Radi ol ogi cal Skeletal Survey for Aseptic necrosis of Bone in Divers and
Conpressed Air Wrkers

Not es prepared by the Medi cal Research Council Deconpression Sickness Panel,
United Ki ngdom
(Chairman: Professor DN Wal der, MD)

Asepti c necrosi s of boneis one of the health hazards of exposure to a hyperbaric
envi ronnent such as diving or working in conpressed air. The signs are the
formati on of | esions of dead bone in the head, neck or shaft of the major |ong
bones. These lesions may remain synptom ess but should they involve the
articular surface of a major joint a painful and disabling osteoarthritis may
result. The condition is also known as dysbaric osteoarthritis.

The preci se cause of bone necrosis is not fully understood. Results of research
i ndicate that an infarct of bone or bone marrow may result from exposure to,
or deconpression from a high anbient pressure. This results in death of those
bone cells deprived of their bl ood supply. Bone necrosis is not usually seen
radi ol ogically until revascul arization of the necrotic area occurs. Wienthis
happens new bone i s | ai d down upon t he dead trabecul ae, resulting in an absol ute
increase in the radiol ogical density of the involved portion of the bone. A
relative increase in the density of the avascul ar bone may sonetines be seen
at an early stage when the surrounding healthy bone is the site of disuse
osteoporosis. Radiologicallyit is not always possibleto distinguishthe stage
of relative increase in density fromthat of the absolute increase in density.

Dense areas may be vague and il |l defined or they may be distinct with a circul ar
or irregular outline. They occur in the head, neck and proxi mal shaft of the
hunerus or fenur and, nost frequently, in the distal end of the fermur and the
proximal tibia. These are the skeletal areas routinely radi ographed. Lesions
have al so been reported in the distal shafts of the hunerus and tibia and in
the fibula, but the el bowand ankle are not included in the reconmended routine
skel etal survey. Lesions may occur unilaterally, bilaterally or in any
conmbi nation of sites. There is no set pattern. The articular surfaces of the
knee joint arerarely, if ever, invol ved but the shoul der or hipjoints may becone
di sorgani sed t hrough sequestrati on or col |l apse of the articul ar surface of the
head of the hunmerus or fenur.

The Medi cal Research Council support a Deconpression Sickness Research G oup
which is carrying out research into the aetiol ogy of aseptic necrosis of bone
at the University of Newcastle upon Tyne. Part of this research involves the
collection and review of |arge nunmbers of bone radiographs of divers and
conpressed air workers. The MRC Deconpr essi on Si ckness Panel has prepared these
recomendati ons to pronote consi stency in the radi ographi c exam nation for the
detection of the disease.

British diving regul ati ons require that conmercial divers working on of fshore
installations or fromdiving barges in the North Sea and around Britain' s coast
must under go r adi ogr aphi ¢ exam nati on of their bones annually as a precondition
of certification of fitness to dive. Simlarly in the civil engineering
i ndustry, the accepted ‘ Medi cal Recommendations for W rk in Conpressed Air’
advi se that nen who wor k at gauge pressure of 14 pounds per square inch (1 bar)
or nore shoul d have t heir bones radi ographed every si x nont hs whi |l st conti nui ng
so to work, followed by annual exami nation for at |east two years after they
cease to work at or above that pressure.
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The Basi ¢ Radi ogr aphi cal Survey

The basic skeletal survey should include antero-posterior projection of the
heads and proxi mal shafts of both humeri and both fenora together with antero-
posterior and | ateral projections of the distal two thirds of both fenora and
proximal third of both tibiae including the knee joints.

The radi ographi ¢ di agnosis of early | esions of aseptic bone necrosis requires
hi gh qual ity radi ographs whi ch denonstrate the bone trabecul ae clearly. The
optinmum screen-film conbination (using rare earth intensifying screens, if
avai | abl e) and good screen-filmcontact is required together with a grid of
adequaterati o and a focal spot of 0.6to 1.2mm Atube with a high speedrotating
anode and 0.6mmtarget, if available, is ideal

Exposur es shoul d al ways be adequate. Probably the greatest fault Iies in under
penetrati on of the bone tissue. |Increased penetration by as much as five to
ten kilovolts above normal is reconmended.

The recommendations of the “Code of Practice for the Protection of Persons
agai nst lonizing Radiation arising from Medical and Dental Use” should be
f ol | oned.

Gonads must al ways be protected by a | ead shi el d when radi ographi ng the hips.
Estimation of the radiation dose received by the patient indicates that this
basi c survey can safely be repeated at intervals of not |ess than six nonths.

Recommended Procedure

Shoul der: Antero-posterior projection

The area t o be exami ned i s t he head and neck of t he humerus i ncl udi ng t he pr oxi mal
third of the shaft. The radi ograph should show the articul ar surface of the
huneral head unobscured by overlying bony structures and should give good
definition of the trabeculae of the head and shaft.

A 24cm x 18cm screen filmis recommended with high definition or rare earth
i ntensifying screens and a noving grid.

The examination is best carried out on a horizontal table. Fromthe supine
position the patient is rotated through about 45° towards the side under
exam nation until the blade of the scapula is parallel to the table top. The
rai sed shoul der is supported on sandbags.

The armunder exam nation should be straight, supinated and abducted 10°. An
extendi ng pull should be applied to the armso that the huneral head is clear
of the bony processes of the scapul a.

The X-ray beamshoul d be at right angles to the filmand centred over the head
of the humerus. The beamshoul d be col | i mated to showonly t he head and pr oxi nal
third of the hunerus.

The patient should hold his breath whilst the exposure is nade.

Hi p Joint and Proximal Third of the Shaft of the Fermur: Antero-posterior View

The radi ograph should show good definition of the articular surface of the
fernoral head and of the trabeculae of both head and shaft. The underlying
acet abul um cannot be avoi ded. A separate radi ograph of each hip is required.

30



A 30cm x 24cm screen filmis reconmended with fast tungstate or rare earth
i ntensifying screens and a noving grid. Fast tungstate screens are reconmended
inthis situation to reduce the radiation dose. 2.5to 5 Kilovolts nore than
normal shoul d be used to increase penetration. The gonads must protected but
care shoul d be taken to ensure that the protection does not obscure the fenora
head.

Wth the patient supine the plane across the anterior superior iliac spines
shoul d be horizontal. The foot of the side under exam nation shoul d be at ri ght
angles to the table top and sandbagged into position

The X-ray bean shoul d be at right angles to the film centred over the head of
the fenur, and collimated to show the head and proximal third of the fenur.

Knee joint: Antero-posterior projection to showthe distal two thirds of the
femur and the proximal third of the tibia

The radi ograph shoul d show cl ear trabecul ar detail in the | ower two thirds of
the fenmur and the upper third of the tibia.

Thereis avariationof density betweenthe nmi ddl e and | ower thirds of the fenoral
shaft so that it is necessary to increase the kilovoltage, reduce the
m | 1ianperage and use a noving grid to produce a radi ograph of even contrast.
Care should be taken not to under penetrate the shaft of the ferur.

A 40cm x 15cm screen filmis recommended with high definition or rare earth
i ntensifying screens and a noving grid.

The patient should sit on the X-ray table with both | egs extended. Each knee
shoul d be exam ned separately.

The X-ray beamshoul d be at right angles to the table top. 1In order that the
lower two thirds of the fermur are included the beam should be centred at the
upper border of the patella - not through the joint space. The beamshoul d be
collimated to show only the area under exami nation

Knee Joint: Lateral projectionto showthe distal two thirds of the femur and
the proximal third of the tibia

A lateral radi ograph of the | ower fenur and upper tibia may denonstrate slight
variations in bone density and trabecul ae detail which are not apparent in the
AP projection.

The requirements of definition are the same as for the AP. The graduation of
density along the fenoral shaft is also evident in the |ateral projection and
t he exposure should be adjusted to give a radiograph of even contrast.

Either a 40cm x 30cm or a 40cm x 15cm screen filmis recommended with high
definition or rare earth intensifying screens and a noving grid.

Using the wide film positioning should be as for a normal |ateral projection
of the knee with the knee flexed and the tibia parallel to the |ong axis of the
filmin order to include the distal two thirds of the fenur.

The X-ray beamshoul d be at right angles to the fil mand centred over the fenur

| evel with the upper border of the patella. The beamshould be collimted to
the area under exami nation
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