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Ultrasound-guided injections can be used for a wide variety of conditions in the horse,
including both diagnostic and therapeutic applications. Benefits of ultrasound guidance
include more accurate deposition of injectate compared with blind approaches. Improved
identification of vital structures, including nerves and blood vessels, allows their avoidance
and thus reduces procedure-associated complications. Validation of such ultrasound-
guided techniques has shown that they can be easily learnt by inexperienced veterinarians,
assuming a proper knowledge of the sonographic anatomy. In many cases they can be
employed in the field with a high level of accuracy, using widely available equipment,
and with complete adherence to the sterility principles. Many ultrasound-guided injection
techniques of the axial skeleton in the horse have been described in past years, enabling
the equine veterinarian to perform more accurate treatments of specific anatomical areas.
The goal of this review is to discuss diagnostic and therapeutic ultrasound-guided injection
techniques of the skull and cervical spine in the horse, including those for the retrobulbar
space, maxillary and inferior alveolar nerves, atlanto-occipital and atlanto-axial junctions,
and cervical articular process joints, as well as the st cervical nerve, the C2 and C3 nerve
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plexus, and the 6th, 7th, and 8th cervical nerve roots.
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Ultrasound (US)-guided percutaneous interventional
procedures, such as biopsies, fine-needle aspirates, and
diagnostic and therapeutic injections were first developed in
human medicine between 1975 and 1980, using animals as
models [46]. Similar diagnostic and therapeutic US-guided
procedures were later developed in veterinary medicine
between 1980 and 1985 [32, 45]. Interestingly, while the
first clinical report highlighting the value of a US-guided
joint aspiration in humans was published by Gompels and
Darlington in 1981, it took many years for equine veterinar-
ians to truly grasp the value of such US-guided techniques,
with the first US-guided joint injections attributed to Dr. Jon
Vedding Nielsen and his colleagues in 2003 for their work
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on cervical articular process joints [19].

US-guided injection techniques require a precise parallel
alignment between the needle and the transducer to allow
the needle tip to stay in focus in the ultrasound beam and to
be seen on the screen [11]. Attachable needle-guide devices
can be connected to the transducer to maintain the correct
alignment of the needle in the US beam, but this can limit
site accessibility and is not always practical for use on a
conscious, moving animal since the needle is ‘locked’ in
position [41, 52]. Therefore, ‘freechand’ techniques, in which
the transducer and needle are held in different hands, are
more commonly employed for equine patients, allowing
the needle to be directed as required [11]. These techniques
also allow for avoidance of undesired structures, such as
blood vessels and nerves, thereby minimizing potential
complications [12]. Other benefits of US-guidance include
dynamic real-time imaging throughout the procedure, as
well as observation of the injection itself [9, 53]. Precise
localization of medication administration allows for the
maximum therapeutic effect [10]. Furthermore, with regards
to concerns about detection times for equine athletes, this
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precision also allows for more accurate withdrawal times
to be estimated, as the pharmacokinetics differ significantly
depending on whether drugs are injected intramuscularly or
intra-articularly [29].

The goal of this review is to discuss diagnostic and
therapeutic US-guided injection techniques of the skull
and cervical spine in the horse, including those for the
retrobulbar space, maxillary and inferior alveolar nerves,
atlanto-occipital and atlanto-axial junctions, and cervical
articular process joints, as well as the Ist cervical nerve
(C1), the C2 and C3 nerve plexuses, and C6, C7 and C8
nerve roots.

The Skull

With the relatively high mortality rate associated with
general anesthesia in horses [4, 27, 38], as compared with
humans, there has been a move towards performing standing
surgical procedures with the use of local anesthetic tech-
niques and sedation where possible [16, 17]. In the case of
the equine head, standing surgeries provide the additional
benefit of minimizing hemorrhage by maintaining the
surgical site above the level of the heart, as shown recently
for standing alar fold resection, a notoriously bloody surgery
when performed under general anesthesia [28].

Some of the nerves of the equine head are superficial and
easily palpable beneath the skin surface, while others must
be injected based on external bony landmarks [15]. For this
reason, relatively few nerve blocks are performed on the
equine head using US-guidance, but some recent publica-
tions describe its use and improved success rates [34, 39].

Retrobulbar space

An US-guided technique for administration of local anes-
thetics in the retrobulbar space has been described in horses
to facilitate surgical procedures of the globe in both sedated
and anaesthetized horses [34]. Advantages of US-guidance
include reduction of potential complications, such as inad-
vertent penetration of the globe, hemorrhage, damage to
the optic nerve, and epidural or subarachnoid anesthesia
due to intrameningeal injection [34]. With traditional blind
injection approaches, there is a risk of optic nerve sheath
puncture, which could lead to the development of neuritis
or permanent damage to the nerve [34]. As this retrobulbar
space block is most commonly performed for the purpose
of enucleation, it is possible that the optic nerve sheath is
commonly damaged but that the damage goes unnoticed.

Morath et al. (2013) performed a prospective experi-
mental cadaver study on 20 Warmblood skulls in which
US-guided injection of contrast medium was performed
within the cone formed by the retractor bulbi muscle, and
its location was confirmed using computed tomography

(CT) [34]. In their description of the technique, a 5-8 MHz
microconvex transducer was applied to the upper eyelid
with the eye closed. US was performed in both horizontal
and vertical planes to visualize the optic nerve ventromedi-
ally [34]. A 10 cm, 21 G spinal needle was introduced at the
rostral aspect of the supraorbital fossa, caudomedial to the
caudal aspect of the zygomatic process [34]. It was aimed in
a craniomedial direction to a point caudal to the eyeball in
the cranio-central aspect of the cone formed by the retractor
bulbi muscle (Fig. 1) [34]. They reported successful intra-
conal needle placement in 55% (22/40) of the injected orbits
on first needle placement, with a desirable distribution of
injectate caudally towards the orbital fissure in all cases
where the needle placement was intraconal [34]. They also
reported no eyeball penetration [34]. In 1 of the 40 injec-
tions, there was a suspicion of puncture of the optic nerve
sheath on CT, but there was no spread of contrast material
towards the thalamus [34]. In only 10 of the 40 injections
could the needle and optic nerve be imaged simultaneously
on US [34]. Since one of the main advantages of using
US-guidance for injections is the avoidance of vital struc-
tures, it would seem that the technique described by Morath
et al. (2013) does not completely meet all the criteria to be
classified as a safe US-guided injection technique, as the
relevant structures cannot all be visualized simultaneously
in real time during the procedure. Ultrasound was mainly
used to control the needle positioning after placement,
explaining the low success rate on first needle placement,
as performed in the early days for navicular bursa injec-
tion before this technique was refined as a true US-guided
procedure [13, 47]. A supraorbital approach was selected for
needle insertion while the US transducer was placed on the
upper eyelid. This combination did not always allow needle
placement in the same ultrasonographic plane as the optic
nerve, certainly impairing the performance of their tech-
nique. Therefore, there is still room for refinement of this
technique to make it truly efficient and safe as an US-guided
injection technique. There is also a need for more informa-
tion regarding the use of this technique in clinical cases, as
well as studies comparing its efficacy to blinded techniques.
The authors of this review have also used a linear transducer
instead of a microconvex transducer applied in a vertical
orientation over a closed upper eyelid for this US-guided
technique. This transducer is usually more widely available
and provides a better image resolution compared with a
microconvex transducer, with better hand grip and stability.

Maxillary nerve

US-guidance for local anesthesia of the maxillary branch
of the trigeminal nerve (sensory innervation only) has also
been described [39]. Desensitization of the maxillary nerve
is performed for surgical procedures of the ipsilateral para-
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Fig. 1.

The left side shows an ultrasound image of a globe taken with a 5-8 MHz microconvex transducer applied in a vertical position to

an upper eyelid with the eye closed. (1) Optic nerve surrounded by the retractor bulbi muscle cone, (2) vitreous chamber. The right side
shows the same image with an 18 G spinal needle (arrowheads) introduced dorsal to the transducer, with the tip adjacent to the retractor

bulbi muscle cone.

Fig. 2.

nasal sinuses and nasal passage, as well as dental procedures
on the ipsilateral maxillary arcade [3, 15, 51]. This nerve
block also has diagnostic analgesia applications for the
investigation of idiopathic headshaking in horses [36].
O’Neill et al. (2014) developed and applied an US-guided
injection technique (Fig. 2) [39]. In their technique, a 5-8
MHz microconvex probe set at 6 MHz was placed in a dorso-
ventral orientation, ventral to a line connecting the medial
and lateral canthi of the eye and immediately caudal to the

Image A demonstrates image acquisition of the pterygopalatine fossa using a microconvex transducer (dorsal to left). (1) Tuberos-
ity of maxillary bone; (2) palatine bone; (3) maxillary nerve, with Infraorbital artery (arrows) seen as two parallel hyperechogenic lines
within the nerve fascicles. Image B demonstrates image acquisition for the same area as image A, with color flow Doppler highlighting
the deep facial vein (4) and its branches adjacent to the tuberosity of the maxillary bone. Image C shows the introduction of the 18 G
spinal needle (arrowheads) ventral to the transducer.

facial crest [39]. Angling the beam rostrally and ventrally
in the direction of the last maxillary cheek tooth on the
contralateral side allowed visualization of the maxillary and
sphenopalatine fossa, the palatine bone, and the infraorbital
artery, with the hypoechoic maxillary nerve and periorbital
fat adjacent (Fig. 2) [39]. Following skin preparation and
desensitization of the skin at the point of needle introduc-
tion, an 18-20 G, 90 mm spinal needle was introduced 1
cm ventral to the transducer and aimed towards the point
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where the dorsal maxillary and sphenopalatine fossa met
the palatine bone, just dorsal to the infraorbital artery (Fig.
2) [39]. The needle was advanced until contact was made
with bone and then withdrawn 5 mm [39]. In the 8 clinical
cases reported by O’Neill et al. (2014), a successful block
was achieved using 10—20 m/ mepivacaine hydrochloride
(confirmed by loss of sensation of the ipsilateral nares) in
all cases within 15 min of injection [39]. The procedure was
well tolerated by all standing sedated horses, and no adverse
effects were reported [39]. Use of US-guidance combined
with color flow Doppler allows identification of the deep
facial vein, as well as more accurate visualization of the
infraorbital artery, which is surrounded by fascicles of the
maxillary nerve, thereby allowing avoidance of these vital
structures [39]. It has subsequently been shown that in the
hands of inexperienced operators, use of US-guidance for
injection of the maxillary nerve results in a significantly
higher success rate (65.4% vs. 50%), as demonstrated
by the deposition of contrast material in contact with the
maxillary nerve on CT [49]. Furthermore, in this study, use
of a novel needle guidance positioning ultrasound system
further improved success rates, bringing them up to 83.3%
[49]. Potential complications of this procedure include
the perforation of vessels such as the deep facial vein and
infraorbital artery, resulting in suborbital hemorrhage,
which can theoretically lead to exophthalmos [39, 49]. Even
with US-guidance, Stauffer ef al. (2017) found a compli-
cation rate of 50% (defined as contrast identified within
surrounding vasculature or periorbital structures on CT),
regardless of whether needle guidance positioning software
was utilized or not [49]. Therefore, as for any US-guided
procedure, the process must be performed using aseptic
techniques, including the preparation of the site, use of
sterile gloves, and use of a sterile US probe cover, in order to
avoid the risks associated with the development of a subor-
bital abscess. The authors of this review use this technique
on a regular basis for a variety of procedures, including
ipsilateral maxillary dental procedures and sinusotomies,
and find it an effective and easy-to-learn technique. Working
close to the eye necessitates a good plane of sedation and a
nose twitch. Inadequate restraint and patient movement can
lead to inadvertent perforation of the aforementioned blood
vessels despite the use of color flow Doppler, resulting in
hemorrhage and hematoma formation. This manifests as
swelling at the injection site. In the authors’ experience,
this has been adequately managed with the application of
local pressure and maintenance of the head above the level
of the heart, with no further adverse sequelae occurring.
Successful desensitization of the maxillary nerve can be
achieved with 10 m/ of local anesthetic and is indicated by
loss of sensation in the ipsilateral nares.

Infraorbital nerve

Although their report lacked details on ultrasonographic
guidance itself, Roberts et al. (2006) described the use of
US to guide the placement of a percutaneous electrical nerve
stimulation (PENS) therapy probe 1 mm superficial to the
infraorbital nerve, where the nerve exits the infraorbital
foramen, in order to perform a minimally invasive neuro-
modulatory treatment for trigeminal-mediated headshaking
in horses [43]. The authors of this review do not have experi-
ence with the above technique, but US localization of the
infraorbital foramen is relatively easy (Fig. 3) and can be
used to avoid puncturing the nerve and associated head
jerking movements.

Inferior alveolar nerve

Commonly referred to as a ‘mandibular nerve block’,
local anesthesia of the inferior alveolar nerve (IAN), a
branch of the trigeminal nerve, desensitizes the ipsilat-
eral mandibular teeth and portions of the gingiva and is
commonly performed to facilitate dental extraction [20, 51].
Several extra-oral blind approaches have been described
in the horse, including ‘vertical’, ‘angled’, and ‘caudal’
approaches [15, 51], based on the use of external landmarks
to approximate the position of the IAN where it enters the
mandibular foramen. An intra-oral approach has also been
described, and clinical assessment of this technique resulted
in satisfactory anesthesia of 100% of 51 blocks performed
on 43 horses [22]. Although high accuracy rates have been
obtained with blind techniques, several complications have
been reported. These include lingual trauma likely due to
inadvertent anesthesia of the lingual nerve and hematoma
formation following accidental puncture of the nearby
vessels [5, 51]. Another reported complication following the
intra-oral approach in the horse was abscess development
in the pterygoid fossa [22].

Johnson et al. (2019) described an US-guided approach
for injection of the IAN, which they performed on cadavers,
based on the location of the mandibular foramen [25]. Using
a 10 MHz microconvex transducer in a horizontal plane, the
mandibular foramen was identified on the axial surface of
the horizontal ramus of the mandible [24]. The point where
the axial aspect of the mandible becomes concave was
identified, which was in the caudal third of the bone where
the surface is irregular in the region of the insertions of the
medial pterygoid muscles. By manipulating the transducer
in a dorsoventral orientation, the mandibular foramen could
be identified as a 3 mm break in the surface continuity of the
bone at a depth of approximately 4-6 cm from the skin [24]
(Fig. 4). A straight 18-20 G, 9 cm spinal needle was intro-
duced lateral to the transducer and advanced in a vertical
direction under ultrasonographic visualization, along the
medial aspect of the bone, to a point where it made contact
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Fig. 3.
*Infraorbital foramen.

Eighteen G spinal needle (arrowheads) entering the infraorbital foramen from the rostral side (left side of the image).

Fig. 4.

(A) Anatomical specimen showing the mandibular foramen on the axial aspect of the mandible. (B) Ultrasound image taken using a 10

MHz microconvex transducer in a horizontal plane, showing bone drop out at the level of the mandibular foramen. *Mandibular foramen.

with the bone adjacent to the foramen [24].

This technique was slightly more accurate (68.8%; 11/16)
on post-mortem dissection than a previously published
blinded ventral approach (59.1%; 13/22), although the
difference in injectate volume could explain the small
variation in outcome [20, 24]. Given that approximately
2/3 of all injections, regardless of injectate volume, resulted
in methylene blue staining of the lingual nerve, it is likely
that inadvertent desensitization of the lingual nerve will
occur despite US-guidance [24]. Thus, the authors of this

review do not advise performing AN blocks bilaterally
and recommend fasting the horse until sufficient time has
elapsed for the local anesthetic effects to wear off. Use
of small volumes of short-acting local anesthetics is also
recommended. Since its initial description, the authors
have conducted this US-guided IAN block on a number of
clinical cases and found the procedure to be challenging.
Further investigation to assess its efficacy in clinical cases,
and to compare with previously described blind approaches,
is indicated.



108 J.P. JOHNSON, T. VINARDELL AND F. DAVID

The Cervical Region

Atlanto-occipital and atlanto-axial junction for
cerebrospinal fluid centesis, injection, and epidural
catheter placement

In the proximal cervical region, US-guided atlanto-
occipital and atlanto-axial punctures have been reported for
the collection of cerebrospinal fluid (CSF), for myelography,
and for endoscope placement for epiduroscopy [1, 14, 40,
42]. CSF collection can easily be performed on the standing
horse, whereas myelography is commonly performed under
general anesthesia [40]. These techniques can also be used
for medication of the epidural or subarachnoid space or
for placement of a catheter [23, 30]. Muylle et al. (1975)
proposed that such catheters may facilitate administration of
spinal analgesia, tetanus antitoxin, and/or anti-inflammatory
therapy [35], but other potential applications also exist, such
as delivery of stem cells [2]. US-guidance allows verifica-
tion of correct needle placement in the epidural space or the
subarachnoid space as well as improvement of the safety of
the procedure [1, 40].

Atlanto-Occipital Space

Depecker et al. (2014) reported use of the parasagittal
approach, which was first described by Audigi€ ef al. in
2004, for US-guided atlanto-occipital (AO) puncture in
the standing horse [1, 14]. In their report, a 5-7.5 MHz
microconvex or 3.5-5 MHz convex probe was used [14].
For this technique, the probe was placed at the caudal
level of the wings of the atlas, in a parasagittal orientation,
approximately 3 cm abaxial to the dorsal midline [14]. Once

the AO subarachnoid space was visualized, the probe was
adjusted with a slight obliquity to identify the central canal
of the spinal cord, and an 18-20 G, 9 cm spinal needle
was introduced approximately 2 cm cranial to the probe and
guided in a caudoventral orientation into the subarachnoid
space [14]. Audigié et al. (2004) also described a sagittal
approach from the dorsal midline, but its use is limited to
horses under general anesthesia due to difficult access when
performed standing [1]. Using the sagittal approach, Audigié
et al. reported successful access to the atlanto-occipital
space in 5 out of 6 horses [1]. In one horse, however, the
authors experienced ‘tenting’ of the dura mater ventrally by
the needle bevel, which necessitated redirection in order to
avoid damage to the spinal cord, thereby requiring a second
attempt that was ultimately successful [1]. Despite this
occurrence, there was no evidence of blood contamination
in any of the 6 CSF samples [1]. This ‘tenting’ phenomenon
has been reported in the dura mater of humans, and if it
occurs during a blind puncture, it may prevent the occur-
rence of the ‘popping’ sensation as the needle enters the
subarachnoid space, thereby resulting in incorrect needle
placement [1, 26]. This again demonstrates the value of
ultrasound-guidance for the verification of needle location.

The authors prefer using a modified version of the
Audigié and Depecker techniques, in which the US-guided
CSF aspiration is performed using a transverse (relative to
the spinal cord axis) view on the atlanto-occipital space
and the needle is inserted lateral to the transducer, with a
relatively flat angle relative to the ground (Fig. 5) [1, 14].
The subarachnoid space is bigger in this location (approx.
1 ¢cm), which is preferred to C1-C2 (<<1 cm) [40], making
the risk of hitting the cord less likely. Also, the angle of
attack of the needle is very flat, with the needle inserted on

Fig. 5.

The left side shows a transverse image of the US-guided approach for injection into the subarachnoid space in the atlanto-occipital

region. The needle (arrowheads) is in contact with the dorsal atlanto-occipital membrane. (1, 2) Atlas; (3) atlanto-occipital subarachnoid
space; (4) spinal cord, with arrows indicating the dura mater. The right side shows a transverse US image of the atlanto-occipital
space with the needle penetrating the dura mater and tip within the subarachnoid space, away from the spinal cord. The depth of the
subarachnoid space at this location is the distance between two + signs (0.91 c¢cm in this case).
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the side of the neck, compared with the very steep angle
with the sagittal/parasagittal techniques [1, 14]. If the
horse should rear up during the procedure and the needle
is inadvertently pushed further into the vertebral canal, the
chance for the needle to hit the cord would be reduced in
the authors’ opinion. For this procedure, the operator stands
beside the horse, with no need to drape the head or stand
on a stool. The authors use a combination of acepromazine
(0.02 mg/kg IV) and xylazine (0.2—0.3 mg/kg IV) for seda-
tion during the procedure, and a macroconvex transducer
can be used if a microconvex transducer is not available.
An assistant holds the halter and the ipsilateral ear forward,
the skin is desensitized at the site of needle insertion, and
skin preparation is repeated immediately after a skin bleb
is created. A 9 cm, 20 G spinal needle with stylet is driven
through the dura mater under US-guidance. Once the needle
is secured in the subarachnoid space, the needle body is
held close to the skin as a safety precaution. Finally, as
described by Depecker et al. (2014), an assistant removes
the stylet, connects the extension, and aspirates the CSF
slowly in a sterile manner [14]. At all times, the operator
holding the probe and driving the needle has their hands
in direct contact with the horse neck as a countermeasure
in the case of sudden head movement. Replacement of the
volume of aspirated CSF with preservative-free sterile 0.9%
saline solution is recommended in cases where increased
intracranial pressure is suspected.

Atlanto-Axial Space
Pease et al. (2010) described a CSF aspiration technique

using a transverse atlanto-axial (AA) acoustic window
in the standing sedated horse [40]. In this technique, the

horse is restrained in stocks with a lip twitch. The authors
of this technique recommended sedation with detomidine
hydrochloride followed by morphine sulfate approximately
3 min later, as morphine is considered to provide superior
central nervous system analgesia compared with butor-
phanol [40]. Adequate restraint is paramount to ensuring
patient compliance and to avoid inadvertent perforation of
the spinal cord. Using a 4-10 MHz microconvex transducer
oriented in a dorsoventral direction, the probe is positioned
at the level of C1-C2, approximately 3 cm ventral to the
midline of the mane [40]. This can also be performed using
a macroconvex transducer. A transverse image is obtained,
and the probe is moved caudally from the caudal aspect
of the transverse process of C1 until the spinal cord and
subarachnoid space are visible [40]. The subarachnoid space
has a ‘mildly echoic, striated appearance’, which is believed
to be due to trabeculae connecting the arachnoid mater and
the pia mater [40]. It lies, on average, 4 cm from the skin
surface [40]. Following aseptic preparation and a local skin
block, an 18-20 G, 9 cm spinal needle is guided ventral
to the transducer in a dorsomedial direction and into the
subarachnoid space (Fig. 6). A distinct ‘pop’ or sudden loss
of resistance is felt on penetration of the dura mater [40]. Of
13 horses included in the report by Pease et al. (2010), only
one required a second attempt at centesis due to a rever-
beration artefact obscuring visualization of the needle [40].
No adverse reactions, such as tossing of the head, move-
ment, or discomfort, were observed in any of the 13 horses
during the procedure or after the acquisition of the sample
[40]. Twenty-four hours post-procedure, a post-mortem
dissection performed on two horses for reasons unrelated
to the procedure did not reveal any signs of hemorrhage
at the injection site [40]. Some authors advocate removal

Fig. 6. The left side shows a transverse image of the US-guided approach for injection into the subarachnoid space in the atlanto-axial
region. The needle (arrowheads) is in contact with the dorsal atlanto-axial membrane. (1, 2) Axis, (3) atlanto-axial subarachnoid space,
(4) spinal cord. The depth of the subarachnoid space at this location is the distance between two + signs (0.36 cm in this case). The right
side shows a transverse US image of the atlanto-axial space with the needle penetrating the dura mater and tip within the subarachnoid

space.
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of the stylet prior to perforating the dura mater in order
to avoid inadvertent trauma to the spinal cord [40]. One
advantage of this technique is that the needle insertion is
made further away from the ears and poll region, which can
be a difficult region to clip and aseptically prepare properly
due to the halter and ears being in close proximity. Also, the
operator stands to the side of the horse, which is contrary to
Depecker’s technique. One disadvantage of this technique
is the width of the subarachnoid space at this location, with
it being smaller (approximately 0.5 cm) compared with that
at the AO site, which has a width of approximately 1 cm
(Fig. 5) [14, 40]. In addition to puncture at this site for diag-
nostic purposes, there are also therapeutic indications. For
example, US-guided epidural injection of corticosteroids at
the AA junction has been reported as a successful treatment
for neck pain in a horse caused by suspected dorsal nerve
root impingement at the fifth cervical vertebra [30].

Cervical articular process joints

Three anatomical approaches for US-guided injection
of the cervical articular process joint have been reported,
including the cranial, dorsal, and craniodorsal approaches
[7,25,31, 37]. If the needle gets lost during the US-guided
procedure, the cranial approach has the potential to travel
close to the vertebral foramen and inflict serious nerve or
vessel damage [31]. For this reason, the dorsal and cranio-
dorsal approaches are considered the safest techniques for
teaching inexperienced veterinarians. The craniodorsal
technique is favored, as it allows joint margins to be clearly
identified and facilitates visualization of the needle as it
enters the joint [25, 37]. A 10 MHz microconvex transducer
has been shown to be associated with a shorter procedure
time and fewer redirects [25], but macroconvex and linear
transducers can also be used successfully (Fig. 7a and 7b).
Although there is no proven significant difference in accu-
racy of injection between the use of 18 G and 20 G spinal

needles, 18 G needles are subjectively easier to visualize
due to their wider gauge and are less pliable, so they may
be easier to guide in deep muscle plains, especially when
experience with this technique is limited [25]. However,
wider gauge needles are more traumatic, and one co-author
of this review advocates the use of finer needles, such as 21
G needles, to reduce iatrogenic damage to cartilage and to
ease intra-articular placement.

Restraint is achieved using sedation, and the head is held
in a neutral position or rested on a head stand; desensitization
of the skin at the intended injection site is achieved using a
local anesthetic. With the transducer oriented perpendicular
to the long axis of the cervical spine, the desired articular
process joint is identified. It can be challenging to ensure
proper identification. The authors of this review recom-
mend identifying C2 in the cranial portion of the neck by
palpating its prominent dorsal ridge, applying the transducer
immediately onto it, and then localizing the C2—C3 articular
process joint ultrasonographically. This joint is smaller and
more dorsal than other caudal cervical articular processes.
Once the C2-C3 articular process joint is identified,
moving the transducer slowly caudal and counting each
articular process will ensure proper identification. Once
on the desired target, the transducer is then rotated up to
45 degrees cranially (counterclockwise for the left side
and clockwise for the right side) and advanced cranially
until the most cranial aspect of the articular process joint
is visualized [25]. The image is manipulated until the joint
space is at its widest. A 9 cm spinal needle (18-21 G) is
then introduced approximately 1-2 cm craniodorsal to the
transducer (Fig. 7¢) and directed using US-guidance so that
its angle of approach matches that of the joint, allowing
it to pass into the joint space [25]. Once the needle tip is
seated in the joint, the stylet is removed. Aspiration may
yield retrieval of synovial fluid if a sample is desired for
analysis. Injection can then be performed. If met with

Fig. 7.

(a) US-guided dorsal approach to the C4—CS5 cervical articular process joint using an 18 G needle (arrowheads) and macroconvex
transducer. (b) US-guided dorsal approach to the C5—-C6 cervical articular process joint using an 18 G needle (arrowheads) and linear
transducer. (¢) US-guided cranio-dorsal approach to the C5—-C6 cervical articular process joint using an 18 G needle (arrowheads) and
microconvex transducer.
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resistance, the needle may be either slightly withdrawn or
rotated 180 degrees, or both, until no resistance to injec-
tion is encountered [25]. It is recommended to replace the
stylet in the needle prior to withdrawal in order to minimize
dragging of injectate through the periarticular soft tissues
[25]. According to Johnson et al. (2017), image quality is
poorer for the more caudal articular process joints compared
with the more cranial ones, due to their greater depth [25].
Despite the greater depth, the authors found that all injec-
tions could be performed in their cadaver specimens with a
9-cm spinal needle [25]. However, the increased thickness
of subcutaneous fat in the caudal neck in over-conditioned
animals can lead to reduced image quality [25]. According
to Haussler ef al. (2019), the C7-T1 articulation had the
highest prevalence of abnormal bony changes, with 91%
affected at this vertebral level [21]. Therefore, the authors
believe it is important to pay particular attention to the
treatment of C7-T1, which is easily recognizable by the
divergence of the vertebral vessels, and to take care when
injecting for optimal efficacy.

First cervical nerve and C2—C3 plexus

US-guided stimulation of the first cervical nerve at
the alar foramen of the atlas (C1) was first reported by
Mespoulhés-Riviére ef al. in 2016 as a technique in horses
to assist in the placement of a stimulating needle [33]. The
authors describe positioning the horses in stocks, with
standing sedation and the head resting on an adjustable
support in slight extension, and using a 5-8 MHz micro-
convex transducer with the probe placed on the cranial
aspect of the wing of the atlas, perpendicular to the skin, in
a craniolateral-to-caudomedial direction at approximately
60° to 80° relative to the sagittal plane [33]. By adjusting
the probe, the lateral vertebral and alar foramen could be
identified by the vertebral artery exiting the alar foramen
and its descending branch travelling dorsally [33]. With
the transducer focused on these arteries in a longitudinal
orientation, it was moved slightly caudally until the first
cervical nerve came into view, which was seen as an echo-
genic structure passing the groove which connects the alar
and intervertebral foramina, entering the lateral aspect of the
alar foramen [33]. The stimulation needle was introduced
2-3 cm medial to the probe in a medial-to-lateral direction
and angled 30° to 45° relative to the horizontal plane, and it
was then advanced under US-guidance until it made contact
with the bone adjacent to the first cervical nerve, at the
lateral aspect of the alar foramen [33]. All procedures were
performed using aseptic techniques, and color flow Doppler
was utilized to avoid perforation of blood vessels. Three
stimulation experiments were performed in 6 horses, bilater-
ally, and US-guided stimulation was deemed successful in
all attempts [33]. Horses reacted to skin penetration in 25%

of the attempts, necessitating additional sedation with butor-
phanol [33]. Repeat ultrasonographic examination at 24 hr
post-procedure did not reveal any hematoma formation at
the stimulation site [33]. One horse developed a superficial
hematoma unilaterally following each successive proce-
dure, but it did not preclude ultrasonographic visualization
of the desired structures and subsequently resolved without
treatment [33].

Subsequently, this technique was employed by Rossignol
et al. (2018) in order to assess the efficacy of reinnervation
of the cricoarytenoideus muscle following modified first
and second cervical nerve transplantation in horses for the
treatment of laryngeal neuropathy, and no complications
were reported [44].

An US-guided approach has also been described for
locoregional anesthesia of the second and third cervical
nerves in order to perform standing prosthetic laryngoplasty
in horses [6]. The main benefit of such a targeted nerve block
in this case is that it avoids the tissue edema that occurs as a
result of local infiltration and can obscure important surgical
landmarks, as well as the increased hemorrhage associated
with induced vasodilation [6]. In their report, Campoy et
al. (2018) compared the US-guided cervical plexus block
with a local tissue infiltration of mepivacaine for standing
prosthetic laryngoplasty [6]. To do this, horses were sedated,
the site was aseptically prepared, and a multifrequency
linear transducer was applied in a cranio-caudal direction
in the middle of the second cervical vertebral body, ventral
to the omotransversarius muscle and caudal to the parotid
gland [6]. The short axis of the ventral spinal branch of C2
appeared as 1-2 discoid shapes, with an external hyperechoic
outline and a hypoechoic core, situated in the interfascial
plane, between the longus capitis and cleidomastoideus
muscles (Fig. 8) [6]. The transducer was manipulated until
this image was visualized, a 20 G, 9 cm Tuohy needle was
guided between the aforementioned muscle bellies until
the tip was adjacent to the aforementioned ventral spinal
branch of C2, and injection of 40 m/ 2% mepivacaine was
then performed (Fig. 8), which could be seen dissecting
between the two muscle planes when imaged in real time
during the injection, indicating successful injection [6]. Out
of 17 horses that underwent the US-guided approach, all
underwent successful laryngoplasty with an additional 10
m/ of 2% mepivacaine infiltrated subcutaneously caudal to
the caudal aspect of the incision site [6]. The results of this
study indicated that US-guided plexus injection resulted in
a significantly improved surgical field compared with that
of the tissue infiltration technique, and no adverse effects
were reported [6].

Cervical nerve roots
Cruz-Sanabria ef al. (2019) described for the first time a
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Fig. 8.

The left image shows the location of the ventral spinal branch of C2, appearing as two discoid shapes (arrows), with an external

hyperechoic outline and hypoechoic core, situated between the longus capitis (1) and cleidomastoideus muscle bellies (2). The right
image shows the introduction of the 18 G spinal needle from the caudal side (left side of the image), with the tip between the two muscle

planes, lying adjacent to the ventral branch.

technique for US-guided perineural injection of the cervical
nerve roots [8]. The results of their cadaver study indicated
that US-guided perineural injection was significantly more
likely to result in successful iodinated contrast delivery
to the cervical nerve roots (100%) when compared with
both intra-articular (0%) and periarticular caudal (33.3%)
approaches, as evaluated by CT or MRI [8]. However, there
was no significant difference between perineural and peri-
articular cranial approaches [8]. This study highlighted the
feasibility of perineural injection techniques as a potential
treatment option for cervical radiculopathy in the horse.
Touzot-Jourde et al. (2020) published a pilot cadaver study
of four horses in which they described an US-guided peri-
neural injection technique for the ramus ventralis of the 7th
and 8th cervical nerves in the horse [50]. A total of 10 injec-
tions were performed, and all were deemed accurate using a
large volume of injection (7 m/ or 14 m/), as demonstrated
by evidence of dye staining a portion (2/10) or the entire
(8/10) cross section of the ramus ventralis nerve trunks
[50]. Some diffusion was noted in the epidural space in 5/10
injections [50]. Although the number of injections was small
and the study was performed on cadavers, it demonstrates
some potential for using a technique adapted from this study
to diagnose and treat cervical radiculopathy in the horse. The
described technique uses a 5—8 MHz US transducer [50].
According to their description, the starting position for the
transducer was perpendicular to the long axis of the cervical
spine, at the level of the C7-T1 cervical articular process
joint [50]. In order to visualize the C8 ramus ventralis, the
transducer was moved caudoventrally approximately 20
degrees by orienting the probe cranially and ventrally (i.e.,
in a counterclockwise motion on the left side of the neck,
clockwise on the right) [50]. The transducer was then moved
to follow the course of the nerve over the vertebral body,

between the articular and transverse processes, in order to
obtain the optimal position to visualize the nerve in longi-
tudinal section [50]. Injection was performed with a 20 G,
9 cm spinal needle, which was introduced approximately
2 c¢m caudoventral to the transducer, and advanced until
it was within 5 mm of the nerve [50]. For the C7 ramus
ventralis, the same procedure was performed, one segment
cranially [50]. This technique has not yet been reported in
clinical cases.

The authors of this review have used a different technique
in several clinical cases where clinical signs attributed to
cervical nerve radiculopathy did not respond to the admin-
istration of systemic NSAIDs and corticosteroid injection
within the corresponding cervical articular process joint(s).
After multiple cadavers, or asymptomatic and symptomatic
horse US examinations, we came to the conclusion that it
is not possible to visualize the short cervical nerve roots in
the horse. As shown by Touzot-Jourde et al. (2020), only
the ramus ventralis of the cervical nerves can be recog-
nized ultrasonographically in some cases/locations, but at
a certain distance from the nerve root itself [50]. To make
sure the needle could be safely sited as close as possible
from the cervical nerve root, Fouquee ez al. (2021) have
aimed to localize the adjacent vascular structures to the
nerve roots, using 2D US and color Doppler [18]. For this,
a curvilinear transducer is applied in a vertical fashion and
the targeted cervical articular process joint is identified
[18]. The transducer is moved ventrally, until almost losing
completely the articular process. The transverse process
of the cranial vertebra can create an acoustic shadow over
the vertebral foramen if the transducer is too cranial. Once
the intervertebral foramen is well visualized, keeping the
vertical orientation, the transducer is displaced caudally by
less than a centimeter, to focus on the caudal aspect of the
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Fig. 9.

(A) An image acquired with a 12 MHz linear transducer shows the ventral branch of C7 (¥) crossing obliquely over and

immediately dorsal to the vertebral vessels. The location of the vertebral vessels and collaterals is confirmed using Doppler
mode. In cases where the ventral branch of cervical nerve root cannot be clearly observed, the vertebral artery and vein are
used as the main landmarks to guide the injection. (B) An image acquired with a 6 MHz linear transducer shows C7 nerve root
ultrasound-guided injection. The 18 G, 9 cm spinal needle is inserted until the tip is visualized in contact with the nerve. The
final approach is performed with color flow Doppler to ensure there is no blood flow where the needle tip is inserted.

intervertebral foramen [18]. The vertebral artery (axial and
dorsal relative to the vertebral vein; ventral relative to the
cervical nerve root) and vein (ventral and abaxial) are iden-
tified [51]. After blebbing the skin with local anesthetic, the
needle is inserted ventral to the curvilinear transducer, and
then guided towards the vertebral foramen, and advanced
immediately dorsal to the vertebral artery (Fig. 9) [18]. It is
crucial to take great care to not penetrate a vertebral vessel
or to lose the needle tip at any time. A total volume of 3—4
m/ of a mix of short- and long-acting corticosteroids is
injected per nerve root. This technique has been tested on 5
anesthetized horses (60 injections), and the injectate deposi-
tion was noted to be in direct contact (approx. 75%) with or
close vicinity (approx. 25%) to the C3—C8 cervical nerve
roots [18]. Although not published yet, this same technique
(Fig. 9) has allowed one of the co-authors of this review to
obtain significant improvement or complete resolution of
the clinical signs in cases of cervical radiculopathy, either
temporarily or permanently. Additional work is needed
before this technique or that of Touzot-Jourde et al. (2020)
can be recommended for the treatment of cervical radicu-
lopathy cases in the horse.

Conclusion

This review demonstrates the wide range of clinical
applications that ultrasound guidance can provide for both
diagnostic and therapeutic procedures of the equine skull
and neck. Ultrasound-guided injection techniques provide
more accurate deposition of injectate compared with blind

approaches. Improved visualization of vital structures,
including nerves and blood vessels, allows their avoidance
and thus reduces procedure-associated complications.
Ultrasound guidance is no longer limited to injections, as
evidenced by the various clinical applications described
in this review, from the placement of epidural catheters to
electrostimulation of cervical nerves. Not only is ultrasound
guidance a much-valued technique for procedures on the
head and neck of the horse, it is also a valued technique
for procedures elsewhere on the body, including the rest
of the appendicular skeleton, where it is increasingly
used alongside interventional procedures and as an aid in
surgery [48]. New developments in this field are constantly
evolving, bringing with them new techniques and making
ultrasound guidance an increasingly popular and utilized
modality worldwide.
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