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Bony Lesion of Divers in Korea
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Bornstein and plate (1911) and Bassoe (1913), followed by many European and American, described the radiographic
appearance of avascular necrosis of the bone in compressed air worker.

Divers bone lesions was described for the first time by Grutzmacher in 1941. There is not any report of information on
the caisson disease and divers bone lesions in this country.

Inview of these considerations, during the period from March to June 1981, 124 traditional civilian divers and 132 Naval
divers, were observed in eight Korean coastal cities (In-cheon, Sam-chun-po, Jin-hae, Pu-san, Ul-san, Ku-ryung-po, joo-
moon-jin and Sok-cho).

For each divers, a record was made of his medical history, diving experiences and frequencies of bends attacks.

The clinical examination included blood pressure, body weight, a chest radiograph and routine checks of the shoulders,
hips and knees, but an X-ray examination extended to the spines, ankles, elbows when symptoms existed.

The results were as follow:

1. Out of 256 divers, 113 (44.2%) had bone lesions, seventy-five traditional divers (60. 5%) had bone lesions out of 125

divers, but naval divers, only thirty eight (28.8%) of 132 had such lesions.

2. Divers bone lesion incidence is increased with diving experience especially over 10 years.

3. The most frequent bone lesions occured in the upper end of the humerus, the upper end of the femur, the lower end

of the femur and proximal tibia.

4. The most frequent divers bone lesions in X-ray was dense areas (B1).

5. There was a high incidence (93.1%) in man with a history of the bends and significantly relate between the sites of

the bends and those of the lesions.

6. Divers bone lesions incidence was increased with the length of diving experiences, diving depth, diving time, ages

and with bends experiences.

Key words: Bony lesior{, Diver.
F4 4 (divers bone lesion) & WAul =l sbokilel]
I.M 2 @ past Asgln, Ared FAAL BAe)
@ A4 AEe AU ngE gl

e Fvhl $-2lvebe dutd A, 5L, A Twynam (1888)¢¢] Hx2 7}942 22  (compressed
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o= 73ty o4 (British Medical Research Council
Decompression Sickness Panel) 2] Griffiths &}  Walder(19
50)'® 53} McCallum 8 Walder (1966)'® 5& 2%
Clyde 8} Dartford B 'dFAF SollA] wtAldh 4 «lE
& g ol% FAlAolx BAG Wz A
FeAF o},

FAN e 7, ZEA] A A7 FAel FHHA
o} AAE BBl BAS AAHAL Kawashima
9} Torisu(1978)'¥ %ol 2|3t %£U2 Grutzmacher (19
41)0) Hz22 ¥4 5SS HRIFHA FHAS,

225 Hergert(1948)'?, Edmonds(1976)®, Harris (19
77)2% Heard ®} Schneider(1978)'9%50] #4559 4y
Fysol i He dTE Por, YL Ohta st
Matsunaga(1974)® 5o] B2 d7+5 H+d, McCallum
o} Walder(1974)'®, Walder(1974)% 5& F44& 7gt
22ate] gy ate Ao thay AAHal ¢
Wiz dojue Fyae HedEHq Holdxe Aol
Ak Az,

38 Adams 9 Parker(1974)2®, Harvey 9} Parker(19
76)%0, B& wl#lF A4, Harris(1971)% & 359
FR4H, Ohiwa(1975)'¢ YL FA4Fol4 s
e Eg Rwdgrl,

oo e ol of7bx] sl glort dhellA
£ ob7 o] Fokoll g AAIH) A+ Re AA
oj e},

2 A2 AYAAAAL ol Hel Aol 33
Wetm oss 49 PP FRoz A
7 sejeld gebstn QE F4¥EF A4AHol 3
ol el B4y 124w deiR2y Az 2

8 1329, =% 25670 thdte] oA A AE
A8 X-A 95l dL A5E FAHoR 24
o] TRAF} A L ade upeld)

II, 5589 4edy

AAEe] AR AFHEL TR A5YElE o
4 e A E SCUBA(self contained underwa-
ter breathing apparatus) F4H+-E24 A7} ¥ A4
P53 Alfel & FFEAQ UM, AHZ, A,
4kl A 5 Al AbAE e F2 dubAH]d 453
£ ¢33, 52 SSDA(surface supplied diving ap-
paratus) G5 £ F2 Fdot Adel &4 F+EE,
FEA 9 Sz FA A 9 o g dg
€ M AEE AAloM "=z} 345 8 5 &
F5ol LFE 39 F2 AsfAeadd FAE EA
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ZF A8 AEI A

SCUBA A4HEE FoloA 72 a§a x4& &
B4 BA429E @1 Qou, SSDA FS5RES 7
Folgt 27 A2 AfsE= - Aol &3}
=, A#as ¥ Faedie 5 Fragad AAHq
Z1EAEE A YRR AE2 HAFo] 2ARE v
SSDA R-F-EollA vl gg A4d ZH Al o] §s
of nAslx glor, A4F AR A4 vIFA F
o] WtAEld o] F2 AYAHQ WHoRZ ] 50 F
of B} A 7} 9} (recompression) & A 53l FA|E A5
Fn glov o] F e o4 AALFTH B4 5o
2 AgsiA e,

AzxEo] I A2, F5E, FFA £2 F
AollA AAYbell 7] 59 F& Agast WA
on] o] ¥ £+ IF YA YE 4ot

m Xz ¥ 24

A5 1981 398 697 4097 AF #
Al @ AdHAG (Yl 44 139, A A4H
539), @ AAMEL AYq(Uukel A 214), O As
A (gutel A4Y 89, AF A2 19%), @ #4
A (el AR 129), @ &4 Ag(ddkal F4
¥ 279), ® THEZ AG(Yulel A4¥ 189), @ F
A A (duiel FeE 119)W £2 AQ(QGukgl F
8 147)5AANA oty e FH4Fg dldeR
Fgod, olF mFolA o|dH AL,  AFZA}(enqu-
ete), ¥ XA, 45 A94d A34d, 244
34 $9 XA #95% 48929, X
3}7 Yl R 39 Jones @ Behnke(1978)%1?
F XA gyl o AR sl 2 9
o, 234 59 4 ¢34 A% 5 A4dX
AR sle] e A EAsedo(Fig 1)
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B Ee dukel Aol A 33y Ha
404 2A9elgeni, HE 114 57U R, &F
P de 3 dFE A3 239 6ol en HF
79 1AL, AA A4 25699 A HEL
9 2/Yellan, duiql Al F 4Ll
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A #A 208%d Hn 1303ger HEF 2319,

25679 AAl d HE A€ 3133 Ao

el a7t s Agroluls o 8w o4 o
Be g s4d veblld,

FRAEE Akl Aol HA 408RE

o HF 109U x, AT A5l

A A 0EFH A3 0EAAReM HF 380l

R, AA 4R 25699 HE AL 280l

ow kel FA5Hoh AT AgFEol vl & 39
o A A7 e,

Hz gezlele duiel AFFolA HA 21.5m ¥
B oHa 92m 7A glem, H9F Hu F4Aele
43.5m. Ax, AT F4Folde AA dom $E A
92m. Fow Hi 45.7m. YL A P45 2567 o
AT Mm. don Hu FEelw sl 4R
AT Aok 25 kg,

v, & ot

1) & Hate] 34

AL Fud G4 449 9 A3 5 3
8l7] 91314 Ohta $F Matsunaga (1974)'? 5-0] A}£3}
€ 7122 3o EdTol HeldEE EFE o
W3] ALL319 o} (Table 1).

Table 18] ¥-Flell W 2 whabadsd £ (EME
R &, juxta-articular bone lesion )&} HANA Ael L 7}
A v AAY A (JERAEIRKE, head neck & metaphysis) &
wWrdeh, WAy 4 S o) AEe gAawe g ale]
HA XA viad 2719 FEA 29EE e A
g A, BEPe] AEA sl sle Rzd g e
(sequestration & collapsing)-2 B o|w] A g F-H 4 w8}
el AHE A, BAHFYZ A THAALY

o o

5
£7¢ Bolv s AcE FH A

Al Bell 43l 8l A 9 & (head, neck & metaphysis)
T AA JAA ez & FAE Holx go} X—-A4A

27 2" (dense areas), EF3| 4] 3| 39 (irregualr cal-
cified areas), WFAHAI ™ 9 34 (transradiant areas cysts)
% A (mass opacities) & 4 7FA 2 2EPed A
| dense areas areat F97} FeLY E& 38 9 (ovoid
& oblong) 271+ A7 2~3cm e FH 4, E (irregular
calcified areas) & T 4L FHY 71 Y3 5] == Fo] o}
d 573 A5std zeks Wl 94, Al (ransradiant
areas and cysts)© Fwl4 F97} shabol A3 3t A Aty
Al gojr] W& FEFHNE delle YL, s
mass opacities = dense areas XU} G5l A o]
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Table 1. Author's classification by radiographic appearances

A. Juxta articular cortex

1. Intra articular cortex
1 Segmental opacities
2 Linear opacities ............coveerieeienviineeerennenseresennones

3 Mass OpaCIties .........covververecireetenenrecen e
2. Structural failure

4 Cortex sequeStration ............ccococvrvercoarereneenerneenns A4
5 Cortex COllapSe ......coorrverieirerenirreesierveereenrcsieseneaenes A5
6 Osteoarthritis ..........coooievenicncn s A6

B. Head, neck & metaphysis

1 DensSe areas ........c.cceeeecvnieniinieenerseeseerconaesensreens Bl
2 lrregular calcified areas ...........ccovevecruenenneecernnenen B2
3 "Transradiant areas & Cysts ........c..cccericviercnrernenne B3
4 Mass OPacities ........ccoceervircenreriennniece e ser s ereneeees B4

% &9 A (cortex) 7t A} EHBHE el FH A4S0

%

AT 7 el A Febstn Qe F4RE B4 o)
3xdela g kgl A4 1249 % 757 (60,5%)°] &
Wi HEE e, i AeP 1329 % 387(28.8
%)e] & W4 ed el =3 25695 1139 (44,2
%) 24 =S YelWon] olul B4Ry B
Ha Esh @ ok ok WE vels A
Aoz o4 AUx 2o} (P<0.001) (Table 2).

T 445 i 11395 269 (23%) & o4 2y

b

(multiple bone lesions) & YWehW X—AlAle 2 & & 169

Table 2. X-Ray App. of bone lesions of divers (Total No. 256)

No. Bone lesion No. %
Civilian 124 75 60.5
Navy 132 38 28.8
Total 256 113 442

Table 3. Muitiplicity in bone lesions

Multiple No. Civilian Navy %
Solitary 87 54 33 77
Dual 17 12 5 15
Triple 9 9 0 8
Total 113 75 38




oflel FY4E et (Table 3).
o5 16909 T4e F4Y ¥2o EAE AHAE
9] £&5gog Yol £ A ofae} ZAokch (Table 4).
A 2 w4 v 4 (juxta-articular bone lesions)oll A Ay
(A AL B %} : segmental opacities) & 229224 €IHE
Wi AY £ X-A 27 ez HEEF 134, 2%

Table 4. Distributions of X-Ray appearances

X-Ray Appearances Civilian Navy Total %
Seg. opacities (Al) 19 3 22 13
Linear opacities (A2) 3 2 5 2%
Mass opacities (A3) 11 0 11 65
Sequestration (A4) 0 1 0.6
Collapse (A5) 4 1 5 30
Osteoarthritis (A6) 4 0 4 24
Dense areas (B1) 29 27 56 331
Irregular calcification (B2) 26 6 32 89

Transradient areas & cyst(B3) 13 4 17 101
Mass opacities (B4) 15 1 16 95
Total 125 44 169 100

% 9dd % (Fig. 2).

A AHEE : linear opacities) 5 lF A4<kE 3, o
HE5 2% (Fig 3).

As(ALEE : mass opacities) = SHAEE R} P
e AME Wazd 116F TS5 6o, AT
F 5t (Fig. 4).

A B AZEF3}: cortex sequestration) & AHHEF 1
o 97} (Fig. 5).

As(34 32 E3 e : articular cortex collapse) 5 olF
HEFF 3d, ASUEF 2oGc} (Fig. 6).

As(FBA A : osteoarthritis) 3 ol F NEHFF 24, 4
4FF 149 Fig. 7).

o|FollA Az AYoaad A go Rae] He At
& As9] ¥t A

EA4 2, v]3A" 4 E (head, neck & metaphysis) ol 4] B!
(2% : dense areas); TH4L FHFF 56o(33.1%) =
AYd ¢ UEE AAPYor e F ZHY, 44T 2
A, NEF A9F 59 42 AYsdc(Fig. 8).

Bo{ %72 A 3) 8t : irregular calcified areas); 3263
AQE FHHE 136, HEE Y 4ol Y FEFAD S
ol gl ot (Fig. 9).

Fig. 2 4343 $34E%A)E Hebd 23,
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Fig. 3. 44443
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Fig. 6. 24943 AATAD(A)E YEbd 23,
HE B4R A Aol w8 FL T

ebyl ek (Table 5).

P
=
it
i
L

4) Fy 2 Yoo WHnx

Bl et,

AAZ X—A 474 Holo] FAe] Yeh M5 & g
S ASE 47F 961(19%) 2 A A 16941F 9o
(5.3%)% #d 500(2,9%), AZHAA 4(2,4%) %
o,

R se 44E Y 484(28.4%), HEE 2
A% 4200(24.8%), HEE A 2140(11,4%), AT
At 1100(6,5%), €ME 24(1.2%), +FHF T (ac-
etabulpm) 1o, AZHE 1d59 F£oz AwtT Y

o A el o} (Fig. 12).

5) dg@m & YA vis

Ykl 4ol E Walo] 20viol e F WA UE
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Fig. 7. wadw 43 2949 A& viehd 28,

7t wtol detrl 309 FE wWE w5 sb Fobstod 400 o)

Fele AY7t o F W4t Jeldon oje - A4

Foll A E wlszgh ofatelu), o] dhEo] Uniel AdFo

sl wtol glglon] of F9] Aol EAlgtH oz Fo

A& YEPECH(P<0.05), o] 8] ol i A

< A AeAA N B5FHe) B 4 A5
oy

4] 59| ztolol 7|l Re g Az} (Table 6, 7).

6) &5ZA

]
0F
k>
3
H1

Ages No Bone lesions No. %
20—29 51 20 39.2
30—39 46 28 60.9
40-—49 22 22 100
50— 5 5 100
Total 124 75




8. A aF 2UdB)E et 27,

Aol vd ¥ F

ek

4 WEE vehien o

Wa ol
F44€ vEFAHP<0.0D

Fig. 9. v|ddy 43 &3 48 3tad(B.)& vebdl 27,

Table 9. The diving experiences and bone lesions in naval

o] ol EAEA o g divers
(Table 8, 9). Years No. Bone lesions No. %
Table 7. Ages and bone lesions in Naval divers 3-9 108 21 19.5
" N —— ” 10—19 17 12 70.6
ges o. one lesions No. 20 or over 7 6 80.7
20—29yrs 91 13 14.3 Total 132 58
30—39yrs 32 18 56.3
50—59yrs 0 0 0
Total 132 38 Agzels E AFiEol Z]’;‘:"%]'Jl Ade Al
(barometer) W} 3.2 3o HolZy M 4 oddvd A
Table 8. The diving experiences and bone lesions in civilian L8 0~30m, Zeld #3 (superficial), 31~50m. "] &
divers 2712 (intérmediate), 51~90m. 742 & 4] 3 (deep) & & +}
Years No. Bone lesions No. % ol zAlstgledl, kel Bl e BLFAAS
¥ s B Fohse] 4F0n 4 4% Y4
3—9 64 25 39.1 =1z weo
59| F7b% vl F BeEEe 53 A4
10-19 40 3 5 o gel B4 Adsen Bua wa s e o
20 or over 20 19 95 ule] AaHo wld e I wlnE JebyEd o
Total 124 i 2o ol FARALD Fel4e velon 1 ol fE
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Fig. 10 A.
Fig. 10 A, B. v|algwsx

AHE vlet Fo] AAG BEAA, Fs4HES £
A

3 Av¥ {F 5o Aolz Az Ec}H(P<0.001) (Table
Table 10. The maximum depths and bone lesions in
civilian divers

Max. depths No. Bone lesions No. %
0—-30m 24 8 33.3
31—50m 79 52 66
51—90m 2] 15 714
Total 124 75

Table 11. The maximum depths and hone lesions in naval
divers

Max. depths No. Bone lesions No. %
0—30m 0 0 0
31—50m 68 18 26.5
51—90m 64 20 313
Total 132 38

— 85

Fig. 10B.

AR (10A) W 42 (10-B) & vEbg 27,

10, 11).

8) Z+HZ M (bends) 2t = A

i

e FAls 493 (pruritus), oA 2 S
, 7+7+o] ALZE (paresthesia), T8 &,
%, E£%(humbness), ZFTe, AolZ&, A3l s)A,
Hiohul, E4 9 A% 52 Jgaled AMEe 3
A 7)ol S Al 7120 2 Bell o Edson (1942)9
o 47k 712U DRXE Q@ BAE @ BAE @ o)
%% A8 3ted ZAbskale, A A 2442569 3 166

4.8%)o14 HF 3.7319] 434 (bends) & 4 Y
‘}aw of F kel B4 124% 5 103% (93,19 e
AT 5309 A4 FAE zﬁiﬁhi“# X—A4
WAE Hebd 759 Fol 4 69%(92%)0) B Al
AYeYR, HE A4E 1329 3 639 (47.7%)el
Bt 1,589 B4EZAE Auebdon] X—A 4
45 e 389l 4= 2578 (65.8% )0l 4] Raw)
£ Adslsdd,

~n
ojm

o

ofrt

oL
P~

ol

oft

o mh X omn omh >

X



Fig. 11 v 23423 ARERBIF 420 &
HBHE el 23,

Akl A3 ool ALHEAT AP e
o ZAE Astgloy AF FFFole FuEAr)
e wE g ¥ e Aols FAGAE F9
A& YEACH(P<0.001) (Table 12, 13).

Table 12. The bends and bone lesions in civilian divers

History Bone lesions No.  No. bone lesions  Total
Bends 69 (92%) 36 (69.4%) 103
No bends 6 (8%) 15 (30.6%) 21
Total 75 49 124

Table 13. The bends & bone lesions in naval divers

History Bone lesions No.  No. bone lesions  Total
Bends 25 (65.8%) 38 (40.4%) 63
No bends 13 (34.2%) 56 (59.6%) 69
Total 38 94

Fig. 12, 3449y vix,

V. 1 &

-

o ot

4.2 caisson disease, decompression sickness, bends
2 #

teonecrosis 52 Foo]2 EHE R Abr] o] Al
F e Ate deE, A5 7Y, g4 A
al =2 A} (compressed air worker) W ILE-w] ) A}E-of 4]
B4 glopese s,

Robert Boyle (166277 0] 22 AYFElA F3¢
Al Helul A4ylAE WAGE B Ao HEd O
A4 7bA 7] Z A (nitrogen gas bubbles)®'“?®, @ =4t A
A Z (fat embolism)®'®, @ H 43 A ZF (platelet throm-
bosis)??, @ AHFE 74 (osmotic effects)®*? 5 of 2] ==}
9 ol FAEe] xusarh

Cox ¢} Walder (1973)” 52 719} (compression) 4] A]
L2 2 (fat tissue) & =Folv} H3i5 elalrldl vis] 5
W) o) 4be] ALrta F3H (solubiliy) S ZL lem F
ZqtAlal dbel g A A skAs wiEe] xolA H4avbs 71E
7t FA=e] Al =& Arlol Awse 53 gz

o] £H23% AT (long bones) & A¥tF4 (fatty marrow) il

ofnt

¥ F9 A+ divers bone lesion, dysbaric os-

nor



o] Zuse) 29lo] Hohs Fasta A ZAHLA
=3},

Hills (1972)'9 & 29kRA) oheke] A A7~ T4 (gradi-
ents) A2 H AU E (intravascular side)ol] Eol7} &2
ool FAH Fo] HPNE o)Fse] FIFaAY
(loeal bone ischemia) Ate]7} 5|o] Fud 4ol wixlc)le AF
FE 3} (osmotic effects) & L E 3t o2} AT Q1A
g wgpgperetem,

Weatherley 9} Walder (1977)?? %€ mini-pig 7}
HAF3 Agu g, dAYcIdEES At 73
TEolete AYEHF mebdelol A 347 F 12
2% ol %ol A2e) FHLsh FUAD NEBUL A5
B R eh, 4ol Aol Zw F % Grutzmacher (1941)
Wol Hzz BuF o]F Fific “Bell HE AT
WEEo] BanEr] AR, Hergers(1948)!7 2 &
o odul 4 47 1399(289%) 9] T4 % Heard
8} Schneider (1978)% 5-& o3 ddulq] A4H 18300 F
7773(4.2%), Ohta 2} Matsunaga (1974)'” 52 dukqlz

45 30193 1529 (50.5%), Erdmonds &} Lowry (1976)
°":-3— 59 bk 4R 559, Erbajol Yuiql A4
65%, o °aJ”' | B4 70% W 5 gkl A4
- 80% 5 A%E ¥ W48 vy JAES
ZAtl A °a dhel A4 1249 % 757(60,5%) &t}
€ AAEA v £45 e,

AT e 29y ‘ii% Harrison ¢} Elliot (1971)
B A A A543 383WFE 239H(6%), Ohiwa
(1975)'9 5 UL & A4 954 % 3% (3%), Har-
vey 9} Spar(1976)5-& u|3 #F 42 6119 F 419
(6.7%) Adams 9} Parker (1974)°” = o] 2 ¢ Z:}“r
FollA 30% 59 FH4 HEE B —1—3}@ duk A4

= Al WlEr) My Ao Horg wugon] Z—]x]-—‘%

7

Ap

Lo

=i°r£
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A2 wne 7} Frhe) B4, BEat AT P
$78, BeA A9 Y B44 A49 Aol 5oz 4
BHEd B AREE oleid WA E o Zolo oid}
o e AHE Fa gl
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(1974)'7 ol oJslsd Unkql F4Foll 4 AT T98,
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7} A ¢E (pseudocyst), Gaucher’s disease, &I ] (oste-
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