AVASCULAR BONE NECROSI S | N DI VERS
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| NTRODUCTI ON

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

H STORY

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

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

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

PATHOLOGY

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



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

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

RADI OLOGY

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



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

DI AGNOSI S

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

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

MANAGEMENT

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

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



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

AETI CLOGY

Endogenous Hypercorti soni sm

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

Pol yarteritis Nodose

Chroni ¢ Al coholismand Pancreatitis

Sickle Cell Anaem a

Al captonuria

Syphilis

Gaucher’ s Di sease

Schandl er’ s Di sease

Deconpr essi on Si ckness (dysbaric osteonecrosis)

* * *x k% * * * *

TABLE 2
HYPERBARI C FACTORS

Pressures > 17 psig (4 atm

Frequent exposures

Long history of exposure

35+ years of age

Experi mental diving

| nadequat e deconpressi on

| nadequat e treatnent of deconpression sickness

* *x * *x * * *x *

TABLE 3
DI VI NG FACTORS

Lowest pressure known - 38 feet sea water

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

* * *x k% * % % %
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TABLE 4
MECHANI SMS

Vasculitis

Coagul ati on Defects
Fat Enbolism

Gas Enbol i sm

* *x * *x * * *x *

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

THI CKENED TRABECULAE AND | NCREASED CALI FI CATI ON

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

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

* * *x * * % % *

FI GURE 3
DI AGNCSI S

DI VERS AND COVPRESSI ON WORKERS

/ llo\

84 (75% CLEAR 26 (249 LESI ONS

N

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

Wllians and Unsworth (1976)

* * *k * * * % *



FI GURE 4

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

* *x * *x * * *x *

A “red” Monster?

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

The Australian, 31 January 1977

* * *k * * * % *

The kiss of MIldred s Life

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

6 April 1977

* * *x k* * * % *
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