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Simple Summary: Back pain in horses is a common occurrence and has been considered to be an
important factor affecting the well-being of horses. Its occurrence may be related to soft-tissue lesions,
osseous injuries, tack-associated problems, or neurological disorders. In addition to conventional
diagnostic methods, there are also more sophisticated ones, such as scintigraphy or computed
tomography. Advanced diagnostic modalities include algometers, determination of lameness with
inertial sensor systems, biometric mats, and geometric morphometrics methods, electromyography,
as well as functional electrical stimulation. The purpose of this review article is to summarize the
main back diseases in horses, as well as to provide an overview of their traditional, but also modern
diagnostic methods. Although traditional diagnostic methods remain the foundation of orthopedic
examination and back diseases, the use of new methods will allow for a better understanding of the
pathogenesis of these diseases and will also allow for the objective monitoring of the rehabilitation
and training process.

Abstract: Back pain is common in ridden horses. Back diseases in horses include Impinging Dorsal
Spinous Processes, Ventral Spondylosis, Osteoarthritis of Articular Process, Intervertebral Discs Dis-
ease, Vertebral Fractures, Conformational Abnormalities, Desmopathy of the Supraspinous Ligament,
Desmopathy of the Intraspinous Ligament, and Longissimus Muscle Strain. Back pain may also
develop as a result of lameness (particularly hindlimb lameness). A poorly fitting saddle and an
unbalanced rider are also considered important factors influencing the development of back pain in
horses. The conventional diagnosis of equine back pain includes a clinical examination and diagnos-
tic imaging examination using ultrasound, radiography, and thermography. Advanced diagnostic
modalities of equine back pain involve the objectification of standard procedures through the use
of algometers, a lameness locator, biometric mats, and the geometric morphometrics method. In
addition to modern diagnostic methods, such as computed tomography and scintigraphy, advances
in the diagnosis of equine back pain include the use of electromyography and functional electrical
stimulation. The aim of this review article is to familiarize clinicians with the usefulness and capabili-
ties of conventional diagnostic protocols and advanced diagnostic modalities. Although orthopedic
examination and traditional diagnostic methods will remain the foundation of the diagnosis of back
diseases, modern methods meet the growing expectations towards high-performance horses and
allow for deeper diagnostics and objective monitoring of rehabilitation and training progress.

Keywords: back pain; chronic pain; horse; EMG; FES

1. Introduction

The equine industry has been continuously and intensively developing over the last
few decades, presenting researchers and clinicians with increasing challenges to keep up
with the demands of high-level horse sports as well as widespread leisure riding. The
sport’s increased popularity and widespread presence on social media have led to frequent
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criticism from audiences due to concerns about equine welfare. Modern conceptualizations
of welfare issues associated with equestrian sports and leisure riding emphasize the great
need for the early and effective recognition of any gait abnormalities or lameness to prevent
injuries and chronic discomfort when ridden [1,2]. It is important to note that tack or
rider-induced back pain, one of the significant causes of back diseases, is closely related to
overloading the back during riding. Similar to how being overweight is considered to be a
disease in human civilization, in the case of mainly leisure horse riding, it also becomes a
contributing factor to diseases in equine civilization [3].

More than 47% of sport horses at normal work suffer from unrecognized lameness
related to back pain [4]. Between 48% and 54% of horses in dressage, showjumping, and
eventing show signs of back disease [5]. Similarly, 55% to 74% of leisure and riding school
horses are severely affected by back disorders and riding school horses are twice as often
affected with back pain than other working horses [6]. Finally, 85% of national hunt
racehorses and 90% of flat racehorses exhibit clinical signs of back pain [5]. Therefore, back
pain is considered one of the most common syndromes in ridden horses, responsible for
chronic pain, poor performance, behavioral issues, impaired ability to work, or nonspecific
lameness [7,8]. Experiencing chronic pain may cause changes in the horse’s behavior and
may also result in the development of additional diseases such as gastric ulcers [9,10]. The
reduced accessibility of the affected back area, the need for using sophisticated clinical
protocols and diagnostic modalities, and the necessary comprehensive experience of the
clinician make an accurate identification of the primary pathology challenging [8,11].

Therefore, given the significant impact of back pain on horse performance, the use of
advanced diagnostic modalities and functional therapies has become the desired direction
of development in equine medicine. This review aims to familiarize clinicians with the
usefulness and capabilities of conventional diagnostic protocols and advanced diagnostic
modalities for the equine back region, aiming to enhance their current clinical applications
in equine medicine.

2. The Main Cases of Equine Back Pain

Back diseases in horses are mainly associated with soft-tissue lesions, osseous injuries,
tack-associated problems, or neurological disorders [12]. Primary cases include Impinging
Dorsal Spinous Processes (IDSP, ‘kissing spines’), Ventral Spondylosis (VS), Osteoarthritis
of Articular Process (OAAP), Intervertebral Discs Disease (IVDD), Vertebral Fractures
(VF), Conformational Abnormalities (CA), Desmopathy of the Supraspinous Ligament
(DSSL) and/or Desmopathy of the Intraspinous Ligament (DISL), and Longissimus Muscle
Strain (LMS). Moreover, lameness, particularly hindlimb lameness, can cause secondary
back pain [4,13]. Finally, the rider or tack can also exacerbate problems occurring in the
back region through poor saddle fit or riding skills, unsuitable training techniques, lack of
fitness/strength of the horse, or excessive rider weight [3,14]. Therefore, in the evaluation
of equine back pain, all these cases should be considered.

2.1. Impinging Dorsal Spinous Processes (IDSP, ‘Kissing Spines’)

IDSP occur when vertebrae in the spine are too close together, rather than being spaced
apart as in a healthy spine. The exact pathogenesis has not been clearly defined to date;
it can also be secondary to other back pain issues. IDSP have mostly been observed in
Thoroughbreds and performance horses with jumping and dressage horses having the
highest incidence of lesions [15]. Dorsal spinous process impingement is radiographically
characterized by a close approximation of adjacent spinous processes with reactive bone
sclerosis affecting these spinous processes [5,16]. In more advanced cases, severe overriding
can result in a periosteal reaction, pseudodarthrosis, misshapen dorsal summits, and even
the fusion of adjacent dorsal spinous processes can occur [5,17]. More severe changes may
be accompanied by soft tissue injuries (see below: desmopathy of the supraspinous and
intraspinous ligament). Among clinical signs, the most common are resistance to groom-
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ing, saddling and girthing, pain on palpation of thoracolumbar region, vague lameness,
hypomobility of the spine and overall poor performance [18,19].

2.2. Ventral Spondylosis (VS)

VS occurs when new bone formation caused by an ankylosing or degenerative disease
of the ventral joints appears on the ventral aspect of the vertebral bodies in the thoracolum-
bar region of the spine. It can be apparent as an osseus bridge between adjacent vertebral
bodies or as bony growths that impinge on each other [20,21]. Pathogenesis is thought
to be connected with other back diseases such as chronic ventral longitudinal ligament
degeneration [22]. The clinical signs of VS are poorly documented to date, ranging from
acute pain or chronic back stiffness [23]. However, in some cases clinical signs may be more
serious when the osteophytes compress nerve roots at the intervertebral foramen or grow
into the vertebral canal and compress the spinal cord [24,25].

2.3. Osteoarthritis of Articular Process (OAAP)

OAAP occurs when the presence of additional osseous abnormalities appears on
the intervertebral joints. Among the disciplines, show jumpers were less affected than
other horses [26]. The main clinical signs when assessing at stance and palpating are
thoracolumbar muscle soreness and atrophy, tension, spasm, and reluctance to lateral
flexion. During movement evaluations, OAAP presents as overall full body stiffness,
reduced hindlimb impulsion, and toe drag [27]. In horses with concurrent IDSP, additional
clinical signs may include epaxial muscle atrophy, problems with picking up, or hyperbolic
lifting of the hindlimbs [26].

2.4. Intervertebral Discs Disease (IVDD)

IVDD refers to the two main diseases considered to be inflammatory (discospondyli-
tis) and degenerative (discospondylosis) conditions. Discospondylitis is thought to be
rare in horses; however, the introduction of modern diagnostic imaging techniques and
increased awareness of its occurrence in horses have changed this point of view [28,29].
Discospondylosis appears more often being related to the increased dorsoventral mobility
and the increased disc thickness of these joints [30]. Clinical signs related to IVDD are
reported in severe cases in the form of reduction in spine movement, ataxia of forelimb,
or lameness [31]. A dramatic epaxial and gluteal muscle atrophy associated with thoracic
IVDD was also noted [28].

2.5. Vertebral Fractures (VF)

VF may occur within dorsal spinous processes of the withers or vertebral bodies/
articular surfaces anywhere along thoracolumbar spine. A pre-existing pathology of
the vertebral junction and mild repetitive overuse injuries may be predisposing factors
for fatal lumbar vertebral fractures. Catastrophic falls during jumping, high-speed falls,
steeplechase races, or polo collisions may lead to vertebral bodies fractures [32], and could
have terrible consequences such as immediate and variable degrees of paraparesis or
paraplegia if the spinal cord receives damage [15]. Fortunately, in most cases, the injury is
not that extensive and the spinal cord remains unaffected. Then local pain and swelling are
usually observed and the prognosis is good without a need for surgical treatment [33,34].
Clinical signs depend on the degree of neurological compromise and if the spinal cord is not
affected severe back pain may be the only clinical manifestation. Minor local neurological
signs can lead to epiaxial muscle wastage and severe spinal cord damage leads to paralysis
or recumbency [15].

2.6. Conformational Abnormalities (CA)

Conformational abnormalities include mainly scoliosis, kyphosis, and lordosis. Scolio-
sis is an uncommon lateral deviation of the vertebral column attributed mostly to congenital
vertebral malformations [35]. Among the clinical signs, characteristic posture, stiff hindlimb
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gait, and inflexibility of the back were described [15]. Kyphosis is a dorsal deviation of
the thoracolumbar spine and has been reported in combination with scoliosis. Acquired
kyphosis may be a result of traumatic injury, compression fractures of vertebral bodies, or
chronic bilateral hindlimb pain [36]. Lordosis is a ventral curvature of the spine in the mid-
or caudal-thoracic region externally visible as a severe downwards curve of the topline. As
the epaxial structures alongside the vertebral column undergo extra stress at the lordosis
site these horses are predisposed to back pain. They are presented with signs of overall
expressed poor performance due to soft tissue damage at the back when ridden. This
condition may have varying degrees of advancement and be congenital or develop as a
degenerative trait associated with ageing [15].

2.7. Desmopathy of the Supraspinous Ligament (DSSL) and/or Desmopathy of the Intraspinous
Ligament (DISL)

DSSL and DISL refer to injuries of the supraspinous ligament (SSL) and/or inter-
spinous ligament (ISL). The SSL is the extension of the nuchal ligament in the thoracolum-
bar region which forms attachments on each summit of the dorsal spinous processes along
the thoracolumbar spine and receives multiple tendon insertions of longissimus dorsi that
support its structure [37]. The ISL is composed of four ligamentous sagittal layers that are
also adjacent to the spinous processes and blend into the SSL dorsally [38]. Both ligaments
have a stabilizing function for the thoracolumbar spine due to a close connection between
the SSL, ISL, and the myofascia of the epaxial muscles. High level sport horses are more
prone to injuries of the SSL with most reports involving racehorses and showjumpers [39].
Potential causes of DSSL/DISL include strains during ventroflexion, compressive injuries
due to saddle pressure, enthesiopathies at the insertion sites, avulsion fractures, or sec-
ondary pathologies due to underlying conditions, for example, overriding dorsal spinous
processes [40].

2.8. Muscle Related Back Pain

Damage to the soft tissues may be a common cause of back soreness in horses and
may involve groups of the epaxial and hypaxial musculature [34].

Longissimus Muscle Strain (LMS) refers to damage or the breakdown of muscle fibers
and occurs most often in large muscles of the hindlimbs or topline. LMS can result from
primary back pathology, poorly fitting tack, an unbalanced rider, lameness elsewhere in the
horse, bracing secondary to ulcerative gastric syndrome, poor fitness of core musculature,
inappropriate training or inadequate warm up for the expected workload, or trauma [41].
Any strain within the m. longissimus dorsi, the largest muscle of the horse’s back, may
lead to back pain as it is also in humans [42]. Clinical signs may concern poor performance,
localized heat, swelling, and pain reaction by palpation. The horse’s behavior may be
altered and thoracolumbar flexion or lateral flexion might be markedly reduced [43].

The multifidus muscle is one of the most important postural muscles in horses. Its
caudal insertions occur on the lumbar mammillary processes, thoracic transverse processes,
and cervical articular processes until reaching the lamina with short fasciles or the spinous
processes with long fascicles [44]. Due to its direct connection with the joint capsule of the
articular processes in the cervical region, it influences neuromotor control, proprioception,
and joint stability of these joints [45]. Atrophy and loss of functionality of this muscle
develops secondary to other pathological changes in the spine or dysfunction of the epaxial
muscles in horses [46]. Moreover, it has been proven that the muscle remains atrophic after
the initiating pain stimulus ceases [46,47]. As a result, the loss of functionality perpetuates
the instability of the intervertebral joints and deepens the existing pain. Therefore, it is very
important to implement rehabilitation and mobilization exercises aimed at reactivating
and strengthening this muscle as a permanent element of the therapy for other back
diseases [46,48].

The iliopsoas muscle is a deep hypaxial muscle, which consists of three muscles—psoas
major, psoas minor, and iliacus muscle and its main role is to stabilize the spine in the
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lumbosacral area. The effects of its contraction are hindlimb protraction and hip joint
flexion. It is considered to be the most important muscle involved in the engagement of the
hindquarters [49]. The Iliopsoas muscle is responsible for moving the limb forward during
the non-weight-bearing phase of gait. Due to its functions, strain of this muscle causes a
lack of propulsion, weakening of adduction, limitation of lateroflexion movement of the
spine in the sacrolumbar area, inability to step under, and resistance to collection [49,50].
Due to its location, is not accessible for palpation, and its dysfunction is manifested by
bilateral sacroiliac and back pain. Iliopsoas strain is often underdiagnosed due to diagnostic
difficulties and a low level of awareness among veterinarians.

2.9. Tack or Rider Induced Back Pain (TIBP/RIBP)

TIBP/RIBP may be a severe problem occurring in the back region. One of the most
common reasons for TIBP is an ill-fitting saddle which can cause muscle soreness, abnor-
mal behavior during grooming or tacking up, muscle atrophy, generalized back stiffness,
shortening of the forelimb step length, or unwillingness to longitudinal bend [51]. Ill-
fitting saddles are also associated with equine thoracolumbar region asymmetries which
can exacerbate riders’ imbalance and back pain [4]. In RIBP cases, weight distributed on
the horse’s back can induce an overall extension of the back what may contribute to soft
tissue lesions [52]. The adverse effects of the change in back loading were apparent with
overweight riders especially if the tack was not ideally fitted [3]. Force distribution on
the horse’s back may also be influenced by the rider’s core strength, limb muscle strength,
as well as coordination and balance [53–55]; however, this aspect of TIBP/RIBP may be
objectively evaluated using a biometric mat. One may observe that riders take care about
their own fitness level as this has a big impact on the quality of their riding. A lack of
balance and core strength is likely to be detrimental to their horse’s performance [56]. A
fatigued or unbalanced rider causes an increased and uneven load on the horse during
ridden work which will increase the physiological demand of exercise [57], as well as an
overload of the bone elements of the vertebral column, ligaments, and muscles, which may
lead to severe spine diseases [3,51].

3. Conventional Diagnostic Protocol of Equine Back Pain

Conventional diagnosis of equine back pain includes a clinical examination and di-
agnostic imaging examination using ultrasound, radiography, and thermography [8,11].
Reports on the use of the conventional diagnostic protocol in the equine back pain evalua-
tion are summarized in Table 1.

There are several published protocols for the clinical examination of horses for back
problems [7,58–60]. Acquiring a good comprehensive history is crucial in all cases of back
pain, as clinical symptoms are varied, multiple, and easily confusable with a number of
other clinical problems. The next step is a complex clinical examination at rest, which needs
to be carried out carefully, including the examination of the whole horse for other causes of
lameness and loss of performance problems. The inspection at rest includes observation
and back palpation [61]. The initial inspection follows with the horse standing ‘four square’
on a flat hard surface to carry out a general appraisal of the conformation of its back, fore
and hind limbs, as well as assessing its general condition and muscling. The assessment
of the symmetry of the pelvis and hindquarter is extremely important in differentiating a
pelvic or hindlimb problem. One of the most important parts of the clinical examination
is palpation of the thoracolumbar spine. Spasm or guarding of any of the musculature
of the thorax and lumbar regions may be part of a primary problem or an indicator of
deeper pain [62]. The next step is a clinical examination in exercise. The horse should be
watched in walk and trot in hand on a straight line, then on small and large circles on hard
ground. Following the in-hand examination, the horse should be lunged in three gaits in
both directions to aid in ruling out lameness. Subsequently, the saddle should be checked
for a proper fit to the individual horse. Then, a clinical examination in walk and trot should
be repeated under saddle. Observing the horse under saddle or in harness should also be
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part of a work-up for thoracolumbar problems, and stiffness or reluctance to bend in either
direction can be reported by the rider. Flexion tests may also be performed. Horses with
suspected back pain should always undergo a basic neurological examination to exclude a
primary neurological problem as a cause of back pain or altered gait/lameness [63].

Ultrasonography (US) is most helpful in evaluating the SSL, ISL, muscles of the top
line, as well as the spinous processes and facet joints of the thoracolumbar spine. With
transducer frequencies between 2.5 and 7.5 MHz, most pathologies affecting soft tissues
can be successfully diagnosed. Performing ultrasound in this region requires reliable
knowledge about the anatomy of the muscles, tendons, ligaments, and joint surfaces [64].
When assessing in a strict median longitudinal and transverse plane, a great variability
in the normal echogenic appearance of imaged structures should be considered. As the
ligaments are elastic, hypoechoic areas may occur if the horse holds its head up, leading to
the relaxation of the ligaments [65]. When examining the spinous processes, it should be
kept in mind that the apices of Th3–Th7 vertebrae have separate centers of ossification and
thus a roughened appearance. The remaining spinous processes have smooth surfaces. The
interspinous space may be assessed between two adjacent spinous processes depending
on their angulation. Placing a convex probe approximately 2–4 cm paramedian enables
the evaluation of the left and right surfaces of the spinous processes for the presence of
new bone formations or fractures [66]. The facet joints of the thoracolumbar spine are
also evaluated in a transverse and longitudinal plane. The easiest way to identify the
site of probe placement is the last rib, as it is easy to palpate and corresponds to the facet
joint of Th17–Th18 vertebrae. Cranial and mid-thoracic facet joints are more difficult to
identify as they are located much deeper. Once the facet joint of Th17–Th18 vertebrae has
been localized, adjacent joints cranially and caudally are examined for left–right symmetry,
width, and new bone formations [67,68].

Radiography (X-ray) is one of the fundamental diagnostic methods for assessing
bony structures suspected of pathological changes. Most portable X-ray units can produce
high-quality radiographs. Radiographs should be taken under sedation to reduce motion,
and the horse should stand squarely on all four legs to avoid spine rotation. The use of
radio-opaque markers helps correlate radiographic changes with specific locations on the
horse. Key findings related to pathological changes in the thoracolumbar spine include
impinging dorsal spinous processes, sclerosis, osteolysis, intra and periarticular remodeling,
and vertebral fractures. Since the appearance of radiographic symptoms rarely corresponds
with the degree of clinical signs, other functional diagnostic methods are essential to
improve the accuracy of the diagnosis [69].

Infrared thermography (IRT) is an additional diagnostic method that detects the
radiated power emitted from the body surface and provides data about surface temper-
ature [70]. IRT imaging is performed non-contact using a thermal imaging camera. It is
crucial to remove sand and dirt from the horse’s back and rump before imaging, preferably
no later than 30 min before imaging, as the heat released during cleaning may affect the
obtained image. The distance from which the horse is imaged, the emissivity of the thermal
camera, and the method of image processing are also important considerations [71]. Basic
image evaluation includes point, linear, or area measurement of minimum, maximum,
and/or average temperature in the region of interest (ROI) corresponding to selected ar-
eas of the back [72–74]. However, modern analytical approaches, such as image texture
analysis [75–77], image entropy analysis [78], and the application of a Pixel-Counting Pro-
tocol [79,80] are also available. The main disadvantage of IRT imaging is its low specificity
due to the influence of factors such as the thickness of the skin and subcutaneous tissue [81],
the length of the hair, external temperature [73,82], humidity of both the air and the horse’s
body, and sunlight at the imaging location [71]. Since IRT is sensitive to various internal
and external factors, it is commonly used for assessing the horse’s welfare [83], physio-
logical response to effort [77], saddle fit [72,73], and the impact of rider–horse interaction,
including matching [74] and the effect of bodyweight [18,76,78,84], rather than diagnosing
back diseases.
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Table 1. The selected diseases of the equine back area and their main symptoms and signs which
were identified using the conventional diagnostic protocol.

Disease Examination Symptoms/Signs Refs.

IDSP

Clinical Resistance to grooming, saddling and girthing, pain on palpation of
thoracolumbar region, poor performance [18,84]

US Narrowing of the interspinous space, irregularity in bone surface of the
spinous processes [66]

X-ray

Narrowing of the interspinous space, increased opacity of the margins
and/or radiolucencies and/or osteolysis of the spinous processes,

impinging/overlapping/fussion of the spinous processes, modeling of
the dorsal or cranial aspect of the spinous processes, change in shape of

the spinous processes

[85]

IRT
“hot streak” perpendicular to the thoracic spine, “cold streak”

perpendicular to the thoracic spine, combination “hot spot”–“cold streak”
pattern over the back

[86]

VS

Clinical Acute pain or chronic back stiffness, neurologic deficits, lameness, signs
of pain after excercise [23,24]

US Not applicable -

X-ray Presence of the osteophytes, bridging intervertebral space (evidence of
the increased opacity at opposing borders) [23]

IRT Not applicable

OAAP

Clinical Thoracolumbar muscle soreness and atrophy, tension, spasm, reluctance
to flex, stiffness, reduced hindlimb impulsion and toe drag [27]

US

Degree of periarticular modeling (reduced definition of the hyperechoic
dorsal horizontal border of the APJ, irregularity of the dorsal border) and
APJ enlargement (extension beyond the level of the mamillary body or

the dorsolateral aspect of the articular process), joint space presence
or narrowing

[87]

X-ray Periarticular new bone formation on the dorsal or ventral margins of the
APJ, reduction of the interforaminal space [88]

IRT Not applicable

IVDD

Clinical Reduction in spine movement, ataxia of forelimb or lameness, epaxial
and gluteal muscle atrophy, muscle weakness, muscle twitching [28,31,89,90]

US

In cases of ventrolateral vertebral body spondylosis elevations of the
margins of the vertebral bodies with nonvisualization of the disc space

and intervertebral disc; irregular endplates or bone surfaces, widened or
narrowed disc spaces, the ability to see into the depth of the disc space,

vertebral step formation

[89]

X-ray Vertebral endplate osteolysis and sclerosis, vertebral subluxation,
widening or collapsed of the intervertebral space, degenerative changes [89,90]

IRT Not applicable -

VF

Clinical Local pain and swelling, epiaxial muscle wastage, severe spinal cord
damage leads to paralysis or recumbency [15,33,34]

US Localised disruption to the surface of the bone [33]

X-ray Visualization of the fracture line, displacement of fracture fragments [33]

IRT Not described -

CA

Clinical Stiff hindlimb gait and inflexibility of the back, poor performance [15]

US Not described -

X-ray Abnormal alignment of the vertebrae [91]

IRT Not described -
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Table 1. Cont.

Disease Examination Symptoms/Signs Refs.

DSSL/DISL

Clinical Back pain, localized thickening, sensitivity to palpation, gait restriction,
muscle atrophy [92]

US Irregularity of the spinous processes, anechoic focus in the ligament [61,92]

X-ray Not applicable -

IRT Hot spots along dorsal midline [61]

LMS

Clinical Poor performance, localized heat, swelling, pain reaction by palpation,
altered behaviour, reduced thoracolumbar flexion or lateral flexion [43]

US Focal hypoechoic areas [92]

X-ray Not applicable

IRT Hot spots along longissimus dorsi muscle or focal increased temperature [61]

TIBP/RIBP

Clinical Muscle soreness, abnormal behaviour, muscle atrophy, generalized back
stiffness, shortening of the forelimb step length, unwillingness to bend [51]

US Not applicable -

X-ray Not applicable -

IRT Possibility to visualize the influence of the rider on the horse and the
saddle fit [72–74]

CA, Conformational Abnormalities; Clinical, Clinical examination; DISL, Desmopathy of the Intraspinous Liga-
ment; DSSL, Desmopathy of the Supraspinous Ligament; IDSP, Impinging Dorsal Spinous Processes; IRT, infrared
thermography; IVDD, Intervertebral Discs Disease; LMS, Longissimus Muscle Strain; OAAP, Osteoarthritis of Ar-
ticular Process; RIBP, Rider Induced Back Pain; TIBP, Tack Induced Back Pain; US, ultrasonography; VF, Vertebral
Fractures; VS, Ventral Spondylosis; X-ray, radiography; Refs., References.

4. Advanced Diagnostic Modalities of Equine Back Pain
4.1. Objectification of the Conventional Diagnosis Protocol

Some parts of this routine protocol for the conventional diagnosis of equine back pain
are assessed subjectively. Therefore, methods for objectifying the diagnosis are needed.
During a comprehensive clinical examination at rest, an algometer may be employed to
render the inherently subjective back palpation more objective. The algometer is a small,
hand-held tool used to assess the level of pressure a patient can tolerate in a specific area,
known as the mechanical nociceptive threshold or pressure pain threshold of that area.
Algometry enables the objective measurement of musculoskeletal pain thresholds [93,94]
with acceptable repeatability [95]. This tool aids in localizing the pain site and compar-
ing the response to treatment. However, further research is needed to fully realize the
potential value of the algometer as a clinical tool in the diagnosis of back diseases. During
a comprehensive clinical examination in walk and trot in hand, the Lameness Locator
(LL, currently known as Equinosis Q) may be used to objectively confirm the presence
or absence of lameness. The LL is a system of wireless inertial sensors positioned on the
head poll, the pelvis, and the right front pastern. This tool provides results for the fore-
and hindlimbs, categorizing lameness from mild to moderate/severe and aiding in the
recognition of type, degree, and location of lameness [96]. With increasing awareness that
trotting in hand may not be sufficient for diagnosing lameness and that horses can exhibit
lameness when ridden, the examination protocol should always include the evaluation of
horses under tack [97–99]. Therefore, a comprehensive clinical examination in walk and
trot under saddle may be improved using the Biometric Mat (BM). The biometric mat is a
tool that allows for the capture of the pressure distribution on the horse’s back, assessing
the complex interaction of forces between horse, saddle, and rider. As it can be used in a
standing position, walk, and trot, the holistic effect of the rider’s core strength, limb muscle
strength, coordination, and balance on the horse’s back may be assessed. Moreover, the
biometric mat was used to determine the effect of the horse–rider interaction on the horse’s
welfare state [100], which can also be successfully reflected through the dorsal line posture
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using the Geometric Morphometrics (GM) method [6]. The GM method is a completely
non-invasive analytical tool that allows for the quantification and comparison of the shape
of a horse’s dorsal line of the back based on regular visible light photos [80,101].

4.2. Advancements in the Diagnosis of Equine Back Pain

Modern diagnostic modalities such as nuclear scintigraphy or computed tomography
are promising in diagnosing difficult cases; however, are expensive and not easily available
to the general practitioner [102]. Therefore, reports on the use of the potentially more
available advanced diagnostic modalities were summarized in Table 2.

Despite the wide range of diagnostic modalities, pinpointing the exact cause of tho-
racolumbar pain in horses remains challenging. In humans, it has been confirmed that
individuals with back pain exhibit early myoelectrical manifestations of muscle fatigue,
and electromyography (EMG) serves as a useful tool for objective low back pain diagnosis.
Muscle fibers are stimulated to contract by action potentials triggering depolarization and
repolarization within individual muscle fibers, creating electromagnetic fields that can be
measured by EMG. There are two methods of EMG: the first, needle EMG, is invasive and
involves needle electrodes inserted into the muscles of interest, while the second, surface
EMG (sEMG), uses electrodes applied to the extracellular skin surface above the muscles
of interest. In recent research, only one group opted for the needle EMG technique to
investigate the neuromuscular background of changes causing back pain [103], while all
others focused on sEMG. The sEMG method has been employed to study back muscle
activity during walk [104] and trot [105,106] as well as during jumping [107] and induced
flexing [108]. Despite this research, the use of sEMG is still in its infancy in veterinary mo-
tion analysis. However, the application of modern devices is crucial to deeply understand
many important aspects of this functional diagnostic modality. In IDSP, sEMG may be used
to evaluate back and abdominal muscle weakness and malfunctioning nerve conduction,
as unwillingness to bend a sore back is associated with weakness in these muscles and
malfunctioning nerve conduction [18]. In OA, susceptibility to the development of the
disease is supposed to be related to the biomechanics of this region, which involves lateral
bending, axial rotation, and dorsoventral mobility [30]. As the activity of thoracolumbar
muscles (m. longissimus dorsi and m. multifidus) is responsible for the mobility of this
back segment, examining their function using sEMG seems to be a proper research direction
in sound horses, those with clinical signs of OA, and during therapeutic exercises [109]. The
assessment of m. longissimus electromyographic activity using sEMG should be performed
at the level of the Th12 vertebra, where its maximum amplitude is concentrated [54,108].
The high maximum activity of the m. longissimus dorsi at Th12 could contribute to the
development of muscle pain at this site [104]. In IVDD, sEMG would be a useful tool to
determine the presence of a peripheral neurogenic component to muscle atrophy, as muscle
atrophy may be mistakenly presumed to be associated with disuse [28]. In DSSL/DISL, the
functional connection of the SSL and ISL with m. longissimus dorsi suggests that sEMG
studies on this muscle could be helpful for confirming the clinical importance of diagnostic
imaging signs as well as for the follow-up of treatment and rehabilitation [40]. In some
desmopathies, altered collagen fiber alignment and arrangement of the ligamentous layers
occur; therefore, it would be of clinical importance to confirm if the back muscles that have
a functional connection with the overlying ISL show an altered sEMG signal in affected
horses [110]. However, all these hypotheses require confirmation in further studies.

Functional Electrical Stimulation (FES) is another advanced diagnostic modality that
should be investigated for its clinical usefulness in equine back pain diagnosis. FES involves
the painless electrical stimulation of a single muscle or a group of muscles to restore or
improve their function. It has been used in humans to reverse muscle atrophy in patients
after spinal cord injuries. FES has also been widely applied in the rehabilitation of various
injuries in horses, as well as for overall performance enhancement [111]. In addition to its
therapeutic use, FES can serve as a diagnostic tool over the thoracolumbar, lumbosacral,
and cervical regions of the horse to detect dysfunction in muscles’ neuromuscular control
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response. Observing the muscles’ movement during FES stimulation allows for the as-
sessment of their symmetry and range of motion. If an abnormal movement pattern, such
as hypermobility, hypomobility, or postural sway, appears, the cause of this deviation is
further examined. This approach helps localize the sites of dysfunction or pain, which can
be thoroughly investigated using other diagnostic procedures. The stimulation of a painful
area with FES causes repeatable and constant unwillingness to specific movements, serving
as valuable diagnostic information [112].

Finally, both these modalities may be applied in supporting the functional exercises of
the equine back and thus improve the prevention and treatment of equine back pain. It
is crucial to include exercises for back stabilization during rehabilitation and training to
prevent the recurrence of pain signs after back pain treatment. The dorsal line (topline) of
the horse runs from the withers along the back down to the croup, with the m. longissimus
dorsi being the main muscle unit. M. longissimus dorsi stabilize the spine, facilitate
proper locomotion, and provide support to the saddle and rider. As the dorsal line is
part of the active epaxial musculoskeletal system, its influence on horse performance is
evident [113]. Some ground training with poles and the use of lunging aids, such as a
chambon, rubber bands, side reins, and a Pessoa, have been recommended to improve
back muscle action [74,80,109,114]. However, further research is needed to explore the
increase in the ability of m. longissimus dorsi to stabilize the back after the use of lunging
aids. Incorporating objective measurement modalities, as described above, into functional
exercise monitoring will shed new light on the prevention and treatment of back pathology
and the rehabilitation of horses with back pain.

Table 2. The selected diseases of the equine back area and their main signs which were identified using
the advanced diagnostic modalities. When there are no recent signs, this summary was extended to
justify the potential use of each advanced diagnostic modality.

Disease Modality Signs Possible Use References

IDSP

Algometry - To assess the intensity of back pain [115]

LL/BM/GM To evaluate back pain and secondary
lameness [116]

sEMG

To evaluate back and
abdominal muscle weakness

and malfunctioning nerve
conduction

- [18]

VS

Algometry - To assess the intensity of back pain [115]

LL/BM/GM - To evaluate back pain and secondary
lameness [116]

sEMG -

EMG is important in the differential
diagnosis of cervical

spondylosis—shows degrees of
denervation and the number of roots
involved, but has no prognostic value

[117]

OAAP

Algometry - To assess the intensity of back pain [115]

LL/BM/GM - To evaluate back pain and secondary
lameness [116]

sEMG

To assess of m. longissimus
electromyographic activity

using sEMG—the high
maximum activity of m.
longissimus dorsi could

contribute to the development
of muscle pain at this site

- [54,104,108,109]
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Table 2. Cont.

Disease Modality Signs Possible Use References

IVDD

Algometry To assess the intensity of back pain [115]

LL/BM/GM To evaluate back pain and secondary
lameness [116]

sEMG

To determine the presence of a
peripheral neurogenic

component to muscle atrophy,
as muscle atrophy may be
mistakenly presumed to be

associated with disuse

- [28]

DSSL/DISL

Algometry - To assess the intensity of back pain [115]

LL/BM/GM - To evaluate back pain and secondary
lameness [116]

sEMG -

Because of functional connection of SSL
and ISL with m. longissimus dorsi
suggests that sEMG studies on this

muscle could be helpful for confirming
the clinical importance of diagnostic

imaging signs as well as for the
follow-up of treatment and

rehabilitation

[40,110]

LMS

Algometry - To assess the intensity of back pain [115]

LL/BM/GM - To evaluate back pain and secondary
lameness [116]

sEMG -

To observe sEMG amplitude between
part of the body with a history of strain
injury and uninjured contralateral part

for evaluation the risk of reinjury

[118]

TIBP/RIBP

Algometry - To assess the intensity of back pain [115]

LL/BM/GM To assess the shape of the back
caused by pain

To evaluate back pain and secondary
lameness [6]

sEMG - There is no research -

BM, Biometric Mat; DISL, Desmopathy of the Intraspinous Ligament; DSSL, Desmopathy of the Supraspinous
Ligament; FES, Functional Electrical Stimulation; GM, Geometric Morphometrics; IDSP, Impinging Dorsal Spinous
Processes; IVDD, Intervertebral Discs Disease; LL, Lameness Locator; LMS, Longissimus Muscle Strain; OAAP,
Osteoarthritis of Articular Process; RIBP, Rider Induced Back Pain; sEMS, surface Electromyography; TIBP, Tack
Induced Back Pain; VS, Ventral Spondylosis.

5. Conclusions

The use of a conventional diagnostic protocol is necessary for the basic recognition
of the main cases of equine back pain. However, an increasing number of measurement
devices and methods, such as algometers, lameness locators, or undersaddle pressure mats,
make it possible to objectify parts of the clinical examination. Moreover, the introduction
of advanced diagnostic modalities, such as sEMG and FES, to clinical practice can be very
useful in the functional assessment of the back and provide important clinical data that
have rarely been considered so far. In equine medicine, the clinical applications of advanced
diagnostic modalities seem promising for a more comprehensive evaluation of IDSP, IVDD,
DSSL/DISL, and TIBP/RIBP.
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ginal draft preparation, N.D.-K., M.W. and E.S.; writing—review and editing, N.D.-K., M.W. and E.S.;
supervision, M.W. All authors have read and agreed to the published version of the manuscript.



Animals 2024, 14, 698 12 of 16

Funding: This research received no external funding.

Informed Consent Statement: Not applicable.

Data Availability Statement: Not applicable.

Conflicts of Interest: The authors declare no conflicts of interest.

References
1. van Loon, J.P.A.M.; Macri, L. Objective Assessment of Chronic Pain in Horses Using the Horse Chronic Pain Scale (Hcps): A

Scale-Construction Study. Animals 2021, 11, 1826. [CrossRef]
2. Luke, K.L.; McAdie, T.; Smith, B.P.; Warren-Smith, A.K. New Insights into Ridden Horse Behaviour, Horse Welfare and Horse-

Related Safety. Appl. Anim. Behav. Sci. 2022, 246, 105539. [CrossRef]
3. Dyson, S.; Ellis, A.D.; Mackechnie-Guire, R.; Douglas, J.; Bondi, A.; Harris, P. The Influence of Rider:Horse Bodyweight Ratio and

Rider-Horse-Saddle Fit on Equine Gait and Behaviour: A Pilot Study. Equine Vet. Educ. 2020, 32, 527–539. [CrossRef]
4. Greve, L.; Dyson, S.J. The Interrelationship of Lameness, Saddle Slip and Back Shape in the General Sports Horse Population.

Equine Vet. J. 2014, 46, 687–694. [CrossRef]
5. Zimmerman, M.; Dyson, S.; Murray, R. Close, Impinging and Overriding Spinous Processes in the Thoracolumbar Spine: The

Relationship between Radiological and Scintigraphic Findings and Clinical Signs. Equine Vet. J. 2012, 44, 178–184. [CrossRef]
6. Sénèque, E.; Lesimple, C.; Morisset, S.; Hausberger, M. Could Posture Reflect Welfare State? A Study Using Geometric

Morphometrics in Riding School Horses. PLoS ONE 2019, 14, e0211852. [CrossRef] [PubMed]
7. Kent Allen, A.; Johns, S.; Hyman, S.S.; Acvim, D.; Sislak, M.D.; Davis, S.; Amory, J. How to Diagnose and Treat Back Pain in the

Horse. AAEP Proc. 2010, 56, 384–388.
8. Riccio, B.; Fraschetto, C.; Villanueva, J.; Cantatore, F.; Bertuglia, A. Two Multicenter Surveys on Equine Back-Pain 10 Years a Part.

Front. Vet. Sci. 2018, 5, 195. [CrossRef] [PubMed]
9. Taylor, P.M.; Pascoe, P.J.; Mama, K.R. Diagnosing and Treating Pain in the Horse: Where Are We Today? Vet. Clin. N. Am. Equine

Pract. 2002, 18, 1–19. [CrossRef] [PubMed]
10. Hernández-Avalos, I.; Mota-Rojas, D.; Mendoza-Flores, J.E.; Casas-Alvarado, A.; Flores-Padilla, K.; Miranda-Cortes, A.E.; Torres-

Bernal, F.; Gómez-Prado, J.; Mora-Medina, P. Nociceptive Pain and Anxiety in Equines: Physiological and Behavioral Alterations.
Vet. World 2021, 14, 2984–2995. [CrossRef] [PubMed]

11. Findley, J.; Singer, E. Equine Back Disorders 1. Clinical Presentation, Investigation and Diagnosis. Practice 2015, 37, 456–467.
[CrossRef]

12. Mayaki, A.M.; Intan-Shameha, A.R.; Noraniza, M.A.; Mazlina, M.; Adamu, L.; Abdullah, R. Clinical Investigation of Back
Disorders in Horses: A Retrospective Study (2002–2017). Vet. World 2019, 12, 377–381. [CrossRef]

13. Gómez Álvarez, C.B.; Bobbert, M.F.; Lamers, L.; Johnston, C.; Back, W.; Van Weeren, P.R. The Effect of Induced Hindlimb
Lameness on Thoracolumbar Kinematics during Treadmill Locomotion. Equine Vet. J. 2008, 40, 147–152. [CrossRef]

14. De Cocq, P.; Van Weeren, P.R.; Back, W. Effects of Girth, Saddle and Weight on Movements of the Horse. Equine Vet. J. 2004, 36,
758–763. [CrossRef]

15. Jeffcott, L.B. Disorders of the Thoracolumbar Spine of the Horse—A Survey of 443 Cases. Equine Vet. J. 1980, 12, 197–210.
[CrossRef] [PubMed]

16. Gutierrez-Quintana, R.; Lindley, S.; Sullivan, M.; Penderis, J.; Wessmann, A. Dorsal Spinous Process Impingement Syndrome
(‘kissing Spine’) in a Cat: Imaging Appearance and Surgical Management. J. Feline Med. Surg. 2011, 13, 618–621. [CrossRef]

17. Jeffcott’, L.B. Radiographic Features of the Normal Equine Thoracolumbar Spine. Vet. Radiol. 1979, 20, 140–147. [CrossRef]
18. Geiger, C. Radiologische Befunderhebung an Der Brustwirbelsäule Des Pferdes Gemäß Des Röntgenleitfadens 2007 Unter

Berücksichtigung Der Klinischen Relevanz. Ph.D. Thesis, Ludwig-Maximilians-Universität München, München, Germany, 2012.
19. O’Sullivan, S.; McGowan, C.M.; Junnila, J.; Hyytiäinen, H.K. The Effect of Manually Facilitated Flexion of the Thoracic Spine on

the Interspinous Space among Horses with Impinging Dorsal Spinous Processes of the Thoracic Vertebrae. Vet. J. 2022, 289, 105909.
[CrossRef]

20. Vollmer, D.; Banister, W. Thoracolumbar Spinal Anatomy. Neurosurg. Clin. N. Am. 1997, 8, 443–453. [CrossRef]
21. Haussler, K.K. Anatomy of the Thoracolumbar Vertebral Region. Vet. Clin. N. Am. Equine Pract. 1999, 15, 13–26. [CrossRef]
22. Dietz, O.; Huskamp, B. Handbuch Pferdepraxis; Georg Thieme: Stuttgard, Germany, 2006.
23. Meehan, L.; Dyson, S.; Murray, R. Radiographic and Scintigraphic Evaluation of Spondylosis in the Equine Thoracolumbar Spine:

A Retrospective Study. Equine Vet. J. 2009, 41, 800–807. [CrossRef] [PubMed]
24. Jeffcott, L. Rückenprobleme Des Athleten „Pferd“: 1. Ein Bericht Über Das Erkennen Und Die Möglichkeiten Der Diagnose.

Pferdeheilkunde 1993, 9, 143–150. [CrossRef]
25. Scilimati, N.; Beccati, F.; Pepe, M.; Angeli, G.; Dall’Aglio, C.; Di Meo, A. Post-Mortem Ultrasonographic and Computed

Tomographic Features of the Anatomical Variations and Acquired Pathological Bony Changes of the Lumbosacroiliac Region in a
Mixed Population of Horses. Equine Vet. J. 2023, 1–12. [CrossRef] [PubMed]

26. Girodroux, M.; Dyson, S.; Murray, R. Osteoarthritis of the Thoracolumbar Synovial Intervertebral Articulations: Clinical and
Radiographic Features in 77 Horses with Poor Performance and Back Pain. Equine Vet. J. 2009, 41, 130–138. [CrossRef]

https://doi.org/10.3390/ani11061826
https://doi.org/10.1016/j.applanim.2021.105539
https://doi.org/10.1111/eve.13085
https://doi.org/10.1111/evj.12222
https://doi.org/10.1111/j.2042-3306.2011.00373.x
https://doi.org/10.1371/journal.pone.0211852
https://www.ncbi.nlm.nih.gov/pubmed/30721258
https://doi.org/10.3389/fvets.2018.00195
https://www.ncbi.nlm.nih.gov/pubmed/30191152
https://doi.org/10.1016/S0749-0739(02)00009-3
https://www.ncbi.nlm.nih.gov/pubmed/12064173
https://doi.org/10.14202/vetworld.2021.2984-2995
https://www.ncbi.nlm.nih.gov/pubmed/35017848
https://doi.org/10.1136/inp.h4854
https://doi.org/10.14202/vetworld.2019.377-381
https://doi.org/10.2746/042516408X250184
https://doi.org/10.2746/0425164044848000
https://doi.org/10.1111/j.2042-3306.1980.tb03427.x
https://www.ncbi.nlm.nih.gov/pubmed/7439145
https://doi.org/10.1016/j.jfms.2011.05.016
https://doi.org/10.1111/j.1740-8261.1979.tb01192.x
https://doi.org/10.1016/j.tvjl.2022.105909
https://doi.org/10.1016/S1042-3680(18)30292-4
https://doi.org/10.1016/S0749-0739(17)30161-X
https://doi.org/10.2746/042516409X436592
https://www.ncbi.nlm.nih.gov/pubmed/20095229
https://doi.org/10.21836/PEM19930301
https://doi.org/10.1111/evj.14033
https://www.ncbi.nlm.nih.gov/pubmed/38069484
https://doi.org/10.2746/042516408X345099


Animals 2024, 14, 698 13 of 16

27. Hendrickson, D. The Thoracolumbar Spine. In Adams’ Lameness in Horses; Stashak, T., Ed.; Lippincott Williams & Wilkins:
Baltimore, MD, USA, 2002; pp. 1053–1057.

28. Bergmann, W.; Bergknut, N.; Veraa, S.; Gröne, A.; Vernooij, H.; Wijnberg, I.D.; Back, W.; Grinwis, G.C.M. Intervertebral Disc
Degeneration in Warmblood Horses: Morphology, Grading, and Distribution of Lesions. Vet. Pathol. 2018, 55, 442–452. [CrossRef]

29. Geller, M.; Slater, R.; Graham-Williams, E.; Wolf, T.; Spriet, M.; Berryhill, E.; Skipper, L.; Aleman, M. Imaging of Equine Septic
Discospondylitis Using MRI, CT and Post-Mortem Radiographs. Equine Vet. Educ. 2023, 35, e1–e6. [CrossRef]

30. Townsend, H.G.G.; Leach, D.H.; Doige, C.E.; Kirkaldy-Willis, W.H. Relationship between Spinal Biomechanics and Pathological
Changes in the Equine Thoracolumbar Spine. Equine Vet. J. 1986, 18, 107–112. [CrossRef]

31. Dyson, S.; Busoni, V.; Salciccia, A. Intervertebral Disc Disease of the Cervical and Cranial Thoracic Vertebrae in Equidae: Eight
Cases. Equine Vet. Educ. 2020, 32, 437–443. [CrossRef]

32. Johnson, B.J.; Stover, S.M.; Daft, B.M.; Kinde, H.; Read, D.H.; Barr, B.C.; Anderson, M.; Moore, J.; Woods, L.; Stoltz, J.; et al. Causes
of Death in Racehorses over a 2 Year Period. Equine Vet. J. 1994, 26, 327–330. [CrossRef]

33. Piat, P.; Blond, L.; Spriet, M.; Galuppo, L.; Laverty, S. Fractures of the Withers in Horses. Equine Vet. Educ. 2012, 24, 582–588.
[CrossRef]

34. Nixon, A.J. Fractures of Vertebrae. In Equine Fracture Repair; Nixon, A.J., Ed.; John Wiley & Sons, Inc.: Hoboken, NJ, USA, 2019;
pp. 734–769, ISBN 9781119108757.

35. Wong, D.; Miles, K.; Sponseller, B. Congenital Scoliosis in a Quarter Horse Filly. Vet. Radiol. Ultrasound 2006, 47, 279–282.
[CrossRef]

36. Kothstein, T.; Rashmir-raven, A.M.; Thomas, M.W.; Brashier, M.K. Radiographic Diagnosis: Thoracic Spinal Fracture Resulting in
Kyphosis in a Horse. Vet. Radiol. Ultrasound 2000, 41, 44–45. [CrossRef]

37. Wissdorf, H.; Gerhards, H.; Huskamp, B.; Deegen, E. Praxisorientierte Anatomie und Propädeutik des Pferdes; Schlütersche: Hannover,
Germany, 2002.

38. Ehrle, A.; Ressel, L.; Ricci, E.; Singer, E.R. Structure and Innervation of the Equine Supraspinous and Interspinous Ligaments.
J. Vet. Med. Ser. C Anat. Histol. Embryol. 2017, 46, 223–231. [CrossRef]

39. Gillis, C. Spinal Ligament Pathology. Vet. Clin. N. Am. Equine Pract. 1999, 15, 97–101. [CrossRef]
40. Denoix, J.M. Ligament Injuries of the Axial Skeleton in the Horse: Supraspinal and Sacroiliac Desmopathies. In Proceedings of

the First Dubai International Equine Symposium, Dubai, United Arab Emirates, 27–30 March 1996; pp. 273–286.
41. Williams, J.M. The Principles of Training: The Horse. In Training for Equestrian Performance; Wageningen Academic: Leiden,

The Netherlands, 2015; pp. 175–195.
42. Chiou, W.; Wong, M.; Lee, Y. Epidemiology of Low Back Pain in Chinese Nurses. Int. J. Nurs. Stud. 1994, 31, 361–368. [CrossRef]
43. Quiroz-Rothe, E.; Novales, M.; Aguilera-Tejero, E.; Rivero, J.L.L. Polysaccharide Storage Myopathy in the M. Longissimus

Lumborum of Showjumpers and Dressage Horses with Back Pain. Equine Vet. J. 2002, 34, 171–176. [CrossRef]
44. García Liñeiro, J.A.; Graziotti, G.H.; Rodríguez Menéndez, J.M.; Ríos, C.M.; Affricano, N.O.; Victorica, C.L. Structural and

Functional Characteristics of the Thoracolumbar Multifidus Muscle in Horses. J. Anat. 2017, 230, 398–406. [CrossRef]
45. Story, M.R.; Haussler, K.K.; Nout-Lomas, Y.S.; Aboellail, T.A.; Kawcak, C.E.; Barrett, M.F.; Frisbie, D.D.; Wayne Mcilwraith, C.

Equine Cervical Pain and Dysfunction: Pathology, Diagnosis and Treatment. Animals 2021, 11, 422. [CrossRef]
46. Stubbs, N.C.; Kaiser, L.J.; Hauptman, J.; Clayton, H.M. Dynamic Mobilisation Exercises Increase Cross Sectional Area of Musculus

Multifidus. Equine Vet. J. 2011, 43, 522–529. [CrossRef]
47. Stubbs, N.C.; Riggs, C.M.; Hodges, P.W.; Jeffcott, L.B.; Hodgson, D.R.; Clayton, H.M.; Mc Gowan, C.M. Osseous Spinal Pathology

and Epaxial Muscle Ultrasonography in Thoroughbred Racehorses. Equine Vet. J. 2010, 42, 654–661. [CrossRef]
48. Gamucci, F.; Pallante, M.; Molle, S.; Merlo, E.; Bertuglia, A. A Preliminary Study on the Use of HD-SEMG for the Functional

Imaging of Equine Superficial Muscle Activation during Dynamic Mobilization Exercises. Animals 2022, 12, 785. [CrossRef]
[PubMed]

49. Denoix, J.-M. Biomechanics and Physical Training of the Horse; CRC Press: Boca Raton, FL, USA, 2014; ISBN 9781840761924.
50. Haussler, K.K.; Holmes Equine, G. Review of the Examination and Treatment of Back and Pelvic Disorders; AAEP: Lexington, MA,

USA, 2007.
51. Dyson, S.; Carson, S.; Fisher, M. Saddle Fitting, Recognising an Ill-Fitting Saddle and the Consequences of an Ill-Fitting Saddle to

Horse and Rider. Equine Vet. Educ. 2015, 27, 533–543. [CrossRef]
52. de Cocq, P.; Mariken Duncker, A.; Clayton, H.M.; Bobbert, M.F.; Muller, M.; van Leeuwen, J.L. Vertical Forces on the Horse’s Back

in Sitting and Rising Trot. J. Biomech. 2010, 43, 627–631. [CrossRef] [PubMed]
53. Lagarde, J.; Peham, C.; Licka, T.; Kelso, J.A.S. Coordination Dynamics of the Horse-Rider System. J. Mot. Behav. 2005, 37, 418–424.

[CrossRef] [PubMed]
54. Peham, C.; Kotschwar, A.B.; Borkenhagen, B.; Kuhnke, S.; Molsner, J.; Baltacis, A. A Comparison of Forces Acting on the Horse’s

Back and the Stability of the Rider’s Seat in Different Positions at the Trot. Vet. J. 2010, 184, 56–59. [CrossRef] [PubMed]
55. Bogisch, S.; Geser-Von Peinen, K.; Wiestner, T.; Roepstorff, L.; Weishaupt, M.A. Influence of Velocity on Horse and Rider

Movement and Resulting Saddle Forces at Walk and Trot. Comp. Exerc. Physiol. 2014, 10, 23–32. [CrossRef]
56. Williams, J.; Tabor, G. Rider Impacts on Equitation. Appl. Anim. Behav. Sci. 2017, 190, 28–42. [CrossRef]
57. Douglas, J.L. Rider Performance. In Training for Equestrian Performance; Williams, J.M., Evans, D., Eds.; Wageningen Press: Leiden,

The Netherlands, 2015; pp. 60–85.

https://doi.org/10.1177/0300985817747950
https://doi.org/10.1111/eve.13620
https://doi.org/10.1111/j.2042-3306.1986.tb03559.x
https://doi.org/10.1111/eve.13125
https://doi.org/10.1111/j.2042-3306.1994.tb04395.x
https://doi.org/10.1111/j.2042-3292.2012.00388.x
https://doi.org/10.1111/j.1740-8261.2006.00140.x
https://doi.org/10.1111/j.1740-8261.2000.tb00425.x
https://doi.org/10.1111/ahe.12261
https://doi.org/10.1016/S0749-0739(17)30166-9
https://doi.org/10.1016/0020-7489(94)90076-0
https://doi.org/10.2746/042516402776767259
https://doi.org/10.1111/joa.12564
https://doi.org/10.3390/ani11020422
https://doi.org/10.1111/j.2042-3306.2010.00322.x
https://doi.org/10.1111/j.2042-3306.2010.00258.x
https://doi.org/10.3390/ani12060785
https://www.ncbi.nlm.nih.gov/pubmed/35327182
https://doi.org/10.1111/eve.12436
https://doi.org/10.1016/j.jbiomech.2009.10.036
https://www.ncbi.nlm.nih.gov/pubmed/19926088
https://doi.org/10.3200/JMBR.37.6.418-424
https://www.ncbi.nlm.nih.gov/pubmed/16280312
https://doi.org/10.1016/j.tvjl.2009.04.007
https://www.ncbi.nlm.nih.gov/pubmed/19428275
https://doi.org/10.3920/CEP13025
https://doi.org/10.1016/j.applanim.2017.02.019


Animals 2024, 14, 698 14 of 16

58. Jeffcott, L.B. Rückenprobleme Beim Athleten Pferd 2. Mögliche Differentialdiagnosen Und Therapiemethoden. Pferdeheilkunde
1993, 9, 223–236. [CrossRef]

59. Munroe, G. Clinical Examination. In Equine Neck and Back Pathology: Diagnosis and Treatment; John Wiley & Sons: Hoboken, NJ,
USA, 2018; pp. 81–94.

60. Haussler, K.K.; Jeffcott, L.B. Back and Pelvis. In Back and Pelvis; WB Saunders: Philadelphia, PA, USA, 2014; pp. 419–456.
61. Fonseca, B.P.A.; Alves, A.L.G.; Nicoletti, J.L.M.; Thomassian, A.; Hussni, C.A.; Mikail, S. Thermography and Ultrasonography in

Back Pain Diagnosis of Equine Athletes. J. Equine Vet. Sci. 2006, 26, 507–516. [CrossRef]
62. Baudisch, N.; Lischer, C.; Ehrle, A. The Treatment of the “Kissing Spines”-Syndrome in the Horse—Part 1: Review about the

Conservative Management. Pferdeheilkunde 2022, 38, 235–245.
63. Blythe, L.L.; Engel, H.N. Neuroanatomy and Neurological Examination. Vet. Clin. N. Am. Equine Pract. 1999, 15, 71–85. [CrossRef]
64. Lamas, L.P.; Head, M.J. Ultrasonography of the Thoracolumbar Region. In Equine Back Pathology: Diagnosis and Treatment; John

Wiley & Sons: Hoboken, NJ, USA, 2009; pp. 105–111.
65. Henson, F.M.D.; Lamas, L.; Knezevic, S.; Jeffcott, L.B. Ultrasonographic Evaluation of the Supraspinous Ligament in a Series of

Ridden and Unridden Horses and Horses with Unrelated Back Pathology. BMC Vet. Res. 2007, 3, 3. [CrossRef]
66. Denoix, J.M. Ultrasonographic Evaluation of Back Lesions. Vet. Clin. N. Am. Equine Pract. 1999, 15, 131–159. [CrossRef]
67. Beaumont, A.; Bertoni, L.; Denoix, J.-M.; Denoix, J.M. Ultrasonographic Diagnosis of Equine Thoracolumbar Articular Process

Joint Lesions. Equine Vet. Educ. 2021, 34, 592–599. [CrossRef]
68. Stubbs, N.C.; Hodges, P.W.; Jeffcott, L.B.; Cowin, G.; Hodgson, D.R.; Mcgowan, C.M. Functional Anatomy of the Caudal

Thoracolumbar and Lumbosacral Spine in the Horse. Equine Vet. J. 2006, 38, 393–399. [CrossRef]
69. Henklewski, R. Equine Back Disorders: A Comparative Study between Palpation and Radiographic Findings. Transl. Res. Vet. Sci.

2019, 2, 41. [CrossRef]
70. Smith, W.M. Applications of Thermography in Veterinary Medicine. Ann. N. Y. Acad. Sci. 1964, 121, 248–254. [CrossRef]
71. Soroko, M.; Howell, K. Infrared Thermography: Current Applications in Equine Medicine. J. Equine Vet. Sci. 2018, 60, 90–96.e2.

[CrossRef]
72. Soroko, M.; Zaborski, D.; Dudek, K.; Yarnell, K.; Górniak, W.; Vardasca, R. Evaluation of Thermal Pattern Distributions in

Racehorse Saddles Using Infrared Thermography. PLoS ONE 2019, 14, e0221622. [CrossRef]
73. Soroko, M.; Cwynar, P.; Howell, K.; Yarnell, K.; Dudek, K.; Zaborski, D. Assessment of Saddle Fit in Racehorses Using Infrared

Thermography. J. Equine Vet. Sci. 2018, 63, 30–34. [CrossRef]
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