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The present research was made by following three directions: dissection and plastination, clinical ankle
joint ligament injuries and MRI and CT examination of the cases.191 cases of ankle joint ligament injuries
have been studied during two years. They were examined clinically and radiologically, using CT and MRI
testing. The classification of ankle sprain was based on the number of injured ligaments. Out of the 191
cases diagnosed with ligament injuries, 92 involved the anterior talofibular ligament, 54 in the calcaneofibular
ligament, 40 involved the posterior talofibular ligament and 5 involved the deltoid ligament. First degree
sprain involves the injury of the anterior talofibular ligament, the second degree sprain involves the injury of
the anterior talofibular ligament and of the calcaneofibular ligament, and the third degree sprain involves the
damaging of anterior and posterior talofibular ligaments, as well as the calcaneofibular ligament. In this
paper we have diagnosed a number of 39 first degree springs, 12 of second degree springs and 41 of third
degree springs. The standard X- ray examinations have a low diagnostic rate of the ankle ligament injuries.
Conventional MRI has a higher accuracy in diagnosing ankle joint collateral ligaments lesions.
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Ankle joint has three ligament groups:
The syndesmotic ligament unit, made up from: the
anterior tibiofibular ligament, the posterior tibiofibular
ligament and the interosseous ligament [1-3, 31, 34].
The lateral collateral ligaments made up from: the
anterior talofibular ligament, the posterior talofibular
ligament and the calcaneofibular ligament.
The deltoid ligament, consisting of four components:
the anterior tibiotalar ligament; the posterior tibiocalcaneal
ligament and the tibionavicular ligament.
Plastination is a sustainable method of conservation, in
which dissected anatomical parts are impregnated with
silicone, making a teaching material, with prolonged time
usage. S3, S6 and S10 are the most commonly used agents
for tissue plastination. Using these methods of preservation,
it can be achieved removal of formaldehyde as a means
of permanent preservation, including the parts of
specimens that are important in clinics like injuries in
ortopaedics or different types of tumours. Anatomic/
pathologic preparations thus obtained are handled and
stored under favourable conditions. Substances used for
plastination are less toxic or nontoxic. Unless the
formaldehide, they make the pieces durable, easy handled
and very accurate [4-7, 32].
Experimental part
Material and methods
The present research was made by following three
directions: dissection and plastination, clinical
ankle joint ligament injuries and MRI and CT examination
of the cases. A number of 191 cases of ankle joint ligament
injuries have been studied over a period of two years,
between March, 2013 and February, 2015. They were

examined clinically and radiological, using CT and MRI.
The standard X- ray examination, using classical
positioning, was the first choice in the investigation. The
result obtained after the interpretation of the X- ray
examination led to a first evaluations and the decision was
made regarding the first steps or the necessity for additional
imaging investigations. Also, plastination technique using
Biodur S10 is necessary for preservation of some ankle
joints, in order to understand the structures involved in
possible injuries at this level.
CT examination offered the possibility of a thorough
analysis of ankle joint in all cases. It was completed
according to a technique of data gathering using
unenhanced axial sections, top bottom, 10 mm slice
thickness and 10 mm inter slice thickness, the patient lying
in prone or supine position. The ankle ligaments are like
some low signal linear thin strips, adjacent to bones and
surrounded by high signal fatty subcutaneous tissue.
In order to see all ligaments MRI examination is
recommended, using axial or coronal sections, the foot in
dorsiflexion position [31]. The anterior and the posterior
tibiofibular ligaments can be visualized in at least two axial
and coronal sequences, at the level of the talar dome. The
anterior and posterior talofibular ligaments are usually
highlighted on a single axial section, distal to the tibiofibular
ligaments. The anterior talofibular ligament is highlighted
as a low signal linear stripe which stretches from the talus
to the fibular malleolus. The posterior talofibular ligament
is in the shape of a teardrop stretches from the talus to the
distal epiphysis of fibula. Most frequently, the
calcaneofibular ligament is like a low linear stripe parallel
to the lateral wall of the calcaneus. This ligament is best
visualized on coronal sections where it shows like low
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signal intensity round and homogeneous structure which
can be traced back from the fibular origin to the calcaneal
insertion. Many folded components of the deltoid ligament
can be well visualized both on coronal sections and axial
sections. The deep tibiotalar component of this ligament
normally presents regular striated appearance, giving it a
heterogeneous aspect. The MRI examinations were
performed using a 1.5 Tesla GE scanner with a standard
protocol which included spin-echo sequence in multiple
incidences: sagittal and coronal T1, Axial T2 and T1 spinecho, both unenhanced and enhanced.

thickenings, thinning, elongation or irregular modifications
of the ligament contour. Decreasing in the intensity of the
signal at the level of peri articular fat may indicate some
synovial proliferation. Out of the 191 cases of ligament
injuries diagnosed, 92 were related to the anterior talofibular
ligament, 54 to the calcaneofibular ligament, 40 to the
posterior talofibular ligament,and 5 were injuries of the
deltoid ligament [11-14].

Fig. 2. Sprain
incidence

Results and discussions
The injuries of the collateral ligament of the ankle range
between 15 and 22% of the total injuries of the athletes
(fig. 1). The anterior talofibular ligament is the weakest
and therefore it is most often affected. The next affected
ligaments, according to their frequency, are the
calcaneofibular ligament and the posterior talofibular
ligament.

Fig. 1.
Incidence of
ligamentary
injuries

The ranking of ankle sprain is according to the number
of affected ligaments:
- the first degree sprain means partial or total injury of
the anterior talofibular ligament;
- the second degree sprain is characterized by the partial
or total injury of the anterior talofibular ligament and the
calcaneofibular ligament;
- the third degree sprain is characterize by the partial or
total injury of the talofibular previously calcaneofibular
ligament and the posterior ligament talofibular.
The most important chemical agents used for hardening
and finishing the specimens preservation are rubbersilicones [30, 33, 34]. The last used and the most important,
is hardener Biodur S6.
We have produced plastinated structures like entire
brains, cerebral hemispheres, livers, upper limbs, lower
limbs, joints. On their surfaces structures like tendons,
nerves, vessels, gyri, sulci, can be seen, palpated, and
measured at their real dimensions. Also the ankle joint
ligaments are very accurate in case of sprain or complete
damage [8, 9]. The major advantages of Moor LDLS (laser
Doppler line scanner) are the fact that there is no need for
direct contact with the tissue (max. distance 19 cm),
the possibility to accomplish multiple measurements
allowing to obtaining many images in the area of interest
(120 pixel/cm) and most importantly it allows a global
analysis of blood flow in the area of interest being a
practical alternative to more complex and invasive
monitoring techniques. This technique has been shown to
be easy to learn by surgeons [10].
Since the surgical treatment of acute ligament injuries
of the ankle is rare, MRI study of the ankle joint ligaments
is more useful in diagnosing the patients with a history of
chronic instability of the ankle joint. The chronic injury of
the ankle joints is obvious under the form of some
488

The first degree sprain involves the injury of the anterior
talofibular ligament, the second degree sprain involves the
injury of the anterior talofibular ligament and of the
calcaneofibular ligament, while the third degree spring
involves the injury of the anterior and posterior talofibular
ligaments, as well as calcaneofibular ligament (fig. 2). In
the present study we have diagnosed a number of 39 first
degree sprains, 12 s degree sprains, and 41 third degree
sprains [15-19].
Out of the 191 cases with ligament injuries diagnosed,
a number of 48 cases were recurrent (fig. 3) as follows: 31
of the anterior talofibular ligament; 11 of the
calcaneofibular ligamen; 6 of the posterior talofibular
ligament.

Fig. 3.
Recurrency
incidence

The injuries of the calcaneofibular ligament (fig. 4) can
be detected on a routine axial scan of the ankle joints, but
can be better visualised on coronal sections. The normal
calcaneofibular ligament is highlighted as a low intensity,
homogenous, strip, surrounded by fat.
The injured calcaneofibular ligament (fig. 5) is
highlighted as being thickened, heterogeneous and
surrounded by obliterating fat [20-22].
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Fig. 4. Injuried
calcaneofibular ligament.
MRI coronal section. A
thickened ligament can
be seen (*) located
towards the lateral wall of
the calcaneus (c)
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Fig. 8. Plastinated specimen, left
ankle joint (Biodur S10 technique).
Muscles and ligaments of the leg
and foot (anterolateral surface) can
be seen.

Fig. 5. Chronic injury of the
calcaneofibular. MRI axial
section. Thickenings and
unevenness of the
calcaneofibular ligament
(arrows) can be noticed

Fig. 6. Deltoid ligament injury
caused by the loss of striation
regularities .MRI coronal
section.

Fig. 9. Plastined specimen, left
ankle joint (Biodur S10
technique). Muscular
attachments can be seen

Fig. 7. Injury of the deltoid
ligament highlighted by the
loss of striation regularity.
The arrow indicates the
presence of some fibers of
the tibionavicular ligament.
MRI axial section.

The MRI studies show that the injuries of the deltoid
ligament, and especially of its tibiotalar component, are
usually associated with sprains caused by a forced
inversion of the ankle (fig. 6). These injuries are seen as a
loss of the as a loss of ligament striation regularities (fig.
7).
The accuracy of MRI scan in identifying the injuries of
the collateral ligament has not been clearly established
yet. The accuracy of 3D MRI in detecting the injuries of the
talofibular and calcaneofibular joint injuries is around 95%.
MRI arthrography has an accuracy of 100%, and specificity
of 84 % respectively, in highlighting the chronic lesions of
the anterior talofibular ligament and calcaneofibular
ligament unlike the conventional MRI, which has an
accuracy of 59% in diagnosing chronic lesions of the
collateral ligament of the ankle joint [23,24]. Plastination
technique using Biodur S10 for preservation of some ankle
joints, in order to understand the structures involved in
possible injuries at this level are seen in figures 8, 9, 10.
Conclusions
The pathology of the ankle joint ligaments joint is rather
frequent, as in 191 cases have been diagnosed, irrespective
the cases of athletes which were not considered in the
present study.
Most frequently the anterior talofibular ligament has been
affected - 92 cases, followed by the calcaneofibular
ligament - 54 cases, the posterior talofibular ligament - 40
cases and the deltoid ligament - 5 cases [25,26].
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Fig. 10. Plastinated specimen,
left ankle joint (Biodur S10
technique). Muscular
attachments can be seen.

Deltoid ligament injuries have been associated each
time with other ligament injuries, which accompanied
them [27-29].
The most frequent sprains injuries were those of the
third degree, present in 41 cases and involving the damage
of all the three ligaments (anterior and posterior talofibular
and calcaneofibular).
Standard X -ray investigations have a low rate of
diagnosing the injuries of ankle joint ligaments.
Conventional MRI has an increased accuracy in
diagnosing the injuries of the collateral ligaments of the
ankle joint.
Out of the 191 diagnosed cases of ligament injuries
diagnosed, 48 cases were recurrent ones.
Two patients had ankle joint recurrence, which may lead
the diagnosis toward chronically ligament injuries.
The computerized reconstruction of plastinated ankle
joints has proven useful for medical specialists such as,
traumatologists, ortopaedic surgeons, and radiologists.
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