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Abstract

Introduction: Calcaneus injuries account for 2% of all fractures. The surgical treatment of calcaneal fractures
with skin problems is a challenge to the surgeon. Many operative techniques described for management of fractures
calcaneus, ranging from minimally invasive percutaneous fixation to extensive open techniques.

Material and methods: Between February 2012 and December 2015, this prospective study included forty five
patients (38 male and 7 female) presented with 50 displaced calcaneal fractures associated with skin problems
underwent a minimally invasive surgery by closed reduction and percutaneous k-wires fixation.

Results: According to American Orthopedics Foot and Ankle Society (AOFAS) ankle hindfoot scale 37 patients
had excellent, 9 patients were good and 4 patients had fair results. According to skin, the bad skin condition
improved within 2 to 3 weeks postoperatively and there were no serious skin complications.

Conclusion: Calcaneal fractures associated with bad skin conditions are best treated by a minimally invasive
surgery by closed reduction and percutaneous k-wires fixation as there is no delay in surgery time like open
procedures and there is a marvelous improvement of skin conditions.

Keywords: Skin problems; Closed reduction; Percutaneous k-wires
fixation; Calcaneus fracture

Introduction
The calcaneal fractures account for 2% of all fractures seen in adults.

The calcaneus is the most frequently fractured tarsal bone,
representing more than 60% of tarsal fractures. Recently the focus of
bone healing has shifted from anatomical fixation to biological fixation
of all fractures. Specific types of calcaneal fractures such as the tongue
type pattern of Essex–Lopressti, the closed reduction and percutaneous
fixation in its various forms has been recommended [1]. Recently the
results of a multi-centered prospective trial suggested that the
differences of management between open reduction and internal
fixation (ORIF) and the closed procedures might be less than
previously thought [2-5].

Many surgical procedures are described in calcaneal fractures,
ranging from minimally invasive and percutaneous fixation to
extensile open approaches [6]. The surgical approaches of open
reduction of the os calcis may be lateral, medial, or combined
approaches, depending on the fracture pattern and the extent of injury
[7-9]. Possible complications of open procedures are the disturbance of
wound healing, skin necrosis and cutaneous flaps. In addition to
posttraumatic arthritis in the lower ankle and adjoining joints, there
are reports of osteitis of the os calcis. Severe osteitis of the calcaneus
can end with a calcanectomy or amputation of the lower leg [10-14].
The decision of treatment depends on many factors like occupation,

age, health comorbidity and associated injuries. In the case of open
reduction the time is an important factor in determining surgical
outcomes. Ideally, if skin condition is bad the time of surgery should be
delayed for 10-14 days after trauma. This delay allows for soft tissue
oedema and fracture blisters to resolve completely [15].

We aimed at this study to overcome the bad soft tissue conditions
associated with fracture calcaneus and evaluate the results of treatment
of os calcis fracture by a minimal invasive surgery by closed reduction
and percutaneous k-wires fixation. Also, to compare the clinical and
radiological results with open and minimally invasive surgical
techniques found in the literature.

Patients and Methods
Between February 2012 and December 2015, 45 patients (38 male

and 7 female) had undergone this prospective study. The patients
presented by fifty calcaneal fractures associated with skin problems in
the form of severe oedema, skin blisters, bullae, degloved skin and
contaminated open calcaneal fractures All of them were managed by
closed reduction and percutaneous k-wires fixation at Mansoura
emergency university hospital. The average age at time of calcaneal
fracture was 36.5 years (range 21-60 years) of 45 patients, only 5 were
bilateral. The mechanism of trauma was a falling from heights in 38
patients and road traffic accidents in seven patients. Patients examined
for additional injuries of the musculoskeletal system. There were 8
patients had multiple injuries, 6 patients had fracture spine, 2 cases
were fracture femur and 2 cases were fracture tibial plateau. 36 patients
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had severe edema with skin blisters all over the ankle and foot, 9 cases
had degloved skin and open fracture calcaneus (Figure 1).

A standard series of plain X-rays of the ankle and foot were taken.
The anteroposterior view, the lateral view facilitates the measurement
of both Bohler’s and Gissane’s angles and axial view and axial view
(Figure 2). CT scanning was performed for all patients for detecting
minimally displaced or comminuted fractures. 22 patients had tongue
type fracture, 15 cases were joint depression type and 13 patients were
comminuted fracture.

Figure 1: Intraoperative bad skin condition.

Figure 2: Preoperative x-ray.

Operative Technique
After anesthesia, the patients were positioned in lateral position

without a tourniquet. After complete sterilization and draping with the
foot and leg left free, the first step was the insertion of a 5-mm
Steinmann pin superolateral to the Achilles tendon insertion, the pin
was inserted into the articular fragment under image. In the joint
depression fracture the pins was placed just posterior to the talus from
postero-superior to antero-inferior direction and manipulate the
fragment to restore the posterior facet as described by Essex-Lopresti
[1].

Another pin inserted into the body of the calcaneus then closed
reduction of the fracture was done and the varus or valgus
malaligment of the hind foot was corrected. Compression of the heel
applied both medially and laterally to reduce the main medial and
lateral fragments, this reduces the calcaneal width and prevents lateral
impingement. The reduction of the calcaneus was verified by
examining the lateral radiographic and axial views. In the case of joint
depression fractures, the qualities of joint reduction improved using
small stab wound incision and use a blunt which provides a direct
elevation and reduction of the articular fragment. The reduction of the
posterior facet was secured by two 2 mm k-wires parallel to
subarticular joint, then insert 2 k-wires from the body of the calcaneus
to the articular fragment from inferior to superior direction. Finally 2
k-wires were inserted parallel to inferior cortex of the calcaneus untill
calcaneocuboid joint to keep the length and maintain the varus and
vulgus alignment. Another k-wire from lateral to medial if there is
fracture sustentaculum talii.

The number of k-wires is usually 6 k-wires but may vary according
to the type of fracture and the degree of comminution. k-wires should
secure both the reduced articular surface and the overall alignment
and should be arranged perpendicular to fracture lines as possible.
After introducing the k-wires, the wires were cut and bent outside the
skin level and the Steinmann pins were removed. A bulky sterile
dressing was applied. Anti oedematous measures were prescribed and
elevation of the limp. Active range of motions exercises encouraged.
The patients underwent closed follow up for care and evaluation of the
skin condition and post-operative plain x-rays and CT scan were done
(Figures 3 and 4).

Follow-up every 2 weeks for 2 months a maximum follow-up was
one year to evaluate the skin condition, pain, oedema and the joints
function. The k-wires were removed after radiological union. Patients
started partial weight bearing after fracture healing about 10-12 weeks
postoperative depending on the original degree of comminution and
the fracture healing then full weight bearing as pain tolerated. In the
cases of poly trauma patients and according to other fracture fixation
the weight bearing is customized. Follow-up monthly up to 1 year.
Physiotherapy started both active and passive motions of the ankle,
subtalar and midtarsal joints.

Figure 3: Post-operative x-ray.
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Figure 4: CT post-operative.

Results
The follow-up ranged from 8 to 12 months to have adequate time to

assess the subtalar joint. Patients were generally operated within 48 h
after admission even in the presence of bad skin conditions like open
fractures, severe oedema and skin blisters unless if the patient is unfit
for surgery. The operative time ranged from 30 to 40 minutes. There
were no intraoperative complications. The postoperative x-ray revealed
that Bohler’s angle was restored in 42 out of 50 fractures. The mean was
35 degrees (range 27 to 38 degrees). Also, the Gissane angle was
restored in 45 fractures and the mean was 120 degrees (range 115 to
135 degrees). The calcaneal width was measured and compared with
the normal side and 4 fractures had more than 12 mm of heel
broadening. The width of calcaneus was restored in 44 out of 50
fractures. Also, the height of os calcis was corrected in 47 fractures.
There were 3 patients having more than 10 mm discrepancy in heel
height.

No patients complained of ankle dysfunction. 3 patients complained
of peroneal tendon impingement. Subtalar movements were evaluated
using the McMaster technique with comparison to the other side and
there were 4 patients had comminuted fractures complained from
restricted movements and pain. According to skin, the bad skin
condition improved within 2 to 3 weeks postoperatively and there were
no serious skin complications reported during follow-up. There was no
deep infection of the bone (Figure 5).

Out of all patients there were 3 diabetic patients reported with
superficial pin tract infection at follow up which resolved with
appropriate antibiotics and frequent dressing. Radiographic evaluation
revealed, bony union was achieved in all patients ranged from 8 to 12
weeks (Figure 6). 4 patients had loss of reduction at final follow-up as
compared to the immediate postoperative x-rays due to early removal
of k-wires and early weight bearing by the patients. Patients were
assessed by the American Orthopaedic Foot and Ankle Society
(AOFAS) ankle hindfoot scale to assess functional outcome. 37
fractures were rated as excellent (74%), 9 patients rated as good (18%)
and 4 patients had fair results (8%).

Figure 5: 3 months post-operative improved skin condition.

Figure 6: Final x-ray.

Discussion
There is a controversy between non-operatives versus operative

treatment in calcaneal fractures. The aim of operative management is
to achieve realignment of the posterior facet of the subtalar joint,
restoration of bone morphology [16,17]. The decision of treatment
depends on many factors like occupation, age, health comorbidity and
associated injuries. In the case of open reduction the time is an
important factor in determining surgical outcomes. Ideally, if skin
condition is bad the time of surgery should be delayed for 10-14 days
after trauma. This delay allows for soft tissue oedema and fracture
blisters to resolve completely [15].

Open reduction and internal fixation of calcaneal fractures through
extensile approaches have many complications like delayed wound
healing, skin necrosis, deep infection, pain, chronic oedema, and
damage to the sural nerve. Occasionally further plastic surgical
treatment may be required. Also, the development of a deep wound
infection often requires surgical interference [18-20].
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This study included the patients with fracture calcaneus presented
with soft tissues problems like severe edema, skin blisters, skin
abrasions, and open fractures. According to skin condition, by this
minimal invasive technique the bad skin condition improved within 2
weeks to 3 weeks postoperatively and there were no skin scar,
infection, or other complications reported during follow-up. Also,
there   was   no   deep  infection  of  the  bone  in   the   open   calcaneal
fractures which are obscure fractures. These injuries result from high-
energy, polytraumatized patients. The management consists of
irrigation and debridement then reduction of the fractures and k–wires
fixation.

In this technique all patients treated by a minimal invasive
technique by closed reduction and k-wires fixation. The displaced
fragment reduced by schanz technique then the fragments stabilized by
multiple k-wires. There were no the traditional wound for open
reduction. The displaced tongue shaped fracture which was relatively
simple and easy in manipulation with good results obtained. The joint
depression fracture was more difficult than the tongue type in
manipulation. In severely comminuted fracture the aim of surgery was
restoration of the bone morphology as much as possible for subtalar
fusion later on.

In this study there were many advantages. First of all the patients
had undergone the operation within 48 h after the injury. The bad soft
tissue conditions were not a contraindication and did not delay the
time of surgery and did not wait for soft tissue improvement like
formal open reduction and internal fixation. The early interference
improved the skin conditions like blisters, severe oedema and open
wounds. Also, early interference made the manipulation and reduction
of displaced fragments easier than after delay. There were no
traditional skin complications of formal open surgery like wound
dehiscence, deep infection, ugly scar, bone infection damage to the
sural nerve. There was no need for a second operation for implant
removal. The advantages of this technique were decreasing the hospital
stay, cost, hastening the recovery of the injured limb, early motion.
Also, there were no postoperative scar formation and a less incidence
of peroneal tendon dysfunction and subtalar joint arthritis.

The closed reduction and percutaneous k-wire fixation of displaced
fractures in this study improved the radiological and clinical results
and gave good mechanical stability, biological environment for bone
healing and early motion. According to radiological results, the Bohler
and Gissane angles were corrected to near normal 84% and 90%
respectively indicating restoration of subtalar joint congruity and the
normal calcaneal anatomy. According to the American Orthopaedic
Foot and Ankle Society (AOFAS) ankle hindfoot scale to assess
functional outcome. The mean score was 88 with a range from (73-98).

The complications reported in this study includes 3 diabetic patients
with superficial pin tract infection at follow up which resolved with
appropriate antibiotics and dressing. Also, four patients with
comminuted fractures complained at last follow-up from subtalar
arthritis and chronic subtalar pain and needed subtalar fusion. Four
patients had loss of reduction at final follow-up as compared to the
immediate postoperative x-rays due to loosening and early removal of
k-wires and early weight bearing by the patients.

Zhang et al. reported in their study of comparing operative
management of displaced intra-articular fractures with conservative
treatment. Although the gait patterns and shoe wear improved these
benefits were concealed by increases in wound complications [21].
Buckley et al. reported in a study, that the functional outcomes after

open surgery of displaced intra-articular calcaneus fractures were
better than those undergoing nonoperative treatment [22]. Dhillon et
al. reported in a comparative study that minimally invasive surgery
(MIS) can achieve a reasonable fracture reduction and that it can
consider as the definitive treatment option for open fractures of the
calcaneus [23]. Schuberth et al. concluded that a minimally invasive
surgery in displaced intra-articular calcaneal fractures can restore the
articular surface, calcaneal height with minimal risk of wound
complications. They noticed significant improvements in soft tissue
healing, articular step-off of the posterior facet, varus displacement,
and the Boehler angle. No patients progressed to subtalar fusion [6].

Conclusion
Calcaneal fractures associated with bad skin conditions are best

treated by a minimally invasive surgery by closed reduction and
percutaneous k-wires fixation as there is no delay in surgery time like
open procedures and there is a marvelous improvement of skin
conditions. Also this technique improved the radiological and clinical
results. The clinical and radiological results compared favorably with
other reported minimal invasive and more invasive and high cost
techniques.

Open calcaneal fractures are obscure fractures. Typically, these
injuries result in a high-energy, polytraumatized patient population.
Initial management consists of irrigation and debridement. Secondary
forms of management continue to evolve. High-energy fracture
subtypes and severe soft tissue injuries portend an unsatisfactory
outcome, despite appropriate management. Standards for the type and
timing of treatment have not been established.
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