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Key Points: 
 Infections due to methicillin resistant S. pseudintermedius (MRSP) and S. aureus 

(MRSA) are becoming more frequent and affect the prognosis of orthopedic infections 
 Aerobic and anaerobic culture and sensitivity are indicated to establish a diagnosis 
 Resorbable beads provide local delivery of antibiotics, as adjunct to systemic 

antibiotherapy and surgical management of osteomyelitis 
 Patients with MRSA or MRSP warrant special considerations with regards to 

antibiotherapy and contact with other patients and care providers 
  

Orthopedic infections have traditionally been challenging complications following joint 
replacement, orthopedic reconstructive surgery and fracture repair. Despite the refinement of 
powerful antibiotics, infection remains the most common complication associated with limb 
sparing procedures in small animals, reported in up to 49% of patients. Osteomyelitis has also 
been reported as a common complication after tibial plateau osteotomies. The relatively high 
incidence of infections after these elective orthopedic procedures, coupled with the emergence of 
resistant strains of bacteria, have increased surgeons’ awareness for this complication. This 
presentation will provide updates relevant to the diagnosis, management and prevention of 
orthopedic infections. 

In dogs, the organisms most commonly isolated include gram-positive organisms, with 
Staphylococcus Intermedius being the single most common bacteria. However, anaerobic 
bacteria have been isolated in up to 64% of bone infections in small animals. The emergence of 
resistant strains of staphylococci in humans and animals has increased the concerns over the risk 
of orthopedic infection and inter-species transmission between patients and the surgical team. 
Coagulase positive staphylococci are more prone to inducing infection than coagulase negative 
organisms. Among these, some strains have developed methicillin resistance (MR) mediated by 
the mecA gene, which confers resistance not just to methicillin but to all beta-lactams 
(penicillins, cephalosporins, carbapenems). S. pseudintermedius (MRSP) and S. aureus (MRSA, 
Figure 1) can both be carried in the nose, mouth or intestinal tract, or on the skin of healthy dogs 
and cats. The incidence of MR-staphylococcal (MRS) surgical site infections, particularly those 
caused by MRSP, appears to have dramatically increased over the past few years and MRSP has 
become the leading cause of surgical infections in some facilities.   

Substantial evidence emphasizes the role of adjuvant factors in transforming an initial 
contamination into an infection. Factors affecting the immune system, such as 
immunosuppressive drugs or co-morbidity, will decrease the ability of the patient to eradicate 
bacterial contamination. Surgeons greatly influence adjuvant factors such as soft tissue trauma, 
duration of surgery, and placement of implants. These factors will aggravate any pre-existing 
compromise of the host defense due to systemic illness or local trauma, and shift the balance 
from contamination to infection. Simultaneous bilateral procedures and the use of staples have 
been proposed as risk factors for infections post TPLO. Factors specifically increasing the risk of 
MRSA and MRSP include prior antibiotherapy and pre-operative MRSA colonization. 

271



 
A tentative diagnosis of osteomyelitis is initially based on the history, clinical signs and 

radiographic findings. A combination of clinical, laboratory, histopathology, microbiology, and 
imaging studies is typically needed to confirm the diagnosis, as none of these modalities is 
accurate enough alone (Table 1). Radiographs are therefore especially helpful to diagnose 
chronic osteomyelitis. In these cases, radiographic findings may include concurrent new bone 
formation and lysis, the presence of a sequestrum and involucrum a few weeks after primary 
onset of the disease. MRSA and MRSP infections can only de differentiated from other 
orthopedic infections via cultures and sensitivity (Figure 1). Since these bacteria are 
opportunistic pathogens, skin contamination should be avoided while obtaining a sample from 
the the surgical site. Instead, a definitive diagnosis and antibiotherapy should be based on aerobic 
and anaerobic cultures obtained from deep aspiration or tissue biopsy. Samples should be sent to 
a laboratory that will at least distinguish coagulase + from – bacteria, and preferably to those that 
will distinguish Staph Aureus from Intermedius. MR is typically diagnosed as a resistance to 
oxacillin or cefoxitin (a better indicator of resistance) because methicillin is not stable enough for 
in vitro tests.  
 
Table1: Diagnosis of osteomyelitis 
Diagnostic technique Sensitivity (%) Specificity (%) 
Plain radiography 62.5 57.1 
Histopathology 33.3 86 
Cultures + in up to 86% Low*  
3-phase 99mTc scintigraphy High (≥ 90%#) Low (70%#) 
*Smith et al. (1989): cultures were positive in 38% of healed uncomplicated fractures 
#Southwood et al. (2003): Tc99m ciprofloxacin in rabbits with experimental osteomyelitis 
 

The treatment of orthopedic infections relies on long-term systemic antibiotic therapy 
(minimum 6 weeks) based on the results of the antibiogram. This approach may suffice in 
healthy patients diagnosed early, and without implants. Stable fractures will heal in the phase of 

Figure 1: MRSA infection after 
TPLO. Note the dehiscence of the 
surgical incision and drainage 

272



infection, as long as antibiotics are administered and implants remain stable. In these cases, 
implant removal will be delayed until complete healing of the fracture. In most cases, surgical 
management will be required soon as a diagnosis has been reached. The goal of surgery is to 
address the underlying environmental factors that caused the infection, such as presence of 
necrotic tissue, impaired vascularization, or loose metallic implants. Extensive debridement and 
stabilization of unhealed fractures, preferably via external fixation is preferred The management 
of surrounding soft tissues should prioritize blood supply, obliteration of dead space and 
adequate drainage. Partial closure, delayed closure or secondary healing is preferred to the 
placement of drains. The treatment of bone defects with autogenous cancellous graft is best 
delayed, especially in cases undergoing secondary closure. Use of local depository systems for 
delivery of antibiotics has become common in the elimination of human infections, and is 
gaining popularity in small animals, as adjuncts to the traditional therapy of osteomyelitis. These 
carriers are designed to achieve high local concentrations of antibiotics over a prolonged period 
of time, without systemic toxicity. The clinical application of Tobramycin impregnated calcium 
sulfate compares favorably to gentamicin impregnated polymethylmethacrylate (PMMA) beads 
since they are bioresorbable and osteoconductive.  
 

 
The first line of prevention against orthopedic infections deals with proper soft tissue and 

orthopedic surgical technique. Prophylactic antibiotherapy is justified by placement of implants, 
duration of surgery, and pre-existing compromise of trauma patients. Positive intra-operative 
cultures, obtained at the time of the initial total hip replacement, fracture repair or TPLO do not 
appear to correlate with subsequent infection. However, cases with positive cultures are typically 
prescribed a preventive course of antibiotics. While understandable, this factor affects the ability 
to evaluate the value of routine use of intra-operative cultures in orthopedic surgeries. Minimally 
invasive osteosynthesis may be considered to limit contamination of the fracture site and 
preserve the vascularization and integrity of surrounding soft tissues. Bilateral simultaneous 
procedures, the use of staple and post-operative licking of the incision should be avoided to 
prevented TPLO-associated infections. Strategies currently explored to prevent implant-related 
osteomyelitis target the surface of fixation devices in order to inhibit bacterial attachment and 
biofilm formation. Antimicrobial coating is a concept derived from local antibiotic carriers, 
where implant surfaces are coated with antibiotics, antiseptics or ions (silver or nitrate) to control 
the local bacterial population.  
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Figure 2: Calcium sufate beads are 
commercially available and can be 
impregnated with Tobramycin or 
Vancomycin to serve as resorbable 
agents for local delivery of 
antibiotics 
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