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Abstract—Independent excretion is crucial for maintaining
self-worth among individuals. Toilet care significantly reduces
the quality of life for care receivers while imposing physical and
mental burdens on caregivers. Even if care receivers can move to
toilets using a walker independently, they often require
assistance with dressing and undressing their lower garments,
such as trousers and underwear. A walker that assists with
dressing and undressing lower garments could not only safely
increase opportunities for independent walking to prevent disuse
in any place, but it could also reduce the burden of caregivers.
The purpose of this study is to develop the lower garments
dressing and undressing portable support system attached to a
walker and used by the care-receiver with independent gait
function to support their daily toilet activity with dignity. In
addition, we confirmed the basic performance of independent
dressing and undressing using the basic experiment. The system
comprised three units: the weight support, lower garment
stretching, and lower garment up-and-down units. The weight
support unit assisted the user in walking and maintaining a
standing posture. The lower garment stretching unit comprised
the lazy tong mechanism, which stretches the waistband of the
lower garments on hooks by extending the mechanism to
perform friction-based holding and reduce friction between the
skin and lower garments during dressing and undressing. The
lower garment up-and-down unit raises and lowers the lower
garments, which are held by the lower garment stretching unit.
The lower garment stretching unit and up-and-down unit were
attached to both sides of the weight support unit. We conducted
a basic experiment involving a series of dressing and undressing
movements in the toilet with one of the authors of this study to
confirm the basic performance of the system. Consequently, the
system was able to dress and undress the lower garments up to
the target height without removing them. In conclusion, we
confirmed that the system had the basic performance to support
for dressing and undressing the lower garments in the toilet.

I. INTRODUCTION

The global population is aging, increasing the need for
long-term care [1]. People requiring long-term care, known as
care receivers, have difficulty with activities of daily living
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(ADL), such as toileting and eating, and may require assistance.
In particular, toileting is an ADL that is strongly related to
human dignity; being unable to use the toilet alone can cause
embarrassment and lead to a stressful experience for
individuals [2][3]. Moreover, the need for caregivers to
provide excretory care causes a decline in the quality of life of
care receivers. Excretion care is also a task that places a heavy
physical and mental burden on caregivers [4][5]. Therefore,
independent daily toilet activity is essential for reducing the
burden on both caregivers and care receivers.

Toilet activity for excretion consists of several steps, such
as moving to and from the toilet; dressing and undressing the
lower garments, including trousers and underwear; sitting and
standing on the toilet seat; urinating and defecating; and
wiping the bottom. In particular, dressing and undressing the
lower garments is often difficult for care receivers to perform
independently [6] because it requires simultaneous postural
control involving trunk bending to grasp the lower garments,
center of gravity control, and weight support in a mid-back
posture, as well as grasping the lower garments and raising and
lowering the lower garments along the legs. Even care
receivers with residual cognitive and physical abilities to walk
using a walker are often prevented from toileting
independently owing to difficulties in dressing and undressing
their lower garments without wobbling [7]. Supporting lower
garment dressing and undressing associated with toilet
excretion to achieve independent daily toilet activities.

In excretion care, caregivers generally accompany the care
receivers to ensure safety. In such cases, owing to a lack of
caregivers and busy schedules, over assistance may occur to
finish care quickly [7], and walking may be replaced by a
wheelchair, even for care receivers who still have the ability to
walk, leading to loss of walking opportunities and disuse of the
muscle groups associated with gait. Toilet activity support is
important to prevent this by encouraging walking, which uses
the remaining physical abilities.

Yamazaki et al. [8] proposed a dressing assistance method
using a humanoid robot. However, they did not provide
assistance during undressing. Hagiwara et al. [9] and
Kameyama [10] developed devices for assisting in dressing
and undressing lower garments that could be installed in toilets
by combining a robotic arm. Although they successfully
assisted in undressing, they had difficulty in dressing
assistance because of the insufficient grasping force of the end
effector. In addition, the devices required space for installation
in the toilet, and the environment in which they could be used
was limited. In nursing homes, several toilets exist, and even
care receivers who excrete in the toilet during the day may use
portable toilets at night [11], making it impractical to install
devices in advance. In particular, because portable toilets are
installed in the living room, for example, near bedding,



installing dressing and undressing support equipment in the
vicinity of these toilets can squeeze the space in the living
room and impede ADL. However, to the best of our knowledge,
no portable assistive devices for dressing and undressing exist
that need not be installed in the environment.

Therefore, a system that realizes independent daily toilet
activities for care receivers requires the following elements.

1. A function to assist in dressing and undressing the lower
garments.

2. A configuration to facilitate toileting by walking.

3. No requirement to install it in the environment, and it can
be portable.

4. Independently usable by the care receiver without the
need for a caregiver.

The purpose of this study is to develop a lower garments
dressing and undressing portable support system attached to a
walker for a care receiver with an independent gait function to
support daily toilet activities with dignity. Additionally, we
confirm the basic performance of the system for dressing and
undressing support in the toilet through basic experiments.

II. MATERIALS AND METHODS

In general, in dressing and undressing a care receiver who
still has the physical ability to walk with a walker and maintain
a standing posture, the caregiver raises and lowers the lower
garments while the care receiver holds the handrail and
maintains a standing posture. The developed system raises and
lowers the lower garments while the care receiver maintains a
standing posture in the toilet. The system is configured to work
as a walker when moving around and be placed close to the
side of the toilet bowl during toileting.

A. System Configuration

In this study, we assumed that the user of the developed
system was a care receiver and that the system assisted the user
in dressing and undressing lower garments in the toilet
independently. Fig. 1 shows the configuration of the lower
garment dressing and undressing support system. The system
comprised three units: weight support, lower garment
stretching, and lower garment up-and-down units. The weight
support unit assisted the user in walking and maintaining a
standing position. The lower garment-stretching unit grasped
the waist of the lower garment. The lower garment
up-and-down unit raised and lowered the lower garments.

B. Weight support unit

The weight support unit must assist the user in walking and
maintaining a standing posture while dressing and undressing,
irrespective of the physique of the user. We selected a walker
(TY160L-NW-1, Nissin Medical Devices Co., Ltd., Japan) as
the weight support unit, which was designed with human body
dimensions in mind and could assist in walking and
maintaining a standing posture.

C. Lower garment stretching unit

The lower garment stretching unit must grasp the lower
garments irrespective of the physique of the user and the size
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Figure 1. Overview of the lower garments
dressing/undressing support system

Figure 2. Overview of the lower garment
stretching unit

of the lower garments to be worn. In many cases, the user
wears nursing care products, such as urine leakage pads, inside
the underwear [12]; therefore, sufficient space must be ensured
to adjust the position when dressing the user after excretion. In
nursing homes, elastic-waisted lower garments are often used
in both trousers and underwear for ease of dressing and
undressing. The unit stretches the elastic waist of the lower
garment in four directions to grasp the lower garments using
the tension of the elastic and reduce friction between the skin
and lower garments.

When grasping lower garments using elastic tension, adjusting
the amount of stretching based on the physique of the user and
the size of the lower garments is necessary. We proposed a
lower garment stretching unit that comprised a hook for
stretching the elastic waist attached to a lazy tong mechanism
used for a magic hand to design a compact and lightweight unit



Linear actuator

Hook gé

(a) Closed position

SIS

W
(b) Opened position
Figure 3. Geometric model of the lower garment
stretching unit

that does not interfere with walking.

Fig. 2 shows the lower garment stretching unit. The
mechanism was deployed and retracted by extending and
retracting the rod of a linear actuator. Fig. 3 shows a schematic
of this mechanism. The extension width W of the lower
garment stretching unit can be expressed by Equation (1) using
the theorem of three squares, where L denotes the distance
between the rod and mechanism fixing point during
contraction, as shown in Fig. 3(a), d denotes the stroke of the
rod, and 1 denotes the link length, as shown in Fig. 3(b).

W=4/1*~(L-d)? 6]

Equation (1) indicates that the length of the lower garment
stretching unit in the stretching direction can be adjusted by
varying the stroke of the linear actuator rod. By setting L to 70
mm, 1 to 75 mm, and the maximum stroke 9.« of the rod to 50
mm, the width could be adjusted in the range from a minimum
value of 174.0 mm to a maximum value of 272.0 mm in the
statistics of buttock thickness diameter in elderly people [13].
The lower garment stretching unit extended to a width of 289
mm, which was greater than the maximum buttock thickness
diameter in elderly people. This feature enabled the user to
dress and undress lower garments without being caught on
their knees or other protrusions, even if the user moved back
and forth slightly. In a simple experiment in which the waist of
a pair of nursing pants was stretched with a force gauge
attached to the moving part of the lazy tong mechanism, a
thrust force of 240 N was required for the mechanism. An
actuator (P16 linear actuator; Actuonix Motion Devices Inc.,
Canada) with a thrust of 240 N was used. The maximum stroke
speed of the actuator was 4.8 mm/s, allowing the unit to stretch
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its elastic waist in approximately 10 s. This was considered an
acceptable time for toilet use.

When in use, the stretching width W was set in advance
based on the buttock thickness diameter of the user. The user
hung the elastic waist of the lower garments on the hooks of
the lower garment stretching units on both sides, and the units
stretched the lower garments by deploying the mechanisms of
the units by operating a switch.

D. Lower garment up-and-down unit

The lower garment up-and-down unit raised and lowered
the garments held by the lower garment stretching unit. The
waist height of the lower garments must be appropriate to
ensure that no obstructions exist to sitting on or standing up
from the toilet seat or moving from the toilet afterward. The
unit lowered the waist of the lower garments below the
popliteal fossa and raised them to the lower iliac crest when
undressing and dressing (Fig. 4).

As the difference between the 97.5% tile values of the iliac
crest height and the central patella height dimensions [13] of an
elderly person was 550.5 mm, we selected an electric slider
(EZS series, Oriental Motor Co., Ltd., Japan) with a movement
range of 700 mm. As shown in Fig. 5, the lower garment
up-and-down unit moved the lower garment stretching unit up
and down linearly. When in use, the required movement length
of the lower garments was set in advance based on the
physique of the user, and the lower garments, which were held
by the lower garment stretching unit, were raised and lowered
using a switch operation. The operating speed was set to 100
mm/s to ensure user safety. This allowed the unit to complete
the dressing and undressing of the lower garment in
approximately 5 s, which was considered an acceptable time
for use in the toilet.

E. System Integration
Fig. 6 shows a schematic of the operation in each phase.
The flow in the toilet using the developed system is as follows:

Phase 1: The user attaches the lower garments to the hooks of
the lower garment stretching units.

Phase 2: The lower garment stretching units stretch both sides
of the waist of the lower garments.

Iliac crest

Popliteal fossa

Figure 4. Lifting position of wearing by using the system
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Figure 5. Overview of movement of
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Figure 6. Overview of dressing/undressing using
the developed system

Phase 4 Phase 6 Phase 7

Phase 3: The user undresses the lower garment using
up-and-down units.

Phase 4: Seating on the toilet seat, excretion, wiping, and
flushing.

Phase 5: Standing up from the toilet seat and dressing with the
lower garment up-and-down unit.

Phase 6: Closing of the lower garment stretching unit.

Phase 7: The user removes the lower garments from the
hooks of the lower garment stretching units.

By operating switches, the developed system stretches,
undresses, and dresses in lower garments. The user judges the
end of each phase and operates the switches to perform the
required actions in each phase.

The lower garment stretching and lower garment
up-and-down units were designed to be mounted within the
space formed by the width, depth, and height of the frame of
the walker used as the weight support unit. This allowed the
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system to be portable in toilets without affecting the
operability of the walker.

III. EXPERIMENTS

We conducted a lower garment dressing and undressing
experiment to confirm the basic performance of the developed
system in assisting with the dressing and undressing of lower
garments in toilets. The participant in the experiment was one
of the authors of this study, an able-bodied person (23 years
old, 162 cm, 60 kg) with no difficulty in performing daily
living activities. Fig. 7 shows the experimental environment.
The experiment was conducted in a multifunctional toilet with
a structure similar to that in an actual nursing home. Prior to
the experiment, the system was placed in front of a toilet bowl.
The participants wore a nursing-care trouser (Care Fashion Co.,
Ltd., Japan) and boxer briefs (UNIQLO Co., Ltd., Japan),
which are used in nursing-care facilities, to simulate an actual
nursing-care situation. In addition, to ensure the privacy of the
participants, the innerwear was briefly worn under a boxer
brief. In the experiment, the hooks of the lower garment
stretching unit were placed in a brief, and both the trousers and
briefs were undressed and dressed simultaneously. The series
of actions mentioned in the system integration section was
performed 10 times, and the success rate was evaluated to
simulate toilet activities. However, in Phase 4, only standing
and sitting on the toilet seat were performed. When both of the
following criteria determined from the anatomical positions
were fulfilled in the series of actions, the session was judged
successful.

1. In Phase 3, the waist opening of the lower garments
descends to a height below the popliteal fossa (Fig. 4).

2. In Phase 5, the waist opening of the lower garments raises
to a height above the iliac crest (Fig. 4).

The positions of the popliteal fossa and the iliac crest were
confirmed by touch. At the end of Phases 3 and 5 of the
experiment, the success or failure of dressing and undressing
was determined by checking the lower garment waist opening
and designated positions visually and from the video recorded
during the experiment, respectively. After 10 sessions, the
success rate was calculated.

Figure 7. Experimental environment



TABLE L.

RESULT OF BASIC EXPERIMENT

Session 1 Session 2 Session 3

Session 4 Session 5 Session 6 Session 7 Session 8

Session 9 Session 10

Success or
Fairure O O O O

Time
required [s]

O O O O O O

78 89 75 86 74 &3
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Figure 8. One of the representative results of
lower garments undressing

Figure 9. One of the representative results of
lower garments dressing

Furthermore, to confirm that the proposed system could
assist in dressing and undressing within an acceptable time for
use in an actual toilet, we measured the time taken from the

start of Phase 1 to the end of Phase 5 of each session. The
acceptable time was set at 231 s, which is the minimum toilet
assistance time, excluding defecation time, calculated for
actual elderly care facilities [14].

IV. RESULTS

Table 1 lists the success or failure and the time required
from the start of Phase 1 to the end of Phase 5 of each session.
Figs. 8 and 9 show one of the representative results of
undressing and dressing. Figs. 10 and 11 show the front view
of the dressing and undressing in another session in Phases 3
and 5. The criteria for lowering and raising the lower garments
at all of the sessions were fulfilled, resulting in a success rate of
100%. The time required was confirmed to be less than the
acceptable time for all sessions.

V. DISCUSSION

In Phases 2 to 7 of the experiment, the lower garment
stretching unit maintained the grasping of the lower garments.
This suggests that the lower garment stretching unit was
capable of sufficiently extending the elastic waist of the lower
garment and grasping it using tension for dressing and
undressing. The success rate indicates that the developed
system can provide stable dressing and undressing support.
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—— Criterion line

Figure 10. Front view of undressing in Phase 3

—— Criterion line

Figure 11. Front view of dressing in Phase 5.

The time required for each session was within the acceptable
range for all the sessions, suggesting that the proposed system
can provide assistance in dressing and undressing within the
acceptable range for use in an actual toilet. We confirmed that
the system had the basic performance of dressing and
undressing support with grasping and up-and-down of the
lower garments, which was necessary before and after
excretion. The system is expected to not only reduce the
physical and mental burden on caregivers and care receivers
but also safely increase opportunities for independent walking
to prevent disuse.

In the future, we plan to develop a method to automatically
insert the hooks of a lower garment stretching unit to enable
care receivers with various conditions, such as decreased
finger dexterity, to use the toilet independently. Moreover, we
will conduct experiments to verify the safety and feasibility of
the system using care receivers with various body shapes and
mobility abilities.

VI. CONCLUSION

In this study, we developed a lower garment dressing and
undressing portable support system attached to a walker for a
care receiver with an independent gait function to support
daily toilet activities with dignity. Through a basic experiment
with one of the authors of this study, the system could move
lower garments for each target height of dressing and
undressing without the lower garments coming off during the



process. Furthermore, the system could assist in dressing and
undressing within an acceptable time. We confirmed the basic
performance of the system in supporting the dressing and
undressing of lower garments in the toilet. This system is
expected to reduce physical and mental burdens on caregivers
and care receivers.
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