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ORIGINAL STUDY

Radiological predictive factors for the outcome of surgically treated
calcaneus fractures

Mario Baptista, Rui PiNTO, Jod0 TORRES

From Faculdade de Medicina da Universidade do Porto, Portugal

Calcaneus fractures are fairly common and clinically
relevant due to their poor outcome. Thus, solving the
controversy regarding treatment and outcome pre-
diction should be a target. This study intends to evalu-
ate the predictive ability of common radiologic tools
for the surgical outcome of calcaneus fractures, re-
gardless of treatment modality. 44 patients’ records,
with operated calcaneus fractures between 2008 and
2013, were retrospectively assessed and imagiology
was blindly evaluated. Patients were submitted to
percutaneous or open lateral approach. No relevant
correlations were found between the measurements
on the plain lateral radiograph and the outcome.
Fractures were also graded according to the Sanders
classification. Type 4 fractures predicted the occur-
rence of any hazard, such as skin or pain related com-
plications and need for secondary surgery (p = 0.051,
odds = 14.00 [CI =1.30-150.89]). However, it’s still
not possible to accurately target patients with high
risk of postoperative complications. Until then, fol-
low-up protocols should be maintained indiscrimi-
nately.

Keywords : calcaneus ; foo ; fracture joutcome assess-
ment ; surgery ; radiology.

INTRODUCTION

The calcaneus is the most commonly fractured
bone of the tarsi and represents 1-2% of all frac-
tures (5). It articulates with the talus through the sub-
talar joint complex, of which the posterior facet is
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the largest and, functionally, more important articu-
lar surface. By supporting the talus, the calcaneus is
of paramount importance in transmitting the body
load to the ground (12,24).

Due to the complex anatomy of the calcaneus, the
fracture pattern is highly variable and about seven-
ty-five percent of these fractures have an articular
compromise (5,72). This compromise has been asso-
ciated with a poor functional outcome (22). Calca-
neus fractures are typically produced by an axial
force, as from a fall from height or a motor vehicle
accident (5,22). Therefore, associated fractures of
nearby bones and vertebral column are often present
in these patients (6). Severe soft tissue compromise
is also commonly present, being often a cause for
delaying surgery (19).

There is controversy about open and percutane-
ous treatment of calcaneus fractures, with no con-
sensus in the literature (20). Most authors agree that
a successful anatomical reduction of the articular
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surfaceisthe mostimportantgoal toachieve (19,22,30).
The main reasons for a poor outcome after surgical
treatment are reduced joint mobility and subtalar
arthritis (22,28). The latter is the major cause for
disabling residual pain and may require a subtalar
fusion (8,18).

Imagiology plays a preponderant part both in
diagnosing and assessing the fracture pattern, there-
fore aiding the surgical approach selection (2,22).
The plain radiograph and CT scan provide informa-
tion on specific aspects of the calcaneus morpholo-
gy (23,25). It’s however controversial whether radio-
logical data may or not play a role on the outcome
prediction (17,20,25).

This study intends to evaluate the predictive abil-
ity of those radiological tools, for the surgical out-
come of calcaneus fractures, regardless of treatment
modality.

MATERIALS AND METHODS

Data was retrospectively acquired from patient’s med-
ical records. Imagiology was blindly evaluated.

All patients with a closed calcaneus fracture treated
surgically between 2008 and 2013 were included
(n =49). Exclusion criteria were : primary arthrodesis

(n =2), fracture by avulsion of the Achilles (“beak frac-
ture”) (n =2) and polytraumatized patients admitted to
an intensive care unit (n=1). For bilateral fractures
(n =5) only the foot submitted to surgery was considered
relevant for measurement and outcome evaluation. When
both calcaneus were submitted to surgery (n=2), the
foot with greater articular displacement was selected.

Information on demographics, fracture mechanism,
associated fractures and the surgical approach was
acquired. The evaluated outcomes were : presence of
skin complications (skin necrosis or soft tissue infection) ;
disabling residual pain (mainly due to posttraumatic
arthritis) ; need for a secondary surgery (subtalar arthro-
desis or hardware removal). A general dichotomous out-
come variable was encoded as the occurrence of any
hazard, which included the need for a secondary surgery
and the presence of skin or pain complications.

Radiographic measurements

All radiological data was acquired by one observer
and only the injured foot was measured. All measure-
ments were obtained 3 times and the average of the
values was calculated. The acquired measurements
were : Bohler’s angle, Gissane’s angle, tibiotalar angle
and talocalcaneal height, as described in Figure 1. All
measurements were acquired in pre-operative lateral

Fig. 1. — Measurements performed on the plain lateral radiograph: A. Bohler’s angle. B. Talocalcaneal height. C. Gissane’s angle.
D. Tibiotalar angle.
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radiographs. Bohler’s and Gissane’s angle were also
measured after surgical intervention.

The Bohler’s angle (2) was defined as the angle formed
by the highest points of the calcaneus tuberosity, the sub-
talar joint and the anterior process. The difference be-
tween the post and pre-operative value was calculated
(DifBohler).

The Gissane’s angle (/10) was defined as the angle
formed by the posterior facet and the line that goes from
the sulcus to the tip of the anterior process of the calca-
neus. The difference between the post and pre-operative
value was calculated (DifGissane).

The tibiotalar angle (25) was defined as the angle
formed by the axis of the tibia and the axis of the talus.

The talocalcaneal height (25) was defined as the dis-
tance from the plane of support (the line that goes from
the lower point of the calcaneus to the lower point of the
5" metatarsal bone base) to the upper point of the talus.

CT Classification

Sanders et all proposed a classification to evaluate the
amount and location of fractures lines in the coronal CT
scans at the level of the posterior calcaneal facet, propos-
ing different surgical approaches accordingly (23). Type 1
is an extra-articular fracture, type 2 has one fracture line,
type 3 has two fracture lines and type 4 is a highly com-
minuted fracture with three or more fracture lines. The
position of the fracture lines is evaluated using A-C let-
ters to describe its lateral to medial location. On this
study, we chose not to apply this encoding, restricting
our classification to the number of fracture lines, as de-
scribed in Figure 2. For correlations and logistic regres-
sion models, Sanders type 1 and 2 have been grouped.

The coronal CT scans were evaluated by two observ-
ers. Any discrepancy was settled by consensus.

Statistical Analysis

The statistical analysis was performed using the Sta-
tistical Package for the Social Sciences (SPSS) version
22.0 (SPSS, Chicago, IL, USA).

A descriptive statistic of all variables was performed.
To evaluate the distribution of scale variables
Kolmogorov-Smirnov test was used. Only the Time to
Discharge was not normally distributed. To correlate
categorical variables the Chi-square test was used. To
compare the means of parametric scale variables we used
Student’s Independent t-test and One-way ANOVA,
according to the number of categories. To compare the
distribution of unmatched groups with nonparametric
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Fig. 2. — Adapted Sanders classification for calcaneus fractu-
res in the coronal CT scan.

scale variables Mann-Whitney U test and Kruskal-Wallis
test were used. To measure the strength of the linear rela-
tionship between scale variables the parametric Pearson
correlation coefficient or the nonparametric Spearman
correlation coefficient was calculated. To evaluate the
statistical significance of the difference between the post
and pre-operative measurements a Paired t-test was
applied. The results of the Logistic Regression Models
are presented as Odds Ratio (odds) with a 95% confi-
dence interval (CI).

RESULTS

A total of 44 patients were included in the study.
The average age was 48 years (range 17-73 years)
and 86% were male. Female patients were older
than male, with a mean of 59 years versus 46 re-
spectively (p = 0.045). The right foot was injured in
52.3% of patients (n =23), the left foot in 36.4%
(n=16) and 11.4% of patients injured both feet
(n=15), of whom two required bilateral surgery.
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Table I. — Comparison of obtained measures with literature references

Measure Uninjured Reference | Injured Reference (25) | Preoperative measure | Postoperative measure
(min-max) (min-max)
Bohler’s angle (degrees) 25-40 (2) 16 12 (-27-38) 18 (-17-51)
Gissane’s angle (degrees) 120-145 (10 113 126 (97-161) 123 (94-156)
Tibiotalar angle (degrees) 110 (25) 103 120 (105-141) -
Talocalcaneal height (mm) 81 (25) 77 77 (64-90) -

The major mechanism of injury was a fall from
height, 89.7% (n = 35), followed by motor vehicle
accidents, 7.7% (n = 3), and 2.6% of fractures was
due to an ankle sprain (n = 1). Associated fractures
were present in 18.2% of patients (n = 8), of which
five were of nearby bones and one of the vertebral
column.

Percutaneous surgery was performed in 77.3% of
patients (n = 34) while 22.7% (n = 10) were submit-
ted to an open lateral approach. The mean time from
injury to surgical stabilization was 9 days.

Early skin related complications were present in
17.5% of patients (n=7) and disabling residual
pain was reported in 44.7% (n=17). Twelve pa-
tients were elected for a secondary surgery (31.6%).
Of those, nine were submitted to a hardware remov-
al surgery (75.0%) and three to a subtalar arthrode-
sis (25.0%). Therefore, only 39.5% of patients
(n = 15) were neither elected to a secondary surgery
nor had any of the referred complications. Regular
consultations stopped after a median of 7 months
from the day of trauma. Patients elected for a sec-
ondary surgery were submitted to it after a mean of
16 months of being treated for the first time.

The measured values of this study are presented
in Table I, along with a comparison to reference val-
ues in the literature. Bohler’s angle measured an av-
erage of 11.9° preoperatively and 17.8° postopera-
tively (p=0.030). The mean restored Bohler’s
angle was 6.1°. Gissane’s angle measured an aver-
age of 125.7° preoperatively and 123.1° postopera-
tively (p = 0.339). The mean restored of this angle
was -2.9°. The mean tibiotalar angle was 120.1°.
Talocalcaneal height measured an average of
76.5 mm.

Only the postoperative Bohler’s angle and the re-
stored amount of it correlated significantly to skin
related complications (p = 0.004, odds = 1.12 [C] =

1.02-1.22] and p=0.170, odds=1.06 [CI 1.01-
1.12] respectively). Patients with such complica-
tions had an average postoperative Bohler’s angle
of 32.0° while those who didn’t had an average of
14.6°. No other measurements correlated to skin
complications. None of the angles or distance mea-
sured presented a significant p value for predicting
disabling residual pain, need for secondary surgery
nor its type. Similarly, none of the measurements
predicted the occurrence of any hazard.

According to Sander’s classification, 7.7% of
fractures were classified as type 1, 7.7% as type 2,
23.1% as type 3 and 61.5% as type 4. This classifi-
cation did not correlate with the treatment choice.
An association between type 4 fractures and the suf-
fering of any hazard was found (p=0.051,
odds = 14.00 [CI =1.30-150.89]). No correlations
were found regarding the need for secondary sur-
gery or postoperative complications. None of the
measurements in the plain radiograph correlated to
the degree of articular displacement according to
Sanders classification.

When an analysis of the variables regarding de-
mographics, fracture specifics, associated fractures
and surgical approach was performed some interest-
ing findings were discovered. Open approaches
allowed a much higher recovery of the Bohler’s
angle when comparing to percutaneous approaches
(» =0.029), restoring a mean of 16° and 3° respec-
tively. More skin complications were reported in
patients submitted to an open surgery, 56%, than in
those submitted to a percutaneous surgery, 7%
(»p=0.003, odds=18.13 [CI=2.59-126.72]). A
correlation was also found between the delay of
surgical intervention after trauma and the presence
of disabling residual pain in follow-up. Patients
who presented this complication had waited a mean
of 6 days for surgery, while those who didn’t had
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Table II. — Variables significantly associated in logistic regression models

Variables

Odds Ratio [95% CI]

DifBohler — Skin related complication

Sanders type 4 — Any Hazzard

PostOpBohler — Skin related complication

Wait Time To Surgery — Disabling residual pain

Open surgery — Skin related complication

1.12 [1.02-1.22]

1.06 [1.01-1.12]

0.81 [0.68-0.97]
18.13 [2.59-126.72]
14.00 [1.30-150.89]

waited a mean of 10 days (p =0.011, odds =0.81
[CI =0.68-0.97)).

The significant odds ratio found in this study are
presented in Table II.

DISCUSSION

An articular compromise in calcaneus fractures is
very common and is the main cause of their poor
functional outcome. As the typical patient is an
adult man at working age, who risks never returning
to work with full capacities due to postoperative
complications, these fractures are clinically very
important (22,29). As so, it is unfortunate that contro-
versy regarding surgery criteria and methods sub-
sists.

Bohler’s and Gissane’s angles are commonly
used to diagnose and help evaluating calcaneus
fractures (10,13). However, they cannot clearly de-
lineate the location and extent of the fractures, as
articular surfaces and anatomic references may be
extremely hard to assess on the plain radiograph, es-
pecially on highly displaced fractured calcane-
us (7,25). Thus, CT scanning has then become a pop-
ular tool for assessing calcaneus fractures
patterns (25).

The correlation between measures on plain radio-
graphs and the outcome is not consensual. In this
study none of the preoperative measures was able to
predict clinical outcomes. This finding is supported
by other studies (7,17). Not only these measurements
alone provide little detail about complex fractures,
but also the impact of the articular conditions on the
outcome may be greater after the surgery than prior
to it. However, some authors have reported signifi-
cant correlations for Bohler’s angle, tibiotalar angle
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and talocalcaneal height (4,15,25). Correlations be-
tween Gissane’s angle and clinical outcomes were
never found (7,14).

Of the two postoperative angles measured in this
study, only Bohler’s angle correlated to a clinical
outcome. Higher postoperative values of this angle
predicted skin related complications on the early
follow-up, as did the amount of this angle restored
by surgery. This finding contradicts the literature,
which supports that restoration of Bohler’s angle
positively affects function and should be a goal to
achieve for the surgeon (9,16,21). We believe that in
our study this result is based on the influence of the
surgical approach on this angle. Open surgery per-
mitted greater restorations of the Bohler’s angle but
was also associated with more skin related compli-
cations. However, despite the high skin complica-
tion rate after open approaches, these complications
do not affect the long-term clinical outcome of cal-
caneal fractures (9).

Sanders classification for coronal CT scan is the
most widely used classification for calcaneus frac-
tures. However, though it was originally proposed
with predicting intention, divergent results are de-
scribed on this matter (20,23,26). Type 4 fractures
predicted the occurrence of any hazard during fol-
low-up. According to this finding, Sanders classifi-
cation may be helpful in targeting high risk patients
during follow-up. However, a moderate inter and
intra-observer variability for this classification has
been reported on several studies (7,11,26). In order to
promote this classification for a predictive purpose
a higher inter-observer agreement is necessary, as
are studies with larger samples.

The surgical window of 7-14 days post trauma is
well accepted as a mean to prevent postoperative
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skin infection (27). In our study, patients waited a
mean of 9 days to be submitted to surgery. Howev-
er, we found that the increase of this delay was a
protective factor for the presence of postoperative
residual pain (most likely due to posttraumatic ar-
thritis). We hypothesized that this surgical window
may also be relevant for allowing the regeneration
of chondrocytes in the displaced articular surfaces
and thus premature treatment might be a cause for
an elevated posttraumatic arthritis rate. The associa-
tion between cartilage necrosis and posttraumatic
joint degeneration has been speculated by Sand-
ers (23) and supported by an histologic study show-
ing chondrocyte death in biopsies of the cartilage
fragments (3). This finding should be further investi-
gated as it might impose a revision of the surgical
window conception.

The limitations of this study were : the reduced
sample size ; its retrospective design, non-comple-
mented by contacting patients to fill functional out-
comes forms ; non-evaluation of the uninjured foot ;
the measurements being acquired by only one
observer ; only skin and pain complications being
considered, not taking into account other possible
hazards.

In this study no relevant correlations between
measurements in the plain radiograph and outcome
were found. The difficulty of accurately applying
these measurements, associated with the little infor-
mation they provide, make them unlikely to predict
an outcome of any kind. Nonetheless, these mea-
surements are important interpreters of the anatomi-
cal conditions of the calcaneus. Therefore, they may
have a role to play in the improvement of the surgi-
cal techniques by detecting surgery factors for the
outcome and allowing a better understanding of
what is worth to restitute in the bone’s shape. High-
ly displaced fractures, according to the Sanders
classification, can predict a generally poorer out-
come and may be used by the surgeon for predicting
it. The usage of common tools for the prediction of
poor outcomes in calcaneus fractures is attractive
and may help targeting patients who are more likely
to develop postoperative complications. However,
the discovery of these tools is still hampered by the
lack of an inter-observer uniform fracture classifica-
tion and outcome measurement. Until then, it’s still

not possible to accurately target patients with high
risk of postoperative complications. Thus, follow-
up protocols should be maintained indiscriminately.
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