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Clinical and radiographic analysis of
calcaneal fracture surgically treated

Analises clinicas e radiologicas das fraturas de calcaneo tratadas cirurgicamente
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ABSTRACT

Objective: This study assessed clinically and radiographically patients
who underwent surgery for articular calcaneal fractures. Methods:
We evaluated 10 patients who underwent surgery at a type | trauma
center between January, 2014 and July, 2015. All surgical procedures
were performed by lateral accesses, 6 procedures used a L-shaped
extended lateral incision and 4 modified Palmer access. Fractures were
classified using the Sanders computed-tomography classification.
All patients were clinically examined based on the AOFAS score for
ankle and hindfoot and radiographically evaluated by comparison of
of Bohler and Gissane angles before and after surgery. Results: All
patients were men aged between 24-52 years old. The time between
surgery and application of questionnaires ranged between 4 and 19
months. Based on Sanders’ classification, 7 fractures were type lll,
2 were type Il and 1 was type IV. We excluded open fractures, joint
fractures type | and extra articular fractures. Patients with less than
4 months postoperatively were excluded. In addition, we did not
consider early complications of surgical treatment. Parameters of
AOFAS scale for foot and ankle were 26+11.7 for pain, 29.6+11.7 for
function and 8.6+1.0 for alignment, total mean score obtained in
this study was 64.2+21.8 points. Mean preoperative Gissane angles
was 123.3°+24.8° and Bohler angle was 12.6°+13.3¢. After surgery
the mean Gissane angle was 113.1°£5.7° and Bohler angles was
+24.0°7.6°. Conclusion: The surgical treatment of calcaneal fractures
can restore Bohler and Gissane angles and provide adequate joint
congruency of the posterior facet.
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RESUMO

Objetivo: Avaliar clinica e radiograficamente os pacientes submetidos
ao tratamento cirlurgico de fraturas articulares de calcaneo. Métodos:
Foram avaliados dez pacientes operados em centro de trauma tipo 1
entre janeiro de 2014 e julho de 2015. Todos os procedimentos ci-
rurgicos foram realizados por acessos laterais, sendo seis com inciséo
lateral em “L" estendido e quatro com acesso de Palmer modificado. As
fraturas foram classificadas pela classificacdo tomografica de Sanders.
Todos os pacientes foram analisados clinicamente com base em pon-
tuacao da American Orthopaedic Foot and Ankle Society (AOFAS) para
tornozelo e retropé, e avaliados radiograficamente por meio da com-
paracao dos angulos de Bohler e Gissane pré e pds-operatérios. Re-
sultados: Todos os pacientes eram do sexo masculino e tinham entre
24 a 52 anos. O tempo decorrido entre a cirurgia e a aplicacdo dos
questionarios variou entre 4 e 19 meses. Com base na classificacao de
Sanders, sete fraturas eram do tipo ll, duas tipo Il e uma tipo IV. Foram
excluidas as fraturas expostas, as articulares tipo | e as extra-articulares.
Foram excluidos pacientes com menos de 4 meses de pos-operatorio.
Ndo foram consideradas as complicaces precoces do tratamento
cirdrgico. Os parametros da escala AOFAS para pé e tornozelo foram
26+11,7 pontos para dor, 29,6+11,7 pontos para funcao e 8,6+1,0
pontos para alinhamento. A média da pontuacéo total obtida neste es-
tudo foi de 64,2+21,8 pontos. A média dos angulos de Gissane pré-ope-
ratério foi de 123,3°+24,8° e dos angulos de Bohler foi de 12,6°+13,3°.
Apds o tratamento cirdrgico, foi obtida média de valores do angulo
de Gissane de 113,1°+5,7° e dos angulos de Bohler de 24,0°+7,6°. Con-
clusédo: O tratamento cirdrgico das fraturas de calcaneo foi capaz res-
tabelecer os angulos de Bohler e Gissane, e de obter congruéncia arti-
cular adequada da faceta posterior.
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INTRODUCTION

Calcaneal fractures are the most common of tarsal bone
fracture. Characteristics such as not particularly dense tra-
becular structure, thin cortices, and vulnerable position in
the hindfoot make this bone susceptible to fractures.”

Although they account for 60% of all tarsal fractures,
the management of intra-articular calcaneal fractures still
represents a challenge for the orthopedic surgeon, even
with advances in imaging diagnosis and the progress of
implants for internal fixation.>® The difficulty is largely due
to the complex anatomy associated with its spongy bone
quality, with scant soft tissue coverage, and the association
with high-energy trauma.”

The three-dimensional visualization of fracture compo-
nents and their relationship to the midfoot and hindfoot
joints are essential to understand and plan appropriate
treatment. It is also important to consider that the calca-
neus is a supporting bone, with a vulnerable soft tissue
cover,”” and that the surgeon must decide on the most sui-
table time for the surgical approach in order to restore the
joint surface, causing minimal damage to soft tissue.

Surgical treatment first emerged as a successful option
following the publication of studies by Palmer, in 1948.The
results were good in 50 to 80% of the cases.®® The current
literature shows a large number of authors assessing the
results of surgical treatment,”'" while conservative treat-
ment is reserved exclusively, in most cases, for fractures
without deviation and for patients with clinical comorbidi-
ties that contraindicate the surgical procedure.

Patients with calcaneal fractures are mostly male adults
of an economically productive age, who will be obliged to
go on medical leave for a minimum period of 3 months,
which may represent a significant socioeconomic loss. The-
refore, calcaneal fractures are of marked social and econo-
mic importance, as they occur in economically active in-
dividuals who may have to depend on the public welfare
system for some time."12

The aim of this study was to perform a clinical and ra-
diographic evaluation of patients undergoing surgical
treatment of articular calcaneal fractures.

METHODS

Ten patients operated at a type | public | trauma center
in Salvador (state of Bahia) were analyzed. All patients were
operated on by the same surgeon, a foot and ankle specia-
list, between January 2014 and July 2015.

The ten surgical procedures were performed by lateral
approach; 6 procedures were performed via an extended
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“L"-shaped lateral incision”'? and the other 4 were per-
formed by modified Palmer approach.?'® The choice of
approach depended of the time elapsed between the in-
jury and the surgical procedure. No surgical procedure was
performed by modified Palmer approach, and treatment
occurred 15 days after the fracture. All the fractures were
fixed with a steel calcaneal plate and 3.5mm screws.

The fractures were classified using the Sanders CT clas-
sification.'>'¥ Posterior articular facet fracture without de-
viation, regardless of the number of fragments, is classified
as type | and fracture with severe comminution and joint
fragmentation is classified as type IV. In type Il, the joint is
fractured in two fragments and subclassified into A, B or
C, depending on the position of the main fracture line. In
type 3, there is a three-part fracture, subdivided into AB, BC
or AC, depending on the location of the two fracture lines.

Patients were clinically analyzed based on the Ameri-
can Orthopaedic Foot and Ankle Society (AOFAS) scores for
ankle and hindfoot, which takes into account three para-
meters: pain intensity, function and alignment." The re-
sults were considered excellent when the score oscillated
between 90 and 100; good when between 80 and 89; fair
when between 70 and 79; and poor when below 69.

In addition to the clinical evaluation, the patients were
also assessed radiographically by comparing the pre and
postoperative Bohler and Gissane angles obtained from la-
teral radiographs of the calcaneus.

For the descriptive analysis of the results obtained, the
quantitative variables were represented by their means
and standard deviations, when their distributions were
normal, and by medians and interquartile ranges, when
not normal. The definition of normality was made by gra-
phical analysis and Shapiro-Wilk test. The variables were re-
presented by means of frequencies and percentages. Since
the sample evaluated had a small number of patients, the
graphical representation of the operative impact on the
Bohler angle was performed by parametric estimate of
the 95% confidence interval (95% Cl). The analyses were
conducted with the IBM Statistical Package for the Social
Sciences (SPSS, Chicago, IL, USA), version 20.0 software.

All the patients were male. Ages ranged from 24 to
52 years, with an average of 38.7 years. The time elapsed
between surgery and the application of the questionnai-
res ranged from 4 to 19 months, with an average of 6.9
months. Seven of the ten fractures evaluated were classi-
fied as Sanders type lll; two were classified as type Il and
one as type IV (Table 1). The surgical approaches were the
classic open technique, with extended “L’-shaped lateral
approach, for fractures operated on more than 15 days
following injury, and minimally invasive approach, modified
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Table 1 | Characteristics of the sample

Characteristic General (n=10)

Age 38.7+9.4
Sanders Classification, n (%)
A 1(10.0)
]3] 1(10.0)
IIIAB 6 (60.0)
INIAC 1(10.0)
Y2 1(10.0)
Gissane Angle
Preoperative 123.304+24.8°
Postoperative 113.1°£5.7°
Bohler Angle
Preoperative 12.6°£13.3°
Postoperative 24.0°+7.6°
AOFAS Score (zero to 100 points)
Pain 26.0£11.7
Functional 29.6£11.7
Alignment 8.6%+1.0
Total score 64.2+21.8

All the data are presented as meanzstandard deviation, unless otherwise specified.
AOFAS: American Orthopaedic Foot and Ankle Society.

Palmer subfibular, for fractures operated on less than 15 days
following injury.

Open fractures, articular fractures classified as Sanders |,
and extra-articular fractures were excluded. Patients ope-
rated on less than 4 months previously were excluded, as
they were not bearing full weight on the operated limb.

The early complications of surgical treatment of calca-
neal fractures, such as necrosis or skin dehiscence, were
not considered as the clinical evaluation for this study oc-
curred after a minimum of 4 months following surgery. In
the sample evaluated, none of the patients presented with
impaired wound healing or osteomyelitis.

RESULTS

The parameters of the AOFAS scale for foot and ankle
were 26+11.7 points for pain, 29.6+11.7 points for function,
and 8.6+1.0 points for alignment. The mean of the total
score obtained in this study was 64.2+21.8 points (Table 1).
When evaluated separately, one patient achieved an excel-
lent result, two achieved good results and one achieved a
fair result.

The mean of the measurements of the preoperative
crucial angles of Gissane was 123.3+24.8° while that of
the Bohler angles was 12.6+13.3°. After surgical treatment,
with open reduction and internal fixation of fractures, the
mean of the Gissane angle and Bohler angle values was,

respectively, 113.1+£5.7° and 24.0+7.6° (Table 2). Of the
calcanei evaluated, 70% achieved a postoperative Bohler
angle within the range of 20° to 40°, while the other values
were 139, 14° and 17° (Figure 1).

The total score obtained on the AOFAS scale did not
show a statistically significant relationship with the com-
plexity of the initial pattern of the injury, using the Sanders
classification as a parameter of severity (Figure 2).
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Table 2 | Characteristics of the pre- and postoperative anatomi-
cal angles

Postoperative
24.0+7.6
113.1£5.7

Preoperative
12.6+13.3
123.3+£24.8

All the data are presented as meantstandard deviation.

Caracteristica
Bohler Angle
Gissane Angle

Angulagio
pré-operatdria

Angulacio
pos-operatdria

Figure 1 | Diagrammatic representation of the surgical impact on
the Bohler angle; pre- and postoperative values for each patient
with cross-hatched area, indicating a normal range for a healthy
population.
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Figure 2 | Box plot and total correlation of the American
Orthopaedic Foot and Ankle Society (AOFAS), according to
Sanders classification.
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DISCUSSION

Calcaneal fractures are serious injuries, with a high po-
tential to produce complications and varying degrees of
disability in adults in an economically active age group.
Regardless of the surgical technique, rigid internal fixation
has been the treatment of choice for deviated articular
fractures, provided that an anatomical reduction of the
joint surface is achieved.

Males predominated in this study, which is consistent
with the epidemiology presented by the international lite-
rature, with 100% of the participants evaluated by this stu-
dy being men. The average age of the patients evaluated
was 38.7 years, corresponding to an age group of econo-
mically active adult patients.

The Bohler angle, considered normal with measures
ranging from 20° to 40° is used to indicate abnormalities
of the posterior articular facet and to qualify the fracture
reduction radiographically.

In our series, most of the fractures were severe, with
only one case being classified by computer tomography
as Sanders Il and all the others as Il and IV. Regardless of
fracture severity, the surgical treatment was able to radio-
graphically improve the Bohler and Gissane angles, with
70% of the calcanei achieving a postoperative Béhler angle
within the range considered normal.

Grala et al. reported the follow-up of 23 surgically trea-
ted fractures and also used the Bohler angle as a means
of assessing the posterior articular facet. They concluded
that treatment depends on adequate preoperative plan-
ning, and that a good or excellent reduction protects pa-
tients from problems throughout functional follow-up.®
Loucks and Buckley,"” in a prospective, randomized study,
evaluated the Bohler angle and its correlation with calca-
neal fracture treatment outcomes and concluded that sur-
gical reduction improves the angle values and the patients’
function.

From a clinical and functional point of view, the main
complaint of patients was related to pain and to limita-
tion of activities of daily living, even with good results for
hindfoot alignment, showing the considerable potential
for complications of this type of fracture. These data are
consistent with the literature, which shows a high rate of
residual pain in the sinus tarsi after calcaneal fractures.1829
The mean of the total score obtained in this study was
64.2+21.8 points, with 40% of patients having excellent to
fair results. In the literature, it is possible to find a great va-
riation of results considered excellent in the evaluation by
the AOFAS scale, with rates of 42-62%.172122)
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Despite the small sample size, this study serves the pur-
pose of emphasizing that surgical treatment is a suitable
option for reestablishing the anatomical reduction of frac-
tures, according to the radiographic pattern of the Bohler
and Gissane angles. The unsatisfactory results of the func-
tional assessment can be attributed to the short follow-up
period associated with damage not assessed in this study,
such as articular cartilage injury.

CONCLUSION

The initial severity of the fracture was found to be unre-
lated to the postoperative American Orthopaedic Foot and
Ankle Society score. This fact leads us to believe that the
importance of initial fracture deviation is no greater than
that of attempting the anatomical reestablishment of the
joint surface to minimize the risks of complications.

Other factors, besides anatomical reduction, appear to
interfere with the satisfactory functional result. These in-
clude soft tissue and articular cartilage injury at the time
of trauma. Both injuries can have a negative impact on pro-
gress, with late onset complications, and have poor func-
tional results in patients.%123)

With the surgical treatment of calcaneal fractures, it
is possible to restore the Bohler and Gissane angles and
achieve adequate articular congruence of the posterior
facet. Reconstruction of the anatomy represents an im-
portant factor for minimizing complications caused by
post-traumatic degeneration of the affected joints.
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