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MB BS MRCP (Lond). FRACP. »
Dip DHM MRC Psych, FRANZCP k No. 1 Harrison Street
Cremorne 2080

Telephone (02) 90-5422

24th June, 1986.

The Secretary,

Fishing Industry Research Committee,
C/- Department of Primary Industry,
Edmund Barton Building,

Broughton Street,

BARTON, A.C.T. 2600.

Dear Sir,

Re: FIRTA Project 84/89 Abalone Divers' Health & Safety Survey,

Thank you very mucy for your understanding and patience in waiting for the

final report of the above project. It was completed early this year (February,
1986), however, it has taken a disproportionately long time to arrange for all
the researchers to complete their papers and reports. This has now been success-

fully collated, and a copy of the report is attached.

Please feel free to use the report as you wish. I have taken the liberty
of including various recommendations within the report, for your consideration.
I am also in the process of obtaining a high quality publication of the report -
at no expense to the Department of Primary Industry, however, this will take many
months to complete, and I felt that the computer printout of the report would be
more suitable for your purposes than would result if we were to delay the despatch
until the final "glossy" presentation is ready.

The final presentation will take the form of a book, printed by the National
Safety Council, but clearly showing the source of the work, i.e. from a grant issued
by the Fishing Industry Research Committee. Lo

E
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I also apologise for not being able to squééze.ﬁ; sort of accounting into your
particular format. We don't have such things as-payroll tax, compensation, etc.
I have, nevertheless, given a run down of the finances of the final half of the
project, for your perusal. ‘

The comments which need to be made, as regards the overall operation, are as
follows:=

1. The report could only have been completed because of the enormous assistance
given by a whole army of specialists, most of whom donated their time and
work, without cost. Some idea of the range of expertise that we had available




can be found in the acknowledgements section of the report.

2. Without the backing of the Fishing Industry Research Committee, none of this
could have been completed.

3. Despite my initial fears, the abalone divers were enormously co-operative,
very enthusiastic, and I feel sure would co-operate with any such projects in
the future,

4, The estimate of the funding, as was suggested by me in the initial request,
was totally inaccurate, The main reason for this was my own naivety, not
realising the costs of such "incidentals" as postage, transport of equipment
and x-rays, and the enormous phone bill that results when one tries to co-ordinate

a large group of interstate specialists., Nevertheless, we remained within the
overall budget by exploiting a great deal of the expertise, which was then
given on a voluntary basis. It was also obtained by reducing the fees to

various groups, so that the operating costs could be met.

As you will see, the actual expense documented was slightly in excess of the
grant, however, this is explained by the fact that some interest was obtained while
waiting for the final amount to be utilised, The full grant was used, with the
principal investigator reducing his fees to ensure that the books balanced. A
great deal of other expenses were incurred, however, these were met privately,

5. It should not be considered that either the principal investigator, or any of
the consultants, lost on the overall deal. The academic value to most of the
workers, would be considered of great importance, albeit not financial. The
fact that much of the work is already appearing in the medical and physiological
and occupational journals, gives support to the belief that most of those in-
volved had a great personal interest, as well as an academic expertise.

Thank you again for your enormous assistance in this project, and I assure you
of my full co-operation if you need any turther advice or elaboration on the results.

Yours faithfy

CARL EDMONDS
Principal Investigator
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Pevchometric 3zsessmentis in field - 7. Coulton 400,00
Pzwchological design, zquipment and analvsiz - T. Coulton 330,00
Technical officers, on cite Total 880,00
Secretarial services tadmin, typing, co-ordinating, eic.? 4g0.0¢
Fimal preparation of manuscript—— computer—printout———— 40020
Principal investigator 1453.00
$42580.00
OPERATING COSTS
Including 11 printing, staticnery, office gquUipment,
telephone costs, hiring of equipment, rooms,
peychometric test papers, x-ray packaging and transport,
computer materials, etc, &2s.04a
Fieets Fliers and taxi deliveries 495,60
Fostage 280.00
$1441.00
TRANSEORT AMD ACCOMMODATION for principal investigator,
te hnical staff, consultants
. outctanding fees for otolaryngologist and stafe,
Exst Australian ares 237.00
, Melbourne and south Victorian coast areas, 2523.00
. Tasmanian areas, boath Hobart & Launceston 3193.00
5947.00
CAPTITAL

411 major items of equipment (23100 were efther

removed or rented for the proj&f

i3y

TaQTAL  #11,703.00

TOTAL COSTING OF PROJECT  FIRTA o@/ﬁﬁ
Frevigus Report Current Totxl
Salary & Wages 2245 42380 £625
Operating Costs 480 1441 2341
Transport & Accommodation 4347 S°&7 10334
Capital Items 149 - L &%
17447
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Mact of the ressarch material from this survey has be2n, or is being, prasentz=d
2C

in specialised scientific publications or at academic meetings. It is inciuced
in this text as part of the original agreement amongzt the contributors, and in
ardsr to give an averview of the whole survey.

The fcllowing data has been, in part or in full, presented as follows:-

Chapter & in Undersea Biomedical Research Yolume 12, Na. 3, 1925 and in thez
- '”MédeEW'Journar"ofﬂﬁustra%iaﬁ—Unlume~2551,Ne 22,1984,

Chapter 15 in Undars=2a Biomedical Research Yolume 12, No. 3, 1783.

Chapter 14 in the Medical Journal of Adusztralia, Vol 144, 377-401, 17845,

Chapier 13 Fart 1 has besn accepted for publication in the British Journal of
Induztrial Medicine, in press. Part 2 will be gubmitted zzparaizly,
in the near fuiurz.

Chanters &, 7, for presanta t2rna ES
Srvm i dndarwate 3 Hyperbaric Y- I :
in Sepizmber 1754, and will be pubiish ngs of
that Meziing and in the Undersea Biome Journal.
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I cannot express my admiration suffic jently far the cuperb assistancs given by
the ahalone divers, and especially there own representative from
M.5.M.,5Barry MacRobertsy,

South Australia (John Kroezen),

Fort Fairey tLenm McCalld,
Tasmania {(Carl White),
Malacoota (Norm Land?,
Melbourne (Henry Bishopl.

Even though 1 Fezl greatly indebied to all the zhalone divers for the fime ang
effart thev haue spent in assisting me with this project, I must make special
note of some abalone divers who wers esspecially hospitable and heigful,

Morm Craig from Port Lincoln,

Richard Cullernward from FPort Fairy

John Smythe from Eden

& yariety of people involved wit to the
prolect, should alec bP aLknwu1 includs

Bob Rams Fort

Dr, Wolf S

Frank

Perhaps the greatest acknowledgement should be given to my wife, Cindy. She
contributed as general assistani, secretary, typist, proof reader, technician,
advizor and deoutized For me in many family duties that canflicted with this
study.

zment must bz given
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sponsarsd the survey, and wha
rose
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would 1ike to express my gratitude to theaMational Safety Council of 2
¢Jictorian Divisiony and its Director, Juhanr)edran, who have aub idised the

)
, and supplied LDQlBﬁ of it to the numercu
participanis and organisations invglved, :

Carl EDMOMDE
Diving Me ical
Sydney
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INTRODUCTION.

Anecdotes abound concerning the exploits and attitudes of abalone divers,

Stories of deep dives and fearsome encounters are often enhanced socially to

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

entertain the léss knowledgeable listemer.As a consequence-the general impression
one has of abalone divers is that they are rather devil-may-care individuals who
regularly flaunt the safe working practices adopted elsewhere.

Those who work in the abalome industry know nothing could be further from the truth.
A great many hours underwater coupled with the need to operate small boats in
sometimes hazardous conditions requires a constant awareness of any threat to
personal safety, and has led to occasional impatience with those who proclaimed an
expertise that they were often unable to demonstrate in the work place. However,
given the opportunity to learn from "real® professionals and those whose diving
knowledge is respected, abalone divers prove most willing and attentive students.

The high esteem abalone divers have for Carl Edmonds, Chris Lowry and their
associates was amply demonstrated by the attendance at the seminars they conducted.

This study will be of great value to the abalone industry, highlighting for divers
and administrators areas of concern, whilst laying to rest some unfounded fears.
It is unigue in that, for the first time, Australian abalone divers have been
recognised as having to contend with rather special industrial problems.

For their sympathetic understanding, genuine concern and, most of all, contribution
to the available knowledge, Carl Edmonds and his associates have gained the deep
gratitude of our divers, their families and colleagues.

BARRY McROBERTS
National Secretary,
Australian Abalone Producers' Association.
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OF ABALONE DIVIMG  *

& A RESQURCE

The abalo

ne is a ssagoing mollu

"Haliotie" in the family Haliotidae Tt-Tooks
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CARL EDMONDS

=c or zea snail, comprising only one genus

~ow of holes drilled on its ocuter edge, and ic often coversd with barnacl
other marine growths,
ive on rocky resfs in shallow oceanic waters, usually where ther
arine growth. Because they live in the swell zone, Halictids evd
zcular foot with which they cling fo theip procky homesites, 1t 0
is zought a3 & Qazironomic delicacy.
re somewhat smaller.
cz2 are uyszually foun
v small and not foun
dwide.
reathe, spawn and defascale through the holes around
gv are vegetarians todrifti i of seawes
¢ swell, hance their prevalencs gh waters v =
yaly, if drift algas i3z scarce, graze on smail algaz atizch
2v mav only move & f=w matres in A shole lifetime, but if they o
gv thrust their head and evestalis from under the wide pari of 1
4 can move at a reazonamls pacs ouEn A short distanca.
zuch as the ov And g znail where the sams
x1e and female, abalong have z2pa which do not
ysually oczurs ouer and au yaries with 2pe
ccations for one species. Feriild yre in the wat
1 forms and the abalone =& cuitahle subs
tz the i d
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Abalone were fished by the smerican indians in California and Mexico for several
thousand vears as evidenced by shell midden excavations of Jjewellery and knives
3z well as whole shells., The madern fisheries in California and Mexico were
ztarted in about 1840 by Chinese immigrants who were prohibited from fishing
this delicacy in their own country and so were enthusiastic about this industry
in their new land, They exported most of the catch to *he orieat in dried form
in the early vears, but bscause of increxsiang export taxes on dried abalcne,
canning plants were established.

The catch wasimitialty taken by-wading, but-when laws were introduced

prohibiting commercial harvesting in waters less than 30 feet deep, the Chiness
viglded the fishing to the Japanese who were more orientated to diving., This was
done with snorkels and later in “standard rig" ¢hard hatd until the 1740735, when
hookah and SCUBS were introduced, The resource was SO heavily fishad that a
large number of controls were introduced both on sports divers and comme cial
.
U

speratars including a total ban on the export of abalone meal in 1745, The
return of the saz otter to Califoenian waters has meant fupther Sifficulties
= their favourite dietary item is abalaone, and divers must work harder 10
Neir catch in areas that are becoming more and more resiricied, )

Bpparently the first abalone divers were the abori he
white explorers with their capability of remaining ivg-S
of time. This was in cohsirast with the aboriginal ma iy M 2
gxceptions, could not swim. The aboriginals of western Tasmania used shelltisn
33 a major part of their dist, together with oih i T may have
been reisted to the difficulty in obtaining the L e Kamaroms
in the wet and thickly wooded mountains. ATeArEe
Women would bring sufficient abalone and crayfish

campfires to warm themselves before returning

bazkets around their waists, woven from whit;

ta be gdurable., They would descend, hand

zeabed, They shaped bits of wood into th

with a shell, ang used them for separati

jc eatimated that this socisty have besng
any other human group.
& similar zituation existed on the western coast of Australia, where the
aboriginal women divers were rencwn for their aquatic feats,

by the white szttlers, to cbtain pearl in & similar manner to their Tazmani

During the 17th csntury there was zome harvesting by Chinese migrantz and in
1950 2 small zcale abalone fishing indusiry was attempted, and failed, in
Tasmania.

The Australian abalaone fishing industry iz now the worid s largest. Despite
this, it has really only been a significant commercial indusiry for
approximately 20 yearz. There were scme garlier atiempts, and it is thought that
exploitation of the abalone in Australia may have begun before 1780, but there
iz verv little information regarding. this. The first record of sals of abalone
was in Mew South Walez at the swdrey fish markets in 1740, In January 1741,

' Rere were thres boxes of abalone consigned to the Svdney fish market, and were

ther 3
sold for 37 cents per Kilegram live weight.

In 1941, Reid Induztries
g a

, Ltd., a Sydney canning firm, ob xinzd supplies of
an order FE

Pty ;

g placed by Malaysian buvers to obta
s dizpatched in 1742, and thers has
from that time.
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Jack Lucas in his boat the “Tradewinds", carried out a survey along the Naw
South Wales coast and than into Jictoria and Tasmania, identifying the abalone
grounds. It was at this stage that many of the first abalone divers commenced
work professionally. They ware bacically itinerant fishermzn moving up and down
and around the coastline, looking for new $ishing grounds, as =ach became
"{izhed out", They lived in caravans, and worked usually enly 2 to 3 daws per
week. In the Tasmanian region, determination as to whether thex would move Was
madz more by weather, a3 in Tasmania the area was prolific with these sh i
and the main determinate was the ability of the diver to reach the area.

The public image of the abalone diver was one of a very exwtroverted individual,
with the character of a pirate and living a maverick lifestrie. He would wander
from coast to coast chasing weather, women and wealth, The image was probably
accurate in those earlier davs, but that type of person did not survive, perhaps
due ta the effects of the lifesivle, the cost of the squipment, the combingd
1

= H
cffects of drugs and alcchol and the great disruption to normal social 1ife. The
grpsy lifestyle, arnd the absence from home for long periads, was said to have
resulted in & marrizge failure rate approaching 70K, The activity was not nofed
far its longewity. Divers would tand to be consicered fortunate if they zuryived
into their late forties, and still be productive,

For 1w made on good davs, and spent in the hotels curing the
bad sr branded them as "Beach bums and sea Rippigs, &

fre nonconformers who dondt give a damn for their dat

the sharks or any other perils of their gnusual cziling®

WED sxcezs of 700 Kos mezat (2000Kg live weighty, The average
dai Fobably well in excess of twice the weakly avarags earning
of )

Yery rapidly, some other factors became evident, The

sazily collecied from the shallows were ragpidiy expl

censiderable public Cconceri regarcging the possibiz &

Certainly by the late 178072, the depth from which 3

incrzazezd to such a degree tnat zyrface supplisd com

reguired.

& number of anecdotzl reporis were mads the problemz encounterss With
abaloneg diving.

A
Theze reporis inferred a very hiigh degree-p}fbccupationa] iltine A& Mallacooia
fnortheazt Mictoriad report in 1574 ctated that 42 cases of bends had been
traated aver the preceding four years. 04 the 30 divers in the co-opsrative, 20
had incurabie asceptic bone necrosis (dysbaric csteonscrasisy, 304 fhad chironid
problems involving ear damage, 10% had suffered brain damage, and 7 had
reduced respiratory function. It was alzo stated that 254 suffered from sinus
problems initiated by diving. The same report suggested that dysbaric
cstegnecrosic may have Desn ag high as 40% in other arezas not sarved by
recompression chamber.
Auztralian Fisgheries,{3) an Ausiralian qovernment magazine reported & survey On
profezsszional abalone divers which sho & guffer partial deafness, S0
from lung damage, 12¥ fraom dys 4 r pihritis?
Fichery managers in three of t
problems of heawy fishing and
reztricted fisheries. Mew South
legizlative powsr to do SO in 1
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i

would live in one area, marry and have children, and dive only around t
area,resulted in & vary different group of perscnalities develaping. In
diving wherever the wzather and the fishing grounds permitted, it chang
that divers would be limited in the amount of the catch that was availa
Because thev were obliged to purchase licences at ceonsicerable expense,
tended to become more rezpectable members of the local community. This not only
meant that they would dive less exireme praofilez, but also that they would
become more Knowledgeable and concerned about the problems that seemed to plagus
their predscessors.

Specific reasons for this recently expressed concern sbout their long tezrm
medical praoblems include:

- ihe sxpenze of life superannuation and "loss of inccme" insurance policies;

- high finzncial commitmeniz snd the nead to maintain cash flows to gepruice
substantizl borrowings)

- the incresazing abundance ©

intenzive, long term underwa

unigquelyrd,

A [T R
sScmifiizura
welfars an

i

G
manzgement wlans, and no

There arz 13 =zpecies of abalone iIn gusztralian watsrs, Three
1! t "2 fal ;_‘l 3 me 5,1

o]
enlip abalone graow more in S3anay snvigantants on paichy resfs with strong
rents and slightly warmer waters, Hercesdiving conditions in Sogth Auziralia
different ta thaoze on the east coast. -
In some arexs of Ausiralia, it is still poszible to cbtain large calches of
abalone in shallow depths, brzathhold diving in the top 30 feet. In
other arezs such - 40Ft. aresz has been much more heaviily
fished. In lessz a great deal of surge and decreased
wisibility, with changes in the prezssure and itz effects on
divers. Beyond S04 ~ for diving, but haz the inherent sroblems
wWith decompreszsia ric asteonecrosis,
In areas L az Eden, alithough the divers are aware that they should |
commence ying deep and gracually move into more shallow waters az ine
progresses, the sea canditiaons often make this impossible. In fact, the
zyall during the d and therefore it i very difficult &

m o0

w areas towards the end of the day du
o dive in the very opposite m i
in the mornings, and mouving desper as L
ne deteriorate, This increaszes io a condi
prazcion sickness.

as
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O
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% Gpecial acknowledgement for the prepzration of this chapler must Se given to
Gzry HAMER, of the Division of State fisheries, Mew Scuth Wales Depariment ot




, Ac an ex-abalone diver, turned marine biclogist, he is

Agriculture wall
respected by both former and current colleagues, and inspired the commancement
of this suruvey
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Chapter 2
ABALONE DIVER SURMEY

CARL EDMONDS

In Australia, abalone is found mainly in the zouthern half of the continental
coastal areas. There are now over 300 potential licences allocated for
professionxl akalone divers,

In many caszezg, I vars were ex-fishermen who had then emploved thei
boat handiing sk ertake abzlone diving when their ocwn indusicy became
lezz profitable. cazez, and sspecially with the rounger divers, fiey
had moved from hav terest in the amateur Civing scene, to employ thess
sHills 2z a prof YET,

gh thzsa Vi are availabl

jvers. In some casss the lice

ut who mar be retaining them

tv ofy capital gain, the passi

or tha hops of resuming divin
fcea ally, the licences are simply b
ztates, the authorities require ihe newer
tattempting to maintain sustainable stod
Thus the survay had a potential population of well gynder 300 divers, of whom 1ZZ
wers able to be ssseszed,

GEOGRAFHICAL DISTRISUTION

he ahalone diving licences ars distributed as fol

i)
=
"

[}

Tasmania 123

Yictoria &0 B

M.S .M. 57 o

South Ausiralia 35 EAE

Western Australia 14

The most populous State for abaleone divers is Tasmania, possessing 128
professional abalaore diving licences, This iz alsc the state which produces toe
largezt amount of abalone o~ L.e Australian gxport market.

To give an approximats geographical averview of M.3.W., approximately half ths
licences in Mew :uuth Wales are held in or arcund the area of Eden.

South of Eden, when crossing over into Mictoria, one f+inds that a small tul
Y
L [ad r -

active group of 24 divers are based in Mallacoota, Travelling further west along
the Mictorian coastline, one finds approximately 43 of the divers centred arocund
Melbeourne and Fort Fhillip Bay, whereas 14 are in western Victeria, near

C r

i
Warrnambool, p

1n South Australia, there are 35 licenced divers, with 20 halding licences for
the area between Port Lincoln and Ceduna.

Therz ars
have only
evern thougl

5 some is)ands around the southern coastli
ew divers, who were not ahle to be exami

alia which
' =l t
hey are incorporatsd in the above numb

*ic reasons -

~ o
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&1though 14 licences are hald in Western Australia, especially around the south
western coastline, these divers were not included in the survey because of the
low cost effectivensss of taking staff and researchers to such a remote area.
There are come Vicences held further narth, but the fishermen there are
basically surface swimmers, free diving or fishing very shallow depths with
compressed air.

From tha above figures it can be seen that there was a mazimum population
available of well under 300 abalone divers, and of this potential the survey

zample encorporated 132 subjects.

TERMS _OF REFEREMCE

The logistics of the survey wWas dominated by the need to maintain the
co-ocperation of the abalone divers. &s a group they tend to have & healthy
dizrezpect for autharity, and especially when tha authority could intertere
with their commercial liveiihood.

L9

ctress that the survey would be held with taotal
egards the findings on any epecific diver, Re ance had
dty, that nao specific infarmation aboul any (4=n ifiacnie
ied to the locaxl or state aulhorities responsible for the
#r, or to any olhEr authority, be it medical or from the
waz eyicdent that the abalone divers cdid nob wish for
to be impozed upon them, and did not wish any legiziaticon
ez had not formulated.
This may have seemed a little parangid, but it is possibly underzhandakise,
conzidering the widespread attitude amongsi the divers that the only intera2st
the government has in them iz az & zource of funding for the govermmant
treasury.
Thiz belies is twpically expressed by one of the divers fHnight, 1935, in his
publication on Abalone Diving in Tasmanian Watersy: "The predatory actians af
the Department of State Theft must be fought and =ndured. Taxation has desiroved
a2 lot of private enterprise in this country, and contributed fto ti
unemployed, ... Whan the amount of money garned varies in direci p
the damage inflicted upon the body, one caffrbe, excused for having
In fact, I have a deep and well nouriszhed Toathing of bureaucrats
politicians who merely occupy Space and hale MAasS.ca Individuais
bottomed and pompeus, lining their own pockets, consuming food an
&

works. Mot

u
excreta....Greed governs the depih an abalone div i
3

1zo the taxation department’s.

There is

= 5 widespread dicquiet with the amcunt of money is diverted to ithe
government ariet )

for a variety of reasons (including licence fezz), with the divers
having an almost yniversal belief that they are not receiving any service or
recompense for their unwilling contributions., There was alsc & suspician in some
areas that the survey might be a way of removing unfit divers from the industry.

In fact their f xt least regarding this suruvey, were not warranted. At no
stage was there any pressure ts disciose information on any specific diver to
any authority, and nor has there been any request for the preparation of
legislation to ractrict abalone divers in any wav.

The contrary was the case. 1 have been approached
repr t

] on & number of times
abalone divers or their ntatives in an attem the
the 2 ! 2

empt to utilise

I &
he survey to promote the divers’ own inter

Meither 1 nor any members of the survey team had any cfficial medical
recponsibility for the divers, nor did we have any powsr over their fiiness ta
dive gr their ability to obtain licences. Thiz fact was finally appreciated by




the divers, who probably accepted the major researchers as fellow divers more
than cfficials

The one requirement placed apon our actions was that travel and accommodation
expense records had tc be Kept to obtain reimbursement, and this was limited to
previously agreed amount.

METHODOLQGY

The—field survey was conductedin-eight-separate-cectors. In-each-instance it

was necessary to work through the representative of the divers in each area. In
most cases, this was a professional diver, but in some cases, it was a fully
employed representative of the local fishing industry.

The divers wers acquainted with the gverall format of the suruvey, and were
informed that they would be asked to fill in questionnaires, undergo medical
histary taking and examinaticon, and be expossd to x varisty of investigatians,
1t waz made clear, io us and then by us, that there would be no invaszive
techniqu dy an her at i i

& would be no atiempt 2

In return, after the intzruisws had been performed, the div

zeries of lectures and presentations to extend their Knowle

develapmentis in diving phrsisliogy and medicine. The lecture

were designed to be be attractive to them ang ke applicable

diving arsza. Ample time was tefi for questions and discussi

meetings. Otherwize the task Waz very time critical, with 2

awars ihat we weres investigalting too much, too quickly.

Attempts other interested parties to atiend the survey e.g. local
doctars, . zmatezur diwsers, r 4 : b
for this was that we feil -information

forih ! 1 authorities wers

of+ 433 accepied in most ar

the Yocal medical and gparamedical gro

The clinical examination includsd a brief neurclogical, respiratory and
otological examination, auj then & saries of specific investigations were
pertormed, inc1udéng respiratory function measurements, pure tone audiometiry,
neurgopsychological batteries, etc.

prohlems that might be ass ated with diving, The res
though they could not fit inte the stzndardicsed format,

During the consultation an open-ended question was asked regarding any medical
i ]
>
.

{

Specific and predetermined questiconing was carried out regarding otological and
arthospedic preblemz, so that the information could be analyzed under these
secticons,

&2 can be appreciated fraom the methodology, it was necessary to utilisze a
regsonably large area, with a variety of consulting rooms and support personnel.
Sometimes these were avzilable from the local hospitals,; univerzities or




community centres. It was also necessary $ar divers to travel long distances
fwithout financial recompanse) and arrange accamodation for the 2 dav sEminar.

Following the examination of each diver a decision was made as tc whether
further specialist investigation was indicated, and this facility was arranged

previously with 3 variety of consultants Knowledgeable in diving medicine,

In scme instances, the consultant specialists who were irnterested in the survey,
were actually available at the time. In other siituations, referrals had to be
made to the closest major medical-centre.

DATA HAMDLING

The results were compiled independently by zach of the researchers. Apart from
the personal data and diving information, ezch of ithe researchers handled their
cwn specific data and presented this within their cwn academic units. Zome ot
the researcners wWers nHoT tedgeable regarding d i juitias
and terminology, howsver it there should be ions to
their final presentations io i fon of thei . AT an
zvample, 3 physiolaogisl &xper . iz not ne Pl
campatent in ating the

&z & general rule, 1 attempied tg pair 3 diving medical sxpert with at least one
specialtisi in the tranch of medicine that is being azzesczd in iis relaticnship
T .
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THE ABALONE DIVER, A FROFILE.

Carl EDMOMDE

The divers averaged 32 years of age; and were of- normal-build, with.a. bod/ MASS
index of 25 (normal for Australizn male population betwesn 35-3? vears = 25.0 )
They averaged an alcohol intake of between 12 and 13 cans of bzer (373 ml. with
an alcohol content of approximately W) per week, and 7 cigarettas per day. The
exact figures are as follows:-

et al «

Average Ztandarc Deviation rangs Mumber
23-43
13.9-33.4
0-14
O-7%
= appraximately
} in the initial part of that
ETS, r iuration of diving was cver 1&
are spent p 2] abalons Ziving. During tha
13 e diver, the avs diver spent cuer 3 hours psv
d: {Hoakahy, for oue 2 days =adi
Ji et £, cnoa fypical Bz claim=d H
i t opr did mot recognise g3z Gramati
decomprassicn sicKneszs,
Byerage Ztanddrd Dswiation Range Mumber
Years diving & 0.4-85
Years abalone diving 12.1 0.1-31
Hours diving per day 5.2 i {.5-7
Cayz diving per vear 105.8 0.3 25-2400
Maximum depth on an
average dayifest) 0.2 17.% 15-101 132
Decompression sickness
incidences 4,14 12.2 g-100 152
When attempting to zssess the safely of the dive profiles, it was appreciaied
that we were reliant apon the zubjective reports of the divers. There Wiz no
doubt of the depthe in the area, as these were available from *-e mmaritims
chartz, &lsa the divers were very experienced beoalsmen, very well acquainted
with the area. In some areas we were forfunats enough to have dived with the
abalone divers, and our observations suppaorted their ciaims.
Meyertheless the reporting was anecdotal, and had nons cf the precisicn of
anoiher zurvev reccrded an six hardhat shellfish divers of Japan, by Masnimota
i 240 h ofile recording system involwing 3 complax

zy utilised a dive pro
uter/recording svstem.

ikely that tha divers were unaware of their factual diving pr rofile. it
howeyer thi

[}
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Was pa that thev may have bean sxpansive in their claims, 1§ s
would have besn counterproductive if they believed the researchers o represent
officialdom. The impressicn most wished Yo leave was of their Knowledge of, and
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compliance with, safe diving procedures. This impression did conflict with other
information.

Based on the reported dive profile from the 132 professional divers,
was given according to the thearetical likelihoad of producing decompre
sickness or bubble formation, The following arbitrary grading was made:

a2
[ Tul
=1
0
[ =l
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Grade No decompression diving, less than 10 metre 33 ft.)

No decompression.

1 2
Grade 2 Diving within the conventional U.5, Navy Tabl
Grade 3 A reasonable diving protocol but one which di
comply with standard decompression tables.
Grade 4 Diving with an omitted decompression of less than one hour, according
tg U.5, Mavy Tables.
Grade 5 Diving with an cmitted decompreszion of one hour or more according
to U.S. Navr Tables.

¢
=
d not necessarily

1n each caze, the grading was mads on the tvpical dive profile described by the
diver. 1t was presumed that the grading reprezznted the gegres of "decompreszion
ztressz®,

The folloeing frequencies wers found wWith the varicus grades of decompression
stress.

Grade 1 20

Grade 2 2

Grade 3 23

Grade 4 &7

Grade S5 ZZ

It can be we profils which required
zome Lime

Official training in e anz =uch a3 the Rova
pdustralian Mavy or ama 3 = Professional 2wt
Diving Instructors or T + rali Underwaier lnstructo

yery rarg. Mor was there any cbuious relationship betwsen adhersnce to
regulations and zuch training. On the contrary, 11 wWas & Roval Australi
trained diver who introduced the desp undegwater oxrygen ragime (40 foot,
{Zmetre) for decomprezsicn, in the be1l&f~fh3€ it was & conventional and
establishad technique. o

0f scme interest was the divers’ own aszecsments regarding their decompression
profiles and requirements.* The following assessments were made by the diversi-
24 ,5% ctated they never did dives that required decomprzssion,

41.1% stated they rarely did divas requiring decompression,

94 ,4% ztated they commonly did dives requiring recompressich,
The above information must be appreciated as being very subjective. When the
divers were aszked to describe what type a4 formal decompression regime they
followed, the following resulls were abtained:-

13.5% claimed they followed the U.5. Navy Diving Tables.

S.4% claimed they followed & modified U.2., Mavy Diving Table.

0.7% claimed they followed the Roval MNawy Diving Tables..

17.9% followed a deccmpression meter.

S%,2% admitted they followsd no formal decompreszion tables,
There wera &% instancesz of decompression cickness that were treatsd by

zion therapy in a recompression chamber. 0F these, 37 apprarec to oe

recompressia
neurslaogical




Other diceases which could well have influenced some of the interpretations of
the survey, included both near drowning and carbon monoxide poisoning. In 234 of
divers, there was an episode which could have led to drowning, and which
reculted in the diver aspirating a large quantity of sea water, but in only cne
case was there actually a losz of consciousness following this. In 17% of the
divers in the survey, tharsz was a hictory of carbon monoxide poizoning, but in
only one case did this lead to UNCoNnSCiousSnNess.

&= there was only one case ezach of carbon monoxide poiseoning and near drowning

resulTting inunconsciousness, it was-presumed-that these illnesses would not
haye contributed significantly to the overall rezult of the surver.

he greatest depth to which the divers had dived for abalone, which could well
¢ a measurs of the diver’s perzonality or Knowledge a:z well as his diving
ability, shows a normal distribution. The depths, which have almozt certainly
Sezn "rounded off" by the divers, are as follows:-
40 £1, 2.74 50 ft. 3,14
&0 ft. 703 FA R 7.9
80 ft, 12,74 70 F3. 12,99
100 f4. 1974 i f4. 3
120 f1, 15044 130 +1%. 3,44
140 +t. 4,1 150 4, 1,484
Guer the last few yzars, there nas been an increasing uze of axygen, with far
more oxygen being used in SomE ArEAs, £.9. Zouih dustralia, thanm oihers, 2.3,
the eastern coast of Australia. The overzl]l incidence of the availability and
yse of cwrgen on the boat is as followsi-
Nauyer 78
Surtace 2
Undarwate v
Underwate 3 =
1t can be seen that 13.2% of the divere used oxygen unde
treatment or preventi Pod wHE-A R 3 e 3
gxcezs of 30ft., res ot & this
hzs obvicusly bzen ex port
14 one compares the dive
recompression, together
the decompression SIr2Es

04 the 37 divers who =zia
decompressiaon, T of the

40 minutes, and 4 of regu pr
on their own stated dive profile.

e 47 divers wha claimed they rareiy dived in =zuch & manner as to require
decompression staging, 23 routinely required decompreszion of less than &0
minutes, whereas & regquirad QeCompre: te=

The corollary of this would seem 1o 2?7 divers ey Lhey
peusr or rarely dived in such &

according to the U.S. Mavy Tables,

dzcomprezsion of lzsz thin &0 mi

decompreszion of 40 minutes or mar

divers were unaware of their decom

Summary This survey encompasesd 132 profeszicnal abalona divers, with the average
diver being aged 3%, hawing 2 bacdy mass index of 23, having dived for 12 vears
as an abalone diver, usuzlly to & depth of up tc S0 fi. on am average day, wiih
ouer 5 hours undsrwaier, for gver 10% daws per rear.
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More than half the divers omitted required decompression on their average dive.
38 of the 9% divers who belisved that they did not require decompreszion, in
fact, did have such a requiremsnt, but they were unawars of it. Over half of the

divers had gone to 100 ft. or maore to catch abalone.

They averaged cver 4 cases of decompression sickness per diver, and there ware
3% instancezs of cbwicus neurological decompression sickness in the group.
2

3
Recompression therapy Was administersd in a pressure chamber in &% instances,

but many more were treated underwater.

They averaged 2 cans of beer per day, and 7 cigarettes per day. Quar 13% used
oxvgen underwater, for either decompression or therapy or bath., 5.3% usad it in
excess of 30 +t.
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*DECOMPRESS
Sy tar th zikle,
was to ir 2 i the
2iving dursa or dept i 4 by
the diver to be decompression sickne g thaEn
withdraw to the non sventful profiles.

7
There i3 a widespread belief amongst ab*fﬁ@?ﬁdiuer: sire a partial
immunity against dscompression sjckness becalize OF diving. Thay
presums thal decompression sickness iz reduced by s work at any
cpecific depth, and by 40t after 2 weeks (Refesrence: Knight agalone Diving in
Tasmanian Waters, 17830
all dzy at &0 fi on his birthday, and then noted on refurning
he had a few aches in his joints, He could not sieer the Bboatl,
z, then woke up with a great deal of pain. He could not see
ttled" the boat back to shore. He was given oxygen which
j ter he took the oxrgen off he became very
t

yery rapidly, and af
3 r

it on and off fo

s

firzt three ar four darve of diving after

4
yaaque aches and pains.

f3ize Fepcrt., Every night for th
1

1 the diver noticed parasth
Y

!
vo extend diving until he got cbuicusly bent, than to

r
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¥xQXYGEN BREATHIMG
Case Reports,

g [u]

While breathing oxygen at about 40 ft. his lips "funny" and he notes a

tingling or numbness cver his body.

Uses oxygen underwater, because of his navy training. The maximum denth and
-l

duration-would be-one hour—at 50 ft. During this time he continues his

collecting of abalone, and sometimes notices his right arm twitching and
jerking, loss of sight, the appearance of starlight objects, twitching in tn
mouth and body. He claimed never to have laost consciousnees underwater, howe

ather ohservers state this is not correct.
Lozt cansciousness after a few minutes fprobably many minuies 33 he halfd Fil
his ab bag? at about &0 1%,
Meuszr talss oxwgen in excess of 40 ft, and triss io reduce the duyrati
guen at shallower decthz, to less than thres hours.
sitar breathing oxvgen for more than ten minutes at &1 1., hiz eryes wenlt @
and fuzzv and tanded to twitch, Knows ihat it iz then time ic quit,
:":1—. -
T ety
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Chapter 4

General Recommendaticns from the Survay

Ferhaps the moszt common criticism voiced by the divers, was an absence ot
technical and diving information. The second wis i disirust of officialdom. The
third involved conflict amongst local divers, representatives and commercial

distributors of the product.

Uniform legislation and control of the industry is impossible because of the
contentious commonwealth/state rights and responsibilities.

Secause of the interaction of thess concerns, and because thew agarivats each
other, remediss are not simple. in my opinion the divers, the representatives
and the fizheries organisations are a1l easilly misunderstood by 2ach sther.
Most had a genuine interesi in promating both the divers welfare and the
industry promotion, Isalation and a 1ack of understanding of egach others
problems resulted in much suspicion. This wauld not usually concern an
accupati 21th and medical survey, except that it may interfere with
implementation of recomendaticns, and has insvitably influenced thase

1. Fericdic seminars teiwsen the divers and opraciically be
made auailaole (not obligatoryd. This iz already underta and
they have been well attended. Health and diving safaty =

integrated with gequipment and fisheries subjects, s0 tha

attractiveness would be heightensc.

Mon medicaxl subjecis could include: Compressor technclagy,

tezting; diving equipment; shalone recruitmenty marketing; in
come 0F theee subjecis would be fundzs by their commercial

departments.

The =mall number of lecturers could be organised to visit &-7 areas
consecutively, in a two week period and covkr all abalone diving groups. Wi th
adequate warning, diving cculd be zuspended for 2 dave to axYlaw for these

&

zeminars and other local meetings. Such anuafrangement would be efficient as
regards lecturer participation, as preparation of one lecture would 21 low 4-7
presentations. Questions from one area could then contribuie to presentations in

subsequent areas.

2. Pericdic literature in the form af an annual or semi-annual newslztier
covering practical subjects in mon-technical terminology, and with contributions
by sxperts in a varisty of subjects related to abalone harvesting, zhould be
available to all licenced divers.

The subjects covered should include the same as thoze referred o in the above
ceminars, and could even be tranzcripts of them, It could alzo be used to inform
divers of such meetings. The litesrature should be eent direct to the diver, ta
ensure that local adminisirative difficulties or political animosities do not

intrude.

3, Specific practices which are inherently dangerous, such xs the inappropriate
use of owxrgen underwater, could be discouraged by implementation of the aboue
recommendations.

4. & Cantral Registry which iz able to com
divers, would allow & longitudinal studr o
arafessional diving., This would also be of grea a

as it would allow for early bazeline medical data tg be compared with subsegquent

Ea=]
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assessments. It would alsoc ensure a standard of investigation and reporting that
is quality controlled.

Individual madical information would only be available to the diver or a
representative designated by him t2.q. local doctor).

This Central Registry would be comparable to U.K. Decompression Sickneszs Panel
and the Japanese group from the Caitam Medical School. In Australia, it would
have to be an independent organisatiaon, unazssociated with state or commornieal th
governmefnt departments. Otherwise it will be interpreted with suspicion by the

very divers it is intendad to help.




CHAPTER 5

DYSBARIC OSTEONECROSIS IN DIVERS ~ A REVIEW

C. J. Lowry




INTRODUCTION

Infarction of areas of bone associated with exposure to pressure,
be it in air or water, has been recognised since the turn of the
century. A causal relationéhip was first suggested by Twynam in
1888 in a case report of a caisson worker constructing the Iron

Cove bridge in Sydney although in retrospect the man appeared to

be suffering from "septic" necrosis.

Although there were many reports of bone necrosis occurring in
caisson workers, the first report on a diver appears to be by
Grutzmacher in 1941 (quofed in Elliott and Harrison 1971).
Detailed studies of the prevalencé in divers were not undertaken
until the 1960's and 1970's and a wide range of incidence has

been reported.

Although rare, several cases have been reported in aviators not

exposed tc hyperbaric conditions.

Various names (see table 1) have been given to this disease but
recently the term dysbaric osteonecrosis has gained precedence as
it clearly distinguishes the causal relationship with pressure

from the other causes of bone necrosis.




SOME _SYNONYMS FOR DYSBARIC OSTEONECROSIS

Caisson arthrosis

Caisson disease of bone
Hyperbaric osteonecrosis
Barotraumatic osteoarthroplathy
Avascular necrosis of bone) *
Ischaemic necrosis o6f bone) *
Aseptic necrosis of bone ) *
Arthritis deformans

Diver's bone rot

Diver's crumbling bone disease

S

* To be distinguished from other causes of bone necrosis (see

“Table 2)




TABLE 2

SOME DISORDERS ASSOCIATED WITH ASEPTIC NECROSIS OF BONE

1. Decompression sickness

2. Trauma (eqg fractured neck of femur, dislocated hip)

3. Corticosteroid effects

4. Arteriosclerosis, Raynaud's phenomenon (occlusive vascular
disease)

5. Alcoholism

6. Gout

7. Hyperlipidaemas and obesity

8. Platelet disturbances (eg idiopathic thrombocytopaenia)
9. Gaucher's disease

10. Pancreatitis

11. Polycythemia/marrow hyperplasia

12. Sickle cell disease and other haemoglobinopathies

13 Syphilis

14. Sarcoidosis -fLi

15. Rheumatoid arthritis and osteoaégﬁszis

16. Paget's disease |

17. Idiopathic (unknown cause)




AETIOLOGY

The exact mechanism for the production of bone necrosis due to

hyperbaric exposure has not been elucidated. Whether the

incidence of bone lesions is more related to the cumulative
effects of hyperbaric exposures Or the statistical chance of a

single event, is unknown.

The most widely held belief is that dysbaric osteonecrosis is due
to the decompression phase and that ig;jjs a long term
manifestation of decompression sickness. _There are, however,
numerous variations on this theme. It is sometimes suggested
that the infarction of bone is caused by arterial gas emboli
produced during decompression. Certainly "silent" bubbles can be
detected by Doppler techniques during clinically safe
decompression schedules. Several series show a relationship

between clinical decompression sickness and the subsequent

\" e’ ; b

development of bone necrosis. _,However it is usually a
relationship to either type I Decompre551on Sickness (DCS) or
total DCS rather than serious CNS (type II) DCS which are more

likely to be associated with intra arterial bubbles.

Others propose that large amounts of nitrogen are taken up by the
fat in bone marrow durlng longer pressure exposures. During oOr
after decompression, gas is liberated from this fatty tissue and

its expansion interferes with blood supply within the non




compliant bony tissue. Bubbles have been found in the large
venous sinusoids in animal experiments and at post mortem, and
may well have obstructed venous outflow from marrow, leading to

areas of infarction (Kawashima & Tamura 1983).

Changes secondary to intravascular bubbles, be they arterial or
venous, may then take place - such as platelet clumping and
intravascular coagulation causing further vascular obstruction.
This is supported by the post dive observation of increased
platelet adhesiveness and decreased platelet count after certain

dive profiles (Davidson 1975, Walder 1980).

There may be a critical period of bone ischaemia after which
pathological changes become irreversible. This may help to

explain the somewhat "hit or miss" nature of this disease.

Another somewhat more controversial theory attributes the damage
to the osmotic changes leading to fluid shifts during pressure

changes, especially rapid compression. -

Fat embolism from disturbance of cells by disruption or regional

hypoxia has also been implicated in the development of

infarction.

It is possible that a number of factors may combine to produce

necrosis in a given situation and that the aetiology is complex




or multifactorial.

Any theory must account for the following observations:-

1) DO may follow a single exposure to pressure

2) Although there appears to be a relationship between DCS and
DO not all divers with DO have a history of DCS and not all

divers who suffer DCS develop DO

3) Not all divers at high risk develop DO

Various animal models have been developed to study the aetiology
of DO because of the obvious difficulties in early detection and

monitoring of such a capricious and chronic disease.

One must have reservations in extrapolating the results of these

. .
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studies to humans. W

The importance of establishing the mechanisms involved lies in
the development ofeffective methods of both prevention and

treatment.




PREVALENCE:

Prevalence figures should be taken as a rough guide, since

different radiological techniques and diagnostic criteria could

have been used by the radiologists employed in each survey.
There have been numerous reports of the prevalence of DO in
compressed air and workers. These appear to show a reducing
incidence with the development of more conservative decompression
schedules. The difficulty in obtaining adequate follow up of
workers at risk is often reported. For example at the Clyde
tunnel only 241 men were surveyed a total of 1362 workers (55%
jeft after 4 months). Of those surveyed 19% had lesions and more
than half were juxta-articular. 1In 1972 the Medical Research

Council Decompression Sickness (MRC DCS) Panel had X-rays of 1674

‘workers of which 19.7% had positive lesions.

In 1972 a study by Jones & Behnke on the B.A.R.T. tunnelling
project in San Francisco showed nqueported clinical or x-ray
evidence of necrosis. All workers;ﬁgélﬁre~employment X-rays and
those with lesions were excluded. fhe pressure exposure ranged
from 9-36 psi with only one decompression per day. However the

follow up period was relatively short.

In divers there is a reported prevalence of 5 to 65%, with
different types of diving. (3ee Table 3)

The lower incidences are reported in military series




where strict decompression schedules are adhered to, as with many

commercial diving operations. In the self employed fisherman-
-

divers of Japan and Hawaii, the divers undertake relativelydeep

dives, with long bottom times and little or no decompress?on.ln

these series prevalences up to 65% have been reported (Wade et al

1978) .

In a mixed group of 110 sport and professional divers in
Australia 28 had definite or suspected lesions of DO although
only a small number were juxta-articular and none were severe

(Williams & Unsworth 1976).




TABLE 3 REPORTED PREVALENCE OF DYSBARIC OSTEONEC

ROSIS_ IN DIVERS

Report Type of Diver Total No $ Positive
*
Ohta & Matsunaga Japanese 301 50.5%
1974 shellfish
Fagan & Beckman Gulf coast 330 27%
1976 commercial
Elliott & Harrison Royal Navy 350 4%
1976
Harvey & Sphar U.S. Navy 611 2.5%
1976
Wwade et al 1978 Hawaiian diving 20 65%
fishermen
‘Davidson 1981 North Sea '@ 1’4422 4.4%
commercial
Kawashima & Japanese 747 56.4%
Tamura 1983 * shellfish

Footnote: Kawashima & Tamura survey is an extension of the Ohta

& Matsunaga survey and they have divers in common.

10




CLINICAL FEATURES

The earlier stages of DO are usually asymptomatic and are

detected by bone scan or x-ray. There may be a history of

decompression sickness and/or repeated inadequate decompression.

Symptoms develop when the articular surface is damaged due to
underlying osteonecrosis and the development of osteoarthritis in
the joint. However, some workers have reported symptoms prior
to the development of x-ray changes. The lesions are almost
always in the shoulder or hip and may occasionally be bilateral.
It has rarely been reported in other joints, eg ankle (Kuipers

1985) .

The progressive joint destruction leads to steadily increasing
pain and limitation of movement, the features of degenerative
osteoarthritis. Whether divers with head, neck and shaft lesions
are more prone to develop the joint-endangering juxta-articular

lesions is not yet established. e

Lesions away from the articular surface of hip or shoulder
generally remain asymptomatic although several cases of

sarcomatous change have been reported in compressed air workers.

11




RADIOLOGY

ANEALS b s

Radiological examination remains the basis of detection and

assessment of progress of lesions.

The detection of early lesions demands high quality x-rays of
long bones, demonstrating the fine trabecular detail. Early
lesions may be difficult to differentiate from pone islands,

bone cysts and other variations from normal.

Soﬁe studies have shown a higher incidence of bone islands
amongst divers whilst others dispute this. (Ohta and Matsunaga
1974, Kawashima et al 1983, Davidson et al 1977). When these
lesions have been studied histologically they have not shown
necrosis (Davidson 1977). Bone islands are said to be present in

up to 40% of the normal population (Davidson 1981).

Radiological surveys should include views of shoulder, shaft
of humerus, hips, shaft of femo:§xand knees. The projections
recommended by the U.K. Medicaf{Rgééarch Council Decompresson

gickness (MRC DCS) Registry are described briefly as follows:

(a) An antero-posterior projection of each shoulder joint. A 30
x 25 cm £ilm is recommended. The patient is placed in a supine
position with the trunk rotated in an angle of approximately 45
degrees toO bring the shoulder to be radiographed in contact with

the table. This arm is partially abducted and the elbow is

12
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flexed. Centre 2.5 cm below the coracoid process of the scapula,
and cone to show as much humerus as possible;, bringing in the
lateral diaphragms to show only the head and shaft of the

humerus. This view should show a clear joint space, and the

acromion-should-not-overlap the head of the humerus;

(b) An antero-posterior projection of each hip joint. A 30x 25
cm film is recommended. The patient is placed in a supine
position with the feet at 90 degrees to the table top. The edge
of the gonad protector should be as near the femoral head as
possible, but not (in any way) obscuring it. Centre the cone
over the head of thg femur, that is, 2.5 cm below the midpoint of
a line joining the anterior, superior iliac spine and the upper

border of the pubic symphysis;

(¢) An antero-posterior and lateral projection of each knee. An
18 x 43 cmfilm is recommended. Centreat the level of the upper
border of the patella. The field should include the lower third
of the femur and the upper third ef the tibia and fibula. The
gonads . should be protected. ‘Xé;%}ne trabecular detail is

required underpenetration must be avoided.

The MRC DCS Register system of classification as described by
Davidson (1976) is widely recognised. Lesions are divided into
juxta—articular (A) and head, neck and shaft (B). These are
further subdivided as shown in Table 4. Symptoms are usually

only reported corresponding to A4 and A5 lesions.
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TABLE

U.K, MRC DCS PANEL

CLASSIFICATION OF RADIOLOGICAL_ LESIONS

Al

A2 .

A3

A4

A5

Bl

B2

B3

B4

JUXTA-ARTICULAR A
Dense area with intact articular cortex
Spherical segmental opacity
Linear opacity
Structural failure
(a) translucent subcortical band
(b) collapse of articular cortex
(c) sequestration of cortex
Osteoarthritis

HEAD, NECK AND SHAFT B

Dense areas (not bone islands)
Irregular calcified area
Translucencies and cysts

Cortical thickening o

14




PATHOLOGY

When examined histologically the area of necrosis is much more

widespread than evident radiologicaly. The marrow is acellular

and osteocytes are absent—fromthe-lacunae. There is evidence of

healing and revascularisation with unabsorbed dead bone in the
centre of some trabeculae. The revascularisation stops short of
completion and a pand of dense fibrous tissue is found at the
border with necrotic tissue (Davidson 1976). Adjacent trabeculae
on the healing side are thickened due to the formation of new

pbone on the surface of dead trabeculae (Calder 1982).

The articular cartilage usually appears normal in he early stages
of the disease but damage occurs when the underlying bone
trabeculae collapse. Evidence of osteoarthritis then appears in

long standing cases.

MANAGEMENT

The appropriate course of actiog{gbé:divers with type B lesions
is not yet established. There is no clear evidence that such
divers are more prone to develop type A lesions but they may
indicate that their diving pattern is somewhat hazardous. At
present those divers should be advised of the x-ray findings and

of the need for regular follow up. Some modification of their

diving profile may be indicated.

15




Divers with type A lesions should be encouraged to stop
provocative diving but advised that this will not prevent the
prdgression of the disease process. Avoidance of heavy loads and
manual work, for up to 12 months,has been suggested to allow
reparative processes to take place in order to-avoid-collapse of
the articular surface. Some workers suggest a more active
management of the early stages especially of the hip. The
emphasis is on early diagnosis by Technetium bone scan (99m Tc),
intra-osseous marrow pressure measurements and phlebography,and
cone biopsy of the femoral head. It has been suggested that the
latter procedure may be therapeutic in relieving intramedullary
pressure and arresting progress of the disease (Kawashima and
Tamura 1983, Kuipers 1985). With A4 type lesions, correctionaln
osteotomy has been employed. For A5 lesions the only
appropriate therapy to alleviate symptoms and improve range of

movement is by total joint replacement with a prosthesis.

PREVENTION

-
e

Short of abstinence there is probably no guaranteed method of
avoiding dysbaric osteonecrosis, although it is most unlikely in

diving shallower than 10 metres.

Reduction of the incidence of DO may be achieved by following
recognised decompression schedules, oxygen decompression,
avoidance of long dives or diving deeper than 30 metres.

Fducation in diving physiology and medicine amongst the

16




commercial diving population would therefore be valuable.

Early diagnosis by routine radiological surveys should allow
greater knowledge of the disease process and help identify the

divers at risk. Detailed _information-about-all divers-should-be

compiled in a central registry in each country and should include
pre-exposure and regular x-rays as well as a personal, medical,
occupational and diving history. Risk groups or predisposing

factors could thus be identified.

Monitoring of serum ferritin or urinary hydroxyproline excretion
has been suggested but these methods lack sensitivity and do not
locate the lesion. They may be of more value in testing'new

decompression protocols.

The use of bone-seeking radio—isdtopes such as Technetium
methylene diphosphate ( 99ms Mpp ) Tc)‘pyrophosphate is of wvalue
in identifying lesions prior to x-ray changes and may be positive
a few weeks after the causal incggent Beckman et al 1984).
Such investigation, while not feasigiéién a widespread scale, may
be of considerable value in selected situations such as after

clinical decompression sickness or omitted decompression.

17
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CONCLUSION

Dysbaric osteonecrosis is a serious problem amongst commercial
divers affecting a relatively young fit population and
endangering-their livelihood. Much more information-is required
in order to be able to advise and manage divers who may develop

this disorder.
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Chapter 6

DYSBARIC OSTEONECROSIS - A SURVEY OF ABALONE DIVERS

C.J.Lowry, F.M. Traugott and M.W. Jones
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Dysbaric osteonecrosis (DO) is an occupational disease of caisson workers
and divers. Although the incidence varies widely in various reports,
surveys from other parts of the world reveal a much higher incidence of DO
in fishermen-divers than in their military or commercial counterparts (Ohta
& Matsunaga, 1974; Wade et al, 1978; Harvey & Sphar, 1976; Davidson, 1981).

Most of the theories of aetiology of DO (see Chapter 5) relate to the
consequences of inadequate decompression. Studies have indicated possible
relationships between the incidence of DO and age (Kawashima, 1976),

inadequate decompression (Ohta & Matsunaga, 1974; Wade et—al, 1978) and
deep or experimental diving (Harvey & Sphar, 1976).

The diving pattern of the abalone fisherman described in this study appears
in Chapter 3. Briefly, compared to other forms of commercial diving the
fisherman-diver spends longer periods of time underwater per day and dives
more days per year. Notwithstanding, the Australian abalone diver would
not appear to dive as deep as his counterpart in Japan (Ohta & Matsunaga,
1974) or the diving fishermen of Hawaii (Wade et al, 1978). The prevalence
of DO in those series was 50% and 65% respectively. The larger Japanese
series showed an increasing incidence of DO with age and number of cases of
decompression sickness.

The purpose of the present study was to determine the incidence of DO in an
Australian population of abalone divers and describe any dependence DO may
have with such factors as age, tobacco and alcohol consumption, and diving
exposure.




METHOD

The long bone x-rays of 108 Australian abalone divers were collected and
assessed according to the British Medical Research Council Decompression
Sickness (MRC DCS) panel guidelines (Davidson, 1976). In most cases, X-rays
from divers had been previously undertaken at local medical centres and
later forwarded on for central reporting such that independent diagnoses
were received from two radiologists. Those divers who had not had any or
adequate previous x-rays were encouraged to attend one of several large

hospital radiology departments in Sydney, Melbourne, Adelaide, Hobart and
Launceston. X-rays so obtained were also then sent to Sydney for further
reporting. For the majority of x-rays the interpretation of the central
radiologist (M.W.J.) formed the basis of the present study. Diving and
medical data were not available to the reporting radiologists.

Radiological Technique and Interpretation

The radiographs obtained were antero-posterior shoulder views with internal
and external rotation of the humeri, antero-posterior views of both
proximal femora and antero-posterior and lateral views of both knees
including adjacent long bone shafts.

‘bnormalities were classified according to the MRC DCS panel classification
of Dysbaric Osteonecrosis. Small single, well defined bone densities,
usually slightly away from the adjacent joint surface without any other
abnormal findings, were regarded as incidental bone islands and not
reported at all by some radiologists. The variable trabecular thickening
often seen in the femoral neck superiorly at the insertion of the joint
capsule or in the medial base of the femoral neck adjacent to the lesser
trochanter was regarded as normal and not reported.

In film interpretation there was concern not to over diagnose dysbaric
osteonecrosis. Abnormalities were regarded as suspect or definite. Suspect
lesions were alterations in bone appearance consistent either with normal
variation or early bone lesions, and also clear abnormalities consistent
with osteonecrosis but for which trauma would also need to be considered as
the cause. Definite lesions were those ahpormalities typical of dysbaric
osteonecrosis previously described ing;ﬁenliterature (Davidson, 1976;
Elliott & Harrison, 1971). W '

Personal and diving information from 85 of 108 abalone divers studied were
obtained by interview and questionnaire. (Refer to chapter 3 for a more
detailed description of the method.) This data included age, body mass
index, total years of diving, maximum depth dived per day, average daily
maximum depth, amount of time spent diving per day and per year, number of
incidents of decompression sickness, tobacco and alcohol consumption.

Statistical Methods

The data was statistically analysed using Minitab (Ryan et al., 1985) and
performed on a PDP Vax 11/750 computer. Standard chi-square tests and one
way analysis of variance (Snedecor & Cochran, 1980, Sokal & Rohlf, 1969)
provided the statistical tools in which to assess the likelihood that

diving or social factors were in some way responsible for the occurrence of
dysbaric osteonecrosis.




RESULT

Of the 108 divers x-rayed, 35 were found to have or be suspected of having
bone necrosis in one or more sites resulting in an overall prevalence of
32% (Table 1l). Both juxta-articular (A) and head, neck and shaft (B)
lesions were included. Bone islands, if reported, were considered innocent
and thus counts thereof were appended to form the no lesion group.

Closer scrutiny of these lesions by location, type and number (Table 2)

reveals that the overall occurrence of definite lesions are simllar 1in the
leg and in the arm. Despite this the number of B lesions found in the leg
was 2.3 times greater than that in the arm. By contrast, definite A
lesions were 3.7 times more prevalent in the arm than in the leg. No
difference could be shown for suspect B lesions between locations.
Similarly, 1little difference by location could be ascribed for the
prevalence of either bone islands or no lesions. Where lesions of either
type A or B were observed there was a5 to 12 times greater likelihood that
multiple lesions of similar type would exist. There were no suspect A
lesions observed in the arm of any diver.

Table 3 describes the prevalence of any type of lesion occurring
simultaneously in either the arm or the leg of these divers. 1In the
‘ajority of cases, B lesions observed in the arm were associated with B
.esions also in the leg. By contrast, where A lesions occurred in the arm

they did so in isolation, there being essentially no similar lesions found
in the leg.

Of the 108 abalone divers studied in this trial diving and selected social
histories (smoking and alcohol consumption) were completed on 85 of these.
This data is presented in Table 4.

This group of mean age 38 + 7.3 (+ standard deviation) years had dived on
average for a total of 16 + 6.9 years, the latter 12 + 6.7 years actively
involved in abalone diving. They would dive on average to a maximum depth
of 54 feet and remain underwater for 5.2 + 1.00 hours per day. This diving
profile would be repeated for 100 # 32.3 days per year contributing to a
total abalone diving experience of 7266 hours, Figures relating to alcohol
and cigarette consumption indicate tha§.¥2»i 15.6 cans/week (375 mls of
approximately 5% alcohol) and 7 + 1ll.1 cigarettes per day were consumed by
these divers. The proportion of divers whd-drank alcohol and/or smoked was
70% and 39% respectively.

One way analysis of variance of the possible factors responsible for the
occurrence of any lesion (irrespective of type or location) was performed
and is presented in Table 5. Factors which may affect dysbaric
osteonecrosis include age (P<0.05), total years diving (P<0.05) and
decompression stress (P<0.05). All other parameters examined showed no
significant relationship to the prevalence of lesions.

A similar one way analysis of variance tests for all the above factors was
performed focussing on the arm and leg independently. A significant
relationship existed between alcohol consumption and the event of a femur
lesion (P<0.05). No such relationship occurred in the arm.




DI I

The long bone x-rays of 108 abalone divers were reviewed. 35 divers were
found to have definite or suspected lesions of dysbaric osteonecrosis,
giving a prevalence of 32%. This fiqure is much lower than those previously
reported for other comparable diving groups. For instance, in Japanese
shellfish divers (Kawashima and Tamura, 1983) 56% of 747 divers had at
least one lesion whilst in Hawaiian fishermen divers (Wade et al, 1978)

in 20 selected divers of a populationof-450-divers,13-divers(65%) had
lesions. These differences may be explained by differences in the diving
profile. The latter two groups dive considerably deeper than the
Australian abalone diver. However, the prevalence in the present study is
comparable to the 27% reported in Gulf coast commercial divers (Fagan and
Beckman, 1976) and to the 25% in a mixed group of sport and professional
divers in Australia (Williams and Unsworth, 1976). In much more controlled
exposures of military divers, lower figures have been reported. For
example, in the Royal (Elliott and Harrison, 1976 and the United States
Navies (Harvey and Sphar, 1976) 4 and 2.5% prevalences have been reported
respectively. A large series on 4422 North Sea commercial divers also
revealed a relatively low incidence of 4.4% (Harrison, 1981).

In our series, juxta-articular lesions were much more common in the
shoulder than the hip which is in accord with previous diver surveys (Ohta
and Matsunaga, 1974; Wade et al, 1978). Also we found a greater number of
B lesions were found in the femur. Davidson (1981) reported 66% of all
lesions occurred in the femoral shaft.

A relationship between "decompression stress" and the occurrence of lesions
is suggested by our data. If "inadequate" decompression is a causal factor
in the development of DO, then one would also expect a relationship between
prior decompression sickness and DO. It must be admitted that both these
factors are somewhat subjective relying on the diver's and observer's
interpretation. It is our impression that many divers probably do not
recognise minor episodes of decompression sickness.

The correlation between femoral lesions and alcohol consumption may also be
significant in view of incidence of aseptig necrosis of the femoral head in
(non-diving) alcoholics. It is possible.ﬁhgﬁgalcohol and decompression may
be cofactors in the development of lesgstons in certain individuals.
However, the results should be interpreted with caution since any observed
;elationship may nott£§cessarily imply cause and effect.

As in other surveys of prevalence the figures are dependent on radiological
technique and interpretation especially in the very early stages of the
disease. A few of the older x-rays were insufficiently penetrated to allow

assessment of fine trabecular structure so that some early lesions may have
been missed.

'In some instances, an inadequate length of the femur was incorporated in
the radiological projection. A high proportion of B lesions have been
reported in other surveys in the lower femur (Davidson, 198l). Thus we may
have missed some of these B lesions.

The differential diagnosis between bone islands and early lesions is
notoriously difficult. Therefore, a sample consisting of 4 sets of x-rays
were forwarded for critical review to Dr J.K. Davidson, Radiological
Member, MRC Decompression Sickness Panel. These series showed divers with
multiple bone islands. The diagnosis of bone islands were confirmed by
br Davidson. As bone islands were regarded as normal they were not




reported by some radiologists and the reported prevalence is thus an
underestimate.

A major concern of the investigators was that potentially important data
was unavailable due entirely to inadequate provision of facilities for
retention of x-rays by jocal authorities. Where radiologists reports only
were still available, these were not included in the series.

Some of the divers who were said to have symptoms which would point to

arthritis of the hip or shoulder were reluctant to participate in this
survey, for reasons discussed elsewhere in this book (Chapter 7). For all
the above reasons, it is felt that our reported prevalence is probably an
underestimate of the true incidence of this disorder in Australian abalone
divers. Notwithstanding, this series represents approximately one third of
activefdivers in Australia.

abalowe

In summary, the survey highlights the need for some central data collection
area for long bone x-rays so that valuable information is not lost and a
clearer picture of this disorder amongst divers may be established. The
divers themselves need to be made more aware of this disorder and
encouraged to present at least every two years for a fogm@} skeletal
radiological survey. In many instances the x-rays wouldneed—to be
performed more often and perhaps other investigations such as bone-seeking
radioisotope scans would be indicated. Where lesions are found their
significance should be discussed with the diver. An appropriate course of
action may then be recommended. This may range from a modification of his
diving profile or shallower diving to complete cessation of diving. The
decision about his diving future should then be made by the diver himself
and with as much information as we can currently supply him.



Table 1

Prevalence of dysbaric osteonecrosis in Australian abalone divers.

n %
No lesions or bone islands 13 67
Suspect or definite lesions 35 32
Total 108 100

n = number of observations; lesions were taken to include
Suspect or definite A and B lesions occurring in either
the arm or the leg.




Table 2
Frequency of arm and leg lesions (described by type and number)

exhibited on x-rays taken from each of 108 abalone divers shown in
Table 1.

Number of lesions

Location Type of lesion Nil 1 >1 All
Arm
Neo lesions 72 72
Bone Islands 5 7 12
Suspect B lesions 1 6 7
B lesions 0 6 6
A lesions 3 8 11
All 72 9 27 108
Ledg
No lesions 64 64
Bone islands 11 7 18
Suspect B lesions 1 7 8
B lesions 1 . 13 14
Suspect A lesions 0 1 1
A lesions 0 3 3
All 64 13 31 108

Ay



Table 3
Counts of individual divers having both arm and leq lesions (described by

type only) exhibited on x-rays taken from the same 108 Australian abalone
divers as in Tables 1 and 2.

Type of leg lesion

Suspect Suspect
Type of arm No Bone B B A A All
lesion lesion Islands lesions lesions lesions lesions
No lesion 50 11 4 6 0 1 72
Bone islands 6 6 0 0 0 0 12
Suspect B 2 0 4 0 1 0 7
lesions
3 lesions ' 1 0 0 4 .0 1 6
A lesions : 5 1 0 4 0 1 11
All 64 18 8 14 1 3 108



Table 4

Mean (+ SD), minimum and maximum values of diving profile, alcohol and
smoking habits of 85 Australian abalone divers.

PARAMETERS MEAN SD MIN MAX

Age(years) 38 7.3 22 55

Body mass index 25.0 2.80 21 33

Total years diving 16 6.9 0 35
(years)

Total years abalone 12 6.7 0 24
diving(years)

Maximum depth dived 54 17.8 20 100
per day(feet)

Duration of diving 5.2 1.00 1.50 8.00
per day(hours)

Days dived per year 100 32.3 40 200
(days)

Total abalone diving 7266 4212 775 24000
experience (hours) «

Decompression sickness 6 14.7 0 99
(number)

Alcohol consumption 12 15.6 0 70
(cans per week)

Smoking habits 7 11.1 0 40
(cigarettes per day) :

SD = Standard deviation of the mean, MIN = minimum value, MAX = maximurm
value. For the purposes of this analysis time dependent diving parameters
nave been adjusted to the date when each individual diver's x-rays were
taken. Factors corrected include age, total years diving, total years
abalone diving and total abalone diving;gkperience.

S
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Table 5

Relationship between the likelihood of developing a lesion
(irrespective of type oL location) and diving and social
history, in the diving population studied.

Parameter F P

Age 6.84 <0.05
Body mass index 1.67 NS
Years diving 6.77 <0.05
Years abalone diving 2.05 NS
Maximum depth dived per day 0.10 NS
Dive hours per day 3.08 NS
Days dived per year 3.64 NS
Decompression stress 5.49 <0.05
Decompression number 0.01 NS
Alcohol 3.88 NS
smoking 0.04 NS
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Chapter 7
A5 - DYSBARIC OSTEONECROSIS REQUIRING JOINT REPLACEMENT
by C.LOWRY and C.EDMONDE
Introduction: The early diagnosiz of dvsbaric osteonecrosis 15 made more

difficult by the fact that there i¢ not always consistency in the radiological
technique - despite the excellent recommendations laid down by the Medical

Regearch Council Decompression Sickness panel of the United Kingdom.

Also, even when the correct radiological procedure has been performed, there are
sometimes inconsistencies in the radiological interpretation of early or
doubtful tesions.

Parusal of the statistice fram the M.R.C. survey on 4,030 professional divers
who had long bone X-rars, rzyeals that the more difficult diagnostic diagnoses
are the very cnes which are more frequently encountered. The same data shows the
rarity of juxta-articular lesionsiCalder?

Total numbar of divers screensd . 4020 10
Mormal results or non diving abnormatities 3773 4.1
Suspected shaft lesions {pozsible early zignd &1 1.9
Cefinite cshaft lesion 3 2.4
Suspected joint Tesiaon 42 1.0
Definjte joint lesion, with joint zurface intact 32 0.7
Cefinite joint lesion with damaged joint surtace 4 .1
Joint damage with disability 2 0.053
Joinit damage leading to surgery ) 1 0.02S

g% note, iz that despite the 3& definite joint lesions and the 75 cuzpectied
joint lesions, making a total of 131 possible joint lesions, there were GALY 2
cazes of disability and one case leading to sUrgery.

Ohta and Matsumaga in 1%74, and smako et al in 1974, deccribed x surwey on the
shellfich divers of the Ariake s2a, in Japan. Because the divers were expozed to
compressed air diving twice a dav, for & hours sach znd with & one hour zurface
interval, and because they had no cnncepﬂigiwdecompression staging,
decompression problems were gxpected - aﬁdjéqﬁnd. Thev averaged ¢ deaths per
year with diving accidents. There was a pravalence of dicabling bone necrcsis
with structural failure (grades 4h and 5 of the M.R.C. classificationy in 11

cases - all unilateraly 7 in the humeral head and 4 in the femoral head.
Ostecarthritis was more often in the hips (14 jointz) than the shoulder @1
jointd.

From the Japaneze SUQVEYX, it appeared that the inci
osteonecrosis incrzased in propaortion to the durat
the working deptih. Juxta~articular lecions were

over S years and deeper than 20 metres ( &7 feetil

There was a statistically zignificant relationzhip between the incidencs of
dvsbaric ocieonecrosis and decompression sickness, but no relationcship between
the =ites., Mo difference was found between the incidence of dvsbaric
gsteonecrozis in divers who had spinal decompression cicknesz, nor in those who
ronsumed alcohol. There was no significant differance between the incidence on
the right and left sides. ‘
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The problem of diagnosis of indefinite lesions wag in evidence in the abalocne
diver survey. Ferusal revealed both cases of false negative and false positive
results, as well as some indefinite and unclassifiable lesions. Reyiew of som
of the more doubtful films by Dr J.K. Davidson, Radiological member of tha U.
MRC Dacompression Sickness Fanel tended to confirm the diagnosis of our
consultant radiologists.

< T

s

During the survey it became apparent that there was a significant incidance of
severe joint disease amongst the divers and ex-divers.

The non standardicsation of the radiological proceduras, iFrFegular—tan

d-sometimes
absent) radiclogical examinations and difficulties in =storage and repoa i
c
a

ing of

e 7

the X-rays, contributed to the difficulty in assessing the full clini
importance of dvsbaric osteonecrosis in this occupational group. It w
aggravated by the prablematical effecte of selection.

It was well Known, and repcrted frequently to us during this surver, that the
mas* zerisus cases of drsbaric ocsteonecrosis with savere joint disability, hzd
maved away from the diving industry, and were no longer available for
avamination, Also, with sven greater frequency, it was reported that the diwvers
who were 3+il) active in this occupation, but wha had very significant joint
dizability, decided not to have v-ravs of to present themselves during the
zyryey, for fear of medical confrontation and the possibility that action may be
taken to prohibit them from diving on medical groundz.

Another factor tsnding to reduce our reparted incidence of &5 lesions reguiring
surgery, amongst this population, was the evtreme reluctznce of the divers io
yndergo any form of medical azzezement or treatment. Also, alihough the greatsst
number of operaticns were pnerformed on the higp (g% out of &%, it was wery euvidant
from nbzervation of the diversz’ actions {e.g. trying %o 1i+t up 2 glazs or Leer
in the pub?, that in many Ccases the shoulders were greossly affected - but
prezumably the divers were able to tolerate this more than the incapacity of hiz
disezze and the associated immobilication,

Thus, the group of divers whom we 33w werg@@géy zelected, biased to demonsirate
a lesszer significance of this disease. WL

-

One of the common statemenis of those who are affectsd by joint damage of
dvsharic osteonzcrosis, i3 that they feel so much more relieved when wotking
underwater, with neutral buorancy, than trying ta 2ngage in terrestial phyzical
activity where the effects of gravity make the joint symptoms worse.

r scheduled for surgery, but taken by a zhark pre-cperativaly, was to have
a2 shoulder replacement.,

ha

Despite the above factors weighing heavily against eliciting serigus Ccazes oot
dvebaric osteon2crosis, there were a suprising number of cases in which surgery
waz indicated or was being arranged, or who had surgery because of this
dizability within the previocus five vears.

In this population there were five divers whg had hipz replaced because of
damage from dvsbaric cstecnecrosis. In three the operation was Bila
two it waz unilateral,

usze of the diverse nature of the diving, and the isolationist tend i

he divers inyolved, it is very likely that other caszes of bone mecrosis have
quired surgery and hauve had this performed, There is unfortunately n

sgistry which would allow this information to be collated.




In all the surgical cases, hip replacement was performed becaus
cartilege had long since been dastroved i.e. there were no Case
surgary with an intact articular surfacea,

2 the articular
z of “early"

Because there have besn at least 5 divers previously cperated on for A5 dysbaric
ozteonecrosis, and one schedualed $or this treatment, there is a minimum
prevalence of 2.0¥. With nine joints requiring a joint replacement, the
prevalence was 3.0%.

gyiew of the com arative M.R.C. figures revealed an revalencs of 0.0254 for
R p 2
5

both, amongst the 4030 diver

Mone of thece divers had been exposad to helium or saturation diving (McCallum
and Harrison,1%82), and nonz haue been treated with steroids, during
~ecompression therapy (Black et al,1¥5812,

Conclusion: The number of cazes of cevere disability suffered by this
occupational group of divers, appears to be in excess af that reporisd in most
giher series. :
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Chapter ®

PERMAMENT HEARING LOS5 DUE TO DIUING

A REVIEW

Carl Edmonds

E 1 reyi
bv Farmer (17231 and Mcolvaer £19en1.

The anent hearing 1953 in caisson worders has

zatabli deccribed by Eert [1872) and 3nell [1E7&]

Boot (17131 ¢ phrase "caisson worker’s d to de

lozs which was =ither acute or chronic, temparary of permanent.

recently (17711 investigatad caiszon workarz under 40 vears of

that &0% had hearing defects. There was a yariety of reasons wh

should be affectsd with such a high incidence of hearing abnorm

these included barotrauma, deCompressicn sickness, infeciions an

Razsahegyi (197351 demonstrated z loss of hearing in Caisson workers, sgpacially
at the 4k Hz. He alsa found hearing impairment in 1t of hig cases of
decomprezsion sickness, with tinnitus in 3 (17577,

Before 200 vears B.C., ACr ¢ described twmpanic membrane rugiure in divers,
&7 though there wers many tal casze reporiz of permanent hearing 1033 with
diving, the earlier surve; jer= and submariners revealed littie or no
zsignificant permanent he .

Shilling and Everler, in 1742, parformed a Lumprvhpn"vp suryey on auditory
aruity foliowing exposurs 10 pressure in brw( navy submariners. Thew LDHL]UdEd
that an acute and temporary loss of qutu ¥ 4ru|tv Was associated with
sero-ctitis media (ear sguseze, middie 2ar. bar0+rauma) whereas there was littie
or no effect due to exposure to air pressure, pEr S2. Pﬁrmanenf damage to
hearing was said to have been particutarly in the higher freguencies, &nd in
cases where damage to the middle ear had been extensive. They also demonzirated
that there were rare cases of loss of auditory acuity associated with compressed
air illnesz {decompression sicknessd.

‘Haines & Harris [17481 highlighted the ceemingly contradictory st atementa
re

garding the effect that diving had on auditory acuity. They pointed out that
¢ authore claimed a high tane loss, others 3 low tone lossy some stated that
fnecz may be severe and permanent, others that the auditory acuity was
aained in a matter of hours. They also strecsed that an audiogram

anctrating impaired acuity did not necescarily reflect a cause or

tionship with diving activity, unless a previous base line audiogram had
performed. They stressed the common sffects of noise, gunfire, blaszt
ze, etc, They discredited previous warkK on these gro punds and ;er{orr
r oen prospective study on hvperbaric exposure in sybmarine escaps ir
grsonnel.

b
ed

s }
i

Hxiness and Harriz found no zerioc
barotrzuma on auditory acuity unl
urmixed with air, and that deafnes
ozzicles, than of pathological channes. Mi
asymptomatic subjects exposed to hvperbari

icant effect of middle ear

ear was filled with blood
more a result of dampening of the
imal huaPan lose was notsd both in
2 and in those who suffered leszer



grades of middle ear barotrauma. The duration of these changes was not noted,
but the inference was that they were temporary. In those subjects with symptoms
of ear pain associated with compression, low tones may or may not have been
affected, but for freguencies above 2000 Hz, some loss of acuity was usual. 1t
was also noted that improvement of acuity was possible in some, but subjective
sensation or loss of hearing was often an artifact, and that rupture of the
tympanic membrane resulted in an acuity loss of only 3-10 db.

Extrapolation from the absence of permanent effects with a single exposure, to

infer safety with multiple exposures, wWas unwarranted. But that is what
happened. It was analagous to exposing a large number of patients to a small
dose of X, finding no serious effects and therefore concluding that a large dose
of X was safe.

~aias and Knight [1%&01 performed & survey on 54 Rovxl MNavy divers and althaough
there was a demcnstrable hearing loss, they attributed this to gunfire and noisea
damage, as the 11 divers who were not subjected to these had normal hearing.

[ I

&1though one could guestion bath the methodology and conclusions of this survay,
it had the advantags of aszessing experienced divars, and rnot "one time
exposures’.

The hearing losses which were transitory and related to middle ear baroirauma of
descent, were verifisd by later workers, tZannini et 21,1972 Edmonds et

al (177330 . The transitory conductive hearing loss of the lower frequenciss, &nd
the temporary threshhold =hiftc of the higher freguencies, are not subjects
covered by thiz revisw.

Meyertheless, disorders associated with diving werea increazingly being shaown 1o
produce permanent hearing loss. These included noise, by Coles and Kright (19411
and Molvaer &t %1, who reported on trhe inner ear damzge from diving helmetz
[19%21, pressure chambers 112311 and diwing tosle (17511, Decompression SiCHNess
was incriminated by Buhimann and Waldvogel {19¢71, Harriszs [1%71] and Farmer &l
al 119741, Inner ear barotrauma was deccribed by Freeman and Edmands in 1972,
with the pathological concommittants of labvrinthine window fiztula verified b
Edmonds =t a1 (17731, Inner ear haemorrhags follaowed by the deuelopment of
maladaptive naw bone formation was shown to underlie the permanent damage, b
Monev et al [1%831. "

2
e,

Decpite the current acceptance of the diearder of permansznt haaring 1oss a3 an
occupational complication of diving, there'iwas very little evidence of the

incidence of this disorder amaongst divers. The inference from the survers

referred to above was that it iz low. Brady et al [1974] comparing-%7 U.3
divers with camparable ags groups of civilia
due to the military diving environment, the o
of diving equipment used, or the duration of d

o M DT ot

L Mo s

z, showed virtually no dif
currence of barotrauma, t
iving.

g problems with assessing the hearing loss tha
+z with the difficulty in obtaining & popula
3 o the diving. Brady et al uszed U.S. Mavy diver who had as little
experisnce a3 WO months diving. Also, in the same seriez, there was no
indication of the amount of diving, or the tvpe of diving performed by
lation, 2ven though they would have had accurate log books availabl
well kKnown that
water, and a
certainly z0

—F o+

may be attributable to
ion which is adequately
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1

1
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t many U.3, Navy divers may spend relatively lTittle time
great deal of time in their non diving naval pursuits. Thi
2z the diver becomes more senicr in rank,
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That particular survey did demonsirate the hearing assessm
divers but was, carrecily, not used to extrapolate t
diving. The U.S. Navy divers alzc tended to descend
thay thev performed & si @& duty or task, and then
profile would have been s ctad to very little in
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Howsuer, Zannini et al (19721 showad that there was a significant permanent
hearing loss espacially in the 4000-3000 Hz range compared to non-divers. Just
as Coles and Knight attributed the permanent high frequency deafness of many of
their divers to coincidental noise and gunshot trauma in their earlier vears,
<o has Farmer attempted to explain 2annini‘s findings.

Crozz & Mavo [19791 found high fregquency hearing impairment most proncunced at
5000 Hz, much more frequently in North Ssa divers than in non divers, regardies
fud

of the divers’ experience

Molvaer & Lehmann (17851 carried out a cross sectional study on 144 professional
divers. A close correlation was shown to exist between hearing impairment and
increasing age, increasing diving experience and acoustic trauma. The hearing
impairment in divers was more gften in the left than the right, and was

predominantly in the 1eft when the impairment was Silateral, pent wiih the
cbzervations of Rozsahegri and Lang. The harmful effects of cigaretts smeking on
hearing 1o2s was demcnsirated, and many references wer2 oiied yerifying ihis
aszociatian in the 1 1iterature., They concludsd that the hearing of
divers at step than that in a standard populatiaon, probably
dus to sel n the fourih decade of life, however, the high
frequenay zame Jevel as ihe standard mopulation, o jug
of a fzzisr B0 he divers. They also conciuded that smoking
cantributad to the aring impairment,
The ewcellsnt crosz-ssctional zurvey of professional oiw performed by Moluaer
and Lehmann, even though it did chow some probable efdzc of diving, suffsrezd
from having an exwtremsly heteroggncus group of subjectz, a3z admittsd by the
authors. Socme were navy hard hat divers, some Were involved in underwater work
.gcedures, some were deep divers working offshore in ihe zaturaticn profiles,
s others were inzpzction and sha Tow water constiruc i T owaz
that suruey ihat the di from 2 Mo
Z ars (mean=10.Z2, % Was g i

m zscertain whether thers was an appreciably high incidenc
professional divers, a SUrWey Was performed by Edmcnds and

wery special group of 28 profezsional abalaone divers fram
Auztralia. The subjects had performad exteﬁéjbe diving fav

{3000 hours underwater) - camparable to e ewposures of ex
workars, and in conditions in which noise @amage was unlike

for age, over &0X had serious senzorinsural high fregquency

the cases it was unilateral and half bilateral,
Theze abalone divers of Australia were mainly gx~-fishermen who tock up diving
when their traditional fishing becams urprofitable. The average age was 3I7.5
rsp=7.71. 811 spent in excess of & wears full time abalone diving
laverage=13.0,50=2,81.The diving was mainly 15-20 metres depth, 4 hours per dav,
100 dave per vear. Hookah gear was uzed, with the divers parforming strenucous
tasks - dragging the long compressed air hoses and transferring the full bags of
abalone to the boat,
an extenzicon of the Edmonds and Fresman survey i3 reported by Edmonds and
Traugottil?841 in an suztralian Abalone Diver surver. Pure tone audiomelry was
performed after an otslogica) history and evamination on 152 professicnal
abalone divers. The occupational history and otological ascessments were
subjected to a factorial analweiz and showsd minor, but interesting,
azsociations that have previosly been demonstrated by otherz. The effects of age
were as sxpecled.

The =light predominance of hearing 1eozs in the left ear, compared to the right
at 4000 Hz., was statistically but was not clinically significant and was not
abzerued on the "damaged” ears. AN explanation of this wariation beiween sides
involued 3 variation in size of the cochlear aquedut leading to greater



likelihcod of inner ear barotrauma of the left. No support fot this hrpo hesis
was obtainad. It could well have been dus to the right handedness of the ganeral
population and the hearing loss following rifle shooting (left ear bzing
affected predominantlyd.

The major in
freaquencie
tract. The ef
1000 Hz. freg

fluence of moderate alcohol intake was not great and was in the low
s 500-2000 Hz., perhape due to its effect on the upper re=pxra+orv
af smoking waz even less, reaching significance anly in the

The hearing loss was savere in 42% of divers, slightly more Bilateral than
unilateral.

COMpArison Was ma
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& de of the hearin ralian abalone divers who had
extensive diving experience, with those who were of 3 more hetlerogencous grodo
deccribed by Malvyaer and Lehmann, The abalone divers had & much more extenzive
hearing 1oss than the Morwegian professional graoup, In the 4000, 4000 and 2000
Hz, but without any of the acbwious explanaticns that could be used to desaribe
the damagz in the Norweglan gGroup, e.g.helium and de=p diving, noise EXDOIUTE,
gunfirs, ¢,

foalane divers were more comparzbie 1o the caisson workers, in theip degrez o7
gxposure to hypearbaric coanditicnz, and showed a similar intensity of hearing
impairment,

DISTUSSION

The one resz) argument against moct of ihe survers which have looked at hearing
lozz dus to diving, was that there was Titile attempt to estimate ihe actual
time spent underwater.

& comparison of the hearing shtandards performzs during oh
divers is very difficult fo interpret, This iz gspeciall 3 SucCh
a great variabitity in the twype and amount of diving g fferent
samples being chesan. GfF the more recent suryeys, COME ser and
Lehmann’s divers anal bui had a vari % ving,
showed the hearin 25 lass :zgnl+|c1n+ and -

demonstrated by dz abalrn€‘u1u~r= who been expos G An
extensive diving pErien 1d the e$urn seem that, on the basis of the
amount of diving exposure, Molvaer and Lehmann’s Qroup would be similar to
Zannini‘s and intermediate in exposure between those dzscribed by Brady gt al
tlgzz expesure) anc omonds {more eXposure’,

The Australian group of abalone divers re analogous in many respects o
caizson workers dezcribed by previoc nicians. They nad undertaken a gré
dexl of exposure to drsbaric candit f were more likely to
suffer the consequences of decompre than their
mare conservative counterparts in o juing dut\Ulti-E - such as
navy divers, oil rig dlUPFE ztc., B ge and their relative
freedom of exposure to noise environ sives (this group were
bacically fishermen? znd becauze thav did not wear helmets and rarely were
expozed to recompression chambers, it is more difficy 1+ to dismiss the auditory
deficit, as has been daone with other diving groups. There was no recent diving
exposure to explain the deficits on the bazis of a temporary threshhald shift,
and no evidence of middle =ar baratrauma on ctazcopw. They did not use helium,
and rarely emploved any underwater tool louder thanm an abalone iron.

Lith the above results, Edmaonds agrzed with the Ttalian workers, 2annini et al,
in claiming that high freguency sensorineural hearing loss is an occupational
dicease of compressed air divers, and that its incidence is statistically

significant and clinicaliy seri
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Permanent hearing loss may result from compres
affecting the high frequencies.
barotrauma and decompression sickness.
noisze exposura (compression chambers, helmuts

It may result from the d

sed air diving, especially
ysbaric disorders

and underwxter tools), and

of

()]

Contributary factors include infections,

explosions.
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CHRONIC ENT DISORDERS, SURVEY RESULTS
Car) EDMONDS

Results

The range of normal hearing for an Australian population, measured by pure tone
audiometry in good listening conditions has been presented in tables, correctied
for age, by the Mational Acoustics Laboratory ¢1774). Any sensorineural hearing
lozs greater than the acceptable or normal hearing loss for each age groud, in
excess of these figuresz is conzidered compensatabile,

lez nf normal hezaring, ihe

s
m

In comparison to the Mational Acocusztic Labaratory sc
52 zbalone divers had the following H

i bese o . Co -
Mormal hearing 33 divers 224
Hearing logs 117 divers 7E4

04 the divers who do have hearing 1 according to the MLALLL K &8
haye bilateral hearing 1033, 1&% have right =ided hearing Toss,

jeit zided hearing 1283,

14 ane consicders the Ausiralian Ztandards Assoli on for ins
minimum 1.S5.0. standard of hearing for divers an warkers, ithan
&3 2474y of the 132 pro gessignal abalone divers hearing
lgss, and should not have continued diving. Of

senzoringyral aring loss and klz o be

Gitateral sensorineural hearin and 2

zensarineural deafnesz, There thecs

deafness, dus to ot lercsis, had a

1n an attempt to asz2ss the aeticlogy of the sencsorineural hezaring

recourze was mads to the clinicx) history and examinatich ot the = gctz,

toc the diagnosis 2as made by consultant otologizts to whom the diver had Desd
referred either prior to the survey, or5QQHTng it,

CALSES :

Gtitic baro

A

brauma - 14
2

1

Decompression sickness - @
MNaise—explosion ar indusirial deafness - 11
Multiple causes - multiple aetiologies - 15
Mizcellaneous trauma {(mastoid operation,l; head injure, 2y otasclorosiz, i) -~ 4
Mo astiology discernible = i@
Infections - 2

Total - 58
Tinnitus was note concurrently
linked with the cts,
barotrauma, #3C. r jtus, which
were unassociated with heard z s0C 2 i 3 rauma sffects,
cften recurrent. In two oihers, it was associated with other trauma,
zpecificaliy gunfire and "pop muszic" concerts. Thers were 2 casss of recurrent
perforated tympanic memoranes, not included in the above group, because thers ws
nat, by definition, & hearing loss in excess af the Ausiralian Standards
Azzcciation criterion. There were aiza S caszes of recurrent performated trmpanic
membrane ruptures, that were included in the above S8 divers.

Apart fraom the 352 audiological impaired divers, there were other chronic ear
problems, including € cazzes of recyrrent vertigo azzaciated with ascent, one
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with descent, and 3 following decompression sickness - none of which showed pure
tonz audiometry impairment,

Many of the above cazes of purz tone audiometry impairment also complained of
tinnitus and occasional or frequent episades of vertigo associated with dv sharic
changes.,

Cne case of vertigo was associated with carbon monoxide toxicity, without any
hearing loss.

11 cases suffered symptoms consistant with temporo-mandibular joint— gysfunction,

/

i.e. pain or restriction of movement of the jaw following repeated or &X tanded
diving operations.

ra

| ve

[
o
n

of the divers, the d
ion of impending

G lopmen
ansat 1oss of C

of which 10 ware associated with
k]
i

emploved regular

R . - -
voby 21 ot

c zinusg

Ttigatis
Concluszicntl:
There i z great dexl of chronic E.MLT. pathclcgy Withn cefurtEnt
diving, varying from the very high incidence of zensorineural deafhess,

pspecially associated with middie ear baro;wauma and itz inner ear saquelae, bul

alss including cccasional cases of decomprg.sipn zsicknessz, The other pathology
includes physiological problems zuch as vérfﬁgb and tinnitus, together with
cccasional cases of nausea and vomiting azdcciated with vestibular dysfunction.

ology includes temporc-mandibutar jeint dwvsfunction, chronic
nd ctological infectionz.




CHAPTER 10

FACTORIAL ANALYSIS OF HEARING LOSS

IN PROFESSIONAL ABALONE DIVERS

Carl Edmonds and Frans M. Traugott




Despite the current acceptance of the disorder of permanent hearing loss as
an occasional occupational complication of diving (Edmonds et al, 1973;
Farmer, 1983), there is very little evidence of the relative incidence of
this disorder amongst divers.

Shilling and Everley (1942) performed a comprehensive survey on auditory

acuity following exposure to pressure in U.S. navy submariners. They
investigated 2751 men taking part in a 50 p.s.i. pressure test—and
evaluated the effects of those who developed aero-otitis media (middle ear
parotrauma) with those who did not. Of these, 1866 were taking it for the
first time. They concluded that an acute loss of auditory acuity was
associated with aero-otitis media, whilst little or no effect resulted due
to exposure to air pressure, per Se. Permanent damage to hearing was
thought to occur particularly in the higher frequencies, and also in cases
where damage to the middle eatr had been extensive. Further, they
demonstrated rare cases of 1loss of auditory acuity associated with
compressed air illness (decompression sickness).

Haines and Harris (1946) carried out sudiometry pre and post pressurisation
on 6149 U.S5. navy personnel. They found no serious Or significant effect
of middle ear barotrauma on auditory acuity unless the middle ear was
filled with blood unmixed with air, and then the deafness was more a result
of dampening of the ossicles, than of other pathological changes. Minimal
hearing loss was noted in some asymptomatic subjects exposed to hyperbaria,
and sometimes in those who suffered lesser grades of middle ear barotrauma.
The duration of these changes was noted, but the inference was that they
were temporary. It was also observed that: improvement of acuity was
possible in some, subjective sensation or loss of hearing was often an
artifact, and rupture of the tympanic membrane resulted in an acuity lose
of only 5-10 Db.

By contrast, Coles and Knight (1960) described a survey on 54 Royal navy
divers and although there was apparent hearing loss, they attributed thit
to gunfire and noise damage, as 11 of the divers who were not subjected t«
these stresses had normal hearing. Although one could question poth the
methodology and conclusions of this. Buxvey, it had the advantage o
assessing experienced divers, and not""one time exposures”. The inferenc:
from the study above is that there 1is jittle or no permanent hearing los:
due to diving.

However;, 7annini et al (1972) studied hearing 1o0s8sS in 160 professiona
divers, mainly from the Italian military forces. They described
permanent hearing loss especially in the 4000-8000 Hz range in diver
compared to non-divers. They concluded that the perceptive (sensorineural
hearing loss was significantly related to the years of professional divinc
and to the difficulty in equalising pressure in the middle ear space.

Just as Coles and Knight (1960) attributed the permanent high frequenc
deafness of their divers to coincidental noise and gunshot trauma in the]
earlier years, SO has Farmer (1983) attempted to explain zannini ar
colleagues' findings.




Further studies by Brady et al (1976) compared 97 U.S. navy divers with
civilian audiometry standards for comparable ages. The study examined the
relationship between audiometric characteristics and a number of variables
including the years of navy diving experience, previous noise exposure,
previous barotrauma and types of equipment used, e.g. SCUBA or helmet.
They showed virtually no differences in hearing due to the military diving
environment, the occurrence of barotrauma, the type of diving equipment
‘used, or the duration of diving. The navy diving experience ranged from
two months to more than ten years. They concluded that diving performed by

the United States navy, in general, did not have a detrimental effect upon
hearing.

Cross and Mayo (1979) found high frequency hearing impairment, most
pronounced at 6000 Hz, much more frequently in North Sea divers than in non
divers, regardless of the divers' experience.

A more recent study performed by Edmonds and Freeman (1985) reported an
audiometric survey on 28 very experienced Australian abalone divers,
averaging 5200 hours underwater. Over 60% had severe sensorineural hearing
loss, half unilateral and half bilateral. That preliminary study was then
repeated and expanded into the current text.

At about the same time, Molvaer and Lehmann (1985) described data collected
from Norwegian male professional divers with a heterogenous age, diving
experience and diving practice. This was the most extensive and carefully
analysed survey, to date in the literature. It comprised 164 divers, with
an average age of 30.9 8.4 years, with a mean total number of diving years
of 10.2 + 7.8 years. The co-variance of age and diving experience was SO
closely associated that either could be used alone without changing any of
the results. The conclusions drawn by Molvaer and Lehmann was that
hearing at a young age is better in divers than in the standard population,
probably due to selection procedures for the diving profession. By the
fourth decade of life, however, the high frequency hearing in these divers
is at the same level as the standard population, suggesting a faster
deterioration of hearing in divers. Also it was thought both smoking anc

noise exposure were factors contributing to the observed hearing
impairment. ,

LB '
Cigarette smokers comprised 47% in this:‘group, with a mean loss of 5.5
decibels. When adjustments were made for the effects of age, diving
experience and history assessment of noise damage then effect due tc

smoking revealed significant differences.

No other possible factors contributing to hearing loss from diving were
analysed in their report. These apparent omissions included the incidence
of decompression sickness, or other factors that could have aggravatec
decompression sickness such as alcohol intake, the body mass index and the
decompression profiles being used. Also the actual amount of diving beinc
performed (as opposed to the number of years in which the subject has beer
classified as a diver), i.e. number of diving days per year and the hours
per day was not evaluated.




Methods

Professional abalone divers numbering 152 of mixed sex comprised this

study. (For a detailed description of the methods applied to this study,
refer to chapter 3.) They were all examined by pure tone audiometry using a

_recently calibrated Angus & Coote S.A.3 pure tone audiometer in a sound
_protected area, measuring hearing loss from 500 Hz to 8000 Hz I.S.0. in
accordance with the Australian Standards Association. There was no recent -
diving exposure to explain the deficits on the basis of a temporary
threshhold shift, and no evidence of middle ear barotrauma on otoscopy.

Statistical methods

Statistical analysis was carried out on a PDP VAX 11/750 computer using a
suite of analytical programs including BMDP, Spida, Glim and Minitab. For
inferential comparisons of diving related parameters and audiometric data
standard Student's t-test, Chi-square, Analysis of Variance with repeated
measures and stepwise regression procedures were employed(Snedecor &
Cochran,1980;Sokal & Rohlf,1969).




Results
Diving and personal profile

Diving data and cigarette and alcohol consumption figures obtained from 152
professional abalone divers are shown in Table 1. All parameters described
‘with the exception of decompression sickness, alcohol and cigarette
consumption are normally distributed, the latter being positively skewed.

This group, averaging 38%7.8 (+ standard deviation) years of age, had been
diving with compressed air for approximately 16.1+7.75 years of which the
last 12.1+7.12 years of diving experience was largely undertaken by diving
for abalone. On a typical diving day, this group would dive on average to a
maximum depth of 50 feet for 5.2+1.05 hours per day. This routine would be
repeated for 106+30.3 days per year thereby resulting in a total abalone
diving experience for this group of 6669 hours. Recorded social habits
indicate that 12.6+7.0 cans (375mls of about 5% alcohol) were imbibed per
week, whilst 7.1+13.3 cigarettes were smoked per day. The number of smokers
in this group totalled 50 (or 33%).

The corresponding diving and social data for ages 20 to 29, 30 to 39, 40 to
49, 50 to 59 and 60 to 69 years are shown in Table 2. Not surprisingly,
abalone and total diving exposure differed significantly between age
groups(P<0.05); the more senior age groups displaying a greater-diving
experience. Although not significantly different between groups, the number
of episodes of decompression sickness was less in both the 20 to 29 and 50
to 59 year age groups. Alcohol intake in the 50 to 59 year age group also
appeared less than that of the others ; this group did not smoke. There
were no other age related differences revealed in the diving history.

Effect on hearing performance

The mean hearing levels(decibells) according to ear, age and audiometric
frequencies measured are shown in Table 3 for the same divers reported in
Tables 1 and 2. There are no statistically significant age related
differences in hearing acuity between the left and right ear at any single
frequency measured in this study. Nevertheless, hearing acuity showed a
marked detioriation in both ears withfipcreasing age(P<0.001). Further
hearing loss was greatest in the 4000 to 8000 Hertz frequency range.

The overall effect of these hearing levels when compared with the minimum
acceptable standard level of hearing in divers is shown in Table 4.
Significant hearing losses occurred in 15 to 26% of the divers at high
frequencies, whilst 1 to 6% of divers had hearing losses beyond acceptable
levels at low frequencies. Chi-square analysis revealed no preferential
loss in hearing performance between either the right or left ears at each
frequency, despite, at high frequencies a larger number of divers displayinc
less than the admissable level of hearing in the left ear, than in the
right. At low frequencies the converse was true.

"In order to determine the extent of unilateral or bilateral hearing
impairment in any one diver, a count of the number of divers having
demonstrable hearing impediment (as defined by the Australian Standard) at




one or more frequencies in either the left, the right or both ears was
recorded (see Table 5.). Of the total group studied, 88(or 58%) were free
from any hearing loss. Of the remainder, the majority (33 or 22%) were more
affected in the left ear, whilst 9(or 6%) showed equal loss between ears.

A further analysis of potential disparity in hearing between ears was
_performed using a paired t-test on the raw hearing scores of either ear,
not corrected for the Australian Standard (Table 6.). The only frequency in

which a difference between ears occurred was at 4000Hz; in this case
revealing a greater hearing loss in the left than in the right ear.

Relating the diving and social parameters to possible causes of hearing
loss in these divers a stepwise regression analysis was performed for each
ear and each frequency independently. The results are shown in Table 7. An
overriding feature of these results is the strong effect of age on hearing
loss at most frequencies in both ears. When age is accounted for in the
model, alcohol and to a lesser extent abalone diving seem to affect hearing
in both ears at low frequencies.Notwithstanding, there is a suggestion that

body mass index may in some way be related to hearing loss at high
frequencies.




Discussion

A comparison of the hearing standards performed during the different
surveys on divers is very difficult to interpret. This is expecially
because there is such a great variability in the amount of diving
performed, in the different populations being assessed. In the earlier
. work, one exposure was enough to warrant inclusion in the survey. Even in
_the later series there was often no estimate of the amount of diving.

In fact, the one real argument against most of the previous surveys which
have investigated hearing loss due to diving, has been the absence of an
estimate of the degree of diving component.

For example, Brady et al (1976) used U.S. navy divers, some of whom had had
as little as two months diving experience. It is well known that many U.S.
navy divers may spend relatively jittle time underwater, and a great deal
of time in their non diving naval pursuits. This is certainly so as the
diver becomes more senior in rank. Nevertheless this study did illustrate
the auditory acuity of U.S. navy divers, but could hardly be used to
extrapolate the effects of extensive diving on this acuity. Further, the
U.8. navy divers tend to descend to a certain depth, at which they perform
a single duty or task, and then ascend. Such a diving profile would be
subject to relatively little barotrauma stress.

Another major problem in assessing the value of the surveys available, is
the diversity of diving experiences cited. Helmet and chamber diving would
presumably predispose to noise damage, deep and helium diving to
decompression sickness, shallow air diving to middle ear barotrauma.
Attempts to analyse these data independently, result in a great reduction
in the numbers available to reach significance.

The excellent cross-sectional survey of professional divers performed by
Molvaer and Lehmann(1985), even though it did show some probable effects of
diving, suffered by sampling from an extremely heterogenous group of
subjects, as admitted by the authors. Some were navy hard hat divers,
whilst others were involved in underwater work procedures, some were deer
heliuw divers working offshore with saburation profiles, whereas others
were inspection and shallow water construection divers. It was apparent in
their survey that the diving range was from 1 to 43 years with a mean
duration of 10.2 years and a standard deviation of 7.8. There was no
indication as to the frequency of the diving performed in this series, but
presumably some were very experienced.

As most of the surveys did not estimate how much actual diving was

performed, it is hard to draw conclusions regarding the effects of extendec
diving in auditory acuity.

Comparison of the hearing loss of abalone divers who had extensive divinc
experience, as described by Edmonds and Freeman(1985), with those who were
of a more heterogenous group described by Molvaer and Lehmann(1985),
highlighted the much more serious hearing loss in the Australian abalone
divers than the Norwegian professionals in the 4000, 6000 and 8000 Hz, but
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without the variety of explanations that could be used to explain the
damage in the Norwegian group, €.9.s noise exposure, gunfire, etc. The
same could be said for the survey of zannini et al (1972).

The current survey was designed not only to ascertain the degree of

. auditory acuity, but also to correlate this with a variety of otological,
—gocial-and-diving parameters. In this survey, the professional abalone

divers of Australia were maiﬁlywéiifishermen~who took up diving when their

traditional fishing became unprofitable. There was no element of litigation
or compensation as the divers were all sel f-employed.

This group of divers were analogous in many respects to caisson workers
described by previous clinicians. They had undertaken a great deal of
exposure to dysbaric conditions, and therefore were more 1ikely to suffer
the conseguences of decompression sickness and barotrauma, than their more
conservative counterparts in other professional diving activities - such asg
navy divers, 0il rig divers, etc. Because of their age and their relative
freedom of exposure to noise environments and explosives fthis group wer:«
pasically fishermen] and because they did not wear helmets and rarely wer
exposed to recompression chambers, it is more difficult to dismiss th
auditory deficit,as has been done with other diving groups There was n
recent diving exposure to explain the deficits on the basis of a temporar
threshhold shift, and no evidence of middle ear pbarotrauma on otoscopy
They did not use helium, and rarely exmployed any underwater tool loude
than an abalone iron.

-

**The authors gratefully acknowledge the statistical advice given by
Michael Jones, Clinical Computing Division, and the secretarial assistanc
of Ms Sarah Burns, Department of Anaesthetics;, Royal North Shore Hospital
gt Leonards, Australia.



Table 1. Mean (£SD), minimum and maximum values of diving profile, alcohol

s

and smoking habits of 152 professional abalone divers.

PARAMETERS MEAN SD MIN MAX

Age (years) 38 7.8 23 63

Body mass index 25.0 3.01 18.9 33.4

Total years diving l6.1 7.75 0.4 35.0
(years)

Total years abalone . 12.1 7.12 0.1 31.0
diving (years)

Maximum depth dived 50 17.9 15 100
per day (feet)

Duration of diving 5.2 1.05 1.5 9.0
per day (hours)

Days dived per year 106 30.3 28 200
(days) '

Decompression sickness 4.1 12.16 0 99
(number)

Alcohol consumption 12.6 7.0 0 70
(cans per week)

smoking 7.1 13.3 0 99

(cigarettes per day)

SD = Standard deviation of the méan, MIN = mimimum value, MAX = maximum
value.




Table 2. Mean (+SD) values of diving profile according to age in the
same 152 abalone divers as in Table 1.

AGE (years)

PARAMETERS 20-29 30-39 40-49 50-59 60-69

n 24 61 57 9 1

Age (years) 27 35 43 54 63

(1.8) (2.9) (2.7) (2.6)
Body mass index 23.5 25.1 25.2 26.9 24.4
(2.86) (2.92) (2.97) (3.50)

Total years diving 8.4 13.2 21.8 21.1 15
(years) (5.56) (6.21) (4.4) (10.7)

Total years abalone 4.6 9.9 16.9 16 .7 15
diving (years) (4.05) (6.39) (4.36) (8.56)

Maximum depth dived 56 46 53 52 30
per day (feet) (20.5) (18.7) (15.1) (17.0)

Duration of diving 5.2 - 5.2 5.3 . 5.5 4.5
per day {hours) (1.26) (1.08) (0.95) (1.02) ,

Days dived per year 117 105 102 105 140
(days) (33.2) (30.1) (30.3) (18.7)

Total abalone diving 2675 5001 8885 10632 9450
experience (hours) (2503) (3517) (3755) (7830)

Decompression sickness 0.9 4.7 5.4 1.3 0
(number) (2.43) (15.9) (10.7) (2.35)

Alcohol consumption 10.0 13.8 13.9 4.3 0
(cans per week) (9.69) (16.2) (16.3) (11.6)

Smoking 6.1 5.7 10.0 0 20
(cigarettes per day) (8.94) (10.6) (17.3)

n = number of observations, figures 1n brackets are one standard deviation
above and below the mean. Wit
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Table 3. Audiometric hearing levels(decibels) at several frequencies in
both the left and right ear described by age group in 152
abalonedivers.

AGE (years)

FREQUENCY (Hz) 20~29 30-39 40-49 50-59 60-69
n ' 24 61 57 . 9 1
Left ear
500 16 15 15 14 30
: (12.1) (11.3) (8.0) (6.8)
1000 11 13 16 16 35
. (4.6) (11.2) (9.4) (6.0)
2000 10 15 16 22 50
(7.8) (12.9) (11.3) (11.7)
4000 15 26 40 57 60
(8.5) (21.9) (24.1) (22.8)
6000 32 34 49 67 65
(21.1) (19.2) (24 .4) (27.1)
8000 28 30 44 71 100
(21.0) (21.2) (27.6) (28.7)
Right ear
500 14 14 19 22 60
(7.2) (7.8) (15.8) (11.2)
1000 10 12 18 27 55
(7.6) (6:%.  (15.8) (16.4)
2000 11 13 =7 19 24 75
(6.5) (11.0) (17.2) (17.6)
4000 16 20 34 56 100
(14.0) (17.1) (25.0) (27.0)
6000 27 31 45 76 100
(15.5) (18.1) (25.6) (25.2)
8000 23 30 42 62 100
(16.5) (20.1) (27 .4) (32.9)

n = number of observations, figures in brackets are one standard deviation
above and below the mean.
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Table 4. Number of professional abalone divers in this study displaying
less than the minimum acceptable standard level of hearing in

either the left or right ear as measured by audiometry
at different frequencies.

AUDIOMETRIC - HEARING | 5
FREQUENCY STD LEFT RIGHT® )( P
(Hertz) (dB) (dB) (dB)

500 40 3 6 0.1 NS
1000 35 2 7 0.1 NS
2000 35 9 6 1.3 NS
4000 45 37 23, 42 .4 NS
6000 50 40 35 41.4 NS
8000 50 40 32 49.1 NS

dB = hearing level measured in decibels, STD = minimum standard level of

hearing (Australian standard A82299),§§ﬁ(= comparison of Chi-square values
for the difference between acceptable dnd unacceptable hearing levels ir
the left and right ears at each frequengy, P = probability level,

significant.

A

\-d%'.ﬂy.l

2

12

NS = not




Table 5. Counts of the number of abalone divers having appreciable hearing
l1oss (determined by Australian Standard AS2299) at multiple
frequencies in the right,the left or both ears.

Right ear

Number of frequencies

Left ear

No. of 0 1 2 3 4 5 6 Total
frequencies

0 88 3 4 0 1 0 1 97
1 10 2 1 1 0 0 1 15
2 5 1 1 3 1 0 0 11
3 4 4 4 6 2 0 1 21
4 1 0 0 3 | 0 0 1 5
6 1 0 0 0 0 0 0 1

Total 110 10 10 13 4 0 4 151
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Table 6. Statistical comparison for hearing acuity between left and right
ears at different frequencies in the same total group as in Table

FREQUENCY P
(Hertz)

500 NS
1000 NS
2000 NS
4000 <0.05
6000 NS
8000 NS

Statistical comparison between right and left ear performed

using paired t-test. P = probability level, NS = not significant.
values for hearing are raw scores uncorrected for the Australian
standard.
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Table 7. Dependence of diving and social parameters and hearing acuity
in either the left or right ear measured at different frequencie:

FREQUENCY  LEFT F ~ RIGHT F
(Hertz) EAR EAR
500 Alcohol 7.23 Age 12.78
1000 Abalone 11.74 Age 29.25
diving
Alcohol 8.30 Alcohol 3.89
Smoking 4,98 Abalone 3.95
diving
2000 Age 14.16 Age 23.23
Alcohol 5.71 Alcohol 5.50
TADH 4.62
4000 Age 50.79
. MDD : 4.07
6000 Age 32.37 Nge 52.4
BMI 7.72 ’
8000 Age 32.04 Age 40.23
BMI 7.32 BMI 5.89

Statistical analysis carried out using stepwise regression, F = F test value

MDD = maximum depth dived per day, BMI = body mass index, TADH = total hou
spent abalone diving.
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Chapter 11

RECOMMENDATIONS REGARDING OTORHYNOLOGICAL PROBLEMS.

lWhen an otological consultant wag available during the survey, it was found that
sbout one third of tha divers either required or requested a consultation
because of current ptological or paranasal problems.

An appreciable number of the divers suffered from difficulties with routine
middle ear equalisation during descent. This was surprising as one would have
thought that natura) selection would have removed such subjects much earlier in
their diving career. Froblems such as hay fever, perennial vaso-motor rhinitis,
post-nasal drip, chranic nasal obsiruction, cinus abnormalities,etc., were
widespread.

The sequelae of these naturally cccurring disarders included the folloeingi-

The use of decongestants, both in spray and cral forms.

Middle ear barcirauma of dezcent (eapr zque=izl.

Middle ear baroirauma of ascent (reverssd 2ar).

Jeptigo, especially during ascent falternobaric vertigol.

Fermanent inner ear damage.

Mazal and paranasal pathology including nazal palrps, zinus polyps and
mucocoeles.

The moet sericus prablem was that of sensorineural hearing lazs, and its
associated tinnitus.

The magjor recommendation is that
annually by a clinician vnowledgea
ammendaticon iz that many ot the

r

c
ficient wars of egualisin

2o
re sf the sz
z during descen, 2
< which may then produce ather patholoox
.F

ascent.

including the predilection

Particular attention =
diving medical gxamina
azsacsment, by an otol

d be paid to theactological pr
El e

nd this shgpfﬂ”bg cupplemen
specialist wherindicated.

ohlems duri
ted

I
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1t is recommended that professional divers undertake a pur
encompazsing at leagt the range S00 to 2000 Hz. In many Case
iz in one or more of the 4000, 4000 or 800O Hz. rangg, wit
at 4000 Hz.

one audiometiry,
, the only damage
he greatest problem

W

=2
~ 13

With the preventative measures of adsgquate inctruction in middle ear
autoinflation, the initial base line pure tone audiogram and the annyal
sudiometric assessment to ensure 0o progressiaon of hearing loss, it should be
possible to reduce or even completely prevent a great dexl of the otological and
paranasal pathaloqyr gxperiznced by this cgccupational group.




Chapter 12

NEUROPSYCHOLOGICAL DAMAGE WITH DIVING.

CAUSES AND RECOMMENDATIONS

Carl EDMOMDS

Thi

iz survey applied itself specifically to investigating the chronic or long term
neurclogical sequelae of compressed air diving. There were, however, Many
ccmplaints made regarding the short term gffects, lasting cver =ome hours and
following the diving operation. 1t mav well bz that the short term gffects have
a long term component to them, however is not Known.

It is also possible that the divers will not show a great deal of changs at this
ztage, but will show an earlier development of the uszual signs of zenility and
dementia. This could only be demonstrated in a prospective survay.

1t would be of interszt to repeat many of the investigations that have been
‘carried out in this survey, and on the same divers, during a later stage In
their occupational exposure,. Eithar the zame or parallel forms cf the same
testz, could be emploved. Al=o the use of more sophizticated inwestigations sudh
az Fositron Emission Tomegraphy or Muclear Magnestic Resonance may be of value in
slucidating brain damage in the future.

scts ars as

The possible causes for both short term and long term'psycho1agica1 eff
Tia

Carbon menoxide and other oas caontaminants.

Carbon monoxids is a toxic gas bDecauss it combines with the hasmoglokin in the red
cells, together with other enzymes in the Sody. Thiz results in an interferenc
With the ability to transfer oxvgen and to yse it within the body tissues.

.

The effects from carbon monoxide can be ve /ﬁba%}ed, including such symptoms as
mild or moderate confusion, dizziness, sxhaustion and breathlessness, headaches,
stc. Only in the szvere cases, will unconseiousness develop. The symptoms will
tend to disappear over a matter of hours after the contamination.

D

Ereathing gaz contaminants, can be produced by inefficient air compressors, and
are not able to be adequately corrected by any Known filtering sretem. A
contaminant which is in the air prior to compression, or added during
compression because of a fault in the system, or contributed by the storage
system, is 1ikely to soon cverload any conventional filtering mechanism.

Carbon monoxide can, together with yarious nitrogen oxides, be produced by ths
following methods:-

Carbon monoxide contaminmating the air being comprezsed, 1.e. an cutzide sourceE
cuch as a COMpressor or A& nearby motor. The commonest cause of carbon monox i de
contamination i3 the incorrect positioning of the sir intake, so that air iz
collected together with the exhaust of the compressor.

%, IWhen oil inp the compression cvlinder ie combined with high temperatures, t
oil will burn ¢(flashing? or break down tcracking?, into carbon monoxide with
without hvdrocarbons. 7 axceszive heat may be due to irregularities in the

cylinder, rings or piston, causing increazed friction t(hot spots:. Hext may also

be produced by the following

ha
ar
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restriction of the compressar intake, e.g. dirty filter, excessive length
or inadequate width of the intake pipe, Kinked intake hose, etc.

Under these conditions the final compression stage must compensate for
the lessened intake, with a high compression ratio.

(by leaks between the compressor stages, via piping, loose fittings or head
gaskets, or around the piston, will alsc require higher final stage
compression ratios.

n

ic) compressor valve leakage between the stages.

¢d) general or local gverheating beyond the compressor’s design limits.
Any inequality or impairment of the cooling system can cause this.

Air contamination from residues within the storage vessel or bottle i2 not COMMON.
Reziduez of cleaning and scouring materials and scale formzd by ruzting <an
contribute vapour or dust if the cleaning operation is not conducted properiy,

torage vessel is allowed to d riorate. Water may be

or if the cylinder or
i

= v g
introduced into bottiss if they are left open atter u

L]

Hyvmowia from salt water azpipraticn and near-drowning.

Thiz iz particularly likely to happen with the Hook =53
akalane divers, because of the relatively low gr A = has
some heneficial effects in reducing the wear on r 2 of
regulatore which are suited to thiz eguipment. aBes lats e
yery likKely to produce sait wat baczuze of the poziticon of the
demand valve and the exhausi va ~ lzaks into the sxhaust walue
when it doss not function adequ nen likely to be inhaled as 3 tin®
zeroeal sSpray.

Attentian to the regulator i3 required, and when the diver dees notice the
zymptoms of salt water aspiration, then either the regulaior should yndargc 2
f311 maintenance correcticn, of be changed to morz catizfactary equipment. 1% is
possible that divers wWwith a conztitutional przdizposition to bronchiclar
reactivity may react more to the sea water =pray, than others.

<t divers are now aware of the symptoms of zalt water
symptoms of shivaring or "feyer", anorexiafsmauzea af
=] s Loy s
d

spiration, including the
yemiting, mild

aches and weakneszs.
by the next dav.

o

g

a
)
yspnoea, cough, sputum, headaches, ma]a%éé»énﬁ general
Thevy are alzo aware that thess zymptoms arg normally ab

Hypothermia,

Eacause theze divers have to be expos=d to such cold water, often bzlow 5 degr=es
Centrigrade, and because of the extendsd time under the water, hypothermia is
not uncommen, DRy suits are gxpensive and not suitable for thz rough work of
sbalone diving. Some of the divers have shown innovative technigues bv utilising
hot water flow berneath the wet suits, supplied from the diver’s compressor.,
Unfortunately, this is not practical in ather areas, and therefore hypothermia
iz probably a zignificant hazard with great deal of abalone diving.

The =ffects of hypothermia producing toxiconfusional states, disarienfation and
amnesia, 12 well Known. 14 the deep body temparaturs2 iz less than 33 asgress
Centrigrade, there iz an impzirment of speesch, fivation of ideas, =sluggish
reaction time and mental impairment. Deperzcnal isation, amnesia, confusian and
delirium are possible. Unconsciousness s not likely until the deep body
temperature drops much lower than this, e.g. to 27 degress Centrigrade or lesz.

Decomoression SicKRess.

The incidence of decompression sicknees, and itz relaied dvsbaric osteonecrosis,

demonstrates thie group of divers is particularly prone tg this disorder. 1t is
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certainly consistent with their diving profiles, and it is rather surprising

that there is nat a greater incidence of decompression sickness., Nevertheless,

sometimes neurclogical manifestations are evident when the symptoms suggest only
1

minor joint "bends". Thare have even been cases of undoubted and clinically
significant neurclogical damage from depths as shallow as 10 metres. The brain
damage that may be possible from this disorder has been demconsirated, although
there is inadequate evidence yet that this damage is cumulative,

Dehvdraticn,

In many cases the divers appear to have a very inadequate fluid tntake; sometimes
being restricted to a cup of coffee in the early morning before boarding their
craft, and having little or no fluid between then and returning to the dock,
come 4 to B hours later. This in itself, is likely to result in a very
significant dehydration, but when one adds some of the other fzctors that thev
are exposed to, this praoblem is accenmtuated.

Tmmarsion creates a condition which reszembles the gravity free state gupsrisnced
kv astronauts. Changes occur in the circulatory system, resulting in weakness
and orthoztatic intolerance. Immersicn reduces the wolume of pocled blood in ihe
leg veins. Also peripheral vascconsiriction will occur in responss to any cold
sirezs. These cauzz & cantral Hlood wolume increase, leading fo a watesr diurssis
{increaszzd urine cutput? and hasmoconcentration due to a reduction in plasms
velume. Alza, the breathing of compressed gas i3 likely to aggravate the fluid
losz from respiration.

Anather factor with abalone diving, is that often thers iz an increasad EHErCiSE
demand, with increzazed sweating and increased respiration. Again, both result in
a fluid loss with dehvdration.

RECOMMEMDATICNS

Short term nzurcpzrycholonical sffects :

An investigation may be indicated into the short term zffecis of exisnzive diving,
as performed by abalone divers. This could be achieved by a small group of
investigators travelling with the divers during their occcupational activity, or
alternatively meeting them on the wharf immediately following their return, and
before they have resgained their normal fupchicning.

Wt .

The investigations would have to include come® form of psychometric tesiing

“including short tests such as the Wechsler vi=inry Scaled and ather
elf-ascessment questionnaires, togather with anvw gelectrophysiological data that
mav be available f(e.q. electroencephalography?, deeg kodw temperature amnd full
Giochemical and haematclogical screening.
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Decompr and Oxvaen Use

1t would seem prudent to avoid dangerous decompression profiles as much as
possible, making allowance for the occupational exigencies., It iz of ncte that
great number of the abalcone divers were not aware of their failure to follow
eztabliched principles of decompression. With this in mind, regular seminars
held for the divers, which they could attend on a voluntary basis, could only be
of value.

o

The attempt by the divers to reduce decompression sic
mav have conflicting effects. Although the oxrgen certali
incidence of intravascular bubbles, and peossibly alsc bubbles very «
vascular system (fast tissuesd, its use under hyperbaric conditions i.
underwater, can produce & whole series of other neurcpathological damage, 2.9,
to the special senses and the higher functionz of the brain. The dangezr of
oxvgen a3 a neurctoxic substance, if ysed under pressure, haz not bezn fully
appreciated by many of the divers. This would also be the subject of anvy

{




seducational campaign which organised seminars for the divers, by experts in
diving medicine.

As a ge al rule, even if there are no symptoms of decompression sickness
pres t, it mav bs prudent for the diver to use oxygen on the surface to reduce
dncompre sion proklems - assuming that the normal precauticns against fire hava
been taksn. It is not proposed as a method of extending underwater endurance and
it is not recommended for routine use underwater.

_The ohvious way of diminishing the lnfluence of decompression sickness in

producing neuropsychological sequelae is by prompt and effective treatment of
the disease,

Gaz Contaminants

1t i3 recommended that educational lectures be given to the divers, by exparts in
compreszor technology. Mumerous questions asked of the medical experts revealsd
the need for thiz information.

di utng area, there zhould be ayailable to the divers, a methad of
ihe pressnce of CArDOA monoxide and other contaminants {hydrocarbonsd,
e present in the gas sUpPPR k% R aticn
. 3 few minutes and should and
there i3 any reason to sus
Such detection Kite are readilly avzilable in Australia and include the Drag
Multi Gas Detector unit, with carbon monowide and hwdrocarbon tubes, the A
gas analysers avzilabie from M.5.A., and the Bendix Bae%ic 5az Detection B
in many other couniries., They have similar capabilities. These simple anal
svztems, which can be utilised by any diver or boatman, can inform the div
that hiz compressor is not function adequately,
Dehwdration
1t would seem reasonable to advise, even without waiting for further
investigations, that adequate fluics be taken both before the dive and during
the diving day. Fluids such as coffee, which produce a diuresiz, wculd nat be as
sdequate as fruit juices.
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FSYCHOMETRIC SERQUELAE OF DECOMPRESSION SICKNESS
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Chapter 13

Carl Edmonds

Cazes of acute decompression sickness described in this series

psychometric screening tests

were subjected to

& screening programme was designed which reguired that the divers complete two
separate psychometric assassment techniques. The first was the ACER Higher Teszt
4L, which is ctandardized on Australian populations, and which is designed to
measure general ability as revealed by performance on material of a yverbal
nazture. As the abilities tapped by the test arz amang thoze which are
hypaothezized to decline less siqgnificantiy with age and to be least affecisd b
the dztericrative process, the final result provided an indication of premarbid
intellectual endowment.

nd test was the wised Yizual Retention Test [Bzntond which is A

and research instrument designed to azsess vizual perception, wizual

nd wisuoconstructive abilities. Research findings have demonzir :

ant relationszhis betwsen Ravised Wisual Fetention Test parifo

intzlligence level, and belwean test performance and chranol .

=’ normative data provide the basis for clinical intarpretation

swork of Krowledge of age and sstimate of premorbid intellectual

t of the sublect.

e subjeci’s age and the estimate of premorbid intallectual funciicning

ACER Higher Test WL, an "expecisd score" approgriate to these factors
was deduced far the Bent Interpretaticon of any subject’s performance was Lhen
made by comparing thiz scted zcare" wiih ihe cobtained score of the test
itzzlf, The degrae of enancy between the scores then 2llowzd an assessmel
pf the performance as i possible indication of acquired impairment of coonitive
function. 1F thers wasz no intzllectual impairment and ng snfusional stale,
there should be no wide discrepancy between the scores.
The psychometric tesiing performed was of & screening variety. It would not have
been adequate to have delineated the natupevof. the neuropsrchological pathology
in any individual caze., Thiz would requite 3@ more extensive tesiing on gach
individual, and this was performed on 3 small number.
& significant decrement of performance in the Esnton test, in compariscn to the
ACER Higher Test WL, would not have been expacted in & normal group of subjects.
1t was however chssrved in 12 gut of 3% such divers tested,
There was no suggestion from the above inuestigation that the abnormal ity was
more than a temporary abberration.
The explanations for this chserved abrnormality included:
Meuralogical damage from decomprzssion sickness,
Meurological damage from pre-existing diseass ar treatment modalities
thyperbaric oxygen, medication, etc)
Svmptomatic depressiaon
Pzvchological siress from the decompression illnesz or the therapeutic procedurs
tsleep deprivation or interference, secondary gain from illnzss, loss of s2i4
ecteem etc)

Summary




This group of divers was celected for investigation becausé gf their Known
gxpasura to decompression sickness within the preceding week. The results were,
however, indicative of the interference with intellectual functioning soon afte

an episode of decompression sicknes

s requiring and recieving treatment,
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Chapter 1§

ELECTROEMCEPHALOGRAPHIC and EVOKED CORTICAL POTENTIALS

Robert HJORTH , Carl EDMONDS and W.UIGM:

IMTRORUCTICON

The problem of how to asszess brain damage in divers, has nc
clarifiad.

The importance of such an ascessment is
avoidance of the cause at an early st
deterioration of int2lligence, but at
existing situation.

nquestioned, as
e, It would not ne
gast it would avai

It is likKely that progressive intsllestual deterioration d:
certain amount of brain tissue has been destroved. This |
"threshhold effect"{Roth,1?72y. Only after this thrashhol
become possible to demonstrate the gquantitative relaticns
peyohometric assesszment and the cersbral damages,

It is for this reason that earlisr and more objective meazu
are so important,

Uzeful investigations ts surzue would be the e.wctrnurceg kS
evoked cortical potential (E.C,P.) responses - visual and
decided to investigate 3 =mall series of very expsrisncac
whether this tvpe of investigation would detect the sffec
giving, before there was gross neuropsychological damags

It was alsc decided that, if the E.E,G. fingdings did sh
of that in the general populaticon, even though they cou
nfyropsrchalagical deterioration, th these caszss woul
prospeotively and the surver exisndess {2 encompass more =

I+ abrnormalities were not found in excess of the normal pope
inuestigations wﬁu1c need to be considersd, including comg

and pasitron em: Bi'on tomography, if and when these were fr

presumed that thv Lomputsriced Lamcgrdpny could demonzira
and the posxtron emizsion tomography could demonsirate im;
function,

zon for initially looking at the E,E.G, is that
sznsitive to a variety of neurological imsulis to which 4§
gas bubble formation within nerve tissues (decompresszian =i
embolic phenomenon {air embolismy, hypoxia and carbon mon

The cther res
L
L

LITERATURE

Because the popular description of the passible "divers’ dem
drunk”® swndrome, and bscause the multiple cerebral vassssl
2xist in the occupational dizeasss of both boxzrs and dive
the E.E.G. investigationz in beth aroups is relevant.

A number of studies described immediate ar short term effect

boxers after their cUnLe (Courjon.19?2? Most studies r
abnormal records atip &
imilar disturbances of norma
ither generalized or foca
injuries, even mild cnez,

to the fight, especialiyv wii
1 background rhythvmzs ,'Jlth th
slaw wave abnormalities, may o
utside the boxing ring.
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It is not Known whether these changes indicate permanent neurclogical damage
although tissue destruction may bs reflected in persistent abnormalities in
E.E.G. It i3z well recognised, haowever, that extensive loss of cerebral tissu
following head injury, is entirely compatible with a normal recording.

h

hg
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Regarding permanent, cumulative brain damage, only a small number of E.E.G.
reports on brain damaged boxers ars available (Robarts,1949), In earlier
studies, the most frequently recordad abnormality was an excees of thetz
activity, often low voltage and generalised, but occasionally focal and then
most commonly in the temporal areas. There was otherwice no characteristic
abnormality noted. Mor were the most zsvere abnormalities constamtty related to
the casec most severely disabled clinically. In fact, non-specific abnormalijties
of the Kind described in most of these cases, are found in the E.E.G.’s of
10-15% of the population. In one study of brain damage in boxers, 143 boxars
werz compared witn (50 contraols of a eimilar age bracket and the proportion of
abnormal recordings in both boxersz and controls was no greater than was to be
gxpected in any cross section of the populaticn.

The progression of intellectusl incapacity and disturbance in motor functions in
cxzez of traumatic sncephalopathy in Soxers, SOME Years after their retirement,
probably reflacts the changes sczaciated with ageing in brains in which there
hzz already been some depletion of neural functicning reseryes © Roberis HER-

Traumatic encephalopathy of bowers, the punch orunk syndrome, may be Cue to either
single or repeated neuroleqical insuits, &1though it undoubtedly needs ta be
diagnosed as early as possible, whether it can then be halted once the
progression has commenced, ic urcertain. 1t is presumed that the diseasze could
be aggravated by continuing exposure. 1t i= thought that the brain systains
2ither a contrecoup injury or A rotational zirain, or both. This leads to
hasmorrhagic epicodes upon which the clinical picture depends., The pathological
changas affect the cezrebral hemispheres, cerebellum and midbrain region, and
have been well described.

& zariss of 40 boxers were eypozed to computerized tomograghy (0.7, and &
positive correlation was found hetwsen the number of bouls, cerebral atrophy and
yantricular enlargement. (Casson,178Z). 1t was also found that 13 cut of 13
professional boxers tected had C.T. or E.E.G, evidence cf organic cerebral
dysfunction (Cazson 1984), In fact the C.T. scan may prove to be thes most
helpful in dotection of early cases of brgﬁéad;mage Miller,i784),

One curvey of 150 professional divers in Foland {(Kowski, 15792,
of 3¢ vears and a 14 year =xposure to diving, demonsirated E.E.G., abnormalities
with a slight to medium apnormal change obzarved in 43%, and which wers greatar
with the more vears of diving experience. 1t was <tated that 10¥ of the normal
population would be expected to have such changes. 1t is not clear whether ithe
increase in abnormalitiss with the increased diving experience was found
independent of the effects of age.

1 s,

with an average age

7
;
e

Arother study (Vaernes and Eidsvilk, 15820, which compared twa groups of divers, kd
with a history of diving accidents and 13 accident free divers, showed that & of
the ¢ accident divers had zbnormalitizs on neuropsychological tests implticating
lecione of the higher lzveiz cf the central neryous system. It was stated that
E.E.G. and brain stem auditory evoked potentials were taken far later studies,
but no information regarding these were svailable and they have not besn
reported in subsaquent literature,

The owerall conclusion from reading the E.E.G. literature is that, althouagh
E.E.G.z may be zenzitive to recznt damage, they quickly become normal, s0 that
E.E.G.z are of little value ic assessing the result of chronic or past damage.
&1though the Titerature on evoked potentials is much smaller, it suggests that a
different pattern occurs., The major use of evoked potentials has been in the
=tudv of multiple sclerosiz and here we find that the evoked potentials are
censitive both to acute insult and also to chronic change. Thus, in visual




W

evoked recponses, optic neuritis causes a rapid slowing or disappearance of ew
oked potentials and, although thersz may be some clinmical improvement
subsequently, evoked potentials remain permanently abrormal.

A striking finding is that visual evoked potentials are abnormal in a significant
percentage of patients with multiple sclerosis who have no clinical evidence of
optic nerve involvement and give no past history of optic neuritis or visual
disturbance. ¢Halliday, 1932). If the effects of compressziaon and decompression
in divere were similar to those of multiple sclerosis, then one might expect
that evoked potential studies would pick up a number of cases gf sub=-clinical

damage in a situation analogous to that of multiple sclerosis.

METHODOLOGY

Sybjects.

0

Curing an extensive investigaticn on profezsional Australian abalone divers, &
group of 20, 10 from Mictaria and 10 4rom M.S.4., were investigated by E.E.G.,
and half thiz number, those who were thought to be zubjectsd to the most
significant diving exposures, ware investigat kv yisual and auditory zvoked
cortical potentials and samaltosensory svoked responses from Soih upper and 1 gleer
limbs,

Subjects who had a history of head injury or other gause of URConsSCicuTnass, Such
as near-drawning, hrpoxia or carbon monoxide poisoning, were excluded from the
ZUrVEY.

Personal and diving information was elicited from both a standardized
questionnaire and a personal interview to clarify the dive profile. Each diver
was graded according to his customary diving pattern, obtained from the
interview. The grading was as follows: '

and within conventional tables.

t, but within conventional fables.

conventionzl tables, but neverthelezs appearing as a
dive pattern, e.g, if a diver were to spend two hours a*
our &t ny

40 ft, and one hour at 20 ft, without a
then one could arque that the tables have be=n

-
<
a
—
-

P
contravened; however, cne could squally agé@e that the 40 ft. stop would assist
in the decomprezssion to some degres, and*ﬁhétﬁ%he 2 ft. stop would be probably
adequate for subsequent decompression reguirements.

4= Divee which required a decompresszion commitment of less than one hour, but
which was routin

S= Dives which omi

E.E.G.

Electraencephalograms were performed using ths Beckman Accuirace {either § or 14
channel machines). Electrodes (silverdsiluer chloride padded? were placed
accarding to the 10-20 system. E.E.G.2 were recorded with bipolar and
referential montages. Paper speed of 30 mmsec, time constani of C.3 seconds and
eve frequency filter of 70Hz were yzed. &11 subjects were made to hyperventilat
for 2 minutes and were alsc given photic stimulation using a Grass model phatic
zhimulaticon,

Theze were recarded in twe separate neurolagical inctitutiong, and read
independently. Eight channel E.E.G.recordings were done with a n
montages, photic stimulation and hyperventilation were uzed.

t)isyal eugked responses:

The stimulus was & video monitor screen with checKerboard pattern revers
screen was 70 cm. from the subject’s eves

atl,
arnd it measured 38 cm. square so that

2




the angle subtended was approximately 30 degress. The check size was 2 degrees
per check, The reversal rate was 2 per second and 1238 sweeps Were reccrded per
studv with an analysis time of 200 msecs., a low frequency filter of 10 Hz and a
high frequency filter of 123 Hz, The recording electrades were small
subcutaneous needle electrodes and there were four channels averaged:-

cm. to the left of Gz to Fz,
cm. to the right of Qz to Fz.

Each eve was studied separately and all averages ware duplicated. Measurements
were made by the use of a cursor which the observer placed on the wave
identified as P.100 being the dominant pasitive potential in the appropriate

als

, srea of the graph, With this technigue a I shaped potential may reguire h
field stimulation in order to establish which of the two positive potentials is
the true P.100 but in thiz series there was never any ambiguity about the
identifv of P.100, Latoratory normals have been determined on a group of
controls between the age of 20 and 30 and the normal results are recordsd on the
able.

Erb’s Point to Fz,

Pozterior process of the second cervica) wertesbra to Fz,

Cc *o Fz fwhere Cc i3 the contralateral somatosenszary coptex which is
considered to be 2 cm. behind 0.3 or C.a in the {0 20 E.E.G. st .

The apzlvsis time waz 50 mzec, the low f iTter was 10 Hz, and the high
frequency filter 1.3 KHz, ATl averages icated, The E.P. potezniial iwas
idantified from the recording at Erb’s g N.13 #rom the recording at ihe
cervical spine and the M.20 from the ¢ 31 cortex, For sach poieniial
latency to peak and amplitude {(from Gase ere measured.

The tibial nerve waz stimulated behind the medial malleolus and the stimulus
strength was just sufficisnt to cause a contraction in flexor hallucis oreviz.
Recording was by small nesdle electrodes placed over the appropriate site and
the three channels averaged ware:

First lumbar process to iliac crest,
First lumbar process to L.d,
Fz to Cz,
Cc to Ci.
Beczusze of an administrative error, alithough the 20 E.S.G."3 were cbtained, only ¥
of the subjecis were submitied to the E.C.F. recponses.

Diving Data

The 4ollowing information c:tegariées the divers ¢
gxperience.

Bas

udied, and their diving

E.E.G. g.C.P.




M= 20 M= @

Age (Av, & Standard Deviation) 40(5D0=3.48) 42,7:30=2.97

Body Mass Indax 24.0(80=2.8 24.3(30=2.4)

Years diving 18.4kaD~5.4) 20.7480=4.12

Yearz abalons diving 15,5(8D0=3.72 14.7(3D0=4.4)

Usual {maximum? depth, in feet 47, 1{(5D=14.2) 52.2(50=11.32

Bverage diving duration in hours 5.2(5D=1.02 3.005D0=1,43

Davs diving per vear 110,8{5D0=32.") 105.4¢50=31.70

Decompression stress (graded 1-32 4.0{50=0.9 4,4{(30=0.5)

Decompresszion sickrness incidents Z2.0080=1"" 2060 80=1v42

Of intarsst in assessing the results is that none of the divers had ever suffered
from hyprxia or carbon monoxide toxicity to the extant of impairing
consciousness. OF the 3% episodec of decompression sickness, only 14 wers Qiven
recompression therapy in a chamber. There were 7 instan ot de:umpressiar
zicknesz affecting the central nervcus sysiem, L& i

tential and cne in a subject who wa f
iocnnaire, revealed an avera
5% alcohaly per wesl,
E.C.G, resylts
The +aoil iez were noted,
ged S1; 4707 ne diving hours; decompression siress of 33 no Ccases
pressicn sickne An intermittent 5-7 Hz alpha rhythym was symmeirical.
sed arrhyihmic t5 waves were szen. Hyperventilation and photic
ion did not evoke azbnormalities. Comment: This EEG showsd minor
zed abnormalities.
ng hours; dac
parently aff=
waz symmeiric
arrhvihmic 3.5
Hroerventilat
s EEG shows mil
MOPrMma ral regig%%._
ey .‘_ e

Diver T, aged 27;810 abalone diving hours; décompression stress of §; I cases of
decompression sickneaa, one of which included neurclogical symptomsz. This civer
had suffered his neurological decompression sickness, 12 days previgusly. He
required 3 recmmpresason therapies, but was said to be zympiom frea after that.
AR 8 - 9 hz alpha rhythym was present bilaterally. Small quantities of theia
werz zesn and thess were zufficient to make the record borderline sbncrmal, The
theta fluctuated and was worse with drowsiness. Hyperventilation and photic
stimulation did no® add anv information. Concluszion: a borderline record with
ognly non-specific features,

& comparison of the "normal” divers with the abrormal® divers, based on EJE.G.,
zhows that thers i3 no greater diving exposure as judged by; the hours spent
abalone diving, decompression stress, op decompreszion sickness incidende, IR
the "abnormal® cases.

yisusl =u

The rezults of the visual evcked responses are shown in Table |1 with a typical
tracing shown in Fig. 1. From this table 't can be se=n that the visual evoked
responses are compleiely normal both individually and on average.

SomaioSensory responses from the arms




The results of the somatosensory evoked responses from the upper 1imbs are snown
in Table 2 and a typical tracing is shown in Fig. 2, Comparison with the narmal
values of Chiappa show that as a group the divers had slightly longer latzncies
in all three of the potentials. The most likely explanation for this is that
divers as a group were taller and had longer arms than Chiappa’s normal cantraol
group. There is also a suggestion that people who do a lot of hiavy waork with
their arms may have slight slowing of conduction pepripherally. Calculation of
the central conduction times, although not incarporated in the table, shows no
slowing.

Somatosensory responses from the leos

The somatosensory evcked responses from the lower 1imbs are shown in Table 3 wih &
typical recarding in Fig. 3. There are two subjscts where the recording has adly
bezn from one leqg. In one of the subjects the reason was that one le2g had

suffered a compound fracture with damage to the nerves in the past. The other
siubject had one leg mizzed dus to oversight. Chiappa’s normal values are
included at the bottom of the table and from this it can be seen that thers
again the distal conduction (from the ankle to the lumbar spin2) iz slow, and 13
=lower in the divers than in the control groug. This again would be best
suplained as due to difference in height and the table incarporates ihe average
height for the subjects (174.8 cme and for Chiappa’s normal controls (1é4 cm.
The transit time which partly corrects for the height difference is almost
idzntical on average to that of the normal controls.

DIZCUSSION

Thiz group of 20 divers had no reason far brain damage other than their diving
sxposure, MNone had suffered neurological damage from motor yehicle accidents,
hypoxia, carbon monoxide poicoming, of other causzes,

There were no Known feziures which would have diminished this group’s 1ikelihoagd
tg decompression sickness or air embolism, the averags age Geing a0 years, and A
body maszs index of 24, Thnay had sutfered 39 pecognised inztances of

ressi zickness, and this is in & group which haz a very low thrzshhiold
z ing and reporting such an illness. There were 14 recompressian
ministered and 7 cbvicus instances of neurclogical decompreszion
L

RO I
H

The exceptional factor in this group was the e%ﬁasure to excessive cCOmMpres
diving. On a typical diving day they would“eipoae themselves %o a decomp
strezs that would conventionally require decompreszion staging, but whic
omitted. In 13 subjects this would be less than cne hour omitted
decompression,and in 4 subjects it would be in excess of this,
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s 24

d euoked potent

yuse ials to study a larger number of
that wers very clos
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1
1v matched for age, sax, height and
i1d be discernible. Howsver the
dividuals outside the genszrally

ike the striking slowing of
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It is possible that if
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iyers and usad control 2
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imb length, that subi o
present sztudy indicates that thers were no in
accepted normal range and certainly nothing 1
conduction that has characterized multiple sc
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This study suggestz that cumulative neurclogical damage dogs not ocour fram
awcezsive diving, ar the neurcphysiological tests celected were not ssneitive
encugh to detect this damags.
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Chapter 18

INTELLECTUAL DETERIORATION WITH EXCESSIVE DIVING.

[“PUNCH DRUNK DIVERS

Carl Edmonds * and Jon Boughton ##

& zurvey waz performed ational group of compress doair
divers - the profeszsional abal ¢ South Walez, One aspect of this
zyryew incladed the uss of ps ng tezis to slicit gyigence of
impaired intellectual capacity, related to the compressed 2in
diving., Results of the survey in = t there iz evidence of intellectual
impairment in almost hald of this diving population. The fact the this diving
qQroup -%posed thamselves to much greater decomprezsion stress than the mare
conventional professsional diving groups, would suggest that these results should
not be extrapolated to other divin populations. The resyliz are supportive of
the anscdotal belisfs that ¢ regarding thiz highly selective diving groug,
i.e. that a gyndrome of redu intzllectual capacity (demezntia or "punch
drunkenness"l is preszent,

There iz an an=cdotal or folklore belief amongst many ocoupaticnai diving
groups, that a dementia s¥norome, of “'unthdrunV" gffect, i3 produced o¥
prolongzd compressed air diving. The DlUTng HrdxC:l Centrp in Srdnev, Ausiralia,
was requeszted to advise on this subject, and to make recommendations which could
allow preventative action t5 be taken by newer divers. Unfortunately, there was
inadequate data for such a hwpothesis, and therefare more information was zought
regarding thiz problem.

During recent years the intarezt has mainly besn on the effects of d=ep
diving and its nPuropSJCho ogical zequelasill. Workzhops and sympozium in
Luxembourg {1578%, Bethesd {19513 and Stavanger {1¥333 highlighted this
problem, without producing s consensus. Nevertheless, during the investigaticons
af deep diving sffects, thers has been an apparent acceptance of
reuropsychalagical complications of diving with compressd air at shallower
depihs, This disorder sesmed to De presumed, without a great dzxl of cbjsciive
or clinical evidence.

The belief that prolonged comprassed air exposure resulte
impairment, with a variety of neurolagical and psrchological d
promoied by Rozsahegyi £2% in Hungary, with clinical obzeryati
workers who had neuroclogical decompressicon sickness, Peters ef
U.S.4. ,0ith Vaeres and Eidsvik {47 from Morway, supported thi
compressed air divers whao hzd decompresszian sickness, Autop:;es on divers, by
Calder {13 in the U.K., suggested a diffuse cerebral pathology to explain thes:
obeeruations. In sach of the above reports the brain damage, with the

zvchological clinical sequelae, was specifically correlatsd to the
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2 , or even the presence, of the
diverz who had not been subject to
t

i
"punch drunk" syndrome amongst compressed air
nes elucidated.

graoss neurological decommpression sick

Y, it was stated that 304 of
=baric osteonecrosis and 10X
zzments were not prezented and
be classified as conjecture.

In a report on abalone diving in Australia ¢
the divers zuffered chronic ear damage, 20% had d
had brain damage - but detailed analysis and asse
g the obsarvation, whether accurate or not, must

~

Ar_opportunity became available o carry cut a basic clinical screening

examination on a very special group of divers who could €larify the association
of extreme diving expozure and the development of dementia. It was conjectured
that such a group would be Tikely to show a much greater degree of morbidity
than their more regimented collezagues. The hypothesis was that if this group of
divers showsd no degre=e of dementia, then i+ would Be an unlikely or URCOMMON
complication of compressed air diwving, per z=&.

FORPULATION STUDIED.
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METHOD.,

The ohject was to emplay psychometric scresning tests, standardised and
extensively used on the Australian population{él}, to indicate the existance of
otherwise of brain damage in divers. Tests in common clinical practice were
selected, and it was not intended to apply sophisticated test batteries to
demonstrate highly specific cognitive dysfunctions or concepiual abnermalitissg,
at this stags.

The screaning programme required the divers to complete two separate

psychometric asseazsments. The first was the ACER Higher Test-Why— standardized on
Australian populaticonz, and designed to measure general ability as reyealed by
performance on material of a verbal nature. As tne abjlities tapped by the test
are among those which are hypothesized to not decline significantly with age and
to be least affected by the deteriorative process, the final result providesd an
indication of premorbid intellectual endowment.

The second

tzzt was the Revised Yisual Retention Tect fBentonl which iz &
clinical and research instrument designed to aszess visual perception, visual
memory and visuoconstructive abilitie={7y., Research findings haue demonstrated
significant relationzhip between Revized Misux) Retention Test performance and
general intelligence lewel, and belwas st performance and chronciogical age.
The teastz’ normative data provide the = for clinical interpretaiion wiihin
the frameworkK of Knowledge of age and mate of premoribid intelleciual
endowment of the subject.

Given the =ubject’s agez and the esiimate of premorhid intellectual
fynctioning from the ACER Higher Tezt WL, an "expected score" agppropriates o
stpze factors can be deduced for the Eernton. Interpreiation of any zubject’s
performance is then made by comparing this "expected score" with the obtained
score of the test itself., The degree of dizcrepancy befwesn the scores 2} iowed
the results to be classified as either "no indication® of acguired impairment
of cognitive function, "raise the questicn® of zuch impairment, "suggest’ SUCh
impairment or show "strong indication® of iz analagcous to
the approach in asseszment of dement

“c well as the psychometric the divers
age, number of years diving, numb al abalonez
diving, number of times decompressicon and his
alcohol intake.

RESULTS.

The population studied was as follows:

There were 30 professzional abalone diverz with an mean age of 37.5 vears
(50 = 7,701, They averaged 13.0 yzars diving {30 = 3.%21, and the number of dar
diving per diver was 1522.5 [5D = 1270.501. Two thirds of the divers admitted t
alcohol ingestion, but only two of the 20 claimed to drink more than two ooitl
of beer per dav, i.e. 1.3 litres. No divers admitted to the ingestion of
spirits, and the chzervations of the investigators, who were staying with the
divers in the zame isolated residential hatel, were consistent with their
claims.,
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In zszeszing the results of the psvchometric screening tests, thzre ware
civ sxclusions necessary for technical reasans. Ons refuszed to do any
pevchological testing; one did not have his reading glasses and was therefore
uynable to perform the tests; one did not give his agej one missed out a whaole

r
H

i

page of one test, but was ctherwize asszeszed tc have "strongiw suggestive
indications of impairment; one did not attempt the ACER Higher Tezt WL, but the
Benton was poorly completed and indicative of impairment; one pzrformed belaow
the norme on onz test and with questionable performance an the other, generating
hvpotheses of reading ability, vizual difficulty, problems in attention =zpan and




comprehension instructions. Thus of the subjects excluded from formal analvsis,
approximately half demonstrated results or behaviour which was suggestive of
deteriorated performance.

0+ the remaining 24 divers there was no avidence of intellectual impairment
in 12, one had results which required allocation to the "guestionable" category.
The rezults indicated impairment of acquired intellectual capacity in the
remaining 11, four suggestive and seven strongly indicative.

As a quick screening device it appears, at least with this population, that

definitive allocation to categaries can be made with feaw equivocal cases:

Fifteen of the 28 divers reported decompression eickness, but this was not
significantly corralated with the impairment of intellectual capacity. The total
numbar of episodes of decompressian sickness was 41.

This agroup of divers was czlected for investigation because of their Known
sxtreme sxposure to dysbaric conditions, and itheir very provocative diving
procedures. 1t was presumed that had thiz group not shown any evidence of
intzilectual impairment, then it would be unlikelw to be of a significant cearesz
in the maore conventionzl air diving groups.

The range of environmental hazards which have been conjectured as possibie
zztiological agents producing demantia in divers include such factors as:
decompreszion sickness, air embali, carbon manawide toxicity, hrpoxzia, Righ

ar 5 res g de & + entiats 1
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The psy tric teztsz performed in ihis syrvey, were of a scresnin
abie to detect only the more gross psvchopathalogy, indicative of intell
deterioration of a clinically relevant level {73, Thevy would not have beze
adequate to have delineated the natura of the specific neuropsrcholicgics
pathology in any individual case. This waould require far more exiensive
batteries on each individual. The results werez, however,strongly indicative ot a
general impairment of intellectual capaciii;idgmentia] in at least seven of the
subjects tested, out of a total of 24, with four shawing some evidence of this
discrder, Demonstration of such impairment“wéu!d not be expected in normal
subjects and thus this finding in 11 out of 24 subjectz is & causs of CORCErd.

Thie group of divers have no gross or obuwious neuralogical manifzstations
[thev are all required to pass medical gxaminations =ach yearl, There is na
sbyicus non-diving environmental factor to gxplain the resulis,

n other groupz of more

Extrapolation from the psrchometric testing o
suspect the results obt ined
t i

conventional divers, would not have led us to

i

during this survey. Previous work{3 suggested that intelligence is zifively

correlated with diving success, at least in the navy diver training courses, ancd
i F i e

i
u

the psvchometric investiga
s

d on professional cdivar
Suztralian navy did not &

of intellectual impairment,

Becauze the results achieved indicate that there could bs walid sup
the hvpothesis that compressad air diving can lead to impaired intel S
capacity [demential, further tudies are being performed on this and ana

s QQCUE
groupe throughout Australia, This particular group of divers comply less with
formal decompression procedurss than most other groups, although only about half
the divers did report this disorder,




il

It is Known that this incidence of gecompression sickness is grossly under
reparted, as there ic very littla that can be offered to the divers in the way
of recompression facilities, in that area. Alsao the training and awareness of
these divers in identifring decompression sickness, is much balow any acceptable
standard. The only time they would report the disorder would be when it was very
cbvious.

1t iz appreciated the much af the information cbtained did not have the
accuracy that one would wish. Specific details regarding the extent of the
""""""""" diving-exposurs, either £ar individual divers or in total, muzt be congidered
mere approximations. 30 also would be the degree of alcohol consumption and the
incidence of decompressicn sicknees. Mevertheless, whather theee figures ars
underestimates or overestimates, the implications of the psychometric testing
still require explanation.
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Chapter 14
DOES MOM CLIMICAL DECOMPRESSION STRESS LEAD TO

BRAIN DAMAGE IM ABALOME DIVERS

L EDMONDS, C.LOWRY, P.CISTULLI, B.MckAY, 3.MISTRA, G.EUTTON
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ABSTRACT

Abalone divers are subject to considerable decompression stresses and

could be at risk of progressive- cognitive impairment.A-sample of

abalone divers were compared with a matched sample of fishermen on a
pattery of neuropsychological tests. No evidence of cognitlve impairment
was found in the divers despite evidence of their exposure to
decompression stress. The implications for other professional divers and
for recreational underwater divers who follow standard decompression

protoccls are reassuring.




Abalone are found on reefs and rocks off the southern coasts of
Australia. The shellfish are well camouflaged and cling tightly to the
rock if disturbed. While once available in the shallow waters off the
coast, they have now receded to depths of 6 - 30 metres. Divers
collecting these shellfish on a commercial basis must spend several
hours at these depths breathing from compressed airlines. They
experience repeated episodes of compression and decompression. The
abalone divers and their families have noted that after a difficult day
divers are often irritable, slow moving and apparently, counfused as
though they were punch drunk.

The '"punch drunk" syndrome has also been reported in a number of
occupational diving groups. (e.g. Symth,(1)). The syndrome is believed
to be a consequence of rapid decompression. Decompression, when carried
out too quickly, results in nitrogen bubbles coming out of solution in
the blood, and these bubbles can interfer with cerebral circulation.
Other mechanisms that could compound this syndrome in the abalone diver
are carbon monoxide poisoning from the air compressor, and hypoxia due
to salt water aspiration as the low presgugg‘cpmpressdrs and the
regulators used produce a salt water miszﬁihjghe inspired air.

The literature on the rglationship between prolonged compressed air
diving and permanent intellectual impairment is limited. Rozsahegyi(2),
who first identified this association, reported clinical observations on
caisson workers who had neurological decompression sickness. Peters,
Levin and Kelly(3) and Vaernes & Eidsvik(4) further supported this
association in compressed air divers with decompression sickness. These
gtudies are restricted to divers who showed gross neurological
decompression sickness. Only two studies to date have addressed the

more general issue of the relationship between compressed air diving and




neuropsycholcgical impairment. A brief report(1) claimed that deep sea
divers of the British Isles showed significant differences on memory and

reasoning skills tests according to diving experience ; the less

experienced the diver the better the performance on-the tests.--The
report was brief, no data were presented, a comparison group was not
included and it is unclear whether the effects of age were controlled
for in-the analysis. Secondly, in a report on abalone divers in
Australia (5), it was stated that 30% of the divers suffered chronic ear
damage, 20% had dysbaric osteonecrosis and 10% had brain damage. Again,
data presentation and procedural information was brief.

The abalone divers of Australia are a particularly interesting group
for the study of the relationship between compressed air diving and
brain damage. These divers form a closed community and have performed a
great deal of compressed air diving. They were obliged to register for
licences in 1980, and a prerequisite for this licence was at least three
years full time professional abalone diving. Nd formal diving training
was required. Their diving is strenuous, with divers carrying heavy bags
of abalone, enduring the tidal drag on thg;gﬁlong compressed air supply
hoses, and returning to the surface for gg;;eﬁér four brief intervals to
unload their bags or move their boats. Each diver would average
approximately 100 days diving per year and on each diving day he would
be under water for a total of about 4 - 6 hours, this duration being
unrelated to the depth of the dive. Further, in the areas around the
N.S.W./ Victoria border where the divers work the sea conditions can be
dangerous. Seas often become rough in the afternoon which prevents the
abalone diver from observing the safer diving protocol of deep diving in
the morning and shallow diving in the afternoon to allow for more

gradual decompression. Whatever the conditions, the abalone diver is is




not renowned for strict adherence to decompression staging.
The present study was designed to test the cognitive neurological

functioning of abalone divers on the south coast of N.S.W and the north

coast of Victoria. They were compared with a group of fishermen matched
for age, education, history of brain damage and reported alcohol
consumption. Fishermen were chosen as the comparison group because they

worked in the same industry, experienced similar lifestyles and working

conditions, but did not dive.

Method

Subjects

We were able to test 32 of the 54 registered abalone divers in N.S.w4and
16 of the 22 registered diversgﬁ;jﬁrkoria, giving an overall response
rate of 63%. All divers were tested at least 72 hours after their last
dive, which avoided contamination from the more acute post dive effects

of lethargy, confusion and memory loss. The 48 abalone divers were

compared with a control group of 47 commgrgial fishermen. The
fishermen’s participtation was obtained‘g;fSSiiciting the cooperation of
the crews of boats as they returned to berﬁh in the ports of the south
coast of N.3.W. While we have no way of knowing the response rate of
the fishermen, it did appear to be similar, in that rather more than

half the fishermen approached agreed to participate.

Materials

The battery of tests used to ascertain evidence of neurological

Impairment were as follows:
(1) The Symbol Digit Modalities Test (SDMT). This test, which is

commonly used to screen for cerebral dysfunction, involves the




conversion of meaningless geometric designs into written and oral number
responses(6).
(2) The Single and Double Simultaneous (Face-Hand) Stimulation

Test(SDSS). This is a test of specific somatosensory function which

determines the accuracy with which subjects can identify single and
double simultaneous tactile stimulation applied to the cheek and/or
hand. The SDSS is known be be most reliable when used in assoclation
with the SMDT(7).

(3) The Wechsler Memory Scale(8). This test is designed to detect memory
impairment. We used 3 of the T subtests; namely logical memory, visual
reproduction and paired associate learning. The logical memory test
involves the recall of two passages and is believed to assess left
temporal lobe function. The visual reproduction task involves drawing
from memory three separate diagrams and 1is believed to assess right
temporal lobe function. The paired associate learning task involves
recall of 10 paired associates. This test assesses both memory of past
associations and the acquisition of new associations. These three tests

were chosen as they were the most sensitive and relevant to the needs of
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the present study. D

(4) The Controlled Word Association test(9). This test measures verbal
fluency and is believed to be a measure of frontal lobe function. The
patients are asked to say as many words as they can think of which begin
with F, then A, and finally S; oamitting proper nouns, numbers and the
same word with a different suffix. As a control procedure, the subjects
are also asked to list as many animal names as they can think of in the
required time.

Procedure:

On arrival at the testing unit, the abalone divers were required to fill




out questionnaires on diving history, diving procedure, diving related
{llnesses, history of concussion or other ‘brain damage’ incidents, .

substance abuse, and education. Following questionnaire completion the

neuropsyecholegieal-testing-was-—commenced. ..The fishermen were usually

tested in a wharfside office and completed the same tests wibh the
exception of the detailed diving questionnaire. If an office was not
available testing was conducted on the fishing boats. The testing was
conducted by a psychologist, psychiatrist or senior medical studentj all
of whom were trained to criterion on the tests. Testing took
approximately 30 minutes. Results were scored, checked and verified

without knowledge of group membership.

Results

The 48 divers had experienced 235 episodes of decompression sickness,
and received recompression therapy for 36 of them. There were 8 cases of
decompression sickness with neurological sequelae but none were proven

permanent. There were 16 episodes of carbon monoxide toxicity and 10

P

episodes of salt water aspiration but noﬁeizﬁfthe cases had resulted in
unconéciousness. The interveiwers felt th;L these rates were
underestimated. The data collected from the 48 abalone divers and the 47
fisherman on age, education, history of brain damage, and current level
of alcohol intake is presented in Table 1. The only significant
difference between the abalone divers and the fisherman was in age.

This difference was an unfortunate artifact of skippers prefering to

volunteer their younger deckhands as subjects.




Insert Table 1 & 2 about here

In Table 2 the performances of both groups are displayed for each test
in terms of means and standard deviations, significance of difference
between groups, and significance of difference after an analysis of
covariance allowing for the effects of age. A total score was derived
by summing the standard scores(z scores) for each test and the
differences tested similarly.

The divers did less well than the fishermen on 5 of the 8 ﬁests,
significantly so on two tests, the logical memory and the paired
associate learning sub-tests from the Wechsler Memory Scale. These
differences remained significant when the effects of age were taken into
account. The differences were small and could have been an artifact of
the multiple significance testing. The scores which the abalone divers

obtained were not poor enough to suggest neurological impairment. That

is, their scores fell in the normal rangeﬁ{or the two Wechsler
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subtests. As it was possible that thes; diff;rences were due to the
abnormally low scores of only some of the divers we looked at the number
of abalone divers and fishermen whose scores fell two standard
deviations outside the mean. There was no evidence that a sub-set of
divers were neurologically abnormal.

The next possibility to be explored was whether low scores on the
tests could be related to diving history or diving behaviour believed to
be harmful. We looked at correlations between teat scores and years of
diving, depth of diving, hours of diving, reports of near drowning or

carbon monoxide poisoning. There were no significant correlations
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between any of these variables and the scores on the two Wechsler tests
on which divers scored significantly worse than fishermen. There were

significant correlations between divestress and SDMTW (p = 0.046),

divestress and SDMTO (p = 0.046), hours of diving and visual
reproduction (p = 0.027), and near drowning/carbon monoxide poisoning
and SDMTO (p = 0.03) and animal (p = 0.003). On all of these tests the
divers had performed marginally, but not significantly, less well than
the fishermen. Finally, each result was converted to a standardized
score (Z score) and summed to allow a total score on the cognitive test
battery to be calculated. After adjustment for the age discrepancy, no

significant difference between groups was evident.

Discussion

Only 9 of the 48 (19%) abalone divers said they carried ocut
conventionally acceptable dive protocols, and 31 of‘the 48 (65%)
routinely failed to complete the required decompression procedures. As a
result of these practices and the extraor@}nary amount of diving
performed (average of 5.2 hours/day, 106:fu&é§s/year and 15.3 years of
abalone diving) neuropsychological compliéations of decompression should
be overrepresented in this group. If this group was found to be
unaffected then it would be unlikely that other, less exposed, groups of
divers who complied with established safety dive protocols, would be
significantly affected.

We were unable to demonstrate that abalone divers performed
significantly less well on a neuropsychological test battery than did
fishermen matched for education, alcohol intake, history of other head
injury, and post hoc, for age. We conclude that despite accounts of

brain damage following compressed air diving in other diving groups(1)
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and anecdotal accounts of the prevalence of irritability and confusion
in abalone divers directly after diving, there is no evidence of any

permanent intellectual decrement in this group.

Our Aull conclusion; however; leaves—two-observations unexplained;. the

divers’ reports of irritability, slowness and confusion after a hard day
of diving, and the association between dive stress and some aspects of
neuropsychological test performance. First, although irritability,
slowness and confusion may be evidence for transient neurological
dysfunction, it could also be due to general exhaustion after a hard and
difficult day of diving. Second, the correlation between performance on
gome tests and high dive stress might well indicate that the less
cognitively able report more dangerous dives. This explanation is not
incompatible with our initial hypothesis that dive stress may also
result in neurological impairment. The divers’ scores on the
neuropsychological tests were within a normal range and did not differ
from those of the fishermen.

The high incidence of dysbaric osteonecrosis and otological disorders
found in this group of divers gives addeqiggiqence of the hazards of
excessive diving. These disorders are aglfidatable in whole or in part
to inadequate decompression procedures(10). Decompression sickness which
results in severe neurological damage does have neuropsychological
sequelae(2,3,4). Nevertheless in this study, in which there is ample
evidence of decompression inadequacy without gross neurological disease,
support for accumulation of subclinical neuropsychological insults
leading to a dementing process is not available. Thus other professional
divers and recreational divers who follow the protocols should be safe

from progressive brain damage as a consequence of their diving.
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TABLE 1: Means and standard deviations of features likely

to affect test performance

Divers Fishermen
Age in years 40 (7.6) 32 (10.8)*
Episodes of concussion etc. 0.4 (0.8) 0.4 (0.7)
Alcoholic drinks per day 2.8 (1.2) 3.6 (2.9)
Education level+ 3.7 (1.2) 3.3 (1.3)

Hou

.05

school certificate
school certificate plus

trade training




TABLE 2: Means and standard deviations of the test scores for the abalone divers (N = 48) and th
fishermen (N = 47) with significance of the difference (two-tailed test) with

and without controlling for the age difference

[

Divers Fishermen Significance Significance
uncontrolled controlled

Symbol Digit Modalities

Test (written) 490 (10) 44 (9) 0.06 0.17
Symbol Digit Modalities

Test (oral) 47 (9) 51 (10) 0.07 0.24
Single & Double Simultaneous

Stimulation Test 0.06 (0.3) 0.06 (0.3) 0.90 -
Wechsler Subtest;

Logical Memory 10, (3) 12 (3 0.005 0.02
Wechsler Subtest; J:d??x

Yisual Reproduction 107 (2) 11 (3) 0.26 0.87
Wechsler Subtest;

Associate Learning 15 (3) 7, (3) 0.01 0.03
Controlled Word Association

Test; F, A, S 34 (10) 33 (9) 0.78 - 0.92
Controlled Word Association ‘ .

Test; Animals 18 (3) 17 (3) 0.52 0.94
TOTAL (sum of Z scores) -0.92 4.13 1.18 4.77 0.23 0.91

Critical significance 1evel after correction for experiment-wise error rate p = .006

it i g g T



Chapter I3
MULTIFLE APTITUDE ASSESSMEMTS ON ABALOME DIVERS

TERRY COULTOM* AND CARL EDMCNDS

INTRODUCTION

A prerequisite to demonstrating a deterioration in intellectual capacity, is an
abilitv to measure this gquality. Wechsler designed an intelligence test
comprising two broad sections, verbal and performance, which in turn wers
combined to vield & full scale 1.G., and this iz one nf the most standardissd of
psychometric tests.

One of the major effects of factor analysis technigues haz been the dev=lopment
of multiple aptitude batteries. These vield a profile of test scores tor
relatively independent abilities.

It is considered likely that any pathological damage to the brain would not
affect all intellectual functions urniformiv¥l1]l. Some functions are belisved to

remain unaffected, whereas others are more senzitive to brain damage. The
lJechzler scales f(specifically the WAIS-R) are very applicable to a profile
analysis, since all the subtest scores are expressed in directly comparable
standard scores.

Three different tvpes of approach are used for thess tests. Firstlw, %thers is=
the amount of scatter, or the extani of variation amongst individual scorez on
all the subtestz. The rationale for this is that the intsr-test variation should
be larger in patholegical than in normal cazes. The second procadure involues
the uze of a "detericration index” bazed on the difference betwessn testz which
are resictant to deterioraticn from brain damage, and those which are considered
suysceptible. The third appreach is that of “score patizrns” which may be

azsociated with specific clinical svndromes.

One serious drawback to the WAIS-R, is that it requires individual
administration, and therefors a group adm}ﬁgstered multiple aptitude battery
test was selected, which had a high co—€4¥ic}ént of correlation with the WAIS-R.
The multidimensional aptitude battery (MABEY incorporates some of the widely
acknowledged positive features of the WAIS-R, intoc a ztructural format
permitting group administrationl2l.

The MAB, like its counterpart in the echeler zcales, has a profile of 10
cubtests. It employs S-choice multiple-choice items on all 10 subtests. Each
requires 7 minutes of testing, and vields raw scores which are canvertad to
scaled scores, correctesd for age, with a mean of 50 and a standard deviation of
10.

To facilitate comparison with the WAIS-R, similar funciions are assessad on the
MAEB and WAIS-R scales, even though in come cases the actual tasks might differ.
For example, Block design in the WA15-R and the spatial subtest of ithe MAB, both

measure spatial ability.

The MAB permits the identification of verbal, performance and full scale
squivalents. These represent, in combination with the subscale scores, &
convenient, reliable summary of an individual‘s intellectual funtion.
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Under the verbal 1.Q, the tests include:-

Information
Comprehension
arithmetic
Similarities
Vocabulary

Under the performance I.R, the tests include:-

Digit Svmbol
Picture Completion
Spatial

Picturs Arrangement
Ghject Assembly

Mathodology

47 professional abalone divers were 2xaminad in groups of 10 to 12, using the
multidimenzional aptitude battery «MABY in accordance with the manual, A1 the
divers were Englizh =speakinag, and only one spoke with a trace of a foreign
accent. & clinical history was taken to esxclude brain damage or disgases Tikely
to induce dementia. & full diving history was obtained and scared, as described
elsewhere,
Fezults
Fopulation
The population on which the MAE investigations were performed, had the following
characteristics:-

M=4&7 Mean Standard Deviation
Age in Years 34.3 2.1
Body Mass Index 24.7 2.8
Years Abalone Diving 10.4 3.2
Civing Davs/Year 114.2 9.5
Diving Hours/Day S.2 A1
Uzual Maximum Depthifeet) 43.8 WA
These subjects reported only 22 diagnosed cases of decompre ession sickness, of
which 10 were nsurclogical. The rec:grtflon of more minor cases was grossly
inadequate {judging by the interviews) and recampression facilities wers nat

easily available.

Decompression profiles an their iypical dives were considered inadequate in 404
by U.5. nauy tables. Decompressicn of lese than one hour was roeutinely omitted
by 22 divers, a&nd in 5 divers it was more than this, on their twpical dives,

H H £
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They averaged 11.6 cans of bear {373Iml of approximately SX alcohol) per week,
and only 23¥% consumed cigarattes,




Statistical analysis

The razults of the MAB were !

VERBAL ' Mean 5.0, FERFORMANCE Mean 3.0,
Information 44,3 7.7 Digit symbol 47.7 .7
Comprehension 42.8 8.3 Picture completion 33.2 3.0
Arithmetic 30.3 ?.2 Spacial 52.4 2.8
Similarities 43.7 7.2 Picture arrangement S0.2 10.2
Yocabulary 42,7 11.4 Object assembly 50,4 8.3
Ljerbal 7.7 12.7 FPerformance 101.7 13.2

TOTAL 1.G.= 3.7 { 8.0.=12.3)

& multiple regression analysis was made against all diving co-variants and MAB
subtssi scores, verbal 1@, performance 1%, total IG, and deterioration index
(“dementia zcore"), corrected for age.
Information subtest - no statistical significance.
Comgrzhenzion subtest - no statistical significance.
aArithmetic subtest - no statistical significance.
Similarities subtest - the only zignificant correlations were with numbers

of decomprazssion sickness incidents (- 2.27) and with smoking (2,06,
iJocabulary subtest - no statistical significance.
Digit Symbal - no statistical significance.
Ficture Complation - no statistical significance,
Spatizl - no statistical significance.
Picture Arrangemant no statistical significance.
Object Assembly no statisiical significance.
& multiple regression analwsiz of the verbal 1&, the perfarmance I3 and ithe
total 19 211 sh7.ea no relationsnip with anv of ihe measurements performed. The
detericoration index (dementia zcore) also showad no assaciation with any of the
measurements performed on the divers.
DISIU““ICN - A

One of the cutcomez from the usa of factor ahalvsis in the traditional
intslligance tests, has been the development of multiple aptitude batterizs.
Theze are designed to provide a measure of tha individual“s ability in =ach of a
number of different traits.

)

& zeparate scare i obtained for each trait, and thesz scores may be uged to
compare with others, or included in an overall assezzment. These batteries also
incorporate into a comprehensive and systematic testing programme, much of the
information formally obtained from the special aptitude tests [131. The term
"aptitude tezt" has been traditionally emploved to refer to tests meAsSUring a
clearly defined segment of ability. The term "intzlligence test" customarily
refers to a single global score such as an 10, Special aptitude tesis measure a
single aptitude, whereas multiple aptitude batteries measure a number of
titudez, but provide a profile of scores, one for each aptitude.

The use of an aptitude profile permits research regnrdxno patterns of abilities
assnciated with differant neuropsychological conditions. 1t also permits & basis
for evaluating changes in intellectual ability that m\qht occur in the pericd
after brain trauma or psvchopathology.

Such a broad clinical entity as “"brain damage" probably has a yvaried and
contradictory pattern available on thess investigations xnd in different
sub-groups, o as to make it verv difficult ta interpret. Meverthaless, such IG
scales tend to have x high reliakility and a fair deqgres of validity for many




purposes. They may be used to ascertain what type of aptitudes are required to
be succeszsful in anv specific occupational field (e.g. profeszional abalone
diving), as well as indicating, in a coarse manner, the possibility of brain
damage.

The use of the Wechsler scales have been extraordinarily succeszful (2] for a
number of reacsons. They incorporate a diversity of tasks, not only verbal and
schoal learning content, but performance and practical skills as well, The
refiect conceptions of the nature of intelligence, which might be a++ﬂrned bv a
pariety of disorders including neurosis, psychosis and brain damage. They have a
high level of internal consistency, rellabtlxty, and in fact, these Wechsler
scales have become the standard against which cther test of intelligence have
been appraised.

One important source of unreliability and bias in the measurement of aptitudes,
iz the subjectivity accompanying judgementally scored tests. The examiner can
thus bias the utLame of those tests, The structured approach to scaring the MAB
is designed to minimise this influence. It has besn shown (Fwan, Frofiteria and
Powars 1783 that, regardless of one’s experience level in psy chological
testing, scoring errors occur fregquently, and detract from the accuracy of
WATZ-F 1.0.2. Golden ©1%7%) noted that WATS verbal scales such as comprehsnsicn,
simitarities d vocabulary are particularly difficult to score, with

i

xperienced te users dicagre2ing over borderling responses. 1t has algo been
homn t0ocnaghue and Sattler, 17712 that the examiners liking for the respondent
affected the scoring. Thus there was an advantage in using a test inm which the
co

o't l'[l

scoring was objective, as in the case of the MAE .
an examination of thez MABAJAIS-R in comparison with the WA TS/ANATE-R correlations
indicatez that the two sets correlate to about the same degree 2ven though the
MAE dzparts appreciably from the individually administered format of the
Wechsler tests,
Comparizon of Correlation Cosfficients between
the M&AE and WAIS-E and the WAlZ and Wal3-R
MASAIATS-R WATS AMATE-R
(M=1452 (N=72-703
"
A

Subtest e
Information .82 .2
Comprenension 73 82 .
Arithmetic .87 =t
Similarities -1 ' .52
Locabulary . 8% P 37
Digit Swmbel .45 .54
Ficture Completion 37 .47
SpatialsBlock Design .44 .80
Ficture Arrangement .84 .23
Object As==mbly W83 .40

Verbal Scale .74 82

Performance Scale 7P .32

Full Scale 71 .27

The inadequacy of using aptitude profiles as an estimate of inteliectual
deterioration is well appreciated, Usually the variation between different partsz
of the te=t has to be moderately large to reach statistical significance, 2.9,
comparizon of the WAIS-R verbal and perfaormance 13°s is approximately 10 paoints
at the 0.05 levsl, and 12 points to reach the 0.01 level of statistical
significance, This is alsc applicable in the compa rizon among the individua
subtests,
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Alsc, the non-specificity of the aptitude batteries t5 detect intsllectual
deterioration, has resulted in the development of specialised neuropsychological
tests. These include the Benton Jigua) Retention Test and the Bender-Gestalt
Test, involving perception of spacial relations and memory for newly learned
material. Neuropsychological batieries such as the Halstead-Reitan and
Luria-Nebraska are thought to demonstrate more specific deficits and indicate
anatomical localieation of lesions. As vet, these do not have the wide usage of
the aptiiude batileries and are too time consuming to use as & widezpread
screening asse2ssment for dementia.

CONCLUSTON

The population surveved in this investigation showed none of the featu
hypothesicsed to be present with riousz intellectual impairment, as

1 e
the Mutiidimensional Aptitude Battary,

wnowledgsment for

1oac r the acguisitiony administration and
thiz test battery is given to Mr T
+

<
grry Coulton. Unfortunatelt Mr Coulton was not
available during the presentation of this paper, and therefore any errcrs of
commizsion of ommision are ming alone.,
cknowledgement must also be said to Mr Frank Traugott who carried cut the
stat ics and computer amalysis. Carl Edmonds
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Professional diving is usually regarded to be a
hazardous occupation due to health risks such as
decompression sickness, air embolism, and carbon
monoxide poisoning to name a few. Surprisingly, little
is known, however, about the effects of working
underwater on the nervous system and particularly
central nervous system function. In a study of 33
commercial abalone divers from the Port Lincoln area of
South Australia, nervous system function was examined
using a battery of neurobehavioural tests. Their
performance was compared to that of nondiver controls
matched for age, sex, education level, Jjob type,
language abilities and cigarette and alcohol
consumption. Abalone divers showed significantly poorer
vision, learning and short term memory performance and
increased tremor relative to their controls. The
reaction time of abalone divers however, was as fast as
or significantly faster than that of controls but their
error rates were much higher indicating that abalone
divers were sacrificing speed for accuracy. Despite
their apparent risk-taking approach to these tests, the
performance of abalone divers suggests impairment of
nervous system function.




The effects of long term exXposure to the underwater

environment such as is encountered by professional

divers—are not well understood.

While the effects of deep diving has attracted a
considerable amount of research attention! very few
studies have focussed on the long term effects of

shallow water exposure.

One area in particular, the effect of long term effects
of repeated shallow water exposure on the nervous system
is open to question. Even though there is a significant
amount of clinical and anecdotal evidence that
professional divers suffer damage to the nervous system,

neurological and behavioural function has not been

examined systematically.

I3
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A few scattered reports have dgégiied neurological
effects of decompression sickness. One of the earliest
described diffuse damage to a range of areas in the
nervous system as well as neurotic and psychosomatic
symptoms in caisson workers?2. Subsequent work has shown
that divers suffer similar nervous system3'4 effects of
decompression sickness. In the latter study
neuropsychological testing revealed that 90 percent of
commercial divers who reported at least one episode of
decompression illness involving the central nervous

system had abnormalities compared to commercial divers
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with no reported history of decompression sickness, and
concluded that central nervous systenm disturbance

following decompression sickness in divers is more

common than had been previously appreciated.

There are a number of other potential causes of nervous
system damage in professional divers however, the most
notable being air embolism and carbon monoxide poisoning
due to contaminated air. A study of the effects of
near-miss»diving accidents mostly due to air embolism?
showed that these divers had poorer spatial memory and
complex sensory-motor functions compared to both divers
who had no reported accidents, and non-divers. The
effects of carbon monoxide poisoning have not been
studied in divers, héwever there is considerable
evidence from other occupational groups that even low-
level exposure to carbon monoxideﬁproduces significant
reductions in vigilance, some viéﬁgihfunctions and time

estimation abilitiesG.

It is likely that the nervous system is at risk in
divers who are exposed to these hazards. None of the
studies conducted to date however have attempted to
ascertain the extent of exposure or the circumstances
which led up to the damage nor to determine

systematically whether particular neurobehavioural

functions are being damaged.




This, study was an attempt to investigate
neurobehavioural function in a working group of

professional abalone divers. The tests used were from a

battery designed to investigate the effects of various
occupational hazards and has been successful in
detecting the neurobehavioural effects of occupational
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exposure to inorganic mercury’ and inorganic leadt.

Method:
1. Description of participants:

Thirty-three professional abalone divers were tested.
All were males from the Port Lincoln area of South
Australia. Most, (22), were currently working but one-
third were ex-divers. Of the ex-divers most had only
recently given up diving and many still did relief
diving. Most of the grouﬁﬁgfé casual work in
conjunction with their diving such as fishing and
farming since they dived an average of only 91.8 days

(SD=35.6) per year.

A group of 33 male non-divers were also tested for
" comparison purposes. This control group was matched
with the diver group in terms of age, education level
and their consumption of cigarettes and alcohol.
Virtually, all members of both groups (100% of divers,

91% controls) were either born in Australia or had been




residents for more than 15 years. Only one participant,

originally from Britain, had been a resident for less

than 10 years{ As far as possible, the control group
was selected to match the jobs, both diving and casual,
of the diver group. For example, if the diver also did

a skilled job eg, Electrician, a skilled worker was

chosen as his control.
2. Neurobehavioural tests

The tests were chosen on the basis of information

processing theory9 and consisted of the following:

1. Critical Flicker Fusion: This is a perceptual test
in which a critical flicker fusion (CFF) threshold
is obtained for each eye. An electronic device was
used similar to that déscribed elsewherelO,
Presentation of the zfggt source was by a

descending method of limitsll.

Seven trials were presented to each eye. Each
trial began with the presentation of a steady
light, the switching frequency of which decreased
at a constant rate of 2Hz/s until terminated by the
subject pressing a button, indicating first
awareness of flicker. The mean critical flicker

fusion threshold value was calculated using the

last five trials for each eve.




Hand Steadiness: This 1is a psychomotor

coordination test. This apparatus consisted of two
17.5 ecm x 5.75 cm plates bolted onto a single
perspex back and held vertical at an adjustable
heigh; by a retort stand. Each plate independently
formed an electric circuit when hit or touched by a
stylus. The subject was required to hold the
stylus in a 5 mm diameter hole between the two
plates with his arm outstretched keeping it as
steady as possible for 1 min. The number and
duration of touches on upper and lower plétes were

recorded independently for the three .consecutive

20 second periods.

Bourdon-Wiersma test: This is a test of sustained
attention and psychomotorhs§éeq12. The subject was
required to mark every gronnéf four dots on a page
of 50 rows of 25 groups of three, four or five dot
groups as quickly and as accurately as possible in
a 5 minute time period. The total number of groups
examined (targets tracked) and the number of missed
4 dot groups (errors) were noted and expressed as a

percentage of the total number of groups on the

page.




Digit Symbol test: This is a measure of

psychomotor performance using paper and pencil. It

5&6

is a subtest of the Wechsler Adult Intelligence
(WAIS) test batteryl3. It consists of a sheet
containing 100 small blank squares arranged in four
rows. Each square is paired with a randomly
assigned number from one to nine.’ Above these rows
is a printed key that pairs each number with a
different nonsense symbol (eg. 7=A). Féllowing a
practice trial -on the first seven squares, the
subject was required to fill in as many of the
blank squares with the symbol that is paired to the
number above the space in 90 seéonds. The number
of correct responses was calculated and converted
to an agé;related standard score obtainable from

the WAIS-R manual.

A
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Reaction Time and Sternberd Tasks: The apparatus

.

has been described elsewhere14. It was used for

both reaction time and Sternberg tasks.

Reaction time. Subjects were tested in a simple -
reaction time paradigm. Beginning with the index
finger of the preferred hand on the starting point,
subjects were required to press the button closest
to the preferred hand as quickly as possible when a

O appeared on the display (the stimulus was always




a 0). Twenty trials were given. Mean reaction
time was calculated from the last ten. After

completion of the Sternberg task, a further ten

trials were given and the mean calculated.

Sternberg Task. A set of two, three, four or five
randomly selected digits from 0-9 was presented
orally to the subject and he was asked to remember
it. A digit was then displayed on the response box
to which the subject was required to respond with
the YES button if the digit was included in the
memory or positive set or the NO button if the
digit was not (negative set). A total of 48
presentations were made in which each type of digit
set (ie: two, three, four or five digits) was
represented twice and each 1individual set was
tested six times, three gach for positive and
negative responses. Mé%Q]reaction time was

calculated for each type of digit set.

Short Term Memory (STM) (Paired-associates). The
test items consisted of five pairs of high (real)
association (greater than 90% associative value)
alphabetic trigrams selected from the list compiled
by Archerl?. The trigram pairs were presented
individually using a slide projector at a rate of 1

per 5 s. Once all five pairs had been shown, the

first member of each pair was shown in a random




order and the subject was reguired to write down

the matching member. This sequence was repeated

until all five trigrams were recalled correctly or
following 6 trials. The number of trigrams
correctly recalled on the first trial and the
number of trials to criterion or the failure to

reach criterion were recorded.

8. Long Term Memory (LTM): This test was a
continuation of the paired-associate test described
above. Without prior warning, the subjects were
asked to recall the real and nonsense trigrams they
had learned earlier (approximately 1.5h before).
The first member of each trigram pair were

presented. Number of trigrams correctly recalled

was recorded.

3. Procedure . oL

Diving histories were obtained by interviewing each
diver and a questionnaire was completed by each
participant to cover general biographical information
such as age, education level, ethnic background, waking
’and sleeping habits, cigarettes and alcohol consumption
and medication. Three tests, the Paired associates STM
test, the Bourdon-Wiersma test and the Digit-symbol

test, were carried out- in groups of 5 or 6. The




remainder were performed individually. 1In all cases the
group tests were carried out first to allow sufficient

time between learning and the LTM test for the Paired

Associates. All other tests were carried out in random

order.
4. Statistical Analysis

There were two basic comparisons of interest; the
difference between the divers (including current and ex-
divers) and their controls on each test and the
difference between performances of current divers and
ex-divers on each test. In virtually all cases the
analysis was performed by . t-tests or analysis of
variance. For the Paired associates STM and LTM tests,
however, the Wilcoxon rank sum test1® was used because
the dis_ribution of scores clea;}é%geparted from normal

and the Trials to Criterion measure was ordinal.

For two tests, the Bourdon-Wiersma and the Digit~-Symbol,
matched controls were not available at the time of
writing. Consequently, for the Digit-Symbol test each
individuals score was converted to the age-corrected
standard score available for the test from large
population assessments and then the diver group was
compared to the population norm. Unfortunately, there

are no population standards from the Bourdon-Wiersma




test so the only comparison reported for this test was

between current and ex~divers.

Results

Analysis of the effectiveness of the matching process
(see Table 1) showed that divers and controls were not
statistically significantly different in terms of age
(x23,=0.64,N.5.) or education level (X% 3,=0.41,N.5.).
Similar percentages of the two groups smoked, and the
ramount. smoked per wéek was not statistically
significantly different (t(32)=0.82,N.SJ. More divers
admitted to drinking alcohol than non-divers but the
amount consumed was not significantly different

(t(32)=0.62,N'S.).

Similar analysis between curren&'and ex-divers showed
the ex-divers were older (X2(3);1%?98 p<0.01l), but their
educational’ backgrounds' were comparable
(X2(3)=3.39ALS.L Only one ex-diver smoked and similar
numbers in the two groups admitted to consuming

alcohol. Ex-divers, however, consumed significantly

greater amounts of alcohol (t(10)=5.7, p<0.01).

Comparison of the diving characteristics of current and
ex-divers (see Table 2) showed that they were not

significantly different in terms of length of diving
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exposure (t(32)=1.44, N.S.) the number of instances of

decompression sickness (X2(4)=2.42, N.S.) nor the

incidence of neurological symptoms with decompression

sickness (X2(1)=0.02JLS.). They were different,
however in the maximum depth reached on an average dive

(t(32)=2.06, p<0.05). Current divers typically dived

much deeper than ex-divers.

The diver group had significantly lower CFF thresholds
than controls as shown by analysis of variance (2
factor, repeated méasures on one factor, group main
effect (F(l,64)=10'99' p<0.01). There was no difference
in the threshold of each eye for either group (eye main
effect (F(l,64)=l'1' N.S.) and the deficiency in the
diver group was the same for each eye (interaction

effect F(l’64)=0-18, N.S.).

S
ah

A similar comparison betweengéﬂﬁfent and ex-divers (2

factor analysis of variance, repeated measures on one

factor) showed no significant differences between them

(group main effect F( 31)=2.85ALS.) for either eye
[

(interaction F(l,3l)=0.48,N.S.) nor between the

thresholds for either eye (eye main effect F(1,31)=0'77'

N.S.). (See Table 3).

Analysis of reaction time by t tests showed no
significant differences between divers and controls

(t(32)=1.7l,N.SJ nor between current and ex-divers

11




(t(31)=0-461N-5-)- (See Figures 1 and 2).

LW e VY

The results of the Hand Steadiness test were-analysed-by
two 3 factor analyses of variance (repeated measures on
two factors, See Table 4). Significantly more off-
target touches were made by divers than controls (group
main effect F(l,64)=10°61' p<0.01), particularly to the
lower plate (interaction F(l,64)=7'99' p<0.01). Off
target touches were significantly more frequent to the
lower plate compared to the upper plate in both groups
(plate main effect F(1,64)=103.01, p<0.01) but there was
no change in off-target touches over the period of the
test for either group (time main effect

F(2,128)=1-79,N-S.).

The groups were not significantly different overall in
terms of the time they spent Qﬁ{—target in this test
(group main effect EX1,64)=2'833i;‘3: Again, the lower
plate was the site of most time off-target for both
groups (plate main effect, F(l,64)=82'89' p<0.01) but by
the diver group in particular (interaction F(l,64)=4'15'
p<0.05). There was no change in time off-target over
the period of the test for either group as before

(F(2,128)=1.15,N.S.)-

Comparison of current and ex-divers on this test
(see Table 5) revealed no significant differences in

their hand steadiness for either off-target touches

12




(F(l,3l)=0.Ol,N.S.) or time off target (F(l,31)=l-57r
N.S.). The lower plate was the site of most off-target

movement in both groups (F(, 3l\=50.3,p<0.01) for time;

(F(l,31)=75'8' p<0.01) and for touches but to the same
extent in both groups (F(l,31)=0'98' N.S.; F(l,31)=3'6'

N.S. for time and touches respectively).

For the Bourdon-Wiersma test as mentioned earlief, the
only comparison that could be made was between curgent
and ex-divers. Analysis by t tests showed that there
were no significant differences between these groups
either in terms of the number of targets sea;ched over
the time of the test (t(3l)=0.l4,N.SJ or the number of

targets missed (errors, t(3l)=—0.ll,N.S.) (see Table 6).

Compared to the population's standard score, divers

showed significantly poorer performance on the Digit

R 4
-~

Symbol test (t(3l)=2.74, p<0.01ﬁ’ﬁ§yéver, again, within
the Diver group, there was no significant difference
between the performance of current and ex-divers

(t(31)20-65, N.S.). (See Table 7).

The results of the Sternberg test are shown in Figures 1
§ 2. Lines of best fit were calculated for speed of
response against the size of the memory set for both
positive (actively remembered or "Yes" items) and

negative (items not in memory set or "No'% items) memory

13




sets for each group. Comparison of the slopes of the
lines for Divers and Non-divers showed that for the

positive set only, the cognitive component of the test

took significantly longer for the diver group (nositive
set, t(64)=4.83, p<0.0l; negative set, t(64)=-l.94
N.S.). Analysis of the intercepts also showed
significant differences between divers and controls for
both memory sets (positive set, t(64)=—ll.07, p<0.01;
negative set, t(64)=-2.86, p<0.01) but in both cases
divers were faster than non-divers. Divers made
significantly more errors on this test than controls
(1.58+1.12 for divers and 0.62+0.95 for controls,

t(64)=‘3.28, p<0.01). (See Table 8).

Comparison of current and ex-divers showed significant
differences for cognitive and movement (intercept)
components for the positive memory set (slope;,
t(31)=3-66, P<0.0L; interceéf&fﬁt(3l)=3.8l, p<0.01).
There were no éignificant diffe;énces within the divers
for the negative set (slope, t(31)=0'3l' N.S.;
intercept, t(3l)=l.00,N.SJ. Similarly, the number of
errors was no different between the two diver groups

(1.41 and 1.91 for current and ex-divers respectively,

t(3l)=l.22,N.S.).

There were no differences between the performances of
divers and non-divers on the short term memory measure

of the Paired Associates test, the number of trigrams

14




correct on the first round (Wilcoxon rank sum test z=-~

0.58,N.S.). Divers, took significantly more trials to

learn the set of trigrams than controls (z=2.42,

p<0.01). While more divers failed to reach criterion of
all correct (39.3% compared to 27.3% for Non-divers),
there was no significant difference in long term memory

test performance between divers and controls (z=-1.2,

N.S.).

The same comparisons for the Paired Associates group of
tests showed no significant differences between current
and ex~divers for the STM test (number correct,

2=0.76,N.5.) trials to criterion (z=0.19,N.S.) nor the

LTM test (z=0.48,N.S.). (See Table 9)

DISCUSSION

.7
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Abalone divers ciearly showed pogrer performance on a
number of neurobehavioural tests than would be expected
based on that of carefully matched non-divers. This was
true for both currently working and retired divers. In
particular, abalone divers showed poorer CFF thresholds,
poorer hand steadiness, lower digit symbol scores, were
less able to learn new material, and in the Sternberg
memory test made more errors and showed a lesser ability
to cope with increasing memory loads compared to

controls. Nevertheless, abalone divers performed as

15




well or better than non-divers in a few tests, namely

the Paired Associates STM and LTM tests, the negative

memory set in the Sternberg test (ie: items not actively

being remembered) as well as the reaction time test and

the motor component of the Sternberg test (intercept).

Interpreting this pattern of results from an information
processing viewpoint, the most clearcﬁt finding is of
depressed CFF thresholds. Reduced CFF threshqlds may
indicate lowered cortical aroﬁsal17 and/or depressed
visual function either at the retiﬁa or in the

intermediate visual pathwayl8.

This suggestibn of visual disturbance in professional
divers is in keeping with reported visual affects of
decompression sickness in caisson workers? which were
attributed to "retinal aeropat?y“. Visual impairment
may also be due to inapproﬁ%ﬁ%ﬁé use of oxygen for
treatment of decompression sickness or for carbon
monoxide toxicity. It is known that oxygen under
pressure can be neurotoxic and, in particular, affect

the retina in humanslg.

The finding of poorer hand steadiness is consistent with
the report of intentional tremor in divers with known
histories of decompression sickness4 and of psychomotor
impairment in divers who had air embolism and/or

hypoxias. In this study however the only psychomotor

16




effects were increased tremor. Reaction time abilities

were at least as good as those of non-divers in the

Reaction time test and even better than non-divers as

shown by the motor components of the Sternberg test.

It is possible that differences in motivation may be
responsible for the superior response times of the diver
group. The reaction time test is a simple test of motor
speed whereas the Sternberg test is a test requiring
both speed and accuracy. Divers may be able to react
faster than non-divers on this test because they were
sacrificing speed for accuracy. Similarly, divers made
significantly more errors than non-divers indicating
either that they often moved before they had made an
appropriate decision, or that they were not remembering

the information correctly in the first place, or both.

L

The results of the Paired Assgéigges STM test did not
indicate any deficiencies in the Short term memory of
divers compared to controls however the results of the
Sternberg memory‘test show that divers did not deal with
increasing memory loads as well as controls. The
Sternberg test makes it possible to distinguish the
cognitive or thinking components of a memory test from
problems of respondingl4. Sternberg's theory predicts

that the slope of the line which describes the

relationship between memory set size and reaction time

17
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is an indicator of the relative increase 1in reaction
time with each additional memory item and therefore

reflects cognitive elements in the test such as encoding

of the information and item matching. Thus the steeper
the slope, the more time the individual takes to
cognitively process the information and the slower the
memory process. Since divers had significantly steeper
slopes for the actively remembered items (positive set
or Yes items) than controls it must be concluded that
they needed more time to process this information before
making a response. Both previous studies of divers?s?
found that the affected divers were characterised by

memory problems.

On the other hand, in this study, the cognitive
component of the information not actively remembered
(negative set or No items) was no different from that of
controls. Sternberg's theon&ﬁkqaintains that when
presented with an item the i;dividual searches the
actively remembered set (Yes set) of items first before
deciding that his/her response should be Yes or No.
Consequently the slope for the No responses is usually
about the same or steeber than that of the Yes
responses. For the control group in this study this was
true, but the divers were considerably faster in their
cognitive responses to the No items than to the Yes
items. This suggests again that the divers were trying

for speed rather than accuracy. It is likely that they

18




were only partially completing the search through the

remembered set before making the decision in the

negative. This would explain too, why such a high

percentage (74.1%) of errors were of the No-should-have-

been-Yes type.

It is likely that professional abalone divers are a
unigque dgroup quite apart from any of the
neurobehavioural health effects of their chosen
occupation. Abalone diving, like other potentially
dangerous occupations eg firefighters20 probably
attracts a high proportion of risk-takers. The results
on the tests in this study, and possibly from other
studies as well, may reflect this performance bias.
Therefore the performance of professional divers on
tests that can be influenced by incentive or
motivational differences, eg tq?ééﬁrequiring speed like-
reaction time, maybe confouﬁaéd by their use of
different strategies such that deterioration 1in

neurobehavioural functions may be difficult to detect.

Nevertheless, there were detectable differences between
divers and their matched‘controls in visual, short term
memory and some psychomotor abilities which are
consistent with findings from previous studies and are

suggestive of impairment of nervous system function.
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TABLE 1:

Comparison of ch
exdivers and nondi
percentages
medians and

ver.
means an

aracteristics of current and
Controls
d standard deviations or
ranges where appropriate.

showing

Current Exdivers Total Non-divers
Divers Divers
Age (median years) 35.0 44.5 40.0 40.0
(21~-48) (40-53) (21-53) (20-59)
Education 11.8 11.2 11.5 12.1
(median years) (6-16) (6-17) (6-17) (6-17)
% Smoking 31.8 10.0 24,2 27 .3
No.clgarettes
smoked per week 20.7 25.0 21.3 20.1
(mean) ( 6.1) (n.a) {5.8) (4.6)
¢ Using alcohol 72.7 80.0 80.0 54.5
Alcohol/wk 84.8 157.8 ; 115.0 107.0
(mean,gms) _ (93.5) (103.8) (82.94)

(116,90
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TABLE 2: Comparison of the d
and exdivers showing extent
maximum depth reached on a

the incidenc

e of decompression
individual with and wi

iving experience of current
of exposure, the
typical dive and
sickness pert
thout neurological

symptoms.
Current Exdivers Total
Divers Divers
Exposure . 4685 6350 5205
(mean, hrs) (3603) (2877) (3436)
Maximum depth : 68.6 56.5 64.8
(mean, ft) (16.1) (15.8) (16.8)
Incidence of decompression 3.5 4 3.75
sickness per individual (0-100) (0-15) (0-100)
(median)
$ reporting neurological
symptoms with decompression 50 40 45

sickness




7
4

r

A >4RV~A:‘~vw~Tr——v e

TABLE 3:

Results of the Critical Flicker Fusion test
showing means and standard deviations for

divers and controls and current divers and
exdivers.

CFF Left eye

CFF Right eye

Divers Nondivers Current Exdivers

n=33 n=33 divers n=11
n=22

34.1 37.9 34.9 32.6

(4.7) {(4.5) (4.7) (4.6)

33.7 37.4 34.

[SSRRN |
w
[
. o
O

(4.89) (5.00) (4.
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TABLE 4: Hand steadiness test results for divers and
controls showing means and standard

deviations for time off target and the

number of off-target touches to the upper

and lower plate in each consecutive 20
second time period.

Divers Controls
Time Period Time Period

1 ©2 3 1 2 3
Off-target Upper 23.9 21.8 21.2 18.9 18.3 16.6
touches (9.3) (9.8) (13.7) (8.8) (8.7) (9.3)
Lower 33.4 34.8 33.9 24.8 25.9 23.1
(9.9) (11.6) (14.6) (11.6) (9.4) (10.5)
Time off Upper 19.8 18.8 17.7 16.8 16.1 15.7
target (10.5) (10.4) (12.9) (13.1) (9.9) (13.7)
Lower 32.5 31.6 31.6 26.0 25.2 22.3
(17.7) (13.5) (21.7) (17.3) (15.7) (16.8)
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TABLE 5: Results of the hand steadiness test showing
means and standard deviations for off-target
touches and time off target of upper and
lower plate for each of three consecutive

20 second time period comparing current and
exdivers.

Current divers Exdivers
Time period Time period
lst 2nd 3rd lst 2nd 3rd

Off-target Upper 22.8 21.5 19.8 26.1 22.4 23.9 .
touches (9.5) (9.8) (11.2) (7.9) (9.3) (16.8)

Lower 34.1 36.4 33.6 32.0 31.7 34.4

(9.1) (12.1) (12.6) (10.8) (8.9) (17.4)

Time off Upper = 18.5 18.0 16.0 22.1 20.5 21.1
target (8.2) (8.1) (8.6) (13.4) (13.3) (17.9)

Lower 30.9 30.7 27.3 35.7 33.4 40.0

(12.6) (11.3) (11.1) (24.1) (16.4) (31.8)




TABLE 6: Results of the Bourdon-Wiersma test showing
means and standard deviations for number of
targets tracked and percentage errors for
current divers and exdivers.

Current Divers Exdivers
Targets tracked 147.64 146.18
(27.5) (27.6)

% errors 10.6 10.1




TABLE 7:

Digit symbol test results for Total diver
group and for current and exdivers showing
means and standard deviations.

Scaled score

Total diver Current Exdivers
group
8.9 8.8 9.2
( 2.09) ( 2.17) (1.91)




TABLE 8: Errors on the Sternberg memory test for
comparisons between divers and nondivers and
current and exdivers. Means and standard
deviations are shown.

Divers Nondivers Current Exdivers
divers
Sternberg test 1.58 0.62 1.4 1.9
1.1)

errors (1.12) (0.95) (l.Ol) {
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TABLE 9: Results of the Paired Associates test showing
medians and ranges for the comparisons; Divers
with nondivers and current divers with
exdivers. The STM Measure, number correct,
Trials to criterion and percentage of each
group reaching criterion are shown as well as
the LTM number correct measure.

Divers Nondivers Current Exdivers
Divers
STM, no.correct 2.0 2.0 2.0 2.0
(0-4) (0-5) (0-4) (0-3)
Trials to 4.5 3.0 3.5 3.0
criterion (2->6) (1->6) (2->6) (2->6)
% reaching criterion 60.6 75.6 63.6 50.0
LTM, no.correct 2.5 3.0 3.0 2.0
(0-5) (1-5) (0-5) (1-5)




Figure 1l: Results of Reaction Time and Sternberg memory tests,

showing mean reaction time for Divers (D) and Non-Divers (c),
and lines of best fit for Sternberg memory tests showing Yes
responses (Y) for Divers and Non-Divers, and No responses (N)
for Divers and Non-Divers,
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The findings of Part I suggest that there is a relationship
between various aspects of the Diver's exposure to the
underwater environment and such neurgbehavioural functions
as v?sion, memory and hand-eye coordination. In this part
of the study, the aim was to investigate the nature of this
relationship in order to attempt to establ;:t whether the
observed def1c1enc1es in the above neurobehavioural
functions can be related to the Diver's occupation and to
establish their causes‘if possible. By taking divers from

different geographical areas a broad range of diving

experiences were obtained due to differences in the diving
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terrain and local habits. This provided a wide variation
in many of the diving variables of interest such as the

maximum depth of the dive and whether or not oxygen is

commonly used to aid decompression.

1. Description of participants:

Forty-six divers from Tasmania, 12 from southern New South
Wales, and 22 from the Port Lincoln area of South Australia
were tested. All were male with ages ranging from 23 years

to 51 years (mean=34-5 years). All were active Divers at

the time of testing.

2. Procedure:

As ig Part I of the study, data was collected on the diving

history of each participant by interview and general
e

biographical information andk&éEQils of daily routine by

questionnaire.

The tests were the same as in Part IAand were carried out
in tAe same way. Additioqél diving information was
gathered for this section. As well as}the“aﬁﬁﬁnt of diving
per year, information was collected on the number of years
they had dived, and the typical dive including its length/
depths reached, whether decompression stops were réquired

and how this problem was overcome and whether oxygen was

20




used to aid decompression. Information was also gathered
on the number of incidences of decompression sickness with

and without neurological symptoms. Thus 6 diving variables

-

were used. These were exposure or the number of hpurs
dived in the individual's working lifev(calculated by hours
per day x days per year x total years dived) the maximum
depth that was achieved on an average, the nuﬁber of
incidenceé'of general decompression sickness and the number
of incidences of decompression sickness with neurological
symptoms and their degree of decompression stress. or the
amount of risk each diver subjected himself to on a typical
dive. For this measure a five-point scale was used in
which, in order of increasing risk, 1= no decompression
diving eg diving to less than 10 metres, 2= diying within
the US navy decompression tables to depths greater. than 10
metres, 3= diving in which recompressicn was "logiocal" eg
diving in deeper water for first part of the working day
then moving to shallower wate;ﬁﬁug no meter etc used, 4=
diving which could require dec;mpf;ssion stops of up to 60
minutes on average but not done, 5= diving requiring
decompression stops of more than 60 minutes on average but
not ﬁone. The final diving variable was named the Oxygeﬁ
Factor énd was measured on'a four poinkt seale where 1=
never used it, 2= oxygen used only bn surface, 3=oxygen

used underwater to 10 meters, 4= oxygen used underwater to

depths in excess of 10 meters.
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3. Statistical Analysis:
In this part of the study the question of interest was

the relationship between the amount of exposure to the

underwater enviroment and the neurobehavioural deficits
observed in the earlier part of tﬁe study. Multiple
linear regression analysis (Lewis-Beck, 1980) was used
to determine which diving variables and/or what
combinations of variables best "explained" thé

neurobehavioural results.

RESULTS.

The divers from each location were very similar on a
number of demograhpic variables. There were no
differences in age (F(2'74)=2.85, N.S), education'le?el
(X2(6)=7.63, N.S), the percentage who smoke
(X2(2)==0.29,b1.8) and the amount smoked
(F(2'21)=O.l6,N.S.), the amount _%Qo take medication
(X2(2)=O.32, N.S) .and the numbefﬁgkg cansume alcohol
(X2(2)=l.99,N.SL Tasmania divers reported consuming

significantly more alcohol than the other groups

(F(2’63)=3.15, p<0.05).

There are however large differences between'Ioéafions on
the diving variables. The NSW Group had dived for
significantly more hours than the other two groups
(¢2:73)211.19, p<0.01). The Tasmanian divers dived much

shallower on average than either South Australian or
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divers (F(2’73)=ll.03, p<0.01). The <4incidence of
Decompression sickness was very different between the

locations (F(2’73)=7.l4, p<0.01). The South Australian

-

Divers had a much higher incidence than divers at other
locations with the Tasmanian divers having very little
decompression sickness., The results for neurological
decompression sickness were similar. With halonf the
dive{s f%om South Australia reporting neurological'
symptoms, but none or virtually none in the other two
groups (X2(6)=27.6, p<0.01). Not surprisingly in terms of
diving styles, the risk of Decompression sickness was
similar to its incideﬁce. South Australian divers were
more at risk than either of the other groups with Tasmanian
divers significantly lowest in risk (X2(8)=34'0( p<0.01).
Oxygén use too differed significantly between the groups
(X2(10)=72.34, p<0.0l). South Australian divers were the

only group to use oxygen to any appreciable extent.

r
B
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Many of the diving variables were ‘interrelated (see Table 7)
The three decompression sickness variables, general
incidence and incidence with neurological symptoms and

decompression stress were all significantly and positively

’

‘related indicating that as would be expegted~decompression

sickness incréases when risky diving is undertaken and that
neurological symptoms are more likely to be included when
decompressio& sickness is frequent. These variables were
also all significantly related to the maximum depth reached

-

and the use of oxygen. Again, as expected, decompression
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sickness risk increases with increasing depth, as does

oxygen use.

-

The only independent diving variable was length of exposure
which was not related to any other.Length of exposure was‘
however related, not surprisingly, to age and also to the
number of cigarettes smoked iﬁdicating that divers who had
dived lodgest smoked the most. Higher levels of smokingA
was also associated with high decompression stress. : The
only other significant relationship between diving and
demographic variables was between the incidencé of

decompression sickness and medication. Divers with higher

incidences of decompression sickness were less likely to

take medication.

- Eight variables were selected as predictors in a multiple
linear regression analysis. These included the six diving
variables as well as age and edibapion level since these

last two are well-established éé‘éotential confounders in
measures of neurobehavioural function (Lezak, 1983). The
results of this analysis are shown in Table 8 . Twelve
measures were explained by gk least one of the predictor
variAblés. With the exception of Sternbefy errors all
measures were explained by the guality of diving variables
rather than tpe quantity of diving measure, exposure. |

Reaction time and Bourdon-Wiersma targets tracked were
e
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explained by maximum depth. CFF-both eyes, Paired
Agssociates~STM, Sternberg intercepts of the No response,

and Bourden -Wiersma-targets tracked were predicted by one of

-

the decompression sickness variables. Oxygen use predicted

the measure slopes of the Yes responses of the Sternberg

test.

Five measures, CFF left eye, Bourdon-Wiersma~targets
tracked, Sternberg slopes for the yes responses, Sternberg
errors and Trials to criterion on Paired associates test
were also predicted by either of the demographic variables
used. For two measures, lower time off-target in the Hand
Steadiness test and the Digit Symbol'tesg demographic
variables were the only significant predictors. The
remaining measures were not significantly explained by any

of the predictor variables.

As there were significant'difqugnces between Tasmanian
divers and divers from the otﬁé; g@o locations in alcohol
consumption, stepwise linear regressions were attempted
with this additional variable as a predictor. The only
measure to be changed was the STM measure of the Paifed
Assoclates test. The equ&tion.then became Y=-0.005 X
ALC/WKk+1-86 (r==0.37, F(} 34,=5.87, p<0.02). This variable
was not included in the original predictor set as it
resulted in é significant reduction in sample size since a
relatively large number of divers did not drink and because

-~

it made little difference to the final outcome for the
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they dived since they encountered the greatest depths and
were experiencing the greatest decompression sickness risk.

This was manifest in their high decompression sickness

~rates. The NSW divers on the other hand were experfencinQ'

greatest risk from the amount of diving they had done.On
average, they had dived three times more than either of the
other two groups. The Tasmanian divers however ﬁYpically
dived infrelatively‘shallow water and their length of -
exposure was relatively short. The inclusion of divers
from these three locations therefore provided the necessary

wide range of both lengths of exposure and diving styles.

Diving style was undoubtedly the major influence on
neurobehavioural function. Mgst tests were predicted by
variables relating to diving technique. Perfbrﬁances on
the CFF test were related to the incidence of neuro%ogical
symptoms in decompression sickness, with poorer CFF test °
performance by divers with high;ﬁ;equencies of symptoms.
This reinforces the findindrihgpart l of lower CFF
thresholds in Divers compared to nondivers and again those
of a previous study of decompression sickness (Rosahegyi,
1959). The fact that aQe was also a predictor variable for
CFF thresholds with the left eye can be attrjbuted to the
acknowledged decline in CFF thresholds with age which
becomes pronounced after about 55 years of age (Misiak;
1967). As all divers in this study were well below this
age it is likely that this result reflects only a slight

deterioration due to age which is only observable in one
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eye. Even the older exdivers in part 1 showed no

difference in CFF thresholds compared to the YOunger

current divers, -

The reaction time and Bourdn -wWwiersma tests, both
perceptual-motor tasks, were predicted by the variable,
maximum depth. Divers who reached greater depths tended to
have fasgéf reaction times and track more targets in the
Bourdon . -Wiersma, test perhaps reflecting the risk-taking
characteristics of divers as discussed in part i. For the
Bomoon -Wiersma test, decompression stress was also a
significant p%edictor but in the opposite direction, divers
who subjected themselves to greater risk of decomb;ession
sickness tracked fewer targets. This finding would appear
to negate the risk-taking hypothesis mentioned above.
However, decompression stress is a much better prediétor of .
the risk of decompression sickgess than is the maximum
depth variable (r=0.41 for decoﬁé?égsion stress and r = 0.3
for maximum depth). Therefore,’the relationship between
targets tracked in the Bourdn —Wigrsma test and.the
decowpression stress variable reflects the disabling
effects on perceptual-motor performance in divers

N
subjecting themselves to conditions which produce

decompression sickness.

.

The results for the Sternberg test show that decompression

stress is again a predictor and that the greater the risk
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for decompression illness, the poorer the performance on
both positive and negative set items. Exposure also

emerged as a predictor of performance for the negative

memory set, such that divers with longer exposure ;howed
poorer performance on this measure. For Sternberg errors,"'
too, exposure was an influencial variable but for this
measure more errors were made by the divers with the
shortest exposure. Tﬁis result suggests, as argued in Part
1, that the greater speed achieved by Divers in this study
reflects a speed-for-accuracy tradeoff in which Divers risk

correct responses in favour of increasing speed.

For the group of memory measures in'the Paired Associates
test only the STM measure showed any relationship with
diving variables (ie: maximum depth) however this variable
was removed when alcohol consumption was added in to the
equation. The more alcohol the diver consumed the fewer
paired associates he remembered:;iihis is not surprising as

there is abundant evidence that‘shoft term memory abilities

can be disrupted by chronic and acute alcohol consumption

(Birnbaum and Parker, 1977).

The éther two potential confounding variables.of interest,
age and education level were influehcial on a number of
measures both alone and in concert with the diving
variables. Education level made the most impact, being a
predictor for the Bourdm-Wiersma targets tracked measure

-

and for both Sternberg memory test measures in conjunction
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with diving variables.  For the *Digit symbol test, the

Trials to criterion measure of the Paired Associates test

and one measure of the Hand Steadiness test, time off-

targetuto»the'lower plate, education level was the only.
significant predictor. For all measures, 1increasing
educationbigvgl was associated with better performance. It

is known that people unused to handling pencils and/or-with

few skills .do poorly in the Digit Symbol test (Lezak, 1983)

so this finding is not surprising. Similar factors are
likely to be responsible for the relationship between

education and the other tests.

The relationship between age and CFF thresholds has already
been discussed, however the error measure of the Sternberg
test ‘was also related to age,‘such that more errors were

made by older divers.
GENERAL DISCUSSION #

Abalone Divers showed deficits in neurobehavioural function
compared to Nondivers some of which seem to be related to
theif occupation. . Specificélly, Divers showed poorer
visuai function, poorer psychomotor performance, lower
ability to learn new information and reduced abilities to
cope with memory loads compared to Nondivers. Of thesé
functions, vfsual function (CFF thresholds), some of the

psychomotor abilities, namely reaction time and the Bourdm-
-
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Wiersma test, and memory ‘as shown by the Sternberg test results

were all affected by aspects of their occupational exposure.

Differences between Divers and Nondivers in the Digit Symbol
test, the Paired Associates learning measure, Trials to Criterion
and the Hand Steadiness appear to be due to aspects of their

education rather than their occupation.

Abalone diving appeared to affect neurobehavioural function
mostly through diving styles rather than length of exposure to
~the underwater environment, Divers whose techniques increase
their risk of decompression sickness were most affected. So ig
seems that the neurobehavioural affects in Abalone Divers are due
to the effects of decompression sickness and noF to other

potential hazards in their underwater exposure.

It could be argued that the differences between Abalone Divers
and controls arise not due only to their occupational exposure
and that, in fact’the.contributiﬁagéf the Divers occupation to
their lowered performance is very small. While this must
certainly be the case, it is extremely likely that the Diving
variables are underestimates of the true situation. Divers could
only estimate their dive pattern, the incidence of neurological
symptoms of decompression sickness and of decompression sickness
itself for example. It is likely that many episodes were not
recalled and, if the symptoms were slight, were not even
acknowledged to themselves. In addition, many divers may have
been reluctant to reveal incidents nor their true dive profiles

in case of repercussions which interferred with their

livelihood.
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The overall effect of these factors would be to depress the

strength of the reiationship between diving style ‘and

performance.

It should be noted that Abalone Divers showed a tendencf to
risk-taking which is perhaps not surprising given the inherept
dangers in their work. Nevertheless, this characteristic clearly
affected their performance on a number of the neurobehévioural
tests used in this study and presumably in other studies as
well, Not only should this be taken into account when
interpreting results from other Diver groups, but it should also
be recognised when determining safety limit% for Abalone Divers
as an occupational group. Ih knowing that the Divers may be high
risk-takers, greater emphasis should be placed on educating them
about proper safety precautions, epsuring regular health checks
particularly preemployment and adé&ﬁéﬁe medical first aid should

be available in the vicinity of diving locations.
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TABLE 1 : Comparison of characteristics of the Port

Lincoln, South Australia Diver group and Non-
Diver controls.

Divers Non-divers

Age (median 40.0 40.0 x23y=0.64
years) {range 21-53) (range 20-59) N.S.
Education 11.47 12.09 x2(3)=0.41
(median years) N.S.
% Smoking 24.2 27.3

No. cigarettes 21.3 19.0 t(15)=0.82,
smoked per week ‘N.S.-
(mean)

% using alcohol 72.7 54,5

Alcohol /wk 118.6 99.91

t 15 =0.62,
{mean gms) (15) N.S.
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TABLE 2 : Results of the Critical Flicker Fusion test

showing means and standard deviations for Divers
and Controls-and Current Divers and Exdivers.

Divers Nondivers — Current vExdi%ers;
n=33 n=33 divers n=11
n=22
CFF Left eye 34.1 37.9 34.9 32.6
(4.7) (4.5) : (4.7) (4.6)
CFF Right eye 33.7 37.4 34.7 31.6
(4.89) (5.00) (4.3) (5.86)

TABLE 3 : Results of the Bardon-Wiersma test showing
means and standard deviations for number of
targets tracked and percentage errors for
Current Divers and Exdivers.

Current Divers Exdivers

Targets tracked 147.64 146.18

(27.5) (27.8)
$ errors . 10.6 10.1
( 6.73) (6.74)
e
P'M
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TABLE 4 : Digit symbol test results for Total diver group
and for Current and Exdivers showing means and
standard deviations.

-

Total diver Current Exdivers

group divers
Scaled score 8.9 8.8 9.2
(2.09) (2.17) (1.91)

TABLE 5 : Resultsof the PairedAssociates test showing
medians and ranges for the comparisons;
Divers with Nondivers and Current divers with
Exdivers. The STM measure, number correct,
Trials to criterion and percentage of each
group reaching criterion are shown as well as
the LTM number correct measure.

Divers Nondivers Current Exdivers
Divers
STM, no.correct 2.0 2.0 2.0 2.0
. (0-4) (0-5) (0-4) (0-3)
Trials to 4.5 3.0 3.5 3.0
criterion (2->6) (1->8) (2->6) (2->6)
$ reachin . 60.6 75.6 " 63.6 50.0
criterion
LTM, no.correct 2.5 3.0 3.0 2.0
(0-5) (1-5) (0-5) (1-5)
p—_Y
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TABLE 6 : Errors on the Sternberg memory test for
comparisons between Divers and Nondivers and
Current and Exdivers. Means and standard
deviations are shown.

Divers Nondivers ~Current  Exdivers
divers :
Sternberg test 1.58 0.62 1.4 ’ 1.9
errors (1.12) (0.95) (1.01) (1.1)
v

P o
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TABLE 9 : Demographic characteristics of Abalone Divers

from Port Lincoln,
of NSW and Tasmania

South Australia,

South coast

-

Diving Locations

South Australia N.S.W. Tasmania

Age(yrs) . 34.9 38.0 33.2
Educationkhd yré) 11.1 10.38 10.9
% Smoking 31.8 25.0 30.4
No. smoked 20.7 17.0 19.6
per day

% taking medipapion 15,0 8.3 14.0
% consuming 85.0 100.0 90.7
alcohol

Alcohol(gms/wk) 84.8 92.2 178.7

-
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TABLE 7 : Comparison of diving-related variables for
divers at each geographical location. .

Location
South
Australia © N.S.W. Tasmania

Exposure(hrs) 4685 12,130 4631
Maximum depth 68.6 61.2 45.1
reached (ft) -
Incidence of 13.5 2.0 0.4
Decompression
sickness (no.times
per individual)
% experiencing  50.0 9.0 0
neurological
decompression
sickness symptoms
$ Decompression
stress risk
Low(1l=2) 13.6 18.2 51.2
Intermediate(3) 0 18.2 , 20.9
High(4-5) 86.4 63.6 27.9
% Oxygen use
Never Used 36.4 81 +8 92.9
Surface only 9.1 1842 4.8
Surface and . 18.2 0 - 2.4
to 30 ft ‘
Used below 30ft 36.4 0 0

e
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TABLE 8 : Correlations between exposure variables and
between exposure variables and demographic
variables for all Abalone Divers

Exposure Maxdepth Decompression Neurologicaletréss Oxygen

Incidence ' " Use

Exposure - - Co- - : - -
Maxdepth 0.01 - - | - T "_
Deco. o |

Incidence 0.01 - 0.30% - - - B
Neurological 0.17 0.29 9;13 - | - -

Stress 0.01 0.59 0.41 . 0.41 B -
Oxygen use =0.05 g;ig 9;32 0.61 q;ii -
Age 0.53 -0.12 0.04 0.21 0.002  0.09
Education -0.17 0.001 0.04 0.003 0.05 -0.09.
‘Smoking*' 0.46 0.12 0.14 : 0.10 : * 0.60 0.15
consumption
Alcohol*  =-0.05 ~0.13 ~0.12 -0.09 Qoglz -0.05
consumption
Medication =-0.1 0.14 0.40 0.16 0.19 0.27
* Based on n=20 and n=61 for smoking andkgie%hol respectively. Remaining

correlations based on n=70.

Correlations underlined are statistically significant p<0.05.

.=
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TABLE: REGRESSION COEFFIENTS AND CONSTANTS FOR EQUATIONS RELATING PREDICTOR VARIABLES AND NEUROBEHAVIOURAL. MEASURES.

MAXIMUM SECOMPRESSION OXYGEN EDUCATION
TEST OR MEASURE. EXPOSURE.  DEPTH INCIDENCE NEUROLOGICAL STRESS USE AGE LEVEL  CONSTANT MULTIPLIER
\

CRITICAL FLICKER FUSION:
LEFT EYE. . . -2.5 -0.29 47.8 0.62
RIGHT EYE. -2.8 37.5 0.49
REACTION TIME: -0.09 41.59 0.29
HAND STEADINESS :
OFF TARGET TOUCHES.
-UPPER PLATE
-LOWER PLATE
TIME OFF TARGET oy
-UPPER PLATE . e ’
- LOWER PLATE. St -1490 1353 0.32
BOURDON-WIERSMA: : .
TARGETS TRACKED 0.09 ‘ -2.4 1.98 31.88 0.38
ERRORS .
DIGIT SYMBOL ‘ 0.98 4.86 0.36
STERNBERG MEMORY

0.09 -0.11 2.85 0.42
POSITIVE SET 0 09 _0.15 3.16 0.51
NEGATIVE SET .5 .09 -1.23 0.34
ERRORS -8x10 : -
FRED _ASSOCIATES
STM NO CORRECT 0.02 1.07 0.36

-1.26 10.94 0.28

TRIALSTO CRITERION
LTM NO CORRECT
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derrements in neuropsycholooical performance. It Tikely that if

Loaning dus 10 exposure over

Tim ot = {at least in

the a subset of individuoals. L
this is the casc, then the =
the possibiiity that effect si
poseibility of subtie effa
lomzitudinal study, in which divers and a group of contrals are
tented aver a number of parhaps at the same time a3
arnual medical checks., Over this time ig%armatian shauld ke gathered about
diving history, well as other rel 1
i3 to detect early and szubtle
y Jo lests sampling
different aspects of behaviour e the amount of time
iiabkle to carecy out such an Timited for practical
. ansy careful choice of tes wold be wise o in &

moezzure of general intellectual functioning; an instroment
Tike % LAIS is too time consuming. Theps are a number of chort tests

availakle which are corprelated with WALS performance and which coulad be
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MI15CELLAMEOUS MEDICAL DISORDERS

CARL EDMOMNDS

ahalons divers are susceptible to the same disorders as othar divers, but
becauze of the excessive time underwater they are Iuke1v to have a higher
ineidance of these. Because of the exceptional-exposures, scme--diseazas may only
be seen in this type of diver.

The problems of otclaogical disease, dvsbaric csteonecrozis and possible
long-term neuropsvchaological sequelas of comprecsed air diuing, have bezn
discuzzed earlier. In thie chaster a pot pourri of cther diseases are mentiocned.

In doing the survey a number of divers made specific complaints, which were
recordad, Although they did not fit into the cstandardised format, and although
ssment could be made as regards the incidence of thess symptoms (hecause
r divers were not asked about themd, it is considersd that some of them
quent encugh to make them no*nworgn;, whereas others were of general
Staries of abalone holding divers underwater until they drown, are thought to be
fictitious.

The cold water suitable for abalone growth is alss the same as that which is
infamous for fthe presence of the feared white "pointer {lsuridaed shark.

One abalonez diver was bitten in half during his diving fa=ar Eruny Isztand,
Tazmania, by & white pointer, Ancther recieved fractured ribs when he was rammed
by a ehark. Many divers were said to have been baziled up by sharks, and
scmetimes by doiphins and seals,

In January, 1774 an abalon
suziralia, by a shark thatl was presum

L

While ewimming near Neptune Island in South Adstralia, at Christmas 1783, =

white pointer sharkK swam tralght up to one diver, with its mouth wide cpen. He
% pushed his abalone bag into its mouth, lacerating his right hand in the process,
| The shark accepted the u++ur, and swam awav with it. There was minor permanant

g acc
scarring of the diver’z hand.

any of ths divers had
., scorpion fizh and

m 3
o

Abzlane paiscning is classically due to the ingestion of the liwer and perhaps
Gther viscers - & rare activity in countries other than Japan. The pho otodvriamic
toxin zeems to develop especially during the spring months. It causes a rapid
onset ot a histamine like skin disease, with burning, itching, redness, lister
and wheal formation (urticarial and swzlling of the tissues, especially in the
areas esxposed to sunmlight. Photosensitisation iz otherwise rare az a resulh of
focds of animal origin, although not uncommon with drug reactions., Ulceration
can develop (Halstead, 1(965).
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The development of a sKin allergy to the abalone can be disabling to both diver
and sheller. It has resulted in a numba2r of men leaving the indusiry, and the
victim can be so sensitised that merely touching any part of his sKin with the
abalone meat, shell or blood would produce blisters within minutes. Some divars
avoid touching the abalone with ungloved hands, cannat assist in the shelling or
other preparation, will not remove their diving clothes until all abalone are
packed and cannot touch anx part of the animal.

Allergic reactions can becoms more serious with increzsed contact, and
generalised or systemic svmptoms are possible. Asthmatic reactions are sometimes
zsvers and have required hospitalisation in abalone divers, sspecially if

induced by the inhalation of the dust of abalone shells.

Unfortunately, consumption of the abalone steak can produce allergy reactions
with a diffuse itchy red rash spreading over the bodry and developing blisters,
wheals (urticaria) and generalised swel Twe nf the divers ircnically were
L 0 3
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—
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prevented from ingesting thaip catch becauss of this diseas action
not restrictsd to ihe iti r as described above. Even ihe
exposurs to abalone ¢ tate the attack in senzitised divers.
Reyisw of the 1iterat ir ocbzervations by others f{Horesh, 17430,
ither dermatolagical dizorders ars Common, including minor abrasions and cold
axposure in the marine snvironment, causing "supersensitive hands". AQrasian
om the i S 2 Ylee and backs of the
) s .

dave abaloneg diving, the hands may Show
ng fingers")., This is reduced by ithe use of
uring the diving activity.

Some divers would be considered by most mecical authorities to be madically
unfit faor profezzionsl B 3

diving. For example;

CARDTOVASCULAR ABNORMALITIEZ

. o N . . . . - -
Caze Repart.This 48 year old diver had hist1ast major myocardial imfarction 12
months previously. Since then he haz reduced his alcoho)l consumption and czazad
ettt

The angina was more often precipitated by the struggle of getting into his we t
suit than diving, which he considered sifortlecs! Howewer, he often did take &
tablet just prict to “suiting up", and notad that the angina was more liKely 29
develop if he swam hard at the start of the dive. If he gradually worked up s
the maximum effort, 1% waz not as bad. He had cpen heart surgery wilh a triph
by-pass. He continusd diving, although "taking it easy".

His current diving is up to &0 fit, for cne tg cne and & half hours, and then
less than 20 4t. for & variable time. He alzc continued to take Anginine, before
diving. This was combined with Measwnephrine nazal sprar, Sinutabs, ztc., as he=
concidered his major diving problem was disficulty in equalising his middle ear
zpaces and sinusz2s. In approximately half his dives he would dewelop epistaxis.
Adyice was given regarding the cescation of smoKing, technigues for sgualising
his middle ears, and the usz of a3 non-swmpathomimetic nasal zpray 2.§. 4 topical
carticosteraid , for his allergic nasal praoblams - and disposal of his abalons




licence az soon a3 possible. Theare is evidenca that he took action on all
recommendations except the lazt.

RESFIRATORY DISEASES

Chronic respiratory disease was presznt in & cuprising number of divers. Saven
had asthma, with four regularly taking Ventolin and one Intal. Another had a
past history of acthma. Bronchospasm waz presant on ascultation in two divers
Without a clear asthmatic history. Two had chronic bronchitis, one with cough
and expsctoration each morning and one with low pitched rhorchi and crepitations

probably related to heavy mariThusma uses
DRUGS

Erobahly about 204 use marihuana, half on a frequent basis,

tants tmainly Sudafed
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Case Report, Diver uysed numergus non-prescription drugs inctuding marihuana,

v d tics el that marihuana taken afier a give heips

A1 i + ziows the metabolism down”.

limbz, which are exiremely cold for
ke dus o the diving or o the Indian
There are pozsibly two cases of suicide ¥ncwh amongsd she zbalone diwers, Dul
cneciiic details were not available and nor were they sought. Psyehiatric
dizgaze iz nob well accepted by this Qroup i
L]

One epizode of attempted suicide waz ascertatned, with the diver purposefully
exceeﬁxng the tablez. He blamed diving for his broken marriage.
Crie man suffsred & very Sgvere Manic phase of a manic gepressive pay¥ohasis,
requiring both lithium an nd other drugsz, but continuing his diving throughout,
Anothier claimed to be chronically un ihappy and depressed. One had a "nerwous
broakdown® lasiing 12 months, e3pe cially asscciated with aggreszion,
ORTH 1C FROBLEME
Recurrent low back pain "Banana back") intermitfently incapacitating the divar
and relzted to diving activities was valunteered by four divers. Some glaimed
the carrying of a weight belt ‘needed to counteract the Duoyancy efiects of ihs
wet suii) put a strain on the 1umu1r sping, and cubstituted a corset 1ike weight
belt ar a weight vest, which dis b %ed the weight over a greater arei,
suppaorted the spine and kept it less ile.
Svmp toms of cstecarthritis unaszsociated with dyskapic osteonecrosis: .




PHYS10LNGBICAL OBSERVATIONS

Report. "Thes deeper you dive and the longer vou dive, the more vour
yision changes after vou gat back to the surfacs. You notice that the reds and
oranges will stand out and glare far more."

Episodes of the carctid sinus svndrome, with cervical dizcomfort, dizziness and
fainting were noted by 3 faw divers, but wers remedied by cutting or medifring
the tightness around the neck of the wet suit.

DISEASES DUE TO DIVING

FATALITIES

probakly 10
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Carbaon monoxi ¢+ 1 ‘nozsibly with oiher drugs contributing?
Drowning and =ntrapment 1

Fulmanary barctraums

Pulmonary barotrauma H

Decompression sicKne

Gaztrointestina! barcirauma "

Fo repeated eructation of gas and vomiting during of

af somited atter diving svery dayid. Alr swallowing wWwas &
po vion of air into the sztomach, but a more likely

ca ion by swallowing when the diver was in the inuertzd

There was a past history of surwival after pulmorary baroirauma in 9 ot
divers in the survey, with pneumothorax in one, air embo i
smphysema in oneg, and a combined pneumothorax and air em
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DECOMPRESSION SICKWESS SEQUELAE

Casz Re

(s )
S

rts. .

1.Jery =zevare wertigs, headaches and balance problems for six months after
decompressie. ~irkne

%.Developed a severe bend in his right hip, five months previously and the pain
remainad severe ever since the bend. No investigation performed.

3,Recurrent pains in the lsft shoulder following decompression sickness. Bane
scan positiva.

4.Diver restricts diving to 30-33 ft, because desper than this causez his Tlett
side to go numb with pins and nesdles", whilst under the water. He thought it
Cfollowed a zpinal decompreszion sickness Tesion.

he dived to 140 f%., for abalonsz, on i gardsn haose attached to ithe
Gne post dive syndrome Was dizgnozsd as ths Guitlian~-Barra syndrome,
az such for many weeks before he gradually improved.

I

4.3pinal decompression sickness during abalene diving, hE“PlHP
poliomyelitiz as a child, rezylted in extensive neuralogical di
complete paraplegia, and zeyersly painful muscular spasms for the

gight wears,

7 - P - H H - [P G - H PR PR [ PN 2
7.lost wision post dive, with 2 diztinct and almost identicz) epizodes o and &
YRAPS Previcusiy.

Zelirium with dzcompreszsion sickness resulied in a diver bDeing retussc
becauze of his *difficult perzanality’,

10.Left leg paresis and impaired balance persisting after an epigode of
deccn;ress; . sickness three years ago, bubl natb interfzring with diviag.
PC3T DIVIMG SYMOROMES ;

zible neurcpsvchological svmoptoms, of a. fwmpurarv nature, were yoluntezersd as
common after diving. The importance 0+ these were not appreciated during the
dezign of the suruey, and ther efore the information collected was not in 2

specified format and there were no desiqrated questions askKed regarding this.
Mevertheless many spontaneous complaints were offered by the divers and their
Wwives .4, ‘

1 have a high fee2ling and somewhat disorientated.

Conversation is lacking, He drives in a daze.

Acpears to have a logs of memory also. 1 must have solitude.

Loces strength after diving. Sleeps like the dead.

He will get incomnia unlezs he forces himself to stay up and be active after the
dive,

Sits and =tares, does nothing (many timesl.,

Looks at, but dozs not taks iny the telewision.

e Keap an old car thai he can bash into with an awe and vent hi

by
o
=Ly
- T
-

gfter diving 1 suffer a very bad temper. 1 am highly irritable and 1
handle almost irraticnally cwer the slightest incident.

Both the wives and the fishing authorities agree that the diver should not be
invalued in any decisions or discussionz on the afterngon of the dive., Even whan
the topic is agreeable, it is liKely that the diver will be either unhelpful or
dizinterested,




Salt water asgiration syndrome, also Known amongst the divers as "night fever",
Was vary common, with symptoms related to the breathing a fine spray of sea
water during the dive. This was attributed to the low line pressure used with
Hookah compresszors and the unusual configuration of the exhaust value in the
popular See-Bes regulator.

The main complaints were sweating profusely on the night of the dive, the "body
like a radiator", etc.

Cazes Raport. Diver uses a 5See-Bee requlator and even at 10 ft. i he dives for &

—fgwhours; then-half to-one hour after the dive he develops an aching “in every

bore and joint in my body", together with anorexia and temperature up to 104
degrees Fahrenheit. It lasts about four hours.

The calt water aspiration syndroms was oftan remedi=d by repairing ithe reguiator
or the substitution of a mew reguiator.

Shoulder crunching.

There were four divars who complained of noisy shoulder movement afier long
durations at shallow depths. 1t was conjectured that thiz sympiom, which was
confirmed and complained sboul by ane spouse), could have baen dus to releasze of
gas into the slow tissues arcund joint spaces and be analagous %2 aviators who
azcend after being saturated at ground leysl, and develop gas in the ariicuiar
Joint fluid.

Caze FR: swtended dives, i.e. 4 - & hours or more at a depths (his
mai i mum the diver notices "a squelchy, sguelchy shaul usually tor
up to 2 hours and with the right being greater than the Teft, It produced
when the arms are being lifted up, e.g. while taking off his jumper. during the
dive, he certainly uzes his right arm more, prising nf+ the abalon=. He has
never not to F m

~r
or
[V
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o }
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-

m with anv other type of manual work, and it
f 3

Temgoro-mandibuiar Joint Dvsfunciion.({Edmonds et a1 ,1782 Knight 1735 .11 cases
Ynown ac "jaw seizure" by the divers, it is well described by the following:

Casze Repart, The Jjaw seizes and the mouth waont open, you can not get the
regulator aut or in. IF the regulator is removed to $i11 the parachuts, ¥ou
cannot open the mouth ta replacs it. Thigig disconcerting.

gquipment, I have to force my mauih openg

Case Rencrt, After using borrowed =g
lever an apple in and make mrself chew it until function is resiored. 1 conzume
a 1ot of apples.

two or three davs wark, 1 can’t chew for somez hours after the
smoke dope after the dive, and this
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CMCOMSCIOUSMESS WHILE DIVIMG

Two epizad
champiansh
thres minu

2 of unconecicusness with fres diving, during spear fi

€ is

ips. Dne episode rezulted in cardiac arrest for 2 period of about
A o

L

=

UrUsual MEDICAL PROBLEMS

r

Dives with 2 prosthetic (blown glazs) eve. Mo problems were noted,

Moticez a hoarse voice for 2-3 davs after each dive.




Haz a club footj tends to get bends involving the left shoulder and his club
foot. Uses a zmall flipper on his small focot.

Large hiatus hernia, extending into the thoracic cavity was detected 12 months
previously and caused no trouble with his diving and was not associated with
gastrointestinal barotrauma.

Suallows & lot of sea water associated with abdominal discomfort and vamiting
post dive.
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Chapter 21
RECOMMEMDATIONS - Summary

Carl EDMONDS and Christopher LOWRY

Diving Medical Centre, Svdnev.

GEMERAL RECOMMENDATIONS

{. Periodic seminars between the-divers and.-practically orientated experts be

made available {not obligatoryd., This is already undertaken in some areas, and
they have been well attended. Health and d;U1ng safety subjects could be
integrated with equipment and fisheries subjects, sa that the pverall
attractiveness would be heightened.

Man medical subjects could include: Compreszor technaology, maintainance and
tasting) diving egquipmenty sbalane recruitment; marketing; eto. The leciurers in
come of thess subjects would b funded tv their commercial firms of qavernmant
departments.
The zmall number of lecturers could be arganised to visii 4-7 arzas
consecutively, in a two week periad and cover all sbalone diving groups. MWith
adequate warning, diving coauld be suspended for Z dars to allos for thece
ceminars and other local meestings. Such an arrangemént would be efficient az
regards lecturern participation, as preparation of one lecture would aliow &-7
presentations. Questicons from one area could then contribute 1o presentatiaons 1IN
subzaquant arzas,
2 the form of an annual or semi-annual ﬁwuelet%ﬁr
cC b= in non-technical terminolcogy, and with coniributions
o subjects related ts abalone harvesiing, shou!d oa
k) Jivers.
The zubjects coversd should include ihe same as thosze referred to in the aboue
seminars, and could even be transeripts of them. It could alzo be used to inform
divers of such meetings. The 1iterature zhould be zent dirsct fo ths diver, o
ensure that local administrative difficultiez or political animazities do not
intrude, 7.
3. Specific practices which zre inhersntlys 43 ngerou’ zych as thes inapproprials
use of oxrgen underwater, could be discouraged by implementation of the above
recammendatians.
4. & Central Registry which is able to compile and analysze medic: alor ot
divers, would 2llow & laongitu dimal shudy of healih problems with this of
professicnal diving. Thiz would also be of great value tu the individual diwer
az it would allow for early baseline medical data to be C mparedleith subzaguent

2 ts. It would also ensure a standard af imveztigaticn and reporting that

controtled.
medical information would only be availakle to the diver oh &

representative des'gna+ea bw him (e.g. local doctor?.
Thisz Central Registry would be comparable to UK, Cecompression Sicknezs Panel
and the Japaness group from the Saitam Medical School. In Australia, it wouid
have o bBe an indeperu~n+ arganization, unascaciated with state or commonwealth
government departments. Otherwice it will be interpreted with suspicion by the
jery divers it ie intendsd to halp.




e,

annual or bi-annual long bane X-rays should be encouraged because of the
g

ays
alarming incidence of severs and dicabling lesions in this group.

The X-pavs should be arranged only at selected hospitals, where strict adherence
to the MRC Decompression Sickness Panel guidelines is maintained and where

technical =kill and experience is available, Specifically attsntion must bes paid
to correct shielding of the gonads, and viewing an adegquate Yength of femur.

£ilms should be intsrpreted by seiected radiclogists who adhere to the MRC

e

reporting system and who haue gevpertise in this disorder. The filme must then be
held bv an independent body which acts as a registry where films arz

interpre if required for further assesszment,
etained until *he diver leaves the indusiry, when thev should be returned

FECOMMENDA

zoommendation i3 fhat t
s clinici Knowledges
iz tha v af tha

ot equalising their

ng on decongesiantis
reditection to midd

inziruction in micdle 2ap
tone audicgram and the annual
szion of hearing loszs, it should b2
efil a great deal of the ctoiogical and
chpational group.

RECOMMENDATIONS ON NEUROPSYCHOLOGICAL FUMCTIONING

fn investigation mar be indicated into the short term effescts of exiensiue
diving, az performed by abalone divers. This could be achizved by a small graug
of inveztigators travelling with the divers during their occupatiocnal activity,
ar slternatively mesting them on the wharf immediately following their r2iurh,

1
{ { b
snd before they have regained their normal functioning.

The investigations would have to include some form of psychometric testing
{including short teszts such as ihe Wechsler Memaory Scale? and other
z:lf-azseszment questiconnaires, together with any slectrophvsiolegical data that
mar be availahle {e.g. electrosncephalographyd, deep body temperzture and full
bicehemical and haematological screening.

Decomoression Sickness and Owewvosn Use

1% would seem prudent to avo
possibie, making allowance f

G he occupational exigencies. i + note that a
great number of the abalone divars ware not aware of their failure to follow




(YA ]

establiched principles of decompression. With this in mind, regular seminare
held for the divers, which they could attend on ”O]Uﬁtir/ basiz, could only be
of value. '

The attempt by the divers to reduce decompression sickness by the use

may have conflicting effects. Although the oxrgen certainly reduces the
1nc1d#nc~ of intravascular bubbles, and poszibly also bubble H=1)
vascular svstem (fast tissuesy, its usze under hrperbaric conditions i.2,
underwater, can produce a whole series of other neuro opathological damaQe, .93,
to the special senses and the higher functions of the Brain. The d 3
~peurgtoiic. substan

oXyYQen as

l" ]
1

wQen A . if used under pressurs, has not been fully
appreciated by mary cf the divers., This would alzao be the subject of any
educational campaign which organiszsd seminarz for the divers, by gxperts in
diving medicine,
&3 x general rule, zven if me of
present, it may be prudent 28 O4YGg 2 eguce
dacompression probliems - 3 rmal precauticns againzt firs haue
been taken., It is not prop extending underwaier endurance and
it is not recommended for ter.

sicHnesz in
ive treatment of
(% m (S e omme ] oo o o -
5as Contaminanis
1t is recommended fha ducaticrnal lectures be given to the divers, by swperts
in compressor technol . MNumercus guestions asked of the mecical experts
revezlad the nsed for iz informaticn.

Sych detection Kite are read Sustralia and include the Drager
Multi Gas Detector unii, wit and hvdrocarzon tubes, the mUER
gaz analyzerz available from P Eandix Gaztic Gas Detsction Tirstems
in many other couniries, They have similar- «cababilities, Thess simple analysis
systems, which can be utilised by any diver or boatman, can inform the diver
that his compr

gzsar is not function adeguateir,

euen without waiting for further
5 be taken both before the dive and during
3 ae, which produce a diuresis, would not be as
adequate as fruit juices.
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A longitudinal surver to d

gte n

combined with the above medical and zeminar progr

degree and type of damage pesszible from sxcessive diving. A com ed
neuropsycholonical and slectrophysiological study with the inclusian of the more
recent neurclagical investigations such as CT scans, MMI and FET mav ultimatels
be reguired.






