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ABSTRACT
BACKGROUND. Parkinson’s disease (PD) is a progressive neurodegenerative disease
of the basal ganglia that affect movement control. PD is a hypokinetic movement
disorder, which significantly alters gait performance. Specifically, those with PD exhibit
reduced gait velocity, reduced stride length and increased double support time during the
gait cycle. These gait changes make turning about a 90 corner particularly precarious and
turning movements are associated with increased rates of falling. An interesting aspect of
PD is that visual cueing can improve movement control. We hypothesized that the
presence of visual cues would improve turning by increasing step length, decreasing step
width, and decreasing double support time relative to non-cued trials. To do this, an
artificial hallway simulating a 90 left turn was constructed. Seven healthy young adults
and four Parkinsonian individuals were brought into the lab for testing. Position data of
the left and right feet were collected through the use of an Optotrak 2-camera motion
sensing system (Northern Digital Instrument, Waterloo, ON, Canada). All participants
completed three sets of trials: 1) No cues present (baseline) 2) Cues present (treatment)
3) No cues present (retention). No significant changes were observed in healthy, young
adults in the presence of visual cues for step length, step width, or double support %. Step
length results in PD appeared to show the strongest effects with cueing, which is in
accordance with previous research. Step width provided highly variable results in both
sample groups. Double support % appeared to remain consistent across trials for each
participant group. Greater sample size would allow for more accurate conclusions to be
drawn. However, there appears to be evidence for an effect of these visual cues on step
length parameters during 90 left-hand turning in individuals with PD.
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INTRODUCTION
As the second most prevalent neurodegenerative disease after Alzheimer’s disease (Hirtz
et al., 2007), Parkinson’s disease (PD) affects over 67 000 adults in Canada, primarily
adults over the age of 65 although younger diagnoses are possible (Wong et al., 2014). A
disruption to the dopamine-producing cells in the substantia nigra pars compacta (SNr) of
the basal ganglia affects the transmission of descending motor signals. The basal ganglia
is a collection of input and output nuclei which allow for execution and processing of
motor signals to occur. Loss of the neurotransmitter dopamine results in abnormal motor
signals, as some are blocked entirely or are forced to follow alternate pathways (Lanciego
et al., 2012). These deficits are heterogeneous across individuals, affecting their motor
capabilities at differing rates of severity. Hoehn and Yahr (1967), developed a scale
system to define disease severity, rated from 1-5. The disease is chronic and progressive,
increasing in severity with time with no current cure (Wong et al., 2014).
Motor symptoms include tremor, rigidity, and reduction of movement amplitude,
otherwise known as hypokinesia (Lotharius et al., 2002). The hypokinetic nature of the
disease is responsible for poor postural control or stability in PD individuals (Mellone et
al., 2016). Reductions in movement amplitude also affect an individual’s ability to
progress their gait. Having adequate postural control is one of the three pillars which
make up adequate gait, along with progression and adaptation. This deficiency has
catastrophic effects on the efficiency and safety of Parkinsonian individuals while
maintaining their mobility and independence.
It has been established that a significant portion of an individual’s gross step count
during the run of an average day is taken in some form of turning motion. These
percentages range from 35-45% (Glaister et al., 2007). Humans, in general, have been
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found to be less stable about their joints during turns (Segal et al., 2008), leading to a
reduction in postural control, one of the pillars of gait performance along with
progression and adaptability (Shumway-Cooke et al., 2017). Compounded with gait
issues known to exist within PD such as decreased step length and increased double
support time, turning can be an especially dangerous maneuver as all three of these gait
pillars show deficits.
Previous literature has examined the use of visual cues to train favorable gait
parameters in PD individuals (Spaulding et al., 2013; Chen et al., 2016). These include
increasing step length and decreasing double support % to increase gait efficiency. It has
been found in these studies that step length in particular is increased with the utilization
of these visual cues (Spaulding et al., 2013). The use of discrete visual cuing may provide
a useful strategy to adjust step length, width, and double support % to provide a more
efficient gait pattern for PD individuals. By determining whether this technique gives
these effects, there is the potential for future, easily implemented interventions for PD
individuals.
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LITERATURE REVIEW
Gait
Gait has been described in previous research through both spatial and temporal
variables. By using these measures, researchers may determine the safety and efficiency
of an individual’s gait pattern.
Spatially speaking, step length (SL) and width (SW) are displacement
measurements between one point of foot contact to another. These distances are measured
in the antero-posterior and medio-lateral directions across the step, respectively (Mochon
& McMahon, 1980). Step length, for example, would be the displacement between the
heel contact of the left foot and the proceeding heel contact of the right foot (Huxham et
al., 2006). Shorter steps are found to be a useful strategy to compensate for poor postural
control to avoid falling (Espy et al., 2010). As such, an increase in step length may not in
itself cause a reduction in falls, but may be an indicator of reduced postural instability.
Fukagawa et al. (1995) showed that stride length was significantly reduced in older adults
who reported falls. Kinematically speaking, decreased step length is also related to an
energy inefficiency during gait. Because of reduced horizontal forward inertia carrying
through the gait cycle, higher energy expenditure is necessary to maintain progression of
gait when step length is decreased (Mochon & McMahon, 1980).
Numerous previous research projects have focused on step width during the stride
cycle as a determinant of gait stability. Step width is defined to be the mediolateral
distance between a point of one foot contact and the same point of the subsequent foot
contact of the contralateral limb (Mochon & McMahon, 1980). Discussions the literature
differ between whether a high or low step width is preferable in regards to fall risks. Step
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width is linked more closely to an individual’s postural control during the gait cycle and
less closely to their progression. As such, it has been debated whether or not a wide step
width is indicative of a compensatory pattern to improve stability when postural control is
deficient, or when it is perceived to be deficient (Hollman et al., 2011). Increased step
width may create a safer gait pattern by increasing the individual’s base of support.
Numerous studies point to step-to-step variability in step width as an indicator of fall
risks. Brach et al., (2005) determined that individuals with very high or very low step
width variability showed a higher incidence rate of falling. It has also been argued that
increased step width may have a relationship with increased fear of falling (Chamberlin et
al., 2005). In any case, both significant increases or decreases in step width may be
indicative of a larger change in gait behaviour.
As a temporal component of gait analysis, double support percentage (DS%) is a
measure of what portion of the gait cycle is spent with both feet in contact with the
ground surface (Hollman et al., 2011). This is expressed as a percentage of the total stride
cycle time, and can expose a tendency for an individual to shuffle their feet along the
ground (Hausdorff et al., 1998). Typically, single support comprises 80% of an
individual’s stride, with the remaining 20% coming from double support (Murray et al.,
1984). DS% increases as gait velocity decreases (Hollman et al., 2011). Slow gait
velocity is known to be a determinant of falling (Fukagawa et al., 1995). Thus, decreased
DS% may be equitable to decreased fall risks.

Turning
As a functional movement skill, turning is a necessary task in completing many
tasks of daily life. Roughly 35-45 percent of all steps taken during a day are involved in
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some form of turning (Glaister et al., 2007). By definition, turning involves the change of
bodily direction from one gait trajectory to a new path (Patla et al., 1999). The capability
of an individual to control their center of mass (COM) is paramount to avoiding falls
during turns. Integrating strategy adjustments for foot placement such as stride length,
stride width, and double foot percentage allow for safe turning to occur consistently by
protecting against lateral displacement of the COM while ensuring progression of gait
throughout the turn (Patla et al., 1999; Reed-Jones and Vallis, 2007). Segal et al. (2008)
determined through the use of joint stability measures that individuals are objectively less
stable during turns than during straight gait. As such, turning is a known area of issue and
instability during a large portion of an individuals’ gait unless proper gait patterns are
displayed.
In healthy, young adults, a consistent pattern of events within the body’s
mechanics is seen when turning is initiated. This “top-down” sequence involves
translational rotation of the head and trunk as well as strategic foot placement to control
mediolateral body center of mass (COM) (Patla et al., 1999; Ambati et al., 2013). It has
been suggested that eye motion may initiate this steering synergy (Ambati et al., 2013,
Reed-Jones et al., 2009a, Reed-Jones et al., 2009b). Failure of an individual to produce
this synergy results in what has been described as en bloc turning. En bloc turning has
been characterized by reduced individual rotation of the head, trunk and pelvis around the
turn. From a gait perspective, en bloc turns involve an increased step count, shuffling
steps, and time necessary to complete the turn (Hong et al., 2009). Generally, the
increased rigidity of the individual about the turn with en bloc, shown by decreased
intersegmental rotation of the upper body, decreases their ability to maintain stability,
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particularly if perturbed. This has been found to be true in PD individuals with higher fall
incidences, where “fallers” maintained a smaller area of stability and were more
susceptible to falls by perturbation (Ashburn et al., 2001).

Parkinson’s Disease
Parkinson’s Disease affects over 67,000 Canadians (Wong et al., 2014). An
extensive study investigating 98 percent of American health records found that
approximately 1.6 percent of adults over the age of 65 are affected by Parkinson’s disease
in the United States (Wright Willis et al., 2010). This makes Parkinson’s disease one of
the most prevalent neurodegenerative diseases in North America. Worryingly, there is
potential for incidence rates of the disease to increase as its largest population, older
adults, increases in volume as well (Wright Willis et al., 2010).
Literature shows that those suffering from Parkinson’s Disease experience
numerous sensorimotor interruptions and gait impairments (Huxham et al., 2008; Morris,
2000; Spaulding et al., 2013). The exact etiology of the development of Parkinson’s
disease has not been determined yet, however some potential pathways for the
development of the disease’s motor deficiencies have been explored. It is believed that
damage to dopamine-producing cells within the basal ganglia, specifically the substantia
nigra pars compacta (SNr), is responsible for the motor system symptoms seen in
Parkinsonian populations (Lotharius and Brundin, 2002; Wong et al., 2014). As a
neurotransmitter, dopamine is necessary for allowing synaptic transmissions to occur
within the basal ganglia. Disruptions and blockages due to loss of dopamine in the basal
ganglia lead to numerous issues in motor control, such as initiation of movements as the
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descending motor signals may be blocked or forced to follow a secondary pathway
(Wong et al., 2014; Lanciego et al., 2012).
Disruptions to basal ganglia function can be disastrous, as the structure plays a
large role in the planning and execution of motor signaling throughout the body.
Particularly, as the SNr are output nuclei which maintain a primary neural pathway from
the input nuclei of the BG to the receiving thalamus and brainstem. Here, the signal
descends further through the central nervous system (CNS) to the neurons of the body to
execute movement (Lanciego et al., 2012). Motor disruptions due to cell death and
disturbed dopamine levels can have an extensive effect on the quality of life of
individuals suffering from the disease, and can greatly impair their abilities to complete
complex or skilled movements. These movement disorders can be characterized as
slowed or reduced movement (hypokinesia), rigidity, and tremor. These lead to postural
instability in individuals as well as issues with motor initiation (Lotharius and Brundin,
2002). In a gait sense, this lends to deficiencies seen in progression, stability, and
adaptation – all necessary for an individual to complete a safe and efficient gait pattern.

Turning in Parkinsonian Populations
Parkinsonian turning is a particular source of issue. Morris et al. (2001) found
reduced step length, increased double support percentage, as well as decreased velocity in
two case studies performed with Parkinsonian individuals. A previous study performed by
Morris showed similar findings (1996). Turning has been noted as an event which
increases risks of falls for Parkinsonian individuals. Studies have found that in individuals
who are susceptible to freezing of gait, 45 percent of these episodes occur during turns
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(Giladi et al., 1992). Other authors have found that 25.8 percent of falls occurred due to
freezing (Michałowska et al., 2005). Additionally, due to slowed movements and postural
instability characterized in Parkinsonian gait, turns are identified as a situation with a high
risk of falls (Stack et al., 2004; Bloem et al., 2001). There appears to be no significant
difference between effected versus non effected side in turning for unilaterally affected
Parkinsonian individuals (Bengevoord et al., 2016).
The presence of an en bloc turning strategy in Parkinsonian turning has been
noted by numerous studies (Huxham et al., 2008; Hong et al., 2009), and has a negative
effect on the gait efficiency of those who adopt it. The main characteristic of en bloc
turning is the reduction of degrees of freedom during rotation of the upper segments of
the body. Often, this is shown to occur through rotation of the head, trunk and pelvis
occurring concurrently, or “en bloc” (Ambati et al., 2013; Reed-Jones et al., 2009a; ReedJones et al., 2009b). En bloc turning has also been found to correlate with decreased step
length, increased step count, and overall slowing of gait compared to normal controls
(Crenna et al., 2007). These are known deficiencies which result in increased risks of
falls. Wright et al. (2012) determined that en bloc turning, compared to cranio-caudal
rotation, was found at higher incidences in fallers than in non-fallers, and may indicate a
simplified movement as a strategy to aid control for these individuals experiencing
difficulties.
Visual Cueing During Turning
A “top-down” sequence of rotations during turning has been observed repeatedly
in literature. This top-down (cranio-caudal) pattern of rotation about the longitudinal axis
of the body begins with a rotation of the head, then the torso, then the pelvis (Hollands et
al., 2004). It has been suggested that eye motion may initiate this steering synergy
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(Ambati et al., 2013; Reed-Jones et al., 2009a; Hollands et al., 2002). In order to control
center of mass (COM) in the medio-lateral axis while changing the direction of
progression 90 degrees around a corner, healthy individuals must successfully adopt
strategies for foot placement (Patla et al., 1999; Ambati et al., 2013).
The motion of the eye towards a target in space is termed as a saccade (Barnes,
1979). Previous research has supported that these saccades may initiate a cranio-caudal
turning synergy as previously stated. Saccadic eye movements during turning have a
correlative affect with foot motion and placement (Hollands et al., 2004). It is possible
that this is related to the cranio-caudal synergistic movement, but that has not been
investigated in depth in the literature yet.
Later studies also did not provide specific data for gait parameters when
individuals produced the saccade-initiated top-down turning sequence. However, they did
reinforce the existence of this sequence (Reed-Jones et al., 2009a; Reed-Jones et al.,
2009b). On the other hand, Chen et al. (2016) found that visual and audio cueing
improved cadence and velocity of PD gait. However, the authors of this study
acknowledge limitations in generalizability within the article due to small sample size.
Additionally, the authors investigated continuous 360 degree turning, neglecting to
analyze the transition from straight gait to turning, or 90 turning, where the craniocaudal synergy would be triggered. As such, there is a need to examine the effects of
visual cueing which forces the saccade-initiated cradio-caudal rotation synergy to occur,
to determine the effects on measurable gait parameters. This need is present in both
healthy, young adults as well as in parkinsonian populations.
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There is also a need within the literature to provide cues placed external to the
participant’s walkway. Spaulding et al. (2013) provide an extensive meta-analysis of
cueing effects on gait parameters of individuals with PD. It was determined that auditory
cues had a larger effect on cadence, or rate of steps per unit of time, of gait, while visual
cues provided more spatial effects such as step length. However, many of the visual cuing
studies included in this analysis utilized grid patterns or white taped lines upon the floor
(Chen et al., 2016; Morris et al., 1996). This provided a guide to which participants would
match their gait. The effects of visual cues placed so that participants would lift their field
of view to encompass more of their surroundings than the floor have not been extensively
analyzed.

Purpose of Study
The purpose of this study was to examine stride length, stride width, and double
support time during a 90 left turn with discrete visual cues present at eye level to guide
the participants. This study intended to investigate these variables within a group of HYA
and a group of persons with PD. Our primary hypothesis was that visual cueing would
improve turning by increasing step length, decreasing step width, and decreasing double
support time in the PD sample. Secondarily, we hypothesized that because HYA should
perform turning tasks without issue, the presence of visual cues would not significantly
affect step length, step width, or double support time.
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DESIGN AND METHODS
Group Sampling and Research Design
Healthy, young adults (HYA) between the ages of 19 to 30 were recruited as a control
group (n = 7). Due to the ongoing nature of the project, more participants will be recruited
with time. To fit into this sample, participants must have followed the criteria that they:
a. Had no diagnosed neurological or motor disorder.
b. Signed an informed consent form.
Healthy, young participants were recruited through convenience sampling and
word of mouth advertising. Those who expressed interest to the research team were
subsequently followed up with through email to schedule a time for data collection to
occur.
In addition to the healthy controls, individuals who have been diagnosed with
Parkinson’s Disease were recruited (n = 4). The Parkinson’s Canada PEI Chapter was
approached in an effort to publicize the project and seek out participants. In order to
participate in the study, parkinsonian individuals must have been:
a. Free of any additional musculoskeletal or neurological concerns which would
affect their capabilities to perform a straight walk or a turn independent of
their primary diagnosis.
b. Willing to sign an informed consent form.
c. Able to schedule their time in the lab in accordance within an hour of taking
their medication, if they regularly took medication.
d. Able to complete our course without a walking aid
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Through controlling medication intake timing, the research team was able to
control for differences in motor capability which may be seen from a participant’s “high”
and “low” points. This one-hour rule has been seen in previous research studies with gait
in PD in an attempt to provide medication control (Rochester et al., 2007; Baker et al.,
2007).
This study is based on a two-group experimental design, with each participant
undergoing the same order of treatments. Each individual completed five trials without
the treatment variable, visual cuing, present, to determine the participant’s normal gait
unaffected about the turn. Subsequently, each individual was presented with the treatment
variable for ten trials and then five more trials with the treatment variable removed. The
ten cued trials allowed for the participant to be given the opportunity to learn the gaze
technique. The five final trials occurred to test whether the participant could retain the
strategy from the cued trials, allowing the study to test if this strategy is learnable.
A fifteen-minute break occurred between the second and third bouts of trials for
each participant. This was to allow for the most affected parkinsonian individuals to be
ensured a built-in rest break. By doing this, it was less likely that some individuals may
be unable to complete the final five trials due to fatigue. Fifteen minutes was determined
to be an appropriate time allowance for individuals to receive adequate rest, while also
not extending the length of time of the laboratory visit beyond the 1-hour rule demanded
to maintain peak medication. The retention trials would still occur while participants were
under their peak medication influence. Healthy, young adults were also given this
mandatory break time to maintain consistency across groups.
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By performing 20 total trials, risks of individuals becoming fatigued was minimal,
while there were still enough trials collected to counteract potential data loss. Discarded
trials were anticipated due to the nature of the instrumentation used within the lab setting.

Instrumentation
All data were collected through the use of an Optotrak 2-camera motion sensing
system (Northern Digital Instruments, Waterloo, ON, CAN). All participants were
equipped with two Northern Digital Instruments Optotrak rigid body structures placed
upon the dorsal surface of each foot. The rigid bodies consisted of triangular-shaped hard
plastic structures affixed to the participant’s footwear with removable zip-ties which
ensured a very tight, but non-permanent coupling between the rigid bodies and the shoe.
For each participant, placement of the rigid body was estimated to be at two eyelets below
the top of their shoe’s lacing. Each rigid body structure was comprised of three
SmartSensor IRED markers defined within a specific localized coordinate system which
is illustrated in Figure 1. The coordinate planes were defined using Northern Digital
Instrument’s software, 6D Architect, which collected and measured the exact distance and
location between each electrode in reference to this localized coordinate system. These
coordinate systems allowed the movement of each rigid body structure to be defined
along three planes of motion.
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Figure 1: Rigid Body structure configuration for feet. Illustrated and pictured. Labels 1,
2, and 3 denote the order and placement of each IRED marker within the localized
coordinate system, as is labelled from the origin.

In order to obtain the necessary data points (heel position, toe position, fifth
metatarsal position), imaginary points were calibrated on each participant. For the
calibration to occur, participants were asked to stand statically, facing an Optotrak camera
array. Using the Northern Digital Instruments digitizing probe, the research team
measured the exact position of the participant’s heel, large toe, and fifth metatarsal of the
left and right foot, respectively. These imaginary points are maintained in reference to the
rigid body structure on each participants’ foot, allowing for accurate measurement to
occur throughout the trial without being limited by the Optotrak field of view. Each
sensor produced a strobe at a frequency of 3000Hz, while the two Optotrak cameras
sampled at a frequency of 120Hz. The two Optotrak 3D Investigator camera arrays
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measured the placement of each marker within a 0.48mm margin of error. From this data,
step placement, width, and double support percentage would be calculated.

Laboratory Design
All participants were examined while completing a 90° left turn around a
simulated hallway corner, depicted in figure 2, using a predefined step-turn strategy for
rounding the corner, depicted in figure 3. Twenty trials in total occurred, in batches of
five, ten, and five. This flow is illustrated in figure 4. Each trial was comprised of the
participant approaching the corner of the simulated wall when signaled by the research
team, rounding the corner, and continuing to the end of the course. The entire distance
walked for each trial by each participant was maximum of 3.7 m before the corner, 2.3 m
after the corner. The start line varied for each participant depending on their individual
gait tendencies to ensure that the predefined turning strategy could be executed
comfortably. Adjustments were determined through a practice trial prior to baseline trial
collection.
Each participant completed the turn at a self-selected pace. Once signalled by the
research team, the participant was allowed to return to the start point of the course to
await a signal to initiate the subsequent trial.
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Figure 2: Diagram of simulated hallway. Thin, black lines are guidelines clearly marked
on the floor of the laboratory area. Cue 3 is pictured.
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Figure 3: Flowchart depicting experiment procedure

Experiment Procedure
Prior to data collection, every participant performed a practice run of the course to
determine where the research team would need to place their start line. It was necessary
for each participant to start at a point that allowed them to naturally enter the turn with
their left foot.
Three groupings of trials occurred in succession. The flow of a participant’s visit
is depicted in Figure 4. The first batch of five trials, dubbed “Baseline Collection,” or
“Pre-cue” occurred without visual cues present. The second group of trials (ten) occurred
with the visual cues present upon the laboratory wall. The participant then paused for a
fifteen minute break before initiating the final five “retention” trials, where the cues were
removed from the environment once more.
The research team initiated each trial with the same statement:
“Waking the sensors … Good to go in 3, 2, 1, go.”
Four visual cues, measuring 30.48cm width by 43.18cm length, used. This size
was determined to be large enough to be eye-catching for the participants, while still
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reasonable to create and print. These cues were placed at a height of 144.78cm from the
ground on the laboratory wall. The first and final cues were placed at 0 and 90 degrees
relative to the center of the simulated hallway corner. The second and third cues were
placed numerically from right to left between the first and fourth cue, creating a visual
pathway for the participant to follow. Refer back to Figure 2 for reference.

19

Figure 4. Diagram of stepping strategy during trial. IFC1, CFC, and IFC2 labelled
respectively. Direction of travel indicated by arrows.

Immediately after the cues were properly placed, the participant was asked by the
research team if they were prepared to continue. If the participant indicated fatigue, more
rest was given until the participant was comfortable to proceed. Prior to the first trial of
the cued condition, the research team instructed the participant:
“Complete the course as you did in the first trials. Look at the cues as they
become visible numerically. The first cue is already visible, when the second cue
becomes visible, look at it, likewise the third when it becomes visible, and finally
the fourth.”
If the participant asked for further clarification, the research team was allowed to clarify.
With initiation by the research team, the participant completed ten consecutive trials.
After the tenth trial of the second set, the participant was seated to the side of the course,
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and the cues were removed from the environment. The participant then completed a
mandatory fifteen-minute break.
The last set of trials measured retention of the cued effects. The cues were
removed from the environment immediately after the completion of the ten cued trials.
Otherwise, each trial’s procedure was identical to the previous trials. The research team
indicated to the participant to “Continue around the corner as you best see fit.” After five
trials were collected, the research team removed all equipment from the participant. The
participant was ensured to be comfortable and this marked the completion of data
collection.
Turn Procedure
All participants were instructed to perform the same turning strategy across all
trials. The stepping strategy ensured that foot placement across trials would ensure for
consistent data analysis. Three distinct steps were used to define the parameters of the
turn, as illustrated in figures 4 and 5. Each turn was initiated by an ipsilateral foot contact
(IFC1). Subsequent contact of the opposing right foot was defined as contralateral foot
contact (CFC). Following CFC, the second contact of the ipsilateral left foot is was
defined as IFC2. This contact defines the end of the turn. Figure 5 gives visual reference
to this step sequence.
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Figure 3: Demonstration of stepping strategy within the actual laboratory setting. From
left to right, IFC1, CFC, and IFC2.

Any trials performed which did not meet the above prerequisites were determined
to be failed trials and performed again. All participants prior to their first trial were
instructed on the necessary steps to be taken.
Data Analysis
Time points for first and second ipsilateral (left) foot heel contact and
contralateral (right) foot heel contact were calculated. These values were calculated by
identifying the cell in which velocity of the respective heel point became positive. A
graphed example of this event is illustrated in figure 6. These calculations were
performed in Microsoft Excel (Microsoft Corporation, Redmond, Washington, United
States). Velocity was calculated through the use of the following equation:
V = (di2-di1)/120
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Where variable V is velocity, di2 is the position of the sensor at any given time point, and
di1 is the position of the sensor at the time point immediately preceding d i2. The Optotrak
system collects at a frequency of 120 frames per second, thus giving the formula a time
interval of 1/120.
Velocity was then graphed against time to determine the point at which heel
contact occurred. This point was defined to be the corresponding X-axis (time) coordinate to the point at which the heel sensor velocity intercepts 0. This has been used in
previous studies to define heel contact (Reed-Jones and Vallis, 2007). Missing data points
from the Optotrak data files were interpolated to maintain the curve of the graph unless
the missing points encompassed heel contact or toe off. In this case, the trial was deemed
unusable and excluded from further data analysis. Trials were also excluded when
missing data exceeded 30 frames, or 0.25s.
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IFC Heel Z Velocity
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0
-0.02

1
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-0.04
-0.06
-0.08
-0.1

Figure 4: Sample graph illustrating time point with circles at which heel contact occurs
for IFC1 and IFC2.

Step Length
To perform step length (SL) calculations, time points of IFC1 and CFC heel
contacts were calculated. The position of the ipsilateral heel sensor at IFC1 was recorded,
as was the contralateral heel sensor at CFC. The time point of heel contact was
determined through 0 velocity crossings of the heel sensors. The antero-posterior
displacement between these two markers at the two time points was then calculated to
measure SL. Trials were then averaged for each category of trials for each participant.

Step Width
Similarly, step width (SW) calculations first required the IFC1 and CFC heel
contact time points, as measured through velocity 0 crossings. The mediolateral distance
between IFC1 and CFC heel sensor readings of the ipsilateral and contralateral feet,
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respectively, was measured. If step width was measured to be a negative value between
IFC1 and CFC, the trial was determined to be a “cross-over” turn. These trials were
omitted from analysis. This exclusion of trials served to provide an objective judgement
to ensure all turns followed procedure.

Double Support Percentage
Toe-off of the ipsilateral and contralateral foot contacts, in addition to the
previously calculated heel contacts, were calculated through the use of velocity 0
intercepts. When velocity of the toe sensor was determined to have crossed from a
negative to a positive value, this was defined to be the time at which the toe-off event
occurred. To calculate double (DS%) of the participants’ stride, heel contact times of
IFC1, CFC, and IFC2 as well as toe off times of IFC1 and CFC were calculated for
analysis.
The participant’s full stride was defined to be from heel contact of IFC1 and heel
contact of IFC2. The total time that this was measured to take was determined to be the
total stride time. DS% would then be expressed as the percentage of the total stride time.
Double support % (DS%) was calculated by finding the time points of IFC1 heel
contact (IFC1 HC) and toe off (IFC1 TO), and toe off of the contralateral foot (CF TO)
and heel contact of CFC (CFC HC). With these four points, it was also necessary to
provide the stride time (from IFC1 heel contact to IFC2 heel contact) to determine the
ratio of DS% to single support. All calculations occurred within Microsoft Excel using
the following formulae:
DS = [(CFC TO – IFC HC) + (IFC TO – CFC HC)] / Total Time
DS% = (DS) * 100
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Statistical Methods
A repeated measures ANOVA was performed upon the healthy young adult group
to test for significant effects of visual cueing within each participant. No statistical
analysis was performed upon the Parkinsonian same as the group size was deemed too
small (n=4).
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RESULTS
The purpose of this study was to examine the effects which discrete visual cueing
has on the step length (SL), step width (SW), and double support % (DS%) in
neurotypical healthy, young adults (HYA) and persons with Parkinson’s disease (PD).
The original hypothesis stated that if cues were present in the environment, participants
with PD would display an increased SL, decreased SW, and decreased DS%. HYA were
anticipated to not show a significant change in any of the three dependant variables in the
presence of cues. For organization, the results chapter is organized by participant group,
and then by variable.
Generally, the findings of this study indicate that step length and step width
slightly increase at non-significant levels with visual cueing in neurotypical young adults.
Statistical significance analysis was performed on the HYA data, and found no significant
effect (p < 0.05) of cuing upon this sample group in SL (p = 0.919), SW (p=0.588), or
DS% (p=0.394). Table 1 describes the mean gait parameter findings of the seven HYA
measured. SL values increased nonsignificantly relative to baseline testing in the cued
condition before decreasing in the retention stage of trials. Conversely, SW showed a
nonsignificant increase with cuing compared to baseline, and again with retention
compared to cuing. DS% did not change between pre cue and cued conditions, but
decreased nonsignificantly during the retention trials. SS% followed an inverse pattern.
The values of the Parkinsonian participants were analyzed individually to
determine effects of cueing upon each individual. Two of the four participants showed an
increase in SL in the cued condition compared to pre-cued conditions, which continued
through the retention trials. One participant showed a decrease in SL when cues were
added to the environment, and a final participant showed an increase in SL during their
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retention trials, but not when cues were added to the environment. Conversely, a split in
increase versus decrease was seen among participants in regards to SW. Two participants
saw an increase, while the remaining two saw a decrease in SW in the presence of cueing.
DS% showed two participants increasing their DS% in the presence of cuing, while two
decreased their DS%.
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Healthy Young Adults
Table 1.
HYA Demographics
Age (mean in years)

Sex

22.3

Male

4

Female

3

Note. n = 7
The healthy young adult sample was comprised of 7 individuals (n = 7). Of these
7, 4 were male and 3 were female. The mean age of these participants was 22.3 years old.

Table 2.
Gait Parameters of HYA
Variable

Results

P Value

Pre

Cue

Retention

Step Length

62.7  6.4

63.7  4.9

63.0  9.7

0.919

Step Width

18.5  15.9

20.1  12.3

24.9  14.8

0.588

Double Support %1

22.4  7.3

22.4  8.2

20.9 8.2

0.394

Note. p > 0.05 not significant.

Step Length
Step length data was calculated by measuring the antero-posterior distance in heel
contact points of IFC1 and CFC. Average HYA step length were 62.7  6.4 cm during
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the pre-cued condition. During cueing, the average step length were 63.7  4.9 cm.
Retention trials were 63.0  9.7 cm. An ANOVA comparison was performed upon the
averages of each condition within each participant. This analysis found a significance
value of p=0.919. This shows that the main effect of cueing was non-significant. The
graphical averages of each condition are illustrated in figure 7.
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Figure 7. Bar graph depicting change in HYA mean step length across conditions.

Step Width
As with SL, SW data was calculated by measuring the difference in distance
between IFC1 and CFC. Instead of antero-posterior distance, step width calculations
involved measurement of the mediolateral distance between heel markers of each step.
Mean values for the pre-cued condition were 18.5  15.9 cm. The cued condition average
results were 20.1  12.3 cm. The retention average results were 24.9  14.8 cm. A
significance value of p = 0.588 was found. These values were not determined to
demonstrate a significant effect from the cued condition. The illustrated results of HYA
step width is presented in figure 8.
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Figure 8. Bar Graph depicting mean HYA SW across conditions.

Double Support %
Double support % is expressed as a percentage of the total stride time (IFC1 HC
to IFC2 HC). Average DS% for HYA in the pre-cued condition was 22.4  7.3 %. For the
cued condition, the average was 22.4  8.2 %. For the retention condition, the average
was 20.9 8.2%. The resulting p value = 0.394 for DS%. This determines that DS% did
not change significantly in the presence of cueing.

32

HYA Support Distribution
100%

90%
80%
70%
60%
50%
40%
30%
20%
10%
0%
Pre

Cue
SS%

Retention

DS%

Figure 9. Bar graph illustrating the distribution of mean SS% and DS% throughout each
three conditions for the HYA group.

33
Parkinsonian Individuals
Table 3.
Parkinsonian Demographics
Participant

Age (Years)

Sex

Years since
Diagnosis

Hoehn and
Yahr Stage

1
2
3
4

41
50
73
68

Female
Male
Female
Male

4
9
5
7

2
2
3
1

The Parkinsonian sample was comprised of 4 individuals. 50% of the individuals
were male (n = 2) and 50% of the individuals were female (n = 2). The participants’ ages
ranged from 41 years to 73 years, with a mean age of 58 years. The participants’ years
since diagnosis ranged from 4 to 9, with a mean of 6.25. The participants’ Hoehn and
Yahr stages ranged from 1 to 3, with a mode of stage 2.

Step Length
Results were analyzed by participant rather than as a group. Participant 1 had
average values of 57.5  17.12 cm, 63.6  15.6 cm, and 63.7  15.7 cm for pre cued,
cued, and retention conditions, respectively. Participant 2 was found to have values of
61.6  10.5 cm, 69.0  7.0 cm, and 65.7  2.0 cm. Participant 3 was found to have values
of 60.7  19.8 cm, 51.1  10.6 cm, and 48.9  7.7 cm. Participant 4 reported values of
67.1 cm, 65.4  14.7 cm, and 84.9  19.1 cm for the respective conditions. Participants 1,
2, and 4 appeared to show an increase in step length after cues had been presented.
Conversely, Participant 3 did not.
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Figure 10. Bar chart illustrating each Parkinsonian participant’s step length across
conditions.

Step Width
Participants 1 and 2 showed a reduction in step width. Participant 1’s pre cued
values were 44.9  3.2 cm, cued were 38.8  3.4cm, and retention were 38.2  3.9 cm.
Participant 2’s values were 32.8  2.5 cm, 28.2  4.0 cm, and 26.5  4.4 cm over their pre
cued, cued, and retention trials. Conversely, Participant 3 and Participant 4 responded
with an increase in step width after being presented with cues. Participant 3’s values were
22.1  9.6 cm, 35.9  3.1 cm, and 34.8  2.5 cm, respectively, while Participant 4
reported 33.6 cm, 41.6  1.0 cm, and 41.0  1.0 cm across the three conditions. This is
illustrated in figure 11.
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Figure 11. Bar chart illustrating each Parkinsonian participant’s mean step width values
across each condition.

Double Support %
Participants 1 and 3 appeared to show a slight increase in DS% in the presence of
discrete visual cues. Participant 1 displayed a pre-cue DS% of 18.1  3.0 %, a cued DS%
of 25.1  11.6 %, and a retention DS% of 24.1  10.5 %. Likewise, Participant 3 had a
pre-cued value of 19.7%, which then increased to 33.5  8.2 % during cued trials and
24.4  4.3 % during retention trials.
The other two PD participants, Participants 2 and 4, displayed a decrease in DS%
when presented with visual cueing. Participant 2’s DS% was observed to be 36.7  2.8%,
33.0  3.5 %, and 37.3  3.3 %, for pre cued, cued, and retention conditions. Participant 4
was recorded as having 47.9% pre cued, 42.9  7.2 % during cued trials, and 41.8  9.4%
DS% during retention trials.
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PD Support Distribution
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Figure 12. Bar graph depicting distribution of SS% and DS% across each trial condition
for each participant. Standard deviations are depicted where applicable.
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DISCUSSION
The primary aim of this project was to determine whether, and to what extent, the
presence of discrete visual cues affected gait parameters of individuals performing a 90
left turn. It has been determined through previous research methods that increased DS%
and decreased SL are established indicators of inefficient gait patterns. Because of
instabilities present in turning, inefficient gait can have catastrophic effects on an
individual’s safety and heighten risks of falling. As a hypokinetic disorder, motor control
and turns in Parkinson’s disease have been found to be slower, with shortened steps and
increased DS% (Stack and Ashburn, 2008). This leads to decreased stability and gait
efficiency as well as increased risks of falling. Visual cues have been shown to increase
step length and decrease DS% (Spaulding et al., 2013). Determining whether discrete
visual cues affect individuals’ gait parameters may provide a basis for future
rehabilitative strategies to increase safe mobility of Parkinsonian individuals.

Does Cueing Present a Change in Gait Parameters?
Healthy Young Adults Sample
The initial hypothesis that this project was based upon was organized into two
participant groups. The healthy young adult control sample was not anticipated to display
a significant difference in their gait parameters throughout a turn as they do not possess
any symptoms of deficiency. This hypothesis was supported through results of all three
variables. Slight variations were seen between trial conditions in SL, SW, and DS%.
However, through statistical analysis, it can be determined that these variations were not
significant. These differences seen may just be fluctuations in performance across the 20

38
trials, rather than caused by the presence of visual cues. These fluctuations are a natural
part of human movement, as no two motions will be the exact same.
First, SL values did not show a consistent increase or decrease across the seven
HYA participants. This indicates that HYA do not lengthen their stride when presented
with our visual cues. This could be because HYA use a saccade-initiated cranio-caudal
steering synergy, as supported by literature (Reed-Jones et al., 2009b), to perform the 90
turn. Previous research has also found that healthy individuals determine the most
efficient foot placement to safely navigate a turn (Patla et al., 1999; Ambati et al., 2013).
Without neuropathies present to negate this capability, it is possible that our findings
represent a ceiling effect. The gait parameters that HYA adopt around a turn are already
highly sufficient. Therefore, the addition of cues to the environment do not change the
gait outputs of HYA to increase stability. The data across the pre, cued, and retention
trials also appear to show that the presence of cues do not provide a destabilizing effect
on HYA gait.
SW results in the HYA group did not show a significant difference after the
ANOVA analysis was performed. There was a slight nonsignificant increase in average
SW values from pre-cued (18.5  15.9 cm), to cued (20.1  12.3 cm), to retention trials
(24.9  14.8 cm).
DS% also did not display a significant effect from cueing within the HYA sample.
This was anticipated and may be explained similarly to the HYA SL results. The HYA
perform a DS% typical of regular gait, 22.4  7.3 %. Past literature has determine that
DS% takes up 20% of the total stride of a typical young adult individual (Murray et al.,
1984). Therefore, our HYAs seem to have adopted a typical gait pattern throughout the
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turn, whether presented with cues or not. This is in itself significant, as it confirms that
the presence of our cuing does not provide a negative effect on an individual’s gait
efficiency.

Parkinsonian Sample
This project initially anticipated three effects of visual cuing to be illustrated
through the PD sample’s results. These effects were laid out in the project’s purpose. Our
initial hypothesis predicted that SL of the PD individuals would increase while SW and
DS% would decrease when the visual cues were present. These would all be considered
potential improvements on gait progression and stability by our participants. Due to the
small sample size, data analysis was performed by comparing the effects that the visual
cues had between conditions, within participants. The strongest results were seen within
SL, while SW appeared to increase or decrease equally across participants. DS%
maintained consistency throughout trial conditions.
It is important to remember when interpreting gait data for this PD sample that
each individual’s results vary with respect to his or her disease progression. In order to be
included in the study, all participants passed the study’s exclusion criteria as laid out in
the methodology. As such, it is inappropriate to draw conclusions from this group as a
whole. Rather, this sample will be interpreted by gait parameter and then by participant.

Step Length: As illustrated in figure 10, three participants appeared to display an increase
in their SL when presented with cueing, while one participant showed a decrease.
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Participants 1 and 2 showed an increase in step length when cues were present,
which continued into their retention trials in comparison to their baseline values. These
results are consistent with both previous literature (Chen et al., 2016; Spaulding et al.,
2013), as well as with the initial hypothesis put forward by this project. Because both
participants maintained an increase in step length throughout the retention trials, it
appears that learning took place during the cued trials, leading to a modified gait pattern.
Similar results were found within PD individuals by Morris et al. (1996) where after
being presented with visual cues within the environment, step length increased and
remained consistent during retention testing. Morris et al. (1996) also determined that gait
hypokinesia occurred due to an inability to fully procure a motor signal through the
Parkinsonian’s damaged motor system. Visual cueing may help by bypassing this block.
With this in mind, it appears that our data is consistent with these findings.
Participant 4 also showed an increase in SL after being presented with visual cues.
Counterintuitive to participants 1 and 2, however, Participant 4 expressed their increase
during their retention trials rather than the cued trials. This shows that this individual did
not see a significant change when actually presented with visual cues. It is likely that the
results seen are demonstrative of this particular individual’s experience in the laboratory,
not of an overarching trend caused by the presence of visual cues. Fluctuations were
expected to be seen in each individual’s response to cueing, which Participant 4 is an
effective example of.
Participant 3 also showed results contrary to what was hypothesized. Participant 3
showed a decrease in SL in response to cuing. This participant provides an interesting
point of view upon our study, as the presence of visual cues appear to provide additional
instability to their gait. It could be possible that the cues were perceived by the participant
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to be a second cognitive task in addition to completing the turn. Literature has shown that
additional demands to attention lead to decreased step length (Rochester et al., 2004).
However, it is also quite likely that this participant is expressing their individual response
to cueing. It is possible that the presence of cues would not be a useful strategy to
improve this particular individual’s gait pattern.

Step Width: The SW of each participant did not prove to show as strong results as SL.
Participants 1 and 2 appeared to show a decrease in SW, while participants 3 and 4
showed an increase. Step width variations are closely related to balance control during
gait, with a direct effect on an individual’s base of support (Gabell & Nayak, 1984). Our
findings here appear to support the conflict of philosophies regarding step width’s role in
gait rather than pointing to any solution.
Participants 1 and 2 displayed a decrease in SW when presented with our visual
cues. It is possible that the visual cues produced a behavior which overcame the
hypokinetic deficits of participants 1 and 2. As such, it appears that the increased SW
represents an increase in overall movement amplitude (Morris et al., 1996), particularly as
both participants 1 and 2 also saw an increase in SL in the presence of cueing compared
to their baseline tests.
Conversely, Participants 3 and 4 showed an increase in SW when presented with
cues as illustrated in figure 11. It is possible that these two participants, when presented
with a task demanding their attention – “Look at the cues as they become available,”
devoted more cognitive attention to following the instructions than to their gait, compared
to participants 1 and 2 (Stuart et al., 2017). Thus impacting their postural control
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capabilities and increasing SW to compensate for this (Espy et al., 2010; Fukagawa et al.,
1995). Previous research by Reed-Jones and Powell (2017), has shown that fixating
Parkinsonian gaze on a target while performing straight gait significantly increases step
width variability. It is possible that the position of our first cue, which the participants
were told to look at while approaching the turn, leads to an increase in SW.
As multiple steps were not measured for SW throughout the turn, SW variation
was not measured. This measurement would be useful for determining even stronger
evidence of fall risks within our participants (Brach et al., 2005; Hollman et al., 2011).

Double Support %: DS% across all PD participants was noticeably higher than that of
healthy controls. This was expected to occur for this population sample as the hypokinetic
properties of PD lead to reductions in velocity (Hong et al., 2009) which subsequently
begs an increase in DS% to compensate (Hollman et al., 2011).
When presented with cues, participants 1, 2, and 4 showed negligible change in
their DS% compared to their pre-cued values. As such, our cues did not appear to cause
an effect on this parameter of gait. However, participant 3 showed slightly more
difference between trial conditions, with an increase in DS% shown in the presence of
cuing. During the retention trials, when cues had been removed from the environment
once again, the DS% of participant 3 decreased. It appears that the presence of cues had
an effect on the DS% of this individual which was then removed when the cues were
taken away. This is interesting, as this may show that there is an unintended effect of our
cueing that is having a destabilizing effect on this participant.
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Limitations
The limitations of this study include design, sample size, technology, and human
error. With a larger sample size, greater conclusions could be drawn and statistical
analysis could be performed on both groups. There was also a loss of data due to the
nature of the Optotrak Motion Sensing system. Initially, 17 healthy young adults were
brought into the lab for testing. Due to data loss, only 7 were retained as 10 individuals
had lost one of the three condition categories. Trials would be considered discarded if
data was missing about heel contact or toe off of any of the three steps. Without these
trials, the precision of these results may be limited. The PD participants saw almost total
data retention, however at least 1 trial was discarded for each condition for each
participant.
There is also a limitation to this study in the category of human error. The
velocity 0 crossing intercepts were calculated by one researcher. It is possible that
miscalculations may have occurred, and heel contact or toe off times may have been
inaccurate by a small range of frames.
This study also did not measure step width variability, thought to be a determinant
of fall risks. This measurement may provide greater insight into the usefulness of these
discrete, visual cues to increase the efficiency and safety of PD individual’s gait while
performing these turns.

Future Directions
This study elicits some results which are deserving of further thought. With a
greater sample size, it would be possible to determine whether the presence of our visual
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cues truly elicits an increase in SL. Our current findings appear to suggest this is true. If
so, then this study may have an impact on gait therapy strategies of Parkinsonian
individuals who experience reduced SL. Advising these individuals to select visual cues
from their surrounding environment when completing turns may assist in correcting SL
deficits.
This study only examined left-hand turns. Through our review of previous
literature, it was determined that negligible differences would be seen between left or
right turns in Parkinsonian individuals. However, it would be prudent to perform future
studies on right and left-hand turns, randomly blocked to confirm that no difference
would be seen when using our cues across directions.
The interplay between benefits of our visual cues and the demands of providing a
secondary cognitive demand to a PD individual during the turn would also be an
intriguing area for future research to investigate. Situations which these individuals live in
outside of our research space demand more than just one task at a time to be completed.
For example, a busy street or mall with numerous conversations taking place around the
individual may provide extensive attentional demands. Determining whether the addition
of focusing upon visual cues benefit or hinder the individual may provide important
information for future therapy strategies with PD individuals.
It would also be prudent to measure SW variability within the presence of these
cues. Measuring steps entering and leaving the corner may be an appropriate strategy to
do so, and may produce greater information on the stability of gait throughout these turns.
Finally, it would be of interest to compare gait parameters with intersegmental
rotation values of the upper body throughout our course. This would help fill a gap in the
current literature investigating the effects of a saccade-initiated cranio-caudal turning
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synergy with gait parameters such as step width, length, and double-support %. This
could provide a direct link between this synergy and fall risks associated with stability
across numerous populations, and not exclusive to PD.
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CONCLUSIONS
The objectives of this study were to determine if, and to what extent, presenting
discrete visual cues would affect gait parameters of individuals about a 90 left turn,
examining PD and HYA sample groups. It was hypothesized that healthy young adults
would not experience a significant effect from these cues, serving as a baseline measure
of the effect of our cues. Conversely, it was hypothesized that Parkinsonian individuals
would display an increase in step length and a decrease in both step width and double
support percentage, indicating a more stable and efficient gait pattern when cues were
made present.
There was no significant change in the presence of cuing across our 7 HYA
participants, confirming no detrimental effects of our cues. The 4 PD participants to date
showed evidence that visual cues do increase SL and SW in PD individuals, but does not
affect DS%. This increase in SL and SW gives support for the future use of these visual
cues to allow PD individuals to improve their gait patterns. Performing more efficient and
stable turns.
These findings could provide preventative strategies to improve turning, allowing
these individuals to maintain their independence and mobility for longer by reducing their
risks of falling. It is not difficult to imagine the impact that one bad fall, potentially
caused by inadequate gait about a turn, may have on an individual’s quality of life. More
research is necessary to improve the strengths of the trends which we have seen.
However, it appears that providing discrete, visual cues is a simple, relatively easy to
implement strategy to improve PD individual’s SL and SW.
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