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Case Report

A Patient with Concomitant Myelopathy-associated Balance
Impairment and Cognitively-impaired- not-demented Status
for Whom Robot-based Rehabilitation was Effective
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Abstract: Robot rehabilitation using a Balance Exercise Assist Robot (BEAR) was performed
in a patient with concomitant myelopathy-associated balance impairment and cognitive impair-
ment. Balance improved, showing the efficacy of BEAR for this patient. Verbal instructions by
a therapist was required to play a tennis game among the programs performed, but skiing and
rodeo games were intuitively easy for the patient to understand. This suggests that these games
are useful exercise tasks for patients with cognitive impairment.
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Introduction

As Japan has become a super-aging society, there has been an increase in the number of patients with

1)2)

motor system diseases, such as joint, vertebral and spinal cord diseases"”. Cognitive impairment has also

increased, and patients with both diseases have become common®. In these patients, there are greater risks

* "and it is important to maintain

of fall, fracture, and a bedridden status due to marked decline of balance
activities of daily living (ADL) by training for maintenance and improvement of balance. Such rehabilita-
tion treatment includes stretching and muscle strengthening exercises, sensory input training, balance con-
trol training, task-oriented training, vestibular sensory training, patient education, and injury prevention

guidance”. Balance control training can improve sway of the center of gravity®, but conventional methods
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have difficulties with adjustment of the level for individual patients, small movements, and the boring nature
of the training. Moreover, the core symptoms of cognitive impairment and behavioral and psychological
symptoms are problematic in rehabilitation treatment” . Originality is needed for effective balance control
training in these patients.

Ozaki et al. developed a Balance Exercise Assist Robot (BEAR) for balance control training that can

10)

be adjusted in difficulty level in steps'”. Patients operate the standing-ride type self-propelled robot and move
a character presented on a monitor screen under the guidance of a therapist, so that they can continue train-
ing while having fun. Ozaki et al. performed rehabilitation using BEAR in 8 patients (mean age: 50 years
old) with impaired walking function due to central nervous system (CNS) disease and showed improve-
ment of balance evaluation items, such as tandem gait speed, Functional Reach Test, functional base of sup-
port, and lower extremity muscle strength'”. In another study, the same items were shown to have signif-
icantly improved in frail elderly subjects (mean age: 73 years old) treated with BEAR, compared to similar

11

subjects who received conventional rehabilitation'”. Furthermore, Itoh et al. found that postural perturba-
tion coping exercise using BEAR decreased robot movement and range of motion of the hip joint in 9
healthy volunteers (mean age: 23 years old) 2, clarifying that BEAR can control posture through an ankle
strategy ™.

We encountered a patient with concomitant myelopathy-induced balance impairment and cognitive
impairment for whom balance control training using BEAR was possible and led to improvement of bal-

ance function.

Patient

The patient was a 69-year-old woman with a chief complaint of gait disturbance. She started having dif-
ficulty with walking at about 50 years old and became aware of muscle weakness and hypesthesia of the
bilateral lower limbs at 56 years old. Sensory disturbance of the bilateral lower limbs aggravated to ataxic
gait at 60 years old, and she visited our hospital. The patient was diagnosed with ossification of the cervi-
cal and thoracic posterior longitudinal ligament and treated with laminoplasty (T1-5) and posterior fusion
(C5-T5). After surgery, spasticity of the lower limbs and numbness of the feet remained, but muscular
strength and hypesthesia improved, and the patient became able to walk for a short distance using canes.
However, at 68 years old, 12 years after surgery, disturbance of the spinal pyramidal tract occurred, although
without progression of the compression for the spinal cord, and persisted due to aging and reduced activ-
ity. This manifested as disturbance of balance and marked reduction of walking function. The patient was
admitted for robot-based rehabilitation at 69 years old. Her medical history included surgeries for breast
cancer, ovarian cancer, and lung cancer at 50, 60, and 68 years old, respectively. She had no experience of
skiing, horse riding, or tennis, which were included in the robot rehabilitation program.

Findings on admission

Height was 161 cm and body weight was 58 kg. Muscle strength evaluation using MMT right/left)
was bilateral hip flexion, 4/4; extension, 4/4; abduction, 4/4; adduction, 5/5; knee flexion, 4/4; extension,
5/5; ankle dorsiflexion, 5/5; plantar flexion, 5/5. A sensory evaluation showed normal superficial and deep
sensations, but numbness in the bilateral toes. Patella tendon and Achilles tendon reflexes were
enhanced, and a Romberg test was positive. The patient could walk indoors while holding on to something
and could move while pushing a walker outdoors, but her walking distance was short. Standing on one leg
was not possible on either side.
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Communication was favorable, but the patient appeared to be absent-minded. Her Mini Mental State
Examination (MMSE) score was 27/30, which is within the normal range, but her Frontal Assessment
Battery (FAB) score was 12/18, showing a decline of executive function, and her Behavioral Assessment
of Attentional Disturbance (BAAD) score was 6/18, indicating attention disorder. No hemorrhage, infarc-
tion, space-occupying lesion, or hippocampal atrophy was noted on head MRI. In an analysis using a voxel-
based specific regional analysis system for Alzheimer's Disease, the volume of interest was 0.79 and there
was no atrophy of the parahippocampal gyrus. Therefore, the patient was diagnosed with cognitively-
impaired-not-demented status.

BEAR

BEAR is a robot based on a “Winglet’ standing-ride type personal mobility vehicle made by Toyota
Motor Corporation" . Inverted pendulum control by two in-wheel motors on the left and right controls the
robot so as to retain the rider’s posture in an upright position, using a sensor to detect the posture (Fig.
1). Accordingly, the robot moves in the anteroposterior direction when the rider moves their center of the
gravity in the anteroposterior direction, and rotates when the center of gravity moves in the lateral direc-
tion. Since a shift of the center of gravity is reflected in movement of the robot, this shift can be visualized,
which is useful for feedback to the user. In addition, parameters of the robot and games are adjustable so
that balance practice can be performed at the optimum difficulty level for each patient.

Protocol of robot rehabilitation

Practice of balance using BEAR was performed 4 days a week for 2 weeks (8 days in total). The train-
ing time per day was 3 periods of 40 min each (120 min in total). Within a 40-minute training session, a game,
warm up, preparation of the practice environment, vital sign measurement, stretching, and rest were per-
formed under the guidance of a physical therapist. Three games (tennis, skiing, and rodeo) were played
(Fig. 2). A video of each game was presented on the monitor screen, and the patient performed balance
training through moving the standing-ride type robot. Each game program included 4 games with a dura-

Fig. 1. Balance Exercise Assist Robot (BEAR)
Since a shift of the center of gravity is reflected in movement of the robot, this

shift can be visualized on the monitor screen.
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Fig. 2. Monitor screen of BEAR

a) tennis game, b) skiing game, c) rodeo game

tion of 90 s per game, and 12 games were performed each day (a total of 96 sessions in 8 days). Each pro-
gram started at level 1, and the difficulty level rose or fell in the following session if the game task success
rate was =>70% or <40%, respectively, during the balance practice.
Method for each game and adjustment of difficulty level

In the tennis game, the target moves in the anteroposterior direction to reach the ball in time and hit
it back to the opponent. The difficulty level was adjusted by changing the speed of the ball and the width
of the racket. The speed of the ball gradually increases and the racket width becomes smaller as the diffi-
culty level rises. The skiing game requires passing through the center of gates on a course by rotation in
the lateral direction on the screen by scrolling forward. The difficulty level was adjusted based on the num-
ber and position of the gates. In the rodeo game, erratic motion randomly occurs 16 times within a 90-sec-
ond period and the user tries to retain a fixed position. The difficulty level was adjusted based on the foot
plate inclination angle and period of inclination during motion. Erratic motion occurs in the anteroposteri-
or direction only up to level 15 and also in the lateral direction at higher levels.
Evaluation items

The level of each game was recorded and time-course changes until the 96th (final) game were eval-
uated. The Berg Balance Scale, lower limb muscle strength, Functional Reach Test, Timed Up and Go Test,
gait steps were evaluated before and after training.
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Results

Changes in game level

The patient was able to perform all 96 games (Fig. 3). No aggravation of neurologic manifestation or
complications such as fall occurred during training. Each game level did not improve for 2 days (24 games
in total) after initiation of robot rehabilitation, but then the skiing game level continuously increased until
8 days. The rodeo game level continuously increased until 5 days after initiation up to level 15, with errat-
ic motion in the anteroposterior direction only, but only slightly improved thereafter after inclusion of
motion in the lateral direction. The tennis game level did not improve for 5 days after initiation. The patient
continued to practice this game with verbal guidance of the physical therapist, and the level then continu-
ously increased until 8 days after initiation of treatment.
Changes in balance function

The score on the Berg Balance Scale improved from 35 before training to 39 after training, with
improvements in retention of standing position, functional reach, stepping up and down on a footstool, and
one-leg standing, but no change in lower limb muscle strength (Table 1). The distances on the Functional
Reach Test improved from 22 cm on the left and 22.5 cm on the right before training to 27 cm and 30.5 cm,
respectively, after training. Time on the Timed Up and Go Test was reduced from 92.57 s before training
to 86.08 s after training. The patient could not perform accurate tandem gait after training, even with use
of canes. At one month after completion of training, the Berg Balance Scale was 37, functional reach was
24 c¢m on the left and 25 cm on the right, and the time on the Timed Up and Go Test was 102.39 s, show-
ing that the improvement in balance function had decreased.

20
18

—tennis game
16 -

----ski game
14

~~~~~~~ rodeo game

game level

49 61 73 85
number of games

Fig. 3. Changes in game level
Each game was evaluated until the 96" session.
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Table 1. Changes in balance function
Berg Balance Scale, Functional Reach Test and Timed Up and Go Test

before robot rehabilitation  after robot rehabilitation

Berg Balance Scale 35 39
Sitting unsupported 4 4
Change of position: sit to stand 4 4
Change of position stand to sit 4 4
Transfers 4 4
Standing unsupported 2 3
Standing with eyes closed 4 4
Standing with feet together 3 3
Tandem standing 0 0
Standing on one leg 0 1
Turning trunk (feet fixed) 2 2
Retrieving objects from floor 4 4
Turning 360 degrees 1 1
Stool stepping 0 1
Reaching forward while standing 3 4
Functional Reach Test(cm) left side 22 27
right side 22.5 30.5
Timed up and Go Test (sec) 92.6 86.1
Discussion

Balance is defined as control of body mass within the base of support, and is exerted through inter-
actions among many elements, including the musculoskeletal system, sensory function (visual, somatic,
and vestibular sensations), sensory integration, and cognitive function. Impairment of these elements caus-
es a decline in balance function and increases the risk of fall*®. Since our patient had cognitively-impaired-
not-demented status, as well as spasticity of the lower limbs and decreased lower limb muscle strength due
to myelopathy and sensory disturbance in the plantar region, her balance was further decreased and she
had a markedly increased risk of fall. Rehabilitation was necessary, but this was likely to be difficult if the
patient was unable to understand the objective of each program or perform the treatment. This difficulty
is common in patients with cognitive impairment due to core symptoms such as memory impairment, atten-
tion disorder, visual perception impairment, speech impediment, executive function disorder, apraxia, and
decline of judgment capacity; and behavioral psychological symptoms such as depression, insomnia, anx-
iety, loss of motivation, misidentification, irritation, restlessness, loitering, violence, abusive words, hallu-
cination, and delusion”. In our patient, the FAB score was 12/18, showing a decline of executive function,
and the BAAD score was 6/18, showing attention disorder. However, exercise therapy may reduce the
decline in physical functions (strength, balance, mobility, endurance) in patients with mild cognitive impair-

14)

ment™" . Therefore, we considered that exercise therapy that takes cognitive function into consideration
may improve balance function.

There has been recent progress in development of robot-supported rehabilitation treatment™'”. Robots
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can assist training performed by therapists through accurate repetitive assistance with motion and auto-
matic adjustment of assistance for lack of muscle strength. In the present case, training was performed using
BEAR for robot-supported balance control training. BEAR shifts the center of gravity in the anteroposteri-
or and lateral directions by adjusting various muscle activities around the ankles, knees, and hip joints to

2 Game properties are incorporated to make the training more enjoyable, and

overcome impaired balance
the difficulty level of games is automatically adjusted based on the results of the previous game, which facil-
itates effective motor learning. Our patient performed training by playing tennis, skiing, and rodeo games.
She played these games 96 times over 8 days, and each game level improved, along with improvements in
the Functional Reach Test and Timed Up and Go Test. Despite her cognitively-impaired-not-demented sta-
tus, the patient was able to play the games on the screen as exercise tasks requiring meeting of a challenge,
attentiveness, ability to concentrate, and memory. The Berg Balance Scale, Functional Reach Test, and
Timed Up and Go Test were used for evaluation of balance function. In case reports, when changes in these
items after treatment exceed the minimal detectable change 95 (MDC95), the treatment is judged to be
effective. In patients with brain diseases (Parkinson'’s disease, cerebrovascular disorder, and dementia) and
the elderly, the MDC95 for the Berg Balance Scale is 2-16.66, that for the Functional Reach Test is 4-12.64
cm, and that for the Timed Up and Go Test is 1.75-5 s'**"| with the MDC95 markedly depending on age,
activity, and disease. The MDC95 for these tests in patients with spinal disorder are unclear, which made
it difficult to evaluate the significance of changes in our patient, but the Berg Balance Scale improved from
35 before training to 39 after training; the distances for the left and right upper limbs increased from 22 to
22.5 cm and from 27 to 30.5 cm, respectively, on the Functional Reach Test; and the time decreased from
92.57 to 86.08 s on the Timed Up and Go Test. Although the changes were small, these results show
improvement in all 3 items and suggest that BEAR improves myelopathy-associated decline of balance func-
tion.

Regarding the mechanism underlying this effect, since muscular strength did not change after BEAR
in this patient, BEAR may have improved sensory input. Balance control requires visual, vestibular, and
somatic sensory inputs, and these are integrated in the CNS to produce balance function. The sensory inputs
are not homogenous, and changes correspond to diseases inducing abnormalities in sensation, environ-
ment, and physical activity”. The effect of BEAR was acquired within a short time (2 weeks), suggesting
changes mainly in visual and vestibular sensory inputs, and not through somatic sensory input from the
lower limbs, which had been impaired by myelopathy for a long time. Visual sensory input provides the
relative positional relationship with surrounding objects, and thus serves as an information source con-
cerning the head position and movement. The ratio of visual sensory input increases with performance of

220 suggesting that visual sensory input may have increased based on

gymnastics and bicycle road racing
information on the monitor in BEAR, with a subsequent influence on balance function. Vestibular sensory
input serves as an information source related to acceleration loaded on the head. An increase in this input
due to acceleration produced by a shift of the center of gravity on BEAR may have also influenced balance
function. Furthermore, since aggravation of neurologic manifestations or fall did not occur in BEAR, this
method is safe for patients with a CIND status.

All game levels improved, but changes varied among the games: the skiing game level gradually
improved from day 3 to 8 after initiation; the rodeo game level improved from day 3 to 5, but only slightly
thereafter; and the tennis game level did not change until day 5, but improved under verbal instructions

by the therapist until day 8. The game methods and adjustment of the difficulty level may have been influ-
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enced by the reduced cognitive function of the patient. In the skiing game, the subject skis by operating
the robot in the lateral direction to move a character on the screen in the lateral direction. In the rodeo game,
vertical movement of a character on the screen is stopped by the subject operating the robot in the antero-
posterior direction up to level 15. The patient easily understood these games intuitively and performed the
exercise tasks despite her cognitive impairment because movement of the robot in these games was con-
sistent with actual movements in skiing and rodeo, which made the operation directions simple.
Therefore, these games were effective for this patient. In contrast, in the tennis game, the subject moves
a character on the left side in the monitor screen by operating the robot in the anteroposterior direction
and hits back a ball coming from the right side. In actual tennis, players move in the lateral direction and
hit the ball back, but in this game the subject has to control the robot in the anteroposterior direction. When
cognitive function is impaired, it may be difficult to develop a strategy from the visual information and exe-
cute this strategy in the tennis game. Therefore, the patient needed to practice movement of the direction
of the robot under verbal instructions by a therapist.

A limitation of the study is the investigation of only the short-term treatment effect. Observations of
the persistence of the effect and the fall prevention outcome are necessary. Moreover, the effect of a sin-
gle training session with BEAR did not persist for a long time. There is a need to investigate persistence
of the effect by repeating robot rehabilitation or using this approach for a prolonged period.

Conclusions

Robot rehabilitation using BEAR resulted in improvement of balance in a patient with concomitant
myelopathy-induced balance impairment and cognitively-impaired-not-demented status. Verbal instruction
by a therapist was required for the tennis game, but the skiing and rodeo games were intuitively under-
standable for the patient, despite her cognitive impairment. These results suggest that these games are use-
ful exercise tasks and that BEAR has efficacy for treatment of patients with cognitively-impaired-not-dement-
ed status.

The authors declare there are no conflicts of interest regarding the publication of this article.
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