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This long-term retrospective study investigated the
value of debridement versus debridement and
Osteoset T® antibiotic-loaded calcium sulphate
pellets in the treatment of adult chronic osteo-
myelitis.
Sixty-five patients were included in the study. The
mean follow-up was 75 months (range : 36 to 334).
Forty cases were treated by debridement, and 25 by
debridement and Osteoset T®. The healing rates
were 60% and 80%, respectively ; however, the dif-
ference was not significant.
In a subgroup of 39 patients with medullary osteo-
myelitis and a normal immune system (IA according
to the Cierny-Mader classification of adult osteo-
myelitis), 22 patients were treated with debridement,
17 with debridement and Osteoset T®. The healing
rates were 59% and 94%, respectively (p < 0.05). 
Twenty-eight patients with Staphylococcus aureus
osteomyelitis were also studied apart ; 13 were treat-
ed with debridement and 15 with debridement and
Osteoset T®. The healing rates were 46% and 80%,
respectively. The difference was not significant.
The results obtained with debridement were less
good than with debridement plus Osteoset T®, but
the difference was not significant, except in a single
subgroup. 
Osteoset T® obviates the need for removal, which is
the rule after implantation of gentamycin beads.
Bony ingrowth is however limited.

Keywords : osteomyelitis ; bone substitute ; local
antibiotic delivery ; clinical study.

INTRODUCTION

Osteomyelitis can be defined as bone and bone
marrow inflammation caused by a pyogenic organ-
ism. The main predisposing factors for the devel-
opment of osteomyelitis are : trauma and the intro-
duction of bacteria, which usually occurs via the
systemic circulation or directly from open-fracture
wounds (6, 21). The hallmark of chronic osteo-
myelitis is infected dead bone within a compro-
mised soft tissue envelope. Bone infections in chil-
dren are primarily of haematogenous origin, while
in adults they are usually secondary to penetrating
trauma, surgery, or infection in a contiguous site.
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Osteomyelitis continues to be a frequent indication
for the use of intravenous antibiotic therapy, as well
as a major health care cost item.

Medical treatment of osteomyelitis is usually
performed in acute onset patients with progressive
pain, swelling, fever, and high serum levels of the
inflammatory markers (VS, PCR) ; however, in
chronic cases, characterised by recurrent pain,
sinus formation and low serum levels of the infi-
ammatory markers, surgical treatment is the rule.
The current surgical treatment of osteomyelitis
includes debridement, irrigation, obliteration of
dead space, osseous repair, adequate soft tissue
coverage, and systemic antibiotics (15).

With regard to the filling of dead space, there are
several methods available, using living tissue (mus-
cle rotation), autogenous or allogenic cancellous
bone grafts, cancellous bone chips impregnated
with antibiotic, antibiotic impregnated cement
beads, and biodegradable antibiotic-loaded
implants, such as Osteoset T®. Filling with living
tissues provides a direct blood supply to the necrot-
ic area but it is deficient in bone reinforcement and
therefore not reliable enough as a space filler.
Although the use of cancellous bone chips after
extensive curettage is a good way to fill the dead
space, this tissue is still not living bone, and it can
be involved in a recurrence of infection. The ideal
bone filler material should provide good local
antibiotics, should be resorbable or biodegradable,
thus obviating the need for a second procedure to
retrieve non-degradable material, and at the same
time promote bone regeneration. Plaster of Paris
(calcium sulphate dihydrate) and ready-to-use cal-
cium sulphate pellets, such as Osteoset T®, are the
two main resorbable bone filler materials used in
the treatment of osteomyelitis. Plaster of Paris has
been used for years and is able to release antibiotics
over a 4-week period approximately (2). Calcium
sulphate has been advocated as a biodegradable
delivery system for the administration of antibi-
otics in musculoskeletal infection (8). Osteoset T®

is calcium sulphate with 4% tobramycin added ;
the diameter of the pellets is 4.8 mm ; it is available
in bottles of 10 or 20 ml. It can also be used in pow-
der and liquid form, to be mixed with the appropri-
ate antibiotic during operation, directly before

implantation. The authors retrospectively com-
pared classical debridement with debridement plus
Osteoset T®.

MATERIALS AND METHODS

Sixty-five patients with chronic osteomyelitis were
included in the study. These patients were treated
between November 1977 and April 2003 in a University-
based hospital. Their mean age was 39.8 years (range :
18 to 69) ; 36 patients were men, 29 were women. The
site of infection was the femur in 26 cases, the tibia in
32 cases, the humerus in 5 cases, and the radius and ulna
in 2 cases. The origin was exogenous trauma in 11 cases,
exogenous iatrogenic trauma in 13 cases, and haemato-
genous in 41 cases. All 65 cases had clinical, biochemi-
cal and radiological signs of osteomyelitis ; in 47 the
diagnosis was confirmed by intraoperative biopsy.

The Cierny-Mader classification of adult osteo-
myelitis was used (4). Type I is medullary, type II super-
ficial, type III localised, and type IV diffuse
osteomyelitis. A-host means normal immune system, B-
host immune system compromised locally, BS-host
immune system compromised systematically, while C
host means that the immune system is so severely com-
promised that the radical treatment necessary would
have an unacceptable risk-benefit ratio. 

According to this classification system, 39 cases were
type IA, 2 were type IIA, 13 were type IIIA, 1 was type
IVA, 4 were type IB, 3 were type IIIB, 2 were type IVB,
and 1 was type IC (table I).

The pathogen was Staphylococcus aureus in 28 cases,
Pseudomonas aeruginosa in 7, Staphylococcus epider-
midis in 3, Enterobacter cloacae in 2, Micrococcus in 1,
coagulase negative Staphylococcus in 1, and was not
identifiable in 23.

Two methods of treatment were used : debridement
without any other local adjuvant in 40 cases, and
debridement plus implantation of Osteoset T® (fig 1) in
25 cases. Sequestrectomy and curettage were always
performed, through a wide cortical window, until there
was fresh bleeding bone. In the Osteoset T® group the
cavity was packed with pellets (from 10 to 80 ml, mean :
29.2 ml). Tobramycin was used in 19 patients ; van-
comycin 10% in 6 cases, because of proven tobramycin
resistance or in case of wide bone involvement by a
Staphylococcus aureus. In all cases systemic antibiotics
were used for at least two weeks postoperatively, based
on sensitivity tests. In cases with lower limb infection
complete weight bearing was allowed three months after
surgery ; fractures did not occur.
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Recurrence of infection was marked by one of the
following three conditions : (a) presence of a sinus ;
(b) swelling associated with local redness and pain ;
(c) mild pain associated with elevation of erythrocyte
sedimentation rate or CRP.

A subgroup of 39 patients was considered apart : it
consisted of type IA patients according to the Cierny-
Mader classification (medullary osteomyelitis and a
good immune system) ; 22 of these were treated by
debridement only and 17 by debridement plus Osteoset
T®.

Finally, a subgroup of 28 patients were studied apart :
all were affected by chronic Staphylococcus aureus
osteomyelitis ; 13 were treated by debridement and 15
by debridement and Osteoset T®.

In this study we were able to compare the two differ-
ent methods of treatment statistically, using Student’s t-
test. 

RESULTS

After a mean follow-up of 75 months (range : 36
to 334), 44 cases out of 65 healed (67.7%), while
21 recurred (32.3%). A flaw of the study was the
fact that only the two subgroups of the 39 IA
patients were comparable as to age and Cierny-
Mader classification.

The main group of 65 patients

Of the 40 patients treated with debridement only,
24 healed (60%), while 16 (40%) recurred. Six
recurrences were seen with Cierny-Mader condi-
tion A, 9 with condition B, and 1 with condition C.
Fifteen recurrences healed after one or more further
debridements ; the last patient, with condition C,
was not re-treated surgically but received antibiotic
treatment for 4 weeks after which he healed. Of the
25 patients treated with debridement plus Osteoset
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Table I. — All 65 cases classified according to the Cierny-Mader classification for adult chronic osteomyelitis

Cierny-Mader classification

(Cases) Type I Type II Type III Type IV Total

A-Host 39 2 13 1 55

B-Host 4 0 3 2 9

C-Host 1 0 0 0 1

Total 44 2 16 3 65

Fig. 1. — Debridement and Osteoset T® pellets

T®, 20 healed (80%), and 5 (20%) recurred.
Among the recurred cases, one had Cierny-Mader
condition A, two condition B and two condition C.
Two recurrences responded to a second debride-
ment, one needed a third debridement. Two patients
refused further treatment for their recurrence ; they
had mild chronic pain and an elevated sedimen-
tation rate without antibiotic suppression. The
difference between both treatment groups was not
significant.

The subgroup of 39 patients with Cierny-Mader
type IA adult osteomyelitis (medullary osteo-
myelitis and normal immune system)

Twenty-two cases were treated with debride-
ment only ; 13 (59%) healed, and 9 (41%) recurred.
Seventeen cases were treated with debridement
plus Osteoset T® ; 16 (94%) healed and only one
(5%) recurred. This difference was statistically sig-
nificant (p = 0.024). The patient who relapsed after
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Osteoset T® was a 59-year-old woman with methi-
cillin resistant Staphylococcus aureus (MRSA).
One month after surgery there was a sinus, swelling
with local redness, and pain. The patient refused
additional surgical treatment. Now she has mild
recurrent pain without other signs of local infec-
tion.

The subgroup of 28 patients with Staphylococcus
aureus osteomyelitis

Thirteen patients were treated with debridement
only ; 6 (46%) healed and 7 (53.85%) recurred.
Fifteen patients were treated with debridement plus
Osteoset T® ; 12 (80%) healed and 3 (20%)
recurred. Among the 3 recurrences, one had
Cierny-Mader condition A, while two had condi-
tion B ; all 3 recurrences healed after repeated
debridement. The difference between both treat-
ment groups was not significant.

All six cases treated with Osteoset T® plus van-
comycin healed. In four patients the hardware, or
part of it, was left inside and the osteomyelitis
healed in 3 of these patients only after a second
debridement including complete hardware removal.

Radiographic evolution of patients treated with
Osteoset T®

In the patients treated with Osteoset T®, one
month after surgery 58% of the implanted pellets
had degraded, with only 12% of bone ingrowth.
Three months after surgery radiographs and CT-
scans showed 96% pellet degradation with an aver-
age of 28% bone ingrowth. Six months after
surgery there was 100% degradation, with 34%
bone ingrowth, and after one year bone ingrowth
was approximately 40% (figs 2, 3, 4). These find-
ings are in line with those of other authors : in fact,
the calcium sulphate was completely resorbed after
a mean period of 2.7 months (11). The authors did
not analyse possible side effects, such as hypercal-
caemia.

DISCUSSION

The characteristic features of chronic
osteomyelitis are : recurrent attacks, persistent
chronic infection, thus in some cases lifetime dis-
ability. When the bone involvement is important, it
is difficult to decide on the extent of debride-
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Fig. 2. — AP-views of right tibia : 1, 3 and 6 months after debridement and implantation of Osteoset T®. 
Note early resorption of Osteoset T® and only partial ingrowth of bone.
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ment (5). Suction irrigation systems are not recom-
mended due to the risk of nosocomial infections ;
the best method of treatment remains controversial.

The current study explored the effect of Osteoset
T® in adult chronic osteomyelitis. Most previous
studies on using biodegradable materials to treat
adult chronic osteomyelitis have been observation-
al studies, and have not been rigorously analysed
from a statistical viewpoint. In this study we were
able to compare two different methods statistically.

Despite a tendency to achieve better results with
Osteoset T® plus debridement versus debridement
only (80% vs 60%), in the overall series of
65 cases, the difference was not statistically signif-
icant. Also when considering only the 28 patients
with Staphylococcus aureus infection, no statistical
difference in the cure rate was demonstrated

between the two methods of treatment. Only when
looking specifically at the 39 cases with type IA
osteomyelitis (medullary involvement, good
immune system and delivery), debridement and
Osteoset T® was statistically more efficient than
debridement only.

In the past gentamicin beads have been the
primary choice for the local treatment of osteo-
myelitis (10, 19). These antibiotic-impregnated
acrylic beads can sterilise and temporarily fill up
the dead space. Their major disadvantage is the
need to remove them within 2-4 weeks after they
have eluded their antibiotics, thus requiring an
additional operation (9, 20). The beads may then be
replaced with a cancellous bone graft.

Antibiotic-resistant Gram-positive cocci, espe-
cially MRSA, are of great concern as they increase
mortality rates and duration of hospitalisation (7).
Infections with methicillin-resistant Staphylo-
coccus aureus and coagulase-negative cocci have
become increasingly common despite attempts to
limit their spread through strict infection control
practices (1, 12). Approximately 90% of staphylo-
cocci produce lactamase and are therefore
penicillin resistant (16, 17). Vancomycin is a
glycopeptide antibiotic which is effective against
Gram-positive bacteria which are resistant to
penicillins. Our study shows the importance of
changing the antibiotic in the resorbable cement
targeted at the last culture and susceptibility test.
Osteoset T® mixed with vancomycin was able to
heal all six patients with MRSA.

In a recent report biodegradable antibiotic pel-
lets 3 mm in diameter were used ; they were made
of lyophilised sodium alginate mixed with van-
comycin, coated with poly-L-lysine (18). Various
types of implants have been tested by elution stud-
ies (3, 13, 14). The goal is to achieve a complete elu-
tion of the antibiotic present in the pellet, as well as
new bone generation. In the current study Osteoset
T® provided a good antibiotic delivery along with
a good infection control, however without the
counterpart of complete bone regeneration. The
protracted pellet resorption time makes the system
effective in terms of local delivery, but there is only
partial ingrowth of bone. However, when placed
inside the medullary canal of a metaphysis the
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Fig. 3. — CT-scan right tibia 3 months after surgery.
Disappearance of Osteoset T®.
Only partial ingrowth of bone

Fig. 4. — Resorption of Osteoset T® (upper curve),
and ingrowth of bone (lower curve)

Osteaset T® resorbtion Bone regrowth
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natural formation of new bone in the cortical
window was strong enough to allow the patients
full weight bearing 3 months after surgery.

CONCLUSION

This study underlines the value of Osteoset T®

as a space filler with good antibiotic elution prop-
erties in adult chronic osteomyelitis. A better heal-
ing rate was observed when Osteoset T® was used,
compared with leaving the cavity empty after
debridement. However, it is important to underline
the insufficient ability by Osteoset T® to stimulate
bone regeneration.

The authors suggest using this material in chron-
ic osteomyelitis after extensive debridement of the
infected bone and after hardware removal. In acute
disease, or immunocompromised patients, we sug-
gest repeating the procedure after 3-4 weeks. Better
results can be achieved with Osteoset T® mixed
with targeted antibiotic based on the susceptibility
test.
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