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ABSTRACT 
 

Background: Individuals with an incomplete spinal cord injury (iSCI) may experience gait 

instability and falls. Falls can result in injuries, a fear of falling, and reduced balance confidence 

which can lead to restriction of activities of daily living. Rehabilitation dogs are specially trained 

and certified to assist individuals with mobility impairments and have been shown to benefit 

walking for individuals with neurological conditions. The effects of a rehabilitation dog on 

walking, fear of falling, and balance confidence in individuals with an iSCI has yet to be 

assessed.  

Methods: In this quasi-experimental research study, five individuals with an iSCI (3 females: 

43-54 years; 2 males: 42-69 years) and five age- and sex- matched neurotypical individuals 

(control group: 3 females: 42-55 years; 2 males: 42-68 years) were recruited to participate. 

Participants completed normal and tandem walking trials, with and without the rehabilitation 

dog, while their eyes were open and closed. Outcome variables included stride velocity, relative 

double support time (%DS), step length, step width, mediolateral (ML) and anterior-posterior 

(AP) margin of stability (MOS) average (Av). Variability was assessed for all the outcome 

variables using standard deviation (SD). The Mini Balance Evaluation Systems Test 

(MiniBESTest), Activity Specific Balance Confidence Scale (ABC Scale), Falls Efficacy Scale – 

International questionnaire (FES-I), and additional questions added to the ABC and FES-I 

questionnaire were used to examine balance, balance confidence, and fear of falling, 

respectively. Visual analog scales (VAS) were included to measure participants’ perceptions of 

walking with the rehabilitation dog. 

Results: Without the rehabilitation dog, participants with iSCI walked slower and with shorter 

steps, a smaller AP MOS Av, and a higher %DS, %DS SD, and wider steps than controls. It 

appeared individuals with an iSCI showed some improvements with the rehabilitation dog while 

the control group showed worsening when the dog was added. For iSCI participants, the 

rehabilitation dog reduced the impact of the eyes closed condition while walking compared to 

without the rehabilitation dog by decreasing their %DS (mean and SD) to a value similar to 

controls.. Tandem walking with the rehabilitation dog resulted in similar AP MOS Av between 

groups, but overall, the rehabilitation dog had minimal impact on tandem walking. The group 

with iSCI had a lower balance control (iSCI 17.2±9.34, control 26.8±0.80), balance confidence 

(iSCI 67.6±15.3, control 92.4±2.78), and increased fear of falling (iSCI 28.6±7.16, control 

20.6±1.51) compared to the control group as expected. Responses to the additional questions for 

the ABC and FES-I suggest walking with the rehabilitation dog improved balance confidence 

and decreased fear of falling for individuals with an iSCI. VAS results showed both groups felt 

subjective improvements walking with the rehabilitation dog.   

Conclusion: Walking with the rehabilitation dog appeared to improve measures of gait and 

confidence in the participants with iSCI including objective (kinematic) and patient-reported 

outcomes. Further research is required with a larger number of participants to explore how a 

more experienced rehabilitation dog walk with an iSCI population and other neurological 

conditions. 
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Chapter 1 - Introduction 

A spinal cord injury (SCI) results in weakness and paralysis that affects gait stability 

which puts people at risk for things like falls. The increased risk of falling can result in fall 

related injuries, more than a neurotypical population (5, 6). The increased frequency of falling 

with a SCI can lead to the development of a fear of falling (7). It also can lead to individuals 

restricting activities of daily living in an attempt to prevent falling (8). Ambulatory devices can 

help individuals with an incomplete spinal cord injury (iSCI) move within their environments 

and to improve balance, decreasing the chance of falling. Ambulatory devices such as canes, 

walkers, and crutches have been shown to improve balance, but improper usage can increase the 

chance of injury causing individuals to abandon their devices (9-11). As we learn more about the 

balance challenges in individuals with a SCI, new gait assistive devices should be explored that 

could potentially minimize these negative effects.  

 

1.1 Spinal Cord Injury and Classification 

A SCI causes disruption to sensory, motor, and/or autonomic neural pathways. Partial or 

complete loss of function below the level of injury is dependent on the severity and location of 

the lesion. Injury to the spinal cord can occur through a traumatic or non-traumatic event. A 

traumatic SCI can be caused by a sudden impact on the spine from motor vehicle accidents, 

violence, sports, or falls and is often associated with fracture or dislocation of the vertebrae. In 

most spinal cord injuries, the spinal cord is not completely severed but often bruised or torn.  It 

also can be damaged by displaced bone fragments and disc material and is often associated with 

ligamentous disruption (12). Trauma to the spinal cord causing damage is the result of four 

primary mechanisms of injury: 1) impact with persistent compression (i.e., bone fragments 

compress the spinal cord), 2) impact with transient compression (hyperextension), 3) distraction 

(adjacent vertebrae pulled apart causing stretching and tearing), 4) laceration (severe 

dislocations) (12, 13). Non-traumatic SCI can be caused by congenital or developmental 

malformation (i.e. Spina bifida and cerebral palsy), degenerative CNS disorders (ex. Friedreich’s 

ataxia), infections, neuroinflammation (i.e. multiple sclerosis), toxic causes, vertebral 

subluxations, stenosis, and tumours (14, 15).  

A SCI is often described in terms of completeness (complete vs incomplete), mechanism 

of injury (traumatic vs non-traumatic), severity (location, motor and/or sensory impairment 

graded using AIS), limbs affected (paraplegia vs tetraplegia) and their neurological level of 

injury. The location and the severity of an injury to the spinal cord can be graded using the 

American Spinal Injury Association Impairment Scale (AIS). The AIS classifies SCI with a 

rating of A, B, C, D, or E. Table 1 summarizes each AIS grade, the conditions individuals 

present with, and the type of injury (ex. sensory incomplete). AIS testing includes examination 

of myotomes, dermatomes sensory abilities, and anorectal function (16).  The dermatomal-based 

sensory examination consists of 28 specific dermatomes tested using a light touch and  pinprick 

(16). Each dermatome is rated as 0 (absent sensation), 1 (impaired sensation) or 2 (normal 

sensation). The inability to differentiate pinprick from light touch is graded as 0 (16, 17). The 

motor exam consists of assessing 10 muscular groups bilaterally with 5 in the upper extremities 

and 5 lower extremities. Motor strength is evaluated bilaterally on a 100-point scale (50 left and 
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50 right side of body) and is scored using the Medical Research Council (MRC) grading scale 

from 0 to 5. A score of 0 represents complete paralysis and 5 is normal strength through full 

range (16).  The anorectal examination evaluates the completeness of the injury by evaluating the 

presence of spinal shock acutely. Spinal shock is the change in physiological function following 

a SCI that presents with loss of spinal cord function below the level of injury, flaccid paralysis, 

loss of bowel and bladder control, and loss of reflex activity (18). The external sphincter is 

examined for voluntary motor contraction, and sensation determined by examining anal 

cutaneous and deep anal pressure sensation (16).  

After spinal shock has resolved, the AIS examination further evaluates the sacral 

segments to evaluate the presence of a complete or incomplete injury. A complete spinal cord 

injury is defined as the absence of all motor and sensory function below the level of injury 

including the sacral segments. An iSCI still has some motor and sensory function below the level 

of injury. The neurological level of injury is the most caudal segment of the spinal cord with 

normal sensory and antigravity motor function on both sides of the body (19) and is a reference 

point for classification and assessment of the injury. Paraplegia is the result of an injury to the 

spinal cord in the thoracic, lumbar, or sacral segments. This results in loss of function of the 

lower extremities with sparing of the upper extremities (12, 20). Individuals with incomplete 

paraplegia have a greater opportunity to regain locomotor ability within a year (76%) compared 

to those with complete paraplegia (12, 21). Complete paraplegia describes a situation where the 

spinal cord has been damaged enough that all motor control and sensation below the level of 

injury are lost. Individuals with complete paraplegia experience limited recovery of lower limb 

function if their level of injury is above T9 (12, 22), while an injury below T9 has a 38% chance 

to regain lower limb function (12, 22). Tetraplegia is caused by damage to the cervical segments 

of the spinal cord resulting in partial or total loss of function in all four limbs (12, 20). 

Individuals who present with incomplete tetraplegia often have multi-level involvement and 

plateau in their recovery around 9–12 months (12, 23). Individuals with complete tetraplegia are 

usually the most severely impaired but 66-90% gain function one level below the level of injury 

(12).  
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Table 1.1: AIS Classification Scale (24)  

Grade Type of Injury Conditions 

A Complete No sensory/motor function preserved in sacral segments (S4-5). 

B Sensory incomplete Sensory but not motor function is preserved below neurological 

level and sacral segments S4-5. There is also no motor function 

more than 3 levels below motor level on either side of body. 

C Motor Incomplete Motor function present at the most caudal segments for 

voluntary anal contraction or based on the sensory criteria, 

patient meets sensory incomplete status. This can be sensory 

function preservation at most caudal sacral segments S4-5 by 

light touch, pin pricks, or deep anal pressure. Patients have 

some motor function more than three levels below ipsilateral 

motor level. Also, less than half of key muscle function below 

neurological level of injury having a muscle grade ≥ 3. 

D Motor Incomplete Motor incomplete status and half or more of key muscles, 

motor function preserved below neurological level and have a 

muscle grade ≥3. 

E Normal Sensory/motor function graded normal and given an AIS grade 

of E if they had previous deficits. Someone without a SCI isn’t 

graded on the AIS scale. 

 

 Based on the anatomy of the spinal cord, certain (but not all) injuries can result in 

patterned clinical presentations including Central cord syndrome, Brown-Sequard syndrome, 

anterior cord syndrome, cauda equina syndrome, and conus medullaris syndrome (25). Central 

cord syndrome is the most common clinical syndrome (roughly 15-25% of cases) (26). It is most 

common in individuals who have sustained a hyperextension injury of the cervical spine and can 

be associated with or without a fracture or possibly a dislocation. It presents with greater 

weakness in the upper limbs than lower limbs (25). Brown-Sequard syndrome can result from 

penetrating trauma such as a knife wound and can result in ipsilateral loss of proprioception, 

sense of vibration, motor control, and contralateral loss of pain and temperature below the lesion 

(25).  Anterior cord syndrome is rare and is caused by a decrease or absence of blood to the 

anterior 2/3 of the spinal cord affecting mostly the corticospinal and spinothalamic tracts. This 

results in the loss of motor function, pain, and temperature sensation (25). Cauda equina 

syndrome is the injury to lumbosacral plexus and nerve roots. It will cause a flaccid paralysis of 

the lower limb muscles and areflexia of the bowel and bladder. There is also the potential of 

partial or complete loss of sensation and sacral reflexes to be absent (25). Lastly, the conus 

medullaris syndrome represents injury to the L1 and L2 and may present with a mixed picture of 

upper motor neuron and lower motor neuron signs and symptoms (25).  

 Roughly 80% of individuals that have sustained an iSCI regain the ability to ambulate 

after participating in a rehabilitation program (27). The ability to walk again is one of the main 

goals for patients following a SCI and understanding classification, diagnosis, and techniques to 

improve independence through ambulation is important. AIS classification can be used to help 

predict the potential to achieve functional walking (28). The likelihood of functional walking is 
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greatly achieved in AIS C and D (28). After rehabilitation and recovery, individuals graded as 

AIS C are most likely able to regain the ability to walk, but typically walk with assistance (ex. 

brace or assistive device) (28, 29). Age plays a factor as well. Roughly 71-91% of individuals 

with an iSCI grade of AIS C under the age of 50 years regain ambulation but only 25-42% over 

the age of 50 regain ambulation 1 year post injury (28, 30, 31). All individuals with an iSCI 

classified as AIS D under the age of 50 were able to recovery ambulation while 80-100% of 

individuals over the age of 50 were able to regain ambulatory function one-year post-injury (28, 

29). With individuals with injuries classified as AIS C and D being able to regain some level of 

ambulatory function, both classifications were included in this study.  

 

1.2 Fear of Falling 

Experiencing a SCI can pose one of the greatest emotional and physical challenges an 

individual may face and cause a negative outcome on a person’s physical ability and 

independence (32). A subset of Social Cognitive Theory explores the concept of self-efficacy 

(33). Self efficacy is an individual’s perception of their own ability to organize and execute a 

task (8, 34). For individuals with a SCI, there is a trend for an inverse relationship between the 

severity of the neurological impairment and self efficacy in achieving self-goals, overcoming 

adversity, and their belief in their own ability (32, 35, 36). Self efficacy may influence an 

individual’s willingness or intention to perform activities of daily living due to concerns they 

won’t be able to maintain balance (balance self-efficacy) or fall (falls self-efficacy) (8).  One 

negative aspect of low self-efficacy shown in older adults was that those that have a lower falls 

and balance self-efficacy tend to avoid activities that put them at risk of falling (8). The 

avoidance of activities can lead to physical deconditioning, decrease in postural control, falling, 

and deterioration in function resulting in an increased risk of secondary complications causing a 

negative effect on quality of life (8). Rehabilitation programs focusing on education, 

understanding what caused a fall to occur, and establishing preventive strategies to help 

minimize falls have been seen to improve independence within an iSCI population (37, 38). 

A fear of falling can develop after a fall that can lead to activity limitations and loss of 

independence even after one has recovered from their previous fall-related injury (39). The fear 

of falling is a behavioural concept that raises concerns about an individual beginning to self-

restrict from participating in activities and; therefore, negatively impacts their life leading to 

frailty and decreased independence (39). The Falls Efficacy Scale International (FES-I) assesses 

an individual’s fear of falling while performing different activities (39) such as walking around 

the house, going to a mall, and taking a bath or shower. This self-report measure is a 16-item 

questionnaire that ranges in scores from 16 to 64 with a lower score indicating a higher falls self-

efficacy in performing the task without a fear of falling (40) (i.e., 1 = “not at all concerned” to 4= 

“very concerned”) (40). The FES-I is a widely accepted tool and has good reliability and validity 

(41). The results/scores of the FES-I can assess the concern about falling and help detect 

concerns related to social activities, home-based activities, and outdoor balance-related tasks that 

may need to be adjusted.  
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1.3 Epidemiology and Falls with a SCI 

In Canada, the prevalence of SCI reported in 2019 was over 86,000 (42) and it is 

projected that 121,000 Canadians will be living with a SCI by 2030 (5, 43). The lowest incidence 

of traumatic SCI is in children ages 0-14 years with adults aged 65 years and older representing 

the highest incidence (5, 44). Of the new yearly cases, roughly 1,237 are caused by a traumatic 

injury (5). Males are roughly three times more likely to suffer a SCI compared to females (5, 45). 

Sustaining an injury resulting in tetraplegia is more common than paraplegia for all ages (46). 

Within the lifetime of an individual who has experienced a traumatic SCI, it is estimated 

to cost roughly $2 million from direct (ex. hospitalization time and rehabilitation) and indirect 

costs (ex. morbidity and premature mortality) (46). Following an injury, individuals who suffer a 

SCI spend on average 24 days in an acute hospital for paraplegia and 34 days for tetraplegia (46). 

At a specialized SCI rehabilitation centre, individuals have an average stay of 72 days for 

paraplegia and 83 days for tetraplegia (46). Secondary medical conditions cause challenges for 

individuals with a SCI, and they can negatively impact long-term health, 

productivity/employment, mobility, and independence (45, 47). Urinary tract infections are the 

most common followed by pressure ulcers, pneumonia, neuropathic pain, fractures from falls, 

and deep vein thrombosis (45, 46).  Five years after sustaining an injury, just under half of the 

individuals that had jobs before their injury were unemployed and about one third suffered a 

decline in income (46). Individuals with a SCI also require more health care services compared 

to people without a SCI. People with a SCI were 2.7 times more likely to meet with a physician, 

require 30 more hours of home-care assistance, were hospitalized 2.6 times more often, and 

spent 3.3 more days in the hospital for secondary complications (45, 48). A SCI is considered a 

“low incidence injury” but can be very costly. A cost saving approach to help minimize 

secondary complications, maximize participation in activities of daily living, and increasing 

quality of life should be further explored. Individuals with a chronic SCI can also benefit from 

rehabilitation programs that help minimize the decline in functional ability and maintain a better 

quality of life.  

Gait and stability are also affected by a spinal cord injury; both motor and sensory 

impairments can contribute to an increase in falls due to a decrease in balance control. On 

average, 75% of individuals with an iSCI experience at least one fall per year (6). Those with an 

iSCI are more susceptible to falls compared to people with other neurological conditions such as 

peripheral neuropathy (50%), Parkinson’s disease (38-62%), and individuals 65yrs and older 

(25-35%), and frail individuals who are 80 years and older (40-50%) (6). Falling can cause major 

injuries such as head trauma, soft tissue injuries, fractures, and dislocations (50). Injuries that 

have been caused by a fall can require medical attention in 2-20% of these cases (51). The rate of 

fractures for iSCI is 18% higher than those considered to be neurotypical (5-6%) (6). Individuals 

with a SCI are influenced by both extrinsic factors (hazards in the environment) contributing to a 

fall, along with intrinsic factors (reduced strength, fatigue, not paying attention) (6, 49). 

Predictors of falls for individuals with a SCI include their level of ability, exercise level, physical 

health, quality of life, and fear of falling (51). The environments individuals walk in, whether 

indoor or outdoor, can produce an equal occurrence of falls (51). Outdoor falls are more likely to 

occur when the surfaces are uneven or slippery while walking (49). The combination of factors 
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such as neurological and musculoskeletal problems that occur following a SCI can cause falls 

(52).  Other factors that could contribute to falling are lack of attention or being distracted, and a 

sudden destabilizing or unexpected perturbation (49, 52). Knowing the increased chance of 

falling following a SCI, individuals can develop a fear of falling from factors such as 

individuals’ level of activity, extrinsic/intrinsic factors, and the history of falling (7).  

 

1.4 Clinical Assessments of Balance Control and Balance Confidence  

Understanding balance control for individuals with an iSCI is aided by choosing the 

proper clinical assessment tools. Balance assessment tools are used to help guide clinicians in 

understanding what level of balance control their patient has. Each balance assessment tool has 

different goals and evaluation strategies to explore the level of balance control of a person. When 

choosing a balance assessment tool, it is important to choose one that is comprehensive enough 

to assess those at an increased risk of falling (53). Psychometrically sound (valid, reliable, and 

responsive) balance assessment should be a primary consideration for choosing which test to 

administer followed by clinical utility (ex. cost effective, easy to administer) (53). There are 

several balance assessments that are validated for use in individuals with a SCI and can help 

identify balance control, confidence, and level of mobility.  

Commonly used balance evaluations include the Berg Balance Scale (BBS), Balance 

Evaluation Systems Test (BESTest), and Mini Balance Evaluation Systems Test (MiniBESTest) 

(54). Balance confidence when undertaking activities of daily living is examined by the 

Activities Specific Balance Confidence Scale (ABC Scale) (55). Common functional mobility 

tasks include the 10-metre Walk Test (10 MWT) to assess speed, 6-minute Walk Test to assess 

endurance (6MWT) and Timed Up and Go (TUG; assess functional mobility). Functional 

walking after a SCI can be assessed using the Spinal Cord Injury Functional Ambulation Profile 

(SCI-FAP) and the Walking Index for Spinal Cord Injury II (WISCI II) assesses walking ability 

based on need for assistance (56, 57). In this study, the MiniBESTest, ABC Scale, and FES-I 

questionnaires were used. 

The BESTest is a comprehensive balance assessment that captures all components of 

balance. The MiniBESTest was created as a shorter version of the BESTest. The MiniBESTest is 

an assessment to evaluate dynamic balance control of an individual and help clinicians identify 

any postural control deficiencies that could be causing balance impairments. The MiniBESTest 

was shown to be a valid and reliable tool for those with a SCI (54).  The MiniBESTest assesses 

four out of six components of balance including: anticipatory adjustments, postural responses, 

sensory orientation, and balance during gait (54). There are a total of 14 tasks that participants 

complete resulting in a maximum score of 28 with a higher score indicating better balance 

control (54).  The MiniBESTest takes roughly 15 minutes to complete compared to 45 minutes 

for the BESTest (54). The results can assist clinicians in establishing specific interventions to 

improve dynamic balance and postural control deficiencies (58).  

The ABC scale was used in this study to measure perceived balance confidence while 

completing specific activities of daily living.  It consists of 16 items and participants rate their 
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confidence in completing tasks without losing their balance (e.g., reaching for something at eye 

level, walking outside on icy sidewalks, walking up or down a ramp) and ranges from 0% (no 

confidence) to 100% (complete confidence) (59). The ABC scale was also shown to be a valid 

and reliable measure of balance confidence for those with an iSCI (60). Those with an iSCI have 

scored lower (67.5±20.3%) when compared to an able-bodied population (94.5±7.3%) that were 

age and sex matched (54). The results can be used to get a better understanding of an individual’s 

confidence in performing activities and current activity limitations.  

 

1.5 Dynamic Balance 

Maintaining balance control is a complex motor skill that is important for the safe 

execution of movement (62). Balance is the even distribution of weight where the centre of mass 

(COM) position is within the base of support (BOS) (2). The BOS is the area underneath an 

individual formed by the feet or all supporting contact surfaces (2). In a static position, an 

individual will maintain balance if the vertical projection of the COM remains within the BOS 

(1). If the COM leaves the BOS, then a loss of balance and potentially a fall will occur (1, 2).  

Balance control is an individual’s ability to maintain or restore postural equilibrium 

during any static or dynamic activity (2). This comes from the ability to control COM movement 

during any activity. Postural control is important for 1) Maintaining posture while sitting or 

standing; 2) Voluntary movement between postures; and, 3) Reacting to an external perturbation 

(ex. trip, slip) (1, 2)-- All of which incorporate the maintaining, achieving, or restoring of the 

COM within the BOS. Different strategies are used to maintain postural control that include a 

reactive (compensatory) and/or predictive (anticipatory) action (2). Predictive postural control 

involves taking a voluntary movement (ex. step) or increasing muscle activation to anticipate a 

potential disturbance when moving. A reactive postural control is the movement or muscle 

response to an unknown or unpredicted disturbance (1).  

Stability is the body’s ability to resist becoming unbalanced by moving from an 

unbalanced to a balanced state (3). Increasing stability is associated with the ability to resist 

greater external forces applied to the individual before becoming unbalanced. Individuals have 

the capability to modify their posture to resist perturbations if their balance control system is 

intact. Modifying their posture to a more upright, higher position with a relatively smaller BOS 

could decrease stability. Alternatively, a lower and relatively larger BOS could increase stability 

(2). 

While walking, the BOS is constantly changing due to the movement of the feet, 

ambulatory devices, etc. The size of the BOS can be altered by the number of objects on the 

ground (ex. holding onto an assistive device with two feet on the ground as opposed to standing 

on one leg). The BOS can also be altered by changing step width (mediolateral direction) and 

step length (anteroposterior direction) (63). Changing the step size (width and length) can be a 

response to and/or anticipation of perturbations that are experienced while walking. For forward 

progression to occur, the COM is moved forward, causing the COM to fall outside of the BOS. 

The next step forward creates a new BOS to “catch” the COM within the newly formed BOS (1). 
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A margin of stability (MOS) can be used to calculate the distance between the COM position and 

the edges of the BOS (4). A dynamic MOS calculation includes both the position and velocity of 

the COM (often referred to as an extrapolated or xCOM) to account for the dynamic nature of 

COM movement (4). The anterior-posterior (AP) and mediolateral (ML) directions of the MOS 

are controlled by foot placement (step length and step width respectively) and are commonly 

adjusted to control for balance challenges during walking (64). 

Greater stability can be achieved by walking at a slower speed, spending more time in 

double support, walking with a flatter foot, and/or contracting supportive muscles to increase 

stability in the lower leg joints (65). Individuals with a SCI have been shown to have a 

significant increase to their variability of step width, step length, ML and AP foot placements 

relative to the COM, and MOS due to their injury when compared to healthy individuals (66). 

Gait variability is the fluctuations in walking performance portraying the ability of an individual 

to consistently reproduce the same gait pattern or have inconsistent alterations with each step 

(67). The increased stability in individuals with an iSCI could be attributed to slower walking 

speed which also causes shortening and widening of steps (68).  

Maintaining balance control is important to execute safe movements without risking a fall 

(62). Individuals with a SCI have disruptions to sensorimotor and/or reflexive pathways, due to 

damage to the spinal cord. Disruptions can cause motor and sensory impairments, leading to 

challenges to balance control and an increase in falls (6). Challenges with sensory and motor 

systems that control the xCOM within the changing BOS to maintain balance require different 

compensatory strategies. Step width, length, and/or stride velocity alterations are all 

compensatory strategies that have been reported in individuals with an iSCI  (63, 69) and can 

alter the MOS and increase stability (70). 

 

1.6 Sensorimotor Control of Walking 

Sensorimotor control of walking is based on sensory input from the visual, 

somatosensory, and vestibular systems to create a motor output (71) and support balance control. 

Vision provides information about the environment that can be used to adjust and plan proactive 

changes for locomotor patterns (72). When an individual encounters an unknown surface, they 

can visually identify potential hazards such as a sloped surface, staircase, icy or wet surfaces and 

use predictive balance control strategies to prevent balance loss (73). For example, individuals 

may shorten step length to provide more stability while walking on icy surfaces (72). Vision is 

also important for safe and effective locomotion by allowing the person to navigate through the 

environment, avoiding obstacles, and allowing a proper orientation to the destination (72, 74). 

When there is an end point in sight, visual input can guide movements to reach that end point 

(72). The use of vision therefore assists in locomotion and safe maneuvering through the 

environment.  

When vision becomes impaired or the eyes are closed, individuals face further challenges 

with walking balance. When one system becomes less reliable or absent, the sensory information 

that is more reliable is weighted more heavily by the brain through sensory reweighting (75). A 
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loss of visual feedback from the environment while walking can increase the chance of falling 

(76). Walking with eyes closed causes an increase in step width variability, which could suggest 

that lateral stability control is reliant on visual input (77, 78). A slower walking speed is present 

during eyes closed walking which is considered an adaptation to provide more time to monitor 

and control movement when vision is absent (72). Walking with eyes closed also causes people 

to walk with a shorter stride and increased time spent in double support (76).  

Haptic input is the sensory inputs from cutaneous and proprioceptive systems while 

touching a surface or object in the environment (79) and, when added through light touch, can 

help improve balance control (80).  Improvements in balance control come from the information 

received about the body’s position in the environment in relation to the source of haptic input 

(81). Haptic input can be received from different types of devices such as railings, canes, walkers 

(81). Shear and/or compression forces are sensed by the mechanoreceptors in the finger while 

touching an object while proprioceptive sensors determine the change in the positioning of the 

arm relative to the torso (80). While standing with eyes closed, if an individual is lightly 

touching a stable surface (i.e., adding haptic input), there is an associated reduction in body sway 

(82). When the haptic input is removed, there is a larger postural sway pattern based on an 

increase in trunk and centre of pressure (COP; point of the vertical ground reaction) sway 

patterns (1, 80, 83).  

The properties of the object used to add haptic input while walking are important to 

consider as some devices are fixed into a position (ex. railing) and others require the individual 

to actively move (i.e., cane) (84).  Added haptic input may help provide spatial awareness when 

the eyes are closed as previous research found an improvement in step and stability parameters 

when the eyes were closed, and haptic input was added (84). Importantly, added haptic input can 

enhance balance control without mechanical support by augmenting awareness of body 

movement and orientation (85). 

The ability to utilize haptic input for those with an iSCI may vary depending on their 

level of injury and their level of sensation and motor function. The effects of haptic input can 

improve standing balance by compensating for sensory deficits in the lower limbs. For 

individuals with an iSCI, added haptic input has been shown to improve standing balance control 

by reducing the amount of postural sway with a larger effect in individuals with more upper 

extremity cutaneous sensation and deficits in lower extremities (81). Using a haptic device also 

showed a decrease in stride variability and MOS for those with an iSCI, suggesting there was an 

increase in balance control due to less variability (86). Conversely, the range of improvement 

depends on the level of injury and the extent of upper limb somatosensory impairments. 

Individuals with greater sensory loss in the lower limbs could benefit from the sensory 

information they receive from haptic devices based on upper limb function (80). Understanding 

the use of added haptic input and the influence on walking for individuals with an iSCI may 

expand knowledge related to how assistive devices support walking balance. The use of a 

rehabilitation dog may provide haptic input through contact with the harness that may benefit 

individuals with sensory impairments (i.e., individuals with iSCI).  
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1.7 Assistive Devices 

Assistive devices provide a mechanical advantage that assists with locomotion and 

maintaining balance control by increasing size of the BOS (87). Following a SCI, some 

individuals can ambulate after rehabilitation, but the quality of ambulation may be affected by 

their injury due to sensorimotor dysfunction, decreased lower body strength, and/or challenges 

with muscle activation and timing (87). Assistive devices, such as canes and walkers, can be 

prescribed to help individuals regain, maintain, and improve their locomotion and complete 

activities of daily living. Users typically have decreased ability to support their own body weight 

and the necessary strength to move their legs forward to take a step (10). Individuals with a SCI 

that require assistance from other people for ambulation without the use of an assistive device 

reported greater pain interference and depressive symptoms (9, 88). Assistive devices are used to 

redistribute weight over the device, correct muscular imbalances, reduce fatigue, or to relieve 

pain (10). Clinicians analyze the individual’s injury and prescribe an assistive device depending 

on the functional requirements of the person and their physical abilities (10). The goal is to get 

the individual ambulating again and minimize pain while doing so. Many individuals with an 

iSCI use assistive devices while walking due to the lack of stabilizing, supporting, or forward 

propulsive forces to promote locomotion (10).  

Even though an assistive device can improve locomotion and balance control, it can also 

lead to improper use, which can be hazardous and result in poor compliance with the device. The 

rejection of assistive devices can be related to the difficulty in using the device, practitioners not 

providing follow-up after rehabilitation, and physical and psychological characteristics of the 

user (89, 90). Abandonment of devices may not only negatively affect their rehabilitation 

process, but it also can affect inclusion in social activities. The rejection of assistive devices 

could cause dependence on others for mobility, causing stress and placing a burden on caregivers 

and family members (11). Roughly 30-50% of people abandon their devices after they receive 

them, often due to concerns related to the challenges of using the device and a perception of risk 

(9). Even if individuals decide to use their device, there are negative effects individuals can still 

experience. While walking with a device, users have the constant need to reposition an assistive 

device (ex. a walker), and this may cause difficulties with walking due to the challenge of 

unloading the legs and moving the device forward (10). A lack of strength to move a device over 

obstacles and different surfaces could result in a loss of balance, causing a fall. While using an 

assistive device, there is an increased demand on the shoulder joint and soft tissues that can 

cause joint degeneration, strains, and overuse injuries in individuals with an iSCI (9). Shoulder 

pain is common in individuals with iSCI from overuse injuries while using a wheelchair or 

walker (9). The greater reliance on walking with an assistive device could result in more pain 

and fatigue due to efforts to compensate for the strength and sensory deficits the individual 

experiences from their injury (9). The negative effects of using an assistive device for 

ambulation and potential for further injury due to falls, raises the question about alternative 

methods for assisted ambulation. 
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1.8 Rehabilitation Dog as an assistive device 

The use of a rehabilitation dog to assist with walking balance is a novel approach that is 

explored as the focus of this thesis. There are different reasons for owning a dog including as a 

pet, therapy dog, or service/rehabilitation dog. Owning a dog as a pet is more for oneself and 

family enjoyment, whereas a service dog has been externally trained by a trainer and assists with 

day-to-day tasks. A rehabilitation dog has been specifically trained to work with many types of 

people within a clinical setting. A rehabilitation dog is a type of service dog. A therapy dog is 

used for providing therapeutic and educational purposes from improving physiological measures, 

academic abilities, and emotional well-being (92). Owning a dog as a pet has been shown to 

increase physical activity, specifically increasing time spent walking per week (93). Within the 

elderly population (65 years and older) there was a 12% increase in physical activity shown in 

individuals who have a dog compared to those who don’t (93). Walking a dog in the elderly 

population is also shown to increase walking frequency, an increased likelihood to achieve 150 

minutes of walking per week, and an overall increase in walking speed compared to without a 

dog (93, 94). Walking with a dog has an impact on a dog owner’s mental state and is associated 

with a decrease in depression compared to non-dog owners (93, 95). A dog has been shown to 

motivate children to do various tasks and foster socialization and personal interactions (96, 97). 

Animal-assisted interventions (AAI) refer to the use of animals to benefit humans, and these can 

include animal-assisted therapy, education, and activities. AAI have been explored for different 

pathologies, mental disorders, and even cancer (98).  

A rehabilitation dog can be used for gait retraining, balance re-education, posture 

correction, and navigating around obstacles (96). The use of a rehabilitation dog was explored in 

a stroke population by Rondeau et al (96). While walking with the rehabilitation dog, the 

participants with a stroke saw improvements in walking speed and gait pattern (i.e., decreasing 

the amount of minor and major deviations while walking), suggesting the use of a rehabilitation 

dog could be a beneficial tool (96).  

The use of a dog as a mobility aid was also explored within a group of people with 

Parkinson’s disease (PD). Those with PD saw a different effect on their walking compared to the 

stroke study above including an increased time spent in double support, a narrower BOS, a 

slower walking speed, and decreased step and stride lengths while walking with the dog (99). 

Individuals with PD commonly present with deterioration in motor function, a change in gait 

pattern with a slower velocity and decreased stride length (99). Research has revealed that 

adding the dog for walking assistance made these traits even worse (99). The authors noted that 

the basal ganglia, which plays a role in regulating movement so that tasks such as walking 

become automatic, allows an individual to focus on other tasks while walking instead of putting 

all their attention into their movement. PD causes damage to the basal ganglia, which results in 

challenges with regulating movement.  Both a motor component of holding onto the dog leash, 

reacting to the dog’s movement, and leading the dog where you want to go by adjusting pressure 

points on the harness to lead the dog in a specific direction, with the addition of a cognitive 

component of being aware of where person and dog needs to go safely in the environment would 

be considered the dual task. People with PD performing dual tasks have a decrease in gait 

parameters (99). Interestingly, the step length for the foot on the same side as the dog for 
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participants with PD had the greatest decline which could suggest that the dog hindered step 

progression for the closest foot (99).  

The examples of the effect of a rehabilitation dog in two different neurological conditions 

shows the different challenges each condition presents and how other conditions may differ. The 

type of dog used could have had an effect as well. For the stroke population, a specifically 

trained rehabilitation dog was used and obtained from Mira (96), while the PD population used a 

service dog that was obtained by word of mouth (99). The different types of training these dogs 

received could have an impact on their ability to assist with walking. Also, the stroke study 

participants had multiple sessions of gait retraining, while the PD study looked at gait difference 

over a single visit with and without a dog.  

There are also similarities between these studies. Both studies explored the effects a dog 

had on walking as a potential tool to help each neurological condition with various gait 

parameters and locomotion within an environment. Both studies addressed the walking 

challenges people who have had a stroke or who have PD face either with or without an assistive 

device and both studies explored the use of a dog with divergent results. 

 

Objectives 

Due to the reported variability in the effects of walking with a rehabilitation dog (96, 99) 

and that it has not been previously explored in those with iSCI, further research is required to 

explore the effectiveness of a rehabilitation dog in this population. Exploring how walking 

balance is affected in individuals with iSCI while walking with a rehabilitation dog could 

provide insight on a new clinical tool to help restore normal gait. Currently there is no literature 

that explores how the use of a rehabilitation dog affects walking balance in those with a SCI. The 

use of a rehabilitation dog with the iSCI population needs to be explored to help expand our 

current knowledge surrounding this newly implemented option for gait and balance aid.  

The objectives for this thesis were to: 

(1) Examine the walking balance of individuals with a chronic iSCI compared to a 

control group while using a rehabilitation dog for the first time. 

(2) Identify reported changes to fear of falling and balance confidence for those with 

a chronic iSCI and a control group while using a rehabilitation dog. 

It was hypothesized that: 

(1) The measures of walking balance would show greater improvements in walking 

parameters while walking with the rehabilitation dog for those with a chronic iSCI 

compared to a control group; and, 

(2) There would be a reported greater decrease in the fear of falling for those with a 

chronic iSCI compared to a control group while walking with a rehabilitation dog; 

and,  

(3) There would be a reported increase in balance confidence for those with a chronic 

iSCI compared to a control group while walking with a rehabilitation dog. 
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Chapter 2 - Methods 

 

2.1 Participants 

Five individuals with chronic (≥ 1 year) incomplete spinal cord injury (iSCI) were 

recruited through a convenience sampling method to participate in this study. A group of five 

neurotypical individuals were matched by sex and age (+/- 2 years) to serve as a control group. 

The original proposed sample size was 20 iSCI and 20 control participants but COVID-19 

caused challenges with research as outlined more thoroughly in section 4.4. Briefly, COVID-19 

caused all research to halt for a period of time at the University of Saskatchewan. The Runway 

Lab at Merlis Belsher Place was also closed as the facility was turned into a field hospital. With 

the challenges faced during COVID-19, it was decided that having a sample size of 10 (5 people 

with iSCI and 5 controls) would provide data as an exploratory study on the research topic. The 

control group was recruited through word of mouth. Participants with iSCI were recruited 

through the Saskatchewan Health Authority SCI clinic at Saskatoon City Hospital and from 

previous research participants who agreed to participate in future research. Inclusion criteria 

included: (1) ability to walk >20m with or without a walking aid; (2) iSCI for minimum of one 

year; (3) AIS grade C or D for individuals with a chronic iSCI; (4) no fear or allergy of dogs; (5) 

over 18 years of age; (6) not experiencing any COVID-19 symptoms, requiring isolation due 

close contact with someone with COVID-19, and/or tested positive for COVID-19 at the time of 

testing; (7) having no other condition that could affect their walking ability (e.g., acute injury, 

other medical conditions such as Parkinson’s disease, multiple sclerosis, vestibular conditions 

affecting balance, joint pain, illness, etc.). This study was approved by the University of 

Saskatchewan’s research ethics board (Bio 1091). Participants provided written informed 

consent before data collection (ethics certificate and consent form can be found in Appendix A).   

 

2.2 Experimental Protocol 

A quasi-experimental design was used explore the iSCI participants and control group 

outcomes with and without the rehabilitation dog. A single participant data collection was 

completed in one day over a two-and-a-half-hour session in the Runway Lab at Merlis Belsher 

Place in Saskatoon. The data collections were from July 2021 to September 2021. Participants 

wore comfortable clothing and shoes that did not impede walking ability. At the start of the data 

collection, participants were asked to self-identify their month and year of birth, sex assigned at 

birth (male, female, prefer not to say), and gender (agender, cisgender, gender diverse, non-

binary, genderfluid, transgender, prefer not to say). Participant sex was used to find iSCI and 

control participants to match with one another. Participants with an iSCI were then asked injury-

specific questions including date of injury, level of injury, whether it was a traumatic or non-

traumatic injury, and their AIS classification if known. If participants didn’t know their AIS 

classification, they would still be included within this study if they were able to walk with or 

without an assistive device. The ability to walk with or without assistance from a device would 

classify them as AIS C or D (28-31). 
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Clinical tests for balance, balance confidence, and fear of falling were evaluated with the 

MiniBESTest, ABC Scale, and FES-I Questionnaire, respectively.  

The ABC scale was used to measure perceived balance confidence while completing 

specific activities of daily living. Additional questions were added to the ABC scale to assess 

participants’ perception of balance confidence while walking with and without the rehabilitation 

dog. Questions that all participants were asked include: “How confident are you that you will not 

lose your balance or become unsteady when you are….” followed by 11 customized, protocol-

based questions, including “…. walking without the use of a walking aid”, “…. walking in 

tandem eyes closed with a rehabilitation dog”, and “…. walking normally with a rehabilitation 

dog”. These additional questions were asked after walking trials were completed (Appendix B). 

The FES-I questionnaire was used to measure concern about falling while performing 

different activities of daily living (40). Additional questions were also added to the FES-I 

questionnaire to examine the participants’ concern about falling while performing the walking 

trials in this study. (Appendix C). 

The rehabilitation dog used in this study was trained and certified by the Mira Foundation 

Inc., located in Quebec Canada, who train rehabilitation dogs for people with visual 

impairments, physical disabilities, and/or neuromuscular diseases (91). The rehabilitation dog 

that was used is a Labrador Retriever/Bernese Mountain cross (a ‘Labranese’) named Loki. At 

the time of research, he was 3 years of age. (Figure 2.1). Loki was trained to assist individuals 

with reduced mobility by providing balance support via a harness and has the ability to match the 

speed of the individual. Loki is also able to recognize when the individual begins to lose their 

balance and then is able to brace himself against the individual to help prevent a fall. Loki was 

trained at the Mira organization in Quebec (91).  

 

Figure 2.1: The rehabilitation dog, Loki, freshly groomed. Image from: Mutt Hut on Instagram.  

For trials with the rehabilitation dog, the participant would stand next to the rehabilitation 

dog, on their dominant hand side, where a custom-built dog harness was positioned at a height 

where their elbow was slightly bent when holding the handle of the harness. The positioning of 

the dog harness was the same process that is used to measure a gait aid. A physiotherapist trained 
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in handling the rehabilitation dog was present during each data collection to assist the 

participants, setting up the harness, and commanding the dog. 

The Xsens MVN system (Xsens, Enschede, Netherlands) was used to capture 3D 

movement with inertial sensors consisting of linear accelerometers, gyroscopes, magnetometers, 

and a barometer. Even though the Xsens system has not been validated in the SCI population, it 

has been validated within a healthy adult population (100) and PD population (101). 

Anthropometric measurements were obtained for each participant and inputted into the Xsens 

software as shown in Table 2.1. The inertial sensors record both linear and angular motion 

through the use of gyroscopes and accelerometers. Participants’ body measurements are utilized 

to understand the participants’ proper global and local position. When a participant’s 

anthropometric measurements are taken, the Xsens system is then able to estimate the vertical 

displacement of different body segments relative to the ground based on height measurements. 

Table 2.1 – Anthropometric Measurements for Xsens MVN System and Units of Measurement 

Height (cm) 

Weight (kg) 

Foot Length (cm) 

Shoulder Height (cm) 

Shoulder Width (cm) 

Arm Span (cm) 

Hip Height (cm) 

Hip Width (cm) 

Knee Height (cm) 

Ankle Height (cm) 

 

Once anthropometric measurements were acquired, each participant donned a Lycra™ t-

shirt, head band, fingerless gloves, footpads, and Velcro™ straps. A total of 17 inertial sensors 

were placed on each participant at locations shown in Table 2.2 and Figure 2.2.  

Table 2.2 XSens MVN Sensor Placement and Location 

Body Segment Sensor Placement 

Head Sensor on back of the head 

Shoulders Sensor placed on each scapula (shoulder blades) 

Sternum Sensor position in the middle of the chest 

Upper arm Sensor placed on middle lateral side of upper arm 

Lower arm Sensor placed on the lateral backside side of the wrist 

Hand Sensor placed within the glove (backside of hand) 

Pelvis Sensor placed middle of sacrum 

Upper leg Sensor place on the middle-lateral side of the upper leg 

Lower leg Sensor placed on the medial side of the tibia (shin bone) 

Foot Sensor placed on the top of the foot 
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Head 

Sternum 

Right Upper Arm 

Right Lower Arm 

 

Figure 2.2: Front view of Xsens MVN system and sensor placement of all frontal view sensors. 1 

pelvic, 2 shoulder, and 1 head sensor are placed posteriorly.  

Once the sensors were in place on the participant, the Xsens wireless system was 

calibrated to align the sensors with different segments of the participant and minimize the 

uncertainty of measurements by providing a more precise and consistent measurement.  Once the 

calibration was processed by the Xsens system and the quality was at a “good” or “acceptable” 

level, data collection proceeded. If the calibration read “poor” or “fail”, the calibration was 

repeated until it was acceptable.  

Participants were instructed to walk a distance of 10 m at a self-selected pace in two 

different walking styles: normal and tandem (heel-to-toe). During each walking style, 

participants walked with and without the rehabilitation dog, eyes open and eyes closed. Including 

eyes closed walking conditions also helps to further examine the effect of sensory integration 

abilities of the participant including use of any sensory input received from contact with the 

dog’s harness. Table 2.3 shows the different conditions that were used: 

Table 2.3 Walking Trial Conditions for iSCI and Control Group 

With Rehabilitation Dog Without Rehabilitation Dog 

Tandem walking/eyes open Normal walking/eyes closed 

Tandem walking/eyes closed Normal walking/eyes open 

Normal walking/eyes open Tandem walking/eyes closed 

Normal walking/eyes closed Tandem walking/eyes open 

 

Right Hand 

Right Upper Leg 

Right Lower Leg 

Right Foot 

Left Upper Arm 

Left Lower Arm 

Left Hand 

Left Upper Leg 

Left Lower Leg 

Left Foot 
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Walking trials were varied for participants to start either with or without the rehabilitation 

dog to control for the confounding variable of fatigue.  Before walking with the rehabilitation 

dog, participants were given a chance to familiarize themselves with the dog by doing two 

practice walking trials. Participants were asked to complete, if possible, three walking trials per 

condition based on their comfort level, with a minimum of one trial completed in a randomized 

order with and without the rehabilitation dog for a total of 24 trials. Participants were given the 

option to rest throughout the data collection as needed. Figure 2.3 shows a participant walking 

with the rehabilitation dog. 

 

Figure 2.3: Participant fitted with the Xsens system holding onto the harness attached to the 

rehabilitation dog.  

After walking trials were completed, participants then answered the additional, 

rehabilitation dog-specific questions for the ABC scale and FES-I. Finally, a visual analog scale 

(VAS) was used to measure participant perceptions of walking with the rehabilitation dog 

(Appendix D). The questions included: 1. How easy did you find using the rehabilitation dog 

while walking (0= extremely easy – 10=extremely difficult); 2. Do you think using a 

rehabilitation dog improved your balance during walking? (0= Did not improve at all – 10= 

definitely improved); 3. Do you think using the rehabilitation dog impaired your balance during 

walking? (0= Did not impair at all – 10= definitely impaired); 4. How likely are you to use a 

rehabilitation dog while walking if there was a rehabilitation dog available? (0= Extremely 

unlikely – 10= extremely likely).  Question 5 asked Do you have anything else to add about your 

opinion of using the rehabilitation dog?” to add any comments they may have had during their 

time walking with the rehabilitation dog. 

 

2.3 Data processing and Analysis 

The kinematic data collected using the Xsens system were exported and further analysed 

using a custom routine (MATLAB R2019b for PC, Mathworks, Natick, MA). The kinematic 
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data were filtered with a 10Hz low-pass filter and then average gait velocity, double support 

time, step length, step width, and a dynamic margin of stability (MOS) in both the anterior-

posterior (AP) and mediolateral (ML) direction within each stride (ML MOS Av and AP MOS 

Av) were calculated. The average was found for each outcome measure across all trials 

completed (1-3/participant) to get better estimates for each participant. Gait velocity (cm/s) was 

calculated as the time it takes a participant to walk a specified distance. Double support (DS) 

time was calculated as the relative time spent in double support during a full gait cycle which 

was expressed as a percentage (%DS). Step length was calculated as the distance between the 

estimated points of contact of both feet in the AP direction. Step width was calculated as the 

distance between the two estimated outermost borders of consecutive foot strikes in the ML 

direction. For the MOS Av, the xCOM position was compared to the trailing leg heel for the AP 

MOS while the trailing leg at the 5th metatarsal is for ML MOS. A positive MOS value indicates 

the xCOM remained within the BOS and that the participant was more stable and less likely to 

fall. A negative MOS indicates the xCOM extended beyond the BOS boundaries suggesting the 

participant was more likely to fall (4). The standard deviation (SD) was used to calculate the 

variability of all outcome measures. 

 

2.4 Statistical Analysis 

Advanced inferential statistical analysis would not be normally conducted with such a 

small sample, However, in this case, it was felt that its inclusion would provide a more fulsome 

learning experience and therefore was included in this thesis. 

For each variable, if a value for one step or stride for a condition fell outside of ± 3 SD of 

that condition, it was removed from the data. Q-Q plots were visually inspected to see how data 

were arranged on an expected normal distribution line, boxplots were examined to see if any 

outliers or extreme outliers were present, and the Shapiro-Wilk test was used to evaluate 

normality. Initial tests for normality showed that, even with outliers removed, data were still not 

normally distributed. Outliers were then put back in and a two-step data transformation approach 

was used to normalize the data for all outcome variables (102). The data were fractionally ranked 

for all outcome variables in all conditions. Data were then transformed using an inverse 

distribution function which used the fractionally ranked condition plus the mean and standard 

deviation. This method was used for all conditions of each outcome variable for both groups. 

With the transformed data, Shapiro-Wilk test was again used to check for normalization with all 

transformed data showing normal distribution. All kinematic results will be described using 

transformed data. 

A 2 (group: iSCI vs. control) x 2 (dog: with vs. without rehabilitation dog) x 2 (vision: 

eyes open vs. eyes closed) repeated measures ANOVA was used for normal and tandem walking 

separately for each kinematic variable’s mean and SD. Significant interactions and main effects 

were further examined by multivariate (within-group comparison) and univariate (between-group 

comparison) tests, and pairwise comparisons (Least Significant Difference (LSD)) respectively. 

Partial eta squared values (ⴄ2) were used to evaluate the effect size of the outcome variables with 
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the following ranges considered; 0.01 = small effect size; 0.06 = medium effect size; and 0.14 = 

large effect size (103). 

A Mann-Whitney U test was used for the MiniBESTest, ABC Scale, additional questions 

added to ABC Scale, and the VAS Scale results to compare group means. A Chi-square test was 

used for the categorical variables of the FES-I questionnaire and additional questions added to 

FES-I questionnaire to examine differences between the two groups. Participants’ comments 

from the VAS scale were extracted and interpreted to gain a perspective on how they felt about 

the experience with the rehabilitation dog in contrast with the quantitative/objective data. 

Statistical analysis was run at both α ≤ 0.01 and α ≤ 0.05 to first explore and examine the 

data set to analyze type 1 or 2 errors. To decrease the potential for Type 1 error occurring and to 

account for a small sample size, a more conservative approach was taken with α ≤ 0.01. After 

analysis, there were no statistically significant values which could have meant there was the 

occurrence of a Type 2 error (false negative). The potential for a Type 2 error occurring would 

have meant the failure to reject the null hypothesis. To balance the chance of a Type 1 or 2 error 

occurring, it was decided to remove the conservative approach and use an alpha value of 0.05 to 

indicate statistical significance (104).  Statistical analysis was performed using IBM SPSS (IBM 

SPSS Statistics, Version 28). 
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Chapter 3 - Results 

 

3.1 Demographic Data 

In the summer and fall of 2021, five individuals with an iSCI and five age- and sex-

matched neurotypical individuals participated (see Table 3.1). Most of the participants completed 

three trials of each walking condition except two participants with an iSCI: One participant with 

an iSCI did not complete any trials of the tandem walking without the rehabilitation dog 

condition due to self-perceived concerns about loss of balance. The other participant completed 

all walking trials without the rehabilitation dog while using their assistive device (a walker). This 

participant was only able to complete one trial each of normal and tandem walking eyes open 

and eyes closed with the rehabilitation dog for each condition over self-perceived concerns about 

balance while walking with the rehabilitation dog instead of using their own assistive walking 

device.  

A summary of participant demographics can be found in Table 3.1 Injury causes were 

traumatic for four participants with an iSCI (80%) while one was considered non-traumatic 

(20%). The time since diagnosis of SCI averaged 21.2 years (±21.98). All participants self-

identified as cisgender.  

Table 3.1 Participant Demographics 

Participant Demographic iSCI 

Mean ± SD (Range) 

Control 

Mean ± SD (Range) 

Height (m) 1.69 ± 0.09 (1.57 – 1.83) 1.78 ± 0.12 (1.64 – 1.95) 

Weight (kg) 79.18 ± 15.92 (59.10 – 101.00) 85.84 ± 22.87 (55.50 – 104.50) 

Sex (male: female) 2:3 2:3 

Age (years) 52.00 ± 10.90 (42 – 69) 51.80 ± 10.78 (42-68) 

Time Since Injury (years) 21.20 ± 21.98 (3 – 55) N/A 

Traumatic: Non-traumatic 4:1 N/A 

 

 

3.2 Normal Walking Kinematic Data 

Table 3.2 presents means and standard deviations for the outcome variables and Table 3.3 

presents the results for the interaction effects and main effects for normal walking. All outcome 

variables are represented by means and their variability (SD). 
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Table 3.2 Kinematic data for normal walking conditions means and standard deviations. 

Outcome 

variable 

Group No Dog Eyes 

Open 

With Dog Eyes 

Open 

No Dog Eyes 

Closed 

With Dog Eyes 

Closed 

Stride Velocity 

(cm/s) 

iSCI 85.08 ± 15.91 90.56 ± 11.27 66.81 ± 14.25 68.66 ± 17.71 

Control 128.83 ± 11.12 112.15 ± 14.47 109.25 ± 9.83 101.87 ± 10.73 

Stride Velocity 

SD (cm/s) 

iSCI 3.07 ± 1.31 4.71 ± 3.46 4.07 ± 2.19 4.56 ± 4.20 

Control 3.95 ± 2.65 4.58 ± 2.52 3.40 ± 2.37 4.52 ± 3.12 

Double Support 

Time (%) 

iSCI 31.42 ± 4.87 30.60 ± 4.39 33.32 ± 8.40 29.48 ± 9.10 

Control 23.86 ± 4.46 26.47 ± 5.84 26.24 ± 4.50 28.17 ± 5.03 

Double Support 

Time SD (%) 

iSCI 2.46 ± 1.38 1.69 ± 0.89 2.71 ± 0.82 3.03 ± 2.69 

Control 1.05 ± 0.50 1.79 ± 0.86 1.51 ± 0.76 2.48 ± 1.31 

Step Width (cm) iSCI 27.45 ± 11.49 21.67 ± 5.01 28.66 ± 8.06 23.89 ± 7.14 

Control 23.11 ± 3.31 22.33 ± 2.62 25.66 ± 3.30 24.64 ± 3.52 

Step Width SD 

(cm) 

iSCI 3.35 ± 1.05 2.91 ± 1.11 5.30 ± 2.80 4.00 ± 1.84 

Control 2.97 ± 1.29 2.99 ± 1.13 3.62 ± 1.46 3.78 ± 1.53 

Step Length 

(cm) 

iSCI 52.06 ± 4.11 54.58 ± 5.06 43.55 ± 5.08 48.68 ± 10.48 

Control 70.88 ± 3.02 65.92 ± 8.49 64.50 ± 4.71 61.64 ± 5.76 

Step Length SD 

(cm) 

iSCI 3.26 ± 1.12 5.02 ± 3.21 4.03 ± 1.54 5.74 ± 3.41 

Control 4.16 ± 3.32 3.97 ± 2.75 3.60 ± 2.80 4.41 ± 3.19 

ML MOS Av 

(cm) 

iSCI 10.29 ± 4.07 11.21 ± 6.05 11.76 ± 5.73 9.99 ± 3.59 

Control 11.00 ± 2.70 9.97 ± 3.78 11.47 ± 2.62 10.83 ± 2.25 

ML MOS Av 

SD (cm) 

iSCI 1.02 ± 0.45 1.04 ± 0.36 1.96 ± 1.10 1.58 ± 1.36 

Control 1.07 ± 0.75 1.10 ± 0.71 1.18 ± 0.93 1.30 ± 0.94 

AP MOS Av 

(cm) 

iSCI 46.11 ± 9.51 42.28 ± 7.34 39.02 ± 9.45 35.38 ± 8.80 

Control 61.04 ± 5.40 55.58 ± 6.64 53.62 ± 4.23 50.35 ± 16.15 

AP MOS Av SD 

(cm) 

iSCI 1.45 ± 1.11 2.08 ± 2.03 2.54 ± 0.85 2.40 ± 1.46 

Control 1.48 ± 1.06 2.07 ± 1.21 1.45 ± 1.02 2.13 ± 2.01 
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Table 3.3 Interaction and main effects for normal walking  

Dependent 

Variable 

Vision by 

Group 

Interaction 

effect 

Dog by 

Group 

Interaction 

effect 

Vision by 

dog 

Interaction 

effect 

Vision by 

Dog by 

Group 

interaction 

effect 

Main 

effect of 

group 

 

Main 

effect of 

vision 

 

Main 

effect of 

dog 

 

Stride 

Velocity 

F= 1.525 

p = 0.231 

ⴄ2 = 0.071 

F = 6.830 

p = 0.017* 

ⴄ2 = 0.255 

F = 0.633 

p = 0.436 

ⴄ2 = 0.031 

F = 3.283 

p = 0.085 

ⴄ2 = 0.021 

F = 55.896 

p < 0.001* 

ⴄ2 = 0.666 

F = 76.397 

p < 0.001* 

ⴄ2 = 0.669 

F = 1.944 

p = 0.178 

ⴄ2 = 0.089 

Stride 

Velocity 

SD 

F=0.395  

p =0.536 

ⴄ2 = 0.018 

F= 0.022 

p = 0.883 

ⴄ2 = 0.001 

F = 0.022 

p= 0.589 

ⴄ2 = 0.011 

F = 0.079 

p = 0.781 

ⴄ2 = 0.004 

F = 0.000 

p = 0.989 

ⴄ2 = 0.000 

F=0.011 

p = 0.918 

ⴄ2 = 0.000 

F = 2.284 

p = 0.145 

ⴄ2 = 0.094 

Double 

Support 

Time 

F = 1.606 

p = 0.220 

ⴄ2 = 0.074 

F = 10.388 

p = 0.004* 

ⴄ2 = 0.342 

F = 4.561 

p = 0.045* 

ⴄ2 = 0.186 

F = 1.831 

p = 0.191 

ⴄ2 = 0.084 

F = 4.586 

p = 0.045* 

ⴄ2 = 0.187 

f = 3.468 

p = 0.077 

ⴄ2 = 0.148 

F = 0.002 

P = 0.965 

ⴄ2 = 0.000 

Double 

Support 

Time SD 

F = 0.097 

p = 0.758 

ⴄ2 = 0.005 

F = 5.428 

p = 0.030* 

ⴄ2 = 0.213 

F = 3.014 

p = 0.098 

ⴄ2 = 0.131 

F = 1.288 

p = 0.270 

ⴄ2 = 0.061 

F = 7.400 

p = 0.013* 

ⴄ2 = 0.270 

F = 3.884 

p = 0.063 

ⴄ2 = 0.163 

F = 1.831 

P = 0.191 

ⴄ2 = 0.084 

Step 

Width  

F = 0.217 

p =0.647 

ⴄ2 = 0.013 

F = 5.067 

p = 0.038* 

ⴄ2 = 0.230 

F = 0.067 

p = 0.799 

ⴄ2 = 0.004 

F = 0.177 

p = 0.680 

ⴄ2 = 0.010 

F = 0.417 

p = 0.527 

ⴄ2 = 0.024 

F= 7.239  

p = 0.015* 

ⴄ2 = 0.299 

F = 10.088 

p = 0.006* 

ⴄ2 = 0.372 

Step 

Width SD 

F = 1.432 

p =0.245 

ⴄ2 = 0.064 

F = 1.955 

p = 0.177 

ⴄ2 = 0.085 

F = 0.387 

p = 0.541 

ⴄ2 = 0.018 

F = 0.736 

p = 0.401 

ⴄ2 = 0.034 

F = 2.354 

p = 0.140 

ⴄ2 = 0.101 

F = 10.942 

p = 0.003* 

ⴄ2 = 0.343 

F = 1.289 

p = 0.269 

ⴄ2 =0.058 

Step 

Length 

F = 0.544 

p = 0.469 

ⴄ2 = 0.026 

F = 10.640 

p = 0.004* 

ⴄ2 = 0.347 

F = 1.169 

P = 0.292 

ⴄ2 = 0.055 

F = 0.014 

p = 0.907 

ⴄ2 = 0.001 

F = 79.821 

p < 0.001* 

ⴄ2 = 0.800 

F = 24.353 

p < 0.001* 

ⴄ2 = 0.549 

F = 0.001 

p = 0.971 

ⴄ2 = 0.000 

Step 

Length SD 

F = 1.259 

p = 0.276 

ⴄ2 = 0.062 

F = 2.355 

p =0.141 

ⴄ2 = 0.110 

F = 0.230 

p = 0.637 

ⴄ2 = 0.012 

F = 0.273 

p = 0.607 

ⴄ2 = 0.014 

F = 0.236 

p = 0.633 

ⴄ2 = 0.012 

F = 0.898 

p = 0.355 

ⴄ2 = 0.045 

F = 4.854 

p = 0.040* 

ⴄ2 = 0.204 

ML MOS 

Av 

F = 0.288 

p = 0.597 

ⴄ2 = 0.014 

F = 0.119 

p = 0.734 

ⴄ2 = 0.006 

F = 1.310 

p= 0.265 

ⴄ2 = 0.059 

F = 2.369 

p = 0.139 

ⴄ2 = 0.101 

F = 0.000 

p = 0.997 

ⴄ2 = 0.000 

F = 0.630 

p = 0.436 

ⴄ2 = 0.029 

F = 1.089 

p = 0.309 

ⴄ2 = 0.049 

ML MOS 

Av SD 

F = 2.274 

p= 0.146 

ⴄ2 = 0.098 

F = 0.069 

p = 0.429 

ⴄ2 = 0.030 

F = 0.207 

p = 0.654 

ⴄ2 = 0.010 

F = 0.504 

p = 0.485 

ⴄ2 = 0.023 

F = 1.375 

p = 0.254 

ⴄ2 = 0.061 

F = 5.380 

p = 0.031* 

ⴄ2 = 0.204 

F = 0.122 

p = 0.730 

ⴄ2 = 0.006 

AP MOS 

Av 

F = 0.046 

p = 0.833 

ⴄ2 = 0.002 

F = 0.030 

p = 0.865 

ⴄ2 = 0.001 

F = 0.152 

p = 0.700 

ⴄ2 = 0.007 

F = 0.104 

p = 0.750 

ⴄ2 = 0.005 

F = 29.702 

p < 0.001* 

ⴄ2 = 0.586 

F = 17.438 

p < 0.001* 

ⴄ2 = 0.454 

F = 4.794 

p = 0.040* 

ⴄ2 = 0.186 

AP MOS 

Av SD 

F = 1.554 

p = 0.227 

ⴄ2 = 0.072 

F = 4.063 

p = 0.054 

ⴄ2 = 0.127 

F = 0.301 

p = 0.589 

ⴄ2 = 0.015 

F = 0.476 

p = 0.498 

ⴄ2 = 0.023 

F = 1.202 

p = 0.286 

ⴄ2 = 0.057 

F = 1.679 

p = 0.210 

ⴄ2 =0.077 

F = 1.640 

p = 0.220 

ⴄ2 = 0.074 

Note: Significance was set at < 0.05. * = interaction and main effects showing significance 
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Stride velocity presented with a significant group-by-dog interaction (F(1,20) = 6.830, p 

= 0.017, ⴄ2 = 0.255) as seen in Figure 3.1. There was a significant difference between groups 

without (F(1,20) = 82.709, p < 0.001, ⴄ2 = 0.805) (iSCI 75.95cm/s ± 3.78, control 119.04 cm ± 

2.56) and with the rehabilitation dog (F(1,20) = 26.725, p < 0.001, ⴄ2 = 0.572) (iSCI 79.61cm/s ± 

4.23, control 107.01cm/s ± 3.20). There was no significant differences for individuals with an 

iSCI walking with and without the rehabilitation dog (No Dog 75.95cm/s ± 3.78, With Dog 

79.61cm/s ± 4.23) (F(1,20) = 0.584, p = 0.454, ⴄ2 = 0.028); however, the control group walked 

significantly faster without the rehabilitation dog than with the rehabilitation dog (F(1,20) = 

11.043, p = 0.003, ⴄ2 = 0.356) (No Dog 119.04cm/s ± 2.86, With Dog 107.01cm/s ± 3.20). A 

main effect of vision (F(1,20) = 70.563, p < 0.001, ⴄ2 = 0.779) showed eyes open (eyes open 

104.16 cm/s ± 2.27) had a significantly faster stride velocity than eyes closed (eyes closed 88.65 

cm/s ± 2.27) . Stride velocity SD did not present with any significant interaction or main effects.  

 

Figure 3.1. Mean stride velocity (cm/s) for both iSCI and control group in without and with 

rehabilitation dog trials. Errors bars represent 95% confidence interval. 

Double support time presented with a significant dog by group interaction 

(F(1,20)=10.388, p=0.004, ⴄ2 = 0.342) shown in Figure 3.2. There was a significant difference 

between groups while walking without the rehabilitation dog (iSCI 32.37% ± 1.88, control 

25.05% ± 1.42) (F(1,20)=9.660, p=0.006, ⴄ2 = 0.326). There was no significant difference 

between groups (iSCI 30.04% ± 2.03, control 27.32% ± 1.53) (F(1,20)=1.145, p=0.297, ⴄ2 = 

0.054) when walking with the rehabilitation dog. The iSCI group saw no significant difference in 

double support time between walking without and with the rehabilitation dog (No dog 32.37% ± 

1.88, With dog 30.04% ± 2.03) (F(1,20)=4.194, p=0.054, ⴄ2 = 0.173). The control group spent 

significantly less time in double support without the rehabilitation dog compared to with the 

rehabilitation dog (No dog 25.05% ± 1.42, With dog 27.32% ± 1.53) (F(1,20)=6.946, p=0.016, 

ⴄ2 = 0.258). 
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Figure 3.2. Mean double support time (%) for both iSCI and control group in without and with 

rehabilitation dog trials. Errors bars represent 95% confidence interval 

Double support time also presented with a significant dog by vision interaction (F(1,20) = 

4.561, p = 0.045, ⴄ2 = 0.186) as seen in Figure 3.3. There was no significant difference in double 

support time without and with the rehabilitation dog eyes open (No dog 27.64% ± 1.02, With 

Dog 29.78% ± 1.39) (F(1,20)=1.467, p=0.240, ⴄ2 = 0.068) or eyes closed (No dog 28.53% ± 

1.19, With dog 28.82% ± 1.49) (F(1,20)=1.078, p=0.311, ⴄ2 = 0.051). There was significantly 

less relative double support time with eyes open compared to eyes closed while walking without 

the rehabilitation dog (Eyes open 27.64% ± 1.02, Eyes closed 29.78% ± 1.39) (F(1,20)=12.213, 

p=0.002, ⴄ2 = 0.379). There was no significant difference eyes open and eyes closed walking 

with the rehabilitation dog (Eyes open 28.55% ± 1.19, Eyes closed 28.82% ± 1.49) 

(F(1,20)=0.098, p=0.757, ⴄ2 = 0.005). 

 

 

Figure 3.3. Mean double support time (%) for both no dog and with dog trials for eyes open and 

eyes closed. Errors bars represent 95% confidence interval. 
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Double support time SD presented with a significant group by dog interaction (F(1,20) = 

5.428, p = 0.030, ⴄ2 = 0.213) shown in Figure 3.4. There was significantly more variability in the 

iSCI group compared to the control group walking without the rehabilitation dog (iSCI 2.59% ± 

0.19, control 1.28% ± 0.16) (F(1,20)=27.539, p < 0.001, ⴄ2 = 0.579) and no significant difference 

walking with the rehabilitation dog (iSCI 2.36% ± 0.35, control 2.14% ± 0.29) (F(1,20)=0.250, 

p=0.623, ⴄ2 = 0.012). The iSCI group presented with no significant difference without or with 

the rehabilitation dog (No dog 2.59% ± 0.19, With dog 2.36% ± 0.35) (F(1,20)=0.403, p=0.533, 

ⴄ2 = 0.020). The control group presented with a significantly lower variability in double support 

time without the rehabilitation dog compared to with the rehabilitation dog (No dog 1.28% ± 

0.16, With dog 2.14% ± 0.29) (F(1,20)=8.289, p=0.009, ⴄ2 = 0.293). 

 

Figure 3.4. Mean variability double support time (%) for both iSCI and controls in without and 

with the rehabilitation dog. Errors bars represent 95% confidence interval 

Step width presented with a significant group by dog interaction (F(1,17) = 5.067, p 

0.038, ⴄ2 = 0.230) as seen in Figure 3.5. There was no significant group difference in step width 

without (iSCI 28.06cm ± 2.28, controls 24.38cm ± 1.94) (F(1,17)=1.505, p=0.237, ⴄ2 = 0.081) or 

with the rehabilitation dog (iSCI 22.78cm ± 1.42, control 23.48cm ± 1.21) (F(1,17)=0.143, 

p=0.710, ⴄ2 = 0.008). The iSCI group took significantly wider steps without the rehabilitation 

dog compared to with the dog (No dog 28.06cm ± 2.28, With dog 22.78cm ± 1.42) 

(F(1,17)=12.719, p=0.002, ⴄ2 = 0.428). There was no significant difference in step width for the 

control group walking without or with the rehabilitation dog (No dog 24.38cm ± 1.94, With dog 

23.48cm ± 1.21) (F(1,17)=0.508, p=0.486, ⴄ2 = 0.029). A significant main effect of vision was 

also present for step width (F(1,17) = 7.239, p = 0.015, ⴄ2 = 0.299). Pairwise comparisons 

showed that eyes closed conditions (25.71cm ± 1.21) had a significantly wider step width than 

eyes open conditions (23.64cm ± 1.21). Step width SD also presented with a significant main 

effect of vision (F(1,21)=10.942, p=0.003, ⴄ2 = 0.343). Pairwise comparisons showed there was a 

significantly more variable step width with eyes closed (4.172cm ± 0.28) compared to eyes open 

(3.06cm ± 0.212).  
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Figure 3.5. Mean step width (cm) for both iSCI and control group in without and with 

rehabilitation dog trials. Errors bars represent 95% confidence interval. 

Step length presented with a significant group by dog interaction (F(1,20) = 10.640, p = 

0.004, ⴄ2 = 0.347) shown in Figure 3.6. The iSCI group had a significantly shorter step than the 

control group while walking without (iSCI 47.81cm ± 1.26, control 67.69cm ± 0.95) (F(1,20) = 

158.009, p < 0.001, ⴄ2 = 0.888) and with the rehabilitation dog (iSCI 51.63cm ± 2.07, control 

63.78cm ± 1.57) (F(1,20) = 21.928, p < 0.001, ⴄ2 = 0.523). The iSCI group had no significant 

difference in step length without and with the rehabilitation dog (No dog 47.81cm ± 1.26, With 

dog 51.63cm ± 2.07) (F(1,20) = 4.086, p = 0.057, ⴄ2 = 0.170). The control group had a 

significantly longer step length without compared to with the rehabilitation dog (No dog 

67.69cm ± 0.954, With dog 63.78cm ± 1.57) (F(1,20) = 7.481, p = 0.013, ⴄ2 = 0.272). Step 

length also presented with a significant main effect of vision (F(1,20) = 24.353, p < 0.001, ⴄ2 = 

0.549). Pairwise comparisons showed steps were significantly longer with eyes open (60.86cm ± 

1.01) compared to eyes closed (54.59cm ± 1.18). Step Length SD presented with a significant 

main effect of dog (F(1,19)=4.854, p=0.040, ⴄ2 = 0.204). Pairwise comparisons showed walking 

with the rehabilitation dog had more variability in step length (4.79cm ± 0.57) compared to 

without the rehabilitation dog (3.76cm ± 0.51).  
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Figure 3.6. Mean step length (cm) for both iSCI and control group in without and with 

rehabilitation dog trials. Errors bars represent 95% confidence interval. 

There were no significant interactions or main effects for ML MOS Av; however, ML 

MOS Av SD presented with a significant main effect of vision (F(1,21) = 5.380, p = 0.031, ⴄ2 = 

0.204). Pairwise comparisons showed eyes closed (1.50cm ± 0.16) had significantly more 

variability than eyes open (1.05cm ± 0.11).  

AP MOS Av presented with main effects for dog, vision, and group. There was a 

significantly larger AP MOS Av without the dog (49.94cm ± 1.27) than with the dog (45.90cm ± 

1.90) (F(1,21) = 4.794, p = 0.040, ⴄ2 = 0.186). There was a significantly larger AP MOS Av 

while eyes open (51.25cm ± 1.28) compared to eyes closed (44.59cm ± 1.77) (F(1,21) = 17.438, 

p < 0.001, ⴄ2 = 0.454). There was a significantly larger AP MOS Av in controls (55.15cm ± 

1.66) than iSCI (40.69cm ± 2.07) (F(1,21) = 29.702, p < 0.001, ⴄ2 = 0.586). AP MOS Av SD 

presented with no significant interaction and main effects.  
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3.3 Tandem Walking Kinematic Data 

 

Table 3.4 represents tandem means and SD and Table 3.5 shows walking interactions and 

main effects. 

Table 3.4 Kinematic data for tandem walking means and standard deviation 

Outcome 

variable 

Group No Dog Eyes 

Open 

With Dog Eyes 

Open 

No Dog Eyes 

Closed 

With Dog 

Eyes Closed 

Stride Velocity 

(cm/s) 

iSCI 27.87 ± 7.60 31.20 ± 6.55 21.99 ± 7.34 26.47 ± 4.71 

Control 43.71 ± 12.85 44.99 ± 16.83 44.89 ± 14.09 44.79 ± 15.81 

Stride Velocity 

SD (cm/s) 

iSCI 2.61 ± 1.40 4.96 ± 3.16 7.13 ± 4.99 6.92 ± 5.26 

Control 4.18 ± 2.31 5.92 ± 4.71 6.54 ± 3.29 8.42 ± 6.09 

Double 

Support Time 

(%) 

iSCI 34.12 ± 0.12 33.26 ± 2.05 33.92 ± 4.45 36.00 ± 0.71 

Control 28.60 ± 5.05 27.47 ± 5.91 29.29 ± 3.99 28.57 ± 6.07 

Double 

Support Time 

SD (%) 

iSCI 4.88 ± 1.96 6.12 ± 3.05 10.93 ± 6.73 6.89 ± 3.90 

Control 4.15 ± 1.80 4.33 ± 2.47 4.93 ± 2.17 5.67 ± 4.04 

Step Width 

(cm) 

iSCI 14.57 ± 2.61 12.55 ± 3.71 15.47 ± 7.13 15.73 ± 4.31 

Control 14.24 ± 5.22 15.04 ± 3.58 16.56 ± 4.10 15.29 ± 4.13 

Step Width SD 

(cm) 

iSCI 5.42 ± 6.01 2.60 ± 1.09 6.68 ± 4.94 5.63 ± 4.12 

Control 1.69 ± 0.52 1.97 ± 0.96 4.76 ± 1.96 3.91 ± 2.97 

Step Length 

(cm) 

iSCI 31.53 ± 2.58 34.39 ± 6.26 30.58 ± 3.89 32.35 ± 4.07 

Control 33.50 ± 5.61 32.75 ± 5.15 33.42 ± 4.99 33.96 ± 6.29 

Step Length 

SD (cm) 

iSCI 6.15 ± 5.02 7.33 ± 4.92 9.48 ± 8.91 6.48 ± 2.69 

Control 4.47 ± 1.72 3.99 ± 1.95 5.86 ± 3.34 4.34 ± 2.22 

ML MOS Av 

(cm) 

iSCI 7.02 ± 1.40 6.48 ± 2.25 7.09 ± 4.57 7.54 ± 2.34 

Control 6.23 ± 3.31 6.87 ± 1.63 6.99 ± 2.76 5.37 ± 4.11 

ML MOS Av 

SD (cm) 

iSCI 1.90 ± 1.65 2.52 ± 3.89 1.51 ± 0.83 1.40 ± 0.26 

Control 0.61 ± 0.16 0.86 ± 0.24 2.20 ± 1.53 4.71 ± 3.47 

AP MOS Av 

(cm) 

iSCI 24.05 ± 4.08 25.98 ± 3.51 22.55 ± 4.33 26.85 ± 7.29 

Control 30.19 ± 4.67 29.89 ± 3.89 31.00 ± 4.06 30.70 ± 4.11 

AP MOS Av 

SD (cm) 

iSCI 2.42 ± 2.21 4.86 ± 4.10 2.94 ± 1.06 2.37 ± 1.20 

Control 1.59 ± 0.69 2.13 ± 1.36 2.44 ± 0.93 2.19 ± 0.69 
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Table 3.5 Tandem walking interaction and main effects 

Dependent 

Variable 

Vision by 

Group 

Interaction 

effect 

Dog by 

Group 

Interaction 

effect 

Vision by 

dog 

Interaction 

effect 

Vision by 

Dog by 

Group 

interaction 

effect 

Main 

effect of 

group 

 

Main 

effect of 

vision 

 

Main 

effect of 

dog 

 

Stride 

Velocity 

F = 3.665 

p = 0.074 

ⴄ2 = 0.186 

F = 0.927 

P = 0.350 

ⴄ2 = 0.055 

f = 0.000 

p = 0.990 

ⴄ2 = 0.000 

F = 0.053 

P = 0.820 

ⴄ2 = 0.003 

F = 12.887 

p = 0.002* 

F = 0.446 

F = 2.450 

p = 0.137 

ⴄ2 = 0.133 

F = 1.619 

P = 0.221 

ⴄ2 = 0.092 

Stride 

Velocity 

SD 

F = 0.286 

P = 0.600 

ⴄ2 = 0.019 

F = 0.076 

p = 0.786 

ⴄ2 = 0.005 

F = 0.532 

p = 0.477 

ⴄ2 = 0.034 

F = 0.658 

p = 0.430 

ⴄ2 = 0.042 

F = 0.480 

p = 0.499 

ⴄ2 = 0.031 

F = 14.192 

p = 0.002* 

ⴄ2 = 0.486 

F = 1.153 

p = 0.300 

ⴄ2 = 0.071 

Double 

Support 

Time 

F = 0.024 

p = 0.881 

ⴄ2 = 0.002 

F = 0.310 

p = 0.588 

ⴄ2 = 0.025 

F = 0.632 

p = 0.442 

ⴄ2 = 0.050 

F = 0.364 

p = 0.557 

ⴄ2 = 0.029 

F = 5.770 

p = 0.033* 

ⴄ2 = 0.325 

F = 0.791 

p = 0.391 

ⴄ2 = 0.062 

F = 0.013 

P = 0.991 

ⴄ2 = 0.001 

Double 

Supple 

Time SD 

F = 3.978 

p = 0.066 

ⴄ2 = 0.221 

F = 0.745 

p = 0.403 

ⴄ2 = 0.051 

F = 2.266 

p = 0.154 

ⴄ2 = 0.139 

F = 3.503 

p = 0.082 

ⴄ2 = 0.200 

F = 6.382 

p = 0.024* 

ⴄ2 = 0.313 

F = 14.424 

p = 0.002* 

ⴄ2 = 0.507 

F = 0.191 

p = 0.669 

ⴄ2 = 0.013 

Step 

Width  

F = 0.246 

p = 0.627 

ⴄ2 = 0.016 

F = 0.141 

p = 0.713 

ⴄ2 = 0.009 

F = 0.004 

p = 0.952 

ⴄ2 = 0.000 

F = 1.536 

p = 0.234 

ⴄ2 = 0.093 

F = 0.164 

p = 0.691 

ⴄ2 = 0.011 

F = 4.787 

p = 0.045* 

ⴄ2 = 0.242 

F = 0.413 

p = 0.530 

ⴄ2 = 0.027 

Step 

Width SD 

F = 0.147 

p = 0.707 

ⴄ2 = 0.010 

F = 1.553 

p = 0.233 

ⴄ2 = 0.100 

F = 0.030 

p = 0.864 

ⴄ2 = 0.002 

F = 0.642 

p = 0.436 

ⴄ2 = 0.044 

F = 3.988 

p = 0.066 

ⴄ2 = 0.222 

F = 25.170 

p < 0.001* 

ⴄ2 = 0.643 

F = 2.807 

p = 0.116 

ⴄ2 = 0.167 

Step 

Length 

F = 4.108 

p = 0.060 

ⴄ2 = 0.204 

F = 4.683 

p = 0.046* 

ⴄ2 = 0.226 

F = 0.002 

p = 0.965 

ⴄ2 = 0.000 

F = 0.277 

p = 0.606 

ⴄ2 = 0.017 

F = 0.331 

p = 0.573 

ⴄ2 = 0.020 

F = 0.835 

p = 0.374 

ⴄ2 = 0.050 

F = 3.908 

p = 0.066 

ⴄ2 = 0.196 

Step 

Length 

SD 

F = 0.034 

p= 0.857 

ⴄ2 = 0.002 

F = 0.002 

p = 0.964 

ⴄ2 = 0.000 

F = 2.550 

p = 0.131 

ⴄ2 = 0.145 

F = 0.920 

p = 0.353 

ⴄ2 = 0.058 

F = 6.571 

p = 0.022* 

ⴄ2 = 0.305 

F = 1.079 

p = 0.315 

ⴄ2 = 0.067 

F = 0.828 

p = 0.377 

ⴄ2 = 0.052 

ML MOS 

Av  

F = 0.500 

p = 0.490 

ⴄ2 = 0.030 

F = 0.121 

p = 0.732 

ⴄ2 = 0.008 

F = 0.288 

p = 0.599 

ⴄ2 = 0.018 

F = 1.915 

p = 0.185 

ⴄ2 = 0.107 

F = 0.477 

p = 0.500 

ⴄ2 = 0.029 

F = 0.022 

p = 0.885 

ⴄ2 = 0.001 

F = 0.174 

P = 0.682 

ⴄ2 = 0.011 

ML MOS 

Av SD 

F = 6.241 

p = 0.034* 

ⴄ2 = 0.409 

F = 1.244 

p = 0.294 

ⴄ2 = 0.121 

F = 0.494 

p = 0.500 

ⴄ2 = 0.052 

F = 1.887 

p = 0.203 

ⴄ2 = 0.173 

F = 0.137 

p = 0.720 

ⴄ2 = 0.014 

F = 1.991 

p = 0.192 

ⴄ2 = 0.181 

F = 2.622 

p = 0.140 

ⴄ2 = 0.226 

AP MOS 

Av 

F = 0.894 

p = 0.359 

ⴄ2 = 0.056 

F = 6.826 

p = 0.020* 

ⴄ2 = 0.313 

F = 0.283 

p = 0.603 

ⴄ2 = 0.019 

F = 0.287 

p = 0.600 

ⴄ2 = 0.019 

F = 9.834 

p = 0.007* 

ⴄ2 = 0.396 

F = 0.171 

p = 0.685 

ⴄ2 = 0.011 

F = 4.636 

p = 0.048* 

ⴄ2 = 0.236 

AP MOS 

Av SD 

F = 3.737 

p = 0.077 

ⴄ2 = 0.237 

F = 0.622 

p = 0.445 

ⴄ2 = 0.049 

F = 6.700 

p =0.030* 

ⴄ2 = 0.336 

F = 2.088 

p = 0.174 

ⴄ2 = 0.148 

F = 3.976 

p = 0.069 

ⴄ2 = 0.249 

F = 0.497 

p = 0.494 

ⴄ2 = 0.040 

F = 1.168 

p = 0.301 

ⴄ2 = 0.089 

Note: Significance was set at < 0.05. * = interaction and main effects showing significance 



30 
 

Stride velocity presented with a significant main effect of group (F(1,16) = 12.887, p = 

0.002, ⴄ2 = 0.446) where the control group (44.57cm/s ± 3.07) had significantly faster stride 

velocity than the iSCI group (26.88cm/s ± 3.85). Stride velocity SD had a significant main effect 

of vision (F(1,15) = 14.192, p = 0.002, ⴄ2 = 0.486) where eyes closed (7.25cm/s ± 0.88) was 

significantly more variable than eyes open (4.42cm/s ± 0.53). 

Double support time presented a significant main effect of group (F(1,12) = 5.77, p = 

0.033, ⴄ2 =  0.325) showing the control group spent significantly less time in double support 

(28.48% ± 1.13) than the iSCI group (34.32% ± 2.16). Double support time SD presented with 

significant main effects of vision (F(1,14) = 14.424, p = 0.002, ⴄ2 = 0.507) and group (F(1,14) = 

6.382, p = 0.024, ⴄ2 = 0.313). Eyes closed (7.11% ± 0.65) had significantly more variability than 

eyes open (4.87% ± 0.47) for double support time. The iSCI group (7.21% ± 0.76) had 

significantly more variable double support time than the control group (4.77% ± 0.59). 

Step width presented a significant main effect for vision (F(1,15) = 4.787, p = 0.045, ⴄ2 = 

0.242) where steps were significantly wider when walking in tandem with eyes closed (15.76cm 

± 1.04) compared to eyes open (14.10cm ± 0.85).  Step width SD presented with a main effect of 

vision (F(1,14) = 25.710, p = 0.000, ⴄ2 = 0.643) with more variability walking with eyes closed 

(5.25cm ± 0.62) compared to eyes open (2.92cm ± 0.47).  

Step length presented with a significant group by dog interaction (F(1,16) = 4.683, p = 

0.046, ⴄ2 = 0.226) as seen in Figure 3.7. There was no significant difference in step length 

between groups without (iSCI 31.05cm ± 1.49, control 33.46cm ± 1.19) (F(1,16) = 1.590, p = 

0.031, ⴄ2 = 0.204) or with the rehabilitation dog (iSCI 33.37cm ± 1.85, control 33.36cm ± 1.48) 

(F(1,16) = 0.000, p = 0.995, ⴄ2 = 0.000). There was a significant difference between without and 

with the rehabilitation step length for the iSCI group (No dog 31.05cm ± 1.49, With dog 

33.37cm ± 1.85) (F(1,16) = 7.015, p = 0.018, ⴄ2 = 0.305). There was no significant difference 

between without and with the rehabilitation step length for the control group (No dog 33.46cm ± 

1.19, With dog 33.36cm ± 1.48) (F(1,16) = 0.023, p = 0.883, ⴄ2 = 0.001). Step length SD 

presented with a significant main effect of group (F(1,15) = 6.571, p = 0.022, ⴄ2 = 0.305). 

Pairwise comparisons showed the iSCI group (7.36cm ± 0.85) had a significantly more variable 

step length than the control group (4.67cm ± 0.62).  
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Figure 3.7. Mean step length (cm) for both iSCI and control group in without and with 

rehabilitation dog trials. Errors bars represent 95% confidence interval. 

 ML MOS Av did not present with any significant interaction or main effects. ML MOS 

Av SD presented with a significant vision by group interaction (F(1,9) = 6.241, p = 0.034, ⴄ2 = 

0.409) shown in Figure 3.8. There was no significant difference between groups with eyes open 

(iSCI 2.21 cm ± 0.723, controls 0.73cm ± 0.79) (F(1,9)=1.900, p=0.201, ⴄ2 = 0.174) and eyes 

closed (iSCI 1.45 cm ± 0.61, controls 3.47cm ± 0.67) (F(1,9)=4.861, p=0.055, ⴄ2 = 0.351). There 

was no significant difference in eyes open and eyes closed variability for individuals with an 

iSCI (eyes open 2.21 cm ± 0.723, eyes closed 1.45cm ± 0.61) (F(1,9)=0.650, p=0.441, ⴄ2 = 

0.067).The control group was significantly more variable when their eyes were closed compared 

to open (eyes open 0.73 cm ± 0.79, eyes closed 3.46cm ± 0.67) (F(1,9)=7.004, p=0.027, ⴄ2 = 

0.438). 

 

Figure 3.8. Mean variability ML MOS Av (cm) for both iSCI and control group in eyes open and 

eyes closed trials. Errors bars represent 95% confidence interval. 
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AP MOS AV presented with a significant group by dog interaction (F(1,15) = 6.826, p = 

0.020, ⴄ2 = 0.313) as seen in Figure 3.9. There was a significantly larger AP MOS Av in the 

control group compared to the iSCI group without the rehabilitation dog (iSCI 23.30cm ± 1.49, 

controls 30.60cm ± 1.10) (F(1,15) = 15.453, p = 0.001, ⴄ2 = 0.507), but not with the 

rehabilitation dog (iSCI 26.42cm ± 1.56, controls 30.30cm ± 1.15) (F(1,15) = 4.006, p = 0.064, 

ⴄ2 = 0.211). The iSCI group had a significantly larger AP MOS AV with the rehabilitation dog 

than without (No dog 23.30cm ± 1.49, With dog 26.42cm ± 1.56) (F(1,15) = 8.775, p = 0.010, ⴄ2 

= 0.369). Controls had no significant difference between without the rehabilitation dog and with 

the rehabilitation dog (No dog 30.60cm ± 1.10, With dog 30.30cm ± 1.15) (F(1,15) = 0.150, p = 

0.704, ⴄ2 = 0.010) 

AP MOS Av SD presented with a significant dog by vision interaction (F(1,12) = 6.070,p 

= 0.030, ⴄ2 = 0.336) shown in Figure 3.10; however follow-up univariate analyses did not reveal 

any further significant differences 

 

Figure 3.9. Mean variability AP MOS Av (cm) for both iSCI and control group in without the 

rehabilitation dog and with rehabilitation dog trials. Errors bars represent 95% confidence 

interval. 

.  
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Figure 3.10. Mean variability AP MOS Av SD (cm) for both without the rehabilitation dog and 

with rehabilitation dog in eyes open and eyes closed trials. Error bars represent 95% confidence 

interval. 

3.3 Questionnaire Data 

Means, standard deviations, medians and ranges are presented in table 3.6 for the ABC 

Scale (original and additional questions), MiniBESTest, and FES-I (original and additional 

questions). 

 

Table 3.6: Clinical Assessment Scores for both iSCI and Control Group 

Clinical 

Assessments 

iSCI Control 

Mean ± SD Median Range Mean ± SD  Median Range 

ABC Scale 67.6±15.3 62.5 50.31-

88.13 

92.4±2.78 93.1 90.0-96.25 

Additional 

questions for ABC 

Scale 

54.6±15.3 47.5 40.0-77.0 75.3±10.7 77.5 58.33-85.0 

MiniBESTest 17.2±9.34 20.0 1.00-25.00 26.8±0.80 28.0 24.00-28.00 

FES-I 

Questionnaire 

28.6±7.16 29.0 20.00-

37.00 

20.6±1.51 20.0 19.00-23.00 

Additional 

questions for FES-

I Questionnaire 

29.2±5.81 32.0 20.0-34.00 22.0±4.00 21.0 19.00-29.00 

 

There was no significant difference between groups (X2 (2, N = 10) = 4.667, p = 0.097) 

for the scores of the original FES-I questionnaire or the additional questions (X2 (2, N = 10) = 

2.200, p = 0.333). There was a significant difference (U = 1.000, p = 0.015) between 

MiniBESTest scores for the iSCI group and the control group, with the control group scoring 
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higher than the iSCI group. The original ABC Scale results were significantly different (U = 

0.000, p = 0.008) between groups with the control having a higher score than the iSCI group. 

The additional questions for the ABC Scale showed no significant difference between groups 

(U= 3.000, p = 0.056).  

Table 3.7 represents the answers to the VAS questions including the average rating (± 1 

SD) and all additional comments made by participants. The VAS results saw that both groups 

felt walking with the rehabilitation dog to be easy (question 1), that walking with the dog 

improved (question 2) and did not impair (question 3) their balance during walking, and that they 

were more likely than not to walk with a rehabilitation dog if one was available. There were no 

group differences for any of the VAS questions (question 1 U=11.000, p=0.753; question 2 U= 

11.500, p=0.834; question 3 U=9.500; p=0.530; question 4 U=11.000, p= 0.754). Comments 

about walking with the rehabilitation dog for participants in both groups were related to concerns 

for the dog and stepping on the dog while walking. The average (+/- 1 SD) rating was included 

to show any differences between iSCI and controls.  

Table 3.7: VAS questions and comments  

Question Group Average (+/- 1 SD): 

range rating 

Comments 

1. Compared to 

walking without 

the rehabilitation 

dog, how easy did 

you find using the 

rehabilitation dog 

while walking? (0= 

extremely easy, 10 

= extremely 

difficult) 

iSCI 1.62 ± 1.49 • “Felt confident, reassure/support 

of the dog was always there so 

had confidence I wouldn’t 

completely fall if lost balance” 

• “I felt very secure with Loki” 

Control 1.78 ± 1.99 • “Took a few "walks" to get 

accustomed to walking with the 

dog, but overall easy enough” 

2. Do you think using 

the rehabilitation 

dog improved your 

balance during 

walking? (0= did 

not improve at all, 

10 = definitely 

improved) 

iSCI 8.30 ± 1.77 • “Totally 100% confident” 

• “I think more time for Loki and I 

to get to understand each other’s 

walking habits would improve 

my balance even more” 

• “Particularly during tandem 

walks and with eyes closed” 

• “Felt like I wanted to go for a 

walk where as without walking 

is a big chore” 

Control 8.34 ± 1.22 • “Gave me some confidence” 

• “Improved confidence not sure 

about actual 

impact/improvement” 
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3. Do you think using 

the rehabilitation 

dog impaired your 

balance during 

walking? (0= did 

not impair at all, 

10= definitely 

impaired) 

iSCI 1.8 ± 1.45 • “Afraid to hurt Loki” 

• “I found our pacing was a little 

out of sync, but it was easy to 

correct when my eyes were 

open” 

• “A few times when eyes closed, 

he wanted to cross over but felt 

him, so it was okay” 

Control 1.26 ± 0.091 • “The only impairment would 

have been fear of stepping on the 

dog” 

• “No” 

• “Sometimes felt I was pushing 

or pulling, was expecting more 

of a guide dog feeling. I.e.) Loki 

would lead me” 

4. How likely are you 

to use a 

rehabilitation dog 

while walking if 

there was a one 

available? (0= 

extremely unlikely, 

10= extremely 

likely) 

iSCI 6.52 ± 3.77 • “He made me feel very secure 

when walking normally” 

• “I would feel more confident, 

especially on uneven, slippery, 

rough surfaces, and in malls or 

around crowds. I think the 

rehabilitation dog would be 

extremely helpful on days 

[when] I am more fatigued and 

allow for more independence.” 

• “I find my ability to move and 

perform daily tasks does not 

need a mobility dog to function 

for ADL. However, if I had 

impaired vision or worse balance 

I definitely would.” 

• “Wish I would have one now - 

would give me a lot more 

security to do more walking 

which I do not do now” 

• “I am very used to walking 

without aid” 

Control 6.58 ± 1.74 • “Icy conditions, would probably 

increase confidence” 

• “Yes, if need be, I would” 

• “I would recommend someone 

try a rehab dog if they need 

support. I am neutral as a control 

subject” 
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5. Do you have 

anything else to 

add about your 

opinion of using 

the rehabilitation 

dog? 

iSCI  • “Gives a full sense of security 

and there is constant feedback 

for maintaining balance” 

• “I think he was very helpful” 

Control  • “Great experience and 

opportunity to support those in 

need. Thank you” 
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Chapter 4 - Discussion 

 

The objectives of this thesis were to: (1) examine the walking balance of individuals with 

a chronic SCI compared to a healthy adult control group while using a rehabilitation dog for the 

first time; and (2) Identify changes to fear of falling for those with a chronic SCI and a healthy 

adult control group while using a rehabilitation dog. The results suggest that there were 

improvements in walking balance and a decrease in the fear of falling with the rehabilitation dog 

for iSCI participants. 

The analysis of the transformed kinematic data, VAS, and the additional questions asked 

for ABC scale and FES-I, explored the differences between walking with and without a 

rehabilitation dog. It was hypothesized that participants with an iSCI would show greater 

walking improvements with the rehabilitation dog compared to the control group and this was 

partially supported. It appeared iSCI participants had a more confident gait by increasing stride 

velocity, decreasing %DS, decreasing step width, and increasing step length when walking with 

the rehabilitation dog compared to without the rehabilitation dog.  

For this study, the VAS, and additional questions for the ABC scale and FES-I 

questionnaires showed a similar result (even though insignificant) in the that there were positive 

perceptions that were not entirely supported by the objective, transformed kinematic data. More 

specifically, the additional questions added to the FES-I questionnaire showed trend, even 

though statistically insignificant, where iSCI participants reported a greater decrease in their fear 

of falling while walking with the rehabilitation dog compared to the control group thereby 

supporting the second hypothesis. 

4.1 Walking with and Without a Rehabilitation Dog 

 

4.1.1 Normal walking 

The kinematic data suggest there was no difference in stride velocity between groups, but 

the control group walked slower with the rehabilitation dog. The decreased velocity with the dog 

might be due to the rehabilitation dog not always walking at the same speed as the participant 

and sometimes stopping during trials. Individuals with an iSCI need a walking speed of at least 

0.6m/s to safely ambulate in the community and cross the street (105). Participants in this study 

were able to maintain a stride velocity between 0.8m/s and 1.1m/s, which is a faster walking 

speed than previously reported for people with an iSCI walking with a cane (0.7m/s), crutch 

(0.6m/s), or walker (0.3m/s) (10, 87). The stride velocity results seen here suggests there could 

be a positive impact of walking with the rehabilitation dog for individuals with an iSCI. 

Without the dog, the group with iSCI had a higher %DS value than the control group, 

which could indicate a more cautious gait cycle (85). Walking with a rehabilitation dog appeared 

to help the iSCI group and, like stride velocity, hinder the control group. The group with iSCI 

decreased their %DS when walking with the rehabilitation dog which was opposite to the control 

group leading to similar values between the two groups when walking with the dog. For both 
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groups, walking with the dog eliminated an increase in %DS when eyes were closed suggesting 

the dog may have provided an extension of the base of support and/or a higher level of balance 

control via added haptic input to enhance walking.  

Step width was similar between groups when walking with and without the rehabilitation 

dog; however, the group with iSCI appeared to have a reduced step width when walking with the 

dog compared to walking without the dog.  The narrower steps could suggest a more confident 

balance control when walking with the dog. One purpose of a walking aid is to expand the BOS 

which would allow the steps to become narrower without reducing the overall width of the BOS. 

The iSCI step width values (with the rehabilitation dog 24.33cm and without the dog 25.51cm)  

compared to previous research with other walking devices, (31.00cm with a walker, 56.00cm 

with a crutch, and 55.00cm with a cane (10)), suggest that the individuals with iSCI might have 

been more stable during the gait cycle with the rehabilitation dog than if they were to walk with 

other devices based on values seen from previous research. Further research should explore the 

differences between walking with a rehabilitation dog and other devices directly. The notion of 

improved confidence was supported by the VAS results where individuals with an iSCI said they 

“felt confident, reassure/support of the dog was always there so had confidence I wouldn’t 

completely fall if I lost balance” and “felt very secure with Loki”.  

While participants with iSCI had significantly shorter steps than the control group with 

and without the rehabilitation dog, changes in step length with the dog were different between 

groups: the group with iSCI increased step length when walking with the dog whereas the 

control group decreased step length. An increase in step length might represent a more stable gait 

pattern and a decreased fall risk (64, 106). From previous research with haptic devices, step 

length for individuals with an iSCI decreased when lightly touching a railing to add haptic input 

(86). The differences in changes to step length between walking with a rehabilitation dog and 

walking while lightly touching a railing could suggest an interaction between the human and 

rehabilitation dog is more complex and different from the use of a railing. The alterations in step 

width and length while walking with a rehabilitation dog suggest increased balance control and a 

less cautious gait pattern for those with an iSCI supporting the rehabilitation dog as a viable 

clinical rehabilitation tool. 

The surprising outcome for ML MOS Av is that, even though there was a decrease in step 

width and increase in stride velocity with the dog, ML MOS Av appeared to not change.  On the 

other hand, AP MOS Av was shown to be significantly decreased when walking with the dog 

even though step length increased (iSCI only). As outlined in the introduction, a larger MOS 

suggests increased stability (4, 64). The decreased AP MOS with the dog suggests an increased 

risk for balance loss; however, the rehabilitation dog could have extended the BOS beyond the 

boundaries of the feet meaning the COM could have remained at an appropriate distance to the 

boundary of the adjusted BOS without being measured by the motion capture system.  

With support from the additional questions added to the ABC Scale and FES-I, 

participants had the lowest concern of falling when walking with the rehabilitation dog followed 

by walking with a walking aid. The highest concern for falling came while walking without a 

rehabilitation dog or walking aid. Interestingly, controls expressed more concern about falling 
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while walking with a walking aid compared to walking without a walking aid. This could be due 

to inexperience with walking with a walking aid and uncertainty about how it would affect them 

(107).  

The type of neurological condition may also influence how participants perform while 

walking with a dog. Parkinson’s disease is quite different than iSCI since PD causes damage to 

the basal ganglia. The basal ganglia are important for regulating movements such as walking and 

progressive deterioration caused by PD can lead to motor function decline and a worsening gait 

pattern. In a previous study, the addition of a walking dog negatively impacted the gait pattern 

for those with PD (99). Conversely, we found those with an iSCI showed no change or 

improvements when walking with the rehabilitation dog. iSCI could have produced different 

results than the PD participants since PD participants have challenges regulating movement. 

People with PD may experience a decrease in their gait parameters while performing a dual task, 

which consist of a motor component (ex. reacting to the dog’s movement) and a cognitive 

component (ex. awareness where person and dog need to go) (99).  Research done by O’Neal 

and colleagues (99) also had a larger sample size of 19 participants with PD compared to 5 with 

an iSCI in this study which is important when comparing results. The sample size is important to 

consider since a larger sample size can result in a smaller the margin of error.   

A previous study by Rondeau and colleagues (96) examined the impact of a rehabilitation 

dog for four individuals who sustained a stroke. Results indicated that participants with a stroke 

walked faster with a dog and showed gait pattern improvements (96). Similarities can be drawn 

between both post-stroke within Rondeau and colleagues and iSCI participants. Following a 

stroke, 80% of individuals regain some locomotion function but many experience significant gait 

deficits (96). Both stroke and iSCI are neural injuries that are not progressive and require 

rehabilitation to regain function (ex. walking). Therefore, the use of walking aids is a known 

approach that can be used to help individuals post-stroke ambulate (96), similarly to the iSCI 

population.  

 

4.1.2 Normal Walking Variability 

Variability represents the fluctuations in walking performance (67). A small amount of 

variability shows that the motor control system can replicate a consistent walking pattern while a 

large amount of variability may suggest impaired balance control that could cause an increased 

fall risk. Within this study, variability of %DS became similar between groups when walking 

with the dog (i.e., variability for the group with iSCI decreased while it increased for the control 

group) suggesting the dog may have supported an improvement in the control of relative timing 

of the gait cycle for individuals with iSCI. 

Step length variability: however, increased for both groups walking with the dog which 

could be related to the behaviour of the dog. The rehabilitation dog sometimes walked in front of 

and/or at different speeds than the participant which would require adjustments to avoid contact 

with the dog and balance maintenance.  
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4.1.3 Tandem walking 

Unlike normal walking, there were not many significant changes when walking in 

tandem walking with the dog. The data suggest the group with iSCI had a small increase in their 

step length (2.9cm) with the dog; however, it was not significant in the multivariate analyses. 

Tandem walking is interpreted differently compared to normal walking. Since tandem walking is 

a heel-to-to movement, an increased step length suggests a decreased performance of the task 

This could be due to the rehabilitation dog’s struggles while walking in tandem. There were 

times when the rehabilitation dog would walk at a faster pace than the participants causing them 

to take longer steps to catch up with the dog.  

Without the dog, the lower AP MOS Av in the group with iSCI compared to the control 

group suggests that, during tandem walking, participants with iSCI had a lower balance control. 

Typically, a higher MOS in individuals with a neurological condition is evident when 

compensatory strategies (e.g., altering step width, length, stride velocity) are used (108) as seen 

in this study while walking with the rehabilitation dog. Even though the AP MOS Av values 

were not statistically significant, AP MOS Av did increase for the iSCI group when with the 

rehabilitation dog compared to without and came closer to the control group values. The iSCI 

participants’ ability to increase their MOS while walking with the rehabilitation dog showed 

similar results to Peebles and colleagues (108) that also saw when participants increased their 

MOS, it improved their walking balance. Therefore, the MOS is useful in evaluating dynamic 

stability during gait.   

The VAS included a question asking, “Do you think using the rehabilitation dog 

improved your balance during walking?”. The group with iSCI felt there was a benefit of 

walking with the rehabilitation dog especially when their walking balance was challenged by 

tandem walking tasks, and during eyes closed. The benefits of walking in tandem with the 

rehabilitation dog was seen in more similar %DS and %DS-SD values between groups, a 

narrower step for the iSCI group, and reduced the impact of eyes closed on %DS. Considering 

the limited impact on objective kinematic data paired with subjective perceptions of 

improvements when tandem walking with a rehabilitation, the use of a rehabilitation dog for 

challenging walking tasks and for individuals with balance impairments could be further 

explored. 

The apparent reduced impact of the rehabilitation dog for tandem walking could have 

been due to the challenges that participants had walking with the rehabilitation dog. Some iSCI 

participants didn’t complete all the tandem walking trials because they did not feel comfortable 

walking in tandem. This could have contributed to a less significant outcome for this method of 

walking because of fewer data points.  

4.1.4 Visual Analog Scale and Additional Questions for ABC Scale and FES-I Scale 

As previously mentioned, there appeared to be alignment between the kinematic data and 

the participants’ perceptions of walking with and without the rehabilitation dog. Questions 1 and 

2 of the VAS asked how easy participants found walking with the dog compared to without, and 

whether they felt there was an improvement in walking balance. Participants with iSCI reported 
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walking with the rehabilitation dog was easy and perceived improvements in their walking 

balance. Even though the participants felt walking with the rehabilitation dog was beneficial, the 

objective data showed a reduced stride velocity, increased %DS-SD, and a shorter step within the 

control group. Both groups experienced more variable step lengths and smaller AP MOS Av 

with the rehabilitation dog.  

 There was a question asking if participants felt that using the rehabilitation dog impaired 

their balance during walking. Participants felt the dog was out of pace while walking but could 

be corrected when their eyes were open, and that Loki wanted to crossover in front of them. 

These perceptions speak to the challenges of this research and the potentially difficulties of 

working with a rehabilitation dog.  

 Lastly, participants were asked “how likely are you to use a rehabilitation dog while 

walking if there was one available?”. The support for using a rehabilitation dog was uniformly 

positive. An interesting quote was “wish I would have one now - would give me a lot more 

security to do more walking which I do not do now”. This quote summed up the feelings of 

individuals with an iSCI and the perceived benefits of walking with a rehabilitation dog.  

The ABC Scale results suggest that the group with iSCI had lower balance confidence 

than the control group. Of the additional questions asked, the most interesting responses were 

related to walking without a walking aid, walking with a walking aid, and walking with a 

rehabilitation dog. For normal walking, both groups felt more confident walking with the 

rehabilitation dog compared to walking with a walking aid and walking without a rehabilitation 

dog. It was interesting to find that the control group felt also more confident walking with the 

rehabilitation dog reinforcing the benefits of walking with a rehabilitation dog. The group with 

iSCI reported more confidence walking with a rehabilitation dog than walking with their 

traditional assistive device. For tandem walking, balance confidence was reportedly higher for 

both groups when walking with a rehabilitation dog compared to walking with a walking aid and 

walking without a walking aid. Tandem walking provides more of a walking challenge and even 

with the increase in difficulty, both groups found the rehabilitation dog beneficial. 

For FES-I results, all participants felt the least concern about falling while walking with 

the rehabilitation dog, followed by walking with a walking aid, and lastly, they had their highest 

concern about falling while walking without any assistance for both normal and tandem walking. 

Paired with the results of the additional ABC Scale questions, the participant perceptions suggest 

increased balance confidence and reduced concern about falling when walking with the 

rehabilitation dog.  

 

4.2 The Role of Vision During Walking 

Overall, the results of this study show that with eyes closed, participants were reliant on 

vision to maintain stability. During normal walking trials, stride velocity decreased, step width 

increased and became more variable, step length decreased, ML MOS Av was more variable, 

and AP MOS Av decreased with eyes closed. Walking with eyes closed has been shown to 

increase step width variability suggesting lateral control of balance is more reliant on vision (93, 
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94). A slower walking speed while eyes are closed could mean that participants are taking more 

time to maneuver through an environment to avoid the risk of a fall (10), which was present in 

both groups for this study while walking eyes closed. The lack of change in the ML MOS Av 

could be due to the decrease in stride velocity and increasing step width. Decreasing the step 

width and step length causes a smaller BOS, which can result in less stability leading to loss of 

balance. The decreased MOS in the AP direction with eyes closed likely comes from the shift in 

the BOS becoming smaller which would create less space between the xCOM and BOS 

boundary.  

With eyes closed during tandem walking, steps were wider, and variability of stride 

velocity, double support time, and step width increased. The increase in step width may have 

been an attempt to increase the size of the BOS. The increase in variability during tandem shows 

the challenges of walking with a consistent pattern when a sensory system (i.e., vision) is 

impaired.   

The results of this study show that walking eyes closed challenges the sensorimotor 

system and dynamic balance. A study by Yelnik and colleagues (109) found that healthy adult 

participants walked slower and increased double support time while their eyes were closed, 

similar to this study. Both studies saw changes in gait velocity with eyes closed even though the 

populations were different. This suggests that whether it is healthy adults (control) or someone 

with an iSCI, individuals tend to adjust their stride velocity and/or double support to increase 

stability and decrease the chance of falling (11).  

 

4.3 Balance Control, Balance Confidence, and Falls Self-Efficacy 

The MiniBESTest was used to evaluate balance control. The group with iSCI had lower 

the MiniBESTest scores than the control group similar to previous research for people with an 

iSCI (110) and with a stroke (111) suggesting impaired balance control. A score of 0/2 was 

assigned when individuals did not want to complete a task. Three iSCI participants scored 0/2 for 

the tasks assessing anticipatory balance (ex. sit to stand, rise to toes, stand on one leg) 

highlighting the challenges individuals had completing tasks due to their decreased balance 

control.  

The ABC Scale was used to examine balance confidence. It was no surprise to see that 

the iSCI group’s mean confidence score was lower than the control group which is similar to 

previous research (60) and aligns with the MiniBESTest scores. The iSCI participants felt the 

least confident when completing tasks that required them to alter their BOS to complete a task 

(ex. stepping on a chair to reach something, going on their tip toes, stepping off an escalator 

holding onto groceries).  This aligns with the kinematic data showing iSCI participants had 

decreased balance control when not using a walking aid to use as support to complete tasks.  

The similarity of FES-I scores between the control group and the group of people with 

iSCI was surprising as the percentage of individuals with an iSCI who fall is greater than older 

adults (28-30%), individuals post stroke (50%), and individuals with PD (62-68%) (6). With 

78% of ambulatory people with a SCI falling at least once within a year (113), it was expected 
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that the iSCI group would have a higher concern for falling than the control group. It may be 

important to consider that the FES-I questionnaire is the gold standard for assessing concerns 

about falling in an older population (40). A Falls Concern Scale (FCS) for people with SCI was 

created to assess concerns about falling for individuals who are dependent on manual 

wheelchairs for ambulation (114). This tool is quite similar to the FES-I but was explored for 

validity and reliability in individuals with a SCI who are dependent on manual wheelchairs. The 

FES-I and FCS could be compared and further explored to determine which scale is most 

appropriate for individuals with an iSCI who are also independently ambulatory. 

 

4.4 Challenges 

There were many challenges when it came to working with the rehabilitation dog that 

could have influenced the outcomes of this study. During the COVID-19 pandemic when the 

University of Saskatchewan paused many research studies, the rehabilitation dog remained with 

one of the dog handlers. During this time there was minimal training with the dog to help 

maintain the ability to assist individuals. One year after research was paused, I was able to 

resume research, but we noticed the rehabilitation dog needed some training on campus to regain 

his former abilities. After months of training, the dog could finally start working with 

participants who have an iSCI.  

The original location for data collection of the Runway Lab at Merlis Belsher Place 

(MBP) was chosen because it was a large open space with more than 20 m of walkway length. 

MBP was turned into a field hospital during the pandemic, and so pilot testing for this study took 

place in the Biomechanics of Balance and Movement (BBAM) lab which has a smaller space to 

walk in (11m length walkway). The BBAM Lab space turned out to be too small for the 

rehabilitation dog as he appeared to be uncomfortable and had trouble focusing in that area. 

Fortunately, the field hospital at MBP closed and research was able to resume in the Runway lab, 

which benefited the dog. The pause in the ability to conduct research and the delay waiting for 

the dog to be ready impacted the total number of participants that could be included in this thesis. 

The rehabilitation dog also had some challenges walking with participants. He would 

sometimes walk faster or slower than the participants which made participants feel like the dog 

was pulling them or they were dragging the dog, respectively. Before the extra training, the 

rehabilitation dog would sometimes cut in front of participants when they held onto the harness 

which could have been a falling hazard. After months of training, this behaviour was reduced in 

frequency but was still sometimes present. Since the completion of data collection for this study, 

the rehabilitation dog was able to return to the Mira organization for additional training and it is 

expected that the challenges faced in this study would not be present in future work with Loki.   

Another challenge arose when it came to communicating with the rehabilitation dog. He 

was trained in Quebec, so understood commands in French. Fortunately, the dog handler for this 

study knew French as well and was able to communicate with the dog. The dog handler gave 

French cues to each of the participants so they could help command the dog while walking with 

him. The challenge with the language barrier was relevant for participants. Participants were told 
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about the various commands for the rehabilitation dog but during walking trials, participants 

would forget commands and use English instead. This communication barrier could have 

impacted the behaviour of the dog.   

4.5 Limitations 

This study has some limitations to consider in addition to the dog-related challenges 

outlined above. The sample size was smaller than originally planned. The participants ended up 

being five iSCI and five controls compared to the goal of 20 iSCI and 20 controls. The COVID-

19 pandemic caused challenges with recruitment due to necessary institutional restrictions on 

research during the 2020-2021 academic year which significantly impacted the timeline of this 

project. The research team decided that a smaller sample size would be obtained for a more 

exploratory study to prevent further delays in completing an MSc program. The smaller sample 

size reduced the statistical power of the study. There was a consideration about whether to set a 

level of significance at α ≤ 0.05 or α ≤ 0.01. Statistics were run for both levels. When the 

statistical analyses were run for more conservative statistics (α ≤ 0.01) the rationale was that this 

would be a stricter approach to account for the smaller sample and decrease the chance of type 1 

error (false positive); however, there was almost nothing showing as significant, which could 

indicate a possible Type 2 error (false negative). As a learning experience, the decision was 

made to be less conservative and use an α ≤ 0.05 to support exploration into the possible impacts 

of walking with a rehabilitation dog. In addition, the kinematic data were transformed prior to 

analysis, complicating interpretation of the results. 

Another limitation to this study relates to the system used to collect kinematic data. The 

challenges arose when calculating the MOS. The BOS is the area beneath the participant that is 

in contact with the ground. The BOS is expanded to include the rehabilitation dog when 

participants hold onto the handle of the harness; however, the sensors did not measure the 

increased BOS with the rehabilitation dog and so the BOS was limited to the participant’s feet 

when calculating the MOS.  

The findings of this study should be viewed with caution and further research with larger 

samples is needed. 

 

Conclusion 

The results of this study suggest that a rehabilitation dog had an effect on walking 

balance in individuals with an iSCI. During normal walking, individuals with an iSCI walked 

more slowly and with shorter steps, causing a smaller AP MOS Av than controls. Individuals 

with an iSCI also had a higher %DS, %DS SD and wider step than controls without the dog. The 

dog appeared to help reduce some group difference in terms of the control of relative timing (i.e., 

%DS) and size of the ML BOS (e.g., step width). When walking with the dog, participants with 

an iSCI had more similar %DS (mean and SD) to controls and reduced the impact of eyes closed 

on %DS which suggests walking with the dog might help regulate timing in the gait cycle. The 

challenges with the rehabilitation dog may have caused the control group to walk slower with 

shorter steps and a more variable %DS, and both groups to walk with a more variable step length 

and smaller AP MOS. This could be due to the lack of practice due to COVID-19 and 
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inexperience of the participants walking with the rehabilitation dog; therefore, further 

investigation is required.  

Tandem walking overall appeared to be more challenging for individuals with iSCI. The 

benefit of walking with the rehabilitation dog during tandem walking resulted in a similar AP 

MOS AV between both groups but throughout tandem walking, the rehabilitation dog seemed to 

have minimal impact.  

Overall, this study showed participants with iSCI improved their walking balance control 

with the rehabilitation dog compared to the control group. It seemed the dog did help improve 

walking balance for individuals with an iSCI but might have negatively affected the control 

group as seen by a decreased stride velocity and step length. Further research will need to 

explore how a more experienced rehabilitation dog impacts walking with different iSCI 

participants. Participants did feel the rehabilitation dog was easy to walk with, felt more 

confident and comfortable, and that balance control was positively impacted suggesting they 

would walk with a rehabilitation dog again. The combination of both objective and subjective 

results suggest walking with a rehabilitation dog should be further explored in individuals with 

an iSCI and other populations with walking balance impairments. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



46 
 

References 

 

1. Winter DA. Human balance and posture control during standing and walking. Gait & 

Posture. 1995;3(4):193-214. 

2. Pollock AS, Durward BR, Rowe PJ, Paul JP. What is balance? Clin Rehabil. 

2000;14(4):402-6. 

3. Terminology 

- stability vs. balance? Biomch-L [Available from: text-autospace:none"> https://biomch-l  . 

isbweb.org/forum/biomch-l-forums/general-discussion/. 

4. Hof AL, Gazendam MG, Sinke WE. The condition for dynamic stability. J Biomech. 

2005;38(1):1-8. 

5. Noonan VK, Fingas M, Farry A, Baxter D, Singh A, Fehlings MG, et al. Incidence and 

prevalence of spinal cord injury in Canada: a national perspective. Neuroepidemiology. 

2012;38(4):219-26. 

6. Brotherton SS, Krause JS, Nietert PJ. Falls in individuals with incomplete spinal cord 

injury. Spinal Cord. 2007;45(1):37-40. 

7. Arora T, Oates A, Lynd K, Musselman KE. Current state of balance assessment during 

transferring, sitting, standing and walking activities for the spinal cord injured population: A 

systematic review. J Spinal Cord Med. 2020;43(1):10-23. 

8. Salbach NM, Mayo NE, Robichaud-Ekstrand S, Hanley JA, Richards CL, Wood-

Dauphinee S. Balance self-efficacy and its relevance to physical function and perceived health 

status after stroke. Arch Phys Med Rehabil. 2006;87(3):364-70. 

9. Saunders LL, Krause JS, DiPiro ND, Kraft S, Brotherton S. Ambulation and 

complications related to assistive devices after spinal cord injury. J Spinal Cord Med. 

2013;36(6):652-9. 

10. Melis EH, Torres-Moreno R, Barbeau H, Lemaire ED. Analysis of assisted-gait 

characteristics in persons with incomplete spinal cord injury. Spinal Cord. 1999;37(6):430-9. 

11. Charette C, Best KL, Smith EM, Miller WC, Routhier F. Walking Aid Use in Canada: 

Prevalence and Demographic Characteristics Among Community-Dwelling Users. Phys Ther. 

2018;98(7):571-7. 

12. Alizadeh A, Dyck SM, Karimi-Abdolrezaee S. Traumatic Spinal Cord Injury: An 

Overview of Pathophysiology, Models and Acute Injury Mechanisms. Front Neurol. 

2019;10:282. 

13. Dumont RJ, Okonkwo DO, Verma S, Hurlbert RJ, Boulos PT, Ellegala DB, et al. Acute 

spinal cord injury, part I: pathophysiologic mechanisms. Clin Neuropharmacol. 2001;24(5):254-

64. 

14. McDonald JW, Sadowsky C. Spinal-cord injury. Lancet. 2002;359(9304):417-25. 

15. Müller-Jensen L, Ploner CJ, Kroneberg D, Schmidt WU. Clinical Presentation and 

Causes of Non-traumatic Spinal Cord Injury: An Observational Study in Emergency Patients. 

Front Neurol. 2021;12:701927. 

16. Roberts TT, Leonard GR, Cepela DJ. Classifications In Brief: American Spinal Injury 

Association (ASIA) Impairment Scale. Clin Orthop Relat Res. 2017;475(5):1499-504. 

https://biomch-l/


47 
 

17. Maynard FM, Jr., Bracken MB, Creasey G, Ditunno JF, Jr., Donovan WH, Ducker TB, et 

al. International Standards for Neurological and Functional Classification of Spinal Cord Injury. 

American Spinal Injury Association. Spinal Cord. 1997;35(5):266-74. 

18. Ziu E, Mesfin FB. Spinal Shock.  StatPearls. Treasure Island (FL): StatPearls Publishing 

Copyright © 2022, StatPearls Publishing LLC.; 2022. 

19. Kirshblum SC, Burns SP, Biering-Sorensen F, Donovan W, Graves DE, Jha A, et al. 

International standards for neurological classification of spinal cord injury (revised 2011). J 

Spinal Cord Med. 2011;34(6):535-46. 

20. Laughton CA, Slavin M, Katdare K, Nolan L, Bean JF, Kerrigan DC, et al. Aging, 

muscle activity, and balance control: physiologic changes associated with balance impairment. 

Gait Posture. 2003;18(2):101-8. 

21. Waters RL, Adkins RH, Yakura JS, Sie I. Motor and sensory recovery following 

incomplete tetraplegia. Arch Phys Med Rehabil. 1994;75(3):306-11. 

22. Waters RL, Yakura JS, Adkins RH, Sie I. Recovery following complete paraplegia. Arch 

Phys Med Rehabil. 1992;73(9):784-9. 

23. Albert TJ, Anderson AJ, Austin JW, Baggenstos M, Beattie MS, Benglis Jr DM, et al. 

Essentials of Spinal Cord Injury. Stuttgart: Georg Thieme Verlag KG; 2013. Available from: 

http://www.thieme-connect.de/products/ebooks/book/10.1055/b-002-85472. 

24. International standards for neurological classification of sci (ISNCSCI) 

worksheet American Spinal Injury Association2022 [Available from: https://asia-

spinalinjury.org/international-standards-neurological-classification-sci-isncsci-worksheet/. 

25. Kirshblum S, Snider B, Rupp R, Read MS. Updates of the International Standards for 

Neurologic Classification of Spinal Cord Injury: 2015 and 2019. Phys Med Rehabil Clin N Am. 

2020;31(3):319-30. 

26. Ameer MA, Tessler J, Gillis CC. Central Cord Syndrome.  StatPearls. Treasure Island 

(FL): StatPearls Publishing 

Copyright © 2022, StatPearls Publishing LLC.; 2022. 

27. Poncumhak P, Saengsuwan J, Amatachaya S. Ability of walking without a walking 

device in patients with spinal cord injury as determined using data from functional tests. J Spinal 

Cord Med. 2014;37(4):389-96. 

28. Scivoletto G, Tamburella F, Laurenza L, Torre M, Molinari M. Who is going to walk? A 

review of the factors influencing walking recovery after spinal cord injury. Frontiers in human 

neuroscience. 2014;8:141. 

29. Middendorp J, Hosman A, Pouw M, Meent H. ASIA impairment scale conversion in 

traumatic SCI: Is it related with the ability to walk? A descriptive comparison with functional 

ambulation outcome measures in 273 patients. Spinal cord. 2008;47:555-60. 

30. Burns S, Golding D, Rolle W, Graziani V, Ditunno J. Recovery of ambulation in motor-

incomplete tetraplegia. Archives of physical medicine and rehabilitation. 1997;78:1169-72. 

31. Scivoletto G, Morganti B, Ditunno P, Ditunno JF, Molinari M. Effects on age on spinal 

cord lesion patients' rehabilitation. Spinal cord. 2003;41:457-64. 

32. Middleton JW, Tate RL, Geraghty TJ. Self-Efficacy and Spinal Cord Injury: 

Psychometric Properties of a New Scale. Rehabilitation Psychology. 2003;48(4):281-8. 

33. Bandura A. Social cognitive theory: an agentic perspective. Annu Rev Psychol. 

2001;52:1-26. 

http://www.thieme-connect.de/products/ebooks/book/10.1055/b-002-85472
https://asia-spinalinjury.org/international-standards-neurological-classification-sci-isncsci-worksheet/
https://asia-spinalinjury.org/international-standards-neurological-classification-sci-isncsci-worksheet/


48 
 

34. Szczepańska-Gieracha J, Mazurek J. The Role of Self-Efficacy in the Recovery Process 

of Stroke Survivors. Psychol Res Behav Manag. 2020;13:897-906. 

35. Horn W, Yoels W, Wallace D, Macrina D, Wrigley M. Determinants of self-efficacy 

among persons with spinal cord injuries. Disabil Rehabil. 1998;20(4):138-41. 

36. Li Y, Chien WT, Zhu B, He H, Bressington D. Predictors of Self-Efficacy Among People 

With Spinal Cord Injury During Inpatient Rehabilitation: A Cross-Sectional Study. J Nurs 

Scholarsh. 2021;53(2):218-26. 

37. Jørgensen V, Roaldsen KS. Negotiating identity and self-image: perceptions of falls in 

ambulatory individuals with spinal cord injury – a qualitative study. Clinical Rehabilitation. 

2016;31(4):544-54. 

38. Musselman KE, Arnold C, Pujol C, Lynd K, Oosman S. Falls, mobility, and physical 

activity after spinal cord injury: an exploratory study using photo-elicitation interviewing. Spinal 

Cord Ser Cases. 2018;4:39. 

39. Hadjistavropoulos T, Delbaere K, Fitzgerald TD. Reconceptualizing the role of fear of 

falling and balance confidence in fall risk. J Aging Health. 2011;23(1):3-23. 

40. Middleton A, Fritz SL. Assessment of Gait, Balance, and Mobility in Older Adults: 

Considerations for Clinicians. Current Translational Geriatrics and Experimental Gerontology 

Reports. 2013;2(4):205-14. 

41. Delbaere K, Close JC, Mikolaizak AS, Sachdev PS, Brodaty H, Lord SR. The Falls 

Efficacy Scale International (FES-I). A comprehensive longitudinal validation study. Age 

Ageing. 2010;39(2):210-6. 

42. Hansen R. A look at traumatic spinal cord injury in Canada in 2019 Vancouver, BC: Rick 

Hansen Spinal Cord Injury Registry;  [Available from: https://praxisinstitute.org/wp-

content/uploads/2021/02/RHSCIR-2019-

Report_WEB.pdf#:~:text=In%20Canada%2C%20over%2086%2C000%20people,economic%20

burden%20is%20near%20catastrophic. 

43. Johnson B. 2022 BC SCI Annual Report 2022 [Available from: https://sci-bc.ca/wp-

content/uploads/2022/09/sci-bc-annual-report-2022-final.pdf. 

44. Pickett W, Simpson K, Walker J, Brison RJ. Traumatic spinal cord injury in Ontario, 

Canada. J Trauma. 2003;55(6):1070-6. 

45. Munce SE, Guilcher SJ, Couris CM, Fung K, Craven BC, Verrier M, et al. Physician 

utilization among adults with traumatic spinal cord injury in Ontario: a population-based study. 

Spinal Cord. 2009;47(6):470-6. 

46. A Look at Traumatic Spinal Cord Injury in Canada: Rick Hansen Spinal Cord Registry 

(RHSCIR). J Spinal Cord Med. 2017;40(6):870-1. 

47. Post M, Noreau L. Quality of life after spinal cord injury. J Neurol Phys Ther. 

2005;29(3):139-46. 

48. Dryden DM, Saunders LD, Rowe BH, May LA, Yiannakoulias N, Svenson LW, et al. 

Utilization of health services following spinal cord injury: a 6-year follow-up study. Spinal Cord. 

2004;42(9):513-25. 

49. Khan A, Pujol C, Laylor M, Unic N, Pakosh M, Dawe J, et al. Falls after spinal cord 

injury: a systematic review and meta-analysis of incidence proportion and contributing factors. 

Spinal Cord. 2019;57(7):526-39. 

50. Hatch J, Gill-Body KM, Portney LG. Determinants of balance confidence in community-

dwelling elderly people. Phys Ther. 2003;83(12):1072-9. 

https://praxisinstitute.org/wp-content/uploads/2021/02/RHSCIR-2019-Report_WEB.pdf#:~:text=In%20Canada%2C%20over%2086%2C000%20people,economic%20burden%20is%20near%20catastrophic
https://praxisinstitute.org/wp-content/uploads/2021/02/RHSCIR-2019-Report_WEB.pdf#:~:text=In%20Canada%2C%20over%2086%2C000%20people,economic%20burden%20is%20near%20catastrophic
https://praxisinstitute.org/wp-content/uploads/2021/02/RHSCIR-2019-Report_WEB.pdf#:~:text=In%20Canada%2C%20over%2086%2C000%20people,economic%20burden%20is%20near%20catastrophic
https://praxisinstitute.org/wp-content/uploads/2021/02/RHSCIR-2019-Report_WEB.pdf#:~:text=In%20Canada%2C%20over%2086%2C000%20people,economic%20burden%20is%20near%20catastrophic
https://sci-bc.ca/wp-content/uploads/2022/09/sci-bc-annual-report-2022-final.pdf
https://sci-bc.ca/wp-content/uploads/2022/09/sci-bc-annual-report-2022-final.pdf


49 
 

51. Jørgensen V, Butler Forslund E, Opheim A, Franzén E, Wahman K, Hultling C, et al. 

Falls and fear of falling predict future falls and related injuries in ambulatory individuals with 

spinal cord injury: a longitudinal observational study. J Physiother. 2017;63(2):108-13. 

52. Amatachaya S, Wannapakhe J, Arrayawichanon P, Siritarathiwat W, Wattanapun P. 

Functional abilities, incidences of complications and falls of patients with spinal cord injury 6 

months after discharge. Spinal Cord. 2011;49(4):520-4. 

53. Sibley KM, Beauchamp MK, Van Ooteghem K, Straus SE, Jaglal SB. Using the systems 

framework for postural control to analyze the components of balance evaluated in standardized 

balance measures: a scoping review. Arch Phys Med Rehabil. 2015;96(1):122-32.e29. 

54. Franchignoni F, Horak F, Godi M, Nardone A, Giordano A. Using psychometric 

techniques to improve the Balance Evaluation Systems Test: the mini-BESTest. J Rehabil Med. 

2010;42(4):323-31. 

55. Powell LE, Myers AM. The Activities-specific Balance Confidence (ABC) Scale. J 

Gerontol A Biol Sci Med Sci. 1995;50a(1):M28-34. 

56. Musselman KE, Yang JF. Spinal Cord Injury Functional Ambulation Profile: a 

preliminary look at responsiveness. Phys Ther. 2014;94(2):240-50. 

57. Ditunno JF, Jr., Barbeau H, Dobkin BH, Elashoff R, Harkema S, Marino RJ, et al. 

Validity of the walking scale for spinal cord injury and other domains of function in a 

multicenter clinical trial. Neurorehabil Neural Repair. 2007;21(6):539-50. 

58. Roy A, Higgins J, Nadeau S. Reliability and minimal detectable change of the mini-

BESTest in adults with spinal cord injury in a rehabilitation setting. Physiother Theory Pract. 

2021;37(1):126-34. 

59. Powell L, Myers A. The activities-specific balance confidence (ABC) scale. The Journals 

of Gerontology Series A, Biological Sciences and Medical Sciences. 1995. 

60. Shah G, Oates AR, Arora T, Lanovaz JL, Musselman KE. Measuring balance confidence 

after spinal cord injury: the reliability and validity of the Activities-specific Balance Confidence 

Scale. J Spinal Cord Med. 2017;40(6):768-76. 

61. Boyce MJ, Lam L, Chang F, Mahant N, Fung VSC, Bradnam L. Validation of Fear of 

Falling and Balance Confidence Assessment Scales in Persons With Dystonia. J Neurol Phys 

Ther. 2017;41(4):239-44. 

62. Winter DA, Patla AE, Frank JS. Assessment of balance control in humans. Med Prog 

Technol. 1990;16(1-2):31-51. 

63. Hak L, Houdijk H, Steenbrink F, Mert A, van der Wurff P, Beek PJ, et al. Speeding up or 

slowing down?: Gait adaptations to preserve gait stability in response to balance perturbations. 

Gait Posture. 2012;36(2):260-4. 

64. McAndrew Young PM, Dingwell JB. Voluntarily changing step length or step width 

affects dynamic stability of human walking. Gait Posture. 2012;35(3):472-7. 

65. Chambers AJ, Cham R. Slip-related muscle activation patterns in the stance leg during 

walking. Gait Posture. 2007;25(4):565-72. 

66. Day KV, Kautz SA, Wu SS, Suter SP, Behrman AL. Foot placement variability as a 

walking balance mechanism post-spinal cord injury. Clin Biomech (Bristol, Avon). 

2012;27(2):145-50. 

67. Cavanaugh JT, Stergiou N. Chapter 8 - Gait variability: a theoretical framework for gait 

analysis and biomechanics. In: Stergiou N, editor. Biomechanics and Gait Analysis: Academic 

Press; 2020. p. 251-86. 



50 
 

68. Lemay J-F, Gagnon DH, Nadeau S, Grangeon M, Gauthier C, Duclos C. Center-of-

pressure total trajectory length is a complementary measure to maximum excursion to better 

differentiate multidirectional standing limits of stability between individuals with incomplete 

spinal cord injury and able-bodied individuals. Journal of NeuroEngineering and Rehabilitation. 

2014;11(1):8. 

69. Arora T, Musselman KE, Lanovaz JL, Linassi G, Arnold C, Milosavljevic S, et al. 

Walking Stability During Normal Walking and Its Association with Slip Intensity Among 

Individuals with Incomplete Spinal Cord Injury. PM&R. 2019;11(3):270-7. 

70. Hak L, Houdijk H, van der Wurff P, Prins MR, Mert A, Beek PJ, et al. Stepping 

strategies used by post-stroke individuals to maintain margins of stability during walking. 

Clinical Biomechanics. 2013;28(9):1041-8. 

71. Horak FB. Postural orientation and equilibrium: what do we need to know about neural 

control of balance to prevent falls? Age Ageing. 2006;35 Suppl 2:ii7-ii11. 

72. Patla AE. Understanding the roles of vision in the control of human locomotion. Gait & 

Posture. 1997;5(1):54-69. 

73. Bone MD, Arora T, Musselman KE, Lanovaz JL, Linassi GA, Oates AR. Investigating 

proactive balance control in individuals with incomplete spinal cord injury while walking on a 

known slippery surface. Neuroscience Letters. 2021;749:135744. 

74. Reynard F, Terrier P. Role of visual input in the control of dynamic balance: variability 

and instability of gait in treadmill walking while blindfolded. Exp Brain Res. 2015;233(4):1031-

40. 

75. Assländer L, Peterka RJ. Sensory reweighting dynamics in human postural control. J 

Neurophysiol. 2014;111(9):1852-64. 

76. Hallemans A, Beccu S, Van Loock K, Ortibus E, Truijen S, Aerts P. Visual deprivation 

leads to gait adaptations that are age- and context-specific: I. Step-time parameters. Gait Posture. 

2009;30(1):55-9. 

77. Bauby CE, Kuo AD. Active control of lateral balance in human walking. J Biomech. 

2000;33(11):1433-40. 

78. Collins SH, Kuo AD. Two independent contributions to step variability during over-

ground human walking. PLoS One. 2013;8(8):e73597. 

79. Holden M, Ventura J, Lackner JR. Stabilization of posture by precision contact of the 

index finger. J Vestib Res. 1994;4(4):285-301. 

80. Arora T, Musselman KE, Lanovaz J, Oates A. Effect of haptic input on standing balance 

among individuals with incomplete spinal cord injury. Neurosci Lett. 2017;642:91-6. 

81. Jeka JJ. Light touch contact as a balance aid. Phys Ther. 1997;77(5):476-87. 

82. Sozzi S, Crisafulli O, Schieppati M. Haptic Cues for Balance: Use of a Cane Provides 

Immediate Body Stabilization. Front Neurosci. 2017;11:705. 

83. Magre FL, Costa T, Paiva ACS, Moraes R, Mauerberg-deCastro E. Does the Level of 

Difficulty in Balancing Tasks Affect Haptic Sensitivity Via Light Touch? J Mot Behav. 

2020;52(1):1-12. 

84. Bingenheimer K, Temprado JJ, Harnagea M, Bricot N, Villani P, Berton E. Effects of a 

light touch on fixed or mobile supports on gait parameters in visually restricted young adults. 

Neurosci Lett. 2015;589:176-80. 

85. Oates AR, Unger J, Arnold CM, Fung J, Lanovaz JL. The effect of light touch on balance 

control during overground walking in healthy young adults. Heliyon. 2017;3(12):e00484. 



51 
 

86. Oates AR, Arora T, Lanovaz JL, Musselman KE. The effects of light touch on gait and 

dynamic balance during normal and tandem walking in individuals with an incomplete spinal 

cord injury. Spinal Cord. 2021;59(2):159-66. 

87. Saensook W, Phonthee S, Srisim K, Mato L, Wattanapan P, Amatachaya S. Ambulatory 

assistive devices and walking performance in patients with incomplete spinal cord injury. Spinal 

Cord. 2014;52(3):216-9. 

88. Krause J, Brotherton S, Morrisette D, Newman S, Karakostas T. Does pain interference 

mediate the relationship of independence in ambulation with depressive symptoms after spinal 

cord injury? Rehabilitation Psychology. 2007;52:162-9. 

89. Fisher SV, Gullickson G, Jr. Energy cost of ambulation in health and disability: a 

literature review. Arch Phys Med Rehabil. 1978;59(3):124-33. 

90. Sugawara AT, Ramos VD, Alfieri FM, Battistella LR. Abandonment of assistive 

products: assessing abandonment levels and factors that impact on it. Disabil Rehabil Assist 

Technol. 2018;13(7):716-23. 

91. Homepage 

Mira – Improving Lives of people with disabilities  [Available from: https://www.mira.ca/en/. 

92. Kirnan J, Siminerio S, Wong Z. The Impact of a Therapy Dog Program on Children’s 

Reading Skills and Attitudes toward Reading. Early Childhood Education Journal. 

2016;44(6):637-51. 

93. Dunn SL, Sit M, DeVon HA, Makidon D, Tintle NL. Dog Ownership and Dog Walking: 

The Relationship With Exercise, Depression, and Hopelessness in Patients With Ischemic Heart 

Disease. J Cardiovasc Nurs. 2018;33(2):E7-e14. 

94. Thorpe RJ, Jr., Kreisle RA, Glickman LT, Simonsick EM, Newman AB, Kritchevsky S. 

Physical activity and pet ownership in year 3 of the Health ABC study. J Aging Phys Act. 

2006;14(2):154-68. 

95. Wells DL. The Effects of Animals on Human Health and Well-Being. Journal of Social 

Issues. 2009;65(3):523-43. 

96. Rondeau L, Corriveau H, Bier N, Camden C, Champagne N, Dion C. Effectiveness of a 

rehabilitation dog in fostering gait retraining for adults with a recent stroke: a multiple single-

case study. NeuroRehabilitation. 2010;27(2):155-63. 

97. Modlin SJ. Service Dogs as Interventions: State of the Science. Rehabilitation Nursing 

Journal. 2000;25(6). 

98. Animal-assisted interventions: Definitions American Veterinary Medical Association 

[Available from: https://www.avma.org/resources-tools/avma-policies/animal-assisted-

interventions-

definitions#:~:text=Animal%2Dassisted%20interventions%20is%20a,types%20of%20animal%2

0assisted%20intervention. 

99. O'Neal S, Eikenberry M, Russell B. The Effects of Dog Walking on Gait and Mobility in 

People with Parkinson Disease: A Pilot Study. Int J Environ Res Public Health. 2020;17(5). 

100. Kobsar D, Charlton JM, Tse CTF, Esculier JF, Graffos A, Krowchuk NM, et al. Validity 

and reliability of wearable inertial sensors in healthy adult walking: a systematic review and 

meta-analysis. J Neuroeng Rehabil. 2020;17(1):62. 

101. Alberto S, Cabral S, Proença J, Pona-Ferreira F, Leitão M, Bouça-Machado R, et al. 

Validation of quantitative gait analysis systems for Parkinson’s disease for use in supervised and 

unsupervised environments. BMC Neurology. 2021;21(1):331. 

https://www.mira.ca/en/
https://www.avma.org/resources-tools/avma-policies/animal-assisted-interventions-definitions#:~:text=Animal%2Dassisted%20interventions%20is%20a,types%20of%20animal%20assisted%20intervention
https://www.avma.org/resources-tools/avma-policies/animal-assisted-interventions-definitions#:~:text=Animal%2Dassisted%20interventions%20is%20a,types%20of%20animal%20assisted%20intervention
https://www.avma.org/resources-tools/avma-policies/animal-assisted-interventions-definitions#:~:text=Animal%2Dassisted%20interventions%20is%20a,types%20of%20animal%20assisted%20intervention
https://www.avma.org/resources-tools/avma-policies/animal-assisted-interventions-definitions#:~:text=Animal%2Dassisted%20interventions%20is%20a,types%20of%20animal%20assisted%20intervention


52 
 

102. Templeton G. A Two-Step Approach for Transforming Continuous Variables to Normal: 

Implications and Recommendations for IS Research. Communications of the Association for 

Information Systems. 2011;28:41-58. 

103. Effect size – a quick guide.   SPSS tutorials Effect Size A Quick Guide Comments  

[Available from: https://www.spss-tutorials.com/effect-

size/#:~:text=ANOVA%20%2D%20(Partial)%20Eta%20Squared&text=%CE%B72%20%3D%

200.01%20indicates%20a,0.14%20indicates%20a%20large%20effect. 

104. Banerjee A, Chitnis UB, Jadhav SL, Bhawalkar JS, Chaudhury S. Hypothesis testing, 

type I and type II errors. Ind Psychiatry J. 2009;18(2):127-31. 

105. Stothart CR, Simons DJ, Boot WR, Kramer AF. Is the effect of aerobic exercise on 

cognition a placebo effect? PLoS One. 2014;9(10):e109557. 

106. Zörner B, Blanckenhorn WU, Dietz V, Curt A. Clinical Algorithm for Improved 

Prediction of Ambulation and Patient Stratification after Incomplete Spinal Cord Injury. Journal 

of Neurotrauma. 2009;27(1):241-52. 

107. Richardson JK, Thies SB, DeMott TK, Ashton-Miller JA. Gait analysis in a challenging 

environment differentiates between fallers and nonfallers among older patients with peripheral 

neuropathy. Arch Phys Med Rehabil. 2005;86(8):1539-44. 

108. Peebles AT, Reinholdt A, Bruetsch AP, Lynch SG, Huisinga JM. Dynamic margin of 

stability during gait is altered in persons with multiple sclerosis. J Biomech. 2016;49(16):3949-

55. 

109. Thies SB, Bates A, Costamagna E, Kenney L, Granat M, Webb J, et al. Are older people 

putting themselves at risk when using their walking frames? BMC Geriatrics. 2020;20(1):90. 

110. Yelnik AP, Tasseel Ponche S, Andriantsifanetra C, Provost C, Calvalido A, Rougier P. 

Walking with eyes closed is easier than walking with eyes open without visual cues: The 

Romberg task versus the goggle task. Ann Phys Rehabil Med. 2015;58(6):332-5. 

111. Chan K, Unger J, Lee JW, Johnston G, Constand M, Masani K, et al. Quantifying balance 

control after spinal cord injury: Reliability and validity of the mini-BESTest. J Spinal Cord Med. 

2019;42(sup1):141-8. 

112. Brotherton SS, Saunders LL, Krause JS, Morrisette DC. Association between reliance on 

devices and people for walking and ability to walk community distances among persons with 

spinal cord injury. J Spinal Cord Med. 2012;35(3):156-61. 

113. Marshall K, Gustafsson L, McKittrick A, Fleming J. Falls Occurring After a Spinal Cord 

Injury: A Scoping Review. Am J Occup Ther. 2021;75(3). 

114. Boswell-Ruys CL, Harvey LA, Delbaere K, Lord SR. A Falls Concern Scale for people 

with spinal cord injury (SCI-FCS). Spinal Cord. 2010;48(9):704-9. 

115. Greenberg SA. Assessment of fear of falling in older adults: The Falls Efficacy Scale-

International (FES-I). Try This: Best Practices in Nursing Care to Older Adults. 2019. 

116. Yardley L, Beyer N, Hauer K, Kempen G, Piot-Ziegler C, Todd C. Development and 

initial validation of the Falls Efficacy Scale-International (FES-I). Age and Ageing. 2005:614-9. 

 

 

 

https://www.spss-tutorials.com/effect-size/#:~:text=ANOVA%20%2D%20(Partial)%20Eta%20Squared&text=%CE%B72%20%3D%200.01%20indicates%20a,0.14%20indicates%20a%20large%20effect
https://www.spss-tutorials.com/effect-size/#:~:text=ANOVA%20%2D%20(Partial)%20Eta%20Squared&text=%CE%B72%20%3D%200.01%20indicates%20a,0.14%20indicates%20a%20large%20effect
https://www.spss-tutorials.com/effect-size/#:~:text=ANOVA%20%2D%20(Partial)%20Eta%20Squared&text=%CE%B72%20%3D%200.01%20indicates%20a,0.14%20indicates%20a%20large%20effect


53 
 

Appendix A 
 

 

PARTICIPANT INFORMATION AND CONSENT FORM  

 

STUDY TITLE: Rehabilitation Dogs: A novel approach to improving walking and balance for 

individuals living with neurological conditions 

STUDY TITLE: Rehabilitation Dogs: A novel approach to improving walking and balance for 

individuals living with neurological conditions 

 

PRINCIPAL INVESTIGATOR:  

Sarah Donkers, Physiotherapist, Assistant Professor, College of Medicine, University of 

Saskatchewan 

TELEPHONE: (306) 966-3230  

 

SUB-INVESTIGATORS: 

Alison Oates, Associate Professor, Kinesiology, University of Saskatchewan 

Colleen Dell, Professor, Sociology, University of Saskatchewan 

Joel Lanovaz, Associate Professor, Kinesiology, University of Saskatchewan 

Romany Pinto, Assistant Professor, Veterinary Medicine, University of Saskatchewan 

Kyra Kane, Physiotherapist, Children’s Program Wascana Rehabilitation, Saskatchewan Health 

Authority 

Alexis Kindrachuck, Physiotherapist, Kinsmen Children’s Centre, Saskatchewan Health 

Authority 

Kirat Shukla, PhD Candidate, College of Kinesiology, University of Saskatchewan 

Dylan Koshman, MSc Student, College of Kinesiology, University of Saskatchewan 

 

Funded by Saskatchewan Health Research Foundation (SHRF)  

INTRODUCTION 



54 
 

You are invited to take part in this research study because you are over the age of 8, living with a 

neurological condition and currently able to walk at least 10 meters at a time OR you are an 

individual not living with a neurological condition, over the age of 8, and serving as an age-

matched control participant for this research study. 

 

Your participation is voluntary. It is up to you to decide whether or not you wish to take part. If 

you wish to participate, you will be asked to sign this form. If you do decide to take part in this 

study, you are still free to withdraw at any time and without giving any reasons for your 

decision. 

 

If you do not wish to participate, you will not lose the benefit of any medical care to which you 

are entitled or are presently receiving. It will not affect your relationship with Sarah Donkers or 

any other study members.   

 

Please take time to read the following information carefully. You can ask the researcher to 

explain any words or information that you do not clearly understand. You may ask as many 

questions as you need. Please feel free to discuss this with your family, friends or family 

physician before you decide. 

 

WHO IS CONDUCTING THE STUDY?  

The study is being conducted by a group of researchers with expertise in gait and balance, 

physiotherapy, service dogs and/or pediatrics at the University of Saskatchewan and is funded by 

the Saskatchewan Health Research Foundation. However, neither the institution nor any of the 

investigators or staff will receive any direct financial benefit from conducting this study. 

 

WHY IS THIS STUDY BEING DONE? 

This study is being done because optimizing walking for children is an important aspect of 

function, growth and development, and favorable quality of life. Using a rehabilitation dog is one 

potential solution to safely maximize walking ability, increase walking and balance confidence 

and allow a child to more freely interact with their environment. 

 

A rehabilitation dog is specifically trained to assist a person in developing gait and balance 

abilities during rehabilitation. The dog is specifically trained in a number of tasks, stays with the 

physiotherapist and is used with many different clients. The use of rehabilitation dogs may 

improve gait speed, balance and neuromuscular control compared to walking with other assistive 

devices. It may also improve ease, confidence and enjoyment in walking and walking training. 

Using a rehabilitation dog is an innovative way to increase mobility for individuals living with 

neurological conditions which affect balance. 
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This project is expected to show that using a rehabilitation dog as a walking and training aid is a 

feasible and valuable intervention to improving walking and balance function for individuals 

living with neurological conditions.  

 

WHO CAN PARTICIPATE IN THE STUDY?  

This study aims to recruit 30 participants each for five different types of neurological conditions 

(cerebral palsy, stroke, multiple sclerosis, Parkinson’s disease, and spinal cord injury), plus a 

range of age-matched individuals not living with a neurological condition. You are eligible to 

participate in this study if you are 8 years of age or older with a medically confirmed diagnosis 

of either cerebral palsy, stroke, multiple sclerosis, Parkinson’s disease, or spinal cord injury, and 

are able to walk for at least 10 meters at a time. Individuals with severe cognitive or intellectual 

involvement impacting their ability to follow instructions, who are unable to travel to data 

collection sites, or have an uncontrolled allergy or fear of dogs are not able to participate. You 

are also eligible to participate if you are 8 years of age or older, not living with a neurological 

condition, able to walk 10 meters at a time, and willing to serve as an age-matched control 

participant for this research study. 

 

WHAT DOES THE STUDY INVOLVE? 

If you choose to participate in this study, you will first undergo a baseline assessment estimated 

to take 60-90 minutes and scheduled to occur at either the University of Saskatchewan 

(Saskatoon), Merlis Belsher Place Movement Analysis lab or a Saskatchewan Health Authority 

Site (e.g Wascana Rehab) as appropriate. At this assessment you will be asked to walk in a 

straight line for 10 meters at a self-selected pace using any regular walking aid you routinely 

need for walking, and then again with the rehabilitation dog. You may also be asked to walk in 

tandem (heel to toe) with your eyes open and eyes closed if you are able. You will be asked to 

wear 17 small inertial sensors on the wrists, ankles, lower back, and trunk, and surface electrodes 

(EMG) to capture muscle activity. In addition to the walking trials you will be asked to complete 

a Quality of Life questionnaire, and the Activity Specific Balance Confidence Scale (ABC Scale-

-a 16-item self-reported questionnaire). If you are living with a neurological condition, after this 

baseline research assessment we will schedule a pre-intervention assessment in 2 months’ time. 

If you are acting as a control participant, you will only be asked to complete this baseline 

assessment and not any of the intervention or post-intervention testing. 

 

During the pre-intervention session you will be asked to repeat the tests described above as well 

as meet with a study physiotherapist. This will occur in the same location as your baseline 

assessment and is estimated to take 120 minutes. After this session, an 8 week walking and 

balance training intervention will start and you will be asked to attend weekly sessions with a 

physiotherapist.   
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If you are part of the intervention, your 8 week training will include weekly sessions with a 

physiotherapist and the rehabilitation dog to work on improving walking and balance. Your 

intervention program will be individualized and created based on standard care gait training 

principles, but with the rehabilitation dog as the gait training aid as opposed to a standard 

assistive device. This intervention will include activities such as walking forward, backward, 

sideways, changing direction and navigating obstacles. It will also include as appropriate 

activities to work on posture and balance. During this time, the physiotherapist will keep training 

session notes that will be shared with the researchers through regular meetings. This information 

may include details on the activities and the time spent with the dog during your training session.   

 

After 8 weeks, you will be asked to return for a post-intervention assessment.  This would 

include the same test used at baseline assessment (described above). At this assessment we 

would also like to ask you questions to evaluate your enjoyment, motivation, and perceived 

benefits of the intervention. We will invite you to participate in an exit interview using a mix of 

visual analog rating scales and open-ended questions. This interview is estimated to take 20-30 

minutes and will be audio recorded. 

 

Study data is being collected for research purposes only. The clinical significance of the gait 

training using a rehabilitation dog is unknown, hence the need for this study.  It is our 

expectation that the results of this study will help in developing the use of rehabilitation dogs as 

an eventual standard of care treatment tool. 

 

WHAT ARE THE BENEFITS OF PARTICIPATING IN THIS STUDY?  

If you choose to participate in this study, you may benefit from having access to an expert 

physiotherapist and rehabilitation dog to provide an individualized program to help improve your 

walking and balance. Improving your mobility and walking and balance confidence has 

numerous health benefits. It is hoped the information gained from this study can be used in the 

future to benefit other people with a similar condition. If you are acting as a control participant, 

there are no known benefits aside from walking with a rehabilitation dog. 

 

ARE THERE POSSIBLE RISKS AND DISCOMFORTS? 

If you choose to participate in this study, you may experience possible mild discomfort with 

repeated walking trials. All assessments will be administered and supervised by trained 

professionals to minimize this risk. There is a chance that you may accidentally get hurt by the 

dog in some way (e.g., bite, knock you over); however, the dog is a trained and certified service 

dog specialized as a rehabilitation dog and so the chances of being hurt by the dog are extremely 

small. When you are walking with the dog you will be supervised by an experienced 

physiotherapist dog handler. There is a risk of your personal health information being 

inadvertently released.  The researchers have taken measures to protect the privacy of your 

information and this risk is considered very small. There is a risk of COVID-19 transmission 

during data collection. There will be parts of data collection where social distancing will not be 
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maintained. To help minimize the risk, proper PPE, sanitizing, disinfecting equipment and social 

distance when possible will be implemented.  

 

WHAT HAPPENS IF I DECIDE TO WITHDRAW? 

Your participation in this research is voluntary. You may withdraw from this study at any time. 

You do not have to provide a reason. There will be no penalty or loss of benefits if you choose to 

withdraw. Your future medical care will not be affected.  

 

If you choose to enter the study and then decide to withdraw later, all data collected about you 

during your enrolment will be retained for analysis.  

 

WILL I BE INFORMED OF THE RESULTS OF THE STUDY? 

The results of the study will be available in 2020 - 2021 from Sarah Donkers. If you would like a 

copy of the results sent to you, you can indicate this on the last page of the consent form. Results 

will also be published in a peer reviewed research manuscript, a participant friendly report and 

presented at both academic and clinical conferences.  

 

WHAT WILL THE STUDY COST ME? 

You will not be charged for any research-related procedures. You will not receive any 

compensation, or financial benefits as a result of data obtained from research conducted under 

this study. You will be reimbursed for parking expenses. Only part of this study is funded for 

people with cerebral palsy and so if you are an individual living with cerebral palsy, you will be 

provided with a $50 honorarium for participation. 

 

WHAT HAPPENS IF SOMETHING GOES WRONG?  

By signing this document, you do not waive any of your legal rights. In the case of a medical 

emergency related to the study, you are advised to seek immediate care as soon as possible. 

Inform the medical staff you are participating in a research study. Necessary medical treatment 

will be made available at no cost to you. By signing this document, you do not waive any of your 

legal rights against the investigators or anyone else.  

 

WILL MY TAKING PART IN THIS STUDY BE KEPT CONFIDENTIAL? 

In Saskatchewan, the Health Information Protection Act (HIPA) defines how the privacy of your 

personal health information must be maintained so that your privacy will be respected. Your 

confidentiality will be respected.  No information that discloses your identity will be released or 

published without your specific consent to the disclosure, or as required by law.  However, 

research records and medical records identifying you may be inspected in the presence of the 

Investigators and the University of Saskatchewan Research Ethics Board for the purpose of 

monitoring the research. However, no records, which identify you by name or initials, will be 

allowed to leave the Investigators' offices. The results of this study may be presented in a 
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scientific meeting or published, but your identity will not be disclosed. Your study records will 

be de-identified and assigned a study participant number. They will be kept for 5 years after the 

study in a secure area (locked file cabinet and office), in the School of Rehabilitation Science, 

University of Saskatchewan. Personal information related to participants for contact tracing for 

COVID-19 will be stored in a password-protected file on a secure password-protected University 

of Saskatchewan server. Information relating to COVID-19 contact tracing will be kept until 

direction is given to permanently delete.  

 

WHO DO I CONTACT IF I HAVE QUESTIONS ABOUT THE STUDY? 

If you have any questions or desire further information about this study before or during 

participation, you can contact Sarah Donkers at (306) 966-3230. 

 

If you have any concerns about your rights as a research participant and/or your experiences 

while participating in this study, contact the Chair of the University of Saskatchewan Research 

Ethics Board, at 306-966-2975 (out of town calls 1-888-966-2975). The Research Ethics Board 

is a group of individuals (scientists, physicians, ethicists, lawyers and members of the 

community) that provide an independent review of human research studies. This study has been 

reviewed and approved on ethical grounds by the University of Saskatchewan Research Ethics 

Board.  
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CONSENT TO PARTICIPATE 

 

Study Title: Rehabilitation Dogs: A novel approach to improving walking and balance for 

individuals living with neurological conditions 

 

o I have read (or someone has read to me) the information in this consent form. 

o I understand the purpose and procedures and the possible risks and benefits of the study.  

o I was given sufficient time to think about it. 

o I had the opportunity to ask questions and have received satisfactory answers. 

o I understand that I am free to withdraw from this study at any time for any reason and the 

decision to stop taking part will not affect my future relationships or medical care. 

o I give permission to the use and disclosure of my de-identified information collected for 

the research purposes described in this form. 

o I understand that by signing this document I do not waive any of my legal rights. 

o I will be given a signed copy of this consent form. 

 

I agree to participate in this study: 

 

 

Printed name of participant:                      Signature          Date  

 

Printed name of legal guardian of participant:                      Signature          Date  

 

Printed name of person obtaining consent:    Signature    Date  

 

Printed name of researcher:    Signature    Date  

 

 

 

☐ I wish to be sent the results of the study 
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Appendix B 

Activities-Specific Balance Confidence (ABC) Scale 

The Activities-specific Balance Confidence (ABC) Scale is used to determine the participants 

self confidence regarding different activities(59). It provides a wider continuum of activity 

difficulty to examine their confidence. The ABC scale represents internal validity and good test-

retest reliability.(59). With more broad range of questions, it is more suitable to examine loss of 

balance confidence. This scale will be given to participants to answer questions based on their 

perceptions on the various activities.  

For each of the activities, please specify your level of self-confidence by choosing a number 

from the rating scale below: 

0% 10 20 30 40 50 60 70 80 90 100% 

No confidence        completely confident 

“How confident are you that you will not lose your balance or become unsteady when 

you… 

1. . . . walk around the house? ___% 

2. . . . walk up or down the stairs? ___% 

3. . . . bend over and pick up a slipper from front of a closet floor? ___% 

4. . . . reach for a small can off a shelf at eye level? ___% 

5. . . . stand on tip toes and reach for something above your head? ___% 

6. . . . stand on a chair and reach from something? ___% 

7. . . . sweep the floor? ___% 

8. . . . walking outside the house to a car parked in the driveway? ___% 

9. . . . get into or out of a car? ___% 

10. . . . walk across a parking lot to the mall? ___% 

11. . . . walk up or down a ramp? ___% 

12. . . . walk in a crowded mall where people rapidly walk past you? ___% 

13. . . . are bumped into by people as you walk through the mall? ___% 

14. . . . step onto or off of an escalator while you are holding onto a railing? ___% 

15. . . . step onto or off an escalator while holding onto parcels such that you cannot hold 

onto the         railing? ___% 

16. . . . walk outside on icy sidewalks? ___% 
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Additional questions will be asked pertaining to this study regarding different activities that will 

be conducted that could alter their balance confidence. 

Again, for each of the activities, please specify your level of self-confidence by choosing a 

number from the rating scale below: 

0% 10 20 30 40 50 60 70 80 90 100% 

No confidence        completely confident 

“How confident are you that you will not lose your balance or become unsteady when 

you… 

17. . . . walking without the use of a walking aid? ___% 

18. . . . walking with a walking aid? ___% 

19. . . . walking in tandem without a walking aid? ___% 

20. . . . walking in tandem with a walking aid? ___% 

21. . . . walking in tandem eyes closed without a walking aid? ___% 

22. . . . walking in tandem eyes closed with a walking aid? ___% 

23. . . . walking normally eyes closed with a walking aid? ___% 

24. . . . Walking normally eyes closed with a walking aid ___% 

25. …  walking normally with a rehabilitation dog? ___% 

26. . . . walking in tandem with a rehabilitation dog? ___% 

27. . . . walking normally eyes closed with a rehabilitation dog? ___% 

28. . . . walking in tandem eyes closed with a rehabilitation dog? ___% 
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Appendix C 

The Falls Efficacy Scale-International (FES-I) 

The FES-I is an easy and short tool to measure the level of concern regarding falls during 16 

social and physical activities outside and inside the home(115). The FES-I has represented 

excellent internal validity (Cronbach’s alpha = 0.96) and test-retest reliability (ICC = 0.96)(116). 

Due to the reliability of this assessment, it will be implemented within this research project do 

get a better understanding of the participants fear of falling. Participants will be asked to answer 

the following questions to the best of their ability to gain an understanding on their perceptions 

regarding the fear of falling: 

  Not at all 

concerned 

1 

Somewhat 

concerned 

2 

Fairly 

concerned 

3 

Very 

concerned 

4 

1 Cleaning the house (e.g. 

sweep, vacuum, or 

dust) 

1 2 3 4 

2 Getting dressed or 

undressed 

1 2 3 4 

3 Preparing simple meals 1 2 3 4 

4 Taking a bath or shower 1 2 3 4 

5 Going to the shop 1 2 3 4 

6 Getting in or out of a 

chair 

1 2 3 4 

7 Going up or down stairs 1 2 3 4 

8 Walking around in the 

neighbourhood 

1 2 3 4 

9 Reaching for something 

above your head or on 

the ground 

1 2 3 4 

10 Going to answer the 

telephone before it 

stops ringing 

1 2 3 4 

11 Walking on a slippery 

surface (e.g. wet or icy) 

1 2 3 4 

12 Visiting a friend or 

relative 

1 2 3 4 

13 Walking in a place with 

crowds 

1 2 3 4 

14 Walking on an uneven 

surface (e.g. rocky 

ground, poorly 

maintained pavement) 

1 2 3 4 

15 Walking up or down a 

slope 

1 2 3 4 
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16 Going out to a social 

event (e.g. religious 

service, family 

gathering or club 

meeting) 

1 2 3 4 

 Subtotal     

    Total /64 

 

An additional 12 questions will be asked that pertain to this study as we explore the participants 

perceptions on fear of falling during different activities.  

  Not at all 

concerned 

1 

Somewhat 

concerned 

2 

Fairly 

concerned 

3 

Very 

concerned 

4 

1. Walking normally 

without a walking aid 

1 2 3 4 

2. Walking in tandem 

without a walking aid 

1 2 3 4 

3. Walking normally 

with eyes closed 

without a walking aid 

1 2 3 4 

4. Walking in tandem 

with eyes closed 

without a walking aid 

1 2 3 4 

5. Walking normally 

with a walking aid 

1 2 3 4 

6. Walking in tandem 

with a walking aid 

1 2 3 4 

7. Walking normally 

with eyes closed with 

a walking aid 

1 2 3 4 

8. Walking in tandem 

with eyes closed with 

a walking aid 

1 2 3 4 

9. Walking normally 

with a rehabilitation 

dog 

1 2 3 4 

10. Walking in tandem 

with a rehabilitation 

dog 

1 2 3 4 

11. Walking normally 

with eyes closed with 

a rehabilitation dog 

1 2 3 4 
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12. Walking in tandem 

with eyes closed with 

a rehabilitation dog 

1 2 3 4 

      

 Subtotal     

    Total /48 

 

Greenberg, S. A. (2019). Assessment of fear of falling in older adults: The Falls Efficacy Scale-

International (FES-I). Try This: Best Practices in Nursing Care to Older Adults. 

Yardley, L., Beyer, N., Hauer, K., Kempen, G., Piot-Ziegler, C., & Todd, C. (2005). 

Development and initial validation of the Falls Efficacy Scale-International (FES-I). Age 

and Ageing, 614-619. 
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Appendix D 

Visual Analog Scales for Qualitative assessment of walking with and without a rehabilitation dog 

 

Draw a vertical line where you feel best indicates your response to the following questions. 

 

1. How easy did you find using the rehabilitation dog while walking? 

 

Extremely Easy         Extremely Difficult  

 

2. Do you think using the rehabilitation dog improved your balance during walking? 

 

Did not improve at all         Definitely 

improved 

 

3. Do you think using the rehabilitation dog impaired your balance during walking? 

 

Did not impair at all         Definitely impaired 

 

4. How likely are you to use a rehabilitation dog while walking if there was a 

rehabilitation dog available? 

 

Extremely unlikely        Extremely likely 

Please expand on your rating for the question above: 
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1. How easy did you find walking without a rehabilitation dog? 

 

Extremely Easy         Extremely Difficult 

2. Do you think walking without a rehabilitation dog improved your balance? 

 

Did not improve at all         Definitely 

improved 

 

3. Do you think NOT using a rehabilitation dog impaired your balance during walking? 

 

Did not impair at all         Definitely impaired 

 

4. How likely are you to choose the option of NOT using a rehabilitation dog while 

walking if they were available? 

 

Extremely unlikely        Extremely likely 

Please expand on your rating for the question above: 

 

 

 

5. Would you prefer to use a rehabilitation dog or without a rehabilitation dog if both were 

available? (Circle one) 

 

With the Rehabilitation Dog    Without the Rehabilitation 

dog 

Why would you make the choice you made above? 

 

Follow-up: Do you have anything else to add about your opinion of using either the 

rehabilitation dog or without the rehabilitation dog during walking? 


