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Prevention
1.1. PREVENTION: HOST FACTORS
Authors: Carlos A. Sánchez Correa, Mustafa Citak, Carl Haasper, Niklas Unter Ecker

QUESTION 1: What is the relationship between smoking and infection in fracture procedures?
Is smoking history or only current smoking important? Does nicotine cessation at
time of fracture reduce complication rates?
RECOMMENDATION: Smoking seems to increase the risk of infection in fracture procedures. The importance of smoking history versus current
smoking status is unknown. It is also unknown if nicotine cessation (smoking) at time of fracture treatment reduces complication rates.

LEVEL OF EVIDENCE: Limited
DELEGATE VOTE: Agree: 100%, Disagree: 0%, Abstain: 0% (Unanimous, Strongest Consensus)
RATIONALE
Smoking has been seen to have a negative eﬀect in physiological
and biological pathways. It interferes with the coagulation cascade
(smokers clot faster), it impairs vascular function, and also interferes
with the immune system (alters neutrophil function, migration and
action) [1–5]. Even after smoking cessation, neutrophil phagocytic
function continues to be impaired. Monocyte and macrophage correct
function are key to prevent infection caused by S. aureus or E. coli, two
of the most common infection-causing pathogens [3,4]. Smoking
also aﬀects the proliferative and remodelling phases of healing [6] by
compromising epidermal regeneration and neovascularization and
by causing decrease in perfusion and oxygenation [7,8].
The relationship between smoking and complications after fracture procedures has been widely studied [9,10]. Available literature
suggests that smoking increases the overall incidence of complications including the risk for non-union and surgical site infection
(SSI) [9–14]. Although the latter has not been consistent throughout
studies, many authors continue to investigate this relationship.
Some available studies have not found smoking to be a deﬁnitive risk factor for infection [9–14]. One case control study that
compared 140 smoking and 133 non-smoking patients with open
tibia fractures suggested that infection might be multifactorial
and not related to a single event [11]. A diﬀerent prospective cohort
study evaluating patients with limb-threatening open tibia fractures
showed that current smokers were twice as likely to develop an infection compared to non-smokers (odds ratio (OR) 2.2; p = 0.05) [12].
That same study observed that previous smokers, compared to nonsmokers, did not show any diﬀerence in terms of infection risk (OR
1.00; p = 0.99). Court-Brown et al. evaluated 178 patients who underwent ﬁxation after calcaneal fractures [15]. They evaluated factors
associated with infection including time to surgery, level of experience of the attending, smoking and type of wound closure. None
of these were shown to be associated with infection. A randomized
control trial allocated 105 smokers with a fracture requiring surgical
treatment to a quit-smoking group (n = 50) or a non-quit-smoking
group (n = 55) [16]. They found that the odds for presenting with a
complication (superﬁcial infection being the most common) was
2.51 times higher in the group that continued smoking compared

to those who quit smoking, although this did not reach statistical
signiﬁcance. With similar ﬁndings, a recent systematic review found
that there was no increased risk in smokers either for superﬁcial or
deep infection (p = 0.13 and p = 0.33, respectively) [14]. In terms of
deep infection, retrospective studies have evaluated intramedullary
nailing of tibia shaft fractures [17], open reduction and internal ﬁxation (ORIF) of pilon fractures [18] and ORIF of acetabular fractures
[19]. These concluded that there is no statistical signiﬁcance related
to smoking and increased infection rates. The most recent published
study also showed that there was no statistically signiﬁcant increased
risk of infection in relation to smoking (p = 0.45) [20].
There is also evidence suggesting that smoking clearly increases
the risk of infection in fracture procedures. Nasell et al. [13] evaluated 906 patients with ankle fractures that developed deep wound
infections. They reported that these were more likely to be smokers
than non-smokers (4.9% versus 0.8%; p < 0.001). They concluded that
smoking was a risk factor associated with both deep and superﬁcial
wound infections (OR 6.0 and 1.7, respectively). Morris et al. [21]
published a retrospective cohort study that included 302 bicondylar
tibia plateau fractures treated with ORIF. Smoking was identiﬁed as
the most important risk factor for deep infection (OR 2.40; p = 0.02).
That same year Ovaska et al. [22] published a prospective cohort
study that included 1,923 ankle surgeries with 131 deep surgical site
infections. Smoking was shown to be statistically signiﬁcant relative
to infection in both the univariate (OR 4.0; p = 0.004) and multivariate analyses (OR 4.1; p = 0.017).
Two additional studies evaluated smoking-related complications in lower limb fractures. One consisted of a retrospective cohort
study that included 519 patients with distal tibia fractures [23].
Smoking was associated with overall complications including infection (OR 3.40; p = 0.039). The second evaluated 30-day postoperative
complications after ankle fracture ﬁxation in a prospective cohort
study [24]. They concluded that among the predictors for major local
complications (deep wound infection and reoperation) peripheral
vascular disease, open wound, contaminated wound classiﬁcation
and smoking (OR 2.85; p = 0.0031) were the strongest. Evidence from
the last two years reveal smoking as an independent risk factor for
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wound infection, as presented in a retrospective study managing
1,320 elbow fractures [25] and a case-control study from 318 calcaneal
fractures [26]. In the ﬁrst study, only smoking was found to have an
association with infection after multivariate analysis (adjusted OR =
2.2; p = 0.023); the second study revealed that higher body mass index,
delayed operation and active smoking (OR 19.497, p < .001) represented an increased risk for wound infection after ORIF.
Despite the conﬂicting evidence found in the literature,
smoking seems to have a negative eﬀect on overall complications
and health and could potentially lead to an increased risk of infection. It is well-established that smoking has a detrimental eﬀect
on tissue healing and cellular pathways. Nonetheless, the current
literature lacks the high-level evidence to state a direct relationship
between these two factors. The recommendation provided here is
inconclusive.
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QUESTION 2: What is the role of nutritional supplementation (NS) in avoiding infection in acute
fracture cases?
RECOMMENDATION: (1) Evidence does not support the role of NS for avoiding infections in well-nourished individuals. (2) However,
the literature has stated that in patients with a nutritional deﬁciency or catabolic state restoring nutritional parameters might reduce
the risk of infection.

LEVEL OF EVIDENCE: (1) Limited, (2) Moderate
DELEGATE VOTE: Agree: 100%, Disagree: 0%, Abstain: 0% (Unanimous, Strongest Consensus)
RATIONALE
Evidence in the available literature demonstrats that malnutrition
is a signiﬁcant clinical and public health problem. Several clinical

trials present NS as a global eﬀort in medicine, with applications in
diﬀerent specialties to improve the general condition of patients

Section 1
with malnutrition or metabolic stress secondary to trauma or
infection and to modulate the inﬂammatory response and potentially mitigate negative outcomes. Although there are controversial results, in spite of several studies with evidence level I on both
supporting and refuting this initiative [1–7]. The literature has
shown certain indications for prescription of NS in surgery, most
recently deﬁned by the European Society for Clinical Nutrition and
Metabolism (ESPEN) guideline in 2017 [2]. There are two published
meta-analyses concerning the eﬀect of perioperative oral NS on
elderly patients after hip surgery. The ﬁrst combined 10 randomized
control trials (RCTs) involving 986 elderly patients, which showed
that oral NS had a positive eﬀect on the serum total protein (p <
0.00001) and led to a signiﬁcantly decreased number of complications (p = 0.0005). Furthermore, data from the infection subgroups
showed signiﬁcant decreases in wound infection (odds ratio (OR)
= 0.17; 95% conﬁdence interval (CI): 0.04, 0.79; p = 0.02), respiratory
infection (OR = 0.26; 95% CI: 0.07, 0.94; p = 0.04), and urinary tract
infection (OR = 0.22; 95% CI: 0.05, 0.90; p = 0.03) [6]. The second
pooled the results from 11 RCTs (multinutrient, oral, nasogastric
and intravenous supplementation), with an NS group of 370 elderly
people controlled with a group of 357 elderly, non-NS patients. This
study demonstrated a reduction in complication rates (e.g., pressure sores, chest infection) at 1-12 months in the NS group (123/370
versus 157/ 367; relative risk (RR) 0.71; 95% CI 0.59 to 0.86) [7], but
not on rates of surgical site infection (SSI). However, NS use in an
elderly population with acute fractures remains controversial and
the prescription is reserved for underfed or malnourished patients
in an attempt to reduce complications during hospitalization [2,6].
According to the World Health Organization (WHO) and ESPEN,
malnutrition is considered when a patient has a 10-15% weight loss
within six months, 5% in three months and/or has a Body Mass
Index (BMI) under 18.5 kg/m2. There are hematologic parameters
evaluated throughout the literature, such as a serum albumin/
globulin ratio below 1.5 (normal range), albumin below 3.0 g/dl,
lymphocyte count below 1,500 cells/mm3 and a lymphocyte//monocyte ratio below ﬁve versus one that allows selective screening of
suspected malnutrition [3,5,8–10]. This is a special topic of interest
in patients with factures, due to the fact that approximately 50% of
patients with orthopaedic infections had some degree of malnutrition and immunosuppression regardless of age [3].
Evidence favoring NS has revealed that supplementation
containing protein could produce beneﬁcial eﬀects by reducing
the risk of infection in patients with fractures and nutrition deﬁciencies, regardless of age [2,4,5,11]. In a 2012 clinical trial, Myint et
al. describe signiﬁcant diﬀerences in BMI comparing the supplementation arm versus a control group [4]. Also, NS also prevents
weight loss during a prolonged hospital stay, improving the general
state of the muscles and muscular strength, which could reduce
hospitalization periods and thus lead to shorter exposure to nosocomial microorganisms [7,12]. Long et al. reported that patients
with poor nutritional status and with infections lose a higher
amount of protein during postoperative states through urine
[13]. Furthermore, an altered nutritional status reﬂects a depleted
physiological state that aﬀects humoral and/or cellular immunity,
limiting an eﬀective response to infection [3]. These ﬁndings might
explain why early enteral administration of NS reduces the risk of
septic shock with an active infectious process [12]. NS also seems to
prevent long periods of delirium, which in turn is associated with
an increased mortality rate [14].
Despite the previous evidence, there is also available literature
against the use of NS [7,12,15]. For instance, NS administration near
the time of surgical intervention does not seem to have an important eﬀect, as it cannot eﬀectively change the traditional nutritional
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markers such as albumin or transferrin [8]. However, in a 2012 clinical trial, Gunnarsson et al. reported evidence of the utility of monitoring the insulin-like growth-factor 1 to evaluate the response of
nutritional support in the short term [9].
Some studies report that NS should be used with caution,
considering metabolic phenomena such as refeeding syndrome, a
condition associated with quick NS in patients with severe malnutrition. In this case, a sudden increase in insulin stimulates hypophosphatemia and produces a decrease in the extracellular adenosine
triphosphate (ATP) and two to three diphosphoglycerate on erythrocytes producing arrhythmia, respiratory failure and hematologic
alterations. Prevention, monitoring and adequate dosage are key
to the success of preventing such complication [16–18]. Standard
nutritional supplements containing arginine, omega-3 fatty acid,
glutamine and other components (immunonutrition) have level
I evidence supporting its use in avoiding infection after colorectal
resection [1].
Another meta-analysis (eight RCTs and two observational
studies) showed that multiple nutrient-enhanced formulas demonstrate a beneﬁt in reducing the risk of SSI compared to standard NS
(very low-quality evidence) [19]. The population studied included
adult patients undergoing major surgical procedures (mainly cancer
and cardiac patients). Orthopaedic surgical procedures, however,
were not included in this meta-analysis.
In conclusion, these results suggest that NS can have positive
eﬀects on avoiding wound infection and other infectious complications (respiratory infection, urinary tract infection) only in elderly
patients after hip surgery. There are several limitations in the current
literature with respect to recommending NS in acute fractures for
every patient. It would be necessary to conduct further research to
investigate the role of immunonutrition in orthopaedics, especially
with respect to fractures.
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QUESTION 3: Do preoperative pneumonia/urinary tract infections (UTIs)/trophic ulcers increase
periprosthetic joint infection/surgical site infection (PJI/SSI) risk in femoral neck fracture
patients treated by partial/total hip arthroplasty (THA)?
RECOMMENDATION:

There is a paucity of literature examining whether pneumonia/UTI/trophic ulcers increase SSI/PJI risk for patients with
femoral neck fractured treated by hemi- or THA.

LEVEL OF EVIDENCE: Limited
DELEGATE VOTE: Agree: 91%, Disagree: 0%, Abstain: 9% (Super Majority, Strong Consensus)
RATIONALE
Infection after femoral neck fracture treated with hemiarthroplasty/
THA is an uncommon but devastating problem. The current literature cites a 1.7 to 7.3% risk of SSI after hemiarthroplasty for femoral
neck fracture [1]. Commonly-cited risk factors for PJI/SSI after hemiarthroplasty for femoral neck fracture include higher Body Mass
Index (BMI), prolonged surgery time, preoperative elevation in
C-reactive protein (CRP) levels, surgeon experience level, reoperation and hematoma formation [2,3].
For patients undergoing primary total joint arthroplasty, pneumonia, UTIs and skin ulceration were shown to be predisposing
factors for developing PJI [4–8]. However, there remains a lack of
publications that speciﬁcally examine the risk of PJI/SSI related to
the preoperative presence of pneumonia, UTI or skin ulceration in
patients with femoral neck fracture treated with hemiarthroplasty
or THA. One small prospective study demonstrated that UTI preoperatively was a signiﬁcant risk factor for infection (odds ratio = 10; p
= 0.04) [9]. A systematic review of the literature indicated that two
or more urinary tract catheterizations during hospitalization was
identiﬁed as a risk factor for SSI [1]. After a thorough investigation,
we could not ﬁnd any existing evidence of an association between
preoperative pneumonia or trophic ulcers with the development of
PJI/SSI after hemiarthroplasty or total hip replacement for femoral
neck fractures.
In summary, there is scant or no evidence to suggest that preoperative pneumonia/UTI/trophic ulcers result in an increase in PJI/
SSI risk in femoral neck fracture patients treated by partial/THA. The
little evidence that is available is low quality and suggests that preoperative urinary tract infection increases the odds of PJI after hemiarthroplasty. Higher quality and larger scale studies are necessary in

this subset population to make valid conclusions on this possible
relationship.
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QUESTION 4: Are there microorganism-speciﬁc risk factors for acute infection in trauma
patients (i.e., does being a nasal carrier of methicillin-resistant Staphylococcus aureus
(S. aureus), or MRSA, increase the risk for MRSA infection after trauma?)
RECOMMENDATION:

The current evidence of an increased risk of infection is based on several risk factors, including MRSA colonization,
presence of external ﬁxator, anatomical location of surgery and severe open fractures. In these situations, alterations in antibiotic prophylaxis
could be considered.

LEVEL OF EVIDENCE: Moderate
DELEGATE VOTE: Agree: 100%, Disagree: 0%, Abstain: 0% (Unanimous, Strongest Consensus)
RATIONALE
MRSA colonization in the nares, axilla and other body sites has been
associated with higher risk for MRSA surgical site infection (SSI)
(cardiac and arthroplasties) [1]. Nasal topical decolonization, along
with systemic antibiotic prophylaxis, has been shown to reduce the
risk of MRSA prosthetic joint infections (PJIs) [2]. In a meta-analysis
published by Schweizer et al. a bundle intervention consisting of
nasal decolonization and glycopeptide prophylaxis showed a signiﬁcant protective eﬀect against MRSA PJI and cardiac surgical infection
when all patients underwent decolonization (0.40, 0.29 to 0.55) and
when only S. aureus carriers underwent decolonization (0.36, 0.22 to
0.57). Because only three randomized clinical trials (RCTs) assessed
the risk associated with total joint arthroplasty, they also included
seven studies assessing nasal decolonization for general orthopaedic
surgeries. Most of decolonization regimens used mupirocin ointment into the anterior nares. In addition, seven studies assessed the
bundle applied only for patients colonized with MRSA and found a
signiﬁcant protective eﬀect against SSIs with gram-positive bacteria
(0.41, 0.30 to 0.56) [3]. Therefore, there is a strong recommendation to
perform nasal decolonization for those patients known to be at high
risk for MRSA PJI.
However, nasal colonization with MRSA as an independent risk
factor for MRSA infection after orthopaedic trauma and fractures
has yet to be investigated. Taormina el al. prospectively assessed
whether trauma patients with fracture nonunions who are colonized with nasal S. aureus (MRSA or methicillin-susceptible S.
aureus (MSSA)) would be at greater risk of complications following
surgeries, and if it would predict positive operative cultures. The
study failed to demonstrate an association between MRSA or
MSSA-colonized patients being treated for fracture nonunion of
long bones with postoperative infectious complications. There was
no signiﬁcant diﬀerence in operative culture positivity or speciation between colonized or non-colonized patients [4]. On the
other hand, in recent a non-randomized, 7-year prospective study
in Japan, Nakamura et al. examined the role of preoperative nasal
swabbing for S. aureus among patients who underwent several
types of orthopaedic surgeries. One hundred and forty patients
were MRSA nasal carriers (carriage rate 3.4%), even though only a
minority of them (40) underwent osteosynthesis for fracture stabilization [5]. Nasal carriage of S. aureus or MRSA developed signiﬁcantly more SSIs compared to non-carriers, suggesting that it may
be a risk factor for SSI in orthopaedic surgery. Additionally, Croft
at al. prospectively screened for MRSA colonization in 355 patients
admitted to a trauma intensive care unit, of which 36 (10.1%) were
colonized. Signiﬁcantly higher rates of MRSA infection were diagnosed in the MRSA colonized group (33.3%) compared to those who
were not (6.6%) (p < 0.001). Death rates were also higher among the
colonized group compared to non-colonized patients, (22.2 vs. 5.%

[p < 0.001]). Therefore, they recommended MRSA screening protocols at trauma units to identify these at-risk patients [6].
The current evidence that MRSA colonization predicts acute
infection in trauma patients is scarce, but it suggests that assessment
and decolonization may be beneﬁcial in reducing fracture-ﬁxation
infection rates. Nixon et al. screened 1,122 trauma patients, of whom
3.8% were MRSA carriers, and after implementation of anti-MRSA
policies the incidence of MRSA infection dropped by 56% [7]. The
same group, in a retrospective study, identiﬁed 3.2% (79/2,473) MRSA
carriage at admission in an acute trauma unit, and these patients
were signiﬁcantly more likely to develop MRSA SSI (7 of 79 patients,
8.8%) compared with 54/2,394 (2.3%) of MRSA-negative patients (p <
0.001). This diﬀerence was conﬁrmed on multivariate analysis, in
which the odds ratio for developing MRSA SSI among MRSA carriers
was 2.5 (p = 0.015) [8].
Conversely, Kan et al. analyzed 66 patients with femoral neck
fractures and rates of MRSA colonization and found no correlation
between MRSA colonization and higher rates of postoperative infection. Nevertheless, this study presented several important limitations including the postoperative infection evaluation limited to the
ﬁrst immediate postoperative week and short follow-up evaluation
no longer than four months [9].
Older patients with femoral neck fractures seem to be particularly prone to be colonized by MRSA. A large French retrospective
multicenter cohort study identiﬁed an SSI rate of 5.6% in patients
who had surgery for a proximal femur fracture, of which one-third
involved MRSA. All infected patients received ﬁrst-generation or
second-generation cephalosporin for prophylaxis, whereas those
who received antibiotics eﬀective against MRSA (i.e., vancomycin
or gentamicin) for prophylaxis had no MRSA SSI [10]. Similarly,
a prospective cohort study assessed the MRSA colonization rates
among patients with proximal femur fracture in a German trauma
unit. Their conclusion and recommendation is to systematically
search for MRSA colonization in patients presenting with known
risk factors by swabbing them in the emergency room [11].
The role of MRSA carriage eradication among trauma patients
admitted to the intensive care unit (ICU) as an independent measure
to prevent MRSA infection was assessed in a large multi-center,
patient-based RCT recently published by Maxwell et al. Those with
positive nasal swabs were randomized to either daily chlorhexidine
gluconate (CHG) baths and mupirocin (MUP) ointment to the nares
or soap and water baths and placebo ointment (S + P) for ﬁve days.
Upon admission, 13.3% (90/678) of patients were MRSA carriers, and
clinical MRSA infection was signiﬁcantly more often diagnosed in
MRSA colonized patients (21.1%) than those who were not (5.4%, p
< 0.001). Although underpowered to draw deﬁnitive conclusions
regarding the role of MRSA decolonization with CHG + MUP to
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reduce MRSA infection rates, due to the smaller number of recruited
patients per treatment arm, the ﬁve-day treatment period resulted
in only a trend towards the reduction of colonization, 13 (59.1%) vs.
9 (90%) for CHG + MUP vs. S + P (p = 0.114). There was no diﬀerence
in the proportion of MRSA infections between CHG + MUP (seven
[31.8%]) vs. S + P (six [60%], p = 0.244). CHG + MUP was ineﬀective in
eradicating MRSA from the anterior nares, but may reduce the incidence of infection [12].
A pilot RCT evaluated SSI among patients with open fractures
that received prophylaxis during 24 hours with cefazolin compared
with vancomycin and cefazolin, depending upon their S. aureus colonization status. MSSA and MRSA carriers were 20% and 3%, respectively. Although underpowered with a sample size too small for a
clinical eﬃcacy analysis, no signiﬁcant diﬀerence in the rates of SSI
was observed between the treatment arms. A signiﬁcantly higher
rate of MRSA SSIs was observed among MRSA carriers compared
with noncarriers (33% vs. 1%, respectively, p = 0.003) [13]. Other factors
that raise the risk of MRSA infection include the use of external ﬁxation and a prolonged time to intramedullary nailing of long bone
fractures [14].
Torbert’s retrospective study identiﬁed S. aureus and gramnegative rods (GNRs) as most commonly seen in deep postoperative
infections. GNRs were seen more frequently in the pelvis acetabulum and proximal femur injuries even in closed fractures. Resistance to GNRs was lower than S. aureus, and the infection rates for
combined surgical approaches were twice that of a single approach
for acetabular or pelvic surgery [15].
Severity of open fracture plays a role in the choice of antibiotics.
There was no statistically signiﬁcant diﬀerence in infection rates
between the group treated with ciproﬂoxacin and that treated with
cefamandole/gentamicin for Types I and II open fracture wounds.
A high failure rate for the ciproﬂoxacin only treated Type III open
fracture group, with patients being 5.33 times more likely to become
infected than those in the combination therapy group [16].
The anatomic location of surgery should be considered when
administering preoperative antibiotics. Corynebacterium genera
are frequently associated with implants when surgical incisions
were made near the perineum [17]. Cutibacterium acnes is bacterial
species that is often seen in the axilla and coverage for these organisims should be considered when operating near this anatomical
location [18].
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QUESTION 5: Is periprosthetic fracture a risk for the development of a periprosthetic joint
infection (PJI)?
RECOMMENDATION: Infection rates from level III and IV evidence studies suggest an increased surgical site infection in patients who undergo
re-operation for treatment of periprosthetic fracture of the femur after total hip and knee arthroplasty. There is limited literature available on
periprosthetic acetabular and tibial fractures. Further study investigating the outcomes for treatment of periprosthetic fracture is recommended.
LEVEL OF EVIDENCE: Limited
DELEGATE VOTE: Agree: 100%, Disagree: 0%, Abstain: 0% (Unanimous, Strongest Consensus)
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RATIONALE
Periprosthetic fracture about a hip or knee replacement can be a
devastating complication. Almost all studies involving periprosthetic fractures are limited to small, retrospective case series and
many of the studies focus on one type of treatment for one type of
fracture. Additionally, most of these studies focus on the return to
function and union of the fracture as primary endpoints. As a result,
there is limited data on the risk of surgical site infection in the presence of a periprosthetic fracture.
Periprosthetic fractures about the acetabular component of a
total hip replacement are uncommon and typically involve highenergy injuries. Treatment is based on the fracture pattern and
stability of the implant. Protected weightbearing or revision surgery,
often with supplemental ﬁxation, are utilized for treatment. A retrospective review of 11 patients did not discuss infection as a complication [1].
Periprosthetic fractures about the femoral component of a total
hip replacement are most commonly reported in the literature. These
fractures can be treated either nonoperatively or surgically, based
on the fracture pattern and stability of the implant. Plate ﬁxation,
revision hip arthroplasty or combination treatment are the most
common methods of surgical treatment. A study from the Swedish
joint replacement registry identiﬁed 1,049 periprosthetic femur
fractures treated surgically over a 21-year period. Over this period,
245 patients underwent re-operation, the most common reasons
for failure being loosening, re-fracture and non-union. There was an
infection rate of 2.3% (24 cases), and infection was more common in
the plate ﬁxation group than the revision hip arthroplasty group [2].
A study from the Mayo Clinic demonstrated 5 (4.2%) deep
periprosthetic infections after femoral component revision of 118
Vancouver Type B periprosthetic fractures [3]. Similarly, a systematic review of 22 studies totaling 510 Vancouver Type B2 and B3 fractures demonstrated 13 (2.5%) surgical site infections [4]. In cases of
extremely poor bone stock, a retrospective review demonstrated a
19% infection rate in 19 proximal femoral replacements [5].
Periprosthetic fractures about the distal femur after total knee
replacement can be treated nonoperatively or surgically based on

the fracture pattern and stability of the implant. Fractures can be
treated with intra-medullary nail ﬁxation, plate ﬁxation or revision
knee arthroplasty. A systematic review of 415 fractures from 29 case
series demonstrated an infection rate of 3% [6].
Periprosthetic fractures about the tibia after total knee replacement are rare (0.4 to 1.7%) and can often be treated nonoperatively
[7,8]. Surgical treatment with plate ﬁxation, intramedullary nail ﬁxation or revision arthroplasty is uncommon, and the current literature is limited to small retrospective case series.
While randomization would be diﬃcult due to limited previous
experience with these complicated cases, future study should
involve prospective, multi-centered investigations involving larger
numbers of patients to gain a better understanding of the natural
history and outcomes of patients who undergo treatment for periprosthetic fractures.
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QUESTION 6: Are there predictors of the need for allogeneic blood transfusion (ABT) in patients
undergoing arthroplasty for acute hip fractures?
RECOMMENDATION: Preoperative predictors for the need for ABT include (1) anemia and (2) dementia and hypoalbuminemia.
(3) Anticoagulation or anti-platelet medications do not predict the need for ABT. There is conﬂicting data with regard to the need for ABT
when comparing hemiarthroplasty (HA) to total hip arthroplasty (THA).
LEVEL OF EVIDENCE: (1) Strong, (2) Limited, (3) Moderate
DELEGATE VOTE: Agree: 100%, Disagree: 0%, Abstain: 0% (Unanimous, Strongest Consensus)
RATIONALE
Preoperative anemia is a known risk factor for ABT in patients undergoing hip and knee arthroplasty [1,2]. A retrospective study of 1,484
patients with hip fractures from 2007 to 2010 identiﬁed the risk
factors for ABT as older age, lower hemoglobin on admission, female
gender, type of surgical implant used (cephalomedullary nail and

dynamic hip screw more than HA) and a shorter time from admission to surgery. The study is limited by transfusion thresholds, which
may artiﬁcially increase the rate of ABT [3]. In hip fracture patients,
regardless of ﬁxation or fracture type, hypoalbuminemia [4] and
dementia [5] are associated with an increased need for ABT.
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Patients on chronic anticoagulation therapy are thought to be at
risk for perioperative complications associated with bleeding. A level
III retrospective study matched 62 patients with proximal femur fractures on warfarin with 62 patients not on anticoagulation therapy
treated with an intramedullary nail, HA or THA. There was no signiﬁcant diﬀerence in the rates of ABT in patients with international
normalized ratio (INR) < 1.5 or with subgroup analysis of patients
with an INR > 1.5 (range 1.5 to 3.1) [6]. There are three retrospective
studies evaluating the preoperative use of clopidogrel in hip fracture
patients with matched control patients comparing blood transfusion rates that report no signiﬁcant increase in ABT [7–9].
A systematic review and meta-analysis of studies comparing
surgical approaches and four studies comparing surgical approach
for HA showed no diﬀerence in ABT rates between anterior, lateral
and posterior approaches [10–13].
Perioperatively, medications such as hemocoagulase agkistrodon and tranexamic acid are administered to decrease blood
loss. Multiple studies in the setting of femoral neck fracture have
demonstrated a lower rate of ABT using these medications, but there
remains a concern for increased risk of venous thromboembolism
[14–17].
Much debate has centered on the treatment for displaced
femoral neck fractures. Three prospective randomized controlled
trials demonstrate no signiﬁcant diﬀerence in the rate of ABT
between cemented versus cementless femoral ﬁxation in HA [18–20].
Multiple studies have reviewed diﬀerences between HA and THA
for femoral neck fracture. Findings include longer operating times
and increased blood loss in THA, but these studies can be diﬃcult
to interpret as patients undergoing THA are often younger and
healthier [21,22]. Studies have demonstrated no diﬀerence in the rate
of ABT [22,23], and increased rate of ABT in THA [21,24].
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1.2. PREVENTION: RISK MITIGATION
Authors: Yousef Abuodeh, Per Åkesson, Osama Aldahamsheh

QUESTION 1: Is there a role for bacterial decolonization (i.e., of methicillin-resistant
Staphylococcus aureus (S. aureus), or MRSA, in nares) in trauma cases?
RECOMMENDATION: It is unknown if bacterial decolonization in trauma patients reduces surgical site infection (SSI).
LEVEL OF EVIDENCE: Limited
DELEGATE VOTE: Agree: 100%, Disagree: 0%, Abstain: 0% (Unanimous, Strongest Consensus)
RATIONALE
S. aureus colonization has been described since the early 1930s, and is
linked to postoperative SSI in diﬀerent surgical specialties, including
orthopaedics. S. aureus resides in the nares, throat and skin surfaces
in up to 30% of the population [1]. Establishing an association
between bacterial carrier status and SSI in the setting of orthopaedic
trauma has been challenging. The reported rate of MRSA carriers
ranges from 1.8% up to 30% of hip and femur fracture patients [2–11],
whereas the reported rates of MRSA-related SSI in those carrier populations ranges from 8.8% to 14.2% [6,12]. Furthermore, MRSA carriers
displayed a higher incidence of other nosocomial infections and
one-year mortality [4].
Although several published studies do support a connection
between preoperative carrier status (for MRSA) with postoperative
SSI development [13], it is uncertain whether it is due to the carrier
status alone or due to other patient and disease factors [14]. One study
refuted the need for widespread MRSA screening and eradication
[15]. On the other hand, most literature has advocated addressing
high-risk populations [6,9,16–18] for carrier status with prophylactic
antibiotics against MRSA rather than decolonization preoperatively.
Two main reasons have been postulated. First, one study found that
in 86% of trauma cases in the setting of emergency fracture management, the results of MRSA screening would not be available before
the surgical procedure commences [2]. Second, successful decolonization process will delay surgical procedures, which may not be ideal
especially in hip fractures and open fractures.
With regard to decolonization, MRSA-related SSI was signiﬁcantly reduced after decolonization protocol (without any reference
to carrier status) from 2.3% to 0.33% [19]. However, one study demonstrated that MRSA screening and treatment policy reduced infection
rates from 1.57% to 0.69% [5]. Furthermore, decolonization has been
found to decrease total numbers of wound infection rather than
wound infections caused by S. aureus [20].
For orthopaedic trauma cases, no prospective study of bacterial
decolonization exists. The introduction of MRSA screening policies was evaluated in two retrospective studies including trauma
patients [5,21]. Mupirocin was used for MRSA-positive patients, and
both studies showed a signiﬁcant reduction of postoperative MRSA
infections. In a recent study on patients with lower extremity fractures, the addition of a povidone-iodine nasal swab in addition to a
chlorhexidine-gluconate bath was evaluated [22]. Compared to two
years before the start of the povidone-iodine intervention, the rate
of SSI declined signiﬁcantly.
Literature supporting decolonization in orthopaedic trauma
patients only consists of low to moderate quality level 3 and 4 studies
[19,20]. Literature not supporting decolonization consisted of one

moderate quality level 1 study [23] and one low quality level 4 study
[7]. As a result, a recommendation could not be made in favor of
or against bacterial decolonization. Most importantly, screening
should not delay surgical intervention in these patients, and these
should be individually evaluated in a case by case scenario.
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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 recommendation. 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 operating room for one or more repeat debridement surgeries. Traditionally the wound was packed with a gauze dressing, which was
changed between surgeries. There is interest in using diﬀerent strategies to decrease surgical site infection (SSI), which is often thought
to be caused by nosocomial pathogens. The two main current treatment strategies are the use of the NPWT (wound VAC) or antibiotic
bead pouches.
A systematic review of the literature reveals four randomized
trials with conﬂicting results investigating the practice of NPWT
over simple gauze dressings between surgical debridement, and
there are no randomized trials examining the eﬃcacy 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 eﬀect 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 eﬀect of NPWT on reducing SSI in open fractures [4–6]. There
have been two additional randomized trials published more
recently [7,8] and we identiﬁed two other retrospective studies on
this topic [2,9]. Two of the three prior randomized trials demonstrated 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 diﬀerence [8]. Three more retrospective 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 identiﬁed no diﬀerence
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 diﬀerence
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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FIGURE 1. Flow diagram of study selection.

patients in one study appear to be included in the later study. This
work demonstrated a signiﬁcant 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.

[4]
[5]
[6]
[7]
[8]
[9]
[10]

REFERENCES
[1]

[2]
[3]

Costa ML, Achten J, Bruce J, Tutton E, Petrou S, Lamb SE, et al. Eﬀect of negative pressure wound therapy vs. standard wound management on 12-month
disability among adults with severe open fracture of the lower limb: the
WOLLF randomized clinical trial. JAMA. 2018;319:2280–2288. doi:10.1001/
jama.2018.6452.
Joethy J, Sebastin SJ, Chong AKS, Peng YP, Puhaindran ME. Eﬀect of negativepressure wound therapy on open fractures of the lower limb. Singapore
Med J. 2013;54:620–623.
Schlatterer DR, Hirschfeld AG, Webb LX. Negative pressure wound therapy
in grade IIIB tibial fractures: fewer infections and fewer ﬂap procedures?
Clin Orthop Relat Res. 2015;473:1802–1811. doi:10.1007/s11999-015-4140-1.

[11]
[12]
[13]
[14]

Stannard JP, Volgas DA, Stewart R, McGwin G, Alonso JE. Negative pressure wound therapy after severe open fractures: a prospective randomized
study. J Orthop Trauma. 2009;23:552–557. doi:10.1097/BOT.0b013e3181a2e2b6.
Blum ML, Esser M, Richardson M, Paul E, Rosenfeldt FL. Negative pressure wound therapy reduces deep infection rate in open tibial fractures. J
Orthop Trauma. 2012;26:499–505. doi:10.1097/BOT.0b013e31824133e3.
Liu DSH, Soﬁadellis F, Ashton M, MacGill K, Webb A. Early soft tissue coverage
and negative pressure wound therapy optimises patient outcomes in lower
limb trauma. Injury 2012;43:772–778. doi:10.1016/j.injury.2011.09.003.
Virani SR, Dahapute AA, Bava SS, Muni SR. Impact of negative pressure
wound therapy on open diaphyseal tibial fractures: a prospective randomized trial. J Clin Orthop Trauma. 2016;7:256–259. doi:10.1016/j.jcot.2016.05.007.
Arti H, Khorami M, Ebrahimi-Nejad V. Comparison of negative pressure
wound therapy (NPWT) & conventional wound dressings in the open fracture wounds. Pak J Med Sci. 2016;32:65–69. doi:10.12669/pjms.321.8568.
Krtička M, Ira D, Nekuda V, Švancara J, Mašek M. [Eﬀect of negative pressure
wound therapy on infectious complications in grade III open fractures].
Acta Chir Orthop Traumatol Cech. 2016;83:117–122.
Moehring HD, Gravel C, Chapman MW, Olson SA. Comparison of antibiotic
beads and intravenous antibiotics in open fractures. Clin Orthop Relat Res.
2000:254–261.
Ostermann PA, Henry SL, Seligson D. The role of local antibiotic therapy in
the management of compound fractures. Clin Orthop Relat Res. 1993:102–
111.
Ostermann PA, Seligson D, Henry SL. Local antibiotic therapy for severe
open fractures. A review of 1,085 consecutive cases. J Bone Joint Surg Br.
1995;77:93–97.
Henry SL, Ostermann PA, Seligson D. The prophylactic use of antibiotic
impregnated beads in open fractures. J Trauma. 1990;30:1231–1238.
Morgenstern M, Vallejo A, McNally MA, Moriarty TF, Ferguson JY, Nijis S,
Metsemakers WJ. The eﬀect of local antibiotic prophylaxis when treating
open limb fractures: A systematic review and meta-analysis. Bone Joint
Res. 2018;7(7):447-456.

702 Part V

Trauma

[15] Rand BCC, Penn-Barwell JG, Wenke JC. Combined local and systemic antibiotic delivery improves eradication of wound contamination: an animal
experimental model of contaminated fracture. Bone Joint J. 2015;97-B:1423–
1427. doi:10.1302/0301-620X.97B10.35651.
[16] Tennent DJ, Shiels SM, Sanchez CJ, Niece KL, Akers KS, Stinner DJ, et al.
Time-dependent eﬀectiveness of locally applied vancomycin powder in
a contaminated traumatic orthopaedic wound model. J Orthop Trauma.
2016;30:531–537. doi:10.1097/BOT.0000000000000617.
[17] Penn-Barwell JG, Murray CK, Wenke JC. Local antibiotic delivery by a
bioabsorbable gel is superior to PMMA bead depot in reducing infection
in an open fracture model. J Orthop Trauma. 2014;28:370–375. doi:10.1097/
BOT.0b013e3182a7739e.
[18] Beardmore AA, Brooks DE, Wenke JC, Thomas DB. Eﬀectiveness of local
antibiotic delivery with an osteoinductive and osteoconductive bone-graft
substitute. J Bone Joint Surg Am. 2005;87:107–112. doi:10.2106/JBJS.C.01670.

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 ‘infection’/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”)
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QUESTION 3: Is there a diﬀerence in the risk of periprosthetic joint infection (PJI) with use of
internal versus external ﬁxation for treatment of periprosthetic fractures?
RECOMMENDATION: Unknown. There is limited evidence comparing the risk of PJI with use of internal versus external ﬁxation to treat periprosthetic fracture. The potential for pin tract infection, particularly with inadvertently placed intra-articular pins, make internal ﬁxation 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 occurring 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 management (protected weightbearing, bracing, casting), open reduction
internal ﬁxation (ORIF), or, rarely, external ﬁxation [1,4]. Given the
success of ORIF, there are few reports on the use of external ﬁxation
[1,2,4]. In addition, external ﬁxation has historically been avoided
given the belief that external ﬁxation pins near a total joint increases
the risk for superﬁcial and deep infection [2].
Within this speciﬁc clinical setting, there is limited knowledge given the lack of large series of periprosthetic femur fractures
treated with either internal or external ﬁxation. The only reports of
external ﬁxation for these fractures are case reports. Based on the
current literature, there is no diﬀerence in the rate of deep infection
following internal ﬁxation (rate = 4%) versus external ﬁxation (rate
= 7%, p = 0.8). This analysis is severely limited by the small sample

size, so it is diﬃcult to make any deﬁnitive statement regarding the
diﬀerential risk for PJI after internal or external ﬁxation of periprosthetic 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-indicated for ORIF, treatment options include nonoperative management or external ﬁxation. While the infection rate for nonoperative
treatment is predictably low (0 to 1%), 31% of patients had complications related to malunion or nonunion [2,3]. Given this poor
outcome, some have turned to external ﬁxation [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 ﬁxation, the rate of superﬁcial
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 ﬁxation was
not statistically signiﬁcant (p = 0.8 by chi-square test). Based on this
data, the risk of PJI is not statistically signiﬁcantly diﬀerent following
internal or external ﬁxation of periprosthetic femur fractures, but
this analysis is severely limited by small sample size.

Section 1
There are only two case series that report on use of external
ﬁxation to treat periprosthetic fractures. Assayag et al. successfully
treated two periprosthetic tibia fractures using a circular external
ﬁxation frame without superﬁcial or deep infection [10]. Interestingly, Sakai et al. successfully treated an infected periprosthetic total
hip arthroplasty femoral fracture with Ilizarov external ﬁxation with
resolution of the infection [11].
There has been no systematic study of this topic. Thus, it is
therefore challenging to make a deﬁnitive statement regarding any
possible diﬀerential risk for PJI after internal or external ﬁxation of
periprosthetic fractures. Internal ﬁxation appears to be the preferable treatment method with a trend toward lower risk of PJI, as well
as the potential for improved alignment and function with better
reduction and ﬁxation.
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APPENDIX - SEARCH STRATEGY
Databases: OVID-Medline, Google Scholar, Scopus
1. “Periprosthetic Fractures”[MeSH] AND “Infection”[MeSH] )
AND (“external ﬁxation” or “internal ﬁxation”)
2. “infection” and “periprosthetic fracture” and (“internal ﬁxation” vs. “external ﬁxation”)
3. “infection” and “periprosthetic hip fracture” and (“external
ﬁxation”) - Nothing
4. “periprosthetic tibia fracture” and “external ﬁxation” – 1
5. “periprosthetic femur fracture” and “external ﬁxation” – 1

COMBINED ANALYSIS
N

Superﬁcial
Infection

Deep
Infection

Beris

3

2

0

Figgie

1

1

1

Biswas

5

0

0

Merkel

3

0

0

Simon

1

1

0

Hurson

1

0

0

Summary

14

4 (28.6%)

1 (7.1%)

Paper

(p = 0.8; chi square result compared to results following ORIF)
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QUESTION 4: Should deﬁnitive ﬁxation of fracture in a polytrauma patient and open abdomen
be delayed until the abdomen is closed?
RECOMMENDATION: Deﬁnitive fracture ﬁxation in the presence of an open abdomen should not be delayed and could be performed safely if
the patient is suitable to undergo surgery.

LEVEL OF EVIDENCE: Limited
DELEGATE VOTE: Agree: 95%, Disagree: 5%, Abstain: 0% (Unanimous, Strongest Consensus)
RATIONALE
Laparotomy is a well-established intervention in a polytrauma
patient aimed to achieve rapid hemostasis and limit the contamination generated by intestinal, biliary or urinary leak [1–3].
However, abdomen closure cannot be carried out until edema has
resolved to allow tension-free closure [1]. It is known that delayed
abdominal closure after damage-control laparotomy reduces
mortality, complications and length of stay. Nonetheless, deﬁnitive abdominal closure is not performed until the requirement

for on-going resuscitation have ceased, no concerns regarding
intestinal viability persist and no further surgical re-exploration
is required [4]. Abdominal closure has been associated with fewer
complications if performed within the the 4 to 7 days following
laparotomy [4].
Early appropriate care of spine, pelvic ring, acetabulum and
unstable femoral fractures in polytrauma patients decreases intensive care unit (ICU) length of stay from 9.4 to 4.5 days and total
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hospital stay from 15.3 to 9.4 days [5]. However, deﬁnitive fracture
ﬁxation in patients with an open abdomen is often delayed due to
the perceived increased risk of complications, speciﬁcally surgical
site infection (SSI) [6].
One retrospective study has evaluated the safety of deﬁnitive
fracture ﬁxation in the presence of an open abdomen [6]. This study
supports early deﬁnitive surgical management of spine, pelvic,
acetabular and long bone fractures through minimally invasive
techniques and standard open approaches. Time from injury to ﬁxation surgery averaged 4.4 days when it was done in the presence of an
open abdomen and 11.8 days when it was deferred until abdominal
wall closure. The incidence of SSI that required surgical intervention was 3.1% in the ﬁrst group and 30.6% in the second. No signiﬁcant
diﬀerences were found in terms of mortality, hospital length of stay
or number of ventilator-dependent days.
Based on the limited available literature, there is no reason to
delay deﬁnite fracture ﬁxation in polytrauma patients with an open
abdomen. Patients may beneﬁt from early fracture ﬁxation, not
only from having reduced ICU and overall length of stay reduction,
but infection risk reduction as well. We recommend that patients
undergo deﬁnitive fracture ﬁxation in the setting of an open

abdomen if the patient is medically stable, does not have an active
infection and is suitable to undergo surgery.
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QUESTION 1: Which open fracture classiﬁcation system currently used (Gustilo-Anderson
classiﬁcation or the Orthopaedic Trauma Association’s open fracture classiﬁcation (OTA-OFC))
is preferred, based on interobserver reproducibility and predictiveness of outcomes?
RECOMMENDATION: OTA-OFC is preferred. Based on currently-available data, the OTA-OFC provides a more robust description of the injury
with interobserver agreement that is comparable or superior to the Gustilo-Anderson classiﬁcation. Additionally, the OTA-OFC, according to its
subcategories, may predict outcomes such as the likelihood of early amputation and need for adjuvant treatments.

LEVEL OF EVIDENCE: Limited
DELEGATE VOTE: Agree: 95%, Disagree: 0%, Abstain: 5% (Unanimous, Strongest Consensus)
RATIONALE
The Gustilo-Anderson classiﬁcation was introduced in 1976 for use
in describing open fractures of the tibia [1,2]. Originally comprised
of Types I through III, Type III was later subdivided into subtypes A
through C to allow for the classiﬁcation of “severe” fractures with
greater speciﬁcity [2,3]. It has since been adopted for describing open
fractures of all long bones and remains the most widely-used system
for classifying open fractures [2].
The Gustilo-Anderson classiﬁcation was found to have only
moderate interobserver agreement when investigated by Horn et al.
[4] and Brumbeck et al. [5], with an overall agreement of 66% and 60%,
respectively. Clinically, the Gustilo-Anderson classiﬁcation is wellestablished as a predictor of infection and amputation [1–3,6–8]. It
provides a method of stratifying open fractures broadly into “mild”
and “severe” categories.
The OTA-OFC was introduced in 2010 as a system for describing
open fractures of all locations [9]. Rather than utilizing a single
composite score, the OTA-OFC is comprised of ﬁve discrete components (skin, muscle, arterial, contamination and bone loss) each of
which are independently rated mild, moderate or severe [9].
Studies suggest that inter-observer agreement throughout the
OTA-OFC system is “moderate” to “good” overall [10,11], a statistic
that is comparable or superior to that which has been reported for
the Gustilo-Anderson classiﬁcation [4,5,10]. This must be interpreted
with caution, however, as the OTA-OFC is not aggregated and interobserver agreement is not comparable among the ﬁve categories
[10]. Studies assessing reliability have found that agreement is less
robust within the muscle, bone loss, and contamination categories
of OTA-OFC, suggesting that these categories may beneﬁt from revision or clariﬁcation [10,11].
Initial studies in predictive utility of the OTA-OFC are promising. Agel et al. found diﬀerent categories useful in predicting
certain treatment modalities: the skin category for vacuum-assisted
closure; bone loss category for antibiotic bead placement; skin and
muscle categories for multiple debridements; and skin, contamination and arterial injury categories for early amputation [12]. Johnson
et al. found it to be predictive of amputation and infection within 90
days [13]. Hao et al. found it to be predictive of amputation when the
cumulative score was ≥ 10 [14].

While further studies validating the OTA-OFC are needed, the
current literature suggests that it provides a method of describing
open fractures with greater speciﬁcity compared to the GustiloAnderson classiﬁcation with comparable inter-observer agreement.
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QUESTION 2: What diagnostic criteria must be fulﬁlled to diagnose surgical site infection (SSI)
or fracture related infection (FRI) in orthopaedic trauma (including external ﬁxators)?
RECOMMENDATION: Diagnostic criteria proposed by the International Consensus Group on FRI (published in 2017) should be used to diagnose
infection in fracture cases. In cases, more than four weeks from fracture, histological conﬁrmation of > 5 neutrophils per high power ﬁeld is
conﬁrmatory of infection.

LEVEL OF EVIDENCE: Consensus
DELEGATE VOTE: Agree: 85%, Disagree: 5%, Abstain: 10% (Super Majority, Strong Consensus)
RATIONALE
Unlike periprosthetic joint infections (PJI) which have clearlydeﬁned diagnostic criteria [1], infection associated with orthopaedic
trauma procedures does not. Orthopaedic trauma has a higher rate
of SSIs compared to other surgical specialties, yet it lacks an infection
deﬁnition agreement [2–4]. This is likely due to the great variety and
complexity of skeletal trauma and variability of surgical procedures.
According to the initial Centers for Disease Control and Prevention
(CDC) deﬁnition of SSI in trauma, this could occur up to one year
following surgery [5]. However, in their last revision, this time period
has been reduced to 90 days [6]. This poses a challenge for diagnosis,
since infections related to orthopaedic trauma are often subclinical
and some only display pain without any other signs or symptoms
[5,7]. Furthermore, the CDC guidelines distinguish between superﬁcial incisional, deep incisional and organ/space infections. Bonnevialle et al. already stated that the term “superﬁcial infection” is at best
arbitrary [8], and poses particularly challenging problems in infection associated with orthopaedic trauma. Finally, in orthopaedic
trauma research, these terms (e.g., superﬁcial and deep) are often
used inaccurately or inappropriately, which makes comparison of
literature diﬃcult [9]. In the current clinical literature, numerous
terms other than SSI are used with respect to infections associated
with orthopedic trauma procedures (e.g., posttraumatic osteomyelitis, osteitis). Often, no distinction is made between the terms osteitis and osteomyelitis. Overall, these terms seem not useful as the
main issue is the presence of bacteria at the fracture site and around

the implant, rather than the semantics of the pathogenesis of the
infection [9].
Orthopaedic trauma surgeons realized that the deﬁnition for
PJI, criteria for osteomyelitis and the CDC guidelines could not be
easily extrapolated to fracture cases, and, therefore, a deﬁnition had
to be developed. This was recently conﬁrmed by an international
survey for registered AOTrauma users. In this survey, surgeons were
asked about the need for a working deﬁnition, and 90% of more
than 2,000 surgeons who responded suggested that a deﬁnition
solely focusing on infection in orthopaedic trauma (i.e., fractures)
was required [10]. Therefore, a special eﬀort was made, with the
support of multipele orginazations, to develop (AO Foundation
and European Bone and Joint Infection Society (EBJIS)) [9] and
update (AO Foundation, Orthopaedic Trauma Association (OTA),
EBJIS and PRO-Implant Foundation) [11] a consensus deﬁnition.
The consensus group designated infection related to orthopaedic
trauma (i.e., fractures) as FRIs and established a deﬁnition based on
two diﬀerent kinds of diagnostic criteria: conﬁrmatory (infection
deﬁnitely present if a conﬁrmatory criterion is met) or suggestive
(features associated with infection and requiring further investigation) criteria (Table 1).
Without question this consensus deﬁnition should be validated
by prospective data collection in order to gather evidence of its use
in clinical studies and to prove that it can become a valuable tool in
comparative research.

TABLE 1. Criteria to deﬁne FRI
Conﬁrmatory Criteria

Suggestive Criteria

1. Fistula, sinus or wound breakdown.

1.

Clinical signs: pain increasing over time, local redness, local
swelling, increased local temperature or fever.

2. Purulent drainage or presence of pus.

2.

Radiological and nuclear imaging signs

3. Phenotypically indistinguishable pathogens identiﬁed by culture from at least two separate deep
tissue/implant specimens.

3.

Pathogenic organism identiﬁed by culture from a single deep
tissue/implant specimen.

4. Presence of more than ﬁve polymorphonuclear
neutrophil per high power ﬁeld, conﬁrmed by histopathological examination [12].

4.

Elevated serum inﬂammatory markers: ESR, WBC, CRP

5.

Persistent or increasing wound drainage.

6.

New-onset of joint eﬀusion in fracture patients.

FRI, fracture-related infection; ESR, erythrocyte sedimentation rate; CRP, C-reactive protein; WBC, white blood cell

Section 2
External Fixation
The infection rates reported with the use of external ﬁxators are
higher than with osteosynthesis with an incidence of infection of
up to 71% [13]. However, there is also no clarity in regards to the diagnosis of SSI in external ﬁxation. There are two classiﬁcation systems,
Checketts-Otterburn and Sims, neither of which have been validated [13,14]. The most commonly used is the Checketts-Otterburn
schema, which describes clinical signs such as redness, discharge,
pain, edema, radiological changes in the screw-bone interface and
compromise in several levels [15].
In conclusion, there is a scarcity of scientiﬁc evidence regarding
diagnostic criteria to deﬁne SSIs in orthopaedic trauma. The CDC
published guidelines for SSIs, which distinguish between superﬁcial
incisional, deep incisional and organ/space infections, seem not suitable to deﬁne/diagnose infection in orthopaedic trauma patients.
The recently published, and thereafter updated, international
consensus deﬁnition seems an adequate replacement. This deﬁnition introduces, instead of SSI, the term FRI. Furthermore, two levels
of certainty around the diagnostic features are deﬁned. Criteria can
be conﬁrmatory (infection deﬁnitely present if a conﬁrmatory criterion is met) or suggestive. This deﬁnition should be validated by
prospective data in the future.
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QUESTION 3: What diagnostic criteria deﬁne infected non-union of long bone?
RECOMMENDATION: The lack of scientiﬁc evidence precludes the development of diagnostic criteria that are solely based on sound evidence.
The combination of the consensus deﬁnition of fracture-related infection (FRI) with a nonunion is a reasonable starting place, however deﬁnitions
of nonunion vary and both the FRI deﬁnition and any proposed criteria for long bone nonunion will need scientiﬁc validation.
LEVEL OF EVIDENCE: Moderate
DELEGATE VOTE: Agree: 86%, Disagree: 9%, Abstain: 5% (Super Majority, Strong Consensus)
RATIONALE
Introduction
FRI is a feared musculoskeletal complication and one of the most
challenging in trauma surgery. Currently, estimating the impact
of FRI has been hampered by the lack of a clear deﬁnition [1,2].
Interestingly, this issue was previously raised in an Arbeitsgemeinschaft Osteosynthesefragen/Association for the Study of Internal
Fixation (AO/ASIF) scientiﬁc supplement publication by Arens et
al. in 1996, wherein the authors stated in a combined clinical and
experimental study on FRI, “It is astonishing that in all papers in
which infection is mentioned, the term ‘infection’ is not deﬁned”
[3]. In fact, this was conﬁrmed by a recent systematic review, which
showed that only a minority of randomized controlled trials (2%) in

fracture cares use any kind of standardized deﬁnition of FRI [4]. The
lack of a clear deﬁnition of FRI mirrors the situation for prosthetic
joint infection (PJI) identiﬁed many years ago [1–5]. The situation
for PJI [6] and diabetic foot infection, for example [7], has improved
with consensus deﬁnitions emerging in recent years. Orthopaedic
trauma surgeons realized that neither the deﬁnition for PJI nor the
Centers for Disease Control and Prevention (CDC) guidelines could
be easily extrapolated to fracture cases and that a deﬁnition for FRI
had to be developed.
This was recently conﬁrmed by an international survey for
registered AOTrauma users. In this survey, surgeons were asked
about the need for a working deﬁnition of FRI and 90% of more than
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2,000 surgeons who responded suggested that a deﬁnition of FRI is
required [8]. Therefore, a special eﬀort was made, with the support
of the AO Foundation, to develop such a consensus deﬁnition. The
process that was followed was comparable to the one described
by Cats-Baril et al. for the new deﬁnition on PJI [9]. Finally, in 2016,
a consensus meeting concerning this topic was held with an international expert panel. This resulted in the current consensus deﬁnition for FRI, which was recently published [10]. This resulted in the
current consensus deﬁnition for FRI, which was recently published
and adopted by the AO Foundation and the European Bone and Joint
Infection Society (EBJIS).
Classiﬁcations
There are multiple classiﬁcations described in the literature that
subdivide FRI into discrete groupings, such as acute and chronic
infections, or early, delayed and late-onset infections [2,11–13]. The
authors of the recently-published consensus deﬁnition stated that
there should only be a single deﬁnition for FRI based on speciﬁc
diagnostic criteria. Two primary reasons were proposed for this decision. First, a subdivision would make such a deﬁnition unnecessarily
complex and diﬃcult to use in daily practice. Second, although the
available classiﬁcations are time-related, these time windows are not
based on scientiﬁc evidence. This supports the view that they are
poorly-deﬁned for FRI (e.g., time since injury, or time since onset of
symptoms) and somewhat arbitrary. All these concerns pose serious
problems from a deﬁnition point of view [4]. The authors did agree
that acute and chronic infections are diﬀerent entities that may
require diﬀerent treatment strategies, however it should not aﬀect
the way clinicians deﬁne FRI [10].
Diagnostic Criteria
Recent systematic reviews, of which two are currently under
submission, have been performed to analyze the value of speciﬁc
diagnostic criteria for FRI. Below, three systematic reviews on diagnostic criteria are summarized.
Clinical Criteria
Studies speciﬁcally focusing on clinical criteria to diagnose
FRI are currently scarce and validation studies are nonexistent. In
two systematic reviews, clinical criteria used to deﬁne FRI were
described. In a study by Metsemakers et al., the aim was to identify
deﬁnitions used in the literature to describe infectious complications after internal ﬁxation of fractures [4]. A total of 100 randomized
control trials (RCTs) were identiﬁed in the search. Clinical signs used
to diagnose FRI in the included studies were: purulent drainage (16
studies), wound dehiscence/breakdown (5 studies), rubor (redness)
(5 studies), calor (warmth) (4 studies), tumor (swelling) (4 studies),
unspeciﬁed signs (4 studies) and fever (3 studies). Other parameters
that were used to diagnose FRI were positive cultures (15 studies),
treatment with oral antibiotics (6 studies), need for surgical debridement (5 studies), need for implant removal (4 studies), radiological
signs (2 studies) and C-reactive protein (CRP) levels (1 study). Most
authors included purulent drainage or discharge and positive
cultures as parameters for the diagnosis of FRI [4].
In an ongoing systematic review by Bezstarosti et al., the authors
are aiming to provide an overview of the available diagnostic criteria,
classiﬁcations, treatment protocols and patient-related outcome
measures for surgically treated FRIs between 1990 and 2017. Clinical signs used in the 93 included studies were: purulent drainage
or discharge (34 studies), pain (14 studies), tumor (swelling) (9
studies), calor (warmth) (8 studies), wound dehiscence/breakdown
(7 studies), rubor (redness) (7 studies), fever (5 studies) and unspeci-

ﬁed signs (46 studies). It seems that swelling, pain and redness are
often seen as signs of FRI, however, they are subject to interpretation and are diﬃcult to measure. “Purulent drainage” and “wound
dehiscence/breakdown” on the other hand, seem more appropriate
as hard endpoints in the diagnosis of FRI.
Serum Inﬂammatory Markers
In an ongoing systematic review by van den Kieboom and Bosch
et. al, the diagnostic value of the serum inﬂammatory markers CRP,
leukocyte count (LC) and erythrocyte sedimentation rate (ESR) in
suspected FRI were assessed. A total of 8,280 articles were identiﬁed, of
which 6 [14–19] were included in this review. CRP, reported in 6 studies,
appeared to be the most useful serum inﬂammatory marker with
a sensitivity ranging between 60.0 and 100% and speciﬁcity between
34.3 and 85.7%, which is in line with current clinical practice [20]. LC
was reported in ﬁve studies. Sensitivity ranged from 22.9 to 72.6% and
speciﬁcity from 73.5 to 85.7%. Five studies investigated ESR; sensitivity
and speciﬁcity ranged from 37.1 to 100% and 59.0 to 85.0% respectively.
For the meta-analysis, four CRP studies, four LC studies and three ESR
studies could be pooled. Meta-analysis of pooled results demonstrated
only limited diagnostic value of the individual markers. Four studies
analyzed the value of combining markers and reported an increased
diagnostic accuracy. However, these results should be interpreted
with caution as this is based on limited data from heterogeneous
studies. Indeed, the results of all serum markers vary greatly between
studies. Another issue identiﬁed when analyzing these studies was
that diﬀerent measuring devices, lab protocols and/or thresholds
were used across studies. The authors, therefore, concluded that the
analyzed serum inﬂammatory markers (CRP, LC and ESR) appear to be
unsuitable to rule out or diagnose FRI. When these markers are used
in a diagnostic ﬂow chart, they should be interpreted with caution
[10]. Future research protocols using continuous serum inﬂammatory
marker values and standardized lab protocols are required to assess
their combined value in the diagnosis of FRI.
Tissue and Sonication Fluid Sampling
In an ongoing systematic review, Onsea et al. analyzed the available evidence on sonication of ﬂuid sampling and tissue tests for
the diagnosis of FRI. Out of 2,624 studies, ten [14,21–29] fulﬁlled the
predeﬁned inclusion criteria. Five studies [21–25] focused on sonication ﬂuid culture, two on polymerase chain reaction (PCR) [14,26]
and two on histopathology [27,28]. One additional histopathology
study [29] was found after screening of reference lists. The review
demonstrated that there is evidence that sonication ﬂuid culture
may be a useful adjunct to conventional tissue culture, but there is
no strong evidence that it is superior or can replace tissue culture.
Regarding molecular techniques and histopathology, the evidence
is even less clear. Overall, studies had variable gold standard deﬁnition criteria for comparison and poorly-reported culture methods.
By updating the review, one additional paper [30] was found that
is currently in press. In this study by Morgenstern et al., including
unhealed FRI cases more than four weeks from the occurrence of
the fracture, a bimodal cut-oﬀ for the presence of polymorphonuclears (PMNs) provided encouraging results in reducing the number
of cases in which the diagnosis was uncertain [29]. During a recent
second consensus meeting (i.e. AO Foundation, OTA, EBJIS and PROImplant Foundation) it was decided that this cut-oﬀ for the presence
of PMN’s was included as a conﬁrmatory sign for FRI.
Finally, in the systematic review by Onsea et al., the authors
concluded it is imperative that lab protocols become standardized
and that uniform diagnostic criteria, as recently published in a
consensus deﬁnition, are implemented.

Section 2
Imaging Modalities
In a recent systematic review by Govaert et al. [31], the recent
literature (from 2000 to 2016) on imaging techniques for the diagnosis of post-traumatic osteomyelitis was analyzed. The literature
search yielded 3,358 original records, of which 10 articles [32–41] were
included. This review included seven studies on diﬀerent nuclear
imaging techniques, two studies on magnetic resonance imaging
(MRI), one study on computed tomography (CT) with no studies
identiﬁed regarding plain X-ray. The sensitivity for white blood
cell (WBC) count or anti-granulocyte antibody (AGA) scintigraphy
ranged between 50 and 100%, speciﬁcity ranged between 40 and 97%.
For ﬂuorodeoxyglucose positron emission tomography (FDG-PET),
sensitivity and speciﬁcity ranged between 83 and 100% and between
51 and 100%, respectively.
WBC scintigraphy combined with hybrid imaging technique of
single photon emission computed tomography combined with CT
(SPECT/CT) was assessed by two studies. A higher diagnostic accuracy was reported in both studies that used this combination. Three
studies investigated the combination of FDG-PET with PET-CT, which
provided a signiﬁcant increase in diagnostic accuracy. However, the
studies that looked into these combinations provided only limited
information. The authors concluded that, compared to other imaging
techniques, either WBC or AGA scintigraphy combined with SPECT/
CT and FDG-PET combined with CT demonstrates the highest diagnostic accuracy for the diagnosis of post-traumatic osteomyelitis
when compared to other imaging techniques. It should, however, be
taken into account that these results are based on a small number of
studies and that imaging techniques and patient populations were
heterogeneous across studies.
By updating the systematic review, two more studies from the
past two years could be found. A study by Govaert et al. [42], aimed
to establish the accuracy of 192 WBC scintigraphies for diagnosing
FRIs, and investigate whether the duration of the time interval
between surgery and WBC scintigraphy inﬂuences its accuracy. The
authors concluded that WBC scintigraphy had a diagnostic accuracy
of 92% for the detection of FRI in the peripheral skeleton. The duration of the interval between surgery and the WBC scintigraphy did
not inﬂuence its diagnostic accuracy. The second study, by van Vliet
et al. [43], evaluated the eﬃcacy and diagnostic accuracy of a semiquantitative measure, maximum standard uptake value (SUVmax),
for the interpretation of FDG-PET/CT in the diﬀerentiation between
aseptic and septic delayed union of the lower extremity. A total of
30 patients were included: 13 patients with aseptic delayed unions
and 17 patients with septic delayed unions. Mean SUVmax in aseptic
delayed union patients was 3.23 (SD ± 1.21). Mean SUVmax in septic
delayed union patients was 4.77 (SD ± 1.87). A cut-oﬀ SUVmax set at 4.0
showed a diagnostic accuracy of 70% to diﬀerentiate between aseptic
and septic delayed union. The authors concluded that the application of SUVmax for the interpretation of FDG-PET/CT imaging seems
to be a promising tool for the discrimination between aseptic and
septic delayed union. However, as this is based on a small number of
patients, they acknowledge that larger, prospective trials are necessary to make a further statement regarding the role of FDG-PET/CT in
the diagnosis of FRI.
Due to the current lack of high-quality evidence on the value of
imaging techniques, which is similar to the other diagnostic criteria
discussed above, imaging techniques seem not suitable to rule out or
diagnose FRI and can only be considered a suggestive sign [10]. This
was also included in the recently updated (i.e. AO Foundation, OTA,
EBJIS and PRO-Implant Foundation) international consensus deﬁnition of FRI.
The deﬁnition for non-union is currently not standardized, which
makes it diﬃcult to introduce diagnostic criteria for infected non-
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union. This said, overall there is little scientiﬁc evidence regarding
the diagnostic criteria for FRI. With respect to serum inﬂammatory
markers, tissue, sonication ﬂuid sampling and imaging modalities,
only a small number of studies are available. Validation studies on
clinical parameters are nonexistent. This lack of scientiﬁc evidence
precludes the development of diagnostic criteria that are solely
based on sound evidence. Moreover, it seems that developing diagnostic criteria for both acute/early infections and chronic/late (e.g.,
infected nonunion) infections is arbitrary and complicates clinical
decision-making. Finally, although the scientiﬁc evidence on diagnostic criteria to deﬁne FRI is scarce, the international Consensus
deﬁnition of FRI that was recently updated seems an adequate start
and oﬀers clinicians the opportunity to standardize clinical reports
and improve the quality of published literature. In our opinion, this
deﬁnition should be validated by prospective data collection in the
future.

REFERENCES
[1]

[2]
[3]
[4]

[5]
[6]

[7]

[8]

[9]

[10]

[11]
[12]
[13]
[14]

[15]

[16]
[17]

[18]

Metsemakers W-J, Moriarty TF, Morgenstern M, Kuehl R, Borens O, Kates S,
et al. Letter to the editor: new deﬁnition for periprosthetic joint infection:
from the Workgroup of the Musculoskeletal Infection Society. Clin Orthop
Relat Res. 2016;474:2726–2727. doi:10.1007/s11999-016-5087-6.
Metsemakers WJ, Kuehl R, Moriarty TF, Richards RG, Verhofstad MHJ,
Borens O, et al. Infection after fracture ﬁxation: Current surgical and microbiological concepts. Injury. 2018;49:511–522. doi:10.1016/j.injury.2016.09.019.
Arens S, Hansis M, Schlegel U, Eijer H, Printzen G, Ziegler WJ, et al. Infection after open reduction and internal ﬁxation with dynamic compression
plates -- clinical and experimental data. Injury. 1996;27 Suppl 3:SC27–SC33.
Metsemakers WJ, Kortram K, Morgenstern M, Moriarty TF, Meex I, Kuehl
R, et al. Deﬁnition of infection after fracture ﬁxation: a systematic review
of randomized controlled trials to evaluate current practice. Injury.
2018;49:497–504. doi:10.1016/j.injury.2017.02.010.
Zimmerli W, Trampuz A, Ochsner PE. Prosthetic-joint infections. N Engl J
Med. 2004;351:1645–1654. doi:10.1056/NEJMra040181.
Parvizi J, Zmistowski B, Berbari EF, Bauer TW, Springer BD, Della Valle CJ, et
al. New deﬁnition for periprosthetic joint infection: from the Workgroup of
the Musculoskeletal Infection Society. Clin Orthop Relat Res. 2011;469:2992–
2994. doi:10.1007/s11999-011-2102-9.
Lipsky BA, Berendt AR, Cornia PB, Pile JC, Peters EJG, Armstrong DG, et al.
2012 Infectious Diseases Society of America clinical practice guideline for
the diagnosis and treatment of diabetic foot infections. Clin Infect Dis.
2012;54:e132–173. doi:10.1093/cid/cis346.
Morgenstern M, Moriarty TF, Kuehl R, Richards RG, McNally MA, Verhofstad MHJ, et al. International survey among orthopaedic trauma surgeons:
lack of a deﬁnition of fracture-related infection. Injury. 2018;49:491–496.
doi:10.1016/j.injury.2018.02.001.
Cats-Baril W, Gehrke T, Huﬀ K, Kendoﬀ D, Maltenfort M, Parvizi J. International consensus on periprosthetic joint infection: description of the
consensus process. Clin Orthop Relat Res. 2013;471:4065–4075. doi:10.1007/
s11999-013-3329-4.
Metsemakers WJ, Morgenstern M, McNally MA, Moriarty TF, McFadyen I,
Scarborough M, et al. Fracture-related infection: a consensus on deﬁnition
from an international expert group. Injury. 2018;49:505–510. doi:10.1016/j.
injury.2017.08.040.
Borens O, Helmy N. [Infected osteosynthesis]. Chirurg. 2016;87:822–830.
doi:10.1007/s00104-016-0272-4.
Kleber C, Schaser KD, Trampuz A. [Complication management of infected
osteosynthesis: therapy algorithm for peri-implant infections]. Chirurg.
2015;86:925–934. doi:10.1007/s00104-015-0073-1.
Willenegger H, Roth B. [Treatment tactics and late results in early infection
following osteosynthesis]. Unfallchirurgie. 1986;12:241–246.
Omar M, Suero EM, Liodakis E, Reichling M, Guenther D, Decker S, et al.
Diagnostic performance of swab PCR as an alternative to tissue culture
methods for diagnosing infections associated with fracture ﬁxation
devices. Injury. 2016;47:1421–1426. doi:10.1016/j.injury.2016.04.038.
Gittings DJ, Courtney PM, Ashley BS, Hesketh PJ, Donegan DJ, Sheth NP.
Diagnosing infection in patients undergoing conversion of prior internal
ﬁxation to total hip arthroplasty. J Arthroplasty. 2017;32:241–245. doi:10.1016/j.
arth.2016.06.047.
Stucken C, Olszewski DC, Creevy WR, Murakami AM, Tornetta P. Preoperative diagnosis of infection in patients with nonunions. J Bone Joint Surg
Am. 2013;95:1409–1412. doi:10.2106/JBJS.L.01034.
Wang S, Yin P, Quan C, Khan K, Wang G, Wang L, et al. Evaluating the use
of serum inﬂammatory markers for preoperative diagnosis of infection in patients with nonunions. Biomed Res Int. 2017;2017:9146317.
doi:10.1155/2017/9146317.
Yang F, Yang Z, Feng J, Zhang L, Ma D, Yang J. Three phase bone scintigraphy
with (99m)Tc-MDP and serological indices in detecting infection after
internal ﬁxation in malunion or nonunion traumatic fractures. Hell J Nucl
Med. 2016;19:130–134. doi:10.1967/s002449910366.

710 Part V

Trauma

[19] Bosch P, van den Kieboom J, Plate JDJ, IJpma FFA, Houwert RM, Huisman
A, et al. Limited predictive value of serum inﬂammatory markers for diagnosing fracture-related infections: results of a large retrospective multicenter cohort study. J Bone Jt Infect. 2018;3:130–137. doi:10.7150/jbji.26492.
[20] Govaert G a. M, Glaudemans AWJM, Ploegmakers JJW, Viddeleer AR, Wendt
KW, Reininga IHF. Diagnostic strategies for posttraumatic osteomyelitis:
a survey amongst Dutch medical specialists demonstrates the need for a
consensus protocol. Eur J Trauma Emerg Surg. 2018;44:417–426. doi:10.1007/
s00068-017-0783-9.
[21] Yano MH, Klautau GB, da Silva CB, Nigro S, Avanzi O, Mercadante MT, et al.
Improved diagnosis of infection associated with osteosynthesis by use of
sonication of fracture ﬁxation implants. J Clin Microbiol. 2014;52:4176–4182.
doi:10.1128/JCM.02140-14.
[22] Portillo ME, Salvadó M, Trampuz A, Siverio A, Alier A, Sorli L, et al. Improved
diagnosis of orthopedic implant-associated infection by inoculation of
sonication ﬂuid into blood culture bottles. J Clin Microbiol. 2015;53:1622–
1627. doi:10.1128/JCM.03683-14.
[23] Puig-Verdié L, Alentorn-Geli E, González-Cuevas A, Sorlí L, Salvadó M, Alier
A, et al. Implant sonication increases the diagnostic accuracy of infection
in patients with delayed, but not early, orthopaedic implant failure. Bone
Joint J. 2013;95-B:244–249. doi:10.1302/0301-620X.95B2.30486.
[24] Holinka J, Bauer L, Hirschl AM, Graninger W, Windhager R, Presterl E. Sonication cultures of explanted components as an add-on test to routinely
conducted microbiological diagnostics improve pathogen detection. J
Orthop Res. 2011;29:617–622. doi:10.1002/jor.21286.
[25] Esteban J, Gomez-Barrena E, Cordero J, Martín-de-Hijas NZ, Kinnari TJ,
Fernandez-Roblas R. Evaluation of quantitative analysis of cultures from
sonicated retrieved orthopedic implants in diagnosis of orthopedic infection. J Clin Microbiol. 2008;46:488–492. doi:10.1128/JCM.01762-07.
[26] Renz N, Cabric S, Morgenstern C, Schuetz MA, Trampuz A. Value of PCR in
sonication ﬂuid for the diagnosis of orthopedic hardware-associated infections: has the molecular era arrived? Injury. 2018;49:806–811. doi:10.1016/j.
injury.2018.02.018.
[27] Simpson AHRW, Wood MK, Athanasou NA. Histological assessment of the
presence or absence of infection in fracture non-union. Injury. 2002;33:151–
155.
[28] Chadayammuri V, Herbert B, Hao J, Mavrogenis A, Quispe JC, Kim JW, et al.
Diagnostic accuracy of various modalities relative to open bone biopsy for
detection of long bone posttraumatic osteomyelitis. Eur J Orthop Surg Traumatol. 2017;27:871–875. doi:10.1007/s00590-017-1976-y.
[29] Egol KA, Karunakar MA, Marroum M-C, Sims SH, Kellam JF, Bosse MJ. Detection of indolent infection at the time of revision fracture surgery. J Trauma.
2002;52:1198–1201.
[30] Morgenstern M, Athanasou NA, Ferguson JY, Metsemakers WJ, Atkins BL,
McNally MA. The value of quantitative histology in the diagnosis of fracture-related infection. Bone Joint J. 2018; 100-B: 966-972.
[31] Govaert GA, IJpma FF, McNally M, McNally E, Reininga IH, Glaudemans AW.
Accuracy of diagnostic imaging modalities for peripheral post-traumatic
osteomyelitis – a systematic review of the recent literature. Eur J Nucl Med
Mol Imaging. 2017;44:1393–1407. doi:10.1007/s00259-017-3683-7.

[32] Horger M, Eschmann SM, Pfannenberg C, Storek D, Dammann F, Vonthein
R, et al. The value of SPET/CT in chronic osteomyelitis. Eur J Nucl Med Mol
Imaging. 2003;30:1665–1673. doi:10.1007/s00259-003-1321-z.
[33] Ballani NS, Al-Huda FA, Khan HA, Al-Mohannadi S, Mahmood H, Al-Enezi
F. The value of quantitative uptake of (99m)Tc-MDP and (99m)Tc-HMPAO
white blood cells in detecting osteomyelitis in violated peripheral bones. J
Nucl Med Technol. 2007;35:91–95. doi:10.2967/jnmt.106.035402.
[34] Goebel M, Rosa F, Tatsch K, Grillhoesl A, Hofmann GO, Kirschner MH. [Diagnosis of chronic osteitis of the bones in the extremities. Relative value of
F-18 FDG-PET]. Unfallchirurg. 2007;110:859–866. doi:10.1007/s00113-007-1302-y.
[35] Glaudemans AW, de Vries EF, Vermeulen LE, Slart RH, Dierckx RA, Signore
A. A large retrospective single-centre study to deﬁne the best image acquisition protocols and interpretation criteria for white blood cell scintigraphy
with 99mTc-HMPAO-labelled leucocytes in musculoskeletal infections. Eur J
Nucl Med Mol Imaging. 2013;40:1760–1769. doi:10.1007/s00259-013-2481-0.
[36] Hartmann A, Eid K, Dora C, Trentz O, von Schulthess GK, Stumpe KDM. Diagnostic value of 18F-FDG PET/CT in trauma patients with suspected chronic
osteomyelitis. Eur J Nucl Med Mol Imaging. 2007;34:704–714. doi:10.1007/
s00259-006-0290-4.
[37] Kaim A, Ledermann HP, Bongartz G, Messmer P, Müller-Brand J, Steinbrich
W. Chronic post-traumatic osteomyelitis of the lower extremity: comparison of magnetic resonance imaging and combined bone scintigraphy/
immunoscintigraphy with radiolabelled monoclonal antigranulocyte antibodies. Skeletal Radiol. 2000;29:378–386.
[38] Meller J, Köster G, Liersch T, Siefker U, Lehmann K, Meyer I, et al. Chronic
bacterial osteomyelitis: prospective comparison of (18)F-FDG imaging with
a dual-head coincidence camera and (111) In-labelled autologous leucocyte scintigraphy. Eur J Nucl Med Mol Imaging. 2002;29:53–60. doi:10.1007/
s00259-001-0661-9.
[39] Schiesser M, Stumpe KDM, Trentz O, Kossmann T, Von Schulthess GK. Detection of metallic implant-associated infections with FDG PET in patients with
trauma: correlation with microbiologic results. Radiology. 2003;226:391–398.
doi:10.1148/radiol.2262011939.
[40] Shemesh S, Kosashvili Y, Groshar D, Bernstine H, Sidon E, Cohen N, et al.
The value of 18-FDG PET/CT in the diagnosis and management of implantrelated infections of the tibia: a case series. Injury. 2015;46:1377–1382.
doi:10.1016/j.injury.2015.03.002.
[41] Wenter V, Müller J-P, Albert NL, Lehner S, Fendler WP, Bartenstein P, et al.
The diagnostic value of [(18)F]FDG PET for the detection of chronic osteomyelitis and implant-associated infection. Eur J Nucl Med Mol Imaging.
2016;43:749–761. doi:10.1007/s00259-015-3221-4.
[42] Govaert GAM, Bosch P, IJpma FFA, Glauche J, Jutte PC, Lemans JVC, et al. High
diagnostic accuracy of white blood cell scintigraphy for fracture related
infections: results of a large retrospective single-center study. Injury.
2018;49:1085–1090. doi:10.1016/j.injury.2018.03.018.
[43] van Vliet KE, de Jong VM, Termaat MF, Schepers T, van Eck-Smit BLF, Goslings
JC, et al. FDG-PET/CT for diﬀerentiating between aseptic and septic delayed
union in the lower extremity. Arch Orthop Trauma Surg. 2018;138:189–194.
doi:10.1007/s00402-017-2806-8.

• • • • •
Authors: Peter Giannoudis, Costas Papakostidis

QUESTION 4: What diﬀerentiates acute from chronic osteomyelitis (OM)? Is it clinically important to distinguish one from the other?
RECOMMENDATION: Current literature is lacking consistent criteria for a distinct time point that diﬀerentiates the acute and chronic forms of
infection. Diﬀerentiating between acute and chronic types may have practical implications on treatment plan and ﬁnal prognosis.
LEVEL OF EVIDENCE: Limited
DELEGATE VOTE: Agree: 95%, Disagree: 5%, Abstain: 0% (Unanimous, Strongest Consensus)
RATIONALE
To address this question an extensive search of the literature was
conducted. Our search aim was to identify articles reporting on the
diagnostic criteria for acute or chronic osteomyelitis. A clear deﬁnition of OM in terms of temporal evolution was considered mandatory. Furthermore, in order to investigate the potential practical
signiﬁcance of the temporal distinction of OM into acute or chronic
types, we aimed to identify papers reporting on the outcome of
antimicrobial therapy or combined treatment (antimicrobial plus

surgical intervention) of acute osteomyelitis. Our exclusion criteria
included case reports, expert opinions, experimental studies, infections associated with prosthetic implants, diabetic ulcers and nonorthopaedic bone infections (facial, cranium, ribs).
We searched the Medline, Embase, Ovid, Cochrane and Google
Scholar databases using the PubMed search engine. Our search
strategy included the following Medical Subject Headings (MeSH)
terms and Boolean operators: (“osteomyelitis”[MeSH Terms] OR

Section 2
“osteomyelitis”[All Fields]) OR “bone infection”[All Fields] OR
“osseous infection”[All Fields] AND (“classiﬁcation”[Subheading]
OR “classiﬁcation”[All Fields] OR “classiﬁcation”[MeSH Terms]). This
search process yielded 856 records. After rejection of duplicates and
irrelevant articles by their title or abstract, there remained 45 papers
for which full text was obtained. After careful screening against the
eligibility criteria, there were ultimately eight eligible articles left.
A second search process was run in parallel, as follows: acute [All
Fields] AND (“osteomyelitis”[MeSH Terms] OR “osteomyelitis”[All
Fields]) AND “humans”[MeSH Terms]. It yielded 3,339 results. After
removal of duplicates and rejection of irrelevant articles based on
their title or abstract, there were 56 studies remaining, for which
a full text was obtained. Eventually, after screening of these manuscripts against the eligibility criteria, another 11 eligible articles were
obtained. In addition, another 4 articles were added from handsearch of the relevant bibliographies, leading to a total of 23 eligible
articles (see Fig. 1).
OM is an inﬂammation of the bone and bone marrow caused
commonly by pyogenic bacteria, and rather infrequently by mycobacteria or fungi [1,2]. It is classically classiﬁed by the duration of its
clinical course as acute or chronic. Acute osteomyelitis represents
the early stage of the evolutionary process of the disease, usually
characterized by an intense clinical picture. Its diagnosis is based
on a combination of clinical, laboratory and imaging ﬁndings, with
a deﬁnitive diagnosis established by positive bacterial cultures of
aspirate, bone or blood samples [3]. A longstanding infection which
progresses to bone necrosis and sequestrum formation is termed
chronic OM [1,2,4]. This condition is usually characterized by more
subtle clinical ﬁndings, occasionally the presence of draining sinus
tracts, or may progress intermittently [5]. While the clinical diﬀerentiation is marked by necrosis and sequestrum formation, deﬁning
a speciﬁc time threshold beyond which an acute infection could be
considered chronic is diﬃcult [1,2]. The current literature is lacking
consistent criteria for a distinct time point that diﬀerentiates the
acute and chronic forms of infection. Nevertheless, this distinction
is of only limited value in adults as they are very rarely aﬀected by
acute OM and, even if this does occur, prompt diagnosis before transition to chronicity is often missed. On the contrary, in children,
who are frequently aﬀected by acute hematogenous OM, diﬀerentiating between acute and chronic types has practical implications
regarding the treatment plan and ﬁnal prognosis. This is mainly due
to the fact that younger patients have the ability to resorb, at least
to some degree, devitalized bone tissue, thereby removing foci of
“bioﬁlm type” of bacterial growth and potentiating the eﬀectiveness of early-instituted antimicrobial treatment [6]. Additionally,
the duration of this antimicrobial treatment diﬀers between acute
and chronic OM, with the acute form being treated with three to
six weeks of speciﬁc antimicrobials targeted at identiﬁed pathogens after initial empiric formulations, and the chronic form being
treated for up to six months with targeted antimicrobial therapy
without initial empiric therapy [7]. This is due to the fact that certain
pathophysiological changes that occur during the evolution of the
inﬂammatory process (such as pus formation, reparative reaction,
formation of involucrum and bone sequestration), which dictate
the treatment plan and prognosis, are time-dependent [8]. Consequently, the diﬀerentiation between an acute and chronic form,
especially in children, has important implications on the treatment
plan.
Some authors do not utilize strict temporal criteria for deﬁning
OM. In 1970, Waldvogel et al. emphasized the diﬃculty in distinguishing between acute and chronic OM in terms of clinical course
(type and duration of symptoms) or histologic ﬁndings [9,10]. They
classiﬁed all cases as either “initial episodes” or “recurrences.” An
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initial episode was thought of as representing an acute type of the
disease spectrum, while recurrences represented chronic cases. They
documented signiﬁcantly higher treatment failures in “recurrences”
as compared to the “initial episodes” for both hematogenous cases
(p = 0.003) and those secondary to a contiguous focus of infection (p
= 0.0005). The same deﬁnition of acute OM as “initial episode” was
adopted by Lieu et al. in a retrospective study of 95 patients aged less
than 17 years [11]. Fifty-ﬁve percent of them had been treated conservatively, while the remaining 45% had received combined treatment
(antimicrobial therapy plus surgery). A recurrence rate of only 8.5%
was documented. Other authors utilized a list of clinical, laboratory
and imaging criteria to deﬁne acute OM in children and adolescents
[12–14].
Various temporal thresholds have been used to deﬁne acute OM
(Fig. 1). The shortest time threshold was one week, and was documented in three studies reporting on pediatric populations (584
children) [15–18]. The percentage of surgical intervention across all
three studies ranged from 5.3% to 56%, and the recurrence rate of
the infection ranged from 0 to 12% (pooled estimate of eﬀect size
for recurrence rate [random eﬀects model]: 3.5%, 95% conﬁdence
interval (CI): 0.1 to 11.5%, with signiﬁcant statistical heterogeneity: I2
= 87%). In one study, a sub classiﬁcation of acute hematogenous OM
was proposed into early-acute OM (diagnosed within 48 hours of
onset in children over one year of age), late-acute OM (diagnosed at
5 days or more in children over 1 year of age) and neonate-infantile
type [16]. The rationale for this classiﬁcation was based on the ﬁndings of the study that the success rate of antimicrobial treatment
was 92% for early-acute type versus 25% for late-acute OM. Another
commonly-used threshold was two weeks and was utilized by studies
reporting on either pediatric [19–21], adult [22] or mixed populations
[23]. Two out of the three studies dealing with the pediatric population reported on the recurrence of the acute infection, which ranged
from 0 to 7% (pooled estimate of eﬀect size [random eﬀects model]:
3.6%, 95% CI: 0.02 to 13%, I2 = 79%), with the rate of operative intervention ranging from 8 to 44% [19,20]. Finally, in one study reporting on
open, infected bone wounds of the distal ﬁbula/tibia, an acute infection was considered when the duration of open wound drainage was
less than six weeks [24].
The deﬁnition of chronic OM is much more variable in the literature. Various lower limits of duration of symptoms exist, above which
a chronic osseous infection is considered (Figs. 2 and 3). These range
from at least a week in one study [17] to at least six months in three
studies [25–27]. In-between, there are studies using the lower limits
of two weeks [23], six weeks [24], one month [22] and two months
[28]. However, in all studies the most consistent sign of chronicity
of infection was bone sequestration. In a recent systematic review of
the literature on the classiﬁcation on the long bone OM the authors
concluded that the terms acute/chronic OM are unreliable and do
not inﬂuence the diagnostic workup or the principles of medical or
surgical management [29].
Given the great variability of deﬁnitions for acute and chronic
OM existing in the literature, we conclude that these terms are
impractical in most cases as they lack accuracy in describing the
underlying disease, and cannot dictate the treatment plan or predict
prognosis. An exception to the above conclusion is the pediatric
cases of acute OM due to the greater capacity of the younger patients
to absorb necrotic bone and, therefore, to potentiate the eﬀects
of medical treatment. Additional variation in the treatment plan
between acute and chronic forms of OM is in the duration of antimicrobial treatment. Lima et al. concluded that in acute cases patients
should be given initial empiric antimicrobial treatment followed by
targeted treatment for three to six weeks, while chronic cases require
up to six months of targeted therapy [7].
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1st Search Process
(osteomyelitis OR “bone infection” OR
“osseous infection” AND classification)

2nd Search Process

Search details: “osteomyelitis”[MeSH Terms]
OR “osteomyelitis”[All Fields]) OR “bone
infection”[All Fields] OR “osseous
infection”[All Fields] AND
(“classification”[Subheading] OR
“classification”[All Fields] OR
“classification”[MeSH Terms])

acute osteomyelitis (in humans)
Search details: (acute[All Fields]
AND (“osteomyelitis”[MeSH Terms]
OR “osteomyelitis”[All Fields]))
AND “humans”[MeSH Terms]

Retrieved articles
(n = 856)

Retrieved articles
(n = 3,339 results)

Records screened
(n = 45)

Records screened
(n = 56)

Eligible articles
(n = 8)

Eligible articles
(n = 11)

Eligible articles
from hand-search
of bibliographies
(n = 4)

Finally eligible articles (n = 23)
FIGURE 1. Search strategy ﬂow chart.

REFERENCES
[1]
[2]

[3]
[4]

Patzakis MJ, Zalavras CG. Chronic posttraumatic osteomyelitis and infected
nonunion of the tibia: current management concepts. J Am Acad Orthop
Surg. 2005;13:417–427.
Mouzopoulos G, Kanakaris NK, Kontakis G, Obakponovwe O, Townsend R,
Giannoudis PV. Management of bone infections in adults: the surgeon’s and
microbiologist’s perspectives. Injury. 2011;42 Suppl 5:S18–S23. doi:10.1016/
S0020-1383(11)70128-0.
Conterno LO, Turchi MD. Antibiotics for treating chronic osteomyelitis in
adults. Cochrane Database Syst Rev. 2013. doi:10.1002/14651858.CD004439.
pub3.
Carek PJ, Dickerson LM, Sack JL. Diagnosis and management of osteomyelitis. Am Fam Physician. 2001;63:2413–2420.

[5]
[6]
[7]

[8]
[9]

Lew DP, Waldvogel FA. Osteomyelitis. N Engl J Med. 1997;336:999–1007.
doi:10.1056/NEJM199704033361406.
Calhoun JH, Manring MM, Shirtliﬀ M. Osteomyelitis of the long bones.
Semin Plast Surg. 2009;23:59–72. doi:10.1055/s-0029-1214158.
Lima ALL, Oliveira PR, Carvalho VC, Cimerman S, Savio E, Diretrizes Panamericanas para el Tratamiento de las Osteomielitis e Infecciones de Tejidos
Blandos Group. Recommendations for the treatment of osteomyelitis. Braz
J Infect Dis. 2014;18:526–534. doi:10.1016/j.bjid.2013.12.005.
Lew DP, Waldvogel FA. Osteomyelitis. Lancet Lond Engl. 2004;364:369–379.
doi:10.1016/S0140-6736(04)16727-5.
Waldvogel FA, Medoﬀ G, Swartz MN. Osteomyelitis: a review of clinical
features, therapeutic considerations and unusual aspects. N Engl J Med.
1970;282:198–206. doi:10.1056/NEJM197001222820406.

Section 2

Diagnosis

FIGURE 2. Temporal evolution of osteomyelitis over a period of one year as deﬁned in included studies.

FIGURE 3. Time of onset (weeks) of chronic osteomyelitis, as deﬁned in the included studies.

713

714 Part V

Trauma

[10] Waldvogel FA, Medoﬀ G, Swartz MN. Osteomyelitis: a review of clinical
features, therapeutic considerations and unusual aspects (second of three
parts). N Engl J Med. 1970;282:260–266. doi:10.1056/NEJM197001292820507.
[11] Liu RW, Abaza H, Mehta P, Bauer J, Cooperman DR, Gilmore A. Intravenous
versus oral outpatient antibiotic therapy for pediatric acute osteomyelitis.
Iowa Orthop J. 2013;33:208–212.
[12] Scott RJ, Christofersen MR, Robertson WW, Davidson RS, Rankin L, Drummond DS. Acute osteomyelitis in children: a review of 116 cases. J Pediatr
Orthop. 1990;10:649–652.
[13] Goergens ED, McEvoy A, Watson M, Barrett IR. Acute osteomyelitis and
septic arthritis in children. J Paediatr Child Health. 2005;41:59–62. doi:10.1111/
j.1440-1754.2005.00538.x.
[14] Mahmoudi S, Pourakbari B, Borhani K, Khodabandeh M, Valian SK, AzizAhari A, et al. Acute osteomyelitis and septic arthritis in children: a referral
hospital-based study in Iran. Wien Med Wochenschr. 2017;167:259–263.
doi:10.1007/s10354-017-0583-1.
[15] O’Brien T, McManus F, MacAuley PH, Ennis JT. Acute haematogenous osteomyelitis. J Bone Joint Surg Br. 1982;64:450–453.
[16] Cole WG, Dalziel RE, Leitl S. Treatment of acute osteomyelitis in childhood.
J Bone Joint Surg Br. 1982;64:218–223.
[17] Lauschke FH, Frey CT. Hematogenous osteomyelitis in infants and children
in the northwestern region of Namibia. Management and two-year results.
J Bone Joint Surg Am. 1994;76:502–510.
[18] Labbé J-L, Peres O, Leclair O, Goulon R, Scemama P, Jourdel F, et al. Acute
osteomyelitis in children: the pathogenesis revisited? Orthop Traumatol
Surg Res. 2010;96:268–275. doi:10.1016/j.otsr.2009.12.012.
[19] Riise ØR, Kirkhus E, Handeland KS, Flatø B, Reiseter T, Cvancarova M, et al.
Childhood osteomyelitis-incidence and diﬀerentiation from other acute
onset musculoskeletal features in a population-based study. BMC Pediatr.
2008;8:45. doi:10.1186/1471-2431-8-45.

[20] Jagodzinski NA, Kanwar R, Graham K, Bache CE. Prospective evaluation of a shortened regimen of treatment for acute osteomyelitis and
septic arthritis in children. J Pediatr Orthop. 2009;29:518–525. doi:10.1097/
BPO.0b013e3181ab472d.
[21] Street M, Puna R, Huang M, Crawford H. Pediatric acute hematogenous osteomyelitis. J Pediatr Orthop. 2015;35:634–639. doi:10.1097/
BPO.0000000000000332.
[22] Romanò CL, Romanò D, Logoluso N, Drago L. Bone and joint infections in
adults: a comprehensive classiﬁcation proposal. Eur Orthop Traumatol.
2011;1:207–217. doi:10.1007/s12570-011-0056-8.
[23] Prieto-Pérez L, Pérez-Tanoira R, Petkova-Saiz E, Pérez-Jorge C, Lopez-Rodriguez C, Alvarez-Alvarez B, et al. Osteomyelitis: a descriptive study. Clin
Orthop Surg. 2014;6:20–25. doi:10.4055/cios.2014.6.1.20.
[24] May JW, Gallico GG, Lukash FN. Microvascular transfer of free tissue
for closure of bone wounds of the distal lower extremity. N Engl J Med.
1982;306:253–257. doi:10.1056/NEJM198202043060501.
[25] Weiland AJ, Moore JR, Daniel RK. The eﬃcacy of free tissue transfer in the
treatment of osteomyelitis. J Bone Joint Surg Am. 1984;66:181–193.
[26] Jones HW, Harrison JW, Bates J, Evans GA, Lubega N. Radiologic classiﬁcation of chronic hematogenous osteomyelitis in children. J Pediatr Orthop.
2009;29:822–827. doi:10.1097/BPO.0b013e3181b76933.
[27] Marais LC, Ferreira N, Aldous C, Le Roux TLB. The outcome of treatment
of chronic osteomyelitis according to an integrated approach. Strategies
Trauma Limb Reconstr. 2016;11:135–142. doi:10.1007/s11751-016-0259-1.
[28] Gordon L, Chiu EJ. Treatment of infected non-unions and segmental defects
of the tibia with staged microvascular muscle transplantation and bonegrafting. J Bone Joint Surg Am. 1988;70:377–386.
[29] Hotchen AJ, McNally MA, Sendi P. The classiﬁcation of long bone osteomyelitis: a systemic review of the literature. J Bone Jt Infect. 2017;2:167–174.
doi:10.7150/jbji.21050.

• • • • •
Authors: Mitch Harris, Abhiram R. Bhashyam, Andre Shaﬀer

QUESTION 5: Is synovial ﬂuid or fracture hematoma always aseptic? If not, could this play a role
in acute infection or periprosthetic joint infection (PJI) after open reduction and internal
ﬁxation (ORIF)?
RECOMMENDATION: Fracture hematoma is not always aseptic. It is unknown if synovial ﬂuid is always aseptic. In addition, it is unclear if this
plays a role in acute infection or fracture-related infection (FRI) after ORIF.
LEVEL OF EVIDENCE: Moderate
DELEGATE VOTE: Agree: 95%, Disagree: 5%, Abstain: 0% (Unanimous, Strongest Consensus)
RATIONALE
The association between soft-tissue conditions and infection has
been well-known since the 1970s, when Gustilo and Anderson
described how the major risk factor for post-traumatic infection
following open fracture was the quality of the soft tissue envelope
[1]. More recent evidence has demonstrated how traumatized host
tissue can result in altered vascularization, decreased perfusion,
increased endothelial permeability and decreased oxygenation; all of
which can compromise the body’s innate ability to resist local infection [1,2]. The prevailing theory of infection is that it is secondary to
inoculation of pathologic microorganisms in traumatized tissues;
however, it is unclear how infection occurs in closed trauma if there
is no bacterial contamination through an open wound [2]. Some
have questioned the common belief that synovial ﬂuid and fracture
hematoma is always aseptic based on evidence from other surgical
ﬁelds that demonstrated how bacterial balance within presumably
clean soft tissues aﬀects the likelihood of soft tissue healing versus
infection [3].
Two recent studies explored if fracture hematoma or callus
was aseptic. In contrast to the prevailing view that these tissues are
always clean, both studies found that 14 to 40% of the deep tissues
grew bacteria when cultured, but no study has replicated these ﬁnd-

ings with synovial ﬂuid. Szczesny et al. used conventional and molecular bacterial detection methods to determine if bacteria colonized
lower limb soft tissues and bone following closed fractures in 71
patients. Cultures of fracture callus were positive in 26.7% of patients
and bacterial rRNA was isolated in 41% of patients [4]. Similarly, FontVizcarra et al. evaluated the presence of positive cultures from hematoma in 109 patients with femoral neck fractures. They found that
fracture hematoma was positive in 31.2% of all patients [2]. In both
studies, the most common cultured organism was S. epidermidis.
Based on recent basic science data, the presumed mechanism of
infection of the deep tissues was that high-stress conditions resulted
in decreased ability to contain skin and mucosal ﬂora, leading to
seeding of traumatized soft tissues/hematoma by lymphatic spread
or transient bacteremia [1,2,4].
Although there is good evidence that fracture hematoma is not
always aseptic, it remains unclear if the bacteria within the deep
tissues play a role in acute infection or PJI after ORIF. Font-Vizcarra
et al. did not ﬁnd that culture positivity was a risk factor for early
post-traumatic infection unless the specimen grew gram-negative
rods [2]. Similarly, positive cultures from the fracture callus was not
associated with non-union following closed tibia or femur fractures

Section 2
[4]. Based on this data, it is unknown what bacterial load is necessary
to evoke infection and overwhelm the host response [3].
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QUESTION 6: What is the relationship between implanted metal and colonization under a
vacuum-assisted closure (VAC) in open fractures?
RECOMMENDATION: The use of negative pressure wound therapy (NPWT or VAC) over exposed orthopaedic implants has been reported but its
role remains unknown. Furthermore, no evidence exists regarding the eﬀect of NPWT on the colonization of metal implants in open fractures.
Further research is required to provide more insight into this question.

LEVEL OF EVIDENCE: Consensus
DELEGATE VOTE: Agree: 100%, Disagree: 0%, Abstain: 0% (Unanimous, Strongest Consensus)
RATIONALE
NPWT has emerged as a promising modality for the treatment of
open fracture wounds between operative debridements and delayed
wound closure or coverage [1,2]. Traditional management of fractures
with soft tissue defects included wet-to-dry dressings with the risk of
wound contamination and infection rates reportedly as high as 50%
[3]. In addition to providing a semiocclusive dressing, NPWT mechanisms of action include stabilization of the wound environment,
reduction of wound edema, improvement of tissue perfusion and
stimulation of cells at the wound surface [1]. While initial randomized controlled trials (RCTs) favored NPWT in reducing infection in
open fractures [4], a recent Cochrane database review found little
diﬀerence compared to standard dressings [5]. The ability to successfully clear the infection may be tied to the VAC’s eﬀect on the wound
bioburden [6].
A recent systematic review identiﬁed 24 studies investigating the
topic of bacterial growth and NPWT, but none contained exposed
implants [6]. The authors identiﬁed 10 experimental studies, 4 RCTs,
6 clinical studies and 4 using an instillation VAC system [6]. Of the
RCTs, only one quantiﬁed bacterial proliferation and performed
species analysis. Moues et al. found that NPWT selectively reduced
non-fermentative gram-negative bacilli (NFGNB) but increased the
proliferation of S. aureus [7]. The other three RCTs found no diﬀerence
with the NPWT in regard to reduced bacterial growth or number
of positive cultures [6]. The authors of this review concluded that
there was a lack of concensus in the literature if the NPWT increases,
decreases, or has no eﬀect on the wound bioburden.
Perhaps even less is known about the relationship between
implanted metal and colonization under a NPWT device in open
fractures, as no studies have investigated this topic. The main reason
is that contemporary “ﬁx and ﬂap” open fracture treatment does not
advocate the use of NPWT devices over exposed metal. Some cases
where this treatment might be an option include: (a) open fracture
treated initially with hardware that undergoes wound breakdown,
(b) if hardware removal at debridement is not feasible or would dras-

tically compromise limb stability or (c) the patient is not a medical
candidate for additional soft tissue coverage or additional surgery
[8]. In such cases, the recommendation is to perform a secondary
early coverage with local or distant ﬂaps, but NPWT is not an option
for deﬁnitive treatment. While case reports and small series have
described the use of a wound VAC over exposed orthopaedic hardware in other instances [8–13], no studies have included bacterial
proliferation or speciation analysis.
In conclusion, while there is evidence supporting the safety and
eﬃcacy of NPWT over exposed metal for a period of time without
infectious complications, there are no published studies investigating this in associaton with open fractures. While the use of NPWT
in open fractures with exposed metal is a viable option, it is not a part
of the contemporary treatment of open fractures. Further research
and study into implant colonization under a NPWT will be required
before such a practice can be routinely recommended.
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3.1. TREATMENT: ANTIBIOTICS AND NONOPERATIVE MANAGEMENT
Authors: Willem-Jan Metsemakers, Charalampos Zalavras

QUESTION 1: What is the most optimal prophylaxtic antibiotic coverage and treatment
duration for open fractures of long bones?
RECOMMENDATION:

The use of prophylactic antibiotics for open fractures of long bones has a protective eﬀect against early infection.
Antibiotics should be administered as soon as possible after the injury. The antibiotic of choice should target gram-positive organisms. Additional
coverage for gram-negative organisms should be considered for patients with high-energy open fractures. Antibiotics should not be continued for
more than 72 hours after wound closure.

LEVEL OF EVIDENCE:
•
•
•
•

Eﬃcacy of prophylactic antibiotics – Strong
Timing of prophylactic antibiotics – Moderate
Choice of antibiotics – Limited
Treatment duration – Moderate

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

Choice of Antibiotics

Antibiotic administration has been shown to decrease the infection rate in open fractures in randomized controlled trials [1,2] as
well as systematic reviews [3,4]. Patzakis et al. demonstrated for
the ﬁrst time the beneﬁt of antibiotics in a prospective, randomized study [1], in which the infection rates for cephalothin versus
penicillin with streptomycin versus no antibiotics were 2.3%, 9.7%,
and 13.9%, respectively. In a Cochrane review data from 1,106 participants in eight studies were analyzed. The use of antibiotics had a
protective eﬀect against early infection compared with no antibiotics or placebo (risk ratio (RR) 0.43, 95% conﬁdence interval (CI)
0.29 to 0.65, absolute risk reduction 0.07 [95% CI 0.03 to 0.10]). [3].
Another more recent systematic review also suggested a large,
consistent reduction in infection risk with antibiotic use (RR 0.37,
95% CI, 0.21 to 0.66) [4].

Target organisms for prophylactic administration should be
contaminants in the wound. Studies evaluating the microbiology of
open fracture wounds have consistently shown that most contaminants are gram-positive organisms [6,7]. A study of 616 type I and II
open fractures of the tibia reported that bacterial contamination at
the fracture site consisted of a similar distribution of gram-positive
(75 to 78%) and gram-negative (22 to 26%) species upon arrival at the
emergency department, at the start of the operation, and at wound
closure [6]. Methicillin-resistant Staphylococcus aureus (MRSA) were
absent among the strains isolated at these stages [6].
The importance of antibiotics covering gram-positive organisms (usually a ﬁrst-generation cephalosporin) is widely agreed
upon. However, the necessity of coverage against gram-negative
organisms or against anaerobes remains controversial.
No studies in the literature have directly compared grampositive coverage to combined gram-positive and gram-negative
coverage. Patzakis et al. recommended addition of aminoglycosides
in all open fractures and reported a reduction in the infection rate
from 14.6% in open tibias treated with a cephalosporin (from 1976
to 1977) to 4.5% in open tibias treated with both a cephalosporin
and an aminoglycoside (1979 to 1980). However, this was not a
direct comparison but instead a comparison of patients treated in
diﬀerent time periods in two prospective studies [8]. Gustilo et al.
reported that 77% of cultures isolated from infected open fractures
were of gram-negative bacteria and advocated addition of aminoglycosides for type III open fractures [9]. Similarly, Vasenius et al. in a
randomized controlled trial of clindamycin vs. cloxacillin reported
high surgical site infection (SSI) rates in type III open fractures and
advocated addition of an aminoglycoside in these severe open tibia
fractures [10].

Timing
In a retrospective study of type III open tibial fractures by Lack
et al., administration of systemic antibiotics more than 66 minutes
after injury was signiﬁcantly and independently associated with
deep infection (odds ratio (OR), 3.78, 95% CI, 1.16 to 12.31) [5].
Based on the quality and quantity of available evidence, the
initial strength of the recommendation for early administration of
antibiotics would be limited. However, we can upgrade this recommendation to one of moderate strength based on the following
factors: (a) there is strong evidence that antibiotics need to be given
and (b) delaying the necessary administration of antibiotics does not
convey any beneﬁt that could balance the potential risk of increased
infection rate with delayed administration.
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Contamination of open fracture wounds with gram-negative
organisms, although less frequent, still occurs [6,7] and a severe open
fracture may be misclassiﬁed due to limitations in the interobserver
agreement of the Gustilo-Anderson classiﬁcation [11]. However, the
SSI rates of Gustilo type I and II fractures have been consistently low
in the literature even with narrow-spectrum antibiotics that mainly
target gram-positive species [9].
Therefore, administration of a ﬁrst-generation cephalosporin
is recommended for Gustilo I and II fractures [12–14] and additional
administration of an antibiotic with good gram-negative coverage is
recommended in Gustilo type III (e.g., aminoglycoside or 3rd generation cephalosporins) [13,14,15,16]. Aminoglycosides may cause nephrotoxicity, especially in the setting of renal disease or dysfunction;
therefore, renal function should be considered beforehand. Pannell
et al. reported that gentamicin use during treatment of open fractures does not lead to increased rates of renal dysfunction when used
in patients with normal baseline renal function [17]. Unfortunately,
renal function is often not known at the time of initial admission of
antibiotics.
Anaerobic coverage (e.g., penicillin, clindamycin or metronidazole) is recommended in the presence of potential clostridial
contamination (e.g., fecal contamination or farm-related injuries)
[13,14]. However, no study has compared anaerobic coverage in such
injuries. A group developing guidelines for combat injuries that are
severely injured and contaminated did not recommend anerobic
coverage, but instead emphasized early and thorough debridement.
The emergence of antimicrobial resistance in bacteria has
created concerns about the adequacy of current antibiotic protocols, especially against MRSA. However, a randomized controlled
trial comparing vancomycin and cefazolin versus only cefazolin in
101 patients with open fractures found no diﬀerence in the infection
rates between the groups: 19% in the group receiving vancomycin
and cefazolin versus 15% in the cefazolin only group [18]. As a result,
the routine use of vancomycin in open fractures cannot be recommended based on available data.
Duration
Two randomized controlled trials compared one to ﬁve days of
antibiotics in the management of open fractures [6,19]. Both studies
reported that the infection rates were similar in the one-day and
the ﬁve-day groups and advocated against the prophylactic administration of antibiotics for ﬁve days. However, no randomized
controlled studies have compared one-day, two-day, or three-day
antibiotic prophylaxis. A retrospective case control study of 1,492
open fractures by Dunkel et al. showed after multivariate analysis
that there was no signiﬁcant diﬀerence in infection risk for one-day
prophylaxis compared with longer regimens [20]. Although the OR
for infection in the two/three-day group compared to the one-day
group was 0.6 (95% CI, 0.2 to 2.0) in all fractures and 0.3 (95% CI, 0.1
to 3.3) in type III fractures. These lower ORs were not found to be
signiﬁcant.
Prolonged prophylactic administration of antibiotics beyond
72 hours is not recommended. In the absence of additional data for
type I and II open fractures we would recommend administration
of antibiotics for at least 24 hours after wound closure, but not to
exceed 72 hours. In type III fractures we recommend 72 hours of anti-

biotic administration or 24 hours after closure or soft tissue coverage
of the wound, in agreement with existing guidelines [13,15,16,21].
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QUESTION 2: What antibiotic(s) should be used for low-energy open fractures? What
antibiotic(s) should be used for high-energy open and grossly-contaminated fractures?
RECOMMENDATION:
1. Antibiotic treatment targeting gram-positive organisms is recommended as soon as possible for all open fractures;
low- and high-energy.
2. In high-energy or grossly-contaminated open fractures, additional antibiotics should be considered for gram-negative coverage.

LEVEL OF EVIDENCE: 1. Strong; 2. Limited
DELEGATE VOTE: Agree: 95%, Disagree: 0%, Abstain: 5% (Unanimous, Strongest Consensus)
RATIONALE
Open fractures are those that occur with associated skin and overlying soft tissue disruption, resulting in communication between the
fracture site and the external environment [1]. The amount of energy
imparted to an extremity during trauma results in a greater or lesser
degree of bone and soft tissue compromise. Many authors have
attempted to use diﬀerent classiﬁcations to correlate the degree or
amount of energy and the tissue compromise. The most commonly
used is one described by Anderson et al. [2], later modiﬁed by Gustilo
et al. [3]. For the purpose of this document, this deﬁnition will be
used and correlated with the degree of energy associated. According
to this classiﬁcation, type I fractures are characterized by a wound of
< 1 cm with minimal contamination, comminution and soft-tissue
damage (these are low-energy). Type II features lacerations of > 1 cm
and moderate soft- tissue injury, but wound coverage is adequate
and periosteal stripping is not extensive (moderate energy). Type III
fractures are divided into three subtypes and are all considered as
high-energy. Type IIIA is characterized by high-energy trauma, extensive soft-tissue damage and substantial contamination, but wound
coverage remains adequate after debridement has been completed.
Type IIIB displays inadequate wound coverage following debridement and coverage procedures are required. Type IIIC is an open fracture associated with an arterial injury requiring repair.
One of the main purposes of this classiﬁcation, besides description, is the correlation with infection rates which have been shown to
increase correspondingly [4]. Rates of infection have been reported
to range from 0% to 2% for type I, 2% to 5% for type II, 5% to 10% for
type IIIA, 10% to 50% for type IIIB, and 25% to 60% for type IIIC3 [2,3,5].
Prophylactic antibiotics have become a standard for open fractures
since 1974 when Patzakis et al. [6] demonstrated in his prospective
study that cephalothin had signiﬁcantly lowered the infection rate
to 2.3 % compared with 13.9% in the control group. This ﬁnding was
later conﬁrmed by a systematic review demonstrating that the use of
antibiotics had a protective eﬀect against early infection compared
with no antibiotics or placebo [7].
The eﬃcacy of ﬁrst-generation cephalosporins for open fractures
has been conﬁrmed in level I and II studies [7,8]. As initially reported
by Gustilo et al. [3], type III fractures had a high rate of gram-negative
infections, which supports the addition of an aminoglycoside or a
third-generation cephalosporin. A diﬀerent, prospective randomized study of severe open tibia fractures (type II and III) comparing

ﬁrst-generation cephalosporin and third-generation cephalosporin
showed no statistical diﬀerence in the rate of infection [9]. The
Surgical Infection Society Guideline: Prophylactic Antibiotic Use in Open
Fractures: an Evidence-Based Guideline recommends the administration of ﬁrst-generation cephalosporin for 24-48 hours preoperatively
as a safe and eﬀective prophylactic choice in patients with type I
open fractures [10]. The East Practice Management Guidelines Work
Group: Update to Practice Management Guidelines for Prophylactic Antibiotic Use in Open Fractures recommends that preoperative antibiotic
prophylaxis for coverage of gram-positive organisms should begin
for patients with open fractures as soon as possible after injury [11].
For type III fractures, additional coverage for gram-negative organisms may be given as these fractures are considered highly contaminated, although this aspect is not yet clearly supported by high-level
studies [12].

REFERENCES
[1]
[2]

Sop JL, Sop A. Fracture, Open. 2018; Statpearls Publishing.
Gustilo R, Anderson J. Prevention of infection in the treatment of one thousand and twenty-ﬁve open fractures of long bones. J Bone Joint Surg Am.
1976;58-A:453–458. doi:10.2106/00004623-197658040-00004.
[3] Gustilo RB, Mendoza RM, Williams DN. Problems in the management of
type III (severe) open fractures- a new classiﬁcation of type III open fractures. J Trauma. 1984;24(8):742–746
[4] Kim PH, Leopold SS. In brief: Gustilo-Anderson classiﬁcation. [corrected].
Clin Orthop Relat Res. 2012;470:3270–3274. doi:10.1007/s11999-012-2376-6.
[5] Patzakis MJ, Wilkins J. Factors inﬂuencing infection rate in open fracture
wounds. Clin Orthop Relat Res. 1989:36–40.
[6] Patzakis J, Harvey JP, Ivler D. The role of antibiotics in the management of
open fractures. J Bone Joint Surg Am. 1974;56:532–541.
[7] Gosselin RA, Roberts I, Gillespie WJ. Antibiotics for preventing infection in
open limb fractures. Cochrane Database Syst Rev. 2009. doi:10.1002/14651858.
CD003764.pub2.
[8] Halawi MJ, Morwood MP. Acute management of open fractures: an evidencebased review. Orthopedics. 2015;38:e1025–e1033. doi:10.3928/0147744720151020-12.
[9] Johnson K, Bone L, Scheinberg, R. Severe open tibial fractures: a study
protocol. J Orthop Trauma. 1988;2(3):175–180.
[10] Hauser C, Adams C, Eachempati S. Surgical Infection Society Guideline:
prophylactic antibiotic use in open fractures: an evidence-based guideline.
Surg Infect (Larchmt). 2006;7:379. doi:10.1089/sur.2006.7.379.
[11] Hoﬀ WS, Bonadies JA, Cachecho R, Dorlac WC. East Practice Management
Guidelines Work Group: update to practice management guidelines for
prophylactic antibiotic use in open fractures. J Trauma. 2011;70:751–754.
doi:10.1097/TA.0b013e31820930e5.
[12] Barie PS. Breaking with tradition: evidence-based antibiotic prophylaxis of open fractures. Surg Infect (Larchmt). 2006;7:327–329. doi:10.1089/
sur.2006.7.327.

• • • • •

720 Part V

Trauma
Authors: Willem-Jan Metsemakers, Mario Morgenstern

QUESTION 3: What is the optimal mechanism for delivery of local antibiotics in
contaminated or infected wounds?
RECOMMENDATION: There is moderate evidence to support the use of local antibiotic delivery in contaminated or infected wounds. Future data
collection seems important to improve our knowledge on this topic.

LEVEL OF EVIDENCE: Moderate
DELEGATE VOTE: Agree: 75%, Disagree: 15%, Abstain: 10% (Super Majority, Strong Consensus)
RATIONALE
The evidence regarding the optimal mechanism for delivery of local
antibiotics in contaminated or infected wounds is moderate. Open
limb fractures are often associated with considerable bone damage
including periosteal stripping, extensive soft-tissue trauma and
severe contamination [1,2]. This enables bacteria to establish a fracture-related infection (FRI) by breaching the damaged skin barrier
and adhering to non-living surfaces, such as implants or dead bone
fragments [3]. FRI, which occurs up to 30% of cases after complex
open fractures, is the one of the most signiﬁcant complication after
fracture ﬁxation and is associated with a signiﬁcant socio-economic
impact [4,5]. Therefore, one of the main objectives in the management of open fractures is infection prevention [6]. Overall, current
evidence on the local application of antibiotics in the prevention
of FRI is limited. Moreover, comparative studies on local antibiotics
and carriers are nonexistent.
With this in mind, a recent comprehensive literature search
was performed in PubMed, Web-of-Science and Embase [7]. Cohort
studies investigating the eﬀect of additional local antibiotic prophylaxis compared to systemic prophylaxis alone in the management of
open fractures were included and the data were pooled in a metaanalysis. Following screening and conﬁrmation of eligibility, 18
articles were available for analysis. Further review of these studies
revealed the absence of a control group in 10 case-series. Finally,
eight studies [8–15] with a total of 2,738 patients were eligible for
quantitative synthesis. The eﬀect of antibiotic loaded polymethyl
methacrylate (PMMA) beads was investigated by six [8–13] of these
studies and two [14,15] studies evaluated the eﬀect of local antibiotics applied without a carrier. Meta-analysis showed a signiﬁcantly
lower infection rate when local antibiotics were applied than in the
control group receiving standard systemic antibiotic prophylaxis
alone. This eﬀect was present in all three main Gustilo-Anderson
types. However, when evaluated by the ‘Grading of Recommendations Assessment Development and Evaluation (GRADE)’ approach,
it appeared that these results should be interpreted with caution due
to the low rating of the recommendation.
This low rating implies the uncertain impact of heterogeneity
and bias on the pooled data results [16]. Most studies used PMMA as
a carrier for application of local antibiotics. The studies by Henry et
al. [8] and Ostermann et al. [9,10] found a beneﬁcial eﬀect of locally
applied tobramycin PMMA beads. This ﬁnding was supported by
Keating et al. who reported a trend towards reduced risk of FRI with
the addition of local tobramycin-loaded PMMA beads [11]. Ziran et al.
also investigated the eﬀect of tobramycin-loaded PMMA beads and
reported a two-fold risk reduction in infection rate (31.3% vs. 16.7%)
[12]. However, due to the small sample size, the study is associated
with a considerable risk of bias and its results should be interpreted
with caution. Conversely, the only randomized control trial (RCT) in
this meta-analysis did not ﬁnd any beneﬁcial eﬀect in preventing FRI

with the use of tobramycin-loaded PMMA beads and even reported
an increased risk of FRI (8.3% vs. 5.3%). However, this study, conducted
by Moehring et al., is associated with a considerable risk of bias due
to patient prognostic factors not being reported, inadequate case
matching with regards to Gustilo-Anderson type and the absence of
a clearly deﬁned primary outcome [13].
Two studies investigated the eﬀect of local antibiotics without a
carrier [14,15]. In open articular tibial fractures, Singh et al. found no
beneﬁcial eﬀect of topical vancomycin, although this study is associated with a considerable risk of bias due to a small sample size, inadequate reporting of soft tissue involvement and length of followup [14]. The advantages of topical vancomycin include widespread
availability, low costs, eﬃcacy against most common pathogens and
limited concerns regarding inhibition of bone healing or osteogenic
cytotoxicity [17]. However, there are concerns that in the age of widespread antimicrobial resistance, the use of vancomycin should be
reserved for therapeutic, rather than prophylactic, purposes [15].
Lawing et al. investigated the eﬀect of locally injected aqueous
aminoglycosides in open fractures in a methodologically welldesigned observational trial. They found a signiﬁcantly reduced
infection rate (9.5%) compared to the control group (19.7%). There
was no obvious evidence that local aminoglycosides were inhibiting
bone healing since they were not associated with a higher non-union
rate [15]. O’Toole et al. recognized the missing evidence of topical
vancomycin in extremity fractures as well and recently published a
study outline of a planned multicenter RCT investigating its eﬀect
on FRI [17]. A qualitative analysis was performed on the ten studies
[18–27] that were excluded from the meta-analysis for a lack of
control group. Five of these studies investigated the eﬀect of PMMA
containing tobramycin [19,20,27] or the combination of tobramycin
and vancomycin [21,23] and reported an infection rate from 0% to
20.0%. Chaudhary et al. assessed the eﬃcacy of gentamicin impregnated collagen ﬂeece in the treatment of open fractures in a caseseries of 31 patients and reported an infection rate of 16.1% [25]. Cai
et al. observed no infection in 26 open long-bone fractures treated
with local vancomycin loaded calcium-sulfate pellets [24]. Three
series reported no deep infection after treating in total 22 open tibia
fractures with a poly (D,L-Lactide) (PDLLA)/gentamicin coated tibial
nail [18,22,26].
Overall, we can state that most evidence regarding local antibiotic carriers is limited to studies using local PMMA beads. Indeed,
antibiotic impregnated PMMA beads should not be neglected in the
acute management of open fractures. PMMA is non-biodegradable
and therefore requires surgical removal, which limits its application to cases that need a planned second-look operation. In addition, following the initial high antibiotic level release from PMMA,
there is a prolonged low-level antibiotic release that may be below
minimum inhibitory concentration (MIC) for potential pathogenic

Section 3
organisms. This might initiate a selection pressure that favors the
emergence of resistant strains, as well as a foreign body reaction [28].
As mentioned earlier there were also studies included in this review
that administered antibiotics without a carrier. The main disadvantage of locally administered antibiotics without a carrier is that there
is no controlled delivery of antibiotics directly into target tissues and
no sustained release over a suﬃcient time interval [28]. Biodegradable carriers overcome this issue and do not have the limitations of
PMMA. New absorbable biocomposites, such as gentamicin-loaded
calcium-sulfate/hydroxyapatite, have shown to be highly eﬀective in
treatment of chronic osteomyelitis [29]. Malizos et al. demonstrated
in a recently-published multicenter RCT that a fast-resorbable antibiotic loaded hydrogel signiﬁcantly reduced infection rates after
internal osteosynthesis of closed fractures [30]. However, evidence
in clinical literature on the eﬀectiveness of degradable carriers in
open fractures is limited. Our literature search identiﬁed only ﬁve
case-series analyzing the eﬀect of biodegradable antibiotic carriers
in open fractures. Even though these studies are associated with a
considerable risk of bias, the overall results are promising: no infections were reported in 26 open fractures treated with vancomycin
loaded calcium-sulfate pellets [24] and in 22 open tibia fractures
stabilized with a gentamicin coated tibial nail [18,22,26]. The study by
Chaudhary et al. did report some infections with the use of antibiotic impregnated collagen ﬂeece [25].
In conclusion, this systematic review is providing an overview
of most recent literature on local antibiotic prophylaxis in open
long-bone fractures, including various new absorbable carriers
[28,30,31]. The beneﬁcial eﬀect of local antibiotics in open limb fractures was proven by pooling data exclusively from cohort studies
that compared the eﬀect of additional local antibiotics to standard
systemic antibiotic prophylaxis. With respect to the type of carrier
that should be used, most available evidence exists on antibioticloaded PMMA beads. As PMMA has potential downsides, multiple
biodegradable carriers have been recently developed and some of
the new carriers seem promising (e.g., poly [D,L-Lactide] [PDLLA]/
gentamicin coating, fast-resorbable antibiotic loaded hydrogel). The
main limitation of this review and meta-analysis is the low quality
of evidence available in the literature. RCTs of suﬃcient statistical
power and bias limiting methodologies are required to corroborate the ﬁndings of this meta-analysis. Of critical importance is the
reporting of trials in accordance to agreed minimum datasets and,
in particular, the use of a standardized deﬁnition for FRI [32].
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QUESTION 4: Is there a role for a combination of local and systemic antibiotic delivery systems
to treat open fractures with overlying contaminated wounds?
RECOMMENDATION: The administration of systemic antibiotic and a local antibiotic delivery device (system) is an eﬀective treatment strategy
for open bone fractures with contaminated wounds.

LEVEL OF EVIDENCE: Moderate
DELEGATE VOTE: Agree: 87%, Disagree: 4%, Abstain: 9% (Super Majority, Strong Consensus)
RATIONALE
The use of local antiseptic or antibiotic in the treatment of open
bone fractures for infection prevention has a history of over
100 years, and this treatment approach continues today [1,2].
The use of systemic antibiotics for the treatment of open bone
fractures is supported by landmark clinical studies by Patzakis,
Harvey and Ivler, as well as Gustilo and Anderson [3,4]. Their early
studies indicated that systemic antibiotic treatment was therapeutic and prophylactic in preventing wound infections in open
bone fractures.
With the development of the addition of antibiotics, ﬁrst
in bone cement and later in other biomaterials, local antibiotic
delivery for the treatment of open bone fractures became a therapeutic option for infection prevention [1,4–8]. While several recent
reviews by Isaac et al., Warrender et al. and Gosselin et al. support
the role of systemic antibiotic delivery in the treatment of open
bone fractures [9–11], the 2014 systematic review by Craig et al.
directly addresses the role of systemic and local antibiotic delivery
in open tibia bone fractures [12]. Their study conclusion was,“The
ﬁndings support consideration of augmenting the antibiotic prophylaxis
regimen to include locally delivered antibiotics. Patients with severe fractures will obtain greatest beneﬁt from infections avoided” [12]. Another
key comment in the Craig et al. study conclusions is, “No trial
directly compared the two treatments for open tibia fractures, limiting the
ability to attribute the diﬀerences in observed infection rates directly to
the treatments themselves. A large comparative study to improve
the evidence on relative eﬀect size is merited ” [12]. A more recent
meta-analysis by Morgenstern et al. concluded that there is a risk
reduction with respect to infection of 11.9% if additional local antibiotics are given prophylactically for open limb fractures. Although
the authors stated that due to limited quality, heterogeneity and
considerable risk of bias, the pooling of data from primary studies
has to be interpreted with caution [13].
Despite the lack of the mentioned direct comparison study
and many other technical questions that range from antibiotic
therapy duration to antibiotic selection, several retrospective
studies do support the combination of systemic and local antibiotic delivery for infection prevention during the treatment of open
bone fractures.

Limitations
•

Used only English language journal articles for review
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QUESTION 5: What is the most optimal antibiotic treatment for chronic osteomyelitis?
RECOMMENDATION:

Antiobiotic selection should be culture-speciﬁc, if possible. No clear evidence exists to suggest that longer duration of
therapy (12 to 16 weeks) is superior to shorter duration (4 to 6 weeks). In addition, there is no evidence to support the proposition that intravenous
(IV) antibiotic treatment is superior to oral treatment.

LEVEL OF EVIDENCE: Limited
DELEGATE VOTE: Agree: 96%, Disagree: 4%, Abstain: 0% (Unanimous, Strongest Consensus)
RATIONALE
Chronic osteomyelitis remains a challenging problem in 2018. Recurrence of infection is common with a reported incidence of 20 to 30%
[1,2]. The disease includes a vast spectrum of clinical scenarios that
range from mandibular osteomyelitis arising as a result of dental
complications, chronic vertebral osteomyelitis, post-surgical and
post traumatic long bone osteomyelitis, pressure related chronic
osteomyelitis of the pelvis, calcaneus and other sites as well as
diabetic foot infections. Other disease processes also could be
included in this group. Complicating the picture is the fact that
these infections are caused by a multitude of pathogens and may
be polymicrobial. Management of chronic osteomyelitis usually
requires surgical debridement plus antibiotic therapy [3]. Because
of variations in surgical approaches and the recent use of local antibiotic delivery devices, recent literature contains multiple variables
that are diﬃcult, if not impossible to control for, to determine what
inﬂuence the systemic antibiotic played in the patient’s outcome.
Antibiotic Choice
Older literature that includes randomized control trials (RCTs)
often used an oral quinolone with a comparator parenteral agen
[4–7]. Gentry and Rodriguez prospectively compared ciproﬂoxacin
with cephalosporin or nafcillin plus aminoglycoside in 31 patients
with biopsy proven osteomyelitis. These two populations had
similar success rates of 77% and 79% respectively [4]. Mader et al.
evaluated 26 patients with chronic osteomyelitis with oral ciproﬂoxacin vs. “standard parenteral therapy” consisting of nafcillin, clindamycin and gentamicin singularly or in combination. Both groups
had similar success rates when evaluated two to three years after
treatment [7]. Gentry and Rodriguez compared 19 patients with oral
oﬂoxacin for 8 weeks with 14 patients with parenteral antibiotics for
4 weeks and found 74% and 86% success rates, respectively [5]. Gomis
et al. evaluated 32 patients who had susceptible chronic osteomyelitis with oral oﬂaxacin versus imipenem-cilastin and found cure
rates of 69% and 50%, respectively which were not statically signiﬁcantly diﬀerent [6]. Euba et al. compared 50 patients with Staphylococcal osteomyelitis comparing rifampin and clotrimoxazole
combined versus IV cloxacillin for 6 weeks with oral cloxacillin for
2 weeks. Treatment outcomes in these two groups were similar and
not statistically signiﬁcantly diﬀerent [8]. Norden et al. compared 19
patients with chronic post-traumatic chronic osteomyelitis using IV
Nafcillin or cephalothin with IV nafcillin plus rifampin and found
that cure rates were higher in the IV nafcillin plus rifampin group
but this was not statistically diﬀerent [9]. In the ﬁnal RCT, Sheftel
et al. studied ceftazidime vs. ticarcillin plus tobramycin for chronic
gram-negative osteomyelitis in 18 patients and found cure rates of
67% and 89%, respectively [10].
Finally, Spellberg and Lipsky published a review of systemic
antibiotic therapy for chronic osteomyelitis in Clinical Infectious

Disease in 2012 [11]. Included in that summary were 49 non-RCTs
that included 9 to 115 patients in each study with most studies
having 20 to 40 patients each. The study populations were diverse
and included patients with and without infected prostheses [11].
Surgical intervention was not universal in the studies and follow up
was variable. Despite these limitations, some lessons can be learned.
In the nonrandomized studies that included four to six weeks of a
parenteral ß-lactam, the cure rates were 60-90% [1]. Cure rates were
lower in patients that had chronic osteomyelitis with Pseudomonas
[11]. Cure rates were also lower in studies where vancomycin was
compared with ß-lactam agents for osteomyelitis caused by S. aureus
[11]. Fluoroquinolones were the best studied antibiotic group for
chronic osteomyelitis. Most studies reported cure rates of 60-80%
[11]. Rifampin also improved outcomes in several studies when
combined with ﬂuoroquinolones and other active agents for chronic
S. aureus osteomyelitis [11]. However, because of the numerous drug
interactions with rifampin, there are times when it is not advisable
to use rifampin. In addition, rifampin should never be used without
another known active agent due to the rapid development of
rifampin resistance that often occurs within just a few days. Regardless, the authors of this review were unable to recommend the best
agent for treatment [11].
Duration of Administration
Traditionally, six weeks of parenteral antibiotic therapy was
prescribed for chronic osteomyelitis combined with surgical
debridement [12,13]. Yet there is no clear advantage in the literature
that longer durations result in better treatment success than shorter
durations. In a recent systematic review, most of the included antibiotic therapy that was given was high-dose and administered for 12
to 16 weeks [11]. However, the available data in these studies is inconclusive to know if the higher doses or prolonged therapy improved
outcomes [11]. At this time, the literature does not oﬀer adequate
evidence to determine the optimal duration of antibiotic therapy
for chronic osteomyelitis [2,11,14,15].
Route of Administration
Recent evidence has shown that oral antibiotic therapy may
be equally as eﬀective as parenteral antibiotic therapy [2,11,15].
Conterno et al. conducted a Cochrane systematic review on antibiotics for treatment of chronic osteomyelitis in adults [2]. This review
included RCT or quasi-RCTs regarding antibiotic treatment used
after surgical debridement of chronic osteomyelitis in adults. They
found no diﬀerence between oral and parenteral antibiotic therapy.
This review was an update of a prior 2009 Cochrane review [16]. They
concluded that the quality of evidence available was limited to make
a deﬁnitive conclusion regarding antibiotic treatment of osteo-
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myelitis [2]. In the aforementioned review, Spellberg and Lipsky
suggested that chronic osteomyelitis can be eﬀectively treated based
on the antibiotic susceptibility of the pathogen(s) and pharmacokinetics with oral antibiotics as well as parenteral therapy. They
concluded that oral antibiotic therapy with the proper agent was an
eﬀective alternative to parenteral antibiotics [11].
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QUESTION 6: What is the recommended suppressive antibiotic therapy for the treatment of
chronic osteomyelitis after fracture ﬁxation when the implant cannot be removed?
RECOMMENDATION: Suppressive therapy with culture-speciﬁc antibiotics is aimed at allowing fracture healing prior to implant removal and
deﬁnitive infection management.

LEVEL OF EVIDENCE: Limited
DELEGATE VOTE: Agree: 100%, Disagree: 0%, Abstain: 0% (Unanimous, Strongest Consensus)
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RATIONALE
Infection after surgical treatment of fractures is a complication with
signiﬁcant morbidity, and in rare cases even mortality. Infections
have often been classiﬁed according to the time interval between
surgery and occurrence, although the distinction between acute and
chronic infections has recently been challenged. Early infections are
mainly caused by virulent microorganisms, such as Staphylococcus
aureus, and diagnosed within the ﬁrst three weeks of surgery. Delayed
infections are typically due to less virulent bacteria, such as coagulase-negative Staphylococci, and develop between 3 and 10 weeks.
Finally, late infections, occur after 10 weeks and are either caused by
haematogenous seeding or by recurrence of inadequately-treated
early infection [1]. Infections that occur following open reduction
internal ﬁxation (ORIF) are typically caused by bioﬁlm-forming
bacteria, which adhere to the implants [2]. In approximately one
week, a mature bioﬁlm already forming, which makes it less likely to
for antibiotics alone to eradicate bacteria [3].
Common treatment for implant-related infection obeys to three
established principles: surgical debridement, antibiotic therapy and
eventual implant removal or staged exchange. However, in ORIF and
with fracture-related infection (FRI), implant removal is unsuitable
because of resulting fracture instability that often leads to prolonged
infection [4,5]. This has consequences for the other aspects of treatment – if the implant is retained, the bioﬁlm remains. Surgical
debridement can remove the bulk of the bacterial load, but adjuvant
antibiotic therapy must be directed towards the bioﬁlm present. If
the implants are retained, treatment consists of thorough surgical
debridement, tissue cultures and long-term antibiotic suppressive
therapy with rifampin-based combination antibiotic therapy. To
date, only two classes of drugs have shown the properties that are
needed for control of bioﬁlm forming bacteria. Rifampin and other
rifamycins act on bioﬁlm active Staphylococci [6–11] and ﬂuoroquinolones on gram-negative bacilli [12,13].
In the event of retained hardware after debridement of an acute
infection following ORIF, the recommended antibiotic combination
therapy should start immediately after the ﬁrst surgical intervention
and consists of 10 days of intravenous (IV) vancomycin and rifampin.
Vancomycin was the agent of choice for empirical therapy because
of its activity against a broad spectrum of microorganisms, the high
incidence of gram-positive infections and the synergetic eﬀect with
rifampin [14–16]. Vancomycin therapy was started twice daily (1,000
mg IV), and was adjusted to maintain serum levels between 15 and
20 mcg/ml. Rifampin was given twice daily (450 mg IV). After tissue
cultures identify the responsible bacterial pathogens and susceptibility data becomes available, vancomycin therapy can be switched
to another, narrow spectrum antibiotic as indicated. Rifampin is
continued unless rifampin-resistant bacteria are found.
Zimmerli et al. [2,6] assessed the eﬀectiveness of this protocol
in a randomized controlled trial, and after the IV administration
period, oral combination antibiotic therapy with rifampin was
continued for ten additional weeks. They reported 100% success
in cases where both antibiotics were administered compared to
58% success when only ciproﬂoxacin was received. Barberan et al.
[17] and Drancourt et al. [18] also studied infection following ORIF
and evaluatied the eﬀect of antibiotic combination therapy with
rifampin reporting good results. Drancourt et al. [18] analyzed
both periprosthetic joint infection (PJI) and FRI treated with initial
retention and combination antibiotic therapy, and reported a
success rate of 48% after an average follow-up of 23.5 months. The
study of Barberan et al. [17] only included patients with infections following ORIF and demonstrated a success rate of 72%. In a
prospective observational cohort study, Tschudin-Sutter et al. [19]
analyzed 233 patients with orthopaedic implant-related infections

of which 52.4% (122/233) were infections related to ORIF, for which
the success rate was 90.2% (110/122) with the use of rifampin-combination regimen as suppressive therapy. This was seen on patients
with implant retention after two years of followup. Patients were
identiﬁed for inclusion using strict selection criteria (the duration of clinical symptoms was no longer than three weeks): stable
implant, intact soft tissues, no abscess or sinus tract and the causative pathogen was susceptible to antibiotics with activity against
surface-adhering microorganisms (i.e., rifampin for S. aureus or
coagulase-negative Staphylococci and ciproﬂoxacin for gramnegative pathogens) [19]. This is so far the largest study evaluating
patients with implant-associated infection managed with retention and long-term suppressive antibiotic therapy.
It is important to highlight the critical aspect of implant
stability, as loose implants cannot be retained even if infection
becomes evident at very early stages. Worlock et al. [4] demonstrated
in a rabbit model that unstable tibial fractures were associated with
signiﬁcantly higher rates of osteomyelitis than those which were
stable. These implants can often be retained when an acute infection
develops after fracture ﬁxation. Implant removal is generally undesirable in cases of acute infection as ORIF serves two diﬀerent goals.
First, the stability achieved by ﬁxation is critical for fracture healing.
When conditions are created in which micromotion between bone
fragments is possible, resorption and necrosis of the aﬀected bone
will occur [5]. Second, the aim of operative fracture management
and early mobilization is to prevent loss of function due to scarring
of the surrounding soft tissue or joint stiﬀness. Special consideration should be given to infections after intramedullary ﬁxation, with
the popular belief that eradication of the infection is not feasible
without implant exchange [20]. Chen et al. [21] reported on 23 infections following intramedullary (IM) nailing of the femur for fractures. The patients were divided into two groups where one group
with IM nails had their nails removed and an external ﬁxator was
placed. All femur fractures with retained IM nails healed (12/12) and
were infection free at followup of average 25 months. Only 7 of 11
patients (64%) in the external ﬁxator group healed. Whereas removal
or exchange of the implant provides the opportunity to remove the
bioﬁlm and thus reduce the bacterial load, in cases of implant retention the surgical debridement and adjuvant antibiotic therapy play
a more important role.
In conclusion, in the situation of FRI where debridement and
implant retention is chosen as the treatment strategy, rifampin
(rifamycins) can be an eﬀective adjuvant agent in suppressing grampositive organisms while ciproﬂoxacin (ﬂuoroquinolones) can be
eﬀective in suppressing gram-negative organisms.
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QUESTION 7: Is there a role for hyperbaric oxygen therapy (HBOT) and other non-antibiotic
methods for the treatment of chronic osteomyelitis/implant infections?
RECOMMENDATION: There is limited evidence for the eﬃcacy of hyperbaric oxygen (HBO) in the treatment of post-traumatic bone infections.
LEVEL OF EVIDENCE: Limited
DELEGATE VOTE: Agree: 86%, Disagree: 5%, Abstain: 9% (Super Majority, Strong Consensus)
RATIONALE
HBOT has been proposed as an adjunctive therapy in the management of refractory osteomyelitis, which was deﬁned as chronic osteomyelitis that persists or recurs after appropriate interventions have
been performed or where acute osteomyelitis has not responded to
accepted management techniques [1]. The procedure involves the
intermittent inhalation of 100% oxygen in chambers pressurized
above one atmosphere absolute (typically to about 2 to 2.5 atmosphere absolute (ATA)). It is based on the premise that increased tissue
oxygen levels will enhance healing. Although adverse events are
typically self-limiting, more serious potential complications include
baro-traumatic otitis, pneumothorax, myopia and seizures [2].
While initially there was some enthusiasm about the use of
HBOT in refractory osteomyelitis, this appears to have waned with
only one case series published since 2004 [3]. Prior to this, a small
number of descriptive studies were published that reported encouraging results [4,5]. A systematic review by Goldman in 2009 examined the evidence for HBOT in wound healing and limb salvage.
Five studies were classiﬁed as “moderate” strength evidence (the
remaining 10 being either “low” or “very low”) [6]. In the ﬁrst of
these Morrey et al., reported on the outcomes of HBOT in 40 patients
who had recurrent infection for more than 6 months after at least 1
surgical procedure [7]. Following surgery, antibiotics and HBOT, 85%
of patients were reported to be disease-free at one year.
Davis et al. performed a retrospective study on 38 patients with
actively draining wounds and at least 1 failed previous surgical procedure [8]. Complete healing was achieved, again in combination with

surgery and antibiotics, in 89% of cases. From 1998 to 2004 Chen et
al., published three overlapping case series involving patients who
presented with recurrence of infection following prior surgical
treatment [9–11]. The success rate of standard treatment, involving
aggressive debridement, antibiotics and HBOT, was reported as 79%
to 92% (note that the 2003 study was not included in the Goldstein
systematic review). The ﬁndings from all of these non-comparative
studies are however diﬃcult to interpret and confounded by the
fact that HBO was used as part of a multi-modal treatment strategy.
Furthermore, it is not clear if the initial failed surgical procedures
were performed by experienced musculoskeletal infection surgeons.
There was only one comparative study included in the Goldman
systematic review. Esterhai et al. performed a prospective non-randomized controlled trial and found that HBOT had no eﬀect on length
of hospitalization, initial clinical outcome or the late recurrence of
infection [12]. The only clinical study published since the systematic review in 2009, described the experience of a single center with
HBOT in general and did not provide a detailed description speciﬁc
to the chronic refractory osteomyelitis patients [3].
Recently, the eﬀect of HBOT on implant-associated infection was
further drawn into question. Büren et al. illustrated in a standardized murine model that HBOT did not have a beneﬁcial eﬀect on the
local infection or the immune response to the infection compared
to standard therapy alone [13]. Interestingly, they also noted delayed
bone healing and a higher rate of non-unions at 28 days in the
HBOT group. Ultimately, there is currently only limited evidence

Section 3
supporting the use of HBOT in post-traumatic infections and the
single study with a control arm reported no beneﬁt.
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QUESTION 1: Should all infected non-unions be treated in specialized septic centers?
RECOMMENDATION: The current literature, although rich in case series and observational studies, does not lend support to the
recommendation that “specialized septic surgery centers” should care for infected non-unions. However, because of the complexities
of infected non-unions, care in specialized centers may yield the best possible outcome.
LEVEL OF EVIDENCE: Limited
DELEGATE VOTE: Agree: 70%, Disagree: 21%, Abstain: 9% (Super Majority, Weak Consensus)
RATIONALE
Infected nonunion is the persistence of an infection at the fracture
site and the surrounding tissue and failure of bone healing for eight
months, (U.S. Food and Drug Administration). It could be considered
as an osteomyelitis at an unstable fracture before the debridement
and which remains unstable thereafter. It is commonly accompanied
by soft tissue problems, adjacent joint stiﬀness, motor and sensory
dysfunction of the limb, chronic pain, depression and unrelated
medical problems leading to considerable physical, social, ﬁnancial and mental impact on the life of the patient and the healthcare
systems and may even become a limb-threatening complication.
Bone healing and eradication of the infection is the main but
not the only objective because a non-functional and deformed limb
with pain and stiﬀness of the adjacent joints will be an unsatisfactory
outcome even if at some point the bone heals suﬃciently. Treatment
is aimed at returning the extremity and the patient to the fullest function possible during and after the treatment process. This process is
usually long-lasting and must be planned accordingly so that in case
of failure, further treatment alternatives remain available. Because
of the various nonunion types and the multitude of possible problems related to the patient’s health and comorbidity, such as prior
treatments and the bone and soft tissue defects, no simple treatment
algorithms are possible. The recommended strategy, with an array of
management alternatives, is: (a) the “infection-elimination ﬁrst” by
local radical debridement of all pathological tissue, followed by (b)

tissue and bone reconstruction and (c) targeted chemotherapy with
local and systemic antibiotics.
A specialized team of orthopaedic surgeons with expertise in a
broad spectrum of techniques must thoroughly evaluate the patient
and carefully consider all available information about the general
health status and the local tissue conditions. The prior failed treatments must be taken into account, as well as the optimization of all
treatment modiﬁers. Where extensive surgical exposures have failed
consideration is given to less invasive techniques that respect the
surrounding soft tissues. Stable ﬁxation, adequate vascularity, boneto-bone contact, and bone grafting or strong bone regenerate are
crucial factors for success. The potential need for future treatment
should be considered when pursuing any particular intervention.
The care of the patients with infected nonunions may be best
performed at specialized septic surgery centers with an expert
team approach to achieve the ultimate goals of bony union and
restoration of alignment and function, while limiting the extent
of residual disability. A medical center that treats infected nonunions should provide all of the appropriate resources and a
supportive team of consulting specialists to contribute to all
aspects of care, both at the initial evaluation and throughout the
course of treatment. The role of anesthesiologists is obvious as well
as of the internists for patients with serious medical conditions.
Plastic surgeons are often necessary to reconstruct the soft tissues
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after serial debridement and vascular surgeons may be required if
the vascularity of the limb is in question. A multidisciplinary treatment team should be utilized in providing comprehensive care,
including a pain management specialist, a psychiatrist to support
patients with clinical depression, a neurologist to evaluate motor
or sensory loss, a dietician to optimize the nutritional status, and
physical and occupational therapists to facilitate rehabilitation.
Microbiology and histopathology labs with the availability of
modern diagnostic facilities, an experienced clinical pharmacologist and an infectious disease specialist are all integral parts of the
multidisciplinary unit as well.
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QUESTION 2: Is there a minimum number of complex osteomyelitis procedures a surgeon
should perform annually to ensure proper outcomes?
RECOMMENDATION: There is no literature supporting a minimum number of complex osteomyelitis procedures a surgeon should perform
annually to ensure proper outcomes. Higher-volume referral centers, centers of excellence and multidisciplinary teams for the treatment of
complex osteomyelitis may result in improved outcomes.
LEVEL OF EVIDENCE: Consensus
DELEGATE VOTE: Agree: 76%, Disagree: 14%, Abstain: 10% (Super Majority, Strong Consensus)
RATIONALE
In the literature reviewed, there is no evidence to answer the question. Osteomyelitis is a complex pathology, which needs years of
follow-up to be able to demonstrate the sustained remission of the
disease. Osteomyelitis has multiple etiologies: 19% hematogenous,
47% secondary to a contiguous focus and 34 % due to vascular insufﬁciency [1]. There is no evidence to establish the optimal duration
of treatment and many studies do not present good-quality data
and include a small number of patients [1,2]. Therefore, most of the
recommendations for the treatment of osteomyelitis is based on
expert opinions.
In joint arthroplasty, high-volume centers, multidisciplinary
teams and centers of excellence have been shown to improve
patient outcomes with respect to the treatment of prosthetic joint
infections [3]. In trauma, there have been few studies looking at the
beneﬁt of high-volume centers for the treatment of complex osteomyelitis and septic nonunions. Bauer et al. retrospectively evaluated
the results of a French referral center for complex bone infections.
They had 55 patients over the course of 10 years who were treated for
infected non-unions of the tibia or femur. They showed that 89% of
patients with an infected tibial or femoral non-union treated by a
team specialized in complex bone and joint infections using a standardized surgical protocol had bone union and healing of the infection in an average of nine months [4]. In a similar study, Bose et al.
reported on 67 long bone infected non-unions over 6 years treated
by a multidisciplinary team. They found that 59/67 (88%) went on to
fracture union and eradication of their infection [5]. Lastly, Salvana

et al. treated 82 patients over 7 years with chronic osteomyelitis with
an integrated team approach and found successful union and limb
salvage in 77 (94%) cases [6]. In these three studies, the centers treated
on average 6-12 cases of complex osteomyelitis per year. At this time
there is no data supporting a minimum number of cases of complex
osteomyelitis a surgeon should perform annually to ensure good
results, but having greater experience collectively at an institution
or within a dedicated unit would presumably results in the greatest
likelihood of a successful outcome in this diﬃcult cohort of patients.
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QUESTION 3: Who are the essential members of the multidisciplinary team required to manage
infected fractures and non-unions?
RECOMMENDATION: The essential members of the multidisciplinary team managing infected fractures and non-unions require expertise in
bone reconstruction, soft tissue reconstruction, microbiology, antibiotic treatment and advanced imaging. It is important to note that the exact
members of the group and other specialists required will eventually depend on patient needs and local preferences.
LEVEL OF EVIDENCE: Consensus
DELEGATE VOTE: Agree: 100%, Disagree: 0%, Abstain: 0% (Unanimous, Strongest Consensus)
RATIONALE
There is increasing evidence that teamwork and collaboration
among healthcare workers are essential to improving patient

outcomes [1,2]. Therefore, it is important to implement a multidisciplinary approach in treatment algorithms of fracture-related infec-
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tions (FRI). The use of an antibiotic stewardship program is already
a well-known concept for the management of diﬀerent infectionrelated entities. These are deﬁned as coordinated interventions
designed to improve and measure the appropriate use of antibiotic
agents by promoting selection of the optimal regimen, including
dosing, duration of therapy and route of administration [3]. With
its multidisciplinary approach, an antibiotic stewardship program
improves patient safety and outcomes, and when combined with
reduced readmission rates, reduces healthcare costs without
compromising the quality of care [4–6]. Rodriguez et al. evaluated
an evidence-based protocol for antibiotic prophylaxis in open fractures [7]. They demonstrated a short course of narrow-spectrum
antibiotics (avoiding the use of broad-spectrum aminoglycosides
and glycopeptides) does not increase the risk of soft tissue and skin
infections after an open fracture.
Following the Infectious Diseases Society of America guidelines,
infectious disease (ID) physicians and clinical pharmacists are the
core members of antibiotic stewardship programs, but microbiologists and the implementation of administrative and information
technology can also be of great importance [8]. However, as recently
stated by Pulcini et al. [9], the composition of these teams is ﬂexible
and should be based on existing international recommendations and
adapted to the local context based on resources available. Regarding
the multidisciplinary approach to FRI, the treatment is based on two
pillars: surgical management and clinical management.
Where the surgical management plays an important role, it
seems imperative that surgeons (including musculoskeletal trauma
surgeons and plastic surgeons) act as central members. Nevertheless, studies within this ﬁeld are scarce. A multidisciplinary
approach, which is constituted of collaboration between musculoskeletal trauma surgeons, the hospital’s infection control department, nurses and anesthesiologists as primary team members, has
been described to guide FRI prevention strategies [8].
With respect to treatment of FRI, a recent systematic review
by Bezstarosti et al. (unpublished data) showed that out of the 93
included studies conducted between 1990 and 2017, only 12 studies
(13%) discussed the members that were involved in their multidisciplinary team, with a wide variety of team members available:
musculoskeletal trauma surgeons (10 studies), plastic surgeons (5
studies), ID physicians (5 studies), pharmacists (1 study), radiologists (1 study) and not further speciﬁed members (3 studies) [10–21].
A study by Bose et al. [12] obtained good results with a multidisciplinary team comprised of orthopaedic surgeons, plastic surgeons,
radiologists and ID physicians for treating patients with infected
nonunions of long bones [12]. It is important to note that most of
the above-mentioned treatment studies focused on chronic/late FRI
patients. A study by Dudareva et al. [22] reported a multidisciplinary
approach allowed for successful treatment in the majority of cases
with osteomyelitis of pelvic bones. The team members in this study
were comprised of orthopaedic surgeons, plastic surgeons, and ID
physicians. The team was completed by the contribution of specialized nurses, physiotherapists, occupational therapists and musculoskeletal radiologists.
In conclusion, although data speciﬁcally focusing on FRI is
scarce, a collaboration of diﬀerent specialties most likely would
improve the outcomes in this diﬃcult patient population. No study
has evaluated the speciﬁc essential participants, but do mention the
results with involved members. Antibiotic stewardship programs
have already proven their use by means of a multidisciplinary collab-

oration between ID specialists, clinical pharmacists and microbiologists. The same approach should be applied to set up a main treatment plan for the FRI patient, including surgical, antibiotic and
clinical aspects.
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3.3. TREATMENT: RISK FACTORS
Authors: Paddy Kenny, Giedrius Kvederas, John Gibbons

QUESTION 1: What are predictors of the need for allogeneic blood transfusion (ABT) in
periprosthetic fractures?
RECOMMENDATION: Predicting factors for allogeneic blood transfusion are: revision arthroplasty, preoperative anemia, increasing age, higher
comorbidity index, lower Body Mass Index (BMI), female gender, longer surgical time and hip surgery.
LEVEL OF EVIDENCE: Limited
DELEGATE VOTE: Agree: 95%, Disagree: 5%, Abstain: 0% (Unanimous, Strongest Consensus)
RATIONALE
There is little data regarding predictors of the need for ABT in
periprosthetic fractures. Periprosthetic fracture studies typically
include a low number of patients, and conclusions about covariates
are often not available. These fractures may be treated by either revision surgery or open reduction and internal ﬁxation (ORIF). General
indications for ABT in total joint arthroplasty (TJA) can be identical
in the ﬁrst group.
Slover et al. demonstrated that hip arthroplasty had a signiﬁcantly higher likelihood of blood transfusion (odds ratio (OR) 1.76,
95% conﬁdence interval (CI), 1.68 to 1.83) than knee arthroplasty.
Increasing age (age ≥ 80 years; OR, 2.99, 95% CI, 2.82 to 3.17), Medicaid
insurance (OR, 1.36, 95% CI, 1.27 to 1.45), higher comorbidity index
(score of ≥ 3, OR, 2.33, 95% CI, 2.22 to 2.45), and females (OR, 1.75, 95%
CI, 1.70 to 1.80) all had signiﬁcantly higher odds of blood transfusion
after TJA [1].
Parvizi et al., reported that advanced age, low BMI, simultaneous
bilateral arthroplasty and low preoperative hemoglobin were independently associated with increased rates of ABT [2].
In a study by Rasouli et al., one-stage bilateral TJA (OR, 3.30;, 95%
CI, 3.24 to 3.37; p < 0.001), anemia due to chronic blood loss (OR, 2.69,
95% CI, 2.59 to 2.74, p < 0.001), deﬁciency anemia (OR, 2.59; 95% CI, 2.562.62; p < 0.001) and increased Charlson comorbidity index (OR, 1.24,
95% CI, 1.23 to 1.24; p < 0.001) were independent predictors of allogeneic blood transfusion [3].
In the study by Solon et al., 12 patients with Vancouver B2
periprosthetic fractures around cemented collarless polished
tapered (CCPT) stems treated by ORIF alone (median follow-up 67
months) were compared with those of nine patients with a similar
fracture treated by revision surgery. All 12 patients with Vancouver B2
femoral fractures around CCPT stems treated by ORIF alone healed
and all stems restabilized and remained stable within their original
cement mantle. These patients had signiﬁcantly shorter surgical
times (p = 0.002) and required fewer units of blood transfusion (p =
0.008) than patients in the revision cohort [4].
Saidi et al. evaluated 3 diﬀerent surgical methods for treating
comminuted distal femoral periprosthetic fractures in 23 patients
over the age of 70 (average age 80, range 70-90). Reconstruction techniques included seven allograft prosthesis composites (APC), nine
revision systems (RSA), and seven distal femur replacements (DFR).
Operative time and blood loss were found to be signiﬁcantly less in
RSA and DFR patients compared to the APC patients [5], suggesting
that more ABTs are required in complex revisions for periprosthetic
fractures [5].
Min et al. retrospectively evaluated the clinical and radiographic
outcomes of a series of 21 Vancouver type B1 periprosthetic femur

fractures (PPF) treated with minimally invasive plate osteosynthesis
(MIPO) and locking compression plate (LCP) between February 2011
and February 2017. The mean duration of follow-up was 33.8 months.
They also compared outcomes of these patients to similar patients
with 19 Vancouver type B1 fractures treated with ORIF between April
2006 and December 2011. The authors found that operative time was
signiﬁcantly shorter and intraoperative blood loss was signiﬁcantly
less in the MIPO group compared to the ORIF group [6].
Fulkerson et al., showed that percutaneous ﬁxation of PPFs
with the Less Invasive Skeletal Stabilization (LISS) plate is an eﬀective although technically demanding method of treatment with
minimal blood loss [7]. Thomas et al. also had similar results with
the LISS plate [8].
Blood loss was minimal and only two of ten patients needed a
blood transfusion with Vancouver type B1 fractures treated with
percutaneous cerclage wiring for fracture reduction and maintenance of reduction with MIPO utilizing an LCP [9].
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QUESTION 2: Is acute femoral neck fracture a risk factor for infection in patients undergoing
hip arthroplasty?
RECOMMENDATION: There appears to be a higher incidence of infection in patients undergoing arthroplasty for acute femoral neck fracture
compared to hip arthroplasty for primary osteoarthritis. The reported rate of infection has a wide range; prospective studies should be performed
to determine the true rate of periprosthetic joint infection (PJI) in this subset of patients.

LEVEL OF EVIDENCE: Limited
DELEGATE VOTE: Agree: 96%, Disagree: 4%, Abstain: 0% (Unanimous, Strongest Consensus)
RATIONALE
A study on 58,000 elective, primary total hip arthroplasties (THAs)
demonstrated a deep surgical site infection (SSI) rate of 0.2% [1].
There are multiple studies reviewing the outcomes of treatment for
femoral neck fractures. Most of the studies are retrospective reviews
of small cohorts that are not suﬃciently powered to study infection rates. Additionally, many of the studies merge primary hemi
or total arthroplasty patients with patients who underwent open
reduction and internal ﬁxation, and then subsequently a secondary
arthroplasty procedure. While most studies report infection rates,
the primary endpoint tends to aim at a controversy in treating these
fractures, such as cemented versus cementless, or performing hemiarthroplasty versus total arthroplasty. Infection rates vary from 1.2%
to 4% [2–5]. A study on 90-day costs following hemiarthroplasty or
THA for treatment of hip fractures demonstrated a 17.7% infection
rate, but this was not limited to surgical site infections; urinary
tract infections, pneumonias and other infections are included in
this percentage [6]. A meta-analysis on outcomes of patients who
sustained femoral neck fractures reported a 1.0% SSI rate in patients
undergoing THA, 1.7% SSI rate in patients undergoing bipolar hemiarthroplasty and a 2.8% SSI rate in patients undergoing unipolar
hemiarthroplasty [7].
A study from the Swedish Hip Arthroplasty compared 10,264
patients who underwent THA for treatment of a subcapital hip fracture with 76,520 patients who underwent THA for other reasons and
they reported a 0.5% infection rate in the patients who were treated
for fracture [8]. It appears that the rate of infection is higher in

patients undergoing arthroplasty surgery for the treatment of acute
femoral neck fractures.
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QUESTION 1: What is the optimal timing of surgical debridement in open fractures?
RECOMMENDATION: It is not possible to establish a clear cut-oﬀ for optimal timing of open fracture surgical debridement after injury.
Administration of antibiotic prophylaxis and adequacy of debridement is more important than time to debridement. However,
we recommend debridement as soon as the patient and operative conditions are optimal.
LEVEL OF EVIDENCE: Limited
DELEGATE VOTE: Agree: 100%, Disagree: 0%, Abstain: 0% (Unanimous, Strongest Consensus)
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RATIONALE
Debridement is only one of the main pillars of initial open fracture
treatment. Antibiotic therapy and proper ﬁxation are also important variables. It is diﬃcult to separate the eﬀects of the diﬀerent
treatments and actions on the onset of infection and other complications. Most clinical studies demonstrate small diﬀerences in the
time to debridement between comparison groups, and time cutoﬀs are arbitrary based on historical papers. The implementation of
early antibiotic treatment in open fracture treatment has changed
the infection rate. Examining the relationship between timing of
surgical debridement and infection risk is crucial in guiding clinical
practice, as there is still signiﬁcant variability among surgeons’ preferences. Most of the orthopaedic doctrine in this issue is based on
historical papers or retrospective studies.
The cut-oﬀ of six hours for initial surgical debridement is based
on the 1898 Friedrich study which demonstrated in an animal
model that wounds debrided within six hours had no infection.
This ﬁnding became incorporated into orthopaedic doctrine as the
“6-hour rule.” Robson supported these ﬁndings with a clinical study
in 1973. He described a golden hour or inﬂection point of 5.17 hours
after injury, which is the time needed for bacteria to reach a critical
level of contamination (> 105 bacteria per gram of tissue specimen).
The ﬁrst systematic review examining the relationship between
infection and time to debridement was published in 2012 [1]. This
review included 3,539 patients from various studies. The analyzed
data did not indicate an association between delayed debridement
and higher infection rates. Studies published since 2012, including
a metanalysis, indicate that the 6-hour rule is not supported by
evidence. Prodromidis performed a metanalysis in 2016 on the
speciﬁc topic of the 6-hour rule in open tibia fractures [2]. This
paper examined seven articles (only two prospective) involving 610
patients. The statistical analysis did not ﬁnd any diﬀerences in terms
of deep infection or non-union regarding the time to debridement.
One major limitation in this literature is the arbitrary cut-oﬀ
times in the diﬀerent studies. In 2014, the results of a large prospective cohort multicentre study involving 797 fractures was published.
This study did not demonstrate diﬀerences in the early (< 6h), intermediate (6-12h) and late (> 12h) groups. Median time to debridement
was 9h 15 min, indicating that most patients were not treated early.
Another prospective study published by Srour et al. reported similar
results [3]. They studied a cohort of 351 consecutive patients treated
in the same facility comparing three diﬀerent cut-oﬀ times (< 6 h,
6-18h and 18-24 h). They concluded that the time to operating room
did not aﬀect the development of local infectious complications,
provided that the operation was performed within the ﬁrst 24 hours
after arrival.
Recent papers have focused on the impact of delayed debridement on infection rates, with conﬂicting results. Kumar et al.
performed a large retrospective study of 404 patients treated with
contemporary treatment. They reported that the rate of infection
in open lower extremity fractures increases when debridement
is delayed beyond eight hours [7]. For upper extremity injuries,

delayed debridement did not result in any increase in infections.
Penn-Barwell, in an experimental study on rats [8], demonstrated
the timing of antibiotics had a more signiﬁcant eﬀect than surgical
debridement on the onset of acute infection, especially when initation of treatment is delayed beyond six hours. When antibiotics
were started at two hours, a delay in surgical treatment from two to
six hours signiﬁcantly increased the risk of development of infection but delays beyond six hours did not result in any increase in
infection indicating that very early debridement, within two hours
of the injury, could have a positive eﬀect. Hull et al., in a prospective series of 459 patients, studied the relationship between delayed
debridement and deep infection [6]. They reported that there is a 3%
increased risk of infection for every hour of delay. As baseline infection risk is higher for Type IIIB and IIIC open tibia fractures than for
lower grade tibia fractures, the increased risk in this group of fractures is much higher when the debridement is delayed. According
to this study, the predicted probability of infection in a high grade
contaminated tibia fracture increases from 35% at four hours postinjury to 45%. They recommend urgent debridement at the ﬁrst
reasonable opportunity after injury.
In summary, urgent debridement is essential in the initial treatment of open fractures, but the cut-oﬀ time is not known. There is
little current evidence supporting the 6-hour rule. There is moderate
evidence supporting the proposition that delayed debridement
beyond eight hours could have an impact on infectious complications, especially in high-grade open tibia fractures. There is only
limited evidence supporting very early debridement (< 2hrs).
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QUESTION 2: What is the recommended volume of irrigating ﬂuid in the emergency
department (ED) for open fractures?
RECOMMENDATION: In the ED setting, open fractures should be irrigated suﬃciently to remove all visible contamination and debris prior to
applying dressings.

LEVEL OF EVIDENCE: Consensus
DELEGATE VOTE: Agree: 75%, Disagree: 15%, Abstain: 10% (Super Majority, Strong Consensus)
RATIONALE
Search Method: A comprehensive literature review was performed
to identify all studies on the use of irrigation for the treatment of
open fractures in the ED. We searched Ovid Medline, Scopus, and
the Cochrane Central Register of Controlled Trials (CENTRAL) up to
May 2018 for published studies. 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) irrigation in the emergency setting was the intervention. Exclusion
criteria were non-English language articles, nonhuman studies,
retracted papers, case reports, review papers, studies without clinical follow-up/infection rates, and technique papers without patient
data. Preferred Reporting Items for Systematic Reviews and MetaAnalyses (PRISMA) criteria were followed. The initial search resulted
in six papers. After removal of duplicates and screening of titles and
abstracts, one article was assessed and reviewed.

RATIONALE
Thorough irrigation is a cornerstone in the treatment of open
fractures. It is an important step in decreasing bacterial load and
removing foreign bodies. Despite extensive literature in the management of open fractures, there has been very little data on the role
of wound irrigation in the ED prior to formal debridement in the
operating room. Furthermore, the literature is lacking with regard
to the optimal volume of irrigation during formal debridement in
the operating room [1].
One study by Basat et al. looked retrospectively at clinical
outcomes of patients with open fractures of the hand treated with
antibiotics and irrigation in the ED alone without formal irrigation
in the operating theater. Irrigation with sterile saline was performed
by the orthopaedic surgery resident, until the wound was grossly
clean. The volume of irrigation and degree of wound contamination were recorded. Of the 68 open fractures treated, 14.8% developed
an infection. They found that volume of irrigation correlated with
development of infection, with 70.5% of fractures requiring > 1,000
ml of irrigation. They concluded that in the ED, one should use as
much ﬂuid as needed to obtain a grossly clean wound. However, this
study clearly has its limitations. The degree of contamination is a
highly subjective and confounding variable in the association found
between increased irrigation volume and increased infection rate.
This study looked at open factures of the hand, which are diﬀerent
from those of the lower extremity and typically have a lower degree
of contamination and typically exhibit an improved ability to ﬁght
infection. Furthermore, this was a retrospective study without
control or comparison groups [2].
In contrast to the ED setting, there have been several studies
investigating the amount of irrigation required during formal
debridement in the operating theater. However, the recommended

volumes of irrigation in theater were always described arbitrarily in
several published studies [3–6].
Gustilo et al. described the use of 10-14 liters of irrigation intraoperatively [4,5]. Anglen recommended the use of irrigation bags,
which are readily available in three liters, for intraoperative irrigation (three liters for Gustilo type I, six liters for Gustilo type II and
nine liters for Gustilo type III) without citing any supporting data [6].
Although several studies have investigated open fracture
management, the volume of ﬂuid irrigation utilized in them was
based on the same rule of “3, 6 and 9” and none of them addressed
the amount of irrigation used in the ED [7–11].
After review of the literature, there has been only one clinical
study related to the volume of irrigation for open fractures in the
ED and this was limited to open fractures in the hand and ﬁngers.
Nevertheless, in the ED setting, irrigation of the wound with enough
volume until all grossly visible contamination and debris is removed
seems, at the very least, an appropriate amount.
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APPENDIX - SEARCH STRATEGY
Ovid Medline: ((open adj3 fracture*).ab,ti. or “Fractures, Open”.sh.)
AND ((irrigat* or lavage or wash*).ab,ti. or “debridement”.sh.) AND
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((volume or amount or quantity).ab,ti. ) AND ((emergen* or immediate* or urgen*).ab,ti. or “Emergency Service, Hospital”.sh.) AND
((infection* or sepsis).ab,ti. or Infection/ or “Wound Infection”.sh. or
“Cross Infection”.sh. or “Sepsis”.sh.)
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diate* OR urgen* ) AND ( infection* or sepsis )) in Title, Abstract,
Keywords
CENTRAL: ((open near/3 fracture* ) AND ( irrigat* OR lavage OR
wash* ) AND ( volume OR amount OR quantity ) AND ( emergen*
OR immediate* OR urgen* ) AND ( infection* or sepsis )) in Title,
Abstract, Keywords
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QUESTION 3: What is the recommended volume and composition of irrigating ﬂuid in the
operating room for open fractures and post-traumatic wounds?
RECOMMENDATION:

Irrigation in open fractures should be performed with normal saline and gravity ﬂow irrigation. 3-9L is a reasonable
volume to use. Bactericidal washes with agents like chlorhexidine or povidone-iodine have not been adequately studied in orthopaedic trauma
patients, but basic science studies raise concern that they may damage tissues.

LEVEL OF EVIDENCE: Moderate
DELEGATE VOTE: Agree: 100%, Disagree: 0%, Abstain: 0% (Unanimous, Strongest Consensus)
RATIONALE
Irrigation is a central tenet in open fracture management, reducing
bacterial concentrations and removing foreign materials from traumatic wounds. The goal in these injuries is to reduce the known risks
of infection, wound healing problems and nonunion. Irrigation
requires a balance between removing contaminants and causing
further trauma to tissues or spreading contamination. Questions
about irrigation include the ideal volume, ﬂuid composition and
pressure of irrigation solutions.
The one identiﬁed randomized controlled trial comparing
diﬀerent osmolality irrigating agents of distilled or boiled water and
isotonic saline did not have clearly-deﬁned outcome measures or
follow-up criteria, but reported a 25.5% overall infection rate without
any signiﬁcant diﬀerence between the irrigation solutions [1].
Regarding antiseptic solutions, the majority of data is in animal
or cadaveric models. This literature raises concerns about host cell
toxicity that could aﬀect wound healing or fracture union when
utilizing agents such as ethanol, povidone-iodine, bacitracin solution, chlorhexidine solution, or hydrogen peroxide [2–8]. Additionally, there is some data showing that bacterial count reductions
from soap or antiseptic solutions may be temporary and followed
by disproportionate rebound at later time points, which has led
some authors to recommend saline irrigation [9]. Regarding human
clinical data, there is one moderate-quality randomized controlled
study comparing bacitracin to castile soap for the irrigation of 458
open fractures in 400 patients. Minimum follow-up was 180 days,
with an overall infection rate of 15.3%, a wound complication rate of
6.8% and a nonunion or delayed union rate of 23.9%. They reported
similar infection and nonunion rates but increased wound-healing
complications in the bacitracin group [10].
Volume
We were unable to identify any studies that speciﬁcally
compared the volume of irrigation in a controlled manner in open
or traumatic wounds. However, most studies used a minimum of 3L
of irrigation and increased this amount by 3L per additional Gustilo
type (3L for Gustilo type I, 6L for Gustilo type 2, 9L for Gustilo type 3),
as in the 400-patient RCT by Anglen et al. [10].

Pressure
Pulsatile lavage theoretically improves dislodgement by
cyclically compressing tissues then allowing them to decompress and recoil, freeing bacteria and foreign material. Pulsatile
lavage has a proven clinical track record in reducing debris and
bacterial counts in traumatic wounds when compared to gravity
or bulb syringe irrigation [11–14]. However, basic science studies
have raised concerns that pressurized lavage may be detrimental
to bone healing and may seed bacteria distant to sites of initial
contamination [5,15–18].
In the largest study on wound irrigation in open fractures, the
Fluid Lavage of Open Wounds (FLOW) Group conducted an international, 41-center, blinded, randomized controlled trial assigning
2,447 patients with open extremity fractures to irrigation with high
(> 20 psi), low (5-10 psi) or very low (1-2 psi) pressure with either
castile soap or normal saline [19]. Irrigation for Gustilo type I injuries was 3L and types II and IIIA/B were 6L, with type IIIC injuries
excluded from the trial. Of note, this study had the additional
beneﬁt of relatively standardized care in the pre-, intra- and post-op
settings regarding components such as prophylactic antibiotic
type and timing, skin prep solutions, debridement, skeletal stabilization and wound management including closures, dressings
and soft tissue coverage. They reported no statistically signiﬁcant
diﬀerence between the pressure groups for the primary endpoint
of reoperation within 12 months for promotion of wound or bone
healing or for a wound infection. This study reported an overall 6.8%
infection rate, 3.6% wound complication rate and 6.8% nonunion
rate at 12 months.
The overall reoperation rate for infection, wound or bone healing
was 13.2%. There was a signiﬁcantly lower reoperation rate in the
saline group than the castile soap group (14.8% vs. 11.6%, hazard ratio
1.32, 95% conﬁdence interval 1.06–1.66, p = 0.01). Neither pressure nor
solution composition led to signiﬁcant diﬀerence in the secondary
outcomes of non-operatively managed infection, wound-healing
problem or bone-healing problem. In the subgroup analyses, there
was a trend toward superiority without reaching statistical signiﬁcance for very low-pressure irrigation in tibial fractures [19].
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QUESTION 4: What is the most appropriate management of early (prior to complete wound
healing) infection after fracture ﬁxation with stable ﬁxation?
RECOMMENDATION: The most acceptable treatment strategy for trauma patients with early postoperative infection is to perform proper
irrigation and debridement, administer intravenous (IV) followed by oral antibiotic therapy and retain stable hardware in place.

LEVEL OF EVIDENCE: Moderate
DELEGATE VOTE: Agree: 100%, Disagree: 0%, Abstain: 0% (Unanimous, Strongest Consensus)
RATIONALE
The deﬁnition and classiﬁcation of early infection after isolated
fracture ﬁxation (IFF) is a dilemma among orthopaedic trauma
surgeons [1–3]. However, the clinical picture of early infection
including local (e.g., hematoma, wound discharge and dehiscence,
erythema around the incision) and systemic (e.g., fever, lethargy)
symptoms are usually diagnostic in most situations. Although it is
not clear whether the bioﬁlm formation process during the early
postoperative infection period will be stopped or delayed with
appropriate treatment, the goal of the treatment at this stage is
to control the infection until complete union is achieved at the
fracture site. After fracture healing, removal of the implant will
help to eradicate the infection. This strategy is diﬀerent than the
typical treatment of a periprosthetic joint infection (PJI) in which
the infected implant is replaced in two stages (spacer and then
re-implantation of the total joint arthroplasty). The treatment
strategy might be diﬀerent based on the evaluation of the local and
systemic clinical picture in each individual case. However, based on
the available literature and our experience, it is possible to suggest
some general recommendations.
The most signiﬁcant diﬀerence between IFF and PJI is the
higher chance of infection control and eradication by removing the
implant during or after bone healing is complete for IFF cases. Therefore, especially in early postoperative IFF cases, infection control is
the main goal of medical and surgical treatment [4,5]. The treatment
options are described as ranging from simple antibiotic suppression

to removal of the current implant to multiple stage revisions [4,5].
The most reasonable treatment strategy that is applicable to most
cases is performing irrigation and debridement, retaining the stable
ﬁxation, and administering IV antibiotic therapy [4–7]. More than
one washout or debridement may be necessary to clean the operative site and optimize wound healing [8,9]. Local antibiotic delivery
(e.g., bead pouch, calcium sulfate beads) may be helpful. Proper softtissue coverage and aggressive debridement are the main principals
of the surgical part of the treatment. Early ﬂap coverage is critical if
hardware is exposed [10].
The use of negative-pressure wound therapy coupled with
continuous instillation of an antibiotic solution containing
gentamicin and chymotrypsin has also been shown to facilitate a
healthy wound bed for healing while maintaining fracture ﬁxation
with or without additional surgery for secondary closure [11]. In
patients who are at high risk for wound healing problems, incisional
negative-pressure therapy may be helpful following the washout
[12,13].
Empiric systemic antibiotic therapy followed by organism
susceptibility-based therapy should be started after early irrigation and debridement. Systemic antibiotic therapy can be curative or suppressive [14]. After a period of two weeks, IV antibiotic
therapy can be replaced by appropriate oral therapy based on the
available culture results [15–17]. It is recommended to continue the
oral therapy for an additional four to six weeks to prevent chronic
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osteomyelitis and suppress the infection [14,18]. In some situations,
one may consider long-term oral suppressive therapy until union is
achieved before considering implant removal.
Surgical intervention usually is needed to control the IFF. The
main challenge is whether or not to remove any stable implants.
Removal of stable internal ﬁxation during the early postoperative
period, especially in complex situations, will compromise bone
healing. It has been shown in multiple studies that there is a strong
correlation between fracture stability and bone healing [19–21]. Theoretically, proper irrigation and debridement in the early stage of
the IFF can reduce the bacterial load and lower the speed of bioﬁlm
formation, which will also help the fracture consolidation process.
During initial debridement, local delivery of the antibiotic
at the fracture site can be implemented by using absorbable or
non-absorbable materials. However, there is no strong evidence
to support the advantage of using local delivery systems as well as
systemic antibiotic therapy. Aminoglycosides and vancomycin are
the most commonly used antibiotics for local delivery [22]. Industrial
premixed or hand-mixed polymethylmethacrylate bone cements
are widely used to deliver antibiotics to the infection site by diﬀerent
techniques including molded beads or coated intramedullary nails
[23]. The need for removal and less optimal release of the incorporated antibiotics are the main disadvantages of the antibiotic-loaded
cements [24]. Good primary results are reported for resorbable materials such as calcium sulfate [25–28]. However, there is no high-quality
study to show the superiority of these materials to the antibiotic
-loaded cements in terms of clinical outcomes. Recently, hydrogels
were introduced as an attractive and eﬀective delivery vehicle for
traumatic wounds with reasonable outcomes, which needs to be
validated by further high-quality studies [22,29,30].
Although irrigation, debridement, and retention of the stable
ﬁxation device were reported as a successful treatment strategy for
early IFF in a few studies, there is no strong evidence to support
this treatment protocol, especially in the very early stage (before
wound healing). Berkes et al. [6] reported a 71% fracture union rate
in 121 patients with early postoperative (within 6 weeks) IFF after
treatment with irrigation and debridement, implant retention, and
culture-speciﬁc antibiotic suppression. Open fractures and the presence of an intramedullary nail were reported as the positive predictors of treatment failure. Rightmire et al. [7] reported a similar rate
of bone healing (68%) with the same strategy for treatment of early
IFF (within 16 weeks). However, there is no available evidence for the
appropriate treatment of the infection in the postoperative period
before wound healing occurs (two weeks).
Based on the available evidence and our experience, the most
acceptable treatment strategy in trauma patients with early postoperative infection is proper debridement, antibiotic therapy (IV followed
by oral) and retention of the stable hardware already in place.

REFERENCES
[1]

[2]

[3]

[4]
[5]

Claessen FMAP, Braun Y, van Leeuwen WF, Dyer GS, van den Bekerom MPJ,
Ring D. What factors are associated with a surgical site infection after operative treatment of an elbow fracture? Clin Orthop Relat Res. 2016;474:562–
570. doi:10.1007/s11999-015-4523-3.
Meena RC, Meena UK, Gupta GL, Gahlot N, Gaba S. Intramedullary nailing
versus proximal plating in the management of closed extra-articular proximal tibial fracture: a randomized controlled trial. J Orthop Traumatol.
2015;16:203–208. doi:10.1007/s10195-014-0332-9.
Large TM, Alton TB, Patton DJ, Beingessner D. Does perioperative systemic
infection or fever increase surgical infection risks after internal ﬁxation of
femur and tibia fractures in an intensive care polytrauma unit? J Trauma
Acute Care Surg. 2013;75:664–668. doi:10.1097/TA.0b013e31829a0a94.
Metsemakers W-J, Smeets B, Nijs S, Hoekstra H. Infection after fracture ﬁxation of the tibia: analysis of healthcare utilization and related costs. Injury.
2017;48:1204–1210. doi:10.1016/j.injury.2017.03.030.
Bonnevialle P. Operative treatment of early infection after internal ﬁxation
of limb fractures (exclusive of severe open fractures). Orthop Traumatol
Surg Res. 2017;103:S67–S73. doi:10.1016/j.otsr.2016.06.019.

[6]

[7]
[8]

[9]
[10]

[11]
[12]
[13]

[14]
[15]
[16]

[17]

[18]
[19]

[20]

[21]
[22]

[23]

[24]

[25]

[26]
[27]
[28]

[29]

[30]

Treatment

737

Berkes M, Obremskey WT, Scannell B, Ellington JK, Hymes RA, Bosse M, et
al. Maintenance of hardware after early postoperative infection following
fracture internal ﬁxation. J Bone Joint Surg Am. 2010;92:823–828. doi:10.2106/
JBJS.I.00470.
Rightmire E, Zurakowski D, Vrahas M. Acute infections after fracture repair:
management with hardware in place. Clin Orthop Relat Res. 2008;466:466–
472. doi:10.1007/s11999-007-0053-y.
Sagi HC, Dziadosz D, Mir H, Virani N, Olson C. Obesity, leukocytosis, embolization, and injury severity increase the risk for deep postoperative wound
infection after pelvic and acetabular surgery. J Orthop Trauma. 2013;27:6–10.
doi:10.1097/BOT.0b013e31825cf382.
Vopat BG, Lee BJ, DeStefano S, Waryasz GR, Kane PM, Gallacher SE, et al. Risk
factors for infection after rotator cuﬀ repair. Arthroscopy. 2016;32:428–434.
doi:10.1016/j.arthro.2015.08.021.
Bonnevialle P, Bonnomet F, Philippe R, Loubignac F, Rubens-Duval B, Talbi
A, et al. Early surgical site infection in adult appendicular skeleton trauma
surgery: a multicenter prospective series. Orthop Traumatol Surg Res.
2012;98:684–689. doi:10.1016/j.otsr.2012.08.002.
Wang J, Zhang H, Wang S. Application of vacuum sealing drainage in the
treatment of internal ﬁxation instrument exposure after early postoperative infection. Minerva Chir. 2015;70:17–22.
Willy C, Engelhardt M, Stichling M, Grauhan O. The impact of surgical site
occurrences and the role of closed incision negative pressure therapy. Int
Wound J. 2016;13 Suppl 3:35–46. doi:10.1111/iwj.12659.
Cooper HJ, Roc GC, Bas MA, Berliner ZP, Hepinstall MS, Rodriguez JA, et
al. Closed incision negative pressure therapy decreases complications
after periprosthetic fracture surgery around the hip and knee. Injury.
2018;49:386–391. doi:10.1016/j.injury.2017.11.010.
Trampuz A, Zimmerli W. Diagnosis and treatment of infections associated
with fracture-ﬁxation devices. Injury. 2006;37 Suppl 2:S59–S66. doi:10.1016/j.
injury.2006.04.010.
Spellberg B, Lipsky BA. Systemic antibiotic therapy for chronic osteomyelitis in adults. Clin Infect Dis. 2012;54:393–407. doi:10.1093/cid/cir842.
Rod-Fleury T, Dunkel N, Assal M, Rohner P, Tahintzi P, Bernard L, et al. Duration of post-surgical antibiotic therapy for adult chronic osteomyelitis: a
single-centre experience. Int Orthop. 2011;35:1725–1731. doi:10.1007/s00264011-1221-y.
Daver NG, Shelburne SA, Atmar RL, Giordano TP, Stager CE, Reitman CA,
et al. Oral step-down therapy is comparable to intravenous therapy for
Staphylococcus aureus osteomyelitis. J Infect. 2007;54:539–544. doi:10.1016/j.
jinf.2006.11.011.
Schmidt AH, Swiontkowski MF. Pathophysiology of infections after internal
ﬁxation of fractures. J Am Acad Orthop Surg. 2000;8:285–291.
Metsemakers WJ, Schmid T, Zeiter S, Ernst M, Keller I, Cosmelli N, et al. Titanium and steel fracture ﬁxation plates with diﬀerent surface topographies:
inﬂuence on infection rate in a rabbit fracture model. Injury. 2016;47:633–
639. doi:10.1016/j.injury.2016.01.011.
Moriarty TF, Debefve L, Boure L, Campoccia D, Schlegel U, Richards RG.
Inﬂuence of material and microtopography on the development of local
infection in vivo: experimental investigation in rabbits. Int J Artif Organs.
2009;32:663–670.
Rittmann WW, Perren SM. Cortical bone healing after internal ﬁxation and
infection: biomechanics and biology. Springer-Verlag, Berlin Heidelberg:
Springer-Verlag; 2012.
ter Boo G-JA, Grijpma DW, Moriarty TF, Richards RG, Eglin D. Antimicrobial delivery systems for local infection prophylaxis in orthopedicand trauma surgery. Biomaterials. 2015;52:113–125. doi:10.1016/j.biomaterials.2015.02.020.
Hake ME, Young H, Hak DJ, Stahel PF, Hammerberg EM, Mauﬀrey C. Local
antibiotic therapy strategies in orthopaedic trauma: practical tips and
tricks and review of the literature. Injury. 2015;46:1447–1456. doi:10.1016/j.
injury.2015.05.008.
van de Belt H, Neut D, Schenk W, van Horn JR, van der Mei HC, Busscher
HJ. Gentamicin release from polymethylmethacrylate bone cements and
Staphylococcus aureus bioﬁlm formation. Acta Orthop Scand. 2000;71:625–
629. doi:10.1080/000164700317362280.
McKee MD, Wild LM, Schemitsch EH, Waddell JP. The use of an antibioticimpregnated, osteoconductive, bioabsorbable bone substitute in the treatment of infected long bone defects: early results of a prospective trial. J
Orthop Trauma. 2002;16:622–627.
Beuerlein MJS, McKee MD. Calcium sulfates: what is the evidence? J Orthop
Trauma. 2010;24 Suppl 1:S46–-S51. doi:10.1097/BOT.0b013e3181cec48e.
Inzana JA, Schwarz EM, Kates SL, Awad HA. Biomaterials approaches to
treating implant-associated osteomyelitis. Biomaterials. 2016;81:58–71.
doi:10.1016/j.biomaterials.2015.12.012.
Ferguson JY, Dudareva M, Riley ND, Stubbs D, Atkins BL, McNally MA.
The use of a biodegradable antibiotic-loaded calcium sulphate carrier
containing tobramycin for the treatment of chronic osteomyelitis: a series
of 195 cases. Bone Joint J. 2014;96-B:829–836. doi:10.1302/0301-620X.96B6.32756.
ter Boo GJA, Arens D, Metsemakers WJ, Zeiter S, Richards RG, Grijpma DW,
et al. Injectable gentamicin-loaded thermo-responsive hyaluronic acid
derivative prevents infection in a rabbit model. Acta Biomater. 2016;43:185–
194. doi:10.1016/j.actbio.2016.07.029.
Logoluso N, Malizos K, Blauth M, Danita A, Simon K, Romano CL. Antibacterial hydrogel coating of osteosynthesis implants. Early clinical results
from a multi-center prospective trial. eCM XVI Bone and Implant Infection.
Davos, Switzerland. http://www.ecmconferences.org/abstracts/2015/Collection5/c5.html 2015.

• • • • •

738 Part V

Trauma
Authors: Rodrigo Pesantez, Maria Piedad Bautista, Charalampos Zalavras

QUESTION 5: What is the most appropriate management of early (before complete wound
healing) infection after fracture ﬁxation with unstable ﬁxation?
RECOMMENDATION: The most appropriate management of early (prior to complete healing) infection after fracture ﬁxation with
unstable ﬁxation consists of surgical debridement with removal of ﬁxation implants, fracture stabilization, antibiotic therapy and
soft tissue coverage, if needed.

LEVEL OF EVIDENCE: Consensus
DELEGATE VOTE: Agree: 100%, Disagree: 0%, Abstain: 0% (Unanimous, Strongest Consensus)
RATIONALE
Infection after fracture ﬁxation is a serious complication in orthopaedic trauma surgery, as it may eventually lead to devastating
outcomes such as amputation [1]. In contrast with periprosthetic
joint infections, literature regarding this condition is still limited
considering the number of patients aﬀected [1,2]. Nonetheless, in
order to unify the evidence available, major eﬀorts have been made
to accurately deﬁne “infection after fracture ﬁxation” [3]. The current
deﬁnition includes a classiﬁcation according to the onset of symptoms and early infection is considered that which occurs during the
ﬁrst two weeks after the index procedure. [2,4]. For this recommendation, this deﬁnition will be maintained.
Several systematic and non-systematic reviews gathered
the existing evidence for infection associated with orthopaedic
implants. All conclude that antibiotic suppression therapy and
surgical debridement with implant retention is a suitable option for
the treatment of early infection after fracture ﬁxation when fracture
healing has not yet been achieved, but the construct is stable [1,2,4–
8]. Therefore, to date, this continues to be the standard of care for
early infections. Likewise, the outcomes presented by Trebse et al. [9],
Rightmire et al. [10] and Berkes et al. [11] all showed favorable results
for this method of management, with success rates ranging from 68%
to 92%. However, the quality of evidence of these studies is low.
The question remains whether implant retention is still a viable
option for unstable ﬁxation. Metsemakers et al. [2], in their more
recent review, suggest that implant exchange or removal should be
considered in early infections when intramedullary devices are used,
unstable ﬁxation exists or insuﬃcient fracture reduction is present.
These recommendations are based on the works by Trampuz et
al. [4], Kleber et al. [12] and Rightmare et al. [10]. Moreover, several
animal studies have addressed the importance of fracture stability
in implant-related infections [13–15]. When ﬁxation is unstable,
implant retention is not an option. The existing implants do not
provide enough stability at the fracture site, which will impair fracture healing as well as facilitate persistence of infection.
Even though both Rightmire et al. [16] and Berkes et al. [17]
performed a multivariate analysis, neither of them reported
“unstable ﬁxation” as a predictor of treatment failure [10,11]. The
quality of the presented evidence is low and the methodology used
might not have been appropriate to conclude that implants must be
removed under these conditions.
After performing a systematic search of the literature, no conclusive evidence on the management of early infection with unstable
ﬁxation was identiﬁed. Therefore, our recommendation is based
on clinical experience, established knowledge of implant-related
infection [18] and the management of infected non-unions [19,20].
Furthermore, adequate coverage of the fracture site with a wellvascularized soft tissue envelope facilitates both control of infection
and fracture healing. Therefore, in the case of soft tissue defects or

scarred soft tissues with poor vascularity, a soft tissue reconstructive
procedure is usually necessary [21,22].
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QUESTION 6: What is the appropriate timing of conversion to internal ﬁxation (in-ﬁx) following
external ﬁxation (ex-ﬁx)? How is this altered by pin site infection?
RECOMMENDATION: Timing of conversion should be based on patient characteristics including concurrent injuries and premorbid health and
function, as well as injury features and location. One-stage conversion appears to have similar or even lower infection rates compared to two-stage
conversion. In the absence of pin site infection, early conversion is preferred.

LEVEL OF EVIDENCE: Limited
DELEGATE VOTE: Agree: 100%, Disagree: 0%, Abstain: 0% (Unanimous, Strongest Consensus)
RATIONALE
American development of external ﬁxation is credited to Parkhill
in 1897 and European development to Lambotte in 1900 [1]. Ex-ﬁx is
often used in polytraumatized patients as part of a damage-control
orthopaedic approach, in injuries with extensive soft tissue compromise, or when appropriate personnel or resources for in-ﬁx are not
readily available [2,3]. It is applicable to periarticular fractures, long
bone fractures and articular dislocations, making it an essential
component of contemporary orthopaedic traumatology.
Recent literature review using the databases Embase, Scopus,
Google Scholar and PubMed was performed with the search terms
“internal ﬁxation,” “external ﬁxation,” “timing” and “conversion”
in multiple combinations. Articles were reviewed for relevance
and studies were then assessed for quality and assigned a level of
evidence.
Following ex-ﬁx, conversion to in-ﬁx can have multiple beneﬁts
for patients. A prospective comparison of 39 patients with open
lower leg fractures treated with primary ex-ﬁx with randomized
conversion to intramedullary nailing (IMN) or to cast immobilization showed signiﬁcantly shorter mean time to union (26.3 vs. 35.4
weeks), higher overall consolidation rates (94% vs. 64%), and better
knee and ankle range of motion (ROM) for IMN [4]. Regarding
timing of conversion from external to internal ﬁxation (which
includes plate/screw constructs and intramedullary nail constructs),
major questions within the ﬁeld are as follows: (1) Should conversion be performed in one procedure (acute) or in two (staged)? (2)
Does time in ex-ﬁx aﬀect outcomes following conversion? (3) Do pin
site infections increase the risk of deep infection following in-ﬁx?
(4) Does timing of soft tissue coverage aﬀect outcomes following
conversion? [2].
Regarding staging, theoretically staged conversion should
allow time for pin site granulation and decrease infection rates.
Therefore, some authors recommend delayed internal ﬁxation until
pin sites heal closed [5]. However, data from level IV studies do not
support this. Horst et al. reported on two protocols, one for immediate conversion and one for staged conversion from external to
internal ﬁxation. They included local excision of skin-pin interfaces
and curettage of soft tissues around pin track sites. For immediate
conversion, pin sites were disinfected and covered prior to re-prepping of the surgical ﬁeld. Pin sites were left covered until all in-ﬁx
wounds were closed, and then pin sites were left open with antibacterial dressings. For staged conversion, ex-ﬁx was exchanged for

a cast and any required soft tissue coverage was performed prior to
in-ﬁx. After institution of this algorithm utilizing the immediate
conversion protocol, they observed a decrease in time to conversion
(mean 6.8 > 5.0 days), hospital length of stay (mean 25.4 > 16.3 days)
and complication rate (21% > 8.3%) [6].
Monni et al. performed a retrospective review of 18 patients
(24 limbs) undergoing conversion from external to internal ﬁxation for traumatic bone defects or congenital deformities. Indications for conversion included patient dissatisfaction with ex-ﬁx,
pin track sepsis, persistent non-union or refracture. In-ﬁx consisted
of IMN or plate and screw constructs. Conversion was performed
acutely (19 limbs) or staged (5 limbs). The outcome was considered excellent if patients were full weightbearing, pain free, had a
mechanically well-aligned limb and did not need further surgery
within the follow-up period. The outcome was considered good
if patients required subsequent surgery to achieve union and
the outcome was considered poor if an irreversible complication
occurred. The acute group had 16 excellent and 1 good outcomes
(89.4%), with 2 (10.6%) poor outcomes resulting in amputation,
both after acute conversion to IMN for infected tibial nonunion.
The delayed group had four (80%) excellent and one (20%) good
outcomes. They cautioned against using IMNs in patients with a
diagnosis of an actively septic nonunion and reported that conversion to in-ﬁx generally produces good to excellent results [7]. Bandhari et al. found that shorter intervals between ex-ﬁx removal and
IMN, for planned or salvage procedures, correlated with reduced
infection, but do comment that in level IV studies this may represent confounding [8].
Farrell et al. reported on ex-ﬁx with one-stage conversion to in-ﬁx
for nine calcaneus fractures. Ex-ﬁx was applied within 24-48 hours and
converted to open reduction and internal ﬁxation (ORIF) through a
sinus tarsi approach at an average of 4.8 days from ex-ﬁx. There were
no pin tract infections, deep infections or wound healing complications [9]. Natoli et al. reported on 16 complex distal radius fractures,
11 of which were open, and treated with an ex-ﬁx and converted to
ORIF at a mean of 8.5 days. One patient developed deep infection,
and they did not report a relationship with open fractures, time to
conversion of < or > 7 days, or ex-ﬁx pins overlapping the deﬁnitive
ﬁxation [10]. Shah et al. reported on pilon and tibial plateau fractures
treated with ex-ﬁx converted to ORIF excluding cases with evidence
of overt pin site infection. They demonstrated a 24% rate of deep
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infection when deﬁnitive ﬁxation overlapped pin sites, compared to
10% when it did not; a statistically signiﬁcant increase [11].
Roussignol et al. performed a retrospective review of 55 patients
treated with ex-ﬁx and secondary IMN after traumatic tibial shaft
fractures (16 closed, 39 open). Of note, they also excluded patients
with external ﬁxator pin site infections. They analyzed time to
IMN (mean 9 +/-9.6 weeks), acute or delayed exchange (23 acute vs.
32 staged, mean 12-day interval), culture results of reaming products, post-IMN infection and time to union. There were four septic
complications and one aseptic nonunion requiring re-nailing. Acute
versus delayed IMN did not correlate with increased infection risk,
with only open fracture grade correlating with infection risk, and
the union rate was 96%. Based on these results, they therefore recommend acute (one-stage) exchange of ex-ﬁx for IMN [12]. Bhandari et
al. performed a literature review on ex-ﬁx conversion to IMN in tibia
and femur fractures, including one level II study and the remainder
level IV studies. They looked at studies with planned conversion
from ex-ﬁx to IMN, and those where IMN was used to salvage failed
treatment with ex-ﬁx. In 6 studies totaling 185 patients for planned
conversion for femur fracture, with a mean 10 days ex-ﬁx and 1 day
interval to IMN, the infection rate was 2.6%. For tibias, 9 studies on
planned conversion (n = 268) averaged 8.6% infection and 92% union,
with shorter ex-ﬁx time (< 28 days) correlating with an 83% reduction
in the risk of infection compared to > 28 days [8].
Regarding time in ex-ﬁx, Monni et al. reported a mean ex-ﬁx
time of 185 days (range 61-370), with poor outcomes correlating with
longer time [7]. Bhandari et al. performed a meta-analysis assessing
when to perform conversion, with deep infection rates 83% lower
when IMN was performed within 28 days compared to after 28 days
[8]. These studies both suggest earlier conversion is preferable.
However, Yokoyama et al. performed multivariate analysis of 42 cases
of secondary IMN after open lower leg fracture treated with initial
ex-ﬁx, with 7 (16.7%) developing deep infection, and found only time
to skin coverage, with a threshold of 1 week, was signiﬁcantly correlated with deep infection. They did not ﬁnd a relationship between
infection and the duration of ex-ﬁx (</= or > 3 weeks), the interval
between ex-ﬁx removal and IMN (</= or > 2 weeks), or the existence
of superﬁcial infection or pin tract infection [13]. Similarly, Roussignol et al. did not ﬁnd a correlation between infection risk and
time in ex-ﬁx before IMN [7].
While most studies have excluded patients with active pin
site infections, Yokoyama et al. did not ﬁnd a relationship between
superﬁcial infection or pin tract infection and rates of deep infection
after IMN [13].

Regarding timing of soft tissue coverage, the previously cited
Yokoyama et al. noted restoration of soft tissue coverage within one
week correlated with a decreased risk of infection [13]. Outside of
external to internal ﬁxation conversion, other literature has used
the threshold of ﬁve days from initial injury to wound closure before
rates of wound healing complications and infections increase [9].
Most orthopaedic literature supports earlier soft tissue coverage in
open fractures as protective against infection, irrespective of ﬁxation
type [14].
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QUESTION 7: What are the alternatives to segmental resection in septic non-union?
RECOMMENDATION: Surgical alternatives to segmental resection include bone grafting, unrooﬁng, decortication, distraction osteogenesis or
intramedullary reaming to address the site of osteomyelitis. All dead bone and soft tissue should be removed.

LEVEL OF EVIDENCE: Limited
DELEGATE VOTE: Agree: 91%, Disagree: 0%, Abstain: 9% (Super Majority, Strong Consensus)
RATIONALE
Operative debridement of necrotic tissue has been a surgical principle of infection treatment for centuries. Reports from the 1960s

demonstrated that it is sometimes possible to heal a fracture
nonunion with bone grafting and stabilization without disruption

Section 3
of the non-united bone site [1]. However, failures were common and
continued infection was an expected outcome. In 1984, Cierny et al.
published a classiﬁcation of osteomyelitis and described both an
anatomic description of the site of infection and a description of the
host with recommendations for debridement strategy [2]. The fundamental principle is debridement of all dead and infected bone in the
same manner that a malignancy would be treated with a marginal
excision.
Cierny’s guidelines are that infection involving only the medullary canal can be potentially treated with reaming or a reamer-irrigator aspirator (RIA) to achieve adequate debridement. More localized infection can be treated with unrooﬁng or decortication of the
bone segments. However, diﬀuse infection over a segment of the
bone requires segmental resection to achieve complete debridement
of all dead bone. In addition to these recommendations, segmental
resection may be preferred when distraction osteogenesis is planned
for the bone defect reconstruction.
Resection of the non-union followed by a two-stage procedure
with the use of a spacer and bone graft/allograft, shortening, intercalary implant or bone transport after six weeks is unquestionably
the gold standard of treatment [3–7]. Intravenous antibiotics are
also very important in the treatment of infected non-united bone
and can be used alone but functional blood supply is necessary for
successful results [6,8]. A local muscle ﬂap or pediculated bone graft
with or without free ﬂap can be used to gain infection control but
these do not usually prevent infected bone resection [9–14].
In most cases, external ﬁxation with Ilizarov´s method or unilateral ﬁxators can be used successfully in combination with local application of antibiotic or bone-inducing agents [15–22]. Some authors
describe the use of local cement application for several weeks before
local bone grafting without segmental resection [23–27]. In some
cases of septic non-union, the application of bone marrow with stem
cells or human bone morphogenetic protein (hBMP) was used with
good results [28–32]. Antibiotic-coated plates are also used in some
cases [33,34]. In the ankle region speciﬁcally, arthrodesis can be an
option to achieve septic union in infected cases by stabilizing the
non-union site [35]and persistent drainage is only an option,albeit
poor, in elderly patients [36]. It has been shown both in vitro and
in vivo that cement coated implants or temporary cemented rods
or spacers can be used without the need for segmental resection
in septic non-union after nailing or with intramedullary infection
[37–54]. There are indications where suﬃcient infection control for
bone healing can be reached with stable implants.
Alternative strategies are the use of bioactive glass for osseous
induction as an allograft or as carrier for antibiotics which showed
promising results in infected bones – but blinded and randomized
trials are still missing [6,55–61]. The loading of nano-particles with
antibiotics, microspheres, polymer-lipids (and bacteriophages) is
another very promising method, as is the induced membrane technique using beta-tricalcium phosphate [62]. The advantages of antibiotic release-control could be an important step in the treatment of
infected bone non-union in the future, but Level I studies are missing
here [63–81]. Furthermore, there are no comparative studies examining relative success of diﬀerent debridement strategies.
Segmental resection is performed in cases of septic non-union
with undersupplied, chronic infected and atrophic “dead” bone. In
minor cases, segmental resection could be avoided by using other
treatment options. Debridement strategies guided by Cierny’s
recommendations, including segmental resection when required,
are recommended [82–85].
Eradication of infection is the main goal of the treatment and
segmental resection can sometimes by the most useful method to
accomplish this. Alternative treatments to segmental resection have
not yet been determined to be as successful as the standard treat-
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ment. As of now, there is not enough evidence supporting a change
of the accepted standard of care in septic non-union but some promising approaches are being explored.
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QUESTION 8: What is the optimal management (Masquelet technique, bone transport) of
postinfective bone defects in diﬀerent long bones (tibia, femur, humerus, etc.)? How does this
vary by type of defect (conical vs. cylindrical)?
RECOMMENDATION: The type of defect (cylindrical vs. conical) was not determined to be relevant to the treatment method. Instead, optimal
management of partial vs. full segmental defects is relevant. Each long bone requires diﬀerent preferred methods of stabilization.

LEVEL OF EVIDENCE: Moderate
DELEGATE VOTE: Agree: 95%, Disagree: 0%, Abstain: 5% (Unanimous, Strongest Consensus)
RATIONALE
The most complete systematic review was published in 2017 by
Kadhim et al. [1] This review reported that in 96 femoral segmental
bone defects, monolateral external ﬁxation with bone transport was
99.7% eﬀective for union and 94.7% successful for function compared
with 88.9% and 57.6% for circular external ﬁxation, respectively.
Supplemental internal ﬁxation in this study decreased the external
ﬁxation time. Yin et al. [2] reported their series of 38 femoral fractures with infected segmental bone defects (average size, 6.5 cm) that
were treated with application of monolateral external ﬁxation and
bone transport. The mean external ﬁxation index was 1.5 months/
cm (range, 1.3–1.7 months/cm). Only ﬁve femurs required docking
site bone grafting. Good/excellent results (evaluated using the Association for the Study and Application of the Methods of Ilizarov
(ASAMI) Classiﬁcation) for bone were 87.3% and good/excellent
results for functional outcome were 79%. Multiple other studies have
reported similar results with monolateral bone transport but with
fewer numbers of patients [3–5]. Docking site bone grafting is not
always necessary except in longer transports that result in ﬁbrous
tissue at the docking site with some atrophy of the transported bone
end [4,5]. Monolateral bone transport is much less technically challenging than classic Ilizarov transport in the femur; therefore, this
technique is more accessible to a larger number of surgeons.
Few studies document the success of vascularized ﬁbular bone
grafts (VFBGs) in post-infectious segmental bone defects [6–8].
Minami et al. [6] reported on 23 post-infectious femoral segmental
bone defects treated with VFBG. Twenty of 23 patients achieved
primary bone union; however, 2 patients had recurrent infections. Both of these patients underwent VFBG less than one month
following resection for osteomyelitis; therefore, the authors’ recommendation [6] was to delay the VFBG for longer than one month
after the resection and until serologic infection markers returned to
normal. Gao-Hong et al. [7] reported using VFBG for infected femoral

segmental defects ranging from 6 to 18 cm with primary bone healing
in 10 of 12 patients. Additional surgery improved the healing rate to
100% (12/12) with eradication of infection in all cases. According to
Enneking scoring, excellent/good results were observed in 11 of 12
patients [7]. Han et al. [9] reported on VFBG for defects following
infection with a primary union rate of only 48%. With additional
procedures, this rate increased to 77% (46/60). The literature has
small numbers of VFBG reconstruction for post-infectious defects of
the femur with results that are not comparable to the success of bone
transport. Song et al. [10] studied post-infectious femoral defects (> 8
cm) and compared 20 cases treated with internal bone transport to 17
cases treated with VFBG. The bone transport cases had 65% excellent/
good result compared to 35% in the VFBG cases. The complication
rate is high regarding donor site morbidity [11] and ﬁbular stress fractures, which range between 15% and 32% [12,13]. The VFBG technique
is technically demanding, requires microsurgical skills, and is not
readily accessible to many orthopaedic surgeons.
No large series has been reported of the induced membrane
technique for post-infectious defects of the femur. There are 3 series
with 19, [14] 13, [15] and 13 cases [16]. Wu et al. [14] reported 19 cases
with an average 5.5-cm defect (range, 2–10.9 cm). The ﬁrst stage was
external ﬁxation and cement spacer placement. The second stage of
treatment was combined internal ﬁxation with autograft/auto-allograft mix into the induced membrane. All femurs united and were
free of infection [14]. Yu et al. [15] reported 13 cases of septic femoral
bone defects averaging 9.8 cm (range, 5–16 cm). The ﬁrst stage ﬁxation was an antibiotic-coated locked plate and the second stage ﬁxation was an intramedullary nail. The reported union rate was 100%,
and 92% of patients were infection free for at least one year [15]. Tong
et al. [16] also reported 13 cases of femoral posttraumatic osteomyelitis. They compared bone transport to the induced membrane (IM)
technique and found that the IM technique had better results in the
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femoral cases, especially the periarticular bone defects [16]. These
publications [14–16] have promise but are retrospective with only
small numbers.
The publications regarding the IM technique have many variations including timing to second stage, the presence of antibiotics in
the spacer and the type of ﬁxation used for stage one and two [17]. The
important unifying principles are radical debridement of infection,
proper installation of the cement spacer overlapping the normal
bone ends, waiting for the soft-tissue envelope to heal with normal
serologic markers and stable ﬁxation during the interval prior to the
second stage [18]. Infection eradication is the most essential element
in achieving success. This technique therefore requires a minimum
of two surgical procedures. The largest series published to date is by
Karger et al. [19] with 84 cases. Fifty percent of the cases were for infection, the average number of operations to achieve union was 6.11, and
57% of the defects were larger than 5 cm. An abnormal soft-tissue envelope needs to be addressed with soft-tissue transfer (adjacent or free)
in order to promote good soft-tissue healing and a stable wound bed
for the second stage [20,21]. The Masquelet technique holds promise
but the surgeon should proceed with caution as several surgical
procedures may be needed to achieve the desired result. In theory,
any size defect can be treated and there is no prolonged external ﬁxation time as in bone transport. The time to achieve union with this
technique appears to be independent of the length of the defect;
however, a 2 cm defect and a 15 cm defect both may take as long as
10 months to heal [19]. The recommendation is moderate because of
the lack of large prospective series reports in the literature and the
number of average surgical procedures needed to achieve success.
Kadhim et al. [1] recently published a systematic review of
nonunion with segmental bone defects that included 334 tibiae.
The most successful method of reconstruction with respect to bone
union and function was circular external ﬁxation combined with
internal ﬁxation (either bridge plating or intramedullary nail).
This provided a 99.8% success rate with respect to both union and
function. Papakostidis et al. [22] also demonstrated in their systematic review that distraction osteogenesis with the Ilizarov method
statistically signiﬁcantly reduced the risk of infection in previously infected defects. They also showed that the risk of refracture
following removal of external ﬁxation was higher when tibial defects
were larger than 8 cm [22].
Rohilla et al. [23] published a randomized prospective study
with 70 patients comparing ring ﬁxators and monolateral ﬁxators
for infected tibial defects. They concluded that for defects greater
than 6 cm, a ring ﬁxator had superior results [23]. They attributed this
ﬁnding to the larger numbers of patients in the monolateral group
who had residual problems with greater than 6 cm of lengthening
such as infection, deformity and shortening. Also, the monolateral
group had statistically signiﬁcantly more problems with deep pin
tract infections than the ring ﬁxator group [23].
Many other studies have also documented the success of
circular external ﬁxation and bone transport in the tibia. Yin et al.
[2] in 2014 reported 66 patients with infected segmental tibial bone
defects with an average size of 6.3 cm (range, 3–13 cm). All tibiae
were treated with bone transport with circular external ﬁxation and
united without recurrence of infection. Fifty-nine patients had excellent/good results according to the ASAMI classiﬁcation [2]. Docking
site bone graft was performed in only six patients. The most common
complication was pin tract infection in 40 patients with 38 of the 40
being treated with orally-administered antibiotics and pin care. The
mean external ﬁxation index was 1.38 months/cm (range, 1.15–1.58
months/cm). Only two patients had refracture after frame removal,
which was treated with reapplication of the external ﬁxator [2].
Peng et al. [24] reported 58 cases of tibial infected nonunion with an
average defect of 9.2 cm (range, 6–15 cm ) that were treated with bone

transport with circular external ﬁxation. Fifty-three patients had
excellent/good results using the Paley grade and 36 excellent/good
functional results. There were no refractures and only one recurrent
infection [24].
Hexapod external ﬁxators have also been used for bone transport
using the method of Ilzarov. Napora et al. [25] reported 75 infected
segmental bone defects of the tibia (average size, 5.4 cm) treated
with a hexapod external ﬁxator. Seventy of 75 patients had eradication of infection and full union. Thirty-two patients required a free
ﬂap by plastic surgery, and 36 patients had adjunctive stabilization
with either an intramedullary nail or plate ﬁxation at or following
removal. Many other articles detail the success of circular external
ﬁxation and bone transport in the tibia [26–31].
Another treatment option is acute shortening with lengthening.
One paper [32] with a total of 42 patients reported similar results when
comparing acute shortening with lengthening to bone transport.
The only diﬀerence was a statistically signiﬁcantly smaller number
of major and minor complications per patient. This technique is
helpful only when the ﬁbula is broken and the soft-tissue envelope is
amenable to shortening using a transverse incision. Excessive shortening greater than 4 cm can lead to ischemia of the leg due to arterial
kinking and the authors highlight the need to monitor the vascular
status of the limb whenever shortening is employed.
Some literature has been published on the IM or Masquelet
technique for infected tibial segmental bone defects. There is some
variability with respect to the technique among the papers, and
some critical diﬀerences may lead to poorer outcomes using the
technique. Tong et al. [16] compared the Masquelet technique for
infected segmental tibial bone defects to Ilizarov bone transport.
The average bone defect size was 6.8 cm (range, 2.7–15.7 cm). Twentysix patients had tibial defects with 13 patients in each group. The IM
group was treated with external ﬁxation for stage two as well. In this
series, there was no statistically signiﬁcant diﬀerence between bone
results in the 13 bone transport cases and 13 IM cases. It is interesting
to note, however, that a recurrent infection in the IM group was
treated with bone transport to union. Functional results were better
in the IM group because of the statistically signiﬁcantly smaller
external ﬁxation time (10.2 months [range, 8–14 months] versus 17.2
months [range, 11–24 months]). Seventeen excellent/good functional
results were observed for the Masquelet technique versus nine excellent/good functional results for bone transport.
Karger et al. [19] in 2012 published the largest series of the IM
technique for segmental bone defects. They included a total of 84
cases that included 61 tibial defects. Of the 61 tibial cases, there was
an average time to union of 14.6 months with an average of 11.5 interventions. Full weight bearing was started at a mean of 17.4 months
after the initial treatment of the bone defect. Eight tibial cases failed,
and six required amputation. Qiu et al. [20] reported 40 tibial posttraumatic osteomyelitis defects. There were 2 groups: a cement bead
group (18 patients) and a cement-spacer group (22 patients). The
volumes of the bone defects for each group were 32.4 cm3 (range,
15–40 cm3) and 40.4 cm3 (range, 20–70 cm3), respectively. Nineteen of
these bone voids were partial defects. The bone healing time was 8.5
months in the spacer group and 7.5 months in the bead group. Infection control was also similar in the two groups: 88.9% for the bead
and 90.9% for the spacer groups. Eighteen patients had soft-tissue
coverage by plastic surgery. Stable ﬁxation was obtained at the initial
débridement with either internal or external ﬁxation and there were
no amputations [20]. This study demonstrates that the IM technique
can be successful for small defects.
Sadek et al. [33] also demonstrated that the IM technique for
tibial defects smaller than 6 cm was comparable to Ilizarov bone
transport in a small, case-matched series totaling 30 patients (14 and
16 patients per group). Giannoudis et al. [34] reported 43 long bones
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that were treated with the IM technique; however, only 11 were tibial
defects with an average defect size of 4 cm (range, 2–7.5 cm). All bones
united with one complication of recurrent infection treated with
repeat debridement. This study highlights one of the problems with
the IM technique papers in that many diﬀerent anatomic regions are
considered together. Morelli et al. [35] performed a systematic review
of the IM technique with 17 papers that met the inclusion criteria;
however, only 10 of these papers reported individual patient data for
a total of 137 cases. Persistent infection or nonunion was present in
18% of cases requiring repeat surgical interventions. There has been
much enthusiasm for this technique because it is technically less
challenging for the surgeon and it appeals to patients because it does
not have prolonged external ﬁxation time. This technique, however,
has pitfalls with many variations of the technique being reported
with variable outcomes. Surgeons should proceed with caution as
recurrent infection and nonunion may require repeat operations
and ultimately increase total treatment time.
Now turning attention to the upper extremity, Adani et al. [36]
published a series of 13 cases of VFBG for humeral segmental defects,
of which 8 were infected. The average defect in these cases was 12.3
cm (range, 10–16 cm). Five of eight patients required additional
procedures (e.g., bone grafting, plate revision, new VFBG). The repeat
VFBG was secondary to a vascular pedicle failure. According to Tang
criteria, functional recovery was excellent/good in all eight cases and
radiographically excellent/good results were seen in ﬁve of eight
cases.
One series in the literature has 12 pediatric patients with humeral
osteomyelitis with an average defect size of 5.5 cm [37]. Initial treatment consisted of excision of infected bone, autograft nonvascularized ﬁbular strut and plate ﬁxation, and limb shortening. Ten of 12
patients healed after the initial surgery. One patient required additional bone grafting. One patient developed a recurrent infection
and required re-debridement and re-bone grafting with ultimate
success. The average residual shortening of the limb was 3.5 cm
(range, 2–6 cm).
Raﬁq Barawi [37] published the results of 10 patients with
infected humeral defects averaging 6 cm (range, 3–9 cm) treated
with Ilizarov bone transport. All 10 cases had Paley class excellent/
good results radiographically and functionally at latest follow-up,
with an average external ﬁxation index of 1.16 months/cm. Liu et al.
[38] reported 11 patients with humeral osteomyelitis and segmental
defects. The average gap was 1.9 cm (range, 1–2.7 cm) with an average
humeral shortening of 5.6 cm (range, 3.5–8.0 cm). The average
humeral lengthening was 9.5 cm (range, 5.5–13.4 cm). The average
external ﬁxation index was 1.16 months/cm (range, 1–1.35 month/cm).
Ten of 11 patients healed, and all patients were eradicated of infection. All patients had excellent/good results. No docking site bone
graft was performed in any of the cases. The most common complication was pin tract infection. Two pins were exchanged in two patients
for loosening.
Adani et al. [39] published a series of 12 cases using VFBG in
the forearm where 10 of the 12 cases had osteomyelitis. The average
defect was 8.4 cm (range, 6–13 cm). Two cases required additional
bone grafting and both of these cases had a history of osteomyelitis. A third case was considered a failure secondary to thrombosis
of the artery of the VFBG. Therefore, 9 of 10 cases of forearm osteomyelitis healed with 2 requiring additional bone graft procedures.
The average time to healing was 4.8 months (range, 2.5–8 months).
Internal ﬁxation was used for 9 of 10 cases. Seven of nine patients had
excellent/good results clinically and eight of nine patients had excellent/good results radiographically.
The alternative treatment is the IM technique as applied in the
forearm. Prasarn et al. [40] published a series of 15 cases of infected
forearm nonunion treated with debridement and nonvascularized
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iliac crest bone graft with open wound healing by secondary intention. All bones united and were free of infection with an average
time to union of 13.2 weeks (range, 10–15 weeks). The average defect
size was 2.1 cm (range, 1–7 cm). Allende [41] in 2010 published 20 cases
with healing of infection and nonunion at an average of 5 months.
Luo et al. [42] published a series of 7 forearm infections with an
average defect size of 5.8 cm (range, 4–8 cm) treated with the IM technique. The average number of procedures to achieve success in these
patients was 3.43 (range, 2–5 procedures). The authors emphasize
that a number of debridements may be required to achieve an uninfected environment. Serial debridement’s were also determined by
Masquelet [18] to be critical to achieve an uninfected wound bed and
ultimate success with the technique. One patient required repeat
bone grafting [42]. At latest follow-up averaging 86.7 months (range,
41–150 months), all patients were healed, uninfected and had statistically signiﬁcant improvement in functional scores.
Two studies reported the results of bone transport in forearm
nonunions. Zhang et al. [43] published a series of 16 cases with an
average defect of 3.8 cm (range, 2.2–7.5 cm) with a mean external ﬁxation index of 1.6 months/cm (range, 1.14–2.0 months/cm). All patients
healed, and there was no recurrence of infection. No docking site
was bone grafted. Liu et al. [44] reported on 21 patients with infected
forearm nonunion who underwent treatment with monolateral
ﬁxation. The average defect was 3.1 cm (range, 1.8–4.6 cm), and the
external ﬁxation index was 1.4 months/cm. Four patients had docking
site bone grafting. Three patients had regenerate bone grafting, and
3 patients had recurrent infection requiring repeat debridement.
Mean follow-up was 77.5 months. All forearms healed and were free
of infection.
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QUESTION 9: What is the optimum waiting time for bone grafting in staged management of
septic nonunion?
RECOMMENDATION: The interval between the ﬁrst and second stages should be dependent upon infection control and the status of the local
soft tissue of the individual patient, rather than any speciﬁc time. Therefore, the precise time is unknown. The current recommendations are that
if conditions are favorable, the second stage can be performed between 6 and 12 weeks after the ﬁrst stage. This recommendation may not apply
to the Masquelet technique.
LEVEL OF EVIDENCE: Limited
DELEGATE VOTE: Agree: 100%, Disagree: 0%, Abstain: 0% (Unanimous, Strongest Consensus)
RATIONALE
Successful treatment of infected long bone nonunions remains a
great challenge for the orthopaedic trauma and limb reconstruction
surgeon. They are frequently associated with bone and soft tissue
loss, failed internal ﬁxation, broken implants, poor vascularity,
drainage from sinuses, osteopenia, osteomyelitis, adjacent joint stiﬀness, deformities, length discrepancies, prior surgery and polymicrobial infection with resistant organisms [1–4]. Available evidence

on the operative management of infected long bone nonunions
indicates that staged reconstruction (incorporating debridement,
antibiotic beads, soft tissue coverage and provisional stabilization,
followed by delayed osseous reconstruction and deﬁnitive stabilization [3–6]) can achieve union in 93–100% of cases. With expert care
under staged protocols by surgeons specializing in musculoskeletal
sepsis, persistence of infection is present in only 2-9% of cases [5,6],
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TABLE 1. Studies before 2000
Number
of
Patients

N Septic
Nonunion

Mean Follow-up,
Months
(Range)

Recurrence
of Infection

Union

Author

Year

Type of Study

Green [10]

1983

Case series,
retrospective

15

15

42 (24-78)

Tibia,
femur, ulna

4

0%

87%

Esterhai [11]

1990

Case series,
retrospective

42

36

Not speciﬁed

Tibia

1

31%

72%

Ueng [12]

1994

Case series,
retrospective

13

8

37 (24-54)

Tibia

2-4

0%

100%

Patzakis [13]

1995

Case series,
retrospective

32

32

28 (12-49)

Tibia

8

0%

91%

Emani [14]

1995

Case series,
retrospective

37

37

24

Tibia

2.1

0%

100%

Cove [15]

1997

Case series,
retrospective

44

12

28 (24-108)

Femur

Min 2

0%

92%

Chen [16]

1997

Case series,
retrospective

14

14

73 (29-108)

Humerus

6

0%

93%

Ueng [17]

1999

Case series,
retrospective

15

11

58 (40-76)

Femur

2-6

18%

100%

which is signiﬁcantly better that one-stage strategies or two-stage
strategies without local antibiotic depots using polymethyl methacrylate (PMMA) beads [2–4].
Although bone grafting is widely used for the treatment of
infected nonunions, there is little evidence on the optimum timing
of its use in the staged management of septic nonunion. A search in
the Ovid Database (including Embase and Medline) did not identify any studies focusing on the optimum timing of bone grafting.
The current evidence is based on studies that report outcomes
on the management of infected nonunions. The most commonly
reported prerequisite for bone grafting is complete eradication of
infection. This is conﬁrmed either clinically (absence of systemic
signs such as fever or local signs such as dry healed wounds), by
laboratory tests (normalization of inﬂammatory markers) [7,8] or
by biopsies [9].
There has been only one randomized control study on the
management of infected nonunion [8]. This study compared the
use of antibiotic-impregnated autologous cancellous bone graft
with pure autologous cancellous bone graft in the management
of infected nonunions. The timing of bone grafting depended on
whether muscle transfer was required. Bone grafting was performed
after ﬁve weeks on average (range two to seven weeks) from the last
debridement and application of PMMA if muscle transfer was not
required and on an average 10 weeks (range 8 to 12 weeks) if muscle
transfer was required. There were no results reported speciﬁcally for
the two groups with diﬀerent timing of bone grafting. This study
showed that antibiotic-impregnated bone graft was associated with
lower rates of recurrent infections than pure bone graft. The rest of
the published studies were case-series reporting outcomes on the
staged management of infected nonunions.

Location

Timing
of Bone
Grafting
(Weeks)

Interestingly, there has been a change in the timing of bone
grafting for the staged management of infected nonunions over the
course of the past several decades. Prior to 2000, the mean time of
bone grafting was four weeks following the ﬁrst-stage procedure
[10–17] (Table 1). Furthermore, in only two [13,16] out of the eight
published studies, bone grafting was carried out later than four
weeks from the ﬁrst-stage procedure. On the contrary, after 2000 the
mean time between the ﬁrst and second stages was 7.9 weeks and
in no study was bone graft implanted earlier than four weeks from
the ﬁrst stage [7–9,18–35] (Table 2). This could be partially explained
by increasing popularity of the induced membrane technique. The
most recent case series use the principles of this technique for the
eﬀective eradication of infection and reconstruction of bone defects.
The time interval between the two stages of the procedure is essential not only for the eradication of the infection but also for the
maturation of the induced membrane. This may be another reason
towards the shift of longer waiting times between the two stages.
In summary, even though there are no studies assessing the
optimum timing of bone grafting in the management of septic
nonunion, current case series recommend an interval of 7-8 weeks
while most studies range between 6-12 weeks following debridement.
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TABLE 2. Studies after 2000
Author

Year

Type of Study

Number
of
Patients

N Septic
Nonunion

Follow-up

Location

Timing of
Recurrence of
Bone Grafting
Infection
(Weeks)

Union

Chan [8]

2000

Randomized,
prospective

96

96

57 (48-72)

Tibia

5 or 10

11%

99%

Tulner [18]

2004

Case series,
retrospective

47

22

94 (24-163)

Tibia

4-7

18%

95%

Chen [19]

2005

Case series,
retrospective

18

18

48 (24-74)

Tibia

6 or 11

0%

72%

Jain [20]

2005

Case series,
retrospective

42

18

Not
speciﬁed

Femur, tibia,
humerus,
forearm

6

6%

100%

Babhulkar [21]

2005

Case series,
retrospective

113

14

40 (24-180) Tibia, femur,
humerus,
forearm

6-8

0%

100%

Schöttle [22]

2005

Case series,
retrospective

6

6

36 (18-60)

Tibia

15

0%

83%

Chiang [23]

2006

Case series,
retrospective

12

7

31 (24-37)

Tibia

Min 13.5

14%

86%

Ryzewicz [36]

2009

Comparative,
retrospective

44

14

Not
speciﬁed

Tibia

6

21%

93%

Staﬀord [24]

2010

Case series,
retrospective

27

7

12

Tibia, femur

6-8

14%

57%

Allende [7]

2010

Comparative,
retrospective

20

13

18 (10-96)

umerus,
forearm

8.5

0%

100%

Schröter [25]

2015

Case series,
retrospective

18

18

70 (24-96)

Femur

Min 6

0%

83%

Scholz [26]

2015

Case series,
retrospective

13

13

13 (9-24)

Tibia, femur,
ﬁbula,
radius,
metatarsal

9.8

0%

100%

Olesen [27]

2015

Case series,
retrospective

8

2

Min 9

Tibia, femur

7

0%

50%

El-Alfy [28]

2015

Case series,
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3.5. TREATMENT: MANAGEMENT OF HARDWARE
Author: J. Tracy Watson

QUESTION 1: When should hardware be removed when treating surgical site infection (SSI) in
orthopaedic trauma?
RECOMMENDATION: The decision to retain or remove hardware diﬀers by clinical scenario and must take into account extent of the infection
and stability of the hardware and fracture.
A methodical approach that addresses the pathogen, host factors and bony and soft tissue deﬁciencies is required, and includes thorough debridement, dead-space management and soft tissue and bony reconstruction using the established principles of the reconstruction ladder.

LEVEL OF EVIDENCE: Moderate
DELEGATE VOTE: Agree: 95%, Disagree: 0%, Abstain: 5% (Unanimous, Strongest Consensus)
RATIONALE
Acute or Subacute Infection with Stable Hardware and
Fixation
When dealing with orthopaedic implant-related infections, the
most common recommendation of nonsurgical consultants is to

remove all hardware, obtain deep cultures and administer antibiotics. This is unfortunately only partially correct. Cultures are
helpful, and antibiotics are essential, but the removal of stable,
functioning hardware in the setting of an acutely infected fracture
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should generally be resisted. Although it is well-known that the
presence of inanimate material surfaces increases the risk of infection, lowers the inoculum necessary to cause infection and reduces
the chances of successful treatment, longstanding clinical experience has demonstrated that skeletal stability reduces the infection rate [2,3]. This reduction is supported by the results of animal
studies [4,5]. The mechanism by which instability promotes infection is not clear, but may have to do with interference with revascularization of injured tissues, ongoing tissue damage, altered ﬂuidﬂow behavior locally or increased micro-dead space. Although
instability seems to interfere with the resolution of infection, the
presence of infection does not necessarily prohibit bone healing.
A logical strategy is to maintain stable internal ﬁxation, which will
facilitate union, and plan for hardware removal later if infection
persists after the bone is healed.
For the treatment of acutely infected fractures, Berkes et
al. reported a 72% rate of fracture union and resolution of infection utilizing a standardized protocol of operative debridement,
retention of stable fracture hardware and culture-speciﬁc intravenous antibiotics. Factors that were predictors of treatment failure
included the injury being an open fracture (p = 0.03), the presence
of an intramedullary nail (p = 0.01), a high association with smoking
and any infection with Pseudomonas species or other gram-negative
organisms [6].
Other authors have also identiﬁed factors that contribute to the
successful salvage of acutely infected fractures. These include the
maintenance of stable hardware and time of surgery to infection
diagnosis less than two weeks [7].
Another factor for successful salvage is the ability to achieve a
thorough debridement of the fracture construct. If a collection of
pus exists around an implant or under a ﬂap or incision, it must be
thoroughly drained. Incisions made for irrigation and debridement
of infection should rarely be closed and should be placed carefully to
avoid exposing hardware, bone, tendon or neurovascular structures.
If these are unavoidably exposed, consideration should be given to
ﬂap coverage of the wound. The ability to achieve competent wound
closure is another predictor of successful salvage. Vacuum-assisted
closure (VAC, (Kinetic Concepts, Inc.)) dressing can be used temporarily in the short-term while awaiting deﬁnitive coverage.
As mentioned previously, culture speciﬁc antibiotic treatment
should be standard when treating acutely infected stably ﬁxed fractures. Furthermore, consideration to adding rifampin to culture
proven Staphylococcal infections should be strongly considered.
A randomized controlled trial to evaluate the utility of adding
rifampin to Staphylococcal infection associated with stable orthopaedic implants demonstrated a 100% cure rate in the group treated
with ciproﬂoxacin-rifampin compared to the 58% cure rate in the
group receiving ciproﬂoxacin-placebo [8]. All patients underwent an
initial debridement followed by a two-week course of an intravenous
antibiotic regimen of ﬂucloxacillin or vancomycin with rifampin or
placebo. Long-term therapy was either ciproﬂoxacin-rifampin or
ciproﬂoxacin-placebo.
In a study by Rightmire, et al. [9] outcomes in patients with
acute infections after fracture repair managed with retained hardware were reviewed. They evaluated the eﬀectiveness of irrigation,
debridement and antibiotic suppression in the setting of retained
hardware. A successful outcome was deﬁned as a patient obtaining
fracture union with the original hardware in place. A failure was
deﬁned as a patient requiring hardware removal before fracture
union [9]. There was only 68% success with an average of 120 days
until fracture healing, and 36% of these patients went on to present
with reinfection. The majority of the infected fractures that failed
debridement and antibiotics with retained hardware failed within
three months.

It is important to consider all information when deciding
to retain or remove hardware in treatment of these infections,
including the speciﬁc characteristics of the fracture, the type of ﬁxation, the virulence of the pathogen and physiology and function of
the patient.
Acute or Subacute Infection with Unstable Fracture, Fixation
and/or Hardware
The presence of excessive motion, the displacement of hardware
on radiographs or the visualization of radiolucencies around screws,
rods or ﬁxator pins denotes an unstable situation. This instability
compromises the ability to overcome infection and to heal the fracture. Bacteria that are attached to surfaces such as metallic ﬁxation
devices or dead bone become resistant to the action of antibiotics
through the production of bioﬁlm. In the face of unstable hardware
or fracture malalignment, the hardware should be removed.
Animal studies with an infected fracture model document the
detrimental eﬀects of fracture instability. The infection rates at two
weeks post-infection were lower in internally-ﬁxed fractures with
stable ﬁxation compared to unstable fractures with loose pins.
Stability lowers the incidence of S. aureus infection and other grampositive organisms. However, gram-negative infections were less
likely to be successfully suppressed in the internally ﬁxed group and
the infection could only be eradicated if the hardware was removed
[5].
Friedrich et al. noted similar ﬁndings in infected fractures with
retained hardware [4] and infection developed in 45% of unstable
fractures. However, infection did NOT occur after rigid ﬁxation. With
rigid ﬁxation, no signiﬁcant diﬀerence in the time to bony union was
noted between the infected versus uninfected fractures. It is important to note that fracture instability, particularly with loss of ﬁxation,
may also be a confounded clinical scenario, demonstrating a more
widespread infection that prevents callus formation and leads to
bone loss and loss of ﬁxation.
Chronic Osteomyelitis
Debridement
Chronic infection after injury is largely a surgical disease and
is rarely successfully treated by antibiotics alone. Surgical debridement should be undertaken by experienced surgeons using particular techniques that adhere to established principles, many originally described by Cierny [10–14]. If infection persists after fracture
union, hardware must be removed and avascular bone and soft
tissue debrided. In general, previous incisions should be used, and
all necrotic soft tissue should be removed [10–14]. In the case of
structures important to function and with questionable viability
(tendons and ligaments), a staged approach can be taken. Care
should be taken to not strip viable periosteum from bone. Sclerotic
or sequestered bone should be removed until all the remaining bone
appears healthy and bleeds well. A high-speed burr is a gentle way to
accomplish removal of necrotic infected bone [10–14].
Local Antibiotic Delivery
To prepare defects for grafting or coverage following debridement, antibiotic-impregnated polymethyl methacrylate (PMMA)
beads, rods or blocks are often placed to deliver a high concentration of antibiotics locally while avoiding systemic toxicity. Antibiotic elutes from the PMMA by diﬀusion from the surface. Although
most of the drug elutes in the ﬁrst 24 hours, therapeutic levels of
drugs have been detected in some cases for as long as 90 days. Tissue
concentrations may be higher and persist longer than those seen in
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elution experiments. Although many surgeons believe that antibiotic beads used to treat osteomyelitis should be removed, one retrospective study suggested that improved outcomes followed leaving
the beads in situ [14].
After removal of an intramedullary rod, placement of antibiotic
beads oﬀers no mechanical support. Beads within the intramedullary canal must be removed within 10 to 14 days or subsequent
removal may be extremely diﬃcult [15,16]. Antibiotic cement rods
can be custom-made at the time of surgery using varying chest tubes
as molds [16]. Following thorough medullary canal debridement,
the antibiotic rod is inserted and does provide some mechanical
stability. If additional debridements are necessary, the antibiotic rod
is exchanged. At the time of deﬁnitive closure, the antibiotic rod is
left intact in the canal, and the wound is closed directly over it. After
a six- to eight-week interval, the rod can be removed and bony reconstruction can be undertaken.

[5]
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[7]

[8]
[9]
[10]
[11]
[12]

REFERENCES

[13]

[1]

[14]

[2]
[3]
[4]

Lowenberg DW, Watson JT, Levin LS. Advances in the understanding and
treatment of musculoskeletal infections. Instr Course Lect. 2015;64:37–49.
Strauss EJ, Petrucelli G, Bong M, Koval KJ, Egol KA. Blisters associated with
lower-extremity fracture: results of a prospective treatment protocol. J
Orthop Trauma. 2006;20:618–622. doi:10.1097/01.bot.0000249420.30736.91.
Mader J, Cripps M, Calhoun J. Adult posttraumatic osteomyelitis of the
tibia. Clin Orthop Relat Res. 1999;360:14–21.
Friedrich B, Klaue P. Mechanical stability and post traumatic osteitis: an

[15]
[16]

Treatment

751

experimental evaluation of the relation between infection of bone and
internal ﬁxation. Injury. 1977;9:23–29.
Merritt K, Dowd JD. Role of internal ﬁxation in infection of open fractures:
studies with Staphylococcus aureus and Proteus mirabilis. J Orthop Res.
1987;5:23–28. doi:10.1002/jor.1100050105.
Berkes M, Obremskey WT, Scannell B, Ellington JK, Hymes RA, Bosse M.
Maintenance of hardware after early postoperative infection following fracture internal ﬁxation. J Bone Joint Surg Ser A. 2010;92:823–828. doi:10.2106/
JBJS.I.00470.
Steve WNU, Wei FC, Sliih CH. Management of femoral diaphyseal infected
nonunion with antibiotic beads local therapy, external skeletal ﬁxation,
and staged bone grafting. J. Trauma. 1999;97–103. doi:10.1097/00005373199901000-00016.
Zimmerli W, Widmer AF BM. Role of Rifampin for treatment of orthopedic
implant – related Staphylococcal infections a randomized controlled trial.
JAMA. 1998;279:1537–1541.
Rightmire E, Zurakowski D, Vrahas M. Acute infections after fracture repair:
management with hardware in place. Clin Orthop Relat Res. 2008;466:466–
472. doi:10.1007/s11999-007-0053-y.
Tetsworth K, Cierny G. Osteomyelitis debridement techniques. Clin Orthop
Relat Res. 1999:87–96.
Heitmann C, Patzakis MJ, Tetsworth KD, Levin LS. Musculoskeletal sepsis:
principles of treatment. Instr Course Lect. 2003; 52:733–743.
Cierny G. Chronic osteomyelitis: results of treatment. Instr Course Lect.
1990;39:495–508.
Cierny G. Infected tibial nonunions (1981-1995). The evolution of change.
Clin Orthop Relat Res. 1999:97–105.
Henry SL, Hood G a, Seligson D. Long-term implantation of gentamicinpolymethylmethacrylate antibiotic beads. Clin Orthop Relat Res. 1993:47–
53.
Patzakis M. Management of acute and chronic osteomyelitis. Oper Orthop.
1993: 3533–3560.
Paley D, Herzenberg JE. Intramedullary infections treated with antibiotic cement rods: preliminary results in nine cases. J Orthop Trauma.
2002;16:723–729. doi:10.1097/00005131-200211000-00007.

• • • • •
Authors: Nando Ferreira, Arvind Nana, Michael T. Archdeacon

QUESTION 2: Which surgical treatment (plate, nail or external ﬁxator) for open tibial shaft
fractures results in lower rate of infection?
RECOMMENDATION: There is little to no diﬀerence in terms of infection rates for Gustilo-Anderson types I–II treated by either circular external
ﬁxator, unreamed intramedullary nail or reamed intramedullary nail. For Gustilo-Anderson IIIA-B fractures, circular external ﬁxation appears to
provide the lowest infection rates when compared to all other ﬁxation methods.
LEVEL OF EVIDENCE: Moderate
DELEGATE VOTE: Agree: 100%, Disagree: 0%, Abstain: 0% (Unanimous, Strongest Consensus)
RATIONALE
A systematic review was undertaken on all English language articles
on infection rates following the treatment of open tibial shaft fractures. The literature search included Google Scholar and the Medline,
Embase and Cochrane databases. The search terms included open
tibia, tibia fracture and tibial diaphysis with the Boolean terms
‘AND’ and ‘OR.’ All abstracts were reviewed, and the full articles were
obtained for all potentially suitable articles.
Review articles and those that included peri-articular open fractures and pediatric fractures were excluded. A total of 54 articles were
excluded for review. Information regarding Gustilo-Anderson types
and infection rates were extracted from all included articles (Table 1).
Statistical analysis revealed that across all Gustilo-Anderson
types, circular external ﬁxation and intramedullary nailing have
signiﬁcantly lower infection rates compared to plate ﬁxation or
monolateral external ﬁxation. Across all types, there is minimal to
no diﬀerence between circular external ﬁxation and unreamed
intramedullary nailing or reamed intramedullary nailing (Table 2).
When Gustilo-Anderson type IIIB injuries are isolated, circular
external ﬁxation appears to have a signiﬁcantly lower risk of risk of

infection when compared to reamed and undreamed intramedullary nail ﬁxation (Table 4).
In conclusion, from the available published English literature
on infections rates for open tibial shaft fractures treated by various
diﬀerent ﬁxation methods, plate ﬁxation and monolateral external
ﬁxation have signiﬁcantly higher infection rates when compared to
circular external ﬁxation or intramedullary nailing. There appears to
be little to no diﬀerence for Gustilo-Anderson types I – IIIA treated
by either circular external ﬁxator, unreamed intramedullary nail
or reamed intramedullary nail. For Gustilo-Anderson type IIIB fractures, circular external ﬁxation appears to provide the lowest infection rates when compared to all other ﬁxation methods.
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TABLE 1. Summary of infection rates with diﬀerent ﬁxation methods from the literature review
Fixation
Plate [1–4]

Monolateral external ﬁxation
[1,3–19]

Circular external ﬁxation
[17,18,20–28]

Unreamed Nail
[1,4,5,7,9–13,16,19,29–51]

Reamed Nail
[6,18,21,32,33,38,40,41,48,52–54]

Type

Cases (n)

Infected Cases (n)

%

GA I
GA II
GA IIIA
GA IIIB
GA I
GA II
GA IIIA
GA IIIB
GA I
GA II
GA IIIA
GA IIIB
GA I
GA II
GA IIIA
GA IIIB
GA I
GA II
GA IIIA
GA IIIB

49
80
36
34
9
76
373
238
10
63
145
198
533
734
554
558
401
493
230
240

3
7
9
5
0
2
41
50
0
0
3
6
6
19
32
102
6
15
5
40

6.1
8.8
25.0
14.7
0.0
2.6
11.0
21.0
0.0
0.0
2.1
3.0
1.1
2.6
5.8
18.3
1.5
3.0
2.2
16.7

TABLE 2. Infection rate ratio (IRR) diﬀerences between all treatment types for all GA types (I, II, IIIA
and IIIB)
Treatment

IRR

95% CI

p-value
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Reference
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6.17
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<0.001

Unreamed nail
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0.044

Reamed nail

2.24

0.73 - 6.89

0.161

TABLE 3. Infection rate ratio (IRR) diﬀerences between all treatment types for GA types I, II and IIIA
Treatment

IRR

95% CI

p-value

Circular ﬁxator

Reference

Plate

8.34

2.78 – 25.23

<0.001

Monolateral ﬁxator

6.82

2.57 – 18.12

<0.001

Unreamed nail

2.27

0.74 – 6.96

0.044

Reamed nail

1.68

0.63 – 4.47

0.161

TABLE 4. Chi squared analyses of infection rates of reamed and
unreamed nail vs. circular ﬁxators for Type IIIB open fractures
Treatment

OR

95% CI

p-value

Circular ﬁxator
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<0.001
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3.09 – 16.59

<0.001
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QUESTION 3: When performing intramedullary (IM) ﬁxation, what is the evidence regarding
reaming versus non-reaming and the association with infection?
RECOMMENDATION: Based on the current evidence, there is no diﬀerence in infection rates following IM ﬁxation of long bone fractures using a
reamed or non-reamed technique.
LEVEL OF EVIDENCE: Moderate
DELEGATE VOTE: Agree: 100%, Disagree: 0%, Abstain: 0% (Unanimous, Strongest Consensus)
RATIONALE
Using an IM ﬁxation technique has become the accepted standard in
treating long bone fractures. Tibial fractures are the most common
type of long bone fracture encountered and therefore are the most
studied in the current literature [1,2]. Evidence has supported that
IM nailing is superior to external ﬁxation with regards to patient
outcomes [3–5]; however, there has not been a consensus with regard
to reamed versus non-reamed IM nailing technique.
Classically, the arguments against the use of reaming point to
the risk of fat embolization from the marrow-generated from the
increased intramedullary pressure created during the technique,
and development of acute respiratory distress syndrome (ARDS)
[6,7]. Also, long bone fractures are often the result of high-energy
injuries and are accompanied with varying degrees of periosteal
stripping [4]. This inherent soft tissue damage can predispose
patients to complications, such as infections, especially in open
fractures. In addition to the soft tissue compromise secondary to
the trauma, reaming has also been shown to disrupt endosteal
blood ﬂow and to cause thermal necrosis of the bone [4,7]. This is
thought to have the potential to further increase the risk of infection due to added insult to the soft tissue [4]. To avoid such adverse
eﬀects and complications, a non-reamed IM nailing technique was
developed.
Despite the described adverse results of reaming, current literature has not convincingly proven an association between reaming
and infection rates. Finkemeier et al. conducted a prospective, randomized study analyzing 94 patients with closed and open tibial
fractures treated with either reamed or non-reamed IM nailing [8].
There was no statistically signiﬁcant diﬀerence in the infection rate
between the two study groups. When comparing infection rates of
only closed fractures treated with reamed and non-reamed techniques (4% vs. 4%, p = 0.945), no statistical diﬀerence was observed [8].
Open fractures also had no signiﬁcant diﬀerence in infection rates
when treated with the studied techniques (5% reamed vs. 4% nonreamed, p = 0.851) [8]. Similarly, Blachut et al. conducted a prospective study of 141 fractures randomized into reamed and non-reamed
groups and found no increased rate of infection [9]. Both of these
studies noted that their smaller sample sizes could limit the quality
of the evidence they presented [8,9].
A much larger prospective, blinded randomized trial was
conducted by the Study to Prospectively Evaluate Reamed
Intramedullary Nails in Patients with Tibial Fractures (SPRINT)
investigators [1]. This study randomized 1,319 tibial shaft fractures
into reamed or non-reamed cohorts and did not allow re-operations for nonunion to occur before six months in order to eﬀectively evaluate the outcomes of the techniques [1]. The results of

their study found a statistical diﬀerence in the relative risk (RR) of a
primary event when a reamed technique was used in a closed tibial
fracture (RR = 0.67 conﬁdence interval (CI), 0.47-0.96, p = 0.03) [1].
The RR of an infection in a closed fracture, however was not statistically signiﬁcant when comparing the reamed and unreamed
groups (RR = 1.37, CI 0.48-3.93, p = 0.56) [1]. The same was seen in
open fractures when comparing the infection rates of the two techniques (RR = 1.27, CI 0.67-2.40, p = 0.46) [1]. The SPRINT trial was
unable to draw any conclusions about risks of infections between
reamed and non-reamed techniques due to disparity between the
study groups. The authors of the study noted that there was potential bias in their study, for their surgeons had more expertise with
the reamed technique [1]. This could have biased their data against
the non-reamed group.
A systematic review and meta-analysis of a pooled group of 646
patients conducted by Bhandari et al. found a RR of reamed versus
nonreamed IM nails of 0.98 (CI 0.21-4.76, p = 0.86) for rate of infection
[10]. They did note trends in favor of reamed IM nailing with closed
fractures and nonreamed IM nails in open fractures. Due to the lack
of signiﬁcance in the results, however, they were unable to draw
deﬁnitive conclusions pertaining to infection rates between the
studied techniques [10]. Foote et al. conducted a network meta-analysis to analyze all treatment options for open tibial shaft fractures
[2]. Similar to Bhandari et al., they were unable to ﬁnd a diﬀerence
between reamed and non-reamed IM techniques (direct evidence
non-reamed vs. reamed odds ratio (OR) = 0.74, CI 0.45-1.24) [2].
A third systematic review was also unable to establish a statistically signiﬁcant diﬀerence between infection rates when using
a reamed technique as opposed to a non-reamed technique (RR =
1.19, CI 0.71-2.00) of the 1,545 patients included in this analysis [11]. Of
note, the Duan et al. systematic review was heavily dominated by the
inclusion of the SPRINT trial which contributed the majority of the
patients to the overall analysis and was cited as a potential weakness
of their study [11].
Despite concern of an increased rate of infection when a
reamed technique is used for IM nailing, current evidence has been
unable to elucidate a diﬀerence between reamed and non-reamed
IM nails in this regard. There are several studies addressing the
issue, however smaller sample sizes in all of these studies prevents
one from drawing a deﬁnitive conclusion [8,9,11]. In addition, the
current literature focuses primarily on outcomes aside from infection. The high-energy nature of fractures treated with these techniques as well as the open/closed nature of the injury can also be
confounding factors limiting many authors’ ability to draw deﬁnitive conclusions. Therefore, there is no conclusive evidence linking

Section 3
IM reaming with increased rates of infection when compared to
non-reamed techniques.
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QUESTION 4: Are antibiotic coated rods (ACRs) and antibiotic coated plates (ACPs) an acceptable
alternative to cement only implants?
RECOMMENDATION:

Antibiotic-loaded polymethyl methacrylate (AL-PMMA) spacers can be considered an established treatment concept for
local antibiotic delivery in osteomyelitis and implant-associated infections.
ACRs and ACPs can also be of value in speciﬁc indications, mainly infected non-unions, in order to address both local delivery of antibiotics and
biomechanically stable ﬁxation of the non-union site to allow for possible spontaneous bone consolidation.

LEVEL OF EVIDENCE: Limited
DELEGATE VOTE: Agree: 91%, Disagree: 5%, Abstain: 4% (Super Majority, Strong Consensus)
RATIONALE
Biomechanically stable ACRs, such as antibiotic coated interlocking nails, and ACPs exhibit the advantage of additionally
providing suﬃcient biomechanical stability to allow for bone
healing in infected non-unions compared to antibiotic delivery
only by biomechanically unstable drug carriers. There are only a
few limited case series available on biomechanically stable ACRs
[1–4] and ACPs with the study of Conway et al. being the largest with
110 patients on locked ACRs that were retrospectively analyzed [1].
A good overall clinical outcome could be accomplished with an
overall limb salvage rate of 95% (105/110 patients) in infected nonunion and infected arthrodesis.
For ACPs, there is only one case report and one case series with
four patients all of whom showed healing of the formerly infected
fracture by the use of the ACPs [5,6].
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QUESTION 5: What is the ideal composition of antibiotic-impregnated intramedullary (IM) nails?
RECOMMENDATION: The ideal composition of antibiotic-impregnated IM nails is unknown. The core should consist of a rigid structure such
as an Ender’s IM nail, Ilizarov threaded rods, IM locked nails, carbon ﬁber nails or sectioned pins or guidewires. We recommend at least 2 grams
of vancomycin and 2.4 grams of an aminoglycoside be added to each pack (40 grams) of polymethyl methacrylate cement. If a speciﬁc microorganism is isolated, targeted antibiotic therapy should be included.
LEVEL OF EVIDENCE: Consensus
DELEGATE VOTE: Agree: 86%, Disagree: 9%, Abstain: 5% (Super Majority, Strong Consensus)
RATIONALE
Infection following IM nailing of long bone fractures is a recognized
complication that can be diﬃcult to treat successfully [1]. The incidence is variable depending on the degree of soft tissue and bone
compromise, ranging from 1.8% in closed fractures and Gustilo type I
open fractures up to 12.5% in type IIIb open fractures [2]. Almost half
of these are caused by multiple organisms. Zych et al. [2] reported
that 56% of these infections were caused by a single organism,
predominantly caused by Staphylococcus aureus (50%) followed by
Bacteroides fragilis (3%) and Streptococcus pyogenes (3%). The remaining
cases were caused by a combination of these and Enterobacter cloacae,
Serratia marcescens, Proteus mirabilis, Escherichia coli, and Pseudomona
aeruginosa. In all infections, Staphylococcus aureus was present in 64%
of cases.
Antibiotic cement-impregnated IM nails (ACIMNs) have been
described as a treatment option for this complication. These are
designed to provide stability while delivering local antibiotics.
Initially described by Paley and Herzenberg in nine cases, they used
a chest tube as a mold and a guidewire as a core, covered with antibiotic-loaded bone cement [3]. The treatment strategy with the use
of ACIMNs is generally performed in a two-stage fashion. An initial
debridement and implantation is followed by subsequent removal
with or without deﬁnitive hardware exchange [4–6].
The greatest disparity among ACIMNs is the element used as the
core. Investigators have reported diﬀerent components including
Ender’s IM nails, Ilizarov threaded rods, IM locked nails, interlocked
carbon ﬁber nails, sectioned pins or guidewires [7]. ACIMNs act as
antibiotic-loaded cement spacers, similar to those used in two-stage
exchange arthroplasty for periprosthetic joint infection treatment,
[8] with additional temporary fracture or bone stabilization [9].
Regarding construct rigidity, the core diameter is the most
important factor. It is important to note that these are signiﬁcantly
weaker than conventional IM nails given the antibiotic coating.
Thus, a balance between the core diameter and planned diameter
of ACIMN should be carefully calculated. In a mechanical study
by Marmor et al. [10] diﬀerent core diameters were evaluated. A
5.8-mm-core diameter cement rod bending stiﬀness was reportedly higher, 4.96 ± 0.67 N/m2, than a 3-mm-core, 3.07 ± 0.28 N/m2,
(p = 0.0039). The second important factor is the thickness of the
cement mantle, which is currently unknown given diﬀerent variables of the cement composition. Vaishya et al. [11] suggest a cement
mantle thickness of 2 to 3 mm without clear evidence supporting
this statement. The reduction in the volume of cement coating
raises concerns regarding the eﬀectiveness of antibiotic delivery.
However, the elution properties of the impregnated antibiotics
have been shown to depend on the surface area and porosity of
the mixture, not the thickness. In a study by Karek et al. [12], they
demonstrated that a thin mantle would potentially allow for

higher elution of antibiotics caused possibly by the result of a
cooler exothermic reaction.
Diﬀerent techniques of ACIMN fabrication have been described
[3,7,13]. The use of a mold and manual fabrication has been commonplace for the past two decades. These have diﬀerent advantages and
disadvantages such as fabrication speed and the morphology of the
implant. Molds such as chest tubes seem to be the best option as they
generate a smooth implant that facilitates their later removal. Kim
et al. [5] evaluated the time required to peel the chest tube oﬀ the
ACIIN using diﬀerent cement-cooling techniques. They found that
the fastest and most eﬀective way is cooling the cement in cold water
and pre-lubricating the chest tube with mineral oil. They also recommend the use of 3-mm beaded IM guidewire that is cut to a length 3
cm longer than the length of the tube allowing creation of a hook or
loop for subsequent removal.
Broad-spectrum antibiotics are routinely used as infections are
generally poly-microbial. The most commonly used antibiotics are
vancomycin, tobramycin, gentamycin or a mixture of these [14].
Antibiotics must have certain properties in order not to compromise their eﬃcacy. Anagnostakos et al. [15] identiﬁed these properties as availability in powder form, wide spectrum coverage, bactericidal activity, high elution properties, thermo-stable and hypoallergenic [16]. Targeted therapy if a micro-organism has been isolated is
desired if certain criteria are met.
Reported success rates range with the use of ACIMNs range
from 69% to 100% with the use of diﬀerent constructs and similar
antibiotic compositions [4,6,17–21]. We, therefore, consider the
ideal composition currently unknown. We do consider, with the
available literature descriptions, that there are several considerations that need to be employed in the construction of these devices.
The core should consist of a rigid structure with the largest diameter possible to increase rigidity while not compromising cement
mantle stability. The system should have an extraction element for
subsequent removal. Based on recommended antibiotic concentrations for spacers, most authors use a mixture of at least 2 gm of
vancomycin and 2.4 gm of an aminoglycoside in 40 gm of bone
cement. Prior research has shown that this is the minimum concentration needed for attaining long-lasting antibiotic elution in the
surrounding space [22]. There is little evidence of systemic toxicity
with high antibiotic concentrations in the cement mixture used
to coat nails, but a dosage safety range has not been established. If
a speciﬁc micro-organism is isolated, targeted antibiotic therapy
should also be considered.
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QUESTION 6: What is the ideal composition of antibiotic impregnated (ABI) spacers/
beads in post-traumatic infections? Is preoperative microbial identiﬁcation necessary?
RECOMMENDATION: There is currently limited evidence with regards to the ideal composition of ABI polymethyl methacrylate (PMMA) spacers
or beads in post-traumatic infections and the need for preoperative identiﬁcation of the causative organism. Available data suggests that PMMA
spacers, empirically impregnated with at least 2 gm of vancomycin per 40 mg of PMMA (with or without gentamycin), may result in quiescence of
infection in a high percentage of cases with an acceptable associated rate of bony union. Preoperative microbial identiﬁcation is of unclear utility.

LEVEL OF EVIDENCE: Limited
DELEGATE VOTE: Agree: 95%, Disagree: 0%, Abstain: 5% (Unanimous, Strongest Consensus)
RATIONALE
The challenge of achieving adequate local tissue antibiotic concentrations with systemic antibiotics has prompted the addition of
local antibiotic therapy in the majority of bone infection protocols.
The use of ABI PMMA beads is well established in the treatment of
chronic osteomyelitis. Klemm reported a cure rate of over 90% in 405
cases of chronic sequestrating osteomyelitis with the use of gentamycin-impregnated PMMA bead chains [1]. Notably, the beads were
pre-manufactured with gentamycin and Klemm found no change
in the gentamycin resistance proﬁle over a seven-year period. The
use of local antibiotic therapy has also been advocated in the posttraumatic setting. Numerous review articles advocate for the use of
ABI PMMA or other forms of local adjuvant antibiotic therapy in the
setting of septic non-union or post-traumatic infections [2–5]. Interestingly a recent comparison of the outcomes of treatment with ABI
beads versus spacers revealed no diﬀerence in the rate of infection
control, time to union or complication rate with either conﬁguration [6].
The induced membrane (“Masquelet”) technique has gained
popularity in the management of post-infective bone defects [7].
The procedure involves the placement of a PMMA spacer in the

defect, followed by a subsequent second-stage bone grafting into
the resulting induced membrane [8]. Originally the procedure
was described using bone cement without antibiotics. Masquelet
reasoned that the inclusion of antibiotics may increase the risk of
resistance to the oﬀending organisms and that it changed the biological characteristics of the induced membrane [9]. This concern was
validated, in an animal model by Nau et al., who demonstrated variations in the nature of the induced membrane with diﬀerent types
of bone cement and supplemental antibiotics [10]. Notably, Palacosâ with gentamycin still resulted in a positive rate in cell growth.
However, in clinical studies involving post-traumatic (not post-infective) bone defects the concerns regarding inhibition of bone healing
were not realized, with reported union rates of 82% (in cylindrical
defects) to 100% (in conical defects) with the use of ABI spacers [11,12].
While the original technique involved PMMA without antibiotics, several other authors have utilized the potential advantage of
local antibiotic elution during the construction of the spacer [13–18].
If the data from the meta-analysis by Morelli et al. is scrutinized it
appears that there may well be a therapeutic advantage with the
addition of antibiotics in terms of infection control. When evalu-
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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 ﬁrm conclusions in this regard.
The successful use of ABI spacers has, however, recently been corroborated 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 determined. Rathbone et al. examined the eﬀect of 21 diﬀerent 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
diﬀerent spacer compositions have yet been performed in the postinfective setting. The choice of antibiotic appears to be empirical
in most studies and none have reported it is necessary to preoperatively determine the causative organism. The most popular composition 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 biomechanically stable construct (e.g., locked intramedullary nail). If the ACR is used as a locked implant for both local delivery of antibiotics and provision 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 diﬀerent 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 nonunions 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 diﬃculties 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 ﬁxation, intramedullary nailing, and/or bone grafting was performed.
2. ACRs can also be used as locked ACR with adequate biomechanical stability in infected long bone non-unions for both
local delivery of antibiotics and provision of stable biomechanical 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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QUESTION 1: Is there evidence to support one type of ﬂap coverage over another
(e.g., muscle over fasciocutaneous ﬂap) after open tibial fractures?
RECOMMENDATION: Diﬀerent types of ﬂap coverage after open tibial fractures have essentially equivalent and comparable outcomes in terms
of ﬂap survival, bone healing, stress fracture, infection, chronic osteomyelitis and donor site morbidity. Local ﬂaps should be considered in low
energy trauma, when available. The type of ﬂap 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 ﬂaps may oﬀer a more reliable reconstruction with fewer ﬂap 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 ﬁxation and early stable coverage is
essential for infection prevention and high-quality, cost-eﬃcient
trauma care [1]. The Gustilo-Andersen grading system of open tibial
fractures is a signiﬁcant prognostic factor of infectious complications 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 osteoprogenitor 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 ﬂap can signiﬁcantly
inﬂuence fracture healing, and the rate of delayed union or nonunion. 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]. Furthermore, early reconstruction improves ﬂap survival, as microsurgical
free ﬂap 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 deﬁnitive treatment of a severe open tibia fracture with
tissue loss within the established parameters of good practice [7].
“Fix and ﬂap” is being recommended for specialist hospitals where
the expertise is available. Antibiotic bead pouches to decrease infection rates have been advocated when there is segmental tissue loss,
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gross contamination or established infection as pre-ﬂap tissue infection seems to be an independent predictor of adverse ﬂap and skeletal reconstruction outcomes [10,11].
Fasciocutaneous ﬂaps may be better suited and superior
compared to muscle ﬂaps for coverage of the shallow defects at the
rapidly uniting metaphyseal fractures around the ankle, particularly with no massive bone or soft tissue loss [6,10,12]. They are easier
to monitor postoperatively and tend to have better venous and
lymphatic drainage with less acute swelling and better aesthetic
appearance [10,13]. Additionally, they become potentially sensate and
pedicle-independent from secondary neuro-angiogenesis permitting low-risk ﬂap elevation for subsequent procedures [10,14,15].
Human stromal cells derived from muscle exhibit a signiﬁcantly
greater potential for osteogenesis than those from fasciocutaneous
tissue, including both skin and adipose tissue, and are equivalent
to those from bone marrow [2,16,17]. Muscle ﬂaps covered with skin
grafts in direct apposition with diaphyseal fractures help to obliterate the dead space, reducing potential complications associated
with hematoma formation. They may be superior in eliminating
bacteria from the wound bed [5] and enhancing healing, but remain
pedicle-dependent and diﬃcult to elevate for secondary procedures
such as bone grafting. Muscle-only ﬂaps may also have a false high
rate of re-operation due to diﬃcult postoperative monitoring. An
alternative with the biological beneﬁts of both is a chimeric ﬂap,
such as the free anterolateral thigh ﬂap, which includes a segment
of vastus lateralis [11,14]. Muscle ﬂaps with a cutaneous skin paddle
are easier to monitor and thus have a higher salvage rate. Rotational
ﬂaps with fasciocutaneous tissue and muscle for proximal defects
have shown signiﬁcantly more complications including infection,
necrosis or partial ﬂap loss, compared to free muscle ﬂaps in patients
with the most severe grade of osseous injury (44% compared to 23%),
and are more likely to require operative re-intervention [6,18].
The selection of proper free ﬂaps for the appropriate defects is
also of critical importance, as those with extensive tridimensional
tissue loss need free muscle ﬂaps because they conform better to such
complex defects [5]. However, free fasciocutaneous ﬂaps are reliable
and eﬀective for covering the less three-dimensional distal third and
ankle open tibial fractures and can better tolerate the subsequent
secondary surgical procedures [11,14,15,19]. It is also important to not
underestimate donor-site morbidities [6,13,18]. Surgeon experience
and familiarity with the ﬂap should also be an important factor in
ﬂap selection. However, the dilemma of choosing between muscle
and fasciocutaneous ﬂaps is less relevant than identifying the
patient that is at risk of a poor outcome and managing them appropriately [12–14,16]. Finally, there seem to be few signiﬁcant diﬀerences
between muscle and fasciocutaneous ﬂaps or between local and free
ﬂaps [12,15,19–21]. Although not identiﬁed in the Search criteria the
following article was felt to be important enough to be included,
as it is a recent retrospective study of 39 patients with Gustillo IIIB
tibial fractures, muscle ﬂaps may be preferred over fasciocutaneous
ﬂaps in these patients. Radiographic assessment of these patients
revealed a signiﬁcantly greater percentage of patients treated with
a muscle ﬂap reaching fracture union by six months. There was no
statistical diﬀerence between muscle and fasciocutaneous ﬂaps at 3
or 12 months though [22]. However, local ﬂaps are preferable in low
velocity trauma and free tissue transfer appears to have advantages
in high-velocity injuries [10,16].
Published studies on reconstruction of traumatic defects of
the tibia are mostly retrospective studies with small, heterogeneous patient cohorts. A few of these compare muscle with fasciocutaneous ﬂaps, but include a wide variety of patients and clinical
indications, without suﬃcient details on the criteria used to select
coverage of open tibial fractures [11,12,21]. The outcome measures
between studies are diﬀerent, as not all studies report time to

union of the fracture, rates of deep infection or even ﬂap survival.
Overall, there is little diﬀerence in the clinical outcome with regard
to infection rates, wound healing or fracture union, but no study is
suﬃciently powered to answer these questions. These parameters
preclude meaningful systematic review or meta-analysis that can
provide standardized guidance for the use of diﬀerent ﬂap options
in the management of open fractures of the tibia [1,11].
To improve the patient’s outcome, appropriate international
consensus guidelines are required, breaking down also the length of
hospital stay and the overall healthcare cost [1].
At this point, based on our understanding of the literature, we
believe that diﬀerent types of ﬂap coverage after open tibial fractures
have essentially equivalent and comparable outcomes in terms of
ﬂap survival, bone healing, stress fracture, infection, chronic osteomyelitis and donor site morbidity, with the timing of the coverage
also being crucial. The type of ﬂap should be based on the extent
and the depth of the soft tissue defect, location of the fracture and
surgeon experience.
More speciﬁcally, if we have to categorize them:
1. In low-energy trauma, local muscle or fasciocutaneous ﬂaps
should be considered the reconstruction of choice, if they
are available.
2. In high-energy injuries such as open fractures of the tibia,
muscle ﬂaps may oﬀer a more reliable reconstruction with
fewer ﬂap failures and lower reoperation rates. Free muscle
ﬂaps are more advantageous for the reconstruction of tridimensional bone and soft-tissue defects.
3. In patients with simple defects around the distal tibial or
ankle, fasciocutaneous ﬂaps may oﬀer a better option.
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QUESTION 2: What is the appropriate timing for ﬂap coverage of open fractures and traumatic
wound defects?
RECOMMENDATION: The optimal time for wound coverage ultimately reﬂects when the wound has been appropriately cleaned and converted
to a “living wound.” Early ﬂap 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 reconstruction improves ﬂap survival, as microsurgical free ﬂap integration
becomes more challenging with a delay due to an increased prothrombotic 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 deﬁnitive
treatment of a severe open tibia fracture with tissue loss within the
established parameters of good practice [6]. “Fix and ﬂap” has sometimes been recommended for specialist hospitals where the expertise 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-ﬂap tissue infection
seems to be an independent predictor of adverse ﬂap 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
ﬁrst 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 ﬂap failure in those wounds
open > 72 hours [10]. However, during that time period, infection
management and particularly the care and treatment of osteomyelitis 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 ﬂap failure
and often accompanying late infection rate [11-13]. These studies are
found to be ﬂawed 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 ﬂap placement could in any
way aﬀect the probability of successful bony union.
Many good studies have appeared conﬁrming what the experienced non-union surgeon and microsurgeon know: that ﬂap
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 diﬀerence in outcome between
when free tissue transfer was performed and survival of the ﬂap or
eventual outcome [14]. Theodorakopoulou et al. reported a systematic review of 11 studies of war-related high energy extremity injuries treated with free tissue transfer in the subacute period (9 days

to 3 years post-injury). There was no direct association to time of
ﬂap placement with a 95.5% free ﬂap success rate in this particularly
complex patient population [15].
Since 2000, numerous independent case series by experienced
microsurgeons have also shown no diﬀerence in outcome in regard
to timing of free ﬂap placement [16-20]. These represent wellexecuted tissue transfers except for one series with a higher overall
but uniform ﬂap failure rate [19]. The consistent ﬁnding was that
timing of free tissue transfer was not a direct cause of failure of ﬂap
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.
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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 beneﬁcial strategy in the modern
setting of improved debridement techniques, better 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 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 with wounds closed primarily and secondary wound
closure. Preferred Reporting Items for Systematic Reviews and MetaAnalyses (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 eﬀort 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 ﬁxation, 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 randomized 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 demonstrated 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 infection 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 associated 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% infection 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 historical 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 signiﬁcant
risk of type II error with this study, and it therefore cannot provide
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suﬃcient evidence regarding any potential diﬀerence in outcomes
between the two closure strategies.
Two recent case-controlled studies provide the best evidence in
support of this practice while attempting to address the issue of selection bias while also having adequate sample size and event rates to
exhibit adequate statistical power. Jenkinson et al. used a propensitymatched cohort study design to demonstrate a lower infection rate
in primary wound closure (4%) vs. secondary wound closure (18%, p =
0.0001) even after only including patients matched for likelihood of
receiving delayed closure using propensity matching [13]. Scharfenberger et al. collected data prospectively and matched their patients
to historical controls from a previous study on factors thought to
predict likelihood of surgical site infection and also demonstrated
that primary closure had a lower infection risk (4% vs. 9%, p = 0.001)
[14]. Although both of these studies are methodologically superior
to previous eﬀorts to compare the eﬀect of wound closure strategy
on infection rates, the authors point out that there is still risk of
unmeasured selection bias and a randomized trial is needed to rigorously compare the eﬃcacy of these two closure strategies.
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APPENDIX – SEARCH STRATEGY (NO PUBLICATION DATE
LIMIT)
Ovid Medline – 114 references retrieved on 03/14/2018
((open adj3 fracture*).ab,ti. OR “Fractures, Open”.sh.) AND
((primary OR delay* OR early OR secondary OR tim* OR deﬁnitive
OR immediate) adj3 (closure*)).ab,ti AND
((infection* or sepsis).ab,ti. or Infection/ or “Wound Infection”.sh. or
“Cross Infection”.sh. or “Sepsis”.sh.)

REFERENCES
[1]

Wei S, Cai X, Wang H, Qi B, Yu A. A comparison of primary and delayed
wound closure in severe open tibial fractures initially treated with internal
ﬁxation and vacuum-assisted wound coverage: a case-controlled study. Int J
Surg. 2014;12:688–694. doi:10.1016/j.ijsu.2014.04.010.
[2] Gustilo RB, Anderson JT. Prevention of infection in the treatment of one
thousand and twenty-ﬁve open fractures of long bones: retrospective and
prospective analyses. J Bone Joint Surg Am. 1976;58:453–458.
[3] Torchia ME, Lewallen DG. Open fractures of the patella. J Orthop Trauma.
1996;10:403–409.
[4] Cullen MC, Roy DR, Crawford AH, Assenmacher J, Levy MS, Wen D. Open
fracture of the tibia in children. J Bone Joint Surg Am. 1996;78:1039–1047.
[5] Hope PG, Cole WG. Open fractures of the tibia in children. J Bone Joint Surg
Br. 1992;74:546–553.
[6] Swanson TV, Szabo RM, Anderson DD. Open hand fractures: prognosis and
classiﬁcation. J Hand Surg Am. 1991;16:101–107.
[7] Nandra RS, Wu F, Gaﬀey A, Bache CE. The management of open tibial
fractures in children: a retrospective case series of eight years’ experience
of 61 cases at a paediatric specialist centre. Bone Joint J. 2017;99-B:544–553.
doi:10.1302/0301-620X.99B4.37855.
[8] Russell GG, Henderson R, Arnett G. Primary or delayed closure for open
tibial fractures. J Bone Joint Surg Br. 1990;72:125–128.
[9] DeLong WG, Born CT, Wei SY, Petrik ME, Ponzio R, Schwab CW. Aggressive
treatment of 119 open fracture wounds. J Trauma. 1999;46:1049–1054.
[10] Moola FO, Carli A, Berry GK, Reindl R, Jacks D, Harvey EJ. Attempting
primary closure for all open fractures: the eﬀectiveness of an institutional
protocol. Can J Surg. 2014;57:E82–E88.

Embase – 147 references retrieved on 03/14/2018
((open NEXT/3 fracture*):ab,ti OR ‘open fracture’/de) AND
((primary OR delay* OR early OR secondary OR tim* OR deﬁnitive
OR immediate) NEXT/3 (closure*)):ab,ti AND
(infection*:ab,ti OR sepsis:ab,ti OR ‘infection’/exp OR ‘wound infection’/de OR ‘cross infection’/de OR ‘hospital infection’/de OR ‘sepsis’/
exp)
CINAHL – 29 references retrieved on 03/14/2018
((open W3 fracture*) OR MH Fractures, Open) AND
((primary OR delay* OR early OR secondary OR tim* OR deﬁnitive
OR immediate) W3 (closure*)) AND
(infection* OR sepsis)
CENTRAL – 13 references retrieved on 03/14/2018 – in Title, Abstract,
Keywords
(open NEAR/3 fracture*) AND
((primary OR delay* OR early OR secondary OR tim* OR deﬁnitive
OR immediate) NEAR/3 (closure*)) AND
(infection* OR sepsis)
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QUESTION 4: What are the evidence-based recommendations for the use of negative pressure
wound therapy (NPWT) in open fractures and traumatic wounds?
RECOMMENDATION: NPWT is an appropriate dressing in the short-term management (< 7 days) of complex traumatic wounds over open fractures, prior to deﬁnite soft tissue closure. NPWT is not superior to other sealed dressings and has increased initial cost.

LEVEL OF EVIDENCE: Moderate
DELEGATE VOTE: Agree: 86%, Disagree: 9%, Abstain: 5% (Super Majority, Strong Consensus)
Note: Please see Question 2 under Section 1.2. Prevention Risk Mitigation for additional rationale regarding NPWT.

METHODS
A comprehensive literature review was performed to identify all
studies on the use of NPWT for the treatment of open fractures and
traumatic wounds. We searched Ovid Medline, Scopus, and the

Cochrane Central Register of Controlled Trials (CENTRAL) up to May
2018 for published studies. The search strategy, including keywords
and MeSH headings, are provided in the Appendix. Eligible studies

Section 3
met the following criteria: (1) all patients included in the study had
an open fracture or traumatic wound, (2) infection was an outcome
variable and (3) NPWT was the intervention. Exclusion criteria were
non-English language articles, nonhuman studies, retracted papers,
case reports, review papers, studies without clinical follow-up/infection rates, and technique papers without patient data. Preferred
Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA)
criteria were followed. The initial search resulted in 247 papers. After
removal of duplicates and screening of titles and abstracts, 26 articles were assessed and reviewed.

RATIONALE
Traumatic wounds and wounds over open fractures are at increased
risk of developing infection due to contamination from injury,
impaired blood ﬂow, progressive soft tissue necrosis and prolonged
exposure to hospital environment [1]. To minimize this risk, wounds
are treated with thorough irrigation and debridement (I&D)
followed by primary closure when possible or coverage with a graft
or ﬂap. Prior to deﬁnitive coverage, traditional occlusive dressings
with sterile gauze had been the standard choice. Recently, there has
been an increasing trend in using NPWT or vacuum-assisted closure
(VAC) for wound management prior to coverage [2]. Proponents of
this new method cite the following advantages to support its use:
decrease tissue edema, enhance local blood ﬂow, limit or prevent
infection, improve ﬂap rates and possibly reduce the overall need for
ﬂaps.
We performed a systematic review of the literature, as detailed
above, to determine the evidence-based role of NPWT in the treatment of traumatic wounds and open fractures.
We found a group of studies supporting the use of NPWT in
the treatment of traumatic wounds and open fractures. The study
populations were a mix of children and adults with either traumatic
wounds or open fractures, all of whom received NPWT. They found
that NPWT was safe and eﬀective and resulted in similar or lower
infection rates, reduced ﬂap complications, reduced graft size and
decreased need for free ﬂaps compared to historic controls [3–10].
However, while promising, all the studies were retrospective case
series that were methodologically limited in that they lacked a
comparative group and were retrospective in nature.
Eight studies compared NPWT to traditional gauze in the
management of acute traumatic wounds or open fractures. Five were
prospective randomized control trials, and three were retrospective
case control studies. The three retrospective studies evaluated open
tibia fractures and found NPWT to have signiﬁcantly lower rates of
infections (8.4-10 % vs. 22.6-33%), wound complications and ﬂap failures compared to traditional gauze [11–13]. These ﬁndings are encouraging but are susceptible to the inherent limitations of retrospective
studies, most notably selection bias.
The best evidence to support NPWT was found in four prospective randomized control trials comparing NPWT to traditional gauze
in patients with acute traumatic wounds or open fractures. Three
studies evaluated infection rate as an outcome. Two of the 3 studies
showed signiﬁcantly decreased infection rate with NPWT (4.6-5.4%
vs. 22-28%) compared to gauze [14,15], while the other study found no
diﬀerence between the two [16]. With regards to healing time, 2 of
the prospective randomized control trials studied time to granulation as an outcome and both showed NPWT to be superior to gauze
dressings [16,17].
With regards to duration of NPWT treatment, 3 studies retrospectively evaluated cases of traumatic wounds or open fractures
treated with < 7 days of NPWT prior to wound coverage versus > 7
days of NPWT prior to wound coverage and compared them in terms
of infection rate and reoperation rate. All 3 studies found a higher
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infection rate in cases treated with > 7 days of NPWT and concluded
that while NPWT can be helpful in the management of traumatic
wounds, its use should be limited to < 7 days or risk of infection
increases [18–20]. However, all of these studies are methodologically limited, as they do not account for selection bias between the
less severe wounds that were covered earlier and the more severe
wounds that required longer time until coverage. 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. Another retrospective case series evaluated open fractures treated with I&D and NPWT prior to ﬂap coverage. All patients
had > 3 days, mean 18 days, of NPWT as they were treated on a delayed
basis following stabilization and then transfer to their referral center
for coverage. They found low rates of ﬂap loss and infection, comparable to historical controls of patients treated with less than three
days before deﬁnitive coverage [21].
There is an increasing body of data supporting NPWT as an
adjunctive modality at all stages of treatment for traumatic wounds
and open fractures. There is an association between decreased infection rates and decreased healing time with NPWT compared with
gauze dressings. There is evidence to support NPWT beyond 72 hours
without increased infection rates although prolonged use greater
than 7 days may actually increase the risk of infection. At this time,
NPWT use for traumatic wounds and open fractures requires extensive additional study.
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APPENDIX – SEARCH STRATEGY
Ovid Medline 221: (((open adj3 fracture*) or trauma*) adj3 wound*).
ab,ti. or (“Fractures, Open”.sh. or soft tissue injuries/) AND
(NPWT or negative pressure wound therapy or VAC or (vac* adj3
clos*)).ab,ti. or negative-pressure wound therapy/AND
((infection* or sepsis).ab,ti. or Infection/ or wound healing/ or
“Wound Infection”.sh. or “Cross Infection”.sh. or “Sepsis”.sh.)
Scopus 25: (open W/3 fracture* OR trauma* W/3 wound* ) AND ( npwt
OR {negative pressure wound therapy} OR vac OR vac* W/3 clos* )
AND ( infection* OR sepsis OR wound* W/3 heal* ) ) in TITLE-ABS-KEY
CENTRAL 21: (open near/3 fracture* OR trauma* near/3 wound* ) and
( npwt OR “negative pressure wound therapy” OR vac OR vac* near/3
clos* ) and ( infection* OR sepsis OR wound* near/3 heal* ) in in Title,
Abstract, Keywords
Combined: 237

• • • • •
3.7. TREATMENT: OUTCOMES
Authors: Mustafa Citak, Carl Haasper, Kenneth Egol, William T. Obremskey, Hussein Abdelazia, Philip Linke

QUESTION 1: What is the most appropriate outcome measurement (clinical, radiographic,
laboratory, etc.) for management of early infection after fracture ﬁxation (IAFF)?
RECOMMENDATION: Fracture healing and infection control seem to be the most appropriate outcome measure to monitor the response to
management of early IAFF. Secondarily, treatment success following infection management after fracture ﬁxation is best assessed using a combination of the patient’s clinical picture and laboratory examinations such as tissue cultures, erythrocyte sedimentation rate (ESR) and C-reactive
protein (CRP).
LEVEL OF EVIDENCE: Consensus
DELEGATE VOTE: Agree: 70%, Disagree: 10%, Abstain: 20% (Super Majority, Weak Consensus)
RATIONALE
Regardless of the fracture site, primary ﬁxation method, depth of
the infection, culture results, nature of the fracture (closed or open)
or chosen treatment algorithm for management of the infection,
fracture healing seems to be the most appropriate ﬁnal outcome
measure for the treatment of an early IAFF. It must be noted that
there remains substantial heterogeneity with wide variability in the
deﬁnition of an early infection with regard to the time of its onset.
IAFF is one of the most serious complications in orthopaedic
trauma surgery, which can impair fracture union, lead to poor functional outcomes or even result in loss of the extremity [1,2].
The management of IAFF and that of periprosthetic joint infection (PJI) diﬀers from each other in some aspects. When treating an
early IAFF, the primary aim should be the achievement of fracture
healing to avoid delayed union or nonunion rather than immediate
eradication of the infection [1,3].
Complicating infection management is the fact that there is no
clear consensus with respect to what constitutes treatment success.
Previous studies have deﬁned the success of infection management
based upon factors such as bony healing, clinical examination,
culture results and the laboratory markers ESR and CRP.

To identify the best available outcome measure for the management of early infections after fracture ﬁxation, we included all publications that reported on outcomes following management of early
IAFF [4–37]. However, we found substantial heterogeneity in the deﬁnition of an early infection with regard to the time of its onset, one
that varies from two weeks to ﬁve months [4,6,10,12,16,18,22,25–28,31].
Several papers reported on the clearance of the infection or its
recurrence, either exclusively or with further outcome measures;
other studies on the functional and clinical outcome or on the
wound and soft tissue healing and few studies on the mortality rate.
There are only limited number of reports on laboratory, microbiological or histological investigations as outcome measures [33,35–37].
It is important to note, that any cause of inﬂammation will
trigger an increase in the patient’s ESR and CRP. For example, surgeryrelated tissue damage and practices such as reamed intramedullary nailing have been shown to trigger a systemic inﬂammatory
response and can lead to elevated ESR and CRP in the early postoperative period [36,37]. While the sensitivity of acute phase reactants for
the presence of inﬂammation is high, non-infectious etiologies must
always be considered. Recent studies have demonstrated that tissue
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histology is one option for the conﬁrmation of infection when tissue
cultures are inconclusive; however, this technique is labor intensive
and also prone to false negative ﬁndings [33,35].
The most common outcome measure in most studies was fracture healing or bony union [4–32]. The vast majority of identiﬁed
studies have only a low to moderate level of evidence with retrospective case series designs and relatively small sample sizes. Moreover,
measuring the outcome of a speciﬁc management strategy was the
main focus of only a few studies. Regardless of fracture site, primary
ﬁxation method, depth of the infection, culture results, nature of
the fracture (closed or open) or chosen treatment algorithm for the
infection, outcome measures were extracted and analyzed. Due to
the considerable heterogeneity, some descriptive analysis was also
performed [4–32].
There were ﬁve studies with a relatively large case series. Rightmire et al., Berkes et al., Al-Mayahi et al., Hellebrekers et al. and,
recently, Kuehl et al. reported on the outcomes after management of
an early or acute IAFF of upper and lower extremity as well as pelvis
and spine within the ﬁrst four months in 69 patients, six weeks in 123
patients, ﬁve months in 71 patients, three months in 44 patients and
three weeks in 49 patients, respectively. Besides the cure of the infection, fracture union was an important outcome measure in three of
them. In the studies by Hellebrekers et al., Berkes et al. and Rightmire
et al., in which open fractures were also included, fracture union was
achieved in only 63%, 71% and 68% with implant retention, respectively. Implants had to be removed due to recurrence of infection in
many cases [4,16,21,25,27].
The failure rate following IAFF of the ankle was 28% among the
early infected cases (within the ﬁrst six weeks), which could be
related to persistence of the infection, a non-union or post-traumatic
arthritis [22]. In the study by Zalavras et al., infection recurred in three
of four identiﬁed infections within the ﬁrst three weeks after ankle
fracture ﬁxation that had been managed with debridement and
retention of the implant [9]. In contradistinction, Ziegler et al. have
recently reported a 100% success rate with healing of ankle fractures
without remissions following debridement and retention following
IAFF that deﬁnitely occurred within three months after surgery [14].
Regarding IAFF with intramedullary nailing of the femur and
tibia, there was only one infected non-union case from a total of
13 acute infections within the ﬁrst month in the retrospective
study performed by Chen et al. There was no signiﬁcant diﬀerence regarding the time to fracture healing between cases with
retention of the nail and those with nail exchange [31]. Among the
included patients with infected intramedullary nails in the three
older studies, only a few cases with an early infection within the
ﬁrst three weeks could be identiﬁed and delayed union had been
observed [11–13].
In another prospective multicenter cohort study reporting on
IAFF of the tibia, 56% of the fractures healed radiographically at one
year, compared to 88% of those that were uninfected, and the time
to union was signiﬁcantly longer than that for the noninfected fractures. However, only 5 from 23 infected cases were reported to be
early infections [15]. Delayed union was also observed in 3 out of 15
infected tibia and femur fractures treated with non-contact plates
due to IAFF within 10 weeks after primary surgery [19].
Short- and long-term mortality rate was the outcome measure
following management of IAFF within three months after surgery
of the hip in the retrospective studies by Duckworth et al. and
Edwards et al. [24,26]. Partanen et al. also performed a similar but
matched control analysis although not all included cases were
early infections. Beside the functional outcome and mortality
rate, fracture healing was also analyzed. Failure to union was
observed in 8 out of 19 cases, as infection most likely impaired
fracture healing [29].
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Deep early IAFF of proximal or distal humeral fractures treated
by plate osteosynthesis had a high non-union rate, resulting in a
poor functional outcome [20,28].
Pin tract infections in the form of K-wire ﬁxation or external
ﬁxators can be managed conservatively and spontaneous fracture
healing can be achieved with resolution of the infection [7,17,23].
Fracture union was also the common outcome measure to assess
the success of management of IAFF of ﬂat bones including the ribs,
clavicle or mandible [5,18,30,32]. It can be evaluated both clinically
and radiologically [5,10,14,16,17,25].
Even in late phases, the eradication of infection with restoration of an acceptable functional outcome is deﬁnitely the ultimate
goal when treating an IAFF. Regardless, at this time fracture healing
seems to be the most appropriate outcome measure in the case of
an early infection. As soon as fracture healing is achieved, removal
of the implant for the purpose of deﬁnitive eradication of infection
can be considered.
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