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&p.1:Summary. We treated eighteen patients with chronic
osteomyelitis by implanting pieces of antibiotic-im-
pregnated calcium hydroxyapatite ceramic into a cav-
ity produced after thorough surgical excision of ne-
crotic tissue. Within three months the infected sites
had all healed. During follow-up ranging from 24 to
75 months there was no recurrence of infection. Two
of the patients had infected prosthetic joints which
were successfully revised. Infection was controlled
and incorporation of the ceramic material into host
bone was demonstrated radiographically. We recom-
mend the use of porous pieces of calcium hydroxyap-
atite impregnated with antibiotic as a new system for
drug delivery in the treatment of chronic osteomyeli-
tis.

&p.1:Résumé.Les auteurs rapportent le traitement de 18
patients atteints d’ostéomyélite chronique par exci-
sion chirurgicale suivie d’implantation de fragments
d’hydroxyapatite de calcium imprégnés d’antibioti-
que. Tous les sites d’infection ont cicatrisé dans un
délai de 3 mois. Pendant la période de suivi, allant de
24 à 75 mois, il n’y a pas eu de récidive de l’infec-
tion. 2 des patients avaient une infection sur prothèse
articulaire qui ont été révisés avec succès. En plus du
contrôle de l’infection, il a été constaté radiologique-
ment une incorporation de l’hydroxyapatite. Les aut-
eurs recommandent donc l’utilisation des ces frag-
ments poreux d’hydroxyapatite de calcium imprégnés
d’antibiotique pour le traitement de l’ostéomyélite
chronique.

Introduction

Chronic osteomyelitis remains a common problem,
particularly in the developing world, despite advances
in surgery and more than fifty years of experience
with antibiotic therapy. Two principles of treatment
are paramount; tissue which is necrotic or has a blood
supply which is insufficient to promote the normal
healing process must be removed, and then appropri-
ate antibiotic therapy must be administered [10].

Antibiotic drugs, by themselves, do not provide re-
liable long-term arrest of chronic osteomyelitis. A
high concentration of antibiotics can be obtained at
the site of the infection, at least for short periods, by
incorporating the drug into a delivery vehicle which
is implanted locally [7]. Several methods have been
used, including regional perfusion [11], external
closed suction-irrigation [5], implantable pump irri-
gation [12] and antibiotic-impregnated implants. The
materials used for impregnation with antibiotic in-
clude the patient’s own blood [16], plaster of Paris
pellets [6], fibrin [16], acrylic resin [8], collagen [1]
and acrylic bone cement [4, 13]. Ceramic materials
are well known for their applications in orthopaedic
surgery, particularly as a coating for joint prostheses,
and for articulating surfaces such as femoral heads
and acetabulae. Porous calcium hydroxyapatite
(CHA) has excellent biocompatibility, can resist me-
chanical forces, and is effective in filling cavities and
defects in bone [15]. We have previously reported the
use of porous CHA as a slow release system for anti-
biotics after using it to fill the space left after erosion
by disease or excision of dead bone [9, 14] and emp-
hasised its effectiveness in managing osteomyelitis.
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Materials and methods

We have treated ten men and eight women with chronic osteo-
myelitis using the principles of surgical debridement, systemic
administration of antibiotics, and local implantation of CHA
impregnated with an antibiotic. The mean age of the patients
at the time of treatment was 38.7 years (range: 14 to 77). The
duration of chronicity was judged to be from 12 to 132 months
(mean: 35 months). At the time of initial presentation all pa-
tients had clinical and/or radiological evidence of chronic os-
teomyelitis. The chronic infection had occurred after acute
haematogenous osteomyelitis in 12 patients, following open
fracture in three, after closed fracture in one, and after joint re-
placement in two. Nine patients had one or more draining si-
nuses. Eleven had undergone surgery for the condition prior to
our new form of treatment.

Each site of infection was initially aspirated in order to de-
tect a causative organism. Organisms could be cultured from
15 patients; eight grew Staphylococcus aureus, two Staphylo-
coccus epidermidis, one Streptococcus pyogenes, one Strepto-
coccus pneumoniae, one Klebsiella pneumoniae, and two
Pseudomonas aeruginosa. The choice of antibiotic for impreg-
nation into the CHA ceramic was determined by the sensitivity
of the cultured organism. In the three patients in whom no or-
ganisms were grown a broad spectrum antibiotic was selected
(Table 1). We assessed healing in terms of the clinical picture,
laboratory findings and radiological evidence of incorporation
of the CHA implant with remodelling of surrounding bone.
The duration of follow-up was from 24 to 75 months (average:
52.7 months).

Preparation of antibiotic impregnated CHA ceramic

Various sizes of CHA ceramic blocks were sintered at 1,200°
C for 2 h. They had a porosity of 30% to 40%, the diameter of
the micropores was between 40 and 150µm and there was an
interconnecting pore structure open to the external surface of
the blocks. At operation the chosen antibiotic was packed into
a central cylindrical cavity in each porous block and sealed
with a CHA plug (Sumitomo Osaka Cement Co., Ltd., Japan)
(Fig. 1). The volume of antibiotics packed into the cavity de-
pended upon the size of the blocks used. The usual dose
ranged from 100 to 400 mg. The antibiotics used, either alone,
or in combination, and the total doses which were employed,
are shown in Table 1.

Table 1.Details of the patients&/tbl.c:&tbl.b:

Cases Age/sex Location Organism Antibiotics Treatment Follow-up
(months)

1 77.M L-tibia Pseudomonas aeruginosa IPM/CS 0.5 g Curettage+CHA 72
2 57.F R-tibia Staphylococcus aureus FMOX 0.5 g Curettage+CHA 72
3 55.F L-1st toe prox.phlanxStreptococcus pyogenes CZON 0.5 g PIPC 0.5 g Curettage+CHA 60
4 22.M L-tibia MRSA VCM 2.0 g Curettage+CHA 48
5 14.F L-femur MRSA IPM/CS 0.5 g CMZ 0.5 g Curettage+CHA 24
6 35.M R-prox.humerus Staphylococcus aureus FMOX 0.5 g CMZ 0.5 g Curettage+CHA 65
7 27.F L-prox.tibia Staphylococcus auerus FMOX 0.5 g PIPC 0.5 g Curettage+CHA 75
8 17.F L-dist.tibia-Ankle Staphylococcus aureus FMOX 0.5 g PIPC 0.5 g Curettage+CHA 70
9 32.F L-prox.tibia Staphylococcus epidermidisFMOX 0.5 g Curettage+CHA 62

10 22.M R-prox.tibia Staphylococcus aureus GM 0.5 g CMZ 0.5 g Curettage+CHA 35
11 15.F L-dist.femur Staphylococcus epidermidisFMOX 0.5 g Curettage+CHA 39
12 45.M L-prox.tibia MRSA IPM/CS 0.5 g VCM 1.0 g Curettage+CHA 45
13 38.M R-prox.tibia Streptococcus pneumoniaeCMZ 1.0 g Curettage+CHA 53
14 70.M Lumbar spine (II) Klebsiella pneumoniae FMOX 0.5 g CMZ 0.5 g Curettage+CHA 38

Infection of 
artificial body

15 41.M R-femur Pseudomonas aeruginosa IPM/CS 0.5 g GM 0.5 g CHA.Prosthesis 42
infection
Revision 3 months 
later

16 37.F L-femur Unknown FMOX 0.5 g GM 0.5 g CHA. infection 34
of tumour prosthesis
Revision 6 months
later

17 40.M L-dist.tibia Unknown FMOX 0.5 g Curettage+CHA 68
18 52.M R-prox.humerus Unknown FMOX 0.5 g GM 0.5 g Curettage+CHA 46

MRSA (methicillin resistant staphylococcus aureus); IPM/CS
(imipenem/cilastatin sodium); FMOX (flomoxef sodium);
CZON (cefzonam sodium); PIPC (piperacillin sodium); VCM

(vancomycin hydrochloride); GM (gentamicin sulfate); CMZ
(cefmetazol sodium)&/tbl.b:

Fig. 1. Diagram of an antibiotic-CHA ceramic block. The
small cylindrical hole made by ultrasound is packed with pow-
dered antibiotics and sealed with a CHA plug&/fig.c:



Operative technique. &p.2:The bone cortex was fenestrated to a size
which permitted removal of all necrotic bone, sequestrum, and
pathological granulation tissue. The excavated defect in the
bone was then packed with the CHA ceramic block which had
been impregnated with the chosen antibiotic until it had been
completely filled. After operation a superficial suction drain
was sometimes employed for up to 24 h.

Results

At the latest follow-up all foci in each of the eighteen
patients were completely healed. Twelve had pain re-
lief and evidence of improvement on laboratory tests
within four weeks of operation. In the remainder
there was resolution of infection within 12 weeks.
There was no recurrence of infection in any of the pa-
tients.

One patient had septic arthritis of the ankle in as-
sociation with a Brodie’s abscess in the tibial epi-
metaphysis. Function was restored to the joint after
eradication of the bone infection (Fig. 2). Another pa-
tient had infection around a megaprosthesis which
had been inserted after resection of a tumour at the
knee. The prosthesis was removed and an external
fixator applied to support the bones while the antibi-
otic-impregnated CHA ceramic was in place. Three
months later another megaprosthesis was inserted, af-
ter the laboratory tests had become normal. Five
years after the revision there had been no recurrence
of the tumour or of the infection (Fig. 3).

Sequential radiographs showed that there was pro-
gressive incorporation of the CHA ceramic in all pa-
tients (Fig. 4). Radiolucent zones around the implant
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Fig. 2. aAnterior-posterior
tomoradiograph and MRI im-
age of the distal tibia and right
ankle of a 17-year-old women
with septic arthritis. b The
joint and the abscess of the
distal tibia were treated surgi-
cally by excision of necrotic
tissue followed by insertion of
CHA ceramic blocks which
had been impregnated with
Flomoxef sodium and Piper-
acillin sodium (Case 8, Table
1). Inflammatory signs around
the ankle and distal tibia set-
tled and laboratory findings
were normal within eight
weeks. Six years later there
had been no recurrence&/fig.c:

Fig. 3a, b.Radiographs after the first (a) and second (b) stages
of treatment for chronic osteomyelitis around a megaprosthe-
sis inserted after resection of the distal femur for osteosarcoma
in a male aged 40 years. The infection was apparent two years
after initial treatment, and did not respond to systemic antibi-
otic administration. The first stage was to remove the prosthe-
sis and surrounding infected tissues, insert CHA ceramic im-
pregnated with Flomoxef sodium and Gentamicin sulfate (as
no causative organism was cultured), and to support the limb

with an external fixator. Three months later the second stage
was carried out, with removal of some of the ceramic blocks
and reinsertion of a megaprosthesis. Five years later there had
not been a recurrence. (Case 16, Table 1)&/fig.c:



250 Y. Yamashita et al.: Chronic osteomyelitis using calcium hydroxyapatite ceramic implants

gradually disappeared over six months, and in some
instances sclerotic areas developed around the CHA
blocks. There was no radiological evidence of break-
down of the ceramic, but in those patients in whom we
performed ‘second look’ surgery after healing there
was some histological evidence of degradation of the

implanted ceramic material. These changes were most
evident around the multinucleated cells which were
lodged in close contact to the ceramic (Fig. 5).

Discussion

Although there appears to have been a reduction in
the incidence of recurrent acute episodes in chronic
osteomyelitis since the systemic use of antibiotic
drugs, this is suppression rather than cure. Not all ex-
acerbations can be suppressed by antibiotics. The in-
crease in joint replacement surgery has emphasised
the importance of preventing and treating infection
around the prostheses. Because of the altered struc-
ture of the tissues surrounding an infected site, the
diffusion of antibiotics into the central part of the in-
fected region may require high serum concentrations
of the therapeutic agents.

This therapy may cause side effects such as my-
elosuppression, renal failure, and hepatitis. It is possi-
ble to increase the local concentration of antibiotics
by impregnating them into carrier vehicles. Poly-
methylmetacrylate (PMMA) used as a bone cement
has been the most widely evaluated [2, 3, 4]. The dis-
advantages include reduced biocompatibility with
bone, the short duration of antibiotic release, a very
low release rate, thermal damage to the antibiotic,
and the need to remove the PMMA at the end of
treatment. Nevertheless, this method has been widely
used in the staged surgical treatment of chronic osteo-
myelitis.

a b

Fig. 4. aRadiograph showing a chronic osteomyelitic cavity in
the proximal end of a tibia before treatment, and (b) five years
after management by the method described in this article. The
ceramic blocks appear to be incorporated into bone which has
formed and remodelled around them. There is no evidence of
translucency which might be suggestive of either infection or
the presence of a fibrous membrane&/fig.c:

Fig. 5. Histological appear-
ance of the degradation of the
ceramic blocks. CHA (arrows)
was degraded around multinu-
cleated giant cells
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We consider that antibiotic-impregnated CHA ce-
ramic is superior to acrylic bone cement systems.
Any antibiotic can be placed in a CHA ceramic cylin-
der as there is no thermal damage to the drug. All of
the impregnated antibiotic is released over a long pe-
riod and none remains trapped. CHA ceramic is fully
biocompatible with bone and marrow cells which
grow into the pores. Mechanical stability depends on
the porosity of the material. The antibiotic-CHA ce-
ramic composites control the infection, restore me-
chanical strength, encourage osteoconduction into
their pores, and avoid the need for further surgery. We
believe that local signs of inflammation and abnormal
laboratory tests resolve more quickly using this meth-
od than when antibiotic-impregnated PMMA beads
are used. Neither of our patients with infected pros-
theses have shown recurrence in the four years fol-
lowing treatment.

We are encouraged by the absence of any recur-
rence in the eighteen patients followed for a mini-
mum of 24 months and we recommend the use of this
approach in the treatment of all forms of chronic os-
teomyelitis.
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