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Abstract Fracture-related infection (FRI) remains a challeng-
ing complication. It may result in permanent functional loss or
even amputation in otherwise healthy patients. For these rea-
sons, it is important to focus attention on prevention. In treat-
ment algorithms for FRI, antibiotic stewardship programmes
have already proved their use by means of a multidisciplinary
collaboration between microbiologists, surgeons, pharmacists,
infectious disease physicians and nursing staff. A similar ap-
proach, however, has not been described for infection preven-
tion. As a first step towards achieving a multidisciplinary care
package for infection prevention, this review summarises the
most recent guidelines published by the World Health
Organization (WHO) and US National Institutes of Health
Centers for Disease Control and Prevention (CDC), primarily
focusing on the musculoskeletal trauma patient. The implemen-
tation of these guidelines, together with close collaboration be-
tween infection control physicians, surgeons, anaesthesiologists
and nursing staff, can potentially have a beneficial effect on the

rate of FRI after musculoskeletal trauma surgery. It must be
stated that most evidence presented here in support of these
guidelines was not obtained from musculoskeletal trauma re-
search. Although most preventive measures described in these
studies can be generalised to the musculoskeletal trauma pa-
tient, there are still important differences with nontrauma pa-
tients that require further attention. Future research should
therefore focus more on this very defined patient population
and more specifically on FRI prevention.
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Introduction

Fracture-related infection (FRI) not only accounts for a high
morbidity and mortality rate, it has a substantial socioeconomic
impact compared with musculoskeletal trauma patients who do
not develop this complication [1–4]. The incidence of infection
after internal fixation of closed fractures is reported to be 1–2%
but can reach 30% in cases of open fractures [5–7]. As the con-
sequences of such infection can be life-changing for the patient
due to permanent functional loss or amputation of the affected
limb, patient quality of life (QoL) and functional status also de-
crease [8–10]. To tackle these issues, it seems highly important to
focus on infection prevention and improve outcome. Care bun-
dles, a concept developed by the Institute for Healthcare
Improvement (IHI) (Cambridge, MA, USA), are small sets of
evidence-based practices to reduce certain complications like
infections (e.g. ventilator-associated pneumonia, urinary tract in-
fection, postoperative wound infection, etc.). However, care bun-
dles only concern four or five key aspects to improve patient
outcome. The review presented here envisages a
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multidisciplinary care package for infection prevention, includ-
ing pre-, peri- and post-operative phases. Amultidisciplinary care
package would ideally implement co-operation between
surgeons, infection control (ID) physicians, nurses and
anaesthesiologists. Successful antibiotic stewardship
programmes for treating infection apply a similar approach,
with collaboration between microbiologists, surgeons, clinical
pharmacists and ID physicians [11, 12].

In this review, we emphasise the importance of a multidis-
ciplinary care package focusing on infection prevention in the
musculoskeletal trauma patient. As a first step towards estab-
lishing such a package, we describe infection prevention mea-
sures and guidelines for the pre-, peri- and post-operative
phases. These measures are based on guidelines of the US
National Institutes for Health Centers for Disease Control and
Prevention (CDC) [13, 14], published by the World Health
Organization (WHO) [15] and on data available from transla-
tional research and clinical studies to illustrate the current re-
search directions in the field of musculoskeletal trauma surgery.

Definition

Despite the fact that FRI can have serious consequences, no
uniform definition has yet been developed [16, 17]. We some-
times use the CDC guideline to prevent surgical-site infection
(SSI), which distinguishes between superficial incisional,
deep incisional and organ/space infections [13]. However, this
guideline was not specifically developed for fracture patients
[16], and for this reason, the term SSI is used in this review for
lack of a clear alternate definition, although the authors are
aware of the need for a consensus definition of FRI [18].

Risk factors for FRI

The risk of developing an FRI is multifactorial. Patient-related
risk factors include, for example, smoking, which can delay
wound healing and increase the risk of infection. Other factors,
such as obesity, extremes of age, diabetes mellitus, use of steroid
or immunosuppressant drugs, malnutrition and a prolonged pre-
operative hospital stay, increase the risk of colonisation with a
resistant hospital-acquired bacterial strain. Long procedure time
is a risk factor, although most supporting evidence was obtained
from studies performed in elective, nontrauma patients [8].

The National Nosocomial Infections Surveillance (NNIS), a
tool that reflects the risk of developing an infection, is calculat-
ed based on the American Society of Anesthesiologists (ASA)
score (reflecting the impact of comorbidities), duration of sur-
gery and wound class. An ASA score > 2 indicates a patient-
related risk factor for infection [8, 13, 17, 19, 20], and SSI rate is
strongly correlated with a higher NNIS score [21]. Other risk
factors include lack of appropriate antibiotic prophylaxis, in

which appropriate timing and correct choice of antibiotic must
be taken into account, and emergency procedures [19].
McPherson et al. established that the host (medical and im-
mune) status plays an important role in the development of
infections. Patients who are medically compromised or critical-
ly ill (host grade B or C) will most likely be unable to fight an
infection systemically or locally. If host status cannot be im-
proved by treatment, this may lead to poor outcomes, with high
infection rates, amputation of affected limbs or systemic sepsis
resulting in mortality, emphasising the need for infection pre-
vention in this compromised patient group [22, 23]. However,
in trauma patients, there may be very limited time available for
patient optimisation prior to fracture surgery.

Preventive measures

Preventive measures regarding SSIs can be divided into pre-
operative, peri-operative and post-operative phases. Most
measures listed below are in line with the most recent CDC
andWHO guidelines [13, 15] and focus primarily on the mus-
culoskeletal trauma patient.

Pre-operative prevention measures

Staphylococcus aureus colonisation

Up to one third of the population is, although asymptomati-
cally, colonised with Staphylococcus aureus. The nares are
most frequently and most abundantly colonised by this path-
ogen [24]. There is a distinction between methicillin-sensitive
(MSSA) and methicillin-resistant (MRSA) S. aureus. Both
types are equally virulent and can potentially cause an SSI.
An important difference is that for SSIs caused by MRSA,
treatment options are reduced, causing increased morbidity,
longer hospital stays and consequent increased healthcare
costs [25]. Because of this, many hospitals focus solely on
MRSA carriers. In a prospective study of 440 trauma patients
with hip fractures, the incidence of MRSA colonisation was
5.2%, with the nose being the site most frequently colonised.
Important to note is that these patients were generally older,
which is also a risk factor for MRSA colonisation and SSI.
Other risk factors identified for colonised patients are the pres-
ence of surgical wounds, pressure ulcers, intravenous cathe-
ters, recent ICU admission and previous hospital admission
within the last six months [26]. Nixon et al. found correspond-
ing results, with 5.8% of their trauma patients being carriers of
MRSA upon admission [27]. Another prospective study per-
formed by Walley et al. showed an incidence of 12% upon
admission. The prevalence of MRSA-positive screening was
17% in their study [28]. In countries with a low MRSA prev-
alence (e.g. Scandinavia, The Netherlands, Western
Australia), healthcare workers are frequently screened. This
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is generally not the case in other countries (i.e. UK, USA,
Belgium), which might—in combination with patients’ rela-
tives being possible carriers—contribute to the interhospital
spread of MRSA [27, 29].

On the other hand, the impact of an infection caused by
MSSA on the trauma patient should not be underestimated.
Combined screening for MRSA and MSSA has thus been
suggested because a reduced risk of infection caused by
S. aureus might outweigh the extra costs of additional screen-
ing [30]. Several studies provided evidence for the value of
pre-operative screening for S. aureus and subsequent
decolonisation in the reduction of hospital-acquired SSIs
caused by this pathogen [24, 31]. In cases with a positive
culture for S. aureus (MSSA or MRSA), a decolonisation
using either mupirocin or chlorhexidine 1% nasal ointment
is effective. In addition, for skin decontamination, a soap con-
taining chlorhexidine (Hibiscrub®) can be used, combined
with a mouth wash containing chlorhexidine (Perio-aid®) as
an oral antiseptic [32–34].

TheWHO did not provide guidelines concerning screening
methods; nevertheless, they recommend decolonisation in pa-
tients positive for S. aureus, especially in cardiothoracic and
orthopaedic surgery [15]. In elective cases, we believe this
approach is advisable, but this might be difficult to achieve
in emergency settings (i.e. fracture patients) where the out-
come can be dependent on immediate surgery [26].

Hand hygiene

Hand hygiene is a very important factor for infection control
and is included in the WHO guidelines [35]. A major trans-
mission route of micro-organism causing nosocomial infec-
tions are contaminated hands of healthcare workers [36, 37].
Staff must wash their hands with water and neutral soap for at
least 15 seconds at the beginning of the work shift, after each
break and after visiting the toilet [8, 37, 38]. Furthermore,
healthcare workers should disinfect their hands with an
alcohol-based antiseptic before and after each patient contact,
after contact with the patient’s surroundings, after exposure to
bodily fluids and mucous membranes and before a clean or
aseptic procedure [35, 36]. There is a lack of evidence
concerning the link between the presence of nail polish and
finger rings and the risk of SSI [39]. However, as they may
have an influence on hand hygiene, different guidelines con-
firm that all healthcare providers should keep nails short and
may not wear artificial nails, nail polish or any jewelry on
hands and arms because they may be a source of infection.
In addition, jewelry can perforate sterile gloves [13, 35, 40,
41]. The compliance for hand hygiene of healthcare workers
remains low, despite educational efforts. Therefore, to in-
crease compliance, behavioral changes are necessary [36].

In pre-operative hand hygiene, it is of critical importance
that all members of the surgical team who are in direct contact

with the sterile field or instruments disinfect their hands before
they put on sterile gloves and gown [8, 13, 35, 37]. This is
done to reduce microflora on the hands of the surgical team to
below baseline level [8]. In the past, healthcare workers per-
formed a hand scrub with an antimicrobial soap with broad-
spectrum activity; directives now recommend doing a hand
rub with an alcohol-based solution [8, 37, 38, 42]. While both
techniques are suitable, a surgical hand rub with an alcohol-
based solution is less time consuming, has fewer side effects
(less skin irritation and dermatitis) and generally carries no
risk of recontamination by the rinsing water [37, 43, 44]. In
case of the surgical rub, Kampf et al. showed that a hand rub
with Sterillium® for only 60 seconds does not reach the re-
quired efficacy, and an additional 30 seconds are essential to
reach full efficacy [45]. Hence, it is essential that healthcare
worker respects the 90 seconds rubbing time required to per-
form the procedure. Using an adjustable clock can be helpful
to achieve this. Other factors—namely, rubbing technique,
skin condition and techniques used for drying and gloving
are also important with respect to the effectiveness of the
surgical rub [13, 35].

Surgical-site preparation

Hair removal Hair removal by shaving prior to surgery is
associated with a higher prevalence of SSIs. Therefore, if it
does not interfere with the surgery, hair should not be removed
[13, 42]. If necessary, the WHO encourages hair removal with
a clipper but strongly discourages shaving, as this might create
microscopic cuts in the skin, leading to microbial contamina-
tion and thereby SSI. In addition, if performed, pre-operative
hair removal at the incision site should be done outside the
operating room (OR) [13, 15, 46, 47].

Pre-operative washing Pre-operative patient bathing or
showering reduces bacterial load on the skin. Generally, an
antimicrobial soap is used; however, according to the WHO,
there is no scientific evidence that antimicrobial soap is better
than plain soap in reducing the infection risk [15]. Of course,
this measure is limited to elective surgery because in urgent
settings (e.g. polytrauma patients, severe open fractures), pre-
operative patient bathing or showering may not be possible. In
these cases, it might be beneficial to undertake site-specific
washing pre-operatively. Although data regarding this topic in
musculoskeletal trauma patients is again lacking, we would
advise this as routine practice.

Skin antisepsis Pre-operative skin preparation is an important
preventative measure to reduce the number of micro-
organisms at the surgical incision site [8, 48]. The WHO rec-
ommends the use of an alcohol-based antiseptic solution with
chlorhexidine gluconate (e.g. chlorhexidine-alcohol 70%with
azorubine), rather than an aqueous antiseptic solution like
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povidine-iodine [15]. Different studies suggest that
chlorhexidine-alcohol is more efficient in reducing SSI than
a water-based povidine-iodine solution, probably because of a
more rapid action, persistent activity and a residual effect
[48–51]. A limitation of these studies is that they compare
an alcohol-based solution (containing chlorhexidine) with an
aqueous solution (containing povidine-iodine). Next to
chlorhexidine-alcohol 70% with azorubine, an antiseptic fre-
quently used is iodine-alcohol 1%. Historical data comparing
chlorhexidine-alcohol with alcohol-based iodine found no dif-
ference between them [52, 53]. Recently, Broach et al. com-
pared chlorhexidine-alcohol with iodine povacrylex-alcohol
in a noninferiority trial. The authors decided in favor of chlor-
hexidine-alcohol, but further studies are necessary to confirm
their conclusion [54]. None of the previous studies were per-
formed in trauma patients.

Although different techniques can be used to perform skin
antisepsis (i.e. applying the antiseptic in concentric circles), it is
crucial to administer the agent from a clean zone (e.g. the site of
incision) to a dirty zone (e.g. umbilicus, axilla or groin). In
addition, the prepared area must be large enough to extend
the incision or to create drain sites if necessary. The contact
time, which is the time by which skin antisepsis is actively
performed by surgical staff, depends on the type of product
and is specified in the package insert. For alcohol-based solu-
tions, contact timemust at least be 30 s. To avoid desterilisation,
we recommend that the person who applies skin antisepsis not
(yet) be dressed in sterile surgical attire. Moreover, to obtain
optimal efficiency and avoid skin burns and loss of product,
healthcare workers must also respect the dry time of the anti-
septic agent before placing the surgical drapes [8, 13, 42].

Antibiotic prophylaxis

Antibiotic prophylaxis is known to reduce SSI [42]. Different
studies identified that failure of antibiotic administration before
surgery is a risk factor for infection [36, 55]. Boxma et al., in a
large randomised clinical trial, showed that an adequate single-
dose antibiotic prophylaxis is effective to reduce the incidence
of implant-related infections after surgery for closed fractures
[56]. This was confirmed by a Cochrane analysis [57]. As the
aim of prophylactic antibiotic administration is to obtain ade-
quate tissue concentrations by the time of incision, the timing
of administration is key [15, 58]. Depending on type of sur-
gery, the antibiotic should be administered within 120 minutes
before the incision, thereby taking the half-life of the drug into
account. For trauma surgery, the antibiotic should be adminis-
tered 15–60 minutes before incision [15, 42].

Next to correct timing, using an appropriate antibiotic is
important. The routine use of a broad-spectrum antibiotic like
a first- or second-generation cephalosporin has been
established in musculoskeletal trauma surgery [58].
Antibiotic prophylaxis should normally be single dose;

however, in situations that reduce the antimicrobial’s half-life,
the antibiotic should be redosed [59]. These situations arise
with excessive blood loss and burn wounds. In addition, in
complex ostheosyntheses and arthroplasties, redosing the an-
tibiotic is more effective than a single dose, and antibiotic
treatment in these cases should be continued for 24 hours
[60, 61]. For these complex surgeries, which require quite
some time, it is standard practice to redose the antibiotic once
the duration of surgery exceeds two half-lives of the antibiotic.
For example, cefazolin should be redosed every three hours
during surgery. On the other hand, intra-operative redosing
may not be appropriate for patients with renal impairment,
as this condition can increase the elimination time of most
antibiotics [62]. Finally, antibiotic prophylaxis should be indi-
vidually adapted for each patient, taking into account weight,
allergies and medical history and the antimicrobial’s half-life
[63]. The choice of antibiotic must be based on an understand-
ing of organisms likely to cause infection after musculoskele-
tal trauma surgery. In trauma patients who have undergone
recent emergency surgery or have been in the ICU, prior to a
definitive fracture reconstruction, antibiotic prophylaxis may
need to be altered to include cover for hospital-acquired path-
ogens during the second surgery.

In case of open fractures, the evidence is less clear.
Although it is key that systemic prophylaxis is adminis-
tered—preferably as early as possible—due to the failure of
clinical studies to demonstrate clear evidence for any single
regimen, no clear guideline regarding optimal prophylaxis du-
ration for open fractures has been established. Currently, there
is no evidence that extending antibiotic treatment beyond 24–
48 hours, even for type II and III open fractures, decreases
infection rates [64–66]. Rodriguez et al. investigated the im-
plementation of an evidence-based protocol for antibiotic pro-
phylaxis in open fractures. They found that a short course of
antibiotics with a narrow spectrum, thereby avoiding the use
of broad-spectrum aminoglycosides and glycopeptides, does
not increase the risk of soft tissue and skin infections after an
open fracture [66]. Furthermore, the authors showed that im-
proved antibiotic stewardship reduces such risks as nephro-
toxicity and the emergence of antimicrobial resistance with
glycopeptide and aminoglycoside use. Again, this proves that
FRI prevention and treatment should be addressed by a mul-
tidisciplinary team.

In case of complex open fractures, systemic antibiotics
alone are often not sufficient because the surrounding tissues
and blood vessels—by which systemic antibiotics would nor-
mally reach the tissue–implant interface—may be damaged as
well. Studies show that local administration of antibiotics
could have a positive influence on infection prevention
[67–69]. Local prophylaxis can be administered by cement
spacers, which are made of polymethyl methacrylate
(PMMA), collagens, coatings (e.g. antibiotic-coated tibial
nails) and hydrogels [69].
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It seems needless to say that future research on infection
prevention, specifically in open fractures, is urgently required.

Perioperative prevention measures

The operation room environment, including surgical attire,
ventilation, (sterilisation of) surgical instruments and traffic
patterns in and out, can have an influence on the peri-
operative risk of infection [8, 13].

Operative environment

The probability of SSI is directly related to the number of
bacteria reaching the incision. Hence, every peri-operative
measure lowering bacterial load in the OR should be support-
ed [58].

Surgical attire Surgical attire consists of scrub suits (pants
and shirt with short sleeves, with cuffs on arms and ankles),
washable shoes, caps, and surgical masks and (sterile) gloves
and gowns [38]. Since ears, hair and scalp are a common
source of S. aureus,, this type of attire is used to minimise
exposure of the patient to skin, mucous membranes and hair
of the surgical team members, and it forms a barrier between
the patient and the surgical team. Lastly, they are important to
maintain the sterile field around the patient [8, 13, 70]. The
surgical attire should be changed after it becomes visibly
soiled, except for the surgical mask, which should be changed
after each operation or every three to four hours [13, 38].
Wearing shoe covers in the operation room is not recommend-
ed, as it has not been proven that they decrease the number of
SSIs [13]. Although implementation of surgical attire reduces
bacterial load in the OR, there is no evidence for a relationship
between these measures and the prevalence of SSI [70].
Furthermore, the effect of surgical masks on SSI reduction
remains unknown [71, 72]; however, as they prevent transmis-
sion of droplets from coughing or sneezing, and because they
act as a personal protection measure, it is still recommended to
use a surgical mask during surgery.

Some studies have evaluated the use of surgical helmet
systems (SHS) and full-body surgical suits. Compared with
conventional surgical attire, Young et al. reported in favour of
the full-body suit, while Hooper et al. provided evidence for
higher infection rates wearing this type of attire. This might be
due to the surgeon having a false sense of security or the
exhaust systems expelling air near the incision site [73, 74].
It appears that wearing the SHS does not reduce the chance of
contamination and may even result in higher rates of deep
infection [73]. We therefore recommend wearing the conven-
tional surgical attire unless in situations where the surgical
staff’s safety (e.g. in case of HIV patients) outweighs the
drawbacks of this particular type of attire.

Surgical hand hygiene Regarding surgical hand hygiene,
bacterial recolonisation of healtcare workers’ hands increases
with duration of surgery. Thus, the surgeon can become a
continuous source of contamination regardless of compliance
with proper scrubbing or rubbing and gloving. After five
hours of surgery, the surgeon’s hands show an equal or even
higher bacterial colonisation compared with pre-scrub or pre-
rub colonisation. It should therefore be recommended to re-
peat the scrub or rub procedure depending on duration of the
surgical procedure [75]. In addition, it must be emphasised
that surgical gloves do not provide absolute protection against
contaminants [76]. Especially in trauma and orthopaedic sur-
gery, unnoticed perforations are common, with perforation
rates between 3.6% and 21%. The risk of glove perforation
increases with the duration of wear. The passage of bacteria
through these perforations should therefore not be
underestimated [77]. To reduce the risk of contamination,
Hübner et al. recommend a routine glove change at least every
90 minutes [76]. As this can be quite laborious, an important
alternative used especially in trauma and orthopaedic surgery
is the double-gloving procedure, or using two pairs of stan-
dard sterile surgical gloves, or using indicator-system gloves.
The advantage of the indicator system is that a perforation can
be noticed relatively quickly [76, 78]. The WHO did not for-
mulate any recommendations concerning double gloving or
glove changing during surgery, as studies assessing these pro-
cedures in relation to SSI outcome are scarce [15].
Nonetheless, in trauma surgery, it is common practice to dou-
ble glove, and we believe that, particularly in longer proce-
dures, re-scrubbing or re-rubbing is indicated.

Ventilation system Most ventilation systems in the OR pro-
duce vertical laminar (or unidirectional) airflow at positive
pressure. This positive pressure will prevent air flowing from
less clean areas (e.g. rubroom, corridor, etc.) to the clean areas
(ORs) [13]. The ultraclean air is introduced at the ceiling of the
OR and flows vertically towards the floor over the aseptic
region, which consists of the incision site and surroundings
under the plenum. The aim of the laminar airflow system is to
decrease the bacterial load and consequently minimise the risk
of SSIs [8, 13, 79]. The laminar airflow system is equipped
with high-efficiency particulate air (HEPA) filters, which filter
the recirculated air [13, 38, 79]. The movement and presence
of staff in the OR may negatively influence the laminar flow,
so the number of people in the OR must therefore be
minimised [13, 80, 81]. Also, the doors of an OR must be
closed as much as possible, because every time the door
opens, the pressure drops and turbulence in air movements
occur, contributing to wound contamination [80]. To reduce
the frequency of door openings, Birgand et al. suggest a more
practical storage of frequently used materials, advanced com-
munication systems and an improved organisation of surgical
team shift changes [79, 82].
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Many studies have reported the benefits of a laminar air-
flow installation [83–86]. Interestingly, recent studies contra-
dict these benefits, and the use of laminar airflow to reduce the
risk of SSIs in orthopaedic surgery is currently being discour-
aged by the WHO. A possible explanation for this is that the
layout of the OR, which is generally not standardised across
hospitals, plays an important part in these findings. That is,
everything obstructing the vertical airflow can cause turbu-
lence, which in turn can produce areas at risk for contamina-
tion and therefore infection. Second, these systems are highly
sophisticated, high maintenance and expensive. To obtain full
efficacy, staff compliance to theatre protocols and frequent
replacement of air filters and maintenance is of critical impor-
tance [87]. In low-resource settings in particular, this can be
problematic [15].

Surgical instruments are expected to be sterile, as are the
trays that carry them. However, as described above, there is a
direct correlation between exposure time to the OR environ-
ment and traffic (e.g. during installment of the patient) and
bacterial contamination. It is therefore recommended to leave
sterile trays unopened until they are needed or to cover them
with a sterile cloth to minimise exposure to contaminants [88].

Adhesive drapesThe use of plastic adhesive drapes is another
measure taken during surgery to prevent SSIs. They are used
to protect the wound from organisms that may be present on
the patient’s skin. Adhesive drapes can be either plain or im-
pregnated with an antimicrobial agent like iodine [89]. In its
new guidelines, the WHO is rather hesitant towards the use of
adhesive drapes with or without antimicrobial agents [15].
Moreover, the main outcome of a Cochrane analysis compar-
ing plastic adhesive drapes with and without iodine was that
plain adhesive drapes are not associated with a reduced risk of
developing SSIs, and some studies even mentioned an in-
creased risk of infection [89]. A possible explanation is that
adhesive drapes cause excessive moisture, which might en-
courage bacteria in hair follicles to migrate to the surface.
Also, not using drapes was associated with a lower risk of
SSI, which can probably be explained by the fact that the skin
is already decontaminated properly before incision, leaving an
infection originating from the skin unlikely [89]. Removal of
drapes may cause skin tears as well, which in turn is a risk for
bacterial contamination. When using iodine-impregnated
drapes, the risk of infection was comparable with that when
no drapes were used [89]. In musculoskeletal trauma patients,
and especially in open fracture cases, we currently do not
advise the use of these plastic adhesive drapes.

Surgical technique

The surgical technique is an important factor in infection pre-
vention, especially for trauma patients. It has been suggested
that electrocautery for incision provides a better esthetical

result, causes less bleeding and reduces pain scores compared
with incisions with a scalpel. However, when both were com-
pared regarding SSI rates, they showed comparable results
[90]. Devitalised tissue should be removed during debride-
ment and vital tissue should be handled with care [91], espe-
cially in musculoskeletal trauma, where there is already some
degree of soft tissue damage present.

Patient-specific measures

NormothermiaHypothermia can have several adverse effects
on trauma patients, especially on patients with multiple trau-
ma. In particular, it can potentially disturb haemostasis, lead-
ing to uncontrolled coagulopathy and haemorrhage, which is
especially important in trauma patients. Furthermore,
hyperglycaemia can occur in trauma patients with mild hypo-
thermia as a result of catecholamine release. Insulin treatment
in these patients can result in a hypoglycaemic patient during
rewarming. Also, drug elimination times (e.g. of vecuronium,
benzodiazepines, alcohol) are prolonged in mild hypothermic
patients, which in itself might potentiate the already present
hypothermia [92]. Peri-operative hypothermia can thus result
from exposure to the surgical environment, to the effects of
anaesthetic agents or to certain drugs [15, 93]. Furthermore,
hypothermia affects leukocyte migration, neutrophil phagocy-
tosis and cytokine production, causing a depression of the
immune system and therefore a delay in wound healing
[94–96]. Until recently, the hypothesis was that these conse-
quences—impaired immune function and delayed wound
healing—increase the risk of SSI [67, 95, 96]. Brown et al.
recently countered this hypothesis, as they found no signifi-
cant correlation between the development of SSI and peri-
operative hypothermia. They point out that studies supporting
the association between hypothermia and SSI often used mul-
tiple definitions for hypothermia, as well as single temperature
measurement time points as variables. Their results were con-
sistent with other recent studies investigating the importance
of peri-operative normothermia [97]. Nonetheless, given the
other adverse effects of hypothermia on trauma patients, fre-
quent peri-operative monitoring of temperature to avoid hy-
pothermia is advisable. Peri-operative use of warming devices
aiming for a core body temperature of > 36 °C is also recom-
mended by theWHO [15]. However, in this guideline, there is
no recommendation regarding warming method. Different de-
vices, forced-air warming or intravenous fluid warmers can be
used to maintain body temperature [95, 96]. The forced-air
warmers are connected to specialised blankets with perfora-
tions on the underside through which the warm air can blow
onto the patient’s skin (e.g. Bair Hugger) [79]. These forced-
air warmers are a potential risk for contamination originating
from the pump and air-hose system [93, 98]; they may also
have a disruptive impact on clean airflow patterns over the
surgical site [98, 99]. Hence, forced-air warmers may
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contribute to an increased risk for SSIs, and this is a topic of
ongoing research [93].We advise that if these devices are used
in a trauma setting, the patient should first be surgically draped
before the warm air is blown into the system. A possible
alternative to forced-air warmers is conductive fabric
warming, which is equally effective in preventing hypother-
mia [99].

Normoglycaemia Hyperglycaemia is a short-term risk factor
for developing post-operative infections. Therefore, it is im-
portant to keep glucose concentrations < 200 mg/dl during
surgery. Patients with diabetes mellitus have an increased sus-
ceptibility for SSI [100], and tight glycaemic control in these
patients has a positive effect on peri-operative mortality and
morbidity rates. The use of protocols for intensive peri-
operative blood glucose monitoring is recommended by the
WHO [15]. However, this recommendation should be treated
with caution, as the incidence of hypoglycaemia has increased
because of hyperglycaemia control being too tight. Frequent
blood glucose monitoring can therefore be beneficial [101].

Peri-operative wound management

Surgical debridement and irrigation In case of open frac-
tures, appropriate surgical wound debridement is necessary.
Damaged, devitalised tissue and foreign material should be
removed, as they constitute a favourable environment for mi-
croorganisms. For extensive open-fracture injuries, it is appro-
priate to repeat surgical debridement after 24–48 hours until a
clean wound with viable tissue is obtained [102]. The goal of
surgical irrigation is to reduce bacterial concentration and re-
move foreign bodies from the wound. The use of wound irri-
gation has been established by several studies, but there re-
mains no consensus on the appropriate method to perform this
technique (i.e. type of solution and pressure) [64, 91, 103,
104]. Regarding type of solution: several studies provide ev-
idence for the toxicity of undiluted antiseptic solutions on host
cells [91, 103, 105, 106]. Otherwise, diluting the active com-
ponent of an antiseptic like povidone-iodine can diminish cy-
totoxic effects without losing its bactericidal effect [107]. In
recently published CDC recommendations for SSI prevention,
the use of aqueous iodophor solutions for intraoperative irri-
gation of deep or subcutaneous tissues is recommended [14].
The CDC based this recommendation on two randomised
controlled trials performed in patients who underwent clean
spine surgery [108, 109] and on two randomised controlled
trials performed in patients who underwent clean–contaminat-
ed, contaminated or dirty open abdominal surgery [110, 111].
Again, it should be noted that these studies were not per-
formed in musculoskeletal trauma patients, and specifically
not in patients with an open fracture, where there is already
serious damage to the local host environment. Currently, no

data is available on the optimal type of irrigation and pressure
to use in immunocompromised patients.

With respect to the type of irrigation pressure, the Fluid
Lavage of Open Wounds (FLOW) trial recently showed that
the use of low to very low pressure is the method of choice for
irrigation in open fracture cases. Although no differences were
found regarding type of pressure, surgical irrigation with high-
pressure lavage might anticipate bacterial seeding into the
intramedullary canal, increasing wound bacterial counts at
48 hours after irrigation and compromising the bone-healing
process [91, 103, 112–114]. Furthermore, the FLOW trial
showed that irrigation with normal saline obtained better re-
sults than irrigation with a soap solution [114]. Therefore,
based on literature data, we suggest rinsing the open fracture
wound at low to very low pressures with normal saline (irre-
spective of the degree of contamination). The combination of
early antibiotic treatment, surgical debridement and irrigation
can effectively reduce micro-organisms present in the open-
fracture wound [102].

Finally, it is important to note that in open-fracture cases,
the value of routine wound cultures before surgical debride-
ment, which was standard practice prior to the 1980s, is cur-
rently being questioned. There is also no evidence supporting
the value of wound cultures taken during initial surgical-
wound debridement [63, 64]. We would therefore discard this
practice.

Wound closingA surgical wound can be closed primarily, left
open to be closed later or left open to heal by secondary in-
tention. The technique used to close the wound will determine
the post-operative wound care and how the incision must be
covered [13]. For open fractures with severe soft tissue dam-
age, skin closure might necessitate a plastic surgical procedure
using a free flap to restore the damage. In these cases, early
skin closure (within a week after trauma) has a positive effect
on infection rates [115]. Awaiting soft tissue coverage and
preventing the wound-bed from being bacterially colonised,
which might potentiate infection, demand that the would be
covered. To achieve this, either negative pressure wound ther-
apy or traditional gauze dressings can be used. Currently, for
highly contaminated wounds, the use of negative wound pres-
sure therapy is favoured, as there is evidence that infection
rates are lower and, if applied for > 72 hours, reduces the need
for a soft tissue flap [116]. For closed surgical incisions,
negative-pressure wound therapy is controversial, and evi-
dence in fracture care is limited [117, 118].

Most incisions will be closed primarily after surgery and
are covered by sterile wound dressings. In orthopaedic and
trauma surgery, staples and sutures are most frequently used
as wound-closing material. A systematic review and meta-
analysis reported no significant difference between materials
[119]. In both cases, the authors noted significant methodo-
logical limitations of included studies. Again, none of these
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studies was performed in a trauma population, and there is an
urgent need for well-designed randomised controlled trials
comparing both materials [119, 120]. The WHO does not
make any recommendations regarding the type of material;
however, when sutures are used, they suggest using
triclosan-coated sutures for preventing SSIs. Because the daily
absorption of triclosan from these sutures is rather low, the
chance of developing resistance remains low. Sutures impreg-
nated with other antimicrobial agents are being tested [15],
and wound dressings are used to provide physical support
and protection from bacterial contamination and absorb exu-
date [121, 122]. A Cochrane review analysed several studies
that assessed the effect of wound dressings in preventing SSIs.
Compared with leaving the incision exposed, there was insuf-
ficient evidence supporting the hypothesis that covering the
surgical incision leads to a decrease in SSI. In addition, it
appears that there is no evidence for an optimal dressing
(hydrocolloid, film, silver-containing, basic wound contact)
to prevent SSIs. However, it should be taken into account that
these studies were small and at risk for bias. Furthermore, the
patient population consisted of nontrauma patients [121]. One
study specifically studied the use of silver-containing dress-
ings after acute limb injury. The authors decided that there are
limited clinical trials of relevance to trauma patients and that
the evidence for using silver-containing dressings in these
types of injuries is lacking [123]. Future research regarding
this topic is necessary to improve our knowledge with respect
to musculoskeletal trauma patients.

Wound drainage Wound drains have been used to prevent
fluid accumulation, and some debate remains on the differ-
ence between using and not using drains [124]. Several studies
in the orthopaedic domain indicate that there is no advantage

in using a wound drain for implant-related surgery. In a
randomised controlled trial, Li et al. studied the use of wound
drains in total knee arthroplasty surgery and reported no sig-
nificant advantage associated with their placement [125].
Similar results were found in a systematic review and meta-
analysis by Kelly et al. [126]. For musculoskeletal trauma
surgery, these types of studies are again lacking.

Post-operative prevention measures

Regardless of type of postoperative care required, staff com-
pliance with hand hygiene and aseptic procedure protocols are
important throughout the entire hospital stay of the patient.
Several studies addressing early versus delayed showering
of patients with a surgical wound found no difference in the
development of infections [127, 128]. Furthermore, studies of
early versus delayed dressing removal after primary closure
summarised in a Cochrane database showed no apparently
significant difference between early (up to 48 hours after sur-
gery) and delayed (beyond 48 hours) removal [122]. Those
findings were based on three small randomised controlled
trials, so some uncertainty remains regarding the exact timing
of dressing removal.We opt to leave the wound covered for 24
to 48 hours unless the dressing is stained or in specific cases
where wound observation is essential (e.g. reimplantation of
an amputated limb).

Discussion

FRI remains a challenging complication. Because morbidity
related to FRI remains high, it seems beneficial to aim for
prevention rather than treatment of this, sometimes

Fig. 1 Responsibility of actors involved in infection prevention versus
treatment. Circle size is proportional to role importance in prevention or
treatment.a Surgeons, infection-control physicians, nurses and
anaesthesiologists play an important role in infection prevention. The
role of pharmacists, infectious disease (ID) physicians and

microbiologists is less distinct and is mainly limited to pre-operative
antibiotic policy. b Surgeons, ID physicians, microbiologists and
pharmacists all play a substantial role in the diagnosis and treatment of
infection; nurses’ roles are limited to correct administration of prescribed
antibiotic treatment
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devastating, complication [129]. This review focuses on the
fact that a multidisciplinary approach is needed to guide FRI
prevention strategies, especially in a complex population like
musculoskeletal trauma patients [11]. There is increasing ev-
idence that teamwork and collaboration between healthcare
workers are essential to improve outcomes [8, 130]. The ben-
eficial effect of a stewardship programme on infection treat-
ment by means of antibiotic stewardship has been established.
Antibiotic stewardship is defined as Bcoordinated interven-
tions designed to improve and measure the appropriate use
of (antibiotic) agents by promoting the selection of the optimal
(antibiotic) drug regimen, including dosing, duration of ther-
apy and route of administration^ [131]. Surgeons, ID physi-
cians and pharmacists are the core members of this pro-
gramme, but microbiologists and the implementation of ad-
ministrative and information technology can also be of great
importance [11, 132, 133]. With its multidisciplinary ap-
proach, an antibiotic stewardship programme improves pa-
tient safety and outcome and, combined with reduced read-
mission rates, reduces healthcare costs without compromising
quality of care [11, 132, 134].

To date, no data are available on the use and effect
of such a multidisciplinary approach to infection pre-
vention. A preventive multidisciplinary care package
can be the first step towards achieving this. All
above-mentioned precautions and measures to reduce
the risk of SSI require the commitment of every
healthcare worker involved in the care of surgical pa-
tients. However, the importance of the role of each one
in infection prevention is different from those in infec-
tion treatment (Fig. 1). Indeed, when treating infection,
early diagnosis and customised treatment is of critical
importance, allowing microbiologists and surgeons to
take the lead in consultation with ID physicians and
pharmacists. Nursing staff must ensure that the antibiot-
ic therapy is administered in accordance with the pre-
scription, but the role of infection-control physicians is
less distinct (Fig. 1b). By contrast, in infection preven-
tion, the infection-control specialist takes the lead by
setting up prevention strategies and educating the staff.
Su rgeons in pa r t i cu l a r , bu t a l so nu r s e s and
anaesthesiologists, are key in implementing these mea-
sures. The role of pharmacists, ID physicians and mi-
crobiologists is mainly limited to the development and
continuation of preoperative (prophylactic) antibiotic
policy (Fig 1a).

Conclusion

In this review, we emphasise the importance of infection pre-
vention in musculoskeletal trauma surgery. A multidisciplin-
ary care package is the first step towards achieving this goal.

This approach requires close cooperation between the sur-
geons and infection-control physicians. We also mention the
importance of the new WHO global guidelines and the CDC
guidelines for preventing SSI. We also emphasise the fact that
data for this report are mostly based on studies regarding the
development of SSIs in nontrauma patients. Similar studies
are lacking for FRI prevention in the trauma population.
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