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Introduction and outline of the thesis

INTRODUCTION

Calcaneal fractures are one of the most disabling fractures in men, with frequent occurrence
during the wage-earning period of life." The rehabilitation process can be time-consuming,
and take up to 9 months and even longer in 20 percent of patients. With an estimated aver-
age health related costs between 20,000 and 30,000 Euro per patient calcaneal fractures are
a large economic burden to society.?3#

Incidence and distribution

The incidence of intra-articular calcaneal fractures is currently unknown. Calcaneal fractures
are estimated to comprise approximately 1 to 2 percent of all fractures.! Of all calcaneal
fractures, 70% has involvement of the posterior subtalar joint, and approximately 80% of
all fractures occur in male patients. Calcaneal fractures are rare in childhood; only 5% of all
calcaneal fractures are seen in children."”

Treatment modalities
There is a considerable amount of literature on calcaneal fractures and their treatment; how-
ever the best management approach has yet to be determined.

The treatment of calcaneal fractures is complex and has to be individualized depending
on patient characteristics and fracture type. Patient characteristics (e.g., age, comorbidities,
substance abuse, smoking habits, psychological condition, and anticipated non-compliance)
and the condition of the soft tissues are at least as important as the type of fracture as seen
on the radiographs and CT-scan.®?

The therapeutic modalities for displaced intra-articular calcaneal fractures can be divided
into conservative and operative management. The latter comprises both the open reduction
and internal fixation (ORIF) and percutaneous reduction and internal fixation (PRIF).

Conservative treatment, either functional or using Plaster-of-Paris, is generally applicable
in fractures with minor displacement and compromised soft-tissues, as well as in patients
with certain physical (i.e., diabetes, peripheral vascular disease) or psychological characteris-
tics (i.e., low anticipated compliance or substance abuse).

Since the mid nineties, ORIF is considered the gold standard treatment for displaced intra-
articular fractures of the calcaneus by most experts, as it generally provides overall good
to excellent results and the ability to anatomically restore the subtalar joint." Several open
surgical techniques have been described in the past, of which the extended lateral approach
has been applied most frequently.'®'™ Alternative operative techniques include a medial ap-
proach,’¢ plantar approach,” combined lateral and medial approach,’®2° limited posterior
approach,?' and the sinus tarsi approach.?>?* Disadvantages of the open repair include wound
dehiscence and infectious complications, which may occur in up to 30 percent of patients.?2

In an attempt to lower the complication rates encountered with ORIF, various minimal
invasive techniques were introduced to reduce and fixate displaced fragments.” By combin-
ing different closed methods, Forgon and Zadravecz from the university clinics from Pécs
in Hungary, developed a three-point distraction technique that enables restoration of the
calcaneal anatomy.??° Three Kirschner-wires are drilled through the tuberositas of the calca-
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neus, the talar neck and the cuboid. Subsequently, two distractors are mounted on both sides
of the foot, which provide a distracting force. Any widening of the heel is compressed with
the Bohler bone-press. Upon reduction of the fracture, the fragments are finally stabilised
with crossed Kirschner wires or with percutaneous screws.?® A modification of the technique
as described by Forgon and Zadravecz was introduced in our clinic in 1998 and forms the
basis of this thesis.

Determining the best treatment option and quantification of clinical outcome is mainly
hampered by a lack of agreement on the best classification and outcome scoring systems.*
The results of ORIF and conservative treatment have been described and compared in several
studies.?'3? These studies show improved outcome after operative treatment in subgroups
and a higher rate of failed initial treatment with an increased need for a subtalar arthrodesis
in conservatively treated patients.>® There is however insufficient data on outcome after a
subtalar versus triple arthrodesis. A secondary arthrodesis is also the therapeutic modality of
choice in nonunions of intra-articular calcaneal fractures.

At present, there is only a limited amount of data available on the outcome after percutane-
ous reduction and subsequent internal fixation of calcaneal fractures. PRIF appears to reduce
the rate of infectious complications compared with ORIF. However, most available studies
lack sufficient patient numbers or duration of follow-up. Similar as described above, the high
variability in outcome scoring systems and fracture classification systems complicates the
inter-study comparison.

Aims of the thesis

The aim of this thesis is threefold:

1. To set a basis for improved translatability of outcome in future trials by identifying:
1.1.  The most reliable classification system
1.2. The radiographic measures that correlate best with outcome
1.3.  The outcome scoring system with the highest reliability and validity

2. To determine the outcome of percutaneous reduction and internal fixation using the
modified method of Forgon and Zadravecz.

3. To determine the best practice for delayed complications after displaced-intra-articular
calcaneal fractures.

OUTLINE OF THE THESIS

Chapter 2 contains a literature review on the history, current concepts and future perspec-
tives of intra-articular calcaneal fractures. The incidence, trauma mechanism, clinical presen-
tation, radiological work-up, treatment options, and outcome as described in the literature
are discussed. In Chapter 3 the results of a nationwide survey on treatment of intra-articular
calcaneal fractures are shown, aiming to estimate the incidence, treatment preferences, and
socio-economic costs of this complex fracture in the Netherlands.



Introduction and outline of the thesis

Comparing different fracture types, therapeutic options, radiographic measurements, and
the results of various treatment modalities is hampered by a lack of consensus on calcaneal
fracture classification and outcome scoring systems. After decades of using various assorted
validated and non-validated outcome scoring systems, there is an obvious need to improve
methodological uniformity for future assessment of efficacy of treatment in displaced intra-
articular calcaneal fracture. The use and interobserver variability of different calcaneal frac-
ture classification systems is displayed in Chapter 4, identifying the interobserver reliability
of frequently used classification systems and determining the correlation with treatment and
clinical outcome. The correlation between radiographic findings and functional outcome in
patients with a unilateral intra-articular calcaneal fracture is described in Chapter 5. Similarly,
the use, reliability and validity of clinical outcome scoring systems is discussed in Chapter
6, in an attempt to identify the reliability and validity of the most cited outcome scores
described in the literature.

The percutaneous treatment of intra-articular calcaneal fractures is the oldest operative
technique, which has regained popularity in recent years. A literature review on distractional
approaches for displaced intra-articular calcaneal fractures, in which the results of eight stud-
ies using similar techniques are combined, is presented in Chapter 7. The history, technique,
anatomical and fracture considerations, limitations, and the results of different distractional
approaches reported in the literature are reviewed. At our institute, a modified percutane-
ous method of the Forgon and Zadravecz technique has been used since 1998. A detailed
technical description of this method is further elaborated on in Chapter 8. The results in a
cohort of 50 patients treated percutaneously at the Erasmus MC between 1998 and 2004 are
displayed in Chapter 9. The outcome and complication rates of this treatment method are
shown. Chapter 10 shows the results of plantar pressure and foot position variables after
percutaneous treatment of displaced intra-articular calcaneal fractures.

The most common delayed complication encountered after initial treatment of displaced
intra-articular calcaneal fractures is arthrosis at the subtalar joint. In painful cases an arthode-
sis is usually performed. There is however insufficient data on which salvage procedure will
yield the best result. The outcome after subtalar versus triple arthrodesis is reported on in
Chapter 11. A limited number of patients develop a pseudarthrosis after initial treatment
of their intra-articular calcaneal fracture. Three cases and a literature review on this rare
complication are presented in Chapter 12.

Finally, a summary, conclusions, and future considerations are given in Chapter 13.
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ABSTRACT

Intra-articular calcaneal fractures represent less than 1% of all fractures. Patients often suf-
fer from additional injuries, and returning to work may take up to one year. The diagnostic
work-up consists of three standard radiographic views of the foot: an anteroposterior and
lateral radiograph as well as an axial calcaneal view of the heel. Often, an additional CT-scan
in three planes is needed. Because of the multiple classification systems and outcome scoring
systems, it is difficult to measure and compare outcomes and therefore determine the best
treatment modality. More randomised controlled trials are needed in the future in order to
determine the best treatment modality for the different types of intra-articular calcaneal

fractures.
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INTRODUCTION

Intra-articular calcaneal fractures represent a relatively rare type of injury. This complicates
the diagnostic process and the choice of the right treatment approach. In this review the
most relevant aspects of calcaneal fractures are described. Additional insight into this com-
plex fracture may enable surgeons to provide better information to their patients, and even
more importantly, allow surgeons to provide a more standardized treatment.

EPIDEMIOLOGY

With a reported incidence of 1-2% of all fractures, the calcaneal fracture is a rare injury.’
Recent estimates suggest that the incidence of calcaneal fractures in the Netherlands is 0.6.
Approximately 75% of these fractures are located intra-articular. These fractures are asso-
ciated with a worse outcome compared with extra-articular fractures.®> A fall from height,
like a fall down stairs or an attempted suicide, accounts for more than 80% of the trauma
mechanisms of intra-articular calcaneal fractures. Work related injuries make up half of this
group.* Motor-vehicle accidents or direct impact injuries account for the remaining 20% of
intra-articular fractures. The majority of calcaneal fractures (80-90%) occur in male patients
of 30-45 years of age.! Only 5% of all calcaneal fractures occur in children.® Twenty to 60%
of patients present with additional fractures and other injuries, mainly contra- or ipsilateral
lower extremity fractures. Bilateral calcaneal fractures are seen in 10% of patients.*¢” Also,
in 10% of patients with a calcaneal fracture an injury of the lumbar spine is seen.> Another
well-known combination is a fracture of the calcaneus, combined with a fracture of the distal
radius and lumbar spine. This is called the ‘Lovers triad, and occurs in male patients jumping
of the balcony of their loved ones when caught in the act.

Calcaneal fractures are prevalent amongst middle-aged patients and many of these inju-
ries are work-related. Most injuries also require an extended time of rehabilitation before the
patient is able to return to work. This scenario carries a costly burden at a socio-economic
level.® In the Netherlands, the annual cost for displaced intra-articular calcaneal fractures is
estimated to be 20.5 to 30.7 million Euro.?

TRAUMA MECHANISM

The mechanism of intra-articular calcaneal fractures has been described by several authors,
the most famous of which are Bohler, Palmer, Essex-Lopresti, and Warrick and Bremner.8'2
The axial forces, caused by an upright landing on the foot, drive the lateral process of the
talus through the calcaneus, thereby splitting the calcaneus at the sinus tarsi. This is shown
as a fracture-line starting at the angle of Gissane running to the plantar side of the calcaneus.
[Figure 1a] Essex-Lopresti named this fracture line the primary fracture line."" Because the
axis of the talus is located slightly more medially than the axis of the calcaneus, the primary
fracture line will split the calcaneus into two parts: the posterolateral tuberosity fragment
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and the anteromedial sustentaculum fragment.” The latter fragment is firmly attached to
the talus and the medial malleolus by several strong ligaments (interosseous talocalcaneal
ligament and the medial talocalcaneal ligament of the deltoid ligament), and will dislocate
only slightly. The axial force will subsequently create the secondary fracture line, which runs
from the angle of Gissane through the tuberosity. The direction of this secondary fracture
line forms the basis of the Essex-Lopresti classification. [Figure 1b-d]. Higher forces may
form additional fracture lines, which will create more fragments, with involvement of the
calcaneocuboid joint in approximately 50% of intra-articular calcaneal fractures.”

CLINICAL PRESENTATION

Patients with a calcaneal fracture present at the Emergency Department, or, less frequently, at
the office of their primary care physician, because of pain and intolerance to weight-bearing.

During the physical exam, the patient will exhibit tenderness to palpation around the heel,
which is often oedematous and ecchymotic. This ecchymosis tends to spread to the sole of
the foot, which is known as‘Mondor’s sign’ This sign is rarely seen in fractures of the ankle and
is very indicative of a calcaneal fracture.’®'* The oedema can lead to the formation of fracture
blisters.' Approximately 10% of intra-articular calcaneal fractures are open fractures.'” In-
creasing pain can be indicative of an acute compartment syndrome of the foot.'® Each patient
should therefore be monitored very carefully. Practitioners must give consideration to the
possibility of concomitant injuries in patients with calcaneal fractures.

FiGure 1. Conventional radiographs
a. A normal calcaneus, with the angles according to Béhler (white line; reference 25-40 degrees)
and Gissane (black line; reference 120-145 degrees), b. Joint-depression fracture, c.“Tongue-type’
fracture, d. Comminuted calcaneal fracture according to Essex-Lopresti
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RADIOLOGY AND CLASSIFICATION

The initial radiographic work-up for a suspected calcaneal fracture consists of an anteropos-
terior and lateral view of the foot and an axial view of the calcaneus. In most cases these
views will be sufficient for detecting a calcaneal fracture. Two angles can be calculated from
the lateral radiological projection [Figure 1]. The ‘tuber-joint angle’ according to Boéhler is
formed by the bisection of a line running from the tip of the anterior process to the high-
est point of the posterior talocalcaneal joint and the line which runs from the highest point
of the calcaneal tuberosity to the highest point of the posterior joint. Normally, this angle
ranges from 25 to 40 degrees. The second angle is the ‘crucial-angle of Gissane’ This angle is
formed by the bisection of a line running along the lateral border of the posterior facet and a
line along the anterior process. This angle is normally between 120 and 145 degrees." These
two angles delineate the amount of depression and displacement of the subtalar joint.

Standard lateral and axial views only partially depict the injury present at the posterior
talocalcaneal joint."” Therefore, various additional views (according to Brodén, Isherwood,
Anthonson, and Harris-Beath) were proposed to provide a more complete view of this
joint.>’®22 Upon implementation of CT-scanning in the early eighties, the aforementioned
supplemental views became obsolete. A CT-scan is usually performed when the plain radio-
graphs show a fracture of the calcaneus. Reconstructions are done in three planes, i.e.,, the:
axial, semicoronal and sagittal plane [Figure 2]. These views show the extent of the fracture,
the number of fragments, the amount of displacement, as well as widening and overall con-
dition of the posterior subtalar joint.%?>32

FiGuRE 2. Example of a CT-image of a Sanders type IIB type intra-articular calcaneal fracture
Reconstructions are shown in the: a. axial, b. semicoronal, and c. sagittal plane

Classifications for calcaneal fractures can be divided into those based on plain radiographs
and those based on CT-scans. The earliest classification systems divided fractures into in-
tra- and extra-articular calcaneal fractures. This review focuses on intra-articular calcaneal
fractures.
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Conventional radiographs

One of the earliest classifications of calcaneal fractures was described by Bohler in 1931.°
Over twenty different classifications have been described based on plain radiographs since
that time.® The Essex-Lopresti classification was described in 1952 and is the most frequently
used classification system. It is relatively simple and reproducible, and correlates, at least
partially, with the choice of treatment and the outcome. Essex-Lopresti recognised two types
of intra-articular calcaneal fractures, based upon the direction of the secondary fracture line:
the Joint-depression’ and the ‘Tongue’ type [Figure 1b-d]. Fractures with additional fracture
lines are described as comminuted fractures."

CT-scans

More than ten different classification systems have been described based on computed
tomographic scans of intra-articular calcaneal fractures.?**” Each describes the amount of
displacement and/or angulation at the posterior talocalcaneal joint. The most frequently
applied classification system was proposed by Sanders.* This classification uses the (semi-)
coronal reconstruction, where the posterior subtalar joint is at its widest and the sustentacu-
lum taliis visible, and is based on the number of fracture lines with more than 2mm displace-
ment. If there is no displacement of the fracture fragments, the fracture is considered a type
| fracture. A fracture with one fracture line extending through the posterior joint is called a
Sanders type Il fracture. Fractures with two fracture lines are considered type Il fractures,
and type IV fractures display three or more fracture lines. The fracture lines are lettered from
lateral to medial (ABC). Three different forms of type Il and lll fractures exist, depending upon
the location of fracture lines [Figure 2 and 3].23> Multiple studies have shown that the Sanders
classification system is relatively simple, and has an acceptable inter-observer variability.>
There is also some degree of predictive value towards the patient’s long-term outcome.

Patients with a type Il fracture perform better than those with type Ill fractures, who have a
better outcome than patients with type IV fractures.>

FiGure 3. CT-classification according to Sanders: a. type IIA, b. type IIIAC, en c. type IV fracture
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THERAPY

Intra-articular calcaneal fractures can be treated with nonoperative or operative interven-
tion. Conservative treatment consists of rest, elevation, one to two weeks of plaster splinting
until initial swelling has settled, and early active range of motion exercises. These early ac-
tive exercises have been shown to result in a better outcome when compared to prolonged
immobilization in plaster.”"** Conservative treatment is preferable for the treatment of
non-displaced fractures. Nonoperative management is also recommended for the treatment
of fractures in non-compliant patients, with regards to follow-up and ability to adhere to
non-weight-bearing recommendations. The condition of the soft tissues plays a major role in
the outcome of patients, as does the overall condition of the patient (e.g. comorbidities). In
the Netherlands, approximately 40% of intra-articular calcaneal fractures is treated conser-
vatively.*

The primary goal of operative management of intra-articular calcaneal fractures is the
restoration of the congruence of the subtalar joint. The secondary goal is to restore height,
width, and alignment of the calcaneus. The endpoints of treatment are pain free ambulation,
the ability to return to work and the ability to wear regular shoes. Many different operative
procedures have been described in the literature, which can be divided into closed, percuta-
neous, and open techniques.

The closed, or manual, technique consists of non-invasive manipulation of the fracture
in order to improve the alignment of the fracture fragments, especially by reducing the
width and varus-angulation.*’ One of the earliest percutaneous techniques was devised by
Westhues. This was subsequently further developed by Essex-Lopresti, especially for the
‘tongue-type’ fractures. This method consists of the insertion of a metal pin, the ‘Gissane
spike’ or a Steinmann pin, via the posterior portion of the calcaneal tuberosity in order to
reduce the depressed fragments." Another frequently applied percutaneous technique is
the three-point distraction according to Forgon en Zadravecz.”#**

The ‘open’ operative techniques are classified by their approach: the lateral, medial, and
combined approaches are the most frequently applied. The most commonly used method,
which is also described or supported by Arbeitsgemeinschaft fiir Osteosynthesefragen, is
the ‘extended lateral approach’* By making an L-shaped incision, an adequate exposure of
the posterior talocalcaneal joint is obtained, This allows restoration of the joint congruence.
Some foot and ankle surgeons believe that restoring a severely comminuted subtalar joint is
not feasible and favor a primary arthrodesis.?

The timing of operative intervention of intra-articular calcaneal fractures is extremely im-
portant. The closed and percutaneous techniques need to be performed within a few days,
as the fragments are still mobile at that time and, therefore, can be reduced by distraction
and minimally invasive manipulation.”#' The ‘open’ technique has a poor reputation due to
wound healing problems. If the soft tissues have had enough time to settle, wound healing
is improved.® The ‘wrinkle test’ according to Sanders is a good indication that the swell-
ing has sufficiently settled. This is performed by maximally plantar flexing the ankle. Skin
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wrinkles present when the foot is brought back to a neutral position suggests the oedema
has adequately resolved.t Moreover, smoking will lead to a higher rate of wound complica-
tions.* The use of a intermittent foot-pump reduces swelling more quickly, and may improve
outcome.*”#

The indications for surgical intervention include displacement of fragments at the sub-
talar joint of more than 2 mm, 5 degrees or more of varus, 10 degrees or more of valgus,
widening of more than 5mm, or a Bohlers angle of 15 degrees or less. There are no absolute
contraindications for the operative treatment of displaced intra-articular calcaneal fractures.
There are, however, some relative contraindications, especially for the ‘open’ operative treat-
ment. Severe comorbidities, pre-existent or trauma-related, can place these patients at a high
risk. Peripheral vascular disease, insulin dependent diabetes and smoking are also relative
contraindications for open surgery, due to an increased risk of wound complications. Trauma
related soft tissue problems, such as open fractures and fracture blisters in the operative
field, are also related to a higher incidence of postoperative infections. In such cases, a non-
operative or percutaneous reduction and fixation should be considered.

The average duration of non-weight bearing recommendations for both conservative and
operative treatment is 8 to 12 weeks."*’#35502 The benefit of angle-stable plating has been
investigated, and shows, mainly in cadaver testing, less secondary displacement of fracture
fragments.>>* The use of bone cement can significantly decrease the amount of time the pa-
tient is kept non-weight bearing (from twelve to three weeks), which is especially beneficial
in bilateral fractures.>*>°

OUTCOME

In order to determine the outcome of various treatment modalities, several hundred studies
have been published in the last century. The most important outcome measures are pain,
limitations in activities of daily living, ability to walk, ability to wear regular shoes, ability to
return to work, and postoperative range of motion of the foot and ankle. More than thirty
disease-specific outcome scoring systems have been developed. The American Orthopaedic
Foot and Ankle Society (AOFAS) hindfoot score is the most frequently used scoring system. It
consists of nine items: pain, limitations, walking pattern, walking distance, walking surface,
and physical exam (range of motion of the ankle and hindfoot joint, stability and alignment).
The maximum score is 100 points, and a score exceeding 75 points is considered to be a good
to excellent result.®*¢! Poor results are more common in severely comminuted, as well as in
open fractures. In addition to subjective questions, the AOFAS hindfoot score also includes a
physical exam in which the range of motion (ROM) of the ankle and subtalar joint is measured
using a goniometer. In unilateral fractures, the contralateral foot can be used as a control,
whereas normal values can be used in case of bilateral fractures. The normal ROM of the
ankle joint in the sagittal plane is 40-55 degrees of plantar flexion, and 20-30 degrees of
dorsiflexion.®? The subtalar joint has a ROM of 5 degrees eversion and 20-25 degrees inver-
sion.*? The correlation between functional outcome and control radiographs remains subject
to debate.®®
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In the literature, a 25-75% good to excellent result is obtained in patients treated non-opera-
tively. Approximately 50% of patients treated conservatively have an acceptable outcome.'%
Patients that have undergone closed reduction score slightly better than those treated
without manipulation; a 45 to 90% good to excellent result.*> After percutaneous reduction
and fixation, the results are good to excellent in 60 to 80% of patients.”’'*> Open reduction
and internal fixation provides the highest scores in retrospective series. Seventy to 90% of
patients score good to excellent results.®'>°%52 The outcome after a primary arthrodesis is
satisfactory in 50 to 74% of patients.*

In a meta-analysis by Bajammal (2005), the results of four randomised studies (O’Farrell,
Parmar, Thordarson and Buckley) were combined, comparing conservative versus open
reduction and internal fixation.*¢”7° Conclusions from this meta-analysis (Grade B) are:

« Thereis no significant difference in pain and functional outcome between patients treated
operatively and those treated conservatively.

«  Operatively treated patients tend to do better with respect to return to work and in wear-
ing normal, non-adapted, footwear.

« There is a significant reduction in the need for a secondary arthrodesis in operatively
treated patients.

- From a socio-economic perspective, operative treatment is less costly compared with
conservative treatment.

«  The complication rate in the operative group is higher than in the conservative group. This
is most pronounced for infectious complications.

In total, 40-85% of all patients who were working before the accident return to work within
9 months, although sometimes with slight activity modifications.! Approximately 20% of
patients are unable to return to work within one year of their injury.5

COMPLICATIONS

On average 2-10% of all intra-articular calcaneal fractures are complicated by the develop-
ment of a compartment syndrome of the foot."*#407" This is characterised by substantial
swelling, disproportionate pain, and paresthesia of the sole of the foot (plantar nerve), and
requires immediate decompression.”! When left untreated, compartment syndrome can
lead to claw toes and short-foot syndrome.”” Superficial infection, osteomyelitis and other
wound complications represent the largest group of post-operative complications. Superfi-
cial infections occur in 10-27% of operated cases, and osteomyelitis is seen in up to 2.5%.57
Open fractures form a separate entity, with worse outcomes and a higher chance of wound
complications.” Close collaboration with a plastic surgeon should be considered in order to
achieve adequate closure of an open fracture or soft tissue defects after an extended lateral
approach.'>73

Arthrosis is diagnosed in up to 75% of patients and is the most frequently occurring long-
term complication. An arthrodesis is not necessary in every case of arthrosis. The need for an
arthrodesis in conservatively and operatively treated patients is 20-40% and 5-15%, respec-
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tively.37356572 |t is currently unclear which type of arthrodesis, in-situ subtalar, distraction or
triple, will provide patients with the best relief from a painful hindfoot.”

CONCLUSION

The intra-articular calcaneal fracture is a rare fracture, for which, even after decades of re-
search, there is not a straight-forward treatment strategy. There seems to be a trend towards
operative treatment, which results in an earlier return to work. On the other hand, increased
complication risks are encountered after operative treatment. It should be noted that the
best results are seen in high volume centers.”> A learning curve of 35-50 fractures has been
reported.®*® According to a Dutch national survey among 70% of 137 centres, this learning
curve will take more than four years in most centers, as only three hospitals treat more than
20 fractures annually. 3540

There is a need for a gold standard in fracture classifications and outcome scoring systems,
which would allow for pooling of data in a meta-analysis. Also, there is a need for prospective
randomised trials in order to determine the best management approach for the different
fracture subtypes. In the Netherlands, such a study was recently started: the Closed Reduc-
tion vs ORIF vs Non-Operative Study (CRONOS). Information about this trial can be found on
the website www.calcaneus.nl.
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ABSTRACT

Introduction

The treatment of intra-articular calcaneal fractures is controversial and randomised clinical
trials are scarce. Moreover, the socio-economic cost remains unclear. The aim of this study
was to estimate the incidence, treatment preferences and socio-economic cost of this
complex fracture in the Netherlands. This data may aid in planning future clinical trials and
support education.

Method

The method of study was of a cross-sectional survey design. A written survey was sent to one
representative of both the Traumatology and the Orthopaedic staff in each hospital in the
Netherlands. Data on incidence, treatment modalities, complications and follow-up strate-
gies were recorded. The socio-economic cost was calculated.

Results

The average response rate was 70%. Fracture classifications, mostly by Sanders and
Essex-Lopresti, were applied by 29%. Annually, 920 intra-articular calcaneal fractures (0.4%
incidence rate) were treated, mainly with ORIF (46%), conservative (39%) and percutaneous
(10%) treatment. The average non-weight-bearing mobilisation was 9 weeks (SD 2 weeks).
An outcome score, mainly AOFAS, was documented by 7%. A secondary arthrodesis was per-
formed in 21% of patients. The annual socio-economic cost was estimated to be €21.5-30.7
million.

Conclusion

Dutch intra-articular calcaneal fracture incidence is at least 0.4% of all fractures presenting
to hospitals. Better insight into treatment modalities currently employed and costs in the
Netherlands was obtained.
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INTRODUCTION

Since the 1950s, the frequency of calcaneal fractures has been presumed to be around 2%
of all fractures presenting to emergency departments and the proportion of intra-articular
calcaneal fractures with involvement of the posterior subtalar joint approximately 75%.'¢

Controversy on the treatment of this type of fracture remains, as several different operative
and non-operative strategies exist.>” Intra-articular fractures carry a high morbidity; 40-85%
of patients return to work within 9 months, but approximately 20% are not able to return to
work within a year, rendering intra-articular calcaneal fractures costly on a socio-economic
level.'012

Determining the socio-economic cost of intra-articular calcaneal fractures in the Nether-
lands requires knowledge of the incidence and an overview of the treatment approaches
used. In addition, these data may support education, provide the basis for a consistent treat-
ment guideline and may aid in planning future clinical trials.

The objective of this study was to assess the number of intra-articular calcaneal fractures
seen by trauma surgeons and orthopaedic surgeons annually in the Netherlands. The second
aim was to identify surgeons’ preferences in the treatment of calcaneal fractures. Based upon
these data, the socioeconomic burden of this type of fracture was estimated.

METHODS

A postal survey was developed according to the guidelines as provided by a meta-analysis of
randomised studies of postal surveys to optimise response rates.'* Attention was paid to the
recommendations of the American Association for Public Opinion Research (AAPOR)."* Four
trauma surgeons from a level-1 trauma centre aided in the development of the questionnaire.
The questions included in the survey were derived from the existing literature on the subject
and are shown in Table 1. The choice of treatment was limited to the six most frequently
mentioned modalities in the literature: conservative treatment (functional and plaster of
Paris), manual reduction, Essex-Lopresti manoeuvre, Forgon and Zadravecz (percutaneous)
distraction technique, open reduction and internal fixation (ORIF), and primary arthrodesis.
Morbidity registration was limited to compartment syndrome of the foot, wound dehiscence,
superficial wound infection and deep infection (osteomyelitis and pin-track infection). The
survey was sent to one representative of the trauma surgery staff and one representative of
the orthopaedic surgery staff in each hospital in the Netherlands. Recipients were selected by
contacting all hospitals prior to the survey.

The goals of the survey were explained in a personally addressed accompanying letter. A
stamped returning envelope was provided. A total of 274 surveys were sent to 137 hospi-
tals. After three weeks, a reminder was sent, including a copy of the survey and a returning
envelope. To assess the incidence of intra-articular calcaneal fractures, the total number of
patients with any type of fracture seen at the emergency departments in the Netherlands was
retrieved from the Dutch Injury Information System (LIS, Letsel Informatie Systeem; http://
www.veiligheid.nl). This number is an estimate, calculated by extrapolating the number of
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TaBLE 1. Questions of the closed reduction vs. open reduction and internal fixation (ORIF) vs. non-operative
study (CRONOS) of the displaced intra-articular calcaneal fractures (DIACF) survey

Questions of the CRONOS survey

1. Is your profession Trauma Surgeon or Orthopaedic Surgeon?

In what hospital are you currently employed?
How many new patients with a DIACF are treated in your hospital annually?
What fracture classification do you use?

What treatment modality do you use?

o g >~ EXR N

What type of osteosynthesis material do you apply?
Do you use bone grafting?
How many weeks do patients mobilize non-weight bearing?

7. How frequently do you encounter the following complications:
Compartment syndrome, superficial and deep infection, wound dehiscence?

8. Do you apply a standardized outcome score? If yes, which?
9. How many patients need a secondary arthrodesis?

10. How many patients return to work?

10. Would you consider participation in a RCT?

RCT, Randomised Controlled Trial; DIACF, displaced intra-articular calcaneal fracture.

patients seen at 14 representative emergency departments in the Netherlands. In addition,
the number of patients with a calcaneal fracture, both intra- and extra-articular, admitted
to the hospital was retrieved from the Dutch National Medical Registration (LMR, Landelijke
Medische Registratie; http://www.prismant.nl). The LMR is a database in which diseases and
injuries of hospital admissions are gathered and coded according to the International Clas-
sification of Diseases (ICD). The average number of patients admitted to the hospital from
2002 to 2004 with a calcaneal fracture was retrieved from this database.

Analysis

All of the data of the survey was gathered in a Microsoft Access database. The socio-economic
cost was calculated with the use of the “per patient costs,” as determined by Brauer et al.” In
this Canadian study, the costs per patient treated conservatively or operatively were calcu-
lated on the basis of quality adjusted life years (QALY), including the costs of a secondary
arthrodeses, complication and time lost from work." The average costs per patient treated
operatively were CAN$32,000 (~€19,000; benefit of 2.50 QALYs). For the non-operatively
treated patients, the costs were CAN $51,000 (~€30,000; benefit of 2.43 QALYs)."

RESULTS

The response rate (number of sent surveys divided by the number of received surveys)
after 8 weeks was 69% for the trauma surgeons and 70% for the orthopaedic surgeons. The
responding trauma surgeons treated 593 intraarticular calcaneal fractures annually, with an
average of 6.4 fractures per hospital per year. The responding orthopaedic surgeons saw 327
fractures, with an average of 3.5 fractures per hospital per year (Table 2).
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TABLE 2. Estimated numbers of fractures seen annually by trauma and orthopaedic surgeons
Number of fractures Number of centres in the Netherlands
Trauma surgeons Orthopaedic surgeons
None 30 35
1-2 3 12
3-5 12 25
6-10 28 17
11-15 9 5
16-20 7 1
More than 20 3 0

According to data from the Dutch registries, 230,000 patients are treated for any type of frac-
ture of the skeletal system at emergency departments annually in the Netherlands (http://
www.veiligheid.nl). Calcaneal fractures do not represent a distinct group in this database.

The estimated number of hospital admissions of patients with any type of fracture was
59,194, of which 486 patients had an intra- or extra-articular calcaneal fracture
(http://www.prismant.nl). These data imply that 0.8% of all patients with a fracture admitted
to the hospital were admitted due to a calcaneal fracture.

The application of one or more fracture classification systems was reported by 29% of
the responding trauma and orthopaedic surgeons. The Sanders computed tomography
classification was used in 37% of these cases, the Essex-Lopresti conventional radiographic
classification in 32%, the Zwipp computed tomography classification in 25%, the Eastwood-
Atkins computed tomography classification in 5% and the classification by Rowe in 1%. The
majority of patients were treated with ORIF (46%), conservatively (39%) or percutaneously
according to Forgon and Zadravecz (10%), as shown in Table 3.

Table 3. Number of patients treated per treatment modality by the responding orthopaedic and trauma
surgeons

Treatment modality Number of patients %

Manual reduction 6 1

Primary arthrodesis 8 1

Essex-Lopresti manoeuvre 30 3

Forgon-Zadravecz distraction 94 10

Conservative 356 39

ORIF 426 46

Total 920 100

Large differences exist in the number of patients treated using these three most used
techniques per province (Figure 1). The definite use of bone grafts in the ORIF group was
reported by 20% of respondents, a total of 42% used grafting when deemed necessary and
38% did not use bone grafts at all. Five different types of calcaneal plates were used in the
Netherlands in the ORIF group (Synthes AO Plate, Biomet, AO cervical H-plate, New Deal and
Stryker) and two different types of fixation in the percutaneous group (cannulated screws
and Kirschner wires). Patients remained non-weight bearing for a mean period of 9 weeks
(range 0 to 12 weeks; SD=2 weeks). Seven percent (7%) of the respondents used one or more
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FiGure 1. Response rates and the number of patients treated using the three most frequently applied
modalities per province in the Netherlands
R=response rate in percentage; C=absolute number of patients treated conservatively; O=absolute
number of patients treated using ORIF; P=absolute number of patients treated percutaneously, as
described by Forgon and Zadravecz.

standardised outcome scores; the AOFAS hindfoot score (47%), the Creighton-Nebraska
score (21%), the Maryland Foot Score (16%) and the Short Form-36 (16%). The reported rate
of superficial wound infections was 16%. Lower rates were reported for foot compartment
syndrome, wound dehiscence and deep infectious complications (Table 4). Seventy-two of
the responding trauma and orthopaedic surgeons reported the performance of a late ar-
throdesis in 125 patients annually with persisting complaints after an intra-articular fracture.
These respondents treated a total of 603 fractures combined annually, giving an annual
arthrodesis rate of 21%. Of all respondents, 151 surgeons, treating 606 fractures annually, es-
timated the return to work in 459 patients (76%). In this sample of 920 patients, 60% (n=558)
were treated operatively and 40% (n=362) non-operatively. The Canadian data indicated that
the average cost for these patients were CAN$32,000 (€19,000) and CAN$51,000 (€30,000) for
these groups, respectively. Therefore, the annual total costs for these 920 patients with intra-
articular calcaneal fractures approximated €21,462,000. Assuming that the relative numbers
of patients treated operatively and non-operatively for the 30% of non-respondents equals
that of the respondents, the total annual cost for intra-articular calcaneal fractures in the
Netherlands as a whole would be ~ €30,660,000.



Current concepts in the treatment of intra-articular calcaneal fractures

TaBLE 4. The number of complications after intra-articular calcaneal fracture treatment
Complication Number of patients %
Foot compartment syndrome 14 2
Wound dehiscence 52 9%
Superficial infection 90 16*
Deep infection 13 2%

Percentages with an asterisk (*) are calculated for operated fractures only

DISCUSSION

This study was initiated to assess the incidence and the socio-economic cost of intra-articular
calcaneal fractures in the Netherlands and to make an inventory of management approaches.
In total, 920 fractures were treated by the respondents, representing 0.4% of all fractures
seen at the emergency departments. The annual socio-economic cost was estimated to be
around €21.5-30.7 million.

The overall response rate of this study was 69%, representing an above average response.
A meta-analysis on 68 survey response rates showed that physicians have a mean response
rate of 54+17%."” The influence of non-response bias was, therefore, low. The 920 fractures
found in this survey represent 0.4% of all fractures seen in the emergency departments. Ad-
justing for 30% of non-responders, the intra-articular calcaneal fracture incidence is 0.57%.
This is below the presumed incidence of 2%.** It is unclear whether the latter percentage
includes extra-articular calcaneal fractures. If the incidence of calcaneal fractures from our
study is adjusted to include non-responders (30%) and extra-articular fractures (25%), the
overall incidence of calcaneal fractures would be 0.75%. The latter approximates the 0.8%
incidence calculated by dividing the number of patients with a calcaneal fracture admitted
(n=486) by the total number of patients with any type of fracture admitted to the hospital
(n=59,194) (http://www.prismant.nl). Few respondents used classifications (29%) or outcome
scoring (7%) systems. The classifications used most frequently were the Sanders computed
tomography classification and the Essex-Lopresti classification for plain radiography. Both

systems have previously shown to be of prognostic value, or showed a trend towards this,
which indicates that these classification systems may be used when determining prognosis.®
An explanation for the limited use of a classification and an outcome scoring system might
be that these tools are mainly designed for research purposes. It must be noted that, of the
responding academic hospitals, 100% used one or more classification systems and over 70%
applied an outcome scoring system. In most of the academic hospitals, research is being
conducted concerning calcaneal fractures.

In total, 95% of intra-articular calcaneal fractures were treated with ORIF, conservative treat-
ment and percutaneous distraction in the Netherlands, according to Forgon and Zadravecz.
A secondary arthrodesis rate of 21% was calculated for all treatment modalities combined,
which lies within the reported range for conservatively treated patients (16-30%)%'¢ and at
the upper end of the reported rates for surgically treated patients (1-22%).5"” The variation in
arthrodesis rates in surgically treated patients can be explained by the small number of pa-
tients in some studies and treatment variation in specialised centres.”” The rate of infectious
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complications in the survey, 16% superficial and 2% deep infections, is similar to complica-
tion rates reported in a study by Howard et al., in which a superficial wound infection was
reported in 16% and a deep infection in 5% of patients, mainly secondary to a superficial
infection.'®

Calculation of the socio-economic cost is based upon a study using Canadian health care
parameters®, which limits the interpretation of the Dutch socio-economic cost calculation. In
Canada, only patients with proper insurance receive workers’compensation. Multiple studies
indicated that patients receiving this workers’ compensation have poorer outcome com-
