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Abstract

Posterior malleolus fractures are quite common and usually result from rota-
tional ankle injuries. For the management of posterior malleolus fractures,
more studies are still required, though it is already well-recognized for medial
and lateral structure. Therefore, fracture of posterior malleolus is striking
subject of study among orthopedic surgeons. Most orthopedic surgeons rec-
ommend fixing the posterior malleolus fracture if it is larger than 25% to 33%
of the distal articular surface. Further attention is required for the reduction
and fixation of fractures involving posterior malleolus. Several approaches
and methods for fixation of posterior malleolus have been defined in the lite-
rature. Previously, the most common method of fixation of the posterior
malleolus is by indirect reduction and anteroposterior screws, it is minimally
invasive, the anterior incision does not allow satisfactory visualization of the
fragment, so good anatomical reduction is difficult to achieve thorough this
approach. Operative management goals to reach a stable ankle with maximal
function, decrease the risk of post-traumatic degenerative changes, and dimi-
nish the risk of complication. Nowadays, posterolateral approach is gaining
the popularity due to adequate visualization and accurate anatomic reduction.
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1. Introduction

Ankle fractures are injuries with an annual occurrence of approximately 100/
100,000 person yearly [1] [2] [3]. Among which about 7% to 44% are accompa-
nied by posterior malleolus fracture, which are rarely seen alone [4] [5]. Usually

it results from rotation of ankle and accompanying typically with fractures of
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single or both malleoli. Typical rotational mechanism of the ankle fracture may
lead to the rupture of the posterior inferior tibiofibular ligament (PITFL) or
create an avulsion fracture of the posterior tibial margin. It is also defined as the
posterior malleolus fracture or Volkmann’s fracture. Radiological study of the
posterior tibial rim fragment was initially studied by Chaput in 1907 [6] followed
by Destot who further introduced the term “malle’ole poste’rieure” (posterior
malleolus [PM]) in 1911. In 1915, Cotton described a new type of ankle fracture
eventually named after him which was a bimalleolus fracture along with a frac-
ture of PM [7]. However, in 1836 this type of fracture had been previously de-
scribed by Adams [8]. Henderson introduced the term trimalleolus fracture in
1932 [9].

PM fractures are generally neglected due to the spontaneous reduction of
these fragments after open reduction of the lateral malleolus through ligamento-
taxis done by the posterior-inferior tibiofibular ligament (PITFL). Some studies
have shown the importance of PM on the stability of tibiofibular syndesmosis
(TFS) and the ankle joint [10] [11] [12]. Recent literature shows a changing ten-
dency towards the anatomical correction of the joint, based on the presence of
intra-articular step-off rather than the size of the posterior fragment [13] [14]
[15].

Still, fixation of the posterior malleolus fractures remains an area of contro-
versy in orthopedic surgery. No consensus has provided the best methodology
for reduction and stabilizes the posterior tibial malleolus. The standard interven-
tion for posterior malleolus fracture fixation involving >25% - 35% of the arti-
cular surface of distal tibia should be internally fixed [16] [17]. On the contrary,
the need for fixation of fragments <25% has not yet been clarified. Inadequate
reduction of ankle fracture leads to early osteoarthritis, resulting in pain and loss
of function of the ankle joint.

The recent advancement has evolved from simple closed reduction and cast-
ing, to open reduction and internal fixation. The literature describes various ap-
proaches for fixation of posterior malleolus. Traditionally, method of posterior
malleolus fractures fixation is indirect reduction and an anteroposterior screw.
Although minimally invasive, the anterior incision has limited visualization of
the fragments further hindering a proper anatomic reduction leading to poor
prognosis [18]. Therefore, posterolateral approach is gaining popularity due to

adequate visualization and accurate anatomic reduction.

2. Classification

Decades of research into ankle fracture provides multiple classifications focusing
on the mechanism of injury along with correlation with the pattern of the frac-
tures. The most common classifications are those of Lauge-Hansen and Da-
nis-Weber. The consideration of both classifications is desirable, as a surgeon
should be able to establish a correlation between the fracture, mechanism of an

injury and an optimal treatment method.
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2.1. Lauge-Hansen Classification

The most commonly accepted classification is the generic one made by Lauge-
Hansen in 1984. It was based on experimental, clinical and radiological findings
with the fracture type depending on parameters such as the position of the foot
and the direction of the force at the time of injury. The term of Lauge-Hansen’s
classification is basically a cadaveric study [19] (Table 1 categories and stages of

Lauge-Hansen classification system).

2.2. Danis-Weber Classification

On 1949 Robert Danish published “Théorie et pratique de I'ostéosynthése” pro-
viding an early basis to classification. Further on 1972—Bernhard Georg Weber
developed and popularized classification system still used in practice today. The
Danis-Weber classification is essentially based on radiographic criteria.

The position of the distal fibular fracture in relation to the syndesmosis of the
ankle joint were taken into consideration. After a detailed study three categories
were created:

Type A fracture: below the level of the tibial plafond (syndesmosis) and may
be associated with oblique or vertical medial malleolus fractures

Type B fractures: at the level of the tibial plafond (syndesmosis) and extend
proximally in an oblique fashion

Type C fractures: proximal to the level of the tibial plafond and often have an
associated syndesmotic injury. It can be associated with medial malleolus frac-
tures or injury to the deltoid ligament [19] [20] [21].

3. Mechanism of Injury

The rotational injury is the most typical mechanism of leading to a fracture of
the posterior malleolus. Lauge-Hansen classification system describes the pro-
gression of injury around the ankle joint in a staged sequence. The supina-
tion-external rotation injury pattern has an initial anterior inferior tibiofibular
ligament injury (stage 1) followed by fibula (stage 2) which could lead to PITFL
or fracture of the posterior malleolus (stage 3) and finally the medial ankle (stage
4). Posterior malleolus fracture also witnessed in the pronation-abduction. Here,
the force of abduction creates avulsion of the syndesmosis with lateral malleolus
failure which may also result in a fracture of the posterior malleolus as well. Al-
though rare, there are few incidences of certain combined injury mechanism
where an axial load and shear fracture off the posterior malleolus, which com-
monly occurs in falls from a height and road traffic accident. A torsional injury
that results in a spiral distal tibia fracture also inflicts posterior malleolus frac-

ture commonly seen with an associated high fibula fracture [22] [23].

4. Diagnosis

For the diagnosis of ankle fracture a proper history taking, thorough clinical

examination and intense radiological study are needed. History of the incident
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Table 1. Lauge-Hansen classification [19].

1) Injury of the anterior inferior tibiofibular ligament (AITFL)

L . 2) Oblique/spiral fracture of distal tibia

Supination external rotation . L. X - X
3) Injury of the posterior inferior tibiofibular ligament (PITFL)

4) Medial malleolus fracture or injury to the deltoid ligament

1) Transverse fracture of the distal fibula

Supinati dducti
upination adduction 2) Vertical fracture of medial malleolus

1) Medial malleolus fracture or injury to the deltoid ligament

2) Injury of the anterior inferior tibiofibular ligament (AITFL)

3) Oblique or spiral fracture of the fibula proximal to the tibial
plafond

4) Injury of the posterior inferior tibiofibular ligament (PITFL) or

Pronation external rotation

avulsion of the posterior malleolus

1) Medial malleolus fracture or injury to the deltoid ligament

2) Injury of anterior inferior tibiofibular ligament

Pronation abduction ) Injury X § .
3) Transverse or comminuted fracture of the fibula proximal to the

tibial plafond

focuses on the details shedding a light on the mechanism of injury with the
pre-existing medical status, and economic condition which are of great indica-
tors for decision-making and planning the mode of treatment. The physical ex-
amination helps to recognize the emergency condition, open fracture, compro-
mised neurovascular status and compartment syndrome. Local tenderness and
ankle stability should not be ignored. Radiology is essential in defining involved
injured structures which is important for the plan of treatment which is a sup-
porting parameter for a better quality of the reduction.

The initial radiograph includes at least three projections: AP (anterior-poste-
rior), lateral and mortise view. Computed tomography (CT) is helpful to deter-
mine fragments with the location of the major fragment. Haraguchi et al pro-
posed a calculation method for fragment size based on CT images which are
considered more accurate [24]. For the ligament and tendon injury MRI proves

to be more helpful.

5. Treatment

The treatment option consists of conservative or operative treatment which de-
pends on the fracture type, state of the circulation and skin condition, general
condition of the patient with numerous possible complications. Previously,
fractures of the posterior malleolus fractures were treated nonoperatively. There
are few studies suggesting closed reduction with cast immobilization should be
reserved for non-displaced, stable fractures, anatomically reduced fractures and
for patients with the poor medical condition.

From 1950s onward, surgical recommendation of the posterior malleolus
fracture has varied. Still, the proposed guidelines have certain drawbacks such as
lack of poor-quality studies, inaccurate evaluation of fragment size, added not all
surgical cases are fixed anatomically. Based on previous studies it has been rec-

ommended to surgically fix posterior malleolus fractures that are >25% - 35% of
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the articular surface of the tibia [25].

Previously, ankle instability was the first indication for internal fixation of the
PM [26] [27] [28]. Eventually, attention was paid to the importance of joint
congruity and restoration of the articular surface of the tibial pilon [29] [30].
Recently, emphasis has been put on stability of the tibiofibular mortise and re-
duction of the distal fibula into the fibular notch [31]. A longer period followed a
decisive factor for indication to surgery as the size of the articular surface of the
fragment and its displacement [32] [33].

Although indications for fixation of the posterior malleolus still remains con-
troversial, the existing indications are evolving which includes fractures involv-
ing >25% to 33% of the articular surface, displacement > 2 mm, ankle instability
with concomitant syndesmotic injury, and persistent posterior subluxation of
the talus.

6. Operative Treatment: Posterolateral Approach
Surgical Technique

The preferred surgical process is the prone or semi-prone position although pa-
tients could lie on their side, if there is no medial malleolus fracture. Under
anesthesia, 8 - 12 cm longitudinal incision is made between the lateral border of
Achilles tendon and the posterior margin of the fibula. Therefore, the surgeon
must be careful to avoid injuring the sural nerve. A sharp incision is made
through subcutaneous tissue to visualize the nerve at the lateral border of the
Achilles tendon, which is identified as approximately 10 cm proximal to the
tendon insertion. Deep dissection was continued between the flexor hallucis
longus tendon medially and both long and short peroneal tendons laterally to
expose the posterior malleolus fragments.

Hereafter, the posterolateral fragment is gently mobilized with careful atten-
tion for keeping the posterior tibiofibular ligament intact. After fracture surfaces
debris is cleared, the fracture is reduced and temporarily fixed by K-wires post-
eriorly to anteriorly, abutting the articular surface. Care should be taken to clean
and define the fracture edge, and not to devascularize the fragment. Intercalary
fragments of sufficient size and cartilage quality are reduced towards the tibial
plafond using the talus as a model and fixed with K-wires or resorbable pins.
Comminuted osteochondral fragments not amenable to fixation are resected.
Definite internal fixation may be performed using lag screws or a buttress plate,
from the small fragment set (The choice of implants depends on the size and
bone quality of the PM fragment.). Buttress plate may prevent secondary dis-
placement of the fragment, particularly in osteoporotic bone. Once the posterior
malleolus fragment is secured, the fibular fracture is exposed through the sa-
meincision, either medially or laterally to the peroneal tendons, following the
fracture line. They are generally displaced medially to obtain good exposure of
distal fractures and allow placement of lateral or posterolateral plates. Finally,

the medial malleolus is addressed. The fixation of the medial malleolus can be
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difficult in the prone position but could be performed correctly, assistant hold-
ing the leg with the knee flexed and rotated internally or even patient can be
placed in a supine position. The medial malleolus treated via standard medial
approach and fixation can be done as per fracture pattern. The closure is per-
formed in the usual manner [25] [34] [35] [36] [37] (Figures 1-6).

7. Complication

Complication of ankle fractures may be malunion, nonunion, infection, wound
dehiscence, posttraumatic osteoarthritis, posttraumatic reflex dystrophy, deep
venous thrombosis, embolism, compartment syndrome and nerve injury. A sys-
temic review of 17 studies done by E. S. Veltman et al which included 768 pa-
tients. Wound infection was present in 39 with deep infection for 7 cases and
superficial infection for 32 cases were witnessed. Dehiscence was present among
16 patients. It required implant removal for 88 infected patients as a result of
pain. A persisting intra-articular step-off of > 2 mm was noted in 32 patients.
Non-union was present in 19 out of 768 patients. Posttraumatic osteoarthritis

was present in 16 patients among all patients after a mean follow-up of 44

Figure 1. Anteroposterior radiograph of tri-
malleolus fracture (image taken from zhongda
hospital).

Figure 2. Lateral radiograph showing posterior
malleolus fracture (image taken from zhongda
hospital).
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Figure 3. Patient with prone position with slightly knee flexed (image taken from zhong-
da hospital).

Figure 4. Outline of a longitudinal incision
made between the Achilles tendon and post-
eriorborder of the fibula (image taken from
zhongda hospital).

Figure 5. View of the posterior fragment in the
interval between the peroneal tendons and the
flexor hallucis longus (image taken from zhong-
da hospital).

months. Nine patients (1% of all patients) had complaints of posttraumatic
reflex dystrophy. Persistent talar subluxation was present in seven patients (1%

of all patients). Two patients had persistent nerve damage [38].
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Figure 6. Exposure of fibula fracture through
same incision (image taken from zhongda hos-
pital).

8. Posterolateral versus Other Approaches

There are several studies describing surgical approaches to the posterior malleo-
lus fracture. A long medial incision was used to reach the posterior fragment of
the dislocated ankle. This method requires extensive soft tissue stripping of the
fracture fragments [39]. Kao et al described a posterior-medial-anterior ap-
proach to pilon fractures that uses a larger J-type incision that proximally starts
posteriorly curving around the medial malleolus and distally over the dorso-
medial foot [40]. A posteromedial incision is also indicated allowing fixation of
the posterior and medial malleoli from the same incision [36] [40] [41]. Al-
though, this approach has a limited visualization of the posterior malleolus
fragment. Holt ef al had described an arthroscopically assisted reduction of the
posterior malleolus [42]. Weber ef al. described a case series of 9 patients who
were treated with a combined posteromedial and posterolateral approaches [43].
Indirect reduction and screw fixation are minimally invasive in comparison to
direct reduction through posterolateral approach. However, during anterior in-
cision the removal of periosteal debris or blood clots are not satisfactory due to
minimal visualization off ragments.

Previously, posterior malleolus surgical approaches required undue dissection
or had inadequate visualization. Therefore, regarding the surgical method for
posterolateral approach has several advantages. Importantly, it allows a direct
inspection with proper reduction of the fragments. It is a well-known fact, arti-
cular surface is a basic principle in fracture reduction, and the posterolateral ap-
proach definitely supports the fact. This was exclusively presented in a study by
Huber et al. [18]. They found that anatomical reduction of the posterior malleo-
lus was more frequent with direct reduction (83% of cases) while compared with
the standard indirect reduction and anteroposterior screws (27% of cases). Dur-
ing delay in surgery, a direct cleaning and removal of callus and periosteum is
possible. Finally, direct visualization allows for the joint to be inspected for os-

teochondral fragments, talar chondral damage or impaction injury. The fixed
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implants used for posterolateral approach is deep within the ankle which is im-

portant for good soft tissue coverage and also provides more comfort to patients.

9. Discussion

The treatment goal of an ankle fracture is the complete recovery with the pur-
pose of the maximal possible function. Stable reduction, early weight bearing,
and motion of the ankle joint are the most popular methods implemented. A
proper reduction of ankle joint is very important because it is a small articular
surface with a maximal heavy load bearer. Although there are studies confirming
poor prognosis for the posterior malleolus fracture of the ankle, controversies
still exist regarding the appropriate indication and its management. Indirect re-
duction of the fragment with an anterior approach and fixation with anteropos-
terior screws is one of the treatment modalities for PM fractures [34]. Due to
possible periosteal interposition, hematoma, and callus plus in the delayed cases
this method is not usually a success.

Previously, studies report no consensus on the optimal size of the fragment
that should be fixed [44] hence with poor optimal indication and treatment al-
gorithm. Traditionally, the size of the fragment was the main factor for operative
indication. Many surgeons internally fix the posterior malleolus fracture if the
fragments are larger than 25% - 30% of the articular surface. However, a study
by Gardner et al. [45] suggested, significant variations exist along with size con-
sidered for surgical fixation of posterior malleolus fractures. Harper and Hardin
[46] found no significant statistical difference between the two treatment options
while comparing the results of operative versus conservative treatment for PM
fracture involving 25% or more of the articular surface. Heim et a/ [47] recom-
mends operative fixation for all Posterior malleolus fractures except for posterior
rim fracture for tibia. Langenhujsen et al [48] suggested reduction and fixation
for all posterior malleolus fracture that remains displaced after ORIF of the lat-
eral and medial malleolus.

With the advancement of the computed tomography scans on evaluating these
fractures has revolutionized its use on orthopedic surgeries. Increasing applica-
tion CT scans on an increasing number of clinical studies provide the clinicians
a better understanding of factors that affect the treatment decision regardless of
the singular size of the fragment entity to perform an operative treatment [49].
With surgeons becoming more familiar and minimal risk associated with the
posterolateral approach has attracted investigators for implementing the post-
erolateral approach and fixation of the posterior malleolus from its posterior as-
pect. Miller et al. [50] followed up 31 patients who had undergone the postero-
lateral approach among which 9 had a posterior malleolus fracture, 14 had a
syndesmotic injury without posterior malleolus fracture, and 8 had ankle dislo-
cation with posterior malleolus fracture. All the patients underwent surgery and
fixation with the posterolateral approach. It was observed, posterior malleolus

stabilization of the syndesmotic injuries was equivalent to screw fixation. Fur-
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ther, recommended regardless of the size of the fracture fragment, an anatomic
reconstruction should be performed by fixation using a posterolateral approach.
In a study by Forberger et al. [51] which included 45 patients with the posterola-
teral surgical approach involving more than 25% of the articular surface or
young patients with subluxation of the ankle more than 10% of the articular
surface. The study states that the approach had a good exposure with stable fixa-
tion for the displaced posterior malleolus fragment and further with only a few
complications.

Although several studies have suggested using the posterolateral approach for
the treatment of posterior malleolus fractures, only a few have described the
treatment outcomes. Abdelgawad et al [36] reported on 12 cases of posterior
malleolus fractures treated with a posterolateral approach. 10 patients were fol-
lowed up, and none of 10 patients had developed delayed union, non-union,
deep infection, or wound dehiscence. Mingo Robinet et al [35] also treated 10
patients through the posterolateral approach and none of them had any post-
operative complication. Benthien [52] only reported 3 cases among which all
achieved satisfactory bone healing, anatomic alignment, and the full range of
ankle motion. Erdem ef al [34] treated 40 patients through the posterolateral
approach and reported that full union without any loss of reduction was ob-
tained in 38 out of 40 patients. Recently, Q. Zhou et al. also treated 34 patients
through the posterolateral approach and reported that no patient developed de-

layed union or nonunion [37].

10. Conclusion

In conclusion, the posterolateral approach provides an optimal exposure for the
fixation of the posterior malleolus fracture. Further, this approach has an ad-
vantage of proper visualization of the fragments and better functional stability of
the ankle joint. This technique also provides good coverage of soft tissue and

stable fixation, with few postoperative complications.
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PITFL: posterior inferior tibiofibular ligament
TFS: tibiofibular syndesmosis

AITFL: anterior inferior tibiofibular ligament
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