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Summary
Median nerve anaesthesia is sometimes indicated in the
diagnosis of forelimb lameness in the horse in conjunction
with the ulnar nerve block, but the localisation of the nerve to
perform a precise deposition of the anaesthetic solution
around and close to the nerve is difficult to achieve using the
conventional blind technique. The objectives of this paper are
to describe the ultrasonographic anatomy of the median
nerve and the technique for performing an ultrasound-guided
anaesthetic block of the nerve. The median nerve is imaged
using a microconvex (or linear) probe in transverse section
performed proximally to the chestnut on the medial aspect of
the forearm. Distribution of the anaesthetic solution around
the nerve is done by initially inserting the needle caudally
and then cranially to the nerve and injecting 4–6 mL at each
site. Control of the needle penetration avoids erroneous
intravascular or intramuscular injections or sudden horse
reaction. Ultrasound-guided injection has the potential to
safely and accurately block the median nerve.

Introduction

Ultrasonographic guided injections (USGI) are currently widely
used for treating joint disease (Denoix 2006; Carnicer
et al. 2008) as well as neck, back and pelvic conditions in
horses (Denoix and Heitzmann 2005). Growing interest for the
use of these techniques is related to the rapid advances in
ultrasound technology and the availability of compact
portable machines with adequate image quality and
resolution to perform USGI. Use of USGI for blocking nerves is
rarely reported in equine medicine (Denoix and Audigi�e 2011;
Denoix et al. 2020) but is widespread in other species (Shilo
et al. 2010; Campoy et al. 2010; Echeverry et al. 2010) and in
human medicine (Gray 2006; Marhofer and Chan 2007).
Indeed, preliminary results indicate that the use of ultrasound
can improve block success rate and decrease complications
(Marhofer and Chan 2007). Diagnostic nerve blocks are an
essential step to identify the source of pain in lameness
evaluation of the horse. Unfortunately, many pitfalls are
reported leading to false negative and false positive
responses. Amongst them, inappropriate placement and
diffusion of the anaesthetic solution are one of the most
common complications (Denoix and Tapprest 1992; Nagy
et al. 2009; Davidson 2018). The use of an ultrasound-guided
technique for nerve blocks should assist in avoiding or
reducing such complications. Median nerve anaesthesia in
practice is often considered in the diagnostic approach of
forelimb lameness using a conventional blind technique (Dyson
1984; Denoix 1991; Denoix and Tapprest 1992; Denoix 1995;
Bassage and Ross 2003; F€urst 2012). Whilst the anatomical
landmarks for blocking superficial nerves in the distal limb,

metacarpus and metatarsus can easily be identified (Dyson
1984; Denoix 1991; Denoix and Tapprest 1992), the exact
location of deep nerves such as the median nerve is more
difficult to determine, which enhances the interest of using USGI
to anaesthetise this nerve.

To perform an optimal ultrasound-guided (USG) nerve
block, the targeted nerve should be clearly identified, and the
needle and the spread of the anaesthetic solution around the
nerve should be tracked in real time (Marhofer and Chan 2007;
Denoix et al. 2020). The objective of this paper is to describe
the ultrasonographic anatomy of the median nerve and the
technique to perform USG block of this nerve.

Anatomy of the median nerve

The median nerve is the biggest nerve of the forearm
(Ghoshal and Getty 1968; Barone and Simoens 2010). It runs
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Fig 1: Medial aspect of the dissected antebrachium: superficial
structures. Vessels and nerves: 1 – median nerve; 2 – medial
palmar nerve; 3 – Ramus communicans with ulnar nerve (lateral
palmar nerve); 4 – median artery; 5 – distal radial artery. Muscles
and tendons: 6 – flexor carpi radialis muscle, 6a – muscle body,
6b – distal tendon; 7 – tendon sheath of the flexor carpi radialis
distal tendon; 8 – flexor carpi ulnaris muscle, 8a – body, 8b –
distal tendon. Bones: 9 – radius; 9a – body; 9b – distal metaphysis,
9c –styloid process; 10 – accessory carpal bone.
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caudally to the radius and deep to the flexor carpi radialis.
It is closely related to the median artery (Fig 1). In the
proximal forearm, it provides strong muscle rami for the
deep and superficial digital flexor muscles and for the flexor
carpi radialis muscle (Barone 2000; Barone and Simoens
2010). In the middle forearm, it is located approximately
2 cm deep and 2 cm caudal to the radius and is then
deep and caudal to the median artery and veins (Fig 2)
(Denoix 2019). In the distal forearm, it can be found deep
(lateral) or caudal to the median artery and veins (Fig 3)
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Fig 2: Transverse anatomical section of the antebrachium made
at its mid-level (adapted from Denoix 2019). Vessels and nerves:
1 – median nerve; 2 – median artery and veins (collapsed); 3 –
cephalic vein (collapsed). Muscles and tendons: 4 – flexor carpi
radialis muscle; 5 – flexor carpi ulnaris muscle; 6 – deep digital
flexor muscle, 6a – caudal part of the humeral head (fused with
the superficial digital flexor muscle body), 6b – cranial part of the
humeral head, 6c – radial head; 7 – extensor carpi radialis
musculotendinous junction. Bones: 8 – radius, 8a – medullary
cavity, 8b – cranial cortex, 8c – medial cortex.
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Fig 3: Transverse anatomical section of the antebrachium made
just proximal to the chestnut and focused on the median nerve.
Arrowheads: median nerve; 1 – median artery; 2 – median veins;
3 – cephalic vein; 4 – flexor carpi radialis musculotendinous
junction; 5 – flexor carpi ulnaris muscle; 6 – superficial digital
flexor muscle; 7a and 7b – deep digital flexor muscle.
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Fig 4: Transverse ultrasound image of the middle forearm using a
medial approach with a 7.5 MHz microconvex probe: focused on
the median nerve (arrows). Cranial is to the left. 1 – Median
nerve; 2 – median artery; 3 – median vein (collapsed); 4 – flexor
carpi radialis muscle; 5 – humeral head of the deep digital flexor
muscle; 6 – radial head of the deep digital flexor muscle; 7 –
radius (caudal aspect).

7
6

2

3 1

5

4

Area: 8.221 mm2

Fig 5: Triangular cross-sectional shape and area of the median
nerve at the middle forearm. Cranial is to the left. 1 – Median
nerve (cross-sectional area 8.2 mm2); 2 – median artery; 3 –
median vein; 4 – flexor carpi radialis muscle; 5 – humeral head of
the deep digital flexor muscle; 6 – cephalic vein; 7 – radius.
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and finishes approximately at the distal quarter of the
forearm at a bifurcation that produces two rami just above
the accessory ligament of the superficial flexor muscle
(Barone and Simoens 2010). One of them (lateral palmar
nerve) joins the palmar ramus of the ulnar nerve and
participates in the constitution of the lateral palmar
common digital nerve. As for the main ramus (medial
palmar nerve), it runs in the carpal canal and continues in
the metacarpus as the medial common digital palmar
nerve. The median nerve, together with the ulnar nerve,

provides all deep sensitivity and the main part of skin
sensitivity of the carpus, metacarpus (including bones and
tendons) and distal limb (fetlock, pastern and foot) (Denoix
1995; Bassage and Ross 2003; Barone and Simoens 2010).

Indications for performing an USG block of the median
nerve include the following:

• Diagnosis of the site of pain of a lame horse when a
proximal metacarpal nerve block is negative or partially
positive (Denoix 1991).

a) b)

Fig 6: Positioning of the operators for injecting the median nerve using a caudal approach. a) On the weightbearing. A twitch is
placed on the upper lip of the horse. The probe operator places the probe passing cranially to the opposite forelimb. The needle
operator is approaching the injected limb caudomedially; b) on the flexed limb with a third operator. The operators’ positions are the
same, but a third operator is necessary to pull the injected limb caudally. This positioning is safer to avoid sudden flexion of the carpus
of the weightbearing limb and the risk of fall.

a)a) b)

Fig 7: Positioning of the operators for injecting the median nerve using a cranial approach. a) On the weightbearing. A twitch is
placed on the upper lip of the horse. The probe operator places the probe passing caudally to the opposite forelimb. The needle
operator is approaching the injected limb craniomedially, after careful evaluation of the horse behaviour; b) On the flexed limb with a
third operator. The third operator pulls the injected limb cranially and keeps it stable.

© 2020 EVJ Ltd
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• Suspicion of subchondral carpal bone pain that does not
respond to intra-articular analgesia of the carpus (Bassage
and Ross 2003).

• Suspicion of lameness arising from the carpal canal
(Bassage and Ross 2003).

• Exclusion of any distal or middle forelimb cause of pain
when a proximal forelimb lameness is suspected (Denoix
1995).

• Standing surgery on the carpus or proximal metacarpus.
For example, this block can be performed to facilitate
lavage of the carpal joints or carpal canal or to perform
regional limb perfusion of antimicrobials in standing horses
(Bassage and Ross 2003).

Usually an ulnar nerve block is done in conjunction with
the median nerve block to induce complete anaesthesia of
the distal limb (carpus, metacarpus and digital area).

Ultrasonographic anatomy of the median nerve
in the middle forearm

On a transverse ultrasound section performed proximally to
the chestnut using a medial approach, the median nerve is
imaged as an echogenic structure close to the median
artery and veins. This neurovascular bundle is deep to the
flexor carpi radialis muscle body, medial to humeral head of
the deep digital flexor muscle (DDFM) body and caudal to
the radial head of DDFM (Fig 4). As mentioned previously, it
can be found deep or caudal to the median artery. Its cross-
sectional shape can vary from triangular to oval depending
on its location. Its cross-section is approximately between 8
and 10 mm2 in a 550 kg horse (Fig 5). It is usually 20–25 mm
deep to the skin (Alexander and Dobson 2003) and 20–
22 mm caudal to the caudal cortex of the radius (Denoix
1995). On high detailed ultrasonographic images, its

fascicular architecture can be seen (Fig 4) (Alexander and
Dobson 2003; Denoix and Audigi�e 2011).

Technical data for performing an
ultrasonographic guided block of the median
nerve

Equipment and preparation
The basic equipment to perform an USG block of the median
nerve includes a 25 mm 21-gauge needle and a 6–10 MHz
microconvex probe. A linear probe can also be used but
adequate positioning is required to improve ultrasonographic
image quality (Whitcomb 2009) and to facilitate visualisation
and guidance of the needle. The adequate positioning will
be described and illustrated in the next paragraph describing
the USGI technique. The use of an epijet (Venipuncture Set)
may help to avoid repositioning the needle if the horse
moves (Denoix et al., 2020). If an epijet is used, it is important
to flush the extension set to avoid injecting gas which can
cause acoustic shadowing and comet artefacts, making it
more difficult to visualise the nerve (Zekas and Forrest 2005).

If too long, the hair is clipped from the chestnut to 5 cm
proximal at the medial aspect of the forearm. The skin is
prepared aseptically. A sterile glove is placed over the
microconvex probe.

Horse restrain and operator(s) positioning
The median nerve can either be blocked on the
weightbearing or on the flexed limb. In our experience, it is
safer to block the median nerve on the flexed limb as the
horse may flex the limb and fall down if the needle touches
the nerve. However, the flexed procedure requires three
operators. A twitch is placed on the upper lip of the horse,
and both operators (one holding the probe, and one placing
the needle) are approaching the medial aspect of the

a)

b)

Fig 8: Positioning of the probes for injecting the median nerve. a) Linear and microconvex probes for the caudal approach; b) linear
and microconvex probes for the cranial approach.
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injected limb from the opposite side of the horse for
ergonomic and safety reasons (Figs 6 and 7). To achieve a
complete and efficient block of the median nerve, it is best
to combine injection of local anaesthetic solution caudally
and cranially to the nerve.

Injection of the caudal aspect of the median nerve on
the weightbearing limb is performed with the guide operator
imaging the nerve from the cranial aspect of the opposite
forelimb, and the needle operator is operating from the
caudal aspect of this limb (Figs 6a and 8a). On the flexed
limb, the operators’ positions are the same but a third
operator is necessary to hold the injected limb in a retracted
position (Fig 6b). The operators’ positions are reversed for
injecting the cranial aspect of the median nerve (Figs 7a and
8b). On the flexed limb, the third operator holds the injected
limb in protraction (Fig 7b).

Ultrasonographic guided injection technique
Caudal approach
The probe is placed transversally at the medial aspect of the
forearm over the flexor carpi radialis muscle body, proximal

to the chestnut and up to 5 cm proximally to it (Fig 6a,b). The
median nerve is imaged close to the median artery. If a
linear probe is used, it must be shifted cranially to facilitate
adequate positioning of the needle (Fig 8a). The 25 mm long
needle is placed in the ultrasound beam, caudally to the
probe and directed to the caudal aspect of the median
nerve (Fig 9a). Injection of 4–6 mL of mepivacaine1 or
lidocaine hydrochloride2 is made in the loose connective
tissue embedding the neurovascular bundle to avoid
touching the nerve. Once anaesthetic fluid is seen close to
the nerve, the needle is approached closer to it to complete
the injection.

Cranial approach
The probe is placed transversely at the same level but
moved slightly caudally to open enough space between its
surface and the radius (Fig 7a,b). If a linear probe is used, it
must be shifted caudally to facilitate adequate positioning of
the needle (Fig 8b). A 25 mm long needle is placed cranially
to the probe and directed to the cranial aspect of the
median nerve (Fig 9b). As soon as the tip of the needle is
seen in the perineural connective tissue, injection is
performed. Once anaesthetic fluid is seen close to the
median nerve, the needle can be placed closer to the nerve
and injection of 4–6 mL of anaesthetic solution is made
again.

Results of the ultrasonographic guided injections
The objective of performing both cranial and caudal
approaches is to distribute the anaesthetic solution all around
the nerve, achieving a complete troncular anaesthesia
(Denoix et al. 2020). Erroneous intramuscular (Fig 10) (Denoix
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Fig 9: Ultrasonographic guided perineural injection of the
median nerve – transverse ultrasound image of the medial part of
the middle forearm with a microconvex probe. Cranial is to the
left. a) Caudal approach; b) cranial approach. 1 – Median nerve;
2 – median artery; 3 – median vein; 4 – flexor carpi radialis
muscle; 5 – humeral head of the deep digital flexor muscle, 5a –
caudal part of the humeral head, 5b – cranial part of the humeral
head; 6a – anaesthetic solution injected in the conjunctive tissue
at the caudal aspect of the nerve, 6b – anaesthetic solution
injected in the conjunctive tissue at the cranial aspect of the
nerve. Arrowheads: needle.
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Fig 10: Erroneous perineural injection of the median nerve made
with methyl violet on a isolated thoracic limb. Transverse
anatomical section of the medial part of the middle forearm
(adapted from Denoix 1995). The coloured solution has been
injected in the deep and lateral part of the flexor carpi radialis
muscle impairing diffusion to the nerve. Vessels and nerves: 1 –
median nerve; 2 – median artery and veins (collapsed). Muscles
and tendons: 3 – flexor carpi radialis muscle; 4 – flexor carpi
ulnaris muscle; 5 – superficial digital flexor muscle; 6 – deep
digital flexor muscle, 6a – caudal part of the humeral head (fused
with the superficial digital flexor muscle body), 6b – cranial part
of the humeral head, 6c – radial head.

© 2020 EVJ Ltd

212 Ultrasound guided median nerve block

 20423292, 2021, 4, D
ow

nloaded from
 https://beva.onlinelibrary.w

iley.com
/doi/10.1111/eve.13287 by Inrae - D

ipso, W
iley O

nline L
ibrary on [14/02/2023]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



1995) and intravascular injections (Denoix and Tapprest 1992)
must be avoided. As for every other nerve block (Nagy
et al. 2009; Denoix et al. 2020), a proximo-distal diffusion of
the anaesthetic solution in the perinervous connective tissue
is expected and can be imaged using ultrasonography or
documented using contrast radiography (Fig 11). Proximal
diffusion in the connective tissue along the neurovascular
bundle (median artery, veins, nerve) may block the lateral
palmar nerve that joins the ulnar nerve and may induce
partial anaesthesia of the muscle rami of the median nerve
arising in the proximal antebrachium. No correlated adverse
reactions on the horse gait have been noted following block
of the median nerve. Five to ten minutes after injection,
successful anaesthesia of the medial heel of the injected
forelimb must be checked to assess reliability of the median
nerve block (Dyson 1984). The horse can then be re-
examined to assess changes in lameness from 5 min after
injection. Many horses improve between 5 to 10 min after the
block. If improvement is partial, further examinations up to
30 min after injection can be performed (Dyson 1984; Denoix
and Tapprest 1992; Denoix 1995; Bassage and Ross 2003) but
specificity for blocking exclusively distal or local pain
decreases.

Discussion

In our experience, USGI is an easy and rewarding method for
median nerve anaesthesia because of direct visualisation of

the nerve and diffusion of anaesthetic solution. In the study of
Alexander and Dobson (2003), the success rate in identifying
the median nerve with ultrasound was 100% on living horses.
Five ultrasound examinations were also performed on
cadaveric limbs including two USGI of methylene blue. After
dissection, the methylene blue was well distributed around
the median nerve on both specimens and ultrasonography
was then considered to be potential interesting tool for
identification of peripheral nerves, evaluation of nerve
damage or to perform specific local anaesthesia.
Ultrasonographic guidance was also reported to enable a
real-time positioning of the needle and a correct distribution
of anaesthetic solution (Marhofer and Chan 2007; Strakowski
2016). As the position of the nerve varies along the forearm,
anaesthetic solution infusion can indeed be adjusted given
the depth and position of the nerve with respect to the
median artery. Control of the needle penetration is also
crucial to avoid touching the median nerve and experience
sudden horse reaction (F€urst 2012). Puncturing and intraneural
injections of peripheral nerves did however not result in
neurological damage in a human study (Bigeleisen 2006).
USGI therefore appears to be more reliable and safer than
the conventional blind technique that is based on external
anatomical landmarks. Furthermore, for safety reasons,
injection on the flexed limb is preferred to avoid sudden
flexion of the carpus and the risk of fall. However, this
technique requires the intervention of an additional operator.

USGI procedure has the potential to improve the
accuracy of the median nerve block. For example,
intramuscular injection in the flexor carpi radialis muscle or
humeral head of the deep digital flexor muscle reduces
diffusion in the adjacent connective tissue containing the
median nerve. This erroneous injection is difficult to avoid
using a blind technique. A review from Marhofer and Chan
(2007) reports positive outcomes in human case series with
improvement of success rates, faster onset of effect and
longer duration of anaesthesia when using USGI technique
compared to conventional techniques. Another study
indicates that lower doses of anaesthetic solution can be
injected when using USGI, reducing the occurrence and
speed of diffusion of the anaesthetic solution (Eichenberger
et al. 2009). Median nerve block is expected to induce
complete analgesia of the medial aspect of the carpus and
lower limb, and partial analgesia of its lateral aspect as
median nerve fibres are joining the lateral common digital
nerve through the ramus communicans crossing the palmar
aspect of the flexor tendons in the metacarpus (Denoix and
Tapprest 1992; Barone and Simoens 2010). Recent
investigations have shown that some fibres coming from the
lateral common digital nerve can run in a reverse direction to
the ramus communicans to the medial common digital nerve
(Schumacher et al. 2013). This could explain incomplete
analgesia and skin anaesthesia of the medial aspect of the
distal limb when the median nerve is anaesthetised alone. A
complete analgesia of the deep structures of limb distal to
the site of the block requires simultaneous blocks of the
median and ulnar nerves (Denoix and Tapprest 1992; Bassage
and Ross 2003).

The USGI technique described in this paper appears safer
and more accurate than the blind technique to anaesthetise
the median nerve. It can be performed easily with any
portable ultrasound machine equipped with a microconvex
or linear probe.

Fig 11: Lateromedial radiograph of the forearm after
ultrasonographic guided injection of a total volume of 12 mL of
diluted contrast material cranially and caudally to the median
nerve. The radiograph was taken 10 min after injection. Note, the
proximal diffusion of contrast material deep to the flexor carpi
radialis (arrowhead) and the perivascular diffusion around the
median nerve and vessels (arrow).
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