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Three-dimensional computed tomography analysis and functional
results of calcaneal fractures treated by an intramedullary nail
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Abstract
Background Intramedullary calcaneal nailing is used to treat displaced intra-articular calcaneal fractures.

The main goal of the study was to assess the reduction of tomography and secondary goals were patient functional scores and
complication rates.
Methods The functional outcome and restoration of the radiographic parameters were evaluated post-operatively, at
three months, at one year, and at the last follow-up. The morphology of the posterior facet was evaluated post-operatively, at
one year and at the last follow-up by CTs.
Results Twenty-six patients were included. Themean follow-up was 2.8 years. ThemeanAOFAS-AHSwas 79 at the last follow-
up. The mean calcaneal height index and length rose respectively from 0.44 to 0.86 and 83 to 87 mm, and the width decreased
from 50 to 46 mm.
Conclusion The radiographic parameters were restored. The AOFAS-AHS was comparable with other series. This study con-
firms the efficiency of this procedure with lower rate of complications.
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Introduction

The treatment of displaced intra-articular calcaneal frac-
tures (DIACF) is controversial [1–5]. Studies have
shown surgical management for these fractures improves
patient functional outcomes in comparison with non-
operative treatment [6]. However, randomized prospec-
tive studies have reported no advantages for operative
treatment [1, 7, 8]. Open reduction of the calcaneus is
performed using an extended “L”-shaped lateral expo-
sure. This surgical approach has been associated with

a high rate of infection or delayed wound healing: re-
spectively 20% and 37% [4, 9].

In 2010, an intramedullary calcaneal nail was developed.
This system aims to restore the axis and height of the calca-
neus, and allows reduction of the posterior facet articular facet
through an intraosseous tunnel in calcaneal tuberosity [10].

This study aimed to assess calcaneal reduction, using
the angles Bohler and Gissane, and hindfoot axis on
plain radiographs. Furthermore, the post-operative mor-
phology of the calcaneus (height, length, width) and the
posterior facet reduction was assessed using computed
tomography (CT) scans with three dimensional recon-
structions. Secondary outcome measures were patient
post-operative functional scores using the American
Orthopedic Foot and Ankle Society–Ankle Hindfoot
S co r e (AOFAS -AHS ) , a nd t h e i n c i d en c e o f
complications.

Materials and methods

This was a prospective, mono-centric, and single-
operator study to assess the radiological and patient
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functional outcomes for displaced intra-articular calcane-
al fractures (DIACF) treated with the Calcanail implant
between 2014 and 2016 and quote complications.

Inclusion criteria was calcaneal fractures with the presence
of a DIACF with loss of congruence of the subtalar joint.
Patients with a follow-up period shorter than two years, with
open fracture or undisplaced fracture, were excluded.

Oral consent was obtained for all patients for all aspects of
the study. Ethics approval was obtained for this study (review
CE-GP 2017-11).

Operative technique

Patients are placed in the lateral decubitus position, with the
affected limb highest. A guide pin is inserted centered within
the calcaneal tuberosity in the coronal plane, and directed
toward the centre of the posterior facet in the sagittal plane.
Two pins are then placed from lateral to medial, one perpen-
dicular to the first guide pin, in the calcaneal tuberosity, and
one vertical, like a plumb line, in the body of the talus.
Distraction of these two non-parallel pins creates a void within
the subtalar joint for articular elevation, and, additionally, cor-
rects calcaneal varus. A 10-mm bony tunnel is then created in
the intact portion of the posterior tuberosity with a trephine
placed over the guide pin. Posterior facet reduction is per-
formed through this tunnel using a combination of three spe-
cifically designed elevators (straight plugger, curved plugger,
and curved spatula) (Fig. 1). Being straight or curved, they
allow to reach lateral or medial fragment, mobilize and push
them to the talus facet, and also extricate the constant fragment
if necessary. The reduction is maintained thanks to the
distractor tool and also because it could be considered as a
primary reduction, with fragments stable since they are re-
duced. A 10-mm-diameter nail of three available lengths
(Calcanail®, FH Orthopedics, France) is inserted and locked
in place with two 4.5-mm cannulated screws inserted from
lateral to medial using a guide jig. Placement of the locked
nail maintains articular reduction and the morphology of the

calcaneus obtained by traction (Fig. 2). The locking screws
can additionally provide interfragmentary fixation in the cor-
onal plane.

Post-operatively, the foot and ankle are immobilized
in a short leg plaster splint, and the patient kept non-
weight-bearing for three weeks. Weight-bearing is
allowed from three weeks in hindfoot off-loading shoe.
Full weight-bearing in normal shoes is allowed at
six weeks and physiotherapy commenced.

Clinical outcome measures

Pre-operative patient data was collected including age, gender,
fracture side, trauma mechanism, other injuries, and time until
surgery. Skin condition was graded according to the Tscherne
classification.

Surgical outcomes included tourniquet use and time, surgi-
cal time, and irradiation. Post-operatively, all patients were
evaluated at three and six weeks, three, six and 12 months,
then annually. At each clinical follow-up, three clinical scores
were collected the AOFAS-AHS, VAS (visual analogic scale),
and SEFAS (self-reported foot and ankle score).

The early and late complications were recorded. Finally, of
the time to return to work was collected for employed patients.

Fig. 1 Endomedullary nail and its instrumentation used for the treatment
of calcaneus fracture

Fig. 2 C-arm views of the different steps of the reduction and fixation
procedure
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Radiological outcome measures

Data measurement bias was minimized by a double measure-
ment taken by two assessors (with at least 1 month in between
measurements). Values analyzed were means of the measure-
ments. The single surgeon was not involved.

The Böhler and the Gissane angles, fracture consolidation,
and the calcaneal height index (Goldzak index) were mea-
sured on the lateral view radiographs before and after proce-
dure (Figs. 5 and 6). The hindfoot alignment was evaluated
post-operatively, using a goniometer, based on Djian’s quad-
rangle on the Meary view [11]. The calcaneal height index
(Goldzak index) is the ratio of the height of the posterior
thalamic surface (HT) (depressed for DIACFs) over the height
(HC) of the cuboid bone (Fig. 3). Fractures were grouped
according to the Sanders’ classification using CT.

CT scans were repeated first immediately after the
procedure to control the posterior facet reduction and
calcaneus global shape, then one year later and at the
final follow-up to control reduction remains stable. The
calcaneal length was measured on sagittal slices as at
the midpoint of the anterior process, defined as the dis-
tance between the most anterior point of the rostrum
and the most posterior point of the tuberosity.
Calcaneal width was measured similarly in axial slices,
at the midpoint of the sustentaculum tali.

The post-operative reduction of the posterior articular
facet was evaluated on 3D reconstruction CT scans,
with pericalcaneal subtraction. The Goldzak’s global ar-
ticular reduction assessment was used as follows:

– Excellent (type A or B reduction and Böhler angle more
than 20°),

Fig. 3 Measure of the calcaneal height index (HT/HC) on calcaneus
profile radiograph. A Upper point of articular facet of the rostrum as for
Bohler angle. B Lower point of articular facet of the rostrum. C
Aponevrosis insertion. D Upper point of the posterior facet used as for
Bohler angle

Fig. 4 Pre- and post-operative anterior view on 3D CTscan, according to
Goldzak classification: Green circle represent anterior view of posterior
facet and simplify how reduction is assessed. Type A: intact surface.
Extra-articular fracture but with subsidence like tongue type. Type B:

anatomical reduction of the posterior facet. Type C: step more than
2 mm. Type D: postero-superior gap with rotation of one of the fragment.
Type E: overall gap in between facet fragments but with no step
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Fig. 6 Patient 20: Measure of the Böhler angle and the calcaneal index
post-operatively A:Measure of the Böhler angle on the profile radiograph
(35°). B: Measure of the calcaneal height index on the profile radiograph

(1.0). C: Measure of the Böhler angle on the 3D CT scan profile view
(35°). D:Measure of the calcaneal height index on the 3DCTscan profile
view (1.0)

Fig. 5 Patient 20: Measure of the Böhler angle and the calcaneal index
pre-operatively A: Measure of the Böhler angle on the profile radiograph
(11°). B: Measure of the calcaneal height index on the profile radiograph

(0.61). C: Measure of the Böhler angle on the 3D CT scan profile view
(11°). D: Measure of the calcaneal height index on the 3DCTscan profile
view (0.61)
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– Good (type D or E reduction and Böhler angle more
than 20°),

– Poor (type C reduction with a step more than 2 mm or
Böhler angle less than 20°) (Fig .4) [12].

Data analysis

Statistical analysis was performed using the paired t test. The
level of statistical significance, with numbers available, was
set at a P value < .05.

Statistical analysis was performed using the XLstat soft-
ware (Addinsoft, Paris, France). Radiographs and CT scan
measurements were carried out using the Horos software
(Horos Project).

Results

Patient series

We analyzed the prospectively collected data of 26 con-
secutive patients: 20 men and six women with an aver-
age age of 39 ± 16 years (range 21–90). Twelve frac-
tures were on the left side and 14 on the right side.
Ten patients were active smokers (39%). One case of
calcaneal nailing was a revision procedure performed
one day following a percutaneous pinning.

The mean follow-up was 2.8 years ± eight months
(range 24–48 months). Two patients were lost to
follow-up due to death or moving away. Two patients
subsequently underwent secondary subtalar arthrodesis.
Twenty-two patients with a calcaneal nail in situ were
available to image at final follow-up.

Pre-operative data

All patients presented superficial skin contusions or blisters
around the fracture site (Tscherne classification C1).

According to the Sanders’ classifications, five patients
were IIA, seven IIB, four IIIAB, five IIIAC, and five IV.
Sanders types III and IV represented 53.8% (Fig. 5).

Operative data

The mean time before operative procedure was seven ±
five days (range 0–15). The average duration of surgery was
69 ± 15 minutes (range 45–95). Mean fluoroscopy irradiation
was 23 ± 17 cGy/cm. Twelve cases (45%) involved the use of
the tourniquet.

Functional and clinical results

The post-operative functional results are summarized in
Table 1. Podoscopic examination demonstrated that
hindfoot varus was corrected in all patients. Footprints
were corrected except two footprints that demonstrated
first degree flat foot. Most patients reported gradual im-
provements in AOFAS-AHS over time. Two patients
who did not improve required secondary subtalar fusion
at 17 months and 24 months post-operatively. Their
post-subtalar fusion AOFAS-AHS were 68 and 62 re-
spectively for a maximal score of 92.

The mean time before return to work was 6.5 months
(range 3 weeks to 24 months) in the 15 employed patients.

Plain radiographic and CT scan results

Radiological results are summarized in Table 2. All radiolog-
ical findings stayed stable at the last follow-up (Figs. 6 and 7).
The overall reduction was excellent in ten patients (39%),
good in 11 patients (42%), and poor in five patients (19%)
(Fig. 8). The mean post-operative hindfoot valgus, based on
the Meary view radiograph, was 5° ± 1 (range 4–11) at the last
follow-up. No residual hindfoot varus malalignment was
found. Calcaneal fracture occurred within two months post-
operatively in all patients.

Complications

There was one high-grade complication in an active smoker
who developed a skin necrosis with an early osteomyelitis of
the calcaneal tuberosity. Removal of the device was required
with a skin graft and prolonged dual intravenous (IV) antibi-
otic treatment administered with infection eradicated. The
AOFAS-AHS at the last follow-up was 79 for this patient.

There were five lesser complications. One active smoker
developed delayed wound healing, which resolved by local
treatment within 45 days. One patient required implant remov-
al at ten months post-operatively for prominence at the heel.
The AOFAS-AHS after the removal was not available (lost to
follow-up). Two patients required removal of the locking

Table 1 Functional results at the last follow-up. AOFAS-AHS Ankle
Hindfoot Score, VAS visual analogic scale, SEFAS self-reported foot
and ankle score

AOFAS-AHS 79 ± 12
range(61–100)

SEFAS 36 ± 6
range (28–47

AOFAS PAIN SCORE 28 ± 6
range (20–40)

VAS 3 ± 5°
(23; 44)
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screws, due to pain and impingement on soft tissues. One
patient developed complex regional painful syndrome, re-
solved within a year. His AOFAS-AHS was 85 at the last
follow-up.

Two patients in our cohort required secondary
subtalar fusion for post-traumatic subtalar osteoarthritis.
Both cases demonstrated a type C, poor reduction on
post-operative CT. One of these cases was of a
Sanders’s III AB classification, developed painful
calcaneofibular impingement, related to a lateral exosto-
sis. For this patient, the AOFAS-AHS at final follow-up
was 62.

We found no injury to the sural nerve or to the peroneal
tendons.

Discussion

This study demonstrates that calcaneal nailing can benefit the
reduction and fixation of the posterior facet and global shape
in the surgical treatment of DIACF. The minimally invasive
nature of this implant has many theoretical benefits. Our deep
infection rate was low is comparison with other series of tra-
ditional open reductions [3, 5, 9].

Functional results

Our mean AOFAS-AHS is consistent with recent studies of
long-term results on DIACF treated by open reduction and
internal fixation (ORIF) utilizing an extensive lateral approach
[13]. However, it is below that of Simon’s or Falis’, with 86.5
and 82 respectively with the same device (Table 3) [10, 14].
This difference might be explained by the younger age of our
cohort, with higher functional demands.

No study has identified a statistically significant difference
in the time before return to work among patients treated oper-
atively and those treated non-operatively [2]. Our study re-
ported a quick return to work and is a main asset.

Radiological outcomes

Few studies propose a clear evaluation of the reduction of the
posterior facet of the calcaneus. Sanders’ evaluation is based
on a single-section coronal CT scan of the thalamic surface.
3D CT scan reconstruction enabled a precise and very high
demanding evaluation of both the posterior facet and overall
calcaneal morphology, and the reduction maintenance over
time [15]. Although Böhler angle and global shape were well
restored, CT could identify a 2-mm step in the articular

Table 2 Summary of pre-operative, post-operative, and last follow-up radiological findings. Mean, standard deviation, and range are given for each
variable

Pre-operative Post-operative P value Last follow-up P value

Böhler angle − 1° ± 18
(− 35; 28)

33° ± 6
(22; 44)

P < .05 32° ± 5
(23; 44)

P > .05

Gissane angle 122° ± 15
(91; 151)

100° ± 9
(85; 133)

P < .05 101° ± 9
(85; 133)

P > .05

Calcaneal height index 0.44 ± 0.18
[0.12; 0.83]

0.86 ± 0.22
(0.46;1.1)

P < .05 0.86 ± 0.21
(0.46; 1.1)

P > .05

Calcaneus width 50 mm ± 5
(38; 59)

46 mm± 4
(38; 55)

P < .05 47 mm± 4
(39; 54)

P > .05

Calcaneus length 83 mm ± 6
(72; 93)

87 mm± 5
(76; 97)

P < .05 86 mm± 5
(74; 96)

P > .05

Fig. 7 Patient 20: Measure of the Böhler angle and the calcaneal index at 26 months post-operatively A:Measure of the Böhler angle on the 3DCTscan
profile view (35°). B: Measure of the calcaneal height index on the 3D CT scan profile view (1.0)
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surface, enough to classify a type C (poor) reduction. We
found no series in the literature which has submitted
this kind of evaluation with a 2-mm step cut-off. In
our study, Sanders types III and IV represented 53.8%
but our patients with a residual step in the articular
surface represented only 19% and with a good function-
al result [16, 17]. This rate might be only compared
with other series if the same classification was applied.
Some teams prefer to perform a primary fusion in these cases.
We consider that, in Sanders III and IV, the posterior facet is
severely affected and may lead to osteoarthritis with any sur-
gical procedures. Nevertheless, the instrumentation of the de-
vice used allows a reduction or an improvement of the poste-
rior facet and restore the global shape giving regularly good
functional results. The procedure allows to prepare a possible
secondary fusion, if needed, in good conditions with a correct
axis of the hindfoot, no fibular impingement or tuberosity
elevated.

In 2003, Kurozumi described a new CT classification to
assess the reduction of the DIACF obtained by open reduction
[18]. In his study, 12% of his patients retained a residual gap of
the posterior thalamic facet post-ORIF. This highlights the fact
that open fixation is also technically challenging, and despite
its theoretical benefits for articular reduction, an anatomical
result is not guaranteed.

Biomechanical perspectives

Goldzak and Simon demonstrated the biomechanical superi-
ority of the intramedullary calcaneal nail over locking plate, in
terms of load to failure and stiffness [12, 19]. Intramedullary
nails offer better reduction stability and an early return to
protected weight-bearing [20]. Our study supports the stability
of the Böhler angle, calcaneal height index, length and width
over time. A biomechanical study looked at the correlation
between calcaneal height and the distribution of stress in the
posterior surface of the subtalar joint [21]. It was reported that
a 10-mm loss of calcaneal height resulted in a 15.6% maximal
stress increase in the center of the posterior thalamic surface;
for a height loss of 20 mm, this maximal stress increase was
more than tripled (54.7%). Loss of calcaneal height and step-
off is therefore an important parameter to be considered in the
operative planning [22]. The standard calcaneal height index
varies between 0.8 and 1 on radiographic lateral view, and
between 0.8 and 1.1 on the frontal 3D CT scan.

Correction of calcaneal width is essential to prevent a
calcaneofibular impingement or peroneal tendinopathy [23].
Correction of the length is also essential for the biomechanics
of the achilleo-calcaneal-plantar complex. Accepted ranges
for these data are uncertain. It is well established that a lack
of posterior facet reduction gives poor results [24].

Complications

One infection and one case of delayed wound healing were
observed in two patients who were active smokers. Recent
experimental works and clinical observations have demon-
strated that cigarette smoking impairs bone healing, wound

Fig. 8 Patient 20: Assessment of the thalamic surface on the on the 3D
CT scan anterior view at 26 months post-operatively. Type B reduction,
according to Goldzak’s classification

Table 3 Results from comparable studies with the same endomedullary nail procedure for calcaneus fracture. F-up follow-up

Mean F-up

(months)

Mean age
(years)

Series Böhler angle
(degrees)

AOFAS score Goldzak index Reduction of
the thalamic surface

Our study 34 39 26 33 79 0.86 Excellent: 39%
Good: 42%
Poor: 19%

Simon, Goldzak 12 50.3 63 29.9 85.9 0.93 Excellent: 62.5%
Good: 12.5%
Poor: 25%

Falis, Pyszel 12 47 17 29 82 – –
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healing and increases the risk of osteo-articular infections [25,
26]. The case of infection was observed on a psychiatric pa-
tient with a catatonic behavior. There is evidence that patients
with psychiatric comorbidities have more complications and
worse health-related quality of life than those without [27].
The case of delayed healing was of a patient with Sanders type
III fracture. This represents a rate of 3.9% for each of these
complications, compared with rates that can be as high as 20%
and 37% respectively in ORIF procedures [4, 5, 9]. The
intramedullary nail procedure, like other percutaneous proce-
dure, is associated with a low risk of wound complications,
particularly in the case of high-risk patients [28]. The good
micro-circulation of the area of the main approach explains
this low risk [29]. Moreover, Simon and Falis reported no
wound complications or infections.

Operative treatment of DIACF lowers the risk of secondary
subtalar fusion by 4.4 compared with non-operative treatment
[30]. In our study, two patients (8.3%) required secondary
subtalar fusion, which is similar to the data found in the liter-
ature, with rates between zero and 10 % for a mean follow-up
between two and 12 years [1, 7, 8, 24].

Weaknesses of this study are there is no comparison group
and the cohort lacks power to provide statistically significant
measures of outcomes. Strength of this study are the
monocentric prospective design with 2.8-year follow-up and
a patient reported outcome (PROM) test, the inclusion of se-
rial CT-scan analysis with 3D reconstruction, and the devel-
opment of a new measure specific to fracture reduction.

Conclusion

This preliminary clinical study supports the effectiveness of
the intramedullary nail procedure to restore the global shape
and the articular posterior facet. This reduction was main-
tained over the short to medium term. Calcaneal nailing had
a low rate of high-grade complications and enabled the patient
to achieve a faster return to normal day-to-day life. Its design
respects the principles of reduction, while incorporating the
reduced complication rate of minimally invasive surgery.
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