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Abstract

Introduction The therapeutic management of calcaneal fractures is currently a major source of controversy in the literature.
There is no consensus on the need to treat these injuries conservatively or surgically, nor on the criteria for deciding one
option or the other. Although the gold standard has classically been the open approach and osteosynthesis, there are currently
minimally invasive techniques that also report good results. Our objective is to present our results and experience with the
MBA® Orthofix external fixator in a series of cases of calcaneal fractures.

Methods We performed a retrospective observational study in our center, between the years 2019 and 2021, of Sanders types
II-1V calcaneal fractures operated with MBA® Orthofix external fixator. We recorded a total of 38 patients, 42 fractures.
We registered demographic information, intraoperative, postoperative, radiological and functional parameters, using the
American Orthopedic Foot and Ankle Society (AOFAS), Manchester-Oxford Foot Questionnaire (MOXFQ), EQ-5D and
VAS scales.

Results A total of 26 men and 12 women were included, and the median age was 38 years. Mean follow-up was 24,4 months
(6, 840, 1). The average time to surgery was 7 days and partial loading was started at 2.5 weeks after external fixation, which
was removed at 9.2 weeks. The average Bohler angle correction was 7, 4°, Gissane — 12,2°, length 2 mm and calcaneal width
was reduced by 5 mm. We recorded two superficial infections, one peroneal entrapment and three subtalar arthrodesis due
to post-traumatic osteoarthritis. The AOFAS obtained was 79.1 +/—15.7 points, MOXFQ 20.1 +/—16.1 points, EQ-5D
0.84+/—0.2 and VAS 3.3+/-1.9.

Conclusion The external fixator is an excellent surgical alternative for complex articular fractures of the calcaneus, obtain-
ing clinical and radiological results comparable to other osteosynthesis techniques and significantly reducing soft tissue
complications.
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Introduction

Calcaneal fractures account for a low percentage of all
fractures in the body, representing approximately 2% of
them. Nevertheless, it is the most frequently fractured tar-
sal bone and up to 75% of these fractures are intra-articular
[1-14].

These injuries usually occur due to high energy trauma
[15]. The wide morbidity of this injury and the large num-
ber of long-term sequelae it may involve is well known, in
some cases described to be similar to myocardial infarc-
tion or chronic kidney disease [2, 7, 15-17]. Many patients
who suffer these injuries are not able to return to their
previous activity. They may as well report complications
such as chronic pain and difficulty in walking, among oth-
ers, and may even require surgery for their sequelae [18].

However, up to date, treatment for calcaneal fractures
remains controversial despite its continuous analysis for
more than two decades [2, 4-6, 8-10, 12, 13, 20, 21].

There are meta-analyses [5, 12], which found no sig-
nificant functional differences between conservative and
surgical treatment. However, other studies recommend sur-
gical treatment in order to obtain better results and earlier
return to work, as well as a lower rate of post-traumatic
osteoarthritis [1, 4, 6, 7, 18]. The initial purpose of the
surgery was to reestablish the articular surface of the sub-
talar joint [22]. Some studies, however, already consider
that the objective should be to reestablish the height and
width of the calcaneus, restoring its three-dimensional
morphology, and to perform premature mobilization and
loading [1, 16, 22].

There is also no consensus as to which of the differ-
ent surgical treatment options is most effective. There is a
wide range of possibilities, which goes from open reduc-
tion with an extended lateral approach, to mini-open and
minimally invasive techniques, such as the tarsal sinus
approach, percutaneous techniques and even external fixa-
tion [17, 23]. None of them is free of complications, such
as material intolerance, wound dehiscence and infections,
etc., which in some series amounts to 25% [1, 10, 16—18,
24]. Open reduction and internal fixation are still consid-
ered to be the gold standard [1, 4, 6, 12, 15, 16, 23, 24],
although recently there has been an increase in minimally
invasive techniques [1, 7, 10, 15-18, 21, 23].

Our objective with this review is to analyze and pre-
sent our experience with the synthesis of displaced intra-
articular calcaneal fractures using the Orthofix external
fixation device (MBA®) and to carry out a brief review of
the literature on this injury and its treatment options today.
We seek to expose a surgical therapeutic alternative that
could obtain as good results as open surgeries, minimizing
its complications, and serve as a basis for further studies.
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Materials and methods

We conducted a retrospective observational and descriptive
study at our center in Madrid, between the years 2019 and
2021. We obtained a total of 38 patients, with 42 calcaneal
fractures, classified according to the Sanders classification,
and surgically intervened using the Orthofix MBA® external
fixation device. All surgeries were performed by members
of the Complex Trauma Unit of our hospital.
The following data were analyzed for these patients:

1. Demographic data:

a. Age
b. Sex

c. Laterality
d. Fracture classification according to Sanders

2. Parameters related to the surgery performed:

a. Average time to surgery
b. Closed reduction or association with mini-open
c. Filling or not with graft

3. Postoperative protocol:
a. Time to weight bearing
b. Time until external fixator removal
4. Radiographic measurements:
a. Bohler and Gissane angles preoperatively and at the
end of follow-up.

5. Average calcaneal length and width correction.
Complications at follow-up.
7. Functional results:

o

a. Return to work
b. Return to sports
c. Functional scales:

i. American Orthopedic Foot and Ankle
Society (AOFAS): Validated scale that
takes into account pain, function and limb
alignment, with 100 being the best pos-
sible outcome and O the worst possible
outcome.

ii. Manchester-Oxford Foot Questionnaire
(MOXFQ): Validated questionnaire to
assess the outcome of foot and ankle sur-
geries by means of 16 items, divided into
three domains, which analyze problems
in walking or standing, pain and social in-
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teraction. O is the best possible outcome,
while 100 is the worst possible outcome.

iii. jEQ-5D: This is not a foot and ankle spe-
cific scale, but analyzes self-perceived
health status in 5 dimensions (mobility,
self-care, usual activities, pain/discom-
fort and anxiety/depression). The average
self-perceived value in Spain, according
to a national health survey in the years
2011/12 was 0.914 (SD 0.15).

d. Pain scales: Visual Analogical Scale (VAS).
e. Patient’s personal satisfaction with the surgery

Details of the implant

The Orthofix Calcaneal Fixator (MBA®) is a device designed
to restore calcaneal height and width and to reduce the artic-
ular surface in a minimally invasive manner.

It comprises two arms, connected by a central clamp. The
fixed rail is in an anteroposterior plane, parallel to the lon-
gitudinal axis of the foot, with two pin holes at the anterior
end and two at the posterior end. It allows to restore the
length of the calcaneus (it can slide up to 35 mm). It also has
an articulated arm (more than 100° of mobility), to find the
best position according to the posterior facet with another
rail, with two pin holes for the subtalar surface. This arm
allows us to recover the lost height (it allows distraction up
to 15 mm). All pinholes allow 35° of angulation. The pins
are self-drilling and self-tapping, with a 4 mm diameter.
They come in two lengths, 70 and 90 mm.

Reduction can be supplemented with percutaneous Kw
and even minimally invasive approaches, if necessary.

This device is especially useful when there is poor soft
tissue condition. The design is universal for both left and
right foot. It comes in complete and sterile kits.

Surgical technique

All patients were operated under intradural anesthesia, by
the same team of the Trauma Unit of our center.

We perform this procedure in lateral decubitus, with the
patient lying on the healthy side, exposing the lateral side
of the calcaneus. The C-arm fluoroscopy device enters from
on-side the patient, and the surgeon is positioned at the feet.

At first, with a lateral fluoroscopy, we assess the correct
position of the articulated arm under the subtalar surface.
When appropriate, it is fixed with a first pin. We repeat
the process with the most posterior pin, for the posterior
apophysis of the calcaneus. The most anterior pin can be
located on either the anterior tuberosity of the calcaneus
or on the cuboid. The correct position is confirmed with an

axial projection. If correct, the second pin is placed in each
of these positions (subtalar, anterior and posterior).

After locking the pins to the fixator, height (hinged arm)
and length (fixed arm) are restored using a hex wrench,
on the rials that provide distraction. Most of the time, this
indirect reduction is usually sufficient to restore the three-
dimensional configuration of the calcaneus. The reduction
can be assisted by a percutaneous Kw, using it as a joystick,
if necessary.

If the reduction is not satisfactory, the fixator is removed,
keeping the pins in place, and a minimal sinus tarsi approach
is performed to lift the articular surface with a periosteal
elevator. In cases where this maneuver left a large residual
defect, it was filled with bone graft, available in the tissue
bank of our center. Subsequently, the external fixator is repo-
sitioned and fixed.

Postoperative treatment

Three doses of antibiotics were administered, according
to our center protocol. Patients were admitted for 24 h in
most cases, prolonged up to 48 h if there was poor analgesic
control.

Antithrombotic prophylaxis with low-molecular-weight
heparin was maintained during the time the patients
remained without weight-bearing. Patients were authorized
to perform crutch-assisted partial weight bearing from the
second-third week after surgery.

The external fixator was removed after the ninth week, as
an ambulatory procedure.

Results

During the aforementioned study period, 38 patients were
identified in our center, a total of 42 fractures, who under-
went surgery using the Orthofix MBA® external fixator. Of
these, 26 were men versus 12 women, and the median age
was 38 years (30.8-52). Mean follow-up was 24,4 months
(6,8-40,1).

According to the Sanders classification, based on com-
puted tomography, 12 cases (29%) were Sanders type 11, 18
cases (43%) were Sanders type III and 12 cases (29%) were
Sanders type IV.

The average time to surgical intervention was 7 days
(2—-12). While all surgeries consisted of external fixation,
on the lateral side of the calcaneus, 29 cases (69%) were
reduced indirectly while 13 cases (31%) required a mini-
open to the tarsal sinus and reduction assisted with a perios-
totome. Four of the latter cases also required bone grafting.

Postoperative follow-up was performed by the same sur-
geons of the Complex Trauma Unit. The average time to
initiate partial weight bearing was 2.5 weeks. Partial weight
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bearing consisted of bilateral crutch assistance. The aver-
age time to removal of the external fixator was 9.2 weeks.
Three radiographs from a patient who sustained this injury
are provided in Fig. 1.

Radiographically, the average preoperative Bohler angle
was 8.4° (—3.2°-14.7°) compared to 15.8° (10.5-20°)
at the end of follow-up, an average improvement of 7,4°
(0.6°-27.7°). As for the Gissane angle, the average preopera-
tive value was 127° (108-131.4°), with a value at the end of
follow-up of 114.8° (107°-123.8°), which means, an aver-
age correction of 12, 2° (5,3°-14.3°). At the end of follow-
up, the calcaneal length gained with treatment was 2 mm
(1-4.3 mm) and the width was reduced 5 mm (2-9 mm). A

Fig. 1 Radiographic evolution of one the patients included in this
paper. It was a 42-year-old male, who suffered the fracture after a fall
while recreational climbing. No other injuries were associated. Soft
tissues were compromised around the fracture a Initial lateral X-ray
on arrival at the emergency department. Calcaneus fracture can be
observed b Lateral X-ray during follow-up (7th week), with external
fixation device. ¢ Lateral X-ray during follow-up, on loading, after
removal of the fixator
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Fig.2 Bohler angle correction per case, showing pre-surgery and
post-surgery values

graphic summary of the Bohler and Gissane angle correc-
tions can be seen in Figs. 2 and 3.

At the end of follow-up, there were two cases of super-
ficial pin infection (representing 4.76%), which required
antibiotic treatment without added gestures, until external
fixator removal; we registered one peroneal entrapment,
which improved after removal of the external fixator, with-
out further procedures; and three cases of subtalar osteoar-
thritis requiring arthrodesis (7.9%). All of them had suffered
initially a Sanders IV type calcaneal fracture. These patients
showed the worst results in in the different functional scales.

At the end of follow-up, 33 patients (87%) were able to
resume their pre-injury work activity. Of the total number
of patients, 21 were involved in sports on a regular basis
before the fracture and of these, 15 (71% of the total number
of sportsmen) were able to totally or partially resume this
activity.

If we expose the results obtained in the different func-
tional scales, the average AOFAS score was 79.1+/—15.7
points; in the MOXFQ, an average value of 20.1+/—16.1
points was obtained; our patients presented an EQ-ED index
of 0.84 +/—0.2 points (average value of the Spanish popula-
tion, according to the national survey in Spain 2011/12 of

Gissane's angle
(120-1409)

H Preoperative ® Final

150
100
0

Fig.3 Gissane angle correction per case, showing pre-surgery and
post-surgery values
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0.914 with an E.D. of 0.15); the average VAS at the end of
follow-up that we obtained was 3.3 +/—1.9; finally, 87%
of the patients declared themselves satisfied (18 cases) or
very satisfied (15 cases) with the surgery. A summary of the
functional results is shown in Fig. 4.

Discussion and review of the literature

The calcaneus is the most voluminous tarsal bone and the
most frequently fractured, accounting for 2% of the total
number of fractures in the body. Of these fractures, 75%
involve the subtalar joint [1-14] and up to 15% result in open
fractures and 5-10% bilateral fractures [15]. It also results in
an injury that may involve significant long-term morbidity,
as well as great economic impact [15, 16]. Factors such as
advanced age, male gender, occupation, work compensa-
tion, etc., have been shown to play a role in the long-term
outcomes of this injury, as demonstrated by the 2014 work
of Agren et al. [4]. It is estimated that approximately 20%
of individuals will not be able to return to their job at 1 year
of this injury [16]. In our work, 87% of the patients could
return to their pre-injury work activity. Of those who previ-
ously practiced any sports, 71% totally or partially resumed
this activity.

Despite its frequency and the economic and social impact
it entails, there is still much controversy about the need to
treat these injuries conservatively or surgically and what
criteria the orthopedic surgeon should use to choose one
treatment option or the other. There is a wide variety of

papers, literature reviews and meta-analyses that obtain very
different results. In 2010 and 2013 Sutherland et al. [12, 13]
conducted a Cochrane review analyzing the differences in
outcomes of calcaneal fractures managed with and without
surgery. For their 2013 work they included a total of 602
participants and concluded that there was no consensus or
criteria for choosing the most appropriate treatment option.
However, from two small of the included studies there was
a trend toward earlier return to work in operated cases. In
2012, Jian et al. [11] performed another meta-analysis that
included a total of 891 patients with this fracture. The oper-
ated patients had a significantly higher rate of complications,
up to 22.8%. Nevertheless, they conclude that this is the
price to pay for a better three-dimensional reconstruction of
the calcaneus, which in their work resulted in better func-
tional and radiological results. They recommend surgical
management for displaced intra-articular calcaneal fractures.
They found no significant differences in terms of residual
pain. Another meta-analysis, from 2013, by Agren et al. [9]
found no functional differences in surgical vs. conservative
treatment at 1 year after injury. Nevertheless, they did find
differences in longer follow-up periods, up to 8 and 12 years,
in favor of surgery, since surgical treatment reduced the
risk of post-traumatic subtalar osteoarthritis by up to 41%,
among other differences. The review by Sharr et al. [18]
deduces that there is a tendency to better functional results
the more anatomical and stable the reduction of the lesion,
something that other authors ratify in later works, such as
Meena et al. [6] or Gotha et al. [7], meta-analysis and review,
respectively, where the best functional, occupational and

AOFAS SCALE

Fig.4 Summary of functional results

MOXFQ SCALE VAS

@ Springer



206

European Journal of Orthopaedic Surgery & Traumatology (2024) 34:201-208

radiographic results were in the surgical treatment group, at
the expense of a greater risk of complications. Wei et al. [5]
carried out a meta-analysis in 2017 where they concluded
that although surgical treatment presented a higher rate of
complications with respect to conservative treatment, it also
implied better anatomical restoration and, probably derived
from this, also a better functional level, similar reincorpora-
tion to the pre-injury level, less discomfort with shoes and,
in general, better physical activity. However, they emphasize
that their result contrasts with other similar ones that do not
obtain these differences, such as the 2016 meta-analysis by
Luo et al. [8], whose conclusion was that with the published
studies there is insufficient evidence to ensure that surgi-
cal treatment is superior to conservative treatment in the
management of intra-articular calcaneal fractures. Only a
lower rate of subtalar joint arthrodesis was found in those
patients managed surgically, although high quality evidence
is insufficient.

One of the reasons for arguing in favor of surgical treat-
ment is the lower rate of subtalar arthrodesis due to prema-
ture osteoarthritis. Liu et al. [19] conducted a study in 2010,
based on randomized clinical trials, recruiting a total of 966
patients, where they concluded that patients treated conserv-
atively had a 4.4 higher risk of requiring subtalar arthro-
desis. Radnay et al. [14] compared patients who required
subtalar arthrodesis and retrospectively evaluated whether
they received conservative versus surgical treatment. Those
who underwent initial surgery had fewer wound complica-
tions, better functional outcomes and improved calcaneal
length and width, which gave a chance for better long-term
outcomes. According to Gotha et al. [7], the risk of needing
a subtalar arthrodesis is 23% in Sanders type III fractures,
but rises to 73% in type IV fractures, a factor that should per-
haps be taken into account when choosing the type of treat-
ment. In our study, all the patients that eventually required a
subtalar arthrodesis had suffered a Sander type IV fracture.
These patients showed the worst results in the different func-
tional scales.

Among those who advocate surgical treatment, open
reduction, through a lateral approach, and osteosynthesis
have classically been chosen, with no differences between
whether the plates used are locking plates or not [3].
Although there is consensus that it is the best option for
adequate visualization of the fracture and the articular sur-
face, as well as to reestablish the correct anatomy [7, 15],
it is not free of complications, which in some series range
between 20 and 37%, especially due to problems with the
wound, dehiscence and infection [7, 10, 15, 21]. However,
open reduction and internal fixation remains gold standard
treatment option for these injuries [1, 4, 6, 12, 15, 16, 23,
24].

Minimally invasive techniques and approaches prob-
ably arise from the desire to obtain the best possible
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radiographic and functional results, with the need to mini-
mize the potential complications of an open and extensive
approach. In this regard, authors such as Hsu et al. [21] in
2015 already predicted intervention of the calcaneus with
minimal approaches, such as the tarsal sinus approach,
with percutaneous fixations and arthroscopic assistance
to obtain the same results with fewer complications of the
classic approach, similar to what Gotha et al. [7] obtained
in 2016. Van Hoeve et al. [16] obtained very good clini-
cal and radiographic results with osteosynthesis through
minimal approaches and percutaneous reduction. On the
other hand, in their analysis of the literature, they report
a high rate of infection with the external fixator (they do
not specify), something that contrasts with our work, where
we only obtained two cases of superficial infection. Allegra
et al. [15] carried out a study in 2020, updating concepts on
intra-articular calcaneal fractures. They recommend surgical
treatment in displaced intra-articular fractures and confirm
the advantages of approaches to the tarsal sinus. They review
the literature on percutaneous fixation and analyze several
studies in which excellent values are obtained on the AOFAS
scales with this technique, up to 92.6/100, with a 2.9% infec-
tion rate. The disadvantages of percutaneous fixation, even if
complemented with a minimally invasive approach, include
the possibility of residual displacement of the subtalar joint
and the inability to manage the posterior articular facet when
the fracture has more than 7-10 days.

External fixation as a definitive treatment for calca-
neal fractures has been proposed as an alternative for
years. In 2008, Magnan et al. [10] treated 54 calcaneal
fractures with the Orthofix external fixator (MBA®) and
analyzed their results. They obtained 26 excellent and 23
good results on the Maryland Foot Score scale. Although
we have not used this functional scale, the promising
results are similar to those obtained in our work (AOFAS
79.1/100; MOXFQ 20.1; EQ-5D 0.84; VAS: 3.3). In addi-
tion, they also evaluated the postoperative radiographic
result by CT, where they obtained, according to the SAVE
scale, an excellent reduction in 24 of 54 cases and good in
25 of 54 cases. In our series we did not perform postoper-
ative CT in any patient; instead, our results were obtained
from plain radiographs. We consider that there is little
clinical-radiological correlation, with good clinical and
functional results, despite radiographic measurements
that could be improved. Regarding complications, they
obtained a 5.6% infection rate, which only required antibi-
otic management without associated gestures, and which
is higher than the rate of 4.76% obtained in our review.
As a difference with respect to our work, which we con-
sider important to mention, the protocol’s discharge time
of their patients was 8 weeks, compared to 2,5 weeks in
our review. However, our sample was relatively small and
we did not use a control group to compare to, nor did
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we perform a statistical analysis. Kisel et al. [24] car-
ried out a similar study, analyzing the early clinical and
radiographic results through the use of external fixation,
also using the Maryland scale for evaluation, with an
average value of 85.8. They also analyzed the pre- and
post-operative changes in length and width of the calca-
neus and in the Bohler and Gissane angles. The length
increased, on average, 5.2 mm, and the width decreased,
on average 4.4 mm (in our work 2 and 5 mm, respec-
tively). The Bohler angle was corrected by 4.9° (lower
than our review) and the Gissane angle by 16.2° (12, 2°
in our analysis). Corina et al. [17] analyzed the results
of treatment with external fixator, according to subtypes
of calcaneal fractures, and concluded that, although the
radiographic results may not be ideal, the final functional
result was excellent with this therapeutic alternative, ana-
lyzed, again, according to the Maryland scale (92.8% of
good and excellent functional results). Again, we should
mention, as a difference with respect to our work, that
the average unloading time was 8 weeks, compared to
2.5 weeks for our patients; and that the external fixator
was maintained until 12 weeks, compared to 9.2 weeks
in our analysis. Premature loading, while it could have
negatively influenced radiologic results, does not appear
to have had a negative impact on functional outcomes
and could make the immediate postoperative period more
bearable. They obtained 8% of infections, compared to
4.76% in our work, and reconverted one case to arthro-
desis (3 cases in our series). In Sanders type II fractures,
Pan et al. [23] analyzed the biomechanical stability and
functional outcome of treatment with external fixation
versus open reduction and osteosynthesis, concluding
that the external fixator is biomechanically stable, even
superior, to osteosynthesis, and that it reduces surgery
and hospitalization time, blood loss and the rate of wound
complications. In this regard, other studies have been car-
ried out comparing both surgical options, such as the 2020
study by Ortu et al. [1], which concluded that there are
no differences in functional scales between performing
osteosynthesis versus external fixation, with the advan-
tages of the shorter surgical time of the fixator, lower
complication rate and lower cost. The time to surgery was
4 times shorter in the external fixation group, since there
is less concern for soft tissue. The AOFAS result of the
osteosynthesis group was 73.31/100 versus 75.40/100 in
the fixation group, values that agree with those obtained
in our work (average AOFAS value obtained 79.1/100).
Recently, in the year 2021, Wang et al. [22] emphasize
that external fixation with minimally invasive reduction
is equally effective as the tarsal sinus approach for Sand-
ers II and III calcaneal fractures, with the advantage of
minimizing complications derived from large approaches,
and without the need to worry about patient-dependent

circumstances, such as peripheral vasculopathies, poorly
controlled diabetes or excessive tobacco abuse.

Conclusions

Despite the extensive literature on the subject, intra-artic-
ular calcaneal fractures continue to pose a therapeutic
challenge for orthopedic surgeons, without being able to
establish clear decision algorithms on which management
option is the most appropriate.

Although open reduction and internal fixation remains
the gold standard, the external fixator is an excellent sur-
gical alternative for complex articular calcaneal fractures
when there is concern about the soft tissues, obtaining
clinical and radiological results comparable to other osteo-
synthesis techniques and significantly reducing soft tissue
complications.

In our review we have allowed early partial loading
of our patients, unlike many other works and treatments,
without a negative translation in the functional results.

Further studies are required, with bigger samples, which
compare external fixation with control groups of open
osteosynthesis.

Limitations

The present study has some limitations.

First of all, this is a retrospective and descriptive study,
with the limitations this implies. It would be adviseable
to carry out prospective, randomized studies, with control
groups, which analyze this injury and its treatments.

Secondly, the sample analyzed is relatively small, not
sufficient to change the management of this injuries, so it
would be convenient to carry out future work with larger
study groups.

Finally, the radiographic measurements were carried
out by a single evaluator, which may lead to measurement
errors.
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