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ABSTRACT

Back pain is a worldwide debilitating condition that affects humans and animals
alike. Lower back pain in humans can be caused by a myriad of conditions,
including idiopathic origin. Spinal stability is compromised during disease, and a
lack of stability also contributes to pathologic spinal conditions. Regardless of
species, the stability of the spine depends on bones, ligaments, tendons and
muscles. Muscles provide the only active component that can counteract various
loads applied to the body. There are several muscle groups that contribute to
spinal mechanics. The erector spinae group are large superficial muscles the lie
along each side of the spine and traverse its length. The erector spinae muscles
are responsible for major trunk motion in all planes. Motion in the lumbar spine
primarily consists of flexion and extension, but also partially contributes to lateral
bending. The multifidus muscle group is deep to the erector spinae group and is
responsible for postural maintenance of the spine. The multifidus also traverses
the entire length of the spine, however its attachments are organized in small
bundles or fascicles that only cross a few vertebral levels. Therefore, it is
responsible for small finite movements to promote vertebral alignment. In
humans, the multifidus is thought to be the main spinal stabilizer.

Spinal disease is associated with alterations in both the erector spinae and
multifidus muscle groups. It has been difficult to determine if changes in the
muscles alter stability and allow for disease, or if spinal disease induces
pathology in the muscles. The majority of muscle changes consist of atrophy
and or fat infiltration, both of which compromise the ability of the muscle to
produce force.

Human physical therapy strategies have focused on stretching and strengthening
both the erector spinae and multifidus muscle groups. These protocols have
been extrapolated to quadruped animals without justification or knowledge of the
biomechanical function of these muscle groups in quadrupeds.

Overall, we determined that the average and peak levels of activation of the
multifidus muscle was increased on soft impressionable footing, while
incorporating ground poles, and without the use of the tested training device, in
trotting horses.
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CHAPTER 1: INTRODUCTION TO LOWER BACK PAIN



Abstract

According to the Global Burden of Disease 2010 study, lower back pain (LBP)
has a global prevalence of 9.4% in humans with 80-85% of the population
experiencing symptoms at some point in their lifetime [1, 2]. Of all conditions
studied, LBP was found to cause more global disability than any other condition
[1].

Back pain is also incredibly important in equine athletes, as it is known to
contribute to poor performance [3, 4]. In mixed equine practices, back pain is
reported in 13% of all cases and 47% of research clinics [5]. In reference to a
chiropractic based equine practice, 94% of cases presented had back
dysfunction or pain [6]. Diagnosing the cause of back pain is difficult in horses
due to the multitude of causes [7] and inability to employ advanced imaging
methods, such as magnetic resonance imaging (MRI) or computed tomography.
Therefore, radiography and ultrasonography have become the main diagnostics
used [4], both of which have limited sensitivity and specificity. Nuclear
scintigraphy has been used in select cases but has limited capability of
diagnosing soft tissue lesions [8]. Most back pain diagnoses are made based on
exclusion of hind limb lameness, saddle fit incongruities, and clinical exam [4, 8,
9].

Regardless of the cause of LBP in humans, a variety of physical therapy
protocols have been shown to improve pain and dysfunction [10-17]. Most
protocols focus on increasing strength and fatigue resistance of the epaxial and
abdominal muscles [10-12, 15, 17] as well as improving proprioception and
balance control [10, 12, 14, 18].

Introduction

The Global Burden of Disease 2010 stud determined lower back pain (LBP) to
have a global prevalence of 9.4% in humans with 80-85% of the population
experiencing symptoms at some point in their lifetime [1, 2]. LBP caused the
most global disability of any conditions studies, as defined by years lost to
disability [1].

Back pain is equally important in equine athletes, as it contributes significantly to
poor performance [3, 4]. In mixed equine practices, back pain is reported in 13%
of all cases and 47% of research clinics [5]. In reference to a chiropractic based
equine practice, 94% of cases presented had back dysfunction or pain [6].
Diagnosing the cause of back pain is difficult in horses due to the multitude of
causes [7]. Therefore, extrapolation of principles from human studies has been
employed. The following chapter will first discuss the basic comparative
anatomy, comparative biomechanics, comparative changes that occur in
conjunction with lower back pain and certain therapies currently used.



Comparative Spinal and Paraspinal Anatomy

The back consists of the bony spinal column, spinal ligaments, and paraspinal
muscles and fascia. Structures of current clinical importance regarding the
prevention and treatment of thoracolumbar lower back pain in humans and
horses will be discussed further

Bony Anatomy

The spinal column is a continuous series of individual bones connected with
complex linkages. Every vertebra has the same basic shape with a solid
vertebral body, two vertebral pedicles extending posteriorly from the abaxial
surfaces of the vertebral body, and posterior lamina connecting the two pedicles
(Figure 1.1, 1.2) [19]. The posterior vertebral body, pedicles and laminae form
the boundaries of the vertebral foramen, through which the spinal cord traverses
[19]. The vertebral column has the primary function of protecting the spinal cord,
the nerve roots and associated vasculature [19]. In general, humans have seven
cervical vertebrae, twelve thoracic vertebrae, five lumbar vertebrae, and five
fused sacral vertebrae [19] Figure 1.3. The overall shape of each vertebrae and
its articulations is dependent on its location. Thoracic vertebrae allow for
rotational and lateral bending and have articulations with the ribs [20]. Lumbar
vertebrae are adapted to provide flexion and extension or movement within the
sagittal plane [20]. Each vertebra has unique bony protuberances that
correspond with ligament and muscular attachments. The spinous process
resides between the laminae and extends posteriorly in bipeds. The transverse
processes extend off each side of the vertebra at the junction of the pedicle and
lamina [19].

The basic structure of each equine vertebrae is similar in design to humans;
however, some shape changes are prevalent related to differing stresses placed
upon the spine as a quadruped versus a biped.

Like humans, horses have seven cervical vertebrae, but eighteen thoracic and
six lumbar vertebrae [21]. Thoracic vertebrae have especially prominent spinous
processes, much longer than those in humans. Additionally, lumbar vertebrae
have long horizontal transverse processes that develop synovial joints between
each vertebra from the fifth vertebrae to the sacrum [21].

Joints

Between two individual vertebrae there are two articulations: synovial facet joints,
and a cartilaginous disc between vertebral bodies. Thoracic vertebrae also have
articulations with the ribs. Figure 1.4 [19].



Facet joints are true synovial structures complete with a fibrous capsule. Hyaline
cartilage covers the bone of each superior and inferior facet. A synovial
membrane lines the fibrous capsule and produces synovial fluid for lubrication
[19]. Like other synovial joints within the body, facet joints are at risk of
developing osteoarthritis. Remodeling of the bone at the joint capsule
attachments can impinge upon the intervertebral foramina. Facet osteoarthritis is
common in horses. Enthesophyte formation and enlargement of these joints can
cause impingement of spinal nerves exiting the spinal foramina between
vertebral bodies [22].

Intervertebral discs are the primary shock absorber between vertebrae in
humans. The outer annulus fibrosis is a series of lamellae that form incomplete
collars around the inner nucleus pulposus. The orientation of fibers within each
lamellae layer changes based on the location within the disc. Posterior fibers
can be predominantly vertical, which may predispose them to herniation into the
spinal canal Figure 1.5 [19].

Intervertebral discs in horses are relatively thin and only contribute approximately
10% of the overall length of the spine [21]. Like humans, these discs have a
peripheral annulus fibrosis and an inner nucleus pulposus, however the layers
are much less distinct [21].

Ligaments

The anterior longitudinal ligament is a band of strong tissue that extends the
entire length of the spinal column linking the anterior surfaces of the vertebral
bodies. Fibers are found in three distinct levels with superficial fibers extending
over three to four vertebral levels and deeper layers only extending from one
vertebral body to the next. Fibers are known to extend and fuse with the
superficial layers of bone, known as periosteum, as well as to the annulus
fibrosis Figure 1.4 [19].

The posterior longitudinal ligament is a similar broad band of tissue that extends
the length of the spinal cord on the posterior surface of vertebral bodies.
Similarly, superficial fibers traverse several vertebral layers with deeper fibers
traversing between two vertebrae. This ligament fuses with the annular fibrosis
in adults as well as membranes associated with the epidural space Figure 1.4
[19].

The ligament flava connect adjacent laminae in the vertebral canal. Fibers in this
structure are composed of mostly yellow elastic tissue and traverse from the
anterior surface of one lamina to the posterior surface of the lamina below. The
purpose of this ligament is to prevent separation of the laminae during spinal
flexion and assist in returning to an erect upright posture Figure 1.4 [19].



The supraspinous ligament is a strong fibrous cord that connects the tips of
spinous processes from the distal cervical to mid lumbar regions. It can be
deficient in some people. Consistent with other spinal ligaments, superficial fibers
cover several vertebrae and deeper fibers connect two to three vertebrae. Most
of the ligament is continuous with tendons of muscles with midline attachments
such as, semispinalis, longissimus, trapezius and latissimus dorsi Figure 1.4
[19].

Interspinous ligaments connect consecutive spinous processes, filling the gap
between the ligamentum flava and supraspinous ligament. Dorsal fibers are
continuous with tendons of longissimus thoracis Figure 1.4 [19].

The thoracolumbar fascia is a thick band of tissue that overlays all soft tissue
structures of the thoracolumbar region. In humans is has three distinct layers.
The posterior layer attaches to the lumbar spinous processes, crest of the
sacrum and supraspinous ligaments. The middle layer attaches to the medial tips
of the lumbar transverse processes, the intertransverse ligaments, iliac crest, and
lower border of the 12" rib. The anterior layer attaches to the anterior surfaces
of the lumbar transverse processes. The abdominal muscles insert upon the
thoracolumbar fascia [19].

Horses have very similar ligamentous structures as described in humans Figure
1.6. In addition, horses possess a nuchal ligament, demonstrated by a strong
band of elastic tissue that extends from the base of the skull to the cranial
thoracic region where it blends with the supraspinous ligament [21]. This
ligament also has a second portion that forms a sheet of elastic bundles that
extend cranioventrally to connect the thick band to the spinous processes from
the second cervical vertebrae to the third thoracic vertebrae Figure 1.7. The
purpose of this ligament is to assist the horse in supporting the head and neck
while still allowing the horse to graze [21].

At the equine lumbosacral junction, there is a wide gap between dorsal spinous
processes. The supraspinous ligament is absent and the interspinous ligament
is poorly developed in this region Figure 1.8 [5].

Paraspinal Muscles

The human back has several layers of muscles. Extrinsic muscles are superficial
with truly intrinsic back muscles found in the deeper layers [19]. Extrinsic
muscles mostly connect the axial skeleton to the thoracic limb. Focus will be
placed on the musculature contained in the thoracic and lumbosacral regions.

The erector spinae muscle group is a large musculotendinous group that consists
of three different muscles, spinalis, longissimus, and iliocostalis, each with three
regional parts. Despite being one continuous muscle, the spinalis muscle is



divided into three portions, capitus, cervicis, and thoracis. The spinalis thoracis is
the most medial within the erector spinae muscle group. It originates from the
spinous processes of the upper thoracic vertebrae and inserts on the spinous
processes of the lower thoracic and first two lumbar vertebrae. On its lateral
edge, the spinalis muscle blends with the longissimus thoracis Figure 1.9 [19].

The longissimus muscle contributes to the central portion of the erector spinae
system. It is similarly divided into three parts: capitus, cervicis, and thoracis.
Longissimus thoracis is the largest portion of erector spinae and is further divided
into thoracic and lumbar portions. The thoracic portion of longissimus thoracis is
composed of several groups of fascicles that originate from the thoracic
transverse processes. Distally, the muscle fascicles coalesce into a wide fibrous
aponeurosis that allow for multiple attachments. Fascicles have staggered
insertions onto the lumbar spinous processes and their associated supraspinous
ligament, sacral crest, and ilium [19]. The lumbar portion is covered by the
aponeurosis of the thoracic segment. It originates from the posterior surface of
the transverse processes of the five lumbar vertebrae and inserts in a similar
staggered fashion via the lumbar intermuscular aproneurosis onto the ilium and
dorsal sacroiliac ligament Figure 1.9 [19].

The iliocostalis is the most lateral component of the erector spinae system. It is
also divided into three parts: cervicis, thoracis, and lumborum. lliocostalis
thoracis originates from the cervical thoracic transverse processes and ribs and
inserts on the upper borders of the lower six ribs [19]. lliocostalis lumborum is
further divided into lumbar and thoracic parts. The thoracic portion originates
from the lower eight ribs and inserts onto the medial end of the iliac crest. The
lumbar portion originates from the tips of the first four lumbar transverse
processes and inserts on the medial and dorsal portion of the iliac crest Figure
1.9 [19].

The spinotransverse group consists of the rotatores, multifidus, and semispinalis
muscles [19]. The rotatores fascicles are small bundles that span one to two
vertebral segments and traverse between the transverse process of one vertebra
to the laminae and spinous processes of adjacent vertebrae Figure 1.10 [19].
The multifidus muscle lies lateral to the spinous processes and covers the
laminae of each vertebrae, as well as the dorsal sacrum distally Figure 1.11 [19].
It has several distinct parts, originally described as cervicothoracic and
lumbosacral segments [19]. Recent literature review has discovered that many
researchers and anatomy atlases are inconsistent in the description of the
multifidus in the lumbar region [23]. Despite anatomy texts describing the
multifidus as a predominantly deep structure, half of the studies reviewed
described it as a superficial structure [23], thus making it difficult to compare
findings between research groups. Researchers such as Moseley et al. have
claimed that the superficial fibers of the lumbar multifidus were responsible for



spine orientation via electromyography (EMG) studies. However, the small
muscle mass and thus low capacity to produce force, make this unlikely to other
researchers [17]. Regardless, the multifidus muscle has garnered much attention
across species due to pathology that develops concurrently with LBP, as will be
further discussed later. The semispinalis muscle is divided into capital, cervical,
and thoracic portions [19]. Fibers form small fascicles that originate from several
levels of transverse processes and insert on transverse processes several levels
distal [19].

Equine epaxial muscles are like those in humans. Main contributions are from
the longissimus, spinalis, and iliocostalis muscles superficially as well as the
multifidus muscle deeper Figure 1.12, 1.13 [24, 25].

The multifidus muscle in horses has 5 distinct fascicles each arising from a single
spinous process and associated laminae. Each fascicle has an independent
attachment with the most superficial fascicle crossing two to four intervertebral
spaces, intermediate fascicles crossing two to four spaces, and the deepest
fascicle crossing one space [26]. Each fascicle inserted on the mammillary
process which lies dorsal to the articular facet and lateral to the spinous process
Figure 1.14 [26]. The continuation of the multifidus muscle past the caudal
lumbar region is referred to as the sacrocaudalis dorsalis muscle. The lateral
aspect of the sacrocaudalis dorsalis muscle originates from the dorsal aspect of
the fourth, fifth, or sixth lumbar vertebrae and blends into the supraspinous
ligament and thoracolumbar fascia [26]. Caudal continuation of this muscle
provides motor to the tail [27].

Abdominal Muscles

The transverse, internal oblique, external oblique, and rectus abdominus muscles
overlap to form the anterior abdominal muscles in humans Figure 1.15 [19].
They have a variety of attachments, the most important for spinal stability being
the thoracolumbar fascia. Fibers from each muscle run in separate directions,
providing muscular support throughout full range of motion [28]. Contraction of
the abdominal muscles increases tension within the thoracolumbar fascia,
promoting trunk stiffness [28].

The abdominal musculature in horses is not vastly different than humans Figure
1.16. However, they have a vital role in supporting the weight of the abdominal
contents, forces that are not present in humans [21]. The equine abdominal
muscles insert onto the axial skeleton via a thick aponeurosis onto the prepubic
tendon and thoracolumbar fascia [21].



Comparative Paraspinal Muscle Function in Normal Individuals

The theory of human spinal stability has evolved overtime to include both passive
static positions and controlled movements [29]. The model driving the theory
consists of three components: bone and ligaments, muscles, and neural control
to coordinate muscle activity against the forces applied [30]. Bones and
ligaments provide rigid passive stability; however, it is reported that human
cadaver spines containing only vertebrae and ligaments collapse under a twenty-
pound load [31, 32]. Muscles are essential to promote stiffness and stability [29].
Under normal conditions, it is believed that only 10% of maximal contraction is
required to adequately stabilize spinal joints [29]. However, this need increases
when instabilities are induced by disease. Muscular strength is important to
combat forces from unpredictable activities, such as a fall or sudden load [29].
Additionally, endurance is also required during prolonged physical activities.
Muscular strength and endurance are usually deficient in human patients with
LBP [29, 33, 34]. Lastly, the entire system must be regulated and coordinated
with neural control. Stiffness is maintained with intricate patterns of muscle
activity that differ depending on the position of the joint and the load being
applied [29].

The stiffness of the spine is dependent upon the forces of the back muscles [35].
The amount of force each muscle can produce is directly proportional to the
number of parallel myofibers and the cross-sectional area [36].
Electromyography has determined that the superficial fibers within the multifidus
appear to be responsible for controlling spine orientation, while deeper fibers
contribute to intersegmental motion [37]. However, EMG only records muscle
activity and is not a direct measure of muscle force [38]. Anatomically, the deep
paraspinal muscles are difficult to reach for biomechanical analysis in vivo, thus
researchers are required to use in vitro models or cadavers and mathematical
modeling to simulate muscle forces [38].

Importantly, the stability of the lumbar spine increased during the most
demanding tasks and decreased during periods of low muscular activity [39],
potentially predisposing people to injury during light tasks of daily living. Large
muscles such as the erector spinae group contribute the most to overall stiffness
in humans [39] and appear to be the most important regarding total equilibrium
and spinal stability [35]. This is mostly due to their larger cross-sectional areas,
greater force producing ability, and longer lever arms. However, activation of the
intrinsic deeper muscles such as the multifidus is required to maintain sagittal
stability and equilibrium [35, 39]. The deep muscle groups, such as multifidus lie
close to the center of rotation of the spine [40]. While being closer to center of
rotation may seem a mechanical disadvantage due to a shorter lever arm, the
muscles are also able to be shorter in length. Shorter muscles will have faster
response times and contribute to the precise neuromuscular control required to
maintain stability. Therefore, the deep multifidus muscle is believed to contribute

8



mostly to posture while the erector spinae system is responsible for trunk
extension and overall stiffness [28, 39].

As with any biological system, no one portion of the body works independently of
another. Spinal stability is also thought to be contributed to by the abdominal
muscles that insert onto the thoracolumbar fascia [28]. Contraction of the
abdominal muscles occurs during limb movements, contributing to postural
support [41]. With abdominal contraction, intra-abdominal pressure increases as
well as tension of the thoracolumbar fascia, stiffening the trunk [28].

The most accepted biomechanical representation of the equine back is the bow
and string theory Figure 1.17. The "bow" represents the spine and epaxial
muscles, which is kept under tension by the "string" consisting of the sternum,
and abdominal muscles [3]. Forces produced by the limbs try to bend or stretch
the bow and thus the trunk must be developed to withstand these forces without
injury.

In comparison to humans, there are far fewer kinematic studies and models
developed for quadrupeds such as horses. Normal vertebral motion in horses
has been noted [42-48] however there are few studies linking the muscle activity
patterns with stride characteristics.

Preliminary findings of superficial epaxial muscles such as the longissimus have
been reported. The longissimus dorsi muscle acts to stiffen the spine working
both concentrically and eccentrically during thoracolumbar movement [49, 50].
While walking, the longissimus dorsi, showed one peak of activity during the
stance phase of the ipsilateral limb [51]. As speed increased to the trot, there
were two peaks, one for the push off phases of each hindlimb [52]. When the
horse was asked to work on an incline, the duration and intensity increased with
increased slope [53]. While walking in circles, horses show greater activation of
the inside longissimus, with increasing activity as circles become smaller in
diameter [54, 55]. Other studies have assessed motion of the entire back but
have not linked spinal motion with muscle activity [42, 48]. Similarly, it has been
determined that trunk muscle activity characteristics are significantly different in
bipeds as compared to quadrupeds [56]. There are currently no studies
published describing the EMG activity of the multifidus in horses.

Based on the motion recorded, it is believed that equine trunk muscles act to limit
flexion and extension rather than induce movement [42]. Similar findings were
concluded in dogs. When the epaxial muscle activity levels on EMG were linked
with sagittal trunk kinematics and ground reaction forces, it was determined that
the epaxial muscles only counteract the flexion of the spine in the sagittal plane,
not in the vertical or horizontal planes [57]. Further study into the multifidus
muscle in dogs showed bilateral activation patterns during symmetrical gaits [58]

9



with increased activation during trotting as compared to walking [58, 59]. This
also reinforced the function of the multifidus to stabilize the spine against lateral
bending in the sagittal plane [58, 59].

Muscles are known to adapt their fiber types to counteract the types of loads
applied [60]. Therefore, investigating the types of fibers within a muscle can
provide indication to its function. There are three main muscle fiber types found
in horses; type I, type IIA, and type IIX. Type | fibers are more adapted to
postural functions, type 11X are designed for strength and power, and type IIA are
a hybrid intermediate fiber [60]. In horses, the five separate bundles of the
multifidus had varying muscle fiber types [27]. Only the middle bundle contained
over fifty percent of type | fibers [27]. There was also a wide variation between
breeds. Arabians had a higher proportion of type I fibers within the multifidus as
compared to the more powerfully built quarter horses [27], implying that body
type, predominant use, and conformation play an important role in paraspinal
muscle function. When breeds were combined, the longissimus had the highest
proportion of type 11X fibers, suggesting it plays a role in back strength and
locomotion [27]. The sacrocaudalis dorsalis is thought to be a caudal extension
of the multifidus muscle in horses [24, 26]. Post-mortem contraction velocity and
force indicate that this muscle has several functions that were most dependent
upon the location in relation to the spine, not the number vertebral segments the
fascicle covered [25].

Changes in Paraspinal Musculature Associated with Back Pain

In humans, lower back pain (LBP) is defined as pain of the posterior trunk
between the 12" rib and the lower gluteal folds [61]. LBP can be caused by a
multitude of underlying conditions, including but not limited to intervertebral disc
herniation, spinal stenosis, degenerative scoliosis, osteoarthritis of the facet
joints, and idiopathic causes of lumbar paraspinal pain [62, 63].

Patients with disease causing LBP have been noted to have dysfunction,
degeneration and or atrophy of paraspinal musculature [64-67]. People with non-
specific LBP also show impairment in balance control and proprioceptive
awareness [18]. Spinal stenosis induced multifidus atrophy was associated with
greater dysfunction than stenotic patients without atrophy [64]. Additionally, the
fat infiltration of multifidus and erector spinae noted on magnetic resonance
imaging (MRI) in patients with nerve root compression repeatedly occurs on the
symptomatic side just at the level of stenosis [68]. The multifidus was also noted
to be atrophied at this level; however the erector spinae did not show an
asymmetrical pattern [68]. Abnormalities on the side of disease were also
repeatable in the instance of intervertebral disc degeneration, however, these
also extended to vertebral levels above and below the diseased joint [69]. This
was confirmed by others that discovered fatty infiltration was greater on the side
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of herniation and at one level below [70, 71]. Additionally, the degree of
compressive disc herniation [72] and disability [73] was found to be directly
correlated with the severity of fat infiltration. Ogon et al took this one step further
and determined that the fat infiltration was deposited mostly intramyocellularly, or
within the contractile myofiber itself [66]. Interestingly, in one study the multifidus
cross sectional area was larger on the side of herniation [71], potentially
indicating an inflammatory response and swelling of the muscle. Animal models
have confirmed the pro-inflammatory response within the multifidus after
intervertebral disc lesions, linking the degree of disease directly with increases in
interleukin 1-beta, one of the most potent pro-inflammatory cytokines in the body
[74]. Without a known cause of LBP, researchers have still commonly discovered
fat infiltration and atrophy of the multifidus and erector spinae muscles on
advanced imaging [75-80].

Morphologic changes such as atrophy and fat infiltration are not the only
abnormalities recorded in the paraspinal muscles with spinal disease. Despite
the cause of LBP researchers have found decreased muscular strength and
endurance of lumbar musculature in patients experiencing LBP [33, 34, 81, 82].
Interestingly, patients with asymptomatic herniation of intervertebral discs did not
show any significant differences in core muscle function or erector spinae and
multifidus cross sectional area on MRI as compared to healthy age matched
controls [83] therefore, disc displacement does not account for the entirety of
muscular dysfunction.

Despite muscle abnormalities being associated with the presence of spinal
disease and LBP, there have been conflicting reports on whether the reverse is
always true [84-86]. One literature review found the cross-sectional area of the
multifidus muscle to be predictive of LBP [85], however other researchers could
not find any association with either the multifidus or erector spinae [86]. Kjaer et
al showed adults with severe fatty infiltration to have higher odds of experiencing
LBP either in the past or future [78]. Ranger et al has found paraspinal muscle
cross sectional area to be predictive of disability but not the overall pain level
[84]. Therefore, it is still impossible to determine if the pain originates from the
abnormal spinal tissues, or if diseased and dysfunctioning tissue predisposes
patients to pain. Despite this discrepancy, much attention has been focused on
physical therapy and rehabilitation of these structures in patients with LBP.

As with many biological systems, it is difficult to determine if instability leads to
overloading of tissues predisposing to injury [39], or if injured structures cause
the instability. Likely both mechanisms are involved.

Causes of back pain in horses vary from poor management with ill-fitting tack
and ineffective riding, soft tissue injuries, spondylosis, overriding dorsal spinous
processes, vertebral injury or fracture, and lameness [3, 7, 9]. Overriding or
impinged dorsal spinous processes is reportedly the most common cause of
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back pain in horses [87]. Despite radiographic findings of overriding or impinged
dorsal spinous processes, clinical significance can be difficult to determine.
Townsend reported that 83% of horses with normal thoracolumbar function and
no evidence of back pain had overriding or impinged dorsal spinous processes
found on necropsy [88]. Similarly, there were reportedly equal numbers of
horses with overriding or impinged dorsal spinous processes in each of the
symptomatic back pain and control groups [89].

In contrast to humans, intervertebral disc herniation is extremely rare in horses.
Occasionally intervertebral discs can become dehydrated and the outer portion
can become fragmented [21]. Calcification of the disc center is rare, and the
clinical importance is unknown [21]. Central cleft formation with fibrillation was
found in the first thoracic and lumbosacral discs on necropsy of normal horses
[88], further complicating the clinical relevance of intervertebral disc degeneration
in horses.

Radiographic evidence of osteoarthritis has been documented in the synovial
facet joints of the thoracolumbar spine in horses presenting for back pain [90].
Usually two to five joints were affected, most commonly in the caudal thoracic
and cranial lumbar spine [90]. Some horses had concurrent bony changes such
as overriding dorsal spinous processes [90]. Since all horses within this group
had evidence of back pain, it is impossible to determine if asymptomatic horses
would have similar changes.

Spondylosis is extremely rare in horses, with 3% of all horses with back pain
presenting with spondylosis lesions [91]. Additionally, only 33% of the lesions
found had evidence of active bony change on nuclear scintigraphy, and 61% had
other osseous lesions such as osteoarthritis and or overriding dorsal spinous
processes [91]. Thus, spondylosis is a rare condition in horses, but may
contribute to back pain.

It is currently impossible to MRI or CT the axial spine of horses. However, dogs
are easily imaged. In contrast to horses but like humans, dogs have a high
incidence of intervertebral disc disease and herniation [92]. The Dachshund
breed is over-represented in cases and usually the herniated disc affects the
spinal cord itself, not the nerve roots as is reported in humans [92]. Compared to
non-compressive lesions, dogs with herniated discs did have decreased cross-
sectional area of paraspinal musculature, however no asymmetries were present
[92]. In contrast to humans, paravertebral muscle signal changes, associated
with fat infiltration, were only seen in 7 % of dogs with acute intervertebral disc
herniation [93]. Usually these were found extending caudally from the level of
herniation, and most commonly in the thoracolumbar region [93]. Of the dogs
that had unilateral muscle signal changes, most cases had contralateral disease
[93]. This is in stark contrast to human findings already described.

12



Stubbs et al. investigated the relationship of osseous change with multifidus and
sacrocaudalis dorsalis cross-sectional area as measured via transcutaneous
ultrasound [94]. Measurements were taken bilaterally at five predetermined
levels of the thoracolumbar spine of thoroughbred racehorses destined for
euthanasia for reasons other than back pain, however 82% of horses used had
evidence of back pain at study presentation [94]. After ultrasound measurements
were obtained, horses were euthanized for spinal dissection. The paraspinal
muscles were noted to have significant asymmetry in cross sectional areas at the
same level of the pathology [94], however, ultrasound measurement locations
were not determined based on the level of pathology. The side having the higher
grade of disease was associated with smaller cross-sectional areas. Lesions
graded as the greatest severity were associated with smaller cross-sectional
areas [94].

Horses with back pain showed altered spinal movement in both experimental and
clinical cases [95, 96]. When unilateral back pain was induced by injected lactic
acid into the longissimus dorsi muscle, the caudal thoracic portion of the back
was more extended, and horses tended to bend laterally away from the affected
side [95]. After one week, horses still showed altered spinal mechanics
compared to baseline, despite being asymptomatic for back pain [95]. Similarly,
horses with clinical back pain showed decreased flexion and extension through
the caudal thoracic and thoracolumbar regions as compared to asymptomatic
horses [96]. There are currently no studies assessing paraspinal muscle function
in horses with clinical back pain.

Physical Rehabilitation to Improve Function

Physical therapy has been a main treatment for LBP in humans. Current
methodology focuses on both increasing strength and endurance of the epaxial
and abdominal muscles [10-12, 15, 17] as well as improving proprioception and
balance control [10, 12, 14]. Patients receiving general physical therapy had
significantly greater improvement in both function and pain [13]. Four weeks of
advanced core stabilizing exercises significantly improved pain and functional
disability scores both after the treatment period and at a three month follow up in
patients with idiopathic back pain [10]. Similar findings were discovered after
proprioceptive neuromuscular facilitation training [10]. It is important to note that
the control group in this study were not sedentary, as they were performing the
general trunk strengthening exercises as is the current standard [10]. Both
groups also showed improved function of the lumbar multifidus and transverse
abdominal muscles [10]. Similar patients diagnosed with significant fat infiltration
and atrophy were assigned to a high-resistance high-intensity exercise plan.
After the ten-week program, patients showed significant improvements in pain
levels and strength [11]. However, fat infiltration levels or muscle cross sectional
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area did not change on repeat MRI [11] implying that improvement may be due to
retraining of other stabilizing musculature rather than rehabilitating the multifidus
to normal function.

Traditionally, performing specific exercises on unstable surfaces such as
impressionable balance pads has been popular in human physical therapy [17].
EMG activity is reportedly higher in trunk muscles when exercises are performed
on unstable surfaces [17]. However, there have been no longitudinal studies
showing any added benefit provided by exercising on unstable surfaces [17].
Evidence based physical rehabilitation programs are non-existent in equine
medicine. Despite lacking and often conflicting biomechanics [56], human
principles have been extrapolated for use in quadrupeds. Major focus has been
placed on having horses stand on unstable impressionable foam pads while
performing exercises. Additionally, core strengthening using dynamic
mobilization exercises and training aids has been popular, again without
biomechanical or EMG activity documentation.

Several groups have used dynamic mobilization exercises, consisting of baited
stretches, to increase the cross-sectional area of epaxial muscles [97-99].
However, none of these exercises were performed in horses clinical for back
pain. Nor was muscle activity or changes in spinal mechanics measured.

Similarly, horse enthusiasts are using more training aids to encourage hind limb
engagement and core muscle activity. One device, known as the Pessoa
system, has been shown to increase the cross-sectional area of the multifidus
[100] in normal horses. However, this same apparatus is known to cause
increased pressure on the dorsal spinous processes most associated with
disease and pain [101], making its potential use in clinical cases limited. Another
apparatus has been shown to decrease lateral bending and rotation of the
thoracolumbar spine, interpreted as improved dynamic stability, after a four-week
exercise program [102]. However, the study design did not include a control
group. Thus, it cannot be determined if the effects were due to exercise alone
without the training device.

Many specific exercise programs used in humans are impossible to implement
due to poor compliance in horses.

Conclusion

As outlined, horses are different than humans in anatomy, biomechanics, causes
and sequelae of back pain, and physical rehabilitation exercises available for
use. Therefore, it is reasonably easy to conclude that human treatment
principles should not be immediately adopted in equine sports medicine without
further evidence of effects and efficacy. More investigation is required on the
muscle activity of the epaxial and paraspinal musculature in horses both during
normal activities and during current popular therapeutic exercises.
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Appendix

Figure 1.1- Superior aspect of a human fourth thoracic vertebra. Key of notable
structures: 2- vertebral body 3- pedicle 4- superior articular facet 5- transverse
process 6- spinous process 7- vertebral body 8- vertebral foramen 9- costal facet
10- lamina. Reproduced with permission from Gray’s Anatomy: The Anatomical
Basis of Clinical Practice, 415t Edition, S. Stranding ed. Copyright Elsevier 2015.
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Figure 2.2- Lateral aspect of fourth thoracic vertebra. Key of notable structures:
1- vertebral body, 3- superior articular facet, 4- transverse process, 6- pedicle, 7-
inferior articular process, 8- spinous process. Reproduced with permission from
Gray’s Anatomy: The Anatomical Basis of Clinical Practice, 415t Edition, S.
Stranding ed. Copyright Elsevier 2015
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Figure 3.3- Human vertebral column, A- anterior aspect, B- posterior aspect, C-
Lateral aspect. Reproduced with permission from Sobotta Atlas of Human
Anatomy, 16" Edition, Paulsen and Waschke eds. Copyright Elsevier GmbH,
Urban & Fisher, Munich 2018.
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Figure 5.5- Intervertebral disc structure. The upper image depicts the annulus
fibrosis and nucleus pulposus. The lower image shows the laminae of the
annulus fibrosis demonstrating the changes in collagen fiber direction.
Reproduced with permission from Clinical Anatomy of the Lumbar Spine and
Sacrum, 3" Edition, N Bogduk ed. Copyright Elsevier 1997.
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Figure 6.6- Median section of the equine thoracolumbar spine. Cranial is to the
left. Key to notable structures: 1- spinal process of the seventeenth thoracic
vertebra, 2- spinal process of the eighteenth thoracic vertebra, 3- spinal process
of the first lumbar vertebrae, 4- supraspinal ligament, 5- interspinal ligament, 6-
flavum ligament, 7- vertebral body of seventeenth thoracic vertebra, 8- vertebral
body of eighteenth thoracic vertebrae, 9- vertebral body of the first lumbar
vertebrae, 10- intervertebral discs, 11- dorsal longitudinal ligament, 12- ventral
longitudinal ligament, 13- spinal cord. Reproduced with permission from
Essentials of Clinical Anatomy of the Equine Locomotor System, 1st Edition, JM
Denoix ed. Copyright Taylor and Francis Group, 2019.
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horse. Key to notable structures: 1- Funicular portion of the nuchal ligament, 1'-
laminar portion of nuchal ligament. Reproduced with permission from Textbook of
Veterinary Anatomy, 3rd Edition, Dyce, Sack and Wensing eds. Copyright
Elsevier 2009.
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Figure 8.8- Lumbosacral junction, medial section. Key to notable structures: 1-
body of first sacral vertebrae, 2- spinal process of first sacral vertebrae, 3- body
of the third sacral vertebrae, 4- spinal process of third sacral vertebrae, 5- body
of sixth lumbar vertebrae, 6- spinal process of sixth lumbar vertebrae, 7- body of
fifth lumbar vertebrae, 8- spinal process of fourth lumbar vertebrae, 9- vertebral
canal, 10- sacral canal, 12- lumbosacral intervertebral disc, 13- fourth lumbar
intervertebral disc, 14- ventral longitudinal ligament, 15- dorsal longitudinal
ligament, 16- flavum ligament, 17- interspinal ligament, 18- multifidus muscle, 19-
erector spinae muscle, 20- spinal cord. Reproduced with permission from
Essentials of Clinical Anatomy of the Equine Locomotor System, 1st Edition, JM
Denoix ed. Copyright Taylor and Francis Group, 2019.

30



Longissimus
capitis

Longissimus
cervicis

lliocostalis
cervicis

lliocostalis
lumborum

lliocostalis
lumborum

Figure 9.9- Human posterior back depicting the various parts of the erector
spinae muscle group. Reproduced with permission from Gray’s Anatomy: The
Anatomical Basis of Clinical Practice, 41t Edition, S. Stranding ed. Copyright

Elsevier 2015
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Figure 11.11- Human multifidus muscle. A- cervicothoracic portion, B-
lumbosacral portion. Reproduced with permission from Gray’s Anatomy: The
Anatomical Basis of Clinical Practice, 41t Edition, S. Stranding ed. Copyright
Elsevier 2015.
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Figure 12.12- Dorsolateral aspect of dissected superficial equine back muscles.
Cranial is to the left. Key to notable structures: 3- thoracolumbar fascia (reflected
to the right side), 5- spinalis thoracis, 6- longissimus thoracis, 7- iliocostalis
thoracis. Reproduced with permission from Essentials of Clinical Anatomy of the
Equine Locomotor System, 1st Edition, JM Denoix ed. Copyright Taylor and
Francis Group, 2019.
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Figure 13.13- transverse section through the thoracolumbar junction. Key to
notable structures: 9- multifidus muscle, 11- erector spinae muscle group.
Reproduced with permission from Essentials of Clinical Anatomy of the Equine
Locomotor System, 1st Edition, JM Denoix ed. Copyright Taylor and Francis
Group, 2019.
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Figure 14.14- Lateral aspect of equine lumbar spine. The insertions of the five
multifidus fascicles originating from the eighteenth vertebrae are diagramed.
Reproduced under agreement with Wiley-Blackwell publisher. Stubbs, N.C., et
al., Functional anatomy of the caudal thoracolumbar and lumbosacral spine in
the horse. Equine Vet J Suppl, 2006. 38(36): p. 393-9.
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permission from Gray’s Anatomy: The Anatomical Basis of Clinical Practice, 415

Edition, S. Stranding ed. Copyright Elsevier 2015

37



Figure 16.16- Abdominal musculature in horses. Cranial is to the left. A-
superficial, B- middle, C- deep layers. Key for notable structures: 1- external
abdominal oblique, 2- aponeurotic insertions, 5- internal abdominal oblique, 7-
transverse abdominus, 8- rectus abdominus. Reproduced with permission from
Textbook of Veterinary Anatomy, 3rd Edition, Dyce, Sack and Wensing eds.
Copyright Elsevier 2009.
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Jeffcott, L.B., BACK PROBLEMS IN THE HORSE - LOOK AT PAST, PRESENT
AND FUTURE PROGRESS. Equine Veterinary Journal, 1979. 11(3): p. 129-136

39



CHAPTER II:
MULTIFIDUS ACTIVATION IN HORSES TROTTING ON HARD
AND SOFT SURFACES
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Abstract

Equine sports medicine has recently developed an interest in core strengthening,
with specific focus on the multifidus muscle. Currently, there are no publication
related to the activity of the multifidus muscle in horses during normal activity
such as trotting. Our objective was to use fine wire electromyography to
measure the average work and peak activation performed by the multifidus in six
different locations. We hypothesized that trotting on soft deformable arena
footing would cause an increase in both muscle work and peak activation as
compared to trotting on a hard surface.

Average muscle activation was significantly higher in soft footing as compared to
the hard surface in the right cranial thoracic, right lumbar and left lumbar regions.
The left cranial thoracic location showed significantly higher average activation
on the hard surface. There was no significant difference in left or right caudal
thoracic average activation. The peak activation was significantly higher on soft
footing in the left caudal thoracic, left lumbar, right cranial thoracic, and right
lumbar regions. There was no significant difference in left cranial thoracic or right
caudal thoracic locations.

Specific limitations of this work include the inability to link the activation of the
multifidus muscle to phase of stride. Additionally, the multifidus muscle is
comprised of several fascicles that are not differentiable on ultrasound. While
care was taken to implant each sensor at a similar location of each multifidus
site, some electrodes may be in different fascicles than others. This work
incorporates the use of four horses. Despite the ability to obtain statistically
significant conclusions in most muscle locations, more changes may have been
seen with a larger study population. Lastly, we were unable to standardize speed
between trials. Horses were kept at their own natural pace and trotted by the
same handler throughout the data collection process, thus limiting the effect of
variation from different handlers.

In conclusion, trotting on a soft surface induced higher levels of muscle work and
peak values in most multifidi locations as compared to trotting on a firm surface.
Conditioning and exercise programs should not be performed solely on firm
surfaces, as the multifidus may require the higher degree of activation for daily
living.

Introduction

Core strength is of vital importance to maintain performance and prevent injury.
Biomechanically, the horse back is thought to act as a "bow" consisting of the
vertebral column, pelvis and associated musculature [1]. The bow is kept under
tension by the "string" formed by the sternum and abdominal muscles [1].
Movement of the limbs produces forces the trunk must resist without injury.
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In humans, the spine is believed to be actively stabilized mostly by activation of
the multifidus and erector spinae muscle groups [2-4]. The multifidus muscle
group lies on either side of the dorsal spinous process [5]. It has several
fascicles that attach the mammillary process of one vertebra to the dorsal
spinous process of another vertebra. Fascicles may span anywhere from one to
four spinal segments, with longer fascicles lying more medially than shorter
underlying fascicles [5]. In horses, the multifidus muscle is found in five distinct
fascicles with a common cranial attachment with distinct and independent
insertions caudally [6]. Each fascicle has bands that cross anywhere from one to
four intervertebral discs [6]. Deeper bands connected fewer vertebral segments
than more superficial bands, similar to what is seen in humans [5, 6]. Both
humans and horses also have terminal insertions upon the sacrum [5, 6].
However, horses have a continuation of the multifidus referred to as the
sacrocadualis dorsalis, that continues caudal and contributes to motor of the tail

[6].

Humans with lower back pain have benefited from therapeutic exercise programs
that incorporate trunk muscle strengthening and improving proprioception and
balance control [7-12]. The incorporation of cross training on different surfaces
has been increasingly popular. The concept driving these exercise programs
resides on the thought that greater instability of the body-surface interface would
induce greater challenges onto the neuromuscular system [13]. While increased
trunk muscle activity has been reported in humans performing squats on balance
discs [13], there are no longitudinal studies showing a significant benefit over
exercising on stable surfaces [12]. Despite lacking scientific proof of benefit in
humans, equine athletes are also being asked to perform exercises on various
surfaces ranging from firm footing to soft arena sand.

Electromyography (EMG) is a technique that allows for the recording of
myoelectric signals [14]. Muscles are composed of separate motor units
composed of the alpha motor neuron, its axon, the motor end plate and the
individual muscle fibers it controls [15]. EMG is specifically a recording of the
electrical activity within each motor unit, referred to as the motor unit action
potential [16]. There are two basic types of electrodes, indwelling and surface.
Indwelling electrodes are implanted directly into the desired muscle of study.
Surface electrodes are attached to the surface of the skin [16]. Indwelling fine
wire electrodes show high specificity of measurement, they are not subject to
crosstalk signals from other muscle groups, and they are the only option
available for measuring the activity of deeper muscles [16] such as the multifidus.

Despite claims that the multifidus muscle is of great importance for spinal stability
in horses, there are no reported studies investigating muscle activity in normal
horses during basic exercise. The purpose of this study was to determine the
activity level of the multifidus muscle in horses trotting on firm and soft surfaces.
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Our objectives were to use indwelling fine wire EMG electrodes to determine the
average muscle activation and peak activation values of the multifidus muscle in
three sites bilaterally. We hypothesized that the multifidus would show a greater
amount of muscle work and higher peak activation when horses trotted on soft
arena footing as compared to a hard asphalt surface.

Methods

Horses

Horses from the University of Tennessee Veterinary Research and Teaching
herd were used. All horses were trotted in a straight line before recruitment into
the study. Horses showing greater than a grade 2 lameness based on the
American Association of Equine Practitioners lameness scale were excluded.
Horses of gaited breeds were excluded unless they demonstrated a consistent
two beat diagonal trot gait. This study was performed in accordance of the
Association for Assessment and Accreditation of Laboratory Animal Care and
United States Department of Agriculture guidelines with approval from the
University of Tennessee Institutional Animal Care and Use Committee.

Fine-wire Electromyography

Muscle potentials from the multifidus muscle were collected using a telemetric
unit (Myomotion; Noraxon USA, Scottsdale, USA) with a sampling frequency of
1500 Hz. The skin was clipped, shaved, and cleaned using chlorhexidine and
isopropyl alcohol. Ultrasound was used to locate and identify each dorsal spinous
process. The skin was desensitized with 1 ml mepivacaine per site taking care to
remain superficial to the thoracolumbar fascia to prevent alterations in
thoracolumbar muscle function as previously reported [17]. Ultrasound guidance
was used to aseptically implement fine wire electrodes in the multifidus at the
junction of the middle and deep third. Electrodes were placed at the level of the
dorsal spinous process of the twelfth (T12) and eighteenth thoracic (T18) and
fifth lumbar (L5) vertebrae bilaterally.

Exercises

EMG signals were collected with the horse trotting straight in hand on a hard
asphalt and soft synthetic arena surface for a minimum of six repetitions of 15
consecutive strides. The head and neck were kept in a neutral position
throughout each exercise. Video recordings were performed for all exercises
which allowed for confirmation of the quality of the exercise. Exercises where
horses stepped sideways or altered their head and neck position abruptly were
excluded. All exercise repetitions for both conditions were performed on the
same day and recorded with a high-speed camera (Ninox Video Capture 125) at
a frame rate of 125 Hz synchronized to the telemetric unit.

Gait Cycle Validation
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The gait cycle was linked to the activity of the longissimus dorsi muscle. Self-
adhesive surface electrodes with an inter-electrode distance of 2 cm were
adhered to clipped, shaved, and cleaned skin overlying the longissimus dorsi
muscle at the level of the dorsal spinous process of the 16" vertebrae as
previously described [18].

In addition to having surface EMG sensors in place, 9 mm spherical reflective
markers were placed on the lateral aspect of each hoof at the level of the
coronary band. Using motion analysis (Nexus, Vicon Motion Systems, Oxford,
England) integrated and synchronized with the electromyographic signal from a
telemetric system (Myomotion; Noraxon USA, Scottsdale, USA), the timing of the
longissimus dorsi muscle activity in relation to the gait cycle was determined.
Kinematic data from both motion capture cameras and electromyography were
collected using Nexus software and imported into Visual3D (C-Motion Inc.,
Germantown MD, USA) for further processing. Kinematic data were interpolated
and low-pass filtered with a frequency cut off of 8 Hz. Gait cycle events of heel
strike and toe off of each limb were labeled based on when makers reached a
zero position in the vertical z-plane.

Exercise data processing

Motion artifact and noise from raw EMG signals were removed with a high-pass
filter set at 40 Hz. These signals were then rectified and low pass filtered with a
15 Hz cut off frequency [19]. Using enveloped data, the onset and offset of
muscle electrical activity within each of the five three-stride sections was labeled
using Visual3D. Each of these activations were exported from Visual3D from the
rectified and enveloped signals. The average rectified value and the maximum
enveloped value were normalized to the maximum observed signal, i.e. the
maximum observed EMG signal across all trot strides for each horse, as
previously described [19]. The average rectified signal (ARV) during the
activation was used as an indication of average "work-done" by the muscle [20,
21]. The peak value (PE) observed from the enveloped data represented the
highest level of activation [20, 21].

Statistical Analysis

For each condition, the average rectified (average amount of muscle work) and
maximum enveloped values (peak muscle activations) were calculated. The
effect of the two surface conditions on the average amount of muscle work and
peak muscle activation within each muscle section was assessed using an
unpaired t-test across all observed gait cycles for all horses (SPSS version 27).
Data was assessed using the Levene's test for equality of variances followed by
the appropriate t-test for equality of means and results were reported using a
95% confidence interval and a significance level of p<0.05.
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Results

Horses

One gelding and three mares aged 4 to 14 years of various breeds from the
University of Tennessee Veterinary Research and Teaching herd were used. All
horses were deemed to be a grade 2 or less baseline lameness in any limb
based on the American Association of Equine Practitioners lameness scale.
Additionally, all horses received oral phenylbutazone at a dose of 2.2 mg/kg
twice daily starting at least 24 hours before data collection. All horses were
visually sound during data collection as deemed by two authors experienced in
assessing lameness.

Gait Cycle Validation

The left longissimus muscle was determined to have two isolated peaks of
activation per single trot gait cycle. The first peak was associated with left front
toe off. The second peak was associated with left hind toe off, consistent with
previously reported work [18]. Using this data collected from the left longissimus
muscle, the timing of three complete gait cycles was determined and
extrapolated to the synchronized signal of the sensors implanted within multifidus
muscle. Five three-stride segments were isolated from the data set within
sections previously confirmed to be a quality exercise repetition based on the
synchronized video recording.

Fine Wire Electromyography

The ARV was significantly higher in soft footing as compared to the hard surface
in the right T12 (p<0.001), right L5 (p<0.001) and left L5 regions (p<0.001). The
ARV was significantly higher on the hard surface in the left T12 region (p<0.001).
There was no significant difference in left or right T18 locations. (Table 1.1). The
table is located in the appendix for this chapter. The PE was significantly higher
on soft footing in the left T18 (p=0.031), left L5 (p<0.001), right T12 (p<0.001)
and right L5 (p<0.001) regions. There was no significant difference in left T12 or
right T18 locations. (Table 1.1).

The clinical effect of the soft surface on muscle activation was estimated using
the mean values for each muscle location and outcome parameter. It was
determined that both lumbar regions had approximately double the ARV and PE
values when horses trotted on soft footing as compared to the hard surface
(Table 1.1). Also of note, the right T12 had an 87 and 95% increase in ARV and
PE respectively on the soft surface. The left T12 showed a small decrease in
both ARV and PE on the soft surface, but was not to a threshold to be
considered clinically relevant.
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Discussion

Our main purpose was to compare the muscle activity of the multifidus while
horses were trotting on hard and soft surfaces. These exercises are common in
all conditioning and exercise programs, regardless of the horse's intended use or
purpose. This work is the first step in determining overall muscle activity of the
multifidus muscle during a routine exercise, such as the trot.

We selected the multifidus muscle due to its theorized role as a spinal stabilizer
in other quadrupeds [22-24]. The multifidus muscle has been emphasized in
horses due to atrophy noted adjacent to areas of spinal disease post-mortem
[25]. However, there have been no reports indicating the activation of the
multifidus during motion in normal horses.

We found significant increases in either muscle work or maximum value in all
muscle sections except right T18. Interestingly, left T12 was the only muscle
location in which the softer footing induced an overall decrease in ARV and PE
as compared to the hard, however only the ARV was found to be significantly
different. This could be due to the left sided location of the handler when horses
trot in hand. Despite not showing obvious changes in head or neck position,
minute changes in position could have been missed, that may have contributed
to altered muscle activation.

Human studies have shown significantly greater mean activation of the muscles
responsible for ankle stabilization when people were asked to exercise on an
unstable surface [26]. Additionally, an unstable surface increased activity of all
trunk stabilizing muscles by 37-54% [27]. Other researchers confirmed these
results on trunk muscles specifically in the lumbar [28], and abdominal
musculature [29, 30].

Pinnington et al investigated the changes in surface EMG of the hamstrings,
guadriceps, and tensor fascia latae muscles when runners were asked to
perform in sand versus a firm wooden floor. Significant increases in average
muscle activation as well as a calculated energy cost was observed in all
muscles when running on sand [31]. Similar electromyographic studies assessing
the effect of surface have not been reported in any muscle of the horse, to date.

Traditionally, most equine research on surface conditions has investigated the
hoof-surface interaction [32, 33], or on the characteristics of the surface itself
[34], with little to no interest in muscle activity. One equine study has been
performed comparing trotting on firm sand to deeper unstable sand. It was found
that the deeper sand resulted in decreased efficiency of pushoff, implying that
propulsive muscles must require more force to propel forward [35], however, this
was not confirmed with EMG. The same research group investigated the use of
qualitative ultrasound and speed of sound measurements as a way of
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determining the force produced by a tendon [36]. When comparing two surfaces,
the force produced by the superficial digital flexor tendon was greater in the
surface that was softer and more easily deformed [36]. Since the force a tendon
produces is directly related to the strength of muscle contraction, it can be
believed that there was increased muscle activation in the softer surface.

Specific limitations of this work include the inability to link the activation of the
multifidus muscle to phase of stride. However, this was not a primary objective
of this study. Therefore, this study is limited regarding determination of the
function of the multifidus during motion. Additionally, the multifidus muscle is
comprised of several fascicles, each of different length. Care was taken to
implant each sensor at a similar location of each multifidus site, at the junction of
the middle and deep thirds. However, since the different fascicles are not
ultrasonographically apparent, some sensors may be in different fascicles than
others. While the anatomy is well documented [6, 37], the function of each
fascicle has not yet been determined. Hyytiainen et al has shown variation of
muscle fiber types between fascicles in horses as well as breeds [38]. Muscles
have been documented to have altered fiber type, based on the forces and
functions required [39]. Thus, there could be variation in EMG activity between
fascicles. This work incorporates the use of four horses. Using all observations
for every horse resulted in a calculated power of 1 at each muscle location for
both ARV and PE. However, larger magnitudes of change could have become
evident with more horses. Lastly, we were unable to standardize speed between
trials, however, horses were maintained at their own natural pace for each
exercise repetition and care was taken to prevent fatigue. This is similar to
previous methods used [19, 40]. Additionally, each horse was maneuvered by
the same handler throughout the study period, thus limiting the effect of variation
from different handlers.

Future study should focus on integrating three-dimensional motion analysis with
multifidus instrumentation to further explore the activity patterns during specific
portions of the stride. Relating the EMG signal to stride characteristics and spinal
motion would begin to define the role of the multifidus muscle in spinal
stabilization in horses. If it is determined the multifidus contributes to spinal
stability in a similar fashion as is seen in humans, further therapeutic exercise
and rehabilitation methods should be investigated to maximize strength and
function.
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Conclusion

In conclusion, trotting on a soft surface induced higher levels of average muslve
activation and peak activation values in most multifidi locations as compared to
trotting on a firm surface, consistent with findings in humans [31] and implied
conclusions in horses [35, 36]. Reconditioning programs should not be performed
solely on firm footing, as the multifidus shows to have varied activation levels on

the two densities of footing studied here.
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Appendix

Table 1.1 Mean (standard deviation) values for outcome measures on hard
and soft surfaces.

Muscle | Oucome | Hard Soft p value | Mean 95% 95% % soft | %
Measure | Surface Surface for Difference | Confidence | Confidence | of change
Mean Mean equality Interval Interval hard
(sd) (sd) of Lower Upper
means
(2-
tailed)
Left Average | 0.5085 0.3782 <0.001 | 0.13026 0.06696 0.19356 74.38 -26%
T12 rectified (0.19790) | (0.25258)
Peak 0.5360 0.4753 0.111 0.06074 -0.01408 0.13556 88.68 -21%
Envelope | (0.18427) | (0.33093)
Left Average | 0.4136 0.4647 0.199 -0.05109 -0.1293 0.02712 112.35 | 12%
T18 Rectified | (0.23571) | (0.31870)
Peak 0.4731 0.5717 0.031 -0.09862 -0.18833 -0.00891 120.84 | 20%
Envelope | (0.24116) | (0.38510)
Left L5 | Average | 0.1821 0.3608 <0.001* | -0.17875 -0.24877 -0.10874 198.13 | 98%
Rectified | (0.20551) | (0.28953)
Peak 0.1397 0.3219 <0.001* | -0.18214 -0.25171 -0.11257 230.42 | 130%
Envelope | (0.13674) | (0.32407)
Right Average | 0.3975 0.7763 <0.001* | -0.37879 -0.47978 -0.2778 195.30 | 95%
T12 rectified (0.21698) | (0.46244)
Peak 0.4576 0.8558 <0.001* | -0.39826 -0.50578 -0.29074 187.02 | 87%
Envelope | (0.22127) | (0.49667)
Right Average | 0.3159 0.2940 0.515 0.0219 -0.04431 0.08812 93.07 -1%
T18 Rectified | (0.21123) | (0.26092)
Peak 0.3662 0.3887 0.542 -0.02251 -0.09528 0.05026 106.14 | 6%
Envelope | (0.22193) | (0.29459)
Right Average | 0.1232 0.2435 <0.001* | -0.12033 -0.16058 -0.08009 197.65 | 98%
L5 Rectified | (0.13209) | (0.15558)
Peak 0.1003 0.1975 <0.001* | -0.09713 -0.1307 -0.06356 196.91 | 96%
Envelope | (0.09209) | (0.14296)

Bold* denotes significant differences between surfaces (p<0.05)

52



CHAPTER III:
MULTIFIDUS ACTIVATION IN HORSES TROTTING DURING
THERAPEUTIC EXERCISE
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Abstract

Thoracolumbar pain has been identified in both human and equine patients.
Despite a variety of causes, physical therapy and conditioning programs have
focused specifically on improving trunk and abdominal muscle function [1-5].
Equine exercise programs routinely incorporate ground poles and training
devices for the similar goals of increasing spinal and core stability and strength
[6-8]. The multifidus muscle has been an area of focus due to atrophy
associated with disease [9]. To date, there have been no reports on the activity of
the multifidus muscle in horses in relation to therapeutic exercises.

Our objectives were to use electromyography to determine the average work
performed and peak muscle activity of the multifidus in horses trotting over
ground poles and while wearing a resistance band-based training device. We
hypothesized that ground poles and the training device would each increase
average work performed and peak multifidus muscle activity.

Right and left cranial thoracic locations showed significant increased muscle
work and peak activation when horses were trotted over ground poles versus
without. There were significant interactions between the two conditions (with and
without training device, and with and without ground poles) in all but the peak
activity for left and right lumbar locations. The peak activation was significantly
greater in horses trotting over poles in both lumbar regions, but there was no
significant change in peak activation in either location due to the training device.
Due to significant interactions unpaired t-tests were used to compare with and
without the training device without ground poles and with and without the training
device in combination with ground poles. When the influence of the training
device was investigated without ground poles, left caudal thoracic muscle work
and peak activity, and right lumbar muscle work were significantly lower when
using the training device, as compared to without. When the training device was
combined with trotting over ground poles, both left and right caudal thoracic
regions showed significantly lower muscle work and peak activity when the
device was used. There was no significant difference between with and without
the device in either left or right lumbar muscle work.

In conclusion, implementing ground poles can be an effective strategy to
increase the activation of the multifidus muscle, however, caution should be
taken when incorporating the use of a resistance band training device as muscle
work and peak activation were significantly reduced in most locations. Further
study should be performed in regards to the training device to determine its
effects on epaxial musculature.
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Introduction

In humans, paraspinal musculature has been shown to contribute a substantial
portion of overall spinal stability [10, 11]. The multifidus muscle has been
specifically identified as a major contributor to spinal stabilization in humans [12].
Spinal instability has been correlated to injury, even under low stress movements
of daily living [13]. Additionally, it has been hypothesized that a build-up of
microtrauma could induce changes in neuromuscular control, thus predisposing
spinal components to further injury [14].

Lower back pain (LBP) is defined as the pain of the posterior trunk between the
12" rib and the lower gluteal folds. [15]. A myriad of underlying conditions can
cause LBP including but not limited to intervertebral disc herniation, spinal
stenosis, degenerative scoliosis, osteoarthritis of the facet joints, and idiopathic
causes [16, 17]. While horses can have similar symptoms of LBP as seen in
humans, the underlying cause is not always as clear. Veterinary clinicians are
limited in their ability to diagnose specific spinal lesions in horses due to their
size and thus the impossibility to perform advanced diagnostic imaging.
Regardless of the cause of LBP in humans, treatment relies heavily on physical
therapy to improve trunk and abdominal muscle function [1-5], as well as
proprioception and balance [1, 3, 18]. Similar principles have been implemented
into equine therapeutic exercise programs with the use of ground poles and other
training devices.

Ground poles are routinely used in equine exercise programs to improve
proprioception, increase stride length, promote symmetry, and induce joint flexion
[6, 7]. Brown et al has shown horses trotting over ground poles successfully clear
the obstacle by lifting their limbs higher and increasing joint flexion across all
joints [19]. There was significantly more joint flexion when trotting over poles as
compared to flat ground [19]. It was concluded that trotting over poles would be
effective to increase activation and strength of flexor muscles. During the stance
phase, horses did not show significant increases in vertical ground reaction force
or extension of the metacarpophalangeal and metatarsophalangeal joints [20].
Thus, the load placed upon each limb was like that traveling across flat ground
[20]. To date, muscle activity has not been directly reported in horses trotting
over ground poles.

Several types of training devices have been developed and used in equine
exercise programs. Overall, the intention of each device is to promote abdominal
lifting, engagement of the hind limbs, and spinal stability while strengthening the
epaxial musculature [21]. One resistance band training device was determined
to reduce mediolateral and rotational motion of the thoracolumbar spine [8]. The
authors concluded that this decrease in thoracolumbar motion was due to
increased dynamic stability [8]. If human modeling data is extrapolated, this
would likely be due to increased muscle activity, since muscles contribute a large

55



part to spinal stability [10, 11]. Muscle activity was not assessed in the
aforementioned resistance band-based device [8]. Cottrail et al. described the
activity of the longissimus dorsi muscle while using a different training device
[21]. The longissimus dorsi muscle is a large epaxial muscle in horses thought to
contribute to dynamic spinal stability [22]. Cottrall et al did not find any significant
increase in longissimus dorsi activation with the use of the training device [21].
Therefore, if either of these training aids improve dynamic spinal stability, another
mechanism or muscle is likely to be involved.

Electromyography (EMG) is the study of muscle activity by assessing the action
potentials created by the motor unit [23]. The activity of deep musculature can
be recorded using in-dwelling fine wire electrodes without the potential for cross-
talk from other muscles [23]. The multifidus muscle can be imaged with routine
ultrasonography [9, 24] in order to direct accurate and precise electrode
placement.

Our objectives were to use electromyography to determine the average activation
performed and peak muscle activity of the multifidus in horses trotting over
ground poles and while wearing a resistance band-based training device. We
hypothesized that ground poles and the training device would each increase
average activation performed and peak multifidus muscle activity.

Methods

Horses

Four horses from the University of Tennessee Veterinary Research and
Teaching herd were included. All horses were assessed for lameness by trotting
in a straight line. Any horse with greater than a grade 2 lameness based on the
American Association of Equine Practitioners lameness scale were excluded.
Gaited horses and gaited breeds were excluded unless they maintained a
consistent diagonal two beat trot gait. This study was performed in accordance
of the Assessment and Accreditation of Laboratory Animal Care and United
States Department of Agriculture guidelines with approval from the University of
Tennessee Institutional Animal Care and Use Committee.

Gait Cycle Validation

The gait cycle was linked to the activity of the longissimus dorsi muscle. Self-
adhesive surface electrodes with an inter-electrode distance of 2 cm were
adhered to clipped, shaved, and cleaned skin overlying the longissimus dorsi
muscle at the level of the dorsal spinous process of the 16" vertebrae as
previously described [22].

In addition to having surface EMG sensors in place, 9 mm spherical reflective
markers were placed on the lateral aspect of each hoof at the level of the
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coronary band. Using motion analysis (Nexus, Vicon Motion Systems, Oxford,
England) integrated and synchronized with the electromyographic signal from a
telemetric system (Myomotion; Noraxon USA, Scottsdale, USA), the timing of the
longissimus dorsi muscle activity in relation to the gait cycle was determined.
Kinematic data from both motion capture cameras and electromyography were
collected using Nexus software and imported into Visual3D (C-Motion Inc.,
Germantown MD, USA) for further processing. Kinematic data were interpolated
and low-pass filtered with a frequency cut off of 8 Hz. Gait cycle events of heel
strike and toe off of each hoof were labeled based on when makers reached a
zero position in the vertical z-plane.

Fine-wire Electromyography

Muscle potentials from the multifidus muscle were collected using a telemetric
unit (Myomotion; Noraxon USA, Scottsdale, USA) with a sampling frequency of
1500 Hz. The skin was clipped, shaved, and cleaned using chlorhexidine and
isopropyl alcohol. Ultrasound was used to locate and identify each dorsal spinous
process. The skin was desensitized with 1 ml mepivicaine per site taking care to
remain superficial to the thoracolumbar fascia to prevent alterations in
thoracolumbar muscle function as previously reported [25]. Ultrasound guidance
was used to aseptically insert fine wire electrodes in the multifidus at the junction
of the middle and deep third. Fine wire electrodes were placed at the level of the
dorsal spinous process of the twelfth (T12) and eighteenth thoracic (T18) and
fifth lumbar (L5) vertebrae bilaterally.

Exercises

EMG signals were collected with the horse trotting straight in hand on synthetic
arena footing under four separate conditions: over a series of ground poles 10
cm in diameter, while wearing a therapeutic band-based training device
(Equicore Concepts, East Lansing MI), while traveling over the series of ground
poles while also wearing the training device, and trotting over the same arena
surface without either ground poles or therapeutic band exercise device.
Distance between poles was approximately one meter, dependent upon the
height and natural stride length of each individual horse. Horses were acclimated
to the resistance band training device for a minimum of three days before data
collection. Tension of each of the resistance bands was set to 25% (the length of
the elastic resistance band was made to be 75% of the measured distance
between the attachment points). The authors find this degree of tension most
clinically effective and is comparable to other studies [8]. The head and neck
were maintained in a neutral position for every exercise. Video recording was
synchronized to the telemetric system (Ninox Video Capture 125), to confirm the
guality of each exercise. Horses had to perform between six and fifteen
consecutive and consistent strides for each exercise to be deemed a quality
repetition. A minimum of five quality repetitions of each exercise were recorded.
All horses had complete data for all multifidus locations. However, the T12
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electrodes had to be removed before equipping the training device, resulting in
comparisons only at T18 and L5 for the resistance device.

Exercise data processing

Motion artifact and noise from raw EMG signals was removed with a high-pass
filter set at 40 Hz. Whole signals were then rectified. Lastly, a low pass filter was
implemented with a 15 Hz cut off frequency. Using enveloped data, the onset
and offset of muscle electrical activity within each of the five three-stride sections
was labeled using Visual3D. Each of these activations were exported from
Visual3D from the rectified and enveloped signals. The average rectified value
and the maximum enveloped value were normalized to the maximal reference
voluntary contraction, represented by the maximum EMG outcome measure
observed across all trot strides for each horse, as previously described (St
George, 2019). The average rectified signal (ARV) during the activation was
used as an indication of average "work-done" by the muscle [26, 27]. The peak
value (PE) observed from the enveloped data represented the highest level of
activation [26, 27].

Statistical Analysis

Statistical analysis of the data was performed using SPSS Version 27. The
statistical analysis of the EMG measures included all observations across the two
factors; with and without the training device and with and without ground poles. A
two-factor univariate analysis of variance was used to test for differences
between the two factors across all observations. Any interactions between the
factors were further explored with unpaired t-tests.

Results

Horses

One gelding and three mares aged 4 to 14 years of various breeds from the
University of Tennessee Veterinary Research and Teaching herd were utilized.
All horses were deemed to be a grade 2 or less baseline lameness in any limb
based on the American Association of Equine Practitioners lameness scale. All
horses received oral phenylbutazone at a dose of 2.2 mg/kg twice daily started at
least 24 hours before data collection. All horses were visually sound during data
collection as deemed by two experienced lameness veterinarians.

Gait Cycle Validation

The left longissimus muscle was determined to have two isolated peaks of
activation per single trotting gait cycle. The first peak was associated with left
front toe off. The second peak was associated with left hind toe off, consistent
with previously reported work [22]. Using the data collected from the left
longissimus muscle, the timing of three complete gait cycles was determined and
extrapolated to the synchronized signal of the sensors implanted within multifidus
muscle. Five three-stride segments were isolated from the data sets previously
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confirmed to be a quality exercise repetition based on the synchronized video
recording.

Fine Wire EMG

Right and left T12 locations showed strongly significant increased ARV and PE
when horses were trotted over ground poles versus without (p<0.001) (Table
2.1). All tables are located in the appendix of this chapter.

There were significant interactions between the two conditions (with and without
training device, and with and without ground poles) in all but the PE for left and
right L5. The PE for both right (p=0.11) and left (P<0.001) L5 was significantly
greater in horses trotting over poles vs no poles, but there was no significant
change in PE in either location due to the training device (Table 2.1).

Due to the interactions between the training device and ground poles in all other
outcome measures, one unpaired t-test compared with and without the training
device without ground poles. Another unpaired t-test compared with and without
the training device in combination with ground poles.

When the influence of the training device was investigated without ground poles,
left T18 ARV (p=0.002) and PE (p=0) and right L5 ARV (p=0) were significantly
lower when using the training device, as compared to without (Table 2.2).

When the training device was combined with trotting over ground poles, both left
and right T18 showed significantly lower ARV and PE when the device was used.
There was no significant difference between with and without the device in either
left or right L5 ARV (Table 2.3).

The clinical importance of muscle activation for each exercise and location were
also calculated as a percentage of change as compared to the baseline condition
of trotting over flat ground (Table 2.4). Ground poles cause a general increase in
both PE and ARV at all locations. The highest magnitude of change was seen in
both T12 locations with increases of approximately 40-50% in both ARV and PE.
Left L5 exhibited increases in ARV and PE of 51 and 66% respectively. Left and
right T18, and right L5 showed increases of 15-30%. The training device caused
decreases in both ARV and PE in all locations except left L5. Of note were
decreases of 21 and 23% in ARV and PE respectively at left T18. When the
training device and ground poles were used in combination, larger decreases in
ARV and PE were observed at left and right T18 locations. Left and right L5 both
showed effects similar to that was seen with ground poles alone.
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Discussion

The multifidus muscle has garnered much attention in the equine literature due to
implied associations of atrophy with axial spine disease [9] like what is reported
in humans [28-33]. Rehabilitation methods have focused on promoting
hypertrophy of this structure [24, 34] however, muscle activity has never been
directly measured. The work presented here is the first to document the overall
muscle work and peak activity of the multifidus muscle in relation to specific
therapeutic exercises and training devices.

We hypothesized that having horses trot over poles would increase the average
muscle activation and peak activity of the multifidus as compared to trotting over
the same surface without poles. This work supported that hypothesis in that both
cranial thoracic regions showed significant increases in ARV and PE.
Additionally, trotting over ground poles induced significantly more PE in left and
right L5. Ground poles increased the ARV by 20-51% in comparison to trotting
over the same surface without poles in all locations. Similarly, the PE increased
by 15-66% across all multifidi locations measured.

We also hypothesized that when horses exercised wearing a resistance band-
based training device the average and peak muscle activity would increase. Our
findings did not support this hypothesis and actually resulted in significantly less
ARV and PE in several locations. Other locations showed no significant change
in ARV or PE when the device was used as compared to without it. Interestingly,
the mean of each outcome parameter and muscle location except the ARV of left
L5 was lower when the training device was used as compared to the same
conditions without it. With a larger sample size, more locations could have
reached statistical significance.

When the clinical effects were calculated based on a percentage of the baseline
condition, each of the T18 locations showed the largest decrease in muscle
activation when ground poles were used in conjunction with the training device.
The L5 locations each had results lower, but more similar to that of horses
trotting over ground poles without the device. Therefore, the use of both ground
poles and the training device promoted further decrease in activity in the caudal
thoracic regions, and maintained a similar muscle output as if the device was not
used in the lumbar areas.

The overall decrease in average and peak muscle activity seen with the use of
the training device was surprising. Clinically, horses do seem to engage their
back and hindquarters when the device is used. Pfau et al. found that horses
who were exercised in the training device had decreased roll, pitch, and
mediolateral displacement of the thoracolumbar region [8]. They concluded the
resistance band training device increased dynamic stability. However, our work
implies that the decrease in motion is not due to increased multifidus activity. It
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is possible that the use of the training device activates other spinal stabilizers or
abdominal or hind limb muscles. Similar studies have investigated the effects of
a training device on the longissimus dorsi muscle, the main contributor of the
epaxial muscle group in horses [21]. They discovered that the training device
also significantly decreased the muscle activity [8]. Similar unpublished
reductions in longissimus dorsi activity have been seen with the resistance band
training device [35]. The training device may alter the timing of activation and
while the overall muscle work or peak activation were unchanged, the muscle
may be active during a different phase of stride, providing more stability during
motion. To more precisely determine the function of the multifidus muscle during
motion, more advanced motion analysis should be performed in conjunction with
multifidus EMG recording. Additionally, the training device may require a more
prolonged training regimen to change muscle activation.

Specific limitations of this work include the inability to make conclusions based
on the timing of the multifidus muscle activation in reference to each phase of the
stride. This was not a primary objective of this project, as we were interested in
the overall muscle activity due to therapeutic interventions, not classifying the
timing of contractions. As stated previously, the multifidus muscle has several
fascicles of varying lengths [36, 37]. We took exceptional care to implant each
sensor at a similar location and depth. However, the fascicles are not
distinguishable on ultrasound, and therefore, some electrodes may be in different
fascicles than others. While the anatomy is well documented [36, 37], the
function of each fascicle has not yet been determined. Hyytiainen et al has
shown variation of muscle fiber types between fascicles in horses as well as
breeds [38]. Muscles have been documented to alter in fiber type, based on the
forces and functions required [39]. Thus, there could be variation in EMG activity
between fascicles. This work incorporates the use of four horses. Given the
strongly significant results in some locations, we felt a sample size of four was
adequate. Additionally, using all observations resulted in a calculated power of 1
at each muscle location and outcome measure. However, more changes could
become evident with more horses. Lastly, velocity could not be standardized
between trials, however, horses were kept at their own natural pace for each
exercise repetition and care was taken to prevent fatigue. This is similar to other
methods used [40, 41]. Additionally, each horse was maneuvered by the same
handler throughout the study period, thus limiting the effect of variation from
different handlers.
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Conclusion

In conclusion, ground poles should be incorporated into every reconditioning and
exercise plan focused on activating the multifidus muscle. However, caution
should be used in regards to the resistance band training device tested, as both
average and peak muscle activation were significantly lower in several locations.
Further work should be performed to investigate the effects of the training device
on other spinal stabilizing epaxial musculature and in conjunction with motion
analysis.
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Appendix

Table 2.1: Means (standard deviation) and comparisons of normalized EMG

outcome measures for all conditions

Mean (sd) Poles vs Training
No Poles device vs
No
Training
device
Muscle Outcome No Poles, No Poles, No Training Training Mean p value Mean p value Interaction
Measure Training device Training device, device, difference difference
device No Poles Poles (+/- 95% (+/- 95%
Cl) Cl)
Left T12 Average 0.4434 0.6179 n/a n/a 0.175 <0.001F | —
rectified (0.23556) (0.26349)
Peak 0.5057 0.7236 n/a n/a 0.218 <0.001 ¥
Envelope (0.26889) (.26351)
Left T18 Average 0.4391 0.5281 0.3472 0.2728 0.007 0.756 -0.174 <0.001 <0.001*
Rectified (0.28076) (0.30866) (0.17994) | (0.16772)
Peak 0.5224 0.6031 0.4016 0.3521 0.016 0.556 -0.186 <0.001 0.014*
Envelope | (0.32428) (0.33821) (0.20246) | (0.18241)
Left LS Average 0.2715 0.4090 0.3710 0.4334 0.1 <0.001 0.062 <0.001 0.005*
Rectified (0.26597) (0.27310) (0.22303) (0.25320)
Peak 0.2308 0.3821 0.2897 0.3657 0.114 <0.001 ¥ 0.021 0.373 0.114
Envelope | (0.26436) (0.32181) (0.15635) | (0.23664)
Right Average 0.5869 0.8426 n/a n/a 0.256 <0.001 ¥
T12 rectified (0.40726) (0.28228)
Peak 0.6567 0.9611 n/a n/a 0.304 <0.001 ¥
Envelope (0.43235) (0.35881)
Right Average 0.3049 0.3866 0.2687 0.2618 0.037 0.09 -0.081 <0.001 0.045*
T18 Rectified (0.23703) (0.32605) (0.19079) (0.15112)
Peak 0.3775 0.4403 0.3421 0.3344 0.028 0.264 -0.071 0.004 0.004*
Envelope (0.26039) (0.35443) (0.22136) (0.19004)
Right L5 Average 0.1833 0.2347 0.1670 0.2006 0.042 0.004 -0.025 0.087 0.001*
Rectified (0.15608) (0.19312) (0.11342) (0.15582)
Peak 0.1489 0.1801 0.1441 0.1789 0.033 0.011F -0.003 0.817 0.887
Envelope (0.12945) (0.14016) (0.09891) (0.18250)

* denotes a significant interaction, conclusions were based on further post-
hoc testing
F denotes significance (p<0.05)
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Table 3.2: Post hoc evaluation of training device without ground poles

Muscle Outcome Measure No Training Training device p for equality Mean 95% ClI 95% ClI
device Mean (sd) | Mean (sd) of means (2- difference (lower) (upper)
tailed)
Left T18 | Average Rectified 0.4647 (0.31870) 0.3472 0.002 F 0.11745 0.04516 0.18975
(0.17994)
Peak Envelope 0.5717 (0.38510) | 0.4016 <0.001 ¥ 0.1701 0.08413 0.25607
(0.20246)
Left LS Average Rectified 0.3608 (0.28953) | 0.3710 0.78 -0.0102 -0.08227 0.06187
(0.22303)
Right Average Rectified 0.2940 (0.26092) | 0.2687 0.435 0.02528 -0.0385 0.08906
T18 (0.19079)
Peak Envelope 0.3887 (0.29459) 0.3421 0.208 0.04658 -0.02612 0.11929
(0.22136)
Right L5 | Average Rectified 0.2435 (0.15558) 0.1670 <0.001 ¥ 0.07647 0.03848 0.11446
(0.11342)
F denotes significance (p<0.05)
Table 4.3: Post hoc evaluation of training device with ground poles
Muscle Outcome Measure No Training Training device p for equality of Mean 95% ClI 95% ClI
device Mean (sd) Mean (sd) means (2-tailed) difference (lower) (upper)
Left T18 | Average Rectified 0.5281 (0.30866) 0.2728 (0.16772) | <0.001 T 0.25529 0.18589 | 0.32469
Peak Envelope 0.6031 (0.33821) 0.3521 (0.18241) | <0.001 T 0.25098 0.17506 | 0.32689
Left L5 Average Rectified 0.4090 (0.27310) 0.4334 (0.25320) 0.514 -0.02434 - 0.0491
0.09778
Right Average Rectified 0.3866 (0.32605) 0.2618 (0.15112) | <0.001 T 0.1248 0.05375 | 0.19585
T18
Peak Envelope 0.4403 (0.35443) 0.3344 (0.19004) | 0.009 ¥ 0.10588 0.02642 | 0.18533
Right L5 | Average Rectified 0.2347 (0.19312) 0.2006 (0.15582) | 0.171 0.03408 - 0.08302
0.01487

F denotes significance (p<0.05)

67



Table 5.4: Percent change in outcome measure means for each exercise

condition in comparison to baseline

Muscle | Outcome No Poles Poles % No No % Poles Poles %
Measure Poles, no No chang Poles poles, chang | and and change
No Trainin Trainin e Trainin Trainin e Trainin Trainin
Training [¢] ¢} g ¢} g 9
device device device device device device device
Mean Mean % of Mean % of Mean % of
(baseline baselin baselin baselin
) e e e
Left Average 0.4434 0.6179 139.35 39%
T12 rectified
Peak Envelope | 0.5057 0.7236 | 143.09 | 43%
Left Average 0.4391 0.5281 120.27 | 20% 0.3472 | 79.07 -21% 0.2728 | 62.13 -38%
Ti8 Rectified
Peak Envelope | 0.5224 0.6031 115.45 15% 0.4016 | 76.88 -23% 0.3521 | 67.40 -33%
Left L5 | Average 0.2715 0.409 150.64 | 51% 0.371 136.65 | 37% 0.4334 159.63 | 60%
Rectified
Peak Envelope | 0.2308 0.3821 165.55 | 66% 0.2897 | 12552 | 26% 0.3657 158.45 | 58%
Right Average 0.5869 0.8426 | 143.57 | 44%
T12 rectified
Peak Envelope | 0.6567 0.9611 146.35 | 46%
Right Average 0.3049 0.3866 | 126.80 | 27% 0.2687 | 88.13 -12% 0.2618 | 85.86 -14%
Ti8 Rectified
Peak Envelope | 0.3775 0.4403 | 116.64 | 17% 0.3421 | 90.62 -9% 0.3344 | 88.58 -11%
Right Average 0.1833 0.2347 128.04 | 28% 0.167 91.11 -9% 0.2006 109.44 | 9%
L5 Rectified
Peak Envelope | 0.1489 0.1801 120.95 | 21% 0.1441 | 96.78 -3% 0.1789 120.15 | 20%
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CHAPTER IV: CONCLUSIONS AND FUTURE DIRECTION
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Introduction

The multifidus muscle has garnered much attention in equine exercise science,
due to its contribution to spinal stability in humans [1-7]. Atrophy and asymmetry
of the muscle has been reported in association with many spinal diseases in
humans [8-13] and horses [14]. Exercise programs have focused on inducing
hypertrophy of this muscle group [15, 16], however, the actual muscle activity
has never been reported in association with therapeutic exercises in horses.

The aforementioned work was the first of its kind in determining the overall
activity of the multifidus muscle while horses exercised. Fine-wire
electromyography electrodes were successfully implanted into the multifidus
muscle at several sites. The system and design used allowed for muscle activity
assessment during various exercises. With refinement of the signal, several
conclusions were able to be made about the alterations in muscle activity due to
changes in conditions.

Conclusions

In regard to the effects of ground surface type, most equine research has
focused on the hoof-surface interface and stride characteristics [17, 18]. A few
studies have implied changes in muscle activity by assessing loading
characteristics of the superficial digital flexor tendon [19, 20]. Human literature
has reported increases in muscle activity in relation to exercise performed on
more unstable surfaces [21-26] but similar reports cannot be found in equine
literature. The results of Chapter Il imply that exercises performed on the more
unstable footing induces greater muscle work and peak activation in most
portions of the multifidus.

Ground poles are routinely used in exercise programs to induce muscle activity
[27, 28]. Horses trotting over poles do not show an increase in ground reaction
forces in the support limb [29] making them acceptable for use in horses
recovering from injury. In addition, horses are forced to flex all joints and lift their
limbs higher to successfully navigate the ground poles [30]. The induced flexion
has been implied to coincide with increased muscle activity, however, this has
not previously been proven. Based on the results of Chapter Ill, ground poles do
significantly increase the muscle work and peak activation of the multifidus
muscle. Since ground poles do not induce added strain to tissues, but induce
increased muscle activity, they should be considered for all rehabilitation plans
focused on strengthening the multifidus muscle.

Training devices have been proposed to encourage horses to engage the core
musculature and hindlimb musculature [31]. Exercise programs employing such
devices have shown hypertrophy of the multifidus [15], and increased spinal
stability [31], however, multifidus activity induced by a resistance band-based
training device has not been reported. The results of Chapter Il regarding the
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training device were not expected. Almost every muscle location showed
decreases in average and peak muscle activity when the training device was in
use. In several locations, this decrease was strongly significant. There were no
locations where the training device induced significant increases in muscle
activity which was unexpected.

In conclusion, muscle activity of deep muscles such as the multifidus was able to
be measured using indwelling fine wire electrodes. No detrimental effects were
seen in relation to horse comfort or motion in relation to the electrodes.
Additionally, softer impressionable surfaces and ground poles should be
considered in exercise plans focused on activating the multifidus muscle.
Caution should be used when integrating the training device studied here due to
the overall decrease in both average and peak muscle activity at almost every
location measured.

Future Research

Future research should focus on determining the association of the multifidus
muscle with spinal motion in horses. Literature is severely lacking, compared to
human literature, in determining the function and role of the multifidus in horses.
The work presented here is a starting point and allows for a repeatable model to
assess the multifidus muscle during motion. Incorporating fine wire
electromyography with other motion analysis systems such as 3-D motion
capture or inertial motion units would be the next step to assess the
biomechanical function of the multifidus.

Additionally, the commercially available training devices do appear to improve
topline strength and function in clinical cases. More assessment should be done
with indwelling, and surface electromyography as well as motion analysis to
determine how these training devices may induce spinal stability. In addition to
training devices, there are a myriad of other exercises such as underwater
treadmill, swimming, jumping and incline work that should be investigated in
relation to spinal stability and strengthening.
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