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Fixation of Posterior Malleolar Fractures Provides Greater
Syndesmotic Stability

Michael J. Gardner, MD*; Adam Brodsky, MD*; Stephen M. Briggs, PA-C*;
Jason H. Nielson, MD†; and Dean G. Lorich, MD*,†

Syndesmotic injuries are common in ankle fractures. Tradi-
tional syndesmosis fixation may be associated with a second-
ary procedure. When the posterior malleolus is fractured,
the posterior syndesmotic ligaments may remain intact and
attached to the fragment. Our goals were to establish the
incidence of syndesmotic ligament ruptures in pronation-
external rotation type ankle injuries associated with poste-
rior malleolar fractures, and to assess syndesmotic stability
after fixation of the posterior malleolus compared with using
a syndesmotic screw. Fifteen patients who sustained prona-
tion-external rotation Stage 4 ankle fractures that involved
the posterior malleolus were evaluated using radiographs
and magnetic resonance imaging. No complete tears of the
posterior-inferior tibiofibular ligament occurred. A prona-
tion-external rotation fracture pattern with a posterior mal-
leolar fragment was created in 10 lower extremity cadaver
specimens with random fixation of the posterior malleolus or
the syndesmosis. Compared with the intact specimens, stiff-
ness was restored to 70% after fixation of the posterior mal-
leolus, and to 40% after syndesmosis stabilization. Syndes-
motic stability may be obtained more effectively by fixation
of the posterior malleolus rather than by using a syndesmotic
screw. Although additional clinical investigation is war-
ranted, these concepts may be useful in eliminating syndes-
motic screw fixation in select patients.

Level of Evidence: Therapeutic Study, Level IV (case series).
See the Guidelines for Authors for a complete description of
levels of evidence.

Ankle fractures involving the posterior malleolus are com-
mon injuries.14,56 Injury patterns secondary to external ro-
tation of the talus under the tibial plafond with the foot in
a pronated position account for approximately 20% of
ankle fractures.24,39,57 These frequently involve the poste-
rior malleolus and may result in articular cartilage damage,
which likely plays a major role in the eventual outcome.18

The distal fibula often is fractured proximal to the tibio-
fibular joint (Weber C pattern42), the medial malleolus
may be fractured or have deltoid ligament disruption, and
the anterior-inferior tibiofibular ligament commonly is
torn. In severe injuries (pronation-external rotation [PER]
Stage 4)13,24 the posterior complex is involved with a pos-
terior malleolar fracture or with a posterior-inferior tibio-
fibular ligament (PITFL) tear.14 Internal fixation of the
fibula and the medial malleolus has become the accepted
fracture treatment.4,23,56

Trans-syndesmotic fixation for Weber C fibular frac-
tures, particularly with deltoid ligament disruption, has
been recommended.2,4,7,9,12,22,25,28,41,55,56 However, syn-
desmotic screws have been associated with inherent mor-
bidity.1,47,49 Tibiofibular screw fixation may inhibit nor-
mal ankle motion,22,34 may break after a period of weight-
bearing,11 or sometimes may cause pain over the inferior
tibiofibular joint.37 For these reasons, some authors rec-
ommend empiric removal of the syndesmotic screw before
weightbearing, which requires an additional surgical pro-
cedure.2,21,25,34,38–40,43,44,48,50–52

When the posterior malleolus is fractured in a trimal-
leolar injury, failure through the bone suggests the integ-
rity of the PITFL may be preserved. The PITFL complex
is thought to contribute the most to stability of the ankle
syndesmosis.7,10,46,53 Evidence suggests syndesmotic
screws do not stabilize the syndesmosis adequately with
early weightbearing.3,39 Rigid fixation of the fibula fol-
lowed by reduction and fixation of the posterior malleolar
fracture may restore the ligamentous tension of the PITFL
adequately and stabilize the syndesmosis without trans-
syndesmotic fixation.
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We hypothesized the PITFL would be intact in the ma-
jority of cases. We also hypothesized fixation of the pos-
terior malleolus with intact posterior ligaments would be
comparable to traditional syndesmotic fixation for restor-
ing stability.

MATERIALS AND METHODS

We treated 96 ankle fractures in 95 patients from August 1999 to
February 2001. Of these patients, we identified 15 consecutive
patients with closed PER Stage 4 ankle fractures involving the
posterior malleolus (which included three fracture-dislocations),
Magnetic resonance imaging (MRI) scans were performed and
read by an experienced musculoskeletal radiologist who was
blinded to the radiographs, specifically for the integrity of the
PITFL and its attachment to the posterior malleolus fracture
fragment. The average age of the patients was 29 years (range,
15–57 years), and eight (53%) patients were females. The pa-
tients were evaluated based on an institutional review board-
approved protocol.

All patients had immediate prereduction radiographs of the
ankle, including anteroposterior (AP), mortise, and lateral views,
followed by closed reduction when appropriate. Radiographs
were read by an experienced orthopaedic traumatologist (DGL)
to determine the Lauge-Hansen classification. Magnetic reso-
nance imaging subsequently was performed on all patients with
PER Stage 4 fractures regardless of other fracture variables such
as clear syndesmotic widening, talar shift, or the initial impres-
sion of joint stability.

Magnetic resonance imaging was performed on a clinical 1.5
Tesla MR unit (Signa Horizon LX, General Electric Medical
Systems, Milwaukee, WI) using an extremity coil. The patients
were placed supine, and the splinted extremities were placed in
a neutral position. The MR sequences consisted of transaxial
T2-weighted fast–spin-echo, sagittal T1-weighted spin-echo, fast
inversion recovery, and coronal fast–spin-echo images. Images
were obtained to a level proximal to the fibular fracture. The
axial T2-weighted images through the lower calf were used to
evaluate the integrity of the syndesmotic ligaments, including the
anterior-inferior tibiofibular ligament (AITFL), interosseous
membrane (IOM), and the PITFL. Ligaments were judged as
being intact, partially torn, or completely torn using previously
described parameters.5,8,36

Ten fresh-frozen cadaveric lower extremity specimens with
an average age of 84 years (range, 74–92 years) were obtained
from the Anatomic Gift Registry. We ruled out preexisting ankle
abnormalities by visual inspection and review of the medical
history. Soft tissues were dissected to expose the deltoid liga-
ment, the syndesmotic ligaments, the interosseous membrane,
and the anterior and posterior tibiotalar joint capsule. Proxi-
mally, the tibial shaft was potted in polyester-based autobody
filler (Bondo Corporation, Atlanta, GA), and 2 cm of the fibula
was removed to avoid contact with the potting material. Two
threaded 5-mm pins were inserted from the talar neck distally
into the calcaneus, which eliminated subtalar motion and al-
lowed isolated testing of the syndesmosis with rotational stress
of the ankle based on previous protocols.30,46,48 Each specimen

first was tested intact to determine its baseline stability for later
use as its own internal control.

Specimens then had creation of a simulated PER Stage 4
injury as previously described.7,33,39,48 Superficial and deep del-
toid ligaments were sectioned in each specimen, followed by the
anterior tibiofibular ligament. The interosseous membrane was
divided to 6 cm above the plafond,33 a level that clinically and
experimentally leads to syndesmotic instability.4,23,56 Under di-
rect observation, an osteotome was used to create a posterior
malleolar fragment approximately 5 mm thick, which included
the posterior tibial tubercle, the intact attachment of the PITFL,
and minimal articular cartilage (Fig 1). With osteotomy creation,
care was taken to ensure the posterior tibiofibular ligament re-
mained undisturbed and attached to the fragment. The thickness
chosen was too small to affect the mechanical stability of the
tibiotalar joint,14,16,26,46 and the area of the posterior malleolar
fragment allowed adequate fixation with a 3.5-mm screw. This
model simulated a PER Stage 4 ankle fracture with a deltoid
ligament tear and posterior malleolus fracture.4,48 The fibula was
left intact to simulate rigid fixation of a Weber C fibula fracture
without introducing an additional variable of fibular fixation.7

After fracture creation, five specimens were assigned ran-
domly to receive posterior malleolar fixation. The posterior mal-
leolus was reduced anatomically under direct vision and stabi-
lized with one 3.5-mm fully threaded cortical screw (Synthes,
Paoli, PA) from posterior to anterior using a standard AO tech-
nique without lag compression.46 The remaining five specimens
received trans-syndesmotic fixation. In these specimens, one 3.5-
mm tricortical screw (Synthes) was placed from lateral to me-
dial, angled 30° anteriorly at 2 cm above and parallel to the
plafond.22,29 Specimens were tested again after fixation to de-
termine the effect of fracture creation and fixation on syndes-
motic stability.

Fig 1. A posterior view photograph shows a prepared cadaver
specimen. The posterior malleolar osteotomy (arrowheads)
and the intact PITFL ligament complex are attached to the
osteotomized fragment and the syndesmosis screw.
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Each specimen was mounted on an MTS Bionix 858 test
system (MTS, Eden Prairie, MN). The tibia was fixed to the
proximal end of the testing apparatus, and a 5-mm pin was
inserted distally through the calcaneus transversely parallel to
the plantar surface of the foot. The specimen was fixed to the
testing machine using a custom-made fixture, and a mobile block
was placed under the forefoot to maintain neutral position of the
foot. Initially, a static axial load of 150 N was applied to ensure
joint contact, and was held in this position during torsional
load.29,34,39,46 Internal rotation torque was applied to the tibia (to
create external rotation of the foot) at a rate of 1°/second, to a
maximum torsional moment of 4 Nm, a protocol frequently used
for nondestructive biomechanical testing of the syndesmo-
sis.27,34,46,55 Maximum rotation of the foot was measured once
when 4 Nm of torque was reached. The ability of the ankle to
resist rotation was used to judge syndesmotic stability.34,48,55

Specimens first were tested intact, and then were tested again
after fixation of the syndesmosis or the posterior malleolus. For
each test, specimens had an initial trial to equilibrate the con-
struct and minimize soft tissue creep, and the second trial was
used for data analysis. Hydration was maintained with saline-
soaked towels during and between tests.

External rotation of the foot after fracture creation and stabi-
lization was determined. The percentage increase in rotation of
each specimen was compared with its own intact rotation and
stiffness was calculated. The average stiffness of the two fixation
groups was compared using a Student’s t test with a significance
level of p < 0.05.

RESULTS

None of the 15 patients with posterior malleolar fractures
had complete PITFL ruptures detected by MRI (Fig 2).
One partial tear of the PITFL occurred, but a portion of the
fibers remained intact. In two patients (13%), a portion of
the interosseous membrane was intact on MRI, and one
patient (7%) had an intact AITFL.

Posterior malleolar fixation provided better (p � 0.031)
rotational stability than syndesmosis fixation. Specimens
with posterior malleolar fixation had a decrease in stiffness
of 30% (standard deviation [SD], 22%) compared with the
intact stiffness of each specimen (ie, 70% of the intact
stiffness was restored). Patients who had traditional syn-
desmosis stabilization had a 60% (SD, 20%) decrease in
stiffness compared with intact rotation (40% of intact stiff-
ness was restored) (Table 1).

DISCUSSION

Many PER Stage 4 ankle fractures are associated with
posterior malleolar fractures, in which the fracture frag-
ment remains aligned with the fibula; implying the PITFL
often may remain intact. To evaluate the incidence of

PITFL injury in these fracture patterns, we performed MRI
analyses of 15 PER Stage 4 and posterior malleolar frac-
tures, and found the PITFL was intact and attached to the
posterior malleolar fragment in all cases. Because the
PITFL contributes a significant portion of the overall
strength of the syndesmotic complex,7,10,53 we hypoth-
esized that posterior malleolar stabilization rather than
standard syndesmotic fixation would restore syndesmotic
competence similar to a traditional syndesmotic screw. In
the biomechanical portion of the study, reducing and sta-
bilizing the posterior malleolus with the intact PITFL re-
stored the stiffness of the distal tibiofibular articulation to
70% of intact stiffness, compared with 40% after using a
syndesmotic screw.

Our study has several limitations. Most notably, 10 ca-
daver specimens were a relatively small number. How-
ever, we were able to detect a difference between fixation
methods. Numerous biomechanical cadaveric studies of
ankle fractures have used 10 specimens or fewer to draw
conclusions, which most likely is because of cost limita-
tions.7,14,30,33,34,39,43,46,54 This in vitro model of precise
fracture creation may not have represented most accurately
the clinical bony and soft tissue injuries of an ankle frac-

Fig 2. A MR image shows a PER Stage 4 ankle fracture. The
PITFL is intact and attached to the posterior malleolar frag-
ment, as indicated by the the ligament fibers with adequate
tension.
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ture caused by significant trauma,55 and we only tested
stability to external rotation. The cadaver specimens were
older than the patients in the clinical series, but the differ-
ences would accentuate biomechanical differences.

We also only tested one method of syndesmotic fixation
as the control group. We chose syndesmotic fixation with
one tricortical 3.5-mm screw based on the recommenda-
tions of the AO group,42 although controversy exists be-
tween the need for one or two screws. Some authors have
reported there are no differences between 3.5-mm or 4.5-
mm screws,54 titanium or stainless steel,3 and tricortical or
quadricortical fixation.6,19 The ideal stability of the syn-
desmosis after fixation that leads to the best functional
outcome is unknown, as the syndesmosis is a slightly
elastic structure. It is unclear whether a 30% versus 60%
loss in stiffness is clinically significant. Although this re-
mains unknown, the goal of syndesmosis fixation is to
create the most stable construct possible to allow soft tis-
sue healing. The clinical portion was a radiographic ob-
servational study performed by one musculoskeletal radi-
ologist. We did not seek to evaluate the functional out-
come of syndesmotic stabilization in this particular group
of patients.

Ankle fractures involving the posterior malleolus are
common injuries and frequently occur with a PER mecha-
nism. The best treatment of syndesmotic injuries associ-
ated with these fractures is debatable. Nielson et al35 docu-
mented the inability to correlate the level of the fibular
fracture with the proximal extent of the interosseous mem-
brane injury and recommended intraoperative syndesmotic
stress testing for accurate diagnosis. Kennedy et al23 ob-
served no differences in two groups of patients treated
with or without syndesmotic screw fixation for Weber C
fractures occurring within 5 cm of the joint line.23 Boden
et al4 emphasized the importance of the deltoid ligament in
PER ankle fractures, and reported medial fixation obviated
the need for a syndesmotic screw independent of the level
of the fibula fracture. However, in patients with a deltoid
ligament injury and a fibula fracture greater than 4.5 cm

proximal from the joint, syndesmotic fixation should be
considered.4

Although indications for reduction and fixation of pos-
terior malleolar fractures are controversial, numerous au-
thors agree the posterior malleolus should be stabilized
with internal fixation when the fragment involves greater
than 25% of the tibiotalar joint.14,16,17,20,26,31,32,46 This
recommendation has been based on biomechanical evi-
dence of decreased joint-surface contact area because of
the posterior tibial fragment size and resulting tibiotalar
instability,14,16,26 not with the goal of restoring rotatory
ankle stability. Magnetic resonance imaging indicated
when a posterior malleolar fracture was present, and the
posterior tibiofibular ligaments were at least partially com-
petent in all PER Stage 4 fractures (Fig 3). We osteoto-
mized a small portion of the posterior tibial malleolus to
avoid altering the surface contact area of the ankle, while
taking care to keep the intact PITFL attached to the frag-
ment. The results of the biomechanical experiment indi-
cated 70% of normal rotational stiffness was restored after
fixation of the posterior malleolus, compared with 40%
after syndesmosis screw fixation. We speculate posterior
malleolus fixation may be an effective alternative to a
syndesmosis screw in this fracture pattern. By restoring
the stout posterior complex anatomically, the relationship
of the tibia and fibula indirectly is restored anatomically
and facilitates bone to bone healing. The complete syn-
desmosis rupture may be converted effectively to a func-
tional anterior injury, which has been termed a stable syn-
desmosis15 and may be treated successfully without addi-
tional stabilization. Because the posterior lip of the
incisura is lateral to the medial border of the fibula, the
fibula cannot translate directly posterior and must translate
laterally to clear the incisura and subluxate. Therefore,
lateral translation of the fibula is required before rotating
out of the incisura, which is likely why restoration of the
PITFL to its anatomic length and tension restores syndes-
motic stability. However, relative ligamentous laxity may
be present, even if it still is attached to its tibial insertion,

TABLE 1. Stiffness Data after Fixation

Specimen

Posterior Malleolar Fixation Syndesmotic Fixation

Intact Stiffness Stiffness after Fixation Decrease Intact Stiffness Stiffness after Fixation Decrease

1 0.473 0.176 62.8% 0.503 0.181 63.9%
2 0.442 0.258 41.8% 0.284 0.209 26.4%
3 0.203 0.156 21.4% 0.469 0.203 56.8%
4 0.251 0.199 20.8% 0.712 0.122 74.3%
5 0.324 0.307 5.3% 0.712 0.164 76.8%

Average 30.4% Average 59.7%
Standard deviation 22.2% Standard deviation 20.2%

*Stiffness values are reported in Nm/°
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and preoperative MRI should be considered to rule out a
partial tear, as occurred in one of the 15 cases in this series.

Once a syndesmotic injury has been diagnosed, the tra-
ditional treatment has been trans-syndesmotic stabiliza-
tion.2,4,7,9,12,22,25,28,41,55,56 However, syndesmotic screws
are not without occasional inherent morbidity.1,39,47,49

Tibiofibular screw fixation may inhibit normal ankle mo-
tion as potentially rigid fixation replaces the normally
compliant tibiofibular ligaments.22,34,39,45 Screws may
break after a period of weightbearing, and may cause
chronic pain over the inferior tibiofibular joint, leading
some authors to recommend empiric removal.11,34,37

With simulated weightbearing after syndesmotic fixa-
tion, Solari et al reported no differences in stability be-
tween fixation methods using stainless steel or titanium
screws, but all constructs had significant syndesmotic dis-
placement.48 Similarly, Peter et al39 compared Kirschner
wires with syndesmosis screws and found neither method
prevented posterolateral rotation of the fibula or lateral
displacement of the talus. Considering the central place-
ment of a syndesmotic screw into the distal tibial cancel-
lous metaphyseal bone, it is intuitive that a syndesmotic
screw does not fix the syndesmosis rigidly or completely

prevent rotation. With the knowledge that a syndesmotic
injury perhaps should preclude early weightbearing re-
gardless of fixation technique, it may be desirable to re-
duce the distal fibula in the incisura anatomically by sta-
bilizing the posterior malleolus, with the intact PITFL, and
to keep the patient nonweightbearing. However, these
clinical algorithms were not tested in our protocol. Elderly
cadaver specimens were used in our study as well as the
previously mentioned studies.3,39

Magnetic resonance imaging of posterior malleolar
ankle fractures revealed the PITFL remained attached to
the posterior malleolus fragment in all cases. In the sub-
sequent biomechanical investigation comparing the
strength of syndesmotic screw fixation with posterior mal-
leolar fixation, we found syndesmotic stiffness was re-
stored to 70% of the intact stiffness, compared with 40%
after traditional syndesmotic fixation. Additional clinical
correlation that includes prospective and randomized trials
is necessary to confirm the utility of this concept.

Acknowledgment
We thank Hollis G. Potter, MD, for MRI interpretations.

Fig 3A–B. A radiograph shows a a PER Stage 4 ankle fracture-dislocation with a posterior malleolar fracture. (A) The posterior
fragment (arrows) remained with the distal fibula after syndesmosis diastasis, suggesting the PITFL was intact. (B) A magnified
lateral view shows the posterior malleolar fragment (arrowheads) is in proximity to the fibula because of the integrity of the PITFL.
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