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Abstract 
Emergency debridement has long been the standard of care for open fractures of the tibia as infec-
tion is an important complication. In developing countries, patients are admitted to teaching hos-
pitals 6 to 24 hours after their initial trauma. We sought to evaluate outcomes of nailing and cor-
relations between the risk of infection and the delay in surgery. Materials and methods: Medical 
files of 48 men and 15 women with a combined total of 63 open fractures of the leg during a 
12-year period were reviewed. The mean age was 29 years. Thirty-four type I and 29 type II open 
fractures according to the classification of Cauchoix and Duparc were treated with Küntscher nail 
after excision/debridement. Preoperative CRP was performed in 27 patients and in 22 cases it was 
positive. Twenty-six fractures were treated within a period of 6 to 24 hours, and a further 37 was 
operated on beyond 24 hours. The average waiting time before surgery was 2 days. Results: The 
infection was present in 11 patients (17.5%). We failed to establish any correlation between the 
time of treatment and the occurrence of infection for both type I and type II fractures treated dur-
ing the same intervals with p = 0.244 (p > 0.05). But we established a correlation between the type 
of open fracture and the occurrence of infection with p = 0.01 (p < 0.05). There were 10 cases of 
infection among 22 cases of positive preoperative CRP. We couldn’t find a correlation between the 
positive value of the pre-operative CRP and the occurrence of infection. Seven cases of infection 
were treated with appropriate antibiotherapy and early revision surgery. Four others cases com-
plicated to bone infection (n = 2) and septic nonunion (n = 2). The average time of hospitalization 
was 22 days. The average time for fracture healing was 7 months. Conclusion: The rule of six hours 
is hardly applicable in our contexts. Our study showed no correlation between the preoperative 
period and the occurrence of infection. 
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1. Introduction 
Infection constitutes the major complication of open fractures of the leg. Understanding or reducing its occur-
rence has been based over the last thirty years on four factors: the introduction of new materials for stabilization, 
the use of the external fixation, the development of soft tissue repair methods, a better understanding of the 
concept of strategy and a renewed approach to the surgical time of tissue excision. Early antibiotherapy must be 
part of the above [1]-[5]. 

Open tibia fractures are an orthopaedic emergency. Surgical intervention has traditionally been recommended 
within 6 h of injury to decrease the risk of infection. Debridement of the open wound within six hours after the 
injury is a widely accepted standard of care. The precise origins of the so-called “six-hour rule” are unclear. 
Some claim that it stems from an 1898 experiment during the Spanish-American war by German military 
surgeon Friedrich [6], in which guinea pigs with contaminated soft-tissue wounds had lower rates of infection 
when debridement was performed within six hours. Others however point to a 1973 study by Robson et al. [7]. 
In developing countries where road infrastructures are often degraded and medical facilities are inadequate, pa-
tients often reach teaching hospitals 6 hours or 24 hours after the initial trauma [8]-[10]. These hospitals face a 
shortage of implants such as external fixation. Despite late admission of most patients, we performed intrame-
dullary nailing of type I and II open fractures according to Cauchoix and Duparc classification [11]. We sought 
to evaluate outcomes of nailing and correlations between the risk of infection and the timing of surgery. 

2. Material and Methods 
This was a retrospective study which spanned over a 12-year period (2000 to 2012). A total of 48 men and 15 
women who were hospitalized with type I and II open fracture of the leg according to Cauchoix and Duparc 
classification were included. The average age was 29 years with a range of 15 to 52 years and the age group 
most affected was between 15 and 30 years. The study sample was composed of manual workers (n = 36), office 
staff (n = 12), merchants (n = 6), drivers (n = 5) and unemployed (n = 4). The mechanism of injury was road 
traffic accident (n = 57), sport (n = 1), firearms (= 1) and other (n = 4). Thirty four patients presented with a type 
I open fracture and 29 cases developed a type II fracture. According to the AO classification [12], 33 fractures 
were type A, 22 cases type B and 8 fractures type C. Associated injuries were floating knee (n = 2) and the bila-
teral fractures (n = 6). All patients benefitted from Küntscher intramedullary nailing. 

C-reactive protein (CRP) was tested preoperatively in 27 of 63 patients and was positive in 22 patients ac-
cording to the standards of the laboratory which was over 6 mg/l. 

The time between the injury and the surgical incision for debridement was calculated from transfer and hos-
pital records. All times were rounded to the nearest hour. Twenty-six patients were operated within 6 to 24 hours 
after the initial trauma and in 37 cases, surgery was performed beyond 24 hours. The average waiting time be-
fore surgery was 2 days (Table 1). 

Surgical treatment consisted of debridement and stabilization by intramedullary nailing (Figure 1). Junior 
surgeons operated 25 patients and 38 patients were operated by the senior surgeon. Patients were referred to the 
kinesitherapy department to ensure mobility of the ankle and the knee. Early empiric antibiotherapy was given 
to all patients and was maintained until complete wound healing. It consisted of either a bi-antibiotherapy (3rd 
generation cephalosporin and imidazole) or a tri-antibiotherapy (3rd generation cephalosporins, aminoglycosides 
and imidazole). 

We assessed the risk of infection and consolidation. Infection was assessed based on oozing from the wound 
associated with local signs of inflammation, spontaneous and deep wound dehiscence with a fever of more than 
38˚C or oozing of franc pus. Bone healing was assessed on clinical and radiographic grounds at regular monthly 
intervals until total consolidation. Clinically, the assessment of consolidation was based on the lack of pain and 
proper healing. Radiological criteria of consolidation were the presence of a bone callus and fracture healing on 
at least two radiographic views (Figure 2). 
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Figure 1. Initial surgery with a Küntscher nail.                   

 

 
Figure 2. Control radiograph showing good consolidation. 
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Table 1. Distribution of open fractures according to time to debridement and type of open wound.                 

 Debridement and nailing 

Cauchoix and Duparc classification 6 - 24 H >24 H 

Type I 16 18 

Type II 10 19 

Total 26 37 

 
Statistical analyses were performed using the Chi Two test (p < 0.05). The study was approved and validated 

by the local ethics committee. 

3. Results 
Eleven patients had infection which is an overall rate of 17% (Table 2). We failed to establish a relationship 
between the timing of treatment and the occurrence of infection for both type I and type II open fractures treated 
during the same time intervals, p = 0.244 (>0.05). There was however, a correlation between the type of skin 
opening and the occurrence of infection, p = 0.01 (p < 0.05). 

There were 5 cases of infection among the 25 fractures operated by junior surgeons and 6 cases out of the 32 
patients in the senior surgeon group. We failed to establish a relationship between surgeon experience and the 
occurrence of infection, p = 0.0457 (<0.05). 

Ten cases of infection were recorded among the 22 positive preoperative CRP testing and no case of infection 
was recorded among the 5 normal preoperative CRP testing. An infection was recorded in a patient whose CRP 
was not performed. No correlation was found between the positive value of the pre-operative CRP and the oc-
currence of infection. 

Seven cases of infection were treated with early revision and appropriate antibiotherapy. The remaining 4 
were complicated of osteomyelitis (n = 2) and septic non-union (n = 2). 

Six samples were taken, four were positive and 2 were negative (Table 3). 
The average time of hospitalization was 22 days with a range of 5 to 200 days. The average time of consoli-

dation was 7 months with a range of 3 months to 36 months 

4. Discussion 
Infection is the obsession of the surgeon in the management of open fractures and there is 10% frequency of 
deep infection. Traditional recommendations hold that open fractures in adults require urgent surgical debride-
ment for a number of reasons, including the preservation of soft-tissue viability and vascular status as well as the 
prevention of infection.  

In open leg fractures, intramedullary nailing has found a renewed interest since the development of locked 
nails without boring [1]-[3]. Its use and indications are well codified. To minimize the risk of infection, intra-
medullary nailing is no longer a therapeutic option beyond the sixth hour, and in this case, external fixating re-
mains the gold standard. Under the rule of 6 hours, performing an intramedullary nailing after the sixth hour 
poses a real ethical dilemma [13] [14]. The timing of surgery of open fractures remains a real issue in our con-
text [8] [9] [13]. The average waiting time before surgery in our series was 2 days with a range of 1 to 20 days. 
In developed countries, the proximity of the quality of care and the rapid evacuation of victims of road traffic 
accidents mean that almost all patients are treated within 6 hours after an open fracture of the legs [1]-[3]. 

Delays in surgery are caused by an inadequate health system, coupled with the lack of skilled personnels in 
most areas, requiring secondary transfers for several hours from such remote areas of the country. Another han-
dicap is the shortage of implant such as external fixators. The financial hardship endured by our people limit 
their ability to meet the basic cost of operating kits, and this as such, is also an important limiting factor for early 
surgery. This reality is specific to many developing countries [9] [15] [16]. 

We recorded 11 cases of infection in our series, which is an overall infection rate of 17.5%. However, studies 
showed that there is no significant statistical difference between open fractures operated before or after the 6th 
hour time and the occurrence of infection [14] [17]-[19]. Surgeon’s experience plays no role on the occurrence 
of an infection after nailing. We found a significant statistical correlation between the type of fracture and the  
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Table 2. Rate of infection according to time to debridement and type of Open wound.                         

Debridement and nailing 

Cauchoix and Duparc classification 6 - 24 H >24 H Infection 

Type I 16 18 2 

Type II 10 19 9 

Total 26 37 11 

We failed to establish a relationship between the timing of treatment and the occurrence of infection for both type I and type II open 
fractures treated during the same time intervals, p = 0.244 (>0.05). There was however, a correlation between the type of skin 
opening and the occurrence of infection, p = 0.01 (p < 0.05). 

 
Table 3. Different micro-organism associated with infection.                                           

Germes Rate 

none 2 

Escherichia coli 1 

Enterobacter cloacae 1 

Pseudomonas aeruinosa 1 

Staphylococcus aureus 1 

Total 6 

 
occurrence of infection. But there is no significant difference between nailing performed within 6 to 24 hours 
and those after 24 hours and the occurrence of infection. This has been reported by other studies [3] [14]. 

Risk factors include the initial degree of soiling, the importance of contusion of soft tissues and fracture 
comminution. Early surgery remains the gold standard [1] [2] [13] [17] [18]. The importance of a complete and 
yet tailored debridement could not be further stressed given our working conditions, and should include irres-
pective of timing, extensive washing with foaming iodine solution, isotonic saline and hydrogen peroxide [6]. 
Subsequent clinical studies that have been performed during the antibiotic era have indicated that the timing of 
surgical debridement of open fractures may not play as critical a role in the prevention of acute infection [18]. 
The most crusial factors are prolonged or appropriate antibiotherapy and early revision [5] [8] [13] [15] [20]. 

Infection rates varie from one author to the other; Bahebeck [8] and Ikem [13] found 6%, 11.6% and 39.3% 
respectively. Variation of rates could be explained by timing of surgery, and more imprtantly the regularity of 
antibiotherapy and working conditions [15] [19]. It is important that patients meet the cost of their antibiotics 
from admission to healing. 

Planning intramedullary nailing beyond the sixth hour poses a real dilema in bilateral leg fractures or floating 
knee, especially when the tibial or the femoral fracture is closed. The strategy in these cases is to perform nailing 
of the two fractures during the same operation [21]. 

Secondary intramedullary nailing could be an alternative in delayed surgery as advocated by Sie Essoh [10]. 
But this option is a luxury in our health care system where all costs are met by the patient. In most series, sta-
phylococci is responsible for infection in open fractures. In our series, infection was heterogeneous with conta-
mination from Escherichia coli, Enterobacter cloacae and Pseudomonas. The presence of these germs could be 
explained by sterilization processes of our operating rooms, but also by the conditions of hospitalization and 
dressings [5]. 

Currently CRP coupled with the VS is important markers in the diagnosis of infection [22]. Unlike some au-
thors, we have not established a correlation between the positive values of preoperative CRP and the occurrence 
of infection in the postoperative follow-up [22]. CRP as well as antibiotherapy or swabbing for bacterial and 
fungal susceptibility testing, however essential, has a cost and perceived by most patients as being too expensive. 
The lack of statistically significant correlation between the preoperative CRP in our study should be interpreted 
with caution. Preoperated CRP was only carried out in some patients and the study sample was limited. 

Osteomyelitis and nonunion are the major complications of open fractures of the legs [3]. They constitute a 
therapeutic challenge for the surgeon and patients should expect to longer hospital stay or repeat hospitaliza-
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tions. 

5. Conclusion 
The rule of six hours is difficult to apply in our context. We use intramedullary nailing, but external fixators re-
mains the tool of choice. Our study showed no correlation between the preoperative period and the occurrence 
of infection. Risk factors include the initial degree of soiling, the importance of contusion of soft tissues and 
fracture comminution. The most crucial factors are prolonged or appropriate antibiotherapy and early revision. 
Multicentre studies in hospitals where working conditions are the same as ours are to be encouraged, so to solve 
the dilemma of nailing open fractures seen way beyond the required time. 
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