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Fifty-three osteomyelitis patients treated by the single
chamber over the past 12 years were analyzed to
estimate the effect of HBOT for osteomyelitis. They
were separated to the two kinds of osteomeylitsis

XD ERERAFRRES
X)W ) 7RRRERIR L=
%3) W BEIR

%4) R RRERRH

%5) | SR

(ischemic osteomyelisis, 19 cases, and traumatic
osteomyelitis, 34 cases) to compare the prognosis,
examed bacteria in the wound, and administered
antibiotics.

The poor response to HBOT was observed in 3.8%, in
which the ischemic osteomyelitis with surgical
treatment was most poorly responsed. Recurrence was
13.2%, and the difference in recurrence was not found
between both osteomyelitis. Although the examed
bacteria from the wounds in the ischemic osteomyelitis
was half of that in the traumatic osteomyelitis, the
bacteria decreased in respond to the repeated HBOT to
be 17% in both osteomyelitis. The number of patients
treated with antibiotics in traumatic osteomyelitis
decreased in respond to the HBOT. Thus HBOT may
be indicated as an adjunct to good surgical and medical
management. It was concluded that the HBOT
improved local hypoxia to be the effective therapy for
osteomyelitis.




202 =D B UERFIEO R

Keywords
Osteomyelitis
Hyperbaric oxygenation
Response of HBOT
Recurrence

FL&IC

[EHER] E—REICBORGERIKL, 20
WIZREIM B 5\ IZESERE O S BHGR %, BT
Rtttk L AW ER S 2 fTbh T 5,
19654, Slack#?® & X JE B K ¥ # (hyperbaric
oxygen therapy; HBOT) % ‘BH#iZ&DEHFIZHIHE L
TRIF B/ LR, BOKTIFHBOTIZARH
RE&ENTW3B, Esterhaib? IZHBOTO#KERH R
BAERRED O BMADTHRERS THLEEEL
Th Y, RNBE %11 5 KRR M ATRE % 1 > b
PRFD &5 HRE (RN, RERR L
E), b5V FMOEBRaRER O FREKIC,
HBOTIZ S WA TH 5 L EX 6N TV BY,

LZAD, VIEMEDOREL 245 H T ILRME
Bz EEY T, HEIOFMZE 22 b T
FERSPERIINE IR TVWEIRERLD, 20FH
REEZIOBUTIZ T3 ZL3EGEIETEE
W ZRIZE b 6T, MhOWE S EHRE
R Fth% 5HBOTD B RER D EHR DR % 5446 L
Tk, ZOFHMEIM® L TELHHEAH 5 Dl & i
BAKV, 2IT, R4, BHEDORIRLHEE
DR 5, HBOTDFEHERIE % #at L 7=,

Mg ETE

19884 1 A ~20004E12R 1< - BMEKEBRRARE
% & (SECHRIST 2500B, ANAHEIM, >k H) i
T, 100%M32.04x3 T (atmosphere absolute,
ATA) IIFE T T60% 8 HBOT% FE4T L, IGEHE T #%
6 » ALLERE U 7= AT M B R 21961 & SMEMB
BE7e3MBIDEE53M5 (B398, K144, 9~815K;
F-1945.95%) ERIFTONF L Lz, ThdDBR%k
3, THRETHHEEREEL, RICEFTUFIT
otz (F1), BHEAOBEIIOVWTZ, P4
B 5 L HBOT% L 7- R RIS E X 512 F
MBS % N A 7= TR 0F #E35HI T b - 7z, HBOT
I RANA IR R CE H20E5ET L, SIRA+5
DAL, 7 HEOKRBOHICHEIZ20EEM L 72

HEERERE Vol36 Nod

®1 BHEROBUIIMREER

ThESE 255
BB 14431
& 4 5
KRS 3 5
ES LS 3 5l
EHE 35l
AifEE 141
& &t 5345

K2 RERBEOHERE

EER, RS DI REMR Y K <.
MEHERT. X#ENH 5 EVHD,

Al HBO%Z I ICHrPHET. EEBWRE
TERVEEICHAONDY. ARRARETHE
DLESH G . AEANICEE L TERDOES
PEREEBRDZHD,

A I EAS PICRIEERN B V)| BIEMEEEEE
LbD,

(F#38.0424.1[) , —F, il TOHBOTIZ
JREIE U CHFRTICRI10MI5EST L, $RIedfi & j3 A
TR O T #£1220m OHBOT % 175 7= (F
¥952.1£85.1H])
HBOTOWEHENROHEIZDOWT, BRELDOFR
ARG O AT GUER &, SMEARIR TG L
T HMEMBRESR & MATHICRGE L TR 2T
MWERERE D 2 BICHT, BRLNDHBOTDWE
B R & JBRME U 7z, BRERFF RA & ORI R E
B DRME (R 2) US> TIT >z —H,
BREKORIROHERIZ & 3B HE X, HBOTHE
T2 5 1EREORE,» 5 HORHEL 55
AMBEOHHAE, ROBRELEIEOEORE
&4 ZRRBE THETFIIC B L, HBOTD 3
MERY R AT B & SMEM B REA TRET L
77

= R

1. EBRERFIR» 5 OREDHRHE
EHROHBOTAAHIX3.8%TH 72, TDH b,
FPERBEORAHIL5.7% L RERE L 0 IBES R
ML, MiTHERER T28.6% & R I EWIREY
Ryg@Ewvohz (M1),
EROBEFERIIB2% (8Kl) Th o7z, MIT
YT105% (261), SHEMET147% (561) &,



H=RHENDBRERRBEOIR

MmiTHEEEER (196])

B11
(57.9%)

a. REFHEENDH (186)
miTHEgER (1260

b. Frf#FA (35f1)
meTiEEaER (760

A 2
(28.6%)

H1 BEBEROEEEEOLE

SHBMEERELR (3461)

B 1
(32.4%)

SMEEERER (6f)

R2
(33.3%)

SMEEERER (2871)

RO
(32.1%)

203



204 =B O B RERFAEO T

M TERLREZRZED AL o, ThED
HREFMDS 5, 3FNT1ERICEHRELTED,
TEEPPIZ 461 (55 A%, 4 » A%, 2 » A%,
17 A2 1HI52) BAERL TV,

2. EIEf& V) S h-HEOHS

HBOTHAGGRFICK I Eh -8 @7 F Y ERE D15
il (MRSA 6 f5l) iZXEIDOBREH 5 8l (MRSA
26 Lo 7248, T DH%ORE THRIPIEFIE DR
DIRFLALRD ORGP 5Tz, BET F UEKE
D 3FlE, BHBRBICHS Loz, IBEREO
2 filid, HBOTOFEITEEICE b 6 FHF WL
Bh otz o WHEE, KIGHE, Proteus mirabillisid
HBOTHEfTH ISR SN TE-HTH 54, LIk
OHBOTHEfT R A ER S IO THP LT
720 —J, HBOTDBHAEHDBREDEIZ 3 ~ 6
SOMEORIEAED SN EoTho A8,
7212 2 ~ 5 FIOREBNHE ORI AEBD 5h T
W7z, M AR & 7 RER O b IZHBO TR #
BED62% 7> 5 HBOTHEIT TREIZ17% L & L T
W7z (R2a), ZOMHEIL, HBOTHARTIC I
T BRER CHMBEBRERDT4% I U TR
D39% T, LBEREBIZHH LT o720, 438H
IR BRESR T E17% DB L mEERNIC 2=
B, ARERIERERL Ok, ZEHEE
i HBOTBARART & 2 B TOMBERHEIZE
BaEIAD N,

3. /EMERIDHRE
HBOTBH#AIFIZ 7 X 2 VRO, A2 I VR
6%, XV FYY) UREFIEHEE XA TED, XIO
X7 X8 VRTHI, 77 AV VR6MI, &
JY VR, RV MV YUR, £F5VVUSRE S5 HlE &
D, 3EEOH’EHERETILYY) VREELT Y
VRBE 4AH, 4BBIZIZTILYY VR, BT AR
JVUR, 3 /%A VVUR, 75 ARDE 2 HlHhH
BEL o Tz, 2RICHAROHARE IR
HBOTH#FFI292% T, Z D#%30% & REBIZWA
LCWo 7z, MATHETIE84%H 532%12, SHEME
TII7%H 629%IZIK T LT 7248, BicsHE
HHTKDER» T T 2EHAIZD 5h i
(R2b) .

z =
BHATE, RECI2HEAWELE N

HEEE:E Vol36 No.d

Haversian ¥ 2 7 & B BEWE & W72 LT ZRI9IC
HHENLEE &Y, KERREBL L5 7-20ICFD
PO2i345mmHg#* 5 20mmHgf7 12 1% < % %, K
%5y E (4 fibroblast, osteoclast, osteoblast, K%l
RO EE) & E L CRGEAES /5D T,
Z DIRNERE D E 4190 mmHgll FiZg0n 3 LY,
LBk, $14 98 B M B2 (osteoblast,
osteoclast) DiHEIM: A TUES 5%, ZZ T, HBOT
BB OFREMBOBEZEE L, BYYR
BEOME BAEE2RE L T, BRJORR 2 BEN
RTEFELENTNBY,

HBOTIZ, 2 ~3REDI00%E:E % 1 HIO~
12053 DOMETE K Dfid T bh T 547,
3 ATAL @V E THBOT# REERICHEIT L 2220 6
LEoT, TOMIHPETOTEL, Wi, BHE L
BIRRD =D IZHRBIEBY, £ 72, FFiNx
HBOTHFIWVEE Yt 2Ta7 -, v 4RI
fEohadZLicks7/728, H 112~ 3ATA
100% [ 3290~ 12043 B CHBOTA & Kk DB iR 1& %
MLETONBELEZ LN ™, KAIZ2ATA
100%% 36047 [l DHBOT% & #f 2 D IR FIZ AV
7z

SR AR ODHBOTHF R R 2 A % &
HBOBFHIZ & - THERDIEHBOTHE G L 0
BRFIMEL 50, HBOTIX BREZDBRICH L
THolzLDMEVKLZ WY, ZDDIZ, B
PRIZ 35 W\ THEAME B #E28 ICHBOTIE — AR HY 2 169
BTh B, Ak DI132%DEFE L HERDIGERE
LB LTRSS, ZOFHREHSHBOTIZ & - TH#l
AbNTwaeBbhd, L2420, $FETOR
# 12 [JHBOT? & %) ¥ % 3£ §F § %controll,
prospective, comparative® BE R A 2213 % <, FRIR
RERDOHERE 2L LFHHE L 728 Did vy, 5ROk
Tk, &4 idcomparative studyd U THHHED E
75 % AT YRR D AT B B 2% & B 4RIER 5 5 &
L TL B5ME AR L ORI THE L TA 7,
T2 HBOT#I R % aHli L 72 & O Tid, miTH
DFMifF ARG TARBFISBIRICL <, MR
RIZE T B FMOMKRITRE O K2 RE S h
%, TN o DOEREFMATHERRELRD10.5% & 5
BIED14.7% IS Miat 2 ARG EI L o 72, W
BHROBIRBOBNESZ B L, IMEMDH
DML & D BEIGMEIZE A R 31t HBOTDOM



H=RHENDBTERIREOLR

a. MEREEGBOHRE

BEERS

0.8

0.6

0.4

0.2

ast
P<0_-o|1 [ i g e
G

HBOT 2BH 3BHE 4BE
FRgaHD BERE BERE BERE

b. MARIGSEMNBOHER

Hdmias

1.0

0.8

0.6

0.4

0.2

P<0.05

| C1&5
MmATHEEBE%
I 55 Baa

HBOT 2BH 3BE 4BH
FRgaRl BEHER BEMER BREHER

M2 MERHERS RIS RSO

205



206 =BT UERFEREO IR

HEEE#® Vol36 Nod

® 3 BUROBFHREREELEHBOMRRECOERE

- BHRR
e T e amAsEE | HBOWAAR
Compere (1967) 19.1% —
Anderson (1970) 33.3% —
iR 5 (1982) 60 23.3% —
Dilmaghani (1969) — 12.5%
Morrey (1979) 40 — 15%
JIE (1986) 51 — 2.0%
Davis (1986) — 11%
- ) (2001) 53 — 13.2%

REQ I ERORBICHERT I I L LE A
5N 5,

—7%, BEME L 2 < DIFRME iZsuperoxide
dismutase & catalaseffZERERVTWE 728, %
AL (PMN) O SHIE EREREICRZER .
%Z 2T, HBOTTHIMERKICEE £ KEICHET %
&, BeFradical DA 1% K & < U TGP B
AR DI LIZK B, BY 5T, HBOTIZPMN
OBRFRFERE A =X L% 8D T, PMNA
Saureus, Sepidermidis, Pseudomonas aerugino-
sa, KGR E#HAMRET 5 Z & 28T 2%Y,
% 7=, HBOTIXClostridial# /& & 7> & B 4 #HR
DOEEE SHHIT 3 L BbhTn3*, SE0O
MEfTid, HBOTA#: 0B 12 D Tl A R it
ENBEFEDEL - T E, FRICATHEERE
FTIRIMEME & O MR R 2SHBOTHIE 12 F
Bl 5720, HBOTE#EDEL T3S
HITHRIMFICENELS L o7z, DT LIFHBOT
IR SRR KA A = 2 L DEEEHE
LT3 ZLaiEoT5DTHS ),

HBOTI i # 3 B35 T ¥ £ O 55 \ »aminoglyco-
sideD T4 HIR°vancomycin, quinolones, trimetho-
prim/sulfametho-xazole & nitrofurantoinZx & D4
RORE IR AT 5 LHER Eh T3,
SR ORET TOFMERIOBAZ, MERHROH
B EHBOTHETHEIBUZ—F L THi> T o7, &
Z AN, MERHEEIZED & 5 MTH & SMESEE
B OB THAAIR S RIENBD ENE o7z
DIZ, FUERIDTFHRICREZN TV 220 TH
59, 227U, MERNEOIKMTERBE%IC
ZD &S BHPERO PG »IMENEREZR L D
BRELTIFCOALLEELILONTYE, BRES

HBOTHifT CIEF LT3 2 & 48T 5 & (&
3), PAROPYHREETHERET 2—D DR
FTHo7=DTHA,

TED

1. BRK OB ICHBOTO BAhiE 4 Eik 4 5
comparative study& L T, WREED R 7% 3 [ 1M
RO OEREZR & RO EREZR & O
TT R LI - WBHRHER & JOBRES L 72,

2. MATHB#EZ% & MO BRBICHKE ¥ LF
Bz avd, HBOTE2EDETIZORT
MAT B RESE & SHEME TR HREFIBIC 2
NELS oz, 72, MIERHEOHRIZ—
B THAEADOHRSRIZENZD Nk
5oz,

3. ‘BREKOHBOTHEAT 3, BRRAHE 2 BRI
BEA =X LDOBEHFIZHFE L, BREORD
RNBEHRETH o7z SNz,

(Z2EXR)]

Esterhai JL, Pisarello J, Brighton CT, Heppenstall
RB, Gellman H, Goldstein G: Adjunctive hyperbaric
oxygen therapy in the treatment of chronic refrac-
tory osteomyelitis. ] Trauma 27:763-768, 1987
Baroni G, Parro T, Faglia E, Pizzi G, Mastropasqua
A, Oriani G, Pedesini G, Favales F: Hyperbaric
Oxygen Therapy in Diabetic Gangrene treatment.
Diabetes Care 10:81-86, 1987

Cianci P: Adjunctive Hyperbaric Oxygen in the

1

~

2

~

3

~

salvage of the diabetic foot. Undersea Biomed Res
18 (suppl) :108, 1991
4) Kawashima M, Tamura H:@ Topical therapy in
orthopedic infection: Orthopedics 7:1592-1598, 1984
5) JIBEA, AW 58, BREE, HNHE @ B




6)

7)

8)

9)

10)

11)

12)

13)

14

=

15)

H=BHAENDOBIERRREDOHR

AR B B R FE TR R — F R & i
—. AHEIMOOK  21:130-147, 1982

JIEEA, HEE, SRS F - BETRGYE
2ty B ESUTBRERE. BESR 15138142,
1989

Yablon IG, Cruess RL: The effect of hyperbaric
oxygen on fracture healing in rats. J Trauma 8: 186-
202, 1968 .

Fraser JH, Helfrich MH, Wallace HM, Ralston SH:
Hydrogen peroxide, but not superoxide, stimulates
bone resorption in mouse calvarieae. Bone 19:223-
226, 1996

Hall TJ and Chambers TJ: Molecular aspects of
osteoclast function. Inflamm Res 45:1-9, 1996

Barth E, Sullivan T, Berg E: Animal model for
evaluating bone repair with and without adjunctive
hyperbaric oxygen therapy (HBO): Comparing
dose schedules. J Invest Surg 3:387-392, 1990
Wray JB, Rogers LS: Effect of hyperbaric oxygena-
tion upon fracture healing in the rat. J Surg Res
8:373-378, 1968

Mainous EG: Osteogenesis enhancement utilizing
hyperbaric oxygen therapy. HBO Rev 3(3):181-185,
1982

Depenbusch FL, Thompson RE, Hart GH: Use of
hyperbaric oxygen in the treatment of refractory
osteomyelitis: A preliminary report. J Trauma 12:
807-812, 1972

Morrey BF, Dunn JM, Heimbach RD, Davis J:
Hyperbaric oxygen and chronic osteomyelitis. Clin
Orthop Rel Res 144: 121-127, 1979

Davis JC, Heckman JD, DeLee JC, Buckwold FJ:
Chronic non-hematogenous osteomyelitis treated
with adjuvant hyperbaric oxygen. J Bone Joint Surg
68:1210-1217, 1986

16)

17

~

18)

19)

20)

21)

22

~

23)

24)

207

Mandell GL: Bactericidal activity of aerobic and
anaerobic polymorpho-nuclear neutrophils. In-fect
Immunity 9:337-341, 1974

Mader JT, Guckin JC, Glass DL, Reinarz JA :
Therapy with hyperbaric oxygen for experimental
osteomyelitis due to staphylococcus aureus in
rabbits. J Infect Dis 138:312-318, 1978

Hohn DC, MacKay RD, Halliday B, Hunt TK: The
effect of oxygen tension on the microbicidal
function of leukocytes in wounds and in vitro. Surg
Forum 27: 1820, 1976

Mader JT, Brown GL, Guckian JC, Wells CH,
Reinarz JA: A mechanism for the amelioration by
hyperbaric oxygen of experimental staphy-lococcal
osteomyelitis in rabbits. J Infect Dis 142:915-922,
1980

Hill GB, Osterhout S: Experimental effects of hyper-
baric oxygen on selected clostridial species. In
vitro studies J Infect Dis 125:17-25, 1972
Schreiner A, Tonjum S, Digranes A: Hyperbaric
oxygen therapy in bacteroides infections. Acta
Chirugica Scandinavica 140:73-76, 1974

Sheffield PJ: Tissue oxygen measurement with
respect to softtissue wound healing with
normobaric and hyperbaric oxygen. HBO Rev 6:18-
46, 1985

Cierny G: Classification and treatment of adult
osteomyelitis. CM Evarts (Ed.) Surgery of the
Musculoskeletal System. New York: Churchill
Livingstone Inc, 1990;4337-4379.

Park MK, Myers RAM, Marzella L: Oxygen
tensions and infections: modulation of microbial
growth, activity of antibiotics, and immunologic
responses. Clin Infect Dis 14:720-740, 1992





