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A B S T R A C T

Background: Management of Displaced Intra-articular Calcaneal Fractures (DIACFs) continues to be
technically demanding. The literature has not been definitive in its guidance for surgeons dealing with
these injuries. Recent publications have further added to the lack of clarity. This review is intended to
summarise the present state of knowledge, and provide some genuine guidance for clinicians.
Objectives: To review previous research, focussing on articles published within the last fifteen years, and
summarise the findings to aid surgeons in managing DIACFs with choosing best management for
patients.
Methods: We reviewed the best evidence and literature, focussing on articles published within the last
fifteen years, and summarised findings into workable recommendations. Variables of (1) patient, (2) the
associated soft tissue injury and (3) the fracture characteristics were used to aid surgeons in choosing the
best of the available options for each patient that presents with a DIACF.
Authors summary: Management of DIACFs can best be divided into four broad categories: (i) non-
operative management, (ii) open reduction and internal fixation, (iii) minimally invasive reduction and
fixation, and (iv) primary subtalar arthrodesis. The evolution of the literature would suggest orthopaedic
surgeons managing calcaneus fractures should have an expert’s knowledge, surgical expertise and the
latest techniques to cover these four options, to tailor the treatment of DIACFs to the individual patient.
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1. Introduction

Displaced Intra-articular Calcaneal Fractures (DIACFs) present a
potentially debilitating problem for a patient and a management
dilemma for most orthopaedic surgeons. The literature has not
been consistent with regards to benefits of an operative interven-
tion over non-operative management. There are trends in the
literature to suggest anatomic reduction, both through the
articular surfaces and shape, and stable fixation with avoidance
of complications results in the best outcome in terms of earliest
possible restoration of function, patient satisfaction and mini-
misation of post-traumatic arthritis [1–6]. Complications when
trying to achieve these aims can lead to significant, painful
outcomes and inability to reach desired long term function and a
requirement for second surgeries [5].

An assessment of functional status (SF-36 scores) of patients
with DIACFs shows significantly poorer results than those for other
orthopaedic conditions and those of the normal population [7],
suggesting significant long term disability after these injuries. On
the other hand, studies have identified DIACFs managed non-
operatively, will have an average score of 7 out of 10 on an oral
analogue scale for pain, with a score of 10 reflecting no pain. When
not stratified, there was no significant difference in pain or
functional outcome between this group of patients and the group
who underwent surgery [2,8]. Consistently, there is a trend
towards less successful results with non-operative management
when compared with operative management [3]. Non-operatively
managed patients have a six times greater risk of requiring a
salvaging subtalar arthrodesis, compared to those who have had
operative management [2,9]. However, the worst outcomes are
seen in patients who have had a surgical intervention, but not had
an adequate reduction or who have had a significant complication
[4,5]. Therefore, selection of patients into correct management
directions would seem to be paramount. Two priorities are created
from this information. The first priority is to identify accurately
those patients that will have a good result from non-operative
management, and second those who will benefit from surgery,
while reducing the risks of a poor surgical result.

The UK Heel and Fracture Trial is a recent multicentre
randomised controlled trial that has suggested that there is no
benefit from open reduction and internal fixation for DIACFs
[10]. The study did have some strong selection bias as participating
surgeons had the opportunity to exclude patients with DIACFs if
they felt there was clear benefit in a particular management
option, including gross deformity, which was not defined. This
meant that the study may well have been more representative of
patients with DIACFs of less displaced fracture patterns. Patients
also had the opportunity to select their management option, which
is heavily dependent on the information they were likely to be
provided. Of the 502 patients eligible to be involved in the trial, 70%
declined to be involved with the trial, with 83% of them showing a
preference for operative or non-operative care. 73 patients

received operative management, through an extensile lateral
approach, from one of 27 different surgeons in one of 22 different
centres. Just 51 of those patients had post-operative CTs which
identified that nearly a quarter of these patients had greater than
2 mm residual step in the articular surface. Despite the potential
limitations of this study, especially the inclusion of poorly reduced
fractures and the high rate of complications, it is a very useful
addition to the literature as it does imply some very significant
limitations of a formal open reduction through an extended lateral
approach and that all reductions should be checked by CT post-
operatively. This study also suggests that surgery for DIACFs is
difficult and should be performed by experts in the area.

Two recent published long term studies, beyond twelve years,
looking at results of patients originally randomised to operative
versus non-operative management have been published
[6,11]. Both studies have a high drop-out rate from the original
cohort of patients and are recognised to be underpowered for true
statistical assessment. The authors acknowledge that techniques of
reduction and fixation have progressed from the time of the
original study and the aims of surgery at the time didn’t adequately
address the reduction of the posterior facet [11]. Also, the studies
were not consistent as to whether there was an increased
incidence of post-traumatic arthritis in either group, or whether
that presented any clinical effect. With this in mind, the authors
conclude that there is slight benefit from surgery over the long
term [6]. Close review of the data presented in both studies
particularly between the best results and the worst results, we feel,
they showed a reasonable trend towards benefit of surgical
intervention in most parameters assessed over time. With more
modern surgical techniques and appropriate selection of patients
and surgical technique, we feel minimisation of complications is
possible and benefit of surgical intervention in the appropriate
setting will be possible. This opinion seems in keeping with that of
the authors of a recent meta-analysis of the published literature
[12].

2. Options of management

Because of the variety of ‘personalities’ of calcaneal fractures, no
one technique is likely to manage every calcaneal fracture. With
this variability in mind, we believe that management of DIACFs can
best be divided into following four broad categories:

(i) Non-operative management
(ii) Open reduction and internal fixation

(iii) Minimally invasive reduction and fixation
(iv) Primary ORIF and subtalar arthrodesis

Orthopaedic surgeons managing DIACFs should have skills for
these four options, taking into account the patient, the limb and the
fracture that is presenting. In the authors’ experience, the
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treatment of DIACF’s has followed trends over the last few decades,
with all methods having respect in the literature (Fig. 1).

It has been confirmed that these challenging injuries have
better outcomes when managed in institutions with greater case
volumes [13,14]. In fact, strong inverse relationships have been
identified between rate of delayed subtalar arthrodesis performed
and deep infection rates compared to institutional fracture load.

2.1. Non-operative management

In some patients with DIACFs, there are identifiable factors that
decrease the expected outcome of surgical management and
increase the risk of complications with operative management. In
these patients, non-operative management may be preferable.
Non-operatively managed patients should be treated with rest, ice,
elevation, and early range of motion. Splinting should be
discontinued, if used at all, and early movement of their ankle
and hind foot should be started within 5 to 10 days of injury to
minimise the associated hindfoot stiffness. Analgesia needs to be
adequate from an early stage, as we feel the tendency for
immobilisation for comfort may ultimately add to the difficulties
in rehabilitation. The patient should most probably remain non-
weightbearing for 6 weeks, although it is acknowledged that some
authors allow partial weightbearing earlier [15]. It is of note, that
there are no published studies validating any mobilisation or
weightbearing protocols for calcaneus fractures. Patients with this
injury should be able to return to sedentary work by 3 months and
light duty work by 4 months, with return to previous employment
by 6 months post injury [4,16]. Custom made orthotics may be
prescribed after 4 months if needed. There is an incidence of
between 10% and 16% of patients treated non-operatively
requiring a secondary subtalar arthrodesis because of hind foot
pain [2,6]. Some patients may require a lateral wall exostectomy
for subfibular impingement symptoms [17]. However, this still
means that there is an approximately 80% chance of not requiring
any procedure in the future, which makes it a viable treatment
option in certain circumstances.

2.2. Open reduction and internal fixation

Open reduction and internal fixation through an extended
lateral approach has been the most frequently utilised technique
for surgically restoring the calcaneal anatomy through the last
three decades [18–22]. It remains the gold standard for fixation
of the calcaneus to achieve anatomic reduction, with placement of

appropriate stable screw and plate fixation [12]. Although some
studies have demonstrated a positive effect from surgery, it is
important to state that there have been no well-designed high level
studies proving that surgery significantly improves outcomes. The
most common complications associated with open reduction and
internal fixation relate to wound healing problems [10,12,23–
26]. Other techniques of open reduction and fixation have been
described including medial [27], combined medial and lateral [28],
and sinus tarsi approaches [29–32]. The rates of complications
from the extended lateral approach may be historically overstated
[33], and frequently, local wound care is all that is required with no
significant sequelae. However, the associated scarring and
required interventions associated with the management of these
wound problems likely leads to an inability to rehabilitate the
patient at an early stage. These complications of surgery are likely
to be reduced when done by a local expert in the area of foot and
ankle trauma.

2.3. Minimally invasive reduction and fixation

Minimally invasive reduction and fixation techniques have
primarily been devised because of the concern over wound healing
and are becoming increasingly popular amongst the international
orthopaedic community. Currently, there is no consistency in the
techniques described by surgeons to meet with the criteria of being
‘‘minimally invasive’’. There is also limited literature supporting
the quality of intra-articular reduction achieved by these
techniques. However, published reports of case series and
techniques are increasing [15,29,34–42].

Minimally invasive techniques are all technically demanding in
their endeavour to achieve anatomic reduction and stable fixation
to allow early mobilisation. They are not designed to improve on
any reduction and fixation achieved by an extended lateral
approach. Each of the techniques tends to involve indirect
reduction manoeuvres, relying on ligamentotaxis to achieve
reduction, often through a variant of that described by Essex-
Lopresti [37,43]. Depending on the nature of the fracture being
addressed, joysticks and further reduction tools such as wires or
pins, laminar spreaders, elevators or bone punches are used to
restore the calcaneal height, length, and alignment of the calcaneus
and reduce any joint depressed fragments. Minimally invasive
reduction and fixation techniques are employed utilizing the
intraoperative image intensifier and small incisions to place tools
for accurate reduction. Disimpaction and reduction of fracture
fragments to a reduced position is thought to reduce further harm.

Fig. 1. Trends in management of DIACFs over the last four decades in Foothills Medical Center, Calgary Alberta Canada.
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Various techniques of fixation have been described involving
percutaneous k-wires or Steinman pins, percutaneous screws
cannulated or solid, and percutaneous plate positioning. Intra-
operative arthroscopic assessment of the subtalar joint has also
been described as a further aid to assess adequacy of fracture
reduction with minimally invasive reduction and fixation techni-
ques [44,45]. These techniques can be utilised earlier in the post
injury period than traditional ORIF techniques [37,38,46,47]. Mini-
mally invasive reduction techniques are particularly appropriate
for the patient who has early threats to skin and who requires
reduction and fixation but may carry factors concerning to an
extended lateral incision. Conversely, minimally invasive reduc-
tion and fixation techniques are limited by timeframes beyond
14 days as anatomical reduction of fracture fragments become
significantly harder, as healing proceeds. No studies have
confirmed exactly when minimally invasive tactics should be
used for DIACFs but anatomic reductions are easier to achieve with
earlier surgery.

2.4. Primary ORIF and subtalar arthrodesis

In some fractures, the articular comminution and cartilaginous
injury are so significant it can be concluded that adequate joint
reduction cannot be reliably achieved and primary subtalar
arthrodesis may be the best management for the individual to
achieve the best possible outcome [9,48–50]. Primary ORIF and
subtalar arthrodesis is best done by the classical lateral extensile
exposure, but may also be possible through a sinus tarsi or
minimally invasive reduction and fixation technique. The main
objective is to obtain restoration of the calcaneal height, width and
alignment and complete debridement of the subtalar joint
cartilage. The talus should be reduced from a dorsiflexed position,
and the calcaneal tuberosity taken out of varus. The calcaneus is
reconstructed using standard reduction and fixation techniques
and the remaining articular cartilage is removed. Supplemental
cancellous allograft or equivalent depending on institutional
availability is placed within the subtalar joint. Definitive fixation
is achieved with large, cannulated screws perpendicular to the
plane of the posterior facet. Weightbearing may be initiated earlier
than for those treated with ORIF or minimally invasive techniques
as concerns over loss of subtalar joint congruity associated with
premature weightbearing are obviously not present.

3. Factors for consideration in deciding management Of DIACFs

The selection process for experienced foot and ankle trauma
surgeons, to encourage best patient outcome, is heavily dependent
on (a) patient factors, (b) the limb and the nature of the soft tissue
injury as well as the (c) characteristics of the fracture (Table 1).

3.1. Patient Factors

3.1.1. Co-morbidities
Patients with co-morbidities have greater risk of peri-operative

complications. With regards to ORIF, as mentioned, the most
common complication is related to wound healing. These are more
common in, but not isolated to, patients with peripheral vascular
disease, poorly controlled diabetes and smokers. There is a
cumulative effect with these identified risk factors [5,51].

Patients with osteoporosis are at a risk of loss of inadequate
purchase of fixation and this may lead to a loss of reduction or
backing out of screws and result in skin irritation, compromise of
ability to wear footwear, infection and requirement for screw
removal. The presence of co-morbidities should be an influence on
the treatment options where it is clear they will have a negative
impact on the outcome.

3.1.2. Age
In patients who are skeletally immature, extra-articular

calcaneal fractures and DIACFs have traditionally been sug-
gested to do well regardless of whether they have operative or
non-operative management [52–54]. This is possibly due to
most paediatric calcaneal injuries being of low-energy mecha-
nism and extra-articular in nature [55]. However, no good trials
of non-operative versus operative management in the very
young have been published, with the literature being limited
to case series reports. More recently, there has been an
increasing acceptance that in the paediatric population, DIACFs
have a lot to gain by surgical reduction and fixation. The risk
of complications in this demographic is markedly reduced
[56–58].

The paper published by Buckley et al., [2] showed in the
subgroup analysis that patients less than 30 years of age had a
significant benefit from surgical intervention. Patients over the
age of 60, however, did not show a functional benefit from
surgery. The theory that older patients do not benefit from
surgery has been challenged by two more recent retrospective
review articles [59,60]. They both identified, however, high
complication rates (up to 40%) in their studies with minimum of
two years follow-up, and higher incidence of radiographic
subtalar arthritis (34 and 40%, respectively). They concluded
that surgical intervention for these older patients results in a
good range of motion, and a high degree of patient satisfaction.
They also noted that it may be the presence of co-morbidities that
is the precursor to a poorer outcome rather than the age of the
specific patient.

3.1.3. Gender
Females under 60 years of age have been shown to have a

significantly better outcome with surgical intervention than those
treated non-operatively [2,61]. Young males also show a similar
trend.

3.1.4. Functional demand
Those of lower functional demand for work and recreation have

been suggested to not benefit from surgical intervention. A
significant number of patients are manual labourers and expected
to return to their previous occupation [16]. Patients with heavy
workloads have been shown to have poorer outcome scores overall
than those with lighter workloads, regardless of intervention,
however, those treated operatively have a quicker return to work
and a lower incidence of later subtalar arthrodesis [2,62]. Those
young men with lighter workload, showed a significantly better
outcome score with surgical management than non-operative
management.

Table 1
Factors for consideration in decision making for DIACFs.

Decision making

Patient factors Comorbidities (Diabetes, cardiovascular
disease, osteoporosis)
Age
Gender
Functional demand (Sports/Work)
Smoking
Litigation or compensation schemes
Psychiatric disorders

Soft tissue consideration Open fractures
Severe swelling
Blistering

Fracture characteristics Bohler’s angle
Sanders classification
Intra-/extra- articular
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3.1.5. Influence of litigation, compensation and cost economic effect
upon decision-making

It has been shown that a patient’s involvement in litigation, a
worker’s compensation scheme or other insurance claim associat-
ed with their injury, has a negative influence on their long-term
functional outcome regardless of management [2,9]. If they do
have surgical intervention, they have been found to have an
increased incidence of subtalar arthrodesis than patients that do
not have insurance claims related to their injuries.

An economic evaluation of operative compared to non-
operative management of DIACFs identified that there was a cost
benefit in providing surgical management due to the quicker
return to work and a lower rate of subtalar arthrodesis [63].

3.1.6. Mental state
It has been identified by the authors of the largest RCT involving

DIACFs that 1 in 10 patients sustaining DIACFs have a diagnosis of a
psychiatric disorder [Buckley R, personal communication, January
2014]. The prevalence of psychiatric disorder in patients with
DIACFs may vary hugely in different communities, not necessarily
as a result of an increase in psychiatric disease, but because of the
variance in incidence of industrial or road traffic accidents being
the cause of calcaneal fracture. Prolonged periods of non-
weightbearing or options which increase the likelihood of second
surgeries, and associated stress to the patient that presents, are
probably best avoided. Primary ORIF and subtalar arthrodesis, with
the earlier potential of weightbearing and probable decreased
incidence of second surgeries seems advantageous in this patient
group. Non-operative management presents a similar benefit to
earlier weightbearing and avoidance of the associated stress of
surgical management. It would seem that under these circum-
stances, there is an increased need to plan treatment on the basis of
patient reliability and their willingness to collaborate in their
treatment.

3.1.7. Effect of limitation of evidence
Given that a lot of these conclusions have been drawn from the

largest randomised controlled study performed by the Canadian
Orthopaedic Trauma Society over a decade ago [2,5,7,9,16], there is
a significant potential for confounding as far as patient variables
are concerned. The study was well constructed but had many
flaws. The conclusions have been drawn from post-hoc analysis.
However, there has not been a bigger prospective trial or
randomised study published since. There are two other well-
designed studies [6,10] that have tried to incorporate selected
patient variables specifically in their study design to differentiate
as to who will benefit most, and who has the least to gain from
surgical or non-operative management. All 3 studies leave some
room for debate as far as benefits of surgery in patients with
DIACFs. It is disappointing to note, that despite the large decade old
Canadian RCT setting the scientific agenda by showing that
different patient characteristics are an important influence as
much as the characteristics of the fracture, recent studies seem not
to have developed the science further.

3.2. The limb and the nature of the soft tissue injury

Swelling about calcaneal fractures is expected. The onset of
swelling is rapid and is frequently associated with ecchymosis and
fracture blistering. Respect for the soft tissues is paramount and
appropriate delay of timing for surgery and customisation of
surgical approach is often required to avoid poor outcomes. All
patients who present with DIACF, should in principle be treated
initially with rest, elevation, ice and compression [64,65]. There are
rare exceptions where it is clear at an early stage that the skin is
under particular threat and will result in ulceration and the worst

form of open injury, the one acquired by the breakdown of soft
tissues secondarily. The commonest cause of this is variants on a
tongue-type fracture where the posterior skin is acutely tented
over the displaced fracture fragment. These injuries require early, if
not immediate, intervention. Otherwise, the duration of delay for
the soft tissue injury to settle prior to surgery, is usually less than
2 weeks, however may be up to 4 weeks. Increased delay to surgical
reduction and fixation beyond 14 days after injury has been
suggested to increase the risk of complications [66]. Regardless, the
evidence for timing is overwhelmingly in favour of allowing
swelling to settle before approaching a DIACF with an open
technique. Similarly, patient co-morbidities associated with lower
limb swelling, venous congestion, immune-compromise, signifi-
cant nutritional deficiency, or diabetes are associated with
increased risk of wound complications in surgical procedures
about the calcaneus [25,67]. A minimally invasive reduction and
fixation technique may well provide an alternative to an open
approach in patients with these risk factors, or earlier in the post-
injury phase due to a lower risk of wound problems [47].

3.2.1. Open fractures
Open calcaneal fractures have a high incidence of complications

[51,68]. Gustilo type III fractures have up to 50% incidence of
infection and approximately half of these are osteomyelitis. Early
administration of antibiotics, urgent debridement and irrigation
and wound coverage are required. For Gustilo III open calcaneal
fractures a musculocutaneous flap is likely required [67]. Definitive
fracture stabilisation can and should wait until soft tissue coverage
is complete and swelling has settled [69].

3.2.2. Bilateral fractures
No demographic difference has been identified between those

patients sustaining bilateral DIACFs with those who experience
unilateral DIACFs. However, some differences have been recog-
nised. It has been identified that those patients sustaining bilateral
DIACFs have a significantly more depressed Bohler’s angle than in
patients with unilateral DIACFs. They experience a poorer range of
motion after their injuries, regardless of management, than those
with unilateral injuries and they were significantly more likely to
require late subtalar arthrodesis if they were treated non-
operatively [70]. This implies that patients suffering bilateral
injuries almost certainly have had a greater degree of energy
inflicted. The relationship to other injuries needs further analysis
as it is this group where there is a relationship with polytrauma.

3.3. Fracture characteristics

When calcaneal fractures are imaged carefully with CT scan,
accurate diagnosis and management can be planned. The axial
images highlight the extension of the fracture anteriorly, the
calcaneocuboid joint, and the sustentaculum tali as well as the
level of medial comminution, the alignment of the tuberosity
fragment, the breadth of the heel with lateral wall ‘‘blow out’’ and
the integrity of the sustentaculum fragment. The sagittal images
allow assessment of joint fragment depression and the tuberosity
fragment displacement. The anterior process involvement and
rotational displacement of the superolateral fragment are also
assessed. The 308 semi-coronal images allow assessment of
posterior facet comminution, sustentaculum tali displacement,
calcaneal body widening and associated subfibular impingement
from lateral wall ‘‘blowout’’. The facet joint assessment allows
characterisation of the fracture to be made using the classification
system designed by Sanders [71]. Although all slices of coronal
images are carefully evaluated, the system utilises the coronal slice
at the level through the widest section of the posterior facet of
the undersurface of the talus. The number of fracture fragments of
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the facet joint surface delineates fractures into types I (no intra-
articular fracture line), II (single fracture line with two posterior
facet joint fragments), III (two fracture lines and three fragments)
or IV (more than two intra-articular fracture lines within the CT
slice). The type II and III fractures are then further subdivided
depending on the location of the sagittal fracture line: A laterally,
B centrally, C medially. The type III fractures have combinations of
these to AB, AC or BC. This classification system has become
widely accepted by surgeons managing calcaneal fractures
around the world [72]. It is prognostic, in that increased
comminution has been shown to correlate with poorer results
and increased rates of subtalar fusion (especially Sanders type IV),
while it is rare for later fusion in Sanders I and II fractures. This
classification system also aids in planning of intraoperative
requirements of reduction. Fractures that are lateral, are easier to
attain reduction because they are more easily visualised through
a lateral approach, where increased comminution and medially
placed fractures are harder to visualise intraoperatively. The
classification system has been shown to have reasonable
consistency and uniformity [73,74]. Other classification systems
have been described [75–81]. The Essex-Lopresti system has been
identified to have prognostic value [2] and therefore may aid in
management decision making. Assessing outcomes of treatment
of 220 calcaneal fractures, Essex-Lopresti published in 1952 a
classification system according to fracture mechanism. He
divided fractures into extra-articular fractures or intra-articular
fractures. The intra-articular fractures were further subdivided
into ‘‘tongue type’’ and the more common ‘‘joint depression’’ type.
In the tongue type fracture the secondary fracture line runs from
the crucial angle of Gissane to the posterior surface of the
tuberosity, subsequently a variable section of posterior facet
remains attached to the posterior tuberosity. The primary
fracture line separates the sustentaculum, held in place by strong
medial ligaments from the rest of the calcaneus. In the joint
depression type fractures, the secondary transverse fracture line
exits just behind the posterior facet. The joint depression and
tongue type fractures are best differentiated on a lateral
radiograph, or the sagittal CT images.

Fracture pattern characteristics that are felt to have little to gain
from operative management, are ones that are truly undisplaced or
have minimal articular involvement with less than 2 mm of
articular surface displacement. There should not be significant
disruption to the calcaneal shape in length, width and alignment,
nor presence of gross varus or valgus malalignment.

3.3.1. Sanders classification
Buckley et al. [2] identified that Sanders III and IV calcaneal

fractures have poorer results with non-operative management
compared with Sanders II. It has also been identified that Sanders
III and IV fractures have a poorer prognosis with ORIF than Sanders
II fractures [82]. This reflects the greater level of energy of injury
and therefore disruption of calcaneus shape and joint cartilage
associated with this more significant pattern of articular commi-
nution. What is perhaps surprising is that in all groups the chance
of developing radiographic arthrosis is relatively high even when
the joint is well reduced [71]. The implication of this is the act of
reduction has benefits which influence the outcome for the patient
more than just simply restoring the joint surface. The influence of
joint reconstruction on reconstructing the shape, and alignment of
the calcaneus may well be a significant contributor to improving
outcome factors in the function of the foot.

The treatment of comminuted intra-articular calcaneal frac-
tures (Sanders IV) is still debated. The need for additional
procedures because of the development of post traumatic
osteoarthritis of the subtalar joint following a DIACF has been
reported to be 23% in Sanders type III injuries but up to 73% in the

type IV fractures [49,71]. Sanders IV fractures are 5.5 times more
likely to require subtalar arthrodesis than Sanders II fractures
[9]. Second surgeries increase the cost of management and delay
the return of level of function for the patient [4,63,82]. A
multicentre randomised clinical trial comparing ORIF with primary
ORIF and subtalar fusion in Sanders IV fractures did not find a
difference between treatment modalities in terms of function
[50]. Possibly, avoidance of a second surgery in many of these
patients makes primary ORIF and subtalar fusion an option for
Sanders IV fractures.

3.3.2. Bohler’s angle
Significant loss of calcaneal height has been shown to have

negative effect on outcome [83]. Patients with a flat or negative
Bohler’s angle on presentation are more likely to require a subtalar
arthrodesis than those with positive initial Bohler’s angle
[9]. Further assessment identifies that patients with displaced
intra-articular fractures and Bohler’s of greater than 158 have a
better outcome score than those with less than 08 [2], and those
that have surgery in this subset do better again, than those treated
non-operatively. Simple displaced fracture patterns (Sanders II)
have better results when surgically fixed than those treated non-
operatively [2,71].

3.3.3. Extra-articular fractures
True extra-articular fractures of the calcaneus, not involving the

subtalar joint, account for approximately 20% of all calcaneal
fractures [84].

There is no level I or II evidence to assist with the management
of the extra-articular fractures. Despite not having posterior facet
involvement, extra-articular fractures can have significant
disruption to calcaneal shape with increase width, and loss of
calcaneal height and length. A key issue is that the rotated
posterior fragment may endanger posterior skin necessitating
urgent surgery. This fracture type can also result in significant
disability of motion, function, and comfort in footwear. Surgical
correction of extra-articular fractures is frequently required to
minimise these sequelae. This fracture pattern can be managed
reliably with a minimally invasive reduction and fixation technique
[37,85].

Table 2
Options for management vs factors for consideration for DIACFs.

Non
OP

Minimally
invasive
technique

ORIF ORIF +
PSF

Comorbidities ++ + ! !
Age <30 ! + ++ !

>30 < 60 ! + + !
>60 ++ + ! !

Gender Male Young ! + ++ !
Old ++ + ! !

Female Young ! + ++ !
Old ++ + ! !

Functional
demand

Low + ++ ! !
High ! + ++ +

Smoking ++ + + !
Litigation/

Compensation
+ + + +

Soft tissue injury + + + !
Sanders

classification
I ++ ! ! !
II + ++ ++ !
III ! ++ ++ !
IV ! ! ++ ++

Extra-articular
fractures

+ ++ ! !

Bilateral injuries ! + ++ !

(!): Not suggested, (+): Possible option and (++): Strongly suggested.
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4. Summary

DIACFs continue to be technically demanding injuries to
manage. The literature has not been definitive in its guidance of
surgeons managing these injuries. There are trends in the literature
to suggest anatomic reduction and stable fixation with avoidance
of complications results in the best outcome in terms of earliest
possible restoration of function, patient satisfaction and mini-
misation of post-traumatic arthritis [8,12,86] (Table 2). The
addition of new techniques to the repertoire of the surgeon is
encouraging, in their potential for achieving these aims. Patient
demographics, fracture characteristics and surgical expertise
[87,88] will continue to drive surgical options for DIACFs. The
difficulties in gaining surgical experience have to be recognised
and methods of producing greater reliability explored.

Further large well designed studies involving modern surgical
techniques and specifically including patient variables in study
design as much as the characteristics of the fracture are necessary
to challenge present day patient care paradigms.
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