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Abstract

Objective: The purpose of this study was to develop and test a hand therapy game using the Microsoft
(Redmond, WA) Kinect® sensor with a customized videogame.

Materials and Methods: Using the Microsoft Kinect sensor as an input device, a customized game for hand
rehabilitation was developed that required players to perform various gestures to accomplish a virtual cooking
task. Over the course of two iterative sessions, 11 participants with different levels of wrist, hand, and finger
injuries interacted with the game in a single session, and user perspectives and feedback were obtained via a
questionnaire and semistructured interviews.

Results: Participants reported high levels of enjoyment, specifically related to the challenging nature of the
game and the visuals. Participant feedback from the first iterative round of testing was incorporated to produce a
second prototype for the second round of testing. Additionally, participants expressed the desire to have the
game adapt and be customized to their unique hand therapy needs.

Conclusions: The game tested in this study has the potential to be a unique and cutting edge method for the
delivery of hand rehabilitation for a diverse population.

Introduction

THE ETIOLOGY OF HAND AND WRIST injuries varies de-
pending on the circumstances surrounding the injury. In
the past several decades, there has been a shift in workforce
injuries away from blue collar—related crush or tear injuries to
secretarial and computer-related repetitive motion/overuse
injuries such as carpal tunnel syndrome or De Quervain’s
syndrome." Carpal tunnel syndrome is the costliest work-
place injury, resulting in the most days off of work and the
highest cost of health care for workplace-related injuries.’ In
athletics and recreational sports, injuries to the hand and wrist
are common among sports that involve repetitive motion
(e.g., tennis) and loading to the hand and wrist area (e.g.,
gymnastics), commonly resulting in crush injuries.” Nearly
50 percent of athletes will sustain an injury to the wrist and/or
hand, and 25-50 percent of those are due to overuse. Hand
impairments and injuries can also occur from nonworkplace
and nonathletic situations such as a motor vehicle accident, a
neurological disease or event (e.g., stroke), and the aging
process (e.g., arthritis). For example, at least 50 percent of
persons over the age of 65 years with stroke report hemi-
paresis, or paralysis of one side of the body, 6 months after

the event.’ Hemiparesis can involve the wrist and the hand in
combination with the rest of the upper extremity.

Hand therapy for recovery of function after an injury is
often a one-on-one process between the therapist and pa-
tient. In order to determine the most appropriate methods for
a patient, a hand therapist will evaluate several factors, in-
cluding current and past activities, patient goals, functional
strength, sensation, range of motion, coordination, scar tissue
characteristics, pain, and signs and symptoms of healing.*
Using the evaluation findings, the therapist will work with
the patient to determine his or her prognosis and initial plan
of care. Treatment techniques vary and are frequently de-
pendent on contraindications to certain movements or envi-
ronmental conditions.

Therapists frequently use and prescribe exercises for pa-
tients to complete during therapy sessions and at home.* The
motivating and engaging characteristics of virtual reality
(VR) games can be used to provide stimulating environments
in which patients can complete prescribed exercises. Several
VR systems and robotic devices have been developed over
the past two decades with promising results. Robotic systems
provide accurate measures of patient performance through
integrated sensors; however, most of these systems require
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the patient to don a glove or exoskeleton, are still only being
used in a clinical or laboratory setting, and are heavy and
encumbering and require the skill of an engineer or techni-
cian to set up.”™® Devices with associated gloves also elim-
inate patients with open wounds or other disfigurations of the
hand.

The Microsoft (Redmond, WA) Kinect® sensor has been
incorporated into a variety of customized VR rehabilitation
systems.”'® Benefits of using the Kinect include elimination
of the need to don wearable sensors or hold controllers to
record performance (e.g., kinematic) data, portability across
settings, and low cost (as of this writing, the Kinect can be
purchased for $99). We have recently been exploring the
capabilities of the Kinect sensor in tracking the movements
of the hand with the potential for the device to be used as
a controller-free tool for hand therapy. We developed a ba-
sic prototype that demonstrated the tracking functions of
the Kinect sensor for the normal, uninjured human hand. The
purpose of this proof-of-concept study was to explore the
tracking capabilities of the Kinect sensor for a diverse hand
rehabilitation patient population with a variety of injuries
and refine a basic prototype of a hand rehabilitation game.

Materials and Methods
User-testing methodology

The user-centered design process was used for develop-
ment of this VR-based hand therapy game. This study in-
cluded two iterations of the user-centered design process. A
basic prototype was developed, examined through compre-
hensive user testing, modified, and re-examined through user
testing. This process has been used in the development of our
other games for rehabilitation.'"'?

Participants

The objective of this study was to explore the tracking
capabilities of the Kinect with patients with a variety of in-
juries. Prior to this study, the tracking algorithm and proto-
type game had only been tested with participants without
injuries; therefore minimal criteria were used for participant
inclusion. Participants were included if they were (1) over
the age of 18 years, (2) were currently receiving hand therapy
as a covered rehabilitation service at a local hand therapy
clinic, and (3) could understand English language as in-
structions were only available in English (at this time). This
study was approved by the Institutional Review Board at
the University of Southern California. Informed consent
was obtained from all participants prior to taking part in
the study.

In total, 11 adults participated in two separate occurrences
of the user testing. Five interacted with the initial prototype
(P1), and six interacted with the second, revised prototype
(P2). The participants had a variety of injuries, including
crush injury to the hand from work machinery (major in-
volvement of three digits, minor involvement of the wrist),
hemiplegia with hand involvement (minor), distal phalanx
amputation, finger fractures (major involvement of two
digits), wrist fracture from a fall (moderate involvement at
the wrist with associated limitations in the forearm), sport-
related wrist fracture (minor involvement of both wrist and
hand), and nerve injury involving bilateral wrists (moderate)
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following a car accident. Participants ranged in age from 18
to 85 years, and all users except one had experience with
some type of technology. Most participants had experi-
ence with a computer and cell phone; however, participants
reported minimal videogame usage. Those who had used
videogames were younger in age. Table 1 shows the demo-
graphic characteristics of the participants.

User-testing process

Participants completed user testing within a local hand
therapy clinic. First, the participant completed a demo-
graphic and technology use questionnaire. Then participants
interacted with the game for approximately 10-15 minutes.
The total time of interaction with the game varied on the
individual’s ability to complete the in-game tasks. Each
participant played through the game once to determine the
ability of the Kinect to track the participant’s hand and de-
termine usability of the prototype game. Following game-
play, a semistructured interview was completed with each
participant to obtain feedback on gameplay. Participants
also completed a posttesting questionnaire that was de-
rived from Microsoft and IBM usability surveys'*'* about
their overall experience. The user-testing process including
gameplay, and the semistructured interview was recorded
using Morae software.'”> Using Morae, video of gameplay,
including the movements, facial expressions, and verbali-
zations, was recorded and synchronized with a recording of
on-screen gameplay.

Description of the game

The “Cooking” game prototypes were developed using
the game engine Unity. >~ The game was run on a laptop
connected to a Kinect camera placed on the table in front of
the laptop. The application used the Kinect for Windows
Framework to communicate with the Kinect sensor and to
translate user movements and gestures into game actions.

TABLE 1. DEMOGRAPHIC CHARACTERISTICS
OF THE STUDY POPULATION

Variable n
Age (years)
18-30 5
30-40 2
50-60 2
70-90 2
Gender
Male 8
Female 3
Computer usage
Yes 9
No 2
Videogame systems
None 8
One 1
Two or more 2

Frequency of gameplay
None
Few times/week
Few times/month
Few times/year
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Users were seated at least 4 feet and no more than 7 feet from
the Kinect camera.

The game involved the task of cooking a steak, including
multiple steps. A lateral pinching motion was required to
begin the game. After the game began, different hand ges-
tures were required to complete actions of the cooking task
with the result of preparing a steak. The hand gestures were
selected from common exercises and movements prescribed
by hand therapists and using the clinical expertise of two
research team members. The gestures/exercises in the game
do not target a specific deficit or injury; rather, the gestures
are used in everyday life to achieve functional tasks and
goals. The gestures and associated in-game actions used in
both prototypes are as follows:

e Lateral ‘“key” pinch: start game, turn on/off stove
(select knob)

e Wrist rotation (supination/pronation): turn on/off stove
(turn knob)

e Gesture numbers 1-4: select a steak seasoning

e Tip to tip index finger pinch: season steak

e Whole hand flexion/extension: pick up pan, pick up
steak

e Translation of arm in space: move pan to stove, move
steak to plate, chop lemon

The parameters for successful completion of each gesture
were predefined in the gesture recognition algorithm based
on normal hand movements. The game is also based solely
on successful completion of the gestures. Game elements
such as time limits, levels, and a scoring system were not
incorporated into these prototypes.

Data analysis

Data analysis was completed after each round of user
testing. The interviews and recordings of gameplay were
analyzed using the Morae software. Two independent re-
searchers coded the data using the process of open coding."”
The questionnaire data were analyzed separately, and the
ratings on specific questions were used to support the quali-
tative data. Themes emerged from the codes, and three distinct
categories of themes became apparent: Positive Elements,
Limitations in Gameplay, and Suggestions for Future Use.

Results
Prototype development process

The development of the game through the prototype
phases followed the iterative user-centered design process.
P1 was completed prior to initial user testing. After the first
round of data was analyzed, changes were made to P1 to
produce P2, which was used in the second round of user
testing. Data were analyzed from the second round of user
testing, and a third prototype is currently being developed
from the feedback and themes that emerged. The two pro-
totypes (P1 and P2) are described below along with addi-
tional results of the user testing.

User-testing themes

Positive elements. The participants demonstrated en-
joyment in playing the game. Many participants expressed
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this enjoyment through facial expressions throughout game-
play and verbally expressed enjoyment at the conclusion of
the game. An overall valued aspect of the game was the in-
teractive nature of the game. As one participant commented:
It [the game] is interesting, I like how it is interactive, it was
nice.”” Another compared it with traditional therapy methods,
stating ‘‘[ Aspect liked] probably that you got to interact with it
and do stuff rather than just doing stretching.”” Others com-
mented on specific aspects of the game. As one participant
stated, “‘I liked that it was responsive, like when you pressed
enter and it beeped.”’

Many of the visual aspects of the game were very basic
and easy for the participants to see. However, some partici-
pants expressed difficulty deciphering overlapping items,
including the on-screen words. One participant expressed
this frustration: “‘It was kind of hard to read but it was pretty
cool.”” To improve gaming visuals in P2, words were moved,
and color was changed to enhance contrast and allow in-
creased readability for the users (Table 2).

During the trial of P1, participants depended on verbal
cues and demonstrations from the researchers in order to
learn the corresponding gestures for each in-game action
(Table 2). Following the inclusion of on-screen instructions
(text and images), participants were able to complete the
game with fewer verbal cues and demonstrations from the
researchers (Table 2). Participants still required increased
time to read and understand the on-screen directions. How-
ever, once participants learned the gestures, they were able to
transition throughout the game more efficiently. Participants
responded positively to the on-screen directions; as one
participant stated, ‘“They were good [the pictures]. It was
nice to have them in case I couldn’t read what I was supposed
to do I could look and see what I was supposed to do.”

Limitations in gameplay. Throughout user testing, it be-
came apparent that the tracking capabilities of the Kinect
sensor varied depending on the size of the hand and fingers of
the participant. Specifically, recognition of the hand and
individual digits was poor with male participants during both
user-testing sessions. The Kinect sensor and associated al-
gorithm were completely unable to recognize the hands of
two participants despite multiple attempts at rearranging
angles, distances, and assuming different hand postures.
Additionally, one participant with a finger amputation (digit
3, distal interphalangeal joint) was unable to be tracked by
the Kinect sensor.

Suggestions for future use. The users desired additional
gestures beyond the currently incorporated gestures that fo-
cused on the specific deficits/limitations that they were ex-
periencing as a result of their hand injury. One user stated, ‘I
would have really liked to see a lot more flexion, and this
kind of movement because this is really what I need to be
working on,” and another stated: *“[I would like] more
pinching exercises with different fingers.” In P2, the ability
to choose a right- or left-hand-based gameplay at the be-
ginning was added (Table 2).

After trialing the game, participants felt that they were
likely to play the game in the future. They also felt that
the utilization of such a game during therapy or in the home
setting would be beneficial. One participant stated, ‘“My big
thing also is a lot of times you probably have a lot of
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TABLE 2. DESCRIPTIONS OF THE TwO GAME PROTOTYPES

Initial prototype game (P1)

Second prototype game (P2)

1. Gestures for subtasks of the cooking activities
predetermined (gestures mainly involved right hand,
making it not as therapeutic for those with left hand
involvement)

COOM A STEAK

O S TR

2. Basic on-screen directions that described the in-game
task (i.e.,““flip the steak’”) with no on-screen direc-
tions on how to execute steps with hand gestures

WE ARE GLMOST OOMNE, SUICE A LEMOMN

3. All wording within game was in white, often difficult
for users to read

1. Gestures for subtasks of the cooking task were
predetermined but based on which hand was used for
pinch gesture to start game (if right utilized, gestures
were mainly right dominant)

COOM A STEAK

2. On-screen directions for executing steps
(including pictorial depictions of actions)

3. All wording within game was in yellow, contrasting
background better

IR O THE STOVE TO HIGH!

MHIGH = e

Color graphics available online at www.liebertonline.com/g4h

repetitive exercises that you have to do [during therapy], and
you know how boring those get. So if you can do those in a
fun game where you don’t realize you have done 100 flexion
of that digit, but you then cook a steak.”” One participant had
high enthusiasm regarding using the game as a rehabilitation
tool and stated, ““‘Sure, take it home, plug the stick into the
computer and they can stand there and play with that. It
would be good.”

Discussion

The purpose of this study was to explore the tracking
capabilities of the Microsoft Kinect sensor for a diverse hand
rehabilitation patient population with a variety of injuries
and to refine a basic prototype of a hand rehabilitation game.
The main findings within the initial user testing were that the
interactivity aspect of the game had the potential to lead to
increased enjoyment by the users, the game can be used to

engage a diverse population and clinical settings, and in
order for the game to meet the needs of the diverse popula-
tion, increased adaptability of the game would need to be
built in. Each is discussed below.

An interactive game has the potential to lead
to increased enjoyment

A frequent criticism that hand therapy patients have is the
requirement of completing tedious, multiple repetitions of a
movement. Findings from multiple research studies support
the notion of mass repetitions for ideal motor recovery; un-
fortunately, many individuals do not follow through with
these home exercise programs.'® If exercises are enjoyable
and are able to keep the attention of the patient, there is a
higher likelihood that the patient will complete more repe-
titions. The interactive nature, and specifically the on-screen
feedback received at the completion of gestures, was the
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most enjoyable feature of the prototype game. Therefore all
these aspects were kept throughout the user-testing process
in order to maintain the interactive nature of the games.

The game can be engaging for a diverse population

Injuries involving the wrist, hands, and fingers affect
people of all ages, gender, and ethnicities. Many off-the-
shelf videogames and VR games are often targeted toward
younger male populations. Through user testing we were
able to determine that all participants demonstrated enjoy-
ment playing the game regardless of age, gender, or ex-
perience with game-specific technologies. The nature of
injuries and the disorders were also varied. Despite the range
of individual patient factors and rehabilitation needs, the
prototype seems to appeal to users across the hand rehabil-
itation spectrum.

Potential of meeting the needs of diverse populations
and clinical settings through adaptability

The user testing of the first two prototypes demonstrated
positive results. The testing also identified the essential need
for increased adaptability within the game. For this game to
truly meet the needs of a diverse population of hand injuries,
the game must allow for adaptability to each individual
user’s needs. Adaptations should include the ability to spec-
ify the gestures to be used in gameplay that will match the
therapy goals and needs of the user. Adaptations should also
include the ability to calibrate the system to the parameters of
an individual’s hand. The recognition difficulties of male
hands is a current limitation of the prototype game, and fu-
ture iterations of the prototype will address this issue through
calibration. Calibration of each individual user truly allows
for one game to be comprehensive enough to appeal to a
diverse population but also be customizable to meet the in-
dividualized needs of that diverse population. A current
prototype of the game has integrated custom calibrations and
is being tested with participants of both genders.

Limitations

This study has some limitations. First, the preset gestures
within the game were trialed with a fairly heterogeneous
population of users. Therefore, the game did not always
provide therapeutic value for every user. Second, the game
also only had two iterations of the prototype. Future user-
testing and feasibility studies need to be conducted to
determine the applicability across users and settings. The
inclusion of an adapted/customized setting in the game will
increase the applicability for users. Third, this study was
conducted at one hand rehabilitation site. Although the study
participants ranged in age, gender, and nature of injury, it is
difficult to generalize the findings to patients at other hand
rehabilitation sites.

The prototypes explored in the study also lacked some
clinical utility. Hand therapists (and occupational/physical
therapists in general) are being increasingly pressured by
insurance payors to provide objective data that document
patient progress and show the necessity of rehabilitation
services. The tracking algorithm for the game is based on
gesture recognition and is not tracking/recording kinematics
of the hand (e.g., range of motion of the index finger meta-
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carpal phalangeal joint during pinching), nor is it recording
the position of the hand in space relative to the Kinect sensor.
Our other rehabilitation applications using the Kinect sensor
have incorporated limb in space tracking and recording.
Future version of the game will combine the two algorithms.
We also plan to take advantage of the tracking capabilities of
the recently released Microsoft Kinect 2.

Conclusions

The utilization of user testing allows for modifications and
enhancements to the game to fit the needs of the end-users.
With the objective for the game to be able to be used with a
diverse population, testing within this population facilitated
an understanding of required aspects to make the game meet
this goal.
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