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Abstract

The aim of this study was to assess the clinical outcomes of surgical treatment for displaced intra-
articular calcaneal fractures using a mini-fragment locking plate, via the modified sinus tarsi approach.
In this retrospective study, 16 patients (13 men and 3 women) with 16 displaced intra-articular calcaneal
fractures were included. A modified sinus tarsi approach was used to reduce and stabilize the posterior
facet. This was done using the raft technique with a mini-fragment locking plate, and multiple sagittal
screws were added percutaneously, to stabilize the calcaneal body and control rotation. Intra-operative
three-dimensional computed tomography was routinely performed to evaluate the reduction and screw
placement. The pre- and postoperative Bohler and Gissane angles were compared. The mean duration of
follow-up was 18.4 months. The mean union time was 10 weeks. The mean preoperative Bohler angle
(13.4° £ 3.0°) and Gissane angle (88.1° + 4.5°) were significantly increased (P<0.05) at the final follow-up
(26.5° £ 5.4° and 116.2° + 7.7°, respectively). The mean postoperative AOFAS and SF-36 scores were 83.3
and 79.5, respectively. Complications included two cases of moderate subtalar joint stiffness. No wound
edge necrosis, superficial or deep infection, or nerve injury was observed in these patients. The
application of minimally invasive raft technique using a mini-fragment locking plate combined with
percutaneous screw fixation is an effective option for treating displaced Sanders type II and III intra-

articular calcaneal fractures.
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Introduction

The most suitable treatment for displaced intra-articular
calcaneal fractures is still controversial. Since the mid-1990s,
open reduction and internal fixation (ORIF) via the extensile
lateral approach [1-3] has been considered the standard
treatment for displaced intra-articular fractures of the
calcaneus, as it generally restores the subtalar joint
anatomically and has good functional outcomes. However,
there are multiple complications of open surgery including
peroneal tendonitis (18%), sural nerve injury (9%), flap
devascularization with surgical wound dehiscence (6-33%),
infection (8-18%), and amputation (0-2%) [4-6]. Owing to the
high risk of soft-tissue complications associated with the more
invasive lateral approach and plating, a minimally invasive
treatment with limited internal fixation was proposed to
decrease the risk of these complications. Many different
limited open approaches (e.g., the Palmer approach, Smile-
incision, Ollier approach, and sinus tarsi approach) and fixation
techniques (e.g., K-wires, screws, 1/3-tube plate, and staples)
were reported to be effective for treating intra-articular
calcaneal fractures in small-scale studies [7-9]. Unfortunately,
there is no consensus on the optimum minimally invasive
treatment technique for displaced intra-articular calcaneal

Biomed Res- India 2017 Volume 28 Issue 13

Accepted on May 25, 2017

fractures. Herein, we describe our experience of using a novel
surgical approach for displaced intra-articular calcaneal
fracture repair, consisting of a limited sinus tarsi approach, and
mini-fragment locking plate raft technique [10,11].

The objectives of this study were to present a surgical
technique of medial stabilization and ORIF for displaced intra-
articular calcaneal fractures using a raft technique with a mini-
fragment locking-plate to evaluate the clinical and radiological
outcomes after a minimum follow-up of 1 year and to compare
the results obtained with previous data reported in literature.

Subjects and Methods

Subjects

Between February 2010 and February 2011, 16 displaced intra-
articular calcaneal fractures in 16 patients were managed
surgically by performing limited open reduction via a sinus
tarsi approach using locking plate internal fixation. All patients
were surgically treated at a single level one-trauma center by
the same surgeon (Shi ZM). The indication for surgical
treatment was a more than 2 mm displacement of the posterior
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facet of the subtalar joint, with a decrease in the Bohler angle
and widening of the heel.

Among the 16 patients included in this study, 13 were men and
3 women. The average age was 40.6 years (range, 24-56 years)
and average BMI was 22.8 kg/m?. Fourteen patients were
involved in labor work, one worked in an office and one was a
homemaker. The right side was involved in 10 patients and the

Table 1. The basic information of patients.
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left side in 6 patients. The injury was sustained because of a
fall from a height in 12 patients and a motor vehicle accident in
4 patients. All cases were closed fractures. Five young adult
patients were smokers (but not heavy smokers) and were
instructed to stop smoking until complete wound healing. Only
one patient had diabetes, but the condition was controlled. Two
patients had associated injuries (Table 1).

Ag Follow- Operatio Union Bohler Bohler aBrmt;Tt;e;t Gissane Gissane (:I:ZSI:'::
No. Se fracture e up time ) time AOFA SF-3 VA angle pre- angle ) last angle pre- angle ) last
X type (yr (m) dura_tlon w) S 6 S oper?tlon postopfratl follow-up operoatlon postopfratl follow-up

s) (min) ) on (°) ) ©) on (°) )
1 M A 28 22 75 16 78 90 0 10 33 31 87 100 96
2 M IIAB 39 20 80 12 76 77 1 17 20 18 94 117 113
3 M lnBC 41 17 80 10 89 85 1 1 22 22 92 123 123
4 F 1A 43 17 80 12 86 90 1 8 21 19 79 1M1 107
5 M 1A 38 12 90 12 78 76 0 10 38 38 83 116 116
6 M INAC 24 19 85 9 89 85 1 11 23 21 86 103 103
7 F 1B 41 14 75 12 85 82 1 13 26 26 87 118 118
8 M 1A 44 18 80 12 77 84 1 16 22 22 89 120 118
9 M IIc 38 16 70 20 86 73 2 12 25 25 95 124 124
10 F 1A 56 19 60 12 91 72 2 19 21 21 81 122 122
11 M 1A 49 24 70 12 79 88 1 14 26 24 92 119 119
12 M IIAB 52 21 70 12 58 60 7 14 35 33 86 118 114
13 M IIA 34 22 90 11 87 72 0 11 32 30 94 123 123
14 M INAB 45 18 80 16 89 73 1 17 24 22 88 102 102
15 M 1IB 39 17 85 16 95 92 1 15 25 25 89 121 117
16 M 1IB 39 18 85 14 90 73 1 16 31 31 88 122 118

mr?a 42' 18.4 78.4 13.0 833 795 13 13.4 26.5 255 88.1 116.2 114.6
std 7.8 3.0 7.8 2.7 8.6 86 1.6 3.0 54 5.6 45 7.7 8.4

Initially, patients were treated using the “R.I.C.E” (Rest, Ice,
Compression, Elevation) principle. Splinting materials were
not used, and active muscular contraction of the injured foot
was encouraged to decrease the swelling. Imaging studies
included axial and lateral radiography of the calcaneus and
anteroposterior and oblique radiography of the injured foot.
Computed tomography (CT) was also routinely performed.
Fractures were classified according to the Sanders
classification system [12]. Lateral and axial radiography scans
were evaluated to calculate the Bohler angle and the length,
height, and width of the calcaneus. Comparisons were made
between the injured and non-injured foot.

There were 11 cases of Sanders type II fractures: 7 type IIA, 3
type IIB, and 1 type IIC. Five cases comprised type III
fractures: 3 type IIIAB, 1 type IIIAC, and 1 type IIBC.
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Surgery was performed after an average duration of 4.83 days
from admission (range, 1-11 days). The study was approved by
the Shanghai Sixth People’s Hospital. All patients provided
written informed consent for their participation in the trial and
for all additional measurements.

Surgical technique

Surgery was performed after the swelling had subsided.
Patients were placed in a prone position, and the affected limb
was exsanguinated before applying a tourniquet. The ankle was
elevated using medical dressing to facilitate eversion of the
subtalar joint during reduction and fixation of the posterior
facet.
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A 5 cm skin incision was made from 1 cm beneath the distal
tip of the fibula to the base of the fourth metatarsal bone
(Figure 1A). The superficial dermis, deep dermis, and
subcutaneous tissue were carefully incised in layers. The
peroneal tendon was inferiorly identified, and the fat overlying
the sinus tarsi in the proximal aspect of the incision and the
fascia centrally overlying the extensor digitorum brevis were
removed. The peroneal tendons were retracted plantarly to
expose the anterior aspect of the posterior calcaneal facet. The
extensor digitorum brevis tendons were stripped dorsally to
expose the calcaneocuboid joint.

A B C

Figure 1. (A) A 5 cm skin incision was made from 1 cm beneath the
distal tip of the fibula to the base of the fourth metatarsal. (B) There
was excellent exposure of the displaced posterior articular facet. (C)
The displaced articular fragments were fixed by one 2.7 mm T shape
mini-fragment locking plate (Synthes, Switzerland).

Figure 2. Clinical case, calcaneal fracture (Type Sanders II): (A, B)
Lateral view and CT showed Type Sanders Il calcaneal fracture.
There was step in subtalar joint. (C-E) Lateral view and CT film
postoperative. The subtalar joint and hindfoot alignment were
restored completely. Two cannulated screws from posterior to
anterior were used to maintain the medial wall (column,).

The lateral wall of the calcaneus was then exposed via sharp
dissection with a thin periosteal elevator and retracted like a
door to expose the depressed fracture fragment. After sharp
dissection of any remaining capsular tissue and washing out
the fracture hematoma, it was possible to inspect the displaced
posterior articular facet (Figure 1B). One 4.0 mm K-wire was
inserted into the calcaneal turberosity from the lateral side, and
traction was applied toward the bottom to correct the calcaneal
varus deformity. The fracture at the medial wall was then
reduced by inserting a narrow Langenbeck elevator deep into
the medial wall along the original fracture line. After
correcting the varus deformity, height, and length, one 2.0 mm
K-wire was inserted to fix the medial column temporarily
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along the medial wall to the sustentaculum tali. Axial
radiographs of the calcaneus were obtained to check the
reduction of the medial wall, alignment of the tuberosity, and
direction of the medial K-wire. The posterior facet was reduced
using the K-wire and Langenbeck elevator and fixed to the
sustentaculum tali temporarily using one or two 1.5-mm K-
wires. While the lateral wall was impacted by compressing the
heel to reduce the calcaneal width, another 2.0-mm K-wire was
inserted into the anterior process to stabilize the tuberosity with
the anterior portion and to support the posterior facet. If the
anterior fracture line extended to the calcaneocuboid joint,
transverse lag screws were used to fix fractures of the anterior
process.

A 2.7 mm T-shaped mini-fragment locking plate with six to
seven holes (Synthes, Switzerland) was selected for all the
procedures. After being pre-bended according to the shape of
the lateral wall, the locking plate was placed immediately
beneath the posterior facet (Figure 1C). The locking plate
could not only support the posterior facet by the “raft
technique”, but could also connect the posterior portion to the
anterior process. The use of the raft technique indicates that
3-4 parallel screws were placed into the subchondral bone to
support the articular surface. The last step was the
percutanecous positioning of cannulated screws through the
posterior tuberosity directed toward the calcaneocuboid joint.
The screw length was 65-70 mm at all times, which allowed us
to maintain reduction of the extra-articular component and to
support the articular component.

Before closure of the wound, 3D-CT scanning (Siemens,
Germany) was performed to check the screw position and
posterior facet reduction. Finally, the soft-tissue flap was
reduced, and the operative wound closed in two layers using a
suction drain.

Figure 3. Clinical case, calcaneal fracture (Type Sanders IIl): (A-D)
Lateral view and CT showed Type Sanders Il calcaneal fracture.
There was step in subtalar joint with sustentaculum tali fracture. (E-
H) The calcaneal fracture was reduced and fixed by K-wires
temporarily. The Two cannulated screws from posterior to anterior
were used to maintain the medial wall (column). The posterior facet
was fixed by a 2.7 mm locking plate. The posterior facet and
alignment were restored satisfied. (I, J) In 2 years of operation, the
lateral view and axial view of hind foot showed satisfied reduction
without arthritis.

Postoperative management

A night splint was used until the foot was partially weight-
bearing. The “R.I.C.E” (Rest, Ice, Compression, Elevation)
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principle was also applied postoperatively to decrease the
swelling. As soon as the patient was comfortable and the
wound healed (7-10 days postoperatively), exercises for
subtalar motion were encouraged, including assisted active
circumduction, inversion, and eversion movements of the heel
in order to re-establish motion of the subtalar joint. Sutures
were removed 3 weeks after surgery, following which gentle
strengthening exercises were performed for the muscles
controlling the foot and ankle. The foot was allowed to be
partially weight bearing with walking boots and crutches until
the fracture had healed, as observed on radiography, which was
usually by 8-10 weeks. Thereafter, full weight bearing without
support was gradually resumed over a period of 4-6 weeks.

Follow-up

Patients were evaluated clinically and radiologically after 1, 3,
6, and 12 months. Follow-up included axial and lateral
radiographs, CT-scans, and measurement of the Bohler and
Gissane angles (in lateral view) of the operated and the
contralateral calcaneus. The criteria of bone union were the
absence of pain or tenderness at the fracture site while bearing
weight and bridging of the fracture site on radiographs. The
angles were measured manually on physical radiographs with a
goniometer. Furthermore, follow-up included assessment of a
range of motions (pro-/supination and dorsal extension/plantar
flexion) of the affected and contralateral side, pain according to
a visual analogue scale (VAS) (0=no pain, 10=maximum
imaginable pain), the American Orthopaedic Foot and Ankle
Society (AOFAS) Ankle-Hindfoot score, and the short-form
(SF-36) health survey. All radiographs were reviewed by an
experienced radiologist and by another foot and ankle surgeon
for signs of osteoarthritis and bony consolidation. The final
clinical and radiological assessment was performed by an
independent observer who had not been involved in the
operative treatment. Loss of reduction was defined as the
appearance of a > 2 mm displacement of the joint or body of
the calcaneus, or a change of > 5° in the Bohler angle on any of
the follow-up radiographs.

Statistical evaluation

The data were compiled and analyzed using the commercial
software program, SPSS version 13.0 (SPSS, Chicago, IL).
Continuous data obeyed normal distribution, and they were
expressed as mean values + standard deviation. Comparisons
between different time points were made using paired Student
t-tests. A significant result was taken as P<0.05.

Results

No patients were lost to follow-up. Normal alignment of the
calcaneus, including heel height and width, and adequate
restoration of the joint surface with incongruity of less than 2
mm, were obtained in all patients of this study, as judged
clinically and radiographically. Two patients experienced
subtalar joint stiffness without traumatic arthritis, but no
patient required a secondary subtalar fusion. No case of wound
edge necrosis, incision infection, hematoma, or nerve injury
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was observed in this study. On radiography, there was no screw
loosening, implant break, nonunion, or malunion.

All patients had a stable plantigrade foot without signs of axial
deviation or chronic swelling. Eight patients (80%) did not
experience any pain during their daily activities and work,
while two reported occasional pain while walking on uneven
terrain or down stairs. All patients wore normal footwear, and
no orthopedic devices were required.

Both Bohler and Gissane angles were increased
postoperatively (t=8.234, P<0.001; t=12.26, P<0.001). Though
both angles were decreased at last follow-up, the values were
not significantly different from those at post-operation
(t=0.506, P=0.616; t=0.565, P = 0.576) (Figures 2 and 3 and
Table 1).

Discussion

Although the extended lateral approach has been used widely
to treat calcaneal fractures, it is associated with a high rate of
soft-tissue complications, including dehiscence of the wound,
deep infection, peroneal tendonitis, tarsal tunnel syndrome, and
compartmental syndrome, which may occur in 6-30% of
patients [4,13,14]. Recently, many modified minimally
invasive techniques have been proposed, including the Ilizarov
device [15], percutaneously applied distraction systems
[16,17], and percutaneous arthroscopy-assisted osteosynthesis
[18,19], all of which result in improved prognosis but have a
long learning curve. However, in literature, calcaneocuboid
reduction has been rarely mentioned or assessed. It is very
difficult to reduce and maintain the anterior facet via a
percutaneous technique. However, via the sinus tarsi approach,
the anterior and posterior facets can be easily exposed,
visualized, and simultaneously reduced and fixed using one
small plate.

Palmer [20] originally described a lateral approach through the
sinus tarsi for direct visualization of the articular surface for
reduction. However, it may be necessary to extend the limits of
a small incision over the sinus tarsi to treat adjacent fractures
or to aid reduction in case of more complex fractures. We have
used an extended sinus tarsi approach to allow percutaneous
placement of a plate beneath the lateral calcaneal skin flap
through a sinus tarsi approach and to treat adjacent fractures
and soft tissue injuries.

In 2000, Ebraheim et al. [21] described a sinus tarsi approach
with minimal internal fixation and immobilization of the
subtalar joint. However, the reported infection rate (8.5%) and
soft-tissue complications (9.2%) such as peroneal tendinitis,
sinus tarsi syndrome, and compartment syndrome associated
with this approach were even higher than those associated with
the extended lateral approach. However, in a review, Schepers
[22] reported that wound complications ranged from 0-15.4%
(mean, 4.8%), which was much lower than the rate for the
extended lateral approach. In this study, there was no case of
wound edge necrosis, incision infection, or hematoma. The rate
of complications was lower than that reported in previous
studies [23-27]. As the sinus tarsi approach does not need to
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strip too much from the lateral wall, the damage to the local
blood supply of the flap is less, which decreases the
postoperative complications such as wound dehiscence and
deep infection. It is further believed that reduction via the sinus
tarsi approach could minimize the amount of scar formation
and prevent stiffness of the subtalar joint. In our study, only
two patients complained of subtalar joint stiffness but without
functional limitation. This result was better than that
previously reported in literature.

Several fixation devices using the sinus tarsi approach have
been proposed. Different plates such as the circle plate, H-
plate, 3.5 mm reconstruction plate, 1/3-tube plate, and Y-plate
can be used to fix fractures. In our experience, the mini-
fragment locking plate is a better choice in the sinus tarsi
approach. The plate can be easily placed in the window that
this approach offers, without much exposure. A locking plate
can not only provide angular stability to fragments, but also
maintain the height of the posterior facet, as well as prevent
later subsidence. A long locking plate can also be used if the
fracture involves the anterior process and turberosity. Brunner
et al. [28] reported using a 2.0 mm locking plate to treat
calcaneal fractures. The rate of broken implants was 16%. The
3.5 mm plate was too large, such that only two holes and
screws could be used to maintain the posterior facet. In this
study, a 2.7 mm locking plate was used. The length of the
locking plate ranged from 40-65 mm. At least four holes and
screws could be used as a “raft technique” to firmly hold the
posterior facet, and no significant subsidence was seen at the
last follow-up.

Intra-articular fractures require anatomic reduction and stable
fixation to improve the chances of a good outcome [29-31].
The main problem associated with percutaneous fixation is a
secondary loss of reduction of 3-20° in the Bohler angle
[18,32]. In our study, we achieved a good correction of the
Bohler angle (mean correction, 13.1° £+ 3.8°) because our
surgical technique provided the most stable support with
triangle-shaped stability. Recently, many authors have
proposed that the main goal of treatment for displaced fractures
of the calcaneus should be the restoration of the three-
dimensional structure, with emphasis on correct alignment in
the coronal and axial planes and the height of the calcaneal
body, rather than anatomical reconstruction of the congruency
of the subtalar articular fragments [33,34].

Although medial wall fixation is not a new concept in the
treatment of calcaneal fracture, medial stabilization is first
proposed by wus. Maxwell et al. [35] compared the
biomechanical performance between a single and dual locking
plate system for an intra-articular calcaneal fracture model and
demonstrated that the dual plating technique experienced a
small amount of fragment translation during cycling that was
significantly different from that with lateral plating. James et
al. [36] suggested stabilizing the tuber by placing 2 or 3 screws
longitudinally from the tuber. These screws should be placed
close to the medial wall to prevent recurrence of translation
and varus deformity. Ibrahim et al. [37] reported a minimum
follow-up of 15 years after ORIF of calcaneus fractures, and
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suggested that even after years, healed calcaneal fractures may
not reach the same stability as unfractured calcanei, which may
lead to chronic sintering of the posterior facet because of
microfractures and stress risers in the cancellous bone.
Dynamic hip screw (DHS) cannot be used in intertrochanteric
fracture if there is comminuted fracture in the lesser trochanter.
The calcaneal fixation follows the same pattern. Plate fixation
is an eccentric fixation. If there is a comminuted fracture in the
medial wall, the lateral plate may not stabilize the medial side.
It will cause implant failure and varus deformity. Therefore,
medial stabilization using two long screws is important to
maintain calcaneal length and prevent varus deformity. The
calcaneus is a cancellous bone with low nonunion rate.
Therefore, nonunion or delayed union cases are rarely
encountered clinically, irrespective of age.

In our experience, the first step in the treatment of calcaneal
fractures is to restore and maintain the alignment in the axial
planes (varus deformity) with 1-2 long screws. The posterior
facet can then be reduced and maintained using a 2.7 mm
locking plate. We preferred the 2.7 mm locking plate with 6-7
holes. A 2.7 mm locking plate with 3-4 locking screws raft
beneath the posterior facet can provide angular stability.
Finally, one screw from the posterior lateral tuberosity to the
anterior process can then maintain the calcaneus length. This
pattern represents the three-point pattern required to maintain
the arch structure. Loss of reduction did not occur in any of our
patients. Although there was some late subsidence with
ensuing gradual loss of the Bohler angle correction over the
follow-up period, the value at the last follow-up (25.5° + 5.6°)
was not significantly different from the immediate
postoperative value (26.5° + 4.5°; t=0.56, P=0.58). One or
more 2.0 mm bioabsorbable pins can be used to reinforce the
stability of the posterior facet if there are some small fragments
that cannot be fixed using the locking plate.

Our study has several limitations. The first limitation is the
small cohort size. To determine whether this minimal invasive
technique can provide a better outcome compared with the
classical extensile lateral plating, evaluation of more patients,
including the elderly, smokers, and diabetics, will be necessary.
The second limitation is the classification of the enrolled
patients. The fracture types in this study were Sanders type II
and simple type III. More severe fracture patterns (Sanders
type III and IV) treated using this minimal invasive technique
should be tested in future studies. Thirdly, we did not have a
control group of patients who underwent nonoperative or
standard ORIF for comparison. Another limitation is the short
follow-up period.

In conclusion, medial stabilization and the sinus tarsi approach
is a satisfactory method to treat Sanders type II and III
calcaneal fractures.
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