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Abstract

Introduction: The authors present complications following surgical treatment of intra-articular calcaneus fractures, in regards
to the surgical technique employed, based on their own clinical material.

Materials and methods: The techniques analyzed included the Westhues’ technique and its modification with additional bone
stabilization by Kirschner wires and the percutaneous stabilization by Rapala. The research material covered the years from
1990 to 2012 and consists of 82 operated patients - 68 men (83%) and 14 women (17%). Analyzed calcaneus fractures were
divided using the Essex-Lopresti classification.

Results: The authors of the article indicate that the most frequently registered complications of surgical treatment of intra-ar-
ticular calcaneus fractures in early observation were thromboembolic complications and local inflammatory reactions of the
skin at the point of incision and placing the stabilizing material. During the long-term follow-up, the post-thrombotic syn-
drome and algodystrophic disorders were the most common.

Conclusions: Factors contributing to the occurrence of the complications registered were fracture morphology, fixation of
bone fragments by an excessive number of stabilizing materials and prolonged immobilization of the operated limb.

Stowa kluczowe
zlamania stawowe kosci pietowej, powiklania

Streszczenie

Wstep: Autorzy pracy prezentujg zarejestrowane w materiale wlasnym powiklania leczenia operacyjnego ztaman stawowych
kosci pietowej z wykorzystaniem réznego rodzaju materialéw zespalajacych.

Materialy i metody: Analizowanymi technikami operacyjnymi byly zespolenie Westhuesa oraz jego modyfikacja z dodatkowa
stabilizacjag odtaméw kostnych drutami Kirschnera, a takze przezskdrna stabilizacja sposobem Rapaly. Material badan obe-
jmuje lata od 1990 do 2012 roku, a stanowi go 82 operowanych, w tym 68 mezczyzn (83%) i 14 kobiet (17%). Analizowane
zlamania kosci pietowej klasyﬁkowano w oparciu 0 podzial Essex-Lopresti.

Wyniki: Autorzy pracy zwracaja uwagg, ze najczeSciej rejestrowanymi powiklaniami leczenia operacyjnego ztamaf stawowych
kosci pigtowej w obserwacji wczesnej sa powiktania zakrzepowo-zatorowe oraz miejscowy odczyn zapalny skéry w miejscu
wprowadzenia do ko$ci materiatu zespalajgcego, a w obserwacji odleglej zesp6t pozakrzepowy i zaburzenia algodystroficzne.
Whioski: Czynnikami sprzyjajacymi wystepowaniu tych powiklan jest morfologia samego ztamania, zespolenie odtaméw kost-
nych nadmierng liczbg elementéw materiatu zespalajacego oraz dlugotrwate unieruchomienie koficzyny operowane;j.

The individual division on this paper was as follows: a — research work project; B — data collection; C — statistical analysis; D — data interpretation; E — manu-
script compilation; F — publication search
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INTRODUCTION

Traumatic injuries to the feet are
one of the most frequently recorded
in everyday clinical practice. These
include fractures of the calcaneus
which, according to Eastwood and
Atkinas' and Lim and Leung? and
others, account for 60-65% of all
tarsal bone fractures, and about 2%
of all traumatic damage to the loco-
motor system. Fractures are primar-
ily the result of sudden axial impact
of high-energy traumatic forces on
the hind-foot characteristic, among
others, for traffic accidents or falls
from heights. This state is recorded
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primarily in men between the age
of 30 and 60°** The complex mor-
phology of intra-articular calcaneal
fractures results from, inter alia,
placement of the foot at the moment
of action of the trauma forces, the
biological value of bone tissue and
is dependent on a number of differ-
ent kinds of systemic changes char-
acteristic for the age of the victims,
blood flow disorders, individual
susceptibility or the use of medicine
or drugs. The radiographic image
of these fractures is dominated by
extensive damage to the articular
surface of the subtalar joint and
the talocalcaneonavicular joint with
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changes in the value of the Béhler
angle, the Gissen angle or path of
the Mc Laughlin line’® (Figure 1).
For the diagnosis of intra-articular
fractures of the calcaneus, a number
of methods are used, including, in
particular, radiographs taken from
the lateral and axial projection’,
CT>'" or MRI". In the imaging of
the described fractures, the method
of volumetric transformations is also
frequently used'? (Figure 2).

Treatment of calcaneus intra-ar-

ticular fractures is a real challenge
for many reasons, and the currently
preferred surgical treatment is not al-
ways perceived as successful'316,

a

Figure 1

X-rays of the calcaneus from lateral view with indicated a) Bohler’s angle b) Gisseane’s angle ¢) McLaughlin’s line

Figure 2

3D imaging of a crush-type fracture of the left calcaneus using the method of

volumetric transformations — medial view

STUDY AIM

The aim of this study was to deter-
mine the most common complica-
tions due to surgical treatment of
intra-articular calcaneus fractures,
including answering the following
questions:

1. What are the most frequently re-
corded complications of intra-ar-
ticular calcaneal fractures depend-
ing on their morphology and the
method used for fixation of bone
fragments in the early and long-
term follow-up periods?

2. Which of the intra-articular cal-
caneal fractures, treated surgically
using the analyzed methods, are at
risk of the occurrence of certain
complications both in early and
long-term follow-up periods?

3. What are the factors conducive
to the occurrence of the analyzed
complications due to surgical
treatment of intra-articular calca-
neal fractures?
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STUDY MATERIAL

The aim of the study was formulated
on the basis of the material coming
from the Department of Trauma
and Orthopaedic Surgery, 5* Mili-
tary Clinical Hospital with Polyclin-
ic - Independent Public Health Care
Centre in Krakow (§WSK), covering
the period 1990-2012. The division
of the research material was carried
out based on the criteria of the gen-
der of the surgical patients, their age,
type of sustained fractures using the
Essex-Lopresti classification'’, the
method of fixation of bone frag-
ments and registered complications.
82 participants operated on due to
inter-articular calcaneal fractures
were selected for the study, includ-
ing 68 men, representing 83% of all
subjects, and 14 women, or 17%.
The age of the enrolled subjects on

ing the Essex-Lopresti'’ classification
in the evaluation of the analyzed
fractures, men were diagnosed with
tongue-type fractures in 26 of the
subjects, that is 31.7%, and crush-
type fractures in 42, which is 51.3%.
In women, however, tongue-type
fractures were diagnosed in 3 sub-
jects, i.e. 3.6% and crush fractures
in 11, which is 13.4%. Therefore,
the total of 29 tongue-type fractures
were diagnosed in the operated pa-
tients, thus 35.3%, and crush-type
fractures in 53 of them, representing
64.7%. The reasons for the occur-
rence of the analyzed fractures are
shown in Table 1.

In total, falls from a height of less
than 2 meters were the cause of frac-
tures in 19 of the studied victims,
which accounts for 23.1%, a fall from
a height of over 2 meters in 39 of
them, or 47.7%, traffic accidents — in

Table 1
Causes of analyzed calcaneal fractures.
Sex

Causes of fractures Males Females

No. % No. %
Fall from height <2 m 12 14.6 7 8.5
Fall from height > 2 m 37 45.3 2 24
Traffic accident 11 13.4 5 6.1
Parachute jump 8 9.7
Total 68 83 14 17

m - meter

the date of surgery ranged from 34
to 67 years and averaged 48 years,
including men aged 34 to 53, with
an average of 41 years, and women
from 61 to 67, which gives an aver-
age of 64 years.

In men right-side fractures of the
calcaneus were diagnosed in 47 sub-
jects, thus 57.4%, and the left cal-
caneus in the remaining 21 subjects,
or 25.6%. Among women, right
calcaneus fractures were diagnosed
in 8 subjects, which accounts for
9.7%, and the left calcaneus in the
remaining 6, which equals 7.3%. In
total, right calcaneus fractures were
diagnosed in 55 of the subjects, i.e.
67.1%, and the left calcaneus frac-
tures in the remaining 27 partici-
pants, accounting for 32.9%. Assum-

16 operated patients, or 19.5%, para-
chute jumps - 8, which is 9.7%.

In the treatment of tongue-type
fractures, surgical treatment based
on the fixation of the bone fragments
was applied using the Westhues
method or the Westhues method
with additional stabilization of bone
fragments with Kirschner wires. The
Westhues method was applied in 19
men, accounting for 23.2%, and the
Westhues method along with addi-
tional stabilization using Kirschner
wires in 7 of them, namely, 8.6%. In
this group, thus in men, the surgical
treatment of crush-type fractures
included the Westhues method with
additional stabilization of the bone
fragments with Kirschner wires in 27
of the subjects, that is 32.9%, and the
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method of percutaneous fixation of
bone fragments with Kirschner wires
using Rapala’s method in 15 subjects,
giving 18.3%. In women, however,
in the treatment of tongue-type frac-
tures, the Westhues method enriched
with Kirschner wires was used in 3
subjects, i.e. 3.6%. In the treatment
of crush fractures for 4 of the pa-
tients, or 4.8%, the Westhues method
using Kirschner wires was used, and
Rapala’s method - in the remaining
7, thus 8.5%.

All participants included in the
study were operated on after 2-6
days following the fracture. The sur-
gery was performed under spinal or
epidural anesthesia. In patients who
underwent fixation of bone frag-
ments using the Westhues method,
the operated limb was immobilized
in a short leg cast for a period of 6
to 8 weeks. At that time, preven-
tion of thromboembolism using low
molecular heparin and antibacterial
prophylaxis in accordance with ap-
plicable principles and guidelines
(Zinacef, Biodacyna, Tarcefandol)
was implemented. Steinmann nails
and Kirschner wires were removed
from the operated calcaneal bone on
the day of removing the cast. In some
of the operated patients, after the
removal of the cast, an empty-heel
cast was put on for another 2 weeks.
Physiotherapy treatment of the oper-
ated limb began 1-2 weeks after the
removal of the bonding material and
included a magnetic field, hydro-air
massage therapy, local cryotherapy as
well as passive and active exercises to
improve the foot joints range of mo-
tion. For this purpose, among others,
the Artromot CPM device (Continu-
ous Passive Motion method) has been
used since 1998. Attempts at gradual
progressive weight-bearing were tak-
en between 10 to 12 weeks after the
day of surgery.

STUDY METHODS

The research method is based on the
observation of clinical registrations
of complications in the perioperative
period up to 3 months from the date
of performing the surgery, which was
adopted as the early observation pe-
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riod and up to 6 months after treat-
ment, which was established as the
long-term follow-up period.

The obtained results were sub-
jected to statistical analysis, which
was performed using the Statistica
10 PL (StatSoft) statistical software.
Data presentation includes elements
of descriptive statistics (percentage
distribution, mean value). The type
of data distribution was assessed us-
ing the Shapiro-Wilk test. In the case
of normal distribution of variables,
the t-test was used to compare the
groups, and in the absence of normal
distribution — the U Mann-Whitney
test. Similarly, to evaluate the cor-
relation between the variables, Pear-
son’s r correlation coefficient was
used. The statistically significant level
was assumed as p<0.05.

RESULTS

The results obtained during the
early period of observation

In men after surgical treatment of
tongue-type intra-articular fractures
of the calcaneus using the Westhues
method of fixation complications in
the form of deep vein thrombosis
(DVT), local inflammatory reaction
in the entry area of the Steinmann
nails from the side of the calcaneal
tuberosity and its destabilization
were reported. Below knee DVT of
the operated limb was diagnosed
in 2 patients operated on using this
method, which is 3%, local inflam-
mation of the skin in area of Stein-
mann nail entry from the side of the
calcaneal tuberosity was diagnosed
in 4 of them, that is 5.9%, and the
destabilization of anastomosis - in 1,
which gives 1.4%. In total, in men
operated on using the Westhues
method during the early follow-up
period, complications were observed
in 7 patients, i.e. in 10.3% of patients
operated on this way. In the early ob-
servation period, in the men operat-
ed on the Westhues method in com-
bination with further stabilization
of bone fragments using Kirschner
wires, below knee deep vein throm-
bosis was recorded in 3 subjects, i.e.
4.4%, and local inflammation at the
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point of entry of Steinmann nails also
in 3 subjects, thus 4.4%. Altogether,
given this method of intra-articu-
lar calcaneal fractures treatment in
males in the early follow-up period,
complications were diagnosed in 6 of
them, which gives 8.8%. In the same
period of observation in men who
were treated surgically for crush cal-
caneus fractures using the Westhues
method with additional stabilization
of bone fragments with Kierschner
wires, below knee deep vein throm-
bosis was recorded in 2 cases, which
gives 39, and local inflammation of
the skin at the point of entry of the
fixation material occurred in 4 pa-
tients, i.e. 5.9%. Application of the
Rapala method in this group of pa-
tients resulted in below knee DVA of
the operated limb in 3 men, or 4.4%,
and in 5 of them, or 7.3% - a local
inflammatory reaction of the skin at
the point of entry of the fixation ma-
terial. In total, in the early period of
observation, complications were not-
ed in 12 cases, accounting for 20.6%
in the men who underwent surgery
for crush calcaneus fractures.

In total, males surgically treated
using the above mentioned methods,
in the early follow-up period, were
diagnosed with the discussed com-
plications in 27 cases, accounting for
39.7% of all men and 32.9% of the
study group; including vein throm-
bosis observed in 10 patients, 14.8%),
and local inflammatory complica-
tions - 16 cases, which gives 23.5%
and in 1 subject, destabilization of
the fixation, which is 1.49%.

In men during the early follow-up
period, below knee deep vein throm-
bosis of the surgically treated limb
coexisted with local inflammatory
reaction of the skin in 7 patients, i.e
10.3%. In this group, 4 men with
crush fractures were treated using
the Westhues method in combination
with further fixation of the bone frag-
ments using Kirschner wires, which
is 5.9%, the next 2 were treated for
crush fractures using the Rapala meth-
od, giving 3%, and 1 man was treat-
ed for tongue-type fractures with the
Westhues method, totaling 1.49%.

In men in the early period of ob-
servation, there were no statistically
significant differences between the
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incidence of postoperative complica-
tions, depending on the type of frac-
ture and method used for fixation of
the bone fragments (p>0.05).

In women surgically treated for
tongue-type fractures using the Wes-
thues method combined with further
fixation of bone fragments using
Kirschner wires, deep vein throm-
bosis of the operated limb was diag-
nosed in 2 cases, i.e. in 14.3% of the
study participants during the early
follow-up period. In women treated
surgically for crush fractures with
the Westhues method in combination
with further fixation of bone frag-
ments using Kirschner wires, deep
vein thrombosis of the operated limb
was diagnosed in 2 study participants
as well, which also equals 14.3%,
and in the same group (crush-type)
treated using Rapala’s method, 3
patients were diagnosed with DVA,
which gives 21.4%, and local inflam-
mation of the skin in the place of fix-
ation material entry in 4, thus 28.6%.
Below knee deep vein thrombosis
of the operated limb coexisted with
local inflammatory reactions of the
skin in the place of entry of Kirsch-
ner wires bundle in 6 of the operated
women, which is 42.8%, including 4
patients, or 28.6% treated for crush
fractures using the Westhues meth-
od along with further fixation of
the bone fragments using Kirschner
wires and in 2, or in 14.3%, treated
for the same reason using the Rapala
method.

In the group of women in the early
period of observation, there were no
statistically significant differences be-
tween the incidence of postoperative
complications depending on the type
of fracture or method of bone frag-
ment fixation (p>0.05).

In the early follow-up period, there
were no statistically significant differ-
ences between the incidence of types
of postoperative complications be-
tween men and women (p>0.05).

The results obtained during
the long-term follow-up period

Men operated on due to intra-artic-
ular fractures of the calcaneus in the
follow-up period were diagnosed
with complications in the form of
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post-thrombotic syndrome of shin in
the operated limb, local skin necrosis
at the point of fixation material entry,
which developed on the basis of earli-
er inflammatory changes and Sudeck
syndrome.

In men, during the long-term ob-
servation period, post-thrombotic
syndrome of the operated limb was
diagnosed in 3 subjects, i.e. 4.4%, in
1 subject (which gives 1.4%), co-ex-
isting local skin necrosis at the point
of entry of Steinmann nails devel-
oped on the basis of pre-existing in-
flammatory conditions. The patient
was operated on because of a crush
fracture using the Westhues method
and additional stabilization of bone
fragments with Kirschner wires.

Sudeck syndrome was diagnosed
in 2 men in the long-term follow-up
period, thus 3%, who were operated
on because of the crush fractures, in-
cluding 1 using the Westhues method
with additional stabilization of bone
fragments using Kirschner wires and
in 1, surgically treated using the Ra-
pala method.

In the long-term observation pe-
riod, in 2 women (i.e. 14.3% of
the analyzed cases) after surgical
treatment of tongue-type fractures
using the Westhues method in com-
bination with further stabilization
of bone fragments using Kirschner
wires, below knee deep vein throm-
bosis of the operated limb was not-
ed. In women treated surgically for
crush fractures using the Westhues
method in combination with ad-
ditional stabilization of bone frag-
ments using Kirschner wires, 1 case
was diagnosed with below knee
deep vein thrombosis of the operat-
ed limb, which gives 7.1%, whereas
in subjects treated using the Rapala
method in the same group of frac-
tures (crush) 2 such cases were noted,
giving 14.3%. During the long-term
follow-up of the studied women, Su-
deck sydrome was noted in 2 cases,
i.e. 14.3% of patients treated be-
cause of tongue-type fractures using
the Westhues method with further
stabilization of bone fragments via
Kirschner wires. Inflammatory com-
plications were not noted during the
follow-up period in the examined
group of women.

DISCUSSION

Intra-articular fractures of the calca-
neus are the subject of constant inter-
est in the environment of traumatol-
ogists, as a special group of traumatic
damage to the musculoskeletal sys-
tem, the treatment of which is bur-
dened with significant complication
and failure rates'". This state of
affairs is influenced by many factors
perceived both in the early and long-
term follow-up periods. With certain-
ty, they include morphology of the
fracture, particularly comminuted
and crush fractures, sparse coverage
of the lateral and medial surface of
the heel by skin, which promotes the
generation of necrosis and inflamma-
tory reactions®, prolonged immobili-
zation of a limb after surgery or dur-
ing non-operative treatment?*22,

The proposed methods of surgical
treatment of calcaneus intra-articu-
lar fractures are associated with var-
ying degrees of skin damage to the
heel, and thus - with the possibility
of creating complications in the form
of necrosis or local inflammatory re-
actions at the point of entry of the
fixation material to the bone or in the
surgical wound. This is undoubtedly
the lateral access to the calcaneus
with the fixation of the bone frag-
ments using various types of plates’?,
but also minimally invasive fixation
or transdermal fixation?*?¢, which
include, inter alia, fixation using
the Westhues® and Rapala® methods.
According to Zwippa et al.”’, super-
ficial necrosis of the surgical wound
is present in 8% of patients treated
surgically because of calcaneus in-
tra-articular fractures, and surgical
wound infections - in 1.2% of them.
The data presented by Makki et al.?®
indicate that complications due to
surgical treatment of calcaneus in-
tra-articular fractures using lateral
approach are found in 10.6% of cas-
es. Similar data can be found in the
publication by Zeman et al.’® who
reported various types of complica-
tions following surgical treatment
of calcaneus intra-articular fractures
during the early period of observa-
tion in 20.7% of patients, including
necrosis of the surgical wound in
6.9% of them, while Zhang®” ob-

eISSN 1896-3250  ISSN 1427-9622

served delayed surgical wound heal-
ing because of inflammation in 8.1%
of studied patients.

These data do not substantially dif-
fer from the data noted in our own
study. However, they draw attention
to the occurrence of thromboembol-
ic surgical complications in the early
period of observation, which in some
cases, resulted in postthrombotic
syndrome during the long-term fol-
low-up period and to the need for
further vascular treatment. Long-
term observation also showed bone
demineralization including Sudeck
syndrome, the cause of which can be
seen in long-term immobilization of
the operated limbs. The occurrence
of cold and blue skin in these patients,
accompanied by pain especially in
the hindfoot, were of algodystrophic
nature®. Apprehension towards dest-
abilization of the fixation especially
in comminuted and crush fractures
results in the conviction of the es-
sential long-term immobilization of
a limb, which not only increases the
risk of bone tissue demineralization,
but also leads to thromboembolic
changes and impaired bone healing
due to reduced blood flow. Based on
the analysis of our own material, we
are inclined to opt for the position
that complications - inflammatory,
thromboembolic and necrosis of soft
tissue, after surgical treatment of cal-
caneus intra-articular fractures - are
conducive to the nature of the fixa-
tion material, both in terms of quan-
tity and quality. In other words - the
more material is used for fracture
fixation, the greater the risk of these
complications.

CONCLUSIONS

1. The most frequently recorded
complications of surgical treat-
ment of calcaneus intra-articular
fractures occurring in the early
follow-up period are thromboem-
bolic complications and local in-
flammatory reactions of the skin at
the point of entry of bone fixation
materials. During the follow-up
observation, however, postthrom-
botic syndrome and algodystro-
phic disorders can be noted.
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2. The most susceptible to the oc-

3.

currence of complications due to
surgical treatment of calcaneus
intra-articular fractures are crush-
type fractures according to the Es-
sex-Lopresti classification.

Factors favoring the occurrence
of complications due to surgical
treatment of intra-articular frac-
tures of the calcaneus include the
morphology of the fracture itself,
fixation of bone fragments with an
excessive number of fixation ele-
ments and long-term immobiliza-
tion of the operated limb.

Conflict of interest: none
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