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Open fractures of the lower extremity: current
management and clinical outcomes
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 Open fractures of the lower extremity are the most common open long bone injuries, yet their management
remains a topic of debate.
 This article discusses the basic tenets of management and
the subsequent impact on clinical outcome. These include
the rationale for initial debridement, antimicrobial cover,
addressing the soft-tissue injury and definitive skeletal
management.
 The classification of injury severity continues to be a useful tool in guiding treatment and predicting outcome and
prognosis. The Gustilo-Anderson classification continues
to be the mainstay, but the adoption of severity scores
such as the Ganga Hospital score may provide additional
predictive utility.
 Recent literature has challenged the perceived need for
rapid debridement within 6 hours and the rationale for
prolonged antibiotic therapy in the open fracture. The
choice of definitive treatment must be decided against
known efficacy and injury severity/type.
 Recent data demonstrate better outcomes with internal fixation methods in most open tibial fractures, but
external fixation continues to be an appropriate choice in
more severe injuries. The incidence of infection and nonunion has decreased with new treatment approaches
but continues to be a source of significant morbidity and
mortality.
 Assessment of functional outcome using various measures
has been prevalent in the literature, but there is limited
consensus regarding the best measures to be used.
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Epidemiology
Open fractures of the tibia are the most common open
long bone fractures, with an annual incidence of 3.4 per

100 000.1,2 The mean age of those who sustain open tibial
fractures is 43.3 years, most frequently occurring in young
adult males and elderly females.1 High energy trauma is
the primary mechanism of injury, with over 50% of cases
being attributed to road traffic accidents or falls from a
great height.1-3 Noteworthy, the vast majority of proximal
and distal tibial fractures present with a significant softtissue injury and therefore pose additional complexity
when managing the injury.

Classification
Open tibial injuries present with a spectrum of injury
severity (Fig. 1). It soon became clear that a classification
system is needed to quantify the degree of soft-tissue
injury and to guide treatment. The Gustilo-Anderson classification has been the mainstay of open fracture classification since it was first described in 1976.4 Gustilo described
three broad categories, I-III, based on the extent of softtissue injury and the size of corresponding skin wounds.
Type I fractures are defined as clean injuries, with a skin
wound < 1 cm and simple fracture pattern. Type II fractures have skin wounds > 1 cm, with minimal soft-tissue
injury and no flaps or avulsions. Type III were initially
more broadly defined as extensive injuries that were
either: multi-
fragmented fractures; extensive soft-tissue
damage; involving vascular injury or traumatic amputations.4 The type III classification was revised in 1984, due
in part to the great variation in predictable outcomes that
the broad category presented.5 Gustilo et al proposed
types III-A, B and C, stratified according to the degree of
need for local coverage and evidence of neurovascular
compromise. Type III-C is the most severe of the subtypes, defined as an open fracture with associated vascular injury requiring repair.5 Recommendations for fracture
management were described by Gustilo and Anderson in
their initial study, according to fracture type.
The Gustilo classification is simple and is widely used
by surgeons in assessing the severity of traumatic injuries;
however, it has met with some scrutiny. Kim and Leopold
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Fig. 1 A spectrum of injury severity of open tibial fractures exists.

described the many limitations of the classification,6 with
particular emphasis on the limited inter-observer reliability, with as little as 60% concordance between observers7
and other studies showing only moderate agreement
between those using the system.8 In addition, the classification system does not consider the degree of soft-tissue
injury and therefore may be limited in its evaluation of
long-term tissue viability.6 The classification shows some
value as a prognostic indicator and a useful guide towards
treatment. Other classification systems may, however,
better classify open fractures and their associated soft-
tissue injury in severity.
The OTA open fracture classification system, proposed
by Agel et al in 2010, considers five categories in assessment of injury severity: skin injury; arterial injury; muscle
injury; contamination; and bone loss.9 The descriptive features of each domain are shown in Table 1. This systematic approach focuses on the patho-anatomy of the injury
and is believed to be applicable to open fractures of all
bones in both adult and paediatric cases.9 Agel et al have
conducted early studies into the inter-observer reliability
of the new system, demonstrating favourable results over

the Gustilo-Anderson system10 and good predictive abilities in guiding treatment.11 The system is an improvement
over the standard AO classification of fractures and softtissue injury, but more time is needed to assess its efficacy
in real-life application.
The Ganga Hospital classification12 for severity was
developed in an effort to better prognosticate limb salvage in open tibial fractures, overcoming the issues faced
by Gustilo-Anderson and other severity scores such as the
Mangled Extremity Severity Score (MESS).13 The Ganga
Hospital classification scores three contributors of wound
severity – skin, soft-tissue and skeletal damage – from 1 to
5. The score then corresponds to recommended treatments and likely outcomes.12 The score is of particular
value in the assessment of Gustilo III-B fractures. It has
shown greater sensitivity and specificity in predicting
amputation over other severity scores.14 A cut-off score of
14 (out of 29) has shown good specificity and sensitivity
in predicting salvage in open tibial fractures,15,16 and a
score of 17 has shown similar efficacy in predicting amputation.14,16 Breakdowns of the score’s parameters are
shown in Table 2.
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Table 2. Parameters of Ganga Hospital severity score12

Table 1. Parameters of the OTA open fracture classification9
Parameter
Injury to skin
Muscular injury
Arterial injury
Degree of contamination
Amount of bone loss

Small injury
Large/Immeasurable injury
Degloving injury
No/Minimal injury
Moderate/functional injury
Extensive muscle injury
No injury
Non-ischaemic injury
Ischaemia
No/minimal contamination
Surface
Deep
No loss
Minimal bone loss
Significant bone loss

Score

Parameter

1
2
3
1
2
3
1
2
4
1
2
3
1
2
3

Skin losses

Regardless of classification methods used, the overall
consideration for treatment should be guided by the individual clinical picture and established standards.

Principles of management
The fundamental objectives of treatment are to manage
the soft-tissue injury, minimize the risk of infection, stabilize and repair the skeletal injury and restore the function
of the affected extremity.17-20 The basic principles with
reflection on current trends are discussed below.
Standards

Many approaches can be employed in successfully managing the traumatic limb injury. The literature continues
to differ in what approaches are favoured. A universal protocol in managing the lower extremity, therefore, does
not exist.
In recent years the British Orthopaedic Association
(BOA) and British Association of Plastic, Reconstructive
and Aesthetic Surgeons (BAPRAS) have introduced protocols on how one may approach open traumatic injuries.21
The BOA/BAPRAS guidelines on open injuries of the lower
limb use an evidence-based approach in an effort to help
standardize the management of traumatic lower extremity injury. The recommendations made are in keeping
with modern literature and a step-wise guide is provided
to help the surgeon to deal better with the patient. The
extent to which these guidelines are employed by trauma
centres is yet to be assessed.
Initial assessment and management

Patients presenting with open injury of the lower extremity must first be assessed in accordance with the ATLS system (advanced trauma life support). Most open tibial/
femoral fractures are caused by high impact trauma, so
the potential for concomitant life-threatening injury
should be ruled out before addressing traumatic limb
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Soft tissue injury

Bony injury

Additional risk factors

Score
No loss
Some loss/degloved
(+2 to above if over bone)
Extensive loss/exposed bone
No injury
Repairable
Irreparable
Loss of <2 compartments
Loss of ⩾2 compartments
Fracture, no bone loss
Joint involvement
Bone losses: < 4cm
      > 4cm

1
2

Age >65
Contamination
Chronic illness
Systemic injury
Other trauma

+2 for each

5
1
2
3
4
5
1-2
3
4
5

injury.22 Patients require adequate exposure to complete
an examination of all limbs. Assessors should evaluate the
neurovascular status of affected limbs. A high index of suspicion should be taken for possible compartment syndromes. If there is significant haemorrhage at a wound
site, efforts should be made to control the bleeding with
external pressure23 and consideration of more radical
approaches if bleeding remains uncontrolled. Vascular
damage should be addressed surgically within 3 to 4
hours24 of injury, but may be delayed to 6 hours in warm
limbs. The mechanism of injury will help in understanding
the exact forces sustained by the patient, which in turn
helps in estimating the extent of injury not immediately
visible. Furthermore, the extent of environmental contamination should be established.22
Specialist involvement from relevant departments
should be sought early in the evaluation of injury. Plans
should be formulated early between teams, with clear
documentation. Urgent surgery should be considered in
heavy contamination.24
Debridement

Surgical debridement should be performed in a timely
manner following initial presentation. Non-viable tissue
should be removed, including necrotic bone fragments
and devitalized muscle (Fig. 2). Removal of these tissues is
associated with decreased risk of future infection.22,23 Surgical debridement is considered one of the most important procedures for open lower limb fractures.22,23,25
Traditionally, debridement has been performed within 6
hours of presentation. The rationale behind the figure is
believed to date back to early studies on micro-organism
load following contamination.26 In current literature,
the 6-hour wait does not show a clear evidence base.
Many studies show insignificant differences in the incidence of infection whether debridement is performed

Open fractures of the lower extremity: current management and clinical outcomes

Fig. 2 The importance of wound debridement: a) grade I open tibial fracture; b) skin incision marked before debridement;
c) exposure of the zone of injury; d) removal of devitalized (avascular) bony fragments.

early following presentation or is delayed,22,23,26,27 given
that appropriate antibiotic cover is established immediately. Schenker et al27 performed a meta-analysis on the
effect of timing on the overall risk of infection in open long
bone fractures, finding no difference in the rate of infection of delayed debridement, irrespective of injury severity
or anatomical location. The BOA/BAPRAS suggest debridement be carried out within 24 hours of injury21,23,24 on
scheduled trauma lists, combining plastic and orthopaedic involvement where possible.
There is no consensus on the type of irrigation solution,
nor on the delivery method and pressure.28 There is limited evidence on the value of additives over normal saline
in reducing infection.28-31 The FLOW (Fluid Lavage of
Open Wounds) trial30 is a recent comprehensive study
looking into the impact of different irrigation solutions
and pressure on re-operation rates in the open wound
due to infection or healing issues. In comparing saline
against castile soap solution, saline was superior in preventing the rate of re-operation with statistically significant results.30 In addition the trial showed insignificant
differences in re-operation rates when comparing irrigation pressures,30 dispelling many myths regarding its
importance in irrigation. A few other studies have argued
for other irrigation solutions, including a recent Cochrane
database review comparing saline against distilled water.

However, this review found no difference in infection rates
between water irrigation or isotonic saline.32
Antibiotics

BAPRAS guidelines21 and other authors,33-35 regarding
antimicrobial cover, suggest commencement of broadspectrum antibiotics within 3 hours of injury, which
should continue until first debridement. Antibiotics should
continue to be administered until primary closure of the
wound, or for 72 hours, whichever is sooner.21,24,36 A
recent meta-analysis of comparative studies on antibiotic
protocols demonstrated insignificant differences in the
incidence of septic complication with prolonged therapy
(> 72 hours) or short-course (< 72 hours). This was seen
irrespective of the fracture severity and sub-group analysis.
Comparative results were achieved when comparing even
shorter courses (24-48 hours) to prolonged therapy.37
Choice of antibiotic should be decided against local
anti-microbial protocol and established guidelines. Intravenous co-amoxiclav (or cephalosporin) and Gentamicin
may supply adequate gram-positive and gram-negative
cover.
Soft-tissue injury

Gustilo type III-B and C injuries often present with extensive soft-tissue damage. A delay in wound coverage is

319

Fig. 3 i. a, b) Anteroposterior and lateral radiographs of a right tibial open grade III-B fracture in a 24-year-old female following a road
traffic accident. ii. Intra-operative photograph demonstrating the extent of soft-tissue damage. The arrow indicates a piece of bone
that had no soft tissue attachment (non-viable) which required removal. iii. a, b, c, d) Intra-operative fluoroscopic images illustrating
stabilization of the tibia with reamed IM nailing after irrigation and debridement. The wound was covered at the same theatre
setting with a latissimus dorsi flap. At the end of flap reconstruction, a BMP-2 growth factor was implanted to attempt to promote
fracture healing. iv. Radiographs of the right tibia four weeks after reconstruction. The arrow demonstrates the area of bone loss.
v. a, b) Anteroposterior and lateral radiographs at six-month follow-up demonstrating some healing activity at the area of the
previous bone loss (arrow). The patient had previously undergone, at four months, removal of the proximal locking screws for
dynamization. vi. a, b) Radiographs at 12-month follow-up demonstrating union of the fracture. The patient underwent, nine
months previously, exchange nailing to attempt further stimulation of the healing response.

associated with increased rate of infection and surgical
failure.38 BOA/BAPRAS guidance recommended wound
cover be established within 72 hours of injury and not
delayed beyond seven days.23,24 The choice of coverage is
dependent on location and size of defect and overall
extent of soft-tissue damage.38
The ‘fix and flap’ approach aims for soft-tissue coverage and definitive fixation within the theatre setting39
(Fig. 3). This approach is considered optimal in managing
lower extremity injuries, limiting the complications associated with delayed repair. This is not always possible with
complex injuries.
Negative pressure wound therapy has been described as
a feasible adjunct in managing Gustilo III-B tibial fractures.40-42 Its use after debridement may allow for flap repair
beyond 72 hours without an increase in infection rate, and
may reduce the flap necrosis rate.43 However, further study
into negative pressure wound therapy is needed.
Fasciocutaneous flaps are the treatment of choice for
covering significant defects. The choice of a local or ‘free’
flap is dependent on the location of the defect and potential compromise of local vascular supply. Free flaps are
preferable in covering large defects with extensive local
soft-tissue damage. They are less prone to vascular compromise secondary to local limb trauma when compared
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with local flaps.38 A free muscle flap and skin graft may be
considered if a fasciocutaneous flap is not deemed adequate to cover significant soft-tissue loss. The outcomes of
fasciocutaneous and muscle flaps have been shown to be
comparable in managing lower extremity injury.44
Stabilization and skeletal injury

In managing the skeletal injury, the surgeon must consider the challenges in achieving adequate stabilization
and the complications associated with inadequate
mechanical stability. The method by which surgical fixation is achieved in open tibial fractures has been subject to
ongoing debate. The BOA/BAPRAS standards recommend
provisional stabilization before definitive fixation, unless
this can be achieved at primary debridement. In such
cases spanning external fixation is recommended.23,24
The use of external fixators in definitive management is
no longer a mainstay in management. A meta-analysis
comparing the management of open tibial fractures
showed no difference in the rate of nonunion and infection with external fixation when compared with internal
fixation methods. However, there were statistically significant differences in the rates of malunion and need for further surgery,45,46 favouring the use of internal fixation as
definitive treatment. The popularity of the use of external
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Table 3. Recent studies on the clinical outcomes of Gustilo type III tibial shaft fractures
Study
200648

Naique
Tielinen 200749
Inan 200751
Rohde 200752
Mohseni 201150

n

IM nail

Union time (weeks)

Infection (n (%))

Malunion (n (%))

Re-operation

26
19
29
20
25

Reamed
Unreamed
Unreamed
Unreamed
Unreamed

29
35
21
6

3 (12)
0 (0)
3 (10)
10 (10)
4 (16)

0 (0)
5 (17)
8 (40)
0 (0)

9 (19%)
24.1%
0.15
-

fixators stemmed from their ease of use and limited soft-
tissue interference.38
External fixation, via fine-wire fixators and a circular
frame, may continue to be an option in fractures with
significant bone loss38 and to support soft-tissue reconstruction, particularly where reconstruction involves
weight-bearing areas or is near mobile joints.47 Its efficacy
is demonstrated in military studies of severe injuries. Wire
or pin placement is key to adequate use of an external
fixation device. There is a noted risk of tract pin infection,23
which may complicate injuries. Similarly, however, internal fixation options pose the risk of infection at the site of
the prosthesis,48 potentially affecting fracture healing. Particular care must be taken with regards to pin placement
and spacing, especially if there is to be planned reconstructive surgery.49 The FIXIT study,50 a prospective randomized trial, aims to assess the outcome of severe, high
impact, open injuries of the tibia when managed by external or internal fixation devices. The study looks to cover
some of the gaps in the literature relating to the most
severe open tibial injuries, with the scientific community
waiting to see the final outcomes to be published.
Plating is another method of internal fixation to consider in open fractures of the lower extremity. It poses a
risk of infection45 and may compromise periosteal blood
supply.38 However, there is reported use of plating in
modern management of open tibial fractures as an adjunct
to assist intramedullary (IM) nailing. Provisional plating,
the temporary use of a dynamic compression plate to stabilize a fracture before nailing, may provide added stability when reaming and inserting a nail.51 The reduced need
for large clamps may be of use in surgery, particularly in
times of limited surgical assistance. Additionally, this
approach may allow greater cortical contact41 and consequently improve the rate of successful union. Limited
studies have not shown an increased risk of infection or
other complications.52
Definitive repair of the skeletal injury is best achieved
with an IM nail, providing the greatest mechanical stability of available surgical methods.25,38 The choice of
whether to use reamed or unreamed interlocking nails
continues to provoke debate.53 It has been suggested that
reaming allows for the insertion of larger diameter nails
and increases stability.38,54,55 This may be achieved, however, at the cost of damaging endosteal blood supply and

diminishing cortical wall thickness.56,57 Unreamed nailing
shows comparable outcomes to reamed nails in terms of
infection rates,38,45,56 risk of nonunion and rates of reoperation.45 The conclusions were affirmed by a Cochrane
database review,58 demonstrating insignificant differences
in complication rates of reamed and unreamed nailing.
These findings are consistent with modern studies comparing the two methods. The choice of approach may be
considered in relation to the type of injury – reamed nailing shows early union rates in Gustilo type III fractures58
– or may be a matter of surgeon choice. The choice of
definitive fixation should be considered on a case-by-case
basis, with consideration to be given to the associated
soft-tissue or vascular injury.

Complications and outcomes
As expected with any open injury, open fractures of the
lower extremity can be subject to ongoing complications.
The incidence of complications varies according to treatment approach, injury severity and individual patient factors. Individual studies have shown variable results in
clinical outcomes with different methods59-63 and this is
due, in part, to the often limited sample sizes that are
available at any given study period. An example of the
variability among studies can be seen in Table 3, looking
at the incidence of adverse complications in Gustilo type
III fractures managed with an IM nail, in studies conducted
in recent times. The added issues of classification also
adversely affect the evaluation of outcome. The Gustilo
type III-B subgroup presents great challenges in this area;
there is great variability in the possible degree of soft-
tissue involvement and therefore severity.
Overall, limitations that exist in small studies are adequately addressed with recently published systematic
reviews and meta-analyses,64-66 which allow a more robust
evaluation of other data available on this subject.
Infection

Infection is a big factor for adverse outcomes in the open
fracture of the lower extremity. Standards on anti-
microbial cover and management of soft-tissue injury
have helped to reduce the incidence of infection and consequent complications. However, the risk remains significant. The limb may be complicated by infection from
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initial inoculation at injury, but may also suffer from iatrogenic infection caused by the surgical approach and
choice of implant.
Injuries complicated by infection are more likely to
require further operative management67 and complications with bony union. The injury should be assessed for
superficial infections, of the wound and superficial tissues, and deep infections, of the soft tissues and
osteomyelitis.
Data on the impact of surgical approach on the incidence of infection have shown some variability. Recent
meta-analyses have shown the incidence of infection to be
significantly reduced in Gustilo type III injuries managed
with IM nailing when compared with external fixation.65,66
However, another meta-analysis showed insignificant differences in the rate of infection with both internal and
external fixation.64
Nonunion

Nonunion is a known, detrimental, complication of fracture healing. Its impact on functional outcome transcends
expected physical limitations. Sufferers may go on to
develop psychological problems as a result of chronic
intractable pain and subsequent misuse of opiate analgesics and alcohol.68 A study69 assessing the functional outcome six and 12 months after long bone fracture found
poorer health outcomes in malunion/nonunions, due primarily to the physical sequelae of disease and a greater
level of unemployment.69 Although the retrospective
analysis did not show differences in mental health status,
chronic disease and pain are known risk factors in the
development of mental illness such as depression.70,71
Santolini et al68 analysed the risk factors from nonunion
and found open fractures to be the second most significant risk factor in poor bony union, based on levels of evidence in the available literature. The risk was higher in
fractures of the tibial shaft due to its poor anterior soft-
tissue coverage and vascularization. Tibial shaft fracture
with any degree of vascular compromise shows a three
times greater risk of nonunion compared with fractures
with no vascular involvement.72
Other factors affecting union include the type of management: external fixation carries higher risk of adverse
outcomes than IM nailing,65 including nonunion and
infection rates. The two noted outcomes have a known
relationship: infection contributes to development of
necrotic bone and fixation failure, making bony union
more difficult.73 It should be noted, however, that severe
fractures at initial presentation require external fixation
devices, owing to the increased risk of complications.
In addition, it is important to counsel patients on reducing their own risk factors by trying to stop smoking, maintaining better glycaemic control if diabetic and limiting
alcohol intake.
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Regional pain syndrome

Complex regional pain syndrome may develop in individuals following surgery, particularly following complex
fractures.74 The incidence in open tibial fractures is less
often noted, but some studies estimate an incidence of
30%. The causes of regional pain syndrome are not
entirely clear, but evidence supports a hypothesis of an
exaggerated inflammatory response to trauma and nervous hypersentization.74 Definitive treatment is yet to be
identified. Patients may experience intense debilitating
pain, oedema, blood flow changes in the skin, allodynia
and burning sensations.
Amputation

Primary amputation may be considered in cases of
uncontrollable haemorrhage, prolonged crush injury, an
avascular limb or segmental bone/muscle loss. The decision is not taken lightly and should be discussed with
other experienced surgeons.21,75-77 Severity scores may
provide a measured value in predicting the need for
amputation.13,14
Secondary amputation may also be a viable surgical
option in an injury that is complicated by ongoing problems, e.g. deep infection. Amputation is an absolute indicator of poor outcome,21 but may be necessary in
preventing further deterioration or indeed maintaining
quality of life. Long-term functional outcome may not be
significantly affected in the amputee when compared
with that which would have occurred in a salvaged
injury.21
Functional outcome

Functional outcome is assessed with self-reported patient
questionnaires or scores. Many assessment tools have
been described in the literature, including the Short Form
36 (SF-36), EQ-5D and specific scores assessing limb and
joint function, e.g. Iowa Ankle and Knee scores. There is
not known to be a universal tool in the scoring of lower
extremity injury. The literature has therefore showed varied use of scoring systems, making accurate comparison
difficult.
Lower extremity scores have been proposed in the
assessment of the lower limb. The Lower Extremity Functional Scale (LEFS) shows good reliability and prognostic
correlation.78 It has been shown to be comparable with
SF-36 in assessing open injuries of the lower limb.79 There
are limited data, however, on its clinical use in the open
fracture of the lower extremity.
Others have used the Enneking Functional score,80 a
scoring system traditionally used for functional assessment after resection of musculoskeletal tumours. Its use in
lower limb trauma was demonstrated by Khan et al,81
affirming some validity in its use beyond tumours. This
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score is one of those recommended by BAPRAS,21 particularly following reconstructive surgery. The score is
expressed as a percentage of the unaffected contralateral
limb. A small study by Filobos et al82 showed good functional outcome of lower limb trauma (52% Gustilo type
III-B) using the Enneking score in a specialist centre.
A meta-analysis comparing the functional outcomes
using various quality-of-life measures shows statistically
significant differences in the incidence of pain and mobility following Gustilo type III tibial shaft fractures compared
with the general population.66 Those particular outcomes
were based on EQ-5D data, but additional analysis showed
significant ankle problems in the injured group using the
Iowa score.66
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The basic rationale and methods of managing open fractures of the lower extremity remain largely the same.
Recent bodies of data have challenged past notions on the
importance of the 6-hour wait for debridement and prolonged antibiotic treatment. The open fracture should be
assessed as a matter of urgency following presentation,
with the commencement of antibiotics within 3 hours, and
transfer to theatre for debridement within 24 hours. Anti
biotic management should not exceed 72 hours unless
there is an indicated need, such as the development of
spreading sepsis. Mechanical stabilization may be initially
achieved with external fixation if definitive management
with an IM nail cannot be achieved at the time of debridement. The ultimate choice of fixation device is dependent
on the severity of the injury. Appropriate vascular and
plastic surgical involvement should be sought early as
indicated by injury severity. Adequate soft-tissue cover
and vascularity to the injury site are important to limit
complications and promote bone healing.
Even with the current trends in treatment, adverse consequences of infection, nonunion and poor functional outcome continue to plague open injuries of the lower
extremity, albeit to a lesser degree. Careful management of
the injury and a holistic approach to the patient may better
reduce the risk of adverse complications, with particular
care to address patient co-morbidities and counselling.
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