casual ty where cord damage
was suspected shoul d be given mask oxygen therapy fromthe earliest tine seen and
transported with continued oxygen.

Pr of essor Col ebat ch was our second “special”. He described his recent work on di vers
who had suffered pulnonary barotrauma not due to apparent failure of ascent
techniques. He related the damage to the abnormal elastic forces in the |lungs of
such peopl e, an abnornmal ity not effectingroutinetests of respiratory function. Both
Pr of essor Col ebat ch and a menber of t he audi ence descri bed t he occurrence of pul nobnary
barotrauma in people attenpting too vigorously to excel at ventilatory tests! The
damage occurs, | ogically but possi bl e unexpectedly, onthe | NSPI RATORY ef fort phase.
Cases where the barotraunma occurred associ ated with ascent technique failure have
been shown to have normal elastic forces in their |ungs.

M John Pennyfather gently but firmy let us see that the problens of diving at
altitude were conplex: we could see why those in need of advice cane to him In
answer to a query about flying after diving he gave two instances worth serious
consideration. The first concerned a saturation diver in the USA who suffered
Deconpressi on Sickness five days after surfacing, due to taking a plane trip. In
the other instance, five RAN divers went on a bus tour in the Canary isles, to an
altitude of 7,000 feet, after diving that day and t he one previously: they suffered
“bends” also. As he said, there appeared to be little basis for the accepted rule
of 12 hour del ay between a dive and flying. One possibility is that ascent fromsea
| evel nerely makes apparent the subclinical deconpression problemin such people.
Once nore we nmust accept thelinitedsafety givenby our present | evel of understandi ng
of deconpressi on probl ens.
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Dr John Kni ght brought us back fromthe clouds to the practical dangers of entering
coldwater. Inoneinstancein Victoria an experienced diver only survived his entry
because hi s demand val ve was al ready i n his nmouth; the sudden col d-refl ex inhibition
of control of respiration made it quite i npossible for hi mto take voluntary action.
Had he needed to surface in order to take a breath he woul d i nevitably have dr owned.
Dr Kni ght al so remi nded the audi ence that body core tenperature continued to fall
for perhaps half an hour after renoval fromthe water, and full return to a nornal
core tenperature could require two hours or nore. Heat loss in water is delayed in
onset but not changed in ultinmte extent by normal wet suits, heat | oss bei ng greater
in the active than the static: the fact that 71% of the human body is within 2.5
cns of the skin surface nmakes the peripheral vasoconstriction inmportant in heat
conservati on.

The final talk was by our President, Dr lan Unsworth. Two case histories were
presented toindicatethat HPOt herapy can be beneficial even after a del ay of several
hours from the incident of cerebral air enbolism Nei t her of these cases were
initially recogni sed as being exanples of this condition, and in neither case was
the necessity for HPO as a prinary node of treatnent recogni sed i mediately. The
first case was associated with an anaesthetic i ncident, the second with a chil dhood
m sadvent ure. Despite a delay in initiating HPO of 20 hours, the recovery was
ultimately conplete in the first case. Naturally diagnosis is easier in retrospect
t han under clinical stress but the exi stence of a hyperbaric facility nakes di agnosi s
i mportant.

The neeting was a success. Thereport is full so that the many who al nost cane wil |
gai n sone benefit also.

You KNOW, Aqwsz‘)\" v

ARE  QUITE TN, AReNT They
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continued from page 3

to the details. Only the Medical Profession can offer a reasonable case to act as
both custodi an and eval uator, and then only with a cast iron guarantee that such
records coul d never be nade avai |l abl e t o ot hers wi t hout t he perni ssion of thereport’s
origi nator. It is common nedical practice to wite usefully yet to maintain
confidentiality, so such guarantees woul d not hamstring any i nvestigation. |f such
a schene shouldbeinitiatedtherewuldbeaneedtoobtain“finance w thout strings”,
but that would be another story!

When Lobel and Culp wote their article it was directed to hel pi ng those who catch
fishes for aquaria reduce the wasteful nortality associated with previ ous nethods
of dealing with the expanding swim bladder resulting from the reduced anbient
pressure. Their approach can teach much to those who wi sh to keep their divers fit.
Fi rst they recogni sed that there was i ndeed a probl emand identifiedit. They studied
the results of the conventional procedures and decided that they were inefficient
and wasteful of both resources (the fish) and of noney. They reinvented the DDC
approach t o deconpressi ng saturati on divers and cal i bratedtheir schedul e by clinical
criteria, the observation of a m nor but acceptabl e dysequilibrium They recogni sed
the possibility of inducing conplications if they rashly added to the gas di ssol ved
inthe water. In view of the conplex nature of Gas Bubbl e disease in fishes they
were wi se to avoidthis conplication. Just as we are exhorted to consider the Lilies
of the Field, so nay we profitably consider the Fishes fromthe Sea. And may the
Authors forgive ny interpretation of their article.

We are pl easedto havetheinterestingarticlefromProfessor Nemroff, avery wel cone
new nenber of our Society. It is surely only anatter of tine before sone fool tries
drugs and diving here, fatally. Only one case of alcoholic diving death has been
recogni sed in Australia but alcohol is a frequent factor in drownings in general.

Al the matters rai sed by the EUBS subcommittees are worth discussi on by nenbers.
The problens of training nmedical and other personnel in Diving Medicine are
consi derabl e. The apparent rarity of cases requiringtreatnent reduces the provision
of facilitiesfor suchtreatnent, sothere appearstobenoneedtotrainoperators ...
However, as noted by many witers, the mgjority of diving incidents are related to
i nadequat e di ver training and/or techniques rather thanill health per se, a natter
bot h Enpl oyers and Uni ons would find profit in considering.

Possi bly the fastest growi ng area of diving nedicine is that of the D ving Mdical
Exam nation, ainmed at increasing safety by assisting fitness to divers. Till now
t here has been a somewhat uncritical assunptionthat ‘Only the Best i s Good Enough’,
and t hat peaceti ne Naval Standardstell it all. Inthereal world of comercial diving
where training is nost frequently done by the “learn by doing it nethod’, and D vi ng
Tabl es are not allowed to make the job unprofitable, the Bone Necrosis problemis
as well known now by repute as is the risk of Mongolismanong pregnant ladies. It
i s hard, when requested to set a Standard, to settle for the adequat e basi c when there
is nore credit (and safety of reputation) through demandi ng perfect health. That
the Blind can go diving is al ready known to readers but the existence of paraplegic
divers will surprisethe majority. The lsrael initiativeinthis pioneer course has
only been possi bl e through the efforts of individual paraplegics who have, through
sheer determ nation, sweet tal ked someone into both teaching and diving with them
A hard look at just what are the basic requirements for acceptance for diving
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instructions is easier if we consider suchindividuals. W are being asked to define
in some degree our attitude to risk as a part of living. But it nust always be
remenbered that there is a trade off of their disabilities against the nuch higher
degree of care in training and in dive procedure. Healthy divers could | earn rmuch
fromsuch attitudes. There is also the extra ability and care demanded fromtheir
buddy di vers. Hownuch sinpler to apply the Procrusti an Bed of “t he regul ati ons say”
t han nake deci si ons where the consci enti ous doctor’s reputation would be forfeit to
a diver's carel essness. How think you??

Once nore we are in debt to our contributors, and not |east to Peter Harrigan for
hi s anusi ng and t hought provoki ng Cartoons. And beware t he di ver whooncehadalittle
spi nal bend.

* *x * *x * * *x *

CORRESPONDENCE

To the Editor

| read with interest the article “Some observations on Hypotherm a” by J Knight in
the Jan-Mar 1976 Newsletter. The Author has failed to review the international
literature. Neither is there any nention of the literature in the di scussion or of
the work so far carried out on hypotherma. It is for your kindinformation and better
know edge that | tell youthat i n Nazi Concentration canps human victins were forcibly
imersedinicedwater and all the physiol ogi cal datas (sic) were recorded until they
were dead. Annual Reviews of Physiology reported the findings in greater detail.
Neither is there any comment avail able for the grounds of difference (between the
Nazi findings and Dr Knight’'s paper). It is thereforeinthe fitness of things that
a detail ed account of the reasons of difference in the two findings be published in
the next issue of the SPUMS Newsletter.

M Khan (Dr) Kazipura, Ranmpura

Reply by Dr J Kni ght

I woul d reply to Dr Khan t hat t he paper “Sone observati ons on Hypot herm a” was witten
toillustrate a case report. The patient was only mildly hypotherm c and t he paper
di scussed m | d hypotherm a and how it can creep up on a diver unaware. Page 25 of
the Jan-March 1976 Newsletter is headed “further reading” and gives 11 references
to the recent literature, all of which bear out the views expressed in the article,
whi ch was of necessity a potted precis.

I woul d be grateful toDr Khanif he wuldbew llingtowiteasimlar lengtharticle,
based on the sources he quotes, dealing with severe hypot herm a.

I't i s encouraging to have i nfornmed comrents frominterested readers. The Newsl etter
i's supposed to be the conmmuni cation nmedi um for the Society.

* * *x k% * * * %
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EUBS Autum Scientific Meeting - 22, 23 Septenber 1976

Thi s report on the papers given at this nmeeting, held at the University of Newcastle
upon Tyne, is based on the preprinted information supplied by the speakers and
natural | y does not include contributions nade by ot hers who attended. The first day
was devoted to the reports of the eight sub-conmittees set up previously to consider
many of the areas of interest that are clainmed as rel evant to Di ving Medi ci ne (whi ch
covers a very wide range of matters!) They were presented by the distinguished
chai rmen of each investigation. The second day was devoted to a di scussi on of sone
aspects of aseptic bone necrosis, a term chosen in preference to dysbaric
ost eonecr osi s. It is not clear whether there is any significance in this
nonencl ature. The range of t he subj ects and t he renown of t he EUBS nenber s denonstr at e
t he progress of Diving Medicine and the vigour of our European coll eagues. W can
gainfromtheir initiatives and seek, necessarily on a nodest scale, toenmulatetheir
curiosity in the matters of our subject ..... di vi ng

The first speaker was Dr Barnini, reporting Sub-comrittee 1 which had given
consi deration to Standardi sation of Medical Examinations and criteria for diving
suitability. It was suggested that di fferent standards were perm ssible for those
undertaking only shallow air dives from those diving deep on either air or gas
m xtures. The long |ist of unsuitable di sease conditions suggests that perhaps the
halt, | ane and generally “crook” have been trying to join in the North Sea fisca

plenty in which divers are said to bask. |t could be best sunmari sed as sayi ng t hat
one shoul d | ook beyond nerely the diving-medicine contraindications and note the
general health, in fact the “fitness”, of all applicants. Perhaps the public now
thinks diving is so scientific that physical exertion and agility and training are
no | onger necessary. Sone of the North Sea fatalities suggest non-application of
Medi cal Standards has been a factor effecting the outconme adversely.

Sub-comri ttee 2, under Dr Madsen, had consi dered t he nmedi cal training of divers and
di vi ng supervisors, pointing out that ALL divers should be trainedin first aid and
t hat where di ving operations took place beyond the range of rapid nmedi cal attention
of a conpetent kind at |east one of the dive team should have received additiona
trai ning. The suggested basic standard was a know edge equivalent to that in the
USN Di vi ng Manual , or equival ent, plus nedical know edge to the WHO I nternationa
Medi cal CGuide for Ships level. The special training would ensure ability to give
an accurate description of the victinis condition, to foll ownedical advice, to put
up adrip and use acatheter. Sub-conmttee 3 al so consi dered t he probl ens of Medi cal
Emer gency Procedures and the need for a 24 hour medi cal advice and aid facility for
di vers.

Surgeon Commander Smith-Silvertsen presented Committee 4's report concerning the
training requirenents and qualifications of Diving Doctors. It was noted that apart
fromthose trai ned duri ng Naval service, or specifically trained by some of thel arge
di vi ng conpani es and t hereafter enpl oyed by them it was nearly i npossi bl eto arrange
instructionfor interestedcivilian doctors. Especially lackingwerefacilitiesfor
the vital supervised on-the-job-training after this basic training. This situation
ismrrored herein Australia at the present time. It was recognised that this made
the setting of international mnimal training standards difficult, though it was of
t he ut nost i mportance that the diving community be assured that there are physici ans
avai | abl e from whom divers and diving operators can receive nedical assistance,
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health control, treatnment and advice. It was suggested that EUBS shoul d establish
standards, two categories bei ng awarded.

Category A Qualified to issue certificates of fitness to dive. Basic course in
di vi ng medi ci ne and physi cs, at | east one week (30 hours) duration
to approved syl | abus.

Category B: Conpetent to treat all diving illnesses and energenci es.

Category A qualifications plus:

a. One year experience of practical field work in diving medicine (as
main part of daily occupation) and/or research relating to
physi ol ogi cal aspects of diving and invol ving human subj ects

b. Advanced course i n di ving medi ci ne to approved syl | abus | asti ng not
| ess than two weeks (60 hours)
c. Medi cal fitness and denonstrated ability to dive and/or enter a

hyperbaric environment.

Wai vers m ght be possi bl e for candi dates on sone points, based on their docunented
experi ence and known nerits. There was also a case for a third category reserved
for the specialists of underwater nedicine who are conpetent to advise diving
organi sations on the nmedi cal factors effecting operational natters and on research
and devel opnent. This would require 4-5 years experience in the field plus an
appropriate postgraduate qualification (eg PhD). An exam nation at the concl usion
of the courses was “to ensure that the attendees have absorbed the material
presented”. Such is lifel

Sub-comittee 5 listed the basic equi pnent to be kept in readiness, primarily for
the treatnent of Deconpression Sickness. It was accepted that any doctor arriving
at thesitewas |ikelytobewthout the necessary equi pment. There woul d be equi prent
toallowcatherterisation, intubation andthe drai nage of a pneunot horax. An aneroid
sphygnomanonet er nmust be used, NOT a nercury one and the t hernonet er a t hernocoupl e
one. A foot operated sucker was included, as al so basic drugs.

The basi c properties required of the breathi ng apparatus and gas supply to 91 persons
and organi sations thought likely to be interested. Nineteen questionaries were
returned, plus the expressions of support for the idea from eight others. Prof
O nhagen can now speak with feeling to the proposition that divers are reluctant to
recogni se the need for their involvenment in diving research even where it is clearly
designed to inprove their own safety!

Sur geon Commander Hanson dealt with the probl ens of thermal control of divers, cold
being a limting factor capabl e of causing the cancellation of sonme dives and the
deat hs of sone divers. The follow ng guidelines were offered

a. Wet suits are unsuitable for all but very shallow dives (20mor | ess) and
for exposures of under 60 m nutes.

b. I nsul ation by neans of adry suit with suitable underwear and air inflation
shoul d be suitable for exposures 45-60 m nutes.
C. The USN M ni mumi nspired gas tenperat ures shoul d be used and di vi ng shoul d

not exceed 150m wi t hout provision for heating the inspired gas
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d. The anount of heat required to cover the heat | oss fromthe surface of the
body wi || depend upon the insulation but it should be such as to nmaintain
a skin tenperature of 34.5°C+0.5°C. For free. flooding hotwater suits the
anmount of heat required at the diver will be between 1.25-1.5 KW

Perhaps the nost inmportant single subject given to any sub-conmittee for its
consi deration was that of organising the central reporting of diving information

The chairman, Professor Dennis Wil der, started with the comment that the UK
| egi sl ation shoul d al ready ensure that all such i nformati on was bei ng col | ected but
that unofficially he thought the collection could be much inproved. The MRC
Deconpressi on Sickness Central Registry, however, already operating an efficient
schene and coul d becone the central point for such information fromall areas of
Eur ope.

Al'l countries could have their own central registry, with sharing of informationto
wi den experience. Better evaluation of diving tables could result, as also clues
to the better understandi ng of bone necrosis: annual radi ographic bone surveys of
commer ci al divers woul d be consi dered and anal ysed centrally, with an i medi ate as
well as long termbenefit to divers thensel ves. Records of diving deaths, with the
fullest possible details, were possible in England and Scotland through the co-
operation of the Authorities involved. It was hoped that the rest of Europe woul d
followsuit inthismtter. Accidentsinvolvingdivers shoul dbereportedto an agreed
nati onal centre, and the efficient keeping of personal |og books would be very
hel pful . Surgeon Commander David Elliott spoke tothis subject al so, suggestingthat
there could be centres for different types of infornmation and they need not all be
inasingle country, there being a single postal address for all reports fromwhich
they would be redirected to the appropriate centre. Subjects to be for special
attention included, he proposed, coincidental trauma and | oss of consci ousness in
the water as well as other noted matters. There would be problenms resulting from
the habit of divers of choosing different dive tables on different occasions (and
varying thesel) the likely fact that not all records would be conscientiously
mai nt ai ned, and the cost of such a schene.

Papers on t he second day di scussedthe differential diagnosis, i nformation eval uation
and storage (computer), and experinental creation of bone necrosis. Professor R
McCal | umnoted t he worth of the MRC. “Exposure torisk” registry for tunnel, caisson
and di ver workers. There was a panel to give advice ondifficult diagnostic probl ens.
The Regi stry was receiving about 200 radi ographs a nonth fromdivers alone in 1976.
PJ Gregg described the rol e of the scanning with radi oi sotopes to detect early bone
changes, using rabbits prepared by M Peter Cox using gl ass m crospheres as enboli.
Results show that scanning will detect regions of bone necrosis three weeks after
operation: it takes three nonths and nore for radi ographi c changes to be first noted.

W thank EUBS for this glinpse at the European diving nedicine world

42



