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Abstract—In this study, adults with Parkinson’s disease (PD)
used virtual cueing spectacles (VCS) mimicking kinesia para-
doxa in home and community settings to assess the impact on
mobility and participation. We used an ABA single-subject
design with repeated measures. Six adults with PD, akinesia,
and stage Il or 1V Hoehn and Yahr rating scale status used
VCS in their homes and communities for a week or more. Our
main outcome measures included participant counts of losses
of balance and freezes, pre-/postintervention completion of the
Parkinson’s Disease Questionnaire-39, observation of baseline
and intervention gait, and an interview regarding user satisfac-
tion with VCS. We also assessed participants’ preuse baseline
and return to baseline. Use of VCS decreased length of freezes
as well as number of freezes for some participants. All partici-
pants expressed satisfaction with VCS. VCS shows promise in
simulating kinesia paradoxa to improve the gait of some adults
with PD in the home and community.

Key words: accidental falls, activities of daily living, assistive
technology, community participation, cues, equipment and
supplies, festinating gait, gait apraxia, kinesia paradoxa, mobil-
ity limitation.

INTRODUCTION
Parkinson’s disease (PD) is a chronic and degenera-

tive neurological disorder that leads to performance
changes that affect an individual’s ability to stay active.
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PD results in severe disability in approximately 1 percent
of people over the age of 60 [1-2], including veterans.
The Department of Veterans Affairs treats an estimated
40,000 veterans with PD each year [3]. Akinesia, which
typically occurs about 10 years after onset [4-5], is one
of the most debilitating symptoms of PD. Studies report
prevalence of akinesia ranging from 32 [4] to 60 percent
[6] among people with PD.

Akinesia is noted most prominently in the gait pattern
of the person with PD. Akinetic gait is seen as a series of
shuffling steps with reduced step length [7-8] and some-
times includes moments when movement ceases com-
pletely. These moments are referred to as “frozen gait,”

Abbreviations: ADL = activities of daily living, IADL = instru-
mental ADL, LOB = loss of balance, MMSE = Mini-Mental Sta-
tus Examination, PD Parkinson’s disease, PDQ-39
Parkinson’s Disease Questionnaire-39, VCS = virtual cueing
spectacles.
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which is generally described as feeling as if the feet are
glued to the floor [4,6,8]. Freezing is most common in ini-
tiating gait, turning, and walking through doorways or nar-
row spaces [2,4-6,9-10]. In addition to physical location,
freezing is influenced by the person’s emotions, appearing
more frequently in times of distress [9] or when the person
is attempting complex tasks, such as doing two things at
once [10]. Freezing gait also increases the risk for falls [1—
2,5,9]. Gray and Hildebrand examined 118 people with PD
and found that freezing “. . . is closely linked to reports of
falling. Of patients with occasional or frequent episodes of
freezing, 80 percent experienced falls” [1, p. 224]. Greater
depression and lesser quality of life [11] are also found
among those who have a history of falls, gait disturbances,
and akinesia and rigidity [12], especially if they subse-
quently experience further decline in physical mobility,
emotional reactions, pain, and social isolation [13].

Sensory Cueing to Overcome Akinesia

People with akinesia due to PD often continue to
experience gait impairment even with current medical
treatments [8,14]. As a result, nonpharmacological
approaches are needed for akinesia, including the use of
external sensory cues to help the person initiate or main-
tain movement. People with PD use a wide variety
of techniques to overcome akinesia, including being
pushed, marching to a cadence, rocking the body, walk-
ing over objects, and walking to music, but over time
these strategies lose effectiveness [15]. Little research
has examined the effects of auditory or tactile cueing
strategies. Research on the use of auditory cues, such as a
metronome, has found that these cues can positively
affect gait initiation and maintenance [16], as well as gait
cadence [17], but when used alone or in combination
with visual cues results are mixed [18-19]. Most of these
studies have been conducted in laboratory environments.
The effects of auditory cues in the community and their
long-term effectiveness have not been examined.

In contrast to auditory cueing, more research has
been conducted on the use of visual cueing to overcome
akinesia. External visual cues are tried most often to cre-
ate a phenomenon known as kinesia paradoxa that has
been well documented in the literature [2,7-9,19-20].
People with akinesia who demonstrate kinesia paradoxa
are observed to walk with visual cue patterns, such as
over obstacles in their path or up stairs, with significantly
reduced shuffling and freezing gait [2,7,9-10,19-20].

Until now, researchers have found that visual cues
must be affixed to or projected on a surface. As a result,
nearly all the studies involving kinesia paradoxa have
been conducted in the laboratory environment. Dietz et
al. tested the use of a modified walking stick that pro-
vided horizontal visual cues as a way of overcoming this
limitation [9]. While participants reported effective com-
munity use, the researchers did not observe this because
the study was conducted within a laboratory setting.
Kompoliti et al. tested the use of a modified inverted
stick as a visual cue, as well as a projected laser beam
stick to overcome gait freezing in a laboratory setting
[21]. They found inconsistent results across patients with
PD and suggested that only some might benefit from
long-term use with supervised training.

Some researchers have examined the lasting effects
of visual cues on the gait of people with PD. In a case
study by Sidaway et al., the gait speed, step length, and
lower-limb kinematics of a woman with PD were mea-
sured at baseline, with visual cues, and after removal of
cues on a laboratory walkway [22]. The woman studied
continued to show improvement in gait 1 month after the
visual cues were no longer used. Changes in community
mobility were not reported. Most other researchers have
reported that when the cues are removed, shuffling steps
and frozen gait reappear [10]. Because of the need for a
physical surface on which to place visual cues and
because most evidence indicates that the effects of kine-
sia paradoxa do not last after the removal of visual cues,
the functional usefulness of this phenomenon to the lives
of people with akinesia has been limited.

Virtual Cueing Technology

Recently, the Human Interface Technology Laboratory
at the University of Washington (Seattle, Washington), in
conjunction with HMD Therapeutics (San Anselmo, Cali-
fornia), designed a pair of spectacles that provides visual
cues in a format that can be taken into many environments,
including the community [23-24]. These spectacles consist
of a light-emitting diode display on one side that generates
a series of horizontal lines that are reflected off a lens into
the wearer’s eye. Thus, when the wearer is looking at the
ground, the lines appear to be on the walking surface in
front of the user. The spectacles can be used to simulate the
use of external visual markers in laboratory, home, and
community environments. This format, described by
Riess as a “central field cueing device” [24], has been
incorporated into testable prototypes by Enhanced Vision
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Systems (Huntington Beach, California) under a licensing
agreement from HMD Therapeutics. In this report we refer
to these prototypes as “virtual cueing spectacles” (VCS).

Functional impact from use of the device has begun
to be explored. Prothero studied gait effects of an earlier
VCS prototype [25]. A 6.4 percent improvement in stride
length was found when two adults with PD used the VCS
in a laboratory setting. A more extensive laboratory-based
study was conducted by Weghorst and Kaminsky, who
assessed 52 participants walking a 15-foot path naturally
(with no visual cues) with physical markers and with the
VCS [26]. A significantly longer step length was seen
when participants used physical cues than when they
walked naturally, supporting the presence of kinesia para-
doxa. Subsequently, these participants walked with a sig-
nificantly longer step length when they used the VCS
than when they walked naturally, demonstrating that the
VCS improved participants’ gait in this laboratory setting.

A need still exists for assessing the functional impact
of VCS in natural settings and the community. The pur-
pose of our study was to assess the impact of the VCS on
the functional mobility of people with akinesia due to PD
in their home and community environments. Our specific
research questions were (1) Do the VCS decrease the
number of losses of balance (LOBSs) or freezing episodes
or the length of freezing episodes? (2) What impact does
the use of VCS have on active versus sedentary life-
styles? and (3) Do users find the VCS helpful in their
home and community environments?

Table 1.
Participant characteristics.

KAMINSKY et al. Virtual cues and PD

METHODS

Participants

Six people with idiopathic PD (Table 1) participated in
a repeated measures ABA (baseline-intervention-baseline)
single-subject research design following procedures
approved by an institutional review board. Each had
changes in gait, with difficulty reported in household and
community mobility. Each participant was recruited from a
pool of people who had participated in a laboratory-based
study of the VCS and expressed interest in future studies.

The PD stage of all participants was determined
through examination and interview by the principal
investigator (TAK) and subsequent use of the five-stage
Hoehn and Yabhr rating scale [27] that demonstrates good
reliability among experienced and inexperienced raters
[28]. Inclusion criteria were a Stage 11l or 1V rating on
the Hoehn and Yahr rating scales and a Mini-Mental Sta-
tus Examination (MMSE) [29] score of at least 27 out of
the possible 30. Hoehn and Yahr Stage Il is character-
ized by unsteadiness when turning or when pushed with
eyes closed. People in Stage 11 are still able to complete
self-care tasks independently. Persons in Stage IV can
walk and stand unassisted, but cannot independently
complete all self-care tasks. The MMSE minimum score
assured cognitive functioning sufficient for use of the
VCS and completion of daily record-keeping. Partici-
pants were excluded if they used a walker for ambulation,
had a gait disorder not attributed to PD, or a visual
impairment that limited their ability to see their feet or
the virtual cues.

Participant Age Sex K?nesia Paradoxa Years with Hoehn & Yahr Residence
in Laboratory PD Dx, Rx Rating
| 72 Female Yes 8, Medication 11 Retirement home
1 49 Male Yes 12, Medication & Bilateral 11 Own home, with daughter
DBS
1l 76 Male No 18, Medication | Own home, with wife &
daughter
v 74 Male Yes 14, Medication & Pending 11| Own home, with wife
DBS
\Y 70 Male No 10, Medication v Own home, with wife &
daughter
VI 50 Female No 16, Medication & Il Own home, with son & his
Pallidotomy left side family

DBS = deep brain stimulation, Dx = diagnosis, PD = Parkinson’s Disease, Rx = treatment.
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Intervention Design and Device

In this ABA design, baseline phases were 7 to
10 days long, followed by planned use of the VCS in the
home and community environments for 10 days and sub-
sequent follow-up without use of the VCS for 1 to
4 days. Enhanced Vision Systems manufactured a proto-
type of the VCS that was available for each participant
(Figure 1). The VCS were programmed for participants
so that when they looked directly at their feet, they would
see stationary horizontal lines of light, like the rungs of a
ladder, on the floor in front of them. As they raised their
heads to look slightly ahead of their feet, the horizontal
lines began to scroll, appearing to come toward them as
they walked. This virtual line provided a “step over” tar-
get as they walked forward. When they looked directly
forward, the light display would turn itself off and would
reappear if participants’ heads tilted downward toward
their feet. The study glasses could be worn over the par-
ticipant’s prescription eyeglasses and use of bifocals
or trifocals did not appear to interfere with the use of
the VCS.

Figure 1.

Prototype of virtual cueing spectacles (VCS) used in study. More
streamlined version is planned for commercial release by Enhanced
Vision Systems (Huntington Beach, California). VCS contain power
source (cell phone battery) on right side. Left side has set of orange
lights, oriented vertically, located near front of glasses. Thin lens in
middle of opening for left eye reflects light from left light source into
user’s eye. Small buttons on left side of glasses used to set speed at
which lights scroll and head-tilt points that trigger lights.

Measures and Data Collection Procedures

Participants were trained to monitor and log LOBsS,
freezing episodes, and participation in activity on a daily
basis. The principal investigator observed participants’
gait once in baseline and once with VCS use. In addition,
participants were telephoned every 2 to 3 days to monitor
data collection procedures. Pre- and postintervention
scores on the Parkinson’s Disease Questionnaire-39
(PDQ-39) [30] were used as outcome measures as well.
Before we began the intervention, we trained participants
in the settings, use, and care of the VCS.

Losses of Balance and Freezing

LOBs were events during which participants had dif-
ficulty maintaining their upright position but were able to
regain their balance before falling. Falls were defined as
times when hands or knees unintentionally came into
contact with the floor or other lower surface. Falls were
counted as LOBs. Freezing episodes were occasions
when participants were unable to initiate or sustain
mobility. We created training videotapes using nonstudy
participants who demonstrated freezing episodes and
LOBs. Participants viewed these videotapes and scored
the number of freezing episodes and LOBs. Training con-
tinued until participants and the investigator reached
95 percent or better agreement about definitions of LOBs
and freezing episodes. A real-time estimate of freezes
and LOBs was conducted as part of the study. This is
described in the “Methods of Analysis” section.

Participants used daily data sheets that showed the
period of time between getting out of bed in the morning
until going to sleep at night to record LOBs or falls and
freezing episodes. Awakenings in the night were dis-
regarded in terms of data collection. Participants recorded
the numbers of LOBs or falls and freezing episodes and
noted where these events occurred. Wrist counters were
provided to the participants to facilitate record keeping.

Activity Level

Participants marked the types of daily activities they
engaged in on a 38-item checklist. Activities on the
checklist included personal activities of daily living
(ADL), instrumental ADL (IADL), and leisure and
social activities.

Parkinson’s Disease Questionnaire and Exit Interview
The PDQ-39 is a 39-item questionnaire that assesses
people’s perceptions about the impact of PD on aspects of
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their lives (i.e., mobility, ADL, emotional well-being,
stigma, social support, cognition, communication, and
bodily discomfort) [30]. Each question rates how often
during the past month (e.g., from never [0] to always [4])
the person experienced an emotion or symptom of PD.
Each subsection receives a separate score scaled from 0 to
100. A higher score indicates a higher perception of diffi-
culty due to PD. Following training on data collection,
each participant completed the PDQ-39 and began the
baseline phase. After the study was concluded, partici-
pants again completed the PDQ-39 and were interviewed
by the principal investigator about the usefulness of the
V/CS and other observations of their own functioning.

Reliability Checks

Interobserver agreement was assessed one time each
during the baseline and intervention phases through
observation sessions. At these times, participants com-
pleted an activity in the home or community, such as a
trip to the grocery store or meal preparation. The investi-
gator observed the participant’s gait characteristics and
counted the number of LOBs and freezing episodes.
These data were compared with the participant’s ratings
for the same period. Interobserver agreement between the
participant and the investigator was assessed one time
each during the baseline and intervention phases. Agree-
ment ranged from 85.7 to 100 percent during both
phases.

Daily data collection procedures and use of the VCS
were also monitored through telephone calls every 2 to
3 days. The investigator answered questions about data
sheets as well as participants’ use of the VCS. If a second
party was present, such as a spouse or caregiver, a proce-
dural confirmation was carried out regarding data collec-
tion and VCS use.

Methods of Analysis

Daily freezing episodes, LOBs, and activity partici-
pation data for each participant were collected from the
data sheets. The investigator determined the amount of
time a participant spent frozen by noting and timing the
participant’s freezing episodes in observed home/
community sessions. The average amount of time spent
in a freeze during the observation session was then calcu-
lated for each participant by dividing the total amount of
time the participant spent in a frozen state by the total
number of freezes observed by the researcher.

KAMINSKY et al. Virtual cues and PD

We graphed and visually analyzed all data by com-
paring baseline data to intervention data, with an empha-
sis on high and low data points and trends within phases
(Figures 2-5). Trend lines derived by split-half analysis
[31] were used to assist in visual analysis, but are not dis-
played because of high variability of data from many par-
ticipants. Pre- and postintervention scores on the PDQ-39
and selected comments from participants during the exit
interview regarding perceived helpfulness of VCS are
reported.

RESULTS

Freezing Episodes and Losses of Balance

No participant appeared to have a worsened gait with
use of the VCS as measured by freezing episodes or
LOBs. One participant, Participant V (Figures 3(b) and
5(b)), had clear and immediate reductions in both freez-
ing episodes and LOBs when he began using the VCS.
These improvements reversed immediately when he
stopped using the VCS. Use of the device clearly affected
the numbers of both freezing episodes and LOBs experi-
enced by this participant, but variability among the other
five participants precluded identification of clear patterns
of effect on either feature of walking.

Several participants showed reduced numbers of
freezing episodes while using the VVCS. Participant | had a
change in her Parkinson’s medications during the baseline
period that may have decreased her number of freezing
episodes each day. When she began using the VCS, she
maintained this decline in freezing, except for one day
when she was ill and had an increase in freezing episodes.
When she stopped using the VCS, she had an immediate
increase in freezing episodes (Figure 2(a)). For Participant
I, after he retrained with the VCS on day 12, his number
of freezing episodes dropped sharply and remained rela-
tively level for the remaining intervention period. His
number of freezing episodes increased again when he
stopped using the VCS (Figure 2(b)). The number of
freezing episodes decreased for Participant 111 during base-
line, stayed low while he used the VCS, and then began
rising when he stopped using the VCS. He had the fewest
episodes of freezing during the intervention period and the
highest during the baseline periods. Participant IV experi-
enced fewer freezing episodes in the intervention period
than during the initial baseline period (Figure 3(a)). Par-
ticipant VI showed a decrease in the number of freezing
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Figure 2.

Daily recordings of freezing episodes for (a) Participant I, (b) Participant Il, and (c) Participant IlI.

episodes after she began using the VCS (Figure 3(c)).
Even with a medication change, use of the VCS appeared
to decrease her number of freezing episodes.

For five participants, the average amount of time
spent in a freezing episode during observed sessions in
the intervention period was shorter than during the base-
line period (Figure 6). Participant 1V did not experience
a freezing episode during either the baseline or interven-
tion observations, so the impact of the VCS on length of
his freezing episodes could not be determined.

The impact on LOB frequency could not be clearly
determined for most participants. For Participants I, 11, 1V,
and VI, the data were highly variable (Figures 4 and 5).

As a result, we could not determine clear patterns of
impact from use of the VCS on LOB. Participant 11l had
only one LOB during the course of the study (Figure 4(c)),
so we could not identify the impact of the VCS on LOB for
this participant.

Gait Change Characteristics

All six participants were observed to have qualitative
improvement in their gait when they used the VCS, includ-
ing larger step length (Participants I, V, and V1), decreased
rigidity during mobility (Participants I, 1I, 1V, and VI),
increased arm swing (Participants Il and V1), and increased
ground clearance with decreased shuffling (Participants 111,
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Figure 3.

Daily recordings of freezing episodes for (a) Participant IV, (b) Participant V, and (c) Participant V1.

IV, V, and VI). Improvements in dyskinetic gait were also
noted with Participants 1l and VI. No change was noted in
tremor in any of the participants.

Activity Participation

We monitored activity engagement daily to assess the
impact that VCS use had on activity participation. Activ-
ity data for five of the participants (I, I, 1V, V, and VI)
were relatively level, which did not clearly demonstrate
either a positive or negative effect of VCS use on activity
participation. Participant 111 showed an increase in inside
activity during the intervention period, but his outside

activity data showed high variability, with no clear pat-
tern based on use of VCS. His total activity slightly
increased during the intervention period, but overall the
VCS did not have a clear effect on Participant I11°s activ-
ity participation. We do not show the activity data graphs
here because we did not see a clear effect of the VCS on
activity participation.

Participants’ Perception of Efficacy

Five of the participants (I, I, 1V, V, and VI) had
improvements in perception of difficulty scores in the
mobility category of the PDQ-39 (Table 2). Other score
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Figure 4.

Daily recording of losses of balance for (a) Participant I, (b) Participant Il, and (c) Participant 11 in applied settings.

changes within each category were variable, with Partici-
pant V worsening in all PDQ-39 categories except mobil-
ity and support and Participants 11l and VI improving in
all categories. The three other participants had variable
declines and improvements.

During the exit interview, all six participants stated
that they felt their mobility was improved with use of the
VCS. Four participants said that they could initiate walk-
ing more easily. Three felt they froze fewer times during
the day and were able to move out of a freezing episode
more quickly. Four felt that the VCS were more helpful
in the community than inside their homes. Two felt the
VCS were equally helpful in their homes and in the com-
munity. Three participants mentioned that the VCS were

especially helpful in doorways and narrow hallways. One
stated that he felt his walking speed was improved with
the VCS, and an additional participant felt he took longer
steps with the VCS. Another participant talked about
using the VCS in a proactive manner, tilting his head to
start the display if he was entering a situation in which he
typically had difficulties. He said that this made him feel
more confident, because he “knew the lines would be
there if needed.” One participant called the investigator
2 months after completing the study and said, “I really
had a bad time after | had to give [the VCS] back and
wished | had them again . . . | feel they’re a good deal.”
These comments indicate that the participants felt that the
VCS helped their functional mobility.
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Figure 5.

Daily recording of losses of balance for (a) Participant IV, (b) Participant V, and (c) Participant VI in applied settings.

DISCUSSION

VCS show promise in simulating kinesia paradoxa
with virtual cues in nonclinical home and community set-
tings. Most participants using VCS spent less time in
freezes and may have experienced fewer freezes. All par-
ticipants reported finding VCS helpful.

Results demonstrate that kinesia paradoxa may now
be a viable community-based treatment for akinesia
through the use of VCS. Virtual cues provide a way for
visual cueing to be portable, allowing people with akin-
esia to take the cues needed for effective mobility into

many settings. This is important because to date no non-
pharmacologically effective and functional way to treat
such individuals has existed, especially in the community.

Limitations

Because this study was conducted over several
weeks, extraneous factors such as medication changes
and illness could not be adequately controlled. The
design attempted to control for such factors through
lengthy baseline and intervention phases of approxi-
mately 7 to 10 days per phase. Nevertheless, lifestyle fac-
tors are difficult to control in community-based studies.
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The participants chosen were all highly active peo-
ple, and as a result, they may not have had the difficulties
with social isolation and sedentary lifestyle that can be a
problem for others in this population. As a result, the
makeup of this participant sample limits generalization to
people with more severe activity and participation chal-
lenges due to PD. While the greatest benefit was
observed in the participant with more severe motor diffi-
culty (Participant V), further application of the device
with more severely disabled individuals with PD is
needed to assess differential effects.

Finally, the same investigator completed all observa-
tions. Reliability checks between the participants and inves-
tigator indicated good agreement (85.7%-100.0%);
however, the investigator alone calculated the length of
each freeze and reliability checks of these data were not
conducted. As a result, ruling out error with this measure is
impossible. In addition, only the investigator made the
observations about changes in quality of gait, although
participant self-reports most often supported those
observations.

Future Research

Replication of this study with more participants with
different levels of physical and cognitive disability due to
PD would be beneficial. In addition, a lengthier study
would help answer questions about the long-term effi-
cacy of VCS. An alternative form of data collection,
besides use of daily activity diaries, would also be benefi-
cial. Wearable technology that can measure different
types of movement for people with PD is currently being

researched [32]. This technology would help provide an
objective and accurate picture of the activity and gait pat-
terns of people with PD.

Improvements in VCS would also be helpful. Since
the test device was a prototype and improvements are
planned, including reducing the overall size and
weight, completion of further studies with future mod-
els is necessary.

B Freezing at Baseline
[] Freezing During Intervention
10 A
8 A
T 61
o
£
Fo4q
2 —+1
0
| Il 1] v Vv Vi
Participant
Figure 6.

Average time spent in freeze during observation sessions for all
participants. Note: Participant IV was not observed to freeze in either
baseline or intervention phases.

Table 2.
Parkinson’s Disease Questionnaire-39 scores.
Participant | Participant Il Participant 111 Participant IV Participant V Participant VI
Category Prestudy Poststudy  Prestudy Poststudy  Prestudy Poststudy  Prestudy Poststudy  Prestudy Poststudy  Prestudy Poststudy
Mobility 70.0 325 375 45.0 35.0 325 20.0 175 40.0 375 40.0 25.0
Activities of Daily ~ 45.8 12.5 20.8 29.2 8.3 4.2 12.5 20.8 50.0 66.7 375 29.2
Living
Emotion 20.8 25.0 45.8 29.2 8.3 8.3 8.3 125 0.0 0.0 375 333
Stigma 12.5 0.0 56.25 31.25 0.0 0.0 25.0 31.25 0.0 0.0 6.25 0.0
Support 0.0 0.0 8.3 25.0 8.3 0.0 0.0 0.0 0.0 0.0 50.0 12.5
Cognition 50.0 43.7 25.0 18.75 12.5 0.0 6.25 12.5 375 50.0 12.5 12,5
Communication 16.7 66.7 25.0 25.0 16.7 16.7 41.7 66.7 41.7 50.0 50.0 41.7
Discomfort 333 16.7 50.0 50.0 8.3 0.0 16.7 50.0 8.3 0.0 50.0 417
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CONCLUSIONS

Effective treatment of akinesia is essential to help
people with PD more fully participate in desired activi-
ties by managing limitations with functional mobility.
This study examined the effects of VCS, a device
designed to simulate kinesia paradoxa in homes and com-
munities. Results were encouraging because VCS
appeared to improve the functional mobility of all six
participants in some way. Future research with new mod-
els of VCS is clearly indicated.
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