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ABSTRACT 

 

Purpose: The aim of this study was to characterize a model of acute osteomyelitis and the 

best time for bacterial recovery. Method: A segmental defect was surgically created in the rat 

femur, and contaminated with bacteria. The animals were allowed to recover in individual 

cages while the contamination progressed to an acute infection. At a later point in time, the 

defect was surgically debrided and washed with saline. To implement this model, the 

experiment was performed to determine the best time from contamination to the moment that 

would reliably result in acute infected osteomyelitis. The number of recovered bacteria was 

measured in 18 rats (n=6/group) as a function of inoculum of Staphylococcus aureus (106 

CFUs) and 3 times from contamination (3 days, 1week or 3 weeks). Results: Recovered 

bacteria occurred in all animals after 3 days, 1 week and 3 weeks. Bacterial inoculums time 

from each contaminated group had a significant effect on the mean of the number of 

recovered CFUs of bacteria. The mean log10 CFUs of recovered bacteria for each inoculum 

peaked at 1 week after contamination (7.84±0.22 log10CFU). Consequently, the mean log10 

CFUs of bacteria recovered at 1 week was significantly greater than the amount of bacteria 

recovered after 3 days (4.63±0.10) and 3 weeks (6.09±0.14) (p<0.001).  Conclusion: This 

model of acute osteomyelitis was well characterized. Our data confirmed that 1 week after 

contamination was the optimal time to study bacterial recovery. We can infer that this model 

was viable and allows us to perform further studies on treatment of osteomyelitis with 

vetorized antimicrobials and other regimens of antibiotic therapy. 

 

Keywords: Osteomyelitis. Staphylococcus aureus. Experimental model. Rats.

mailto:aldo@ufrnet.br


Experimental model of acute osteomyelitis in rats 
Medeiros AC, et al 

 

J Surg Cl Res – Vol. 4 (2) 2013:50-56  51 

 

 

RESUMO 

 

Objetivo: O objetivo deste estudo foi caracterizar um modelo de osteomielite aguda e o 

melhor tempo para a recuperação bacteriana, a fim de utilização em futuros estudos. 

Métodos: Um defeito segmentar foi criado cirurgicamente em fêmur de ratos, e contaminado 

com bactérias. Os animais foram mantidos em gaiolas individuais, enquanto a contaminação 

progrediu para infecção aguda. Em um momento posterior, o defeito foi debridado 

cirurgicamente e lavado com solução salina. Este modelo experimental foi realizado para 

determinar o melhor momento da contaminação, que resultaria de forma confiável em 

osteomielite infectado aguda. O número de bactérias recuperadas foi medido em 18 ratos 

(n=6/grupo), como uma função de inóculo de S. aureus (106 UFC) em três momentos a 

partir de contaminação (3 dias, 1 semana ou 3 semanas). Resultados: bactérias 

recuperadas ocorreram em todos os animais ao fim de 3 dias, 1 semana e 3 semanas. O 

tempo de inoculação bacteriana em cada grupo teve um efeito significativo sobre a média do 

número de UFCs  de bactérias recuperadas. A média das UFC log10 de bactérias 

recuperadas para cada inóculo atingiu um pico de uma semana após a contaminação (7,84 

± 0,22 log10CFU). Consequentemente, a média das UFCs log10 de bactérias recuperadas 

em 1 semana foi significativamente maior do que a quantidade de bactérias recuperadas ao 

fim de 3 dias (4.63±0.10 log10CFU)  e 3 semanas (6.09±0.14 log10CFU) (p <0,001). 

Conclusão: Este modelo de osteomielite aguda foi bem caracterizado. Nossos dados 

confirmaram que uma semana após a contaminação pelo inóculo foi o tempo ideal para 

estudar a recuperação bacteriana. Podemos inferir que este modelo é viável e nos permite 

realizar mais estudos sobre o tratamento de osteomielite com antimicrobianos vetorizados e 

outros esquemas de antibioticoterapia. 

 

Descritores: osteomielite. Staphylococcus aureus. Modelo experimental. Ratos. 

 

INTRODUCTION 

Osteomyelitis remains a frequent and severe disease1,2. The most important points for 

treatment are surgical debridement of the infected tissue, obliteration of dead space, 

adequate soft tissue coverage and a minimum 4-6 weeks of antimicrobial therapy3. However, 

there is a significant prevalence of failures and recurrences, even with vigorous treatment 

programs. Several types of treatment have been tested, and the prevalence of failures is not 

negligible. 

The basic challenge for the administration of antimibrobials is the transfer of drugs to 

the right target at high doses, at the right time4. Drugs administered by oral or injectable ways 

suffer from the drawback of limited control release rate, unpredictable biodistribution to 

tissues and organs, in addition to harmful side effects and toxicity. The controlled release is 

appropriate to eliminate the above described drawbacks, enabling continuous release path. 

Drug delivery systems, vectorized by magnetic fields, have attracted significant interest from 
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the last decade5-7. The use of polymeric nanoparticles in vivo are required to be hydrophilic 

with a physiological pH. The conjugation of a drug to magnetic nanoparticles encapsulated in 

polymer has been shown to be a viable method for the controlled release of drugs to specific 

organs and tissues. An important advantage of magnetic nanoparticles is the use of an 

external magnetic field to attract them to the desired target, keeping them there in high 

concentrations until treatment is completed. This approach requires that the nanoparticles 

have sufficient magnetic power, biocompatibility and interactive functions at their surface8-10.  

Concerning to the use of superparamagnetic nanoparticles as markers for 

antimicrobial treatment of infections, little is known specifically about osteomyelitis. This 

study aims to evaluate the feasibility of a model of experimental osteomyelitis in rats in our 

laboratory and the ideal time between contamination and bacterial recovery, for the purpose 

of using the model in our research line about magnetic vectoring of antimicrobials to treat the 

disease. 

 

METHODS 

The experiment was performed in adult male Wistar rats. The protocol and all 

experiments were conducted based on the guidelines of Law No. 11.794/2008, MCT, Brazil, 

which deals with the ethical use of animals in research. Pathogenic strains of 

Staphylococcus aureus resistant to oxacillin were obtained from an infected patient 

underwent surgical intervention.  

 

Experimental model of osteomyelitis  

A 10 mm segmental defect was created under aseptic conditions in the left femur in 

each of 18 Wistar rats. The animals were divided into 3 groups of 6 each, with the defects in 

all animals receiving inoculation of S. aureus. The groups were named according to the 

observation time after contamination: group1, 3 days; group 2, one week; group 3, three 

weeks.  

 

Bacterial strain 

The strain used for this study was a methicillin resistant S. aureus  isolated from a 

patient with abdominal infection. An overnight culture was grown and washed in phosphate-

buffered saline (PBS). Subsequently, aliquots were prepared. The numbers of viable colony 

forming units (CFU) were determined by serial dilution and plating on blood agar. At the day 

of surgery a fresh aliquot was defrosted, and a bacterial suspension of approximately 1x106 

CFU/ml was prepared in PBS. 

 

Surgical procedures 

Creation of femur defect: The rats were anesthetized with xilazine (20mg/Kg) and 

ketamine (50mg/Kg) i.p. Using aseptic technique, a longitudinal incision was made over the 

anterolateral femur. The entire length of the femoral shaft was exposed by carefully 

separating the vastus lateralis and biceps femoris muscles. All attached muscles and 

periosteum were stripped from the femoral shaft. The local bone marrow was removed by 
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saline lavage, and the defect created in the medullary cavity was filled with a small block of 

polymerized bone cement (Jectos®), to act as foreign body for intramedullary infection.  

 

Contamination of femur defect 

The periosteal and fascial layers were closed over the cortical defect, and 0.1 ml of 

106 CFU of S. aureus per ml was injected into the medullary space surrounding the bone 

cement. The wound was sutured with mononylon 4-0 (Ethicon, São Paulo, Brazil). The 

animals received water and food ad libitum and were allowed full activity in their cages 

postoperatively, and were monitored daily for signs of systemic infection. Postoperative pain 

was controlled with meperidine 10mg/Kg s.c. por 3 days. 

 

Bacteriologic analysis 

After 3 days, 1 week, and 3 weeks, by using the previous anesthesia and surgical 

approach, the defect area was exposed and swab specimens for culture were taken from the 

bone defect itself and from the surrounding area of soft tissues in order to confirm the 

success of the induction of staphylococcal bone infection. The swab specimens were 

cultured onto the surface of sheep blood agar, and incubated at 37ºC for 48 h. Results were 

expressed as the log10 number of recovered CFUs of S. aureus per gram of tissue. 

 

Statistical analysis 

The significance of differences between groups was calculated by one-way ANOVA, 

followed by method of multiple comparisons Tukey test. A p<0.05 was considered significant. 

All statistical analyzes were performed using BioEstat 5.0 software, Brazil. 

 

RESULTS 

Recovered bacteria occurred in all animals after 3 days, 1 week and 3 weeks. 

Bacterial inoculums time from each contaminated group had a significant effect on the mean 

of the number of recovered CFUs bacteria. The mean log10 CFUs of recovered bacteria for 

each inoculum peaked at 1 week after contamination (7.84±0.22 log10CFU). Consequently, 

the mean log10 CFUs of bacteria recovered at 1 week was significantly greater than the 

amount of bacteria recovered after 3 days and 3 weeks (p<0.001).  These data are 

summarized in Table 1.  
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Table 1 – Degree of bacterial colonization in infected bone defects in rat osteomyelitis 
model, 3 days, 1 week and 3 weeks after surgery. 

Baterial 
inoculum 

Time from contaminatio 
p-value 

3 days 1 week 3 weeks 

106 CFU 4.63±0.10 
(log10CFU) 

7.84±0.22 
(log10CFU) 

6.09±0.14 
(log10CFU) 

<0.001 

Data shown as mean±standard deviation. P-value analysis by ANOVA. Multiple comparisons for time inoculums 
after 3 days, 1 week and 3 weeks. (Tukey test) 
 

 

DISCUSSION 

Osteomyelitis is a frequent complication after trauma induced open fractures11. 

Nevertheless, infection following total joint replacement (clean surgery) remains a major 

problem12. In many cases implant infections require removal of the implant, with the 

associated morbility and mortality and high economic costs. The most frequent pathogenic 

organism in arthroplasty infections is Staphylococcus. In staphylococcal implant infections, 

some complications, such as osteolysis, may be influenced by increased cytokine 

production13. Furthermore, an erroneous diagnosis of osteomyelitis may produce a chronic 

infection that is usually resistant to treatment14. Many factors are believed to contribute to the 

difficulty with treatment. The presence of fixation hardware is particularly troublesome. The 

fracture stability provided by the implant is essential for both bone healing and resolution of 

inflammation and infection15,16. 

The rat was selected for our proposed model of osteomyelitis because infection can 

be established with great consistency in the rat, and the resulting infection is 

histopathologically similar to human post-traumatic osteomyelitis17,18. The segmental defect 

of critical size was included in the model because it has been successfully used in the rat by 

a number of investigators who study osteomyelitis10-21. 

In order to fully implement this model, it was important to establish an appropriate 

contaminating bacterial inoculum and time from contamination that would reliably produce an 

infection, and not cause sufficient bony damage that would seriously compromise results. 

Chen et al (2005)22 studied bone contamination over de time (1-4 week) and showed that the 

number of recovered CFUs of bacteria for all contaminating inocula peaked at 1 week and 

then steadily declined over the next 3 weeks. Our results confirmed that 1 week is the best 

time for bacteria recovery after bone contamination. The occurrence of bony lysis 

progressively increased over the 4 weeks. Given this finding, and the fact that the bacterial 

census and bony lysis were greater, and the fixation stiffness lower, for the high bacterial 

inocula, a choice of 1 week would hypothetically represent an optimal contamination time22. 

Once again, in our study this optimal contamination time was confirmed. At this time point, 

the defect was found to still be in a period of acute infection as reflected by a large amount of 

local fluid infiltration and tissue swelling. This paper is part of a series works from our 

research line, infection in surgery23-27. 
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CONCLUSION 

This model of acute osteomyelitis with important features was characterized. Our data 

confirmed that the optimal time to study contamination and bacterial recovery was 1 week. 

We can infer that this model was viable and will be useful to continue the line of research 

about treatment of osteomyelitis with vetorized antimicrobials with superparamagnetic 

nanoparticles and other regimens of antibiotic therapy. 
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