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Abstract

Introduction: To evaluate fall-prevention rehabilitative slippers for use by self-caring, independent older adults.
Materials and Methods: This assessor-blinded, randomized, and controlled |-year study included 59 self-caring, independent
participants (49 women) who attended day services. The mean age of participants was 84.0 + 5.3 years. Participants were randomly
selected from 8 nursing homes. We tested slippers top-weighted with a lead bead (200, 300, or 400 g). Intervention group participants
walked while wearing the slippers for 10-20 min, |-3 days/week at the day service center. Fall risk was measured using the Berg Balance
Scale and the Tinetti Performance-Oriented Mobility Assessment (POMA) before and at 3-month intervals after the intervention/
control phase. Results: After |2 months, the intervention group demonstrated significant improvement. Berg Balance and POMA
compared to the control group (p <.05 p <.0l, respectively). Mobility scores improved significantly for both measurements in the
intervention group before and after (p < .0l), but the control group had significantly lower scores. Discussion: Overall, falls
decreased in the intervention group from 10 to 7, and control group falls increased from 9 to 16 (p = .02). No adverse events
related to the intervention were reported. Conclusions: Rehabilitation training slippers may reduce falls in older adults.
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The purpose of this study was to evaluate fall-prevention
rehabilitation slippers for self-care-independent older adults.

Introduction

In Japan, the reported annual rate of falls among older adults is
10-30%. Falls are a pivotal cause of bone fracture and mortal-
ity, warranting the establishment of preventive measures
against falls to decrease the number of bed-ridden older adults.
One of the causes of falls for older people is the impairment of
corticospinal transmissions to the anterior tibial muscle dorsi-
flexor foot muscles caused by advancing age.'

Chiba et al® reported that impairment in toe clearance, max-
imal sole inclination, and dynamic trunk sway reflect quantifi-
able mechanisms that, if improved, may result in effective

Methods

In this study, we developed an improved rehabilitative slipper
for self-care-independent older adults with a choice of pre-
ferred lead bead weight (200, 300, or 400 g). The slipper
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interventions to prevent falls. Satoh et al® reported on a simple
rehabilitative training slipper with a space on top with lead
beads (400 g) and observed a significant reduction in fall risks
in self-care-dependent older adults. The mechanism by which
the slipper stimulates the anterior tibial muscle is simple: add-
ing a weight on the top of the foot induces a torque secondary to
gravity and the distance of the weight’s center of mass to the
ankle joint.
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includes a back and ankle strap to stop it from coming off while
walking. Participants were recruited from 8 nursing homes.
Seventy-eight people registered for participation. Eligible par-
ticipants were community-dwelling elderly people aged 70 and
over who were certified as needing support care at Levels 1 and
2. The support level was followed by care insurance established
by the Ministry of Health, Labour and Welfare in Japan (from
Grades 1 to 2, with higher points indicating a more severe care
level). Additional selection criteria were a Mini-Mental State
Examination score of greater than 24* and a life expectancy of
more than 12 months. The exclusion criteria were dementia and
the inability to walk 3 meters. Six participants did not meet
inclusion criteria and 2 participants declined to participate.
We randomly selected 70 self-care-independent participants
(57 women, 13 men; mean age 84.4 + 6.8 years) attending
day services at 8 nursing homes. This trial was approved by the
ethics committee of Hirosaki University of Health and Welfare
and all participants provided written informed consent.

Participants were randomly assigned to either the interven-
tion or control groups using a random number table at each of
the 8 nursing homes. At the day service, both the intervention
and control groups received routine training for fall-prevention.
The intervention group received rehabilitative slippers in addi-
tion to attending the planned training at the nursing home. As a
joint intervention, we provided the staff at each participating
nursing home instructional training on the method and fre-
quency of the slippers’ use, as well as the duration for each
use. The presence or absence of adverse events was recorded by
the day service staff.

The study protocol was previously published.’> Outcomes
were assessed by 2 nurses and physical therapy experts who
were unaware of the purpose of the study at baseline and at 3-,
6-, 9- and 12-months follow-up. The risk of falls was mea-
sured using the Berg Balance Scale,’ (range, 0-56; higher
points indicating less risk of fall), and the Tinetti
Performance-Oriented Mobility Assessment (POMA),° (range,
0-28; higher points indicating less risk of fall). The Lawton
Instrumental Activities of Daily Living’ (range, 0-8; higher
scores indicate better skills) assessed independent living skills
and global cognitive function was measured with the Mini-
Mental State Examination® (range, 0-30; higher scores indi-
cate better performance); Mini-Mental State Examination
score of at least 24 indicate normal cognition. For the duration
of the study, falls were monitored and checked by day service
staff at each visit and noted on the daily fall calendar. Parti-
cipants were investigated for their current illness by each
home doctor.

The difference in fall risk between the intervention and
control groups at baseline, and at after 3-, 6-, 9- and
12-months was determined by the Mann-Whitney’s U test.
The statistical difference in changes in fall risk before and
after the intervention and control studies was determined by
the Friedman test. The statistical differences in relation to the
physical characteristics of participants and number of falls
before and after intervention were calculated using the Chi-
squared test. The pre- to post-intervention difference for the
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Figure I. Participant flow in trial of rehabilitative slippers exercise vs
usual exercise at day-service for fall prevention group.

Lawton Instrumental Activities of Daily Living® and Mini-
Mental State Examination’ results were calculated using the
t-test. The differences were regarded as statistically significant
at p < .05.

Results

Among the 35 participants in the intervention group, 2 refused
to participate, 3 transferred to another facility, and 1 was hos-
pitalized for poor physical condition; hence, 29 participants
completed the entire 1-year intervention study. Of the 29 inter-
vention group participants, 8 chose 200 g beads, 4 chose 300 g,
and 17 chose 400 g. Among the 35 control patients, 1 refused to
participate, 1 transferred to another facility, and 3 were hospi-
talized for poor physical condition; hence, 30 participants com-
pleted the 1-year observation examination (Figure 1). There
were no study disruptions due to fall injury. There were no
interruptions in the measurements of 29 participants in the
intervention group and 30 participants in the control group, and
all completed the 1-year test.

Physical characteristics of both groups are presented in
Table 1. Participants were a mean age of 84.0 + 5.3 years
and 49 (83%) were women. The intervention and control
groups attended the nursing home day service once, twice,
or thrice per week; the attendance level for both groups was
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Table I. Physical Characteristics of Patients.

Intervention Control
Mean + SD Mean + SD

Variable orn orn b
Number 29 30
Sex

Female/male 23/6 26/4 NS
Age (years) 836 + 57 842+ 59 NS
Height (cm) 1482 + 7.6 1495 + 9.0 NS
Weight (kg) 51,5 £ 99 534 + I1.7 NS
BMI (kg/m?) 238 +32 245+ 42 NS
Level of help required

Level | I 14 NS

Level 2 18 16 NS
Number of nursing home visits

Once a week 8 I NS

Twice a week 16 15 NS

Thrice a week 5 4 NS
Main diagnosis of patients (overlapped)

Hypertension 9 13 NS

Cardiovascular disease 9 10 NS

Diabetes mellitus 7 9 NS

Brain stroke 4 5 NS
Habitual exercise (at least 3 times 16 14 NS

a week)
Pre-intervention

IADL 53+ 1.9 52+ 1.3 NS

MMSE 273 + 19 27.1 + 1.6 NS

Fall history (last 6 months) 10 9 NS

Post-intervention

IADL 57+ 15 54+20 NS
MMSE 265 + 34 255+ 3.6 NS
Fall history (last | year) 7 16 *

Abbreviations: BMI, body mass index; IADL, The Lawton Instrumental
Activities of Daily Living; MMSE, Mini-Mental State Examination; NS, not
significant.

*Significant at p <.05 between the pre- and post-intervention using Chi-squared
test.

almost the same. The principal diseases suffered by the parti-
cipants were hypertension, cardiovascular disease, diabetes
mellitus, and stroke. The intervention and control groups had
the same number of diseases. The Lawton Instrumental Activ-
ities of Daily Living and Mini-Mental State Examination
results did not change from pre- to post-intervention in either
group.

The study period was 1 year (June 1, 2018, to May 31,
2019). Throughout the study period, the intervention group
wore the rehabilitative slippers while walking for 10-20 min
on 1-3 days each week at a self-determined, comfortable walk-
ing speed only in the day service center. After 12 months, the
intervention group had significantly improved Berg Balance
and POMA compared to the control group (p < .05, p < .01,
respectively) (Table 2). Figure 2 shows the serial points of fall
risk scores. Friedman’s test analysis of the scales’ results
showed a significant improvement in the intervention group
using the rehabilitative slipper (p <.01). The control group had
significantly lower Balance Scale and POMA scores (p < .05

and p < .01, respectively). During the l-year observation
period, the total number of falls were 47 and 9 out of 30 parti-
cipants in the control group fell more than twice, compared to
3 out of 29 participants in the intervention group. Falls were
experienced in the control group (baseline: 9 participants,
increased to 16 after a 12-month period) and in the intervention
group (baseline: 10 participants, decreased to 7 after a
12-month period) (p = .02).

There were no fractures due to falls. The fall risk scale
results were not associated with the weight of the slippers or
with the number of visits to the nursing home. Several partici-
pants in the intervention group reported improved stability,
balance, and endurance (increased walking periods) following
their exercise. No 1 of the 29 in the intervention group com-
plained about the training, many said their mood lightened, and
14 commented that they would continue to use the slippers
even after the study was completed. No adverse events related
to the intervention were reported.

Discussion

Significant reductions in fall risks were observed in partici-
pants using the rehabilitative slipper. Although the mechan-
isms involved in the reduced fall risk are unclear, the
slippers may contribute to improved anterior tibia function,
thereby increasing toe clearance and reducing the risk of falls
from tripping.9 They may also contribute to improved balance.
Horak et al'® found that the resting equilibrium is improved by
moving the body around the ankle joint when the body swings
back and forth. Therefore, wearing slippers with weights may
stimulate the muscles around the ankle joint to exert compen-
sation torque and restore body balance. Several participants
expressed that their body became stable when they put on the
slippers.

Curran-Groome et al'' investigated post-discharge falls in
199 elderly people aged 65 years and older who were hospita-
lized for surgery and had no history of falls. The results show
that 52 of the 199 subjects experienced 1 or more falls within a
year of their first fall. In addition, half had repeated falls within
90 days of their first fall. Additionally, many falls occur
indoors, so it is important to prevent the recurrence of falls
with proper intervention. Smith et al'® reported that fall-
prevention strategies should be targeted at those receiving care
in a home. Considering these reports, training using fall-
prevention slippers is recommended to improve fall-
prevention among older people in the home care population
as well as in their own homes.

This study has several limitations. First, the gender distri-
bution among participants was unbalanced; the number of
women was overwhelming due to the gender difference of the
subjects who attended the day service. Second, the staff record-
ing falls did not blind. Third, we had only a small number of
participants. Fourth, we used self-reporting, which means
that it is possible that the participants did not report all falls
to the staff. During the 1-year observation period, 9 and 3
participants in the control and the intervention groups,
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Table 2. Fall Risk Scores of Participants.”

| month before

the intervention

period (baseline)
Median (IQR Scores)

3 months after the
intervention period
Variable

6 months after the
intervention period
Median (IQR Scores) Median (IQR Scores) Median (IQR Scores) Median (IQR Scores) p

12 months after the
intervention period

9 months after the
intervention period

Intervention (n = 29)
Berg balance

POMA

Control (n = 30)
Berg balance

POMA

51 (44-54)
27 (26-28)

47 (41-52)
26 (25-28)

46 (40-49)
26 (24-28)

44 (43-47)
26 (24-27)

.001
.005

50 (44-52)
27 (25-28)

50 (43-53)
27 (26-28)

50 (47-54)*
27 (26-28)**

.023
.000

46 (42-49)
26 (23-28)

45 (39-50)
26 (22-28)

43 (40-48)*
25 (22-26)"*

Abbreviations: IQR, interquartile range; POMA, Tinetti Performance-Oriented Mobility Assessment.
?Significant difference between scores of the intervention group compared with those of the control group score are at * p < .05 and ** p < .0l.
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Figure 2. Participants’ changes (25-75 percentile range) in fall risk values by the Berg Balance Scale (A) and the Tinetti Performance-Oriented
Mobility Assessment (POMA) (B) for the intervention and control groups at the baseline and after 3-month, 6-month, 9-month, and 12-month
periods. The Berg Balance Scale has a maximum value of 56 points; higher points indicate lower risk of fall. The POMA test has a maximum value
of 28 points; higher points indicate lower risk of fall. Significance was *p < .05, **p < .0l, calculated using Friedman’s test.

respectively, self-reported that they fell more than once. How-
ever, research from Gallouj et al'® showed that older adults’
memory of falls was negative. Nonetheless, nursing home staff
carefully assessed the significance of each reported fall by
asking participants for an explanation. In addition, the mobility
scores of the intervention group improved significantly.

Rehabilitation slippers are very simple, small, easy to use
and inexpensive. Therefore, both care workers and patients can
use them easily and continuously at home and in institutional
rehabilitation. The rehabilitative slippers presented in this
study would benefit elderly subjects who want to use a light
load during exercise, without expensive machines that occupy
a large space.
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