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EXPERIMENTAL ANKLE INJURIES
Analysis of the Traumatology of the Ankle Ligaments

OvE RasMUsSEN and CLAUS KROMANN-ANDERSEN

Laboratory of Biomechanics, Orthopaedic Hospital, Arhus, Denmark

On 32 osteoligamentous ankle preparations forced movements were performed in
varying, accurately defined directions. The sequence in which this caused rupture of
the individual ligamentous structures of the ankle is described. Dorsiflexion
traumas predominantly injured the posterior part of the deltoid ligament, while in
plantar flexion traumas the injuries primarily involved the anterior capsule and the
anterior talofibular ligament. Internal rotation traumas injured the anterior
talofibular ligament and the short, anterior fibres of the posterior talofibular liga-
ment before the calcaneofibular ligament was damaged, whereas in adduction
traumas the calcaneofibular ligament ruptured first. Forced external rotation
primarily caused rupture of the deep structures of the deltoid ligament, while con-
versely abduction traumas first caused rupture of the superficial part of this liga-
ment.
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The ankle joint is a hinge joint whose stability is
secured by the surrounding ligamentous struc-
tures. These comprise laterally the anterior
talofibular ligament (ATaFL), the calcaneofibu-
lar ligament (CFL), and the posterior taofibular
ligament (PTaFL). The latter consists function-
ally of two parts: the short anterior and the long
posterior fibres (de Vogel 1970, Rasmussen et al.
1983a). Between the distal parts of the tibia and
fibula there are the anterior tibiofibular ligament
(ATFL), the tibiofibular syndesmosis, and the
posterior tibiofibular ligament (PTFL). Medially,
the stability is secured by the deltoid ligament
which consists of the superficial tibiocalcaneal
ligament (TCL) and the deeper anterior, inter-

mediate, and posterior tibiotalar ligaments
(ATTL, ITTL, and PTTL) (Rasmussen et al.
1983b).

The function of the individual structures has
previously been elucidated by cutting experi-
ments (Rasmussen & Tovborg-Jensen 1981,
1982, Rasmussen & Andersen 1982, Rasmussen
et al. 1982, 1983a, 1983b). However, the fact
that cutting of a given structure entails increased
mobility in a given direction does not mean that
this structure is going to rupture first during a
forced movement in that direction. A weaker
structure will rupture before a stronger one if
both are exposed to the same force, and if two
structures are equally strong the one exposed to a
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greater force will rupture first. For example,
cutting of the PTTL + ITTL enables internal ro-
tation of the talus (Rasmussen et al. 1983b).
However, cutting of the ATaFL also causes in-
creased internal rotation (Johnson et al. 1981,
Rasmussen & Tovborg-Jensen 1981). As the
ATaFL is the weakest of these structures, this
ligament must be expected to rupture first in an
internal rotation trauma.

The present study was undertaken to elucidate
the sequence in which the individual ligamentous
structures rupture when the ankle joint is forced
in different, given directions.

MATERIAL AND METHOD

For the present investigations we used an apparatus
which renders it possible to force the talus in accurately
defined directions, to affect the talus by a defined tor-
que, and to record the movements corresponding to this
torque (Rasmussen & Andersen 1982, Rasmussen et al.
1983a).

On an osteoligamentous ankle preparation a nail is
inserted into the talus. On this nail is mounted a lever,
provided with strain gauges for measuring the torque
and connected with two potentiometers for measuring
the rotation corresponding to the torque. On X-Y re-
corders the torque as well as the produced movement
are followed, and under the guidance of the recorder it
is possible to affect the talus by an increasing torque in
varying, accurately defined directions.

The study comprised 32 ankle preparations half of
which were investigated with the talus nail inserted in
the posteroanterior direction so that the findings in the
sagittal + horizontal plane could be elucidated. The
other half were investigated with the nail inserted from
below, up through the calcaneus and into the talus, to
measure in the sagittal + frontal planes. The directions
in which the talus was turned are shown in Figure la
and b. In each of the directions shown the effect of
forced movement was studied in two preparations ex-
cept for pure dorsiflexion and pure plantar flexion,
which were studied in four preparations each. In each
instance the movement was forced in the given direc-
tion until visible injury had been inflicted. The insta-
bility was then demonstrated by tracing a mobility pat-
tern at a torque of 1.5 Nm (Rasmussen & Andersen
1982). Thereafter, the forced movement was continued
until a new injury had been inflicted, and a new pattern
was then recorded. We continued this until the ankle
joint was completely unstable. A few of the recorded
mobility patterns are shown below.
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Figure 1. Directions in which forced movements were
made: (a) in the sagittal and horizontal planes; (b) in the
sagittal and frontal planes.
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Table 1. Lesions in dorsiflexion traumas

Case 1 Case 2 Case 3 Case 4
Stage
1 Avulsion fracture, Rupture of PTTL Avulsion fracture, Partial rupture of
PTTL PTTL PTTL and TCL
2 Avulsion fracture, Rupture of ITTL + Avulsion fracture, Rupture of PTTL +
TCL + partial short fibres of PTaFL ITTL ITTL + TCL +
rupture of CFL partially PTaFL
3 Total rupture of CFL Total rupture of CFL Rupture of TCL + Avulsion fracture,
+ PTaFL + PTaFL short fibres of PTaFL PTaFL and CFL
Table 2. Lesions in plantar flexion traumas
Case 1 Case 2 Case 3 Case 4
Stage
1 Rupture of ATaFL + Rupture of anterior Rupture of anterior Rupture of anterior
anterolateral capsule capsule capsule capsule and partially
of ATaFL and ATTL
2 Rupture of whole Rupture of ATaFL Rupture of ATaFL Total rupture of
anterior capsule and partially CFL ATTL
3 Rupture of ATTL Rupture of short Rupture of ATTL + Rupture of ATaFL

fibres of PTaFL and
subtotally of CFL

ITTL

Total deltoid
ligament rupture

4 Total deltoid
ligament rupture

Total deltoid
ligament rupture +
rupture of short
fibres of PTaFL

Rupture of ITTL +
short fibres of PTaFL

RESULTS

Forced dorsiflexion was done in four cases. The
sequence of the injuries is shown in Table 1. In all
cases the primary injury affected the medial
ligamentous apparatus.

Forced dorsiflexion-internal rotation in one
case caused firstly rupture of the ATaFL and the
short fibres of the PTaFL. Thereafter, the PTTL
ruptured, and at the same time a partial rupture
of the CFL occurred. Lastly, the remainder of the
lateral ligamentous apparatus ruptured. In the
other case the short fibres of the PTaFL ruptured
first, then the PTTL, the lateral capsule and —
partially — the CFL. Lastly, the CFL underwent

total rupture together with the ITTL, the TCL
remaining intact.

Forced internal rotation in both cases caused
rupture firstly of the ATaFL and thereafter of the
short fibres of the PTaFL. Thereupon, the CFL as
well as the remainder of the PTaFL ruptured.

Forced plantar flexion-internal rotation in one
case resulted primarily in rupture of the anterior
capsule + the ATaFL. Then the short fibres of the
PTaFL ruptured and finally the CFL partially. In
the other case the ATaFL + the short fibres of the
PTaFL ruptured primarily, thereupon the an-
terior capsule and at last the ATTL.

Forced plantar flexion was performed on four
preparations. It caused the injuries shown in Ta-
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Figure 2. Mobility patterns after forced plantar flexion-
external rotation, partly at intact ligaments, after rupture
of the ITTL + PTTL, and after rupture of the entire
deep part of the deltoid ligament. The arrow indicates the
direction of the forced movement.

ble 2, viz. first injuries mainly of the lateral
ligamentous apparatus.

Forced plantar flexion-external rotation in one
case entailed firstly rupture of the ITTL +
PTTTL, then an avulsion fracture from the me-
dial malleolus at the attachment of the ATTL,
and finally another avulsion fracture from the
medial malleolus at the attachment of the TCL
(Figure 2). In the other case the entire deep part
of the deltoid ligament ruptured, and an irrever-
sible stretching of the TCL occurred. Moreover,
an avulsion fracture of the anterior edge of the
lateral malleolus was produced. Then a further
fracture of the lateral malleolus occurred at the
attachment of the CFL and PTaFL, and the TCL
underwent total rupture.

Forced external rotation on ankle joints in a
neutral position produced in one case simultane-
ous avulsion from the lateral malleolus at the at-
tachment of the CFL and PTaFL and rupture of
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the entire deep part of the deltoid ligament. In
the other case there was primarily an avulsion
fracture in the medial malleolus at the ATTL +
ITTL + TCL. Then the remainder of the medial
malleolus fractured and the CFL as well as PTaFL.
ruptured.

Forced dorsiflexion-external rotation in one
case induced firstly rupture of the PTTL, then an
avulsion fracture distally in the medial malleolus,
and lastly rupture of the PTaFL. In the other case
there was first fracture in the lateral malleolus at
the attachment of the CFL and PTaFL, then
fracture of the medial malleolus and rupture of
the ATaFL.

Forced dorsiflexion-adduction in one case
primarily caused rupture of the CFL, then of the
PTaFL, and lastly rupture also of the ATaFL. In
the other case the primary event was rupture of
the ATaFL + partiaily of the CFL, then total
rupture of the CFL and PTaFL.

Forced adduction on neutrally positioned ankle
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Figure 3. Mobility patterns after forced adduction, partly
at intact ligaments, after avulsion of the CFL, and after
rupture of the ATaFL, CFL, as well as the short fibres of
the PTaFL.
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Figure 4. Mobility patterns after forced abduction, parily
at intact ligaments, after rupture of the TCL, and after
rupture also of the ITTL.

joints produced in one case simultaneous rupture
of the ATaFL, CFL, and PTaFL. In the other case
it caused first an avulsion fracture in the lateral
malleolus at the attachment of the CFL. There-
after, the malleolus showed a further fracture,
now at the site of the ATaFL, CFL, and the short
fibres of the PTaFL, and lastly rupture of the long
fibres of the PTaFL (Figure 3).

Forced plantar flexion-adduction in one case
caused firstly rupture of the ATaFL and, par-
tially, of the CFL. Then the anterior capsule
ruptured while further stretching of the CFL
occurred, and finally the CFL ruptured com-
pletely together with the PTaFL. In the other case
there was first partial rupture of the ATaFL and
CFL. Then the ATaFL and the anterior capsule
ruptured completely while the CFL lengthened
further, and at last the CFL ruptured completely
together with the PTaFL.

Forced plantar flexion-abduction in one case
produced rupture firstly of the TCL, then of the
ITTL, and finally of the entire deltoid ligament.
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In the other case the ATTL ruptured first, then
the anterior capsule + TCL + ITTL, and at last
the remainder of the deltoid ligament.

Forced abduction in one case caused firstly
rupture of the TCL and partial rupture of the
ITTL. Then the ATTL + PTTL + the remainder
of the ITTL ruptured. In the other case (Figure 4)
the TCL ruptured first, then the ITTL, and lastly
the ATTL + PTTL.

Forced dorsiflexion — abduction in one case
simultaneously produced total rupture of all
structures of the deltoid ligament. In the other
case there was first an avulsion fracture from the
medial malleolus at the TCL, ITTL, and PTTL.
Then the entire medial malleolus was avulsed,
and finally the anteromedial capsule ruptured.

DISCUSSION

Robichon et al. (1972) reported that the CFL and
PTaFL grow tense on dorsiflexion, while de
Vogel (1970) could experimentally induce iso-
lated rupture of the most plantar fibres of the
ATaFL by forced dorsiflexion. Our investigations
indicate that the restriction of dorsiflexion takes
place primarily in the medial ligamentous ap-
paratus, as in all cases we observed rupture of the
PTTL first.

de Vogel (1970), Robichon et al. (1972), as
well as Wirth et al. (1978) found tension or rup-
ture of the ATaFL on forced plantar flexion, and
this is largely confirmed by our findings. A prob-
able explanation is that owing to the varying axis
of the dorso-plantar movement the plantarflexion
is accompanied by some compensatory internal
rotation of the talus (Barnett & Napier 1952),
making the ATaFL tense.

Experimental injuries following forced internal
rotation on a dorsiflexed or plantar flexed ankie
joint are not on record, but Honigschmied (1877)
induced rupture, primarily of the ATaFL, by in-
ternal rotation of neutrally positioned ankle
joints.

Regardless of the degree of dorsiflexion or
plantar flexion, internal rotation appears to be
restricted by the ATaFL, and thereafter by the
short fibres of the PTaFL. Thus, the lateral liga-
ments do not always, as reported by Brostrom
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(1964), rupture in the antero-posterior direction
as under these conditions the CFL does not rup-
ture until after the short fibres of the PTaFL.

According to Lauge-Hansen (1942) forced
external rotation entailed rupture of the
tibiofibular ligaments, primarily the ATFL. Irres-
pective of the degree of dorsal or plantar flexion
we could not induce such an injury. In two cases
we observed primarily a rupture of the CFL and
PTaFL, but in the other four cases rupture of the
deep structures of the deltoid ligament. This
suggests that the tibiofibular structures burst only
during simultaneous weight-bearing. The superfi-
cial part of the deltoid ligament ruptured very
late in the course of forced external rotation, and
accordingly an operative finding of an intact sup-
erficial structure is no guarantee that the deep
part is intact, too.

The injuries arising on forced adduction seem
to depend upon the degree of simultaneous dor-
sal or plantar flexion, the ATaFL rupturing
primarily when the ankle joint is in plantar flex-
ion. Indeed, this has been reported also by Nevin
& Post (1964) and by Dias (1979). In the neutral
position or in dorsiflexion the first injury often
affects the CFL, which thus may show the only
rupture in adduction traumas.

Forced abduction on neutrally positioned ankle
joints was reported by Lauge-Hansen (1942) to
cause primarily rupture of the deltoid ligament or
fracture of the medial malleolus and thereafter
rupture of the distal tibiofibular structures. We
found primarily rupture of the TCL and thereaf-
ter of the ITTL. Apparently, then, an abduction
trauma may entail isolated rupture of the superfi-
cial part of the deltoid ligament; moreover, the
central fibres of its deep part may rupture without
simultaneous damage to the anterior or posterior
part of this ligament complex. At an increasing
degree of simultaneous dorsal or plantar flexion,
however, the PTTL and ATTL respectively will
be involved in the injury.

CONCLUSION

In dorsiflexion traumas the injury affects mainly
the medial collateral ligaments, and in plantar
flexion traumas the lateral collateral ligaments.
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In internal rotation traumas rupture of the
ATaFL and of the short fibres of the PTaFL may
occur even though the CFL remains intact.

In adduction traumas the CFL may rupture
first, possibly together with the short fibres of the
PTaFL, while the ATaFL may remain intact.

In external rotation traumas the deep part of
the deltoid ligament may rupture before its
superficial part.

In abduction traumas the superficial part of the
deltoid ligament may rupture while its deep part
remains uninjured.
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