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Abstract

Introduction Studies have demonstrated a decrease in the incidence of late consequences and the socio-economic burden of
intra-articular fractures of calcaneum when treated by surgical fixation. Operative management of displaced intra-articular
calcaneal fractures (DIACF) pose significant challenges such as technical difficulty, wound healing and long-term pain and
disability.

Materials and methods All patients presenting to the ER with DIACF over a period of 2 years and matching the inclusion
criteria were enrolled in the study. Percutaneous fixation with 4 mm CC screw was undertaken with a minimally invasive
sinus tarsi approach. All patients were available for a minimum follow-up of 24 months. Six radiological parameters were
assessed, and functional outcome was evaluated using AOFAS score.

Results Thirty-four patients with 42 calcaneal fractures were included in the study, and all patients were available for mini-
mum follow-up period. All radiological parameters were attained within anatomic normal range and maintained at 24 months
of follow-up. AOFAS score showed a mean value of 90.10 which is considered an excellent outcome. Superficial wound
infection was seen in two patients, but no patients required a revision surgery.

Conclusion Displaced intra-articular fractures pose a treatment dilemma, more so in cases of soft tissue complications like
open injury or blisters. Percutaneous screw fixation with limited sinus tarsi incision has shown good functional and radio-
logical outcome with minimal complications and can be undertaken without delay.

Keywords Displaced intra-articular calcaneal fracture - Sander’s type 2 - Sander’s type 3 - Sinus tarsi approach - Minimally
invasive fixation

Background

Displaced intra-articular fractures of the calcaneum
(DIACF) account for 75% of calcaneal fractures [1, 2].
These fractures are a result of high-velocity injury includ-
ing road traffic accident or fall from height [3]. There are

< V. M. Joseph
dr.vinayjoseph @ gmail.com

Trauma and Arthroplasty and Foot and Ankle Surgeon,
Sunshine Hospitals, Secunderabad, India
Trauma Surgeon, Sunshine Hospitals, Secunderabad, India

Department of Orthopaedics, Sunshine Hospitals,
Secunderabad 500003, India

Trauma and Arthroplasty Surgeon, Sunshine Hospitals,
Secunderabad, India

significant challenges in the management of these fractures
due to early and late complications such as wound heal-
ing problems, chronic pain, and eventually subtalar arthri-
tis [4-9]. Various modes of treatment have been described
including conservative management, open reduction and
minimally invasive fixation (MIF).

The available literature fails to give clear recommenda-
tions for treatment but makes unanimous observation that the
best and worst outcomes are seen in operative management
of DIACEF the latter due to need for repeat surgeries and
wound complications [7, 10—12]. The patient comorbidities,
age, occupation and fracture pattern have also been found to
have a significant association with the outcome, and careful
patient selection is mandated for optimal outcome [12—14].
Considering the above factors, surgical management was
associated with early return to work, less economic burden,
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better patient satisfaction and eventually fewer incidence of
subtalar arthritis [15].

Restoring the normal anatomy of calcaneum including the
calcaneal height, articular congruity, calcaneal length and
correcting the altered radiographic parameters like Bohler’s
and Gissane angle are paramount to obtaining the best
functional and radiological outcome [16]. The present gold
standard of treatment is open reduction and internal fixation
(ORIF) with an extensile lateral approach [17]. Although
this approach gives good visibility of the fracture pattern
and manoeuvrability for attaining reduction, it is associated
with significant risks of wound complications with studies
stating as high as 28% incidence of such complications. The
complications varying from superficial wound dehiscence to
deep wound infection and necrosis have been a major cause
of apprehension in operative management and resorting to
conservative treatment with compromised outcome [12, 17,
18]. MIF has emerged as a promising treatment modality and
is being resorted in many fractures [19-29].

MIF has theoretical advantages over the present gold
standard starting with time to surgery. ORIF unlike MIF
can be undertaken only after the swelling subsides, and this
may take weeks. The functional outcome has been shown to
decline if the surgery is differed for more than 2 weeks [12].
The wound healing complication could be less as there is
little or no soft tissue handling. We aimed at studying the
functional and radiological outcomes in DIACF managed
with MIF with cannulated cancellous (CC) screws.

Patients and methods

We performed a single-centre prospective study of patients
who sustained DIACF and treated with surgical fixation with
CC screws using minimally invasive sinus tarsi approach.
All patients who presented with DIACF from May 2013
to May 2015 and deemed fit for surgery after routine pre-
operative work up, consented to take part in the study and
be available for routine follow-up were included in the study.
All surgeries were performed by two surgeons who are spe-
cialised in foot and ankle surgeries and have an overall expe-
rience of 10 years in handling orthopaedic trauma. A third
surgeon who was not involved in the surgery evaluated the
patient in follow-up and recorded radiological parameters
and functional outcome. Institutional ethical committee
clearance was obtained prior to initiation of the study, and
written informed consent was obtained from all patients
who took part in the study. Apart from routine radiographs,
computed tomography was obtained for all patients prior to
surgery and fractures were categorised using Sander’s clas-
sification [30].
The inclusion criteria were set to be
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1. All patients between 18 and 65 years who sustained
DIACEF categorised as Sanders’ type 2 or type 3.

2. No prior injuries or surgeries to the foot and ankle or any
pre-existing arthritis.

3. Available for a minimum follow-up of 24 months

4. No major medical comorbidities

A total number of 34 patients with 42 calcaneal fractures
were included in the study. All patients were available for
minimum of 24-month follow-up. Among the study partici-
pants, 20 were male and 14 were females, and 26 patients
had unilateral fractures and 8 were bilateral. The mean age
of patients was 31.2 years ranging from 18 to 65 years.
Thirty patients had sustained injury due to fall from height
and four were due to road traffic accidents. Twenty-two
patients had isolated calcaneal fractures with no other asso-
ciated injuries, while 12 patients’ sustained associated inju-
ries: among the patients who sustained associated injuries
were 8 patients with unilateral calcaneal fracture and 4 with
bilateral calcaneal fractures. Thirty-four fractures were cat-
egorised as Sander’s type 2 injuries and eight were Sander’s
type 3. The average duration from time of injury to surgery
was 3.14 days ranging from 1 to 14 days. The patient who
was operated 14 days after injury had sustained multiple
associated injuries, and three other patients had presented
4 days after injury. The mean duration of hospital stay was
5.9 days ranging from 3 to 17 days (Table 1).

Surgical technique
The sinus tarsi approach was used for all cases which allow
direct visualisation of the articular surface. All surgeries

were performed under epidural anaesthesia, and an electric
pneumatic tourniquet was used at level of thigh. The patient

Table 1 Demographic data

Parameters N (%) Mean Range
Age 31.2 years 18-65
Gender

Female 20 (58.82)

Male 14 (41.17)
Sander’s type

Type 2 34 (80.95)

Type 3 8 (19.05)
Fracture site

Unilateral 22 (64.71)

Associated injuries 12 (54.54)

Bilateral 12 (35.29)

Associated injuries 8 (66.66)
Time till surgery 3.14 days 1-14
Duration of hospital stay 5.9 days 3-17
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was placed in floppy lateral position, and a folded towel was
placed under the foot. An incision of 3—4 cm is made from
the tip of the fibula towards the base of the fourth metatarsal.
The sural nerve or superficial peroneal nerve branches may
rarely have anatomic variations and needs careful dissection
to avoid injury. The peroneal tendons are identified and care-
fully retracted. Next, the capsular structures are identified,
they may be disrupted as a result of the fracture and the
calcaneofibular ligament is often intact and is incised.

The position of the folded towel can be changed to allow
the foot to fall into inversion, which further opens the joint
space. After clearing the fracture haematoma, the depressed
posterior facet was visualised. A freer elevator is used to
elevate the facet. Along with elevation of depressed frag-
ment, heel length and varus malalignment are corrected by
using a Steinmann pin inserted into the calcaneal tuberos-
ity and applying traction along the long axis of the foot,
alternatively a hintermann distractor can be used medially to
correct varus (Fig. 1). Once anatomic reduction is obtained,
provisional K wires are placed to maintain reduction, which
is verified using intra-operative fluoroscopy (Fig. 2). Heel
width is generally improved with elevation of the posterior

Fig. 1 Approach to subtalar
joint and reduction under direct
visualisation (a) Sinus tarsi
approach exposing the subtalar
joint after retraction of peroneal
tendon (b)

Fig.2 Temporary reduction
with K wire fixation

facet. Once satisfactory reduction is obtained, the K wires
are exchanged for 4 mm CC screws over guide wire (Fig. 3).
Screws maintain subtalar joint reduction, calcaneal length
and prevention of varus. The screws directed towards the
sustentaculum tali parallel to the facet act as raft screws pre-
venting the depression of the elevated articular fragment.

Functional and radiological assessment

Six radiological parameters were assessed in standard-
ised lateral and calcaneal axial radiographs; this included
Bohler’s angle, Gissane angle, posterior facet inclination
angle, calcaneal width, height and length. Radiographs were
obtained pre-operatively, immediate post-operatively, at
6 weeks, 12 weeks, 6 months, 1 year and 2 years of follow-
up (Figs. 4, 5). All radiological parameters were calculated
by the third orthopaedic surgeon who was not involved in
surgery using our institute’s PACS (medSynapse 5.0.1.3
version) under uniform magnification. These values were
compared with those of an independent observer using the
same software. In case of a discrepancy, a mutually agreed
value was chosen. Functional outcome was analysed using
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Fig.3 K wires exchanged for
4 mm CC screws

Fig.4 Patient 1 a pre-operative radiograph showing DIACF. b Coronal section in CT scan showing Sander

American Orthopaedic Foot and Ankle Society Score
(AQFAS score) at 24-month follow-up.

Results

The mean pre-operative Bohler’s angle was 13° (range of
—5°t0 20°). In two cases, the Bohler’s angle was reversed.
The mean post-operative Bohler’s angle was 31.4° (range
21°-40°). The mean Bohler’s angle at the end of 12 months
was 31.1° (range 21°-40°) and maintained the same at
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24 months (Table 2). The change in the Bohler’s angle
was noted in a patient who had sustained bilateral calca-
neal fracture where the immediate post-operative values of
34° and 36° for right and left sides, respectively, decreased
to 30° and 35° for right and left sides, respectively, at the
end of 24 months. In all other cases, this angle was main-
tained. The mean Gissane’s crucial angle was 93.1° (range
90°-96°) pre-operatively. It was 131.1° (range 110°-140°)
post-operatively, and 131.6° (range 110°-140°) at the end of
24 months. The same patient who had sustained bilateral cal-
caneal fracture and post-operative decline in Bohler’s angle
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Fig.5 Patient 2 a—c Coronal and sagittal sections in CT scan showing a Sander

Table 2 Radiological
parameters and values

Radiological parameter

Pre-operative mean
value (range)

Post-operative mean
value (range)

Mean value at 24 months

Bohler’s angle
Gissane angle
Posterior facet angle
Calcaneal width
Posterior facet height
Calcaneal length

13° (= 5°=20°)
93.1° (90°—96°)
28.3° (12°—48°)
4.7 cm (4.45—4.82)
4cm (3.24—4.5)

7 cm (6.79—7.98)

31.4° (21°=40°)
131.1° (110°=140°)
62.1° (45°=72°)
4.20 cm (3.86-5.43)
4.75 cm (4.29-4.98)
7.73 cm (7.12-8.29)

31.1° (21°=40°)
131.6° (110°=140°)
61.9° (45°=72°)

4.21 cm (3.86-5.43)
4.75 cm (4.29-4.98)
7.71 cm (7.12-8.29)
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showed changes in Gissane’s angle at 24-month follow-up.
The mean posterior facet inclination angle pre-operatively
was 28.3° (range 12°-48°). The immediate post-operative
mean was found to be 62.1° (range 45°-72°). At the end of
24 months, it was 61.9° (range 45°-72°), with changes noted
in the same bilateral case (Fig. 6).

The mean calcaneal width pre-operatively was 4.7 cm
(range 4.45—4.82 cm). The immediate post-operative mean
was 4.20 cm (range 3.86-5.43 cm), and at the end of 2 years,
the mean was 4.21 cm (range 3.86-5.43 cm). The increase
in width was noted in the patient with bilateral calcaneal
fracture. The mean height of the posterior facet pre-oper-
atively was 4 cm (range 3.24-4.5 cm). The mean values
at immediate post-op and at the end of 24 months were
4.75 cm (range 4.29-4.98 cm). The mean calcaneal length
was 7 cm (range 6.79-7.98 cm) pre-operatively. The imme-
diate post-operative mean was noted to be 7.73 cm (range

7.12-8.29 cm). At the end of 2 years, the mean was 7.71 cm
(range 7.12-8.29 cm) (Fig. 7).

Functional outcome was analysed at the end of 24 months
using AOFAS score. Excellent outcome (score 90-100) was
seen in 28 fractures, good outcome (score 80—-89) was seen
in 12 fractures and fair outcome (score 65-79) was seen in
2 fracture. Poor outcome (score < 64) was not encountered,
and the mean score was 90.10. When compared to the frac-
ture severity, Sanders type 2 fractures had a better mean
score of 91.05 in comparison with Sanders type 3 where the
score was 86. Similarly, isolated unilateral fractures showed
a mean score of 91.1, whereas bilateral fractures had mean
score of 88.5 (Table 3).

Superficial wound complication was noticed in 2 cases
out of 42 fractures (4.7%). Loss of sensation over the lat-
eral aspect of foot, i.e. in the sural nerve innervation ter-
ritory, was noted in one case. Heel widening was noted in

Fig.6 Line chart showing 140
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Table 3 AOFAS score variation

! Parameter AOFAS
among different fracture
patterns Fracture type
Sander’s type 2 91.05
Sander’s type 3 86

Fracture site

Unilateral 91.1

Unilateral with asso- 90
ciated injuries

Bilateral 88.5

four cases. In a bilateral case, the right side was noted to
be in varus alignment compared to left side. Surgical site
infections, peroneal tendon subluxation, reflex sympathetic
dystrophy (RSD) were not encountered in the analysis. No
patient required a redo surgery or implant removal as the
functional outcome was satisfactory.

Discussion

There is definite ambiguity in the management of DIACF,
and clinicians seek answers for certain questions. Is surgical
management better than conservative? If so, what is the best
modality of surgery available and what are the outcomes of
the same? Although there has been literature suggesting that
surgical management gives best outcome in terms of patient
satisfaction, earlier return to work and lesser incidence of
subtalar arthritis, studies also point out that the worst out-
comes are also attributed to surgical management mainly
due to wound healing complication [7, 10-12].

The UK heel trial which was a large volume multicentre
trial stated that there is no benefit in surgical management
[31]. The study was found to have significant selection bias,
and the results and recommendation are questionable [32].
On the other hand, studies have shown that non-operative
management has six times greater risk of needing a subtalar
arthrodesis in long term when compared to surgical fixa-
tion [7, 10]. Recently published data from long-term ran-
domised controlled trials on operative versus non-operative
fixation with follow-up of more than 12 years concluded
that there is slight benefit of surgery over the long term, and
the authors do point out that the surgical techniques have
improved over years [8, 33]. Hence, with the present day
surgical techniques, the results could be better.

Minimally invasive techniques for fixation are being
reported more in the recent past. They have advantages of
lesser wound complications and earlier surgery in post-
injury period than traditional ORIF [34]. There are various
patient factors that need to be considered before surgical fix-
ation as wound complications can be seen with pre-existing
diabetes, poor nutritional status and immune-compromised

status [35, 36]. MIF has been advised as an alternative in
these settings due to reduced wound complications [37].

Skeletally immature patients have shown good results
with conservative management, and surgery is seldom
needed [38]. Patients older than 60 years have doubtful
functional benefit in surgical management although higher
degree of patient satisfaction is still attributed to surgical
fixation in these patients [7, 13]. We restricted our study
population below the age group of 65 and excluded skel-
etally immature patients to avoid any bias in the functional
outcome assessment. Patients less than 30 years have shown
to have the best outcome following surgery, the average age
of patients in our study was 31 years and this goes in accord-
ance with the published literature on having better functional
outcome scores [7].

In cases where there is significant articular comminution
and anatomic reduction is not possible, primary subtalar
arthordesis gives the best possible outcome [10, 39-41].
Sander’s types 3 and 4 have poor outcomes with both con-
servative and surgical management. The incidence of post-
traumatic arthritis is more for these fractures with up to 23%
chances in type 3 and 73% in type 4 [30, 40]. We attained
excellent functional outcome in Sander’s type 2 fracture with
mean score of 91.05, Sander’s type 3 fractures had a lower
score in comparison with the mean score of 86 which is
considered as good outcome and Sander’s type 4 fractures
were totally excluded from the study as they are known to
have poor outcomes with high incidence of subtalar arthritis
following surgery and are poor candidates for MIF [42].

Loss of calcaneal height can impact the functional
outcome, and similarly Bohler’s angle value less than 15
degrees has also shown to have poor outcomes [10, 43]. In
our study, the mean Bohler’s angle prior to surgery was 13
degrees which was restored to 31.1 degrees post-operatively
and maintained at the end of follow-up. Apart from this, the
other radiological parameters like calcaneal width, length,
Gissane angle and posterior facet inclination angle were also
restored. We aimed at attaining normal anatomic reduction
whenever possible and having six different radiological
parameters to match helped us ascertain that. Bilateral cal-
caneal fracture is a result of more significant trauma and has
more propensities to complications like decreased range of
movement and incidence of subtalar arthritis [43]. In our
study, among eight patients, who sustained bilateral frac-
tures, one patient had an alteration in the immediate post-
operative Bohler and Gissane angle and heel widening with
varus angulation. The functional outcome score as expected
was lower in the bilateral cases with a mean score of 88.8
when compared to 91.1 achieved in isolated unilateral cal-
caneal fractures.

Wound complications were noticed in two patients
which accounts for only 4.7% which in comparison with
complication rates in ORIF as reported by other studies is
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significantly lower [12, 17, 18] but in accordance with the
wound complication rates in MIF [44]. These were super-
ficial wound dehiscence which responded well with serial
dressing alone. Heel widening and varus malalignment were
noticed in two patients, but their functional outcome score
was good. There are definite shortcomings in this study
which includes a small study population, short follow-up
of only 24 months and no comparative analysis with ORIF.

Conclusion

Though DIACF is a challenging injury in terms of treat-
ment and eventual functional outcome, surgical treatment
has shown to have definite advantages over conservative
management in most patients. Wound healing complication
and late subtalar arthritis are the main causes that cast a
doubt in treatment by surgical fixation. But long-term studies
have revealed the upper edge of surgical management, and
with the improved surgical techniques, the results may be
even better. MIF has proven benefits of fewer wound com-
plications and earlier intervention in post-injury period; our
results showed similar outcomes with minimal wound heal-
ing complication and excellent functional outcome in the
short-term analysis. Long-term analysis is required to iden-
tify the incidence of late complications like subtalar arthritis.
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