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I Abstract
Introduction and objective. Common to the talocrural and subtalar joints, the calcaneofibular ligament forms with the
anterior bundle a mechanical coupling factor for ankle stabilization. Adhering to the deep surface of the fibular sheath,
doubled in depth by the lateral talocalcaneal ligament, it is solicited in isolated varus and its lesion is involved in subtalar
instability. The therapeutic strategy for chronic ankle instability is currently based on the anatomical reconstruction of the
ligaments, particularly by arthroscopy, hence the objective of this study, which aims to highlight the great variability of the
calcaneofibular ligament.
Materials and method. Our work is based on the dissection of 24 ankles. The number of beams, the dimensions at the
neutral point and after power-up, the relationships with the surrounding anatomical structures as well as the points of
insertion of the CFL are studied.
Results. The calcaneofibular ligament was monofascicularin 91.6% of cases and bifascicular in 8.4%. Its average length in a
neutral position was 26.85 + 3.46 mm, and its width was 5.33 + 1.45 mm. In dorsiflexion, the length was 27.10 + 0.05 mm, and
in forced inversion, it was 26.98 + 0.07 mm. The distance between its fibular insertion and the apex of the lateral malleolus
was 6.2 = 0.9 mm.
Conclusions. Injuries of the calcaneofibular ligament are common in lateral ankle sprains, which can often get complicated
by chronic instability. The macroscopic and morphometric knowledge of this ligament can allow a more accurate anatomical

reconstruction and a more accurate choice of graft.
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INTRODUCTION

The stability of the ankle joint is passively ensured by the
collateral ligaments, which are real means of contention.
The calcaneofibular ligament (CFL) represents the middle
bundle of the lateral collateral ligament [1-2]. Common
to both joints of the hindfoot, it plays an undeniable role
in the lateral stability of the ankle. Some studies suggest
that connective fibre interconnections between the three
components of the lateral collateral ligament of the ankle
can be observed from the medial surface of the ankle, which
may have important implications for arthroscopic repair of
the lateral ligament [3]. It is connected by collateral fibres to
the distal bundle of the anterior talofibular ligament (ATFL)
and forms with it a functional and anatomical entity called
the fibulotalocalcaneal complex (LFTCL), the lesion of which
leads to instability of the ankle [4]. The CFL, in the form of
an elongated fibrous cord, oblique at the bottom, back and
outside, extends from the lateral surface and the anterior edge
of the fibular malleolus to the lateral surface of the calcaneus,
behind the tubercle of the fibular tendons [2-5]. The CFL
adheres to the deep surface of the fibular sheath, and can be
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doubled in depth by the lateral talocalcaneal ligament [6]. It
lays the subtalar joint and supports the fibular tendons with
which [7]. Solicited in isolated varus, its section intervenes
in subtalar instability [8]. Its morphometric aspects have
been reported in various cadaveric studies, its dimensions,
on average, are 31 + 6 mm in length, and 4.4 + 3.1 mm in
width, its angle with the sagittal plane — 51.11°. Its maximum
elongation in extreme inversion and in dorsiflexion is 2.88%
of its initial length [9-10]. The fibular insertion centre is 4.2
+ 1.8 mm from the apex of the lateral malleolus, and the
calcaneal insertion centre is 18.4 + 2.5 mm from the apex
of the fibular process of the calcaneus (radiological interest)
[11]. The difference between the anatomical and arthroscopic
centres of the calcaneofibular ligament insertions is 1.4 +
1.4 mm for the fibulaand 4.1 + 2.3 mm for the calcaneus [11].

Like all ankle ligaments, the CFL consists of specialized
connective tissue which has very interesting biomechanical
properties that have the ability to adapt to the complex
functions performed by this joint. Several cadaveric studies
have revealed the presence of mechanoreceptors present
throughout the ligament, in the periligamentous connective
tissue and in partitions parallel to the ligament fibres, capable
of detecting the speed of movement and alerting the nervous
system [12]. The calcaneofibular ligament has a common
origin with the anterior bundle in 33% of cases, and is replaced
by the anterior talocalcaneal ligament in approximately 42%
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of cases [8]. CFL injury in lateral ankle sprains is rarely
isolated, requiring a pure varus mechanism with dorsal
hyperflexion. It is most often associated with anterior
talofibular ligament injury (ATFL) [13]. The occurrence of
chronic instability following a sprained ankle is probable, and
can secondarily progress to post-traumatic osteoarthritis,
and thus interfere with the quality of life of patients. The
treatment of chronic ankle instability is mainly based on
anatomical reconstruction of the lateral ankle ligaments,
which must be isometric, respecting the anatomical features
of the ligament [14].

The aim of this work is to show the anatomical,
morphological and morphometric features of the CFL, the
importance of which in the management of lateral ankle
sprains, whether radiological or surgical is undeniable.

MATERIALS AND METHOD

The anatomical and morphometric study was carried out at

the Laboratory of Anatomy, Organogenesis and Biomechanics

of the Free University of Brussels in February 2016.
Twenty-four specimens were studied which had no known

surgical history, divided as follows:

— Six fresh pieces of pelvic limbs, amputated at the union of
the upper two-thirds of the leg and the lower third.

- Eighteen pieces of pelvic limbs embalmed and preserved
in formaldehyde.

The material used was a basic dissection kit (forceps,
scalpels, etc.), a millimetre ruler, scale protractor and a
camera.

First, the incision lines of the instep area were identified
using a dermographic pencil (Fig. 1).

Figure 1. Side view of a left ankle showing anatomical landmarks (1) and incision
lines. After incision of the skin, which was thin and supple and pulled the skin
flaps, we demonstrated the superficial subcutaneous plan and the superficial
vascular-neural elements

Dissection was continued to the lateral ligament complex
of the talocrural joint.

The main points on which the study was based were:
identifying the CFL beams, the precision of the insertions
points, measuring its dimensions; length and width in neutral
and after tensioning, comparing the values between right
and left ankles, studying the relations with neighbouring
structures, and finally searching for anatomical variability.
The angle that this ligament makes with the longitudinal
plane plays an important role in the stability of the ankle.

Care was taken in measuring it by keeping the ankle in
a neutral position and using a protractor. Identifying its
insertion points is important in anatomical reconstructions.
The distance between its fibular insertion and the apex of the
lateral malleolus was measured, and Excel software used to
calculate mean values as well as standard deviations of the
dimensions of the CFL.

RESULTS

Anatomical dissection of 24 ankles with an average age of
78 + 2.85 revealed a calcaneofibular ligament in the form of
a thin, elongated fibrous cord with the following anatomical
features:

o in 91.6% (22/24 pieces) it was formed by a single beam
(Fig. 2);

o in 100% (24/24 pieces) it fitted at the ventral edge of the
lateral malleolus outside the insertion of the anterior
talofibular ligament, and never on the apex (Fig. 2);

o in 100% (24/24 pieces) it ended behind and above the
fibular tubercle (trochlear process) at the lateral face of
the calcaneus (Fig. 2);

o the distance from its fibular insertion to the apex of the
lateral malleolus, on average, was 6.2 + 0.9 mm (Fig. 2);

o its average neutral length was 26.85 + 3.46 mm; average
width - 5.33 + 1.45 mm;

o the CFL belongs to the talocrural and subtalar joint. On all
the parts studied, it was covered on its upper 2/3 by fibular
tendons and their sheath.

Figure 2. Asingle band forms the calcaneofibular ligament (3). The two-way arrow
indicates the distance fromits fibular insertion (4) to the apex of the lateral malleolus
(1) [Brussels, 2016]. 2: calcaneus 5: sectioned fibular tendons

o in 8.4% (2/24 pieces), it was formed by 2 Y-shaped bundles
(Fig. 3);

» a common origin between the ATFL and the CFL on the
ventral edge of the fibular malleolus was found on one
piece (Fig. 3).

« In the neutral position, the angle formed by the axis of
the ligament with the sagittal plane averaged 53.70° with
a variance of (35° - 58 °) (Fig. 4).
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Figure 3. Lateral view of right ankle showing the 2 bundles of the anterior
talofibular ligament (1), the 2 Y-shaped bundles of the calcaneofibular ligament
(2), and their common origin on the ventral edge of the lateral malleolus (3). (4)
Talus, (5) Lateral surface of the calcaneus [Brussels, 2016]

,,.‘I}

Figure 4. Lateral view of the ankle showing the calcaneofibular ligament and the
angle it makes with the sagittal axis of the leg [Brussels, 2016]. 1 — Apex of the
lateral malleolus; 2 - lateral face of the slope; 3 - Lateral aspect of the calcaneus;
4 - Posterior talofibular ligament; 5 - Talocalcaneal ligament; 6 — Posterior distal
tibiofibular ligament; 7 - Calcaneofibular ligament a - Angle between the CFL
and sagittal axis of the leg

During plantar flexion, the CFL is horizontal, and tight
and vertical in dorsiflexion.

- In dorsiflexion, it undergoes an elongation of 0.25 mm
(27.10 mm), thus an increase of 1.04% of its initial length
(26.85 mm) (Fig. 5).

- Elongation in forced inversion - 0.13 mm (26.98 mm).

Table 1. Comparison of LCF length and width parametersin mm between
right and left ankles

Ligament Width
LCF 26,8 5+ 3,46
Right side (n=10)

Left side (n=14)

Length

533+1,45

26,32 +3,06 5,05+1,02

25,87 £ 2,66 4,87 £1,22

Difference between right and left sides 0.45+ 0.4 0.18+0.2

Note that the right LCF exceeds the left LCF by a few mm

27.15

27.1

Length
27.05

27
26.98
26.95

26.9

26.85

26.8

26.75

26.7

Forced
inversion

Neutral position Dorsiflexion

Figure 5. Variation in LCF length during power up. The lengthening of the LCF is
greater in dorsiflexion than in forced inversion

DISCUSSION

The anatomy of the ankle ligaments is highly variable.
Dissection on anatomical subjects, in addition to radiological
imaging, allowed further knowledge to be gained.

The calcaneofibular ligament is involved in the stability
of the talocrural and subtalar joints. Its involvement in
the lateral ankle sprain is frequent, and is involved in the
instability of the subtalar joint. Four distinct morphological
forms of CFL are reported in the literature: a single bundle,
a double Y-shaped bundle, a double V-shaped bundle, and
a shape associated with the lateral talocalcaneal ligament.

In the study by Pereira BS et al., the shapes most commonly
observed were single bundle and double bundle Y-shaped
bundles in 21 (44.7%) and 13 (27.7%) ankles. The double
V-bundle and double CFL bundle associated with the lateral
talocalcaneal ligaments were less common [15]. Kitsoulis
reported one beam in 72.2% of cases, 2 beams in 22.2%, and
3 beams in 5.6% of the 72 pieces studied [7]. In the current
study, the single radius shape occurred on 22 pieces (92%)
and the double Y shape on 2 pieces (8%). The form associated
with the talo-calcaneal ligament was absent.

The CFL shares some features with the distal bundle of
the ATFL: 2 isometric ligaments with a common fibular
insertion, connected by arciform fibres, and forming a
functional and anatomical entity which has been named
the lateral fibulotalocalcaneal ligament complex (LFTCL),
the lesion of which can cause classical instability [4-16].

Kitsoulis, in his work on the morphology of the
calcaneofibular ligament, reports a common insertion of
the fibular with the anterior talofibular ligament in 33% of
cases, whereas Taser cited an anterior calcaneal termination
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in front of the fibular tubercle in 24 (54%) of cases [7-17].
For the latter author [17], who worked on 44 ankles, the
variation of the final insertion led to a modification of the
angle of the CFL with the sagittal plane; his knowledge
is interesting in the radiological diagnosis of ligamentous
damage. According to the same authors, the orientation of
the ligament also changes depending on the position of the
talus, in varus or valgus, which could be a factor of instability
and predispose to ankle sprains [7-17]. In the current study,
a common insertion with the distal bundle of the ATFL was
found in 4% of the cases. A dorsal calcaneal termination -
behind and above the tubercle of the fibulars - is constant
on all the studied pieces, as described in the classical works.

The angle between the sagittal plane and the calcaneofibular
ligament in the neutral position varies between 35° - 58°, with
an average of 53.70°. These values are correlated with the
measurements by Kitsoulis, which havean angle of 51.11° and
variance of 30° - 60°) and of Taser et al. of 51.14° and variance
of 32° — 60°). However, the measurements obtained in the
current study are very different from the results of Burks and
Morgan who have reported an angle of 133° (113° - 150°)
[7-8-17]. Although the dimensions (length and width) are
extremely variable from one author to another, the presented
results are close to the data of the most recent study by
Mahmut Ugurlu, where a difference occurs between the
right and left sides, but is not significant, as indicated in
the literature [18]. However, the predominance of straight
values was also found in a study by Boulacel in 2008 on the
biometry of the bone surfaces of the talocrural joint [19].
In fact, the values (length and width) of the talus are more
important on the right, the degree of inclination formed by
the edges; medial and lateral is higher on the right, and the
fibular torsion is larger on the right, as is the depth of the tibial
malleolus. Similarly, and according to Boulacel’s [19] results,
the index of the width of the trochlea is higher on the left.
These results can be explained by the fact that the right pelvic
limb predominates in dynamics, and therefore in mobility,
while the left limb is more static and predominates in support
and stability.

Identifying the insertion areas of this ligament the CFL
is important in anatomical reconstructions. Clanton et al.
gave the following values, the distance of its fibular insertion
to the apex of the lateral malleolus - 5.3 mm (4.2-6.5 mm)
[20]. A cadaveric study confirmed the reliability of the lateral
malleolus as a skin marker for the distal insertion of the
central beam [21]. The precision of the fibular insertions of the
anterior talofibular ligaments (ATFL) and calcaneofibularis
(CFL), as well as their common origin with respect to the
bony landmarks of the fibula, are necessary to determine
the location of the fibular tunnel in reconstructive surgery
[22]. The results obtained in the current study are relatively
close and, on average, are 6.2 + 0.9mm. However, there is no
consensus in the literature on a reproducible bone marker
concerning the calcaneal insertion of the CFL.

The calcaneofibular ligament is stretched in forced
inversion and dorsiflexion, and its length undergoes a
maximum elongation of 2.88mm, on average, as observed
by Kitsoulis, who also reports that women have a greater
elongation than men, which could explain the ligamentous
laxity among women, and which, according to Kitsoulis,
would be due to hormonal factors [7]. In the current
study, the elongation is very small, not exceeding 0.25mm,
probably explained by the state of the dissected pieces

that had lost their elasticity. Similarly, given the small
number of dissected female ankles (4 pieces), ligamentous
laxity could not be verified. However, it is proven that the
lengthening of the calcaneofibular ligament is essential for
the stabilization of the talocrural and subtalar joints during
ankle sprains.

CFL injury is rarely isolated, requiring a pure varus
mechanism with dorsal hyperflexion, and is most often
associated with that of the ATFL. The problem is to locate
the lesion of the calcaneofibular ligament [14].

CONCLUSIONS

The study of ankle ligaments is of particular interest in view
of the development of surgical and exploratory techniques,
not to mention the design of ankle prostheses.

1. Current trends in surgical treatment suggest the most
anatomical reconstruction possible of the 2 anterior and
middle bundles of the lateral collateral ligament.

2. Arthroscopic ligamentoplasty is increasingly used today,
particularly in lateral ligament injuries of the ankle.

3. Itappears from the results discussed that knowledge of the
anatomical parameters of the ligaments is fundamental in
the management of ankle sprains.
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