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Aims
Excision of chronic osteomyelitic bone creates a dead space which must be managed to
avoid early recurrence of infection. Systemic antibiotics cannot penetrate this space in high
concentrations, so local treatment has become an attractive adjunct to surgery. The aim of
this study was to present the mid- to long-term results of local treatment with gentamicin
in a bioabsorbable ceramic carrier.

Methods
A prospective series of 100 patients with Cierny-Mader Types III and IV chronic ostemyelitis, affecting 105 bones, were treated with a single-stage procedure including debridement,
deep tissue sampling, local and systemic antibiotics, stabilization, and immediate skin
closure. Chronic osteomyelitis was confirmed using strict diagnostic criteria. The mean
follow-up was 6.05 years (4.2 to 8.4).

Results
At final follow-up, six patients (six bones) had recurrent infection; thus 94% were infection-
free. Three infections recurred in the first year, two in the second year, and one 4.5 years
postoperatively. Recurrence was not significantly related to the physiological class of the
patient (1/20 Class A (5%) vs 5/80 Class B (6.25%); p = 0.833), nor was it significantly related to the aetiology of the infection, the organisms which were cultured or the presence of
nonunion before surgery (1/10 with nonunion (10%) vs 5/90 without nonunion (5.6%); p =
0.570). Organisms with intermediate or high-grade resistance to gentamicin were significantly more likely in polymicrobial infections (9/21; 42.8%) compared with monobacterial
osteomyelitis (7/79 (8.9%); p < 0.001). However, recurrence was not significantly more
frequent when a resistant organism was present (1/16 for resistant cases (6.25%) vs 5/84 in
those with a microbiologically sensitive infection (5.95%); p = 0.958).

Conclusion
We found that a single-stage protocol, including the use of a high-delivery local antibiotic ceramic carrier, was effective over a period of several years. The method can be used
in a wide range of patients, including those with significant comorbidities and an
infected nonunion.
Cite this article: Bone Joint J 2022;104-B(9):1095–1100.

Correspondence should be
sent to M. A. McNally; email:
martin.mcnally@ouh.nhs.uk
© 2022 Authors et al.
doi:10.1302/0301-620X.104B9.
BJJ-2022-0396.R1 $2.00
Bone Joint J
2022;104-B(9):1095–1100.

THE BONE & JOINT JOURNAL

Introduction

Chronic osteomyelitis remains common, as a
sequela of acute haematogenous infection of
bone mainly in low- and middle-income countries, and after injury throughout the world.1,2
Treatment has often been staged, with repeated

debridement, delayed skin closure, and secondary
reconstruction of bony defects.1,3-5 The use of
polymethyl-
methacrylate (PMMA) antibiotic-
loaded beads was pioneered more than 50 years
ago,6-8 and there is now increasing interest in local
antibiotic treatment.9-11 This has the potential to
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Fig. 1
This Cierny-Mader Type 3 osteomyelitis developed after an intraosseus
infusion following major trauma. The anterior cortex and medullary
bone were necrotic with much overlying skin loss.

deliver very high concentrations of antibiotics, without adverse
systemic effects.12,13 It also removes concerns about compliance
with treatment.
Calcium sulphate has been used as a carrier of antibiotics for
many years. There is good evidence from animal and human
studies that bacteria may be eradicated from bony defects in
this way,14,15 and that this is superior to the use of systemic
antibiotics alone.16 Human studies have been encouraging,17,18
but calcium sulphate does not promote good bone formation.
Postoperative fractures may occur and secondary surgery is
still needed.10,17-19
In order to address this shortcoming, a combination of
calcium sulphate with hydroxyapatite (Cerament; Bonesupport AB, Lund, Sweden) was introduced, and this has been
shown to form an osteoconductive scaffold, which allows an
early biological response and may be osteoinductive and osteoconductive.20,21 In 2013, this biphasic ceramic was licenced to
deliver a high dose of gentamicin (17.5 mg per ml). Animal
studies suggested that the rate of infection could be decreased
using this carrier with the promotion of bone formation in bony
defects following debridement.22,23
We postulated that this material could facilitate a single-stage
treatment algorithm for the management of chronic osteomyelitis in humans. We performed a prospective evaluation of
100 consecutively recruited patients, with established chronic
osteomyelitis and published the results with a mean follow-up
of 19.5 months (12 to 34) in 2016.24 This short follow-up would
clearly not identify later recurrences, which can often present
after treatment of bony infections. We acknowledged this in
the paper, and now present a further review of these patients
reporting the effectiveness of our protocol when using Cerament G, at a follow-up of between four and eight years.

Methods

All patients presenting with Cierny-
Mader (C-
M) Type III
(localized) or Type IV (diffuse anatomical type) chronic osteomyelitis,25 between March 2013 and February 2015, were
eligible for recruitment. Chronic osteomyelitis was defined
as the presence of symptoms for a minimum of six months,
Follow us @BoneJointJ

Fig. 2
The dead tissue has been debrided and the large metaphyseal defect
filled with gentamicin-loaded ceramic.

Fig. 3
The soft-tissue defect was covered with a local gastrocnemius muscle
flap and split skin graft from the thigh.

with clinical and radiological features accompanied by at least
one of the following: a sinus, abscess or intraoperative pus,
supportive histology, or two or more microbiological cultures
with indistinguishable organisms.24,26 When cultures were negative, a patient was only included if there was positive histology
and a draining sinus or intraoperative pus. Infected nonunions
were included if the segmental bone loss was < 1 cm at the
time of presentation.
The patients were classified by the C-M anatomical type and
the physiological status of the host (Class A, healthy; Class BL,
local compromise in the limb; Class BS, systemic compromise;
Class BLS, local and systemic compromise).25
All patients were treated with a single-
stage procedure
(Figures 1 to 3).2 They were optimized preoperatively to
reduce the effect of modifiable risk factors. Under tourniquet,
a minimum of five deep samples were obtained for microbiology and two for histology,27,28 before giving empirical intravenous antibiotics (Vancomycin and Meropenem).26 Sinus tracts
and implants were removed, dead bone was excised, and the
resulting defect washed with 0.05% aqueous chlorhexidine.
Stability was ensured, when required, using internal or external
fixation. The defect was filled with Cerament G (Figure 2). No
other materials or antibiotic agents were used in the bone. Skin
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Table I. The demographic data of the patients by anatomical location, Cierny-Mader stage, soft-tissue cover, and requirement for stabilization.
Bone

n

Cierny-Mader stage*
III A

III BL

III BS

Soft-tissue cover
III BLS

IV A

IV BL

IV BS

1

IV BLS

Local
flap

Free flap None
13

Tibia

38

7

14

4

9

1

1

1

21

4

Femur

24

5

7

3

4

1

1

3

23

1

Humerus

16

2

2

4

2

1

1

4

15

Radius + ulna

10

4

1

10

2

1

1

2

Calcaneum

3

Clavicle

2

Fibula

1

Sacrum

1

Scapula +
humerus

1

Femur + tibia

1

Tibia + talus

3

Total

100

4

1

2

1

19

16

2

6†
4 mono

1 IMN

11

3 mono

2 plates

1

1

2
1

1
1

25

32

3

1
1

1 Ilizarov

1

1

1

1

1

4

5

11

77

Internal

19

1

2

1

External

10

1

18

Fixation

Direct
closure

1 Ilizarov
2
5

18

79

2 Ilizarov

1 IMN

17

4

*A = Normal host; BL = Host with local compromise; BS = Host with systemic compromise; BLS = Host with local and systemic compromise.
†Four monolateral and two Ilizarov fixators.
IMN, intramedullary nail; mono, monolateral external fixator.

closure was always performed at the same operation, either by
direct closure or with the use of local or free microvascular
transfer (Figure 3).
Appropriate oral or intravenous postoperative antibiotic
treatment was given as soon as the culture results were obtained,
and continued for between six and 12 weeks, as advised by the
infectious disease team.
The primary outcome measure was the eradication of infection. Failure was defined as: recurrent infection with positive
cultures from further radiologically guided aspiration or open
biopsy; recurrent sinus formation; further surgery performed
for infection; or any patient requiring antibiotic treatment for
persistent symptoms. Patients were reviewed for the eradication of infection at three, six, 12, 24, and 48 months after
surgery. Final follow-
up was undertaken in 2021, by telephone review, for all contactable patients who had not been
physically reviewed during the previous 48 months. Adverse
events and complications were recorded at all timepoints.
Secondary outcomes were death, the need for further surgery,
pathological fracture at the site of surgery, and disturbed
wound healing. The study had institutional ethical approval
(Oxford University Hospitals 2022/7657) and patients gave
informed consent.
Statistical analysis. Data were analyzed using SPSS v. 20
(IBM, USA). The data were regarded as non-parametric and
groups were compared using the chi-
squared test for low-
frequency variables. A p-value < 0.05 was considered significant. A Kaplan-Meier survival analysis was used to record the
timing of recurrent infection.

Results

A total of 106 eligible patients presented. Six were excluded as
they did not meet the strict postoperative criteria, with infection
not being confirmed microbiologically or histologically. Thus,
a total of 100 consecutive patients with confirmed infection in
105 bones were included. The mean age was 51.6 years (23 to
88). Osteomyelitis followed open fracture or internal fixation
of closed fractures in 71 patients (71%; 72 bones). There were
VOL. 104-B, No. 9, SEPTEMBER 2022

19 patients who had haematogenous osteomyelitis and ten with
infection after orthopaedic surgery or invasion of bone from
a local soft-tissue infection. Nine had septic arthritis, complicating periarticular osteomyelitis involving three ankles, three
shoulders, two elbows, and one wrist. A total of 80 (80%) had
significant local or systemic comorbidities (C-M Class B hosts).
Ten had an infected nonunion with short segment bony defects
(< 1 cm). Table I summarizes the demographic data.
Stabilization was required in 21 patients (25 bones), usually
with external fixation, and five required arthrodesis as part of
the initial surgery, due to destruction of the joint by infection.
Plastic surgical skin closure was needed in 23 patients (23
bones; 18 free flaps and five local flaps). The mean volume of
the defect was 10.9 ml (1 to 30).
Staphylococci were the commonest organisms (41.8%), with
Methicillin-resistant Staphylococcus aureus in six patients.
Proteus mirabilis and Pseudomonas spp. were more common
in polymicrobial infection, often with a gram-positive organism
(usually S. aureus).
All patients were reviewed at one year, except for one who
died five months postoperatively. A total of 97 patients (102
bones) were reviewed at two years; one patient died and two
were lost to follow-up; 92 (97 bones) at four years; three further
patients died and two were lost to follow-up; and 91 (96 bones)
were finally reviewed at a mean of 6.05 years (4.2 to 8.4); one
further patient died. All five deaths were unrelated to the surgery
or to the infection, and all of these patients were infection-free
at time of death.
At one year after surgery 97 patients (97%; 101 bones) were
infection-free. There were two recurrences by two years and
one further recurrence at 4.5 years. A total of six patients (seven
bones) had a recurrence, giving an overall success rate of 94%
at a mean of six years’ follow-up. Analysis of the survival is
shown in Figure 4.
Further analysis of the patients with a recurrence showed
that failure to eradicate infection was not significantly related
to the physiological class of the host (1/20 Class A (5%) vs 5/80
Class B (6.25%); p = 0.833), nor was it significantly related to
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Fig. 4
Kaplan-Meier graph of survival until eight years after surgery.
Table II. Details of the patients who had a recurrence of infection.
Site

Aetiology

C-M stage Initial surgery

Months to Initial
recurrence microbiology

Recurrent
microbiology

Revision treatment

Calcaneum

Heel shift
osteotomy

III BL

Excision
6 ml CG
Direct closure of
previous ALT flap

4.8

MSSA

MSSA

Revision excision
8 ml CG
Gracilis muscle flap

Distal radius

Fracture with ORIF III A

Excision
4 ml CG

5.2

No growth

MSSA
Serratia marcescens

Drainage of abscess only

Tibial diaphysis Gunshot wound to III BL
tibia

Excision 30 ml CG
LD flap

7.1

MSSA

MSSA
Streptococcus
agalactiae

Revision excision
20 ml CG

Femoral
diaphysis

Open fracture with III BL
ORIF

Excision
20 ml CG external
fixator

18.8

Resistant
Resistant
Pseudomonas Pseudomonas spp
spp

Revision excision+
Amikacin in CaSO4

Femoral
diaphysis

Open fracture with III BL
ORIF

Excision 10 ml CG
direct closure

23.8

MSSA

MSSA

Revision with 20 ml CG

Tibia + talus

Charcot ankle with IV BLS
failed fusion

Excision, 20 ml CG+ 53.1
IMN

Acinetobacter

Acinetobacter

Amputation

ALT, anterolateral thigh flap; CG, Cerament with gentamicin; C-M, Cierny-Mader; IMN, intramedullary nail; LD, latissimus dorsi free flap; MSSA,
methicillin-sensitive Staphylococcus aureus; ORIF, open reduction and internal fixation.

the aetiology of the infection, microbiological culture, or the
presence of an infected nonunion before surgery (1/10 with
nonunion (10%) vs 5/90 without nonunion (5.6%); p = 0.570).
A total of 16 patients (18 bones) had organisms with intermediate or high-grade resistance to gentamicin. This was significantly more likely in polymicrobial infections (9/21; 42.8%)
compared with monobacterial osteomyelitis (7/79 (8.9%);
p < 0.001). However, recurrence was not significantly more
frequent when a resistant organism was present (1/16 for resistant cases (6.25%) vs 5/84 for bacteriologically sensitive infections (5.95%); p = 0.958).
All six patients with recurrent infection had revision surgery.
One with a recurrent hindfoot infection, culturing Acinetobacter, chose a below-knee amputation. The others had a further
Follow us @BoneJointJ

excision of the infection or drainage of a soft-tissue abscess. All
were clinically infection-free, without subsequent medical or
surgical treatment at final follow-up. The details of the patients
with recurrent infection are shown in Table II.
All five arthrodeses healed and eight of ten nonunions healed
after the initial surgery. Of the two patients with a nonunion,
one humeral nonunion healed after revision of the fixation, with
no sign of active infection and negative cultures. The second
had an asymptomatic stiff tibial nonunion and has declined
further treatment.
Four patients underwent arthroplasty for degenerative
arthritis in the same limb as the infection, between two and
six years after the initial single-stage surgery for osteomyelitis. None of these suffered a recurrence of osteomyelitis or
THE BONE & JOINT JOURNAL
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periprosthetic joint infection at a mean of 18.6 months (11 to
49) after the arthroplasty.
Adverse events were uncommon, with three fractures occurring between one and 11 months after surgery. Two of these
occurred after significant new trauma and healed well with
splintage alone. The third was a frail patient with multiple
comorbidities who had a low-
energy fracture through the
defect in the radius. She declined fixation and the fracture
remains ununited, but the symptoms are well controlled by a
splint. There were no subsequent fractures, beyond the first
year after surgery.
Six patients (6%; six bones) had early leakage of ceramic
material from the wound, which was treated expectantly and
dried up without intervention or later recurrence of infection.

Discussion

This study presents a prospective, consecutive series of patients
with the more severe stages of osteomyelitis. Recent studies
have frequently reported higher rates of recurrence in these
patients,5,29,30 ranging from 10% to 45% in much shorter periods
of follow-up. As our patients now present with more complex
infections and comorbidities, we need forms of treatment
which can be applied widely. With traditional forms of treatment, patients with comorbidities and polymicrobial infections
have had worse outcomes.31,32 This may be related to difficulties
with antibiotic intolerance, interactions with other medications,
poor compliance, and adverse reactions due to the toxicity of
systemic treatment. These are all common in older or more
comorbid patients.
The use of local antibiotics offers the possibility of removing
concerns about compliance and may allow less dependence
on systemic treatment,33 which is often associated with
toxicity.34 Even very high doses of systemically toxic drugs,
such as gentamicin, can be safely administered locally in
bone. The use of up to 525 mg of gentamicin in Cerament
has been shown to have no clinically significant effect on
renal function,13 as systemic levels eluted from this carrier
are very low.12
Our protocol, facilitated by the absorbable local antibiotic,
was highly effective, with few recurrences. Our initial results,
presented in 2016,24 revealed that four patients (five bones) had
recurrent infection at a mean of 1.5 years postoperatively. The
longer follow-up period confirms that the treatment remains
effective over several years, with only two further patients with
a recurrent infection (a total of six patients with recurrence
in seven bones) up to eight years postoperatively. Despite the
continuing follow-up of 91 of the 95 surviving patients, we did
not discover any other recurrence or need for further treatment.
This is important because this unselected, consecutive cohort
included many patients with medical comorbidities (80% C-M
Grade B hosts), polymicrobial infection (21%), and diffuse
involvement (22% C-M Type IV). However, we know that
chronic osteomyelitis may recur several decades after the initial
treatment, so these figures will almost certainly overestimate
the final success rate.
We found that the presence of gentamicin-resistant bacteria
did not significantly correlate with failure. Resistance is
reported in laboratory testing based on the levels of antibiotic
VOL. 104-B, No. 9, SEPTEMBER 2022
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which can be expected when the drug is given systemically
(European Committee on Antimicrobial Susceptibility Testing
breakpoints).35 The local application of gentamicin using Cerament achieves levels of antibiotic which are much greater than
serum levels and well above the minimum inhibitory concentration (MIC) and minimum biofilm eradication concentration for
many organisms. It has been shown that only bacteria with very
high MICs (> 1,024 mg/l) can survive these local levels of antibiotics.36 No cultures identified new resistance to gentamicin in
patients with recurrent infection.
In the past, we and others have reported a higher incidence
of fracture through osteomyelitic defects after surgery,17,18 and
many patients have required secondary bone grafting to prevent
fracture. In this series, no patient had a bone graft and only three
suffered a fracture. Cerament G is injected as a thick liquid and
can coat the surface of the bone. It hardens to a material with
similar compressive strength to cancellous bone.20 Remodelling
occurs over a period of at least two years, with the initial formation of woven bone which is slowly remodelled to lamellar
bone. This occurs without a cartilage phase and represents direct
bone formation on the biomaterial.23,37 All three of our fractures
occurred within 11 months of surgery, supporting the view that
continued new bone formation in the defect, over many months,
may protect from subsequent fracture.
The ability to fill the dead space completely with a material
which will deliver antibiotics over several weeks, and then be
remodelled, allows a single operation, which is more patient-
friendly. With no further hospital admissions, it may also offer
cost savings when compared with routine staged treatment.
In conclusion, we have applied this protocol to all patients,
regardless of comorbidities, requirement for flaps, or nature of
infection. Single-stage management, facilitated by the bioabsorbable antibiotic carrier, was robust, giving effective treatment in all these groups in the mid to long term.
Take home message

-  Single-stage surgery, facilitated by a bioabsorbable local
antibiotic, was highly effective in the treatment of chronic
osteomyelitis over a prolonged period.
-  Adverse events were infrequent and easily managed.
-  The protocol, delivered by a multidisciplinary team, was more patient-
friendly than previous treatments.
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