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Abstract

Background: Locomotive syndrome (LS) is a condition in which muscle weakness and reduced motor function due to
muscul oskel etal disorders cause reduced mobility and physical function. In Japan, muscul oskeletal disorders arethe most frequent
reason for requiring home support or nursing care, and the prevention and amelioration of L S are thus being emphasized. However,
itisdifficult for older people to make a habit of exercise therapy, which isthe mainstay of LS treatment. We investigated whether
digital therapy could (1) lead to behavioral changein older people and (2) prevent or improve LS in older people.

Objective: We sought to determine whether digital therapeutics (DTx) are useful for the prevention and amelioration of LSin
older people, and we assessed the effects of DTx on the participants’ exercise avareness and motor function.

Methods: We conducted a multicenter, prospective, longitudinal, nonrandomized, single-group study of Japanese adults aged
240 years who were dligible for LS checks. Each participant underwent an 8-week locomotion training (LT) intervention, and
their subjective and objective motor abilities and motor awareness were objectively assessed at the following time points: baseline
(before the start of the DTXx), interim (4 weeks after the start of the DTx), and end (8 weeks after the start of the DTx). We
evaluated the participants’ objective motor function using the timed up and go (TUG) test, and we compare the results using a
3-way ANOVA with the TUG test at the 3 evaluation time points as the dependent variable. Theresults of the 25-question Geriatric
Locomotive Function Scale, which is a subjective measure of motor function, and the results of the Behavioural Regulation in
Exercise Questionnaire 3, which assesses motor awareness, were also evaluated using an ANOVA in the same way asthe TUG
test. The significance level was set at .05/ 3 = .0167 after Bonferroni correction.

Results: Asof April 2025, this study had enrolled 47 participants, and complete data had been gathered from 45 participants
for the proposed analysis. Study participation was ongoing as of April 2025.

Conclusions: The study cohort will be used as a basis for further observational and intervention studies. This research could
lead to more efficient use of medical resources and areduction in financial and medical burdens on individuals and the economy,
and it could support the prevention and amelioration of LS and the establishment of exercise habits among older people.

Trial Registration: University Hospital Medical Information Network Clinical Triads Registry UMIN000053922;
https://center6.umin.ac.jp/cgi-open-bin/ctr_e/ctr_view.cgi ?recptno=R000061550

International Registered Report Identifier (IRRID): DERR1-10.2196/70163

(JMIR Res Protoc 2025;14:e70163) doi: 10.2196/70163
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Introduction

Background and Rationale

The Japanese Orthopaedic Association (JOA) issued its first
guidelines regarding locomotive syndrome (LS) in 2007 [1].
Locomotive syndrome refers to a condition in which a
muscul oskel etal disorder resultsin muscle weakness and motor
weakness, leading to reduced mobility and physical function
[1]. The development of LS causes a decline in hedlthy life
expectancy and can lead to individual s becoming bedridden and
requiring long-term care [2]. In Japan, motor system disorders
are the most frequent reason for requiring assistance at home
or nursing care, accounting for 24.8% of all cases[3]. The JOA
recommends the early detection of motor function decline by
conducting LS checks (L SCs), in part to prevent the future need
for assistance or care [4]. The JOA aso advocates locomotion
training (LT), which involves standing on one leg and squatting,
to prevent and ameliorate LS [5].

Guidelinesfor assessing therisk of LS were developed in 2015
[6]; these defined stage 1 L S asthe early stage of motor decline
and stage 2 L S as advanced motor decline. In 2020, stage 3LS
was added, defined as a state of progressive decline in mobility
and difficulty in social participation [7]. Therisk of developing
LS is assessed based on three items. (1) a stand-up test, (2) a
2-step test, and (3) the 25-question Geriatric Locomotive
Function Scale (GLFS-25) [5].

Japan has one of theworld’s most prominent aging popul ations,
and the burden of health care for the oldest segment of Japan’s
population on the country’s insurance system continues to
increase [8]. It is also necessary to consider how to make the
most effective use of limited medical resources. The prevention
and amelioration of LS are considered important as
countermeasures against motor system disorders. Exercisessuch
asLT are effective for preventing and ameliorating LS [5], but
it is difficult for many older adults to start or continue an
exercise routine. As one solution, we advocate an approach to
the prevention and improvement of LS in older people based
on using technological devices to promote behaviora change.

Technology is used in the medical field for electronic medical
records, telemedicine, and surgical robots; in addition to this,
mobile devices are used for medical procedures and support,
whichiscalled mobile health (mHealth) [9]. Digital therapeutics
(DTx) are an area of mHealth that is receiving particular
attention [10]. A variety of apps have been approved by
insurance as DTX, including diabetes and hypertension
self-management apps and smoking cessation support apps
[11-13]. However, DTx for musculoskeletal diseases have not
been approved for insurance coverage. Although some apps
have functions such as step counting and exerci se management,
they are not scientificaly supported. We have created a
smartphone app for older people who have no exercise habits
and whose physical functions have declined. The smartphone
app hasfunctions that support the implementation of 2 types of
LT, using video and audio, and when participants carry out LT,
the implementation status is recorded not only on the target
person’s smartphone, but also on the health care provider's
smartphone. The advantage of this system is that health care
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providers can check the progress of LT remotely, and the patient
can feel that they are exercising with the support of health care
providers. We are conducting this study to determine whether
the use of DTx can lead to behavioral change in older people
and prevent or improve LS.

Objectives

The study’s primary aim is to determine whether the use of a
smartphone app (ie, DTx) can prevent or ameliorate LSin older
people: the outcomes are exercise awareness as assessed by the
Behavioural Regulation in Exercise Questionnaire 3 (BREQ-3)
and motor function as assessed by the GLFS-25 and timed up
and go (TUG) test. In this study, participants who were unable
to perform the stand-up test or 2-step test due to hip or knee
pain were excluded from the measurement items. The research
guestions are as follows. (1) Can older people use DTX to
proactively change their exercise habits with the help of their
health care providers? (2) Are changes in exercise habits in
older people associated with changes in motor awareness and
function?

Our main and secondary study hypotheses arethat (1) continued
LT with DTx will prevent or improve LS in older adults and
(2) well-established exercise habits will improve these
individuals motor awareness and function.

Methods

Participants and Study Setting

We planto recruit aminimum of 50 participants aged >40 years
who are eligible for LSCs [14] at any of 3 general hospitals
(Bange-Kosel General Hospital, Southern Tohoku General
Hospital, and Minami-Soma City General Hospital) that perform
orthopedic surgery. Thetarget minimum numbersof participants
is 25 at Bange-Kosei General Hospital, 15 at Southern Tohoku
General Hospital, and 10 at Minami-Soma City General
Hospital. The overall recruitment target is based on the
minimum sample size necessary to complete the intended
analysis, taking omissions into account.

The study’s inclusion criteria are as follows:. participants aged
>40 yearswho generally havelower-extremity muscle weakness
[15] and who have visited 1 of the 3 abovementioned hospitals
for an LSC, which are scored asfollows: 1 point if theindividual
cannot put on a sock on one foot; 2 points if they stumble in
their house; 3 points if they need a handrail to climb stairs; 4
points if they have difficulty using a vacuum cleaner at home;
5 points if they have difficulty carrying parcels weighing >2
kg; 6 points if they have difficulty walking continuously for
>15 minutes; and 7 pointsif they cannot cross a crosswalk with
agreenlight. Additional inclusion criteriaare scoring =3 points
on the Mini-Cog cognitive functional assessment [16,17], having
access to the smartphone app, and being able to provide
informed consent for study participation. Theexclusion criterion
was difficulty using smartphone apps due to cognitive decline
or visual or hearing impairment.

Study Design
This trial is a multicenter, prospective, longitudinal,
nonrandomized, single-group study of Japanese adults aged =40
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years with applicable LSC results. The design includes 3
evauationtime points: baseline (0 weeks, ie, beforetheinitiation
of DTx), an interim evaluation (4 weeks after DTx initiation),
and afinal evaluation (8 weeks after DTx initiation).

An investigation of DTx that was designed to reduce anxiety
about recurrence in postoperative breast cancer patientsincluded
a baseline assessment before the DTx intervention, an interim
assessment after 4 weeks of intervention, and afinal assessment
after 8 weeks of intervention [18]. Previous studies have shown
that 6 weeks of balance exercise intervention and 2 months of
body weight—bearing exercise can improve lower limb muscle
strength, balance ability, and walking speed in older people
[19,20]. We and other research groups thus consider 4-week
and 8-week postintervention assessment time points as
appropriate for this type of study.

We registered the trial with the University Hospital Medical
Information Network Clinical Trials Registry
(UMINO00053922; receipt number RO00061550). The date of
approval was March 22, 2024.

Sonobe & Matsumoto

Procedures

Recruitment

Participantswill be recruited from among patients attending the
collaborating hospitals. All 3 recruitment sites follow the same
recruitment plan. Recruitment will continue until the target
number of cases is achieved, with a 1-year time limit. At the
end of a regular outpatient clinic session, a participant who
meets al of the eligibility criteria and wishes to participate in
the study will be provided with a description of the study, a
guestionnaire, and an evaluation sheet, and they will be asked
to givetheir written informed consent to participatein the study.
The need for follow-up and written consent for future contact
will aso be explained. The candidate participants are also
informed that they can withdraw their consent or participation
at any timeif they so desire.

I ntervention

The smartphone app used in this study is a newly prototyped
app developed for this research study. We will provide
smartphones equipped with acommunication environment and
downloaded apps in advance, which will be lent to the
participants (Figure 1). The participants will be instructed to
refrain from using the smartphone for any purpose other than
use of the relevant smartphone app.

Figure 1. Implementation schema for the locomative training (LT) app used in this study. The physician in charge will provide a smartphone onto
whichthe LT app has been downloaded to the patient. The patients perform the LT at home, and the app’simplementation dataare stored in the database
and saved in the cloud. Through the cloud, the physician can check the participant’s LT implementation remotely.

Cloud
Locomotion training Implementation status
app database
I t
e + - I 1
[ HOSPITAL : : A
- ! |
é,;; | e L
T |
([ | |
1 | 1 1
L}, + | '3
——
Prescribing app Lending of Implementing locomotion
at hospital smartphones training at home

Each participant will be scheduled for LT intervention every
day for 8 weeks. The LT applicationissimpleto use and is set
up so that by touching the screen, a voice announcement is
played and the user can perform 2 LT programs: the 1-leg stand
program and the squat program. A single LT session consists
of aprogram of 60 seconds of standing on one leg and 5 squats,
with each exercise repeated 3 times. For participants with weak
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legs and backs who find it difficult to do the regular LT, it is
recommended that they stand on one leg while supporting their
body with their hands and fingers on a desk, or that they sit on
achair and stand up by putting their hands on a desk instead of
doing squats. In addition, for participantswith particularly weak
legs and backs, each LT repetition could also be reduced to 1
time instead of 3 times [5]. Sustainable goals are set for each
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individual for LT continuity. After completion of the LT, the only on the participant’'s but aso on his or her physician’'s
participant touches the screen to check therecord of theLT, not  smartphone (Figure 2).

Figure 2. Screenshots of the app used in this study. The app for patients has a simple design to help them perform the locomotive training (LT). The
app for physicians allows them to check a patient’s LT status based on the ID for that patient. The number of days with LT is displayed on the same

screen for both the patient and the physician.
Progress to date

Today’s LT Patients list

T ce

O Today’s LT LG
T cc3
O Method of
standing on one leg

O Methods of
squatting

T cca

T+ ccs

O Progress to date

T cce

T cc7
Patient's app

Outcomes

Timeline

The timetable of enrollment, interventions, and assessmentsis

displayed in Table 1, including the quantitative self-reported

Table 1. Timetable and evaluation items.

Doctor's app

< November 2024. >

Sun Mon Tue Wed Thu Fri Sat
1 2

3 4 5 6 7 8 8

L] L] L]
10 " 12 13 14 15 16
L . L] L] L] L] L]

17 18 19 20 21 22 23
L] L] L] L] L]

24 25 26 27 28 29 30
L] . L] L] L] L] L]

26 days continuous!

Number of days of locomotion training
(shared by patient and doctor)

outcomes and TUG results at the baseline, interim, and final
evauations. Demographic and clinical information will be
obtained from the participants' electronic medical records at
baseline and will include their date of birth, gender, BMI,
medical history, and disease or diseases causing LS.

4 weeks after DTx® 8 weeks after DTx

Item Baseline initiation initiation

Patient consent O

Patient background ad

Timed up and go test g O O

25-question Geriatric Locomotive Function Scale ad O O

Behavioura Regulation in Exercise Questionnaire 3 g O O

Days with locomotion training O O

3DTx: digital therapeutics.
Secondary Outcomes

Primary Outcome

The primary outcome is TUG test values before and after the
DTx intervention. The TUG test is widely used in clinical
practice as an outcome measure to assess mohility, fall risk, and
dynamic balance in adults, and it can assess objective mobility
[21,22]. Furthermore, previous research has shown that patients
with L Shave significantly longer TUG timesthan control groups
[23]. In patients with rheumatoid arthritis, TUG values are
significantly shortened and physical function is improved by
continuing LT [24]. We determined that TUG is a useful
indicator of the effects of LT for participants with LS.

https://www.researchprotocols.org/2025/1/e70163
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Secondary outcomes arethe participants GFLS-25 and BREQ-3
scores. The GFLS-25 isasdlf-report questionnaire used to assess
difficultiesand impairmentsin daily activitiesrelated to LSand
can be used to assess subjective mobility [5-7]. The BREQ-3
assesses motivation for exercise with 18 questions in 6 aress:
intrinsic motivation, integrative adjustment, identification
adjustment, incorporative adjustment, external adjustment, and
demotivation [25]. The BREQ-3 isused in this study to assess
changes in attitudes toward exercise before and after the DTx
intervention.
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Other Clinical Outcomes

We will evaluate the numbers of days LT was performed at 4
weeks and 8 weeks after the intervention, as recorded in the
smartphone app.

Statistical Methods and Sample Size

The primary outcome of this study, TUG test values, will be
measured repeatedly in the same participants at 0 weeks before
the DTx intervention and 4 and 8 weeks after the intervention.
These data will be compared with an ANOVA, with the TUG
score as the dependent variable. The secondary outcomes,
GLFS-25 and BREQ-3 scores obtained at the 3 time points, will
also be compared with an ANOVA.. The significance level will
be set at .05/ 3 =.0167 with Bonferroni correction.

Theminimal clinically important differenceinthe TUG test for
patients with degenerative disc disease has been reported to be
3.4 (SD 5.0) [26]. Considering this finding, we set the minimal
clinically important difference at 3 for this investigation. The
required sample size was caculated using G*power
(Heinrich-Heine-Universitat Diisseldorf) [27]. We selected the
corresponding t test, and we calculated the effect size as 0.6
based on a mean difference of 3.0 and an SD of difference of
5.0. Assuming that o is.05 and power (1 - 3) is.80, therequired
sample size was estimated to be 24. We set the target number
of cases for this study at 50, taking into account that the SD
might be smaller than in previous studies, some participants
might drop out, and other factors.

Randomization and Blinding

Thisisanonrandomized (unblinded) study and will useasingle
group. All participants will serve as their own controls; data
from all participants before the DTx intervention will be used
and compared with the data from after the DTx intervention.
The planned statistical methods will add strength to the study’s
conclusions.

Data Monitoring and Adver se Event Reporting

The risk of adverse events from participation in DTX is very
low. We are thus not establishing a data monitoring committee,
and no interim analyses are planned to identify risks.

The principal investigator will (1) report the progress of the
study without delay to the ethics review committee on an annual
basis, (2) monitor adverse events related to the procedures and
group program, and (3) discuss any necessary protocol
amendments. If amember of the research team becomes aware
of the occurrence of a serious adverse event, they will promptly
report it to the research director, who will promptly report it to
the principal investigator. If the principal investigator determines
that the serious adverse event was unanticipated and is unable
to be ruled out as being causally related to this study, he will
promptly report it to the head of the research institution.

Ethical Consider ations

The Fukushima Medical University Ethics Review Committee
provided ethical approval for this study (REC 2023-196). All
study methods follow the relevant guidelines and regulations,
and written informed consent will be obtained from participants.
The study’s main results will be published in a peer-reviewed

https://www.researchprotocols.org/2025/1/€70163

Sonobe & Matsumoto

scientific journal and submitted for presentation at clinical and
scientific meetings and conferences. The principal investigator
will oversee the publication and presentation of the study resuilts,
including the determination of authorship. Participants will be
asked if they would like to be informed about the study’s main
results, and those who express interest and provide contact
information will be provided this information as soon as it
becomes available. Data will be deidentified and participant
information will be protected. Although no monetary rewards
or other compensation will be provided to those participating
inthe research, in the event of an adverse event, wewill respond
promptly and provide compensation while consulting with the
ethics committee.

Participants' data will be entered into a password-protected
electronic file that will be kept on a secure computer by the
principal investigator. Coding sheetswith identifiable participant
information will be stored on a secure computer as
password-protected electronic files. Hard copies of consent
forms and research documents will be stored in alocked filing
cabinet at the research site.

Results

Trial enrollment began in April 2024 and will initially continue
until at least April 2025. As of April 2025, 47 had participants
agreed to be evaluated, 47 participants had compl eted the interim
evaluation, and there were complete data sets from 45
participantsfor the proposed analysis. The data analysis has not
yet been conducted.

Discussion

To our knowledge, this is the first trial to evaluate the
effectiveness of DTx in preventing and ameliorating LS and
changing the exercise behavior of older people. Although it is
limited by its single-group design, the study has the strength
that it evaluates the effectiveness of DTx in routine practice.
External validity is also strengthened by the that fact that the
practice sites are spread across 3 general hospitals and target
communities with different sociodemographic characteristics.

A randomized design was not feasible, as the intervention is
offered in routine practice [ 28], thuslimiting causal conclusions.
However, a randomized control study of approximately 200
participants per group in collaboration with local authorities
has been proposed to strengthen this study. Thisis intended to
improve the quality of the study by assessing in greater detail
theimpact of DTx on behavioral change and the prevention and
amelioration of LSin older adults.

We are concerned that participantswith low exercise awareness
and low technology literacy may have difficulty participating
in this study. However, for patients who are highly conscious
of exercise but find it difficult to continue exercising on their
own, or who are anxious about the content of the exercise, an
advantage of the study is that they can exercise according to a
set protocol with the cooperation of health care providers.

Notably, DTx enablesthe online assessment of the participants
engagement in LT and facilitates feedback in routine practice.
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DTx is less burdensome for medical practitioners and more
motivating for the participants as it creates an environment in
which the participant is continuously supported by a physician.
Thisresearch promises not only to lead to more efficient use of
health care resources and reduced human and financial burdens,
it may also lay the groundwork for more rapid implementation

Sonobe & Matsumoto

Nevertheless, arandomized controlled study based on our results
will be required in order for DTx to gain insurance coveragein
Japan, which calls for adequate funding and the cooperation of
local authorities. If successful, the study will support the
prevention and amelioration of LS and the establishment of
better exercise habits among older adults.

of DTx inreal-world clinical practice, depending on theresults.
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