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Objective : The purpose of this study was to investigate the effects of virtual reality-based activities
of daily living (ADL) training on ADL and rehabilitative motivation in patients with traumatic
brain injury.

Methods : This study was performed using a pre-post design with seven traumatically brain injured
patients. Subjects were subjected to virtual reality-based ADL training for 30 minutes a day,
2 to 3 times a week for 4 weeks. Evaluation was conducted before and after the intervention
using the Korean Modified Barthel Index (K-MBI), Cognitive Functional Independence Measure
(C-FIM), and Volitional Questionnaire (VQ). Changes before and after intervention were
analyzed by Wilcoxon signed-rank test, and correlations were analyzed using Spearman’s
coefficient.

Results : After intervention, patients with traumatic brain injury showed significant improvements
in K-MBI (p<.05). There was no significant change in total C-FIM score and VQ score (p).05).
Total C-FIM score correlated significantly with VQ score (p<.05, r=.755). The social cognition
domain of C-FIM had a significant correlation with VQ score (p<.05, r=820).

Conclusions : Virtual reality-based ADL training can improve ADL performance, but further
research is needed to determine whether improvements in social cognition and rehabilitative

motivation are possible.
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I. Introduction

Brain injuries can be classified into two types,
non-traumatic and traumatic injuries. Traumatic
brain injury is caused by an external shock rather
than a degenerative disease. Generally, male in-
cidence is high (Shiroma, Ferguson, & Pickelsimer,
2012). Following traumatic brain injury, more than
half of individuals live with disabilities or other seri-
ous difficulties (Hoofien, Gilboa, Vakil, & Donovick,
2001). Common symptoms of patients with traumatic
brain injury include spasticity, muscle weakness, and
decreased cognitive function (Pearce, 2004). Such
symptoms induce dependence in activities of daily
living (ADL), resulting in increased depression and
caregiving burden, thus leading to reduced quality
of life for both the patient and the family (Bay,
Hagerty, Williams, Kirsch, & Gillespie, 2002; Tulsky
et al., 2016). In patients with traumatic brain injury,
low motivation, as well as depression, is a commonly
observed phenomenon. Reduction in motivation can
affect participation and perseverance in rehabilitation
(Marin & Wilkosz, 2005). According to the previous
study, motivation has been reported as an important
predictor of rehabilitation outcomes for patients with
brain injury (Winkens, Van Heugten, Visser-Meily,
& Boosman, 2014).

Patients with traumatic brain injury feel that ADL
independence is necessary for themselves and their
families. Cognitive function, pain, paralysis, phys-
ical function, and consciousness are the factors that
affect the ability of people with brain injury to per-
form ADL (Driver & Ede, 2009). The symptoms and
functional problems following traumatic brain in-
jury indicate that these patients are more likely to

develop ADL dependence than those with no brain

injury or non-traumatic brain injury (Huang, Cifu,
& Keyser-Marcus, 2000).

As the improvements of physical and cognitive
functioning are essential for independently per-
forming ADL, maximum recovery of body function
is one of the goals of rehabilitation. There have
been various reports of intervention methods for
the improvements of ADL-related physical and cog-
nitive functions in patients with traumatic brain
injury, including occupation-based strategy train-
ing (Dawson, Binns, Hunt, Lemsky, & Polatajko,
2013), computer-assisted cognitive rehabilitation
(Chen, Thomas, Glueckauf, & Bracy, 1997), robot
training (Sacco et al., 2011), usage of cognitive ori-
entation to occupational performance (Dawson et
al., 2009),
Marziali, Hunt, & Dawson, 2013), and virtual real-

telerehabilitation (Ng, Polatajko,
ity-based training (Thornton et al., 2005).

Virtual reality simulates a specific environment
and situation by making it seem as if the person
using it is interacting with the real environment
and situation. Virtual reality can minimize the dif-
ference between the laboratory environment and
the real world and can be implemented in-
dependently in physical disability condition using
a free interface (Steuer, 1992). The advantage of
performing the tasks associated with ADL in virtual
reality is that it can overcome space constraints
in a hospital environment where it is difficult for
the patient to actually perform ADL. The virtual
reality approach can act as a catalyst between real-
ity and virtuality through motivation and interest
(Zhang et al., 2003).

In a previous study on virtual reality for traumatic
brain injury(Rose, Brooks, & Rizzo, 2005), they ap-

plied virtual reality-based cognitive assessment,
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psychological intervention (Schultheis & Rizzo,
2001), virtual reality-based exercise (Grealy, Johnson,
& Rushton, 1999), and virtual reality for ADL evalua-
tion (Zhang et al., 2003) to the control group.
However, there is a lack of research on a virtual real-
ity training tool for ADL improvement of traumatic
brain injury patients. In addition, few studies have
examined how such training can affect rehabilitative
motivation(Brett, Sykes, & Pires-Yfantouda, 2017).

Therefore, this preliminary study examines the
effects of virtual reality-based ADL training on ADL
and rehabilitative motivation of patients with trau-

matic brain injury.

II. Methods

1. Participants

This study was performed using a pre-post inter-
vention design for seven patients with traumatic
brain injury. The inclusion criteria were: 1) medical
diagnosis of traumatic brain injury, 2) cognitive im-
pairment with a score of less than 23 on the Korean
Mini-Mental State Examination (K-MMSE) score, 3)
ability to communicate, 4) the incidence of injury
>3 months (Scheid, Preul, Gruber, Wiggins, & Von
Cramon, 2003), and 5) a change in Korean Modified
Barthel Index (K-MBI) scores of two points or less
when compared with the previous month. The ex-
clusion criteria were: 1) severe visual and auditory
impairments, 2) severe apraxia, and 3) severe
depression. All subjects and caregivers voluntarily
agreed in writing to participate in the study and
were well informed. This research was conducted

after obtaining patient consent.

2. Measurements

1) Korean Modified Barthel Index

K-MBI is an ADL measurement tool developed
by Granger, Albrecht, and Hamilton (1979). The 10
domains of K-MBI are personal hygiene, self-bath-
ing, feeding, toilet use, stair climbing, dressing,
bowel control, bladder control, ambulation, and
wheelchair and chair / bed transfer. Scoring is as-
sessed through interviews and direct observation
and is used primarily in clinical practice. The score
is from 0 to 100, and the higher the score, the
higher the ADL ability. In this study, the K-MBI
was used, where the inter- and intra-tester reli-
ability of K-MBI are 0.93-0.98 and 0.87-1.00, re-
spectively (Jung et al., 2007).

2) Functional Independence Measure

Functional Independence Measure (FIM) was de-
veloped to evaluate the ADL of people with dis-
ability The inter-tester reliability of FIM is .83 to
.96 (Granger, Cotter, Hamilton, & Fiedler, 1993).
FIM is divided into two large domains: Motor-FIM
and cognitive-FIM (C-FIM), which are subdivided
into six sections: Self-care, sphincter control, mo-
bility, locomotion, communication, and social
cognition. The FIM consists of 18 items. FIM is
characterized by the evaluation of social cognition
compared to K-MBI. Each item is assigned a score
of 1 to 7 depending on the degree of help from
complete dependency to independence. Thus, a
minimum of 18 points and a maximum of 126 points
can be assigned (Stineman et al., 1996). In this study,
only social cognition (social interaction, problem
solving, memory) and comprehension (expressions,

comprehension) were used to evaluate the C-FIM.
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3) Volitional Qestionnaire

The Volitional Questionnaire (VQ) was used to
evaluate the rehabilitative motivation of patients with
traumatic brain injury. The VQ consists of a total
of 14 items, where each item is scored from 1 to
4 according to the level of voluntary action by
subjects. The total score, therefore, ranges from at
least 14 to a maximum of 56 points. The higher the
score, the higher the rehabilitative motivation. The
VQ can also be measured by subjects who are difficult
to interview, and occupational therapists can observe
and measure the behavior of subjects. In this study,
occupational therapists evaluated the rehabilitative
motivation for treatment by observing patient behav-
ior during the experiment. The inter-tester reliability
of VQ is 0.75 to 0.90 (Chern, Kielhofner, de las Heras,
& Magalhaes, 1996).

3. Procedures

After pre-assessment, the subjects underwent
virtual reality-based ADL training for 30 minutes
a day, 2 to 3 times a week for 4 weeks. Virtual
reality-based ADL training was applied using Moto
Cog (Cybermedic, Korea)(Figure 1). Moto Cog is a

program developed to promote ADL by improving

hand use and cognitive function. This study focused
on the training program for ADL improvement.
Moto Cog consists of a hand function training
course, a cognitive training course, and an ADL
training course. The training program classifies dif-
ficulty levels from 1 to 5 levels. Occupational thera-
pists applied the program according to the patient's
level of cognitive and physical function. The hand
function training course is relatively simple, while
the cognitive training course requires moderate cog-
nitive function and is a course for motivation and
interest. The ADL training course requires upper
limb function and cognitive function. The program
items of the hand function training course and the
ADL training course performed by the subjects in-
cluded: Turning on a gas stove, opening a door lock,
opening various shape handles, squeezing, ham-
mering, and pizza making. The cognitive training
course was composed of activities including card
matching, piano playing, arm wrestling, shooting,
fencing, boxing and bomb removal.

All subjects underwent conventional rehabilitation
for 4 weeks according to the rehabilitation schedule,
and this included occupational therapy and physical
therapy. Occupational therapy was performed by identi-
fying a specific, reduced function and activity of the

Figure 1. Virtual Reality—Based ADL Training(Moto Cog)
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subject. In order to improve the body function, pur-
poseful activities and task-based activities, stretching
exercises using rehabilitation tools were performed
(Moon, Park, Kim, & Na, 2018). For improvement of
cognitive function, figure separation, picture compar-
ison, hidden picture search and memory training, maze
search were performed (Moon & Won, 2016). Physical
therapy focused on balance training, gait training, and
strengthening exercises. Post-evaluation was per-

formed after all interventions were completed.

4. Analysis

All statistical analyses were performed in SPSS
version 21. Statistical significance was set at .05.
The general characteristics of patients with traumatic
brain injury, ADL, and rehabilitation motivation were

confirmed by frequency analysis. Changes in ADL

and rehabilitation motivation before and after inter-
vention were analyzed by Wilcoxon signed-rank test.
The correlation between ADL and rehabilitation mo-
tivation was analyzed using Spearman correlation

analysis.

Ill. Results

1. General characteristics, activities of
daily living, and rehabilitative motivation
in subjects

The mean age of the subjects was 54.71+16.32
years, and 6 (85.7%) were men. The main cause
of injury was motor vehicle accidents (71.4%). The
education level was 11.86%2.12 years and the time

post injury was 4.71+1.50 months. The cognitive

Table 1. The General Characteristics, Activities of Daily Living, and Rehabilitative Motivation in Subjects

Subjects (2=7)

n %

Gender Male 6 85.7

Female 1 14.3
Agel) (years) 54.71+£16.32

Motor vehicular 5 71.4

Causes of injury Fall 1 14.3

Indeterminant 1 14.3
Education” (years) 11.86+2.12
Time post injuryl) (months) 4.71+1.50
MMSE-K? (score, range 0-30) 19.14+1.86
K-MBIV (score, range 0-100) 86.57+5.29
C-FIM total” (score, range 5-35) 20.00+2.83
Communication” (score, range 2-14) 9.29+1.50
Social Cognitionl) (score, range 3-21) 10.71+1.50
VQY (score, range 14-56) 35.14+7.63

Mean+SD", K-MMSE: Korean Mini-Mental State Examination; K-MBL: Korean Modified Barthel Index; C-FIM: Cognitive Functional

Independence Measure; VQ: Volitional Questionnaire.
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function score was 19.14+1.86. The average total
K-MBI score was 86.57+5.29, the average total
C-FIM was 20.00+2.83, and the total mean VQ
score was 35.14%7.63 (Table 1).

2. Change of activities of daily living, and
rehabilitative motivation in subjects

The subjects showed significant improvements
in K-MBI after intervention (p<.05). There were no
significant score changes in pre- versus post-inter-

vention of C-FIM or VQ (p).05) (Table 2).

3. Correlation relationship between
activities of daily living, and
rehabilitative motivation in subjects

The total C-FIM score was significantly corre-
lated with the VQ score (p<.05, r=.755). The social
cognition domain of C-FIM had a significant corre-

lation with the VQ score (p<.05, r=.826) (Table 3).

IV. Discussion

This preliminary study examined the effects of

virtual reality-based ADL training on ADL and re-

Table 2. Change of Activities of Daily Living, and Rehabilitative Motivation in Subjects

Subjects (2=7)

Pre Post Z
Mean+SD Mean+SD
K-MBI (score, range 0-100) 86.57+5.29 89.43+4.72 2414
C-FIM total (score, range 5-35) 20.00+2.83 20.43+2.44 -1.089
Communication (score, range 2-14) 9.29+1.50 9.57+1.27 -1.000
Social Cognition (score, range 3-21) 10.71+£1.50 10.86+1.21 -.447
VQ (score, range 14-56) 35.14+7.63 35.71+5.22 -.846

K-MMSE: Korean Mini-Mental State Examination; K-MBI: Korean Modified Barthel Index; C-FIM: Cognitive Functional Independence

Measure; VQ: Volitional Questionnaire.

*p<.05

Table 3. The Correlation Relationship Between Activities of Daily Living, and Rehabilitative Motivation in Subjects

W=7
K-MBI C-FIM total co sC VQ
K-MBI 1
C-FIM total .396 1
Co 709 908" 1
sC 200 973" 815" 1
VO .090 755 606 826 1

K-MBI: Korean Modified Barthel Index: C-FIM: Cognitive Functional Independence Measure; CO: Communication; SC: Social Cognition;

VQ: Volitional Questionnaire.
K05, po1,  pLool
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habilitative motivation in patients with traumatic
brain injury. After intervention, patients with trau-
matic brain injury showed significant improvement
in K-MBI, which implies the effect of virtual real-
ity-based ADL training. A previous study conducted
by Bak (2019) reported that virtual reality training
focusing on ADL resulted in an improvement in
the self-care area of FIM in patients with stroke.
In this study, the improvement of K-MBI total score
through virtual reality-based ADL training showed
similar results as those of the other previous
researches. The ADL training performed by the
subjects in this study was particularly in the area
of training related to self-care. The K-MBI score
and self-care items have been shown to be moder-
ately correlated (Woo, Park, & Cha, 2012). Therefore,
it is estimated that improvements of self-manage-
ment ability through virtual reality-based ADL train-
ing led to the improvement in K-MBI score.
Despite these improvements in K-MBI score,
C-FIM scores not showed a significant improvement.
Unlike this result, Bak (2019) reported a significant
improvement in the social cognition area of FIM fol-
lowing virtual reality-based ADL training for patients
with stroke. However, the present study showed dif-
ferent results may be due to differences in subject
characteristics and training schedules. The mean
K-MMSE score was 27.20 in the study by Bak (2019),
but it was 19.14 in the present study. Low cognitive
function is known to be a predictor of negative
prognosis (Folmer, Billings, Diedesch-Rouse,
Gallun, & Lew, 2011). In the study by Bak (2019),
the subjects performed 20 sessions, but the subjects
of the present study performed 8 to 12 sessions.
In other words, there was a difference in training

schedule. In addition, patients with traumatic brain

injury are characterized by low social interaction
(Nayak, Wheeler, Shiflett, & Agostinelli, 2000). It
is presumed that this difference in characteristics
between the two studies led to discrepancies in the
results.

There was no significant change in rehabilitative
motivation after intervention, but there was a sig-
nificant correlation with C-FIM and rehabilitative
motivation. In particular, social cognition of C-FIM
and rehabilitative motivation had a greater correla-
tion than communication. According to a previous
study (Finset, Dyrnes, Krogstad, & Berstad, 1995),
patients with traumatic brain injury differ in their
social interaction but receive more support from
their family than friends or neighbors. Additionally,
57.4% of patients with severe traumatic brain injury
reported a lack of social networks and difficulty with
severe sequelae and poor emotional adjustment.
Decreased motivation after traumatic brain injury is
an obstacle to participation in rehabilitation (Bailey,
Echemendia, & Arnett, 2006), which adversely affects
functional recovery (Huang et al., 2000). As the sub-
jects of the present study were only patients with trau-
matic brain injuries having moderate or mild cogni-
tive impairments, it is necessary to study different
damage levels in the future. Another reason is that
the virtual reality-based ADL program of this study
has a high proportion of basic-ADL related pro-
grams and is different from the real-world ADL.

The findings of this preliminary study can be
used to inform on optimal sample size for a future
study. The authors performed a sample size calcu-
lation (G Power 3.1) (Faul, Erdfelder, Buchner, &
Lang, 2009). After setting alpha = .05 and beta =
.80, the effect sizes of C-FIM and VQ were

calculated. As a result, when the C-FIM was set
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as the primary outcome, 18 subjects were required.
When VQ was set as the primary outcome, 20 sub-
jects were required.

There are some limitations to this preliminary
study, including a small sample size and the ab-
sence of a control group, because of which placebo
effects could not be compared. Additionally, the
duration of the intervention was short and thus
the continuous effect of training is not known.
Lastly, the effect of training was considered only
for 4 weeks. In the future, it is recommended to
investigate the effects of virtual reality-based ADL
training through randomized controlled trials while

taking into consideration these limitations.

V. Conclusion

In this preliminary study, we investigated wheth-
er virtual reality-based ADL training improved ADL
and rehabilitative motivation in patients with trau-
matic brain injury. The results of the study showed
that after intervention, patients with traumatic
brain injury showed a significant improvement in
K-MBI score. However, there were no significant
changes in total C-FIM score and rehabilitative
motivation. Total C-FIM score correlated sig-
nificantly with rehabilitative motivation. The social
cognition domain of C-FIM had a significant corre-
lation with rehabilitative motivation. Virtual real-
ity-based ADL training seems to improve ADL per-
formance in patients with traumatic brain injury.
Further researches focused on social cognition and

rehabilitative motivation are required.
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