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Elke reproductie, geheel of gedeeltelijk, van deze
presentatie mag slechts gebeuren met
voorafgaandelijk akkoord van de auteur.

Toute reproduction, partielle ou intégrale, de cet
exposeé et de ces notes ne peut se faire qu'avec
I'accord préalable de l'auteur.

Plan Physiological aspect

* Osteonecrosis = is not a specific disease entity but the final common

* Physiological aspect
pathway of a number of conditions leading to bone death.

* Methodology
* Results

* Discussion * Avascular osteonecrosis

* Dysbaric osteonecrosis
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Avascular osteonecrosis

* More often in the hips
* Favorising factors Aetiology

= Trauma

= Sreroids

* Alcohal abuse

+ CT diseases eg SLE

Infection (osteomyelitis, HIV])
Renal transplantation
Radiation therapy

“aeas

* Hematologic (sickle cell disease, Gaucher disease
hemu%nblr!c!p.]!hies‘ Malignancy (aariow
thrombophilia) infiltration, malignant fibrous

* Metabolic histiocytoma)

(hyperlipidemia, gout, renal o csordiicat
failure) Bl i
Bisphosphanate use

.
.

Orthopedic disorders (slipped
capital femoral epiphysis,
developmental dysplasia of the
hip, Legg-Calve-Perthes disease)
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Diagnostic

* Gold Standard: MRI
* Classification: Ficat and Arlet

Stage Radiological findings

1 Plain radiograph, magnetic resonance imaging, and
scintigraphy: normal

A Sclerotic and cystic lesion (absence of subchondral
cystic formation)
B Subchondral collapse (crescent sign) and/or

subchondral aliasing

i Irregular femoral contour

I\ Collapse of the femoral head, acetabular involvement,
and articular destruction (osteoarthritis)

Treatment

* Symptomatic

* Physiotherapy

* 20% evolution to early osteoarthritis
* Articular replacement
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DON Vs AVN

* Etiological diagnosis is assumed

* Radiographical evidence (RX-CT-MRI)
* in context of diving,

 excluding other causes of AVN
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Dysbaric osteonecrosis Dysba ric osteonecrosis

* Osteonecrosis is the consequence of a desaturation accident in the

bone * Decompression sickness classification

* Dysbaric Osteonecrosis in tunnel workers vs. sports divers * Pain in joints = Type | DCS

b |ncidence from 25% to 70% * Untreated 9 pOSSIble necrosis (DON) I;‘i’s‘:m‘iul" classification of decompression sickness (adapted from [5,11] after [3]).
* Consequence depends of the site of the TR .
e Tunn el Worke rs: occu patIO na | d isease q p Classification .r:l:‘?;{fiemm. peripheral,  Systemic, serious
. Symptoms  Pain _ _ Cerebral-cerebellar
* Long periods of work under pressure lesion ot and sngon e~ ke conscousss
. . . . - Auditory, vestibular
* Non-adapted decompression schedules * Peri-articular 2/3 vs. diaphysis - Pt
localised  lymphatic - Paralysis, paresis
* Frequent denial of pain (loss of income) (in the main bone) congestion e o o
_ Sensory disturbances
* Slow development of symptoms (arthrosis) i . A

- Rash - Desaturation
- Localised cyanosis
- Cutis Marmorata
Girculatory
- Shock

Physiological aspect Methodology

* Sports divers: pain-only DCS less frequent than neurological DCS * Methods:

* Treatment no consequence on income . Popu|ation

* Treated more rapidly (...) R Investigation

* Virtually no DON detected over past 20 years .

* Evaluation
CHBO DCS database ~ 1994-2004 (n=157) 2004-2014 (n=209) * Results
Peripheral Neuro : 35% 19% . gn@‘nw ’“
Central Neuro : 30% 10% * Population data § %MEthﬂdﬂl m;ﬂyg;;.‘:wh
. g i
;fl': g;‘l'qyd(stzype 0 :‘;% ;g% * CT results %EREQENERF“““‘?‘“ nevergnl'ﬁlmﬂ“’ﬂ”ﬂ zin
AGE : 7% 3% a'ramufunn Ing q”a ﬂ “'E" e
Clearly mixed : 3% - b= Elﬁ‘!é "’ War‘E FESEEI'E'I .E
,- d!ﬂ.’:ﬂﬂ
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Hypothesis

* Deep divers

* Rebreathing systems
* Go as far, as long as possible
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Population
* Divers > 18 years old
* More than 30 deep dives (> 60m) in the last 5 years

* Asymptomatic at the time of the study

* Total 27 "deep recreational divers"
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14
Investigation
* Questionnaire : more details on what has been asked
* CT Scan
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Investigation - Questionnaire :
Population

33% (9/27) of the divers report a dive accident

Questionnaire: Diving:
General: How many years do you dive ?
Last name - First Name : ... How many dives have you done in total

Gend, How many dives per year do you do, the last 5 years ? 0-20 21-40 > 40

Age: How many deep dives (> 60 meter) are you doing each year?

Weight: 0-5 6-10 11-20 > 20

Do you smoke? Yes No On average, on diving days do you do more than 1 dive per day ? Yes No Symptomes of the previous dive accident

If yes, How many per day? 0-10 10-20 >20 If yes, how many dives in a day ? 1-23-4 > 4

Do you drink alcohol? (Including wine and beer): Yes No Which gases do use for diving ? Air Nitrox Trimix 0,
If yes, how many per week? 0-5 Units 6-10 Units > 11 Units Do you dive with a rebreather? Yes No Cutaneous rash 44'4 %
Do you take medication every day/week? Yes No If yes, which type (+ brand)

Which? Which dive computer(s) do you use ? ... Tingling 22,2 %
Did you have any surgery in the past? Yes No Did you have a dive accident/incident in the past ? Yes No

Which? If yes, in what year ? . .

Do you have currently any health concerns? Yes No Which symptoms ? Dizziness 44,4 %
Heart ? (Insufficiency, High blood pressure, arrhythmia...) Yes No Cutaneous rash,

Please specify? Strange feeling (paresthesia) in your legs of arms, i i 9
Lungs ? (COPD, Asthma, Emphysema ...) Yes No Vertigo, Joint pain 333%
Please specify? Difficulty breathing after the dive,

Diabetes? Yes No Cough with bloody sputum, Other 44,4 %
Thyroid disorder? Yes No Loss of consciousness,

Which (Hypo/hyper thyroidal, thyroiditis)?.. Other (please describe)

Affection of the kidneys? Were you treated in a hyperbaric chamber for those symptoms ? Yes No
Please specify? If yes, in which hyperbaric centre ?
Affection of the liver? Do you have any remarks of any other information to add ? ...

Please specify?
Are you tested positive for HIV? Yes No

Have you been treated, in the past ten years, by corticoid? Yes No
Please specify?
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Investigation — CT Scan Investigation - CT Scan

* CT scan: * CT Scan

* Rationale why CT scan: Classification after the United Kingdom Medical Research Council
* Availability in MHKA
. Rapld examination Classification of dysbaric osis lesions (after the United Kingdon Medical Research
Council). * = classification of the present case
* Low radiation dose Lesion Sabype Comments

Al Dense area with intact articular cortex  Prevalence of A lesions:
A2 Spherical opacities

* Established lesions detected vs (MRI — early lesions) A3 Linear opacities Tunnellers and saturation divers
. A4 Structural failures Femur > Humerus
* Ethics approval needed

At lesions Juxta-articular: 3
Fpe lesions Suta-arieniar - Translucent subcortical bands

- Collapse of articular cortex

H H - S¢ strati f *. Other divers
* What to do Wlth detGCted DON IeSIOnS ? A5 Secondea‘z';e(::gae‘r;a‘:ivce‘):si:oanhrilis Hum‘er?;;l::nur
. . . s B1 Den: S
* What with other findings on CT if important ? B type lesions Shaft B2 Imegular caleifiod areas wa

B3 Translucent and cystic areas
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Results

“ Number of dive Dive / year

- ” - ”
- . - B
- - ” "

* 3/27 with radiological signs of osteonecrosis

Results of the CT Scan

Localisation Stadification

Humérus A1 +B3
proximal

Humérus A2 +B3
proximal

Humérus A4+ AL
proximal

Classification of dysharic osteonecrosis lesions (after the United Kingdon Medical Research
Council). * = classification of the present case
Subtype Comments

Al Dense area with intact articular cortex  Prevalence of A lesions:

A2 Spherical opacities

A3 Linear opacities Tunnellers and saturation divers
A4 Structural failures Femur > Humerus
- Translucent subcortical bands.
- Collapse of articular cortex

A type lesions Juxta-articular:

- Sequestration of cortex* Other divers
A5 Secondary degencrative osteoarthritis Humerus > Femur
BI Dense arcas
B type lesions Shaft B2 Irregular calcified areas n/a

B3 Translucent and cystic areas

Results

Osteonecrosis present

Localisation
Humerus proximal
Humerus distal
Thighbone proximal
Thighbone distal

Use of Corticoids

Résultat scanner

1,1%
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Discussion

* No symptoms

* 3/27 divers had radiological signs of osteonecrosis

* 2 of the 3 divers do not report any dive accident before
* None of them had used corticoids in the previous 10 years
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Discussion

* Models of decompression
* Haldane
* Neohaldanean
* Bubble models

* Statistical risk of DCS with these models: 0.5-2%

(US Navy, DAN Europe database)

* Trimix diving: not necessarily comparable to “2-gas” diving
* Yet: decompression models extrapolated from “older” models

* Statistical risk for DCS unknown, but (much) higher than
air/nitrox diving (cf DAN Statistics)
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Dysbaric osteonecrosis of the shoulder in a sport
scuba diver

Discussion N

* DCS Type | often asymptomatic ?
DON often without history of DCS

* DON described in recreational SCUBA only from 1998 — since then,
increasing reports in deep or tech divers
* Hypothesis:
* DON more frequent than previously thought ?
* Prediction P Wilmshurst: “Failure to learn from past lessons may cause
amateur divers to suffer an epidemic of dysbaric osteonecrosis, similar

to those in professional divers earlier in this century, before safer work
practices were introduced to those occupations.”

Discussion:

* 11% of divers had DON

* None had symptoms, none had other risk factors for AVN,
localisation “typical” for DON, not typical for AVN > DON most
likely cause

* Only 1in 3 reported previous DCS
* Denial ?
* Asymptomatic ?
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Discussion

* Reason for DON ?
* Long, deep dives with Trimix = “=long, shallower dives with
air” = typical dive profile for tunnel workers ?
* Dive computers “not reliable” for Trimix ?
* Shoulders vs hips: less “work” with legs, more with arms
(manipulating heavy dive gear before and after dive, scooter
during dive, ... ?)
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Discussion

* CAVEAT:
* No imaging from BEFORE diving activity
* “Older divers”, more affordable rebreather equipment

* Only CCR divers in sample — typically longer dives than Open
Circuit Trimix (dive computers might be more reliable for OC
deep diving ?)

* Dive computer settings: “more conservative” (cf Gradient
Factors) may be not always safer
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Questions?

29
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