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Summary. Background and aim of the work: The calcaneus, the more lower bone of the body, has the task of
supporting the axial load from the weight of the body. Calcaneal fractures represent about 1-2% of all fractures
and 60% of the tarsal bones fractures. The articular involvement has been associated with a poor functional
outcome. The aim of this work is to describe the radiologic evaluation, the classification systems, the mor-
phological preoperative diagnostic imaging features of calcaneal fractures, highlighting the correlation with
the choice of treatment and predictive capacity for the fracture surgical outcome. Mezhods: A PubMed search
was performed for the terms Imaging calcaneus fracture, selecting articles in English language, published in
the last two years, where preoperatively diagnostic imaging of fractures of the calcaneus are described. Case
reports have not been included. Resu/ts: We have collected a number of data that provide important help in
preoperative evaluation of calcaneal fractures, such as the new classification system created by Harnroongroj
et al, the association of calcaneal fractures with fractures of other bone structures or soft tissue impairment,
the use of calcaneotalar ratio in assessing the length of heel. Conclusions: These data suggest an approach
geared to the specific choice of treatment and to improving patient outcomes. (www.actabiomedica.it)
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Introduction

The calcaneus is the greatest tarsal bone, and has
the function of sustaining the body (1). Fractures of
the calcaneus represent about 1-2% of all fractures and
60% of the tarsal bones fractures (1-5). The mecha-
nism of injury can range from high energy trauma (falls
from height) to low energy trauma (sport). There are
several causes that determine the calcaneal fractures.
Over 60% of the cases are caused by an axial load, usu-
ally due to falling from a height with landing on the
feet, with a bilateral compromise of less than 10% (2,
6-10). An example of type intra- or extra-articular cal-

caneal fractures, due to falling from a height, is the
“lover’s fracture” or “Don Juan fracture”. The names of
this fractures of calcaneal body originate from the fact
that the suitor can jump from great heights to escape
from the lover’s consort (1, 8, 11-15). Another cause of
calcaneal fractures are vehicle accidents where the pas-
senger’s feet are pressed firmly against the vehicle floor
(16-20). Risk factors for the occurrence of this type of
fractures are osteoporosis, diabetes mellitus, peripheral
neuropathy, osteomalacia, and long-term immunosup-
pressive therapy (21-25).

As the ankle and the rearfoot are positioned along
the load line of the lower limbs, the force that primarily
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contributes to the fracture mechanism is the axial load
(26-30). The biomechanics of the foot and ankle have
been studied with the experimentation of a high axial
load (27). Fracture of the calcaneus was the most fre-
quent fracture shown in cadaveric studies (26). Exces-
sive axial load in the Gissane’s angle (GA) determines
a primary fracture line that reaches the neutral triangle
(area with sparse trabeculae located under the subtalar
joint thalamic bone). With a greater force can be gen-
erated a second fracture line that generally reaches the
upper or lower calcaneus surface (Fig. 1) (31).

In children aged 8 to 14 years, the 60% of the
fractures are extra-articular; while in children younger
than 7 years, more than 90% of calcaneal fractures are
extra-articular (32-40). Adult man in a working age
represents the typical patient. In this patients, most
calcaneal fractures are intra-articular (about 75%) (2,
41-45). The articular involvement has been associated
with a poor functional outcome. An adult patient who
has suffered this fracture, takes the risk to not return to
work with full capacity due to postoperative complica-
tions. For this reason these fractures are very important
from a clinical perspective (41, 46-50).

The Sanders classification system is the most
used system for classifying intra-articular calcaneal
fractures. This classification system uses computed to-
mography (CT) because of its three-dimensional ap-
proach is critical to classify this type of fractures (1,
2, 11, 31, 51). Extra-articular fractures are classified
by the anatomical division of the heel in three parts
(1). CT with multiplanar reconstructions (MPR) and
volume rendering (VR) reconstructions allows classi-
fication of these fractures, allowing better visualization
and characterization of fracture lines and displacement
of bone fragments. Once the type of fracture is classi-
fied, we can choose the type of treatment (conservative
or surgical) (52-55).

Herein, we describe the radiologic assessment, the
classification systems and the morphological diagnos-
tic imaging features of calcaneal fractures, highlight-
ing the correlation with the choice of treatment and
predictive capacity for the fracture surgical outcome.

A PubMed search was performed for the terms
Imaging calcaneus fracture, selecting articles in Eng-
lish language, published in the last two years, where
preoperatively diagnostic imaging of fractures of the

calcaneus are described. Case reports have not been

included.

Radiologic assessment

The first assessment of the calcaneus suspected
fractures is performed with conventional radiography,
performed with axial heel (Harris projection). The best
known classification system based on conventional ra-
diography is the Essex-Lopresti system (56).

CT has changed the evaluation of calcaneal frac-
tures because it allows better visualization of subtlar
joint (31). Through MPR and VR reconstruction is
possible to assess accurately the fracture lines, disloca-
tion, crushing, the morphology and the involvement of
the articular surfaces, allowing to choose the appropri-
ate treatment and have a better prognostic evaluation.
The split between intra- and extra-articular fractures is
based on the involvement of the subtalar joint (4, 18,
31,57, 58).

Classification system

Sanders system is the most used fractures classi-
fication system.

The system is based on coronal CT images, and
subdivides intra-articular fractures into 4 types, de-
pending on the number of fractures and the fracture
line position at the posterior calcaneal facet (Fig. 2, 3,

4,5) (59, 60).

Figure 1. Conventional radiographies in lateral projection of the
ankle show the GA, neutral triangle (A) and the biomechanics
of some kinds of calcaneal fractures. The increase in the axial
load compresses the lateral process of the talus (arrow) (B)
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Figure 2. CT images with MPR in sagittal (A) para-axial (B) and para-coronal planes(C), show multiple intra-articular fracture
(white arrows)

side of the fracture line: lateral (ITA), central
(IIB), or medial (IIC).

- Type 3: Three part fractures from two lines of
fracture, divided into subtypes IIIAB (with two
primary lines, one lateral and one central relative
to the posterior facet and subtalar joint), IITAC
(two primary fracture lines, one lateral and one
medial relative to the posterior facet and subta-
lar joint), IIIBC (two primary fracture lines, one
central and one medial relative to the posterior
facet and subtalar joint).

- Type 4: Four part or more than three lines of
fracture (31).
The extra-articular fractures are fractures that do

Figure 3. VR reconstruction shows three intra-articular fracture

fines not involve the posterior facet of the subtalar and rep-
resent 25% of heel fractures (Fig. 5 and 6) (2).
Badillo et al evaluated the classification through These are divided:
axial and coronal CT images placed parallel and per- - Type A: fracture involving the anterior process
pendicular, respectively, to the posterior facet of the of the calcaneus.
subtalar joint (31). - Type B: fracture involving the midcalcaneus or
Sanders classification system: body, including lateral process, sustentaculum
- Type 1: Non-displaced fractures (displacement tali or trochlear process.
<2 mm). - Type C: fracture involving the posterior calca-
- Type 2: Two part fracture with one fracture line neus, including medial tubercle and posterior

and is divided into three subtypes based on the tuberosity (31).
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Figure 4. CT images in axial
plane and VR reconstruc-
tions show an intra-articular
fracture due to bone perfo-
ration by a foreign metallic
body (A, B and C) (white
arrows). VR reconstructions
show the inlet hole of the
foreign body, with course
inside the calcaneal body
and the foreign body located
near the posterior articular
facet (D and E)

Figure 5. CT images with MPR in sagittal (A) para-axial (B) and para-coronal planes (C) show intra-articular line fracture in corre-
spondence of the central portion of the posterior facet (white arrows). The excessive impact force generated additional extra-articular
fracture lines in correspondence of the posterior heel (red arrows). VR reconstruction, posterior view, better shows extra-articular
fractures (D)
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Figure 6. CT images with MPR in sagittal (A) and coronal (B)
shows an extra-articular fracture of the posterior portion of the
calcaneus (white arrows)

Imaging of calcaneus fracture

Baptista et al have attempted to evaluate the pre-
dictive capacity of imaging for the fracture surgical
outcome regardless of the type of treatment (61, 62).

In this study, 44 patients with surgically treated
calcaneal fracture were included. Bshler’s angle (BA)
(Fig. 7) and GA, were measured in pre- and post-
operative lateral radiographs; tibiotalar angle and
talocalcaneal height were measured before surgical
intervention in lateral radiographs. Coronal CT scans
were evaluated for the classification of fractures with
the Sanders system. Only postoperative measurements
of BA correlated with the clinical outcome. None of

Figure 7. Measurement of the BA on the radiography in lateral
projection

the remaining measurements (pre- and post-opera-
tive) was capable to predict clinical outcomes. Higher
postoperative values of BA included skin-related com-
plications during the first follow-up. This datum con-
tradicts the literature which states that restoring BA
positively influences the function (63-65). The authors
state that the open surgery used allowed a greater res-
torations of BA but also determined association with
skin related complications, which however did not
affect the long-term clinical outcome of calcaneus
fractures. Finally, type 4 fractures according to Sand-
ers system, predicted the event of any hazard during
follow-up (61).

Yu et al showed the aspect features and mecha-
nisms of the calcaneal avulsion fractures, dividing
them for sites of vulnerability (66).

In particular, avulsion fractures of the calcaneal
tuberosity constitute only 1.3-2.7% of calcaneus frac-
tures (67). They are caused by a shear-compression or
avulsion (66).

There are 4 types of avulsion fractures:

- type 1: simple avulsion with bone fragment of

variable size.

- type 2: beak fracture with a horizontal fracture
which reaches the posterior body.

- type 3: infrabursal avulsion by the superficial
fibers quota of the half third of the Achilles ten-
don.

- type 4: tiny beak fracture avulsed from the deep
fibers quota of the tendon (67).

Rupture of plantar fascia is uncommon (68, 69).
Fractures in the medial calcaneus process can happen.
Most of these types of fractures are due to compression
mechanisms, rarely to an avulsion of the medial plan-
tar process (56, 70). The radiographic aspect is a small
fleck of bone from the donor site at the level of the
inferior surface of the calcaneal tuberosity or a break
in correspondence of the medial process cortex (66).

Another type of fracture is the one involving
the anterior calcaneal process. The anterior calcaneal
process constitutes the proximal insertion of the bi-
furcated ligament (66). The fracture of this process
occurs in 5% of patients with ankle fracture (71-73).
Mechanisms that generate such a lesion are impaction
forces or compression and extreme tensile forces (74).
In many cases CT or MRI are mandatory, as this type
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of fracture is very difficult to detect (74-76). A lateral
radiograph helps identify the fracture that appears
vertically through the process. Oblique projection can
help (71).

Fractures of the front processes are classified into
three types:

- type 1: non-displaced small fracture (<1 cm).

- type 2: minimal displacement (>2 mm) with-
out evidence of involvement of calcaneo-cuboid
joint.

- type 3: comminuted or large with evidence of
calcaneo-cuboid joint involvement (>25%) (66).

Types 1 and 2 fractures of the anterior calcaneal
process are generally avulsive, while most of the type 3
fractures are compressive (66).

Another calcaneal fracture described by Yu et al
is the avulsion of the origin of the extensor digito-
rum brevis muscle. This type of lesion is generated by
forced inversion of the foot. This results in tearing of
the muscle with an avulsion fracture (77, 78).

Finally, the authors described the fracture avul-
sion of the calcaneo-cuboid joint. This joint is covered
by an articular capsule stabilized by the calcaneo-
cuboid limb of the bifurcated ligament, by the dorsal
(dorsolateral) calcaneo-cuboid ligament, by the plan-
tar calcaneo-cuboid ligament and by the long plantar
ligament (79, 80). Most of these avulsion fractures are
observed at the insertion of the dorsal calcaneo-cuboid
ligament(66). Andermahr et al has classified these le-
sions into four types:

- type 1: no evidence of fracture and an increased

angle of 5-10°

- type 2: occasional fracture flake and evidence of
angulation greatest of 10°

- type 3: the most important osseous fragment of
5 mm and the angulation greatest of 10°

- type 4: evidence of compression fracture of me-
dial cuboid and major distraction of joint (81).

This type of fracture is shown by the radiographs
of the foot in frontal and oblique projection, appearing
as small linear cortical fragments. Magnetic resonance
imaging (MRI) can be used to confirm the diagnosis
(66).

David et al have proposed a new method for
evaluating the heels length by radiographic measure-
ments, defining the calcaneo-talar length ratio(82).

One-hundred patients were included in the study. The
calcaneo-talar ratio, in fact, has shown good self-ob-
servation reliability, being consistent at 1.3. In many
cases, it is difficult to reconstruct the lateral calcaneal
wall, particularly in multifragmented fractures and in
open fractures (83). Most surgeons have internally
fixed these fractures by using lateral calcaneal locking
plates (84, 85).The length of these plates is between 50
mm and 89 mm. Measuring the heel length intraop-
eratively can be difficult because of the loss of normal
anatomy in very crushed fractures. Knowing the length
of the heel will lead to the choice of a plate of the ideal
length, not a shorter plate. David et al in this study
have shown that knowing preoperatively that radio-
graphic heel length is equal to talus length plus a third
allows to choose a plate with a proper length (82).
Wedmore et al have described emergency depart-
ment evaluation and management of foot and ankle
pain. Describing hindfoot injuries have highlighted
some key points. In particular they highlighted the
role of CT to be considered for the evaluation of
hindfoot fractures; explained how calcaneus fractures
are often associated with other lesions, such as lower
dorsal and lumbar spine fractures. They also explained
that the BA of less than 25 has a 100% sensitivity for
a heel fracture (86). The settling of the posterior facet
corresponds to a decrease in the BA (87, 88).
Gonzalez et have assessed the specific demo-
graphic and surgical causal factors that correlate with
the settling of the posterior facet (89). In this study 234
intra-articular calcaneal fractures (141 operably treated
and 93 treated unoperatively) were evaluated. BA was
measured on non-weight-bearing postoperative radio-
graphs and on the latest weight-bearing radiography
available after 5 months of surgical intervention. For
non-operatively treated patients, BA was measured on
weight-bearing radiography available after 5 months
of trauma. The fractures have been classified using the
Essex-Lopresti and Sanders classification systems.
The study showed a decrease in BA time in both cat-
egories of patients with an average variation of 8 de-
grees in BA. This decrease was not related to energy
trauma, severity of fracture type (based on Sanders
classification), surgeon-based factors, osteoporosis or
rheumatoid arthritis. While patient-based variables
such as diabetes, increased age and alcohol abuse, were
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statistically significant increased magnitude of poste-
rior facet settling independently of the treatment type
(89).

Worsham et al evaluated the association of open
calcaneus fractures with lesions associated with a ret-
rospective study performed on 62 patients (64 frac-
tures) (90). The most common causes were motor ve-
hicle accidents (56.4%) and falls from height (24.1%),
while the other causes were motorcycle crashes, crush
injuries, and pedestrian versus automotive accidents.

A total of 44 open calcaneal fractures were locat-
ed on the right, while 22 fractures were located in the
left lower extremity. Open calcaneus bilateral fractures
were present in 2 patients. The associated lesions were
divided into two categories: orthopedic and non-or-
thopedic. A total of 57 patients had 1 additional ortho-
pedic injuries. In particular, 16 patients had metatarsal
fractures, 15 patients had upper extremity fractures, 14
patients with an ipsilateral ankle fracture, 12 patients
had talus fractures, 11 patients had a midfoot fracture,
9 patients had spinal fractures (6 of which were located
at lumbar spine), 8 patients had a femoral shaft frac-
ture, 5 patients had a cuboid fracture and 4 patients
had a posterior tibialis arterial injuries.

A total of 36 patients had an additional non-
orthopedic injury. In particular, 10 patients had head
injuries, 7 patients had a facial trauma, 6 patients had
abdominal trauma (2 liver lacerations, 2 splenic inju-
ries and 2 adrenal hematomas). 13 patients had a trau-
matic chest (with evidence of pneumothorax in 8 of
these patients).

Worsham et al, in this study, stressed that rapid
recognition of open calcaneus fractures and their asso-
ciation with other lesions is very important as it could
prevent potential life and limb complications (90).

Chang et al described MR Imaging findings in
heel pain(91). In particular, among the various causes
of heel pain, they showed MR imaging fractures of
stress calcanues fractures. This type of fracture is found
in cases where the bone does not have time to adapt to
the rapid increase in stress, such as in sedentary physi-
cal exercise patients (92-94). Radiographs can show a
sclerosis often with a vertical orientation, but 24% of
them are negative (93). These fractures appear to MRI
as a line that reaches the cortex and appears hypoin-
tense in T1-weighted and T2-weighted images with

bone marrow edemigenic imbibition around (hypoin-
tense in T1-weighted and hyperintense in T2-weight-
ed images) (Fig. 8) (91).

Wong-Chung et al evaluated the incidence of
dislocation or subluxation of the peronal tendon in
patients with calcaneus fractures(95). Of a total of 79
calcaneal fractures (76 patients, 3 of which with bilat-
eral fractures), 19 exhibited dislocation or subluxation
of the peroneal tendons found in CT or surgery (24%).
Other present injuries were dislocation of tibialis
posterior tendon, fractures of the talar neck, cuboid,
medial malleolus and metatarsals. In 9 patients, the
dislocation was recognized and/or treated at initial
presentation (either on CT or by probing at surgery);
in the remaining10 patients, the tendon dislocation
was not recognized and/or treated at initial presenta-
tion. A bony fleck sign was showed in 11 ankles (5 big
fleck and 6 small fleck). Peroneal tendon dislocation
was detected before the wound closure in 3 patients
treated with surgery (2 patients treated with open re-
duction with internal fixation and superior peroneal
retinaculum repair, and 1 patient treated with open re-
duction with internal fixation). Both in these 3 patients
treated with surgery, and in three other untreated pa-
tients, they could notice that the distended tendon was
relocated spontaneously. Relocated tendons appeared
to peep around the posterolateral corner of the distal

fibula.

Figure 8. MRI: sagittal image with STIR (Short TT Inversion
Recovery) sequence (A) shows a hypointense fracture line, and
a diffuse bone marrow edemigenic imbibition of the calcaneal
body and anterior portion of Kager’s triangle, which appears hy-
perintense. Sagittal image obtained with T1-weighted sequence
(B) shows the hypointense fracture line and the hypointense
edemigenic imbibition
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Finally, all 19 patients with tendon dislocation
had swelling at the lateral malleol except one case; in
addition, 22 patients with swelling in the lateral malle-
olar side had no associated tendon dislocation. Out
of a total of 30 patients with swelling in the calcaneal
area, only one patient had tendon dislocation (95).

Ballard et al evaluated the incidence of tendon en-
trapments and dislocations in ankle and hindfoot frac-
tures using CT. In a total of 398 patients, 64 patients
showed tendon entrapment and/or dislocation. In par-
ticular, 30 patients had 40 tendon entrapments, 31 pa-
tients had 59 tendon dislocations, and 3 patients showed
both tendon entrapment (n=4) and dislocation (n=6).
There were 31 patients with tendon dislocation, and 27
of these patients showed peroneal tendon dislocation. A
total of 23 out of 27 peroneal dislocations were associ-
ated with calcaneus fractures: 19 Sanders type IV frac-
tures, 2 Sanders Type IIT AC fractures, 1 Sanders type
IIT AB fracture and 1 Sanders type IT A fracture (96).

Golshani et al evaluated the incidence of visible
tendon lesions by CT images, in patients with com-
plex ankle or hindfoot fractures (97). Calcaneus frac-
tures were classified by the Essex-Lopresti system and
a joint depression type fracture was considered to have
BA less than 20°. A total of 410 patients were included
in the study, 33 of whom had calcaneus fractures (27
joint depression and 6 isolated impaction of the an-
terior calcaneus process). Calcaneus fractures showed
increased risk of peroneus brevis tendon (11.86 times),
peroneus longus tendon (10.71 times), and flexor hal-
luci longus tendon (5.21 times) injuries (97).

Otero et al reported intra-class correlation coef-
ficient and tolerance limits for BA and GA (59). In
particular, four orthopedics performed such measure-
ments pre- and post-operative lateral radiographs of
the foot. Intra-class correlation coefficient was used
to calculate intra- and inter-observer reliability. They
also calculated the frequency of consensus given to an
agreed discrepancy. The study showed the limitations
in reliability of both the BA and the GA. Even with
optimal settings, in fact, there was a common disagree-
ment in radiographic interpretations. For these results,
the authors advise the use of caution when applying
the BA to direct clinical decisions. Finally they sug-
gest that three-dimensional imaging could be used to
increase the reliability of BA (98).

Gorbachova et al evaluated the significance of
plantar talar head injury in predicting bone lesions or
soft ankle tissue (99). Fourty-one MRI of the ankle of
patients with plantar talar head injury (20 were frac-
tures and 21 were bone contusions) were evaluated in
the study, which showed a significant association of
plantar talar head injury with the anterior process of
calcaneus injuries (24% of the cases) (99).

Harnroongroj et al have created a new classifi-
cation system for intra-articular calcaneus fractures
(100). In particular, the elements considered were the
sustentacular fragment (a medial fragment of the cal-
caneal body fracture that remains attached to the ta-
lus) created by the compressive load, the fracture of the
posterior calcaneal facet and of calcaneal body (101,
102). The creation of this new classification was based
on the fact that the Sanders and Essex-Lopresti clas-
sification system did not correlate with the choice of
treatment (56, 59, 103). In particular, these classifica-
tion systems do not consider the relationship between
calcaneal facet and body fractures, important for the
choice of treatment for intra-articular calcaneus frac-
tures(104, 105).

The sustentacular fragment was configured with
axial CT images in three types:

- type A: sustentaculum tali fragment containing

middle calcaneal facet.

- type B: sustentaculum tali containing middle
calcaneal facet and included medial aspect of the
posterior calcaneal facet as a single unit.

- type C: sustentaculum tali containing middle
calcaneal facet and entire posterior calcaneal
facet as a single unit.

Types A and B have been subdivided into 4 sub-
types using axial and sagittal CT images. The subtypes
were classified considering the fracture of the posterior
calcaneal facet in terms of intact articular surface or
intra-articular fracture of the posterior calcaneal facet
and the association with the components of the cal-
caneal body fracture. Type C had no subtype, had no
separated fragment of posterior calcaneal facet.

In this study 112 patients with 126 displaced in-
tra-articular calcaneus fractures (51 type A, 53 type B
and 22 type C) were enrolled.

Type C fracture showed a better quality of frac-
ture reduction compared to type B fracture which
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showed the worst quality of fracture reduction. This
is due to the type of fracture configuration. The type
C fracture has a simple configuration, unlike the type
B fracture that has a complex configuration. This clas-
sification system has shown correlation with implant
fixation, quality of fracture reduction and choice of
treatment (100).

Schiller et al have evaluated the lower extremity
avulsion fractures in the pediatric and adolescent ath-
lete (106). In particular, in describing calcaneal avul-
sion fractures, the authors state that this type of lesion
is rare, as the hepatic apophysis is well protected by
the cutting forces that cause the fracture. These inju-
ries can also be mistakenly diagnosed as with muscle
strain or Sever disease. Finally, they claim that these
lesions must be handled on a case-by-case basis, and
no recommendations can be made because of the lim-
ited available cases (106).

Mandell et al evaluated stress fractures of the foot
and ankle (107). The authors state that stress fractures
mainly involve the posteromidial distal tibia, the calca-
neus, and the metatarsals. In particular, heel is involved
with the anterior tibia in patients who are jumping in
activities like basketball players (108). It is also a com-
mon cause of heel pain in soldiers undergoing basic
training (109). The authors explain the layout of the cal-
caneal trabecular is composed of perpendicular arches
to the posterior cortex. The calcaneal stress fractures are
perpendicular to the trabecules, presenting as sclerosis
on radiographs (10 days after the onset of the symp-
tomatology), and as a_hypointense line to the MRI with
surrounding edema. Most of these types of fractures are
located posteriorly (56% has posterior location, 18% is
located at the middle heel and 26% at the anterior por-
tion of the calcaneus) (110, 111). Anteriorly, the curva-
ture of the trabecules, results in horizontal fracture lines
(107). The first attempt is conservative treatment, the
displacement is rare (112). There may also be an associa-
tion with the rupture of the plantar fascia (107).

Analysis of recent calcaneal fracture studies leads
to a diagnostic approach geared to the choice of treat-
ment and improvement of patient outcomes. In par-
ticular, the classification of Harnroongroj et al could
change the diagnostic approach to this type of lesion,
having a direct correlation with choice of treatment
and the quality of fracture reduction. Further stud-

ies have shown correlation of calcaneal fractures with
fractures of other bone structures or soft tissue impair-
ment (peroneal tendon dislocation or increased risk of
developing peroneus brevis and peroneus longus ten-
dons injuries). In this context, the measurement of the
calcaneotalar ratio plays an important role, providing
the possibility of performing a targeted surgery to the
actual size of the heel of the patient. These data suggest
an approach geared to the specific choice of treatment
and to improving patient outcomes.
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