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Hyperbaric Oxygen Therapy in the Treatment
of Bone and Joint Infections

Mahito Kawashima*, Hiroaki Tamura*,and
Katsuhiro Takao*

From 1980 to 1987, a total of 112 patients
with bone and joint infections were treated by
hyperbaric oxygen therapy (HBO) . Excellent
results were noted in 98. The remaining 10
patients were improved. Four patients showed
recurrence. The transcutaneous oxygen pres-
sures were measured during HBO to estimate
the effect of oxygenation.

Keywords :
bone and joint infection, hyperbaric oxygen
therapy, osteomyelitis, closed inigation and
suction
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#£1 Causes of H.B.O. Cases

Cause Male Famale Total
Hematogenous Infection 36 23 59
Post-operative and
Post-traumatic Infection a1 12 53

Total 77 35 112

% 2 Age Distribution of H.B.O

Cases

Age Male Female Total

0-9 0 0 0
10-19 4 1 5
20-29 5 7 12
30-39 19 4 23
40-49 12 2 14
50-59 16 9 25
60-69 13 9 22
70~ 8 3 11
Total 77 35 112
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%= 3 Sites of Infection
of H.B.O. Cases

Site Case

Jaw

Mandible
Clavicle
Sternum
Humerus
Radius and ulna
Hand carpale
Finger

N I T R SR -

Pelvis

(S
[op}

Femur
Tibia
Fibula
Foot carpale
Toe
- Hip joint

>
w

Knee joint
Ankle joint

W W = R O N

Total 117
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%5 Result of Treatment
(H.B.O. Cases)
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Post-operative and

Hematogenous . Total
Result . o Post-traumatic . o
Infection(%) Infection(%) Infections(%)
Good 55 (93.2) 43 (81.1D 98 (87.5)
Fair 2 (3.4 8 (15.1) 10 ( 8.9
Failure 2 (3.4 2 (3.8 4 (3.6)
Total 59 53 112
% 6 Result of Treatment
(H.B.O. Cases Associated with Closed Irrigation)
Post-operative and
Result E?en;ztiitgff (;o)us Post-traumatic };&:hms %)
° Infection(%) °
Good 30 (100.0) 26 ( 96.3) 56 ( 98.2)
Fair 0C 0.00 1C 3.D 1(C 1.8
Failure 0C 0.0 0C 0.0 C 0.00
Total 30 57

%4 Organisms of H.B.O. Cases

Species Case
Pseudomonas aeruginosa 14
Staphylococcus aureus 18
Staphylococcus epidermidis 5
Serratia marcescens 2
Streptococcus 2
Bacteroides 2
Klebsiella 1
Tuberclosis 6
Negative 25
Uncertain 38
Total 113
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R7 %10 HBOBOERENBEST
AT THE FIRST H.B.O.
CASE INFECTION SITES NORMAL SITES
1 ATA Air 2 ATA O, INCREASE 1 ATA Air 2 ATA O, INCREASE
(mmHg)  (mmHg) RATE (mmHg)  (mmHg) RATE
1 66 420 6.36 70 700 10.00
2 57 483 8.47 60 600 10.00
3 53 381 7.19 53 570 10.75
4 45 255 5.67 50 450 9.00
5 50 400 8.00 65 560 8.62
6 65 350 5.38 65 550 8.46
7 55 400 7.27 60 545 9.08
8 -75 685 9.13 65 730 11.23
9 65 500 7.69 80 640 8.00
10 80 - 400 5.00 75 410 5.47
AVERAGE 61 427 7.00 64 576 9.00
%8 10E HBO MEfT# NEHNEE RS T
AFTER 10 TIMES H.B.O.
CASE INFECTION SITES NORMAL SITES
1 ATA Air 2 ATA O, INCREASE RATE 1 ATA Air 2 ATA O, INCREASE RATE
(mmHg)  (mmHg) (TIMES) (mmHg)  (mmHg) (TIMES)
1 70 540 7.71 80 720 9.00
2 75 608 8.11 65 673 10.35
3 63 477 7.57 57 600 10.53
4 60 380 6.33 50 500 10.00
5 55 460 8.36 65 588 9.05
6 72 365 5.07 74 571 7.72
7 61 425 6.97 70 600 8.57
8 65 860 13.23 65 730 11.23
9 70 560 8.00 80 650 8.13
10 75 430 5.73 80 430 5.38
AVERAGE 67 511 7.63 69 606 8.78

o E#ATERL, 2.0~3.0ATA © HBO
DIIEDERICREMCIER T2 2 L2 H/EL
Yo

Hunt 523 ¥ 0EE©, HBO B HME
DEELREL, IBOBBCERTH 5 L,
Ninikoski®3 v 4 ¥ D ERETE L T, KEEWD
BFESENERICE N &, BESEY RS
B ESIENIIHI S M B FREM LR RE L (B7),

Mader 521%, HBO »HMEk D E KBE % FLE X
B, ME2BRETLHRRD D L BT3B, &
D & 512 HBO 238 M 0 BRB HE % =0 %
EV S HEITL L, Gregory® Hi2, HBO X7V
— 77 4 AND—FETH % superoxide HBEN L
THEOREIF L, —HMER N o
superoxidedismutase ##n L <, HBO iz ¥ #i
LIS ETaLmELTW5,



19894118108 N8 =B BIMR R AE 149

E1 fERI 1, AXEREOBRRMEABBIE

2 fEF1
HET L THRRBREHREGERE LTV,
HBO # #ifT L 7z,

Bornside® &%, HBO »\flE O HAESE w33
LREZMREMESE S LH®EL, HBO Tickid
BHAEWEOERORRISMEORE 2 IHT 5
DTRIg A EBRRT B,

—7, BE&, BROMatERE L EEH D
RN ERCMD TV 55, HBO 2 E&i#
BOBENEAXRET D EVOREND D,
Natiella 5913, HBO 2SR B Mo mMEFAE
REL, AORSLHEWBESLERAME

(osteoblast, osteoclast) & REGMI A L C,
RBRYIFI 2R T 2 L BTV 5,

%< DEBEAE T, HBO 2% osteoclast DE
BrED, BERERYBRELT, FEFDOEHR
YIRETHZ EERREDT D, BHLAOKRRER,
EUOKEDCLOOBEMERETHSH Z &3,
Axhausen (1928%F) 23T TIRIEFHL T\ 5,

HBO 2 Mict 5 MERZREHET S
&, BEAORRGHEBELY IEZELZ L, F
B OBAERRET D Z L £, BT
THHROKEREEZ DN D Z LML EDOHRET

i) % "9793’6@50
SEAE, HBO % BEAESNCIGHE L BRHE
birc ML ooh 5,

Bingham (1977) X77HOE &1 HBO %17
W, P EEE, 63%EH LA LT 5%,
o FHEERZ, 2 ATA, 2 FEHEOBRRAZMENT



[

% Vol.24 No.3

ARERE

=~

¢
u
2
£
&
i)
i)
&
&K
8
¥
g
L2t
el

T

RN

N
N
D

3
=

N8 =B BI SR RE

150

LT, RIEDHE

-
(e

&

%

BLEEESY R

(=]

b
g
K
Qo
m
jasi
o™

Z

BEiz10

® LS TRROBEAT,

-
(-

&

25%EfH]

B 2

A

o

BEDOFMHB T TR



19894115108

6 itk HBO 60 T L7c & & A8
HEEFLIZEASE L 7o

W5 HME, 28T, KMEFEHLIVE X
FEMET, fiEd HBOXHETTHE 55D
TH 5,

Borovik (1978) (x32610/NEE s HBO %
v, 2P RE2BDIEBEL TS, £D
5%, 25BNTEAME, THIMIBHEERTH >,

Evans (1976) 1% 3 B0 FHE B i &< HBO % 1T
U, BHREYEBD TS, v

Goulon (1966) % 5 Bl DG BBAET T, o
FTRTCOERENEDITH - fEFIIC HBO %
TV, BREZADLEWMEL T 5,

Mainous (1974) {3396 DSHE &4 HBO %
v, X ot KEFEROME, BEED
BAr L BEL TV 5,

Morrey (1979) (24061084 & #Esi< HBO &
FMETV, BRERIBBTH oI BT 5,
FiRPHEYE X 2HRECHALT, HBO%*
T5DOBRI\ERBRXTB,

Perrins (1966) XRFHEETIL S T Wiz
o 7245 D8 B B HBO % 1T\ EE 758

¥ =B B SR GIE 151

HOMHICER TH - EBEL TV 5,
ZhbOZRYN, BREKEOMmHAL, MEOH
FEINE], PUEBEODROMM DD, L b
Lt &b RT\v 5,
HEomErcabhbd k 512, HBO 23 KA
BT, BHECENTHDZ LT
WEETH D, bhbhDSTHICITh, il
WWHBO 1T o7& &5, &< OREFTHEA,D
DBHOBA F I MBEIENED bhi, LoL,
BB, £ED debris REHFE, BELR
BERRBHELTWSZEHEL, 127 -1 (30ED
O HBO %17 » TH KERVFDHI B & T3,
FRcEARZ D EXFRAELT W5,
FIHIBERNTREOBIEE T X %
Bhth, TOHK, 2AD_EHEF -7 LA
LB /e bl F = — T2y b (2 =%V
AF 4 B REEL, 2~ 3BHE, BTk
EHBEOREA L AR AE KT CRERES T
b, BEROEYML, BEOBMALEHRLCHLF
2 —7%%EL, BO127 -1 HBO %75 &
EFRFRAIE LTS, itk 3 » BRHIEWE LA
BREEL, b9 AR 1 » A 1:BHEOH
HEYEOBRE S L, HBO% 1 ~2Ef7 - <
Wb, BRIATFEIND DI, 2EETE2 S
R lBMoEmEORRES L, 1~2ED
HBO %17 > T\~ %, F& LOER T, BRSO
9B%IL2ELNITE o T BB TH B,
EE 5L, HBO TTRTOBEHEI» 2V b+ m
—ATEDETE LTI, #BYRFMH (FE
L RFERGEE), MAEHBEORSTHAL T
HBO %175 RETHBHEEZL TV, BAHA,
HBO O ZIZ TRIED N B L i, REWN
Tl E MFE T 5,
AMBEAICRTIR, 48~ 2RO HENE
oL, RFoRHEE, HBO OftHEfTV, %
FEDRESE, FIHEXRDIL, R bIZFEM
RITDZ EhDboTRESIR, BEHADE
HoEER, BFHEANEY LR IR, BHomfTx:
THEL T, BHEHANLBITIRELLTH S,
LR SBOBEKZ, BHOBEB NV —
DEETH D, MNRE, BREIEL, R
W cR M +5%EE T %5, HBO 2t
ATsc i3, —HEhEbiVERS,
R RS, BEHOFELYFEITATFET



152 1% = B RRAE

POZ
mmHg

35
30 +
25 -
20 - INFECTION

0L e
L |

HEEE:E Vol 24 No.3

_T_:STANDARD ERROR OF THE MEAN

CONTROLS T

15 L
i/—‘o_/_
10
( £
S - INFECTED

0 5 10

15 20 25 30

DAYS AFTER IMPLANTATION
(from Niinikoski, Ann. Surg. 175;1972)

7 Oxygen Tension of Infected Wounds

BOBEDLIDDOEFHRI NV — R EHTH
b, EROBREENXRETLLOTHD, W
FEOOGRL, KEOZRIEEE O I ICHED
CAEAT A0 EE XS,

¥ & ®

1) BEAEFI066 125t LT ¥4 HBO % 17
W, 98 (87.5%) i, TT10 (8.9%) B, 7N 4
(3.6%) #l&, RIFIBEY 27,

2) RFrEGEE: GEW DR IBERBUE L,
R56 (98.2%) B, T 1 (1.8%) #l, /A& 0 #lT
HYH, TbLDODTRFLEEYEBL,

3)HBO DEEIIHRE~DORRIL, ME X
LEEIERA, 18X O RYEH B ER O TTHE KIER
B+ 2 FEME O, BERECRETSH
55, '

4) BRI BR & EBOTFRICOWT, TR
BN EZE LT,

B % x m

1 Irvin, T.T. Aberd. M.B.:Hyperbaricoxygen
in the tratment of infections by aerobic
microorganisms, Lancet 1:392~394, 1966

2) Hopkinson, W.I, Towers, A.G.:Effect of
hyperbaric oxygen on some common path-
ogenic bacteria, Lancet, 2:1361~1363, 1963

3) Hamblem, D.L.: Hyperbaric oxygenation ; its
effecton experimental staphylococcal
osteomtelitis in rats. J. Bone Joint Surg. 50-

A :1129~1141, 1968

4) Slack, W.K. et al.: Hyperbaric oxygenation in
chronic osteomyelitis. Lancet 1 : 1093~1094,
1965

5 Hunt, T.K. et al.:The effect of varying
ambient oxygen tensions on wound metabo-
lism and collagen synthesis. Surg. Gyneco.
Obstet. 135:561~567, 1972

6) Ninikoski, J. et al.:Oxygen tensions in hea-
ling bone. ibid. 134:746~756, 1972

7) Madar, J. et al. Therapy with hyperbaric
oxygen for experimental osteomyelitis due to
staphylococcus aureus in rabbits. J. Infect.
Dis. 138:312~318, 1978

8) Gregory, G. M., Fridovich, I.:Indaction of
superoxide dismutase by molecular oxygen, J.
Bacteriology. 114 :543~548, 1973

9) Bornside, G.H.:Enhancement of antibiotic
activity against staphylococcus aureus by
exposure to hyperbaric oxygen. Appl, Mi-
crobiol. 15:1020~1024, 1967

10) Natiella, J.R. et al.: The effect of hyperbaric
oxygenation on bone healing after cryogenic
injury. Proceeding 5th International Hyper-
baric Congress, ed. by W.G. Trap et al.,
Simon Fraser University, Canada, Vol. 1, pp.
270~279, 1974

11) Bingham, E.L., Hart, G.B.: Hgperbaric oxy-
gen treatment of refractory osteomyelitis,
Potgraduate, 61:70~76, 1977

12) Kawashima, M.et al.: Topical therapy in
orthopedic infection. Orthopedics 7:
1592~1598, 1984



