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QUESTION 2: What is the appropriate timing for fl ap coverage of open fractures and traumatic 
wound defects?

RECOMMENDATION: The optimal time for wound coverage ultimately refl ects when the wound has been appropriately cleaned and converted 
to a “living wound.” Early fl ap coverage is preferred, ideally within 3-7 days, when patient and wound are suitable.

LEVEL OF EVIDENCE: Strong

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

RATIONALE

The timing of soft tissue coverage has long been recognized as 
one of the most critical determinants of the length of in-hospital 
stay, most of the early postoperative complications and ultimate 
outcomes [1]. 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]. Furthermore, early reconstruc-
tion 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 facilities 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 [6]. “Fix and fl ap” has some-
times been recommended for specialist hospitals where the exper-
tise is available. Antibiotic bead pouches to decrease infection rates 
have long been advocated when there is segmental tissue loss, gross 
contamination or established infection as pre-fl ap tissue infection 
seems to be an independent predictor of adverse fl ap and skeletal 
reconstruction outcomes [7,8].

Level IV series of free tissue transfer to address open traumatic 
wounds with accompanying fractures have been published since the 
fi rst free tissue transfer for soft tissue coverage by Buncke in 1970 [9]. 
In 1986, Godina advocated early soft tissue coverage on a review of 532 
patients based on an increased rate of fl ap failure in those wounds 
open > 72 hours [10]. However, during that time period, infection 
management and particularly the care and treatment of osteomy-
elitis were poorly understood, and dogma existed that simply the 
placement of a free tissue transfer over infection in the form of 
infected hardware or osteomyelitis was enough to treat and cure the 
infection. It took a great deal of time to break this dogma. Various 
series advocate the need for early soft tissue coverage in these cases, 
due to exposed soft tissue as well as the results of higher fl ap failure 
and often accompanying late infection rate [11-13]. These studies are 
found to be fl awed in multiple respects, which include the lack of 
expertise and knowledge in the diagnosis and treatment of existing 
infection [12], low volume with resultant lack of expertise [11,13] and 
the inaccurate conclusion that time of fl ap placement could in any 
way aff ect the probability of successful bony union.

Many good studies have appeared confi rming what the expe-
rienced non-union surgeon and microsurgeon know: that fl ap 
survival depends upon a decolonized and “living wound.” Harrison 
et al. performed a thorough literature review of articles published 
from 1995–2011, and performed meta-analysis of 15 articles meeting 
inclusion criteria. They reported no diff erence in outcome between 
when free tissue transfer was performed and survival of the fl ap or 
eventual outcome [14]. Theodorakopoulou et al. reported a system-
atic review of 11 studies of war-related high energy extremity inju-
ries treated with free tissue transfer in the subacute period (9 days 

to 3 years post-injury). There was no direct association to time of 
fl ap placement with a 95.5% free fl ap success rate in this particularly 
complex patient population [15].

Since 2000, numerous independent case series by experienced 
microsurgeons have also shown no diff erence in outcome in regard 
to timing of free fl ap placement [16-20]. These represent well-
executed tissue transfers except for one series with a higher overall 
but uniform fl ap failure rate [19]. The consistent fi nding was that 
timing of free tissue transfer was not a direct cause of failure of fl ap 
survival.

The original work of Godina seems now to be outdated and not 
applicable to current surgical practice as it relates to timing of free 
tissue transfer of traumatic wounds.

REFERENCES
[1] Griffi  n M, Malahias M, Hindocha S, Khan W. Update on the management of 

compound lower limb fractures. Open Orthop J. 2012;6:518–524. doi:10.2174/1
874325001206010518.

[2] Ivanov PA, Shibaev EU, Nevedrov AV, Vlasov AP, Lasarev MP. Emergency soft 
tissue reconstruction algorithm in patients with open tibia fractures. Open 
Orthop J. 2016;10:364–374. doi:10.2174/1874325001610010364.

[3] Chan JK-K, Harry L, Williams G, Nanchahal J. Soft-tissue reconstruction of 
open fractures of the lower limb: muscle versus fasciocutaneous fl aps. Plast 
Reconstr Surg. 2012;130:284e–295e. doi:10.1097/PRS.0b013e3182589e63.

[4] Townley WA, Nguyen DQA, Rooker JC, Dickson JK, Goroszeniuk DZ, Khan 
MS, et al. Management of open tibial fractures - a regional experience. Ann 
R Coll Surg Engl. 2010;92:693–696. doi:10.1308/003588410X12699663904592.

[5] Hertel R, Lambert SM, Müller S, Ballmer FT, Ganz R. On the timing of soft-
tissue reconstruction for open fractures of the lower leg. Arch Orthop 
Trauma Surg. 1999;119:7–12.

[6] Olesen UK, Juul R, Bonde CT, Moser C, McNally M, Jensen LT, et al. A review 
of forty fi ve open tibial fractures covered with free fl aps. Analysis of compli-
cations, microbiology and prognostic factors. Int Orthop. 2015;39:1159–1166. 
doi:10.1007/s00264-015-2712-z.

[7] Sofi adellis F, Liu DS, Webb A, Macgill K, Rozen WM, Ashton MW. Fasciocu-
taneous free fl aps are more reliable than muscle free fl aps in lower limb 
trauma reconstruction: experience in a single trauma center. J Reconstr 
Microsurg. 2012;28:333–340. doi:10.1055/s-0032-1313764.

[8] Yazar S, Lin CH, Lin YT, Ulusal AE, Wei FC. Outcome comparison between free 
muscle and free fasciocutaneous fl aps for reconstruction of distal third and 
ankle traumatic open tibial fractures. Plast Reconstr Surg. 2006;117:2468–
2475; discussion 2476–2477. doi:10.1097/01.prs.0000224304.56885.c2.

[9] McLean DH, Buncke HJ. Autotransplant of omentum to a large scalp defect, 
with microsurgical revascularization. Plast Reconstr Surg. 1972;49:268–274.

[10] Godina M. Early microsurgical reconstruction of complex trauma of the 
extremities. Plast Reconstr Surg. 1986;78:285–292.

[11] Bellidenty L, Chastel R, Pluvy I, Pauchot J, Tropet Y. [Emergency free fl ap in 
reconstruction of the lower limb. Thirty-fi ve years of experience]. Ann Chir 
Plast Esthet. 2014;59:35–41. doi:10.1016/j.anplas.2013.08.004.

[12] Kolbenschlag J, Klinkenberg M, Hellmich S, Germann G, Megerle K. Impact 
of timing of admission and microvascular reconstruction on free fl ap 
success rates in traumatic upper extremity defects. J Reconstr Microsurg. 
2015;31:414–419. doi:10.1055/s-0035-1548550.

[13] Choudry U, Moran S, Karacor Z. Soft-tissue coverage and outcome of gustilo 
grade IIIB midshaft tibia fractures: a 15-year experience. Plast Reconstr Surg. 
2008;122:479–485. doi:10.1097/PRS.0b013e31817d60e0.

[14] Harrison BL, Lakhiani C, Lee MR, Saint-Cyr M. Timing of traumatic upper 
extremity free fl ap reconstruction: a systematic review and progress report. 
Plast Reconstr Surg. 2013;132:591–596. doi:10.1097/PRS.0b013e31829ad012.



Section 3   Treatment 763

[15] Theodorakopoulou E, Mason KA, Pafi tanis G, Ghanem AM, Myers S, Iwuagwu 
FC. Free-tissue transfer for the reconstruction of war-related extremity 
injuries: a systematic review of current practice. Mil Med. 2016;181:27–34. 
doi:10.7205/MILMED-D-15-00059.

[16] Starnes-Roubaud MJ, Peric M, Chowdry F, Nguyen JT, Schooler W, Sherman 
R, et al. Microsurgical lower extremity reconstruction in the subacute 
period: a safe alternative. Plast Reconstr Surg Glob Open. 2015;3:e449. 
doi:10.1097/GOX.0000000000000399.

[17] Derderian CA, Olivier W-AM, Baux G, Levine J, Gurtner GC. Microvascular 
free-tissue transfer for traumatic defects of the upper extremity: a 25-year 
experience. J Reconstr Microsurg. 2003;19:455–462. doi:10.1055/s-2003-44633.

[18] Karanas YL, Nigriny J, Chang J. The timing of microsurgical reconstruc-
tion in lower extremity trauma. Microsurgery. 2008;28:632–634. doi:10.1002/
micr.20551.

[19] Gupta A, Lakhiani C, Lim BH, Aho JM, Goodwin A, Tregaskiss A, et al. Free 
tissue transfer to the traumatized upper extremity: risk factors for postoper-
ative complications in 282 cases. J Plast Reconstr Aesthet Surg. 2015;68:1184–
1190. doi:10.1016/j.bjps.2015.05.009.

[20] Hill JB, Vogel JE, Sexton KW, Guillamondegui OD, Corral GAD, Shack RB. 
Re-evaluating the paradigm of early free fl ap coverage in lower extremity 
trauma. Microsurgery. 2013;33:9–13. doi:10.1002/micr.21994.

•    •    •    •    •
Authors: Nathan O’Hara, David Lowenberg, Robert O’Toole

QUESTION 3: Should open fracture wounds be closed primarily or closed secondarily? If closed 
primarily, which ones and under what criteria?

RECOMMENDATION: Yes. Primary wound closure of many open fracture wounds appears to be a safe and likely benefi cial strategy in the modern 
sett ing of improved debridement techniques, bett er methods of fracture stabilization, and improved utilization of early systemic antibiotic 
administration. It appears safe for lower grade open fractures and a subset of higher-grade open fractures when the wound is deemed appropriate 
for primary closure on a clinical basis.

LEVEL OF EVIDENCE: Moderate

DELEGATE VOTE: Agree: 100%, Disagree: 0%, Abstain: 0% (Unanimous, Strongest Consensus)

METHODS

Randomized controlled trials, nonrandomized trials, prospective 
and retrospective observational studies were eligible for inclu-
sion. We searched Medline, Embase, CINAHL, and the Cochrane 
Central Register of Controlled Trials (CENTRAL) up to March 2018 
for published studies without language restriction. Our search 
strategy, including keywords and MeSH headings, are provided 
in the Appendix. Eligible studies met the following criteria: (1) all 
patients included in the study had an open fracture, (2) infection 
was an outcome variable and (3) there was a comparison between 
patients with wounds closed primarily and secondary wound 
closure. Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) criteria were followed. The initial search resulted 
in 303 papers. After removal of duplicates and screening of titles and 
abstracts, 12 articles were assessed and reviewed.

RATIONALE

The traditional practice of leaving all open fracture wounds open for 
repeat debridement at a later point in an eff ort to minimize risk of 
deep infection has changed over time. Many surgeons now routinely 
close most open fracture wounds at the time of initial debridement 
and fi xation, particularly in lower grade open fractures and when 
wound severity and contamination are judged to be appropriate for 
primary closure. 

A systematic review of the literature reveals no level I rand-
omized trials in support of the practice of primary wound closure 
for open fractures, and the literature supporting this approach is 
consistently in favor of the practice, but it is also relatively weak. 
There is a group of more recent studies that has uniformly demon-
strated lower surgical site infection rates with primary closure 
than with secondary closure for various open fractures in adults 
and children [1–7] and only one older study showing higher infec-
tion rates with primary closure [8]. However, all of these studies 
are methodologically limited as they do not account for selection 
bias between the less severe wounds that were closed primarily 

and the more severe wounds that were closed secondarily. As 
wound severity is very strongly associated with infection rates, 
this bias is important enough that results from these studies 
provide only limited insight on this issue except to point out that 
primary closure of some open fractures does not seem to be asso-
ciated with high infection rates.

Other authors have provided similar data outlining low rates of 
infection utilizing a practice of primary wound closure in the vast 
majority of open fracture cases [9,10]. DeLong et al. used primary 
closure in 88% of type I, II and IIIA open fractures and had a 4% infec-
tion rate [9]. Similarly, Moola et al. used primary closure in 86% of 
297 fractures and had a 4.7% deep infection rate [10]. However, while 
reassuring that primary closure of the majority of open fractures 
appears to result in an acceptable infection rate compared to histor-
ical controls, these studies are similarly methodologically limited as 
they lack a control group, so it is unknown if a practice of using more 
secondary wound closures in these patients would have resulted in a 
higher or lower infection rate.

One double-blind, randomized trial was published in 1993 using 
a factorial design to compare primary to delayed wound closure 
as well as the type of antibiotics used [11]. Although the random 
design is appealing, the sample size of only 82 patients with a low 
event rate presents a substantial risk of type II error and this study 
is very underpowered for the outcome of surgical site infection. The 
cohort only had two deep surgical site infections, so its conclusion 
that primary closure is safe is reassuring in that there was not a high 
infection rate in this group, but of limited value in comparing this 
practice to secondary closure.

The safety of primary closure was also demonstrated in a 
comparison between two South African trauma centers, one that 
used primary wound closure and one that did not [12]. This study 
also concluded that primary closure was safe, but again it was 
underpowered with a sample size of only 95 patients and an overall 
infection rate of only 3.3 % (3 patients). Therefore, there is signifi cant 
risk of type II error with this study, and it therefore cannot provide 


