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Abstract

Purpose We have evaluated the effect of internal and

external osteosynthesis devices on the efficacy of vanco-

mycin treatment in a rabbit model of methicillin-resistant

Staphylococcus aureus (MRSA)-induced post-traumatic

osteomyelitis.

Methods Double tibial osteotomies in female New Zea-

land rabbits were performed, inoculated with a MRSA

strain, then fixed with an intramedullary rod. A debride-

ment was performed 4 days later for each rabbit, and a

bacterial count in pus was determined (B1). In the first

group (G1), the osteosynthesis material was removed and

replaced by a new sterile nail. In the second group (G2), the

intramedullary rod was removed and then replaced by an

external fixator. Immediately after surgery, G1 and G2

rabbits were treated with vancomycin (60 mg/kg twice a

day). The animals were sacrificed at the end of a 5-day

period, and a bacterial count in pus was performed again

(B2).

Results The difference of log10 colony forming units

per milliliter (CFU/ml) (B2-B1) was -1.2 ± 0.5 and

-2.9 ± 1.1, respectively, for G1 and G2.

Conclusion The efficacy of vancomycin treatment

increased after removal of the internal osteosynthesis device.

Keywords Orthopedic device � Osteomyelitis �
Trauma

Introduction

The pathogenesis of foreign body infection has been well

known since Zimmerli’s work [1, 2]. He showed the

presence of local granulocyte defect around the foreign

body, explaining subsequent tendency to infection. Septic

post-traumatic osteomyelitis is a difficult-to-treat compli-

cation associated with reconstructive surgery and joint

replacement. Vital prognosis can be engaged and limb

preservation is not always possible. Post-traumatic osteo-

myelitis requires lengthy treatment, and therapeutic

failures are not rare. Removal of the osteosynthesis device

is sometimes recommended [3]. However, some authors

have reported clinical success in the treatment of post-

traumatic osteomyelitis and prosthetic joint infection

without removal of the orthopedic implant [4]. Others have

reported clinical success in the treatment of early acute

osteomyelitis after surgical debridement without the

removal of the osteosynthesis device. Immediate antimi-

crobial chemotherapy and removal of the infected device

are the preferred treatment methods for late-stage

osteomyelitis.

Animal models were especially developed to study

pathogenesis of bone infection or to evaluate antimicrobial

agents [5, 1, 2], but not one was developed to evaluate a

surgical procedure used to treat a post-traumatic

osteomyelitis.

The aim of this experimental study was to compare two

surgical procedures (external fixation and internal fixation

after removal of internal osteosynthesis) on vancomycin
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Laboratoire de Thérapeutiques Cliniques et Expérimentales des

Infections, EA 3826, Faculté de Médecine de Nantes,

Université de Nantes, Nantes Atlantique Universités,

rue Gaston Veil, Nantes 44000, France

A. Hamel (&) � J.-M. Rogez
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efficacy in a rabbit model of methicillin-resistant Staphy-

lococcus aureus-induced post-traumatic osteomyelitis.

Materials and methods

Microorganism

One clinical strain of methicillin-resistant Staphylococcus

aureus (MRSA) isolated from blood culture was studied.

Medium

Mueller Hinton (MH) broth (Sanofi Diagnostics Pasteur,

Marne la Coquette, France) supplemented with calcium

(25 mg/l) and magnesium (12.5 mg/l) was used for sus-

ceptibility tests and killing curve experiments. Colony

counts were determined on trypticase soy agar (TSA)

(Difco) for the time-kill experiments.

In vitro studies

The minimal inhibitory concentration (MIC) of vancomy-

cin for the MRSA strain was determined in cation-

supplemented MH broth using the microdilution technique.

Time-kill experiments were performed in glass flasks

containing MH broth with an initial inoculum of

5 9 106 CFU/ml in the presence of vancomycin at 89

MIC. One flask without antibiotics served as a control.

Surviving bacteria were counted after 0, 3, 6 and 24 h of

incubation at 37�C, by subculturing 50-ll samples (in 0.9%

NaCl) on TSA. A bactericidal effect was defined as a 3

log10 CFU/ml or greater decrease compared with the initial

inoculum after 24 h of incubation.

Experimental post-traumatic osteomyelitis model

All the animal studies were carried out in accordance with

the scientific procedures act (animals) 1986 and the code of

practice for the housing and care of animals used in sci-

entific procedures 1989.

Day 0: under general anesthesia, using an anteromedial

approach, a bifocal tibial osteotomy was performed on a

female New Zealand rabbit. The intermediate tibial frag-

ment was infused in a 108 CFU/ml MRSA strain agar and

then replaced in the rabbit’s leg. The double osteotomy was

stabilized with an intramedullar nail (Kirshner’s wire 15/

10) (Fig. 1a, b).

Day 4: an extensive surgical debridement (excluding

resection of the intermediate tibial fragment) of the

osteomyelitis was performed and the intramedullar nail

was removed. Samples were collected, weighed, and

suspended in 200 ll sterile saline. Serial dilutions (10-2,

10-4, 10-6) were made and plated on TSA, using a spiral

plater (Spiral System; Interscience, Saint-Nom-La-Bretè-

che, France) to calculate the bacterial count (B1) in pus at

the beginning of treatment. Animals were randomly

assigned to one of two treatment groups. Group 1 (five

rabbits): after debridement and surgical wash, a new

internal osteosynthesis was performed with a sterile nail

(Kirshner’s wire 15/10) and skin closure; group 2 (five

rabbits): after debridement and surgical wash, skin closure

was performed and a new osteosynthesis was performed

using a homemade bilateral external fixator (Fig. 1c, d;

2). Vancomycin was administered intramuscularly twice

daily (60 mg/kg b.i.d.) to all rabbits (groups 1 and 2) until

day 8.

Day 8: animals were sacrificed by means of a lethal

thiopental injection. Samples were collected, weighed, and

suspended in 200 ll sterile saline. Serial dilutions (10-2,

10-4, 10-6) were made and plated on TSA, using a spiral

plater to calculate the bacterial count (B2) in pus at the end

of treatment. A Dlog CFU/mg = B2-B1 expressing the

Fig. 1 a Frontal radiogram of the right leg. The double tibial

osteotomy was stabilized with an intramedullar rod. b Lateral

radiogram of the right leg. The double tibial osteotomy was stabilized

with an intramedullar rod. c Frontal radiogram of the right leg. The

double tibial osteotomy was stabilized with a bilateral external

fixator. d Lateral radiogram of the right leg. The double tibial

osteotomy was stabilized with a bilateral external fixator
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decrease in bacterial count between day 4 and day 8 was

calculated.

Pharmacokinetic studies

Vancomycin was administered intramuscularly to animals

b.i.d. (60 mg/kg). Samples were collected at the end of the

treatment. Assays of serum were performed to determine

peak and trough levels of vancomycin.

Statistical analysis

Statistical analysis was performed using StatView software

(Abacus Concepts, Berkeley, CA, USA). Analysis of var-

iance (ANOVA) was used to compare the effects among

the different groups, followed by Bonferroni’s test to

compare the two groups. A P value B 0.05 was considered

significant.

Results

Susceptibility test

The minimum inhibitory concentration (MIC) of vanco-

mycin for the S. aureus strain was 1 mg/l.

Time-kill curves

A decrease of 2 log10 CFU/ml was observed after 24 h

with vancomycin at 89 MIC (Fig. 3).

Pharmacokinetic study

Peak and trough vancomycin concentrations were

46.5 ± 7.4 and 14.8 ± 3.5 mg/l, respectively.

Experimental post-traumatic osteomyelitis

At day 4, the bacterial counts (B1) in pus were 6.3 ± 0.8

log10 CFU/mg and 6.8 ± 0.9 log10 CFU/mg in groups 1

and 2, respectively; there was no difference between the

two groups (P = 0.465, B1 group 1 vs B1 group 2; Bon-

ferroni’s test after ANOVA) (Table 1). None of the rabbits

was cured after 4 days of antibiotic treatment with or

without the removal of the internal osteosynthesis device.

At day 8, the bacterial counts in pus were 5.2 ± 0.4 log10

CFU/mg and 3.9 ± 1.7 log10 CFU/mg in groups 1 and 2,

respectively. On this occasion, there was a significant

decrease in bacterial count between these groups

(Dlog = B2-B1) (P = 0.0123, Dlog group 1 vs Dlog

group 2, Bonferroni’s test after ANOVA). The efficacy of

vancomycin treatment increased after removal of the

internal osteosynthesis device.

Discussion

Infections related to osteosynthesis devices often result in

dramatic consequences for the patient. Prolonged hospi-

talization with intravenous antimicrobial chemotherapy

and repeated surgical procedures are common, and even

amputation and death may occur. Treatment of post-trau-

matic osteomyelitis is still a challenge for the physician

and the surgeon, and the agents of nosocomial bone

infections are often MRSA strains [6]. Few investigators

have suggested treating infections related to orthopedic

Fig. 2 Frontal view of the right leg with homemade external fixator

Fig. 3 Time-kill curve of vancomycin
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devices without initial surgery [3, 4]. Instead, immediate

antimicrobial chemotherapy and removal of the infected

device is preferred [7].

Glycopeptides are effective against all staphylococcal

strains and have been studied extensively in the treatment

of bone infections [8]. Although sporadic strains of van-

comycin-resistant S. aureus have been isolated in several

countries [9, 10, 11], glycopeptides are still considered the

gold standard in treatment of MRSA-induced bone infec-

tions [11]. Vancomycin is a time-dependent, antimicrobial

drug. Pharmacokinetic studies showed a peak concentra-

tion equivalent to ten times the MIC. Time-kill curves (89

MIC) showed a reduction of 2 log at 24 h. Thus, the van-

comycin regimen chosen for this study (60 mg/kg b.i.d.)

seems to be an adequate treatment in this model. Jacqueline

et al. [12] demonstrated that continuous infusion and

intramuscular (twice daily) administration of vancomycin

have a similar efficacy in a rabbit endocarditis model.

Intramuscular administration allowed to avoid stabling,

rabbits being free of movement in their cages.

A limitation of the present study could be the use of a

single drug regimen, because it has been shown in clinical

studies that dual drug therapy may be more adequate [13].

Zimmerli et al. showed the high efficacy of regimen

including rifampin on implant-related bacterial infection

[13]. However, vancomycin alone can still be considered a

valuable regimen in other experimental animal models of

infection with foreign bodies [12].

In our study, we evaluated the effect of removing the

infected device on the efficacy of the antibiotic treatment.

Samples collected at day 4 confirmed infection at the sur-

gical site. Since the decrease in bacterial count between

day 8 and day 4 can be calculated for each rabbit, the

power of the statistical test is increased. In addition, the

rabbit model is applicable to human pathology and clinical

management of infection.

Infections related to orthopedic devices are frequent.

Tattevin and colleagues [14] have demonstrated that the

success rate for the treatment of joint prosthesis infection

without removal of the orthopedic device was better if sur-

gical revision was performed before the fourth day after

clinical signs appeared, suggesting that the best chance of

clinical success is correlated with early and efficient

treatment. Microbial adherence is recognized as the first step

of foreign body infection [7, 8, 15, 16, 17]. It is a complex

phenomenon involving bacterial factors (bacterial species,

production of adhesins forming glycocalyx or slime), foreign

body design and hydrophobicity, and host factors [18, 19,

20]. In clinical practice, it is quite easy to modify the bac-

terial factors. Surgical debridement and excision of infected

tissues decrease the local bacterial count, and removal of the

orthopedic device alters microbial adherence.

Moreover, orthopedic device removal (and that of

fibrous tissues surrounding it) allows improvement of

antibiotic diffusion in the infected site and eventually

prevents a cellular penetration of Staphylococcus aureus

that may be considered as a cause of clinical failure.

The choice of a double tibial osteotomy was made in

order to infuse the intermediate tibial fragment in a MRSA

strain agar and eventually emphasize the local bone and

soft tissue infections. During the surgical debridement, the

intermediate tibial fragment wasn’t removed because of

early bone healing; then this fragment wasn’t considered as

a sequestrum.

It’s likely that if the treatment had been prolonged more

than 4 days, both groups might have been cured. However,

the duration of treatment was deliberately restricted to 4

days as we aimed to show a difference of efficacy of

antimicrobial treatment between the two groups. Further-

more, treatment efficacy should be obtained as soon as

possible; thus the first days of treatment are critical. Con-

sequently, extensive surgical debridement and double

antimicrobial regimen are recommended. In this experi-

mental study, removal of the osteosynthesis device allowed

an increased efficacy of vancomycin at day 4.

This study only compared two different surgical tech-

niques in the management of an infection related to the

implantation of an osteosynthesis device, although clinical

management of patients with post-traumatic osteomyelitis

may be more complex, depending on the type of micro-

organism, status of the skin and soft tissues, patient status,

and stability of the osteosynthesis device. However, the

efficacy of vancomycin treatment increased significantly

after removal of the internal osteosynthesis device, con-

firming the necessity of removing such a device whenever

it is clinically possible.

Table 1 Efficacy of vancomycin in a rabbit model of post-traumatic osteomyelitis

Group

(no. of rabbits)

B1 (log10 CFU/mg)

mean ± SD

B2 (log10 CFU/mg)

mean ± SD

Dlog (log10 CFU/mg)

mean ± SD

G1 (5) 6.3 ± 0.8 5.2 ± 0.4 -1.1 ± 0.5*

G2 (5) 6.8 ± 0.9 3.9 ± 1.7 -2.9 ± 1.1*

*P = 0.0123, Dlog group 1 vs Dlog group 2, Bonferroni’s test after ANOVA
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