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Abstract

Neurogame Therapy as an Upper Extremity Home Pnodpa Persons After Stroke:

A Preliminary Mixed Methods Investigation

Elena V. Donoso Brown

Chair of the Supervisory Committee:
Sarah Westcott McCoy, Professor
Department of Rehabilitation Medicine
This preliminary study was designed to evaluagedifiectiveness and acceptability of
Neurogame Therapy (NGT), an innovative applicatbsurface electromyography (SEMG)
with a computer game, as a home program for pemsiv@sstroke. A concurrent mixed methods
design was used. A repeated measures design testgdantitative outcomes such as sEMG,
kinematics, and activity measures including the M¥dtor Function Test and the Chedoke Arm
and Hand Activity Inventory. Nested one-on-onenvigvs were completed to gather
information on home exercise programs in geneualctional use of the upper extremity, and the
acceptability of NGT. Nine participants completld guantitative portion of the study and ten
completed the qualitative portion. A statisticalgnificant change was found across the
intervention period on one of the surface electrogngphy outcomes, however no changes were

found in kinematic or activity outcomes. The qualite interviews provided in depth



information on upper extremity functional use inlglactivities and home programs, as well as,
information on the acceptability of NGT. Most paipiants found NGT to be motivating and
while most reported no dramatic changes in thgreugxtremity use, some did report small
changes in movement of the affected limb or aneiased awareness and desire to use the limb.
Participants also identified ways to improve NG#@limling more time with the system and
increased clarity in the interface. The combineslits suggest that NGT requires further study
and may benefit from the inclusion of a functioaelivity component that would assist in
generalizing changes at the SEMG level to the fanat level. This preliminary investigation
suggests that NGT is motivating for adults afteolst and acts primarily at the level of SEMG,
at this time. Future studies could investigate:adding a functional activity component to the
program (2) the use of NGT with persons in the apliase of stroke recovery and (3) the nature

of home exercise from the perspective of therapistscaregiver.
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CHAPTER 1
RESEARCH METHODS FOR IMPROVING UPPER EXTREMITY REIBALITATION
AFTER STROKE

The World Health Organization estimates 15 millpgople worldwide experience stroke
each year (World Health Organization, 2004). Inlimited States, stroke is the leading cause of
long-term disability with over 1.1 million strokewivors needing assistance with activities of
daily living (Centers for Disease Control, 2009) alddition, stroke care has a substantial
economic impact with 40.9 billion dollars in direntd indirect costs each year in the United
States (Roger et al., 2011). Therefore, reducirakstrelated disability is a key focus of
rehabilitation research. Upper extremity impairtigat follows stroke can significantly effect
guality of life (Franceschini, La Porta, Agosti,Nassucci, 2010). This makes rehabilitation
research on interventions to improve upper extremitcomes for persons after stroke critical.

Upper extremity rehabilitation is a complex phereoon that requires careful evaluation.
When addressing upper extremity rehabilitationrefteoke researchers will find two separate
yet important sets of questions that need to bevaewesl. One set of questions will aim to
determine the effect of a particular interventiowl focus mainly on outcomes that can be
guantified (Grembowski, 2001). The other set ofsfioms describes and explains certain
experiences, events, or behaviors that influentsgvantions or how they are used
(Grembowski, 2001). These types of questions d@enafonsidered procedural or
implementation questions. In order to answer outcamd procedural questions a variety of
research methods are used.

Research methods can be categorized as beingriyiopzantitative (for outcome

guestions) or primarily qualitative (for proceduoalprocess questions). In this chapter a brief



overview of the quantitative and qualitative resbgraradigms will be described. Furthermore, a
sampling of current research on upper extremigrugntion will be used to exemplify the
methods employed in answering outcome and prockduestions. Finally, the use of both
gualitative and quantitative methods (also knowmased methods) will be discussed as a
strategy to address both outcome and proceduratiqne relevant to the development and
testing of upper extremity interventions.
Quantitative Resear ch Methods

Quantitative methods aim to discover an objeatile that can be applied in multiple
situations (Kielhofner, 2006). These methods witontrolled environments and hypothesis
testing as a means to identify the objective rate.example, in a study of an upper extremity
intervention, the hypothesis may be that the ussnohtervention three times a week will lead to
improved upper extremity function. Using designatatcome measures this hypothesis would
be tested and either found to be supported orupg@ted by the data resulting from the study.
Quantitative research methods intend to creatanaaa@ted environment in which the researcher
can be more certain that their findings are a tesfuheir intervention and not outside factors
(Kielhofner, 2006). While this tightly controllech@ironment provides strong internal validity
allowing one to be more certain of the effect & thtervention, it can decrease the external
validity making the findings more difficult to geradize to the entire population of interest.
Given the philosophical underpinnings of the quatitie tradition, it would seem that this
method is appropriate for answering questionsedl&t efficacy or effectiveness. Efficacy is the
degree to which a program works in a controlletiregt Effectiveness, however, is the degree to
which a program works as intended in a real weeltirsg. Some of the quantitative methods

utilized in upper extremity stroke research inclualedomized controlled trials, crossover



designs, single group pre/post testing, and sigglap repeated measures. These methods and
examples of them will be discussed in conjunctiatih wutcome focused rehabilitation research.
Qualitative Research Methods

While quantitative research methods aim to discavles that hold true across multiple
situations, qualitative methods were developeddbatdifferent philosophical understanding of
the world. Qualitative philosophy posits that eadividual constructs their own reality and
researchers in the qualitative tradition seek terean individual’s or group’s understanding of a
phenomenon while in their natural setting (Cresw&IB8). There are several qualitative
theoretical perspectives (e.g. phenomenologicahagraphy, qualitative description) that can be
used to conduct research on a variety of ques{©reswell, 1998; Sandelowski, 2010). When
looking at the use of qualitative research methodstervention evaluation, Grembowski (2001)
suggests that this perspective can be used to staddrthe meaning, context, and processes of
an intervention, as well as identify potential uaimded consequences or moderating factors.
Qualitative research methods include a varietyeséarch tools to generate data that are different
from those used in quantitative research methogol®gme of these tools include, one-on-one
interviews, focus groups, participant observatang artifact collection (Kielhofner, 2006).
These qualitative methods are used more infrequanthe current rehabilitation research
literature on upper extremity intervention afteoke, potentially due to the rise of evidence-
based practice that places a premium on measutedmoes research (Stolberg, Norman, &
Trop, 2004; Sullivan, 2011).

Outcomes Rehabilitation Research
Rehabilitation interventions for the upper extrgnaifter stroke are complex and require

rigorous evaluation in order to determine theinicial utility and effectiveness. Researchers,



when aiming to assess effectiveness, typicallyzetitesearch designs and strategies fron
guantitaive tradition described abovThis is because the quantitative tradition strive
demonstrate a causal relationship between the intéinreand the outcome, by controlling
outside variablefGrembowski, 2001; Stolberg et al., 2C. The concept of being able
attribute the outcome of a study to its intervemi®known as intern validity (Grembowski.
2001; Portney & Watkins, 20C. Researchers using quantitative research designtos
minimize threats to internal validity, although siagle design can rule out all thre
(Grembowski, 2001 )igure 1 illustrates some study (gns used in upper extrem
intervention research after stroke by degree @inal validity. In the next section, exampl
from the literature will demonstrate how quantitatmethods are used in outcome rehabilite

research to demonstrate the efiveness of upper extremity interventions.

Single Group Repeated .
_ Measures Design Randomized
Case Studies ; Controlled Trial
Single Group Pre/post R .
Test andomized
Crossover Design
o NG NS /
Low Internal Validity High Internal Validity

Figure 1. Types of quantitative designs by degfeeternal validity

Source: This figure is adapted from GrembowskiThe Practice of Health PrograEvaluation
Thousand Oaks, CA: Sage Publications; 20C
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Quantitative Resear ch Designs

When looking at systematic reviews of upper extrgmterventions it is clear that the
randomized controlled trial is being used morerofteupper extremity intervention studies
(Coupar, Pollock, van Wijck, Morris, & Langhorn€X®; Meilink, Hemmen, Seelen, &
Kwakkel, 2008; Sirtori, Corbetta, Moja, & Gatti,@8). A randomized controlled trial is
considered the gold standard of research desigmdl (Kleri, & Miller, 2005; Stolberg et al.,
2004). In this study design, researchers aim tdrobfor bias by randomizing participants into
two groups. One group receives the interventionthadther receives either no intervention or
an active intervention. In a review by Meilink acalleagues (2008) examined
electromyography-triggered neuromuscular stimutatibthe wrist, out of the eight randomized
controlled trials two provided no intervention, ehihe remaining either gave conventional
therapy or some variant of electrical stimulatiBandomization provides researchers with
protection from many threats to the internal vajidbut not all. The primary threat to internal
validity in this type of design is attrition (Gremmski, 2001; Stolberg et al., 2004). If there is a
large rate of attrition (i.e., dropping out) eitlieym the control or intervention group the
difference seen at the end of the interventiondbel because of who left the study and not the
intervention (Grembowski, 2001). However, theresdegistical ways to manage attrition, such
as intention to treat analysis (Grembowski, 20ty & Watkins, 2009).

While randomized controlled trials are considdiresigold standard in quantitative
research, there are some reasons that researcheos always use this method including high
costs and population access (Mawson & Mountain120h rehabilitation research, there are

additional challenges to utilizing the randomizedtcolled. One challenge cited by Tonelli



(2010) is that randomized controlled trials provis®wledge based upon group analysis. This
provides one type of knowledge however there resaigap between the information gleaned in
randomized controlled trials and the individualigat. In addition, rehabilitation research often
requires that interventions work on multiple levgls. body function/structure, activity, and
participation) requiring a variety of research noethin a developmental sequence to address the
complex nature of the intervention (Whyte & Barré@12). Due to these barriers researchers
may use a variety of other quantitative designgs€hnclude crossover design, single group
repeated measures, pre/post treatment design agedstudies.

Crossover designs are similar to randomized cbatrdrials because they also use two
groups and persons can be randomized to thesegyrole primary distinction between these
designs is that in a crossover design after aiogrexiod of time the experimental group and the
control group switch places (Kielhofner, 2006)rdhdomized the crossover nature of this design
reduces the threats to internal validity, howehere continue to be concerns related to attrition
and carryover effects (Kielhofner, 2006). Carryogfects are when the first group to
experience the intervention has long lasting effactd this carryover minimizes the effect seen
when the second group experiences the interven#iocrossover design was used for the testing
of the constraint induced movement therapy. Wiotf eolleagues (2010) used this design not
only to investigate the efficacy of training bus@lto examine the differences between early or
delayed treatment and provided as treatment to gactp. In this study, the crossover occurred
after one year from initial enrollment (Wolf et,&010). While the long length of delay
between the crossover may not eliminate the conmfecarryover effects, it does provide time
for results to diminish in the first experimentabgp prior to the second group receiving

treatment.



The outcome literature on upper extremity stradeabilitation also contains several
single group designs. Single group pre/post dedigne an increased number of threats to
internal validity compared to a randomized congwltrial and crossover designs. Specifically
threats related to history, maturation, testingtrutmentation, and regression to the mean
(Grembowski, 2001). Descriptions of these threegpaesented in Table 1. Nevertheless, this
type of design is commonly used in pilot or prehiamy studies of upper extremity interventions
after stroke (Timmermans et al., 2010; Yong Joal.e010). Yong Joo and colleagues (2010)
completed a feasibility study examining the uséhefWii™ as a form of upper extremity
rehabilitation and utilized this design. While thevere small improvements seen on quantitative
outcome measures (Yong Joo et al., 2010), furmzarch will be needed in order to ensure that
this intervention approach is effective.

Table 1

Common Threats to Internal Validity

Threat Description

History An event external to the person occurg. (ead about and do an upper
extremity exercise program for persons afterkgtin the newspaper)

Maturation An event internal to the person ocgaerg. spontaneous motor recovery)

Testing Pretesting could influence outcome (eegs@ns realize that they could do
more with their upper extremity that previougipught and use it more)

Instrumentation Changing the measurement instrumrenwho administers the instrument

Regression If participant are selected becaus&todme scores, it often occurs that

these extreme score move closer to the avegdime they are tested

Source: This table is adapted from GrembowskiTlie Practice of Health Program Evaluation
Thousand Oaks, CA: Sage Publications; 2001:79



A repeated measures design is similar to a pretpsstesign, as it only uses one group,
but it has slightly fewer threats to internal vald This design faces mostly threats to history,
instrumentation, and attrition (Grembowski, 2004/allace and colleagues (2010) used a single
group repeated measures design to study an inteomdahat standardized the intensity of upper
limb treatment for persons after stroke. In thiglgtthe researchers used a baseline phase,
intervention phase, and a follow-up phase (Walkgtca., 2010). During the baseline phase
measurements were taken twice prior to the int¢imenThis allowed the researchers to
establish that the participants’ performance wablstover time, prior to the intervention,
reducing the threat of maturation. This type ofexxpental design allows each individual to act
as their own control, helping to reduce some otiwezats to internal validity, such as regression
to the mean and selection bias.

Finally, it should be noted that as the studyntéiventions for upper extremity
intervention after stroke has continued to expamate case studies that demonstrate feasibility
of a particular intervention are found in the lgtere (Burdea et al., 2011; Hardy et al., 2010;
Hermann et al., 2010; Mawson & Mountain, 2011). &@ample, two studies related to
technology-based interventions utilized case stuttielemonstrate the potential of new
interventions (Burdea et al., 2011; Mawson & Moumt2011). Case studies, while they can
provide interesting information on interventionatthre in development, have many threats to
internal validity and cannot be generalized torgdapopulation. Nevertheless, they provide
insight into the future direction of therapeutitervention and can potentially demonstrate a
proof of concept.

Quantitative research methods such as randoma#dodied trials, crossover, pre/post

test, and repeated measures designs are typicatyino outcomes research. Each quantitative



approach varies in the degree to which it is vidbks to threats of internal validity. While
efficacy and effectiveness questions addressedtoome research are important, procedural
guestions allow researcher to assess how the erteon works and who may benefit from an
intervention. As Mant states “The paradox of theical trial is that it is the best way to assess
whether an intervention works, but arguably thestvaray to assess who will benefit from it”
(1999, p. 744).
Procedural Rehabilitation Research

Rehabilitation research that focuses on outcorasesaHimited scope. This singular focus
on effectiveness dictates a focused approach teeaitgy outcome questions utilizing primarily
guantitative methods. In contrast, procedural goestabout intervention implementation are
much broader and can be answered through bothitateset and qualitative approaches.
According to Grembowski (2001), implementation cogedural research has two primary
purposes (1) to describe what is occurring in @iqdar intervention and (2) to explain a
particular occurrence in an intervention. A secoodsideration for procedural research
guestions is the timing of data collection (Grembki2001). Data can be collected either in a
cross-sectional manner, looking at only one timiatpor longitudinally comparing more than
one point in time. Table 2 describes how the psepand the timing come together to create four
primary types of procedural research questionsrfBosvski, 2001). In upper extremity
rehabilitation research several studies have agédgsrocedural research questions in an attempt
to either describe or explain what occurred duarngarticular intervention. In this section,
examples of procedural questions answered usiragtgative and qualitative methods will be

described.



Table 2
Types of Procedural Research Questions

Purpose of Research Question

Timing of Data Collection

Descriptive Explanatory
Cross-Sectional Describe the intervention events Compare the intervention
activities, or behaviors at one point eventsivaies, or behaviors
in time. at one point in time.
Longitudinal Describe the intervention events, onare the intervention
activities, or behaviors at two or eventsivéits, or behaviors
more points in time at two or more pointgiime

Note: This table is adapted from GrembowskiTDe Practice of Health Program Evaluation
Thousand Oaks, CA: Sage Publications; 2001:145

A handful of studies aimed to assess procedumdtepns in conjunction with their
outcome studies using quantitative methods. Famgie, when assessing the effectiveness of
using the Wii™ with persons after stroke in a posfpguantitative design, Yong Joo and
colleagues (2010) utilized a two-part questionnerdescribe the participants’ thoughts on the
intervention. The first part was given prior to theervention to assess the previous experiences
of the participants and whether or not they wobidk of computer gaming as a pastime or a
treatment. The second part asked about how enjyhelintervention was and if they would
recommend this training. While the authors didnegiort any validation of the questionnaire
they developed, the use of this questionnairedisraonstration of a descriptive longitudinal
procedural research question, in which the autivere trying to describe the experience of the

participants.
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A descriptive cross-sectional approachk used when assessing the usability of an upper
extremity training system (Timmermans et al., 2019}his comprehensive and rigorous
preliminary study participants were asked to coteplédhe Computer-System-Usability-
Questionnaire and the Usefulness-Satisfaction-aas®of-Use-Questionnaire at one point early
in the intervention phase (Timmermans et al., 20IRjs information was used to complement
the results of the repeated measures design. Botlese studies (Timmermans et al., 2010;
Yong Joo et al., 2010) utilized additional quaniv& methods to answer procedural questions
that aimed to describe the experiences of thepes/e interventions.

Another example that utilizes quantitative datatswer a procedural question is through
secondary data analysis of a completed projectridii&ng, Miller, and Dawson (2010)
completed a randomized controlled trial to asdes®ffectiveness of an inpatient exercise
program. Although they found positive results frtra intervention, they wished to explain if
these results were affected by the presence afegivar or support person. Harris and
colleagues (2010) appropriately used multivariaggession to determine the value of having a
caregiver or support person. Through this analysigs found that having a caregiver or support
person present did influence the effectivenesh®fritervention. This example illustrates an
explanatory cross-sectional approach because ipawes the results of two groups of persons,
which experienced the intervention at one poiriinre to explain a piece of the intervention
outcome.

In addition to secondary data analysis, surveyhoud have also been used to analyze
aspects of upper extremity stroke care. Gustafaadrcolleagues (2010) recently described the
education provided to patients and their famileggarding management of the hemiparetic upper

limb. In this descriptive cross sectional studgiwady specific tool was piloted and used to

11



collect data from occupational therapists. Theyftbthat information about upper limb
management is often provided early in the rehalidih process and that a majority of education
is directed toward the patient (Gustafsson ef8ll0). This information, while not addressing
the effectiveness of education, provides a usefatdption of how educational practices for
upper extremity management occur in Australia. 8yiapproaches have also been used to
identify areas of upper extremity training that arest valued by persons after stroke
(Timmermans et al., 2009).

While many persons have utilized purely quanti&athethods to assess procedural
guestions others have implemented the qualitapypeaach to understand more about the
recovery process for persons after stroke expegidfar example, a rigorously conducted
gualitative study (Barker & Brauer, 2005), answeaatkscriptive cross-sectional question that
aimed to depict the experience of upper extrengitpvery from the perspective of persons after
stroke and their caregivers. In this study, theaesher based their exploration in grounded
theory, a theoretical perspective that typicallliags data that are gathered to generate theory
(2005). The researchers utilized three focus gramalstwo semi-structured interviews to collect
data on the perspectives of persons after strot¢hasir caregivers on upper extremity recovery.
It was found that a core principle that defined epgxtremity recovery after stroke was
“keeping the door open” (Barker & Brauer, 20051p17). This was characterized in statements
such as ‘Even years later things are still changspng as you haven’t accepted this is all over’
(Barker & Brauer, 2005, p. 1217). In additionhastcore principle, four defining processes used
to maximize stroke recovery were identified: (1hgiag in there, (2) drawing on support, (3)
getting going and keeping going with exercise, @)dinding out how to keep moving ahead

(Barker & Brauer, 2005). The strategies identifie@ach of these sections provide beneficial

12



information to clinicians and researchers abouttigerstanding of stroke recovery and
intervention from those persons experiencing #t firand.

Procedural questions have a variety of methodscdrabe used to answer them, both
guantitative and qualitative. While looking at gtitative and qualitative methods, it may appear
that the two philosophical backgrounds have fam@my differences to be used together. On the
contrary, in rehabilitation research efforts haeertbomade to systematically bring these two
schools of methodological thought together in @aesh approach known as mixed methods
(Kroll et al., 2005).

Mixed M ethods Rehabilitation Research

The importance of the use of mixed methods rekaarthods is highlighted in an article
by Kroll and colleagues (2005) who propose thahpatient length of stay decreases the more
the rehabilitation occurs in persons’ actual livemyironments. The randomized controlled trial,
while the gold standard for testing effectivenesses not address these real living environments
and in fact attempts to minimize their impact (Ketlal., 2005). Therefore, the use of both
guantitative and qualitative measures in combimatn@y provide a robust mechanism to look at
effectiveness while also uncovering how particigaxperience the rehabilitation process.

Mixed methods approaches require careful plananmtyan understanding of the value of
both quantitative and qualitative research methagiek. Kroll and colleagues (2005) outline
two primary strategies for utilizing mixed metho@ne strategy is to use quantitative and
gualitative methods in a sequential order eachirmioeming the other. For example, one could
conceive that the qualitative study by Barker anauBr (2005) would inform the development
of a comprehensive upper extremity outpatient vaetion titled “Keeping the door open.” This

intervention would then be tested using the mopt@miate and feasible quantitative method to
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assess effectiveness. Conversely, the study coedpbst Harris and colleagues (2010)
guantitatively identified that caregiver supportdea difference in the outcome and use of an
upper extremity exercise program. These authord aspiantitative method with caregiver
support being either present or absent, becautbesofery little is known about what type of
support was being given. A follow-up qualitativeidy could expand on these results and
potentially demonstrate some ways that caregivergigle exercise support to persons after
stroke. The second strategy for implementing mixedhods is to use both qualitative and
guantitative methods concurrently. This strategunes the use of quantitative and qualitative
approaches at the same time to answer differenparallel questions. These two strategies to
using mixed methods provide a structure that iessary for this type of research.

While sequential strategies to mixed methods teen particularly useful in the
development of measurement tools (Barreca et@0)4;2Hammel et al., 2008) very few studies
exploring intervention effectiveness have impleredrthe concurrent mixed methods approach.
Recently, a case study done by Mawson and Mou(28iil), described the use of qualitative
methods as part of a feasibility study testing amooing system for functional movement. In
this study participants completed quantitative measbefore and after use of the system as well
as a qualitative interview after the interventiarorder to determine usability. There are several
advantages to the use of concurrent mixed methodshabilitation research related to the upper
extremity. One of the primary advantages is belrlg ®o answer both outcome and procedural
research questions. While this could be done iaralp quantitative manner (i.e. use secondary
data analysis), the use of qualitative methodgshmapotential to provide a deeper understanding

of the experience of an intervention than througamngitative analysis alone. In order to
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demonstrate further the value of concurrent mixethwods, a proposed study will explore and
describe the advantages and challenges.

Recently, preliminary work has been done to dgvelo intervention that uses surface
electromyography to control a commercially avadabideogame, now known as Neurogame
Therapy. This intervention has been pilot testeith whildren with cerebral palsy as well as four
adults with acquired brain injury. The pilot testidemonstrated proof of concept, but further
studies are necessary to determine the potenisahtime-based intervention has to improve
upper extremity recovery in persons after strokeartler to evaluate this home program, a
mixed methods study design was selected to adtmessrimary aims. The first aim was to
evaluate the use of this game therapy interventidhe home to improve upper extremity motor
performance in adults with chronic impairment aftegoke. The second aim was to explore the
nature of home exercise programs and also determénacceptability of the program, as well as
identify supports and barriers related to the dgbis game therapy intervention in the home for
persons with chronically impaired upper extremiaéter stroke. It is evident that these two
guestions are different in nature with the firstdsing on effectiveness (outcomes) and the
second focusing on the experience of the intergar(fprocedural).

In order to answer each of these questions stest&@m quantitative and qualitative
research paradigms were used. To address thaifiistind assess the effectiveness of the
intervention a quantitative research design wad,usgecifically a single group repeated
measures design. This design was selected due fweéhminary nature of this research. In
addition, this design, as stated previously, hagfdhreats to internal validity than others
secondary to it utilizing each individual as thaivn control. Additionally, the hetreogenous

nature of this population would make it challengiadnave experimental and control groups that
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were well matched. To assess outcomes at the ladyge and function level, surface EMG
and kinematic data were collected. EMG data asdebhseamount of independent activation in
the targeted muscle groups in order to demonsfrptaticipants had increased motor control as
a result of the intervention. Kinematic data weslected from a reaching task on temporal-
spatial measures of reach efficiency. At the atstiavel, the Wolf Motor Function Test

(WMFT) and the Chedoke Arm and Hand Activity Invanyt (CAHAI) were used to assess arm
and hand function in a controlled environment. TAdHAI is a standardized test in which the
participant is asked to complete a series of foneti tasks utilizing both hands. This test adds
bilateral functional tasks that are not primariggessed in the WMFT. It also has been used and
validated with persons after stroke (Barreca, frdt Masters, Lambert, & Griffiths, 2006).
These outcome measures and the use of a singlp ggpeated measures design aims to assess
the preliminary effectiveness of this interventiddowever, only considering the effectiveness
would not have provided information on home exerasthe experiences of the participants that
was thought to be crucial to the overall succedh®intervention in the future. What if the
participants felt the game was childish and playésss for that reason? Or felt that the game
was too challenging to setup independently? Bobthase concerns would not be formally
addressed in a purely quantitative study usingtlieome measures described above. For that
reason, consideration of procedural methods wasssacy.

As stated previously, procedural questions caarnssvered using either quantitative or
gualitative methods. It was determined that follogvthe participants experience from the
beginning of the research process through to tdeneuld be beneficial. Therefore, the type of
procedural research can be considered longituchragsign. For the purpose of this project, it

was thought that qualitative methods would proadebust way of exploring the experience
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that persons had with the intervention and givegek of flexibility. The use of questionnaires
was possible, however, there was a chance thaimssp would be limited to the content that
was selected or already included in the questioanailowing for bias. It was determined that
one-on-one qualitative interviews at two time psiimt the research process would allow for a
detailed exploration of the participants’ experiemavith past home exercise programs and the
home program under investigation. In addition,dbelitative data had the potential to provide
insight into general barriers and supports to herercise that others could use in future
research and clinical practice.

The use of mixed methods in the study describedeaprovides the opportunity to
assess the effectiveness of an intervention ir#nly phases of development, while identifying
potential areas for improvement and unintendedexqumsnces. It should be noted that there are
challenges to completing research in this way. @imaary challenge is the time it takes to
complete qualitative data collection and analy$ithe interviews were to occur at the same time
as the other performance base outcome measutasgtabout their experiences could affect the
participants’ performance on the tests or if thterviews were done second it could influence
their opinions of the home program. Nevertheldss apportunity to answer multiple procedural
guestions relating to the experience of the intaiea@ and barriers and supports to use is
considerably helpful in this early developmentahgd of the research. The above example of a
mixed methods design illustrates how mixed metlagpsoaches; specifically those that occur
concurrently can provide an opportunity to answeacome and procedural questions.

Conclusions
Rehabilitation intervention after stroke is aicatly important aspect of stroke recovery

(Roger et al., 2011). Further rehabilitation reskas needed to advance the strategies and
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interventions available to persons after strokénaRéditation researchers can use quantitative and
gualitative research methods to develop and téstvientions for persons who have upper
extremity impairments after stroke. The type ofsjioa that is being asked (i.e., outcome or
procedural) will influence the selection of quaatiie or qualitative methods. Outcomes
research requires the use of quantitative methodsder to reduce outside influences and test
the efficacy or effectiveness of an interventiorod@dural research can implement qualitative or
guantitative methods to gain further informationtbe how or why of an intervention. While
studies often address either an outcomes questiampcedural question, the use of mixed
methods provides an opportunity to address botbstyh questions, especially when quantitative

and qualitative methods are used concurrently.
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CHAPTER 2
NEUROGAME THERAPY: A PRELIMINARY INVESTIGATION OF AN UPPER

EXTREMITY HOME PROGRAM FOR PERSONS AFTER STROKE

There are a total of 7 million persons with strakéhe United States and approximately
795,000 persons having a new stroke each year (Rogé, 2012). Over 1.1 million stroke
survivors experience difficulties in everyday aities (Centers for Disease Control, 2009).
Furthermore, 50% of persons after stroke experidiftieulty using their impaired upper
extremity at 6 months post stroke (Roger et allLl220The impairments in upper extremity motor
function have been found to be associated withedesad quality of life in multiple domains
including self-care, usual activities, pain/discomfand anxiety/depression (Franceschini et al.,
2010).

Persons with poor upper extremity motor functifterastroke can have a variety of
impairments. Two common impairments are hemipaeasisspasticity. Hemiparesis consists of
decreased motor control with secondary muscle wesakthat occurs on one side of the body,
typically the side opposite the location of theké&. Spasticity results from over activity of the
stretch reflex that is common after stroke (Khef@&tair, 2012; Kong, Chua, & Lee, 2010;
Watkins et al., 2002). This causes difficulty wsdlective muscle activation and overuse of co-
contraction of agonists and antagonists, leadiraptmability to achieve movement in typical
activation patterns (Kheder & Nair, 2012). Estinsat@ the number of persons who experience
some form of spasticity post stroke vary from 3&%@6% (Kong et al., 2010; Watkins et al.,
2002). Hemiparesis and spasticity make it diffi¢attpersons to regain use of their impaired

upper extremity and resume engaging in daily aawi(\Watkins et al., 2002).
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While impairments can be severe, persons afteketran partially improve motor
function with therapy and repetitive practice oésific tasks (Oujamaa, Relave, Froger, Mottet,
& Pelissier, 2009; Urton, Kohia, Davis, & Neill, @0). Physical and occupational therapists can
use a variety of different treatment approacheh patrsons after stroke to address hemiparesis
and spasticity. Recent studies demonstrate thmatgreent improvements in motor control can be
achieved with adequate practice of specific actigjtwhere the person is motivated and the
demands on the nervous system are gradually irenid&deim & Jones, 2008). Most current
approaches to outpatient therapy provide too Igthectice to effect recovery in the chronic phase
of stroke. Data from the Behavioral Risk Facton@illance Survey (Centers for Disease
Control, 2007) reported that only 30.7% of strokeve/ors receive outpatient therapy. Of those
that receive outpatient therapy the amount is bégjavith a person in the first year after a stroke
receiving a median of six outpatient therapy vig2s" to 78" percentile ranged from 1-21)

(Chan et al., 2009). In contrast, the amount oftica needed to induce functional improvements
for persons in the chronic stages of stroke isrestte (Oujamaa et al., 2009; Pang, Harris, &
Eng, 2006). For example, one study found thatest|B7 hours of practice was needed to
achieve functional gains in a person more thamgxths post stroke (Oujamaa et al., 2009).
Current typical outpatient therapy provides instuéint practice time for motor recovery during
treatment sessions. While outpatient therapy caaxtended through home programs, adherence
is generally poor (Touillet, Guesdon, Bosser, B&i®aysant, 2010). Barriers to adherence to
exercise reported by persons after stroke in aryshcluded musculoskeletal issues, fatigue,
lack of time, family obligations, depression, aadl of enjoyment (Jurkiewicz, Marzolini, &

Oh, 2011).
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Given the challenges faced by persons after smokleherapists in providing sufficient
and specific practice, we sought to address thessees through a preliminary evaluation of a
home-based program that combined surface electrgraghic (SEMG) biofeedback with a
computer game. SEMG biofeedback is a techniquehdmbeen used in motor rehabilitation
following stroke since the 1960s (Woodford & Pri2e07). Typically, SEMG biofeedback
provides information to the patient about their pl@sctivity through use of a light bar or
auditory sound that indicates to the patient tleabhshe is activating the appropriate muscle
(Woodford & Price, 2007). While the evidence basesEMG biofeedback is inconclusive
(Moreland & Thomson, 1994; Woodford & Price, 20059yeral small studies have found it to
be of benefit to persons after stroke for upperesrity motor recovery (Dgan-Aslan,
Nakipaglu-Yizer, Dgan, Karabay, & Ozgirgin, 2012; Moreland & Thoms®@94; Woodford
& Price, 2007). Combining this biofeedback methathvan engaging home-based computer
game was thought to potentially increase motivateopractice using the upper extremity by
making it more enjoyable. Additionally, the uses&fMG biofeedback provides an opportunity
to give specific feedback related to how the mussale being activated as an agonist/antagonist
pair over multiple repetitions. Specificity and e@ion are two elements found to induce neural
plasticity (Kleim & Jones, 2008). The primary aiftlois study was to gather preliminary
evidence on the effectiveness of SEMG biofeedblakgh an engaging computer game to
improve upper extremity motor performance in adafter stroke who were chronically
impaired. It was hypothesized that participants amprove voluntary muscle activation and

functional performance on outcome measures.
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Methods

Study Design

The study design was a single blinded one-groppated measures design: Al, A2, B,
A3 (A=Assessment, B=Intervention). A1 and A2 werheduled approximately four weeks
apart as able. A3 occurred within one week imntetliafter the intervention. See Figure 2.
This design was selected because of the heterogemature of persons after stroke and the
preliminary nature of this investigation. Proceshireceived approval from the University of
Washington’s Human Subjects Division and all pgraats signed informed consent forms prior

to beginning the study.

No Treatment

Intervention (B)

4 weeks 4 weeks

Figure 2. Schematic representing assessmentsifes®id intervention periods

Participants

Participants were a convenience sample of volusit@bo were at least six months post-
stroke and were between the ages of 40 and 7GeTiacluded in the study participants needed
to have mild to severe impairment of the upperasrity as self-rated on the Manual Ability
Classification System (MACS). The MACS (McConnébhnston, & Kerr, 2011) was originally
developed for children with cerebral palsy, howettee descriptions of the levels of function
were determined to be general enough for use eesang this population. The rating scale goes
from Level | through Level V, level | indicated tgal function and a Level V indicated severely
limited function of the limb. Also participants h&mlbe cognitively able to give informed

consent, determined by performance on the Pfedffent Portable Mental Status Questionnaire
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(Pfeiffer, 1975) or a series of orientation quesdiand direction following tasks for persons with
aphasia, and have vision and hearing sufficiemterface with the computer. Participants were
excluded if they: (1) had a skin condition that \ebunterfere with the assessment or
intervention, (2) reported significant pain in thaffected upper extremity, (3) had a secondary
neurological diagnosis such as Parkinson’s dis€d¥&ad a contracture at the wrist that would
prevent the wrist from being passively extended teeutral position, (5) had used neurolytic
injections in the previous four months and/or hadations in dosage of oral anti-spasticity
medication in the previous 3 months.

Twelve participants were eligible and enrolledittie study after completing and signing
informed consent. Of these initial twelve, 9 congdkall three assessments, 2 withdrew
secondary to lack of time to participate, and 1 asleed to withdraw secondary to a change in
his medical condition during the study. The charastics of the 9 participants who completed

all three assessments are presented in Table 3.

Table 3

Participant Characteristics for Quantitative Outesm

ID Age Gender Hemiplegic Years Post In MACS SelpBeed
Side Stroke Therapy Location

1 53 Male Left 5 Yes Vv Unknown

2 47 Female Right 3 Yes A\ Brainstem

3 67 Female Right 3 Yes v Unknown

4 69 Male Right 2 No \Y Basal Ganglia

5 54 Female Right 1 Yes v Brainstem

6 54 Female Left 9 No A\ Parietal/Frontal

7 68 Male Right 9 No \Y, Frontal

8 58 Male Right 6 No \Y Unknown

9 69 Male Left 27 No v Unknown
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I ntervention

The Neurogame Therapy system consists of a lapleprogame Therapy box, wired
cables, and disposable electrodes that attacletskih. The Neurogame Therapy system box
uses a modified Neurochip to convert bi-polar sEfvt§gn two muscle groups, into computer
signals that can operate a computer mouse in treatns, which controls the play in a
computer game. The sensitivity of the system caadpasted to detect very low levels of
activation depending on the level of the persomipairment. For each participant, the minimum
level of muscle activation required to play the gamas adjusted to match the participant’s level
of impairment, thus allowing persons with minimalsule activation capability to participate.
These levels were adjusted as needed during thev@mition phase to facilitate challenging and
successful game play. The Neurogame interface atldar recording SEMG during each game

play session as well as the length and numberssiaes.

Participants used the muscle activity in theieetféd wrist flexors and extensors to play
the commercially available computer game, Peggtgh{®ein & Tams, 2007). In this game,
participants attempted to clear the board of orgreges by identifying the correct angle to send a
ball to make contact with a peg (Figure 3). Pgraaits selected the angle using their affected
upper extremity and sent the ball to the peg orstineen by controlling the computer mouse

using the less affected hand.

24



M
| 3
i i
q—
—_—
p—
p—
p—
o—
p—
d
B

Figure 3. Screenshot of Peggiged in Neurogame There (Rothstein & Tams, 200

The amount of muscle activity needed to play the@avas altered as needed by
researcher in order to create the ‘just right’ tdraje for the participants. The game coulc
setup up in two ways: one setup focused on sve muscle activation (i.e., trying to quiet c
muscle group while the other was while the other trainedctivation of a weak muscle gro
indepeneént of the activity of the opposing muscle gr (i.e. one directional game play
Adjustments in gainfom sEMG of the wirst flexors and/or extensorsuieed to move thi
computer cursor to play the game were made thrattghe intervention period as appropri
for individual participants.

Measures

Amount of game play. The number and length of each gi play session was record
by the computer interface and stored on the compUiee number of sessions completec
each individual was counted. A session was couhteeére was a corresponding data file t
lasted more than 5 minutes. It was decithat a data file less than five minutes was nogy

enough to indicate meaningful game play. The aweragnber of minutes of game play/ses:
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was calculated for each participant by dividing il number of minutes over the number of
game play sessions.

Surface electromyography (SEM G). The SEMG was collected using the Bagnoli-16
channel system and six bar electrodes (Delsys, Wis#&were adhered to the skin with an
adhesive skin interface. Prior to placement tha glas prepared with a fine grain abrasive lotion
in order to remove the dead skin cells. This wédlevieed by rubbing the locations with alcohol
to remove any debris and skin oils, in order t@d¢he best environment for recording the
electrical signals from the muscles. The electsoslere placed over the motor points for the
upper trapezius, anterior deltoid, biceps, tricepsst flexors and wrist extensors of the
participants’ affected extremity (Cram, Kasman, &ltd, 1998). Measurements for the electrode
placements were recorded on a diagram for futwtinggsessions. Variables of interest for
SEMG included: maximal SEMG values recorded duamgaximal voluntary contraction from
the wrist flexors (MVC Flexor) and wrist extens@k4VC Extensor), as well as, the co-
contraction ratios for the wrist extensors/wrisixbrs for the reaching (Co-contraction Reach)
and extensor range of motion (Co-contraction ExtenROM) movements. See Appendix A for
further details of the reduction and calculatiorthedse variables. An increase in the co-
contraction ratio implies an improvement in seleetnuscle activation.

Joint kinematics. Three-dimensional trajectories for the kinematalysis were
collected using reflective markers and a Qualisygtis 300 camera system featuring eight
cameras capturing marker data at 100 Hz. The O§Md®m runs on a Dell Optimus PC
running Windows XP and Qualisys Track Manager (QBulftware. Prior to data collection the
camera system was calibrated to have residualsaatey than 3mm for each camera. Eight

reflective markers were placed on the participaatfected upper extremity and trunk in the
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following locations: head of the third metacarpdhar styloid, radial styloid, lateral epicondyle,
bilateral acromions, sternal notch and foreheae @arker was also placed on the cup, which
was used for the reaching task. The participams tompleted a reaching task and active range
of motion at the wrist (described in Proceduresiserwhile both SEMG and kinematics were
captured. The measurement of joint kinematicsaeaspleted in order to identify any potential
change in upper extremity movement efficiency aasue=d by the variables of overall reach
time and number of movement segments. See Appdnflix further details of the parameters
and calculation of these variables.

Activity tests. Participants were videoed during two tests of fiometl use of the hand as
secondary measures in order to capture changgsar extremity function. The participants
were tested using standardized procedures by oteesf team members. Team members were
trained through practice or observation to adménitiie tests using the protocols provided in the
manuals. An occupational therapist with 20 yearsxpierience, who was unaware of the dates
of the participants’ videos, rated the participapgsformance on the two measures of upper
extremity function.

The first activity measure was the Wolf Motor Ftioe Test (WMFT). This is a
unilateral activity test used to evaluate upperesxity function during gross and fine motor
activities. There are 15 activities for functiordamwo for strength. All 15 items are timed and the
participants are asked to do them as rapidly asilples Participants receive a functional activity
score on a scale of 0 to 5. “0” indicates that diggpant did not attempt a task where a “5”
indicates completion of the task with normal movatneThe total functional activity score for
this test is the average of the 15 test itemss Tteasure has been used frequently with persons

after stroke who have upper extremity impairmenjaNd and colleagues (2010) found that the
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WMFT measures one one-dimensional construct (Cidribalpha = 0.982) and its subscales
(Functional Activity Score, Time, and Strength) associated with the Action Research Arm
Test (r = 0.86, -0.89, 0.70). The WMFT was alsafbto have a high test-retest reliability
(Pearson r = 0.90) (Morris, Uswatte, Crago, Cobk&8lITaub, 2001). Previous research had
found that the minimal detectable change for theckanal Ability Score is 0.1 to 0.37 and for
Time was 0.7 to 4.36 from two separate researatieg\(Fritz, Blanton, Uswatte, Taub, & Wolf,
2009; Lin et al., 2009).

The second upper extremity activity measure wa<tiedoke Arm and Hand Inventory-
9 (CAHAI-9). This measure is a bilateral activigst used to evaluate use of both upper
extremities together. Unlike the WMFT, this teshat timed. Participants are scored on an
ordinal scale from 1-7 that is similar to the Fumacal Independence Measure (Keith, Granger,
Hamilton, & Sherwin, 1987) where 1 is Dependentfiédfed arm performs less than 25 percent
of the task) and 7 is Independent (Affected armpmlebte 100 percent of the task). Scoring is
based on the assessment of the quality of usevestatthe components of stabilization and
manipulation, as well as the amount of assistaeeel@d during the task. The sum of the
individual item points over the number of total gide points is calculated as the percent score.
This test was developed for use with persons afteke based on a review of the literature and a
survey of persons after stroke (Barreca et al.4200he original 13 item test was found to have
high interrater reliability (ICg1= 0.98) and it has been found to be sensitive émgh with a
clinically meaningful difference being more thapdints (Barreca, Stratford, Lambert, Masters,
& Streiner, 2005). The CAHAI-9 has been found tacbeparable in psychometrics to the

original 13 item test (Barreca, Stratford, Mastéembert, Griffiths, et al., 2006).
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Procedures

In the first assessment participants completedaétthbistory form. All subsequent
assessments began with the participant statingh&het not their therapy routine has changed
since the previous assessment. Then participantswigeoed while they performed the WMFT
and CAHAI test items. After completion of theseidty measures, SEMG electrodes were

applied.Participants then completed three different adéisitvhile connected to the SEMG.

First we identified their maximal voluntary conttian by having participants deliver
force against a stabilized dynamometer using \esgtnsion followed by wrist flexion. After
this task participants had the kinematic markeasgd on the landmarks described above.
Subsequently, kinematic and SEMG data collectiauoed simultaneously over the next two
tasks. The second task was modeled after work dghdurphy, Willén, and Sunnerhagen
(2011), and included asking the participants t@hezut to pick up a cup of water that was
placed at arms length away in line with the persanidline. If a participant was unable to pick
up the cup they were instructed to reach out teeif were going to pick up the cup but instead
simply make the cup move. The third task was aat@nge of motion at the wrist. Participants’
affected upper extremity was supported at the fareduring this task. They were instructed to
move their wrist as far as they could, not as laarthey could. Each of these tasks had a
minimum of five trials; extra trials were completiédhere was an error on the researchers behalf
related to data capture or if the recorded sigreed @ompromised due to a loose electrode or

prolonged muscle spasm.

Following the second pre-intervention assessmeatparticipants began training in the

Neurogame Therapy program. The training consistedldrating the game to the participant’s
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upper extremity SEMG, practicing playing the gaara] practicing setting up the sSEMG
electrodes for home use. Participants receive fipe training sessions.

Home setup was completed for 8 out of 9 partidipa@ne participant determined after
the beginning of training that her home was noé ablaccommodate the game. Therefore, she
completed game play at the University of Washingiidre participant was able come to the
University 1-3 times a week depending on her scleeglod played the game unsupervised in a
guiet room in order to simulate a home setting. Bag given assistance to address technical
difficulties as needed, similar to what would haeeurred if she had been playing at home.

With the remaining participants, a suitable sdacehe game system was located in the
participant’s home and the area was evaluateddotrecal interference. If available, the system
was connected to the participant’s wireless Intetmallow the researchers to access the system
remotely in order to adjust the game settings. @dréicipants then practiced the Neurogame
therapy in their home for four weeks with additibwaeks added if technical difficulties were
encountered to allow for a total of 4 weeks of gautas. Technical difficulties that caused such
a delay occurred with 3 out of the 9 participatitszas recommended that the participants use
the game five days a week for no more than 45 rageach day.

Data Analysis

After completion of data reduction and scoringg @@pendix B), the data were entered
into SPSS Version 18 for further descriptive aradistical analysis. Variables that contained
multiple trials (SEMG and kinematics) were averagedhat each participant had a calculated
mean for each variable of interest. Secondarydathall sample size and preliminary nature of
the data non-parametric group statistics, spedlijitlae Wilcoxon Signed Ranks Test was used

to compare performance across no-treatment (A12)cafAd treatment (A2 to A3) study phases.
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The alpha level was set at 0.05. Descriptive stegiand graphs depicting each outcome variable
were then completed to visually assess the perfoceaf all individual participants.
Results

Amount of Game Play

Participants amount of game play is presentedalsiel4. Only three participants
completed or exceeded the number of sessions reeaded. Another two were very close in
completing the recommended number of sessionsrérhaining participants played the game
about two to three times a week. The average lemigtession ranged from 24 minutes to 62
minutes.
Table 4

Amount of Home Game Play

Participant Style* Number of Sessions Average ltlerof Sessions (minutes)
1 2 10 24
2 1 19 62
3 1 8 42
4 1 38 42
5 1 15 31
6 1&2 12 38
7 1 19 39
8 1 24 39
9 1 38 38

* Style of Game Play: (1) selective activation; {@reased activation of one muscle group
Analysis of Outcomes at the Group L evel

SEMG. Only eight participants had complete data for esoeMVC and due to technical
difficulties only seven participants had complesgadfor flexor MVC. See Appendix A for
details. When comparing the mean MVC extensor Enabf levels for the group, no statistically
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significant differences were found across eitherrib-treatment or treatment time periods. This
was also the case when comparing normalized coain ratios for extensor active range of
motion. A statistically significant difference wlmind across treatment (A2 to A3) for the
normalized co-contraction ratios during the reaghask (Z=-2.380, p = 0.017).

Table 5

Group sEMG Analysis Across All Assessments

Al A2 A3
Variable Mean (SD) Mean (SD) Mean (SD)
MVC Extensor (microvolt at muscle) 30 (29) 41 (33) 37 (26)
MVC Flexor (microvolt at muscle) 38 (19) 42 (25) as)
CC-Extensor AROM 2.87 (1.55) 3.39 (4.90) 3.54%3.2
CC-Reach 2.47 (2.34) 2.98 (5.02) 5.00 (8.41)
(N J
Y
*p <0.05 *

Note: An increase in the above measures demorgtrateeased independent activation of the
desired muscle group.

Kinematics. Eight participants had data that could be usedjifoup analysis from the
kinematic portion. One participant’s data was rszhle due to a researcher error in setup during
A3. Of the two variables generated from the reask {reach time, number of movement
segments), while the data trended toward improvénmeither demonstrated a statistically
significant difference across either the no-treatheoe treatment time period. See Table 6 for

details.
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Table 6

Group Kinematic Outcomes Across All Assessments

Variable Al A2 A3
Mean (SD) Mean (SD) Mean (SD)

Reach Time (seconds) 4.35 (3.76) 3.06 (2.07) 79 £21.09)

Movement Segments 7 (6) 5(5) (34

Activity M easures. No statistically significant differences were fauacross time on the
WMFT in the Functional Activity Score, Time, or @rbtrength. Furthermore, in the bilateral
functional outcome measure, the CAHAI, no significdifferences in score, across all time
points were found. See Table 7 for details.

Table 7

Group Activity Outcomes Across All Assessments

Variable Al A2 A3

Mean (SD) Mean (SD) Mean (SD)
WMFT Functional Activity Score+ 1.79 (0.71) 1.70.68) 1.79 (0.66)
WMFT Time (s) 67.54 (35.09) 66.07 (33.69) 857(35.17)
WMFT Grip Strength (kg)+ 5 (6) 6 (6) €))
CAHAI Percent Score+ .27 (.18) .26 (.17) (29)

Note: + Higher number indicates improved perforneanc
Analysis of Outcomes at the Individual L evel

In order to further analyze the data and potdgtidéentify who may have responded best
to the intervention visual analysis based on graplthe individual means of each outcome
variable over time was completed. To do this tfeogs depicting each individual’'s performance

over time were inspected to determine if a charageiwed over A2 to A3 taking into account
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the performance change over Al to A2. See AppeBdor graphs depicting the individual's

performance on each outcome measure.

SEMG. When visually analyzing MVC levels of the extensansl flexors for each
individual, there was considerable variability. Sedle 8. Only three participants demonstrated
improvement in extensor MVC level over A2 to A3ipdror maintenance of performance
between A2 and A3 where a decline in performanceatserved over Al to A2. Flexor MVC

showed less variability with only 2 participantsmmnstrating an improvement.
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Table 8
Visual Analysis Results by Participant Across Alitome Measures

CC- CC-Ext Ext Flex Reach Reach Time Grip FAS
Reach AROM MVC MVC Time  Segments WMFT  WMFT  WMFT  CAHAI

NUTO~NO R WAOT

Abbreviations: CC-Reach — Co-contraction RatioReach Task
CC-Ext ARM — Co-contraction Ratio for Extensiontée Range of Motion
Ext MVC — Extensor Maximal Voluntary Contraction
Flex MVC — Flexor Maximal Voluntary Contraction
Reach Time — Total time of reach task
Reach Segments — Total number of movement segroaictdated during the reach
Time WMFT — Average number of seconds needed tqpéete the tasks on the Wolf Motor Function Test
Grip WMFT — Average grip strength in the acroggéhtrials on the Wolf Motor Function Test
FAS WMFT — Functional Activity Scale on the Wolfdtr Function Test
CAHAI — Percent score on Chedoke Arm and Handwtgtinventory

Missing Data
Trend in expected direction

No Change
Trend in opposite direction than expected
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While changes in MVC levels for both the flexorglaxtensors were variable, changes
in the co-contraction ratios across the reach ateheor AROM tasks were fairly consistent
across individual participants. Five out of eighttipants showed a decrease in co-contraction
ratios with higher ratios indicating more extenactivation, while the rest showed no change or

an increase in co-contraction.

Kinematics. When visually analyzing the temporal-spatial vaealihree out of the eight
participants demonstrated a decrease in reach aintefwo demonstrated a decrease
(improvement) in number of movement segments duhegeach phase.

Functional Outcomes. Participants’ performance on Functional Activitya as part of
the WMFT was also variable. However, two particigashowed a slight improvement after a
decline in baseline and another participant showvathtenance of performance with no
continued decline over the intervention periodmi&ir variability was also observed in time to
complete tasks and grip strength with three padicis showing improvements in grip strength
and two showing improvement in WMFT time. The remirag participants either demonstrating
no change or a decline. Changes seen in time bgifovements and declines were at or above
the minimal detectable change reported by Fritzali@agues (2012). The CAHAI individual
analysis indicates that most participants had r@mga on this measure and several had
performance decrease slightly over time.

Discussion

A total of nine adults at least 6 months postis&roompleted the baseline and

intervention phases of this study that aimed tduata the preliminary effectiveness of the use

of Neurogame Therapy as a home program. Half opéngcipants used the game at home either

36



above or close to the frequency recommended. urati game play on average was slightly
under the 45-minute recommendation. This sugdkatdive sessions per week may not be a
feasible amount for all participants. Results framompanion qualitative study found that
participants on the whole found the game enjoydhlethey did have recommendations to
improve the ease of use and age appropriate neittine game.
Group analysis

The results of the group analysis found a sta#Bi significant decrease in the amount
of co-contraction present during the simulated meartask. This change suggests that the
intervention, which was designed to effect co-caction, was functioning as anticipated for the
group as a whole. A lack of additional findingsather outcomes may suggest that this
intervention may benefit from the addition of otlygres of upper extremity intervention in order
to impact functional outcomeshis is consistent with some other findings irditianal SEMG
biofeedback research that found that SEMG combividtdother conventional therapies had the
most success (@an-Aslan et al., 2012). It is also possible thatdhall sample size limited the

ability to detect an effect on functional activitgriables.

Although no statistically significant difference svBound for co-contraction during
extensor AROM, a small decrease was observediafewention and present on visual
inspection of the individual results. The differerabserved in the two co-contraction outcomes
could be related to the nature of the outcome tdskbe extensor AROM task participants’
forearms were rested on the researcher forearmder to decrease extraneous arm movements,
while in the reaching task participants were ablade their entire arm and trunk. This difference
made the reaching task more similar to how pasdicip interfaced with the game using

movements of their whole arm and trunk in addit@the necessary activation pattern at the
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wrist. One hypothesis for this finding is that tmgervention effect on co-contraction may
generalize to other reaching type tasks but doesexessarily transfer to tasks that require
different movement patterns. This is consistenhwite of Kleim and Jones’ (2008) principles
of experience dependent plasticity, specificityjahistates that exactly how a person receives

training will impact how plasticity presents ougsidf training.
Individual Analysis

Individual visual analysis of results allows fasclssion of individuals that responded

positively to the intervention across several \aga and those who did not respond as well.

Participant 3 and 9 made improvements across nrilgasures. Participant 3 showed the
following changes: (1) an increase in flexor MVGeothe intervention period, (2) improvement
in co-contraction in both the reach and extensoMR@ésks, (3) improved reach efficiency, and
(4) improvement in the WMFT functional activity secand time to complete tasks. This
participant had intact sensation and some userafper extremity. One possible explanation
for this participant’s favorable response is tha sompleted her game play at the University of
Washington because she was unable to take the gymtem home. Although every effort was
made to make the setting most like home (i.e. gpent completed setup independently, played
the game without supervision), the participantitade more exposure to the investigator to ask
guestions and received immediate troubleshootitizeife were technical difficulties. It is of note
that this participant had fewer game play sesgpemsveek because she was only able to come to
the University 1-3 days per week. Despite fewersdafygame play, this participant made
improvements on several outcomes. This participast also receiving 1 to 2 days of therapy a

month throughout the entire study, which may hav&ributed to Neurogame Therapy success.
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Participant 9 also demonstrated positive changesaenultiple measures. This
participant showed improvement across all SEMGautes, for which he had data. In addition
his reach time improved showing a possible incr@aseaching efficiency. This participant had
some wrist and digit extension in his affected amor to beginning the study, which could
partially explain his result. It is interestingriote that he was the furthest post-stroke, 28 years
This suggests that changes can be made to muselatian patterns, reaching efficiency and
strength even years post stroke. However, thisggaaiht did not demonstrate positive changes
in the functional activity scores, which may implgain that in order to transfer these SEMG
changes into function, additional conventional #ipgrsuch as constraint induced movement
therapy (Sirtori et al., 2009), neurodevelopmetitatapy, or a biomechanical (Radomski &
Trombly, 2007) approach may be needed.

Participants 2 and 5 were on the other end of pleetsum and visual analysis did not
demonstrate much improvement across outcome maafoth participants demonstrated some
positive change on the SEMG outcome measures b&aidicipant 2 no other positive changes
were noted. Participant 5 only demonstrated minimagrovements on the time subscale of the
WMFT and the total score of the CAHALI. Both of teggarticipants were female, and both
reported that the location of their infarct waghe brainstem. Brainstem injuries involve more
motor descending pathways than a cortical infavbich could explain the poor response seen in
these two participants (Shumway-Cook & Woollaca@t]1). In addition to location of infarct,
both participants are female and of the four fenpaleicipants only one demonstrated positive
findings across several outcome measures. Thansigtent with findings that women have
more disability after stroke and poorer functiomalcomes compared to men (Roger et al.,

2012).
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Given the findings of this study more researcheischto determine the effectiveness of
Neurogame Therapy. Results from this study wilubed to power a larger more robust
effectiveness trial with modified inclusion and kiston criteria based on the results of this

study.
Limitations

This study had several limitations, some of whigre related to the sample. For this
study a sample of convenience was used and déspitleg 12 persons initially enrolled only 9
completed the study. In addition, the sample lreadgns at many levels of function. Given the
size and variability of the sample it is not susprg that we found only one statistically
significant difference. However, given the preligiy nature of this investigation having a range
of history, and movement variability in the pargpiants was advantageous. This allowed for
speculation regarding who may benefit most frore gibgram taking into account certain
characteristics (i.e., gender, age, level of fuomti Another limitation was the lack of control for
confounding factors, such as receiving other mibterapies. This makes it more difficult to
attribute findings entirely to the study. It shollel noted that most participants who were
receiving therapy were receiving a small amouet,(L to 2 times a month). Finally, it is
possible that the dosage was not appropriate atg#nticipants may have needed more time or

more adjustments to the settings to get the ‘jigttrchallenge in order to maximize outcomes.
Conclusion

Neurogame Therapy is an innovative combinationiafeledback and computer games,
which are motivating, that targets decreasing aareation within a muscle agonist/antagonist
pair or increasing selective activation of a paitac muscle group. In this preliminary study with

9 participants the focus of intervention was imgnoent of wrist flexor and extensor muscle
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activation. We found an effect at the level of sEMMBich indicates that the game is making the
intended changes in co-contraction, but no chaagt®e functional activity level. Further visual
analysis suggests that this home program mightdse suitable for persons with some degree of
digit movement and those who have had a corti¢ateh In addition Neurogame Therapy may
benefit from the inclusion of more conventionalrtpees to assist in the transfer of changes at
the muscle activation level to changes in functiéuarther research is recommended to

investigate the efficacy of Neurogame Therapy lsrae program in adults after stroke.
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CHAPTER 3
PERSPECTIVES OF STROKE SURVIVORS ON HOME EXERCISEIANEUROGAME
THERAPY

Over 7 million Americans over the age of 20 hagd h stroke (Roger et al., 2012). The
after effects of stroke are varied and can inclag@irment in motor function, sensation,
cognitive abilities and communication. Fifty pemtef stroke survivors report hemipaersis at six
months post-stroke (Roger et al., 2012). Poor niotaction of the upper extremity is often
reported, a factor that can predict decreasedtyuadliife in several domains of the Euro QoL-
5D such as self-care, usual activities, pain/didooitmand anxiety/depression (Franceschini et
al., 2010). The effect that upper extremity funeti@s on a person’s ability to participate in
meaningful activities heightens the rehabilitapyofessional’s focus and attention on this area
during treatment.

Over the last two decades there has been a cedafort to understand how the brain
functions after injury, such as a stroke, and whethods can be used to improve motor function
and other capacities. Experience dependent nelastiqty, or the ability of the human brain to
change based on experience, has led to new thiakiogt recovery (Kleim & Jones, 2008).
Based on recent research, Kleim and Jones (20@&)exliprinciples that are key to creating
experience dependent neural plasticity. One ok#yeprinciples is repetition, which states that
in order to create neural changes a task needs tepeated multiple times. Furthermore, this
practice needs to be at the correct intensity ame it the most opportune time for recovery.
Finally, practice must be specifically focused gpegticular type of movement as well as being

salient or of value to the person involved. Thisderinciples, thus, highlights the importance
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of repetition, intensity, timing, specificity andlgence for interventions that are directed at
improving recovery of motor function.

From research in experience dependent neural gtgistve have seen development of
intervention approaches like constraint induced enoent therapy (Lin, Wu, Wei, Lee, & Liu,
2007; Sirtori et al., 2009; Wolf et al., 2010), odlo assisted therapy (Lo et al., 2010), electrical
stimulation paired with surface electromyographyféedback (Gabr, Levine, & Page, 2005;
Meilink et al., 2008), and bilateral training (Cauet al., 2010). One key element of many of
these treatments is the intensive repetition ofenmnts with the impaired upper extremity.
Despite these and other techniques to improve upgegmity function the number of persons
who continue to have hemiparesis in the chronicelpost stroke remains high (Roger et al.,
2012).

One potential reason for this is the limited amaafrgost-stroke care that is typically
received by persons after stroke. In 2005, the &serior Disease control reported that only 30%
of persons after stroke receive outpatient senacgisthat this percentage was far lower than
what would be expected if clinical practice guideb were being followed (Roger et al., 2011).
Furthermore, a study completed in a Californiaeystound that the average number of
outpatient therapy visits typically provided toergon after stroke was only six (interquartile
range of 1-21) in a years time, across all rehabihin services (Chan et al., 2009). This suggests
that persons after stroke receive a limited amotiopportunities for practice through direct
rehabilitation services. Furthermore, while the bemof repetitions needed to create lasting
improvements is not known, research completed patisons after stroke demonstrated that
neural plastic changes occurred with 100 repestmina specific movement per day over twelve

days (Carey et al., 2002). However, research iteticthat typical therapy sessions on average
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provide only 39 — 52 repetitions of active arm ei& per session and 12 — 32 repetitions of
functional movements (Lang et al., 2009; Lang, Mawcéld, & Gnip, 2007). This research on
current upper extremity therapy, demonstrates parant gap between what is needed to
improve motor function and what is usually or réadvailable to persons after stroke.

One strategy used in clinical practice to bridge gap is use of a home exercise or
activity program. There is a limited amount of imf@tion on how to address upper extremity
function home exercise or activity programmingersons after stroke in physical and
occupational therapy training texts (Bennett & Ken1998; Gillen & Burkhardt, 1998;
Logigian, 1982; Radomski & Trombly, 2007; Shumwage& & Woollacott, 2011; Sladyk,
Jacobs, & MacRae, 2009; Umphred, 2007). Upon baagthe research literature one will find
that home exercise or activity programs are oft&dwas the control treatment or as a part of a
larger intervention (Askim et al., 2010; Badke, ®ha&n, Boyne, Page, & Dunning, 2011; Gabr
et al., 2005; Macko, 2008; Page, Levine, TeepeHagtman, 2008) . Within the body of
literature, home exercise or activity programs efigm a one size fits all to an individualized
approach (Askim et al., 2010; Page et al., 2008ydrdless of the degree of individualization, a
typical home exercise program contains exercistismia are instructed to perform for a certain
number of repetitions or sets. There is often adegiven, indicated by how many times a day
or week the exercises should be completed. Patienally receive training in the exercises by
the therapist through demonstration and practieadduts with pictures are often issued to
ensure understanding of the exercises and maysaise as a reminder of what exercises have
been assigned. Some therapists may request tiattg&keep a log to indicate how often they
are doing these exercises in order to know whenddify the exercise program (Hutchinson &

Winnegge, 2004; Page et al., 2008).
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While home exercise programs are commonly useéareh focusing on adherence to
home exercise programs without concurrent therajpgw. For example, a study completed by
Jurkiewicz, Marzolini and Oh (2011), found thateaftompletion of an eight month exercise
group, of graduated participants only 76% repodeierence to aerobic exercise (i.e., walking,
water exercise, semi-recumbant cycling) and 50%rted adherence to resistance exercise (i.e.,
weight training with dumbbells, resistance bandpanticipants own body weight). Touillet,
Guesdon, Bosser, Beis, and Paysant (2010) foun@® tmenths after the conclusion of an
activity program for persons after stroke only 1@Pthe original participants were continuing
with the prescribed amount of activity. While theseurrently a limited amount of information
on adherence to upper extremity programs, the afosdmgs demonstrate that persons after
stroke may face challenges with adhering to anpaddent home exercise program.

Despite difficulties with adherence to exercisegoams by persons after stroke, exercise
is recognized as important to the recovery of ugpéremity function. Barker and Brauer (2005)
completed three focus groups and two in depthvigess with persons after stroke to investigate
how persons after stroke view recovery and theegjiras or factors they think influence upper
extremity recovery. They found that persons aftke wanted to continue to work toward
improvement and one of the ways they cited trymdd this was beginning and continuing
exercise (Barker & Brauer, 2005). While this wasognized as key part to recovery, continuing
with exercise was challenging due to lack of knalgke on how to proceed with exercises or
how to start, as well as maintaining motivationh€s have studied barriers to general exercise
in persons after stroke and have found that tHevimhg personal barriers were commonly
reported: a lack of knowledge regarding exercidacl of energy, lack of motivation, and a

feeling that exercise would not help (Rimmer, Watagmith, 2008). In a study that examined
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home exercise for persons after stroke more spadifj similar barriers were identified, but the
following issues were also noted, musculoskelstles, fatigue, lack of time, family
obligations, depression, and lack of enjoymentkiéwicz et al., 2011).

Given current research, persons after stroke satia in exercise but face challenges
when trying to adhere to prescribed exercise pragra he inclusion of technology as a part of
rehabilitation programs is appearing more frequentthe research literature. Technology is
being incorporated in part because it can allowdaonote access to persons that can not get to
healthcare facilities (Lum, Uswatte, Taub, HardiriViark, 2006; Page & Levine, 2007) and it
may be able to increase enjoyment of upper extyeraitabilitation (Burdea et al., 2011; da
Silva Cameirdo, Bermudez | Badia, Duarte, & Verseh@011; Mouawad, Doust, Max, &
McNulty, 2011).

Video gaming and virtual reality have been introgthto therapy in an effort to
increase enjoyment of repetitive exercise. Foré&@nograms this may assist with adherence.
Several studies have been conducted using offriblé game systems, such as the Wii, in order
to investigate the feasibility and potential effeehess of these systems in improving upper
extremity motor function with some promising resyllijmans, Hale, Satherley, McMillan, &
King, 2011; Mouawad et al., 2011; Saposnik et2810; Yong Joo et al., 2010). In addition to
these efforts, investigations of other virtual ityadystems that use video games or a game
interface are also underway with preliminary stadlemonstrating positive results on a variety
of measures (Combs et al., 2012; da Silva Cameirab, 2011; Schuck, Whetstone, Hill,
Levine, & Page, 2011; Szturm, Peters, Otto, Kapai@esai, 2008). For example, Combs and
colleagues (2012) found changes in upper extreknigmatics but not in functional outcome

measures after persons with chronic stroke useg@etitive gaming intervention.
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While several of these studies have looked ataasibility of using technology in
therapy, few have explored participants’ experismreviews beyond the use of questionnaires.
However, some insight was gained on user persgsctiva study done by Lewis, Woods, Rosie,
& McPherson (2011) where a semi-structured intevvwiegarding the experience of participants’
use of a virtual reality game for upper extreméfabilitation was completed. Overall most
participants enjoyed their experience and founditi@nallenged them. When comparing it to
physiotherapy most participants reported that iildoe a good adjunct, but would not replace
traditional methods of therapy. These intervieve® gdrovided the authors with insight into
future improvements for the virtual reality systeuth as decreasing environmental distractions
in the game and allowing for competitions betwesersi (Lewis et al., 2011).

Neurogame Therapy (NGT) is a game-based systemtihaes surface
electromyography biofeedback to control a comméycevailable computer game for use as a
home exercise program. Given that little is kn@lout the experience of home exercise
programs for persons after stroke and that homeahtied are in need, it was considered
important to explore user experiences when devetppihome system. This would provide
important information that could assist in deterimgnthe acceptability of this intervention in
comparison to traditional home exercise prograrhgrdfore the focus of this study was to
characterize the way participants used their upgemity in daily activities, explore their
experiences with previous home exercise prograntsdascribe their experience with NGT

Methods
Design
A preliminary study of NGT was designed to collboth quantitative and qualitative

data on the effectiveness and acceptability ofrite¥vention in adults post-stroke when used as
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a home program to address impairments in uppeemxty function. The quantitative portion of
the study used a repeated measures design Al,A2,Bgticipants completed quantitative
outcome testing twice during the baseline periotl (#A2). Then participants, after the
completion of training used the game at home fpragamately 4 weeks (B). Technical support
was available as needed and game settings wergeadh@eriodically if the participant required a
greater challenge. After the intervention perjpakticipants came in for testing within a week
after they finished using the game (A3). Resulterfthe quantitative study are reported in a
separate paper. For the qualitative portion ofstney, reported in this paper, semi-structured
interviews were completed at the first and thirde@sment points and are described in further
detail below.
Sample

A sample of convenience was used. Each particjpavided written informed consent
and all study procedures were approved by the HUsogojects Division at the University of
Washington. Participants were recruited via flythiest were handed out by rehabilitation
professionals; at support group meetings; and gastdine and in approved listserves. All
participants were at least 6 months post-strokk mibtor impairments on one side. Motor
impairments ranged on the Manual Ability Classitica System from having difficulty with
managing objects to no active movement (McConnell.e2011). Participants also needed to
have vision and hearing sufficient to completedbcome measures and engage in the video
game. Participants were excluded if they were Boghsh speaking, had substantial cognitive
or communication deficits, or if they had recersltered their anti-spasticity management
program or received neurolytic injections. For diggive information on the participants please

see Table 9.
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Table 9

Participant Characteristics for Qualitative Portion

Pseudonym Age Gender Hemiplegic Years Post

Side Stroke
Michael 53 Male Left 5
Mary 47 Female Right 3
Harriet 67 Female Right 3
Gerald 69 Male Right 2
Jennifer 54 Female Right 1
Hannah 54 Female Left 9
Brad 68 Male Right 9
Wayne 58 Male Right 6
George 69 Male Left 27
Zac 43 Male Left 1
Neurogame Therapy (NGT)

The intervention, NGT, is an augmented form ofae electromyography biofeedback.

During NGT, the participant is able to control the'sor of a commercially available computer

game using the muscle activity in the affected litnithis study, we specifically directed the

intervention towards improved motor control of thest flexors and extensors. The

commercially available game Peggle (Rothstein & $aP007) was used in NGT. In Peggle,

participants aim a ball to eliminate orange colgreds. In order to pass a game level one must

clear all of the orange pegs from the screen. lsededifficulty, in NGT, may be advanced in

two ways: (1) levels advance from easier to moffecdlt requiring more strategy and control to

aim and clear the orange pegs is needed; or (@staents can be made to the amount of muscle

activation needed to control the launcher for onkath muscles.

Qualitative Procedures

Participants completed two interviews, one at tist festing session and the second

immediately following completion of the NGT inter&n. In order to ensure participants could
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be comfortable expressing any positive or negatiee’s about the game or the past experiences
all interviews were completed by two interviewdrattwere not involved with the assessment or
gaming portion of the study. A novice intervieweceived training and feedback from the more
experienced interviewer, including a practice . There was one instance where neither
trained interviewer was available for a follow-ugparview. In this case, another researcher
completed the interview. In order to prepare, thisrviewer reviewed several prior audio-
recorded interviews for style and technique.

The interviews were semi-structured and used amir@w guide (See Appendix C). The
guestions in the first interview focused primanly obtaining information about how each of the
participants used his or her arm at home, thewipus experience with home exercise, and their
use of technology. The second interview askedqgyaaints about their experience with NGT
and if they noticed any changes in how they usedt #rm. All interviews were audio recorded.
Persons with expressive aphasia at times usedrgestuwritten words to communicate during
the interview. In order to capture these alterat@emmunication strategies, the interviewer
described them for the audiotape.

Data Analysis

Audio recordings were transcribed and entered icrddioft Word. In order to ensure the
accuracy of the transcription, they were reviewadrgo coding by the primary researcher.
Qualitative description as described by SandeloW&kl.0) was used as a guiding framework for
analysis. Qualitative description is a data near@gch that attempts to minimize interpretation
and attempts to describe what was found in theyelegrterms used by the participants. With
this in mind, the interviews were initially codedthva coding structure based on the interview

guide. Additional codes were created in orderajotare key topics that came up when
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participants were responding to questions througtimiinterviews (See Appendix D). Coding
was initially completed by the primary researchaut gerified by a second researcher with
extensive experience in qualitative analysis. piwmary researcher and an experience
gualitative researcher discussed any disagreemegasding a particular use of a code until a
consensus was reached. From these codes thenegaev@rated to describe the participants’
use of their affected upper extremity, perceptiohgast home exercise or activity programs, and
their experiences and perceptions regarding NGT.

Results

A total of ten participants completed the nestee-on-one interviews, one of these
participants due to outside medical issues wasdaskeithdraw from the quantitative portion of
the study. The findings from these interviews agsadibed below with separate focus on the pre-
interview and post interview questions. All namseadiin this paper are pseudonyms.
Pre-Intervention Interview

Outcome: Upper extremity use. In order to understand the relationship that our
participants had with their affected limb on a dayday basis we asked them to describe to us
how they used their arm in daily activities. Sevénemes emerged.

Upper extremity useis challenging. All but one participant was able to name at leagt o
activity for which they tried to use the affectadlh in a functional way. For some participants
this was using it to turn on and off light switchés others it was incorporated into dressing and
cooking activities. Appendix E contains a tablejalprovides a list of activities each
participant reported performing. However, mostiparants felt that the use of their affected
upper extremity was infrequent. For example, Maayesl, “I really can’t do a whole lot with it

though. | can’t you know get a cup or anything likat...You know, | pr-1... | don'tuse it. | — |
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don’t use it really.” Additionally, Harriet said?l have tried to use it with opening doors or
hanging- using it to hang up clothes. Um, to ham- u deal with putting clothes in the basket or
washing and picking up the basket to (sigh) brimg¢lothes, um, upstairs. Um... the thing of it
is, is that it's very [frustrating]. ...Most of thiihgs | do, uh, with my left hand.”

Even if participants had more functional use ofrthffected upper extremity prior to the
intervention they tended to report that they ditduse their affected upper extremity much and
relied on their less affected limb for most tasksc describes thisWell, at this point | really
don’t use it very much... | mean, there’s a few thitlgt | use it for like, um, | try and use it for
door handles fairly regularly, or elevator buttonsout | don’t really use it for eating at this
point...I usually just end up trying to do it with nght arm, my right hand George states quite
frankly: “Unless I really have to u- involve both hands td everything with the right (less
affected upper extremity). Yeéah

Upper extremity use is expected. When asked about using their upper extremity ifydai
activities many participants reported that they tieht they should be using their affected upper
extremity more than they were. For instance, Z#cdtiat “[l] Probably need to be trying to
make it do more than it is...What | mean | shoultiyazag to make myself eat with it | guess. It
seems like that’'s something | should- probably abioe to be... forcing the issue on that or
some- something.”

Michael reiterated this sentiment statifigm um chagrin to say that | don’t use, | dortiy to
use it as much as | should.”

Some participants while recognizing that they caidd their upper extremity more
expressed that they were just learning how to tusewere unsure of how to use it. Gerald when

asked about using him arm statébbt, not, uh, no. Uh, as much as I can, not veitgrm So, |
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think that, uh, | can use it more often...But, umm.jlst learning to n- use it so, | don’t kndw
Mary reports“...And you know the one lady said, she said, ‘Yadre use it,” And, I'm like,
but how do | use it?”

These two themes illustrate that these participairitschronic stroke are attempting to
use their affected upper extremity although infsaquent. Furthermore most have received the
message that it is important to use the affectad,lidespite some uncertainties about how to do
this.

Outcome: Home Exer cise/Activity Programs. In attempt to understand the participants’
perspectives on home exercise or activity a sefigsiestions about their previous home
programs was asked. From the participants’ respotiseee key themes emerged regarding
home programs.

Home exercise programs are non-specific. When participants were asked about their
home exercise programs responses varied greatlgptared that most programs consisted of
active and passive range of motion exercises, gtniening exercises, and some functional
activities (See Appendix E for more detailed dggeyns of participants home programs).
Michael described his program, 8shave a few exercises | do at home... OT exescisike if |
can get my hand open - | have a lot of spastidiben | try to get it around the refrigerator door
and open and close that to a metronome for likarfutes.” Four participants mentioned that
they had used electrical stimulation at home; tivihem reported having to send the device
back at a certain point.

While most participants could recall some exercaesctivities that they were instructed
to do at home, only a few participants recalled lodi@n they should complete them or the

number of repetitions they should do. As statetMayne,“No, she didn’t say how muchOut
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of the ten participants interviewed, six reportedal they received handouts regarding their
exercise programs.

In addition to the non-specific recall of the exeegprograms, most participants did not
report having a strategy for incorporating thesereises into their daily routine. Hannah when
asked about how her exercise program fit into betine she state@yvell, it didn’t. That's what
I’'m telling you, it didn’t- (short laugh) You knowget home and I'd get busy being a mom and
a... office manager and trying to handle some pamyhousehold...Zac statedl would say
most days they don’'t.George reported that he did not have a schedukibut rathefit just
happened wheneverSimilarly Jennifer stated slipist made a point of doing it,without the
mention of a particular schedule. In contrast, Glergported that he would complete his
routinely,“After | have my breakfast...l do two hours of exgeeci Wayne also reported a
regular routine of certain exercises that were dortbe morning and others that were done at
night, however given his previous statement thigine@ was developed independently of a
therapist. While participants could relay the eiss and activities they were instructed to do at
home, the details regarding the implementatiohe$é¢ exercises for many participants were
vague and non-specific, even though half of théiggpants had received written instructions.

Home exercise programs are independently modified. A second theme surrounding the
home exercise programs described by some partisipeas that they independently modified
their home exercise program, making adjustmentschadges independent of a therapist. Gerald
reported,’l worked out much of it on my ownHe after not having much success with his home
electrical simulation only once a day statédead up on it [the], research, uh, research
procedure. And they had it three times a dagd reported adding two additional electrical

simulation sessions to his routine. Hannah, akéndounable to complete her prescribed home
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exercise program, described htw| hired a personal trainer. And, um, so there'sstseries of
exercises... my daughter found on the Internet, s called G.R.A.S.P. And they said, if | do
these levels, | get to three and I'll be able te usy arm and hand.”

While these two examples exemplified the strongesdifications to home programs,
other participants reported efforts to find actestthat would help with their impairments.
Harriet spoke of how she was considering addingva activity to her routine€’'But see, another
thing that | try to do, | go to church every Sundagd um, they try to um, I've been thinking
about it, but not acting on it. I'm still thinkingpout it. But you have to shake people’s hand
every week.'Jennifer reported finding a place to continuewerk, “I set myself up in a gym
after, um, when therapy ran out ... And, um, thaé¢gime a designated place to go to do what
I’'m supposed to do.These examples demonstrate that some of our genits changed
prescribed programs or found new ones that wouldk ¥ay them as they continued to work
toward recovery.

Home exercise programs and barriers. Participants during the course of the pre-
intervention interviews reflected useful informattion what made it difficult to continue with
prescribed home programs. One barrier that wasiomad by several people was the level of
frustration that was present as they tried to warkusing their upper extremity. Michael stated,
“if you get frustrated and discouraged with whatire trying to do you just won't do it.When
discussing attempting to get dressed Hannah deskiilh figure it out eventually but that's
another thing an’ | get so frustrated and then Jumt a ball of tears and...It doesn’t seem
worthwhile to make myself that upse’addition to frustration, Michael also stat&atigue is
always a big deal for stroke peoplahd that fatigue was something that he factored as

whether or not he did any upper extremity exerctsea given day. Two participants reported
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pain as a factor that limited home exercise. Harstated, It hurt to do it so, (puff sound) that
was that, | quit.”

Some participants cited cognitive issues that arflted their participation in home
exercise programs such as memory and poor intiaktary, when asked about why it had been
hard to get an exercise routine going, stai&elf it's because | don’t remember... So, | mean,
someone has to come over and physically say, Weye gonna do this.Jennifer spoke of
difficulty recalling activities that were not wreih down’l was boggled by all the information at
that time. So, (clears throat) when | was dischdrgel didn’t, there wasn’t as much as | thought
| remember he had me trying to lift my arm overhegd and stuff like that but it wasn’t
written.” Two other participants spoke specifically of thaltdnges of getting started with home
exercise programs. Zac statddyould say, you know, one of my biggest issussiits still
ongoing really (clears throat) in many facets of lifgyis initiation... So, just getting myself to
get up and go do stuff it's an ongoing problem. Aisdoarticularly obvious when it came to
those exercises.This was further spoken of by Michael who statedWell another thing, at
least for me as a stroke survivor is initiatingrips sometimes is challenging. So initiating a
home exercise session ... takes a lot of effort.”

The above themes illustrate the perception of hpragrams of the participants in this
study based on their previous experiences.

Post-I ntervention I nterview

Outcome: Neurogame Therapy Experience and Per ception. After completing the
intervention phase of the study, participants ptedifeedback on their experience and allowed
for insight into Neurogame Therapy acceptabiligrgeived effectiveness, as well as challenges

and suggestions.
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Neurogame Therapy Acceptability. Most of the participants in the study found the lbom
program using a gaming interface to be engagingnaoti/ating. For example, Michael stated,
“And it's exciting. | mean, it’s really, it giveseruh, adrenaline or endorphin shot when | can do
something and, and actually make something happp&my brain with my affected sideBrad
reiterated this feeling more succinctljThe] game just was awesomeWhile not all persons
were as enthusiastic about the game it was deslcaibéfun,” “motivating,” and “entertaining.”
Some participants reported that it was easy te@eght up in the game which made the time
pass quickly. Hannah reported thanhd with the game you can get in there and, uht get lost
in it. And pretty soon you're an hour into it andy, you don’t think it's an hour. | look at the
clock and | think, geez, I've been doing this aedn quit now ... it doesn’t really feel like
physical therapy. It feels like you're playing anga.”

While most participants found the game enjoyalfienaexpressed different opinions.
Wayne reportedit’s just all pinball.” Harriet shared thdplaying games ... just doesn’t
motivate me. | understood why the purpose of timeegand what the benefit of the game but at
the same time it wasn’t something | enjoyed dam@ge honest with youfh addition, even
some participants who found the game enjoyableesigd that making the game more age
appropriate would be beneficial. Jennifer repoftéeah. It felt like | was in kindergarten ... |
mean, then it got harder but it was like my liftlenies or something...It’s a little dingy, but it
was fine | guess. It is what it isWayne suggested that games such as poker or coess ve
more engaging to him and required more cognitivitials.

Although participants had different perspectivedlmacceptability of the home gaming
program, when asked directly if they would recomthéns program to other persons after

stroke nine out of ten reported that they wouldryaas unsure if she would recommend it and
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stated‘Well if | could see some improvement, which therght be some, but | would
recommend it higher.Participants were also asked when they would recenad this program
to other persons after stroke. There was a widgeraf responses but most felt that sooner in
recovery would be better. While most participantsribt identify a number of months out of
recovery Michael felt... maybe the idea of what the game was about coelshtroduced
within that first yeaor first six months.”"While most participants provided a length of tignece
incident Zac reported..I think, you know, you got to be at a point whgoal really can move
your wrist with consistency.”

Finally, participants were asked about how theypm fit into their daily routine. Most
participants found the game easy to fit into a patheir daily routine. For instance, Hannah had
it setup at the office and reportSo it was easy to form a routine about when | vadodib it
because | have a lot of cheerleaders thef@thers, however still struggled to form a congiste
routine. As Michael stated, was fairly erratic...Routine for me is difficulugt to begin with.”

Zac reports how he struggled fitting it in by say/io it tended to be sort of trying to squeeze it
in around on day when | was pretty busy with twthoee other things going on, sort of squeeze
around those.”

Neurogame Therapy Perceived Effectiveness While the game was acceptable to most
participants and the majority would recommend ibtiwer persons after stroke, most participants
did not report any substantial changes in the fanaif their impaired upper extremity. Harriet
stated,’l don’t think really in the time I've been hereahtoo much has changedWayne after
each session was instructed to try to do some dybi@ reportedi was t-typing...l was trying,
but terrible, anyways.” Another participant was unsure if there were geanas Jennifer

reported,’l don’t know how much it improved them...Um, | hgoene but | can't tell.”
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While most participants did not express visiblerges in performance some did report
more subtle changes after using the program. Baported that compared to previous home
programs that thisvas the first time I've got some movemen8Similarly Gerald stated[when
playing the game and relaxing]...I feel my hand. Welbn’t know what it's relaxing or what
but movement. Things like that...also | have, unthoayb is starting, well not starting but,
when | finish with the game, suddenly, my thumbestdtwitching].” While participants did not
experience a change in function a few reportedttiet felt that they were incorporating their
affected upper extremity in daily activities in neways. Michael who had more severe
impairment reported thatWhen one’s in a grocery store, pushing a shogpart, most people
do it with both arms or both hands, and so I'mngynow to make sure | rest my affected arm on
the (chair slides on ground) shopping cart handlgust at least it would start to emulate or
simulate a more normal approach to ADLS&Iimilarly Jennifer also reported that she wastyyi
new uses of her affected upper extrenfityput on my sweatshirt and my jacket and it thete
sleeve was up above my arm here and it was, listi@there so it was kinda stuck up there.
And it took me a long time, but | used my handstodk it under the elastic and said, well, pull
the sleeve and that took me a long time and istupid accomplishment but | thought, it took a
lot.” She also reported that she was noticing someréifées in how she completed activities
she was already doing, for exampl&/€ll there was like more holding this with my hariten |
open ‘em instead of pressing it against my body,ky@w. | was holding it independently with
my hand.”However she was unsure if this was due to the garher workout routine at the
gym. George reported that using the game caused higtuorto some exercise activity he was
doing when he first left the hospital, almost 3@ngeago. When asked if participating in the

program made him more or less likely to work ondn® he statedUh, more likely ‘cause I,
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I've started squeezing a rubber ball more. I've gdairly good-sized ball that I'm able to
squeeze it pretty good.”

Neurogame Therapy: Challenges and Suggestions. During the interview participants
also provided us with feedback as to the challetiggtsthey faced when using the home
program and suggestions they had for improvingath participant encountered at least one
instance of a technological malfunction that reggditroubleshooting. For two of the participants
the challenge was following the necessary stepgitdhe game and the program interface. Brad
stated,’l didn’t turn the computer off and [she] had torme@ and turn it off.” Another technical
challenge patrticipants faced was finding the car@xation for the electrodes, which were
marked with permanent marker. Participant Mary axyl,“You take a shower and everything
goes off.”Charging the Nuerogame box also was difficultdome participants either due to
uncertainty if they were charging the box or fauhargers that did not charge the box.

While most participants faced some technologiballenges, other faced challenges such
as fatigue, environmental setup, and pain. For @kandennifer reports thétm really over-
worked or over-tired, | find it harder to get thbe strength and finding it.Environmental
challenges were only reported by one participanthiskel, who statetl struggled...because |
didn’t have, uh, | needed, a, a padding on thedaftrest on my chair. So | strapped a pillow
and things like that but | noticed that, uh, thade that went from the electrodes to the
Neurogame box kind of tended to get tangled=inally, two participants reported that during
the use of the game they experienced pain. Haremdrted pain in her shoulder and upper
trapezius through pointing but stated that it ldster a couple days and then it calmed down.”
The other participant, Jennifer, experienced paireiation to game play reportéidolayed so

hard | got my elbow going. And then | hit it outloé chair tod’ Neither participant required
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medical attention nor did these instances prevarhtfrom continued game play.

Participants also provided some suggestions fproming the system from changes to
the technology to the implementation of the systielary stated;l wish [the box] had a, a
sensor on it that would tell you if it was highlow or whatevef Others as previously
mentioned suggested that the game should be changedt it was more age-appropriate or
cognitively challenging. Another suggestion madeway participants was that the amount of
time that participants used the system should tre@sed Gerald stated that he waritedre
time, uh, just, 30 days is not time enougWldry concurred with this idea reportirig,our
weeks might not be enough to see resuliscbuple other participants would have liked te se
functional use of the arm incorporated into thegpam. Harriet commented that she would like
“some exercise that would incorporate the use effthgers so, you know ... it should have some
more meaning.’Michael thought that collaborating with participaaiccupational or physical
therapist who could provide ideas“dfl could gain wrist extension | might be able itaprove
the following things for me individually. These suggestions provide insight into the wags w
can improve Neurogame Therapy for the individudi®wnay use it.

Discussion

Ten participants completed two one-on-one intevsiéocusing on topics related to
functional use of their impaired upper extremitse\pous home exercise, and their experience
with the Neurogame Therapy home program. Key thesegs identified to highlight the major
discussion points for each of the topic areasiddaants when speaking of using their affected
upper extremity in activities were able to identistivities that they attempted but reported that
these activities occurred infrequently. In additiparticipants characterized functional use of the

affected upper extremity to be expected as thep westructed on this in their previous therapy
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experiences although they were not always cledromnto do this. Most participants were
provided with home programs in some form althougtytwere often recalled as non-specific
suggestions that were independently modified byp#récipants at varying degrees. Finally,
participants discussed their experiences with Ngame Therapy and shared that the experience
for most was enjoyable although they did not notagor changes in the function their affected
upper extremity. Finally, the participants providegight into some of the challenges they faced
with Neurogame Therapy and the suggestions theydexprove the home program.

The findings of this qualitative investigation seggthat persons in the chronic phase of
stroke understand the importance of and are tryingcorporate the use of their affected limb
into daily activities but find that this is challging. This is consistent with the findings of Barke
and Brauer (2005) who reported that persons ditekes understand the importance of
continuing to exercise their affected limb but gtyle to get started with exercises. Our
participants cited barriers that prevented thermfemgaging in home exercising which included:
frustration, fatigue, and cognitive barriers likemmory and initiation. This finding suggests that
the role of home exercise programs is importanondt in extending services but in aiding
participants after stroke to continue to work oaithupper extremity recovery as they desire.

When discussing participant’s prior home prograrngevmost reported having received
instruction on things to do at home, the trainimat they had received was non-specific. It is
possible that the non-specific nature of the horezaese programs made it difficult to
incorporate these activities into a daily routiRarthermore, after participants had stopped
receiving direct therapy services it appearedttiey developed or modified the routines they
were instructed in independent of a rehabilitapoofessional. This may suggest that home

programs require continued monitoring in orderriswge that the exercises are still appropriate
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for the participant and that the participant iddaing through and not encountering barriers to
implementation.

Participants provided insight into the use of Ngarme Therapy as a home program.
This feedback allowed for comparisons between tesicribed previous home exercise
programs and Neurogame Therapy. Most participeesgy reported how they incorporated
Neurogame Therapy into their daily routines, howesgme described their game play as erratic
or unscheduled. It is possible that this differeiscan artifact of Neurogame Therapy being part
of a study and previous home exercises progranghssued in the distant past. Nevertheless it
is important to note that some participants wete @bincorporate this home program easily into
their routines while others struggled due to laCkiation, poor memory or activities that were
too frustrating for them to continue independently.

One notable difference was that most participagpented finding Neurogame Therapy
engaging and enjoyable when compared to their pusvnome programs. In addition, persons
found that the time they spent doing Neurogame apnepassed quickly. While this is positive,
only a few participants were able to identify chasgn their upper extremity use after using
Neurogame Therapy. Some participants remarkedismatid suggested that there be a stronger
connection to daily activities when using the gaand how the movement that was being
worked on in NGT could be carried over into othethaties. This is consistent with the findings
in the quantitative results of this study (Cha@grwhich indicated positive group changes at the
level of SEMG but not at the level of functionatieity.

Based on the feedback from these participants &éswdeas will be incorporated into
future studies of Neurogame Therapy. These concegysalso benefit the implementation of

traditional home exercise programs as well. Rgdids reported that being engaged and
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successful motivated them to continue with NGT #msl appeared to decrease frustration,
although not completely eliminate it. Furthermdhes ability to tailor the game appears
important as some participants found the game td@acognitively challenging. As mentioned
above adding a strong component of functional agtias well as, a longer treatment period
would potentially strengthen the program and improarryover into functional tasks. Finally,
assisting persons in planning out how they wilbimorate this program into their daily routine
is critical for follow through especially if persefiace cognitive barriers that may make this
challenging.

Despite the note worthy nature of some of thesdirigs, one must take into account
some limitations of the current study. First thenpke was a sample of convenience and
relatively small. Furthermore, the perceptions axperiences of this group could be different
from the entire stroke population as they wereregted in participating in a study. Secondly,
several of the participants admitted challengeb wiemory and therefore their report of their
previous home program could have been vague andpexific due to poor recall and not lack
of instruction. For this reason it is importantctntinue this investigation by speaking with
physical and occupational therapists, as well aggivers to provide a complete understanding
of how a home exercise program functions for pessdter stroke.

Conclusion

In summary, our participants, who were adults ton27 years post stroke resulting in
hemiplegia with reported difficulty using one arrad for functional activity understood that
the use of their affected upper extremity was gooirtant piece to motor recovery, although they
found implementing this challenging. Most partiaipawere provided with a home exercise

program, and reported some barriers to complekisggrogram regularly. After using
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Neurogame Therapy, participants found the progmajoyable, however they encountered new
challenges related to the use of the system, dsagjetontinued cognitive challenges to daily

incorporation of the system. While this investigatprovides only the viewpoint of the therapy
recipients from a small sample, it provides a valegerspective for researchers and clinicians

to consider when developing home exercise progfamedults post stroke.
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CHAPTER 4
SUMMARY

There has recently been an increased discussaurt #ie use of mixed research methods
in the healthcare literature. The importance ofedimethods in rehabilitation research has been
emphasized, given the changing nature of healthgdinemore persons receiving services in less
controlled environments (Kroll et al., 2005). Mixetethods allow for a combination of both
guantitative and qualitative research methods abthat research questions may be answered
from multiple perspectives and multiple questioas be answered. These methods can be
combined in many ways but must be planned out mafodly (Kroll et al., 2005). The papers in
this dissertation detailed the methods and refuita preliminary mixed methods investigation
of a home program that utilized sEMG biofeedbackugh a computer game as a means of
providing upper extremity therapy for persons asteoke.

The selection of mixed methods approach was viéduabthis study because it allowed
for the effectiveness and the acceptability of dgame Therapy (NGT) to be thoroughly
assessed. A repeated measures quantitative deaggohosen to answer questions regarding the
effectiveness of the program. Using this designugee able to reduce some threats to internal
validity including: history, attrition, and instrientation. Through this method we investigated
how effective the program was by focusing on outeeneasures that ranged from co-
contraction ratios measured through use of sudéagromyography (SEMG) to performance on
the Wolf Motor Function Test (WMFT) and Chedoke Aamd Hand Inventory (CAHAI).

These measures span two levels of the Internatfolaakification of Function (World Health
Organization, 2002) by evaluating body functiorotigh SEMG and activity performance on the

WMFT and CAHAI. While this research design infosneur understanding of how the
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invention impacted outcomes, it did not provide arfgrmation on the experience of the
intervention as perceived by the participants. th reason, we included the qualitative piece,
which allowed for a detailed look at participanppar extremity use, previous home exercise
program experience, as well as the experience eseptability of NGT. While the qualitative
research methods provided insight into the homehyeexperience, they did not provide any
information regarding effectiveness. The comborabf the two research methods in this
preliminary study was advantageous as the quakaésults provide insight into the quantitative
results based on the experience of the participants

Combined Results

Nine persons completed the quantitative portiothefstudy. Overall participants
adhered well to the number of home practice sessiguested over the 5 weeks, with only two
participants who used NGT at home not reaching tyveessions. Group analysis found a small
but statistically significant decrease in the amafrwrist extension/flexion co-contraction that
participants used during a reaching task. Whilether statistically significant changes were
found, this preliminary evidence suggests thairbervention program is working as intended at
the body function level to improve selective musatévation.

Ten participants finished the qualitative portadrihe study and completed interviews at
two time points, one pre-intervention and one potgrvention. Through these interviews
participants discussed how using their affecteceupmtremity in daily activities was
challenging and infrequent, nevertheless they wstded frequent use was a necessary part of
recovery. Participants also described their previbome exercise programs in a hon-specific
way. Furthermore, participants reported that timeylified or changed their previous home

programs without consultation after being dischdrgem direct therapy services if they felt it

67



wasn’t working or if they wanted new activities.ri®@pants also provided feedback on the NGT
intervention with most participants stating it veagoyable, but only one reported a substantial
change in functional use of their hand and arm WehNGT program. However, some
participants did report subtle changes in moverpatterns and others noted new or renewed
awareness and incorporation of their affected upgemity in daily activities.

When assessing the results from both aspectedttily there are a few key findings.
Firstly, it is valuable to note that the quantitatand the qualitative findings were consistent in
that participants’ performance during the activégks and their perception of their functional
abilities were similar. However, what was not captuby the quantitative outcomes was that
several participants found that they had an ine@asvareness of their impaired upper extremity
and some tried to incorporate using it in new wdyss suggests that while functional
performance may not have been affected by thevedion, awareness and attention to the
affected limb may have increased. Secondly, théitgtige findings suggest that some
participants, while they enjoyed the game, wouldeh&ed to see a more direct connection
between the game and functional practice. Thudifigis also consistent with a need for an
additional functional component to the NGT therapygram seen in the quantitative study, as
participants demonstrated a change mostly on tMGsButcomes and not the functional
outcome measures. The enjoyment of the game asssqut in the participants’ interviews was
also reflected in the participants’ adherence éopfotocol. This suggests that the use of a video
game increased desire to engage in exercise gclivis also possible that the decreased
frustration and increased success in using thg@eupxtremity also encouraged them to continue

with participation. Finally, future studies of NGlill benefit directly from including a
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gualitative component in order to obtain feedbatarding ease of use of the system,
appropriateness of the game, and other suggesegasding duration and amount of play.
Future Directions

Neurogame Therapy clearly requires further resesrorder to determine its value as a
part of upper extremity rehabilitation after strokeom this preliminary study there are several
follow-up studies that can be conducted that vdtl,anot only to our understanding of NGT, but
to the greater body of knowledge on rehabilitatdter stroke. These follow-up studies could
investigate several questions: (1) Is NGT moreatiffe with a functional activity component?
(2) Is NGT feasible for use in the acute phasdroke recovery? (3) What is the current state of
home exercise programs after stroke as viewedibyts| caregivers, and therapists?

In order to investigate the question related teaieness with an additional activity
component a larger study with modifications toiti@usion criteria (i.e., adding a minimum
motor criteria, exclusion of persons with brainstefarcts, etc.) would be appropriate. This
could be done solely as a quantitative investigatmwever, with the addition of a new
component to the NGT program it may be advantagemasntinue with a concurrent mixed
methods approach that allows for additional feekllmacthe new protocol.

The second question stems from the results ofulétgtive portion of this preliminary
study as participants reported that they thougimdgrNGT earlier in recovery may have been
beneficial. This investigation is also of interbstause persons acutely after stroke are in the
process of newly relearning how to activate themiparetic muscles. This is different from
persons with chronic stroke who have already lehome way of activation (co-contraction) and
need to unlearn that pattern and establish a new @hile a purely quantitative approach could

be used to answer this question, including a catalé component may allow for insight into the
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ease of incorporating NGT into inpatient treatnfeon the perspective of the therapy staff as
well as the participants.

The third question also stems from the qualitapiggion of this study and calls for a
deeper investigation of the nature of home prografitsanswer this descriptive procedural
guestion both quantitative and qualitative methoais be used. In order to validate the
description of home programming from our particiggain a larger sample a sequential mixed
method approach could be used to develop a suasgdoon the qualitative description of home
programs. As reported previously there are sewstasieholders in the implementation of a
home exercise program and we only interviewed dnarder to gain a clearer picture of the
nature of home programming qualitative methodsabel implemented in order to gain the
perspectives of therapists and caregivers.

Conclusion

This mixed methods investigation of NGT allowed &more in-depth understanding of
the effectiveness and acceptability of this innmeahome program. The findings were
consistent between qualitative and quantitativegseof the study on perceived effectiveness.
Furthermore, qualitative data revealed that pgicis experienced some subtle changes or had
an increased awareness of the affected upper agtrédmaddition, the qualitative portion of the
study provided insight regarding the acceptabditfNGT and changes that participants would
like to see with respect to NGT, such as havingecticonnection between game play and
function. Future directions from this study wilhato investigate the effectiveness of an
additional functional activity component; the fdalsiy of NGT use with persons acutely after
stroke and the perspective of therapists and caxegon the nature of home programs for upper

extremity recovery. Mixed methods research canigeovaluable information as programs are
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being developed that may help address issues imfflementation of rehabilitation strategies.
Continued application of these methods will benadit clients, our research, and the broader

clinical community.
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Appendix A

Data Reduction
sEMG

These data were processed using software createabView. This program first
required that the sEMG data and the video recordirige data collection process were
synchronized. This was done using a visual sigratlftashed when the sEMG recording began.
Then the start and end of each task trial was iiethiusing defined visual cues. Data collected
during the MVC task were used to determine the M&I by creating an envelope of activity
using a very low pass (0.5 Hz}" 8rder Butterworth filter, which was applied to tteetified,
null-offset SEMG signal. The 5 MVC trials for fleoa and for extension were calculated and
averaged to provide the MVC level for that assesgng@nly eight participants had complete
data for wrist extensor MVC and only seven for wilisxor MVC due to technical malfunctions.

The seEMG signal for determining timing and amplgparameters (except MVC levels)
were rectified and low pass filtered using a forvand reverse pass Butterworth filter at a
default frequency of 20 Hz and order of 4 per p&ssdetermine the amount of SEMG co-
contraction the signal’s onset and termination va&termined using an automated threshold
level. The Threshold Method was applied afterfiiftg without further integration of the signal.
The threshold of the quiescent data level waslsatea(Threshold Multiplier) x (mean + n x SD
of quiescent level). Quiet events with duraticessl|than the “quiet limit” were not used in
determining onset and termination. Events beginoimgnding above the threshold were
ignored. To calculate co-contraction the integiatignal for the agonist was divided by the
integrated signal for the antagonist, over thegaeadf agonist activity. In order to control for

potential variability in the placement of electrednd participants’ daily variability in
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performance the co-contraction ratios were norredlizsing the mean MVC level for wrist
flexors and extensors calculated from the MVC fasleach participant. To do this the
integrated agonist was divided by the agonist € level over the integrated antagonist
divided by the antagonist mean MVC level. Againyosilght participants had complete data for
this variable. The participants with previously sing data were included using MVC data from
the other available baseline pretest to normalieecb-contraction ratios for both pre-tests. A
second participant had erroneous data for the neguaimd active wrist extension tasks, possibly
due to a loose electrode and therefore his se@stdiata was not included in the group analysis.
Kinematics

After data collection markers were identified dibeks were exported for analysis within a
custom LabView program. Using th& ghetacarpal marker as the metacarpal of interest th
number of repetitions was identified. Then ead'wristart and finish were visually identified
using the Qualsys Track Manager program, at tisé gight of movement of thé®3netacarpal
marker the time was noted. The variables of intatesng the drinking task were reach time and
number of movement segments during the reach pHsach time was calculated as the time
from the start of movement at thd etacarpal that was greater than 2% of the maximal
velocity until the cup was moved a minimum of 2 rfrom it’s starting position (the average of
the first 100 frames of data). The number of movansegments was calculated by first
identifying the minimum and maximum velocity forethand marker during the reach phase.
Velocity peaks were then identified as the diffeebetween a minimum velocity and the next
maximum velocity that was equal to or greater th@mm/s that occurred at least 150 ms after
the prior peak. The number of velocity peaks that these criteria was considered the number

of movement segments.
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Appendix B
Graphs Used for Individual Visual Analysis
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Figure B1. Graph of Performance on Flexor Maximalwitary Contraction (MVC)
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Figure B2. Graph of Performance on Extensor Maxif@untary Contraction (MVC)
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Figure B3. Graph of Co-contraction Ratios for Es@nRange of Motion
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Figure B4. Graph of Co-contraction Ratios for Re@akk
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Kinematic Graphs
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Figure B6. Graph of Number of Movement SegmentsrguReach Task
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Activity M easures
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Figure B8. Graph of Average Time to Completion ec&ds on the Wolf Motor Function Test
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Figure B10. Graph of Percent Scores on the CheAakeand Hand Activity Inventory
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Appendix C
Semi-Structured Interview Guide for One-on-oneviewvs

Pre Intervention Questions

How do you use your affected arm in daily actiafld_ike taking care of yourself? Doing
chores around the house?

- What efforts do you make to use your arm duringodng?

- How successful are you in your attempt to use yoo?

- What activities do you use your affected arnmiost ofterat home?

- What activities are yoleast likelyto use your affected arm in at home?

Tell me about any home exercise or therapy progsaudave used since your stroke to
help your arm?
- How were home therapy suggestions presented toan@outs? Video? Verbal
instructions or actual demonstrations?
- Of those suggestions what were you able to do rmehend what did you have more
difficulty doing?
- How did these therapy suggestions fit in to yowtiree at home?
- What did you like about your previous home progig)(
- What did you dislike, if anything, about your prews home program(s)?

What are you looking to gain from this interventgtndy that may be different from what
you have tried in the past?

In a typical day how would you describe your uséechnology? (i.e., computers,

telephones, video game systems, e-readers, smaepheic.)

You mentioned [name the technology that was meatfrhow many hours a day would
you say you spend on the [name technology above]?

(Repeat for the number of pieces mentioned)

How often would you say you play video games eaebkyor month?

Post Intervention Questions

Tell me about using the computer game system twelast month.
- What are some things that helped you use the syastéimme?
- What are some things that limited your use of §stesn at home?
- How did use of the system actually fit into youilgaoutine or schedule?

How would you describe the training you receiveidmpto bringing the gaming system home
to use?

- Any recommended changes in the training process?

- What technical problems, if any, did you have ughgygaming device?

92



What would you suggest changing about the interopft
Tell me about how you described the interventioadmeone in your family, or to friends?

Would you recommend this approach to others, sadtteer people with stroke? Why or
why not?

When in your recovery do you think would be thethiese for a computer-game like this?

Compared to your previous experiences with homecesesor therapy programs (provide
examples from pre-intervention interview)

- How was this different?

- How was this similar?

Did the use of game-technology in the exercise famogmake it more or less appealing to
spend the time working on using your arm?

What differences, if any have you noticed in how yse your arm since using the game for
the last month?

How do you use your affected arm in daily actiafld_ike taking care of yourself? Doing
chores around the house?

- What efforts do you make to use your arm duringodng?

- How successful are you in your attempt to use yoo?

- What activities do you use your affected arnmiost ofterat home?

- What activities are yoleast likelyto use your affected arm in at home?
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Appendix D
Coding Structure for Qualitative Data Analysis

Pre-Interview Codes
Functional use of affected arm — a descriptionaf the arm is used in daily life

Attitude — comments on how a person feels or thatksut the affected extremity, as well as, a
persons thoughts on recovery

Prior therapy — any description of prior therapgttivas completed with a therapist

Prior home activities/exercises — any descriptibaabivities or exercises persons were
instructed to do at home on their own

Delivery of home programs — a description of thean@ in which persons were given
instructions to aid in completion of home exerdisesivities

Expectations for participation — any descriptiowdiat a participant was hoping to gain from
participation in the study

Satisfaction with home programs — any descriptiblikes or dislikes related to home programs,
as well as general feelings regarding the usehainae program

Technology Use — any description/naming of whahmedogy a persons uses regularly
Amount of Use — any description of how long theg tlee above technology

Exercise and daily routine — any description of lbe participants approached incorporating
home exercises into daily routines

Barriers to home exercise — thoughts or feelinga/bat made it difficult to do home exercises
or activities

Post interview Codes
Perception of NGT — any description of the gamtheir experience using the game

Perception of Effectiveness — any thoughts or igslion how the game made or didn’t make
changes

Challenges — problems or technical difficulties@ntered when using the game also barriers to
using the game at home

Daily routine — description or report of NGT incorption into daily activity, use of scheduling
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techniques

Perception of Training — comments on the adequétgiming prior to using the game
independently at home.

Suggested Changes — any suggestions or feedbdgiatiiaipants gave regarding how to adjust,
change, or improve the NGT

Recommendation — participants’ thoughts on othetts wsing NGT and timing

Compared to previous — Any comparisons that wergent@ previous forms of therapy and the
use of NGT how they were similar or different

Functional use of arm — Any descriptions of thectional use of their arm after NGT

Expectations - descriptions of how they expect&INo work or their study participation or
changes in the use of their extremity

Incorporating use of hand — comments on incorpogatiore the use of hand in NGT
Previous Therapy — description of previous therapy

Facilitators —things that helped persons use the game at home
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Appendix

E

Participant Descriptions of Functional Activitiasd Home Exercise Programs

Table E1

Participant Descriptions of Functional ActivitiesdaHome Exercise Programs

Participant

Functional Activities Named

Home Exercise/ActivRyogram
Description

Michael “l tend to use it as a paper weight “at the behest of my OT, I try to turn on and
basically, to try to hold things down off light switches with that arm
“I have a few exercises | do at home... OT]|
exercises. Like if | can get my hand open -|I
have a lot of spasticity - then | try to get it
around the refrigerator door and open and
close that to a metronome For like 5
minutes.”
“There are some exercises | try to do laying,
I'm prone, on my back, and I try to... just h-
just have my arm resting on it's elbow and
try to maintain a vertical... | don’t know how
you describe that
Mary “I can lift if up like this...And, | can push t*I’'m supposed to like, with my cane, liftup
out as long as | use this arm... | really
can't do a whole lot with it though. | can’tf “But...l didn’t do any OT stuff with my
you know get a cup or anything like that | arm...But | did some PT stuff and I'd have|to
have my mother or mother-in-law come over
and do it with me...And | did do some stim
Stuff.”
Gerald ‘Um, | can turn, uh, turn the light switch | “shrugging my shouldér
on (short laugh) and dff
“And then | go and work out here and here...
“l can use the, uh, I can use the thing, th- And | do that about 10 timés
um, the bag so that | can put it in there...
And then | can just go down stairs and up“And then, this one right here, the bicep, um,
stairs...laundry go downstairs biceps, um, anyway, you're- you're going tp
here and here. But, um, | don't, I, I, um, do-
“oh my, my hand is like a club. So | can | don’t do it very much
turn on the water here, hefe
“And (sigh) then we’ve got to get my elbow
and my, put the hands up there and | use,
again... Um, | can do weights or not, and so,
depends about how my grig is
“And then (clears throat) (chair shuffling) my
(clears throat) (sigh) Okay, now it's going to

go this way, this way, or this way (sliding
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noisg” [Participant is describing active rang
of motion on the table top with a towel.]

“And then (clears throat) my [fingers out]

“And then | put on my electrodes... the
morning and then the lunch and then at
noon’

“...in the evening | can, um, I've got those
little things that, um, it's uh gel, gel or
something like that. It's a béll

je

was

1°2)
—

Harriet “l have tried to use it with opening doors| “Yeah this, this kinda exercig@articipant
or hanging- using it to hang up clothes. | is demonstrating bending her elbow]
Um, to han- um... deal with putting clothes
in the basket or washing and picking up thereah and um, | ha- | had a thing that | pu
basket to (sigh) bring the clothes, um, on my, um, thumb to stretch it out. That |
upstairs.” used to stretch out my thurhb
“ I had this device that | had on my arm. A
it would stimulate the muscles in my arm
“... we had a lot of exercises with opening
doors and refrigerators and turning on the
lights. You know, things like tHat
Jennifer ‘Like | can rip up paper towels and stuff | “ * Cause she kind of gives me stuff to do..
like that finally.” She did the hand thing and | did blocks wit
her. And one of the exercises she told me
“l can hold jars when I'm scooping stuff | picking up a book and just turning it kind of
out’ and holding on to it with both hards
“I hold it when | wash dishes. | can hold a“Um, and then she, we worked about the
glass and, and wash around instead of | relaxing and stuff and how to make, push
chasing it around the sirik down on the arm to relak
“I help pul- like, hold on when I’'m hanging’l did it [electrical stimulation] with my
up a coat or something | can hold the wrist coming- first | did pushing down...
hanger” Straightening my arm. And | did on my
shoulder, kind of... And then I did it on my
“I hold it when | do laundry. And | use it | wrist too...So down here. And then my wri
when | do laundry would back and forth
“l can carry a bag with this hand too and
sometimes | do that but, not all the time.
Depending on how heavy it'is
Hannah t try at work to um, shut off lights with | “So | hired a personal trainer. And, um, so

my... | don’'t do much else with it.”

“I'll have to grab a hold of something to
balance myself. And um, if | concentrate
using my arm then... but sometimes it ju

there’s this series of exercises, you probal

know all about this, called grasp.

And they said, if | do these levels, | get to
ahree and I'll be able to use my arm and
sthand”

works”

y
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“1 cut...putty with a knife last weék

“Um, | hold a washcloth and turn my wrist
back and forth.”

“Now the next level is putting my hand on
chair and trying to push myself off with tHa]

“And then | do this thing with my arms
straight up with all kinds of weights on’it

“One is putting my elbow on the table and
bringing my arm up and down like that

D

[

Brad “...I- 1 get dressed... Two harids Participant demonstrated the following and
they are described by the interviewer as
“And | turn off the lights follows:
“...right hand is doing dishes...My left | “Because you were telling me that you really
hand is doing it and my right hand is doindike to straighten your hands, your fingers,
it.” [Participant describes holding dish withyour wrist”
impaired upper extremity and wiping with
other] “So you're using your left hand to help
straighten your elbow and shoulder in front
“Cutting cheesgParticipant describes of you. ... And then pulling your right
with interviewer impaired upper extremity shoulder back and across your body. And
holding the cheese] lifting your shoulder up it looks like. “
Participant also described using impaired
extremity as a stabilizer with opening jars,
bottles of wine and holding a fork during
cutting.
“Doorknaobs, yeah
Zac “ try and use it for door handles fairly “... Stacking cups and un-stacking cups, um,

regularly, or elevator buttons.”

“Like I've gotten so | can open most of n
pill bottles’

“Um sometimes if I'm getting ready to dg
load of laundry I'll use the left arm to holc
partially hold the pile when I'm carrying it
from one room to anothér

“l do use it to, um... hold and press on li
the shaving cream.”

“l use it a little bit. Mostly with shirts and

y

a

what else? Putty manipulatiori...
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little bit with pants”

Wayne

Participant described and demonstrated tRarticipant demonstrated the following and

following to the interviewer with yes/no
responses to confirm description:

“taking a pill”
“able to help with buttons”

“putting your shirt on”

“Yeah you can open your hand to hold thefrom the floor with your legs”

bottle”
“open a jar”

“With your right hand to do all the
grooming on the left side of your body”

“And then your right hand is still helping
...To hold the vacuum”

“The dishes in your right hand...and then

you’re drying off with your left.”
“Laundry”

“Hoe. Yep. Okay. And when you're doing
...the left is like leading. And the right is
still supporting and helping and guide”
“with weeding you’'re more taking your
body weight into your right hand”
“Carrying the [garbage] can”

“So your right hand can squeeze the han

they are described by the interviewer as
follows:

“You’re doing some exercises for your low
legs...”

“Squats”

“Okay so you were practicing getting up

“push-ups”
“laying on your belly”

“And then you reach your arm forward and
to the side”

“So lots of strengthening for your arm and
range of motion it sounds like”

“And then at night... Oh digi-flex”

“Something similar... That you flex your
fingers on.”

“Then you're also squeezing a ball”

“Weights and bikes at the YMCA”

dle

on the electric mower”
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George

t use it when bathirig

“l use my left hand, left arm to help pull U
my pants’

“l use my left arm for putting on my shirts

and stuff like that.

“l can grab the, grab the whole both of
them so | can zip.

“l can’t other than just stab it with a fork
and then cut with a knifée

“Pears or nectarines and stuff, | can hold
with my left hand and then it's- cut it with
my right”

“Uh, I normally will hold the jar with the
left hand and unscrew with the right

“Uh, I do all the, the dishes very simple
because | just, | can pick up any dish anc
stuff like that with the left hand, but | do 3
the washing with the riglit

o

p

il

“for the hand I just squeezed a rubber ball
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