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Abstract

Introduction: The wound complication rate for open reduction and internal fixation of calcaneus fractures
through the extensile approach is 30%. Due to this high rate of wound complications, many surgeons prefer
conservative management. If post-traumatic arthritis develops, the clinical results of a subtalar fusion are better
if the posterior facet is reduced and the shape of the calcaneus restored. The sinus tarsi approach utilises a
much smaller incision and indirect reduction techniques limiting the need for a large incision while still
providing good exposure of the posterior facet for anatomic reduction.

The purpose of this study is to present the technique for open reduction and internal fixation through a sinus
tarsi approach, to assess the adequacy of reduction and the complication rate.

Methods: A retrospective chart and X-ray review was performed of all patients who had an open reduction and
internal fixation of the calcaneus performed since 2013. We report on the interim results of the adequacy of
reduction and maintenance thereof and the incidence of wound complications. Follow-up was for a minimum
of 6 weeks.

Results: Twelve procedures were performed in this time. The Bohler’s angle improved from a median of 12°
pre-operatively to 28.5° (p=0.002) post-operatively. The angle of Gissane improved from a median of 125° to
110° (p=0.0001). Two patients had minor wound complications, both of which were managed without surgery,
using dressings for 10 to 12 days.

Conclusion: Open reduction and internal fixation of calcaneus fractures through a sinus tarsi approach allows
adequate reduction with a low incidence of wound complications.
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Introduction

The calcaneus is the most frequently fractured tarsal bone.
Up to 75% of calcaneus fractures are intra-articular.' The
optimal treatment for displaced intra-articular calcaneal
fractures remains unknown.” Buckley et al.® performed a
prospective, randomised, controlled multicentre trial,
comparing operative with non-operative treatment of
displaced intra-articular calcaneus fractures. They found
no difference between the outcomes of the two groups, but
in certain subgroups (women, those not seeking workers’
compensation, and less severe injuries) those patients who
had operative care fared better on functional scoring. The
non-operative group was 5.5 times more likely to receive
an arthrodesis. It has been shown that patients requiring a
subtalar arthrodesis after a calcaneus fracture who had an
open reduction and internal fixation have better functional
scores than patients who had their fractures managed non-
operatively.' The operative group can be managed with an
in-situ fusion compared to the non-operative group who
often needs a debridement, osteotomy and bone block
fusion, which is a more technically difficult procedure
with more complications and worse functional results.!

The traditional extensile approach to the calcaneus
provides excellent exposure, but has a high wound
complication rate.* This has led to the development of
minimally invasive approaches with the sinus tarsi
approach being the most commonly used.’ The approach
is used to visualise the posterior facet and the calcaneo-
cuboid joint and fixation is achieved by percutaneous
screws’, K-wires” or plates.*” One of the concerns with this
approach is poor visualisation of the fracture and inade-
quate reduction, but adequate reduction, fewer wound
complications and fewer iatrogenic sural nerve injuries
have been reported with this approach.®*"” This approach
has also been advocated in high risk patients such as
diabetics, smokers, obese patients and patients with
peripheral vascular disease.*"

This approach has been used in our unit for two years
and is not widely described in local literature. It should be
stressed that the technique is challenging and requires a
thorough understanding of fracture patterns and calcaneal
anatomy and should be performed by experienced
surgeons. The purpose of this study is to act as an interim
study to assess our short- to intermediate-term results in
terms of radiological adequacy of reduction and rate of
wound complications.

Methods

Following institutional ethics approval, we performed a
retrospective review of all patients who had an open
reduction and internal fixation of their calcaneus
performed through a sinus tarsi approach. Consecutive
patients presenting with a displaced intra-articular
articular fracture where the posterior facet was in less than
three pieces (Sanders III or less) were included.

Unreconstructable Sanders IV fractures were managed with
a primary reconstruction, subtalar fusion and not included
in the study. We excluded any patient with a follow-up
shorter than 6 weeks.

Specific data was collected, and included the Bohler’s
angle and the angle of Gissane of each patient as measured
on the pre-operative, post-operative and last follow-up
radiographs. Three of the authors measured these angles
independently and an average value was used. Other data
included the presence of wound complications, Sander’s
computed tomography classification, background history of
diabetes and smoking, and standard demographic data.

The paired t-test was performed to analyse the difference
between the pre-operative, post-operative and last follow-
up radiographic angles. Significance was regarded as
p<0.05.

Surgical technique (Figure 1)

Surgery is performed with the patient supine with a bolster
or sandbag under the buttock of the affected side. After
administration of prophylactic antibiotics the tourniquet is
inflated. An incision is made along a line drawn from the tip
of the fibula to the base of the fourth metatarsal. The extensor
digitorum brevis is then retracted to expose the anterior
process and the posterior facet. At this stage the peroneal
tendons can be inspected for dislocation and can be relocated
if indicated through this approach. The calcaneo-fibular
ligament is sectioned and using an elevator the posterior
facet fragment is mobilised and reduced onto the susten-
tacular fragment. This is then held in place with a K-wire. A
percutaneous Steinman pin is inserted posteriorly through
the tuberosity and is used to manipulate the tuberosity
fragment under fluoroscopic guidance. An elevator is used
to free the tuberosity from under the posterior facet and help
mobilise it. In certain cases it may be necessary to manip-
ulate the tuberosity fracture to achieve adequate reduction of
the posterior facet. Once reduction is achieved, the Steinman
pin is advanced into the articular fragment to maintain the
reduction. An axial fluoroscopic view is obtained to confirm
the tuberosity is out to length and out of varus or valgus.

Figure 1a. The skin incision marked on the lateral aspect
of the foot, extending from the tip of the lateral

malleolus to the base of the fourth metatarsal
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Figure 1b. The posterior facet exposed, with the peroneal
tendons retracted

If required, the anterolateral fragment can then be reduced
and is held in position with K-wires. Using a subchondral
cannulated screw the posterior facet fragment is fixed to the
sustentacular (constant) fragment. A full thickness pocket is
created along the lateral wall towards the tuberosity to allow
placement of the plate. Care must be taken to ensure the
plate is placed lateral and not medial to the lateral wall. In all
cases we used the Acumed® MINI-Calc” (Hillsboro, Oregon)
plates. If the primary surgeon is concerned about a tongue-
type component and feels the plate does not provide stable
fixation, a percutaneous cannulated screw is placed across
this fracture line. We do not use bone graft to fill the defect
after reduction. The K-wires and Steinman pin are removed
and the surgical site washed with sterile normal saline. The
wound is closed in layers and the skin with non-absorbable
sutures. The tourniquet is released and the foot placed in a
well-padded below-knee posterior plaster splint. Post-
operatively the patient’s foot is elevated in the ward and
once radiographs have been done and the patient can
mobilise non-weight bearing the patient is discharged. At
2-week follow-up the wound is reviewed and the patient
is placed in a moon boot. From 4 weeks the patient can
start physiotherapy for subtalar and ankle range of
motion. At 6 weeks partial weight bearing is allowed and
from 8 weeks full weight bearing.

Results

Twelve patients were included; ten males and two
females. There were nine smokers, one ex-smoker and in
two patients the smoking status was not known. There
were no diabetics, one psychiatric patient and one HIV-
positive patient with a CD4 count of 331. All fractures
were closed injuries. The median age was 38 (range 20-59)
years. Median time to surgery was 10 (range 4-17) days
with a median follow-up of 27.5 (range 6-82) weeks. Only
two patients had a follow-up of less than 12 weeks.
According to the Essex-Lopresti Classification there were

Figure 1c. The minimally invasive plate in situ (Acumed®
MINI-Calc® plate)

three tongue-type and nine joint depression fractures. On
CT scan six cases were a Sanders Il and six cases were a
Sanders III. No peroneal tendon dislocations were noted.
Only two (16.7%) cases had wound complications. One
patient had a superficial wound dehiscence which settled
with regular dressings and the other had superficial
wound infection which settled with oral antibiotics for five
days (Table I). The median Bohler’s angle changed from
12° (=5° to 44°) pre-operatively to 28.5° (19° to 36°) post-
operatively (p=0.002) and was 28.5°(19° to 37°) at the last
follow-up (p=0.101). The median angle of Gissane
changed from 125° (94° to 139°) pre-operatively to
110° (102° to 117°) post-operatively (p=0.0001) and was
110° (104° to 125°) at final follow-up (p=0.288) at a median
final follow-up of 27.5 weeks (Figure 2 and Table II). All the
patients were walking unaided at the final reported
follow-up. All patients followed up for 12 weeks were
ambulating without assistance. There was no evidence of
advance subtalar arthritis, although this might change
with longer term follow-up.

Discussion

The traditional extensile approach to the calcaneus
provides excellent exposure for fracture reduction, but at
the cost of a high wound complication rate as well as
greater risk to the sural nerve. The soft tissue flap needs
significant retraction for visualisation of the posterior facet
and the anterior process. This has led to the development
of minimally invasive approaches, which have fewer
wound complications, but there are concerns about suffi-
cient exposure and adequacy of reduction. The primary
goal of this study was to assess our adequacy of reduction
at short-term follow-up. Better reduction of the height and
width of the calcaneus as well as the posterior facet leads
to better clinical results. If a fusion of the subtalar joint is
required later, a far simpler procedure with better
outcomes can be performed.'
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Table I: Summary of patients with wound complications

Complication Age (yr) Gender Comorbidities Time to Fracture type Sa'nfiersr
surgery (days) classification

Wound dehiscence 39 Male Smoker 17 Joint depression I

Superficial infection 59 Male Ex-smoker 15 Joint depression I
140 T The sooner the surgery is performed, the easier it is to reduce
120 P the fracture with percutaneous techniques. With the small
incision, operating through swollen tissue is less of a

100 . . .
concern. There is more subcutaneous tissue over the sinus
89 tarsi and the wound is not under tension after closure A
60 large haemorrhagic fracture blister over the sinus tarsi or a
contaminated open fracture would be the only soft tissue-

a0 285 285 o .
related contraindications to operate early. The median time
= s . . to surgery was 10 (4-17) days. This delay was attributable to
0 the delay of referral from other hospitals, and the delay in

— Gissane obtaining adequate imaging and access to theatre time.

Pre-operative M Post-operative ™ Final With the sinus tarsi approach we achieved sufficient

Figure 2. Comparison of the median pre-operative, post-operative

and final follow-up Bohler’s angle and angle of Gissane

Pre- and post-operative radiographs of a patient are
shown in Figure 3.

The general recommendation is to perform surgery
within 2 weeks of the injury? After this the fracture
becomes sticky and more difficult to reduce which could
lead to consideration of the traditional extensile approach.

Table II: Summary of the data

exposure of the posterior facet. There was a significant
improvement in Bohler’s angle from a median 12° to 28°
(p=0.002), which is within the 20° to 40° recommended in
Rockwood and Green.” The angle of Gissane also showed
significant improvement from a median 125° to 110°
(p=0.0001), even though this was still not within the 95° to
105° recommended in Rockwood and Green.” Our results
compare favourably with previous authors. Su et al.*
showed that restoration of the Bohler’s angle leads to better
functional results.

Median (degrees) Mean Range 95% CI

(degrees) (degrees) (degrees)
Pre-operative Bohler’s angle 12 12.83 —5to 44 4.69-20.98
Pre-operative Gissane angle 125 124.08 94-139 116.85-131.31
Post-operative Bohler’s angle 285 28.42 19-36 24.42-32.42 0.001
Post-operative Gissane angle 110 108.33 102-117 105.02-111.64 0.0001
Final Bohler’s angle 28.5 26.33 19-37 20.97-31.69 0,101
Final Gissane angle 110 110.75 104-125 106.72-114.78 0.288

Figure 3a. Pre-operative radiographs of a patient

Figure 3b. Post-operative radiographs
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Nosewicz et al.® in 2012 found that the sinus tarsi
approach gave them sufficient exposure and they
achieved an adequate restoration of calcaneal height and
Bohler’s angle. In 2013 Xia et al.® assessed the outcomes
of using the sinus tarsi approach with plate fixation and
found an adequate radiographic reduction of calcaneal
fractures. Kikuchi et al. showed a statistically significant
improvement in Bohler’s angle, but not in the angle of
Gissane in their series of patients treated with fixation
through a sinus tarsi approach. Kline et al.”* performed a
retrospective review comparing the extensile approach
to the sinus tarsi approach and found no difference in
adequacy of reduction. In 2014 Xia et al." published their
data on a randomised controlled trial comparing open
reduction and internal fixation through an extensile
approach to the sinus tarsi approach. They found no
difference in adequacy of reduction. Meraj et al.”
achieved an adequate reduction in their series of
fractures treated through a sinus tarsi approach.

We had a low incidence of wound complications. Only
two patients (16.7%) required treatment with local
dressings and antibiotics in one case. Both were males,
one was a smoker and one an ex-smoker. The time to
surgery was 17 days in one and 15 days in the other.
Surgical times were not recorded, but it is possible that
the longer time to surgery made reduction using indirect
techniques more difficult, leading to longer surgical
times. The wound complications were minor and
required no further surgical intervention. This result is
not as good as some other authors’. Xia et al. had no
wound complications in their series.® Kikuchi et al.” had
wound complications in 13.6% of their 22 fractures, but
all were managed without surgical intervention. In a
systematic review' of calcaneal fractures treated
through a sinus tarsi approach, wound complications
were seen in 0% to 15.4% (average 4.8%) of cases. Kline
et al.” had wound complications in 29% of the extensile
group and in only 6% in the sinus tarsi group.

Six Sanders II and six Sanders III calcaneal fractures
were included in this study population. Most authors®**
only included Sanders II and Sanders III fractures, with
only Kikuchi et al.® including Sanders IV fractures. There
was no statistical difference in the adequacy of reduction
comparing Sanders II with Sanders III fractures.

Smoking and even a previous history of smoking is
regarded as a risk factor for wound complications and
would even be seen as a contraindication for surgery.""”
Those advocating the use of the sinus tarsi approach
would recommend it in high risk patients such as
diabetics and smokers.>*" Nine of our patients were
smokers, one patient an ex-smoker and for two patients
this data was not recorded. Of the two patients with
wound complications, one was a smoker and one an ex-
smoker, but the other seven smokers had no wound
complications.

The limitations of this study is the small number of
cases, the lack of a control group with the extensile

approach and the short follow-up, but this serves as an
interim study to assess the short-term results in terms of
radiographic adequacy of reduction and short-term
wound complications. With our current results we can
now continue with recruiting more cases and will in
future report on a bigger series with longer follow-up.
Another limitation was not performing CT scans on all
the patients post surgery to assess the quality of
reduction. This was not possible with our resources and
we had to rely on standard X-rays.

Conclusion

Open reduction and internal fixation of intra-articular
calcaneus fractures through a sinus tarsi approach
provides sufficient exposure of the posterior facet for
adequate reduction without the risk of serious wound
complications in even high-risk patients such as smokers.
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