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Introduction

Management of lower limb open fractures is one of 
the major orthopaedic challenges still subjected to 
many arguments. Infection is the most devastating 
complication of all open fractures, which needs 
special attention. Failure of such attention may lead 
to a significant morbidity causing delayed union, 
non-union, multiple additional surgeries or even 
amputation (1).

Many decades back Gustilo and Anderson in their 
landmark study expressed clearly the increased risk 
of infection with the increase in severity of the 
fracture. It was 2% in type I fractures, 2% to 15% in 
type II fractures, and 5% to 50% in type III fractures 
(2). In a recent study similar results emerged as risk 
of infection 1.4%, 3.6% and 22.7% for type I, II and 
III fractures, respectively (3).

Factors leading to infections include incomplete 
excision of poorly vascularised tissue, inadequate 
haemostasis and haematoma evacuation, insufficient 
drainage of wound discharges, devascularization of 
primarily viable tissue, large metallic fixation 
devices implanted under poorly vascularised tissue, 
wound closure under tension and failure to recognize 
compartment syndrome (4). Many of these factors 
can be avoided by following a standard management 
procedure in handling open fractures.

In the standards set by BPRAS/BOA (The British 
Association of Plastic Reconstructive and Aesthetic 
surgeons and The British Orthopedic Association) in 
the management of lower limb open fractures early 
administration of appropriate antibiotics, thorough 
surgical debridement, proper skeletal stabilization 
and early soft tissue cover have been considered as 
the main steps (5).

Except in a tertiary care setup with adequate 
orthopedic staff and facilities the initial wound 
handling of an open fracture is done by General 
surgical teams. As the first debridement is the most 
important prognostic factor of open fractures the 
knowledge on proper handling of lower limb open 
fracture is an equally important topic for General 
surgery as well.

Emergency Management

Advanced Trauma Life Support Protocol would be 
the guide for initial management of lower limb open 
fractures. Resuscitation and stabilization of the 
patient should be done following a rapid accurate 
assessment of the condition of the patient. If there is 
evolving or already established limb threatening 
condition (e.g. vascular injury) immediate steps 
should be taken to correct it or transfer the patient to a 
better facility. It is appropriate inform the receiving 
hospital beforehand. 

In the emergency department the open fracture 
should be handled only for the removal of gross 
contaminants, photography and radiography related 
to injury. Except for saline soaked dressing nothing 
should be used to cover the wound (5). Limb 
splintage is the ideal method for immobilization of 
the limb. Antibiotic and anti-tetanus prophylaxis can 
be started at the same time.

Antibiotic prophylaxis

In the absence of prophylactic antibiotics the risk of 
infection would be nearly 20% in open fractures (6). 
Thus many studies have recognized the value of 
early prophylactic antibiotics including a recent 
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Cochrane group study which declared a reduction   
of infection rate from 13% to 5% in a comparison    
of prophylactic antibiotics vs placebos in the 
management of open fractures (7). 

The BAPRAS/BOA recommendations have stressed 
the value of early administration of antibiotics and 
the importance of administration them within the 
first 3 hours (5). This 3 hour rule emerged as a result 
of a study which recognized the 3% increase in      
the risk of infection when the administration of 
prophylactic antibiotics delayed beyond 3 hours (8).

Many authors have reported a higher prevalence of 
Staphylococcus aureus in surgical site infections in 
open fractures (9,10,11), and some of them detected 
a significantly high rate of MRSA (11). In order to 
cover Gram positive infections, the most widely used 
drug of choice is the first generation cephalosporin. 
Some authors including recently published East 
guidelines (12) have suggested an additional Gram 
negative cover for severe open fractures (4,6,13,14).

Based on evidence, British recommend Intravenous 
first generation cephalosporin or Co-Amoxiclav as 
the first line antibiotic for lower limb open fracture 
management. Further they suggest gentamicin single 
dose prior to wound debridement to cover the Gram 
negative organisms, combined with a single dose of 
vancomycin or teicoplanin at the time of skeletal 
stabilization or definitive soft tissue cover. In an 
allergy to penicillin is reported, clindamycin would 
be the drug of choice (5).

In another evidence-based protocol clindamycin was 
used as the drug of choice in cases with grossly 
contaminated wounds eg: farmyard/sewage, (1) but 
some have considered metranidazole in agricultural 
infections (4). Due to inadequate evidence, none of 
the studies have recommended fluroquinolones   
(e.g. ciprofloxacin) for the management of open 
fractures (3).

Some authors feel that antibiotic cover needs to       
be altered based on the type of contamination        
e.g. additional anaerobic cover in a strong soil 
contamination or a cover for the possible nosocomial 
infections during treatment in a hospital setup 
especially Gustillo type III open fractures (14).

Mauffrey et al. suggested that even though  
prophylactic antibiotics are commenced in the 
emergency room based on the external appearance 

and radiological findings, the real assessment of the 
injury would be possible only during the first 
debridement, therefore the final antibiotic 
prophylaxis protocol should not be based on the 
initial open wound size but rather should be 
chronologically based, following an algorithm with 
a prophylaxis tailored to the surgical management of 
the open wound, the fracture, the associated bone, 
and vascular and muscle injury (1).

Controversy still remains about the duration of 
antibiotics. In a recent RCT comparing prophylaxis 
with IV cephalosporin for 24 hours vs. 5 days 
showed that there is no added benefit of prolonged 
prophylaxis for more than 24 hours, (15) but many 
authors suggest antibiotics for 3-5 days. 
(4,5,6,14,16) Based on the current evidence British 
recommendations describe the  continuation of 
antibiotic prophylaxis for 24 - 48 hours for type I 
fractures and 72 hours or until the definitive soft 
tissue closure or whichever is shorter for type II and 
III fractures (5).

Surgical debridement

The rule of mandatory wound debridement within 
six hours derived as a result of studies in pre-
antibiotic era which showed infection threshold of 

5
10  organisms per gram of tissue reached in at an 
average of 5.17h (17). Subsequent clinical studies 
also have supported the importance of early 
debridement including Gustillo and Anderson 
(2,17,18). Some studies, however, have shown poor 
outcome resulted due to the initial surgical 
debridement performed in an unnecessary urgency 
by inexperienced non-orthopedic surgical teams 
under sub-optimal surgical environments (1,3). 
Thorough debridement by an experienced surgeon 
appears to be better than an inadequate performance 
in suboptimal conditions within 6 hours (19). Thus 
the initial debridement should be performed by 
senior plastic and orthopedic surgeons working 
together on scheduled trauma operating lists within 
normal working hours and within 24hours of the 
injury unless there is gross contamination eg: 
marine, agricultural or sewage contamination, 
compartment syndrome, vascular injury and 
multiple injuries (5).
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Technique of Debridement and Irrigation 

Careful Surgical debridement and thorough 
irrigation are the main pillars of a successful 
management of an open fracture. These steps would 
make the management of open fractures different 
from just another wound debridement (Table). 
Removal of contaminating debri would reduce the 
risk acute and chronic infection of the wound. 
Irrigation will reduce the risk by diluting the content 
of organisms in the lesion based on the concept of 
“Dilution is the solution to pollution”. 

For the irrigation, high pressure pulse lavage is 
discouraged due to the evidence which suggests 
possibility of inoculation of dirt and bacteria to the 

soft tissues and bone, with micro architecture 
damage to the tissues. Thus low or medium pressure 
lavage would be the ideal (4,5,20). 

Ideal solution to be used in irrigation is still unclear 
and in many instances 0.9% saline solution is used. 
AO suggests it is better to use optimally balanced salt 
solution, such as Ringer-lactate (4). Addition of 
antiseptics or antibiotics to the lavage fluid has not 
been effective (5). The volume of lavage solution has 
not been addressed in BAPRAS/BOA guidelines. 
But some institutions still use the popular protocol of 
3, 6, 9 Liters of normal saline for type I to III 
fractures, respectively (21). 
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Skeletal stabilization

In open fractures it is important to achieve 
provisional or definitive stability of the fractured 
bones as early as possible. This may protect the soft 
tissues around the zone of injury from further 
damage from fractured ends of bone, while restoring 
the length, alignment, rotation of the limb. 

Limb length restoration may indirectly reduce the 
risk of infection by reducing the soft tissue dead 
space of the limb. Early skeletal stabilization may 
also facilitate the access to the surrounding soft 
tissues, thus facilitating their early recovery with an 
additional support for the relief of pain (22,23).

Based on the evidence on the management of lower 
limb open fractures, it was clear that when the 
fracture is minimally contaminated or the fracture is 
uncomplicated eg: without a bone loss/multilevel 
fractures, if primary soft tissue cover can be 
achieved, definitive skeletal stability with internal 
fixation at the same time of initial wound 
debridement would be the better option. Otherwise 
an external fixation (eg: multiplanar/circular 
fixators) need to be carried out. Whenever the 
primary soft tissue cover is impossible the 
provisional stabilization with a spanning fixator can 
be achieved with the plan for early conversion to 
definitive stabilization with wound closure. 
Recommended time period for conversion would   
be 72 hours. Long leg plaster slabs or traction        
has been discouraged as modes of provisional 
stabilization (5).

Wound closure

In spite of inadequate RCT to decide on primary vs 
delayed secondary wound closure (24) many authors 
have emphasized the value of early closure unless 
there is heavy contamination as it may decrease 
infection rates, risk of re-operations, and the time for 
bony union of open tibial fractures (5,25,26) but the 
exact time limit for soft tissue closure is yet to be 
determined. 

Some authors have suggested immediate soft tissue 
cover at the time of definitive fixation of the bone e.g. 
Fix & Flap concept (32) Gustillo type I, II and some 
of the IIIA cases would be suitable for primary 
closure (3) but this may not be practical unless there 
is a dedicated well experienced microsurgical team 
available throughout the day. 

If wound is left opened in cases of heavy 
contamination so-called “second look” on the    
Zone of injury in 48 hours time after the initial 
debridement has been suggested by some authorities 
in order to assess the viability or further excision of 
soft tissues and to wash out any accumulated blood 
clots, tissue fluid coagulum or remaining foreign 
material (4).

Since Microsurgery is best performed before the 
vessels become friable and fibrosed which usually 
happen after 1 week, soft tissue reconstruction 
should be undertaken within 7 days from the injury 
(5). Bhattacharyya et al, agreed with this similar time 
limit as he observed the increased deep infection rate 
of open fractures when there was a delay more than    
7 days for the soft tissue reconstruction even though 
the wounds were managed with negative pressure 
foam dressings (27).

Negative pressure dressings

Negative pressure dressings may reduce the rate of 
infection by reducing tissue desiccation as well as 
avoiding the pooling of serous fluid. It will also 
increase the local blood flow thus the speed of 
healing (4,5,28) But the literature recommends that 
they should never be used as a substitute for 
meticulous surgical wound excision for coverage of 
exposed fractures with vascularised flaps (5).

Local antibiotic therapy

Local antibiotic delivery is commonly done for 
extensively contaminated wounds with an 
“antibiotic bead-pouch” construct formed with 
antibiotic powder and polymethyl methacrylate 
(PMMA) cement. These can be easily made in the 
operating room via recommended technique using 
form beads over 24-gauge wire with 3.6g of 
tobramycin mixed with 40g of PMMA cement 
(5,29). The beads are counted and then placed into 
the wound and covered with an impermeable 
dressing. In use with systemic antibiotics this 
technique have shown 9% drop in infection rate of 
sever open fractures (30).

Conclusions

In spite of many arguments regarding the precise 
management of lower limb open fractures, it is well 
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clear that early administration of appropriate 
antibiotics, planned surgical debridement, proper 
skeletal stabilization and early soft tissue cover will 
determine the outcome in any set up. It is mandatory 
to develop one's own multidisciplinary management 
protocol for the institution, based on current 
evidence, in order to achieve a favorable outcome     
in the management of lower limb open fractures.    
Such protocol and the knowledge on proper initial 
handling of an open fracture will be equally 
important for General surgeons as well as for 
Orthopedic surgeons since initial management of 
open fractures are left in the hands of both these 
groups. 
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