ABSTRACT

HENNEN, KELSEY KATHERINE. Effect of Severe Shoulder Deformity on Gait
Characteristics in a Rat Model of Brachial Plexus Birth Palsy. (Under the direction of
Katherine Saul)

Brachial Plexus Birth Palsy (BPBP) occurs when the C5 through C8 cervical roots are
damaged due to a difficult birth (Hogendoorn, et al., 2010; Lagerkvist, et al., 2010).
Incidence rate is 0.42 to 5.1 in 1000 live births (Evans-Jones, et al., 2003; Hoeksma, et al.,
2003) and is increasing as birth weight continues to rise (Chauhan, et al., 2005; Hoeksma, et
al., 2003). Although most cases experience complete, spontaneous recovery without
permanent damage to the musculoskeletal system, 10-20% suffer from incomplete nerve
recovery and experience glenohumeral joint deformity (Crouch, et al., 2015; Eismann, et al.,
2015; van Gelein Vitringa, et al., 2009) and rotator cuff muscle imbalance (Birch, 2002;
Einarsson, et al., 2008; van Gelein Vitringa, et al., 2009). Since murine species have similar
shoulder joint anatomy and innervation of the brachial plexus (Ochiai, et al., 2002), rat
models are commonly used to elucidate musculoskeletal changes following BPBP (Crouch,
et al., 2015; Li, et al., 2008; Li, et al., 2010; Ochiai, et al., 2002; Soldado, et al., 2012). While
these animal model approaches provide excellent quantitative characterization of the extent
of bone and muscle alterations post injury, little is known about how the degree of deformity
relates to functional limitations. Therefore, the objective of this thesis was to examine effect
of shoulder deformity severity on functional changes to gait in rats with a brachial plexus

injury.

Thirty-two rat pups underwent interventions to elicit brachial plexus neurectomy and

muscle chemodenervation. At eight weeks post-operatively, the gait of each rat was



monitored for four consecutive cycles (DigiGait Imaging System, Quincy, MA). Insufficient
data was collected for eight rats, and these rats were not included in further analyses. Stride
length, stride frequency, stance factor, stance width, and swing to stance ratio were
calculated for the impaired forelimbs using the camera underneath the treadmill belt. Prior
analysis of the rats in this study revealed that glenoid inclination angle was the primary
osseous marker of deformity and was strongly correlated with the degree of restriction of
muscle fiber length in affected muscles (Crouch, et al., 2015). Therefore, glenoid inclination
was used to classify the animals according to their deformity, into typical, declined, or

inclined angle groups.

The results revealed that severe glenoid declination was associated with markedly
altered use of the impaired limb. All rats in the declined group walked with an altered gait
pattern using the elbow or shoulder of the impaired limb in place of the paw, and in one case
not using the limb at all. The stride length of the declined group’s impaired limb decreased,
which lead to an increase in stride frequency in order to maintain the required gait speed.
Forelimb stance width of the declined group was greater than the distance maintained by the
typical and inclined groups. Forelimb stance factor was significantly less for the declined

group, and stance duration of their impaired limb was reduced.

This study confirmed that severity of glenohumeral declination is revealed in
alterations of basic gait characteristics, while relative inclination does not affect gait. This
work provides a foundation by which osseous deformation severity and occurrence of

spontaneous recovery can be evaluated with non-invasive techniques, and provides a method



to identify either recovery or progression of injury for longitudinal case studies. Such an
approach has potential to limit the number of animals required to obtain statistical power, and
limits the need for repeated imaging or other invasive methods of assessing deformity. In
addition, this establishes a framework for future work in animal models that explore the
effect of potential treatments, timelines of interventions, and dose response on functional

outcomes in these animals.
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BIOGRAPHY

| have always admired the tremendous influence an engineer can have on the living
conditions of others. Because of the diversity of this field and the influence it has on society,
| pursued an undergraduate degree in mechanical engineering at North Carolina State
University. Via the activities | was involved in during my undergraduate career, including
being a Group Fitness Instructor for University Recreation and completing a Co-op program
with Precor (the world’s third largest fitness equipment manufacturer), I discovered my

passion for Biomechanics.

After receiving my Bachelors of Science in December 2014, | was given the
opportunity to pursue my Masters of Science in Mechanical Engineering while conducting
research in the Movement Biomechanics Laboratory under the direction of Dr. Katherine
Saul. My graduate research focused on the effects of Brachial Plexus Birth Palsy shoulder

deformation to quadrupedal gait in the rat model.
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CHAPTER 1: INTRODUCTION

1.1 Brachial Plexus Birth Palsy Background

Brachial Plexus Birth Palsy (BPBP) is the result of an injury to the brachial plexus,
specifically the cervical roots C5 through C8, occurring during birth due to a complicated
delivery (Hogendoorn, et al., 2010; Lagerkvist, et al., 2010). Common scenarios leading to
this injury include multiparous pregnancies, protracted labor, breech delivery, and high birth
weight (Waters, et al., 2009). The incidence rate of this impairment ranges from 0.42 to 5.1
in 1000 live births via the birth canal (Evans-Jones, et al., 2003; Hoeksma, et al., 2003) and
0.2 to 2.0 in 1000 births via Caesarean section (Foad, et al., 2008). The incidence of BPBP is
increasing, despite advances in medical care; it is believed that this is related to the continued

increase in birth weight (Chauhan, et al., 2005; Hoeksma, et al., 2000).

Despite increasing incidence, most infants experience full recovery without
repercussions to the musculoskeletal system of the shoulder; in fact, 50% of cases experience
complete recovery by 3 months postnatal and 82% after 18 months (Lagerkvist, et al., 2010).
Because of this, surgical intervention to repair the brachial plexus is typically completed 3 to
9 months postnatal (Pearl, 2009). Although the majority of cases recover spontaneously, 10-
20% experience incomplete recovery (van Gelein Vitringa, et al., 2009). Cases of permanent
damage to the brachial plexus are associated with posterior humeral head subluxation (van
Gelein Vitringa, et al., 2009), deformation of the humeral head and glenoid (Eismann, et al.,

2015; van Gelein Vitringa, et al., 2009), fractures of the shoulder girdle (Dodds & Wolfe,



2000), declination of the glenoid inclination (Crouch, et al., 2015), and glenoid retroversion

(Eismann, et al., 2015).

1.1.1 Shoulder Anatomy Background

1.1.1.1 Anatomy of the Glenohumeral Joint

The glenohumeral joint is comprised of the glenoid cavity of the scapula and the head
of the humerus. The scapula is a triangular bone which resides behind the second through
seventh ribs (Moore & Dalley, 1999). The body of the scapula is thin and transparent, while
the edges are significantly thicker. The thickest part of the scapula forms the glenoid cavity,
which acts as the socket of the glenohumeral joint. This cavity is a concave, oval fossa which
faces anterolaterally and slightly superiorly (Moore & Dalley, 1999). The bent flange above
the glenoid cavity is defined as the coracoid process (Moore & Dalley, 1999). The protruding
ridge along the body of the scapula is referred to as the spine of the scapula (Moore &

Dalley, 1999) and is often used as a reference for deformation of the glenoid cavity.

Coracoid Process Supraspinous Fossa Spine

Glenoid Cavity

Glenoid Cavity

Subscapular Fossa Infraspinous Fossa

Anterior Posterior

Figure 1.1 Anterior and Posterior Views of the Scapula



The glenoid inclination angle, B, is defined as the angle between the centerline of the
spine and the line tangent to the rim of the glenoid cavity, o, minus 90° (Equation 1, Figure
1.2). A typical glenoid inclination value ranges from -45° to -35°. The glenoid is considered

declined as B approaches -90° and inclined as 3 approaches 0° (Crouch, et al., 2015).

B=a-90° @

Declined Inclined

Figure 1.2 Definition of Glenoid Inclination Angle

Glenoid version is defined in the transverse place of the scapula and humeral head. It is
calculated by subtracting 90° from the angle between the centerline of the scapula and the
line tangential to the rim of the glenoid cavity (Figure 1.3). The glenoid version is anteverted
when the glenoid cavity is rotated anteriorly and is retroverted when it is rotated posteriorly.
Typical values of glenoid version range from -6.3° in healthy human infants and -2.1° in

healthy human toddlers (Waters & Bae, 2008).
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Figure 1.3 Glenoid Version and Humeral Head Subluxation Definitions
(Waters & Bae, 2008)

The second component of the glenohumeral joint is the head of the humerus (Figure
1.4). The humerus is the largest bone of the upper limb. In a healthy shoulder, the humeral
head is ball-shaped (Moore & Dalley, 1999) and fits inside the glenoid cavity of the scapula.
Humeral head subluxation (Figure 1.3) is calculated as the percentage of the humeral head

anterior to the scapular spine (Waters & Bae, 2008).

Head Superior Facet
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Lesser Tubercle Inferior Facet

Anterior Posterior

Figure 1.4 Anterior and Posterior Views of the Humerus



1.1.1.2 Anatomy of the Rotator Cuff Muscles

The rotator cuff of the shoulder is comprised of the supraspinatus, infraspinatus, teres
minor, and subscapularis. The purpose of these muscles is to stabilize the humeral head in the
glenoid cavity during motion of the shoulder joint as well as actuate the joint according each

muscle’s configuration (Moore & Dalley, 1999).

The supraspinatus is the rotator cuff muscle located superior to the glenohumeral joint
(Figure 1.5). It is attached at the supraspinous fossa of the scapula and superior facet of the
humerus (Moore & Dalley, 1999). The supraspinatus receives most of its neural command
from the C5 nerve, as well as the C4 and C6. The purpose of the supraspinatus is to stabilize
the glenohumeral joint during rotation and to assist in arm abduction (Moore & Dalley,

1999).

Figure 1.5 Supraspinatus Definition

Another muscle of the rotator cuff is the infraspinatus, which is posterior to the
glenohumeral joint (Figure 1.6). This muscle attaches at the infraspinous fossa of the scapula
and the middle facet of the humerus (Moore & Dalley, 1999). Similar to the supraspinatus,

the infraspinatus is mainly innervated by the C5 nerve, but also receives signal from the C6



nerve. This muscle is responsible for the external rotation of the humerus (Kuechle, et al.,

2000; Moore & Dalley, 1999).

Figure 1.6 Infraspinatus Definition

The teres minor is the narrow, elongated muscle of the rotator cuff (Figure 1.7). It is
attached to the lateral border of the scapula and the inferior facet of the humerus (Moore &
Dalley, 1999). The C6 nerve is mostly responsible for the innervation of the teres minor
(Moore & Dalley, 1999). The teres minor works with the infraspinatus to rotate the arm

externally (Kuechle, et al., 2000; Moore & Dalley, 1999).

Figure 1.7 Teres Minor Definition

The subscapularis is the triangular rotator cuff muscle anterior to the glenohumeral

joint (Figure 1.8). This muscle is attached to the subscapular fossa of the scapula and lesser



tubercle of the humerus (Moore & Dalley, 1999). The subscapularis receives most of its
neural command from the C6 nerve, along with some from the C5 and C7 nerves (Moore &
Dalley, 1999). It is used for internal rotation and adduction of the humerus (Kuechle, et al.,

2000; Moore & Dalley, 1999).

Figure 1.8 Subscapularis Definition

The rotator cuff muscles are assisted by the pectoralis major which adducts the arm
and internally rotates the humerus about the glenohumeral joint (Moore & Dalley, 1999)
(Figure 1.9). This muscle is shaped like a large fan which covers the superior part of the
thorax (Moore & Dalley, 1999). The clavicular head of the pectoralis major is responsible for
the forward motion of the humerus in the sagittal plane and the sternocostal head is

responsible for the backward motion of the humerus (Moore & Dalley, 1999).



Figure 1.9 Pectoralis Major Definition

1.1.1.3 Anatomy of the Brachial Plexus

The brachial plexus is the major nerve network of the upper limb, and extends from
the neck to the axilla. It is comprised of the fifth cervical through first thoracic spinal nerves,
also known as the C5 through T1 nerves (Moore & Dalley, 1999). Each of these nerves
supplies different regions of the upper limb: the C5 provides nerve supply to the lateral
section, C6 to the lateral section and thumb, C7 to the middle posterior section and the
middle and ring fingers, and T1 to the middle anterior section (Moore & Dalley, 1999).
These roots combine into the three trunks of the brachial plexus, where the C5 and C6 nerves
create the superior trunk, C7 nerve forms the middle trunk, and the C8 and T1 nerves make

up the inferior trunk (Moore & Dalley, 1999).
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Figure 1.10 Brachial Plexus (Moore & Dalley, 1999)

After passing the clavicle, the superior, middle, and inferior trunks are divided into
anterior and posterior sections. The anterior brachial plexus is responsible for the shoulder
and elbow flexors of the upper limb; the posterior section is responsible for the extensors
(Moore & Dalley, 1999). The suprascapular nerve of the brachial plexus is comprised of the
posterior section of the C5 and C6 nerves. This nerve serves as the neural command of the

supraspinatus, infraspinatus, and glenohumeral joint (Moore & Dalley, 1999).

Roots
anterice rami
1N"‘” {@nterice rami)

Suprascapular -
prascapular - P c.t.

O
nerve N gw®

- e— w“‘”

o ¢
M .Il\‘. 'C' -' = 0‘”
S Teie P
O ot
b uﬂw »
)2 / 57 ===
A -
lll!l ‘e et

»Jn“' *"e = }
‘ b.mu"" «
G é’
YAddany L /4 ‘ﬁ&
: 'suﬂ"“ 7 i /'1
\5“’ /

Figure 1.11 Suprascapular Nerve of Brachial Plexus (Moore & Dalley, 1999)



1.1.2 Types of Nerve Damage Experienced in BPBP

Several different types of nerve damage are seen in BPBP, which leads to spontaneous
recovery in most cases and no recovery in others. Hoeskma et al. characterized the three most
common types according to the definitions created by Sunderland et al. The first category is
defined as 1 degree damage in which the conduction of the axon is blocked (Hoeksma, et
al., 2000; Sunderland, 1951). This obstruction leads to a loss of motor function of the
affected limb. Since this injury does not cause permanent damage to the nerve, these cases
experience fast spontaneous recovery with complete restoration (Sunderland, 1951);
therefore the first category of brachial plexus injury is associated with the cases which have
been found to recover within the first 3 months of life (Hoeksma, et al., 2000). The second
category is associated with 2" degree damage (Hoeksma, et al., 2000; Sunderland, 1951). In
this injury, the axon is detached from the rest of the nerve which leads to complete loss of
motor, sensory, and sympathetic functions of the impaired arm (Sunderland, 1951). This type
of nerve damage, however, is able to experience complete and spontaneous recovery. Due to
the fact that this injury is more severe than that of the first category, 2" degree damage
requires more time to recovery (Sunderland, 1951). Therefore, the Hoeskma’s second
category of brachial injury is associated with those that recover within 18 months postnatal.
The third category is associated with 3", 4" and 5" degree damage (Hoeksma, et al., 2000;
Sunderland, 1951). These cases experience the most severe damage to the nerve. Because of
this, they are not able to completely recover. Although injuries associated with 3™ and 4™
degree damage to the brachial plexus may experience some spontaneous recovery, there will

always be some residual defects to the shoulder’s musculoskeletal system (Sunderland,

10



1951). BPBP cases which experience 5" degree nerve damage will not experience any
spontaneous recovery and are viewed as the most severe cases. Hoeksma associates the third

category with the 10-20% of cases with residual dysfunction (Hoeksma, et al., 2000).

More recent work by Nikolaou et al. groups brachial plexus nerve damage into two other
categories: preganglionic and postganglionic (Nikolaou, et al., 2015). In this study, it was
determined that brachial plexus nerve damage which occurs proximal to the dorsal root
ganglion leads to less shoulder internal contracture and elbow flexion contracture, but also
experiences preservation of total and activated ErbB2 and ErbB3, where ErbB2 and ErbB3
are tyrosine kinase receptors which form muscle spindles and assist in myogenesis and
myoblastic differentiation (Nikolaou, et al., 2015). Because of this, it is believed that
preganglionic BPBP allows for the preservation of muscle spindles. In other words, brachial
plexus injuries which occur proximal to the ganglion are able maintain longitudinal muscle
growth and reduce negative contracture and bone deformities while experiencing paralysis of
the affected muscles without neural recovery. Postganglionic injury, however, was
determined to lead to muscle spindle degeneration, more severe elbow flexion contracture
and shoulder internal rotation contracture (Nikolaou, et al., 2015). Therefore, BPBP which
occurs distal to the ganglion experience little to no recovery with severe musculoskeletal
deformity (Nikolaou, et al., 2015). Although there are several theories about the categories of
nerve damage associated with BPBP, it is clear that the severity and location of the brachial
plexus impairment directly correlates with the severity of the residual effects and likelihood

of spontaneous recovery.
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1.1.3 Musculoskeletal Changes of the Shoulder due to BPBP

Numerous musculoskeletal deformities are associated with the 10-20% of cases with
permanent denervation of the brachial plexus. Bone abnormalities caused by the denervation
of the brachial plexus occur primarily in the glenohumeral joint of the shoulder. The humeral
head of the affected limb becomes non-spherical; in Hoeksma et al.’s report, this was found
to occur in 32% of patients (Hoeksma, et al., 2003). The glenoid fossa of the shoulder blade
is deformed such that it becomes declined and retroverted (Crouch, et al., 2015; Eismann, et
al., 2015). These abnormalities lead to dysplasia of the glenohumeral joint and posterior
humeral head subluxation (Nath, et al., 2010; van Gelein Vitringa, et al., 2009). Deformation
of the glenohumeral joint has been reported in 33% of BPBP cases (Hoeksma, et al., 2003).
Because of the irregular shoulder joint, the scapula often elevates away from the torso as the
patient lowers their arm to their side (Pearl, 2009). This phenomenon is also referred to as
winging of the scapula. Nath et al. also found that the coracoid process of the scapula

becomes elongated and hooked in BPBP patients (Nath, et al., 2010).

Muscular imbalance of the shoulder muscles, specifically the supraspinatus,
infraspinatus, subscapularis, and pectoralis major, is also prevalent in BPBP cases without
spontaneous recovery. Hogendoorn et al. found that at least one of these muscles were
impaired in 90% of these cases, with muscle degeneration was most common in the
subscapularis (Hogendoorn, et al., 2010). Because of the denervation of the brachial plexus,
the subscapularis muscle of the affected shoulder becomes abnormally short and
mechanically stiff (Einarsson, et al., 2008). The infraspinatus and supraspinatus, on the other

hand, become paralyzed (Birch, 2002) and experience reduced cross-section which is thought

12



to indicate atrophy and weakness (Poyhia, et al., 2005). This muscle imbalance between the
internal and external rotator muscles causes internal rotation contracture of the subscapularis
and pectoralis major (van Gelein Vitringa, et al., 2009); this contracture is the most common
characteristic of BPBP cases with incomplete recovery and is thought to contribute to the
glenohumeral joint deformities (Hoeksma, et al., 2003; Hogendoorn, et al., 2010; Poyhia, et

al., 2005).

1.1.4 Functional Consequences of BPBP

Although it is difficult to evaluate the loss of motor function in infants and young
children with incomplete recovery from BPBP (Pearl, 2009), it is clear that this injury causes
impaired growth, imbalance, and reduced range of motion. In order to assess the effects of
BPBP on movement, children and infants are often prompted to perform reaching and daily
activities (Lagerkvist, et al., 2010; Pearl, 2009). Patients with incomplete recovery can
typically execute all of the prompted exercises; however, they often complete them

asymmetrically or awkwardly (Bager, 1997; Hoeksma, et al., 2000; Strombeck, et al., 2007).

In order to capture this asymmetry, clinicians typically assess both active and passive
range of motion of BPBP patients. It has been found that these patients typically have better
passive range of motion than active (Pearl, 2009). Shoulder external and internal rotation
active range of motion are the most commonly affected (Bellows, et al., 2015). Passive
ranges of motion including horizontal adduction, lateral rotation in adduction, and shoulder
adduction were seen to decrease by 10 degrees due to muscle imbalance and glenohumeral

joint deformity (Hoeksma, et al., 2003) (Figure 1.12).

13
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Figure 1.12 Ranges of Motion Definitions

Measurements of the impaired limb demonstrate that the upper limbs of these patients
are also asymmetrical in length. In fact, it has been shown that the upper arm, forearm, and
hand lengths are respectively 5%, 6%, and 3% shorter than the unimpaired limb (Bae, et al.,

2008). This limb length asymmetry leads to abnormal unsymmetrical patterns (Kirjavainen,

et al., 2009), low bilateral coordination, and below average balance when stationary

(Bellows, et al., 2015).

The imbalances of upper limb range of motion and length contributes to the abnormal
patterns for performing daily activities with the impaired arm. Because of this, BPBP patients

typically prefer to use the unaffected limb to complete tasks. Lagerkvist et al. reported that

when the patients are allowed to use either limb to achieve tasks, 78% prefer to use the

unaffected hand and 17% demonstrate no hand preference (Lagerkvist, et al., 2010).
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1.2 BPBP Murine Studies

Humans and rats share similar shoulder joint anatomy and innervation of the brachial
plexus (Ochiai, et al., 2002). Because of this, a rat model is commonly used to study the
musculoskeletal changes caused by BPBP. Although injury to the brachial plexus during
birth cannot be simulated, it has been determined that a surgical simulation of the
denervation can be performed 5 days postnatal (Soldado, et al., 2012). Several studies have
validated the BPBP rat model by demonstrating similar musculoskeletal changes in human
infants affected by BPBP and rat pups with simulated BPBP (Crouch, et al., 2015; Li, et al.,

2008; Li, et al., 2010; Ochiai, et al., 2002; Soldado, et al., 2012).

1.2.1 Skeletal Deformities of the BPBP Rat Model

Similar to the deformation seen in the glenohumeral joint of humans with BPBP,
simulated BPBP rat models experience shoulder dislocation (Crouch, et al., 2015; Li, et al.,
2008; Li, et al., 2010). This dislocation is due to the deformation seen in the humeral head
and glenoid. The humeral head of the affected shoulder is significantly smaller in size (Li, et
al., 2008; Li, et al., 2010; Soldado, et al., 2012), and in some cases is found to be flattened on
the articular surfaces (L1, et al., 2008). The percentage of humeral head anterior to the
glenoid fossa is also seen to increase in the rat model (Soldado, et al., 2012). Most studies
find that the glenoid of the impaired limb experiences retroversion (Crouch, et al., 2015; Li,
et al., 2010), but some studies have found have slight anteversion (Li, et al., 2008; Soldado,
etal., 2012). It is believed that this difference in results can be attributed to the differences in
how the glenoid version was analyzed and measured in the four studies. Similar to human

infants with BPBP, the glenoid is declined in the BPBP rat model (Crouch, et al., 2015; Li, et
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al., 2008). Because of the similarities of the skeletal deformities, the rat model has been

validated as a demonstration of the effects of BPBP.

1.2.2 Muscle Imbalances of the BPBP Rat Model

Because paralysis of select rotator cuff muscles is sometimes used as means to
simulate BPBP in the rat model (Crouch, et al., 2015), and because primary interest has been
on the osseous changes, few studies have characterized changes to the pectoralis major,
supraspinatus, infraspinatus, and subscapularis due to the denervation (Crouch, et al., 2015;
Soldado, et al., 2012). Soldado et al. found that the subscapularis and infraspinatus
experience muscle atrophy due to paralysis (Soldado, et al., 2012). Crouch et al. determined
that the optimal length and muscle volume of the pectoralis major, supraspinatus, and

subscapularis was decreased in the affected limb of the rat model (Crouch, et al., 2015).

1.2.3 Functional Consequences of BPBP in Rat Model

The functional motor losses experienced by the BPBP rat models are analogous to the
losses seen in human. Limits to the range of motion of the impaired limb are seen in the
decrease of passive external rotation demonstrated in several studies (Crouch, et al., 2015; Li,
et al., 2008; Soldado, et al., 2012). Qualitative gait analysis performed by Ochiai et al., where
a paper runway was used to detect if the BPBP rat model exhibits obvious altered gait
patterns, reported that the BPBP rat model drags the impaired limb across the floor while
walking (Ochiai, et al., 2002). Ochiai et al. also found the BPBP rat model lacked motor
coordination between the forelimbs and balance since the impaired limb often fell through

the horizontal grid when prompted to walk (Ochiai, et al., 2002).
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1.3 Quadrupedal Gait Background

In order to further analyze the functional limitations of BPBP to the rat model and
human infants, analysis of their quadrupedal gait patterns is essential. Similarly to bipedal
gait, characteristics such as swing and stance duration, stance factor, stance width, stride

length, and stride frequency, are used to classify quadrupedal gait.

1.3.1 Gait Characteristic Definitions

Common gait characteristic used for analysis include swing and stance duration,
where swing duration is the amount of time that the limb is off of the ground and stance
duration when it is contact with the ground. To compare these two durations, the ratio of
swing to stance times is calculated (Mouse Specifics, Inc., 2011). Similarly, the duty factor is
often determined to represent these characteristics; duty factor is defined as the percent of the
stride spent in stance. To compare the duty factor of the contralateral limbs, the ratio of the
left versus right stance duration, also known as stance factor, is calculated (Mouse Specifics,
Inc., 2011). For quadrupedal gait, stance factor is established both for the forelimbs and for

the hind limbs.

Quadrupedal gait is also analyzed using characteristics derived from the distances
between the paws and the distances travelled. Stance width is defined as the orthogonal
distance between the centroids of the contralateral feet at peak stance (Mouse Specifics, Inc.,
2011). This parameter is typically used to indicate stability during gait. Stride length is the
distance the centroid of the foot travels during one cycle of gait. In order to capture the

number of strides per paw given a duration of time, the stride frequency is calculated (Mouse
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Specifics, Inc., 2011). Stride length and stride frequency are often used to analyze the

symmetry of the contralateral limbs during gait (Mouse Specifics, Inc., 2011).
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Figure 1.13 Quadrupedal Gait Characteristics

1.3.2 Human Infant Gait Characteristics

Although it is difficult to capture the gait of human infants, Patrick et al. and Righetti
et al. were able to define several key characteristics of their quadrupedal gait (Patrick, et al.,
2009; Righetti, et al., 2015). Both studies determined that infants crawl in a lateral-sequence
in which they swing their diagonal limbs simultaneously; however, they frequently initiate
swing in their forelimbs slightly before the hind limbs (Patrick, et al., 2009; Righetti, et al.,
2015). It is thought that they prefer this gait pattern because it provides the most stability
(Righetti, et al., 2015). The average duty factor of infant gait was calculated to range from
0.5-0.7 (Righetti, et al., 2015), where the duty factor of the forelimbs in higher than the hind

limbs (Patrick, et al., 2009). In order to increase speed, infants will decrease their stance
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duration and increase stride frequency (Righetti, et al., 2015). Data about stride length and

stance width were not collected in these studies.

1.3.3 Rat Gait Characteristics

Similar to human infants, rats utilize the lateral sequence for their quadrupedal gait
(Jamon & Clarac, 1998). Rats also show limited coordination between the timing of the
lateral limbs when they are first learning to walk. It was determined that rat pups have longer
swing durations for their forelimbs, which is comparable to human infants. After seven days
of walking, however, rat pups are able to initiate the swing phase of the fore and hind limbs
simultaneously (Jamon & Clarac, 1998). Although one of the key characteristics of adult rat
gait is that they place their hind paw in the previous location of the ipsilateral paw
(Eftaxiopoulou, et al., 2014), rat pups typically have a greater hind limb stride length than
forelimb (Jamon & Clarac, 1998). In order to increase gait speed, rats increase stride length
and decrease stance duration (Eftaxiopoulou, et al., 2014), which is analogous to what was
found human infant gait. From the analysis of human infant and rat gait characteristics, it is
apparent that changes in these characteristics of the rat model will provide insight to potential

changes in human infant crawil.

1.4 Gait Analysis of the Rat Model

Although several studies have analyzed the changes in gait of the rat model for a
variety of injuries with a variety of techniques, the majority of them have focused on the
effects on the hind limb (Bozkurt, et al., 2008; Eftaxiopoulou, et al., 2014; Gabriel, et al.,

2007; Hannigan & Riley, 1989; Hansen & Pulst, 2013; Moller, et al., 2008). One study,
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performed by Ochiai et al., has analyzed the use of the forelimb for the BPBP rat model

using the paper runway technique (Ochiai, et al., 2002).

1.4.1. Previous Techniques Used

Rat gait analysis was originally performed using paper runways to record the location
of each paw throughout each stride. Typically the paws were coated in ink to mark the run
way (Hannigan & Riley, 1989; Ochiai, et al., 2002). After each trial, the stride length, stance
width, step angle, and stride frequency were measured (Hannigan & Riley, 1989). Using this
technique, Hannigan et al. was able to determine that changes in the gait of the hind limbs of
the rat model are similar to the gait changes in children with neonatal alcohol effects
(Hannigan & Riley, 1989). Ochiai et al. recorded the abnormal gait pattern of a BPBP rat
model using this approach. Their work indicated that the rats would maintain contact
between the impaired limb and the ground, but rather than walking on all four paws, the

BPBP rats would drag the impaired limb along the runway (Ochiai, et al., 2002).

In order to evaluate the dexterity and balance of the murine model, studies have used
both the rotating cylinder test (Hansen & Pulst, 2013; Ochiai, et al., 2002) and the grid test
(Ochiai, et al., 2002). The rotating cylinder test is used to indicate limb coordination and
forelimb activity by prompting the murine to walk on a rotating rod for a set time period.
Data is collected about the success of the animal walking and balancing at different rotational
speeds (Hansen & Pulst, 2013; Ochiai, et al., 2002). In order to record gait abnormalities of
the forelimb, a horizontal grid can also be used. With this tool, the murine model is placed on

the grid bars and prompted to walk across it; the coordination of the forelimb is determined
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by recording the number of instances that the forepaw is misdirected and falls through the

grid (Ochiai, et al., 2002).

Recently digital gait analysis via treadmills for rats have been developed and
validated. The DigiGait™ Imaging System (Mouse Specifics, Quincy, MA) collects spatial
and temporal measurements of murine gait. The data is collected using high speed video
captured from beneath the specimen. Benefits of using this system is that all of the rats are
forced to walk at a constant speed (Hansen & Pulst, 2013) and that quantitative measures
over several gait cycles can be collected. Hansen et al. compared the data collected from the
paper runway and the DigiGait™ Imaging System, and found that similar changes in gait
parameters were found in both techniques (Hansen & Pulst, 2013). Eftaxiopoulou et al. also
validated that this system properly captured the gait characteristics of a temporary nerve

palsy rat model (Eftaxiopoulou, et al., 2014).

1.4.2 DigiGait™ Imaging System

The DigiGait™ Imaging System (Mouse Specifics, Quincy, MA), pictured below, is
used to analyze changes in gait characteristics of murine models in order to support research
of impairments and diseases seen in humans. This is achieved via recording the ventral side
of the murine while walking on a treadmill. The DigiGait™ Imaging System does not require
any external markers in order to record the two-dimensional topography and three-
dimensional kinematics of the model. The use of the treadmill allows for the analysis of the
murine model’s gait at any speed and incline. From the video and image recording, the

DigiGait™ Video Imaging Acquisition and Analysis software is able to calculate thirty-five
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spatial and temporal gait indices (Mouse Specifics, Inc., 2009). Some of the most common
gait characteristics measured by this system include stride length, stance width, stance
duration, swing duration, braking and propulsion durations, stride frequency, paw angle, gait

symmetry, and weight distribution (Mouse Specifics, Inc., 2011).

Figure 1.14 Treadmill of DigiGaitTM Imaging System (Mouse Specifics, Inc., 2009)
The DigiGait™ Imaging System is comprised of a treadmill, high-speed digital

camera, and imaging analysis software. The treadmill is made of a stainless steel chassis and
transparent treadmill belt. The treadmill speed can range from 0 to 99.9 centimeters per
second and is adjustable by increments of 0.1 centimeters per second. The belt is driven by at
40 inch-pound DC motor which ensures that the desired speed is maintained throughout the
trial. The high-speed digital camera is located underneath the transparent treadmill belt. The
camera records the dynamics of each paw during the stance phase of the stride cycle. Images
of the ventral side of the murine are captures at a rate of 150 frames per second. In order to
ensure high-quality images, a high-intensity, no-flicker light is attached to the system. Using
these images, the DigiGait™ Video Imaging Acquisition software is able to create digital

paw prints for each limb and dynamic gait signals. From the data collected, the DigiGait™
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Video Imaging Analysis software is able to calculate the average gait characteristics for the
trial and output them in an Excel file. The software also provides the videos and images of
the ventral side of the murine, the digital paw prints of each frame, and analysis of common
gait characteristics such as symmetry and paw placement timing (Mouse Specifics, Inc.,

2009).

Limb Swing  %SwingStride  Brake %BrakeStride Propel  %PropelStride Stance %StanceStride
(s) (%) (s) (%) (s) (%) (s) (%)

Left Fore 0.289 41.7 0.33 47.6 0.074 10.7 0.404 58.3

Right Fore 0.28 45.7 0.268 43.6 0.066 10.7 0.333 54.2

Left Hind 0.131 18 0.19 26 0.41 56.1 0.599 2

Right Hind 0.117 21.7 0.011 2 0.412 76.4 0.423 78.2

Left Fore Limb

Figure 1.15 DigiGaitTM Imaging System Outputs

The DigiGait™ Imaging System comes with separate walking compartments for mice
and rats which are proportional to the size of each murine. It has been found that 25% of lab
rats will never provide sufficient data because they are not inclined to walking on the
treadmill. In fact, the ability to walk properly on the treadmill has been found to be
dependent on age and strain (Koch, et al., 2013). Because of this, it is important to select a

strain which will provide the most accurate data. A sufficient trial is defined as four gait
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cycles by the DigiGait™ Imaging System. In order to achieve this, it is recommended that
data is collected for each specimen for three to eight seconds. Since healthy murine are able
to walk or run comfortably at rates between 10 and 60 centimeters per second
(Eftaxiopoulou, et al., 2014; Hansen & Pulst, 2013), it is recommended to maintain a

treadmill speed within this range (Mouse Specifics, Inc., 2009).

1.5 Thesis Overview

This thesis evaluates how the severity of shoulder deformity following neonatal
brachial plexus injury in a rat model affects gait characteristics, as a surrogate method for
evaluating severity of deformity without surgical invasion or imaging. In order to do this, the
functional limitations of the BPBP rat model are determined via the analysis of basic gait

characteristics.
This thesis is comprised of the following chapters:

Chapter 2: Gait Changes of the Rat Model due to Brachial Plexus Birth Palsy (Coauthors:

Dustin Crouch, lan Hutchinson, Zhongyu (John) Li, and Katherine Saul)

This chapter focuses on the motivation for the study, the methods, and the results. lan
Hutchinson provided clinical guidance and performed the surgical interventions. Zhongyu Li
developed the initial murine model and provided clinical guidance. Dustin Crouch collected
data used for this study. Kelsey Hennen analyzed motion capture, performed analysis, and
wrote the manuscript. Katherine Saul supervised data collection, analysis, and interpretation,

and edited the manuscript.
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Chapter 3: Discussion and Future Work

This chapter provides interpretation of the results and the impacts this work has on

future projects.
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CHAPTER 2: GAIT CHANGES OF THE RAT MODEL DUE TO BRACHIAL

PLEXUS BIRTH PALSY

2.1 Introduction

Brachial plexus birth palsy (BPBP) is the result of an injury to the brachial plexus due to
a complicated delivery, affecting primarily the cervical roots C5 through C8 (Hogendoorn, et
al., 2010; Lagerkuvist, et al., 2010). Incidence ranges from 0.42 to 5.1 in 1000 live births via
the birth canal (Evans-Jones, et al., 2003; Hoeksma, et al., 2003) and 0.2 to 2.0 in 1000 births
via Caesarean section (Foad, et al., 2008). Although the majority of cases recover
spontaneously, 10-20% experience incomplete recovery (van Gelein Vitringa, et al., 2009).
Cases of permanent damage to the brachial plexus are associated with posterior humeral head
subluxation (van Gelein Vitringa, et al., 2009), deformation of the humeral head and glenoid
(Eismann, et al., 2015; van Gelein Vitringa, et al., 2009), fractures of the shoulder girdle
(Dodds & Wolfe, 2000), declination of the glenoid inclination (Brochard, et al., 2015), and
glenoid retroversion (Eismann, et al., 2015). Rotator cuff muscular imbalance and internal
rotation contracture (Hoeksma, et al., 2003; van Gelein Vitringa, et al., 2009) is also
attributed to BPBP, where the subscapularis is shortened and stiffened (Einarsson, et al.,
2008), and the infraspinatus and supraspinatus are weakened and paralyzed (Birch, 2002).
Although quantitative data collection from infants and children is limited in the literature, it
is known that BPBP patients have overall reduced passive and active range of motion, where
more significant reduction is seen in passive (Pearl, 2009). Fifty-six percent of patients
suffer from shoulder contracture which reduces their passive shoulder range of motion by an

average of ten degrees (Hoeksma, et al., 2003), with active horizontal adduction, lateral
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rotation, and external rotation most negatively affected (Bellows, et al., 2015; Hoeksma, et
al., 2003). These musculoskeletal changes are associated with abnormal functional behaviors
including decreased body coordination, bilateral coordination, and balance during motion
(Bellows, et al., 2015). Although children and adults with BPBP are still able to accomplish
activities of daily living, they are often completed awkwardly since use of the impaired limb
is avoided when possible (Lagerkvist, et al., 2010). This leads to asymmetrical and often

abnormal walking gait patterns (Hale, et al., 2010).

Animal models are often used to elucidate the mechanisms of deformity and loss of
function following brachial plexus injury (Crouch, et al., 2015; Li, et al., 2008; Li, et al.,
2010; Nikolaou, et al., 2015; Ochiai, et al., 2002; Soldado, et al., 2012). Since humans and
murine animal models share similar shoulder joint anatomy and innervation of the brachial
plexus (Ochiai, et al., 2002), rat models are most commonly used. Surgical infliction of
brachial plexus denervation 5 days postnatal results in gross musculoskeletal and postural
deformities that reflect patterns observed in human patients (Soldado, et al., 2012), as
described by several groups (Crouch, et al., 2015; Li, et al., 2008; Li, et al., 2010; Soldado, et
al., 2012). Murine models undergoing simulated BPBP experience shoulder dislocation
(Crouch, et al., 2015; Li, et al., 2008; Li, et al., 2010), decreased humeral head size (Li, et al.,
2008; Li, et al., 2010; Soldado, et al., 2012), flattening of the humeral head (Li, et al., 2008),
glenoid retroversion (Crouch, et al., 2015; Li, et al., 2010), and glenoid declination (Crouch,
etal., 2015; Li, et al., 2008). Muscle changes that have been seen in the BPBP rat model
include subscapularis and infraspinatus muscle atrophy (Soldado, et al., 2012) and shortening

of the pectoralis major, supraspinatus, and subscapularis (Crouch, et al., 2015).
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While these animal model approaches provide excellent quantitative characterization
of the extent of bone and muscle alterations post injury, the literature is currently limited in
the description of how the degree of deformity relates to functional limitations. Further,
invasive surgery and imaging under sedation or after sacrifice is currently required to
determine the severity of shoulder osseous deformation, making longitudinal studies of injury
progression more challenging and requiring more animals for statistical power. Although
post injury passive range of motion has been recorded in animal models of BPBP under
sedation and post-mortem (Crouch, et al., 2015; Li, et al., 2008; Li, et al., 2010; Soldado, et
al., 2012) and qualitative descriptions of rat gait following BPBP are available (Ochiai, et al.,
2002) the effect of the degree of osseous deformity on active range of motion and activity

levels have not been previously studied.

A non-invasive method to assess the degree of deformity would allow for evaluation
of progression of either deformity or recovery without sacrifice. Such information is critical
for linking observed musculoskeletal changes to predicted outcome, especially as these
models become more widely used to investigate possible treatment strategies. Therefore, the
purpose of this study was to examine effect of shoulder deformity severity on functional

changes to gait in rats with a brachial plexus injury.

2.2 Methods

2.2.1 Surgical Intervention
The following procedures were approved by the Institutional Animal Care and Use

Committee. Thirty-two 5-day-old Sprague Dawley rat pups (Harlan Laboratories,
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Indianapolis, IN) underwent surgical intervention on the left forelimb while anesthetized with
inhalative isoflurane. As part of a previous study design to elucidate the role of muscle
changes on osseous deformity (Crouch, et al., 2015), rat pups were grouped into four
conditions to isolate effects of imbalance in muscle strength and alterations to the
longitudinal growth of the muscles associated with neurectomy. The first group of eight rats
received botulinum neurotoxin A (Botox) injections in the supraspinatus and infraspinatus
while leaving the nerves intact to simulate isolated muscle imbalance of internal and external
rotators. The second group underwent a neurectomy of the brachial plexus upper trunk, via
transverse infraclavicular incision through pectoralis major, along with Botox injection to the
pectoralis major to reduce imbalance between paralyzed internal and intact external rotator
muscles. In order to maintain chemodenervation of the muscles, both of these groups also
received Botox injections four weeks post-operatively. The third group received brachial
plexus upper trunk neurectomy only, representing the typical injury condition. The fourth
group was set as the control group, and underwent sham surgery including the infraclavicular
incision and sham injection of saline to the pectoralis major, supraspinatus, and infraspinatus.

The contralateral limb in all animals was also maintained as additional control.

2.2.2 Data Collection

At eight weeks post-operatively, the gait of each rat was monitored for four
consecutive cycles (DigiGait Imaging System, Quincy, MA). Each rat walked at a constant
speed of 10 centimeters per second with no incline (Eftaxiopoulou, et al., 2014; Hansen &
Pulst, 2013). For seventeen rats, only one trial was recorded; for seven rats, two or three trials

were necessary to obtain four consecutive cycles. Insufficient data was collected for eight
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rats, and these rats were not included in further analyses. Stride length, stride frequency,
stance factor, stance width, and swing to stance ratio were calculated for the impaired
forelimbs using the camera underneath the treadmill belt (Figure 2.1). Stride length is the
total distance the impaired limb travels over one step. Stride frequency is the number of steps
per second. Stance factor is the ratio between average stance durations of the impaired and
unaffected forelimbs; a stance factor of 1 represents symmetric gait. Stance width is the
measured distance between the centroids of the fore paws. The swing to stance ratio is the

ratio between the average swing and stance durations of the impaired limb (Mouse Specifics,

Inc., 2011).
A Stride Length ,
B Stride Frequency 7

C D
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Figure 2.1 Quadrupedal Gait Characteristics A. Stride length is the distance the centroid
of the impaired forelimb travels in one stride. B. Stride Frequency was calculated as the
number of strides/sec of the impaired limb. C. Stance Factor is the ratio of stance duration of
the impaired and unimpaired forelimbs. D. Stance width was defined as the orthogonal
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distance between the centroids of the forepaws at peak stance. E. Swing: Stance is the ratio
between swing and stance durations of the impaired limb. (Mouse Specifics, Inc., 2011).

2.2.3 Classifying Deformity

Prior analysis of the rats in this study revealed that glenoid inclination angle was the
primary osseous marker of deformity and was strongly correlated with the degree of
restriction of muscle fiber length in affected muscles (Crouch, et al., 2015). Therefore,
glenoid inclination was used to classify the animals according to their deformity, into typical,
declined, or inclined inclination angle groups (Table 1). Glenoid inclination angle is defined
as the angle between the scapular spine centerline and the line tangent to the glenoid fossa
rim, minus 90° (Crouch, et al., 2015), as measured in the subscapular fossa plane (Equation

1, Figure 2.1).

B=a-90° @

Declined Inclined

Figure 2.2 Glenoid Inclination Definition Glenoid Inclination (B) is defined as a — 90°,
where a is the angle between the centerline of the scapular spine and the line tangent to the
rim of the glenoid fossa (Equation 1). The glenoid is considered more declined as o decreases
and inclined as o increases.
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Since typical glenoid inclination is associated with symmetry between the left and
right shoulders, the percent difference between glenoid inclinations of the impaired and

healthy shoulders was calculated for each rat (Equation 2).

Af fected — Unaf fected
Unaffected

)

Glenoid Inclination Angle Percent Dif ference =

A percent difference between 50% and 120% was considered declined, between 0%
and 13% as typical, and -30% and -10% as inclined. This grouping resulted in three groups of

8 animals each (Table 2.1, Figure 2.3).
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Table 2.1 Group Assignments Based on Normalized Glenoid Inclination

Glenoid surai .GIe_nO'd Affected glenoid | Unaffected glenoid
Inclination urglca}I IS ER e ARl inclination angle | inclination angle
Group clovp I_Dercent (B) (degrees) (B) (degrees)

Difference
2 56% -51 -32.7
2 88% -76.7 -40.7
2 103% -84.7 -41.7
Declined 2 75% -72.2 -41.3
3 49% -49.7 -33.3
3 119% -80.4 -36.7
3 82% -69.4 -38.1
3 60% -63 -39.3
1 6% -33.8 -31.9
2 6% -38.2 -36.2
2 10% -35.3 -32.1
. 4 9% -35.5 -32.7
Typical
4 5% -33.9 -32.3
4 6% -41.9 -39.7
4 6% -38.3 -36
4 12% -39.4 -35.3
1 -16% -24 -28.5
1 -22% -29.5 -38
1 -30% -30.9 -44.2
Inclined 1 -10% -37.3 -41.5
1 -15% -34.8 -40.9
2 -22% -31.9 -40.9
2 -15% -28.1 -33.2
4 -14% -33 -38.4

L Surgical group numbers. Group 1: Botox; Group 2: neurectomy + Botox; Group 3:
neurectomy; Group 4: sham control.
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Figure 2.3 Rat Classification via Glenoid Inclination A percent difference between 50%
and 120% was labeled as declined (blue), between 0% and 13% as typical (orange), and
between -30% and -10% as inclined (green).

2.2.4 Statistical Methods

To evaluate the effect of glenoid inclination on gait characteristics, analysis of
variance was used to compare the effect of group on each of the gait outcomes. Results were
considered significant if the p-value was less than 0.05. No adjustment was made for multiple

comparisons.

2.3 Results

In the declined group, 7 of the 8 rats walked on the elbow of the injured limb instead of
the paw (Figure 2.4A, c.f. declined group), while one rat did not place any part of the injured
limb on the treadmill. Rats in the declined group took much shorter steps than those with
typical and inclined glenoid angles (Figure 2.4B); the mean stride length of the declined

group was 4.53 cm, while the mean of the typical and inclined groups were 6.93 and 7.88 cm,
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respectively (p = 0.0187 and 0.0016). The impaired limb of the declined group also took
more steps/sec compared to other groups (Figure 2.4C); while the declined group took an
average of 2.98 steps/sec, the typical and inclined groups took 1.48 and 1.29 steps/sec

respectively (p = 0.0229 and 0.0118).
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Figure 2.4 Stride Characteristics A. 7 of the rats in the declined group (left) walked on the
elbow of the impaired limb, while 1 never placed the limb on the treadmill. The rats with
typical (center) and inclined (right) glenoid angles walked with a normal gait pattern. B.

Mean stride length of the declined group (blue) was 4.53 cm. This was significantly less than
the typical (orange) mean stride length of 6.94 cm (p = 0.0187) and inclined (green) mean
stride length of 7.88 cm (p = 0.0016). C. Rats with declined glenoid angles (blue) took an

average of 2.98 steps/sec, while the rats with typical (orange) and inclined (green) glenoid
angles took 1.48 (p = 0.0229) and 1.29 cm (p = 0.0118) respectively.

Stance metrics were also different between the declined group and the typical and
inclined groups. Average forelimb stance width was increased for the declined group
compared to typical and inclined groups (Figure 2.5A). The average distance between the

forepaws for the declined rats was 2.83 cm, while the average distance was 2.15 cm for the
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typical group (p = 0.0207) and 2.17 cm for the inclined group (0.0287). The declined group
had significantly lower stance factor (0.478) than the typical and inclined groups (0.934, p =
0.0053 and 1.113, p =0.0008, respectively) (Figure 2.5B), indicating that rats with significant
glenoid declination decreased the amount of time that the impaired limb was in contact with
the ground and increased the stance duration of the unimpaired forelimb. The declined group
only spent 33.2% of the stride in stance (Figure 2.5C). In contrast, the typical group spent

65.7% (p = 0.0078) and the inclined group spent 57.4% (p = 0.0428) of the stride in stance.

36



Swing : Stance

mDeclined ®Typical ™ Inclined

Stance Width (cm)
o Pt [S]

*

* |
* —
B B 4 y
15 -

(=]
-]
1
| 2ouemig -

Stance Factor

SUIMg

I 02 -
0 0
Figure 2.5 Stride Metrics A. Mean stance width. Stance width of the declined group (blue)
was 2.83 cm, but was 2.15 cm (p = 0.0207) for the typical (orange) and 2.17 cm (p = 0.0287)
for the inclined (green) groups. B. Stance factor. Stance factor of the declined (blue), typical

(orange), and inclined (green) were 0.478, 0.934 (p = 0.0053), and 1.113 (p = 0.0008)

respectively. C. Swing: stance ratio. The lower dark segment of each column represents

percent of total stride spent in swing, and the top represents percent spent in stance. The
declined group (blue) spent 33.2% of the stride in stance phase, while the typical (orange)
and inclined (green) groups spent 65.7% (p = 0.0078) and 57.4% (p = 0.0428) respectively of
the stride in stance phase.
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CHAPTER 3: DISCUSSION AND FUTURE WORK

3.1 Discussion

This work revealed that severe glenoid declination was associated with markedly
altered use of the impaired limb. All rats in the declined group walked with an altered gait
pattern using the elbow or shoulder of the impaired limb in place of the paw, and in one case
not using the limb at all. When the impaired limb of the declined group was used, it was held
in stance phase for significantly less time than the impaired limbs of the typical and inclined
groups. It was also found that rats with severe glenoid declination had an increase in stance
width, which is typically increased to improve stability (Hansen & Pulst, 2013). Short and
fast steps were also associated with more severe shoulder deformation. In order to
compensate for the reduced stride length while maintaining a walking speed of 10 cm/sec,
the impaired limb experienced an increase in stride frequency. Clear changes in movement
that reflect underlying musculoskeletal deformity provide a non-invasive method of

exploring progression of deformity or recovery.

One possible explanation for the observed changes is reduced range of motion;
external rotation range of motion is known to be reduced following neurectomy, as measured
in the same group of animals studied here (Crouch, et al., 2015). However, the effect of
neurectomy on flexion, as employed during gait, has not been previously reported. Another
possible explanation is muscle weakness associated with neurectomy. Optimal muscle fiber
lengths of the pectoralis major, supraspinatus, and subscapularis were shortened, and cross-
sectional areas of all of the rotator cuff muscles decreased in animals that underwent

neurectomy (Crouch, et al., 2015).
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We grouped animals according to their osseous deformity, rather than the intervention
they received. Several of the rats from each surgical group underwent spontaneous recovery
during the eight week postoperative period prior to collecting data, as is also frequently
observed in human BPBP patients, where 50% experience complete spontaneous recovery
within 3 months and 82% within 18 months (Lagerkvist, et al., 2010). Because of this, gait
differences between intervention groups were not as marked. However, we note that the
declination group contained only rats from the interventions that included neurectomy, which
has previously been shown to be associated with more severe osseous and muscular changes
compared to chemodenervation (Crouch, et al., 2015). However, some individual animals
undergoing the same intervention had limited deformity, and associated unaffected gait
pattern. This highlights the utility of a functional measure of deformity, rather than relying on

intervention group alone, for classifying outcomes.

Our results are consistent with another prior experiment in which gait was studied in a
BPBP rat model (Ochiai, et al., 2002). Using a paper runway on which the rats walked at
their self-selected speed, Ochiai et al. divided the rats into three groups based on how the
impaired limb was used during gait. Rats were given a low clinical score when walking on all
four paws normally, a medium clinical score when the impaired limb trailed slightly behind
the unaffected limb, and a high clinical score when the impaired limb was dragged across the
floor. When required to walk on a horizontal grid, rats with the worst clinical scores also
exhibited decreased stability, frequently misplacing the impaired limb and falling through the
grid (Ochiai, et al., 2002). While these results are consistent with the current study, in which

we also observed altered gait, Ochiai et al.’s study was unable to provide quantitative gait
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metrics, and did not provide information regarding the underlying degree of osseous or
muscular abnormality. Although Ochiai et al. did not analyze the musculoskeletal changes,
since the neurectomy of the brachial plexus was made preganglionic (Ochiai, et al., 2002), it
Is expected that these rats experienced less glenohumeral deformation than those in the
current study. Nikolaou et al. found preganglionic neurectomy preserves muscle spindles
during development, which are essential for muscle development and prevents internal
rotation contracture, while postganglionic neurectomy was associated with more severe

contracture and disorganized spindle structure (Nikolaou, et al., 2015).

Compared to healthy rats and human infants, rats in this study with severe glenoid
declination used a different strategy to accomplish gait and maintain speed. Similar to
healthy rats (Jamon & Clarac, 1998) and human infants (Patrick, et al., 2009; Righetti, et al.,
2015), the rats in the typical and inclined groups of the current study followed a lateral gait
sequence, where the forelimb and contralateral hind limb swing in phase. The rats with
declined glenoid angles, however, lacked the same coordination between the timing of the
impaired forelimb and contralateral hind limb. Healthy rats increase stride length and
decrease stance duration (Eftaxiopoulou, et al., 2014) in order to increase speed; healthy
human infants increase stride frequency and decrease stance duration (Righetti, et al., 2015).
Since the declined glenoid group had decreased stride length, they used a similar tactic as
human infants where stride frequency is increased and stance duration is decreased. While
crawling or ambulation following BPBP is not well documented, similarities in the gait of

healthy human infants and rats suggest that future work should evaluate whether human
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infants with severe shoulder deformity due to BPBP have analogous gait alterations to those

observed here in rats following BPBP.

3.1.1 Limitations

Several limitations of the current study should be considered. Sprague Dawley rats
were chosen based on earlier work to establish the BPBP model, but this strain resists
walking (Koch, et al., 2013; Mouse Specifics, Inc., 2009). As a result, the rats were not
habituated to the treadmill. Habituation of the rats to the treadmill prior to surgery is not
feasible in the application to BPBP models since surgery occurs five days after birth.
Because four cycles are required for data analysis by the DigiGait system, eight rats were not
included in the study due to the lack of sufficient data. Although all of the rats included in the
analysis completed at least four gait cycles required for data analysis, multiple trials were not
able to be obtained for all animals based on their reduced mobility. Repeated data collection
over several days should be considered for future work. The current method provides
quantitative information regarding paw placement, but does not provide kinematics
information regarding joint postures during gait. Future analyses that capture joint angles
would permit measurement of active range of motion, which may provide additional insight

to the causes of gait abnormality. Analyses were not adjusted for type | error.

3.1.2 Summary
This study demonstrated that severity of osseous shoulder deformity is reflected in
changes to basic gait characteristics. This relationship allows for non-invasive evaluation of

the severity of osseous deformity, whether spontaneous recovery has potentially occurred,
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and, in the case of longitudinal study design, provides a method to identify either recovery or
progression of injury. Such an approach has to potential to limit the number of animals
required to obtain statistical power, and limits the need for repeated imaging or other
invasive methods of assessing deformity. In addition, this provides a framework for future
work in animal models that explore potential treatments, timelines of interventions, and dose

response on functional outcomes in these animals.

3.2 Future Work

Future projects could provide corroboration to the current work by evaluating
walking changes after neurectomy using a strain of rat that is more prone to walking. Several
strains of murine, including Sprague Dawley rats, do not favor treadmill walking (Koch, et
al., 2013) and typically only yield sufficient data 75% of the time (Mouse Specifics, Inc.,
2009). Since insufficient data was collected for 8 of the 32 rats, performing a BPBP gait
study using a different rat strain may allow for a higher data yield. This would also allow for
multiple trials to be recorded per rat, which would establish variability across gait cycles for
these animals.

Since our work indicates that basic gait characteristics reveal severity of osseous
shoulder deformity, future studies should collect data at different time points post-surgery.
Natural progression of deformation or recovery could be tracked by analyzing gait patterns
for several weeks. Analyzing the timing of current surgical BPBP interventions would reveal
if permanent musculoskeletal effects are prevented. The effectiveness of new treatments and

interventions over time could be evaluated prior to clinical implementation.
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Development of a computational musculoskeletal model of the rat forelimb with and
without brachial plexus injury would allow for further analysis of the relationship between
glenohumeral deformity and abnormal gait characteristics. Musculoskeletal models permit
computer simulations which evaluate the contributions of anatomical and neurological
systems to production of different motions (Holzbaur, et al., 2005). These models are often
adapted to simulate different impairments and injuries; Crouch et al. has previously
developed a model of BPBP in a human upper limb (Crouch, et al., 2011). A rat hind limb
musculoskeletal model has been created (Johnson, et al., 2008), but the forelimb is yet to be
modeled. The development of such a model with adaptations to simulate the glenohumeral
deformity seen in BPBP rats would allow for the assessment of the causation of abnormal
gait patterns. For example, questions about why rats with declined glenoid angles walked on
the impaired elbow and shoulder could be investigated.

Last of all, future research should investigate whether human infants with BPBP
experience similar changes in their gait patterns. Since healthy human infants and rats share
several quadrupedal gait characteristics, crawling patterns of BPBP infants may follow the
same trends seen in the rats of the current study. If similar gait changes and relationship to
deformity are observed in humans, it would further strengthen the translational potential of
the murine model of BPBP. Evaluating the relationship between basic gait characteristics and
severity of osseous shoulder deformity in humans would also allow clinicians and parents to
determine non-invasively features of the degree of deformity, and identify whether recovery
has occurred spontaneously or post-intervention, which may aid in clinical decision-making

and therapy prescription.
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Appendix A: DigiGait™ Imaging System Indices Definitions

Index

Units

Definition

Swing

Seconds

Time duration of swing
phase (no paw contact with
belt)

% Swing Stride

Percentage

Percent of the total stride
duration that the paw is in
the air

Brake

Seconds

Time duration of braking
phase (initial paw contact to
maximum paw contact)

% Brake Stride

Percentage

Percent of the total stride
duration that the paw is in
braking phase

Propel

Seconds

Time duration of the
propulsion phase (maximum
paw contact to toe-off)

% Propel Stride

Percentage

Percent of the total stride
duration that the paw is in
the propulsion phase

Stance

Seconds

Time duration of the stance
phase (paw contact with
belt)

% Stance Stride

Percentage

Percent of the total stride
duration that the paw is in
any contact with the belt

Stride

Seconds

Time duration of one
complete stride for one paw

% Brake Stance

Percentage

Percent of the stance phase
that the paw is in braking
phase

% Propel Stance

Percentage

Percent of the stance phase
that the paw is in propulsion
phase

Swing/Stance

N/A

Ratio of swing phase time to
stance phase time

Stride Length

Centimeters

Distance paw travels over
one stride

Stride Frequency

Strides per Second

Number of times each
second that paw takes a
complete stride

49




Paw Angle Degrees Angle that paw makes with
long axis of the direction of
motion of animal
Absolute Paw Angle Degrees Angle between forepaws
and hind paws.
Paw Angle Variability Degrees Standard deviation of paw

angle for set of strides
recorded

Stance Width Centimeters Width between centroids of
both forelimbs or both hind
limbs
Step Angle Degrees Angle made between left

and right hind paws as a
function of stride length and
stance width

Stride Length Variability
(SL Var)

Centimeters

Standard deviation of stride
length for set of strides
recorded

Stance Width Variability
(SW Var)

Centimeters

Standard deviation of stance
width for set of strides
recorded

Step Angle Variability

Degrees

Standard deviation of step
angle for set of strides
recorded

# Strides

N/A

Total number of strides

Stride Length CV

Percentage

Ratio between standard
deviation and average value
for stride length

Stance Width CV

Percentage

Ratio between standard
deviation and average value
for stance width

Step Angle CV

Percentage

Ratio between standard
deviation and average value
for step angle

Swing Duration CV

Percentage

Ratio between standard
deviation and average value
for swing duration

Paw Area at Peak Stance

Square Centimeters

Paw area seen by camera at
peak stance

Paw Area Variability at
Peak Stance

Square Centimeters

Standard deviation of paw
area for set of strides
recorded
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Hind Limb Shared Stance Seconds Time duration both hind
Time paws
% Shared Stance Percentage Percent of stance hind paws
contact belt at same time
Stance Factor N/A Ratio of left and right stance
durations
Gait Symmetry N/A Ratio of forelimb stride
frequency to hind limb
stride frequency
MAX dA/dt Square Centimeters per Maximal rate of change of
Second paw area in contact with belt
during braking phase
MIN dA/dt Square Centimeters per Maximal rate of change of

Second paw area in contact with belt
during propulsion phase
Tau Propulsion Seconds Time constant of decay of

gait signal during propulsion
phase

Overlap Distance

Centimeters

Overlap distance of
ipsilateral fore and hind
paws

Paw Placement Positioning

Centimeters

Overlap distance between
ipsilateral fore and hind
paws during full stance

Ataxia Coefficient

N/A

Difference of maximum and
minimum stride length
divided by the average stride
length

Midline Distance

Centimeters

Distance between centroid
of paw and transverse
midline of animal at peak
stance

Axis Distance

Centimeters

Distance between paw
centroids

Paw Drag

Square Millimeters

Area under curve from time
of full stance to time of toe-
off
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Appendix B: Left Forearm Data Used in Thesis

Glenoid . ) Affected glenoid | Unaffected glenoid Normalized Stance Width| . Stance Factor |Stance/Swing | Stride Frequency
. i Surgical Internvention o . . R . Stride Length ) i X . . i ]
Inclination [Animal ID Received inclination angle | inclination angle Affected Glenoid | of impaired (cm) of impaired | of impaired |of impaired limb
Group (degrees) (degrees) Inclination Angle limb (cm) limb limb (steps/s)
L2C2A3 | Neurectomy and Botox (2) -51 -32.7 56% 2.7 1.7 0.2 1.8 6.1
L3C3A1 | Neurectomy and Botox (2) -76.7 -40.7 88% 3 7.9 1 1.5 1.2
L3C3A2 | Neurectomy and Botox (2) -84.7 -41.7 103% 3 2.3 0.16 0.6 4.7
L3C5A1 | Neurectomy and Botox (2) -72.2 -41.3 75% 3.4 4.6 0.58 2.8 2
Declined | L1C2A1 Neurectomoy (3) -49.7 -33.3 49% 2.2 5 0.77 2.2 1.7
L1C2A2 Neurectomoy (3) -80.4 -36.7 119% 2.3 3.4 0.48 1.6 3
L3C2A1 Neurectomoy (3) -69.4 -38.1 82% 2.2 7.4 0.06 0 2.5
L3C4A3 Neurectomoy (3) -63 -39.3 60% 3.8 3.9 0.57 13 2.6
Mean -68.3875 -37.975 79% 2.825 4.525 0.4775 1.475 2.975
LAC2A1 Botox (1) -33.8 -31.9 6% 1.5 5.4 0.58 2.9 1.8
L2C2A2 | Neurectomy and Botox (2) -38.2 -36.2 6% 2.7 6.6 0.67 1.4 1.5
L2C3A1 | Neurectomy and Botox (2) -35.3 -32.1 10% 2.1 5.2 0.86 2.3 1.9
L2C2A1 Saline (4) -35.5 -32.7 9% 2.6 7.9 0.95 3.4 13
Typical L3C2A2 Saline (4) -33.9 -32.3 5% 1.8 8.6 1.17 3 1.2
L3C3A3 Saline (4) -41.9 -39.7 6% 2 6.4 1.03 2.5 1.5
L3C4A1 Saline (4) -38.3 -36 6% 2.6 7 1.2 3 1.4
L3C4A2 Saline (4) -39.4 -35.3 12% 1.9 8.4 1.01 4.8 1.2
Mean -37.0375 -34.525 8% 2.15 6.9375 0.93375 2.9125 1.475
LAC1A1 Botox (1) -24 -28.5 -16% 1.8 8 1.51 1.6 1.3
LAC1A2 Botox (1) -29.5 -38 -22% 1.7 6.5 1.11 2.2 1.5
LAC2A2 Botox (1) -30.9 -44.2 -30% 2.9 6.5 0.66 2.7 1.5
LAC3A2 Botox (1) -37.3 -41.5 -10% 2.8 8.7 1.06 2.7 1.1
Inclined | L4C3A3 Botox (1) -34.8 -40.9 -15% 2 8.7 1.24 2.9 1.2
L2C4A2 | Neurectomy and Botox (2) -31.9 -40.9 -22% 1.9 8.5 1.24 1.8 1.2
L2C5A1 | Neurectomy and Botox (2) -28.1 -33.2 -15% 2.5 7.3 0.81 1.5 1.4
L3C5A2 Saline (4) -33 -38.4 -14% 1.7 8.8 1.27 3.4 1.1
Mean -31.1875 -38.2 -18% 2.1625 7.875 1.1125 2.35 1.2875
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Appendix C: All DigiGait™ Imaging System Data Collected for Left Forearm

Gl.eno!d . Surgical Internvention [Glenoid Inclination| Swing| %Swing| Brake | %Brake | Propel | %Propel| Stance
Inclination| Animal ID . . . .
Received Angle (degrees) (s) Stride (s) Stride (s) Stride (s)
Group

L2C2A3 Neurectomy and Botox -51.0 0.061 35.8 [0.035]| 20.6 0.074 43.7 0.109

L3C3A1 Neurectomy and Botox -76.7 0.316 40.0 [0.228| 28.8 0.246 31.2 0.474

L3C3A2 Neurectomy and Botox -84.7 0.140 62.1 0.058 | 25.6 0.028 12.3 0.086

L3C5A1 Neurectomy and Botox -72.2 0.121 26.6 |[0.307| 67.3 0.028 6.1 0.335

Declined L1C2A1 Neurectomy -49.7 0.156 | 31.0 |0.321| 63.7 0.027 5.3 0.348
L1C2A2 Neurectomy -80.4 0131 389 |[0.195| 58.1 0.010 3.0 0.205

L3C2A1 Neurectomy -69.4 0.717 | 96.8 | 0.009 1.2 0.015 2.0 0.023

L3C4A3 Neurectomy -63.0 0.169 | 42.8 |0.182 | 46.4 | 0.043 10.8 0.225

Mean -68.4 0.226 | 46.8 |[0.167 | 39.0 | 0.059 14.3 0.226

L4C2A1 Botox -33.8 0.138( 255 |(0.203( 37.6 | 0.199 36.9 0.403

L2C2A2 Neurectomy and Botox -38.2 0.278 419 [0.260| 39.2 0.125 18.9 0.385

L2C3A1 Neurectomy and Botox -35.3 0.211 34.1 |[0.266| 42.9 0.142 23.0 0.408

L2C2A1 Saline -35.5 0.182 22.9 0.416 | 52.3 0.197 24.8 0.613

Typical L3C2A2 Saline -33.9 0.215 25.0 0.447 | 52.0 0.197 22.9 0.644
L3C3A3 Saline -41.9 0.181 28.3 0.323 | 50.5 0.136 21.2 0.459

L3C4A1 Saline -38.3 0.174 24.8 0.200 | 28.6 0.327 46.6 0.527

L3C4A2 Saline -39.4 0.144 17.1 0.496 | 59.2 0.199 23.7 0.694

Mean -37.0 0.190 | 27.5 [(0.326| 45.3 | 0.190 27.3 0.517

L4C1A1 Botox -24.0 0.303 37.9 0.212 26.5 0.284 35.6 0.496

L4C1A2 Botox -29.5 0.202 | 309 |0.144( 22.0 | 0.309 47.2 0.452

L4C2A2 Botox -30.9 0.178 | 27.3 |0.287| 439 | 0.188 28.8 0.476

LAC3A2 Botox -37.3 0.234 27.0 0.397 | 45.9 0.234 27.0 0.631

Inclined LAC3A3 Botox -34.8 0.222 25.5 0.454 | 52.1 0.196 22.4 0.650
L2C4A2 Neurectomy and Botox -31.9 0.301 35.4 |10.218| 25.6 0.332 39.0 0.550

L2C5A1 Neurectomy and Botox -28.1 0.296 | 40.8 |0.307| 42.4 0.122 16.9 0.430

L3C5A2 Saline -33.0 0.201 22.9 0.526 | 59.8 0.152 17.3 0.677

Mean -31.2 0.242 | 31.0 (0.318| 39.8 | 0.227 29.3 0.545
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Glenoid . . . L . Stride Stride
inclination| Animal ID Surgical Inte.zrnventlon Glenoid Inclination %Stf':mce Stride | %Brake | %Propel Star.1ce/ Length |Frequency
Received Angle (degrees) Stride (s) | Stance | Stance | Swing

Group (cm) | (steps/s)
L2C2A3 Neurectomy and Botox -51.0 64.2 0.170 | 32.0 68.0 1.8 1.7 6.1
L3C3A1 Neurectomy and Botox -76.7 60.0 0.790 | 48.0 52.0 1.5 7.9 1.2
L3C3A2 Neurectomy and Botox -84.7 37.9 0.226 67.4 32.6 0.6 2.3 4.7
L3C5A1 Neurectomy and Botox -72.2 73.4 0.457 | 91.7 8.3 2.8 4.6 2.0
Declined L1C2A1 Neurectomy -49.7 69.0 0.504 | 92.3 7.7 2.2 5.0 1.7
L1C2A2 Neurectomy -80.4 61.1 0.336 [ 95.1 4.9 1.6 34 3.0
L3C2A1 Neurectomy -69.4 3.2 0.740 | 37.7 62.3 0.0 7.4 2.5
L3C4A3 Neurectomy -63.0 57.2 0.394 | 81.1 18.9 1.3 3.9 2.6
Mean -68.4 53.3 0.452 | 68.2 31.8 1.5 4.5 3.0
L4C2A1 Botox -33.8 74.5 0.540 | 50.5 49.5 2.9 5.4 1.8
L2C2A2 Neurectomy and Botox -38.2 58.1 0.663 | 67.5 32.5 1.4 6.6 1.5
L2C3A1 Neurectomy and Botox -35.3 65.9 0.620 65.1 34.9 1.9 6.2 1.6
L2C2A1 Saline -35.5 77.1 0.794 | 67.9 32.1 3.4 7.9 1.3
Typical L3C2A2 Saline -33.9 75.0 0.859 | 69.4 30.6 3.0 8.6 1.2
L3C3A3 Saline -41.9 71.7 0.640 | 70.5 29.5 2.5 6.4 1.5
L3C4A1 Saline -38.3 75.2 0.701 | 38.0 62.0 3.0 7.0 1.4
L3C4A2 Saline -39.4 82.9 0.838 | 71.4 28.6 4.8 8.4 1.2
Mean -37.0 72.6 0.707 | 62.5 37.5 2.9 7.1 14
L4C1A1 Botox -24.0 62.1 0.799 | 42.7 57.3 1.6 8.0 1.3
LAC1A2 Botox -29.5 69.1 0.654 31.8 68.2 2.2 6.5 1.5
L4C2A2 Botox -30.9 72.7 0.654 | 60.4 39.6 2.7 6.5 1.5
LAC3A2 Botox -37.3 73.0 0.865 | 62.9 37.1 2.7 8.7 1.1
Inclined L4C3A3 Botox -34.8 74.5 0.872 | 69.9 30.1 2.9 8.7 1.2
L2C4A2 Neurectomy and Botox -31.9 64.6 0.851 | 39.6 60.4 1.8 8.5 1.2
L2C5A1 Neurectomy and Botox -28.1 59.2 0.725 71.5 28.5 1.5 7.3 1.4
L3C5A2 Saline -33.0 77.1 0.879 | 77.6 22.4 3.4 8.8 1.1
Mean -31.2 69.0 0.787 | 57.1 43.0 2.4 7.9 1.3
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Step

Glenoid . . . L Absolute | Paw Angle | Stance
. . Surgical Internvention |Glenoid Inclination| Paw Angle . . Angle | SLVar| SWVar
Inclination| Animal ID ) Paw Angle | Variability | Width

Received Angle (degrees) | (degrees) (degre| (cm) [ (cm)

Group (degrees) | (degrees) | (cm) )
L2C2A3 Neurectomy and Botox -51.0 -10.5 10.5 8.7 2.7 75.4 1.6 1.08
L3C3A1 Neurectomy and Botox -76.7 -14.3 14.3 8.8 3.0 79.9 5.0 0.79
L3C3A2 Neurectomy and Botox -84.7 -12.8 12.8 10.2 3.0 66.2 | 1.5 0.99
L3C5A1 Neurectomy and Botox -72.2 -37.3 37.3 18.4 3.4 45.6 1.7 0.91
Declined L1C2A1 Neurectomy -49.7 2.6 2.6 16.0 2.2 37.1 0.5 0.29
L1C2A2 Neurectomy -80.4 -10.2 10.2 9.3 2.3 51.3 2.4 0.92
L3C2A1 Neurectomy -69.4 -51.4 51.4 18.5 2.2 544 | 3.2 0.74
L3C4A3 Neurectomy -63.0 -13.5 13.5 12.9 3.8 71.1 | 2.7 1.03
Mean -68.4 -18.4 19.1 12.9 2.8 60.1 | 2.3 | 0.84
L4C2A1 Botox -33.8 10.6 10.6 13.5 1.5 73.2 | 3.9 0.80
L2C2A2 Neurectomy and Botox -38.2 -10.4 10.4 5.5 2.7 66.2 3.1 0.57
L2C3A1 Neurectomy and Botox -35.3 -22.4 22.4 23.4 0.9 78.0 2.6 1.00
L2C2A1 Saline -35.5 14.0 14.0 14.0 2.6 60.9 | 4.3 0.98
Typical L3C2A2 Saline -33.9 15.1 15.1 3.0 1.8 61.3 15 0.19
L3C3A3 Saline -41.9 17.2 17.2 4.9 2.0 69.3 1.6 0.47
L3C4A1 Saline -38.3 1.7 1.7 14.1 2.6 61.0 | 3.7 0.48
L3C4A2 Saline -39.4 4.6 4.6 13.8 1.9 749 | 3.5 0.68
Mean -37.0 3.8 12.0 11.5 2.0 68.1 | 3.0 | 0.65
L4C1A1 Botox -24.0 12.8 12.8 5.2 1.8 69.1 | 1.1 0.60
LAC1A2 Botox -29.5 13.3 13.3 2.9 1.7 59.0 | 2.8 0.25
L4C2A2 Botox -30.9 6.4 6.4 9.7 2.9 61.8 | 1.5 0.66
LAC3A2 Botox -37.3 6.2 6.2 3.8 2.8 63.0 | 0.2 0.78
Inclined LAC3A3 Botox -34.8 11.5 11.5 6.4 2.0 67.2 | 1.3 0.68
L2C4A2 Neurectomy and Botox -31.9 -7.6 7.6 6.6 1.9 70.5 2.1 0.52
L2C5A1 Neurectomy and Botox -28.1 4.7 4.7 4.0 2.5 67.3 14 0.28
L3C5A2 Saline -33.0 2.8 2.8 15.6 1.7 81.6 | 2.2 1.17
Mean -31.2 6.3 8.2 6.8 2.2 67.4 | 1.6 | 0.62
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Glenoid . . . L Step . . Paw Area at
inclination| Animal 1D Surgical Internvention |Glenoid Inclination Angle Var| #Steps Stride Stance Step Swing Peak Stance
Received Angle (degrees) Length CV [Width CV [Angle CV |Duration CV
Group (degrees) (cmA2)
L2C2A3 Neurectomy and Botox -51.0 16.1 37.5 96.5 40.4 21.4 125.5 2.6
L3C3A1 Neurectomy and Botox -76.7 3.9 5.5 63.2 26.3 49 107.1 2.3
L3C3A2 Neurectomy and Botox -84.7 24.3 28.5 68.1 324 36.7 97.3 0.6
L3C5A1 Neurectomy and Botox -72.2 18.9 4.5 36.7 26.8 414 21.6 1.5
Declined L1C2A1 Neurectomy -49.7 24.5 2.5 9.7 12.8 66.0 26.0 0.7
L1C2A2 Neurectomy -80.4 24.1 8.0 70.9 39.3 46.9 57.5 2.1
L3C2A1 Neurectomy -69.4 22.3 3.5 43,5 33.8 41.1 44.7 0.4
L3C4A3 Neurectomy -63.0 9.7 13.0 67.6 27.3 13.6 62.1 1.0
Mean -68.4 18.0 12.9 57.0 29.9 34.0 67.7 14
L4C2A1 Botox -33.8 11.3 10.5 72.6 52.8 15.5 57.9 1.5
L2C2A2 Neurectomy and Botox -38.2 13.9 8.0 46.3 20.8 21.0 48.1 1.1
L2C3A1 Neurectomy and Botox -35.3 12.9 4.0 41.2 114.2 16.5 24.9 0.9
L2C2A1 Saline -35.5 26.1 6.0 53.8 38.2 42.9 51.1 1.8
Typical L3C2A2 Saline -33.9 13.4 5.0 17.5 10.9 21.8 10.9 1.7
L3C3A3 Saline -41.9 10.5 4.5 25.2 23.8 15.1 16.9 2.1
L3C4A1 Saline -38.3 15.1 5.5 52.3 18.2 24.8 55.9 1.1
L3C4A2 Saline -39.4 11.0 6.0 41.3 35.7 14.7 25.7 1.3
Mean -37.0 14.3 6.2 43.8 39.3 21.5 36.4 14
L4C1A1 Botox -24.0 23.3 5.0 13.9 34.0 33.8 53.4 1.2
LAC1A2 Botox -29.5 10.8 2.0 42.5 14.8 18.4 11.2 1.4
L4C2A2 Botox -30.9 20.4 5.5 22.3 22.9 33.1 33.0 1.4
LAC3A2 Botox -37.3 16.2 2.5 2.6 28.4 25.7 8.2 1.4
Inclined L4C3A3 Botox -34.8 10.6 5.0 14.5 34.4 15.8 36.3 1.5
L2C4A2 Neurectomy and Botox -31.9 9.0 7.0 24.5 27.1 12.8 24.3 0.8
L2C5A1 Neurectomy and Botox -28.1 10.6 4.0 18.6 10.9 15.7 58.4 1.6
L3C5A2 Saline -33.0 6.3 6.5 24.8 70.1 7.7 20.8 1.5
Mean -31.2 13.4 4.7 20.5 30.3 20.3 30.7 1.3
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Glenoid . . . L Paw Area . MAX MIN | Overlap
. . Surgical Internvention |Glenoid Inclination L Stance Gait .
Inclination| Animal ID . Variability at Peak dA/dT | dA/dT | Distance
Received Angle (degrees) Factor |Symmetry
Group Stance (cm”2) (cm”2) | (cm”2) | (cm)
L2C2A3 Neurectomy and Botox -51.0 1.7 0.20 14 272.6 | -121.7 1.97
L3C3A1 Neurectomy and Botox -76.7 0.9 1.00 0.7 198.4 | -79.2 -2.14
L3C3A2 Neurectomy and Botox -84.7 0.2 0.16 2.2 55.4 | -35.8 1.42
L3C5A1 Neurectomy and Botox -72.2 0.5 0.58 1.4 85.3 -38.0 0.41
Declined | L1C2A1 Neurectomy -49.7 0.1 0.77 0.9 47.6 -9.0 5.94
L1C2A2 Neurectomy -80.4 1.5 0.48 1.2 138.7 | -195.7 0.1
L3C2A1 Neurectomy -69.4 0.0 0.06 1.7 43.1 | -13.7 -0.89
L3C4A3 Neurectomy -63.0 0.9 0.57 1.4 62.7 | -76.1 0.67
Mean -68.4 0.7 0.48 1.4 113.0 | -71.1 0.935
L4C2A1 Botox -33.8 0.4 0.58 1.4 103.0 | -45.6 2.45
L2C2A2 Neurectomy and Botox -38.2 0.4 0.67 11 54.8 -15.6 0.92
L2C3A1 Neurectomy and Botox -35.3 0.7 0.75 1.1 82.3 | -12.7 5.97
L2C2A1 Saline -35.5 0.9 0.95 0.9 92.1 | -86.3 0.77
Typical L3C2A2 Saline -33.9 0.2 1.17 1.0 98.4 | -11.4 2.09
L3C3A3 Saline -41.9 0.1 1.03 0.9 110.0 | -19.6 1.52
L3C4A1 Saline -38.3 0.4 1.20 1.2 89.1 | -22.7 0.57
L3C4A2 Saline -39.4 0.2 1.01 1.0 86.2 | -17.4 5.41
Mean -37.0 0.4 0.92 1.1 89.5 | -28.9 | 2.4625
LAC1A1 Botox -24.0 0.2 1.51 1.7 63.9 -14.7 3.68
L4C1A2 Botox -29.5 0.2 1.11 1.0 76.2 | -15.9 2.25
L4C2A2 Botox -30.9 0.2 0.66 1.0 80.7 | -11.4 2.32
L4C3A2 Botox -37.3 0.1 1.06 1.0 56.7 | -30.0 1.72
Inclined L4C3A3 Botox -34.8 0.2 1.24 1.0 37.8 | -19.6 2.29
L2C4A2 Neurectomy and Botox -31.9 0.1 1.24 1.1 485 | -15.6 1.2
L2C5A1 Neurectomy and Botox -28.1 0.0 0.81 13 105.2 | -15.0 3.1
L3C5A2 Saline -33.0 0.2 1.27 1.1 71.2 | -16.7 3.09
Mean -31.2 0.1 1.11 11 67.5 | -17.3 | 2.45625
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Glenoid . . . L Paw Placement . Midline Axis
L . Surgical Internvention |Glenoid Inclination L Ataxia . .
Inclination| Animal ID . Positioning .. Distance | Distance
Received Angle (degrees) Coefficient
Group (cm) (cm) (cm)
L2C2A3 Neurectomy and Botox -51.0 -0.32 4.9 -2.8 -1.4
L3C3A1 Neurectomy and Botox -76.7 0.32 1.5 -1.1 -1.5
L3C3A2 Neurectomy and Botox -84.7 -0.55 2.7 -1.5 -2.1
L3C5A1 Neurectomy and Botox -72.2 -0.06 0.8 -0.3 -1.8
Declined L1C2A1 Neurectomy -49.7 0.85 0.1 -5.0 -1.7
L1C2A2 Neurectomy -80.4 -0.71 1.6 -0.7 -1.8
L3C2A1 Neurectomy -69.4 0.59 1.3 -2.9 -1.6
L3C4A3 Neurectomy -63.0 -0.34 2.3 -0.1 -2.7
Mean -68.4 -0.03 1.9 -1.8 -1.8
L4C2A1 Botox -33.8 0.48 2.3 -4.8 -0.7
L2C2A2 Neurectomy and Botox -38.2 0.30 1.2 -4.2 -1.3
L2C3A1 Neurectomy and Botox -35.3 2.42 0.8 -2.7 0.0
L2C2A1 Saline -35.5 0.42 1.4 -2.6 -1.3
Typical L3C2A2 Saline -33.9 1.01 0.4 -4.2 -1.0
L3C3A3 Saline -41.9 0.61 0.5 -3.7 -1.1
L3C4A1 Saline -38.3 -0.24 1.4 -3.4 -1.0
L3C4A2 Saline -39.4 0.87 1.1 -4.0 -0.9
Mean -37.0 0.73 11 -3.7 -0.9
LAC1A1 Botox -24.0 0.81 0.4 -5.3 -0.9
L4C1A2 Botox -29.5 1.03 0.6 -4.5 -0.8
L4C2A2 Botox -30.9 0.47 0.6 -3.8 -1.0
LAC3A2 Botox -37.3 -0.12 0.0 -3.4 -1.4
Inclined L4C3A3 Botox -34.8 0.84 0.4 -3.2 -1.1
L2C4A2 Neurectomy and Botox -31.9 -0.14 0.6 -3.8 -1.0
L2C5A1 Neurectomy and Botox -28.1 0.78 0.4 -4.1 -1.3
L3C5A2 Saline -33.0 1.22 0.6 -2.9 -0.9
Mean -31.2 0.61 0.5 -3.9 -1.0
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Appendix D: All DigiGait™ Imaging System Data Collected for Right Forearm

Gl'eno!d . Surgical Internvention |Glenoid Inclination| Swing| %Swing| Brake | %Brake | Propel | %Propel | Stance
Inclination| Animal ID . . . .
Received Angle (degrees) (s) Stride (s) Stride (s) Stride (s)
Group

L2C2A3 Neurectomy and Botox -32.7 0.152 | 21.5 [0.366| 51.7 0.190 26.9 0.557

L3C3A1 Neurectomy and Botox -40.7 0.244 | 34.0 [0.226| 31.6 0.247 34.4 0.473

L3C3A2 Neurectomy and Botox -41.7 0.184 25.3 0.323| 445 0.219 30.1 0.542

L3C5A1 Neurectomy and Botox -41.3 0.153 21.0 [(0.472| 64.6 0.105 14.4 0.577

Declined | L1C2A1 Neurectomy -33.3 0.135| 23.0 |0.121| 20.6 | 0.330 56.4 0.450
L1C2A2 Neurectomy -36.7 0.083 16.3 0.104| 20.4 0.323 63.3 0.427

L3C2A1 Neurectomy -38.1 0.123 22.6 [0.285| 52.2 0.137 25.1 0.422

L3C4A3 Neurectomy -39.3 0.134| 253 |0.323| 61.0 | 0.072 13.7 0.395

Mean -38.0 0.151| 23.6 |0.278| 43.3 | 0.203 33.0 0.480

L4C2A1 Botox -31.9 0.142 17.1 0.376 | 45.2 0.315 37.8 0.691

L2C2A2 Neurectomy and Botox -36.2 0.324 | 359 [0.426| 47.1 0.153 17.0 0.579

L2C3A1 Neurectomy and Botox -32.1 0.173 24.1 [0.338| 47.0 0.207 28.9 0.545

L2C2A1 Saline -32.7 0.289 30.9 (0.448| 47.8 0.199 21.3 0.647

Typical L3C2A2 Saline -32.3 0.259 | 319 |0.293| 36.2 | 0.259 31.9 0.552
L3C3A3 Saline -39.7 0.206 31.7 0.281| 43.1 0.164 25.2 0.444

L3C4A1 Saline -36.0 0.143 | 245 |0.230| 39.5 | 0.210 36.0 0.440

L3C4A2 Saline -35.3 0.152 | 18.0 |0.257| 30.5 | 0.434 51.5 0.690

Mean -34.5 0.211 26.8 |0.331| 42.1 0.243 31.2 0.574

L4C1A1 Botox -28.5 0.156 32.2 0.130| 26.9 0.197 40.8 0.327

LAC1A2 Botox -38.0 0.239 36.9 0.087| 13.4 0.322 49.7 0.409

LAC2A2 Botox -44.2 0.144 16.6 | 0.199| 23.0 0.523 60.4 0.723

L4C3A2 Botox -41.5 0.204 | 25.6 |0.372| 46.7 | 0.222 27.8 0.594

Inclined LAC3A3 Botox -40.9 0.323 38.2 0.368 | 435 0.154 18.3 0.522
L2C4A2 Neurectomy and Botox -40.9 0.216 32.8 [0.279| 424 0.164 24.9 0.443

L2C5A1 Neurectomy and Botox -33.2 0.157 | 229 [0.412| 60.1 0.117 17.1 0.529

L3C5A2 Saline -38.4 0.141 20.8 0.191| 28.3 0.344 50.9 0.535

Mean -38.2 0.198 28.3 |0.255( 35.5 0.255 36.2 0.510
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Glenoid . . . L . Stride Stride
. . Surgical Internvention [Glenoid Inclination| %Stance | Stride | %Brake | %Propel | Stance/
Inclination| Animal ID . . . Length|Frequency
Received Angle (degrees) | Stride (s) | Stance | Stance | Swing

Group (cm) | (steps/s)
L2C2A3 Neurectomy and Botox -32.7 78.5 0.709 | 65.8 34.2 3.7 7.1 14
L3C3A1 Neurectomy and Botox -40.7 66.0 0.717 | 47.8 52.2 1.9 7.2 1.4
L3C3A2 Neurectomy and Botox -41.7 74.7 0.726 | 59.7 40.3 2.9 7.3 14
L3C5A1 Neurectomy and Botox -41.3 79.0 0.730 | 81.8 18.2 3.8 7.3 1.6
Declined | L1C2A1 Neurectomy -33.3 77.0 | 0.585| 26.8 73.2 3.3 5.9 1.8
L1C2A2 Neurectomy -36.7 83.7 0.510 [ 24.4 75.6 5.2 5.1 2.0
L3C2A1 Neurectomy -38.1 77.4 [ 0546 | 67.5 32.5 3.4 5.5 1.9
L3C4A3 Neurectomy -39.3 74.7 0.529 | 81.7 18.3 2.9 5.3 1.8
Mean -38.0 76.4 | 0.632| 56.9 43.1 3.4 6.3 1.7
L4C2A1 Botox -31.9 82.9 0.833 ( 54.5 45.5 4.9 8.3 1.2
L2C2A2 Neurectomy and Botox -36.2 64.1 0.903 | 73.5 26.5 1.8 9.0 1.1
L2C3A1 Neurectomy and Botox -32.1 75.9 0.718 | 62.0 38.0 3.2 7.2 1.3
L2C2A1 Saline -32.7 69.1 0.937 | 69.2 30.8 2.2 9.4 1.0
Typical L3C2A2 Saline -32.3 68.1 0.811 | 53.2 46.8 2.1 8.1 1.2
L3C3A3 Saline -39.7 68.3 0.651 | 63.1 36.9 2.2 6.5 1.6
L3C4A1 Saline -36.0 75.5 0.583 [ 52.3 47.7 3.1 5.8 1.7
L3C4A2 Saline -35.3 82.0 |[0.842| 37.2 62.8 4.5 8.4 1.2
Mean -34.5 73.2 | 0.785| 58.1 419 3.0 7.8 1.3
L4C1A1 Botox -28.5 67.8 0.483 | 39.7 60.3 2.1 4.8 2.1
L4C1A2 Botox -38.0 63.1 0.648 | 21.3 78.7 1.7 6.5 1.6
LAC2A2 Botox -44.2 83.4 |[0.866| 27.6 72.4 5.0 8.7 1.1
L4C3A2 Botox -41.5 744 |0.798 | 62.7 37.3 2.9 8.0 1.2
Inclined L4C3A3 Botox -40.9 61.8 0.845 [ 70.5 29.5 1.6 8.4 1.1
L2C4A2 Neurectomy and Botox -40.9 67.2 0.659 [ 63.0 37.0 2.0 6.6 1.5
L2C5A1 Neurectomy and Botox -33.2 77.1 0.686 | 77.9 22.1 3.4 6.9 1.5
L3C5A2 Saline -38.4 79.2 0.676 [ 35.8 64.2 3.8 6.8 1.5
Mean -38.2 71.8 | 0.708 | 49.8 50.2 2.8 7.1 1.5
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Glenoid . . . L Absolute | Paw Angle . .
o . Surgical Internvention |Glenoid Inclination| Paw Angle L SLVar Stride Swing

Inclination| Animal ID . Paw Angle | Variability #Steps .

Received Angle (degrees) | (degrees) (cm) Length CV|Duration CV
Group (degrees) | (degrees)

L2C2A3 Neurectomy and Botox -32.7 -14.6 14.6 13.3 4.43 9.5 62.47 37.86
L3C3A1 Neurectomy and Botox -40.7 -13.1 13.1 17.9 2.83 7.0 39.43 73.32
L3C3A2 Neurectomy and Botox -41.7 -17.3 17.3 12.9 2.51 9.0 34.64 42.09
L3C5A1 Neurectomy and Botox -41.3 -13.4 13.4 5.2 1.38 3.5 18.86 47.22
Declined L1C2A1 Neurectomy -33.3 -25.6 25.6 4.0 2.07 2.5 35.36 46.76
L1C2A2 Neurectomy -36.7 -14.9 14.9 12.0 2.34 4.5 45.83 63.39
L3C2A1 Neurectomy -38.1 -20.4 20.4 16.0 2.46 5.0 45.13 40.82
L3C4A3 Neurectomy -39.3 -11.1 11.1 7.0 1.06 8.5 20.04 48.63
Mean -38.0 -16.3 16.3 11.0 2.39 6.2 37.72 50.01
L4C2A1 Botox -31.9 -16.5 16.5 7.1 2.77 7.0 33.20 38.35
L2C2A2 Neurectomy and Botox -36.2 -13.5 13.5 6.3 2.70 6.0 29.88 20.18
L2C3A1 Neurectomy and Botox -32.1 19.5 19.5 17.0 4.79 3.5 66.72 30.20
L2C2A1 Saline -32.7 -8.8 8.8 14.6 0.69 4.5 7.38 40.35
Typical L3C2A2 Saline -32.3 -21.6 21.6 13.8 2.84 5.5 35.05 33.35
L3C3A3 Saline -39.7 -18.7 18.7 7.8 1.15 4.5 17.61 20.24
L3C4A1 Saline -36.0 -7.7 7.7 11.7 2.88 7.5 49.44 60.50
L3C4A2 Saline -35.3 -10.5 10.5 5.8 2.27 6.5 26.89 14.41
Mean -34.5 -9.7 14.6 10.5 2.51 5.6 33.27 32.20
LAC1A1 Botox -28.5 -6.7 6.7 14.0 3.04 9.0 62.95 34.46
LAC1A2 Botox -38.0 -11.9 11.9 3.3 0.68 2.5 10.45 36.72
LAC2A2 Botox -44.2 8.2 8.2 8.0 2.22 4.5 25.59 27.61
LAC3A2 Botox -41.5 -11.6 11.6 5.7 1.88 2.5 23.57 11.76
Inclined LAC3A3 Botox -40.9 -5.2 5.2 11.9 0.81 5.5 9.62 14.21
L2C4A2 Neurectomy and Botox -40.9 -17.6 17.6 6.1 3.16 9.0 48.05 36.78
L2C5A1 Neurectomy and Botox -33.2 -5.3 5.3 4.2 0.44 4.0 6.42 42.92
L3C5A2 Saline -38.4 -10.4 10.4 7.5 2.95 9.0 43.66 23.62
Mean -38.2 -7.6 9.6 7.6 1.90 5.8 28.79 28.51
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VIAX | VIN
Gl.eno!d . Surgical Internvention |Glenoid Inclination Paw Area at . Pa?v.v Area Gait dA/dT|dA/dT Qverlap
Inclination| Animal ID . Peak Stance | Variability at Peak Distance
Received Angle (degrees) Symmetry | (cm”2| (cmA2
Group (cmA2) Stance (cm”2) \ \ (cm)
L2C2A3 Neurectomy and Botox -32.7 2.92 1.21 1.38 227.7 | -153 1.36
L3C3A1 Neurectomy and Botox -40.7 1.57 0.84 0.74 117.2 (-41.99| -0.07
L3C3A2 Neurectomy and Botox -41.7 2.06 0.22 2.23 106.3 [-17.24| 0.71
L3C5A1 Neurectomy and Botox -41.3 1.77 0.24 1.38 76.6 [-69.62] 0.90
Declined L1C2A1 Neurectomy -33.3 1.08 0.05 0.91 70.3 |-26.72| 4.37
L1C2A2 Neurectomy -36.7 2.40 0.91 1.16 187.8 [-125.5 1.81
L3C2A1 Neurectomy -38.1 1.73 0.28 1.68 119.7 [-11.45| 0.62
L3C4A3 Neurectomy -39.3 1.25 0.19 1.39 80.8 -10.29 131
Mean -38.0 1.85 0.49 1.36 123.3 |-56.98| 1.38
LAC2A1 Botox -31.9 1.65 0.43 1.42 106.8 [-15.38 1.72
L2C2A2 Neurectomy and Botox -36.2 1.65 0.15 1.10 57.6 [-46.81| -0.44
L2C3A1 Neurectomy and Botox -32.1 1.00 0.75 1.10 48.3 |-79.14| 0.13
L2C2A1 Saline -32.7 1.65 0.41 0.94 54,5 |-21.48| 0.99
Typical L3C2A2 Saline -32.3 1.87 0.09 1.01 108.6 |-23.07 2.84
L3C3A3 Saline -39.7 2.05 0.15 0.94 92.3 (-16.24] 2.36
L3C4A1 Saline -36.0 1.17 0.53 1.16 84.9 (-44.82 1.65
L3C4A2 Saline -35.3 131 0.19 1.02 93.3 | -12.7 2.65
Mean -34.5 1.54 0.34 1.09 80.8 |-32.46 1.49
LAC1Al Botox -28.5 0.97 0.41 1.67 69.1 [-19.06 2.62
LAC1A2 Botox -38.0 1.32 0.23 0.98 117.6 [-12.98| 0.94
LAC2A2 Botox -44.2 1.25 0.30 1.04 87.4 |-18.43| 0.92
LAC3A2 Botox -41.5 1.57 0.06 0.97 41.9 |-19.37 2.22
Inclined LAC3A3 Botox -40.9 131 0.20 0.98 54.3 [-20.59 1.59
L2C4A2 Neurectomy and Botox -40.9 1.12 0.23 1.10 77.4 -33.78 1.60
L2C5A1 Neurectomy and Botox -33.2 1.81 0.14 1.29 100.2 (-15.14| 3.57
L3C5A2 Saline -38.4 1.53 0.16 1.09 125.6 (-17.15 1.97
Mean -38.2 1.36 0.22 1.14 84.2 |-19.56 1.93
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Paw

Glenoid . . . L . Midline Axis
. . Surgical Internvention |Glenoid Inclination| Placement Ataxia . .
Inclination| Animal ID . L . Distance | Distance
Received Angle (degrees) |Positioning [Coefficient
Group [ (cm) (cm)
L2C2A3 Neurectomy and Botox -32.7 -0.43 2.02 -3.92 1.15
L3C3A1 Neurectomy and Botox -40.7 -0.20 1.20 -2.41 1.10
L3C3A2 Neurectomy and Botox -41.7 -0.93 1.17 -4.49 0.49
L3C5A1 Neurectomy and Botox -41.3 -0.14 0.36 -3.31 1.40
Declined | L1C2A1 Neurectomy -33.3 -0.05 0.56 -6.83 0.76
L1C2A2 Neurectomy -36.7 -1.06 1.09 -5.61 0.42
L3C2A1 Neurectomy -38.1 -0.61 1.04 -3.50 0.68
L3C4A3 Neurectomy -39.3 -0.20 0.57 -2.46 1.08
Mean -38.0 -0.45 1.00 -4.07 0.89
L4C2A1 Botox -31.9 -0.50 0.98 -3.87 0.86
L2C2A2 Neurectomy and Botox -36.2 -0.36 0.80 -3.44 1.29
L2C3A1 Neurectomy and Botox -32.1 -0.57 1.40 -1.18 1.27
L2C2A1 Saline -32.7 -0.83 0.16 -3.60 1.21
Typical L3C2A2 Saline -32.3 -0.53 0.94 -4.72 0.79
L3C3A3 Saline -39.7 -0.84 0.36 -4.03 0.95
L3C4A1 Saline -36.0 -0.56 1.59 -4.21 1.00
L3C4A2 Saline -35.3 -0.48 0.73 -4.99 0.74
Mean -34.5 -0.58 0.87 -3.76 1.01
LAC1A1 Botox -28.5 -1.17 171 -5.96 0.75
L4C1A2 Botox -38.0 -1.12 0.14 -4.84 0.77
L4C2A2 Botox -44.2 -0.21 0.59 -4.37 1.36
LAC3A2 Botox -41.5 -0.46 0.34 -3.59 1.22
Inclined L4C3A3 Botox -40.9 -0.67 0.23 -1.61 1.27
L2C4A2 Neurectomy and Botox -40.9 -0.57 1.49 -3.13 0.80
L2C5A1 Neurectomy and Botox -33.2 -0.60 0.15 -3.79 1.47
L3C5A2 Saline -38.4 -0.72 1.31 -5.39 0.47
Mean -38.2 -0.69 0.75 -4.09 1.01
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Appendix E: All DigiGait™ Imaging System Data Collected for Left Hind Limb

In(i:iennact):gn Animal ID Surgical Internvention Swing | %Swing| Brake | %Brake | Propel | %Propel| Stance | %Stance | Stride [ %Brake | %Propel

Group Received (s) Stride (s) | Stride (s) Stride (s) Stride (s) | Stance | Stance
L2C2A3 Neurectomy and Botox 0.076 31.8 |0.043| 17.9 | 0.120 50.3 0.163 68.2 | 0.240 | 26.3 73.7

L3C3A1 Neurectomy and Botox 0.126 21.3 |10.177| 30.0 0.288 48.7 0.466 78.7 0.592 | 38.1 61.9

L3C3A2 Neurectomy and Botox 0.095 14.2 [0.047| 7.0 0.530 78.8 0.577 85.8 | 0.672 8.2 91.8

L3C5A1 Neurectomy and Botox 0.122 16.0 [0.126 | 16.5 | 0.516 67.5 0.642 84.0 |[0.764| 19.6 80.4

Declined | L1C2A1 Neurectomy 0.085 17.0 |0.126| 25.2 | 0.289 57.8 0.415 83.0 |0.500| 30.3 69.7
L1C2A2 Neurectomy 0.069 17.7 [0.093 | 23.8 | 0.228 58.5 0.321 82.3 [0.390| 28.9 71.1

L3C2A1 Neurectomy 0.096 11.5 |0.122 | 147 0.613 73.8 0.736 88.5 0.832 | 16.6 83.4

L3C4A3 Neurectomy 0.138 20.1 |0.086| 12.5 | 0.460 67.3 0.546 79.9 |0.684 | 15.7 84.3

Mean 0.101 18.7 (0.103 | 18.5 | 0.381 62.8 0.483 81.3 |[0.584 | 23.0 77.0

L4C2A1 Botox 0.108 11.7 (0.184( 19.8 | 0.636 68.6 0.820 883 [0.928 | 224 77.6

L2C2A2 Neurectomy and Botox 0.131 159 |0.119| 14.6 0.570 69.5 0.689 84.1 0.820 | 17.3 82.7

L2C3A1 Neurectomy and Botox 0.137 17.4 10.252| 31.9 | 0.400 50.7 0.652 82.6 |[0.789| 38.6 61.4

L2C2A1 Saline 0.127 17.0 [0.078 | 10.5 | 0.539 72.5 0.617 83.0 |[0.744| 12.6 87.4

Typical L3C2A2 Saline 0.117 14.8 [0.132| 16.6 | 0.544 68.6 0.676 85.2 | 0.793 | 19.5 80.5
L3C3A3 Saline 0.113 18.5 [0.129( 21.2 | 0.367 60.3 0.496 81.5 |[0.609 | 26.0 74.0

L3C4A1 Saline 0.153 23.3 |0.056| 8.5 0.449 68.2 0.504 76.7 |0.658 | 11.1 88.9

L3C4A2 Saline 0.110 12.7 |0.080| 9.2 0.677 78.1 0.757 87.3 |0.867 | 10.5 89.5

Mean 0.125 16.4 (0.129( 16.5 | 0.523 67.1 0.651 836 |[0.776 | 19.8 80.3

L4C1A1 Botox 0.124 125 (0.134( 135 | 0.734 73.9 0.868 875 |[0.993| 15.5 84.5

LAC1A2 Botox 0.117 16.9 [0.122 17.7 | 0.452 65.4 0.574 83.1 |[0.691| 21.3 78.7

L4C2A2 Botox 0.154 18.8 [0.204 | 249 | 0.463 56.3 0.667 81.2 |0.821| 30.6 69.4

LAC3A2 Botox 0.156 16.6 [0.059( 6.2 0.723 77.1 0.782 83.4 [ 0.938 7.5 92.5

Inclined L4C3A3 Botox 0.111 126 [0.140( 16.0 | 0.626 71.4 0.766 874 |0.876| 183 81.7
L2C4A2 Neurectomy and Botox 0.130 16.3 [0.106 [ 13.3 | 0.561 70.3 0.667 83.7 [0.797 | 16.0 84.0

L2C5A1 Neurectomy and Botox 0.128 13.0 [0.120( 12.2 | 0.734 74.8 0.854 87.0 |[0.981| 14.0 86.0

L3C5A2 Saline 0.107 12.4 0.160 | 18.5 0.598 69.2 0.758 87.6 0.865 21.1 78.9

Mean 0.128 149 (0.131( 15.3 | 0.611 69.8 0.742 85.1 |0.870 | 18.0 82.0

64




Glenoid . . Stride Stride Absolute | Paw Angle | Stance Step Step
. . Surgical Internvention Stance/ Paw Angle o . Angle | SLVar| SWVar

Inclination| Animal ID Received Swing Length |Frequency (degrees) Paw Angle | Variability | Width (degre | (cm) | (cm) Angle Var
Group (cm) | (steps/s) (degrees) | (degrees) | (cm) es) (degrees)

L2C2A3 Neurectomy and Botox 2.1 2.4 4.3 7.1 7.1 31.0 3.2 59.5 | 213 | 0.91 27.90

L3C3A1 Neurectomy and Botox 3.7 5.9 1.7 -9.9 9.9 3.5 3.4 60.9 | 3.51 | 0.78 18.06

L3C3A2 Neurectomy and Botox 6.1 6.7 1.5 -5.6 5.6 14.1 3.0 62.6 | 3.42 | 0.49 20.02

L3C5A1 Neurectomy and Botox 5.2 7.6 1.3 -18.6 18.6 1.7 4.1 36.2 | 1.13 0.19 26.65

Declined | L1C2A1 Neurectomy 4.9 5.0 2.0 -8.8 8.8 1.6 3.2 25.1 | 1.33 | 0.29 14.10

L1C2A2 Neurectomy 4.6 3.9 2.6 0.2 0.2 8.5 2.6 46.3 | 2.06 | 1.11 23.50

L3C2A1 Neurectomy 7.7 8.3 1.3 -5.0 5.0 3.0 3.5 442 | 1.92 | 0.24 15.67

L3C4A3 Neurectomy 4.0 6.8 1.5 -11.6 11.6 14.8 3.8 23.8 | 2.11 | 0.50 18.77

Mean 4.8 5.8 2.0 -6.5 8.4 9.8 3.4 (44.825| 2.20 | 0.56 20.58

L4C2A1 Botox 7.6 9.3 1.1 -5.5 5.5 6.5 2.7 67.1 | 1.34 | 0.84 16.00

L2C2A2 Neurectomy and Botox 5.3 8.2 1.2 -5.0 5.0 14.1 3.5 48.8 | 2.06 | 0.22 29.16

L2C3A1 Neurectomy and Botox 4.8 7.9 1.3 -9.9 9.9 4.4 3.0 416 | 0.64 | 0.75 13.06

L2C2A1 Saline 4.9 7.4 1.4 -5.4 5.4 11.0 4.1 489 | 3.21 | 0.12 27.83

Typical L3C2A2 Saline 5.8 7.9 1.2 -7.1 7.1 16.6 3.3 50 242 | 0.23 13.17

L3C3A3 Saline 4.4 6.1 1.7 5.7 5.7 19.4 3.3 445 | 1.98 | 0.45 18.70

L3C4A1 Saline 33 6.6 1.5 -13.6 13.6 33.0 2.8 49.7 | 4.52 | 0.54 21.68

L3C4A2 Saline 6.9 8.7 1.2 -24.6 24.6 2.5 3.2 58.7 | 1.76 | 0.12 17.84

Mean 5.4 7.8 1.3 -8.2 9.6 13.4 3.2 (51.163| 2.24 | 0.41 19.68

L4C1A1 Botox 7.0 9.9 1.0 -15.3 15.3 34 34 55.5 | 2.15 | 0.27 25.47

LAC1A2 Botox 4.9 6.9 1.4 -4.3 4.3 0.2 3.3 54.4 | 0.00 | 0.65 17.90

LAC2A2 Botox 4.3 8.2 1.2 -0.4 0.4 2.4 3.3 449 | 2.41 | 0.49 15.22

LAC3A2 Botox 5.0 9.4 1.2 -0.9 0.9 3.5 3.1 62.6 | 2.97 | 0.45 12.94

Inclined L4C3A3 Botox 6.9 8.8 1.2 -8.6 8.6 3.1 3.6 58.4 | 0.58 | 0.40 15.48

L2C4A2 Neurectomy and Botox 5.1 8.0 1.2 -1.4 14 7.2 2.4 515 | 1.61 [ 0.59 20.56

L2C5A1 Neurectomy and Botox 6.7 9.8 1.1 5.2 5.2 5.9 3.7 65.1 | 295 0.44 13.12

L3C5A2 Saline 7.1 8.6 1.2 -7.5 7.5 4.1 3.4 39.5 | 1.00 | 0.33 21.12

Mean 5.9 8.7 1.2 -4.2 5.5 3.7 3.3 (53.988| 1.71 | 0.45 17.73
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Glenoid Surgical Internvention Stride Stance Step Swing Paw Area at Paw Area Hind Limb
Inclination| Animal ID . #Steps . . Peak Stance | Variability at Peak |Shared Stance
Received Length CV|Width CV |Angle CV |Duration CV .
Group (cm”2) Stance (cm”2) Time (s)

L2C2A3 Neurectomy and Botox 28.5 88.92 28.40 46.87 106.92 2.97 1.70 0.499
L3C3A1 Neurectomy and Botox 9.0 59.39 23.40 29.67 63.64 2.41 1.09 0.241
L3C3A2 Neurectomy and Botox 10.0 50.88 16.45 31.98 31.21 3.82 1.57 0.647
L3C5A1 Neurectomy and Botox 3.0 14.77 4.77 73.68 35.14 1.85 0.18 0.557
Declined L1C2A1 Neurectomy 3.0 26.66 9.06 56.19 16.54 3.12 0.16 0.438
L1C2A2 Neurectomy 7.0 52.82 42.90 50.74 47.42 211 1.52 0.532
L3C2A1 Neurectomy 3.5 23.12 6.74 35.43 20.79 3.72 0.34 0.900
L3C4A3 Neurectomy 7.5 30.78 12.99 78.83 42.11 2.92 0.42 0.517
Mean 8.9 43.42 18.09 50.42 45.47125 2.87 0.87 0.541
L4C2A1 Botox 5.5 14.43 31.35 23.85 41.11 3.65 0.11 0.798
L2C2A2 Neurectomy and Botox 7.0 25.17 6.12 59.78 10.99 3.69 0.92 0.765
L2C3A1 Neurectomy and Botox 3.5 8.10 24.79 31.40 12.48 2.61 0.15 0.543
L2C2A1 Saline 6.0 43.16 2.81 56.93 18.08 3.94 1.03 0.685
Typical L3C2A2 Saline 5.5 30.50 6.80 26.35 18.18 4.00 1.11 0.645
L3C3A3 Saline 4.5 32.46 13.82 42.03 10.76 5.00 0.74 0.460
L3C4A1 Saline 6.0 68.66 19.25 43.63 36 2.02 1.02 0.544
L3C4A2 Saline 6.0 20.31 3.58 30.39 28.09 2.77 0.09 0.684
Mean 5.5 30.35 13.57 39.30 21.96125 3.46 0.65 0.641
L4C1A1 Botox 4.0 21.71 8.01 45.87 12.58 2.97 0.10 0.832
LAC1A2 Botox 2.0 0.00 19.40 32.89 9.64 3.17 0.48 0.577
L4C2A2 Botox 4.5 29.41 14.66 33.90 15.99 3.75 0.23 0.596
LAC3A2 Botox 2.5 31.68 14.48 20.66 30.93 3.68 0.36 0.751
Inclined L4C3A3 Botox 5.5 6.63 10.98 26.48 8.81 3.12 0.30 0.685
L2C4A2 Neurectomy and Botox 7.5 20.17 24.08 39.88 15.17 3.10 0.26 0.545
L2C5A1 Neurectomy and Botox 3.5 30.10 11.69 20.17 8.33 4.47 0.36 0.667
L3C5A2 Saline 7.0 11.62 9.78 53.49 9.26 3.43 0.15 0.698
Mean 4.6 18.92 14.14 34.17 13.83875 3.46 0.28 0.669
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. MAX | MIN Paw
Glenoid . . . Overlap
inclination| Animal 1D Surgical Int(.ernventlon % Shared | Stance Gait dA/dT|dA/dT Tau-' Distance PIa.ce.me'nt
Received Stance | Factor [Symmetry|(cm”2|(cm”2|Propulsion Positioning
Group (cm)

) ) (cm)

L2C2A3 Neurectomy and Botox 305.6 0.21 1.38 285.6 |-137.4 0.849 1.97 -0.32

L3C3A1 Neurectomy and Botox 51.8 1.26 0.74 227.5] -52.9 0.289 -2.14 0.32

L3C3A2 Neurectomy and Botox 112.1 0.80 2.23 401.2 [-33.46| 0.461 1.42 -0.55

L3C5A1 Neurectomy and Botox 86.7 0.94 1.38 139.7 |-38.02 0.465 0.41 -0.06

Declined | L1C2A1 Neurectomy 105.6 0.86 0.91 285.5 [-51.77( 0.435 5.94 0.85

L1C2A2 Neurectomy 165.9 0.61 1.16 242.6 [-54.63( 0.687 0.10 -0.71

L3C2A1 Neurectomy 122.3 0.96 1.68 336 |-22.99| 1.323 -0.89 0.59

L3C4A3 Neurectomy 94.7 1.02 1.39 304.4 [-19.61| -2.340 0.67 -0.34

Mean 130.5875 | 0.83 1.36 277.8 |-51.35| 0.271 0.94 -0.03

L4C2A1 Botox 97.3 0.98 1.42 362.6 (-41.11( 0.435 2.45 0.48

L2C2A2 Neurectomy and Botox 111 0.87 1.10 406.8 | -42.9 0.609 0.92 0.30

L2C3A1 Neurectomy and Botox 83.2 1.04 1.10 237.8 [-108.8( 0.231 5.97 2.42

L2C2A1 Saline 111 0.74 0.94 401 (-90.77| 1.301 0.77 0.42

Typical L3C2A2 Saline 95.3 0.92 1.01 429.3 |-29.44| 0.884 2.09 1.01

L3C3A3 Saline 92.8 0.91 0.94 511.2 [-32.56( 0.731 1.52 0.61

L3C4A1 Saline 107.8 0.73 1.16 210.4 [-36.38| 0.278 0.57 -0.24

L3C4A2 Saline 90.3 1.00 1.02 279.2 (-19.82| 0.618 5.41 0.87

Mean 98.5875 | 0.90 1.09 354.8 |-50.23| 0.636 2.46 0.73

L4C1A1 Botox 95.9 0.98 1.67 267 |(-27.31| 0.829 3.68 0.81

LAC1A2 Botox 100.5 1.14 0.98 301.3 (-23.95 0.275 2.25 1.03

L4C2A2 Botox 89.3 0.93 1.04 350.7 [-28.01 0.363 2.32 0.47

LAC3A2 Botox 9.1 1.07 0.97 385.6 [-24.79| 0.978 1.72 -0.12

Inclined LAC3A3 Botox 89.4 0.97 0.98 257.6 [-31.38| 1.426 2.29 0.84

L2C4A2 Neurectomy and Botox 81.7 0.97 1.10 316.2 [-20.74( 0.807 1.20 -0.14

L2C5A1 Neurectomy and Botox 78.1 1.16 1.29 455.9 |-29.34( 0.749 3.10 0.78

L3C5A2 Saline 92.1 1.01 1.09 327.5|-28.76| 0.477 3.09 1.22

Mean 90.3875 | 1.03 1.14 332.7 |-26.79| 0.738 2.46 0.61
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Glenoid . . . Midline AXis
L . Surgical Internvention Ataxia . . Paw
Inclination| Animal ID . o Distance | Distance
Received Coefficient Drag
Group (cm) (cm)
L2C2A3 Neurectomy and Botox 3.41 3.85 -1.51 -44.648
L3C3A1 Neurectomy and Botox 1.89 1.83 -1.82 -19.211
L3C3A2 Neurectomy and Botox 1.40 2.25 -1.75 -4.133
L3C5A1 Neurectomy and Botox 0.21 1.29 -2.07 -2.615
Declined | L1C2A1 Neurectomy 0.54 2.18 -1.81 -10.202
L1C2A2 Neurectomy 1.51 1.79 -0.97 -20.550
L3C2A1 Neurectomy 0.42 1.47 -2.13 -13.918
L3C4A3 Neurectomy 0.96 2.32 -2.17 -9.876
Mean 1.29 2.12 -1.78
L4C2A1 Botox 0.39 2.12 -1.40 -1.066
L2C2A2 Neurectomy and Botox 0.84 1.23 -1.61 -7.490
L2C3A1 Neurectomy and Botox 0.16 2.68 -1.52 -1.948
L2C2A1 Saline 1.07 1.33 -2.04 -9.376
Typical L3C2A2 Saline 0.73 1.52 -1.66 -9.198
L3C3A3 Saline 0.68 0.65 -1.63 -12.523
L3C4A1 Saline 1.89 2.01 -1.61 -1.266
L3C4A2 Saline 0.55 3.59 -1.92 -2.155
Mean 0.79 1.89 -1.67 -5.628
L4C1A1 Botox 0.40 2.40 -1.81 1.365
LAC1A2 Botox 0.00 2.17 -1.84 -3.272
LAC2A2 Botox 0.62 2.64 -1.61 -7.165
L4C3A2 Botox 0.45 0.69 -1.59 -0.222
Inclined L4C3A3 Botox 0.17 1.81 -1.91 -2.934
L2C4A2 Neurectomy and Botox 0.59 1.51 -1.16 -8.598
L2C5A1 Neurectomy and Botox 0.57 0.95 -1.80 -6.084
L3C5A2 Saline 0.29 2.26 -1.93 -7.444
Mean 0.39 1.80 -1.71 -4.294
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Appendix F: All DigiGait™ Imaging System Data Collected for Right Hind Limb

Glfeno!d . Surgical Internvention Swing| %Swing| Brake | %Brake | Propel | %Propel | Stance | %Stance | Stride | %Brake | %Propel
Inclination| Animal ID . . . . .
Group Received (s) Stride (s) | Stride (s) Stride (s) Stride (s) | Stance | Stance
L2C2A3 Neurectomy and Botox | 0.120 | 13.4 |0.017 1.8 0.764 84.8 0.781 86.6 0.901 2.1 97.9
L3C3A1 Neurectomy and Botox | 0.152 | 29.2 |0.063| 12.1 | 0.306 58.7 0.370 70.8 0.522 | 17.1 82.9
L3C3A2 Neurectomy and Botox | 0.127 | 15.0 | 0.013 1.6 0.709 83.5 0.722 85.0 0.849 1.8 98.2
L3C5A1 Neurectomy and Botox | 0.105| 13.3 |0.083| 10.6 | 0.601 76.2 0.684 86.7 0.789 | 12.2 87.8
Declined L1C2A1 Neurectomy 0.115 19.3 |0.112| 187 0.370 62.0 0.481 80.7 0.597 | 23.2 76.8
L1C2A2 Neurectomy 0.092 | 14.8 | 0.035 5.6 0.495 79.7 0.529 85.2 0.621 6.5 93.5
L3C2A1 Neurectomy 0.124 | 13.9 | 0.060 6.7 0.710 79.4 0.770 86.1 0.895 7.8 92.2
L3C4A3 Neurectomy 0.103 | 16.1 | 0.046 7.3 0.488 76.6 0.535 83.9 0.637 8.7 91.3
Mean 0.117 16.9 | 0.054 8.1 0.555 75.1 0.609 83.1 0.726 9.9 90.1
L4C2A1 Botox 0.154 ( 15.6 [0.099| 10.1 | 0.734 74.3 0.833 84.4 0.983 | 11.9 88.1
L2C2A2 Neurectomy and Botox | 0.129 | 14.0 | 0.083 9.0 0.710 76.9 0.793 86.0 0.922 | 10.5 89.5
L2C3A1 Neurectomy and Botox | 0.126 | 16.8 |0.160| 21.2 | 0.466 62.0 0.626 83.2 0.752 | 25.5 74.5
L2C2A1 Saline 0.104 | 11.1 |0.105| 11.3 | 0.727 77.7 0.832 88.9 0.936 | 12.7 87.3
Typical L3C2A2 Saline 0.129 | 14.9 | 0.085 9.9 0.650 75.2 0.735 85.1 0.864 | 11.6 88.4
L3C3A3 Saline 0.114 | 17.4 [0.109| 16.5 | 0.434 66.1 0.542 82.6 0.656 | 20.0 80.0
L3C4A1 Saline 0.163 | 19.0 | 0.074 8.7 0.620 72.3 0.695 81.0 0.857 | 10.7 89.3
L3C4A2 Saline 0.113 | 13.0 [0.138| 15.9 | 0.621 71.1 0.759 87.0 0.872 | 18.2 81.8
Mean 0.129 | 15.2 |0.107| 12.8 | 0.620 72.0 0.727 84.8 0.856 | 15.1 84.9
L4C1A1 Botox 0.130 | 12.7 |0.181| 17.8 | 0.707 69.5 0.888 87.3 1.018 | 20.4 79.6
LAC1A2 Botox 0.138 | 21.5 |0.035 5.5 0.468 72.9 0.504 78.5 0.642 7.0 93.0
LAC2A2 Botox 0.134| 15.8 |0.090| 10.6 | 0.625 73.6 0.715 84.2 0.849 | 12.6 87.4
LAC3A2 Botox 0.133 | 15.4 |[0.144| 16.7 | 0.585 67.9 0.729 84.6 0.862 | 19.7 80.3
Inclined L4C3A3 Botox 0.118 | 13.0 [0.217| 24.0 | 0.570 63.0 0.787 87.0 0.905 | 27.6 72.4
L2C4A2 Neurectomy and Botox | 0.143 17.2 | 0.137| 16.5 0.552 66.3 0.689 82.8 0.832 | 19.9 80.1
L2C5A1 Neurectomy and Botox | 0.124 | 144 |0.165| 19.2 | 0.572 66.5 0.737 85.6 0.860 | 22.4 77.6
L3C5A2 Saline 0.124 | 14.2 | 0.082 9.4 0.668 76.4 0.750 85.8 0.873 | 10.9 89.1
Mean 0.131| 15.5 |0.131| 15.0 | 0.593 69.5 0.725 84.5 0.855 | 17.6 82.4
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Glenoid . . Stride Stride Absolute | Paw Angle .
L . Surgical Internvention | Stance/ Paw Angle o SLVar Stride
Inclination| Animal ID . . Length |Frequency Paw Angle | Variability #Steps
Received Swing (degrees) (cm) Length CV
Group (cm) | (steps/s) (degrees) | (degrees)

L2C2A3 Neurectomy and Botox 6.5 9.0 1.2 -0.2 0.2 5.3 2.69 7.5 29.83

L3C3A1 Neurectomy and Botox 2.4 5.2 1.9 2.3 2.3 8.2 2.05 9.5 39.31

L3C3A2 Neurectomy and Botox 5.7 8.5 1.2 -12.9 12.9 8.9 3.40 7.5 40.06

L3C5A1 Neurectomy and Botox 6.5 7.9 13 -0.5 0.5 5.9 1.02 3.0 12.90

Declined L1C2A1 Neurectomy 4.2 6.0 1.8 8.0 8.0 3.0 0.00 2.5 0.00
L1C2A2 Neurectomy 5.8 6.2 1.8 -4.1 4.1 7.9 0.78 35 12.54

L3C2A1 Neurectomy 6.2 8.9 1.3 -6.6 6.6 9.7 0.90 2.5 10.09

L3C4A3 Neurectomy 5.2 6.4 1.7 -3.3 3.3 10.8 2.47 6.5 38.74

Mean 5.3 7.3 1.5 -2.2 4.7 7.5 1.66 5.3 22.93

L4C2A1 Botox 5.4 9.9 1.0 8.0 8.0 2.5 2.16 6.0 21.89

L2C2A2 Neurectomy and Botox 6.1 9.2 1.1 0.8 0.8 7.6 2.05 5.5 22.24

L2C3A1 Neurectomy and Botox 5.0 7.5 14 11.1 11.1 5.3 1.96 3.5 25.99

L2C2A1 Saline 8.0 9.4 1.1 -3.8 3.8 7.7 3.46 5.0 37.01

Typical L3C2A2 Saline 5.7 8.6 1.2 1.4 1.4 3.5 2.27 5.0 26.26
L3C3A3 Saline 4.8 6.6 1.6 10.8 10.8 4.8 1.10 | 45 16.79

L3C4A1 Saline 4.3 8.6 1.2 0.7 0.7 12.2 3.98 5.0 46.37

L3C4A2 Saline 6.7 8.7 1.2 8.3 8.3 2.3 1.42 6.0 16.28

Mean 5.8 8.6 1.2 4.7 5.6 5.7 2.30 5.1 26.60

LAC1A1 Botox 6.8 10.2 1.0 5.4 5.4 33 2.55 4.5 25.09

LAC1A2 Botox 3.6 6.4 1.7 -7.3 7.3 7.3 1.99 2.5 31.06

LAC2A2 Botox 5.3 8.5 1.3 4.0 4.0 4.3 1.24 | 45 14.65

LAC3A2 Botox 5.5 8.6 1.2 4.6 4.6 4.7 1.80 3.0 20.85

Inclined L4C3A3 Botox 6.7 9.1 1.1 4.2 4.2 2.5 1.77 5.5 19.59
L2C4A2 Neurectomy and Botox 4.8 8.3 1.2 -3.0 3.0 9.7 1.90 7.5 22.84

L2C5A1 Neurectomy and Botox 6.0 8.6 1.1 -1.2 1.2 2.2 3.73 35 43.37

L3C5A2 Saline 6.1 8.7 1.2 7.2 7.2 2.9 0.81 6.5 9.32

Mean 5.6 8.6 1.2 1.7 4.6 4.6 197 | 4.7 23.35
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MAX

Glenoid . . . Paw Area at Paw Area . MIN
Inclination| Animal ID Surgical Int<.arnvent|on SV\{lng Peak Stance [ Variability at Peak % Shared Gait | dA/dT dA/dT Tau-.
Received Duration CV Stance |Symmetry|(cm”2 Propulsion
Group (cm”2) Stance (cm”2) ) (cm”2)
L2C2A3 Neurectomy and Botox 18.29 5.83 0.68 63.9 1.38 621.8 | -35.42 4.266
L3C3A1 Neurectomy and Botox 64.31 2.74 0.87 65.2 0.74 268.7 | -24.94 0.855
L3C3A2 Neurectomy and Botox 26.91 471 0.38 89.6 2.23 490.0 | -27.13 -5.568
L3C5A1 Neurectomy and Botox 7.77 5.39 0.36 81.3 1.38 559.9 |-158.13 2.342
Declined L1C2A1 Neurectomy 26.24 3.17 0.23 91.0 0.91 315.5 | -80.16 0.452
L1C2A2 Neurectomy 11.95 4.70 0.30 100.5 1.16 493.3 | -60.23 0.888
L3C2A1 Neurectomy 13.78 3.90 0.44 116.8 1.68 417.0 | -23.75 1.590
L3C4A3 Neurectomy 16.32 3.39 0.35 96.7 1.39 361.5| -20.00 | -26.216
Mean 23.20 4.23 0.45 88.1 1.36 441.0 | -53.72 -2.674
L4C2A1 Botox 22.18 3.34 0.23 95.7 1.42 315.9 | -27.62 0.622
L2C2A2 Neurectomy and Botox 12.37 4.22 0.72 96.5 1.10 446.4 | -51.16 0.539
L2C3A1 Neurectomy and Botox 26.71 2.36 0.21 86.7 1.10 203.3 | -36.32 1.536
L2C2A1 Saline 11.12 3.89 0.37 82.4 0.94 369.9 | -48.78 | -1.798
Typical L3C2A2 Saline 6.79 4.40 0.57 87.7 1.01 466.7 | -27.84 0.878
L3C3A3 Saline 15.00 3.68 0.42 84.8 0.94 359.4 | -29.43 0.637
L3C4A1 Saline 10.99 2.57 0.30 78.3 1.16 275.5 [ -25.31 0.414
L3C4A2 Saline 4.84 3.08 0.12 90.1 1.02 299.8 | -22.40 0.670
Mean 13.75 3.44 0.37 87.8 1.09 342.1 | -33.61 0.437
L4C1A1 Botox 23.29 3.32 0.24 93.7 1.67 277.7 | -22.87 0.791
LAC1A2 Botox 11.54 3.38 0.53 114.6 0.98 324.4 | -30.12 0.284
L4C2A2 Botox 4.35 3.69 0.27 83.3 1.04 361.3 | -27.75 0.460
LAC3A2 Botox 20.78 3.54 0.15 103.1 0.97 318.0 | -28.93 1.208
Inclined L4C3A3 Botox 22.36 3.04 0.17 87.0 0.98 269.2 | -34.51 1.025
L2C4A2 Neurectomy and Botox 9.42 3.18 0.35 79.1 1.10 302.4 | -23.97 0.967
L2C5A1 Neurectomy and Botox 21.65 4.35 0.35 90.6 1.29 413.2 | -37.86 0.378
L3C5A2 Saline 26.56 3.68 0.21 93.1 1.09 379.7 | -35.69 0.912
Mean 17.49 3.52 0.28 93.1 1.14 330.7 | -30.21 0.753
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Glenoid

Overlap

Paw

Midline

AXxis

L . Surgical Internvention . Placement Ataxia . . Paw
Inclination| Animal ID . Distance L . Distance | Distance
Received Positioning [Coefficient Drag
Group (cm) (cm) (cm)
(cm)
L2C2A3 Neurectomy and Botox 1.36 -0.43 0.77 -0.71 1.67 -14.008
L3C3A1 Neurectomy and Botox -0.07 -0.20 1.04 0.78 1.32 -27.712
L3C3A2 Neurectomy and Botox 0.71 -0.93 1.22 -0.80 1.40 -11.764
L3C5A1 Neurectomy and Botox 0.90 -0.14 0.26 -1.16 1.30 -13.770
Declined L1C2A1 Neurectomy 4.37 -0.05 0.00 1.99 1.74 -9.768
L1C2A2 Neurectomy 1.81 -1.06 0.25 -0.49 1.59 -20.782
L3C2A1 Neurectomy 0.62 -0.61 0.14 -0.09 1.43 -11.534
L3C4A3 Neurectomy 1.31 -0.20 1.17 0.20 1.64 -16.708
Mean 1.38 -0.45 0.61 -0.04 1.51 -15.756
L4C2A1 Botox 1.72 -0.50 0.50 2.21 1.47 -4.182
L2C2A2 Neurectomy and Botox -0.44 -0.36 0.53 0.08 1.97 -8.424
L2C3A1 Neurectomy and Botox 0.13 -0.57 0.53 1.63 1.51 -8.765
L2C2A1 Saline 0.99 -0.83 0.78 0.06 2.15 -10.279
Typical L3C2A2 Saline 2.84 -0.53 0.63 0.59 1.67 -8.017
L3C3A3 Saline 2.36 -0.84 0.40 1.25 1.97 -10.280
L3C4A1 Saline 1.65 -0.56 1.15 0.51 1.56 -1.912
L3C4A2 Saline 2.65 -0.48 0.43 2.84 1.69 -10.064
Mean 1.49 -0.58 0.62 1.15 1.75 -7.740
LAC1A1 Botox 2.62 -1.17 0.58 1.49 1.78 -3.020
L4C1A2 Botox 0.94 -1.12 0.45 1.10 1.88 -4.111
LAC2A2 Botox 0.92 -0.21 0.33 1.99 1.66 -4.754
L4C3A2 Botox 2.22 -0.46 0.37 1.79 1.98 -6.167
Inclined L4C3A3 Botox 1.59 -0.67 0.51 1.70 1.76 -5.478
L2C4A2 Neurectomy and Botox 1.60 -0.57 0.62 0.91 1.45 -6.795
L2C5A1 Neurectomy and Botox 3.57 -0.60 0.86 1.86 2.14 -6.127
L3C5A2 Saline 1.97 -0.72 0.28 1.26 1.73 -9.078
Mean 1.93 -0.69 0.50 1.51 1.80 -5.691
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