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Abstract: Objective: To investigate the clinical efficacy of sinus tarsi approach with modified calcaneal plate for open
reduction and internal fixation of intra-articular calcaneus fractures, in an effort to reduce the risk of wound complications. Methods: A total of 40 patients (48 feet) with closed Sanders type II (30 (62.5%) feet) and III (18 (37.5%)
feet) calcaneal fractures, who were admitted to our hospital from June 2012 to December 2013, were enrolled in
the study. According to Essex-Lopresti classification, there were 20 (41.7%) feet of tongue-type fracture and 28
(58.3%) feet of joint depression type. All the patients received surgical intervention by combining the sinus tarsi
approach with modified calcaneal plate in our hospital. Böhler’s angle and Gissane’s angle were compared before
and after surgery. The clinical results were evaluated according to the American Orthopaedic Foot and Ankle Society
ankle-hindfoot scale (AOFAS), and the incidence of wound complications was recorded. The follow-up duration for
all patients ranged from 12 to 22 months (mean 16.3 months). Results: Satisfactory restoration of Böhler’s angle
and Gissane’s angle was obtained and no loss of reduction was found during the follow-up period. The final good
and excellent rate of AOFAS score from was 87.5%, and no severe wound complications were observed. Conclusion:
Sinus tarsi approach combined with a modified calcaneal plate is an effective method for the treatment of Sanders
type II and III calcaneus fractures.
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Introduction
Calcaneal fractures, usually called comminuted
intra-articular fractures, are the most common
type of traumatic tarsal bone injuries occurred
predominantly in young and middle-aged patients with severe dysfunction after treatment
frequently [1]. Open reduction and internal fixation to restore posterior calcaneal facet and
calcaneal geometric shape, in combination
with early functional rehabilitation, has become
a standard surgical method for the treatment of
intra-articular calcaneal fractures. The extensile lateral L-shaped approach is the most widely used; however, high rate of wound complications remains a serious problem. In recent
years, in order to obtain satisfactory reduction
and fixation, and minimize soft tissue injuries
and postoperative wound complications, much
attention has been paid to minimally invasive
treatment of calcaneal fractures [2-6].

In the present retrospective study, 48 intraarticular calcaneal fractures in 40 patients
were operatively treated with modified calcaneal plate via sinus tarsi approach at our hospital from June 2012 to December 2013, and the
outcomes of the operation were successful.
Here we present the surgical approaches as
follows.
Patients and methods
We reviewed 48 feet in 40 patients with closed
calcaneus fracture. All were treated with open
reduction and internal fixation via sinus tarsi
approach with modified calcaneal plate in our
hospital by a group of surgeons (G.H. and X.J.)
from June 2012 to December 2013. The cohort
included 32 (80%) males (38 feet) and 8 (20%)
females (10 feet), with an average age of 36.5
(range from 18 to 58) years. Of all the patients
in the group, 24 (60%) fell from a height, 12
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Table 1. Preoperative, postoperative angles
and the angles at the last follow-up visit
(n=48 feet, 40 patients)

Preoperatively
Postoperatively
Last follow-up visit
F value
P value

Böhler angle
(°)
6.10±12.9
28.7±9.1
29.1±9.0
36.315
0.000

Gissane angle
(°)
105.1±8.9
120.0±9.6
118.7±8.8
18.949
0.000

(30%) were injured in a traffic accident, 4 (10%)
had their foot injured by a heavy object falling
down. For all cases, plain radiographs and preoperative CT scans were performed. According
to the Essex-Lopresti classification, there were
20 (41.7%) feet with a tongue type fracture, and
28 (58.3%) feet with joint depression fractures.
According to the Sanders classification, there
were 30 (62.5%) feet with type II fracture and
18 (37.5%) feet with type III fracture. The mean
duration of time from injury to surgery was 6.5
days (range from 4 to 12 days).
Preparation of internal fixation
Lateral calcaneal plates (TREU®, Tuttlingen,
Germany) with the horizontal branch cut out
were prepared as modified calcaneal plates,
and used in this study. The implantation of
modified calcaneal plate was performed via
sinus tarsi approach. Double-headed cannulated screws (Newdeal®, Saint-Priest, France)
were also used for fixation.
Surgical technique
As for surgery, each patient was placed in a lateral position on a radiolucent operating table.
The procedures were performed by two surgeons (G.H. and X.J.), with the patient under
spinal or general anesthesia. A straight incision
toward the base of the fourth metatarsal was
made 1 cm below the lateral malleolus. The
sural nerve and peroneal tendon sheath were
exposed and protected, and the dissection
area was divided into anterior and posterior
windows. The belly of extensor digitorum brevis
was dissected sharply in the anterior window,
revealing the calcaneocuboid joint, sinus tarsi
and subtalar joint. The posterior window was
mainly for plate implantation and screw
fixation.
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For the tongue-type fracture, the fragment was
pried and elevated using Kirschner wires
(K-wires) directly through the calcaneal tubercle, with the aid of a wire spreader. The K-wires
were positioned percutaneously for temporary
fixation after reduction. Bone graft substitute
(β-tricalcium phosphate) was used in all cases
to fill the void in the body after joint realignment. After reposition of the posterior fragment, the lateral wall fragment was manipulated and soft tissues were stripped in preparation
for plate placement. Plate screws were inserted
directly and percutaneously.
For the joint depression fractures, the collapsed facet fragments were elevated, after
which screws were used to fix the plate.
In each case, the reduction was verified by
means of intra-operative C-arm fluoroscopy,
with direct inspection and manipulation on the
joints. A drainage tube was used routinely,
along with anatomic layer closure and bandaging with an ankle-foot positioning splint. After
the operation, the drainage tube was removed
in 24 to 48 hours, and a plaster cast was used
for 2 weeks. Partial weight bearing activity was
started 10 weeks after surgery, and this was
followed by full weight bearing activity as tolerated, usually for 12 weeks after surgery.
Outcomes of interest
Wound complications were recorded. For postoperative evaluation of the reduction, Böhler’s
and Gissane’s angles of the calcaneus were
recorded by measuring radiographs of the
patients before and after surgery. Since measurement error may be caused by different projection angles of the X-ray beam, loss of reduction was considered to present when a change
>5° was observed [7]. Two of the treating surgeons (G.H. and X.J.) followed up all of the
patients, measured and recorded the outcomes. The patients were radiologically evaluated at 12, 26, and 52 weeks postoperatively,
with a clinical examination for signs of wound
complications conducted at each follow-up
visit. At the last follow-up visit, the American
Orthopaedic Foot and Ankle Society (AOFAS)
ankle-hind foot scale were used to quantify the
subjective outcomes [8, 9].
Statistical analyses
The data was statistically analyzed using SPSS
11.0, and group comparison was conducted by
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Table 2. Comparison of excellent and good rate of foot function after calcaneal
fracture operation
Number Excellent
Excellent
Good (%)
Poor (%)
of Cases
(%)
rate (%)
Sanders type II
30
20 (66.67) 8 (26.67) 93.33
2 (6.67)
Sanders type III
18
8 (44.44) 6 (33.3)
77.78 4 (22.22)
Tongue fracture
20
14 (70)
6 (30)
100
0 (0)
Joint depression type fractures
28
14 (50)
8 (28.57) 78.57 6 (21.43)
Type

were achieved in
14 (50.0%), good
in 8 (28.6%), and
fair in 6 (21.4%),
as shown in Table
2. Typical cases
are shown in Figures 1 and 2.
Discussion

repeated measures analysis of variance. The
Student-Newman-Keuls test was used to compare the preoperative and postoperative Böhler’s angle, Gissane’s angle, and AOFAS scores
before and after the operation. P<0.05 was
considered statistically significant.
Results
All patients were followed from 12 to 22 months
(mean average 16.3 months). Disturbance of
wound healing because of skin and soft tissue
necrosis requiring operative intervention did
not develop in any patient. One wound (2.1% of
fractures, 2.5% of patients) displayed superficial skin dry necrosis after the operation, and it
healed successfully with local wound care.
From surgery to fracture healing, all patients
progressed to radiographic evidence of solid
bony union in a mean period of 10.1 weeks
(range from 8 to 16 weeks), and no loss of
Böhler’s or Gissane’s angles of the calcaneus
was found in any patients. Conversely, Böhler’s
and Gissane’s angles of the calcaneus were
significantly improved as a result of the operation (P<0.05); while no significant differences
were found during the follow-up period compared with the immediate postoperative measurements (Table 1).
The median AOFAS score was 84 (range from
68 to 99) at the last follow-up evaluation, corresponding to a good to excellent result in 42
(87.5%) of the fractures. Among the 30 Sanders
II fractures, excellent scores were achieved in
20 (66.7%) fractures, good in 8 (26.7%), and
fair in 2 (6.7%). Among the 18 Sanders type III
fractures, excellent scores were achieved in
8 (44.4%) fractures, good in 6 (33.3%), and fair
in 4 (22.2%). Among the 20 feet with tonguetype fractures, excellent scores were achieved
in 14 (70.0%) fractures and good scores were
achieved in 6 (30.0%). Among the 28 joint
depression type fractures, excellent scores
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Anatomical reduction, rigid fixation, and early
exercise are the main methods in the treatment
of intra-articular fractures. The conventional “L”
shaped incision, which is still widely used,
allows wide exposure to the calcaneal tuberosity, the lateral wall, subtalar joint and calcaneocuboid joints, and thus obtains satisfactory
reduction and fixation using a large plate with
no apparent loss of reduction and excellent
outcomes in 60-85% of cases [10, 11]. It has
been reported that 45% of the calcaneal blood
supply is from the lateral wall [12, 13]. L-shaped
approach needs more extensive dissection of
lateral soft tissues, which may cause further
damage to the blood supply of articular fragments; this could potentially lead to delayed
fracture union or bone necrosis and early occurrence of osteoarthritis of the subtalar joint.
Postoperatively, the incidence of wound complication has been reported from 0 to 33% [10,
14, 15]; large area of necrosis, calcaneal osteomyelitis and other catastrophic complications,
have urged the physicians to look for safer and
more effective surgical methods for the treatment of displaced calcaneal fractures.
The sinus tarsi approach is a minimally invasive
approach for the treatment of calcaneal fractures, which can reduce the incidence of wound
complications [16, 17]. Via this approach, the
subtalar joint can be directly exposed and satisfactory reduction can be achieved [17, 18].
Numerous materials for fixation were used,
including K-wires, screws, and dysmorphic
small plates; hence, there is a lack of repetition
or a definitive standard surgical technique [2,
16, 17, 19, 20]. K-wires and screws can only
provide point-to-point fixation without rigidity
and potential loss of reduction, while shaped
small plates are not specifically designed for
calcaneus fractures and defects still remain.
Reliability of fixation and loss of reduction are
main concerns regarding minimally invasive
surgery. Some studies have also been per-
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Figure 1. One case of intra-articular tongue-type calcaneus fractures treated via sinus tarsi approach with modified
calcaneal plate (n=48 feet, 40 patients). A. Preoperative X-ray image of calcaneus. B. Preoperative CT image of
Sanders III fracture. C. Postoperative X-ray image of calcaneus (satisfied fixation). D. X-ray image after fracture healing (no significant loss of reduction). E. Postoperative X-ray image of axial calcaneus with internal fixation.

formed using regular calcaneal anatomic plate fixation
via sinus tarsi approach or
other minimally invasive approaches, but it also require
extensive dissection of the
lateral calcaneal soft tissues, and is difficult to position a plate properly [21, 22].
The modified plate used in
our group of patients derives
from a regular calcaneus
plate. The narrow shape
makes it easy to insert into
the incision, and only a small
area of soft tissue dissection
is needed at the superior
border of the lateral wall, to
achieve a minimally invasive
operation. The modified plate doesn’t cover and depress the lateral wall directly,
but can reduce and maintain
Figure 2. One case of intra-articular joint depression type calcaneus fractures
treated via sinus tarsi approach with modified calcaneal plate (n=48 feet,
the geometry of the calcane40 patients). A. Preoperative X-ray image of calcaneus. B. Preoperative CT
us by ligamentotaxis, and
film image of Sanders III fracture. C. Postoperative X-ray image of calcaneus
promotes restoration of the
(showed satisfied fixation). D. X-ray image after fracture healing (no significant
width of the body and integloss of reduction). E, F. X-ray images after removal of internal fixation.
rity of the lateral wall [23].
During the follow-up visit, we
found no impingement of the lateral wall in any
cases. As shown in Figure 3, the No. 1 and No.
2 holes in the plate are used for fixation of the
anterior process and calcaneocuboid joint, and
the No. 3 and No. 4 holes are positioned inferior to the articular surface with screws directly
inserted into the sustentaculum tali in order to
fix and support the posterior facet, and the No.
5, 6 and 7 holes are used for fixation of large
tongue-type or tubercle fragments. By using the
Figure 3. Modified calcaneal plate.
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modified plate, the anterior process, calcaneal
sustentaculum tali, posterior facet, and calcaneal tubercle are integrated and Böhler’s and
Gissane’s angles are restored directly. But if
the medial bone cortex is comminuted, the
plate could not offer enough support medially
and screws outside the plate are needed for
augmentation. A locking plate may be the solution in such fractures, which is our direction for
further study.
The 40 patients with 48 feet fractures that we
observed in this report obtained satisfactory
reduction during surgery and no apparent loss
of reduction during the follow-up visit, and they
did not experience wound healing complications, which suggested that the sinus tarsi incision and modified plate fixation method that
we used can be effective. The surgical technique warranting mentioned five key points as
follows. (1) Indications: Displaced intra-articular calcaneal fractures, including Sanders type
II and III injuries, were successfully treated in
our series of patients. For Sanders type IV fractures, we are not familiar with any reported surgical techniques that yield good clinical outcomes [8, 24, 25]. There were no patients with
Sanders type IV fractures enrolled in this study.
However, we think that the sinus tarsi approach
can be used for the first stage of such injuries,
because subtalar joint fusion is often needed
for the second stage, and the use of a sinus
tarsi incision may prevent excessive scarring of
the lateral soft tissues. (2) Incision placement:
The sinus tarsi incision was located 1 cm inferior to the lateral tip of the fibular malleolus and
extended toward the base of the fourth metatarsal, and the incision needed to be appropriately extended when performing calcaneocuboid joint fixation. Care must be taken to
identify the sural nerve or peroneal tendons
that may get displaced superiorly due to the
widening of the calcaneus after the fracture
occurs. Do not open the peroneal tendon
sheath, as bare tendon may increase the risk
of wound complications. Careful subperiosteal
dissection should be used along the edge of
the lateral wall, and extensive stripping of the
periosteum should be avoided. (3) Fracture
reduction: In some case of Sanders type III injury, it was necessary to temporarily remove the
lateral joint fragment to visualize the medial
subtalar joint fragment. In such cases, retrograde K-wires could be used for temporary fixation of the facet fragments. After the reduction
of posterior articular facet, fixation could be
obtained using a 3.0 mm cannulated screw
16523

inserted to the articular surface. However, overpressurizing should be avoided to prevent overlap. For patients with calcaneal varus, K-wires
were drilled through the calcaneal tubercle and
talus, and a K-wire spreader was used to correct varus. Screws were used percutaneously
along the medial wall of the calcaneal tubercle
or the long axis of calcaneus. (4) Bone graft:
Artificial bone was used in all cases to support
the posterior articular facet. (5) Postoperative
treatment: Closed suction vacuum drainage
was used with the tube through the muscle
belly of extensor digitorum brevis, which could
reduce the infection risk of the drainage tube.
Conventional plaster was used postoperatively
until the skin sutures were removed, and the
plaster was applied to the foot dorsiflexed in a
valgus position in order to reduce incision
tension.
In this study, the small sample size is a limitation in terms of explaining the outcomes,
although it was sufficient enough to enable us
to observe significant differences in the radiographic angle measurements and the AOFAS
scores. Though we found no severe soft tissue
complications or loss of reduction; however,
larger samples are needed to thoroughly
explore the outcomes of the technique that we
described, and the findings of this report could
be useful in the development of such future
investigations.
In conclusion, based on our observations of the
patients described in this report, the sinus tarsi
approach with modified calcaneal plate yields
satisfactory exposure without lateral soft tissue complications, and provides fracture reduction and fixation that holds up over the healing
phase.
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