Manjra MA et al. SA Orthop J 2019;18(4) South African Orthopaedic Journal
DOI'10.17159/2309-8309/2019/v18n4a7 http://journal.saoa.org.za

CURRENT CONCEPTS REVIEW

Current concepts in the management of open tibia
fractures

Manjra MA', Basson T2, Du Preez G312, Du Toit J4©, Ferreira N°

* O B 0 N o

MBBCh, FC Orth (SA), MMed(Orth); Tygerberg Arthroplasty Fellow*

MBChB, FC Orth (SA); Registrar®

MBChB, FC Orth (SA); Consultant and Head of Trauma Unit*

MBChB, FC Orth (SA), MScClinEpi; Consultant and Head of Department*

BSc, MBChB, FC Orth (SA), MMed (Orth), PhD; Consultant and Head of Tumour, Sepsis and Limb Reconstruction Unit*

Division of Orthopaedic Surgery, Department of Surgical Sciences, Faculty of Medicine and Health Sciences, Stellenbosch University, Cape Town,
7505, South Africa.

Corresponding author: Dr MA Manjra, Division of Orthopaedics, Tygerberg Hospital, Cape Town, Western Cape, 7505, South Africa;
tel: +27 (21) 938 5456; email: m.manjra@ymail.com

Abstract

Open tibia fractures are associated with an increased risk of infection, delayed union, non-union and wound complications. Management
is aimed at mitigating the risk of infection while optimising the biological and biomechanical environment to encourage soft tissue and
bone healing. With ongoing clinical trials and research, our knowledge around best clinical practice continues to evolve. Multiple
consensus documents and protocols have been formulated, yet some controversy exists around the ideal management for high risk
grade lll injuries. Early antibiotic therapy has become a cornerstone in the management of these injuries. However, some controversy
remains around the type and duration of antibiotic therapy. Emergent debridement and lavage is a critical factor in treatment success.
Intramedullary nailing is a viable fixation option for most open tibia fractures while circular external fixation has gained prominence
in the management of high energy grade Il injuries, especially in the presence of bone and soft tissue loss. The timing of the various
treatment interventions continues to provoke debate and controversy. Considering the available literature, the local context needs to be
considered. Inadequate access to theatre, shortage of staff, resources and expertise are frequently encountered. We aim to elucidate
current literature with regard to the management of open tibia fractures guided in part by various consensus documents and protocols.
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Introduction

Tibia fractures are among the most common long bone fractures,
occurring at a rate of between 8.1 to 37.0 per 100 000 patients.'
The superficial location of the tibia leaves it particularly susceptible
to open fractures and potential loss of soft tissue and bone.*%
Compared to closed injuries, open fractures have a significantly
higher risk of infection, non-union, and wound healing complications,
and often require multiple surgeries for definitive care.®

A multidisciplinary approach that includes orthopaedic, trauma
and plastic surgeons is frequently required in the management of
open fractures. The literature does not provide strong conclusions
regarding the best treatment for open tibia fractures; evidence to
support best treatment practices for the less prevalent and more
devastating ‘severe’ open fractures is even less conclusive.” The
primary objectives in the management of open tibia fractures
include early antibiotic therapy, emergent debridement of all
devitalised soft tissue and bone, early soft tissue cover and skeletal
stabilisation.?5 Failure to adhere to these principles may result in
significant morbidity, cost and even loss of the injured limb.

The aim of this paper is primarily to review current concepts in
the management of open tibia fractures, and secondarily to assess
these treatment strategies considering our South African context.

Classification

The most widely used systems in open tibia fractures include the
Gustilo-Anderson, Ganga Hospital and the AO (Arbeitsgemeinschaft
fur Osteosynthesefragen) Orthopaedic Trauma Association Open
Fracture Classification (OTA-OFC) systems.®10

Ramon Gustilo and John Anderson, in 1976, first classified open
long bone fractures into grade | to Il injuries." Subdivision of type
lIl'injuries (A—C) was necessitated after they identified the high rate
of complications associated with this group.’ This classification
system is practical, aids in prognostication and treatment, and is
widely implemented in clinical practice and research. However,
since the initial description, many modifications have taken place,
leading to a loss of uniformity and poor interobserver reliability.0.13.14

Primary assessment

Effective management of open tibia fractures begins in the
emergency department. Trauma patients are assessed and
managed according to the Advanced Trauma Life Support (ATLS)
guidelines, after which attention can be focused on the injured limb
during the secondary survey.

Intravenous antibiotic therapy has been shown to be the single
biggest predictor of infection in open tibia fractures.'>'¢ A Cochrane
review by Gosselin reviewing 913 patients confirmed the efficiency
of prophylactic antibiotics vs placebo in open fractures, citing a
pooled relative risk reduction of 59% for acute infection in patients
with open fractures treated with prophylactic antibiotics.!” It was
concluded that for every 13 patients treated with prophylactic
antibiotics, one acute infection would be circumvented.'” In addition
to systemic antibiotics, tetanus prophylaxis should be administered
according to local guidelines.

Prophylactic antibiotic therapy should be considered an adjunct
to, and not a substitute for, a systematic open fracture management
protocol that includes early debridement and irrigation, fracture
stabilisation, and wound coverage.” Nonetheless, prophylactic
antibiotics are essential because, in their absence, infection can be
expected to occur in 20% of open fractures.®
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Sufficient data has concluded that an intravenous antibiotic
such as a first- or second-generation cephalosporin (in most
cases cefazolin) should be used for antimicrobial prophylaxis.?®2!
In patients with beta-lactam allergy, clindamycin is the best
alternative.?" The addition of Gram-negative cover (gentamycin)
for grade lll fractures, and penicillin for fecal or possible clostridial
contamination, has been propagated throughout the literature,
but is controversial.#2022 Gustilo and Mendoza initially suggested
the addition of an aminoglycoside, after reporting that up to 77%
of infections were a result of Gram-negative bacteria.'> However,
Gustilo did not subsequently investigate whether the addition of an
aminoglycoside decreased the risk of infection in type lll fractures.®
The effectiveness of this strategy was reported in a retrospective
study by Patzakis et al., who showed a decreased risk of infection
compared with cephalosporin alone; however, several flaws were
noted in the study with regard to duration of antibiotic therapy and
inconsistencies in the timing of wound closure.5'®

Sufficiently powered trials with large sample sizes are still needed
to provide unequivocal guidance on the optimal antibiotic regimen
for type Il open fractures.?? Considering the available evidence, a
combined regimen consisting of an aminoglycoside in conjunction
with a first-generation cephalosporin appears to be adopted by
most authors and guidelines.?

The Eastern Association for the Surgery of Trauma (EAST)
guidelines recommend this combination of a first-generation
cephalosporin plus an aminoglycoside, with the addition of penicillin
to prevent clostridium infection in farmyard injuries.5?* Carver
et al. in a 2017 review further suggested that a third-generation
cephalosporin (ceftriaxone) or piperacillin/tazobactam as a good
alternative to the above combination, although further research is
still required.?!

The AO and BOA/BAPRAS standards for trauma (BOAST4)
guidelines are currently the most implemented guidelines on which
management is based. The current AO guidelines for antibiotic
prophylaxis in open fractures are as follows:®

» Type | and lI: 24 hours, first- or second-generation cephalosporin

» Type lll: five days amoxicillin/clavulanic acid or ampicillin
sulbactam or five days third-generation cephalosporin

* In the case of fecal contamination (farmyard injury or open pelvic
fracture) use piperacillin/tazobactam or a carbapenem or third-
generation cephalosporin plus metronidazole

The current BOAST4 guidelines are as follows:2526

1.Co-amoxiclav 1.2 g eight-hourly or a cephalosporin such as
cefuroxime 1.5 g eight-hourly IV as soon after the injury as
possible and continued until debridement

2. Co-amoxiclav/cephalosporin and gentamicin 1.5 mg/kg at the
time of debridement and co-amoxiclav/cephalosporin continued
until definitive soft tissue closure, or for a maximum of 72 hours,
whichever is sooner

3. Gentamicin 1.4 mg/kg and either vancomycin 1 g or teicoplanin
800 mg on induction of anaesthesia at the time of skeletal
stabilisation and definitive soft tissue closure. These should not
be continued post-operatively. The vancomycin infusion should
be started at least 90 minutes prior to surgery.

For patients with penicillin allergy, clindamycin can be given in
place of co-amoxiclav/cephalosporin.

Since the landmark paper by Patzakis and Wilkins et al.,
studies have consistently shown an association between delay
of intravenous antibiotic administration and an increased risk of
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infection."627 In their case-control study of more than 1 100 open
fractures, administration of antibiotics more than three hours after
injury was associated with a 1.63 times greater odds of infection in
comparison with treatment within the first three hours after injury.'®
The risk of infection increases significantly beyond this period due
to changes in circulation and multiplication of bacteria.?” However,
limitations of this study include antibiotic timing that was not
examined against the grade of injury, the evolved and advanced
nature of our modern trauma systems, and only 36% patients
receiving antibiotics within three hours.

A more recent retrospective study by Lack et al. examining
the relationship between antibiotic timing and deep infection in
grade lll open tibia fracture put forward a stronger case for antibiotic
timing.%? They found that wound coverage beyond five days and
antibiotics beyond 66 minutes independently predicted infection.
Immediate antibiotics and early coverage limited the infection
rate relative to delay in either factor or delay in both factors. Age,
smoking, diabetes, injury severity score, grade llIA versus IlIB/C
injury, and time to surgical debridement were not associated with
infection.

Routine antibiotic therapy beyond the initial post-operative period
is not beneficial in any open fracture.’> A prospective randomised
controlled trial by Dellinger et al. examining the relationship
between timing and duration of antibiotic therapy with infection,
concluded that on presentation to the emergency department,
one-day antibiotic administration is equally efficacious as five-
day administration in preventing infections.?® Antibiotics should
be discontinued 24 hours after wound closure in grade | and Il
fractures, and continued for 72 hours following grade lll fractures
- but not more than 24 hours after tissue coverage of the open
wound.'520

With increasing use of antibiotics in the general population, we
are faced with a new concern that was probably not present in
clinical trials from prior decades, namely antibiotic resistance.'®
Among four level | trials studying antibiotic prophylaxis in open
fractures, all highlighted a prevalence of Staphylococcus aureus as
the number one cause of surgical site infection, and one reported
the rate of methicillin-resistant S aureus (MRSA) as being nearly
one-third of the total staphylococcal infections.?”:3-32 Vancomycin
may be appropriate for first-line treatment if the patient has a
significant, documented beta-lactam allergy, has a history of
MRSA colonisation, or is hospitalised in an area with recent MRSA
outbreaks.?? Clinicians should also be cognisant of the associated
risk for selection of resistant organisms such as MRSA that are
associated with cephalosporins, particularly in patients who may
require prolonged hospitalisation.®® Fluoroquinolones offer no
advantages compared with a combination of cephalosporin and
gentamicin and may actually have a detrimental effect on fracture
healing and increase the infection rate in type lll fractures.?

Wound cultures obtained at debridement immediately post injury
must not be used to direct choice of agent for antimicrobial
prophylaxis, as the infecting pathogens do not typically correlate
to pathogens initially cultured after injury.'2° Most infections from
open fracture wounds result from nosocomial organisms.®23 In
contrast, while pre-debridement cultures are not recommended,
post-debridement cultures may be useful.® Positive cultures at time
of closure do not predict the infecting organism but correlate with
the development of infection.®? This has led to some units adopting
the practice of performing post-debridement cultures in delayed
cases (>24 hours).6
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Local antibiotic-laden polymethylmethacrylate beads (APB) have
been shown to produce high antibiotic concentrations at the wound
site in open tibia fractures while minimising systemic exposure,
thus decreasing the risk of systemic adverse effects.® In addition
to providing a high dose of local antibiotics to the area of highest
risk, which may not be well perfused or reached by systemic
antibiotics, they serve to eliminate potential dead space.*® Local
antibiotic therapy cannot replace the use of intravenous therapy
but may be a useful adjunct in severe injuries where the tissues are
not amenable to immediate closure.®

Osterman et al. in the largest series of 1 085 patients on
APB efficacy in open tibia fractures, demonstrated a significant
decrease in the rates of acute and chronic osteomyelitis with the
use of tobramycin-impregnated cement beads in conjunction
with systemic antibiotics in the management of grade lll fractures
(infection rate, 6.5% versus 20.6%, respectively; p=0.001); but
the same benefit was not demonstrated in lower grade injuries.’
However, the decision to use APB was not randomised and was
rather a matter of surgeon preference or bead availability. Secondly,
soft tissue management differed between the groups, with patients
receiving APB having their wounds closed earlier than the control
group.

Keating et al. and Moehring et al. did not find a statistical
difference comparing systemic versus local antibiotic therapy;
however, there are limitations in both studies.®3° A recent meta-
analysis by Craig et al. of 21 studies demonstrated a significantly
lower deep-infection risk with use of local antibiotic administration
as an adjunct to systemic antibiotics across all types of open tibia
fractures treated with intramedullary nailing.#® The effect was
most pronounced for type lll injuries, in keeping with Osterman’s
findings, which demonstrated a pooled infection risk of 2.4% (95%
Cl: 0.0% to 9.4%) with an adjunct local antibiotic as compared with
14.4% (95% CI: 10.5% to 18.5%) with systemic prophylaxis alone
(odds ratio, 0.17; p value not reported).2340

The skin should ideally be closed over the beads which can be
removed on the second or third day post-surgery without a second
operation, if threaded through the incision on insertion.% Wahlig
and Dingeldein showed that the highest concentration of elution
from the gentamicin beads takes place in the first several days
after implantation, with detectable levels still present at day 80.4!
These elution characteristics are ideal for short-term use in open
fractures.® The use of negative pressure wound therapy (NPWT)
in conjunction with antibiotic beads has been reported, but there is
a concern that negative pressure reduces antibiotic concentration
at the wound site.#243

Bioabsorbable mediums which have recently been investigated
include calcium sulfate, polycaprolactone (PCL), collagen
sponges and gels.’® These mediums have the advantage of not
requiring removal; however, they present a significant problem if
the development of infection necessitates their removal.3¢ Since
bioabsorbable beads require cellular activity to degrade the
implants, when there is a recurrence of infection the absorption
process stops, and the beads simply float in the purulence.®

Learning points

« Administer intravenous antibiotic therapy as soon as possible
according to local guidelines.

* Be aware of local antibiotic resistance patterns.

« Local antibiotic beads are a useful and effective adjunct to
intravenous therapy.

« Wound cultures are not useful in acute injuries.
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Surgical principles

The quality of the initial debridement represents a key point in
the treatment of open fractures and infection prevention.** The
technique of debridement of open fractures is guided in part from
the BOA/BAPRAS working party on the management of open tibia
fractures.'®4® This step-by-step protocol for removal of all dead
tissue at the initial debridement is followed nationwide across the
United Kingdom. Systematic debridement occurs in the following
sequence:

1. Initial cleaning of the limb with a soapy solution

2. Preparation of the limb with a chlorhexidine alcohol solution,
avoiding direct contact of the chlorhexidine with the open wound

3. Wound extension, ideally following potential fasciotomy incisions

4. Systematic assessment of the tissues, from superficial to deep,
and from the periphery to the centre of the wound

Radical excision of necrotic tissue, as proposed by Godina,
should be performed so that all nonviable tissue, including bone,
is removed.*¢47 Muscle viability is assessed using the four Cs:
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Colour, Consistency, Contractility and Capacity to bleed. It is
important to note that an inflated tourniquet might interfere with
this assessment. A tourniquet should be applied but only inflated
when required. Loose bone fragments are assessed via the tug
test and all segments with no bleeding edges, or loose fragments
without attachment to soft tissue, should be removed.'® This is then
followed by wound lavage. At this juncture an accurate assessment
of the grade of injury can be made.

BOA/BAPRAS guidelines recommend longitudinal wound
extensions for debridement along fasciotomy incisions to preserve
the longitudinal running neurovascular structures and perforating
arteries medially and laterally that form the basis of local flap
reconstructive options in the leg (Figure 1).2545 Conversely, Salih
et al. recently published a case series of 31 patients with open
tibia fractures which were treated with acute bony debridement
and shortening with a transverse wound extension that enabled
tension-free soft tissue coverage, and either primary closure or
split skin grafting.“® Fracture stabilisation was usually obtained with
a monolateral external fixator and converted to a circular llizarov
frame that then allowed correction of leg length discrepancy or
deformity. The reasoning given for choosing a transverse incision
was a wound that could be closed more easily (than the rhomboid
wounds created by longitudinal incisions) with the avoidance of
soft tissue flaps and associated complications. All but one patient
achieved bony union with the initial circular fixator, and all wounds
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Figure 1. Recommended incisions for fasciotomy and wound extensions. (a) Margins of the subcutaneous border of the tibia are marked in green, fasciotomy
incisions in blue, and the perforators on the medial side arising from the posterior tibial vessels in red; (b) Line drawing depicting the location of the
perforators; (c) Montage of an arteriogram. The 10 cm perforator on the medial side is usually the largest and most reliable for distally based fasciocutaneous
flaps. In this patient, the anterior tibial artery had been disrupted following an open dislocation of the ankle; hence the poor flow evident in this vessel in the
distal one-third of the leg. The distances of the perforators from the tip of the medial malleolus are approximate and vary between patients. It is essential to

preserve the perforators and avoid incisions crossing the line between them.
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were closed either primarily or with a split thickness graft. The
decision to perform a transverse incision was done on a case-by-
case basis in conjunction with the plastic surgical team. Factors
that were considered to guide the decision included: a transverse
wound, a wound not amenable to local flap coverage, a high-energy
injury with bone loss that would result in shortening, and a patient
who would be unsuitable for a free flap. Hence this option should
not be the standard of care, but rather an option for carefully
selected patients.

Also contrary to the BOA/BAPRAS guidelines is the technique
described by Marecek et al. When extension of the traumatic
wound may compromise the soft-tissue envelope and necessitate
a rotational or free tissue transfer, they suggest that debridement
may instead be performed through a ‘defined surgical approach’,
distant to the traumatic wound.* In this technique an anterolateral
or posteromedial surgical approach is used to visualise the zone
of injury and perform debridement. They compared 47 patients
who had direct extension of the traumatic wound with 21 patients
who were debrided using an anterolateral approach. The decision
on what approach to use was at the discretion of the consultant
surgeon, and the groups had similar proportions of Gustilo-
Anderson grades. The average number of surgeries, including
index procedure, per patient was 1.96 in the direct extension group
and 1.29 in the defined approach group (p=0.026). Flap coverage
was needed in nine patients in the direct extension group and no
patients in the defined approach group (p=0.048). However, the
authors noted the absence of grade IlIB injuries in the defined
surgical approach group. It was unclear if any patients successfully
avoided a flap based on the choice of approach for debridement.

The timing of debridement has been the subject of many studies.
It was initially advocated that the surgical debridement should not
be delayed for more than six hours. This ‘six-hour rule’ is believed
to originate from a rodent study in the pre-antibiotic era.5°In 1989
Patzakis et al. found that the time to antibiotic prophylaxis was
more important than time to surgical debridement.'® This has been
corroborated by many authors, with the most recent stating that,
due to the risk associated with after-hours surgery, the debridement
of open fractures can be safely postponed to an urgent elective
theatre slate without increasing the risk of infection.?550.51

When the primary debridement was done by an experienced
surgical team, the outcomes were also found to be better.5-5
Steeby et al. confirmed this when they compared the outcome of
open tibia fractures managed during daylight hours in a dedicated
orthopaedic operating room (DOTOR) versus being managed on
an urgent basis in an on-call operating theatre (OCOR). Although
they found similar infection rates, the DOTOR group had fewer
unplanned surgeries and an uncomplicated fracture union.%*
The BOAST4 guidelines state that:*®

» Surgery to achieve debridement, fixation and cover of open
fractures of the long bone, hindfoot or midfoot should be
performed concurrently by consultants in orthopaedic and plastic
surgery (a combined orthoplastic approach).

* Perform debridement:
= immediately for highly contaminated open fractures
= within 12 hours of injury for high-energy open fractures (likely
Gustilo-Anderson classification type IlIA or type IlIB) that are
not highly contaminated
= within 24 hours of injury for all other open fractures.
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Wound irrigation as an adjuvant to surgical debridement is essential
to minimise infection.”#23%% The ideal composition and irrigation
pressure have been long been the subject of controversy.?35563
High pressure may be more effective in removing particulate matter
and bacteria, but at the expense of bone damage.%-2 Low pressure
may avoid bone damage and resultant delays in bone healing but
is thought to be less effective at removal of foreign bodies and
bacteria.®

The Fluid Lavage in Open Wounds (FLOW) trial, a multicentre
randomised trial examining the effect of normal saline vs castor
soap and high (15-35 psi or higher) vs low pressure (5-10 psi)
lavage vs very low pressure (1 or 2 psi) in open fractures, has shed
light on previously held notions on the delivery and composition
of the ideal lavage solution.®* It is important to note that the study
included open fractures of all extremities defined as arm, wrist, leg,
ankle, foot, clavicle or scapula, with the exclusion of the pelvic ring,
axial skeleton and hand.% The primary endpoint was reoperation
after 12 months from the index surgery for promotion of bone
healing and wound infection.®* The reasons cited for the decision
to use soap as opposed to other enhanced irrigation solutions
(containing antiseptics or antibiotic agents) include: less cost,
toxicity and risk of antibiotic resistance.”82355-586566 No significant
differences were found in the rates of secondary end points (non-
operatively managed infection, wound-healing problem or bone-
healing problem) between the two irrigation solutions or among the
three irrigation pressures. However, castor soap did demonstrate a
significantly higher incidence of reoperation.8 Subgroup analysis of
open tibia fractures suggested that very low pressure was superior
to low or high pressure.® Given our context of budget constraints
and sometimes scarce resources in peripheral government centres,
low pressure saline is an acceptable and cost-effective solution.

Primary wound coverage has been considered critical to achieving
favourable outcomes.538” Wounds that can be closed primarily
should be closed.'® However, some studies have suggested that
delayed wound closure with the use of NPWT also results in
favourable outcomes.58° Delayed wound closure is believed by
some authors to reduce the risk of deep infection.”%’! Russel et
al. reported that early wound closure may result in pathogenic
organisms remaining encased in the wound, hence increasing
the risk of infection, and suggested there is no place for primary
wound closure in open tibia fractures.” This is supported by data
from military injuries, where authors suggest that the wound should
initially be left open, serial debridements performed as needed,
and the wound closed after it is deemed clean.” This notion has
been challenged by more recent literature which suggests that
pathogenic organisms were secondarily acquired via nosocomial
routes.”" This is supported by studies which showed a poor
correlation between organisms cultured at initial debridement and
resultant infecting pathogens.'>2° Furthermore, advances in the
field of wound care, antibiotic therapy as well as internal fixation
have vastly improved infection rates, challenging earlier studies
examining the early in vitro response of bacteria to metals.67.7376

It is generally accepted that grade | and Il open fracture wounds
can be safely closed after initial debridement, provided the patient
received adequate antibiotic prophylaxis. There is no concern
about ongoing tissue necrosis or contamination, and that a tension-
free closure of the soft tissues can be achieved.®?® However,
controversy exists regarding the optimal closure or coverage of
grade lll open fracture wounds.
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Rajesakeran et al. published a prospective series of 173 patients
with grade IllA and llIB open tibia fractures treated with primary
closure. They reported ‘excellent’ results in 87% of patients
assessed by bony union, wound healing with no marginal necrosis
and absence of infection at five years.”” Strict criteria for closure
required included: no skin loss, debridement within 12 hours of
injury, stable skeletal fixation during primary surgery, skin apposition
without tension, and no sewage or organic contamination.?%7”

For wounds requiring flap coverage, location of the injury, size
of the defect, and zone of injury must collectively be assessed to
determine if rotational or free-flap coverage is optimal.?® Generally,
wounds in the proximal two-thirds of the tibia can be adequately
managed with rotational gastrocnemius and/or soleus flaps, while
fractures of the distal third require free muscle or fasciocutaneous
flaps.™®

Learning points

« Debridement should be done on an emergent basis.

« While it is preferable for debridement to be done by an
experienced team, this is not always possible in public hospitals
where these cases need to be done as theatre becomes available.

* Low pressure saline is acceptable and cost effective as a lavage
solution.

* Primary wound closure should be performed where this can be
done safely.

The role of NPWT/VAC

Negative pressure wound therapy (NPWT) or vacuum-assisted
closure (VAC) should be seen as an adjunctive modality in the
management of the soft tissue component of open tibia fractures. It
involves the application of subatmospheric pressure to a wound via
a sealed sponge or foam dressing, removing fluid and exudate, and
encouraging blood flow to the wound site.5'87 This environment
decreases tissue bacterial levels, increases tissue perfusion and
rapidly promotes granulation tissue formation, thus improving
wound healing.”®#! In cases of immediate closure, these conditions
promote wound healing, and in cases of delayed closure, the
promotion of granulation tissue formation prepares the wound
bed for subsequent coverage and may reduce the need for soft
tissue transfer and muscle flaps.6”82 They have been shown to
effectively reduce bacterial counts in wounds until definitive soft
tissue coverage.?'83

The utility of NPWT in orthopaedic surgery has seen an increase
in recent years, particularly in the management of infection and
open fractures.'®8 After open fractures specifically, NPWT is
commonly used as a temporary dressing between operative
interventions. In a prospective, randomised study, Stannard et al.
examined infection rates in 62 patients with open fractures who
received soft tissue management with either NPWT or standard
gauze dressings between the initial debridement and definitive
soft tissue closure.®’ They found a significantly decreased infection
rate (28% vs 5.4%; p=0.02) in favour of the NPWT. More recently,
Blum et al. reported similar results: 20% infection in the standard
dressing group and 8% in the NPWT group.8> As expected, the
open fracture grade correlated with the infection rate.

Caution should however be raised against the use of NPWT as
a definitive soft tissue management strategy. A 2011 international
expert panel attempted to provide consensus statements regarding
the use of NPWT in traumatic wounds and reconstructive surgery.s
A 98% agreement was obtained for arecommendation on the use of
NPWT for soft tissue trauma. In this regard the panel recommended
that ‘NPWT may be used when primary closure is not possible after
or in between debridements as a bridge to definitive closure’.
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Skeletal stabilisation

Stabilisation of open fractures restores length, alignment and
rotation, protecting the soft tissues around the zone of injury from
further damage, and decreases dead space.®” These factors have
been shown to decrease the rate of infection in multiple studies.8-%°
Early fixation allows improved access to soft tissues surrounding the
injury and facilitates the patient’s early return to normal function.?

The choice of fixation depends on the fracture location (intra-
articular, metaphyseal, diaphyseal), the extent of the soft tissue
injury, and the degree of contamination and physiologic status of
the patient.*®

Intramedullary nails dominate the most commonly used fixation
method following open tibia shaft fractures and are associated
with low overall infection rates, high union rates, and high levels of
patient satisfaction.* Intramedullary nails remain the fixation method
of choice for Gustilo-Anderson | to llIA open injuries, but utilisation
of these devices in Gustilo-Anderson IlIB injuries are coming under
increased scrutiny and is the topic of multiple ongoing trials.”7091-94

Temporary external fixation plays an important role in the acute
management of severely contaminated open tibia fractures.?® This
is usually in the form of monolateral external fixation providing
stability to the fracture, while allowing resuscitation of the soft
tissues, and in the case of the multiply injured polytrauma patient,
stabilisation of the patient’s physiological state before more
extensive reconstructive surgery

Bhandari et al. conducted a systemic review of tibial and femoral
fractures converted to intramedullary nailing following external
fixation. They found a significant relative risk reduction for infection
if conversion was done in less than 14 days, and that lack of pin-
site infections was the most important factor in prevention of
infections.®® Other key factors in this scenario cited by Yokoyama
et al. include: flap coverage by well-vascularised tissue within one
week after trauma; short duration of external fixation; debridement
of the screw hole at the pin site; early unreamed intramedullary
nailing; and slightly prolonged interval between removal of the
external fixator and intramedullary nailing until complete healing
of the pin site.%

Circular external fixation has demonstrated its effectiveness in
the management of complex open tibia fractures in both civilian and
war injuries.-1% They utilise indirect reduction techniques with fine
wires and/or half pins and small incisions, which ensure minimal
soft-tissue damage and soft-tissue footprint.* Treatment with
circular external fixation, which does not place any hardware at the
fracture site, may reduce infections and hospital readmissions."!

Circular external fixators consist of two distinct systems: the
original llizarov technique and hexapod systems. Limited literature
regarding the use of hexapod external fixation in open tibia fractures
shows promising results, suggesting that the hexapod design can
play a significant role in managing complex tibia fractures.02103

Dickson et al. recently reported on the surgical and functional
outcome of 22 patients with grade Il open tibia fractures treated
with circular external fixation at a minimum one-year follow-up.*
Clinical scores were either good or excellent in over half of the
patients in all knee and ankle scores, with good functional outcome
in most cases. All fractures united without further surgery, and no
refractures. The deep infection rate was low at 4.5%, adding to the
growing body of evidence for managing these complex injuries with
a circular frame.

Nieuwoudt et al. reported excellent short-term results with low
infection and non-union rates on 94 consecutive grade lll open
tibia fractures treated with circular external fixation followed
up for a period of 12 months."® The majority of patients were
treated in traditional llizarov fixators. Hexapod external fixators
were used in 12 patients. Deep infection developed in four out of
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94 (4.25%) cases. Two patients united in the presence of sepsis
and two developed infected non-unions. There was no statistically
significant difference between infection rates in grade IlIA and
lIB injuries (p=0.617). Two of the four deep infections occurred
in HIV-positive individuals. There was no statistically significant
association between HIV status and the development of deep
infection (p=0.601). No superficial infection cases were reported.
Non-union occurred in three out of 94 (3.2%) patients, all with
grade llIB injuries.

Circular external fixation is especially useful in the setting of
significant segmental bone loss, where the defect can be managed
with llizarov bone transport.5® The llizarov bone transport technique,
known as distraction osteogenesis for restoration of limb length, is
well described in the literature.8104-107 Advocates of this technique
use it to treat large bone defects by creating an osteotomy at a site
away from the fracture and transporting the existing bone into the
defect.®” New bone forms at the osteotomy site, thus maintaining
the length of the limb and avoiding bone grafting procedures.®

Hutson et al. reviewed 19 grade IlIIB injuries treated with a
protocol of multiple aggressive debridements followed by soft tissue
reconstruction with rotational or free flaps, utilising monolateral half-
pin external fixation.?® Bone loss was managed with a temporary
antibiotic spacer, followed by definitive fixation and bone transport
with llizarov circular external fixation. Flap coverage was achieved
on an average of 34 (range 12-77) days, and the llizarov fixator was
applied at an average of 23 (range 2-43) weeks post injury. There
were no cases of non-union, infection or failed treatment with
internal fixation. Similarly, Hohmann et al. reported good outcomes
using a staged ‘Road to Union’ protocol in their management of
complex and acute complex tibial fractures.'%®

A modification of this technique, which is well described by
multiple authors, is the intentional shortening and/or deformation
of the limb to achieve bony apposition as well soft tissue closure,
decreasing or negating the need for soft tissue flaps.48.104.105.109,110
The length and/or deformity is then gradually corrected utilising
either conventional llizarov external fixation or hexapod external
fixation. In most cases shortening is achieved after bony
debridement of devitalised bone; however, the decision can be
made to excise healthy bone to achieve soft tissue apposition and
negate the need for a soft tissue flap, as described in the case
series by Nho et al.1%

Intramedullary nailing (IMN) and external fixation currently represent
the most widely used methods of fixation after open fractures, with
the use of plate fixation declining since the 1970s.'" Giovannini
et al. performed a meta-analysis of five randomised controlled
trials comparing intramedullary nailing with external fixation in the
management of open tibia fractures."" The authors concluded that
IMN was more effective due to the lower rate of infection; however,
the results of this analysis should be treated with caution as only
five studies that included less than 250 patients were reviewed,
monolateral and circular fixators were grouped together, and the
description of fracture subtypes and complications was not uniform.

Bhandari et al. conducted a systemic review and meta-analysis
on the treatment of open tibia fractures comparing various methods
of skeletal fixation: plate fixation, external fixators, unreamed tibial
nails and reamed tibial nails.”® They concluded that their study
provided ‘compelling evidence’ that unreamed nails reduced the
incidence of reoperations, superficial infections and malunions,
when compared with external fixators. However, no mention was
made of whether monolateral or circular external fixation was used,
limiting the applicability of this evidence. It is well reported in the
literature that monolateral external fixation results in a significantly
higher rate of delayed union in open tibia fractures.®
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Foote et al. conducted a network meta-analysis using evidence
from randomised trials, on the risk of unplanned reoperation of open
fractures of the tibial diaphysis treated with various stabilisation
devices.” The secondary study endpoints included malunion, deep
infection and superficial infection. They found that unreamed nail
fixation was associated with a lower risk of reoperation compared
with external fixation, and this was independent of the Gustilo
classification of the fracture. No conclusions could be drawn with
regard to secondary endpoints. They noted that limitations of the
14 studies included a high risk of bias and poor precision in the
conduct of the studies.

Inan et al. conducted a prospective study comparing unreamed
tibial nailing (UTN) with llizarov external fixation in patients with
grade llA tibial fractures.®? Their results showed that the llizarov
technique had a notable incidence of pin-site infection, joint
contracture and shortening related to delayed union. The UTN
technique had the disadvantage of post-traumatic osteomyelitis
and delayed union requiring additional surgery. The rate of union
of llizarov circular external fixation was similar to that of unreamed
tibial nails. No further conclusion could be drawn with regard to
which modality was superior. It is important to note that the type of
tibial nail used in the study was not standardised, and that all the
nails used were solid nails.

The LEAP study group has been fundamental in expanding our
understanding of the surgical and functional outcomes of open
and closed tibia fractures. They reported a significantly higher
rate of non-union and infection with external fixation compared to
unreamed tibial nails, leading to unreamed tibial nails becoming
the ‘gold standard’ for open tibia fractures.®®* However, the
LEAP study (similar to other studies mentioned previously) only
included monolateral external fixators, which have very different
biomechanical properties, and therefore different outcomes to
circular frames.* An important systematic review of the literature
conducted by Dickson et al. revealed that circular frames have
higher union rates, and lower deep infection and reoperation rates,
compared to other treatment modalities in open tibia fractures.*

At the recent International Consensus Meeting for
Musculoskeletal Infections. a consensus statement regarding the
optimal fixation method for open tibia fractures in terms of infection
was released and stated that: ‘There is little to no difference in terms
of infection rates for Gustilo-Anderson type I-ll treated with either
circular external fixator, unreamed intramedullary nail or reamed
intramedullary nail. For Gustilo-Anderson IlIA-B fractures, circular
external fixation appears to provide the lowest infection rates when
compared to all other fixation methods’.** This statement achieved
the strongest consensus and was unanimously accepted by all
attending delegates.®

To date no randomised control trial has been undertaken to
compare circular external fixation with internal fixation in the
management of these injuries. The Modern Ring External Fixators
Versus Internal Fixation (FIXIT) Study, is a prospective multicentre
randomised control trial which will compare one-year outcomes
after treatment of severe open tibia shaft fractures with modern
external ring fixation versus internal fixation among men and women
of ages 18-64 years.®' The primary outcome is rehospitalisation for
major limb complications. Secondary outcomes include infection,
fracture healing, limb function, and patient-reported outcomes
including physical function and pain. One-year treatment costs
and patient satisfaction will be compared between the two groups,
and the percentage of Gustilo IlIB fractures that can be salvaged
without soft tissue flap among patients receiving external fixation
will be estimated. The results of this study will shed further light on
the preferred management of open tibia fractures.
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Although many authors tend to study these two treatment modalities
in isolation, they are intricately entwined and should be seen as
a single treatment entity. In the lower grade injuries, both these
steps can and should be completed at the initial debridement. With
higher-grade injuries, these modalities cannot be completed at
initial debridement and temporary fixation with soft tissue dressings
is utilised. These include monolateral external fixation and NPWT.

The current BOAST4 guidelines stipulate soft tissue closure
within 72 hours and definitive fixation only when it can be
followed immediately by soft tissue closure.*> This was based on
the evidence report of the National Institute of Health and Care
Excellence (NICE).? The literature used in this report to determine
the timing of soft tissue cover and fracture stabilisation is, by
their own admission, of very low quality. The main driver for their
recommendation of early reconstruction was the theoretical
reduction in hospital-acquired infections and tissue necrosis
induced by prolonged wound exposure.5®

The earliest proponent of this early (<3 days) definitive soft
tissue closure was Godina in his landmark study.*” He achieved
an infection rate of 1.5% in a group of 134 patients where soft
tissue reconstruction was achieved in less than 72 hours. Other
supporters of soft tissue reconstruction within 72 hours include
Hertel et al., Gopal et al. and Naique et al. with their ‘fix and flap’
protocol.5"5369

Other authors supported a more conservative approach where
definitive soft tissue management can be delayed up to seven days
after injury without adverse effects. Cierny et al. compared infection
rates in type lll injuries that had wound closure before or after seven
days.'2 They reported rates of 4% and 50% respectively. Similar
findings were also made by Caudle and Fischer et al.''3'"4 Reporting
on patients from the LEAP study, Webb et al. and Pollak et al. found
no difference in infection rate patients with wound coverage less
than three, four to seven or greater than seven days; however, there
was a 32% incidence in flap complications in wounds covered after
seven days.®''5 This finding was complemented by a study by
D’Alleyrand et al. who reported that the complication rate increased
by 11% per day, and the infection risk by 16% per day after seven
days, even after controlling for known risk factors for complications
(such as injury severity), in patients treated with flap coverage for
grade llIB open tibia fractures.'

In their study, Mathews et al. made the same observation and
directly commented on the BOAST4 guideline of completing the
definitive management within 72 hours post injury.'® They found
much improved rates of deep infection where definitive soft tissue
and skeletal management was completed at the same surgical
setting rather than both being completed within the 72-hour
guideline (4.2% vs 34.6%).

Learning points

e Grade |, Il and IllA injuries can be safely treated with reamed or
unreamed intramedullary nailing.

* Grade lll (B and C) injuries should rather be treated with circular
external fixation to mitigate the risk of infection.

« Circular external fixators can be used to aid in soft tissue cover/
healing to avoid the use of soft tissue flaps.

» Temporary external fixation when used should be limited to less
than 14 days.

» Aim to obtain soft tissue cover within seven days.

South African context: issues to consider

Results and recommendations from international studies need to
be adapted to our local context. Orthopaedic units within public

Page 59

hospitals manage a large trauma burden. This, in conjunction with
a constrained resource pool, does not always lend itself to the ideal
management pathway for open tibia fractures.

Despite literature indicating that emergency theatre debridement
is not needed, limited resources often prevent patients from
receiving their first debridement within 24 hours of their injury.
Because of this, patients must utilise theatre when it becomes
available. This means that open fracture debridement sometimes
happens after hours, by an inexperienced surgeon. Due to an even
greater shortage of plastic surgeons in South Africa, orthoplastics
units dedicated to the management of musculoskeletal injuries, do
not exist.

South Africa has one of the highest prevalence of HIV infection in
the world. HIV infection causes a decline in the CD4 (T helper cell)
count, resulting in impaired immunity, hence one would expect to
see a higher rate of infection in HIV-positive patients.!"” Harrison
et al. conducted three studies relevant to this topic: a prospective
study of open tibia fractures comparing HIV-positive and -negative
patients; a prospective study of internal fracture fixation including
cases in open fractures comparing wound infection for HIV-
positive and -negative patients; and a prospective study of pin-tract
sepsis comparing HIV-positive and -negative patients.'”'® They
found that rates of infection were higher in HIV-positive patients;
internal fixation of open tibias was associated with a higher risk
of infection; HIV was associated with delayed union; and that HIV-
positive patients had a higher rate of pin-tract sepsis with the use of
external fixation."'® However, there are a number of factors limiting
the validity of their findings: the presence of confounding factors
such as smoking, nutrition, small patient number in all the studies
and, probably most importantly, CD4 count.

These studies were undertaken long before the advent of
antiretroviral therapy, and it is plausible that an HIV-infected patient
with a normal CD4 may be treated as immune competent.''® Recent
evidence indicates there is no association between HIV status and
surgical outcome unless the CD4 count is below 350 cells/ml.119-122
It is therefore suggested that HIV status should not influence the
management of open tibia fractures.'?

Patient demographics, and specifically home circumstances,
are important factors to consider especially when deciding the
optimal form of skeletal fixation. Patients with poor socioeconomic
circumstances may not be able to cope with labour-intensive
circular fixators or may not be able to return timeously for follow-up.
A peculiar circumstance is patients not being able to access public
transport either logistically from not being able to fit into a crowded
taxi, or not being allowed onto a taxi due to misunderstanding and
the stigma associated with the fixator. This can be overcome by
prolonged inpatient stays; however, this contributes to overcrowded
public hospital wards and rising inpatient expenses.

In the private sector, surgeons working in remote areas may
not have immediate access to the same devices and implants as
central areas, or may not deal with a sufficient volume of cases
to be familiar with them. The availability of plastic surgical cover
in these areas, as in the public sector, is also variable. Devices
available to surgeons in the private sector may also be governed in
part by funders/medical aids.

Conclusion

Open tibia fractures remain challenging injuries to treat. Early
intravenous antibiotic therapy continues to be one of the most
important modifiable risk factors for infection. Local antibiotic
beads are an effective adjunct, particularly in grade lll injuries. The
importance of a thorough and meticulous debridement cannot be
overstated. While the traditional method of longitudinal extension
of the traumatic wound along fasciotomy lines remains standard



Page 60

practice, the use of a transverse incision or a defined surgical
approach can be equally effective in select cases. Costly high-
pressure lavage modalities have no benefit over low-cost irrigation
with saline and should be avoided, especially in the context of a
cost-conscious public health system. Soft tissue closure should not
be unnecessarily delayed if the soft tissues are amenable. Definitive
soft tissue coverage should aim to be completed within seven days
of injury. Negative pressure wound dressings are a valuable adjunct
in soft tissue management prior to definitive wound coverage.
While IMN is effective in grade | and Il injuries, strong consideration
should be given to the use of circular external fixation in high
energy grade lll injuries, especially in the setting of bone and soft
tissue loss.

While awareness of the best clinical practice and protocols is
essential, adaptation to the local context is equally important.
Large trauma loads, coupled with constrained resources and
personnel, often make internationally accepted time frames for
treatment unrealistic. Public hospitals are forced to utilise theatre
time at whatever time it becomes available. Fixation devices need
to be adapted to these possibly delayed treatment time frames as
well as to patient demographics, and cultural and socioeconomic
circumstances.
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