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ating the studies that included only post-infective bone defects it is 
noteworthy that there was recurrence of infection in two out of 17 
cases in which PMMA without antibiotics was used, [19] compared 
to no recurrence in 58 cases in which ABI spacers were used [5–8]. 
Furthermore, the addition of antibiotics may not necessarily result 
in inferior bony healing with union reported in 100% of the cases 
in which ABI PMMA spacers were used. The heterogeneity of these 
studies, however, prevents drawing fi rm conclusions in this regard. 
The successful use of ABI spacers has, however, recently been corrob-
orated in a larger series (involving 22 cases of acute post-traumatic 
defects and 21 post-infective defects) by Giannoudis et al., who 
reported an overall union rate of 93% and only one case of recurrent 
infection at 2-years follow-up.

Despite the promising results that have been achieved with ABI 
PMMA, the optimal composition of the spacers remains to be deter-
mined. Rathbone et al. examined the eff ect of 21 diff erent antibiotics 
on the viability and osteogenic activity of osteoblasts. Amikacin, 
tobramycin and vancomycin were found to be the least cytotoxic 
agents [20]. No well-designed comparative clinical studies to asses 
diff erent spacer compositions have yet been performed in the post-
infective sett ing. The choice of antibiotic appears to be empirical 
in most studies and none have reported it is necessary to preopera-
tively determine the causative organism. The most popular composi-
tion appears to be 2 to 4 gm of vancomycin added to 40 gm of PMMA 
with or without gentamycin (or tobramycin) [5,6,10–12]. 
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QUESTION 7: Should antibiotic cement rods (ACRs) be left permanently in situ?

RECOMMENDATION: If the ACR is used as a temporary non-locked implant for infection control, it should be removed and replaced by a biome-
chanically stable construct (e.g., locked intramedullary nail). If the ACR is used as a locked implant for both local delivery of antibiotics and provi-
sion of stable biomechanical conditions for consolidation of the non-union site, it can be left in place. 

LEVEL OF EVIDENCE: Limited

DELEGATE VOTE: Agree: 70%, Disagree: 30%, Abstain: 0% (Super Majority, Weak Consensus)

RATIONALE

ACRs can be used for two diff erent indications.

1. ACRs are used as non-locked temporary implants for the 
local delivery of antibiotics into the intramedullary canal to 
eradicate the infection. In cases with stable bone conditions, 
e.g., chronic osteomyelitis in long bones, missing rotational 
stability of the ACR is not relevant, whereas in infected non-
unions with unstable bone conditions, the ACR is removed 
after infection control and replaced by a biomechanically 

stable implant, in most cases by a standard interlocking nail 
in a subsequent revision procedure. 

For this indication, only technical notes, case reports and small 
case series with a maximum of 19 cases in one study exist [1–8]. In the 
18-patient case series by Qiang et al., the mean indwelling time of 
the ACR was 57 days, ranging from 35 to 123 days [6]. Sancineto et al. 
published 19 cases with removal of the ACR between 6 and 76 weeks 
after surgery [7]. Badhra and Roberts reported some diffi  culties in 
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the removal of antibiotic nails that have been implanted for more 
than two months. They found that proximal incarceration of the nail 
requiring debridement of bone could occur and might need to be 
addressed using osteotomes [1]. Paley and Herzenberg also retained 
their cement-coated rods for up to 753 days without any major 
complication except rod fracture in one patient [5]. 

There is one study by Selhi et al. in which in some cases of 
unlocked ACRs were used for infected non-unions and these 
were retained for a longer period of time in order to achieve bone 
healing despite the absence of rotational stability. ACRs were kept 
for a period ranging from 6 weeks to 22 months with an average of 
10.6 months [8]. These rods were usually retained until bony union 
occurred or secondary procedures like external fi xation, intramedul-
lary nailing, and/or bone grafting was performed. 

2. ACRs can also be used as locked ACR with adequate biome-
chanical stability in infected long bone non-unions for both 
local delivery of antibiotics and provision of stable biome-
chanical conditions for consolidation of the non-union site 
[9–11]. For this indication, several retrospective case series 
(with a maximum of 110 cases in one study) exist. Good 
clinical outcomes with a healed uninfected bone in 105/110 
patients (95%) was demonstrated [9]. Removal of the ACR 
was not reported in the articles and one can assume that the 
implants were left in place in order to not weaken the bone. 
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3.6. TREATMENT: WOUND COVERAGE

Authors: Konstantinos Malizos, Martin McNally, Efstratios Athanaselis, James Chan

QUESTION 1: Is there evidence to support one type of fl ap coverage over another 
(e.g., muscle over fasciocutaneous fl ap) after open tibial fractures?

RECOMMENDATION: Diff erent types of fl ap coverage after open tibial fractures have essentially equivalent and comparable outcomes in terms 
of fl ap survival, bone healing, stress fracture, infection, chronic osteomyelitis and donor site morbidity. Local fl aps should be considered in low 
energy trauma, when available. The type of fl ap should be tailored based on the extent and the depth of the soft tissue defect and the location 
of the fracture. In high energy fractures of the tibia, muscle fl aps may off er a more reliable reconstruction with fewer fl ap failures and fewer 
reoperation rates.

LEVEL OF EVIDENCE: Moderate 

DELEGATE VOTE: Agree: 95%, Disagree: 5%, Abstain: 0% (Unanimous, Strongest Consensus)

RATIONALE 

Multidisciplinary management of severe open tibial fractures with 
radical debridement, skeletal fi xation and early stable coverage is 
essential for infection prevention and high-quality, cost-effi  cient 
trauma care [1]. The Gustilo-Andersen grading system of open tibial 
fractures is a signifi cant prognostic factor of infectious complica-
tions and non-unions [2]. Open fractures of the tibia have a high 
incidence of infection and malunion [3,4]. Wound coverage does not 
only prevent wound desiccation and infection, but also contributes 
to fracture repair by serving as a local source of stem or osteoprogen-
itor cells, growth factors and vascular supply [5,6]. 

There is a growing body of evidence demonstrating that the 
biological characteristics of the tissues in a fl ap can signifi cantly 
infl uence fracture healing, and the rate of delayed union or non-
union. Timing of soft tissue coverage is also a critical determinant 

of the length of in-hospital stay and most of the early postoperative 
complications and outcomes [7]. Early coverage has been associated 
with higher union rates and lower complication and infection rates 
compared to those reconstructed after 5-7 days [2,5,7–9]. Further-
more, early reconstruction improves fl ap survival, as microsurgical 
free fl ap integration becomes more challenging with a delay due to 
an increased pro-thrombotic environment, tissue edema and the 
increasingly friable vessels. Only those patients presenting to facili-
ties with an actual dedicated ortho-plastic trauma service are likely 
to receive defi nitive treatment of a severe open tibia fracture with 
tissue loss within the established parameters of good practice [7]. 

“Fix and fl ap” is being recommended for specialist hospitals where 
the expertise is available. Antibiotic bead pouches to decrease infec-
tion rates have been advocated when there is segmental tissue loss, 


