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Review

Narrative review of hospitalization-associated disability and physical activity
in older patients with heart failure

Ryota Inaba"?, Keita Fujiyama®, Atsuko Seki”, Tetsuya Takahashi"

" Department of Physical Therapy, Graduate School of Health Science, Juntendo University
* Department of Rehabilitation, Fujinomiya City General Hospital

Abstract

The current number of older patients with heart failure (HF) is rapidly increasing, named the HF pandemic.
Hospitalization-associated disability (HAD) is the decline in activities of daily living (ADL) caused by hospitalization.
Additionally, HAD increases readmissions and mortality, making it an urgent issue. Moreover, reduced physical activity (PA)
has drawn attention as a factor in HAD. This review aimed to summarize previous reports on HAD in older patients with HF
as well as HAD and PA. Keyword searches were performed in the PubMed database. The results revealed 10 studies on HAD
in older patients with HF and 2 studies on HAD and PA during hospitalization, of which 1 study on HAD and PA in older
patients with HF was extracted. Older patients with HF demonstrated high HAD incidence, ranging from 10.6% to 41%, and
HAD exhibits a poor prognostic factor. Conversely, effective physical therapy remains unknown. Additionally, few studies
on HAD and PA and no studies on cut-off values or amount of change in PA to prevent HAD in older patients with HF were
found. In the future, clarifying the appropriate PA as well as the amount of change in PA for each patient to be effective in

preventing HAD will be important.
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Introduction

In Japan, the number of patients with heart failure
(HF) continues to increase as the population ages, and
the number of patients with HF is estimated to reach
1.3 million by 2030". Furthermore, patients with HF
are more likely to be older than those with myocardial
infarction, with the greatest number of patients in their
80s”. These older patients with HF may experience a
decline in activities of daily living (ADL) because the
acute phase treatment severely limits their activities
when hospitalized.

Currently, hospitalization-associated disability
(HAD) is defined as a decline in ADL ability caused by
hospitalization. HAD development worsens prognosis’’
and increases hospitalization costs”; thus, taking
action to prevent and control HAD is an urgent need.
Furthermore, physical activity (PA) is attracting

attention to maintain and improve health and extend

healthy life expectancy. PA is defined as “any bodily

movement by skeletal muscle activity that results in
5

). The Japanese “Physical

”» 6)

energy expenditure”
Activity Standards for Health Promotion 2013
broadly categorized PA into exercise and life activities,
with exercise defined as “activities performed in a
planned and continuous manner to maintain and improve
physical fitness” and life activities as “activities in
daily life, such as work, household chores, commuting,
and school.” Imagining that the PA of older patients
with HF decreases due to bed rest when they are
hospitalized is easy. Therefore, physical therapy
during hospitalization needs to focus on PA, including
ADL on the ward. However, PA during hospitalization
of older patients with HF remains inadequately assessed.
This review summarizes previous studies, focusing on
HAD in older patients with HF and on the HAD and
PA during hospitalization, as well as reports on issues
associated with HAD and PA in older patients with HF.
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Materials and methods

1. Database and search terms
English-language articles published in the PubMed

database from 1982 to 2024 were included.

1) The keywords “heart failure” and “hospitalization-
associated disability” were used to search for studies
on HAD in older patients with HF.

2) The keywords “hospitalization-associated disability”
and “physical activity” were utilized to search for
studies on HAD and PA during hospitalization.

3) The keywords “heart failure,” “hospitalization-
associated disability,” and “physical activity” were
used to search for studies on HAD and PA during
hospitalization in older patients with HF.

The search was repeated using “hospital acquired
disability” as a synonym for “hospitalization-
associated disability.” Additionally, we included a
search for “decline” and “activity of daily living”
because we found some studies that did not use the
definition of HAD as a decline in ADL ability during

hospitalization.

2. Search string

1) (heart failure) AND (hospitalization-associated
disability)

2) (heart failure) AND (hospital acquired disability)

3) (heart failure) AND (decline) AND (activity of
daily living)

4) (hospitalization-associated disability) AND (physical
activity)

5) (hospital acquired disability) AND (physical activity)

6) (heart failure) AND (hospitalization-associated
disability) AND (physical activity)

7) (heart failure) AND (hospital acquired disability)
AND (physical activity)

Results

Search results included 5, 28, 159, 8, 132, 1, and 4
studies for search strings 1-7, respectively. The content
of the main text was reviewed after title and abstract
screening.

The results of the sampling revealed 10 studies on
HAD in older patients with HF and 2 studies on HAD
and PA during hospitalization, of which 1 study was

on HAD and PA in older patients with HF.

The results of this search demonstrated that HAD in
older patients with HF has not been reported overseas,
only in Japan.

We added 2 studies on HAD and PA during hospi-
talization from the references of the study by Pavon et
al since only 2 studies on HAD and PA during hospi-

talization were found”.

1. Studies on HAD in older patients with HF

We found 10 studies on HAD in older patients with
HF. The sample size, HAD definition, and inpatient
cardiac rehabilitation (CR) status differed by studies
(Table 1).

1) HAD definition

Currently, HAD has no established definition, and
researchers and studies demonstrate differences. In
the past days, Convinsky et al.”, in 2011, defined HAD
as the inability to independently perform one or more
of the basic ADLs (bathing, dressing, rising from bed
or chair, toileting, eating, and walking across the room).

Takabayashi et al.” classified ADLs into four cate-
gories (independent outdoor ambulation, independent
indoor ambulation, indoor ambulation with assistance,
or abasia both before hospitalization and at discharge)
and defined HAD as a decrease in ambulation ability
at discharge compared with ambulation ability before
hospitalization.

Yaku et al.'” classified mobility status as ambulatory
(including patients using any aid, including a cane),
wheelchair use only outdoors, wheelchair use indoors
and outdoors, and bedridden, based on Japanese long-
term care insurance definitions, and defined HAD as a
decrease in at least one mobility level at discharge
compared with that before hospitalization.

Saitoh et al.” defined HAD as a decrease of at least
5 points in the Barthel Index (BI) score at discharge
compared with that before hospitalization. The BI
consists of 10 items: feeding, grooming, transfers,
toileting, bathing, dressing, mobility, stairs, bowel
control, and bladder control, and is scored on a 100
points scale'”. No previous studies have evaluated the
minimal clinically important difference (MCID) in BI

scores in patients with HF. However, Saitoh et al.
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Table 1 Studies on HAD in older patients with HF

Sample size/ -, Incidence
Authors, year Age (years) Definition of HAD of HAD CR
Takabayashi K et 923/ Change in walking ability 10.6% NR
al, 2019” 757112 before and after admission e
Yaku H et al, 3555/ Change in mobility level before 14.9% NR
2020" 80 (71-86) and after admission :
Saitoh M et al, 1941/ BI score before hospitalization - 25 O
20217 81 (75-86) BI score at discharge > 5 points ’
Takara Y et al, 70/ BI score before hospitalization — 419 O
2021'% 78 (74-83) BI score at discharge > 5 points ’
Kato M et al, 411/ NCGG-ADL score before hospitalization — NCGG-ADL 21% O
2021" NR score at discharge > 1 point ’
Sakuyama A et al, 408/ BI score before hospitalization — 15% O
2022" 82 (76-86) Bl score at discharge > 5 points ’
Yokota J et al, 360/ BI score before hospitalization — 38.1% O
20237 84 (78-88) BI score at discharge > 5 points e
Nemoto S et al, 241/ A decrease in one item in the Katz Index at discharge 26.1% O
2023' 69.5+ 142 compared to before hospitalization e
. 576/ NCGG-ADL score before hospitalization - NCGG-ADL
Kito K et al, 2023" 209
itoK etal, 2023 82 (76-87) score at discharge > 1 point 0% O
Takahashi T et al, 9403/ BI score before hospitalization — 37.1% O
2024'Y 83 (77-88) BI score at discharge > 5 points e

Data are mean =+ standard deviation or median (interquartile range). CR: Cardiac Rehabilitation; NR: Not Reported; BI: Barthel Index;
NCGG-ADL: National Center for Geriatrics and Gerontology-Activities of Dairy Living Scale

indicated that a decrease of at least 5 points during
hospitalization would be useful as a simple risk
stratification in older patients with HF. Of 10 studies,
5 used this definition.

Kato et al.'” and Kito et al."” defined HAD as a
decrease of one or more points in the National Center
for Geriatrics and Gerontology-Activities of Daily
Living Scale NCGG-ADL) score at discharge compared
with before hospitalization, using the instrumental
activities of daily living (IADL) assessment tool. The
NCGG-ADL is a 13-item questionnaire (0-13 points
scale) that utilizes a dichotomous (yes/no) question
method.

Nemoto et al.'” defined HAD as a decrease in at
least one Katz Index item at discharge compared with
that before hospitalization. The Katz Index evaluates
the status of six ADLs (bathing, dressing, toileting,
feeding, bowel control and bladder control, and
transfers) on a 7-point scale (A-G) in terms of

. . 15
independence or assistance'”.

2) HAD incidence
HAD incidence in older patients with HF in Japan
ranged from 10.6% to 41% (Table 1).

3) Risk factors
Of the 10 studies, 5 reported on risk factors for

HAD development as follows:

+ Age of >80 years, female, prior stroke, dementia,
ambulatory before hospitalization, elevated body
temperature, New York Heart Association (NYHA)
class III or IV on admission, decreased albumin
levels, hyponatremia, and renal dysfunction'”

* Multi-faceted frailty before hospitalization, decrease
in PA during hospitalization, and prolonged urinary
catheter duration'”

« Short of average daily rehabilitation time'”

- Dysphagia'”

Furthermore, Takahashi et al.'” reported that the
risk factors for developing HAD differed according to
the BI score before hospitalization. They revealed that
factors associated with HAD were older age and frailty
in the group with a pre-hospitalization BI score of >
85, whereas severity of heart disease (NYHA classifi-
cation) and cognitive decline were associated with
HAD in the group with a pre-hospitalization BI score
of <85.

4 Juntendo Health Science Journal, July 31, 2025



4) Prognosis

Of the 10 studies, 5 reported on the prognosis of
older patients with HF with HAD.

Takabayashi et al.” investigated outcomes 900 days
post-hospital discharge and revealed HAD as an
independent risk factor for increased hospitalization
for HF (hazard ratio [HR]: 1.42, 95% confidence
interval [CI]: 1.01-1.96; p = 0.046) and mortality (HR:
1.95, 95% CI: 1.23-2.99; p < 0.01), despite adjusting
risk factors.

Yaku et al.'” investigated outcomes at 1-year post-
hospital discharge and revealed that HAD was asso-
ciated with an increased risk of all-cause death or
hospitalization for HF (HR: 1.95, 95% CI: 1.71-2.21;
p < 0.001), despite adjusting baseline characteristics,
as well as an increased risk of death or hospitalization
for HF (HR: 1.46; 95% CI: 1.24-1.71; p <0.001).

Saitoh et al.” evaluated outcomes 2 years post-
hospital discharge and demonstrated that those who
developed HAD exhibited a significantly higher risk
of all-cause death (p < 0.001) and HF readmission (p
= 0.031) compared with those who did not develop
HAD. Additionally, they reported HAD as an indepen-
dent predictor of all-cause mortality after adjusting for
the Meta-Analysis Global Group in Chronic (MAGGIC)
risk score (HR: 1.772, 95% CI: 1.450-2.167; p < 0.001)
and HF readmission (HR: 1.193, 95% CI: 1.005-1.416;
p = 0.043). Furthermore, they revealed a similar
association between HAD and all-cause mortality for
patients with independent ADL, moderately dependent
ADL, and highly dependent ADL.

Sakuyama et al."” examined outcomes 2 years post-
hospital discharge and exhibited that HAD development
independently increased all-cause mortality (HR:
1.857, 95% CI: 1.062-3.250; p = 0.030). Additionally,
they revealed significantly higher all-cause mortality
rates in those with underweight patients (<18.5 kg/m’)
who developed HAD compared to those who did not
develop HAD (HR: 3.797, 95% CI: 1.646-8.758; p =
0.002).

Kito et al."”” investigated outcomes 1-year post-
hospital discharge and revealed that HAD development,
as assessed by IADL, was associated with significantly
higher all-cause mortality (HR: 1.923, 95% CI: 1.085-
3.409; p = 0.023) after adjusting risk factors.

5) Prevention and countermeasures for HAD

Currently, no studies evaluated specific physical
therapy for HAD in older patients with HF. However,
Kato et al."” revealed that the incidence of HAD was
significantly lower in older patients with HF who
received 40 min of rehabilitation per day compared
with those who received 20 min (odds ratio [OR]:
0.475, 95% CI: 0.231-0.975; p = 0.042).

2. Association between HAD and PA during
hospitalization
Four studies have investigated the association

between HAD and PA during hospitalization.

1) HAD and PA during hospitalization in older patients

Pavon et al.” prospectively investigated the associ-
ation between accelerometer-measured PA (number of
steps, physical activity time, etc.) and HAD. Participants
were 196 hospitalized older adults aged >60 years
who were ambulatory (with or without assistance
from another person or walking aid), cognitively
intact at the time of admission, and able to follow
instructions. The accelerometer was placed on the
Patient’s ankle (above the lateral malleolus) within 24
h of admission. Patients wore the accelerometer
continuously (including during sleep) until discharge
or for a maximum of 7 days. The results revealed that
lower in-hospital PA, as measured by the accelero-
meter, was associated with HAD. They demonstrated
that patients with HAD exhibited less active time (0.8
vs. 1.4 h/day; p = 0.04) and fewer steps (1186 vs. 1808
steps/day; p = 0.04), but no difference in sedentary
time (14.9 vs. 14.3 h/day; p = 0.16).

Agmon et al.*” prospectively investigated whether
900 steps/day could discriminate against patients with
HAD. Participants were 177 older adults, aged >65
years, admitted to the Department of Internal Medicine
who were ambulatory (with or without a walking aid)
and cognitively intact two weeks before admission.
The accelerometer was attached to the patient’s ankle
and worn for a maximum of 3 days. They revealed that
walking <900 steps per day was strongly associated
with HAD, and those who walked fewer than 900 steps
per day had a 4.7-fold increased risk of developing
HAD (OR: 4.7, 95% CI: 2.0-11.0) compared with

Juntendo Health Science Journal, July 31, 2025 5



those who walked more than 900 steps per day.

Cohen et al.”” investigated the effect of an exercise
program (WALK-FOR program) on HAD prevention
using a pre—post two-group comparative design based
on Agmon et al. Participants were 377 older adults
aged >65 years who were admitted to the Department
of Internal Medicine and were ambulatory at the time
of admission. They included 189 patients in the
control group and 188 in the intervention group, with
the intervention group reporting a 41% HAD incidence
reduction with at least 900 steps per day (OR: 0.59,
95% CI: 0.34-1.0; p = 0.05).

2) HAD and PA during hospitalization in older patients

with HF

Only one study by Takara et al.'” investigated HAD
and PA during hospitalization in older patients with
HF. Participants were 70 older patients aged >65
years who were hospitalized for acute HF and were
independent (BI score of >70 points) pre-hospitalization.
The accelerometer was attached to the patient’s waist
and worn from the first ambulation until discharge.
They revealed that patients with HAD exhibited fewer
steps per day (457 vs. 1692 steps; p < 0.01) and less
time of moderate-intensity PA (>3 metabolic equi-
valents: METs/min) during hospitalization (0 vs. 1
min; p <0.05).

Discussion and conclusion

This study summarized previous reports on HAD
and PA in older patients with HF.

All of the studies of HAD in older patients with HF
in this study were reported from Japan. The definition
of HAD was not well defined, and the incidence of
HAD varied widely from 10.6% to 41%. Takabayasi
et al.” and Yaku et al."” reported HAD incidence rates
of 10.6% and 14.9%, respectively, which were lower
than other studies. This may have been an underestimate
because only mobility decline, one of the basic
activities of daily living (BADL), was used in the
definition. And, Kato et al.'”” and Kito et al."”’
assessment of IADL and reported an incidence of
HAD of about 20%, but caution should be used in
interpretation because the content of the assessment is
very different from the BI and the Katz Index, which

used an

assess BADL. In the present study on HAD in older
patients with HF, BI was the most commonly used
method of assessment. BI is simple and has demonst-

*»_ As the population ages,

rated inter-rater reliability
it is expected that more patients will have declining
ADL and low physical function prior to hospitalization,
therefore it is important to focus on BADL during
hospitalization. In addition, patients with HF may
have difficulty not only with mobility and walking,
but also with a variety of other activities due to their
symptoms™, therefore a comprehensive assessment is
necessary. BI may be useful in assessing HAD in
older patients with HF during hospitalization. However,
as mentioned above, there are no previous studies
evaluating the MCID of BI scores in patients with HF,
therefore further investigation into the definition of
HAD is needed. Although it is essential to standardize
the definition and assessment method of HAD in the
future, it is also an idea to assess HAD with an assess-
ment battery that is appropriate for each stage of the
disease and each hospital.

HAD is not uncommon in older patients with HF,
and HAD is a poor prognostic factor. Some studies
have revealed risk factors, and some of them are non-
modifiable, such as pre-symptomatic state and illness
severity, but PA during hospitalization, indwelling
urinary catheter duration, cognitive decline, and short
rehabilitation time are modifiable factors. Therefore,
physical therapists have plenty of room to intervene.
However, the specific duration, intensity, and content
of physical therapy are unclear, and further research,
including intervention studies, is warranted.

In the present study, we investigated reports of
HAD and PA during hospitalization, but the number
of reports remains small. In particular, patients with
acute HF frequently have very limited PA due to HF
symptoms and oxygen administration. Additionally,
older patients with HF frequently have many comorbi-
dities, and early mobilization is often challenging due
to decreased strength and frailty pre-hospitalization.
With shorter hospital stays, providing evidence-based
physical therapy and ways of spending time outside
of physical therapy is important. Managing and
increasing PA during hospitalization as the patient’s

condition and physical function improve is important
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despite the necessity to limit PA during worsening HF.

Agmon et al.”” used 900 steps per day as an effective
cut-off for HAD prevention, and Cohen et al.*” revealed
that 900 steps per day prevented HAD development
in older adults who were ambulatory at admission.
However, a study by Pavon et al.” demonstrated many
false negatives at 900 steps/day, which missed one-
third of patients newly diagnosed with HAD (sensiti-
vity: 40%, specificity: 85%). The effective PA for
preventing HAD is unclear despite the variability in
the study population in each research. Therefore, just
as Takahashi et al."” investigated risk factors for HAD
in older patients with HF according to differences in
preadmission ADL scores, a single cut-off value for
PA may be insufficient. Clarifying the appropriate PA
to prevent HAD for each patient is important. Further-
more, no studies focus on the association between the
amount of change in PA from admission (start of
physical therapy) to discharge and HAD. Identifying
not only the cut-off value for PA but also the amount
of change in PA that is effective in preventing HAD
may help guide the physical therapy program during

hospitalization.
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Abstract

Repetitive peripheral magnetic stimulation (rPMS) has emerged as a promising neuromodulation technique for stimulating
peripheral nerves and skeletal muscles. Compared to electrical stimulation, rPMS has the advantage of causing less pain to
the skin and producing stronger muscle contractions. This paper reviews the findings on the safety and efficacy of rPMS
focused on skeletal muscle strengthening that have been reported to date and discusses the prospects of rPMS.

The rPMS requires limitation of stimulation parameters due to the heat generated by the coil when used for extended
periods of time. With regard to safety, there have been few detailed reports on adverse events and side effects, particularly
those related to hemodynamics. In the future, verification on the efficacy of rPMS using a wide range of stimulation
parameters and evaluation of its hemodynamic safety will be required to expand the range of indications for rPMS.

Key Words: repetitive peripheral magnetic stimulation, muscle strengthening, muscle hypertrophy, safety
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Introduction

Repetitive peripheral magnetic stimulation (rPMS)
began to be used in the 1980s as a new neuromodu-
lation technique to stimulate peripheral nerves and
skeletal muscles”. On the other hand, despite the
extensive use of electrical stimulation in clinical
practice, it has been observed to have certain limita-
tions. Such limitations include the tendency to cause
discomfort to the skin and the difficulty of obtaining
sufficient muscle contraction in patients with edema®.
This, in turn, can impact the effectiveness of the muscle-
strengthening effect.

In contrast, rPMS is distinguished by its capacity to
excite deep motor and proprioceptive nerves with
minimal discomfort”, as it does not involve the acti-
vation of skin nociceptors. This unique feature of rPMS
has the potential to overcome the disadvantages of

electrical stimulation and is expected to prevent and

improve muscle atrophy and weakness. However,
there are few reports on the clinical application of
rPMS for muscle strengthening, and there is
insufficient evidence for both safety and efficacy. This
paper presents a summary of the findings on the safety
and efficacy of rPMS for muscle strengthening that
have been reported to date, along with a discussion of

the clinical prospects for rPMS.
Features of rPMS

The primary advantage of rPMS is that it causes
less pain during stimulation because it does not
involve superficial sensation. Additionally, it is
possible to produce stronger muscle contractions
compared to electrical stimulation®”. Furthermore, in
order to cause more effectively muscle contractions, it
is recommended that the electrodes be placed near the
"motor point" for electrical stimulation®. Conversely,

the coil utilized in rTPMS is not required to be applied
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directly to the skin, as is the case with electrical
stimulation. This feature allows for the simple
identification of motor points, which is one of the key
advantages of rPMS. Additionally, rPMS can be
applied to areas where it is difficult to expose the skin,
such as under clothing. These features suggest that
rPMS may be more convenient and effective than
electrical stimulation. However, rPMS is not widely
used in clinical practice due to the large size of the
device, its high cost, and the difficulty of using it for
long periods of time due to the heat storage effect of

the coils.

Actual practice of
rPMS muscle-strengthening effect

A number of randomized controlled trials (RCTs)
have been conducted to verify the muscle-streng-
thening effects of rPMS (Table 1).

Three RCTs have been conducted on rPMS muscle
strengthening, and the effects of rPMS have begun to
be recognized. Yang et al.” reported a significant
increase in maximal isokinetic and isometric knee
extensor strength in the quadriceps muscle of healthy
adults who were conducted rPMS three times a week
for five weeks. In an RCT of patients with COPD,
Bustamante et al.” conducted rPMS three times a
week for eight weeks on the patients' quadriceps
muscles. The results demonstrated that the stimulation
group exhibited significant improvement in maximal
isometric knee extensor strength as measured by a
hand-held dynamometer compared to the control
group. Furthermore, Baek et al.” reported that patients
who had undergone arthroplasty or artificial head
replacement after a proximal femur fracture were
conducted rPMS five times a week for three weeks.
The results showed that surface electromyographic
activity in the vastus lateralis muscle was significantly
improved.

On the other hand, two RCTs have been reported to
examine the effect of rPMS on muscle hypertrophy.
One study reported that rPMS was performed on the
quadriceps muscles of healthy subjects, and no change
in muscle cross-sectional area (CSA) or muscle
thickness was observed five weeks after the start of

the intervention”. In a study conducted by Suzuki et

al.'”, rPMS was performed on acute stroke patients.
The intervention consisted of 5 sets per day, 5 times
per week, with a frequency of 30 Hz, on phase of 1.3
seconds, and off phase 3 seconds. The interval between
sets was 2 minutes, with each set comprising 30
stimulation repetitions. This intervention prevented a
decrease in CSA in the rectus femoris muscle on the
paralyzed side. However, they reported that they could
not completely clarify the effect of rPMS on prevent-
ing muscle atrophy because the subjects in the rPMS
group were older, which may have affected the results.

Thus, previous reports indicate that rPMS produces
an increase in muscle strength. On the other hand, the
effects of rPMS on muscle morphological changes,
such as muscle atrophy and hypertrophy, are still
limited. It has been demonstrated that the muscle
contraction induced by rPMS is caused by the
activation of intramuscular motor nerves'"'”. Given
that the previous report showed that rPMS led to an
increase in muscle strength without muscle hyper-
trophy, it is suggested that the muscle strengthening
effects of rPMS are largely influenced by neurological
factors”. In order to achieve a muscle hypertrophy
effect, it is essential to carefully set the stimulation
parameters of rPMS. In general, the higher the
stimulation intensity and frequency, the stronger and

. . . 13
more stable muscle contraction is obtained"’

. However,
due to the characteristics of the rPMS system, the coil
tends to heat up as the stimulation intensity and
frequency increase, making it difficult to use high
intensity and high frequency stimulation for prolonged
periods of time in practice for safety reasons. In the
study by Hirono et al."”, 15 healthy males were subjected
to rPMS at a frequency of 50 Hz, duty cycle 1:3 (1
second stimulation phase, 3 seconds rest phase), and a
total of 5000 shots ( approximately 7 minutes) at the
maximum stimulation intensity of the device. As a
consequence, the researchers observed a selective
increase in muscle thickness of the vastus lateralis
muscle as an acute effect of rPMS. By setting such
short intervention times, rPMS was demonstrated to
increase muscle thickness, albeit only as an acute
effect, even when high-frequency and high-intensity
stimulation parameters were utilized.

In recent years, the device itself has been developed
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Table 1 Muscle strengthening effects of rPMS

Subjects rPMS protocol
First author Intervention | Intervention Mai
S . ain results
(vear of publish) | Characteristics NumAb;: g:::)en £ Parameter frequency period
(davs/week) (weeks)
0 subjeck (EMS gromp: ;:gmtécllg:gzuadnceps + Isokinetic and isometric peak
Yang SS, et al. 3 20, control group: 20) A z 3 &
healthy subjects f Intensity: Maximum intensity tolerated 3 5 knee extensor strength T
(2017) Age (rPMS group: 29.4=1.9,
control group: 28.8+1.8) *|DC: on phase 5s/off phase 25s +CSA and thickness of RF T
BIORR- AR Intervention time: 15 min / day
Target muscle: quadriceps
4 _ |Frequency: 7-15 Hz
Hustamane ¥, et severe COPD ig S:::j:: (ﬂo)lll\ 1_589;““9- e 0% ) e TOR EL ) i + Isometric peak knee extensor
o et Age (fPMS Srony: 61, |Maximum output of the device i f trength |
(2010) P shgam Lou g;z_:;;) B DC: on phase 2s/off phase 4s strength
group: Intervention time: 15 min / day (Performed on
bilateral quadriceps muscles)
22 subjects (rPMS group: Tacpet mu'scle: N
st hi 11, sham group: 11 Fanamency. 10 2
Baek J, et al. bt 2 Sroup: % Intensity: level that produces visible muscle + Surface electromyographic
replacement Age (rPMS group: 77.09= 5 5 3 e
(2018) stanry palanis: | |678; shant srouis 80 46 contraction activity of VL T
gy P 7'973 group-S820=Inc: on phase 1.5s / off phase 4.5 s
. Intervention time: 25 min / day
12 subjects (rPMS group: 6, Tager mu_scle: RE
non-rPMS group: 6) Froquency: 50 He +CSA of RF in tPMS group —
Suzuki K, et al. acute stroke e (rp\{sgr 03'. 75.5:6.4 Stimulation intensity: 0.9 Tesla (maximum 5 2 .CSA of RF i § Pf[rS P
(2020) patients E fn—rPl\LvIS g; . ’_”62 <. |output of the stimuiator) OERET ‘l‘°’” group
118) BIOP Ve DC: on phase 1.3s / off phase 3s
. Intervention time: approx. 20 min / day
Target muscle: VL
Frequency: 50 Hz
Hirono T, et al. 15 subjects (Subjects: 25.5 In_tensnty: 0.9 Tesh(tiaxmnntiontpnt ot * Muscle thickness of VL after
021 healthy young male =3.7) stimulator) — — PMS 1
s DC: on phase 1s / off phase 3s .
Number of muscle contractions: 50 times/
session (2 sessions performed)

COPD: chronic obstructive pulmonary disease, VL: Vastus lateralis, RF: Rectus femoris, DC: duty cycle, CSA: Cross-sectional area, | : Increase, | : decrease, —: no

change, MVC: maximal voluntary contraction

with a cooling function to prevent heat generation
from the coils. It is expected that the prevention of
muscle atrophy and the effect of muscle hypertrophy
will be clarified in the future through the design of
more effective stimulation parameters and further

development of the rPMS device.
Actual practice of rPMS safety

1. Contraindications and precautions for rPMS

In principle, it is recommended that contraindi-
cations and precautions for rPMS be in accordance
with the Guidelines for the Safety of Magnetic Stimu-

' (Table 2). Patients with pacemakers

lation Therapy
or metal objects in close proximity to the stimulation
site are absolute contraindications to magnetic stimu-
lation, and medical professionals should always
confirm those contraindications before performing
rPMS. In addition, because rPMS produces involuntary
muscle contractions, the muscle pumping action can
cause changes in blood flow that may affect heart rate

and other hemodynamic indicators. Therefore, when

using rPMS in patients with cardiac or respiratory
disease, or other patients prone to hemodynamic
changes, it is recommended to communicate with the

doctor to ensure that vital signs such as ECG monito-

Table 2 Contraindications and precautions for rPMS

1. Absol

+Patients with a pacemaker

- Patients with metal objects (cochlear implants, magnetic clips, stimulators for
deep brain stimulation, vagus nerve stimulation, etc.) in close proximity to the
stimulation site

contraindications

2. Relative contraindications

- Patients with metal not in close proximity to the stimulation site (e.g.
medications pumps implanted in the body), intracranial titanium products, or
dentures or implants that are magnetically attached to the patient's body.
*Patients with a history of or at risk for epileptic or convulsive seizures,
pregnancy, or complications of serious physical illness.

3. Precautions

+ Approval of the ethics committee at the institution concerned must be
obtained.

+The subject must be fully informed about the research and informed consent
must be obtained in writing.

+When performing magnetic stimulation, remove hairpins, earrings, piercings,
glasses, hearing aids, wallets, cards, cell phones, etc. from the subject and the
researcher.

+ When performing rPMS for patients with cardiac or respiratory disease and
other patients at high risk for fluctuating circulatory dynamics, it is
recommended to monitor vital signs such as electrocardiogram, blood pressure,
heart rate, and respiratory rate.

% Prepared by author based on reference 15)
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ring, blood pressure, heart rate, and respiratory rate

are under control.

2. Adverse events and side effects related to rPMS
To date, no serious adverse events have been
reported to date regarding the safety of rPMS'. Since
rPMS produces involuntary muscle contraction,
excessive muscle contraction may lead to muscle
damage. In addition, the muscle pumping action
caused by muscle contraction may affect hemody-
namics. However, the majority of clinical studies on
rPMS have focused on the effects of rPMS on

-23 24,25) - :
1723 > in stroke patients.

spasticity and dysphagia
There have been few reports on the safety of rPMS
for muscle strengthening.

To date, in the clinical use of rPMS for muscle
strengthening, only two studies have reported the
presence or absence of adverse effects. Bustamante et
al.” observed changes in creatine kinase (CK) and
lactate dehydrogenase (LD), which represent tissue
inflammatory response, as indicators of muscle damage
after rPMS in patients with COPD. No significant
changes in CK and LD were observed before or after
the intervention, and subjects reported only occasional
mild muscle pain that was not persistent. Hirono et
al.'"¥ conducted rPMS on healthy adult males and
reported that no subject discontinued stimulation due
to pain or discomfort. To date, there have been no
reports of serious adverse events or side effects
associated with rPMS for muscle strengthening, but

there are only a few detailed safety reports.
Prospects for rPMS

As with electrical stimulation, rPMS is expected to
be introduced into the intensive care unit (ICU) in the
future. It is well documented that intensive care unit-
acquired weakness (ICU-AW) is a frequent occurrence
in critically ill patients following their admission to
the ICU*”. Given that rPMS is capable of stimulating
skeletal muscles in patients who have difficulty
performing voluntary movements, it is anticipated
that it will be applied to critically ill patients in a
manner analogous to electrical stimulation. However,
many critically ill patients require inotropic support or

ventilator, and the question of whether rPMS can be

used in such patients with unstable hemodynamics is
a serious concern.

The safety of electrical stimulation has already been
verified in the postoperative cardiovascular surgery
patients” and critically ill patients in the ICU™. In
terms of efficacy, Japanese Clinical Practice Guidelines
for Rehabilitation in Critically Ill Patients 2023 (J-
ReCIP 2023)*, "We suggest performing neuromus-
cular electrical stimulation for critically ill patients."
Neuromuscular electrical stimulation is being validated
as a means of preventing ICU-AW. However, there
are no reports on hemodynamics during rPMS. In the
future, more detailed reports on hemodynamics,
including basic vital signs such as electrocardiogram
monitoring, blood pressure, heart rate, and respiratory

rate, will be required.
Conclusion

This paper has described the current status of tPMS
applications for enhancing skeletal muscle strength
from the viewpoints of safety and efficacy. It is
anticipated that rPMS will have greater muscle-
strengthening effects than electrical stimulation due to
its characteristics. However, prolonged use of rPMS
may cause coil heating, and thus limited stimulation
parameters, such as stimulation intensity and frequency,
which may have resulted in insufficient changes in
muscle CSA and muscle thickness. Currently, rPMS
devices with a cooling function have been developed,
and it is anticipated that a wider range of stimulation
parameters will be utilized in the future to verify the
effects of muscle hypertrophy. With regard to safety,
there have been few detailed reports on adverse events
and side effects, and in particular, there have been no
reports on the evaluation of hemodynamics.

In order for rPMS to be applied to a variety of
diseases and conditions in the future, and to expand
its indications to critically ill patients in the same way
as electrical stimulation, it is first necessary to

establish basic data on hemodynamics safety.
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Abstract

With the rapid ageing of the population in this country, healthcare for older patients is an important role. In addition, the
number of patients with heart disease is increasing worldwide due to the ageing of the population, a situation that should be
called a pandemic. Concern regarding the rapid increase in the number of patients with heart disease is noted as the
population ages. As older patients with heart failure are frequently complicated by sarcopenia, frailty, and geriatric
syndromes, their activities of daily living (ADL) and physical function are likely to decline during hospitalization. During
hospitalization, the bed rest-induced ADL decline that is not caused by the underlying disease is called hospitalization-
associated disability, and it has recently received much attention. The incidence of hospitalization-associated disability in
older patients is relatively high, ranging from 30% to 62%, and is associated with age, sex, chronic poor nutritional status,
and cognitive dysfunction. Moreover, specific factors including the amount of physical activity during hospitalization and the
duration of indwelling urinary catheters have been reported in patients with heart disease. As the onset of hospitalization-
associated disability is associated with prognosis (readmission rate and all-cause mortality), rehabilitation and the use of
long-term care insurance are significant, and it is necessary to understand treatment strategies because the number of patients
is expected to increase in the future. This article reviews the definition of hospitalization-associated disability, incidence,
factors, and treatment strategies in older patients and patients with heart disease.

Key Words: hospitalization-associated disability, heart disease, cardiac rehabilitation, prognosis
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Introduction

Japan's population is ageing rapidly, and it is
estimated that by 2025, the proportion of the population
aged 65 and over will have risen to 25.9%". As the
population ages, the number of patients with heart
disease is increasing, and it is now the second most
common cause of death, so further measures in the
fields of healthcare and nursing care are an important
issue for the future”. Older patients with heart disease
have frailty, cognitive impairment, multimorbidity,
poor physical function and exercise tolerance”. Owing
to activity limitations due to hospitalization and surgery,
patients are prone to decline in physical function and
activities of daily living (ADL)". Although treatment
and physical therapy are expected to improve physical

function and ADL that existed before hospitalization,

physical therapy and patient education may be
inadequate, and patients may be discharged with
decline ADL. The recent, decline ADL due to bed rest
during hospitalization that is not caused by the
underlying disease has been termed hospitalization-
associated disability (HAD)” (Fig. 1). The incidence of
HAD is associated with increased all-cause mortality
and hospital readmission”.

Understanding and preventing HAD not only
affects prognosis but also greatly influences the
significance and quality of rehabilitation. This article
reviews the definition of HAD, its incidence, factors
associated with its development, prognosis, and
treatment strategies in older patients and patients with

heart disease.
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Cure and Rehabilitation

a
T >
e
.
e
-
e
-

y;

Ty
.
.
: ...

.

®
~® X

-

- HAD

@ |limm .

g
/ﬂ\ Hospitalization Discharge /h\
Or from hospital
Surgery
Fig.1 The process of HAD onset
HAD: hospitalization-associated disability
HAD definition and criteria HAD incidence

HAD has several synonyms, including hospitali-
zation-associated disability, hospital-associated
disability, hospital-associated functional decline and
hospital-acquired disability; however, researchers
differ in their definitions, and no consensus definition
exists. Covinsky defined HAD as “an older adult
living independently at home and independently
managing all basic ADL develops an acute illness
requiring hospitalization. During hospitalization, the
acute medical issues are treated. However, the patient
was discharged with a new major disability that was
not present before the onset of acute illness.””; to
date, this definition is the most frequently used.

The ADL evaluation battery is the main criterion of
HAD. Saitoh defined HAD as “any decline in the
Barthel index (BI) before discharge compared with
the BI within 1 month before hospital admission.””

HAD has become a generalized term for ADL
decline during hospitalization, but the terminology is
mixed and varied. This review paper used PubMed
and the keywords “hospitalization-associated disability”,
“hospital-acquired disability”, “heart disease” and
“older patient” were used. These keywords were

combined using the Boolean operators AND and OR.

1. HAD incidence in older adult patients

A meta-analysis of the incidence of HAD in adult
patients over 65 years old treated with medical and
acute surgical procedures revealed an incidence of
approximately 30%”. Japan is an aging society and the

number of patients with HAD is expected to increase.

2. HAD incidence in patients with heart disease
In patients with heart failure, the incidence of HAD
is 10.6%-37.1%">" and that in patients undergoing

10, 11)

cardiac surgery is 5.2%-24%
Factors associated with HAD development

Several factors are associated with HAD develop-
ment. These factors should be collected and evaluated

before and during hospitalization.

1. Before hospitalization factors

The following patient characteristics are associated
with HAD: older age®*'?, low body mass index” > ',
female sex™ " '* ' low nutrition'”, frailty'”, cognitive

9, 11, 13, 15)

imparment , chronic obstructive pulmonary

. 14 . 13 :
disease'?, and heart disease'”’. Moreover, baseline

blood tests include the following: albumin®*"" "',
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hemoglobin”, N-terminal pro B-type natriuretic

12 and estimated glomerular filtration rate'.

Regarding physical function, preoperative SPPB'”,
history of falls'>'?, and the Kihon Checklist'® are

identified, and assessing them before hospitalization

peptide

or surgery is essential.

2. During hospitalization factors

Medical and surgical treatment-related factors also
contribute to HAD development and are associated
with operation time'”, length of intensive care unit
stay'”'", and postoperative delirium'"'”. Additionally,
hospitalization-related events and activity levels
during hospitalization including rehabilitation start

date'”, ambulation start day®”, physical activity

16) )

, number of steps'”, and urinary catheter

16, 17)

time
placement are significantly associated with HAD
development. Furthermore, physical function
assessments including SPPB?, gait speed”, and length
of hospital stay®'?

HAD development.

at discharge are associated with

Prognosis following HAD onset

1. Prognosis of older adult patients with HAD
It was reported that 28.6% of patients discharged

with decline ADL did not recover and continued to

have ADL impairment, and 41.3% of patients died".
In addition, patients with decline physical function
were approximately three times more likely to be

' ADL impairment at the

admitted to a nursing home
time of discharge affects prognosis and increases the

burden of care.

2. Prognosis of patients with heart disease HAD
Older patients with heart failure reported to have
significantly increased rates of all-cause mortality and
rehospitalization for heart failure”, as well as with
cardiac surgery'”. Additionally, the group with lower
ADL at discharge had lower service rates despite

. . . 8
being enrolled in long-term care insurance”.

Treatment strategies for HAD

Although no clear prevention or treatment for HAD
development has been demonstrated, we believe that
HAD-associated factors differ between pre and
posthospitalization and that appropriate assessment
and treatment strategies significantly influence post-

discharge prognosis (Fig. 2).

1. Prehospitalization and preoperative treatment
strategies

As previously mentioned, various pre hospitali-

Ao i KE o K@

Prehospitalization

Hospitalized

Discharge from hospital

Medical record
v Baseline Characteristics
v’ Laboratory Data

v Nutrition

o

Nurse Cooperation
v Nutrition @\/ Various medical services
v' Bedrest level

Physical Therapist
v Physical function assessment 20) v' Rehabilitation v' Outpatient CR 25)
v Pre habilitation 21),22)

Simple exercise 24)

fy

Walking

Sit-to-stand

Fig.2 Prevention and treatment strategies for HAD development from prehospitalization to postdischarge

CR: cardiac rehabilitation

Juntendo Health Science Journal, July 31, 2025 17



zation and preoperative factors associated with HAD
development are noted and collecting information on
these factors is significant. Patients with cognitive
problems, gathering information from family members
and significant others are essential.

Several factors associated with HAD development
include physical function assessment and evaluation
by a physiotherapist. The joint guidelines of the
Japanese Society of Cardiovascular Physiotherapy and
the Japanese Society of Cardiac Rehabilitation Research,
“JCS/JACR 2021 guideline on rehabilitation in patients
with cardiovascular disease” list the following physical
function assessment indices: grip strength, SPPB,
walking speed, and balance™. Currently, no predictive
model can accurately predict HAD development in
older patients with cardiovascular disease, and this
remains a future challenge.

Prehabilitation is an option for patients on a waiting
list for cardiac surgery’’. Prehabilitation has been
reported to improve the lengths of ICU and hospital
stay, quality of life (QOL), and postoperative physical

. . : 21,22
function, as well as reduce HAD incidence” .

2. Postoperative and inpatient treatment strategies

Assessing patients for any decline in nutritional
status or physical function following surgery and
hospitalization and sharing this information with
physicians and nurses are the initial treatment strate-
gies. Falls among older adult patients are associated
with heart failure and diuretic use™ and setting a high
resting level to prevent falls may have contributed to
HAD development. The incidence of HAD in older
adult patients admitted to an acute care hospital was
lower in the exercise intervention group (sit-to-stand
exercise and walking) than in the usual care group™”.
Furthermore, a previous study that used an accelero-
meter for assessing physical activity volume demons-
trated the significance of physical activity volume
time outside rehabilitation'”. Rehabilitation is signifi-
cant in preventing HAD development. However,
several uncertainties regarding specific rehabilitation
programs and workloads still exist, and further studies

are needed.

3. Postdischarge treatment strategies

As the length of hospital stay is shortened owing to
advances in medical technology, the response to
prevent HAD onset is limited only during hospitali-
zation. Therefore, continuous management of patients
suspected of developing HAD such as outpatient
cardiac rehabilitation facilities, and the use of long-
term care insurance services is considered significant.
Although outpatient cardiac rehabilitation has been
associated with reduced mortality and readmission
rates without increasing medical costs, only 7% of
patients receive outpatient cardiac rehabilitation
following hospital discharge™. Conversely, patients
with heart failure who received long-term care insu-
rance services had significantly lower rehospitalization
and mortality rates than non-users, suggesting that
continued treatment following discharge affects
prognosis™”. To date, studies on the prognostic impact
of transitioning to outpatient cardiac rehabilitation for
patients with HAD are limited, and further studies are
warranted to determine how continued treatment
affects the long-term health and QOL of patients.

Conclusion

The definition of HAD, its incidence, factors
associated with its development, prognosis, and
treatment strategies were reviewed. Several factors
are involved in HAD development and influence its
prognosis. However, owing to the shortened length of
stay in the acute care setting, vast amount of infor-
mation available, and daily fluctuations in patient
status, standard protocols for preventing HAD deve-
lopment have not yet been established. Developing
protocols and validating the weighting of assessments
to determine effective treatment strategies according

to the risk of developing HAD are significant.
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Review

Relationship between skeletal muscle and postoperative outcomes in older lung
cancer patients: A narrative review

Junya Ueno"?, Tomoyuki Morisawa", Masakazu Saito"”, Kotarou Iwatsu”, Tetsuya Takahashi"

" Department of Physical Therapy, Graduate School of Health Science, Juntendo University
* Department of Rehabilitation, National Cancer Center Hospital East

Abstract

There is a global surge in the number of cancer patients. While advances in surgical techniques and supportive care have
allowed better treatments for older, frail, and financially dependent patients, many older cancer patients have comorbidities
and experience loss of physical function. Sarcopenia, a skeletal muscle-derived problem, has been associated with an
increased risk of postoperative complications and mortality after cancer treatment. Sarcopenia, a problem that originates in
skeletal muscle, is associated with an increased risk of postoperative complications and mortality after cancer treatment. This
review investigated the prevalence of sarcopenia in patients with lung cancer and the relationship between the quantity and
quality of skeletal muscle and postoperative complications and prognosis in patients with lung cancer. Sarcopenia is highly
prevalent (40-50%) among lung cancer patients undergoing surgery. Sarcopenia was significantly associated with aging,
smoking, increased inflammation, and decreased physical activity time. It was found that skeletal muscle mass is one of the
most important prognostic factors for older lung cancer patients. Evaluating skeletal muscle mass before lung cancer

treatment may help to identify patients who require intensive physical therapy.

Key Words: lung cancer, sarcopenia, older patient, complication, prognosis
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Introduction

Surgical outcomes for lung cancer have improved
significantly thanks to the latest innovations and
advances in surgical techniques and perioperative
management, as well as the introduction of the
Enhanced Recovery After Surgery (ERAS) protocol.
Despite these measures, the incidence of sarcopenia is
high in lung cancer patients with preoperative
complications such as chronic obstructive pulmonary
disease (COPD), reaching 43% in non-small cell lung
cancer (NSCLC) patients and 52% in small cell lung
cancer (SCLC) patients’. Sarcopenia is associated
with both cachexia and wasting, these patients are at a
higher risk of postoperative serious pulmonary
complications, poor prognosis, and lower overall
survival rates"”. In addition to perioperative factors,
these patients also tend to have long-term physical

and psychological effects”. Therefore, it is important

to select patients who may benefit from enhanced
physical therapy to address prognosis and possible
adverse events before initiating cancer treatment for
older lung cancer patients. Ideally, the severity of
sarcopenia should be assessed by measuring physical
ability, but in many previous studies that investigated
sarcopenia in surgical patients, including patients with
NSCLC, only muscle mass was measured as an
indicator of sarcopenia*'”. However, in recent years,
attention has also been paid to muscle quality, including
the amount of fat infiltration in the muscles*'”. In
particular, many older lung cancer patients are thin,
and it is thought that the quality as well as the quantity
of muscle is clinically important.

However, there is no sufficient consensus on the
evaluation method for lung cancer patients or its
relationship with prognosis. In this regard, we investi-
gated the prevalence of sarcopenia in lung cancer

patients, and in addition, whether the quantity and
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quality of skeletal muscle in lung cancer patients are

related to postoperative complications and prognosis.
Materials and methods

We decided to search for studies that focused on the
skeletal muscles, complications, and survival rates of
older lung cancer patients in particular. We searched
the PubMed database for all papers published in
English between 2014 and 2024 using the following

keywords and strategies.

1. Databases and search terms

Combinations of the following keywords were used
as search terms:“(Lung cancer) AND (Skeletal
Muscle OR SMI) AND (physical function) AND
(Overall Survival OR Complications) AND (Older)”.
After each search, duplicated records were removed.

All open-access articles (clinical trials, meta-
analyses, randomized controlled trials, reviews, and
systematic reviews) excluding conference proceedings,
books, and documents were considered for inclusion.
The references in the retrieved articles were manually

searched for associated studies.

2. Search string

1) (lung cancer) AND (skeletal muscle).

2) (Lung cancer) AND (skeletal muscle) AND (physical
function)

3) (Lung cancer) AND (skeletal muscle mass) AND
(complications OR survival)

4) (Lung cancer) AND (skeletal muscle mass) AND
(older)

5) (Lung cancer) AND (skeletal muscle OR SMI)
AND (overall survival OR complications) AMD
(older)

Results

The search yielded the following results for the five
aforementioned search strings: 1. 90 abstracts, 2. 19
abstracts, 3. 132 abstracts, 4. 4 abstracts, and 5. none,
respectively. The titles and abstracts of these 245
studies were screened for suitability for inclusion. The
main texts of the eligible ones were reviewed thoroughly
and categorized along the following two themes:

1. Relationship between lung cancer, skeletal muscle,

and physical function.
2. Relationship of sarcopenia and geriatric assessment

in lung cancer patients.

1. Relationship between lung cancer, skeletal muscle,

and physical function
1) Significance of measuring skeletal muscle and

physical function in patients with lung cancer

The tumor/node/metastasis (TNM) classification is
a general framework based on tumor size, local invasion,
and distant metastasis, and is used to estimate the life
expectancy of cancer patients'”. However, this classi-
fication system has limited value for patients with
advanced cancer or those receiving targeted or immu-
notherapy. In patients with lung cancer, functional
status assessed using the Eastern Cooperative Oncology
Group (ECOG) performance status scale is used as an
independent tool for predicting prognosis. However,
because it uses a subjective assessment, the clinical
applicability of this tool is limited'”. Assessment of
body weight and skeletal muscle is another important
factor in lung cancer. Initial weight loss has been
reported to be independently associated with poor
prognosis in both non-small cell lung cancer (NSCLC)
and small cell lung cancer (SCLC) patients". However,
there is a problem with the lack of objectivity in weight
measurement. One reason for this is that body weight
varies depending on body size. In this regard, there
are currently many studies being conducted to identify
more reliable prognostic factors than weight loss, and
sarcopenia is one such factor. Sarcopenia is a skeletal
muscle disorder characterized by a progressive
decrease in muscle mass and function throughout the
body'*'”. Studies have shown that NSCLC patients
with reduced skeletal muscle mass and decreased
skeletal muscle density have a lower response rate to
chemotherapy and a higher discontinuation rate'®.
Furthermore, in many diseases, sarcopenia is a clinically
urgent issue that places a heavy burden on healthcare,
including falls, fractures, functional impairment, and

hospitalization'” .

2) Prevalence of skeletal muscle loss
Previous A large-scale meta-analysis of patients

with malignant solid tumors in the past reported that
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. . 1,19,20
sarcopenia was observed in 35% to 45% of cases ),

In this study, we investigated the prevalence of sarco-
penia in patients with lung cancer in the perioperative
period. Results: In 11 articles, the prevalence of
sarcopenia in patients was found to be 16% to 56%.
(Table 1),

3) Factors affecting skeletal muscle loss in lung cancer

The decrease in skeletal muscle mass and strength
seen in sarcopenia may be age-related (primary) or
may develop due to disuse, disease, or undernutrition

(secondary). Cancer patients may additionally develop

cachexia, which is a condition characterized by anorexia,
weight loss, and skeletal muscle loss. Cachexia is
seen in association with many diseases apart from
cancer and shares several similarities with sarcopenia
(especially secondary) in terms of pathogenesis.
Nishimura et al."” found that aging was significantly
associated with sarcopenia, especially in patients with
lung cancer. Pin et al.”” observed that inflammatory
cytokines, such as interleukins, play an important role
in cancer patients. Metabolic abnormalities attributed
to inflammatory cytokines are known to contribute to

muscle atrophy, decreased appetite, and reduced body

Table 1 Prevalence of sarcopenia reported in the included studies (n = 11)

Diagnostic tool Number/ Patients with
Author, Year Lung cancer type Treatment e Iey () SP, n (%)
Adenocarcinoma CT/
Nakamura, et al. 2018° Squamous cell iiggg; oF mote L3, PMI/ ]3\/?68 d/ 71 (158 53 )
other Y HU: -29to +150 y '
Adenocarcinoma Sublobar CT/ 391/ 198
hinohara, et al. 2020” 11 lobect L3, PMI
Shinohara, et al. 2020 Squamous ce obectomy 3, / Mean 69380y | (50.6)
other pneumonectomy HU: -29to +150
/S\denocarcm(ﬁna Standard CT/ o o
Troschel, et al. 20212" N(E;a?n?:S 2211 Carinal Th10, CSA / Mod 622 283)
Completion HU: -29to +150 <y ’
other
Wedge + CT/ 90/ 18
Suzuki, et al. 2016™ Non small cell Segmentectomy L3, SMA/
’ ’ M 7=E8. 42.2
Lobectomy HU: -29to +150 can 68.718.7y | (42.2)
. Lobectomy CT/
Shoji, et al. 2017% OAtlerrlocarcmoma Segmentectomy L3, SMA/ ;‘Z d/ 6 f 37 57
Wedge resection HU: -29to +150 Y '
Adenocarcinoma cT/
Fintelmann, et al, 201829 | Sduamous cell Lobectomy ThS SMA / 135/ 67
Neuroendocrine Bilobectomy Med 69y (49.6)
. . HU: -29to +150
Mucoepidermoid
CT/
Adenocarcinoma 101/ 31
Takamori, et al. 2018 L Th12, SMA
akamori, et al. 2018 Squamous cell obectomy HU- S / Med 68y (30.7)
Adenocarcinoma CT/
Kim, et al. 2018°° Squamous cell I(S(;t;Ielctr(;my L3, SMI/ 12\223; 62.949 6 ?‘?9 2)
Or more © HU: -29t0 +150 canBaT=IAY :
CT/
. Squamous cell . . 173/ 32
30)
Kawaguchi, et al. 2021 Non Squamous cell major resection ;%.PMI / Mean 78 8y (18.5)
SCC 165
Ozeki. et al. 20207 Squamous cell major resection CT/ umbilical level PMI/| Mean 69.6+=7.0y | 116
’ ' Adenocarcinoma limited resection HU: -29to +150 ADC 556 / (16.0)
Mean 68.1£8.5y
Adenocarcinoma VATS CT/ 236/ 59
Lee, et al. 2020™ Squamous cell OPEN L3, PVI/ NA (25.0)
Or more HU: -200to -50 ’

CT: Computed Tomography, CSA: Muscle Cross-Sectional Area, SMA: skeletal muscle area, HU: Hounsfield Unit threshold, SP: Sarcopenia, PMI:
Psoas Muscle Index (cross-sectional area of the bilateral psoas muscle/height’), PVI: Psoas Volume Index (psoas muscle volume/height’ (in m’), L3:
The third lumbar vertebra, Th10: The 10th Thoracic vertebra, VATS: video-assisted thoracic surgery, Open: open thoracotomy.
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fat mass. Therefore, multiple causes with a background
of systemic inflammation may be implicated in cancer-
related cachexia and associated sarcopenia. Other
factors that have been pointed out include a decrease
in physical activity, smoking habits, and the effects of
oxidative stress caused by chronic obstructive pulmonary
disease (COPD), which many lung cancer patients
have™™". It has been reported that oxidative stress
inhibits mitochondrial respiration and is a factor in

skeletal muscle dysfunction®".

4) Methods for diagnosing sarcopenia in lung cancer
patients / Sarcopenia as a complication and prognostic
factor in the surgical treatment of lung cancer
Sarcopenia is diagnosed using dual-energy X-ray

absorptiometry, bioelectrical impedance analysis,

computed tomography (CT), upper arm circumference,
grip strength, and subcutaneous fat thickness. Recently,

CT has come to be used as a major tool for confirming

the diagnosis of sarcopenia using a value called the

skeletal muscle index (SMI; cm’/m’) The SMI is
calculated by dividing the skeletal muscle cross-
sectional area (SMA; cm’) visualized in the cross-
sectional CT image by the square of the patient's
height (m?). Similar to SMI, the psoas muscle index is

a standard method for evaluating sarcopenia, and is

calculated by dividing the psoas muscle area (cm®) by

the height (m’). Skeletal muscle density is another

indicator of body composition measured by CT
imaging, and is measured in Hounsfield units (HU),
which reflect the infiltration of adipose tissue in the
muscle or the quality of the muscle’. Table 2 is a
summary of the relationship between the diagnosis of
sarcopenia and the results of lung cancer treatment,
compiled from the literature. Nakamura et al.” reported
that postoperative complications (Clavien-Dindo
classification grade >3) occur more frequently in
patients with sarcopenia (p = 0.036). In terms of prog-
nosis, Buentzel et al.’® conducted a study of 2,521
lung cancer patients receiving various anticancer
therapies (surgery, targeted therapy, chemotherapy,
radiotherapy, or a combination of these), and found
that sarcopenia was an independent risk factor for
death (hazard ratio [HR]: 3.13; 95% CI: 2.06-4.76).
Other studies have also shown that patients with
sarcopenia have a poor disease-free survival and
overall survival rate, suggesting that sarcopenia may

affect the prognosis after lung cancer surgery"™”.

2. Relationship of sarcopenia and geriatric
assessment in lung cancer patients.

Ganti et al.”” evaluated predictors of OS (such as
performance status [PS] and weight loss in the past
3-6 months) in 1,467 lung cancer patients aged 70
years or older. Results showed that for every 1-level
increase in PS, there was a risk of shorter OS (PS 0-1:

Table 2 The relationship between the diagnosis of sarcopenia and the results of lung cancer treatment

Author, Year

Skeletal muscle assessment and cutoff values Outcome findings

Nishimura, et al. 2019'"

2
for men and < 74.0cm” for women

CT: SMI at L3 < 43.75-55cm /m* for men and < 39-
41.10cm /m* for women, SMA at T5 < 181.2 cm” for
men and < 129.4 cm” for women, SMA at T8 < 115.3cm® | complications

The overall prevalence of
sarcopenia was 42.8%. There was
increased risk of early
complications and worse survival
3.overall survival | in lung cancer patients with
concomitant sarcopenia

1.prevalence
2.post-operative

2. BIA: phase angle < 5.3 or 5.8 degrees

Buentzel, et al. 2019°®

1.DEXA: < 7.26 kg/m’ for men, < 5.45 kg/m’ for women

3. CT: SMI at L3 < 41-55 cm /m”™ for men and < 38-
41.10 cm /m” for women, SMI at T4 < 67.3 cm /m*
for men and < 46.3 cm /m* for women, SMD <
28-44.1 HU for men and < 23.8-40.5 HU for women

Sarcopenia was an independent
risk factor for death regardless of
the stage of lung cancer.

Overall survival

and women

CT: SMI at L3 < 25.63-52.4 cm /m” for men and <
Takenaka, et al., 2021°” | 21.73-41 cm /m” for women, SMD < 33-41 HU for men | survival

Sarcopenia was a predictor for
worse overall survival, disease free
survival and disease control rate in
NSCLC patients.

Disease free

Overall survival

BIA: Bioelectrical Impedance Analysis, BMI: Body Mass Index, CT: Computed Tomography, DEXA: Dual-Energy X-ray Absorptiometry, L1/3: First/
Third Lumbar Vertebrae, NSCLC: Non-Small Cell Lung Cancer, SMA: Skeletal Muscle Area, SMI: Skeletal Muscle Index, SMD: Skeletal Muscle

Density
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HR: 1.39, 95% CI: 1.21-1.61; PS 2-3: HR: 2.08, 95%
CI: 1.61-2.69). Similar results were shown for patients
who had lost 5-10% of their body weight in the
previous 3-6 months (HR: 1.43; 95% CI: 1.24-1.64).
Chun et al.”” described the importance of using the
Comprehensive Geriatric Assessment (CGA) as a
prognostic factor in the geriatric population. They
performed a pretreatment CGA in lung cancer patients
(median age: 75 years) and found that activities of
daily living (HR: 3.78; 95% CI: 1.27-11.22) and
nutritional status (HR: 3.2; 95% CI: 1.15-8.87) were
significantly correlated significantly with OS.

On the other hand, these geriatric assessment study

did not consider combined sarcopenia.
Conclusions

This review summarizes the main findings of previous
reports investigating the association between skeletal
muscle mass characteristics and physical function in
older patients with lung cancer undergoing surgery.

Sarcopenia is often assessed by considering skeletal
muscle as a complementary component of functional
status as represented by the TNM classification and
the ECOG performance status scale. Lung cancer
patients undergoing surgery have a notably higher
prevalence of sarcopenia, ranging from 40-50%,
which is particularly associated with aging, among
other factors. In addition, decreased physical activity,
smoking habits, and the effects of oxidative stress
from COPD, which affects many lung cancer patients,
were also correlated. In addition, inflammatory
cytokines from cancer promote muscle protein degra-
dation and activate an acute phase response in skeletal
muscle, leading to muscle atrophy and sarcopenia.
The result is a fragile body, which can lead to posto-
perative complications and affect Poor prognosis™ ™",

In recent years, severe muscle weakness has come
to be recognized as an indicator of poor prognosis for
malignant tumors, regardless of the diagnosis, stage,
or treatment of cancer. Many cancer patients show
abnormalities in physical function and skeletal muscle
before treatment, and many of them have sarcopenia.
However, there is a lack of consistency and standardized
guidelines in terms of the measurement site, method,

and procedures for assessing skeletal muscle mass

and objectively quantifying sarcopenia. In addition,
there is no consensus on the cut-off points for different
measurement methods used to assess sarcopenia
because skeletal muscle mass varies with population-
and individual-level factors, such as race, age, sex,
comorbidities, and prevalence of obesity. Recently, in
non-cancer settings, the definition of sarcopenia has
been expanded to include both muscle mass and
function as per the Asian working group for sarco-
penia-2019”. On the other hand, there are not enough
reports on skeletal muscle assessment and scienti-
fically strong evidence supporting its impact on older
patients undergoing surgery for NSCLC. Neverthe-
less, this review highlights the importance of assessing
skeletal muscle characteristics during the development
of supportive and rehabilitative therapies for older
cancer patients. Further research is needed to delve

deeper into this topic.
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Abstract

Overview of robust treatment planning methods in radiotherapy

Hiroto Adachi, Keisuke Usui

Graduate School of Health Science, Juntendo University Master Course of Radiological Technology

The radiotherapy is a treatment method that aims to cure cancer radically or relieve symptoms and requires that the dose
be concentrated on the tumor while minimizing the dose to the surrounding normal tissue. However, there are uncertainties
during treatment, such as fluctuations in tumor size and position, patient body movements, etc., and differences between the
dose distribution on the treatment planning device and the dose distribution actually delivered to the patient must also be
taken into account. Robust treatment planning methods are needed to address these issues. This paper describes robust
treatment planning methods as a response to uncertainties in radiotherapy and their future prospects, with specific examples.
Future advances in research and clinical application of robust treatment planning are expected to improve the accuracy of
dose distribution delivered to patients, increase tumor control rates, reduce the risk of unexpected doses being delivered to
organs at risk, and minimize damage to normal tissue.

Key Words: radiotherapy, robust, dose distribution, variability, uncertainty
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Abstract

Effect of metallic implants on radiotherapy treatment planning for

prostate cancer

Takauji Sota”, Chie Kurokawa”

" Department of Radiological Sciences, Graduate School of Health Sciences, Juntendo University
* Department of Radiological Technology, Faculty of Health Sciences, Juntendo University

Prostate cancer is the most common cancer in males worldwide, and its number in Japan has significantly increased in
recent years. Radiation therapy is one of curative treatment modalities for localized prostate cancer, and especially intensity-
modulated radiation therapy (IMRT) is widely used since it allows high doses to the tumor target while reducing the dose to
surrounding risk organs. Image-guided radiation therapy (IGRT) improves target localization accuracy and it combined with
IMRT can be effective in preventing the occurrence of normal tissue toxicity. For prostate cancer treatment, intra-prostatic
fiducial markers are used for IGRT due to its accurate tumor localization and motion management. However, these markers
are made of high atomic number metals, which can cause metal artifacts in CT images, leading to image distortion and
uncertainties in CT values. Also, some prostate cancer patients have prosthetic hip and metal artifacts in their CT images
induced some uncertainties in the treatment planning. Therefore, in treatment planning for such prostate cancer patients,
beam angles are usually selected to avoid the metal along the path in CT images to avoid such uncertainties. Although this
method can avoid the dosimetric complications of the metal artifacts, it may result in non-uniform target dose due to
insufficient intensity modulation in IMRT. In this report, I reviewed the uncertainties in treatment planning for prostate
cancer patients with metallic implants, especially in dose calculations, and discussed remaining challenges.

Key Words: prostate cancer, IMRT, IGRT, metal marker, metal artifact
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Abstract

A national and international survey of case-control studies related to
long-limb orthoses for hemiplegic stroke patients

Takuma Watanabe" ”, Tadamitsu Matsuda”

" Tums Urayasu Hospital
* Department of Physical Therapy, Faculty of Health Science, Juntendo University

Patients with stroke-induced hemiplegia can present with gait disturbance, and orthotic therapy is practiced according to
their ability to walk. Knee ankle foot orthosis (KAFO) is sometimes used, especially for patients with severe motor
paralysis, but current stroke treatment guidelines do not provide sufficient evidence for KAFO. In the present study, we
reviewed articles both in Japan and overseas, focusing on case studies using KAFO among orthotic therapies for stroke
hemiplegia patients. A total of 215 domestic and international reports on KAFOs were reviewed for hemiplegic stroke
patients, including 26 case-control studies using KAFOs. The use period was 20 studies in the recovery period and 4 studies
in the acute period. The largest number of reports came from single institutions (24), and some were from multiple
institutions, but none were from multiple institutions during the recovery period. Eleven studies compared KAFOs to others
(eg, non-KAFO and AFO groups), and five studies were related to cut-offs. More than half of the 16 studies used the
evaluation elements mentioned above, such as motor paralysis (100%) and ADL (62%), but the other elements were only
partially selected, and there were few reports of multifaceted evaluations. Prospective cohort studies are desirable to select
a unified, standardized assessment as a future prospect.

Key Words: stroke, orthotic therapy, long-limb orthosis, rehabilitation
[Juntendo Health Science Journal 6(1): 00-00, 2025]
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Abstract

Dosimetric impact of patient positioning uncertainties in head and
neck radiation therapy

Ryo Watanabe", Chie Kurokawa”

" Department of Radiological Sciences, Graduate School of Health Sciences, Juntendo University
* Department of Radiological Technology, Faculty of Health Sciences, Juntendo University

During radiation therapy for head and neck cancer using intensity modulated radiation therapy (IMRT), patient
positioning uncertainties can affect negatively on dose distribution. In this report, I reviewed issues due to the patient
positioning uncertainties, especially for shoulder positioning error and weight loss, and introduced robust optimization
technique to solve the problems.

Key Words: head and neck, robust optimization, IMRT, IMPT, shoulder motion
[Juntendo Health Science Journal 6(1): 47-52, 2025]
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FrRRIE 72 EISor T B, M) b OE B E O
7o, BELISMNT & ETIR I E T L, BB
FrIREEZR L~ Lo b B THERG L ~L TRk 2 7o BRIR 1%
BT, SRR R T 2 L CEBRIEO TR LS
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TR L

IR 3 7 PR A R S S B R A 2 B
T 113-8421  HURCHD SO PAHE2-1-1
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Abstract

A review of the literature on kinematic characteristics and
muscle activity in children with cerebral palsy during sit-to-stand movement

Mamiko Kii, Tadamitsu Matsuda

Juntendo University Graduate school of Health Science

Introduction and Objectives: Although many studies have investigated walking in children with cerebral palsy (CP), few
have focused on sit-to-stand (STS) movements in this population. The objectives of the present study were to clarify the
kinematic characteristics and muscle activity of STS in children with CP reported in the literature, and consider implications
for future physical therapy interventions and research issues for STS in children with CP.

Methods: An exhaustive search of articles about children with CP was conducted using the PubMed database. From articles
found, duplicate and articles unrelated to the study aims were excluded. Information regarding STS movements in children
with CP was examined.

Results: STS movements in children with CP are characterized by kinematic features and balance ability. It should be
possible to improve STS movements through physical therapy intervention and environmental adjustments. Although no
literature on muscle synergy in STS movements in children with CP was found, this population showed characteristic
muscle synergy during walking, suggesting they may share characteristic muscle synergy in STS movements.

Conclusion: Various characteristics of STS movements in children with CP are described in the literature, suggesting this
population shares particular kinematic characteristics and balance ability and that it is possible to improve their STS
movements through physical therapy intervention and environmental adjustments. In addition, STS movements of children
with CP might be distinguished by their muscle synergy.

Key Words: children with cerebral palsy, rising from a chair, kinematic characteristics, muscle synergy
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Abstract

Fundamentals and recent trends in data augmentation for medical imaging

Jintaro Kumamoto, Masami Goto

Department of Diagnostic Radiology, Graduate School of Health Science, Juntendo University

In deep learning using medical imaging, data augmentation plays a crucial role in preventing overfitting and enhancing
model robustness through data enrichment. Data augmentation in medical imaging can be categorized based on its
characteristics. Currently in the medical field, basic data augmentation methods that involve transformations on existing
images, such as geometric transformations and kernel filters, are frequently used due to their ease of implementation. These
methods are often considered insufficient for complex images like medical imaging, leading to proposals for new data
augmentation techniques that generate new images using deep generative models such as GANs and VAEs. Recent trends in
data augmentation include the increasing use of novel deep generative models such as diffusion models and hybrid models,
whose utility has been reported in various studies. With the advancement of these deep generative models, it is anticipated
that their use in data augmentation may become the gold standard in the future.

Key Words: deep learning, data augmentation, diffusion models, hybrid models, deep generative models
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Abstract

Magnetic resonance imaging for the diagnosis of Sjogren's syndrome

. . 1,2 -1

Koizumi Tatsuya"”, Goto Masami"

" Department of Diagnostic Radiology, Graduate School of Health Science, Juntendo University
? Department of Radiology, Juntendo University Hospital

The Japanese diagnostic criteria for Sjogren's syndrome (SS) include X-ray sialography and salivary gland scintigraphy.
However, these modalities have been excluded from the diagnostic criteria in Europe and the United States due to concerns
regarding their invasiveness. This review focuses on magnetic resonance imaging (MRI), a less invasive diagnostic method
that has gained significant attention in recent years. We compare MRI with the examination methods outlined in the diagnostic
criteria and summarize its key features. MR sialography correlates well with other examinations used in the diagnostic criteria
for SS and can serve as a diagnostic indicator. However, it may underestimate findings in low-stage or mild cases. While it
demonstrates high specificity, its sensitivity is somewhat lower compared to X-ray sialography and salivary gland scintigraphy.
Evaluation using MR structural images (T1-weighted images, T2-weighted images) focusing on fatty degeneration of the
salivary gland parenchyma can evaluate the decrease in salivary volume while reducing the effects of aging, which is
difficult to evaluate with other examinations, by targeting the submandibular gland rather than the parotid gland.
Additionally, it is an effective method for detecting morphological changes caused by SS with a high degree of specificity.

Key Words: MR sialography, Sjogren’ s syndrome, MR structural image, salivary gland scintigraphy, X-ray sialography
[Juntendo Health Science Journal 6(1): 71-76, 2025]
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Abstract

The current status of proton therapy for pediatric cancer

Eiichi Maehara, Keisuke Usui

Department of Radiological Technology, Graduate School of Health Science, Juntendo University

Proton therapy has emerged as a promising treatment for pediatric cancers. Proton therapy is different from traditional
X-ray radiotherapy because it is less invasive and lowers the risk of long-term growth problems and subsequent cancers.
This advantage is attributed to the unique properties of protons, particularly the Bragg peak, which allows for minimal
radiation exposure to surrounding healthy tissues and precise delivery to targeted areas. Proton therapy has biological
effects that are similar to X-rays, which means that the knowledge gained from traditional radiotherapy can be used. In
recent years, proton therapy for children has been covered by insurance, facilitating broader access. The national policy
prioritizes building a robust system to ensure pediatric cancer patients receive appropriate medical care. Proton therapy
plays a critical role in achieving this goal by providing a safer and more targeted treatment option. To further enhance the
experience for young patients, multidisciplinary teams of medical professionals have introduced preparation programs to
help children undergo proton therapy without sedation. These programs aim to reduce the psychological and physical
burden of treatment, making it more child-friendly. By eliminating the need for sedation, proton therapy becomes even less
invasive, contributing to better overall outcomes and improved quality of life for pediatric cancer patients. As advancements
in technology and medical collaboration continue, proton therapy is expected to become an integral component of pediatric
cancer treatment, offering a safer, more precise, and less burdensome option for young patients and their families.

Key Words: proton therapy, pediatric cancer, preparation
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Abstract

The utility of deep learning in the medical image processing and future prospects

Ryoma Tsuchiya, Keisuke Usui

Department of Radiological Technology, Graduate School of Health Science, Juntendo University

In recent years, the rapid advancement of artificial intelligence (Al) has enabled significant improvements in diagnostic
accuracy and efficient treatment planning within the medical field, with deep learning technologies playing a crucial role in
medical image analysis. While medical imaging often faces challenges such as image noise and artifacts, deep learning
models like U-Net and generative adversarial network (GAN) are useful in solving these issues. U-Net achieves highly
accurate image segmentation by utilizing a structure that incorporates skip connections between its encoder and decoder,
whereas GANs, leveraging the adversarial relationship between generator and discriminator, have reported remarkable
results in noise reduction and multi-modality image synthesis. Moreover, the development of advanced architectures,
including 3D U-Net, SegAN, and cycle-consistent adversarial network (CycleGAN), has further enhanced the clinical value
of these technologies, contributing to their potential for broader practical applications in the near future. In this paper, we
will introduce an overview of the main deep learning networks as well as noise reduction, image generation, and
segmentation methods.

Key Words: deep learning, medical image, noise reduction, image synthesis, segmentation
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Abstract

Key Words: fMRI, brain functional analysis, BOLD method, migraine

Brain functional analysis of migraine patients using fMRI

Yamato Kato, Masami Goto

Department of Radiological Technology, Faculty of Health Science, Juntenodo University

Migraine is a common neurological disorder that affects approximately 12% of the global population and significantly
interferes with daily life. In recent years, research using functional magnetic resonance imaging (fMRI) has advanced,
gradually revealing brain functional abnormalities in migraine patients. This study provides an overview of the principles of
fMRI and discusses changes in brain activity before and after migraine attacks. In particular, attention is given to functional
abnormalities in brain regions such as the visual cortex, the trigeminovascular system, and the thalamus, as well as
hypersensitivity to sensory stimuli. Furthermore, existing studies using fMRI are reviewed, and future perspectives on
elucidating the pathophysiology of migraine and developing treatment strategies are presented.
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Report

The 4th Annual JUHS 2024 (Department of Physical Therapy)

Masakazu Saitoh, Ryuichi Sawa, Kotaro Iwatsu, Shunsuke Oji, Takayuki Miyamori, Toshiyuki Fujiwara

Department of Physical Therapy, Faculty of Health Science, Juntendo University

Abstract

The 4th Annual Juntendo University Faculty of Health Science International Symposium (JUHS) was held on May 19,
2024, celebrating the theme "Cutting Edge of Health Science." This report outlines the guest speakers' presentations in the
field of physical Therapy at the 4th Annual JUHS 2024, and the interactions between the guest speakers, faculty members,
and graduate students during the laboratory tour and the welcome reception.

Key Words: the 4th Annual JUHS 2024, academic exchange, research collaboration
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Introduction

The 4th Annual Juntendo University Faculty of
Health Science International Symposium (JUHS) was
held on May 19, 2024, celebrating the theme "Cutting
Edge of Health Science."

In the Department of Physical Therapy, we had the
honor of welcoming Dr. Dinesen from Denmark and
Dr. Jeng from Taiwan as guest speakers (Fig.1).
Following their insightful speeches, we organized a

laboratory tour where graduate students presented

Fourth Annual JUHS
International Symposium

Cutting Edge of Health Science

PROGRAM
Part 1: Symposium with Guest Speakers
Part 2¢/Aftemoon Session

Guest Speakers

Physical Therapy Radiological Technology

Fig.1 The 4th Annual JUHS 2024 program

their research in their respective fields, fostering
stimulating discussions.

During the welcome reception, faculty members,
graduate students, and guest speakers actively
engaged in meaningful academic exchanges about the
future of physical therapy and paving the way for

potential collaborative research.
1st part: Symposium with guest speaker

1) Guest speaker 1: Dr. Dinesen (Fig.2)
Dr. Dinesen provided insights into Denmark's
digital health landscape and shared preliminary

findings from their Future Patient Telerchabilitation

Fig.2 Professor Birthe Dinesen
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program for atrial fibrillation (AF) patients. Drawing
from Denmark's position as a global leader in digital
health, she described a comprehensive telerehabilitation
program that has enrolled 155 out of 208 planned
participants. Dr. Dinesen explained that their seven-
week program utilizes home monitoring through
wearables to track various health metrics, including
blood pressure, pulse, sleep, weight, and electrocard-
iogram data. These measurements are integrated into
the HeartPortal, a platform she developed that facilitates
data sharing and communication between patients,
relatives, and healthcare professionals. She emphasized
how the program combines technology with in-person
education at healthcare centers.

Based on qualitative interviews with ten participants
(six men aged 58-93 years and four women aged 60-
77 years), Dr. Dinesen reported encouraging preliminary
findings. She highlighted that patients expressed
increased feelings of security and knowledge about
their condition. While some participants faced challenges
in interpreting home monitoring data, she noted that
most found the HeartPortal easy to navigate and the
overall program supportive in managing their AF

condition.

2) Guest speaker 2: Dr. Jeng (Fig.3)

Dr. Jeng highlighted significant advances in artificial
intelligence applications for early identification of
developmental disorders in infants. Her research team
conducted a comprehensive study involving 84 infants
(30 term, 54 preterm), demonstrating the effectiveness
of Al-driven assessment tools in evaluating infant

motor development.

Fig.3 Professor Suh-Fang Jeng

Dr. Jeng described how her team utilized the Alberta
Infant Motor Scale to assess 58 distinct movements
across various positions from 4 to 18 months of age.
The Al algorithm she developed, which integrates a
17-point human pose estimation model with skeleton-
based action recognition, achieved remarkable
accuracy metrics of 0.91 across all key indicators, as
published in the Physical Therapy and Rehabilitation
Journal (2024).

In the concluding portion of her presentation, Dr.
Jeng introduced "Baby Go," a mobile application her
team developed for remote assessment. This innovation,
as she emphasized, represents a significant shift from
laboratory-based systems to accessible home-based
assessment tools, potentially transforming early

intervention strategies in infant development.
2nd part: Laboratory tour

During the laboratory tour, graduate students
delivered presentations on their respective research
topics within the fields of the nervous system,
biomechanics, musculoskeletal and sports sciences,
and cardiopulmonary research (Fig.4). They had the
opportunity to consult with guest speakers about their

research and received numerous valuable suggestions.
3rd part: Welcome reception

During the welcome reception, graduated students
engaged in discussions and interactions with the guest
speakers, focusing on the current state and future of
physical therapy, as well as opportunities to research

collaboration.
Conclusion

Through the 4th Annual JUHS 2024, the significance
and potential of leveraging Al and digital devices in
the field of physical therapy were underscored. More-
over, we believe that this event laid the groundwork for
establishing an international network. Additionally,
this event offered a valuable opportunity for both
faculty members and graduate students to engage with
guest speakers, fostering the cultivation of a global

perspective.
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Fig.4 Laboratory tour

Acknowledgment Ethical approval

We would like to sincerely thank our esteemed Not applicable.
faculty members and graduated students for their L.
. . Competing interests
unwavering support throughout the planning and

execution of the 4th Annual JUHS 2024. Nothing to declare.

100 Juntendo Health Science Journal, July 31, 2025



Report

The 4th Annual JUHS 2024 (Department of Radiological Technology)
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Abstract

The 4th Annual Juntendo University Faculty of Health Science International Symposium, held on May 19, 2024, focused
on "Cutting Edge of Health Science." From the field of radiological technology, Dr. Kim and Dr. Kuo presented as guest
speakers. In the first part of the symposium, Dr. Kim highlighted the role of artificial intelligence (Al) in radiation oncology,
emphasizing enhanced precision and personalized treatments. Dr. Kuo discussed advancements in breast imaging techniques,
explaining the importance of radiological technologists” skills. In the second part, the graduate students discussed the
research paper, which they had read in advance with their supervisor, with the guest speakers, and gained valuable academic
experience. The event ended with a reception fostering collaboration and global exchange.

Key Words: The 4th Annual JUHS 2024, academic exchange, research collaboration, radiological technology
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Introduction

The 4th Annual Juntendo University Faculty of
Health Science International Symposium (JUHS) was
held on May 19, 2024, under the theme "Cutting Edge
of Health Science" (Fig. 1). Another report written by
physical therapy faculty members has also been
published in this book, and we recommend reading it
alongside this report. Focusing on the Department of

Radiological Technology, we had the honor of welcoming

Fourth Annual JUHS International Symposium Eﬁ Dé
Cutting Edge of Health Science NS

MAY 18th, 2024
9:30-20:00
The Main Venue: Ogawa Hall

Fig.1 Group photo of the 4th Annual JUHS 2024 at
Ogawa Hall

Dr. Kim from the Republic of Korea and Dr. Kuo
from Taiwan as guest speakers. In the first part of this
symposium, they gave insightful speeches to an
audience of 231 students and 37 faculty members who
attended in person and 284 online participants.
Following the first part, we organized the second part
when our graduate students discussed research papers
in their respective fields with the guest speakers.
During the welcome reception, faculty members and
graduate students discussed the current state and
future of radiological technology while engaging in

informal conversations with guest speakers.

First part:
Symposium with guest speakers

1) Guest speaker 1: Dr. Kuo (Fig. 2)

Dr. Kuo gave an inspiring speech entitled “Recent
Trends in Breast Imaging Techniques in Breast Cancer
Detection.” In Japan and Taiwan, the incidence of
breast cancer highlighted in this speech is the highest
among all malignancies in women. To detect breast
cancer early and treat it, radiological technologists

take advantage of various imaging technologies
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Fig.2 Professor Chiung-Wen Kuo from Yuanpei University

worldwide. Mammography, tomosynthesis, ultra-
sound, elastography, magnetic resonance imaging,
and positron emission tomography are well-known
modalities that our undergraduate students also study
in their lectures. Dr. Kuo explained the characteristics
and ways of proper utilization by summarizing the
main advantages and disadvantages of these modalities.
In the conclusion of this speech, Dr. Kuo told us that
the skills a good radiological technologist should
possess are attention to detail and decision-making
regarding additional views that are appropriate for
each case. These messages were especially inspiring

for the faculties and our students.

2) Guest speaker 2: Dr. Kim (Fig. 3)

Dr. Kim gave us insights into the cutting-edge
artificial intelligence (AI) in radiation oncology. Citing
his speech, Al, which is an instrumental tool for radiation
oncology, has transformed radiation therapy. In detail,
enhancing precision efficiency and patient outcomes
is the point of focus. Without the recent progress in

Al, segmenting tumors and organs for the planning of

Fig.3 Professor Jing Sung Kim from Yonsei University

radiation therapy would have been based on medical
images only. Recently, Dr. Kim has proposed methods
where large language models make things easy for
medical staff and patients by analyzing vast amounts
of clinical data, predicting treatment responses, and
personalizing therapy plans. According to recent
research represented by Dr. Kim's papers, data recorded
as words, for example, blood, gene, and other data,
can also improve the accuracy of radiation therapy. At
the end of his speech, the comment "Integration of all
Data Promises to Revolutionize Cancer Treatment," as

future insights of Al in radiation therapy, inspired us.

Second part:
Discussions on cutting-edge research

Our graduate students discussed cutting-edge
research with guest speakers (Fig. 4). In the advanced
preparations, our graduate students and their
supervisors completely read through the research
papers the guest speakers selected. After getting many
insights and much knowledge from these papers,

questions and comments were preliminary raised by

Fig.4 Photos in the 2nd part which discussed the cutting edge of research with guest speakers
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students. The guest speakers gave us many suggest-
ions from various viewpoints based on their wealth of
experience and extensive knowledge. Through
academic discussions with guest researchers in English,
our graduate students gained valuable experience

through this session.

Third part:
Welcome reception

Faculty members and graduate students discussed
the current state and future of radiological technology
while engaging in informal conversations with the
guest speakers. Owing to this session, we were able to
extend the potential of collaborative research and

continuous international exchanges.
Conclusion

Through the 4th Annual JUHS 2024, the potential of
Al applications in the field of radiological technology
and the importance of imaging diagnostics in breast

cancer detection were adequately highlighted. From

the International Exchange Committee’s point of
view, we believe that this event provided an opportunity
for establishing a continuous international exchange.
Additionally, this event offered a valuable opportunity
for faculty members and students to engage with
guest speakers, fostering the cultivation of a global

perspective.
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The 4th Annual JUHS 2024 (Program)

Theme: Cutting Edge of Health Science
Hosted by: Faculty of Health Science, Juntendo University

Date: May 18, 2024

Venue: Ogawa Hall, Bldg. 7 (Part 1); Various locations (Part 2)

Overview

The 4th Annual Juntendo University Faculty of Health Science International
Symposium (JUHS 2024) featured academic lectures, laboratory tours, group discussions,
and networking sessions offering opportunities for academic exchange and fostering future
international collaboration.

Juntendo Health Science Journal 6(1): 104-105, 2025

Part 1 — Ogawa Hall

Time Program Speaker Chair
09:30—09:35 Opening Remarks Prof. Hiroyuki Daida
09:35-09:40 Introduction of JUHS Prof. Shinsuke Kyogoku
09:40—10:25 Lecture 1 (PT) Prof. Birthe Dinesen Prof. Tetsuya Takahashi
10:25—11:10 Lecture 2 (PT) Prof. Suh-Fang Jeng | Prof. Tadamitsu Matsuda
11:10—11:20 Break
11:20—12:05 Lecture 3 (RT) Dr. Chiung-Wen Kuo Prof. Yasuaki Sakano
12:05-12:50 Lecture 4 (RT) Dr. Jin Sung Kim Dr. Chie Kurokawa
12:50—13:00 Group Photo

PT: Physical Therapy; RT: Radiological Technology.

Lunch Break: 13:00—14:00

Part 2 — Afternoon Sessions by Department (from 14:00)

Department of Physical Therapy

Program: Hospital tour and laboratory talk

Venue: Juntendo Hospital & Ochanomizu Center Building

Department of Radiological Technology

Program: Group discussion

Venue: Building A, 10th Floor Conference Room
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Closing Social Event

Networking
Time: 18:00-20:00
Venue: Building A, 2nd Floor Cafeteria

The abstracts on the following pages correspond to the academic lectures

presented during Part 1 session of the symposium.
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Digital health in Denmark & a digital heart:
The path to tele-rehabilitation for atrial fibrillation in Denmark

Birthe Dinesen

Professor & Head of Laboratory for Welfare Technology - Digital Health & Rehabilitation, ExerciseTech,
Department of Health Science and Technology, Aalborg University

Background: Denmark is recognized globally as a leader in digital health. Digital health in Denmark integrates
advanced technology such as electronic health records, telehealth services, and mobile health apps, all
interconnected through a secure national health data network to enhance patient care, improve data accessibility,
and support real-time health monitoring and personalized treatment strategies.

Atrial fibrillation (AF) is the most common cardiac arrhythmia and a significant cause of morbidity worldwide.
In Denmark, digital health approaches, including tele-rehabilitation, have been pivotal in managing AF. Through
co-creation the Future Patient Telerehabilitation program for patients with AF has been developed and is being
tested in a randomized controlled trial. A total of 155 patients of 208 patients has been included so far. The program
consists of home monitoring where patients use wearables to measure blood pressure, pulse, sleep, weight, and
electrocardiogram. The data are sent to the Heartportal where patients, relatives and healthcare professionals can
follow and share data, communicate via video and chat as well as find information on AF. AF patients and
patients are offered education in living with AF at a healthcare center. The program last for seven weeks.

Aims: The aims of this presentation are to: 1) Give a short introduction to digital health in Denmark & 2) To
present preliminary findings on how AF patients experience participating in the Future Patient Telerehabilitation
Program.

Method: In a qualitative sub study semi structured interviews with randomly selected six men (58-93 years;
mean 70,5 years) and four women (60-77 years; mean 68,75 years) has been conducted in patients homes.
Preliminary findings: The AF-patients express that they experience a feeling of security, increase knowledge,
and that they have received useful new tools on how to live with AF. Few patients find it difficult to read data
from home monitoring. The patients find the Heartportal easy to navigate and the Future Patient program supportive.
Conclusion: Denmark's digital health initiative, particularly the Future Patient Telerehabilitation program for
atrial fibrillation (AF), demonstrates positive preliminary findings. Patients report increased security, knowledge,
and useful tools for managing AF, with the Heartportal being praised for its ease of use. Despite some difficulties
in interpreting data, the overall positive reception highlights the transformative potential of digital health in

enhancing patient care and rehabilitation for patients with AF.
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Application of artificial intelligence for infant motor assessment

Suh-Fang Jeng

Professor, School and Graduate Institute of Physical Therapy, National Taiwan University
Vice President, World Physiotherapy

Early identification of infants at risk of developmental disorders (such as infants born preterm) is an important
global health policy and action. Early motor development is significant for developing abilities in other domains
in children at an older age. Infant neuromotor assessments have evolved from a traditional focus on muscle tone,
primitive reflexes, and milestones to the new addition of behavioral responses, motor performance, and
spontaneous movements. Infant neuromotor assessments include neurobehavioral examination, general
movement assessment, imaging motion analysis, and artificial intelligence (AI). Al employs machine learning
with artificial deep neural networks that mimic the operation of the human brain using multiple layers of artificial
neuronal links to generate automated predictions from training datasets. Although Al technology has enabled the
tracking and recognition of adult movements in a standardized setup, the applicability of these Al algorithms for
infant motor assessment is rare. Therefore, our research team has recently launched a series of studies to develop
Al algorithms for early motor assessment in term and preterm infants and to examine the performance of the Al
algorithms in movement tracking and classification in these infants. We have prospectively assessed 30 term
infants and 54 preterm infants using the Alberta Infant Motor Scale (58 movements in prone, supine, sitting, and
standing positions) from 4 to 18 months of age, and their movements were recorded by five video cameras
simultaneously in a standardized clinical setup. Pediatric physical therapists annotated the movement videos for
the start/end times and presence of movements. The annotated videos were used to develop and test an Al
algorithm consisting of a 17-point human pose estimation model and a skeleton-based action recognition model.
Using the annotated results as the standards, the Al algorithm showed satisfactory agreement in classifying the 31
movements (accuracy = 0.91, recall = 0.91, precision = 0.91, and F1 score = 0.91) (Lin et al. Application of
artificial intelligence in infant movement classification: A reliability and validity study in infants who were full-
term and preterm. Physical Therapy and Rehabilitation Journal. 2024;104:pzad176). We have also developed a
mobile application (APP), “Baby Go,” for remote video file uploading by the parents in the home setup. The APP
is currently under revision to contain the features of age-based motor assessment with two to five movements at
each age and education module. Our research is an incremental AI model advancement in tracking and
recognizing infant movements from a laboratory-based classification system to a home-based assessment system.
We hope the automatic Al-driven infant motor assessment via the APP provides parents and healthcare

professionals with innovative, feasible, and valid developmental assessment resources in remote communities.
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Recent trends in breast imaging techniques in breast cancer detection

Chiung-Wen Kuo

Department of Medical Imaging and Radiological Technology, Yuanpei University of Medical Technology

Breast cancer is the most common cancer and the leading cause of cancer-related death among women
worldwide. Early detection of breast cancer plays an important role in the treatment and control of the disease.
Various methods, including mammogram, (conventional, tomosynthesis, contrast-enhanced mammography),
ultrasound (hand-held, automated breast ultrasound, elastography), MRI, and nuclear medicine, have been
introduced to diagnose breast cancer with their clinical advantages and disadvantages. This presentation aims to
provide an overview of contemporary breast imaging modalities, with a particular focus on mammography and
ultrasound, elucidating their clinical benefits and limitations.

Keywords: breast cancer, mammography, ultrasound, MRI
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Al in radiation oncology
Jin Sung Kim

Chief Medical Physicist, Director of Research Associate Professor,
Department of Radiation Oncology Yonsei University College of Medicine, Yonsei Cancer Center

Artificial intelligence (Al) is transforming radiation oncology by enhancing precision, efficiency, and patient
outcomes. Machine learning algorithms are used to optimize treatment planning, ensuring accurate dose
distribution while minimizing damage to healthy tissues. Deep learning models assist in segmenting tumors and
organs at risk from medical images, improving diagnostic accuracy and workflow efficiency. Large Language
Models (LLMs) contribute by analyzing vast amounts of clinical data, predicting treatment responses, and
personalizing therapy plans. Al-driven predictive analytics enable early identification of complications, allowing
for timely interventions. As Al continues to evolve, its integration into radiation oncology promises to

revolutionize cancer treatment, offering more effective and tailored therapeutic options for patients.
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Abstract

Participation in short-term study abroad for

clinical observation in Taipei, Taiwan

Shota Uchiyama, Yu Yoneyama, Kotaro Iwatsu

Department of Physical Therapy, Faculty of Health Science, Juntendo University

We participated in a 14-day clinical observation-based short-term study abroad program in Taipei, Taiwan, from August
12 to August 23, 2024. We took part in a training program at National Taiwan University. In addition to clinical observation,
we had the opportunity to deliver a presentation on the final day, highlighting the differences between Japanese and
Taiwanese physical therapy practices and healthcare systems. This short-term study abroad experience deepened our interest
in international physical therapy and provided valuable insight for future professional development. Furthermore, we were
fortunate to form strong friendships with local students through cultural exchange.

Key Words: Taiwan, clinical observation, international interaction, physical therapy
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Abstract

Participation in short-term study abroad for

clinical observation in Taichung, Taiwan

Tamaki Koyama, Mayo Miyashita, Yume Fukushima, Kotaro Iwatsu

Department of Physical Therapy, Faculty of Health Science, Juntendo University

From 18 August to 31 August 2024, we participated in a 14-day short-term study abroad program focused on clinical
observation in Taichung, Taiwan. During the first half of the program, we visited Asia University in Taichung, where we
studied physical therapy practices for inpatients at the university’s affiliated hospital. In the second half of the program, we
visited China Medical University, also in Taichung, where we learned about physical therapy practices in various settings,
including the affiliated hospital, local orthopedic clinics, and facilities for individuals with disabilities. Additionally, a
university campus tour and a visit to Wu-Feng allowed us to explore Taiwan’s rich history. Through interactions with
Taiwanese students and participation in the training program, we developed an appreciation for Taiwanese culture and the
warm character of its people.

Key Words: Taiwan, Taichung, clinical observation, physical therapy
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Abstract

Participation in short-term study abroad for language education in Canada

Aki Takagi

Department of Physical Therapy, Faculty of Health Science, Juntendo University

I participated in a short-term study abroad program for language education in Canada offered by the Department of
Physical Therapy, Faculty of Health Science, Juntendo University. During the training, I not only received English language
education but also observed a sports clinic and learned about the working style of physical therapists in Canada. Through
cross-cultural exchange in English, I was able to broaden my horizons and decided that I would like to work internationally
as a physical therapist in the future. I would like to report on the two-week overseas training program in Canada, which
gave me new values and ways of thinking.

Key Words: Canada, English language education, cross-cultural exchange, physical therapy
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Abstract

Practical training based on Ministry of Health, Labour and
Welfare Notice No. 273 (2021)

Kenzo Muroi, Hajime Sakamoto, Atsushi Nakanishi, Takafumi Iesaki,
Haruyoshi Hoshito, Masami Goto, Eisuke Sato, Keisuke Tsuda, Kazuma Nakazeko,
Keisuke Usui, Kazuya Koyama, Shuhei Shibukawa, Issei Fukunaga, Kensuke Hori,

Yuka Muranaka, Yosuke Kogure, Yasuaki Sakano, Shinsuke Kyogoku

Department of Radiological Technology, Faculty of Health Science, Juntendo University

On July 9th, 2021, the Director of the Medical Administration Bureau of the Ministry of Health, Labour, and Welfare
issued a notice (No. 7 of the Medical Administration Bureau, 0709) regarding the publication of a Cabinet Order to amend
the Order for Enforcement of the Act on Medical Technologists, and so on, and some of the duties of radiological
technologists were added. As the education regarding the additional duties was not set in the curriculum of the students who
will graduate in 2024, the mandate requires that each training school provides education similar to that of the official
announcement training before the national examination. The official announcement training in our department was held for
three days, on September 12th, 13th, and 17th 2024, at the practice building of the Department of Radiological Sciences,
Faculty of Health Sciences, Juntendo University. The class of 2024 is comprised of 124 fourth-year students and one
graduate student. In addition, two students from other training schools also participated (127 students in total). Before the
training, the students completed 700 minutes of basic training (e-learning) by the end of June of the same year. On the day
of the official training, they watched videos related to the training content in the morning, and received practical training
similar to that of the official training run by the Japan Radiological Technologists Association in the afternoon. After the
training, some students commented that they felt they had really learned some skills and felt the need to check things again
before they started working in a clinical setting. The students were clearly able to calmly assess their own abilities and
recognized that they needed to supplement their weaker points with further training.

Key Words: notice training, additional duties, practical training
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Abstract

Public lectures at the Faculty of Health Science in 2024 Spring

Issei Fukunaga

Department of Radiological Technology, Faculty of Health Science, Juntendo University

On April 17, 2024, a public lecture entitled “Comprehensive Medical Check-ups and Imaging Examinations” was held in
an on-demand streaming. This report details the content and implementation of the lecture, taking into account the overview
and characteristics of the participants.

Key Words: public lecture, medical check-up, health screening, imaging examination
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Abstract

Practice of public lecture in Faculty of Health Sciences:
Basic Knowledge of Radiation

Yuka Muranaka

Department of Radiological Technology, Juntendo University Faculty of Health Science

Starting from April 17, 2024, the Juntendo University Faculty of Health Sciences held the public lecture "Basic
Knowledge of Radiation" in an on-demand format. This report summarizes the content of the lecture presented from the
perspective of a radiological technologist.

Key Words: public outreach seminar, radiation, radiation exposure, diagnostic imaging
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