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INTRODUCTION

Most patients who were treared for decompression illness
(DCT) at Kawashima Orrhopaedic Hospital are professional
diving fishermen from Kyushu, These fishermen tend to ignore
decompression tables and dive based on their own experienee to
carch as many shelllish and fish as possible. Thus, rhey are prone
to a high incidence of DCIL The purpose of this study is t©
mnvestigate the cffect of recompression treatment for DCL

MATERIALS AND METHODS

The cases wete 515 patients treated for DCI ar Kawashima
Orthopaedic Hospital from 1981 ro 2011, They were from 17 ro
76 years old, with an average age of 36.2. The purpose of diving
was fishing in 435 cases (84.3%0), construction in 27 ¢
and leisure in 22 cases (4.3%) and so on (Fig. 1). The
3.6%), hookah

ases (5.2%),

pressurization methods were scuba in 405 cases (

in 31 cases (6.0%), helmer in 24 cases (4.7%), caisson in 2 cases’

(0.4%), and skin ([1\ ing in 1 case (10.2%) (Tg. 2}
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DCI tended o occur more in less experienced divers than
experienced divers (Fig. 3). The diving locarion was North Saga in
":\3 cases (49.5%), South Ooita and North Mivazaki in 117 cases
(22.7%}, and the Ariake Sea in 36 cases (7.0%) and so on (Fig. 4).

fhx maximum diving deprh was less than 10m in 6 cases, 10-
19m in 51 cases, 20-29m in 173 cases, 30-39m in 89 cases, 40-49m
in 24 cases, and more than 49m in 25 cases. Many divers
experienced DCT ar more than 19 m {Fig. 5). The average diving
depth was less than 10m in 12 cases, 10-19m in 110 cases, and 20-
29m in 99 cases, indicating that most cases occurred at an average
depth of 10-29m (Fig. 6).

Most DCI cases occurred within 1 hour of decompression and

also many cases occurred during diving (T

DCI involved limb bends in 390 ca
in 54 cases (10.3
(2.0%), and skin bends in 3

‘o), the spinal cord

), brain in 48 cases (9.3%4), chokes in 10 cases
cases (0.6%) (Fig. 8).
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_— the second treatment than the first one. Medication and/or
Ly | rehabilitation are common therapy for DCIL
6 115
" CASE
34
The patient was a 32-vear-old fishing diver. He dived to 35m
57 for 40 minutes and then ascended to 28m. Afrer 5 minutes, he
found his air rank nearly empty, and ascended rapidly to surface.
Tand During ascent, he felt pain on his right shoulder. However, he
over started diving again after a 50-minute-break. The pain increased

0 20 40 60 a0 100 120 (ease) after the third diving (Fig. 10). He did not come to our hospital
immediately, but came the next day. Thus, the first recompression

Unknown © 284 cuse s = - 2
therapy was carried our 32 hours after onset, based on Table 5A.

Fig. 7 Time of onset from decompression 5 . - : : T
I'he pain almost disappeared during the first recompression. Afrer

recompression, the patient stayed in hospital and  received
andcoagulants  and  adrenocorticosteroids.  The  symptom
i b disappeared completely the next morning and he was discharged.
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“Good” outcomes here mean symptoms were eliminated, while
“Fair”™ means symptoms clearly improved, and “Poor” means
symptoms  showed littdle improvement. Good outcomes were
achieved for DCI with limb bends in 387 cases (99.2%), spinal
Litib henda cord in 41 cases (75.9%), brain in 37 cases (77.1%), chokes in 10
390 cases cases (100.0%), and skin bends in 1 ecase (33.3%) (Fig. L1}

19:46 Amaong all 515 DCI cases, the outcomes werce good in 484
{94.0%), fair in 29 (5.6%), and poor in 2 (0.4%) (Tig. 12)
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Fig. 8 Types of DCI
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DISCUSSION

In 1878, Bert found that nitrogen gas dissolved in blood and
interstidal  tuid  forms  bubbles  when a person  rapidly
decompresses after being in a high pressure environment for a
certain time 1. DCI is caused by these bubbles under such
conditions and prevendon of DCI requires avoidance of rapid
decompression based on specific criteria . The U.S. Navy Diving
Manual indicates that the onset tme of DCI after completion of
diving iz within | hour in 42% of cases. within 3 hours in 60%,
within § hours in 83%, and afrer 24 hours or more in 2%. The
onset tme was less than 5 hours in 83% of our cases,
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DCI cases are classified into cvpes | or [L Most ape [ cases

gia, and are referred 1o as limb

involve limb joint pain and mys
bends, We carried oue Table 5A against first treatment of type
DCL However, Table 5A is not standard trearment in the
guideline of U.SNavy and the Japanese Society of Hyperbaric and
Undersea Medicine (JSHUM). We conducted Table 3A for 390
cases, bur there was no aggravated case. We conducted Table 5
on the next day, when a symptom did not disappear by firse
treatment. Most cases were improved by imital rreatment,
Therefore we are using Table 5A against tvpe 1 DCLL

Type 11 DCI is classified as a pulmonary and central nervous
system disorder, We ¢
of type 11 DCL Table 6A-4 was carried out for patents spinal
cord paralysis above the 10th thoracic nerves %, We carried out
Table 6 or 5 from the next day to about the 6th dav.

Lactee {lactared Ringer's solution) was used for dehydration
and steroids for spinal cord edema as adjuvant therapy, with a
dose of 6000 U of heparin because DCI s associared with
hypercoagulation, S_\'mprf_nns remit with time in most type 1 DCI

rried our Table 6 againsr first treacment

cases, but osteonecrosis mav occur . For this reason, it is
important to carry out proper recompression trearment and fluid

therapy as soon as possible.
CONCLUSION

1) 515 DCI cases were treated at Kawashima Orthopaedic
Hospital from 1981 o 2011,

2)  DCIinvolved limb bends in 390 cases (75.7%), spinal cord in

54 cases (10.5%), brain in 48 cases (9.3%), and chokes in 10

cases (2.0%)

The outcomes of DCI were good in 484 cases (94.0%), fair

in 29 cases (5.6%), and poor in 2 cases (0.4%).

a2
4

REFERENCES

1y Paul Bert: Barometric Pressure (1878), Translared from the
French by Mary Alice Hircheock, M.A., Originally Published
by College Book Company Columbus, Ohio, Maryland,
Impressions Lud, 1943

2} Mahito Kawashima er al: The recent tendency of dysbaric
osteonecrosis in Japanese divers, [SHUM 41: 73-76, 2006

3} Mahiro Kawashima et al: The Treatment of Decompression
Sickness, JSHUM 35: 177-182, 20006



Treatments of Dysbaric Osteonccrosis
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It is well known thar inappropriate or excessive diving causes
dysbaric ostconccrosis (DON). DON s frequently found in
upper humerus and upper femur among divers and caisson
workers. Half of the cases of DON are seen in the proximal
femur? (Fig.1). We found onc third of divers without symptom
had DON in the physical examination, and half of the divers with
DON had multiple lesions! (Tig.2). We also found thac the divers
who work for less than 10 hours a week didn't have DONE
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Fig. 1 Dysbaric Osteonecrosis
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Fig. 2 Prevalence of DON at Physical Examination
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pain and restriction of acuvity in daily life. If once collapse makes
place, progression of destruction is usually relentess, and surgical
methods are indispensable.

There are several operations for the avascular necrosis of the
femoral head. In our series, operations for DON of the femoral
head are divided into three groups; varus trochanteric osteotomy,
transtrochanteric anterior rotational osteotomy, and prostheric
femoral head replacemenr arthroplasty.

(1) Varus Trochanteric Osteotomy

Distal osteoromy is cut transversely across shaft at just above
level of lesser rrochanter and the small wedge of bone based
medially 15 excised. A corrected angle is often the range from 15
to 20 degrees. Angle blade plate is used ro fix between osteotomy
fragmenrs. Healthy bone is brought into the weight-bearing area.

(2) Transtrochanteric Anterior Rotational Osteotomy
(ARO)

In 1978, Sugioka described a wanstrochanteric rotational
osteotomy of the femoral head?. The femoral head is rotated
anrerioly between 45 to 90 degrees, depending on size of the
necrotic area that must be rotated away from the weight-bearing
position. Even in many advanced cases of DON, the posterior
part of the femoral head often retains a normal, smooth contour
containing healthy cartilage. Large screws are used to fix internally
between osteotomy fragments,

(3) prosthetic femoral head replacement

This method is chosen for reconstruction of the hip joint with
extensive DON or OA.

Recently, hip resurfacing has been introduced as an aliernative
to standard total hip arthroplasty (THA), especially for young and
active patients. Possible advantages include grearer hip joint
stability, bone preservation, and decreased osteolysis.

Surgical trearment for DON of the femoral head was done to
19 patients with 20 hips from 1981 ro 2012 ar Kawashima
Orthopedic Hospital. They were all male. 13 patients of 19 were
professional diving fishermen, 3 were commercial divers, and the
others were caisson workers, Their ages at the operation ranged
trom 24 to 61 vears old. The average age was 39.0 vears old (Ifigd).

In our series, varus osteotomy was done o0 5 patients,

transtrochanteric  anterior rotational osteotomy  was 12 and

12

10

2/
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20-29 30-39 40-49 50-59 60-69
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Fig. 4 Age Levels at the Surgery
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prosthetic femoral head replacement arthroplasty was 3. A follow-
up found sarisfactory results in 13 padents. 5 patients who had
varus trochanteric ostcotomy had good results. 3 of 12 patients
who had transtrochanteric anterior rotadonal ostecotomy  had
severe progression of collapse in newly creared weight-bearing
area, and one had delaved union and dislocarion after surgery.
One of those was done cup arthroplasty of the femoral head at 29
months later from the inital operation. As for one of three
patients who had prosthetic femoral head replacement,  re-
operation was required several times.

Case Reports
Case 1.

A 27 year-old diving fisherman (Fig.5). The preoperative
radiograph  showed DON  at  the femoral
Transtrochanteric anterior rotational osreoromy was done. After
20° of anterior rotation. healthy cartilage was
transported to weighe-bearing arca. There is no evidence that the
newly

right head.

posterior

created weight-bearing area has collapsed 11 vears afrer
surgery.
Case 2.

A 36 vearold diving fisherman (Fig.G). The preoperarive
radiograph and MRI showed DON ar the lefr femoral head. The
characteristic of his diving profiles was long exposure in the bottom
of the sea and short decompression time from the borom to
surface. Varus trochanteric ostetomy was done because lateral part
of the femoral head was the uninvolved portion. The newly created
weight-bearing area is kept well for 5 years and 2 months after
surgery and he feels no pain. The MRI findings seem to show the
repair of the necrotic area.

Case 3.

A 62 year-old diving fisherman (Fig.7). He had 44 vears diving
experience. His average depth of diving was 10 m and maximum
depth was 30 m. He started to feel pain with the right hip joint 11
vears before the surgery. He had continuous pain of the right hip
joint and limp severelv just before the surgery. The preoperative
radiograph showed DON and destruction at the right femoral
head. MRI and CT showed extensive DON and the strucrural
subchondral collapse. Prosthetic femoral head replacement was
done and his pain disappeared completely,

Pre-surgery

Fig.5 Case 1.

| mo after surgery

OK Age?28

Immediately after surgery

5 yr and 2mo after surgery = i
Syrand 2mo

aftersurgery

Fig.6 Case2 H.T Age35

Case 4.

A 58 year-old man {Fig8). He is a commercial diver using
aqualung diving for many yvears. After he tell down with a 40kg
stone on the ground, he began complaining of right hip pain and
limping. Because he could not continue his work due o the pain,
he was admitted w0 our hospital for surgical rrearment. The
preoperative radiograph and MRI showed DON at the right

femoral head. Meral on metal hip resurfacing was done and his
pain effectively disappeared. Te hasn’t felt hip pain for 4 years

and kept his activity.
Discussion

If nonsurgical trearment for DON of che femoral head is
prolonged, the optimal dme for proper operarion may be missed
and the collapse of the femoral head and osteoarthrinis of rhe hip
joint will develop. Osteotomy with the transposition of the
weight-bearing portion is often chosen for the patients of DON
of the femoral head, because many of these panents are voung.
\frer the varus trochanteric osteotomy or ARO, the necroric area
is moved so that maximal stress is expected o fall on the
uninvolved surface of the femoral head. Varus ostetomy s
indicated in the cases where lateral parc of the femoral head
doesn’t have ischemic process. In our series, results were very
good because neecrotc area of the femoral head was not so
extensive in these cases.

ARQO was introduced for idiopathic avascular necrosis to prevent
progressive collapse of the articular surface by Sugioka. Its
procedure is technically demanding. The posterior branch of the
medial femoral circumflex artery, which supplies the blood flow to
femoral head, must be protected carefully during this surgery, ARO
is very cffective operation, because the range of necrosis is often
exrensive in the patients of DON of the femoral head.

In our series, progressive collapse in newly created weight

bearing area occurred in 3 hips in 12 osteotomies. Main courses
of this change are thar the lesions had been more extensive and
collapse had already occurred ar the initial surgery. Postoperative
degenerative changes can be anticipated when these osteotomies
arc performed in patients with advanced necrosis.

experience 4 vears

> depth of diving

ximum depth 30 m

Collapse

Presurgery

Fig.7 Case3. KT Age61

Commercial diver

BRI {axial)
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Fig.8 Case4. Y.T Age58
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Fig. 10 Hip Resurfacing

Patient may fail ro bone union because of pseudarthrosis
(Fig.9). We should better avoid ARO for patient with heavy body
weight. It is difficult to decide which procedure we should choose
in these cases.

Prosthetic replacement is not indicated as the inidal surgical
treatment in the voung and early middle-aged patients. Patient
treared with ostcotomy needs long hospital stay, however, the
patient is forced to shorten the length of hospital stay in Japan for
medical cost containment policy recently. The patients undergone
hip resurfacing are permitted postoperative weight bearing earlier
than osteotomy, and they are able to come back to daily life
soon? 3. Hip resurfacing is remarkable because of the potential
benefits of femoral bone conservation, greater hip joint stabiliy,
possible decreased osteolysis, and increased funcrional abilicy
compated with standard THA. Hip resurfacing, especially modern
metal-on-metal total hip resurfacing have possibility to be an
alternative procedute for voung patents. However, we
experienced the case that the pain didn't disappear. Hip
resurfacing may not suit DON of the femoral head with extensive
necrotic area (Fig. 10),

The surgical Iimccdurc of hip resurfacing is more difficulr than
THA. Recently, the device of THA develops year by vear, and
survival tate has improved. Hip microplasty is given to a design of
hip replacement that has a particularly short stem to its femoral
component (Fig. 1 1). The object is to preserve as much of the femur
bone as possible at surgery, as this allows the possibility of a more
traditional hip replacement in the vears to come. There is a
possibility that prosthetic replacement will be adapted to the younger
people instead of osteotomy.

Treatments of Dysbaric Osteonecrosis

Microplasty

Fig. 11 Development of Prosthetic Replacement

DON [+) 25 cases

(-) 67 cases
bends ‘™ 13 (52.0%) 20 [2_9__9%}

i spine 1 (4.0%) 1 (1.5%) |
brain 2 (8.0%) 4 (6.0%)
squeeze 2 (8.0%) 2 (3.0%)
unknown 0 (0.0%) 1 (1.5%)
Total 17 (68.0%) 25 (37.3%)

(*1) y*examination p<0.05

Fig. 12 Past History of Decompression Sickness

In the group of men with one or more bone lesion, 52.0 %
were known to have previous bends experience? (Fig.12). Hard
work and inadequate decompression seem to result in
development of bone lesion among Japanese diving fishermen.
Prevention of bends is one of the important clements to prevent
DON. Shorts exposure at the bortom and slow decompression
using a universal rable might prevent development or decrease the
prevalence of DON,
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Fish diving in Japan

In Japan, traditional breath-hold diving called “Ama” has been
around from long time ago. They dive to carch shellfish and fish.
Most of them are women. Their diving stvle is unique: they dive
wearing only goggles and simple clothes. In several areas in Japan
which have pleniy of shellfish, we see them a lor. However, it
scems that the number of rradidonal “Ama” diving is decreasing
in recent years, In fish diving with diving equipment, divers use
scuba, helmet or hooka. These davs, most fish divers use scuba
¢quipment,

Investigation of Dysbaric Osteonecrosis in
Oura

In Oura village which faces the Ariake-sea in Kyushu, helmet
diving is tradicional to carch pen shell/Tairagi shellfish (Arrina-
Japonica). When 1 worked at Kyushu Rosai Hospiral, 1 learned
the fact of high incidence of dysbaric ostconecrosis (DON)
among fish divers from one of my colleagues’ research. In those
days, my mentor, Dr. Tamikazu Amako requested | rescarch
hyperbaric medicine and DON. Thus [ started investgating
DON in Oura in 1973 (g 1).

We put a diving recorder to divers to record their diving
patterns. What's unique abour their diving is that they dive for a
long time such as for 3 to 8 hours ar 10 to 40 meters depth ar one
diving, once a day. We coukd assume they dive in such a reckless
way because even if they worked hard, the profir was small. So,
they had to work harder to catch more shellfish for their life.

We then x-raved their shoulders, femurs and hip joints,
noticing high incidence of DON 39.6% (268 out of 450 divers)
(Fig.2).

We looked at the relationship between the occurrence of DON
and their experience of the bends. There were 196 bends cases in
268 DON cases (73,1%), It shows thar the experience of bends is
related to the occurrence of DON by the chi-square tese (p=0.01)%,

Even, after [ started my own practice, [ conrinued medical
check-ups of divers. DON was found 442 cases out of 952 divers
{46.4%) berween 1972 and 2003.

Four autopsy cases of decompression illness

We conducted an autopsy on 4 divers who died from
|
1l chokes.
Multiple air bubbles were found in the femoral sinusoids. A

decompression illness and studied their femur head pathologie:

Case 1 showed the most acure clinical course, with far

characteristic finding was plawcler aggregation in the vicinity of the
femoral bubbles (IFig.5, 4),

Case 2 was also acute with chokes and spinal cord paralysis, Dar
emboli were recognized in the lung vessel. Aie bubbles, plareler
ageregation, and an accumulation of fat were recognized in the
dilated sinusoids (Fig.3, 6).

Case 3 died 5 davs after the onset of spinal cord paralysis. An
extensive necrosis was noted around the dilated  sinusoids.
Platelets aggregation and thrombosis were seen in the sinusoids
(Fig.7).

Case 4 died 14 davs after the onser of spinal cord paralysis.
Slight hemorrhage, migration of phagocytes, and fibrosis were
found around the femoral sinusoids.

In case 1 and 2, which had the most acute clinical course, there
was plateler aggregadon adjacent w0 the vacuoles, slight 1o
maodderate bleeding with congestion of bone marrow, and sludging
of red blood cell in the dilated venules which had close relation 1o
vacuoles.

In case 3 and 4 which were died 5 and 14 days each afrer onscr
decompression  illness, there was racher  extensive  necrosis
accompanied by hemorrhage and edema ocewrred in the bone
marrow tissucs surrounding the vacuoles. Some sinusoids dilared
by expanding air bubbles were seen. There was plateler
aggregation or plateler thrombi in the arterioles and sinusoids.
From these appearances, bubble formation and  plateler
aggregation scemed to have significance in the pathogenesis of
acute decompression sickness and osteonecrosis in diver® 2.

Fig.2 Type A5 DON on the
X-ray
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Fig.3 Case1 Dilated sinusoid and platelets aggregation
of the femoral head

Fig.4 Case1 Venous thrombosis in the epidural vein

Fig.5 Case2 Fat emboli in the lung

Hematological examination of
decompression illness in rats and rabbits

We did hematological examination of decompression illness
using rats and rabbits. We made each animal decompression
illness condition by pressurizing to 6ATA and decompressing
quickly. We checked their blood before and after the procedure.

Before the procedures, the number of circulating platelets of

the rats was ranging from 5135,000/mm? to 634,000/mm* and the
average was 397 000/mm?. Most of the animals showed more or
less decrease in the numbers of platelets after the procedures and
it was ranging from 408,000/mm* 1o 566,000/mm® (average was
491,300/mm?¥. The difference of the numbers of circulating
platelets was highly significant (p<0.01)¢ (Fig.8).

The thrombelastograph  of one of the rabbirs showed
shortening of £ and r widening of ma. After the compression
decompression

thrombelastograph

procedure,  in
taken before the
Histopathologically, we found that there were numerous large or

comparison with the
procedure,

small air bubbles up to 2,000 microns in diameter in the sinusoids

Pathophysiology of Dysharic Osteonecrosis

Fig.6 Case2, Dilated Sinusaid of the femoral head,

accumulation of fat, and aggregation of platelets
in the vicinity of air bubbles

¥ H J‘ "'5'-.‘ e
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Fig.7 Case3, Platelet Thrombosis was seen in the bone

marrow cf the femoral heads

Fig.8 The number of platelets before and after the

experimental of compression-decompression in rat

of the bone marrows of femurs in the all subjects. Plarelet
aggregation was noted in the vicinity of some bubbles. The
thrombus formartion was marked around the bubbles in the other
areas. Accumulation of fibrinogen substance was demonstrated
by application of FITC-conjugated anti-rabbic-fibrinogen sheep-
Ig(s on femoral bone marrow around the bubbles in the sinusoids.
Numerous air bubbles were seen in the blood of the vena cava
and the right atrium and ventricle of the heart and of the
pulmonary arteries. Accumulation of fibrin clots was confirmed in
the vicinity of the intravascular air bubbles and also in the small
vessels of the ]U['ig‘ hI\' Huorescent microsci Py

Experimental dysbaric osteonecrosis in sheep,
cooperative research with Wisconsin University

We sent recorded Oura diving profiles to Dr. Charles Lehner, a
cooperative researcher for DON in the University of Wisconsin-
Madison. They simulated the same diving based on the recorded
profiles on sheep in a hyperbaric chamber”,

9
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Fig.9-a) Experimental DOS of Wisconsin in Sheep, b) DON on long bone of sheep, c)d) DON of sheep femur
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Fig.10 Pathogenesis of DON

They suceeed in making experimental bends and DON in the
sheep long bone. Macroscopically, we found that fatty marrow
necrosis which is common in DON was seen in the sectioned
bone specimens of sheep femora. Party marrow necrosis
appeared as opaque, yellow-white inclusions in the marrow cavioy.
Histological findings are focal liquefaction of in the necrotic
lesion. Endosteal new bone formaton was present in the cortical
bone. Necrotic farty marrow is surrounded by a fibro osseous
laver. Individual necrotic far cells were enveloped by basophilic
material of caleified tissuc. Articular cartilage appeared intact. The
histological findings were also essentially identical to those found
in Japanese diver’s DON which was reported by us. However in
divers, the prevalence of necrotic foci appeared to be almost as
high in the féfnoral as in the distal femoral shafts (I ig.9).

Pathophysiology of DON

From these examinations and medical check-ups, we assume
the onset factors of DON as follows:
1} Long exposure to high pressure
2) Presence ol a lot of adipocyte
3) Rapid decompressing

These conditions could cause DON. In other words, nitrogen
dissolves much more in adipocyre, and the blood flow is slower

around the adipocyte. The bone marrow cavity is semi-closed
space. Therefore, bubbles were generated due to inappropriate
decompression. After that the tissue pressure rose, and bone
compartment syandrome was induced. As a result, blood flow and
nitrogen discharge stopped.

The other important thing is intravascular  obstruction.
Nitrogen bubbles in the
Nitrogen bubbles explode adipocyte, and discharge adipo into
As a result, bone marrow vascular was

vascular cause blood  coagulation.

bone marrow cavity.
obstructed (Fig. 10)%%,

The number of incident of DON

We have done medical check-ups of divers since 1972, The
number of them has decreased compared to when I worked ar
Kyushu Rosai Hospiral. We checked 747 divers between 1972 and
1980 while there were only 205 divers between 1981 and 2003,
The incident rate has also decreased. It was 59.2% from 1972 o
1981 while it was only 10.2% from 1981 to 2003 (Fig.11). We
assume that they work shorter as they started to learn the risk of
the DON. Another reason is there is much less pen shell around
there due to environmental change.
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Fig.11 The number and incident rate of DON

Prevention of DON

Viamin E is known as having platelet aggregation inhibirion
effect. We studied the number of plarelets in Vitamin E-deficient
group, control group and group  after
decompression using rats. There was a significant fall of the
number of plarelets immediately after decompression in viramin
E-deficient diets rats and control rars. However, there was no
significant fall of platelet count in vitamin E diets rats. The result
suggested that vitamin I reduce platelet loss and prevented the
post decompression increase in platclet adhesiveness. Viramin [
inhibits ~ platelet  adhesiveness  and  aggregaton
decompression (Table L, 2, 3, 4)1.

Recently, there are some reports about prevention of
osteonecrosis. Kuribayvashi reports that the incident rare of
osteonecrosis was lower to the rat which gave vitamin I enough
than not gave it enough!!. Ishida reports that occurrence of
osteonecrosis was inhibited by the electric srimulation in rabbic'2,
Nishi reports the incident rate of steroid-induce osteonccrosis is
low in subjects given biphophonate!3.

It is important to follow the standard table ro avoid
decompression illness. If symptom of decompression illness
appeared, you should reccive the recompression treatment and
anticoagulant soon. Addironally, DON may appear to divers who
have long experience of diving without decompression illness.
Divers should receive a medical check-up regularly.

vitamin . diets

after

Conclusions

1. We have investgated DON of diving fishermen since 1973
in Japan.

2. We found 442 cases of DON out of 952 divers.

3. DON is induced by inappropriate high pressure exposure

and decompression.

4. Decompression may form bubbles in the semi-closed
compartment of the long hone. IF significant numbers of

bubble form, tissue pressure can rise and ischemia may occur.

Persistent limb bends may reflect elevated bone marrow
pressure and ischemia in the long bones. I the ischemia is
sustained, then sysbaric osteonecrosis may oceur .

Persistent ischemia may occure by the proposed nechanisn

of a bone compartment syndrome in the development of

DON.

6. A bone compartment svndrome may be promoted by
intraosseous  hypercoagulation and far embolism, These
factors appear to be the pathogenetic mechanism, which is
most likely to be responsible for DON.

7. Vitamin [X may prevent oceurrence of DON.

8. Early recompression therapy with anticoagrlant therapy may
prevent the development of DON,

9]

Pathophysiology of Dysbaric Osteonecrosis

Table 1 Effects of Decompression on platelets in
control rats.

Count before Count after

Compression Decompression
56.13+4.14 39.06+12.98
( %X 104/mm?3) ( % 104/mm>3)

Table 2 Serum Vitamin E in rats

Received No. of Serum
Vitamin E Rats Vitamin E
AEOsoen  sme 2 yiomga
Bowd WM 2 g
C E-Sufficient 200 mglkg 12 ?22 ::ig:

Table 3 Effects of decompression on platelets in rats

Count after
Decompression
( X 104/mm?3)

Count before
Compression
( % 104/mm?3)

A E-Deficient 64.84+3.70 56.66+5.03
B Control 56.28+3.12 4562+13.84
C E-Sufficient 48.26+7.23 50.94£7.78

Table 4 Survival rate after decompression

Survival Death Total
AEDSfRN (67 (gagv) (1000%).
OO ooy (50w (1000%).
C E-Sufficient (50,0°/E; (50.00/3 (100,0;:?)
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