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a b s t r a c t

Ultrasound is a well-established modality in equine investigative and diagnostic procedures. Although to

date, it has not been utilized in examining the attachments of the equine nuchal ligament lamellae (NLL)

onto the cervical vertebrae, for which a noninvasive technique is currently lacking. This study presents a

standardized methodology for investigating the equine NLL using ultrasonography, and further evaluates

the ultrasound images against postmortem dissection in two nonrelated horses. The ultrasound images

in both horses clearly presented the attachment points of the NLL to the dorsal spines of the cervical

vertebrae from C2 to C5, whereas no attachment points could be seen from C6 to C7. The ultrasound

images were confirmed through close, comparative inspection of the NLL postmortem. Therefore, ul-

trasound provides a noninvasive alternative to gross anatomic dissections for investigating the NLL at-

tachments in members of the family Equidae. Importantly, this provides an opportunity to examine

endangered breeds or isolated populations without the detrimental loss to the gene pool of rare

anatomic and or primitive traits.

© 2020 Elsevier Inc. All rights reserved.

1. Overview

Specialized diagnostic tools that reveal with great clarity the soft

tissue structures deep within the equine body are well documented,

including the magnetic resonance imagery (MRI), computed to-

mography (CT), and ultrasound [1]. However, MRI and CT scans are

cumbersome and relatively inaccessible, whereas the lightweight

and portable diagnostic ultrasound unit is suitable for field studies,

clinical practice, and in situ research. The efficacy of ultrasound in

diagnostic equine care has been well documented and more spe-

cifically, in the diagnostic procedures associated with tendon and

ligament lesions in the distal limb [1]; although anatomically, these

structures are chiefly less than five centimeters below the dermis.

Even so, structures anatomically deeper within the thoracic and

pelvic regions are also discernible with the correct ultrasound

transducer probe and megahertz frequency, as are the caudal

cervical articulating processes [1,2]. With this in mind, diagnostic

ultrasound should be suitable for investigating the soft tissue

structures that are deepwithin the equine neck, such as the NLL [3].

Yet it has not been determined whether ultrasound scans can

detect the insertion points of the NLL onto the cervical vertebrae,

which would be very useful for revealing variations recently

identified in the caudal cervical among members of the family

Equidae [4,5]. Furthermore, ultrasonography offers a noninvasive

method for investigating anatomical variations in equine anatomy

providing a far better option than identifying these same points via

dissection, especially in consideration of a limited population or

one that is critically endangered.

Therefore, a preferable alternative to gross anatomic identifi-

cation of the NLL attachment requires further research. Here we

describe a noninvasive investigative approach utilized in identi-

fying the attachment points of the NLL onto the cervical vertebrae

in two individuals of modern Equus caballus via ultrasound.

2. Materials and Methods

2.1. Ethical Statement

Approval to conduct this research was granted by the University

of New England Animal Ethics Committee (Authority No. AEC19-

103). No equids were euthanized for the purpose of this study.

Animal welfare/ethical statement: Neither horse was euthanized for the purpose of

this study. Both had been veterinary examined with the recommendation for

euthanasia due to severe chronic lameness.
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2.2. Animal Details

Two nonrelated horses were obtained for this study.

2.2.1. Horse no. 1

An 8-year-old Andalusian gelding, height 1.6 meter to the

wither, exhibiting severe and chronic bilateral hind limb lameness.

The neck was moderately thick (4/5 condition score cross-section

C5) and well crested in morphology. Location: Australian College

of Equine Podiotherapy, Victoria, Australia.

2.2.2. Horse no. 2

A 15-year-old Thoroughbred gelding (ex-racehorse), height

1.65 meter to the wither, exhibiting severe and chronic lameness in

3 limbs. The neck was moderately thin (1.5/5 condition score cross-

section C5) with little crest. Location: Nihon Veterinary and Life

Sciences University, Tokyo, Japan.

2.3. Ultrasonography

Both horses were physically examined, and ultrasound images

conducted by the second author (Christine Geedveterinarian)

before their predestined euthanasia.

A linear transducer 3e8 megahertz; diagnostic ultrasound

unitdSonoSite (Bothell, WA) programmed by M-Turbo Vet was

used for horse no. 1. This transducer is suitable for cervical spine

and deep digital flexor tendon insertion to the distal phalanx.

A convex transducer 3e7 megahertz; diagnostic ultrasound

unitdEsaote (Melen, Genova, Italy) programmed byMyLabOneVET

was used for horse no. 2. This transducer is suitable for abdominal

scanning in large companion animals.

2.4. Animal Preparation and Investigative Approach

The horse was hand held by an experienced handler; a webbed

head collar and lead were used to secure the horse on the left side.

Throughout the investigation, the handler remained on the side of

the practitioner.

As points of reference, small rectangular strips (1 cm� 2 cms) of

Elastoplast were placed directly over the palpable length of the

transverse processes (TP) of the cervical vertebrae from C2 to C6.

The TP at C2 is less distinguishable on palpation than those from C3

to C6, with C5 being the widest in the caudal neck and more

discernible. The left side of the neck was cleaned with water and a

sponge to remove any soil, grit, or debris, the excess water removed

with a dry cloth, and then wiped down with alcohol above the TP

from C2 to the angle of the shoulder (Fig. 1A). A wide band of

diagnostic ultrasound transducer gel was applied tapering from

10 cms dorsal to C2 to 20 cms dorsal to the dorsal TP of C6/7

(Fig. 1A) before investigation a thick bead of gel was applied along

the transducer probe (Fig. 1B).

During ultrasonography, it is important that the poll of the horse

remains equal to or just below the height of the wither. The

transducer probe was placed perpendicular to the neck and parallel

over the left TP of C2 and traversed dorsally until identification of

the NLL attachment to the fan-shaped dorsal spine of C2. The dorsal

aspect of the NLL on C2 was identified and this digitation was fol-

lowed caudal to where it attaches to the nuchal ligament funicular

cord (NLFC) (Fig. 2). This is continued caudally with an undulating

pattern from cranial to caudal over the diagnostic ultrasound

transducer gel locating the articulating process joints (APJs) as an

anatomic guide from C2 to C6/7. The attachment of the NLL to the

dorsal spine of the cervical vertebrae will be identifiable between

the APJs. The NLL will be either clearly or slightly digitated above

each APJ from C2 to C5 and likely absent dorsal to the C5/C6 APJ.

2.5. Dissection

With the equid lying in a right lateral recumbency avails the left

side for dissection; revealing the NLL follows the protocol described

byMay-Davis et al [5]. Thereafter, the results provide a comparative

placement of the transducer probe, corresponding to an ultrasound

image and conversely to the analogous anatomic presentation.

3. Results

In both horses, the ultrasound images revealed the NLL attach-

ment at C2 with clarity, including the junction of the NLL from C2 to

Fig. 1. (A) The shaded area above the transverse process (C2-C6/7) indicates the area to clean and apply the diagnostic ultrasound transducer gel. (B) The applied bead of diagnostic

ultrasound transducer gel over the convex transducer probe.

Fig. 2. The path of the convex transducer in the shaded area above the TP (C2-C6/7).
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the NLFCdfunicular cord junction (FCJ) (Fig. 3). The ultrasound

image also depicted a clear demarcation between the directional

fibers of the NLL and NLFC, and the aperture between the two

structures at the level of C2/C3 corresponding to the cadaver.

In both horses, the attachment points of the NLL to the dorsal

spines of the cervical vertebrae from C2 to C5 were discernible;

further noting the attachment points on C6 and C7 were absent.

Close, comparative inspection of the cadavers confirmed the ul-

trasound images to be accurate (Fig. 4).

Identical positioning of the neck pre and post mortem proved

difficult. This was due to the horse’s natural conformational stance

and level of movement pre mortem plus replicating with precision

in a large prone and recumbent animal the position of the neck

with increasing rigor mortis post mortem. Hence, simultaneous

photography during the ultrasound procedure aided the compar-

ative interpretation of the ultrasound image to cadaver (Fig. 5).

4. Discussion

Previous studies have compared and validated ultrasound im-

ages of various soft tissue structures against gross anatomy obser-

vations in postmortem equine cadavers [6,7]. The present study is

the first to report the use of ultrasound for investigating the NLL in

the live horse, enabling the accurate identification of NLL attach-

ment points that were subsequently verified by dissection. Conse-

quently, investigative ultrasound offers a practical alternative in

establishing the presence or absence of the NLL attachments in the

live horse. This may be of benefit in the selection process of horses

pre purchase or in breeding programs designed to preserve the NLL

from C2 to C7. A further consideration may be the practical

implications in domestic horses, whereby ultrasounds of the NLL in

young horses can determine if there is degeneration in the NLLwith

age or career.

Even so, the anatomic location of the NLL midline in the equine

neck encounters certain investigative challenges, especially in the

caudal neck where there is a greater depth of musculature in as-

sociation with the shoulder region [8]. Subsequently, cognizance of

the neck position during the investigation is essential for clarity; if

the poll is elevated above the wither, the angle of the cervico-

thoracic junction can become too acute and therefore, diagnosti-

cally difficult to isolate the potential NLL attachments on C6 and C7.

The preferred neutral position is the neck parallel to the ground

(poll level to thewither) or just below the horizontal, this opens the

angle of the cervicothoracic junction and so, elongates the NLL for

improved ultrasonic access over C6 and C7.

Recent studies document the morphology of the NLL attach-

ments as primarily from C2 to C5 in modern domestic horses (97%;

n ¼ 157), thus redefining a new anatomical normal from the pre-

viously stated C2-C7 [3,9e11]. The present study concurred with

the recent findings of C2-C5 via investigative ultrasound and

corroborated these findings with correlating gross anatomy. The

extent of the visual clarity of the ultrasound imagery in this study

was demonstrated by the investigator’s ability to discern the cer-

vical tendon of Longissimus dorsi as shown in Fig. 4.

Given the limitations posed by dissection, both logistically and

ethically in the case of rare specimens, ultrasonography provides a

realistic alternative investigative tool for the identification and

preservation of rare anatomical and primitive traits, as noted in

close relatives of Equus ferus ferus and one ASH presenting with the

NLL from C2 to C7 [5,6,12,13]. This is of particular significance

Fig. 3. Comparison of ultrasound images (B) with postmortem dissection (C) in 2 horses. The position of the transducer probe is shown in (A) with corresponding arrows. The

darker regions demarcating the NLL and NLFC (white arrow) are visible in the ultrasound images (B). The cadaver postmortem confirms the NLL attachment to C2 and C3, and the

demarcation between the NLL and NLFC (red arrow) and their junction (FCJ). Abbreviations: NLL, nuchal ligament lamellae; NLFC, nuchal ligament funicular cord.

S. May-Davis et al. / Journal of Equine Veterinary Science 90 (2020) 103017 3



where breeding numbers are dangerously low in rare or endan-

gered breeds. Even when skeletal remnants are available for ex-

amination, there are no methodology studies identifying the

entheses patterns of the NLL attachment points onto the dorsal

spines of C6 and or C7 for confirmation.

Consequently, as some isolated breeds have numbers at critical

levels, such as the Miyako pony (n ¼ 40) and Yonaguni pony (n ¼

120) of Japan; it may be beneficial to investigate the NLL through

ultrasound before possible extinction, as this information could

provide valuable insights into the evolutionary history of the family

Equidae [14]. In such cases, investigative ultrasound could provide

an effective solution to identifying the absence or presence of the

NLL at C6 and C7 in primitive and endangered breeds, and would be

valuable in the preservation of a rare primitive trait that appears to

have existed in modern horses until recent times [4,5,15].

Our findings in 2 horses that differed in morphology (thin vs.

thick necked) demonstrate the suitability of ultrasound as a tool for

investigating variations in NLL attachments and are consistent with

previous studies. However, further studies are needed using greater

numbers of horses to confirm these findings with greater

confidence.

5. Conclusion

Ultrasonography provides a noninvasive tool for the anatomical

exploration of soft tissue structures and may be used to accurately

determine variations in the equine NLL attachments. Its investiga-

tive uses could be beneficial in determining the extent of the NLL

attachments for a variety of purposes, such as the selection of an

Fig. 4. (A) Placement of the linear transducer probes dorsal to C6/C7 (red arrow). (B) Corresponding ultrasound displaying the darker region demarcating the absent NLL (white

arrow). (C) Cadaver postmortem exhibiting the absent NLL (red arrow). * denotes cervical tendon of Longissimus dorsi. Abbreviations: NLL, nuchal ligament lamellae.

Fig. 5. Photograph of the live ultrasound in horse no. 2 and the corresponding ultra-

sound image presented in Fig. 4.
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individual or breed, or the preservation of a rare primitive trait that

appears to have existed in modern horses until recent times.
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