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Abstract
Introduction  The posterolateral approach is used in most cases of surgical treatment of ankle fractures involving the pos-
terior and lateral malleoli. However, this approach does not allow access to the anterolateral structures of the ankle, which 
represent important landmarks to allow an anatomical reduction in case of complex ankle fracture.
Our objective is to propose a novel surgical approach for optimal management of injuries including both a fracture of the 
posterior malleolus and a complex lesion of the lateral and/or anterolateral portions of the ankle.
Methods  Cadaveric dissection, including a vascular study, was performed on eight specimens. Assessment included density 
of the vascular supply around the lateral malleolus, identification of the structures at risk, quality of exposure of the bony 
structures, and convenience of hardware fixation.
Results  The cutaneous flap benefits from a rich interconnected arterial supply. Structures at risk, including the superficial 
peroneal and sural nerves, the lesser saphenous vein, and the peroneal artery are easily identified and protected. The interval 
between the peroneal tendons and the flexor hallucis longus muscle provides optimal access to the posterior malleolus. The 
lateral malleolus is exposed by retracting the peroneal tendons medially. An anterolateral arthrotomy, respecting the anterior 
talofibular and tibiofibular ligaments, offers a sharp view on the talo-tibio-fibular junction. Hardware placement can be done 
with optimal access to any exposed surfaces.
Conclusions  The PAMELA opens a new perspective in the optimal management of complex fractures of the ankle. The 
approach allows optimal exposure to address fractures of the posterior malleolus, of the lateral malleolus, and of the ante-
rolateral portion of the ankle through a single incision. Application in clinical practice is the subject of a future study in our 
institution.

Keywords  Ankle fracture · Trimalleolar fracture · Posterior tibial malleolus · Extended approach to the ankle · Chaput 
tubercle

Introduction

Comprehensive anatomical reduction of ankle fractures opti-
mizes the clinical and radiological outcome [1–3] even if 
several other factors also influence the long term results [4]. 
Clear visualization of anatomical landmarks is mandatory 

for precise fracture reduction. Furthermore, several recent 
publications recommend the use of pre-operative CT scan 
for identification and classification of the fracture pattern 
and for determining the best surgical approach [5–9]. These 
studies particularly focused on posterior malleolar fractures. 
A posterolateral approach has been found to give adequate 
access to posterolateral tibial fragments, which account for 
more than 60% of posterior malleolar fractures [6, 8] while a 
posteromedial approach is recommended for fractures of the 
posterior malleolus extending into the medial malleolus [8].

The posterolateral approach is carried out through the 
interval between the peroneal tendons and the flexor hal-
lucis longus muscle belly to access the posterior malleolus. 
The fibula is accessed by retracting the peroneal tendons 
medially or laterally [10–14]. Although this approach allows 
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visualization of both the posterior malleolus and the fib-
ula, it does not give access to the anterolateral portion of 
the ankle, including, the anterior syndesmosis, the Chaput 
tubercle, and the tibio-talo-fibular junction. In case of com-
plex ankle injuries, as after high energy trauma or in elderly 
patients with poor bone quality, diaphyseal and metaphyseal 
bony landmarks become less reliable. Therefore, exposure 
of the tibio-talo-fibular junction provides substantial addi-
tional information to achieve anatomical reduction. Surgical 
experience shows that access to the posterior aspect of this 
junction is difficult due to the strong transverse ligaments 
and also to the posterior position of the fibula. Conversely, 
clear visualization of the anterior tibio-talo-fibular junction 
is easy. Therefore, a surgical approach allowing simultane-
ous access to the posterior malleolus, to the fibula, and to 
the anterolateral portion of the joint could be advantageous 
in the setting of complex ankle injury.

The aim of our study is to describe a surgical approach, 
considering local vascularization and structures at risk that 
provides optimal access to the posterior, lateral, and antero-
lateral portion of the joint.

Methods

Eight fresh frozen cadaveric paired lower limbs from Cau-
casian voluntary donor specimens were used, provided by 
the Anatomy and Morphology Faculty Unit of the University 
of Lausanne (Switzerland). Four specimens (two pairs) were 
amputated at the level of distal diaphyseal tibia and used for 
the preliminary vascular study. The other four specimens 
(two pairs) were used for the study of the surgical approach 
and were above-knee amputated to preserve muscular ten-
sion at the ankle. All limbs were examined for the absence 
of signs of previous surgery.

Vascular study

The anterior tibial, posterior tibial and peroneal arteries 
were identified on each specimen and catheterized with an 
18 Gauge venous catheter secured with a clamp. After copi-
ous irrigation with water and manual draining, colored liq-
uid latex (Plastylate, Latex milk, Glorex Inspirations® with 
Universal colorant, Abtönen®) was injected simultaneously 
in all three arteries (blue latex for the posterior tibial artery, 
pink latex for the peroneal artery and green latex for the 
anterior tibial artery). Forty-eight hours after injection, dis-
section was performed on the four specimens. The presence 
of cutaneous color was recorded, as well as the abundance of 
subcutaneous blood network and the distribution according 
to the three main arteries.

Surgical approach

The four above-knee amputated specimens were placed in 
a lateral decubitus position, and dissection was performed 
by a senior orthopedic surgeon. A cartography was estab-
lished defining the safe zone for skin incision. A standard-
ized l-shaped incision pattern (Fig. 1) was then defined in 
relationship with both this cartography and three anatomical 
landmarks including: the lateral malleolus; the lateral edge 
of the Achilles tendon; the sinus tarsi. The longitudinal part 
of the incision was placed at the junction between the ante-
rior third and the posterior two thirds of the interval between 
the posterior edge of the fibula and the lateral edge of the 
Achilles tendon, and measured about 10 cm, ending at the 
level of the tip of the malleolus. The distal part of the inci-
sion continued obliquely on a straight line defined by the 
sinus tarsi and the tip of the lateral malleolus. Both parts 
of the incision crossed behind the lateral malleolus at an 
angle of 110°. At first, the position of the sural and peroneal 
superficial nerves was assessed. The peroneal tendons were 
retracted posteriorly to expose the distal fibula. To visualize 
the posterior malleolus, two ways of deepening the incision 
were compared: the first retracting the peroneal tendons 

Fig. 1   Photograph showing the standardized incision pattern (dot-
ted line). The vertical part of the incision is situated at the junction 
between the anterior third and the posterior two thirds of the interval 
between the posterior edge of the fibula and the lateral edge of the 
Achilles tendon. The distal part of the incision is on a straight line 
defined by the sinus tarsi and the tip of the lateral malleolus. Both 
parts of the incision cross behind the lateral malleolus at an angle of 
110°. Continuous purple lines define the bony contours of the fibula 
and tibia anteriorly, and the lateral edge of the Achilles tendon pos-
teriorly. The circle designates the sinus tarsi. Colored lines represent 
the course of the superficial peroneal (green) and sural (blue) nerves
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medially; the second, incising the fascia at the posterior 
border of the peroneal tendons and deepening through the 
interval between the peroneal tendons and the flexor hallucis 
longus muscle belly. To access the anterior syndesmosis, a 
thick cutaneous flap was prepared anteriorly, exposing the 
inferior extensor retinaculum, which was partially incised to 
reach the anterior talofibular ligament. Then, arthrotomy was 
performed in the interval between the anterior talofibular 
and the anterior tibiofibular ligaments in order to expose 
the anterior aspect of the tibio-talo-fibular junction and the 
anterior superolateral margin of the talar dome.

We evaluated:

(1)	 the structures at risk encountered while performing the 
dissection;

(2)	 the best way to reach the posterior malleolus;
(3)	 the quality of exposure of bony surfaces;
(4)	 the quality of exposure of the articular margins;
(5)	 the convenience to reduce and stabilize the simulated 

fractures.

Results

Vascular study

The external analysis of the four specimens revealed only lit-
tle cutaneous coloration: toes were slightly green (injection 
into the anterior tibial artery) and the sole of the foot was 
slightly blue (injection into the posterior tibial artery). Dis-
section was performed to produce a thin skin flap in order to 
visualize the subcutaneous vascularization: a dense network 
of subcutaneous vessels was observed in all specimens, with 
some variations noted about the arterial territories (Fig. 2). 
The distribution of the anterior tibial artery extended over-
all to the anterior aspect of the ankle, in front of the lateral 
malleolus, and the peroneal artery territory was posterior 
to the lateral malleolus and extended to the lateral aspect of 
the hind foot. The contribution of the posterior tibial artery 
was variable. A dense network of anastomoses was present 
between these territories, demonstrating a rich vasculariza-
tion of this zone.

Surgical approach

Structures at risk encountered while performing the more 
superficial part of the approach included: the superficial 
peroneal nerve; the sural nerve; the lesser saphenous vein. 

Fig. 2   Subcutaneous vascu-
larization around the lateral 
malleolus. a Vascular network 
constituted of pink vessels from 
the peroneal artery (P) and 
green vessels from the anterior 
tibial artery (AT). The posterior 
tibial artery (blue vessels, PT) 
contributes to the network in 
front of the fibula in this speci-
men. Anastomoses between the 
anterior tibial and the posterior 
tibial arteries are seen (*). b 
The density of the vascularity in 
another specimen, in whom the 
anterior tibial artery predomi-
nates (green coloration)
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We made identical observations in all four specimens. The 
superficial peroneal nerve crossed the lateral malleolus 9 cm 
above its tip, then run 1 cm anteriorly of the apex of the lat-
eral gutter (Fig. 3a) and 2 cm anteriorly of the distal part of 
the incision (sinus tarsi) (Fig. 3b). The sural nerve, together 
with the lesser saphenous vein, were found halfway between 
the posterior edge of the fibula and the lateral edge of the 
Achilles tendon, which also means that they were located 
1 cm posteriorly to the posterior edge of peroneal tendons 
(Fig. 4a). Due to their subcutaneous location in the epifascial 
fat tissue, and to their position posteriorly to the portion of 
the crural fascia that had to be longitudinally sectioned to 
allow the deepening between the peroneal tendons and the 

flexor hallucis longus, the sural nerve and lesser saphenous 
vein could be efficiently protected by posterior retraction 
of the crural fascia (Fig. 4b). The peroneal artery was the 
only structure at risk when performing the deeper part of the 
approach. This occurred when creating the interval between 
the peroneal tendons and the flexor hallucis longus mus-
cle belly. Protecting the artery requires to remain in close 
contact with the peroneal tendons and to retract the artery 
medially together with the flexor hallucis longus muscle.

Incising the crural fascia at the posterior margin of the 
peroneal tendons, and deepening the incision through the 
interval between the peroneal tendons and the flexor hallu-
cis longus muscle belly appeared as the best way to access 

Fig. 3   The course of the super-
ficial peroneal nerve, shown in 
front of the apex of the lateral 
gutter (a), and anteriorly of the 
distal part of the incision (b)

Fig. 4   Localization of the sural 
nerve. a The sural nerve (arrow 
head) is shown in epifascial 
tissue (arrow: crural fascia). b 
Protection of the sural nerve by 
posterior retraction of the crural 
fascia (arrow)
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the posterior malleolus. It provided a large window on the 
posterior malleolus and required only gentle tissue retrac-
tion. Accessing the posterior malleolus by retracting the 
tendons medially was also possible but required a strong 
tension on the tendons, and allowed poor visualization of 
the posterior tibia.

A cartography of the bony surfaces that could be exposed 
is shown in Fig. 5 The exposure of the posterior malleo-
lus using the interval between the peroneal tendons and 
the flexor hallucis longus corresponds to 80% of its width 
and extends proximally over more than 5 cm (Fig. 6a). The 
lateral malleolus could be fully exposed, including its pos-
terior aspect, by mobilizing the peroneal tendons medially 

Fig. 5   The bony surfaces that could be exposed are shown after removal of the soft tissues (green: lateral malleolus; blue: tibia). a Anterolateral 
view, the Chaput tubercle is fully exposed. b Lateral view. c Posterolateral view. d Posterior view

Fig. 6   The exposure of the anterolateral and posterior structures 
obtained with the PAMELA are shown. a Posterior malleolus. b 
Lateral and posterolateral aspects of the lateral malleolus. c Chaput 
tubercle—a fracture was simulated using an osteotome. d Anterolat-

eral margin (tibio-talo-fibular junction), with exposition of the supe-
rolateral talar surface. e Posterior tibiotalar articular margin, after 
detachment of the lower portion of the posterior tibiofibular ligament, 
and visualization of a portion of the posterior talar dome
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(Fig. 6b). The anterior extension of the approach further 
allowed visualization of the whole Chaput tubercle (Fig. 6c). 
The anterolateral articular margin, including the tibio-talo-
fibular junction, could be exposed after arthrotomy between 
the anterior talofibular and the anterior tibiofibular liga-
ments (Fig. 6d). If a Basset ligament was present it had to 
be resected for optimal visualization. The anterolateral view 
also allowed to expose the superolateral talar surface over 
1.5 cm2 (Fig. 6d). The lateral 80% of the posterior tibiotalar 
articular margin were visible while exposing the posterior 
malleolus (Fig. 6e). This, however, required the lower por-
tion of the posterior tibiofibular ligament to be detached 
from its tibial insertion. Access to a small portion of the 
posterior talar dome was also possible.

The procedure allowed to place plates on the posterior 
aspect of the lateral malleolus, on the posterior malleolus, 

and on the Chaput tubercle (Fig. 7). With the limb posi-
tioned in lateral decubitus, perpendicular position of the 
drill bit, or screw driver was possible for all three locations 
of the plates. Furthermore, as shown in Fig. 8, 90° of free-
dom was provided to access the posterior malleolus with 
the instruments.

Discussion

In this study we describe a surgical approach allowing to 
address complex ankle fractures involving the posterior, lat-
eral, and anterolateral portions of the joint.

Our vascular analysis demonstrates that the anterior 
tibial artery is the most important contributor to the vas-
cularization of the flap created by the described incision. 

Fig. 7   Plate positioning on the 
lateral malleolus (a), poste-
rior malleolus (b) and Chaput 
tubercle (c)

Fig. 8   Access to the posterior 
malleolus for osteosynthe-
sis. a Direct view on a plate 
positioned on the posterior 
malleolus and access for the 
screwdriver. b Superimposed 
photographs showing 90° of 
freedom to access the posterior 
malleolus with the instruments
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Nevertheless, the anastomoses between the anterior tibial, 
peroneal and even posterior tibial arteries create a rich vas-
cular network suggesting that the flap around the lateral 
malleolus is well vascularized. Our findings concur with 
previous reports. In their study of the angiosomes, Attinger 
et al. [15] found that the vascularity of the foot and ankle 
is redundant because of the multiple connections between 
the main supplying arteries. Borrelli and Lashgari [16] 
stated that the skin and subcutaneous tissues of the lateral 
aspect of the hindfoot appear to receive their blood supply 
from a complex of vessels and not from a single angiosome. 
Furthermore, Taylor and Pan [17] showed that connec-
tions between adjacent angiosomes occurred within tissues 
and not between them. Therefore, although our incision is 
not placed strictly between two angiosomes, our vascular 
assessment and the aforementioned studies allow to choose 
a compromise between the vascular supply and the quality 
of exposure, as suggested by Attinger [18].

Our incision is based on easy identifiable anatomical 
landmarks, including the lateral margin of the Achilles ten-
don, the posterior margin of the fibula, the tip of the lat-
eral malleolus, and the sinus tarsi. Structures at risk while 
performing the superficial part of the approach include the 
superficial peroneal nerve, the sural nerve and the lesser 
saphenous vein. They do not cross the incision. Neverthe-
less, they can be easily identified if required and protected 
without tension. Solomon et al. [19] demonstrated that the 
sural nerve is located at an average of 7 mm posterior to 
lateral malleolus, which is consistent with our findings. Nev-
ertheless, variations are frequent, as described by Kosinski 
[20], and the nerve is sometimes directly in contact with 
the posterior aspect or tip of the lateral malleolus [19]. The 
superficial peroneal nerve has been shown to be located at an 
average of 23 mm anterior to the tip of the lateral malleolus 
[19], which we also observed in our dissections.

Deepening the incision between the peroneal tendons and 
the flexor hallucis longus muscle, the only structure at risk is 
the peroneal artery. To avoid injuring this vessel, dissection 
is carried out very close to the peroneal tendons so that the 
artery and its surrounding tissues can be retracted laterally 
together with the flexor hallucis muscle belly. Furthermore, 
knowing that the peroneal artery usually bifurcates and per-
forates through the interosseous membrane 6–8 cm above the 
tibial plafond, and, in some cases, even 4 cm above it [21], 
careful proximal dissection and mobilization is required for 
safe placement of a buttress plate on the posterior malleolus.

The approach permits a large visualization of the poste-
rior malleolus, excluding the very medial portion, an opti-
mal exposure of the lateral malleolus, and a precise control 
of the anterior tibio-talo-fibular congruence. The anterior 
view further allows to address a fractured Chaput tubercle, a 
Wagstaffe-Le Fort avulsion fracture, a fracture of the antero-
lateral margin of the talar dome, and the extraction of small 

free bony fragments located within the lateral gutter of the 
ankle. Our approach finally creates optimal condition for 
placement of plates or screws to stabilize any of the above 
mentioned fractures.

To the best of our knowledge, the present study is the first 
to propose a comprehensive approach to address simultane-
ously the posterior, lateral and anterolateral portions of the 
ankle. Indications to select this approach are summarized 
in Table 1. We have learned from Haraguchi et al. [6] and 
Bartoníček et al. [8] that fractures of the posterior malleolus 
extending into the medial malleolus are best treated by a 
posteromedial approach or even by a modified posterome-
dial approach as described by Assal et al. [22]. In contrast, 
fractures of the posterior malleolus that can be addressed by 
our approach include Haraguchi type one, and Bartoníček 
type two and four fractures, which represent the majority of 
posterior malleolar fractures. The medial malleolus is then 
accessed through a second, medial, incision.

Studies on the posterolateral approach to the ankle, that 
can also be used in combination with a medial approach 
in case of trimalleolar fractures, have confirmed the good 
visualization of both the posterior and lateral malleoli [10, 
11, 13, 23, 24]. However there is a lack of information 
regarding the landmarks to be used in case of severely 
comminuted lateral malleolar fractures as well as regard-
ing the strategy to simultaneously address a displaced 
fracture of the anterolateral portion of the ankle, includ-
ing the bony extremities of the anterior syndesmosis or 
the anterolateral margin of the talar dome. The present 

Table 1   Indications for the posterior to anterior malleolar extended 
lateral approach (PAMELA)

We decided to write (“or + 7”) in the combination section because a 
posterior talar body fracture is rarely present if the posterior malleo-
lus is already fractured
*Fractures of the posterior malleolus type one according to Haraguchi 
[6], and types two and four according to Bartoníček [8] are included. 
Fractures extending into the medial malleolus will be treated through 
a posteromedial approach [6, 8, 23]

Fracture
 1. Simple fracture of the lateral malleolus
 2. Comminuted fracture of the lateral malleolus
 3. Displaced fracture of the posterior malleolus*
 4. Chaput tubercle avulsion fracture
 5. Wagstaffe-Le Fort avulsion fracture
 6. Fracture of the antero-lateral talar body
 7. Fracture of the posterior talar body

Combinations of fractures leading to indication for the PAMELA
 A. 1 + 3 + 4 or + 5 or + 6 (or + 7)
 B. 2 + 3
 C. 2 + 3 + 4 or + 5 or + 6 (or + 7)
 D. 2 + 7
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study contributes to fill this gap by providing the pos-
sibility to visualize additional landmarks while allowing 
the fixation of fractures of the anterolateral portion of the 
ankle. Mak et al. [3] emphasized the importance of stabi-
lizing the mortise by anatomical reduction and stated that 
Chaput fractures are often overlooked and neglected, thus 
leading to poor reduction and poor outcome. Two stud-
ies focused on the importance of fixation of Wagstaffe or 
Chaput fragment in the setting of complex ankle fracture 
[25, 26]. However, poor description of the approach, and 
few consideration about the access to the posterior malleo-
lus are provided. McGoldrick et al. [27] were the first to 
propose an incision that allows exposure of the posterior 
malleolus and access to the anterolateral portion of the 
ankle joint: they proposed an oblique incision running over 
the lateral malleolus from posterior proximal to anterior 
distal. They approached the posterior malleolus through an 
interval between the fibula and the peroneal tendons which 
we found, in our study, to be associated with poor visu-
alization of the posterior malleolus and required strong 
retraction tension on the peroneal tendons. There is scant 
information regarding the methodology used in their study 
and no detailed recommendations are provided.

The main limitation of our study, as regards its appli-
cability in clinical practice, is its design as a cadaveric 
study. However, there are no significant technical hurdles 
to overcome in order to use our approach in real condi-
tions. Despite the reassuring results of our vascular study 
combined with previous reports about the rich vascularity 
of the soft tissues surrounding the lateral malleolus, clini-
cal application alone would allow to assess the definitive 
risk of necrosis of the cutaneous flap.

In conclusion, the present study, is the first to propose 
a comprehensive approach allowing optimal exposure to 
address fractures of both the posterior and lateral malleoli 
and of the anterolateral portion of the ankle through a 
single incision and offers new perspectives in the optimal 
management of complex fractures of the ankle. Further-
more, anatomical guidelines are provided in case intra-
operative decision to extend the standard posterolateral 
approach has to be taken. Our posterior to anterior malleo-
lar extended lateral approach (PAMELA) can, of course, 
be combined with a medial incision for medial malleolus 
fixation. Application in clinical practice is the subject of 
a future prospective study in our institution.
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