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ABSTRACT

Introduction: One of the most common foot fractures is fracture of calcaneum. It is usually caused by high energy trauma, with 75% being intra-
articular. Advances in imaging, implants, AO principles of internal fixation and the routine use of intraoperative imaging have made internal
fixation a recommended procedure in recent past. Material and methods: The study included 38 patients of intra-articular calcaneal fractures
treated operatively with ORIF with PO using the modified Kocher's approach. The patients were assessed radiologically and for functional
outcome as per AOFAS (American Orthopedic Foot and Ankle Score) score. Results: 43 fractures in 38 patients were included in our study with
mean age of 38.58 years. 56% had good and 44% had excellent results with final AOFAS score. All radiological parameters like Bohlers angle,
Gissane's angle and calcaneal width and height showed improvement following surgery, with later three having statistical significance. There was
no influence of complications following surgery over final AOFAS score. Conclusion: Surgical management of calcaneal fracture require
thorough understanding of anatomy and various radiological parameters. Careful patient selection, preoperative planning, appropriate timing for
surgery, proper approach and accurate anatomic reduction gives a good functional outcome. Sander's classification helps in surgical planning as
well as prognostication.
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INTRODUCTION

Fractures of calcaneum are the most common foot fractures. Most of
these fractures are caused by high energy trauma, 75% are intra-
articular fractures.[1] The bone consists of four facets, three superior
and one anterior. The largest facet, posterior is oval and runs distal and
lateral in the sagittal plane. It is separated from the other two facets by
the calcaneal sulcus. The sinus tarsi houses the interosseous ligament
complex between the talus and calcaneus. The middle facet and
anterior facets are fused together in approximately 20% of cases [2].
Medially, the sustentaculum tali emerges from the medial wall and is
the most stable portion of the calcaneus. The posterior half is called
tuber-calcaneus or calcaneal tuberosity. The inferior 2/3" of the
calcaneal tuberosity provides the Achilles tendon and plantaris an
insertion point. The internal structure is characterized by longitudinal
and transverse trabeculae that form a strong support and is termed as
the thalamic portion. Underneath this portion lies an area which is
devoid of bone (40%) or consists of sparse trabeculae (60%) called the
neutral triangle due to the mutual cancellation of compression and
tension forces. It is into this chamber that the primary fracture line
occurs [2,3]. Intra-articular fractures of the calcaneus occur secondary
to axial load, as the talus undergoes compression, the subtalar joint
goes into eversion and acts as a wedge at the angle of Gissane. This
produces the primary fracture line across the posterior facet and
produces postero-lateral tuberosity fragment and antero-superior
medial sustentacular fragment. [4] The most commonly used
classification currently is Essex-Lopresti and Sander's classification.
Essex-Lopresti classification system describes the tongue type and
joint depression type of fragment. The classification determines the
treatment, but not the prognosis [5,6,7,8]. Sander's classification is CT
based and classifies the fractures based on the number of fracture
fragments that are identified on CT imaging. Sander described the talus
as being divided into 3 equal columns by two lines A and B. These lines
divided the posterior articular facet into 3 potential pieces: a medial, a
central, and a lateral column. A third fracture line C, corresponding to
the medial edge of the posterior facet of the talus, separates the
posterior facet from the sustentaculum and results in a total 4 potential
pieces. The lines are named A, B, C from lateral to medial.

Type 1: All non-displaced articular fractures, regardless of the number
of fracture lines.

Type 2: 2-part fracture which is further sub divided into type IT A, II B
and I C based on the primary fracture line.

Type 3: 3-part fracture which is further sub divided into type III AB, I1I
ACandIII BC.

Type 4: 4-part or highly comminuted

Often there are more than 4 articular fracture fragments. This system
has been useful in terms of determining treatment, and was shown to
correlate well with prognosis and level of operative difficulty
[9,10,11,12].

The treatment of intra-articular fractures of calcaneus varies between
operative or conservative treatment [13]. Advances in 3D CT scan
imaging [14,15], improvements in implants, AO principles of internal
fixation and the routine use of intraoperative imaging has aided in
operative fixation. Internal fixation is routinely recommended for
displaced intra-articular calcaneal fractures. [16,17].

MATERIALSAND METHODS

The study included 43 prospective and retrospective cases of intra-
articular calcaneal fractures treated operatively at Department Of
Orthopaedics, Chettinad Hospital And Research Institute,
Kelambakkam, Chennai, Tamil Nadu. The patients were called for
follow up, assessed radiologically and for functional outcome as per
AOFAS (American Orthopedic Foot and Ankle Score). Displaced
intra-articular calcaneal fractures in patients with age between 16-65
years, excluding Open fractures or severe soft tissue compromise and
fixation with implants other than calcaneal locking plate were included
in the study. X-rays of ankle: anteroposterior, lateral, oblique and axial
view was done. CT scan with 3D reconstruction was done in all
patients with intraarticular calcaneal fractures. Before surgery, crepe
bandage was applied, affected limb was elevated. The patient was
taken up for surgery once skin wrinkling was seen and no pitting
oedema was present.

The calcaneus was approached through a modified Kocher's incision.
In most cases, a lazy L shaped incision was used, with the vertical limb
situated almost half way between fibula and Tendo Achilles, starting 4
cm above lateral malleolus (figure 1). The skin was incised vertically
up to bone avoiding undermining of the edges and a full thickness flap
was raised by detaching retinaculum, calcaneofibular ligament,
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talocalcaneal ligament. The subtalar joint capsule was opened.
Hematoma was removed and the flap was retracted by the 'no touch
technique', using three 2-mm Kirschner wires drilled into the lateral
malleolus, lateral process of talus and cuboid thus allowing adequate
visualization of calcaneum. Planning of reduction was done depending
on fracture anatomy. In joint depression type, window in lateral wall
was made. The lateral wall fragment was dis-impacted, removed and
kept inablood-soaked gauge (figure 2).

Figure 1

Figure2

The reduction of five standard fragments in joint depression type of
fracture was done by identifying the sustentacular fragment which
remains attached to the talus and does not displace using k-wires
(figure 3). Disimpaction and reduction of the articular fragments
resulted in varying degrees of void. After saline wash, the void was
filled with bone substitute materials or autogenous graft if needed
(figure 4). The lateral wall was replaced, calcaneal locking plate was
contoured for the specific individual, placed over the lateral wall
(figure 5), position was checked under fluoroscopy and fixed with
locking screws of appropriate size. It was made sure hindfoot remained
inneutral or slight valgus.
) L)

Figure 3

Figure4

Figure5

Postoperative X ray was done on day 1. Sutures was removed on 15th
post op day. Active and passive range of motion exercises was started.
Non-weight bearing crutch walking was allowed for 2 months
followed by partial weight bearing and gradually progressed to full
weight bearing by end of 3 months. Ankle, subtalar joint mobilization,
strength endurance training and gait training were done. On last follow
up, Xray was done and the results were assessed using American
Orthopaedic Foot Ankle Society (AOFAS) Score system. The patients
were classified into excellent, good, fair and poor outcome group
depending on the score.

OBSERVATIONS AND RESULTS

A total of 43 fractures in 38 patients were included in our study. Age
was between19 to 62 years, with mean age between 38.53+11.17 years.
79% patients were males and 21% were females. 47% patients had
fractures on left side, 40% on right side and 15% had bilateral
fractures. In our study maximum number of patients, that is 63% was
operated between 8 to 14 days. The mean duration between injury and
surgery was 12.46 days. About 25% of patients had associated spine
fractures. Maximum fractures were Sander's type 2 (56%) and type 3
(42%). Only 2% (1 fracture) was Sander's type 4. 67% of fractures
were joint depression type and 33 % had tongue type with joint
depression fracture or comminuted fracture. Pure tongue type of
fractures was excluded from our study.

All patients had good to excellent results. 56% had good final results
with AOFAS score between 80 to 89 and 44% had excellent results
with AOFAS score > 90. The mean total score was 88 and no patients
had fair or poor results (table 1). On sub group analysis the mean
AOFAS score of patients in Sander's type 2 was 87.83, Sander's type 3
was 88.22 and Sander's type 4 was 95 with a significant p value of
0.058.

Table 1- Distribution of patients on comparison of Sander's type
with AOFAS score

SANDER'S AOFAS AOFAS TOTAL
TYPE SCORE (80-89)| SCORE (>90)
TYPE2 15 9 24

| 1
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TYPE3 9 9 18 surgery
TYPE4 0 1 1 Complications Frequency Percentage
TOTAL 24 19 43 Nil 35 81.40
Four radiological parameters were calculated in Xrays which include Deep Infection 4 9.30
pre and post-operative Bohlers angle, Gissane's angle and calcaneal Pain 3 6.98
width and height. Mean pre operative Bohler's angle was 7.05 degrees, Implant Related 1 2.33
with majority (89%) having an angle less than 20 degree. The mean Total 43 100

postoperative Bohler's angle was 21.33 degrees, with 68% of patients
between 20 and 30 degrees (table 2). Mean preoperative Gissane's
angle was 119.16 degrees, with 37% had a preoperative angle between
121and 130 degrees and 26% between 110 and 120 degrees. Post
operatively maximum (72%) of patents had Gissane's angle between
110 and 120 degrees and mean angle was118 degrees. There was
statistically significant improvement of Gissane's angle (table 3). Pre
operatively 35% of patients had calcaneal width between 5 to 5.5 cm,
28% between 5.6 and 6 cm, 23% less than 5 cm and 14% more than 6
cm with mean preoperative calcaneal width of 5.36 cm. Post
operatively 46% of patients had calcaneal width less than Scm, 40%
between 5 and 5.5cm with mean postoperative calcaneal width of 4.99
cm. There was statistically significant reduction in calcaneal width
(table 4). Pre operatively, 49% of patients in our study had calcaneal
height between 4 to 4.5 cm, 47% had height less than 4 cm with mean
of 3.87 cm. Post operatively, maximum (65%) patients had calcaneal
height between 4 to 4.5 cm, with a mean height of 4.34 cm. There is a
statistically significant increase in calcaneal height (table 5).

Table 2 - Comparison of pre and postoperative Bohler's angle

Pre Op- Bholer's Angle Post Op- Bholer's
Angle

Category Sample |Mean+ Min- |Sample|Mean+|M in -
Size Stdev max |[Size |[Stdev |max

<20 Degrees |38 4.89+12.87|-30-19|38 21.03 H12-36
4.39

20To 30 4 20.25+0.5 |20-21 |4 23.25 +18-29

Degrees 4.57

31To40 1 36+0 36-36 |1 25+0 |25-25

Degrees

Table 3 - Comparison of variables of pre and postoperative
Gissane's angle

Pre Op- Gissane's Angle | Post Op- Gissane's Angle| P
Category Sflmple Mean+ |Min- Sz_imple Mean+ |Min- |Value
Size |Stdev |max |[Size |Stdev |max

<110 94.25+ |75- 114.38+|110-

Degrees 8 11.21 108 8 4.47 120 0.002

110To 12011 114.82+|110- |11 122.09+110- ]0.023

Degrees 3.82 120 8.57 137

121 To 130|16 1255+ |122- |16 116.31£|108- |<.000

Degrees 2.99 133 4.9 126 |5

>130 8 137.38+132- |8 119.38+(112- |0.001

Degrees 5.97 150 5.88 130

Table 4 - Comparison of pre and postoperative calcaneal width

Pre Op- Width Post Op- Width P Value

Category| Sample| Mean +| Min- | Sample |Mean=+ |Min-

(cm) Size |Stdev |max |Size Stdev  |max

<5 10 455+ 14.2- |10 435+ |4- 0.044
026 4.8 0.28 4.8

5to5.5 |15 52+ |5- 15 4.89+ |4.3- |<.0005
0.2 5.5 0.24 5.2

56t06 |12 58+ [5.6- |12 527+ |4- 0.002
0.17 |6 0.48 5.8

>6 6 627+ |6.1- |6 575+ |5- 0.027
0.19 ]6.6 0.39 6

Table S - Comparison of pre and postoperative calcaneal height

Pre Op- Height Post Op- Height P Value

Category|Sample| Mean+|Min- | Sample| Mean+ |Min-

(cm) Size |Stdev |max |Size |Stdev |max

<4 20 348+ |3- |20 4.14+ |3.5- <0005
0.3 3.9 036 4.8

4t04.5 |21 4.14+ |4- |21 444+ |3.9- <0005
0.2 4.5 028 |5

4.6t05 |2 495+ |4.7- |2 525+ |5- 0.157
035 |52 0.35 5.5

>5 1 5.5+0

Table 6 - Distribution of patients according to complications of

There was no statistical significance on comparison of functional
outcome (AOFAS score) with associated injury (p value 0.614), and
with duration between injury and surgery (p value 0.688). There was
no correlation between AOFAS scores and various radiological
parameters measured except calcaneal width.

Maximum number of patients (82%) did not have any associated
complications. 18% of patients had associated complications, out of
which 9% patients had deep infection, 7% patients had persisting pain
and 2% patient had implant related complication (table 6). There was
direct correlation on comparing duration between injury to surgery and
complications following surgery ( p value 0.021).Greater Sander's
type of fracture pattern caused increased risk of complications
following surgery.There was no influence of complications following
surgery over final AOFAS score.

DISCUSSION

Intra-articular calcaneal fractures are one of the most difficult and
complicated fractures to treat. There is still a lack of consensus on
classification, treatment, operative technique and postoperative
management in calcaneal fractures. Many attempts have been made to
develop a classification and treatment protocol but none received
universal acceptance because of complexity in using, understanding,
inability to accurately represent the fracture pattern and prognostic
outcome. In the literature, the management of calcaneal fracture varies
from doing nothing, conservative treatment, open fixation, primary
subtalar arthrodesis, delayed primary arthrodesis to calcanectomy.
Nonoperative treatment is effective for fractures that are nondisplaced
or minimally displaced (< 2 mm). ORIF is the standard therapy for
fractures that are displaced greater than 2 mm with 65% to 80% good to
excellentresults [13].

Side

In various studies the incidence of calcaneal fractures on right side
ranges from 27% to 46% and left sided fractures range from 40% to
73% [18,19]. In our study majority of the patients 47% had fracture on
left side, 40% on right side and 13% had bilateral fractures which were
closest to A.Siebe et al, who reported 46% had fracture in right side, 14
% bilateral and 40 % left side [20]. High percentage of bilateral
fractures in our study was probably due to the higher incidence of high
velocity road traffic accidents.

Injury association

Calcaneal fractures occur mostly in young individuals who undergo
high energy trauma like fall from height or road side, thus having
associated injuries. A.Siebe et al reported a total of 24% cases had
associated injury and Saurabh Jain et al reported 13% patients had
associated spine injury in his studyl,20. In our study around 56%
patients had associated injury which is higher than that described in
various studies. Out of all the associated injuries maximum (25%)
patients had associated spine injury without any neurologic deficit in
our study.

Duration between injury and surgery

While planning a patient with calcaneal fracture for surgery there are
number of factors to be taken regarding the timing of surgery. Some of
the factors include skin conditions, condition of soft tissue envelope
and associated injury. The patient is taken up for surgery only after
wrinkle sign is positive which helps to determine if the swelling and
oedema have subsided. On comparison of various studies, the mean
duration between the date of injury to the date of surgery varies
between 4.83 days to 16.2 days with range between 2 days to 25 days
[1,18,21,20,22]. In our study maximum number of patients 63% were
operated between 8 to 14 days. The mean duration between injury and
surgery was 12.46 days. The wrinkle sign appeared in most of the
patients during this time. Patients who had been operated later were
because of time taken for management of associated injuries or poor
soft tissue conditions. Surender Kumar et al reported average duration
between injury and surgery was 11 days which was closest to our
observation [23]. On comparison between duration between injury and
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surgery with postoperative complications, it was evident that greater
the duration, higher is the risk for complication (p value 0.021).

Sander's classification

Sander's classification is a CT based classification which divided
calcaneal fractures into 4 types depending on the number of fracture
lines on semi coronal and axial section of CT scan. The treatment of
choice for Sander's type 1 fractures is conservative management and
hence excluded from study. In various studies the percentage of
patients in Sander's type 2 range from 45.4% to 78%, in type 3 from
20% to 40% and type 4 from 2% to 27.2%[18,19,20]. In our study
maximum (56%) of patients were classified as Sander's type 2
fractures, 42% belonged to Sander's type 3 and 2% belonged to type 4
which closely resembles observations of Per-Henrik Agren, in his
study of 42 cases, reported type 2 in 48%, type 3 in 40% and type 4 in
12% [24]. Sander's classification is prognostic classification, which
was also proved in our study, on comparing Sander's classification with
AOFAS Score, had a statistically significant p value of 0.05, thus
inferring Sander's classification helps in prognostication. There was
also a positive correlation between Sander's type and complication
with a p value 0f<0.0005.

Graft

In our study in most of patients' graft/ graft substitutes were used. In
maximum number of patients (86%) synthetic bone graft substitute
was used. 1 packet of synthetic bone graft contains hydroxyapatite
(60%) and B tricalcium phosphate (40%) granules of diameter 2 to
3mm of 5cc was used, in 5% patients autograft from iliac crest used, in
3% patients both synthetic bone graft and autograft from iliac crest
used. In 1 patient graft from preserved femoral head was used. A.K
Singh et al reported the mean full weight-bearing time and loss of
Bohler's angle with 2 years follow up was significantly lower with
bone grafting [18]. The infection rate and mean AOFAS score was
lower in grafted cases, but this difference was not significant. Saurabh
Jain etal reported 13% cases required bone grafting [1].

Complications

Surgical treatment of calcaneal fractures with open methods still
remains a challenge to many orthopaedic surgeons because of high rate
of associated complications like wound infection, compartment
syndrome, iatrogenic neurovascular injury, peroneal tendon
impingement, heel pad pain, implant failure, maluninon and subtalar
arthritis. Various studies describe complication rate between 10.5 %
upto 23% [19,24]. Surender Kumar et al reported 20% patients had
complications [25]. These were superficial wound healing problem,
pain and implant prominence which was closest to our study in which
18% of patients had associated complications. Maximum (9%)
patients had deep infection, which were treated with antibiotics and
regular antiseptic dressing, 7% patients persisting pain and 2% patient
implant related complication. None of the patients required removal of
calcaneal plate. Vaclav Rak et al reported serious wound healing
complications in 10.5% and Saurabh Jain et al reported most common
complications reported are incision flap necrosis and superficial or
deep infection ranging from 5% to 15% similar to our study [1,21]. In
our study some of complications found with long term follow up like
sub talar osteoarthritis, malunion, sural neuritis was not present
because the mean follows up time was relatively short. There was a
significant positive correlation between surgical complications and
age of patient, duration between injury and surgery, Sander's type and
graftused.

AOFAS score

It is a functional scoring system which includes pain, functional ability
and alignment. The mean AOFAS Score was 88.16 with a range between
82 to 95 which was close to observations reported by Saurabh Jain et al,
who reported more than 96% of the patients had no or only mild
occasional pain with no limitation of daily activity, no gait abnormality
and were able to walk at least more than 200 meters with only some
difficulty on uneven surface [1]. In his study average AOFAS score at
final follow-up was 86.3 (range 66 to 97), with 86% having excellent to
good results and 2 (7.7%) and 1 (3.7%) had fair and poor results
respectively [20,21,22,24]. In our study maximum (56%) patients had
good functional score (80 to 89) and 44% have excellent functional score
(>90). On categorizing AOFAS score according to Sander's type, type 2
had 62.5% good score and 37.5% excellent score, type 3 had 50% good
score and 50 % excellent score and type 4 had 100% (n=1) excellent
score. There was significant correlation between AOFAS score and
Sander's type of fracture in our study, with p value 0f 0.058.

|

CONCLUSION

At the end of our study, we concluded that calcaneal fractures with
intra-articular displacement are difficult to treat and require thorough
understanding of anatomic features of this area. Careful patient
selection, preoperative planning, appropriate timing for surgery,
proper approach for raising full thickness flaps and accurate anatomic
reduction gives a good functional outcome. Various radiological
parameters helps to understand the accuracy of fracture reduction.
Sander's classification helps in better understanding of anatomy as
well as prognostication. Open reduction and internal fixation with
calcaneal locking plate by extended lateral approach is preferred
treatment in Sander's type 2,3 and 4 fractures of calcaneum.. Good
postoperative care and physiotherapy is must for obtaining good
functional results with an acceptable incidence of complication.
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