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Abstract: Aim: To evaluate proper timing for open reduction and internal fixation of closed recent intra-articular calcaneal fractures,
and trying to establish a new concept of delayed surgery for these fractures in order to decrease post-operative wound complications, and
so improving functional outcome._Design: Retrospective study. patients and Methods: 64 patients with 72 intra-articular calcaneal
fractures, treated via open reduction using extensile lateral approach and internal fixation using plates and screws in our hospital; from
February 2008 to December 2014. Results: Delayed, open reduction and internal fixation of closed recent intra-articular calcaneal
fractures in our series showing reduction in post-operative wound complications; in our study the mean delaying in surgery, in
uncomplicated group was 8.38 days post fracture. Conclusion: We recommend to delay open reduction and internal fixation, if
indicated, for the treatment of closed recent intra-articular fractures, good appreciation, and management of the soft tissue condition
pre-operatively, in order to reduce the post-operative wound complications, and therefore optimize the clinical outcome.
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1. Introduction Table 1: Tscherne classification system
Grade 0 Minimal soft tissue damage

The management of calcaneus fractures and their associated 'Snd'ri‘:tf'n”iry to “trtnb (torsion)
soft tissue injuries is a challenging task®. Being a imple Tracture pattern :

. . Grade 1 Superficial abrasion or contusion
cancellous bone, it may be deformed under compressive Mild fracture pattern
force durlpg tr_au_matlc impact. $urg|cal restor_a_tlon_ of the Grade 2 Deep abrasion
anatomy is difficult as reduction and stabilization are Skin or muscle contusion
technically demanding. With the improvements in diagnosis Severe fracture pattern
and internal fixation techniques, surgical treatment has Direct trauma to limb
become a reality. Many authors claim better results with Grade 3 Extensive skin contusion or crush injury
surgical treatment@?®, However, as the calcaneus being a Severe damage to underlying muscle
subcutaneous bone, most part of calcaneum is covered with Compartment syndrome
a thin layer of skin and subcutaneous tissue. Closed Subcutaneous avulsion

calcaneal fractures are usually associated with significant

soft tissue injury caused by the initial trauma to its poor soft ~ SWelling & fracture blisters are additional two important
tissue coverage, which may result in a series of soft-tissue lesions not included in Tscherne classification.

complications such as; post-operative skin flap necrosis or ~ SWelling can be assessed and graded clinically, as loss of
infection™.More injury, if added, to this area by surgical ~ SKin wrinkles and palpable landmarks (wrinkle sign)
trauma may be associated with increase damage to this soft  Suggests moderate to severe swelling (figurel).

tissue envelope and devascularization of it®. So the post- -

operative wound complications remain a problem®. The i
most important predictors that influence the surgical
outcome of these injuries are soft-tissue management .
Recognizing and managing soft tissue injury is the most
important aspect of treating closed fractures. Simple skin
contusion over a closed fracture can pose more complex
therapeutic and prognostic problems than skin which has
been broken by a fractured bone ®.

Figure 1: Wrinkle sign; suggests moderate to severe

Tscherne has proposed a classification of soft tissue damage swelling.

based on the presence or absence of five lesions (abrasion, ) ) ] ) )
contusion, laceration, dissolving injury & compartment  L0ss or delay of capillary refill and intraoperativeblanching
syndrome) (table 1). of the skin or loss of capillary refill with approximation of

wound edges suggests severe swelling ©. Fracture blisters
are classified into: (1) Clear fluid—filled blisters which are
probably not a reason to delay or alter surgical strategy and
(2) Blood-filled blisters represent a deeper injury with a
higher risk of poor healing and direct incision through them
should be avoided. In the presence of blood-filled blisters
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and or severe swelling it is necessary to wait for the re-
epithelialization of blisters and subsidence of skin swelling
to avoid the significantly higher rate of complications. The
disadvantage of delayed surgery is that a satisfactory
reduction may become extremely difficult ©*. Post-
traumatic soft tissue injuries may classify into three grades
including Tscherne criteria plus presence or absence of
swelling and blisters (table2).

Table 2: Grades of post-traumatic soft tissue injury

Ivlales = Fernales
25
20 5 3
15
10 = i3 5 !
5 2 g
1] 1

Soft tissue Presence of one or more of the following:
injury Tscherne Swelling Blisters
Grade

Grade 0 0 No No
Grade 1 Superficial [Mild: Preservation of Clear
abrasion skin wrinkles and
palpable landmarks
Grade 2 Deep, Moderate: Loss of |Hemorrhagic
contaminated | skin wrinkles & localized
abrasion with | palpable landmarks
local (wrinkle sign)
contusion
Grade 3  Extensive skin |Severe: loss or delay |Hemorrhagic
contusion or | of capillary refill, extensive
crushing or |either preoperatively
muscle or intraoperatively,
destruction | with approximation
of the wound edges

The incidence of post-operative wound complications varies
from0% 1032.8%5%°®. So the purpose of this study was
firstly, to find the incidence of post-operative wound
complications after open reduction and internal fixation, as a
treatment of closed recent intra-articular calcaneal fractures
in our series; and secondary, to identify a proper timing for
this treatment, and trying to establish a new concept of
delayed surgery for these fractures surgical treatment, in
order to decrease post-operative wound complications, and
so improving functional outcome.

Patients and methods:

All data were collected retrospectively; from our study
which conducted from February 2008 to December 2014at
orthopaedic department in our hospital; we studied 64
patients (with 72 intra-articular calcaneal fractures), all
patients were adults, 54 males and 10 females with a ratio of
5.4:1. The mean age of the patients was 35.66 years with a
range 16-60 years (figure 2). 32 patients had right sided
fracture, 24 had left sided fracture, and 8 had bilateral
fractures. Mechanism of injury mostly was falling from a
height in 50 (78.1%) cases. Looking at the occupation of the
patients, most 53 (82.8%) were blue collar workers, there
were 5 (7.8%) white collar, and 6 (9.4%) were unemployed.
The fracture classified according to Essex-Lopresti and
Sander and all fractures were of closed type. All patients
were primary; clinically and radiologically assessed. The
duration of delaying from injury till surgery ranged from 1:
19 days with a mean of 7.4 days, and can be distributed as
shown in (table 3) and (figure 3).

16-25 vears 26-35 years 36-45 years 46-55 years  Sf-more
RALS
Figure 2: Distribution of patients into age groups in
correlation with the sex in our series

Time of surgery. (Days). | No. (Patients). | %.
1t 7m 37 57.8
8M  14™ 22 34.4
15™ 21, 5 7.8
Total. 64 100
40
30
20 37
10 22
0 5
lat-Tthday. Bth-14thday.  15th-2lstday

Table (3) &Figure (3):The duration of delaying from injury
till surgery in our series.

All were treated via open anatomical reduction using
extended lateral approach. A tourniquet was used in all
cases. The fractures were rigidly internally fixed; using
plates and screws surgical wound closed witha deep
haemovac drain is placed exiting proximally in line with the
vertical limb of the incision. The tourniquet is deflated and
sterile dressings are placed, followed by a bulky Jones
dressing.

The injured limb kept elevated, an elastic compression
stocking applied, analgesia given according to the patient
tolerance to pain, and intra-venous antibiotics were
administrated for 72 hours postoperatively followed by
prophylactic oral antibiotics for one week more. The
haemovac drain removed after 48 hours post operatively. All
patients were encouraged for early mobilization started on
2" day post-operatively. The anticoagulant stopped once the
patient started mobilization out of the bed. The patient
usually discharged from the hospital after being steady
mobilized out of bed, usually on 3rd. day post-operatively.
The sutures are removed once the incision is fully sealed and
dry, typically at 2-3 weeks; the sutures should not be
removed, however, until the wound is fully healed. All cases
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were strictly followed up both clinically and radiologically
range of 4-45 months, with mean follow up period of 11.9
months.

2. Results

The criteria used to describe wound complications were as
follow; acute infection was defined by using clinical criteria
such as inflammatory signs or persistent drainage with or
without positive culture results that resolved with local care.
Beyond 2 weeks, infection was defined as a clinical situation
requiring antibiotics; wound edges necrosis and wound
dehiscence. In our series wound complications following
surgical treatment of 72 closed intra-articular calcaeal
fractures, occurred in 19 (26.4%) fractures (table 4).

Table 4: wound complications following surgical treatment
of 72 closed intra-articular calcaeal fractures.

Type of early complication No. of %
fractures
\Wound edges necrosis and wound dehiscence.| 13 18.1
Superficial infection. 6 8.3
Total. 19 26.4

¢ \Wound edges necrosis and wound dehiscence:

Occurred in 13 (18.1%) fractures; all treated by local care of
the wound and regular dressing; except 2 fractures needed
debridement and secondary closure.

o Superficial infection:

In our series this occurred in 6 (8.3%) fractures; 3 are treated
by local care, and 3 required antibiotics, one of them need
debridement and secondary closure.

Statistical analysis:

For the purpose of statistical analysis, the fractures are
divided, according to post-operative wound complications;
into complicated and uncomplicated groups, and timing of
surgery was studied in relation to this, to identify the
surgical proper timing (table5).

Statistical analysis was performed using Statistical Package
for Social Services software SPSS™ program.

Table 5: The statistical analysis of surgical timing in
relation to wound complications following surgical
treatment of closed recent intra-articular calcaneal fractures

Fractures Surgical timing

No. Range Mean
(days) | (days)

Complicated group. 19 1-12 4.84
Uncomplicated group. 53 1-19 8.38

3. Discussion

Although the surgical treatment of the calcaneal fractures
seems to improve the outcome, the wound complications
rate after surgery and internal fixation remains high. Initial
injuries of the hindfoot can cause serious damage to both
soft tissues and bone in this area with an insufficient
vascular structure. Failing to appreciate the soft tissue
condition pre-operatively will invariably complicate the
post-operative wound with; infection, dehiscence, or wound

edge necrosis. Minor complications in the soft tissues
increase the rate of major complications; therefore, delicate
handling of the soft tissues and proper timing of surgery are
very important for outcome improving®*”,

To reduce the post-operative complications in these injuries,
and improve the clinical outcome, we should meticulously
appreciate the post traumatic soft tissue injury pre-
operatively, and properly managing it on basis like the
Damage Control Orthopaedic (DCO) approach to the injured
limb, which requires fixing local metabolic disturbances,
ensuring adequate perfusion, and recovering of the soft
tissue envelop prior to the surgery. This is what is known as
a Limited Limb Damage Control Approach, which can be
applied to complex periarticular / articular injuries®

In our study; out of 72 displaced intra-articular calcaneal
fractures, it was 26.4% (19 fractures); including wound
edges necrosis and wound dehiscence in 18.1% (13
fractures), and wound superficial infection in 8.3% (6
fractures).

In comparable to other reported studies, Palarick.***’
reported seven infections in 28 fractures treated surgically
(25%). Chan et al.*® reported three infections in 31 patients
(9.6%). Zwipp et al.*» reported a wound edge necrosis rate
of 8.3% and haematoma rate of 2.5% in 157 patients. Be’zes
et al.@ reported an infection rate of 5% and skin necrosis
rate of 8% in 120 fractures. Stromsoe et al.*® recorded
superficial infection and skin necrosis in 12 of 46 fractures
(28.2%).

From The statistical analysis of surgical timingin relation to
wound complications following surgical treatment of closed
recent intra-articular calcaneal fractures (table 5); we can
find: post-operative surgical wound Complications were
decreasing with appropriate delay surgical intervention 2
until wrinkling of the skin reappears andre-epithelialization
of blisters prior to afflicting a second assault on the soft
tissue envelope. For all calcaneal fractures requiring surgical
intervention; we suggest a treatment protocol of two stage;
firstly, the leg must be elevated, close observation of distal
circulation, cold compresses, and anti-edematous
medications started on admission. This stage delayed
surgical intervention which is the second stage, allowing the
soft tissue envelope to recover and swelling to subside to a
large extent thereby promoting better integument closure
and wound healing following surgery. In our study the
appropriate delaying in surgery mean was 8.38 days post
fracture.

4. Conclusion

Despite developments in the surgical treatment of a fractured
calcaneum, wound complications following operative
fixation still remain a problem. Based on our result, it
appears that the high rates of post-operative wound
complications after open reduction and internal fixation of
closed recent calcaneal fractures may be due to attempts for
early fixation through swollen, compromised injured soft
tissues. When a staged procedure is performed with initial
restoration and stabilization of the closed injured soft tissue,
by elevation, coldfomentation, anti-edematous drugs, and
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observation, and once soft tissue swelling has significantly
diminished, and wrinkling of the skin reappears andre-
epithelialization of blisters, second stage of anatomic
reduction and internal fixation can then be performed
electively. This two-staged delayed approach offers
acceptable results for the treatment of closed recent intra-
articular calcaneal fractures. These results compare
favorably with those of early open reduction and internal
fixation for these fractures. The major advantages include;
decreased post-operative wound complications, improved
healing, reduced hospital stay and so improved functional
outcome. So, we suggested this two-staged delayed
approach, in order to reduce the post-operative wound
complications after open reduction and internal fixation of
closed recent intra-articular calcaneal fractures, and
therefore optimize the clinical outcome. Our results
highlights that; Proper timing of the surgery has been
pointed out as important for the final outcome, we suggest to
postpone surgery till the soft tissue recovered, and permitted
surgery. In our study the appropriate delaying in surgery
mean was 8.38 days post fracture; Respecting the soft tissues
in management of closed recent intra-articular calcaneal
fractures  decrease the devastating  post-operative
complications.
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