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Footinnervation, defined as distal to the tibial and fibular malleoli, is provided by five nerves,
namely the tibial, peroneal (deep and superficial), sural and saphenous nerves. Blockade of
these nerves is referred to as ankle block. The main advantage of using this block in foot
surgery over other regional techniques is the absence of motor blockade above the ankle,
which allows faster mobility after surgery. The use of ultrasound for this block has been
shown to be of higher clinical efficacy when compared to alandmark approach. The purpose
of this continuing education article is not only to detail the anatomy and sonoanatomy of
the five nerves innervating the foot, but the ultrasound technique as well. The ultrasound-
guided ankle block can be used alone as anaesthetic technique or as adjuvant for analgesia

in foot surgery.
© 2015 Published by Elsevier Espana, S.L.U. on behalf of Sociedad Colombiana de
Anestesiologia y Reanimacién.

Bloqueo de tobillo guiado por ultrasonido: una técnica anestésica
atractiva para cirugia de pie

RESUMEN
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La inervacién del pie, definida como aquella distal a los maléolos tibial y peroneal es dada
por cinco nervios: tibial, peroneal (superficial y profundo), sural y safeno. El bloqueo de
estos nervios se conoce como el bloqueo de tobillo. Su principal ventaja en la cirugia de pie
comparado con otras técnicas regionales es la ausencia de bloqueo motor por encima del
tobillo, que permite una rapida movilizacién posterior a la cirugia. El uso del ultrasonido
para este bloqueo ha mostrado mayor eficacia clinica cuando se compara con la técnica por
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reparos anatémicos. El objetivo de este articulo de educacién continua no es sélo detallar la
anatomia y sonoanatomia de estos cinco nervios sino también describir la técnica guiada

por ultrasonido. El bloqueo de tobillo guiado por ultrasonido puede ser usado como una

técnica anestésica Unica o como coadyuvante analgésica en la cirugia de pie.

© 2015 Publicado por Elsevier Espana, S.L.U. en nombre de Sociedad Colombiana de

Anestesiologia y Reanimacién.

Introduction

Regional anaesthesia has become increasingly popular in
ambulatory surgery because it has been shown to offer excel-
lent pain control in the immediate postoperative period, with
shorter length of stay in the post-anaesthetic care unit, and
perioperative opioid sparing.’~

Ankle blockade consists of blocking the five nerves that
provide sensory innervation to the region distal to the malleoli.
It is used alone as anaesthetic technique in foot surgery pro-
vided no pneumatic tourniquet is used during the procedure,
or it can also be used together with general or neuroax-
ial anaesthesia in order to provide adequate post-operative
analgesia.* Whenever a tourniquet is required, we propose its
use at ankle level, with good tolerance when the ankle block
is used as the only anaesthetic technique.>®

Its main advantage over the simultaneous sciatic and
femoral nerve block is the absence of motor blockade above
the ankle. This allows for rapid mobilization of the patient,
which is important in the outpatient context or when bilateral
procedures are required.’

Migues et al.® conducted a prospective randomized study
in 51 patients, comparing the quality of surgical anaesthesia,
postoperative analgesia and postoperative complications of
the sciatic nerve block at the popliteal level with the ankle
block in foot surgery. In their study, they used the anatomic
landmark technique for the ankle block, and the peripheral
nerve stimulator for the popliteal sciatic block. The authors
did not find a significant difference in terms of block efficacy
and the quality of postoperative analgesia. No complications
were reported in this study.

Although high rates of success have been reported with
the anatomical landmark technique (89-100%),>' it has been
perceived as technically challenging and not very reliable.'!

Regarding the ultrasound technique, Chin et al.’? con-
ducted a six-year retrospective cohort study comparing the
ultrasound technique with the anatomical landmark tech-
nique for ankle blocks and found that the use of ultrasound
increases clinical efficacy with improved surgical anaesthesia,
a lower need for rescue systemic opioids, and smaller postop-
erative opioid doses.

The objective of this article is to review the relevant
anatomy and sonoanatomy in ankle blocks and to provide
anaesthetists with a tool for localization and successful block-
ade of the nerves involved.

Ankle innervation

Innervation distal to the malleoli comprises the tibial, super-
ficial and deep peroneal, sural and saphenous nerves.

All of these nerves are branches of the sciatic nerve except
for the saphenous, which is a branch of the femoral nerve. The
deep peroneal, posterior tibial and sural nerves are accompa-
nied by blood vessels, which are useful anatomical landmarks
for the ultrasound approach. Fig. 1 shows the regions corre-
sponding to the sensory innervation of each of the nerves of
the foot.

Although it has been suggested that saphenous nerve block
is only necessary in 3% of patients taken to foot surgery,'?
a complete rather than a selective block is recommended
regardless of the type of surgery, because nerve territories are
often superimposed.*

Tibial nerve: A nerve with mixed characteristics (sensory
and motor), it arises from the terminal branches of the sciatic
nerve. As it crosses the popliteal fossa it receives the name
of tibial nerve, and becomes superficial in the region that lies
posterior to the medial malleolus. It is the largest of the group
of five nerves innervating the foot and provides sensation to
the sole and the heel. At the ankle, it divides into its medial,
lateral and calcaneal branches.'®'> With the knee in flexion
and the hip in external rotation, the transducer is placed cross-
wise between the medial malleolus and the Achilles tendon
(Fig. 2).

Blood vessels in this area are identified with the help of
the sonanatomy, including the posterior tibial artery which
runs posterior to the medial malleolus, and two accompany-
ing veins. The tibial nerve appears as a hyperechoic structure
adjacent to the posterior tibial artery (Fig. 3).

The tibial nerve is most often found posterior to the artery,
although sometimes it may be anterior to it. It is recom-
mended to perform this block proximal to the eminence of
the medial malleolus to ensure blockade of the calcaneal
branch.’® Finally, it is important to bear in mind the flexor

Saphenous nerve
Sural nerve
Deep Peroneal

Superficial peroneal

Calcaneus
(TP)

Planting
(TP)

*(TP): posterior tibial

Fig. 1 - Sensory innervation of the foot and ankle.
Source: Authors.
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Fig. 2 - Patient and transducer positioning for tibial nerve

block.
Source: Authors.

hallucis longus tendon deep to the tibial nerve; because of its
sonoanatomic characteristics, it may be mistaken occasion-
ally for a nerve structure.

Redborg et al.’® conducted a prospective randomized study
with 18 healthy volunteers comparing the anatomical land-
mark technique with the ultrasound-guided technique for
tibial nerve blockade and showed a higher proportion of com-
plete blocks after 30 minutes when ultrasound was used (72%
vs. 22%).

Superficial peroneal nerve: The superficial peroneal nerve is
the superficial branch of the common peroneal nerve. It arises
at the level of the fibular neck and courses down the lateral
compartment of the leg providing sensation to the dorsum of
the foot and the toes.!” With the knee in flexion and hip in
internal rotation, the transducer is placed across the middle
third of the lateral aspect of the leg (Fig. 4).

The anatomical landmark used is the fibula, which gen-
erates a rectangular-shaped echo. Superficial to it are the
peroneous brevis and extensor digitorum longus muscles. The
intermuscular septum and the superficial peroneal nerve are
usually visualized at this level between the two muscles, deep
to the crural fascia (Fig. 5).

As the transducer is advanced distally, the nerve becomes
more superficial until it crosses the crural fascia. At this point,

Fig. 4 - Patient and transducer positioning for superficial

peroneal nerve block.
Source: Authors.

the nerve branches into the intermediate dorsal and medial
cutaneous nerves, which innervate the dorsum of the foot.'”:1®

Regarding the superficial peroneal nerve in particular, no
studies were found comparing the success of the ultrasound-
guided technique with that of the anatomical landmark
technique.

Deep peroneal nerve: The deep peroneal nerve is a branch of
the common peroneal nerve and, like the superficial branch,
it emerges at the level of the fibular neck. It courses deep to
the extensor hallucis longus and becomes more superficial
until it comes to the anterior aspect of the interosseous mem-
brane where it is localized lateral to the anterior tibial artery,
although anatomical variants have been reported.’®?° It pro-
vides sensation to the region between the first and the second
rays, the lateral aspect of the first ray, and the medial aspect of
the second ray. The transducer is placed cross-wise over the
intermalleolar region (Fig. 6), where the anterior tibial artery
is visualized as the main anatomical landmark, which is of
great use in cases where it is difficult to visualize the nerve
because just by surrounding the artery with local anaesthetic
the nerve block is assured (Fig. 7).

Care must be exercised not to press too hard on the
transducer because this could occlude the artery and impair
adequate visualization.

Fig. 3 - Ultrasound imaging of the tibial nerve. PTN: posterior tibial nerve; PTA: posterior tibial artery; MM: medial

malleolus; FHLT: flexor hallucis longus tendon.
Source: Authors.
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Fig. 5 - Ultrasound imaging of the superficial peroneal nerve. SPN: superficial peroneal nerve; EDL: extensor digitorum

longus; PL: peroneus longus; F: fibula.
Source: Authors.

Fig. 6 - Patient and transducer positioning for deep

peroneal nerve block.
Source: Authors.

Antonakakis et al. conducted a prospective randomized
controlled study with 18 healthy volunteers comparing the
anatomical landmark approach with the ultrasound-guided
technique for deep peroneal nerve blockade. At the end of
the study, the authors concluded that although the use of

ultrasound for deep peroneal nerve blockade reduced latency
times, it did not improve the quality of the final block
when compared to the conventional anatomical landmark
technique.?°

Sural nerve: This nerve arises from branches of the tibial
and common peroneal nerves where the gastrocnemii come
together in the upper third of the calf. It reaches the ankle in
a posterolateral position in contact with the lesser saphenous
vein and lateral to the Achilles tendon, branching into two
terminal portions referred to a lateral calcaneal and lateral
dorsal.’ It provides sensory innervation to the lateral aspect
of the heel and to the proximal lateral third of the foot in the
majority of cases, and may extend to the lateral aspect of the
fifth ray. The patient is positioned with the knee in flexion and
the hipininternal rotation, and the transduceris placed across
the space between the lateral malleolus and the Achilles ten-
don (Fig. 8). A hyperechoic image is observed lateral to the
lesser saphenous vein along the same subcutaneous plane,
but in the event it is not possible to visualize it, localizing the
peroneal sheath helps localize the nerve outside and anterior
to it (Fig. 9).

Another way to make visualization of the sural nerve easier
is by placing a tourniquet in the upper third of the legin order

Fig. 7 - Ultrasound imaging of the deep peroneal nerve. DPN: deep peroneal nerve; ATA: anterior tibial artery; EDL: extensor

digitorum longus; T: tibia.
Source: Authors.
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Figure 8 - Patient and transducer positioning for sural

nerve block.
Source: Authors.

to provoke distension of the lesser saphenous vein to help with
the anatomic localization of the nerve.?! In the event the nerve
is not visible, local anaesthetic may be injected around the
vein.

Redborg et al.?! conducted a prospective blinded random-
ized study with 18 healthy volunteers divided into two groups.
In one group, ultrasound guidance was used to block the
sural nerve, and in the second group they made the block-
ade under landmark guidance. They concluded that the use
of ultrasound results in a more prolonged and complete
block.

Saphenous nerve: This is the only nerve arising from the
lumbar plexus as it is the terminal branch of the femoral
nerve. It courses alongside the greater saphenous vein down
to the medial malleolus. It provides sensory innervation to the
medial aspect of the ankle and to the heel. There are reports of
the saphenous nerve extending deep down to the periostium
of the distal tibia, the medial malleolus capsule in the ankle
joint and, in some cases, to the capsule of the talocalcaneon-
avicular joint medially.??

The patient is positioned with the hip in external rotation
and the transducer is placed proximal to the medial malleolus
(Fig. 10).

Fig. 10 - Patient and transducer positioning for saphenous

nerve block.
Source: Authors.

The anatomical landmark is the greater saphenous vein.
In the event it is not possible to visualize it, a tourniquet may
be placed around the calf in order to promote venous filling.
The saphenous nerve may be visualized as a small superficial
hyperechoic structure posterior to the greater saphenous vein.
However, it is not always visible and the block may require
infiltration of local anaesthetic around the vein.??

We did not find studies comparing the use of ultrasound
with the anatomical landmark technique for blocking this
nerve in particular (Fig. 11).

Ultrasound approach and local anaesthetic
volume

The linear transducer is recommended for ankle nerve
blocks considering that nerves are superficial, and 50 mm
short bevel needles or 25-27G hypodermic needles may be
used.*

In terms of the approach, both the in-plane or the
out-of-plane technique may be used for the five nerves; rec-
ommendations regarding the use of one over the other vary in
the literature and depend on the authors’ own experience.*”

As to the volume of local anaesthetic, it is recommended to
use 5 mL for every nerve, except the tibial nerve which requires

Fig. 9 - Ultrasound imaging of the sural nerve. SN: sural nerve; LSV: lesser saphenous vein; F: fibula; PS: peroneal sheath.

Source: Authors.
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Fig. 11 - Ultrasound imaging of the saphenous nerve. SN: saphenous nerve; GSV: greater saphenous vein; T: tibia.

Source: Authors.

between 5 and 10 mL because of its larger size. There is general
agreement in the literature regarding the use of a total volume
ranging between 30 and 40 mL.*:1?13 This total volume is not
significantly different from the volume used for ankle blocks
with the anatomical landmark technique. Fredrickson et al.?*
assessed 72 patients taken to foot surgery in whom the ankle
block was used. The patients were divided into two groups:
in the first group, a low volume of local anaesthetic was used
(approximately 16 mL), while the total conventional volume
(30mL) was used in the second group. The authors concluded
that, despite a high success rate with the block when low vol-
umes are used, the duration of postoperative analgesia may
be compromised.
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Conclusions

Ankle blockade is an effective regional anaesthesia technique
when used alone or as analgesic adjuvant in foot surgery. In
outpatients, it offers the advantage of reduced motor blockade
with similar analgesic effectiveness when compared to the
sciatic block.® It may be considered an alternative for patients
with heart or pulmonary disease in order to avoid side effects
from general anaesthesia and highly potent systemic anal-
gesics such as opioids.”

Although the use of ultrasound to guide the blockade of
these five nerves is relatively recent, there are studies in the
literature that favour its use over the traditional landmark-
guided technique.’®'® Moreover, when the two techniques
have been compared in terms of the quality and latency of the
blockade for each separate nerve, the literature favours ultra-
sound for tibial®> and sural?! nerve blocks and does not show
any difference in block quality for the deep peroneal nerve.?°
No studies were found comparing the two techniques for the
superficial peroneal or the saphenous nerves.
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