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QUESTION 2: What are the ideal strategies to prevent secondary and nosocomial contamination 
of open fracture wounds which are left open?

RECOMMENDATION: Data support local antibiotics and early wound closure to reduce contamination of open facture wounds. 

NOTE: The recommendation above was changed from the original version so the rationale below does not completely align with this recommen-
dation. Please see Section 3:2, Question 2 for rationale for early wound closure. The rationale below regarding negative pressure wound therapy 
(NPWT) applies to Section 3:2, Question 4. 

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 inclusion. 
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 
treated with a secondary infection prevention strategy and a control 
group or a comparison between two or more secondary infection 
prevention strategies. 

RATIONALE

Some high-grade open fractures are left open and return to the oper-
ating room for one or more repeat debridement surgeries. Tradi-
tionally the wound was packed with a gauze dressing, which was 
changed between surgeries. There is interest in using diff erent strat-
egies to decrease surgical site infection (SSI), which is often thought 
to be caused by nosocomial pathogens. The two main current treat-
ment strategies are the use of the NPWT (wound VAC) or antibiotic 
bead pouches. 

A systematic review of the literature reveals four randomized 
trials with confl icting results investigating the practice of NPWT 
over simple gauze dressings between surgical debridement, and 
there are no randomized trials examining the effi  cacy of antibiotic 
bead pouches.

Until recently, the literature investigating the use of NPWT  
tended to show a reduction in infection rates with its use. However, 

this conclusion was contradicted recently by the WOLFF trial [1] 
which is a well-powered (n = 460) prospective trial on open fractures 
requiring multiple debridements. Patients were randomized to 
either standard dressings or NPWT. No eff ect on SSI was shown (7% in 
negative pressure vs. 8% in standard dressing, p = 0.64) [2]. 

Prior to the publication of the WOLFF trial, the literature had 
consistently favored NPWT but in smaller or lower-quality studies 
as summarized in a recently-published systematic review of the 
literature [3]. Three of the papers included in the review assessed 
the eff ect of NPWT  on reducing SSI in open fractures [4–6]. There 
have been two additional randomized trials published more 
recently [7,8] and we identifi ed two other retrospective studies on 
this topic [2,9]. Two of the three prior randomized trials demon-
strated reduction in infection with NPWT (28% vs. 5%, p = 0.02, n = 62 
[4] and 11% vs. 5%, p < 0.05, n = 93 [7]) and the third (n = 90) had a very 
low event rate and revealed no diff erence [8]. Three more retrospec-
tive studies showed similar results with relatively large reductions 
in infection rates with NPWT (55% vs. 19%, p = 0.04 [8], 21% vs. 8%, p = 
0.01 [3], 33% vs. 10%, p = 0.03 [2]), and a fourth identifi ed no diff erence 
despite a potential selection bias against NPWT due to higher-risk 
cases in that group [8]. 

Despite the widespread use of this technique in North America, 
there are few studies investigating the use of local antibiotic beads. 
These are composed of polymethal methacrylate (PMMA) cement 
mixed with antibiotics placed into the wound in a “bead pouch” 
that seals off  the wound between debridement surgeries. One small 
pilot randomized trial investigated IV antibiotics versus antibiotic 
beads without intravenous (IV) antibiotics and found no diff erence 
in infection rates [10]. Three similar retrospective studies by one 
group [11–13] should probably be considered as one study, as all the 
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patients in one study appear to be included in the later study. This 
work demonstrated a signifi cant reduction of infection rates (12% vs. 
3.7%, p = 0.001) [12]. 

This said, one of the most important preventive measures seems 
to be the actual use of local antibiotics. A recent meta-analysis by 
Morgenstern et al., not included in this research strategy, suggests 
a risk reduction in infection of 11.9% if additional local antibiotics 
are given prophylactically for open limb fractures. Most studies 
in this review used PMMA beads as local carrier for the antibiotics 
[14]. Furthermore, support for the use of topical antibiotics in open 
wounds is from recent animal studies in rats [15–17] and goats [18] by 
a single research group using contaminated open fracture models.
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FIGURE 1. Flow diagram of study selection.
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APPENDIX – SEARCH STRATEGY (NO PUBLICATION DATE 
LIMIT)

Ovid Medline – 120 references retrieved on 03/22/2018
((open adj3 fracture*).ab,ti. OR “Fractures, Open”.sh.) AND
((infection* or sepsis OR contamination).ab,ti. or Infection/ or 
“Wound Infection”.sh. or “Cross Infection”.sh. or “Sepsis”.sh.) AND 
((beads OR “bead chains” OR “vacuum assisted closure” OR VAC 
OR “vacuum sealing” OR gel).ab,ti. OR “Negative-Pressure Wound 
Therapy”.sh.)

Embase – 215 references retrieved on 03/22/2018
((open NEXT/3 fracture*):ab,ti OR ‘open fracture’/de) AND
(infection*:ab,ti OR sepsis:ab,ti OR contamination:ab,ti OR ‘infec-
tion’/exp OR ‘wound infection’/de OR ‘cross infection’/de OR 
‘hospital infection’/de OR ‘sepsis’/exp) AND
(beads:ab,ti OR “bead chains”:ab,ti OR “vacuum assisted 
closure”:de,ab,ti OR VAC:ab,ti OR “vacuum sealing”:ab,ti OR gel:ab,ti)
CINAHL – 35 references retrieved on 03/22/2018
((open W3 fracture*) OR MH Fractures, Open) AND
(infection* OR sepsis OR contamination) AND 
(beads OR bead chains OR vacuum assisted closure OR VAC OR 
vacuum sealing OR MH “Negative Pressure Wound Therapy”)

CENTRAL – 14 references retrieved on 03/22/2018 – in Title, Abstract, 
Keywords
(open NEAR/3 fracture*) AND
(infection* OR sepsis OR contamination) AND 
(beads OR “bead chains” OR “vacuum assisted closure” OR VAC OR 
“vacuum sealing” OR gel)
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QUESTION 3: Is there a diff erence in the risk of periprosthetic joint infection (PJI) with use of 
internal versus external fi xation for treatment of periprosthetic fractures?

RECOMMENDATION: Unknown. There is limited evidence comparing the risk of PJI with use of internal versus external fi xation to treat peri-
prosthetic fracture. The potential for pin tract infection, particularly with inadvertently placed intra-articular pins, make internal fi xation the 
preferable treatment option in most cases. 

LEVEL OF EVIDENCE: Limited

DELEGATE VOTE: Agree: 90%, Disagree: 5%, Abstain: 5% (Super Majority, Strong Consensus)

RATIONALE

The majority of studies that have explored this question describe 
periprosthetic femur fractures after total knee arthroplasty (TKA). 
Periprosthetic femur fractures following TKA are an uncommon 
complication (0.3 to 2.5% incidence rate per year), but are occur-
ring more frequently given the higher rate of primary TKA and 
increased activity of the elderly patients who are at the highest risk 
[1–3]. Treatment options currently include nonoperative manage-
ment (protected weightbearing, bracing, casting), open reduction 
internal fi xation (ORIF), or, rarely, external fi xation [1,4]. Given the 
success of ORIF, there are few reports on the use of external fi xation 
[1,2,4]. In addition, external fi xation has historically been avoided 
given the belief that external fi xation pins near a total joint increases 
the risk for superfi cial and deep infection [2].

Within this specifi c clinical sett ing, there is limited knowl-
edge given the lack of large series of periprosthetic femur fractures 
treated with either internal or external fi xation. The only reports of 
external fi xation for these fractures are case reports. Based on the 
current literature, there is no diff erence in the rate of deep infection 
following internal fi xation (rate = 4%) versus external fi xation (rate 
= 7%, p = 0.8). This analysis is severely limited by the small sample 

size, so it is diffi  cult to make any defi nitive statement regarding the 
diff erential risk for PJI after internal or external fi xation of peripros-
thetic fractures.

ORIF is preferred given its high rates of union and low rates of 
infection (~ 3%) [1,2,4]. For patients who are too ill or are contra-indi-
cated for ORIF, treatment options include nonoperative manage-
ment or external fi xation. While the infection rate for nonoperative 
treatment is predictably low (0 to 1%), 31% of patients had compli-
cations related to malunion or nonunion [2,3]. Given this poor 
outcome, some have turned to external fi xation [3,5–9]. 

A recent systematic review found that the rate of deep infection/
PJI following ORIF was 4.1% (10 out of 245 reported patients). Among 
all published reports using external fi xation, the rate of superfi cial 
pin site infection was 28.6% (4 out of 14 reported patients) and the 
rate of deep infection/PJI was 7.1% (1 out of 14 reported patients) 

[3,5–9]. The rate of PJI between internal versus external fi xation was 
not statistically signifi cant (p = 0.8 by chi-square test). Based on this 
data, the risk of PJI is not statistically signifi cantly diff erent following 
internal or external fi xation of periprosthetic femur fractures, but 
this analysis is severely limited by small sample size. 


