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Review

Cerebral hemodynamics during mobilization with aneurysmal subarachnoid
hemorrhage: A narrative review and clinical implications

Kenji Oike"?, Tetsuya Takahashi"

" Graduate School of Health Sciences, Juntendo University
* Department of Rehabilitation, Tsuchiura Kyodo General Hospital

Abstract

Aneurysmal subarachnoid hemorrhage (aSAH) is a rare and serious condition; however, it can also occur in young patients
and has a high mortality rate. Even among survivors, nearly half have residual functional disability at the time of discharge,
thus, acute rehabilitation is required. However, symptomatic cerebral vasospasm occurs within 14 days of onset, along with
the risk of reduced cerebral hemodynamics. Consequently, standardized protocols for early mobilization remain lacking. This
narrative review explores the current understanding of cerebral hemodynamics during early mobilization in patients with
aSAH, and evaluates available monitoring techniques, particularly near-infrared spectroscopy (NIRS), in the context of early
mobilization.

Cerebral perfusion and hemodynamics are generally performed by positron emission tomography and single photon emission
computed tomography; Computed tomography is the standard imaging modality in aSAH. NIRS can also measure cerebral
oxygenation dynamics at the bedside.

In stroke, several studies have examined the relationship between head elevation and functional outcomes, and have
generally reported no significant association. In contrast, although some studies in aSAH have investigated cerebral
hemodynamics changes related to head elevation, the link between these changes and functional prognosis remains largely
unestablished.

Based on current findings, we argue that integrating dynamic cerebral hemodynamics monitoring—especially using portable
methods like NIRS—may help bridge the gap between patient safety and early functional recovery in aSAH rehabilitation.
Further research is needed to establish clinical protocols that balance the benefits of mobilization with the physiological
challenges unique to this population.
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Introduction

Eighty-five percent of aneurysmal subarachnoid
hemorrhage (aSAH) are due to aneurysmal rupture”,
accounting for 5% of all strokes”. However, it can
also affect young people, with mortality rates of 12%
before the hospital arrival and 30% after 3 months™*.
Among strokes, aSAH has a poor prognosis.

Although radical aneurysm repair is performed
early after onset, patients are at a risk of intracranial
complications such as delayed cerebral ischemia,
rebleeding, and hydrocephalus, mainly due to sympto-
matic cerebral vasospasm (SCV), as well as specific

systemic complications such as cardiogenic pulmonary

edema, takotsubo cardiomyopathy, and postoperative
electrolyte abnormalities”. Therefore, strict intensive
care management is required 14 days after onset,
which is known as the cerebral vasospasm phase™®.
Acute brain damage in aSAH can be broadly catego-
rized into early brain injury and delayed cerebral
ischemia. Early brain injury is a complex interaction
of various factors, including increased intracranial
pressure due to hematoma and decreased cerebral
return pressure, and ultimately leads to apoptosis of
neurons’. Delayed cerebral ischemia refers to delayed
neurological symptoms 4—14 days after onset, is
defined as a decrease of >2 points on the Glasgow

Coma Scale”, and is reported to occur in approximately
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30% of cases. It is characterized by focal symptoms
(aphasia, hemianopia, neglect, etc.) that last for > 1 h,
which cannot be explained by conventional SCV alone
and is the main cause of functional impairment™”.
SCV is the main cause of Delayed cerebral ischemia,

oy o . 10-12
and it is related to various factors such as age'""'”,

12 . 13,14
), aneurysm location ) and hematoma

severity'”
thickness'""”. In the acute management of aSAH,
early brain injury must be mitigated and delayed
cerebral ischemia prevented and detected early.

Regarding the functional prognosis and economic
loss associated with aSAH, even in patients who
survived the acute phase, physical and cognitive
impairments remain at discharge”, which leads to a
decline in the quality of life and economic burden
caused of difficulties in returning to society. In the
UK, annual losses amount to $645 million'”.

Acute rehabilitation may play a crucial role,
particularly, early mobilization. Previous guidelines
did not recommend early mobilization for aSAH'""".
SCV develops within 14 days of onset'*'”, therefore,
in daily intensive care, the approach to early mobili-
zation varies among facilities’”*". Concerns have
arisen regarding changes in cerebral blood flow
dynamics due to postural changes. Decreased cerebral
blood flow due to cerebral vasospasms can cause
cerebral infarction'” and is said to be related to poor
prognosis™”, requiring management. Thus, patients are
often forced to remain in bed postoperatively, and
nearly half of the patients are left with functional
disabilities at discharge™.

However, recent observational studies have suggested
that early mobilization is feasible without adverse
events and, has been associated with improved physical
function at discharge™***”. Some recent observational
studies have also indicated the lack of association
between SCV and early mobilization’”. Thus, recent
guidelines have mentioned the benefits of early mobili-
zation™. This study aimed to review cerebral blood
flow measurement and its contribution to safe and

effective early mobilization for aSAH.
Cerebral blood flow measurement

1. General cerebral blood flow measurements

In general, cerebral blood flow measurement can be

broadly divided into functional magnetic resonance
imaging and nuclear medicine devices such as
positron emission tomography and single photon
emission computed tomography™>**.

Functional magnetic resonance imaging is performed
to evaluate relative changes in brain activity associated
with blood flow changes. A decrease in deoxygenated
hemoglobin levels increases the signal intensity in
magnetic resonance imaging, which is called the
blood oxygenation level-dependent effect’. Conver-
sely, nuclear medicine diagnostic devices are used for
estimating brain function from the distribution of the
administered radioactive materials in the brain®.
Measuring local cerebral blood flow and metabolic
indicators such as cerebral blood volume, cerebral
blood flow rate, and mean transit time is possible,
which play important roles in diagnosis and treatment
planning. However, functional magnetic resonance
imaging and positron emission tomography/single
photon emission computed tomography requires
patients to lie supine on the bed and have their heads
firmly fixed, which greatly limits their application to

motor tasks™.

2. Cerebral blood flow velocity measurement in aSAH
To measure cerebral blood flow in aSAH, computed
tomography angiography and transcranial Doppler
ultrasonography are used to detect delayed cerebral
ischemia®*”. The gold standard is computed tomo-
graphy angiography, with 79.6% sensitivity and 93.1%
specificity’”. Transcranial Doppler defined mild
cerebral vasospasm as MVm94cm/s or MVs/IVs ratio
of 3.6 and moderate-to-severe cerebral vasospasm as
MVs182 cm/s™. It can be performed at the bedside.

Cerebral oxygenation dynamics measurement
using near-infrared spectroscopy (NIRS)

1. Basic concepts

NIRS uses near-infrared light to obtain information
about the internal features of a living body noninva-
sively and easily””. It mainly measures local oxygen
saturation (rSO,), oxygenated hemoglobin (oxy-Hb),
total hemoglobin (t-Hb), and deoxygenated hemo-
globin (deoxy-Hb). Increased brain activity is accom-

panied by increased oxygen consumption in the active
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area and an even greater increase in blood flow™.
Therefore, NIRS generally shows an increase in oxy-
Hb and a decrease in deoxy-Hb while t-Hb may increase
or remain unchanged. Although t-Hb and deoxy-Hb
may not show such changes, oxy-Hb often reflects
changes in regional cerebral blood flow. For these
reasons, oxy-Hb is considered a sensitive indicator of
blood flow changes®”. The normal rSO, has been
reported to be approximately 60%—75%""*. Measure-
ments using near-infrared light were first reported in
1977°”, and in 1993, several methods for measuring
local brain activity were reported*”*". Since then,

these methods have been adopted in various fields.

2. Advantages and disadvantages

NIRS has three major advantages. First, it uses only
light for measurement and is not affected by ambient
electromagnetic noise. Second, it is relatively tolerant
of head movements, allowing measurements in an
environment similar to everyday life. Third, the device
is small and inexpensive, and the procedure can be
performed at bedside™.

Conversely, its disadvantages include difficulty
measuring deep areas of the brain and low spatial
resolution, and the light detected by the light-receiving
unit passes not only through the brain parenchyma but
also through extracerebral tissues such as the scalp,
skull, and cerebrospinal fluid, so care must be taken
when interpreting blood flow changes™.

Owing to the aforementioned advantages and
disadvantage, as a physical therapist, considering that
it is clinically important to investigate cerebral blood
flow dynamics not only at rest but also when getting
out of bed, cerebral oxygenation measurement using
NIRS, which can measure dynamic cerebral oxyge-
nation dynamics, is clinically meaningful, despite its

disadvantages.

Cerebral oxygenation dynamics
in aSAH using NIRS

Most previous studies have reported**” that NIRS
measurements in aSAH are performed using two-
channel probes placed on the bilateral prefrontal
cortex. The following shows the cerebral oxygenation

dynamics using NIRS in aSAH. In relation to delayed

cerebral ischemia, studies have reported a moderate
correlation with transcranial Doppler’”, and a 12%
decrease from baseline was associated with a better
predictive value compared with transcranial Doppler*.
The sensitivity and specificity of detecting delayed
cerebral ischemia in severe aSAH were at 86%"".
Regarding the relationship with outcomes, a study
reported that cerebral oxygen desaturation was
associated with poor 90-day outcomes (modified
Rankin Scale [mRS] > 3) but not with those at 12

months*”

and that patients with poor outcomes
experienced a long period of decreased cerebral oxygen
saturation, and decreases lasting for > 2 h are
associated with poor outcomes*”. Furthermore, a
study reported that the maintenance of cerebrovas-
cular reactivity was associated with good 90-day
outcomes’”. However, no intervention studies have

reported long-term outcomes.
Cerebral hemodynamics with head elevation

1. Cerebral blood flow velocity with head elevation

in cerebral infarction

In stroke, some studies have reported the effect of
head elevation on cerebral blood flow velocity in patients
with cerebral infarction’>”. Although some studies
have suggested a relationship between head elevation
and cerebral blood flow, some have reported negative
relationship. Against this background, a multicenter
international collaborative study was conducted in
2017°”, with neurological outcome as the endpoint. It
included more than 10,000 patients with stroke at 116
facilities in nine countries. Patients were randomly
assigned by the hospital to either a group in which
their heads were placed flat on the bed or a group in
which their heads were elevated 30° for 24 h after
admission. The primary outcome was mRS after 90
days, and no significant difference was observed
between the two groups. Moreover, no significant
difference was noted in mortality or complications.
The results reveal the lack of association between
cerebral blood flow dynamics associated with head
elevation and functional prognosis in cases of cerebral

infarction.
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2. Cerebral hemodynamics with head elevation in

SAH

Few studies have reported the cerebral hemodynamics
associated with head elevation in aSAH. Previous
reports included small sample sizes and traumatic
SAH and did not report on the presence or absence of
cerebral vasospasm™ .

In recent years, several studies have revealed the
effects of head elevation on cerebral hemodynamics
during the cerebral vasospasm phase in aSAH. Five

studies used transcranial Doppler®"*”

, and one study
used NIRS™. The number of patients ranged from 3
to 21. The patients' average age was as follows: one
study was in the 40s%” three in the 50s**%, one in
the 60s*”, and one in the 70s*”. Regarding measure-
ment positions, two studies have compared the 0° and
head-elevated positions”"*”, two compared the 0° and

699 and two used a tilt table and

49, 65)

sitting position
compared the supine and tilt-up positions

All studies have reported that head elevation does
not affect cerebral hemodynamics and that EM is
possible without increasing the incidence of cerebral
vasospasm. This study had several limitations. First,
the measurement positions were limited. Second, the
sample size was small. Finally, functional prognosis

was not mentioned in any of the studies.
Conclusion

Few studies have reported cerebral hemodynamics
during mobilization in aSAH. The relationship between
cerebral hemodynamics during early mobilization and
the functional prognosis is unclear; thus, further

studies are needed.
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Disease-specific features of dynapenia and their clinical relevance

Keisuke Okano, Tetsuya Takahashi

Juntendo University Graduate School of Health Sciences

Abstract

Background: Dynapenia, which is defined as an age-related decline in muscle strength, has recently received a lot of attention
due to its association with reduced physical function and adverse health outcomes. Unlike sarcopenia, which focuses on
muscle mass, dynapenia focuses on strength rather than muscle mass, and it may serve as an early indicator of functional
decline in older adults.

Methods: We conducted a narrative review using PubMed to identify studies related to physical therapy for individuals with
dynapenia. Our focus was on articles involving hospitalized or frail older adults.

Results: Several studies have reported on the presence and clinical implications of dynapenia in populations with chronic
conditions such as heart failure, chronic obstructive pulmonary disease, chronic kidney disease, and cancer. Many of these
reports have examined the relationship between dynapenia and clinical outcomes, highlighting its potential relevance across
different disease states. However, studies specifically addressing physical therapy interventions remain relatively limited.
Conclusion: This review summarized recent literature on dynapenia in the context of various chronic diseases. While there is
growing clinical interest in dynapenia, especially in relation to physical therapy, further research is needed to clarify its role
in patient care, such as longitudinal and intervention studies. Further research is needed to clarify the definition of dynapenia,

and to investigate how individuals with dynapenia respond to physical therapy interventions.

Key Words: dynapenia, sarcopenia, rehabilitation, physical therapy, muscle strength
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Introduction

In recent years, the assessment of skeletal muscle
has become increasingly important as attention has
focused on frailty and sarcopenia, both of which are
associated with a loss or reduction in skeletal muscle
mass due to the population aging. The Asian Working
Group for Sarcopenia (AWGS) has set diagnostic
criteria for sarcopenia which recommend measuring
skeletal muscle mass and strength".

Alongside sarcopenia, "dynapenia" derived from
the Greek words for "dyna" (force) and "penia"
(decrease), has attracted attention in recent years.
However, the definition of "dynapenia" has yet to be
determined. For example, one study operationally
defined four groups of patients based on the AWGS
diagnostic criteria for community-dwelling patients,

and defined dynapenia as low muscle function and

normal muscle mass”. In a study on the prognostic
value of dynapenia in patients with cardiovascular
disease, dynapenia was defined as having low muscle
function (low muscle strength in this paper)”. As the
definition of dynapenia is thus uncertain, it is expected
that the definition of dynapenia will be clarified in the
future.

Research into the clinical characteristics of dynapenia
in each disease is still ongoing. This article describes

the clinical relevance of dynapenia in each disease.
Methods

To investigate the clinical features of dynapenia,
we conducted a PubMed article search on 5 January
2025. We used the filter 'Humans' and the keyword
'dynapenia’, and obtained 357 articles. We assume that
the definition of dynapenia varies from report to report,

and that the categories of "low muscle function only"
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and "normal muscle mass and low muscle function"
are mixed. Based on these results, we identified the
seven clinical conditions most frequently associated
with dynapenia and compiled their key features, which

are summarized in Table 1.
Results

1. Dynapenia and low muscle function

Muscle strength is defined by neural and muscular
factors, and is reported to be proportional to muscle
cross-sectional area. Neural factors include an increase
in the type and total number of motor units mobilized
(recruitment), an increase in the frequency of alpha
motor nerve firing (recording), and the regulation of
the time phase of motor unit activity (synchronization),
which affect muscle strength?. In other words, dyna-
penia is mainly caused by a functional decline in muscle
strength due to neurological factors, so evaluation and
exercise therapy must be selected according to the

pathophysiological condition.

2. Diabetes and dynapenia

The prevalence of dynapenia ranges from 3.9 to
28.2%". Persistent hyperglycemia has multifaceted
effects on muscles, nerves, and blood vessels, and
may promote the development and progression of
dynapenia. Sustained hyperglycemia causes an increase
in reactive oxygen species, protein glycation, and the
accumulation of advanced glycation end products
(AGESs), which impair muscle cells and accelerate
muscle protein degradation, resulting in decreased
muscle contractile function and low muscle function.
Chronic hyperglycemia also increases glucose produc-
tion in the liver and induces insulin resistance in the
liver and skeletal muscles. This results in decreased
glucose uptake into muscles and an insufficient energy
supply, leading to decreased muscle strength and
endurance. Furthermore, hyperglycemia causes macro-
vascular and microvascular damage, resulting in reduced
blood flow to muscle tissue and nerves. Furthermore,

diabetic neuropathy contributes to low muscle function

Table 1 Prevalence, pathophysiological mechanisms, and risk factors of dynapenia across major chronic diseases

Prevalence Mechanisms Risk factors
Hyperglycemia Older age
Diabetes 3.9to28.2% Insulin resistance High body fat
AGEs accumulation Obesity (type 2 diabetes)
Estrogen deficiency Aging
Postmenopause 9.4 1t072.0% Visceral fat accumulation Obesity
Bone loss (FSH-related) Low bone density
Gastrointestinal cancer
20.1-43.8% _
Cancer cachexia Advanced cancer stage
i Colorectal cancer
Cancer Chemotherapy effects Chemotherapy
3.67-5.14% o _ .
Inflammation Low physical activity
Breast cancer
54.4%
Systemic inflammation Low physical activity
COPD 35.0% Oxidative stress Severe airway obstruction
Proteolysis Nutritional imbalance
Joint dysfunction Obesity
Musculoskeletal o )
] 19.2-33.3% Pain-induced disuse Low trunk muscle mass
diseases i . )
Postural imbalance Higher back pain scores
Muscle dysfunction Aging
CVD 7.6-44.6% Peripheral weakness Quad weakness
Tmpaired aerobic capacity Abdominal obesity
_ Disease severity
. Dopaiine neuron loss . o
PD 31.4-75.5% . Rigidity & akinesia
Motor nerve dysfunction ]
Appetite loss
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and loss of motor function. These combined factors
may cause structural and functional changes in muscles,
contributing to the progression of dynapenia®.

In a Japanese study investigating the clinical chara-
cteristics of patients with type 2 diabetes mellitus found
that the prevalence of dynapenia was approximately
twice that of sarcopenia, and that the dynapenia group
was characterized by a high body fat percentage and
advanced age. Knee extensor muscle strength was
particularly affected, suggesting that the accumulation
of AGEs is associated with low muscle function and
may contribute to muscle dysfunction in diabetic
patients. Furthermore, the risk of low muscle function
is higher in obese patients with type 2 diabetes”.
Furthermore, a study that used the Fall Efficacy Scale
to evaluate the fear of falling in diabetic patients found
a statistically significant difference in dynapenia only
in men. The study concluded that screening could
help to identify patients with a fear of falling at an
early stage”.

Patients with diabetes and dynapenia have lower
muscle function in their lower limbs than healthy
subjects, but we have not found any studies reporting
the effects of physical therapy interventions. We look
forward to future reports on the most suitable exercise

therapy for these patients.

3. Postmenopause and dynapenia

Since dynapenia prevalence ranges widely from
9.4% to 72.0%, and low muscle function is likely to
occur after menopause, evaluating muscle strength is
important'®"?. Estrogen deficiency associated with
menopause interacts with the aging process, accele-
rating the loss of muscle strength and muscle mass. It
is also involved in adverse changes to body composi-
tion and the redistribution of fat to visceral areas,
making patients more prone to abdominal obesity than
before menopause'”. Therefore, evaluating muscle
strength is important in postmenopausal women. Grip
strength, which is simple and easy to measure, has
been validated as an effective screening tool in at least
one study'”. As grip strength testing is simple and
easy to perform, it is recommended that it be performed
as a screening tool.

In addition, postmenopausal women are at increased

risk of osteoporosis, often accompanied by hormonal
changes related to menopause. The mechanism is
reported to involve decreased estrogen stimulating the
secretion of follicle-stimulating hormone (FSH), a
pituitary hormone which acts directly on bone tissue,
causing bone loss'”. Postmenopausal obesity can also
lead to renal dysfunction due to metabolic abnorma-
lities caused by insulin resistance, as well as renal
damage induced by inflammatory cytokines secreted
from adipocytes. Since vitamin D levels in the blood
are reduced in chronic kidney disease, postmenopa-
usal obesity and renal dysfunction may create a vicious
cycle that further increases the risk of osteoporosis.
These bone and metabolic changes may also be linked
to muscle dysfunction. For example, dynapenic obesity
has been reported to be associated with reduced
cortical bone thickness and trabecular bone density'”,
suggesting a possible interplay between decreased
muscle function and skeletal fragility. Conversely,
individuals with higher femoral T-scores are reported
to have a lower risk of developing dynapenia'”, indica-
ting that regular bone density monitoring after meno-
pause may help identify individuals at risk of both
osteoporosis and muscle weakness.

Several reports have examined the association of
dynapenia after menopause. For example, a genetic
polymorphism of the vitamin D receptor gene (the TT
type) has been linked to reduced grip strength and

11)

dynapenia compared to the CC or CT types ’, and

protein intake has been associated with the develop-
ment of dynapenia'”.

Furthermore, a 12-week Tai Chi program for meno-
pausal women was found to improve grip strength and

physical function in the dynapenia group'®,

and
further reports on the effects of exercise therapy on

dynapenia are anticipated.

4. Cancer and dynapenia

The prevalence of dynapenia in oncology ranges
from 3.67 to 54.4% (half of all cases, depending on
the report), with the most common sites being gastro-
intestinal cancer, hepatobiliary pancreatic cancer and
colorectal cancer, as well as breast cancer'*>”. Cancer
cachexia is accompanied by the progression of secon-

dary sarcopenia, which is the continuous loss of
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skeletal muscle that is often difficult to reverse com-
pletely with conventional nutritional support. This
leads to progressive functional impairment, including
low muscle function. In oncology, decreased grip
strength has been reported to be associated with
decreased quality of life, cancer-related fatigue,
decreased quadriceps muscle strength, an increased
incidence of sarcopenia and complications, and
mortality within 6 months after surgery’*”". Most
studies used the AWGS or EWGSOP?2 criteria to
define the cutoff values for grip strength. However,
although grip strength is a simple and easy test, some
argue that a cancer-specific criterion should be
established. For example, when the cut-off point for
dynapenia was set using the EWGSOP?2 criteria (below
27 kg for men and below 16 kg for women) and the
median, the prevalence rates were 9.4% and 43.8%,
respectively. One report proposed setting a threshold
for dynapenia®”. While the EWGSOP2 and AWGS
criteria focus on age-related loss of muscle mass and
muscle strength, they do not necessarily reflect cancer-
specific low muscle function, such as that caused by
chemotherapy and cachexia. This suggests the need to
consider disease-specific criteria for dynapenia in the
future.

Some studies have reported on the effects of
exercise therapy in cancer patients with dynapenia. In
a randomized controlled trial, breast cancer patients
undergoing chemotherapy were assigned to one of
three groups: aerobic exercise, resistance training, or
usual care. The study lasted for the duration of
chemotherapy (median 17 weeks) and reported that
the resistance training group showed reversible impro-
vement in dynapenia®. However, this improvement
was insufficient to enhance QOL indices, suggesting
the need for further intervention studies with cancer

patients with dynapenia.

5. Chronic obstructive pulmonary disease and
dynapenia
One such report that defined dynapenia as a decrease
in grip strength and found that, in a sample 20 Chronic
obstructive pulmonary disease (COPD) patients, the
prevalence was 35%"". COPD is a progressive respi-

ratory disease characterized by persistent airflow

limitation. Exacerbation of systemic inflammation
causes an increase in inflammatory mediators and
oxidative stress in the blood. This accelerates proteo-
lysis and contributes to the development of skeletal
muscle dysfunction. Nutritional imbalance and hypo-
xemia also affect metabolic abnormalities in skeletal
muscle and contribute to a decline in physical function
in COPD patients.

Several reports have investigated dynapenia in
COPD patients as part of these musculoskeletal effects.
Dynapenia in COPD patients was found to manifest
as a decrease in maximal inspiratory pressure (MIP),
grip strength and incremental shuttle walking test
(ISWT) distance compared to patients without dyna-
penia. Furthermore, the study reported that the cut-off
values for detecting dynapenia in COPD patients
were: forced expiratory volume in one second (FEV1)
<40%, MIP <71 cmH20, maximum expiratory
pressure < 110 cmH20, and ISWT distance < 230
m””. Additionally, a study investigating the associa-
tion between COPD patients and activity level revealed
a negative correlation between dynapenia prevalence
and activity levels in non-obese male COPD patients.
This suggests that interventions aimed at increasing
activity level in COPD patients could potentially

reduce dynapenia™.

6. Musculoskeletal disorders and dynapenia

The prevalence of dynapenia in musculoskeletal
diseases has been reported to range from 19.2% to
33.3%"7?. As dynapenia is defined by muscle strength
and physical function, the presence of musculoskeletal
disease is important. In one report, lower extremity
muscle strength was set in tertiles for knee osteoar-
thritis patients aged 60 years and over was categorized
into tertiles using an isokinetic muscle strength device,
with the lowest tertile being defined as dynapenia.
Knee osteoarthritis patients who are obese and have
dynapenia have been reported to have decreased gait
speed, physical function scores and activities of daily
living (ADLs), highlighting the need for screening
and intervention®".

The prevalence of dynapenia in patients with spinal
disease aged 65 years or older has been reported to be

19.2%, being associated with poorer sagittal spinal
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alignment of the spine, lower trunk muscle mass,
higher back pain scores, and a lower health-related
quality of life than in a group with preserved muscle
strength™.

Other reports on community-dwelling older patients
highlight the importance of addressing low muscle
strength. For example, a combination of obesity and
low muscle strength was found to increase the risk of
future knee replacement by 3.4-fold compared to a
group without obesity or low muscle strength™.

To date, no studies have investigated exercise
therapy for dynapenia in musculoskeletal diseases,

highlighting the need for future research.

7. Cardiovascular disease and dynapenia

The prevalence of dynapenia in patients with
cardiovascular disease (CVD) ranges from 7.6% to
44.6%"°**". A high frequency of diaphragm muscle
dysfunction has been reported in heart failure patients
with dynapenia, with increasing age and decreased
knee extensor muscle strength leading to a shorter
6-minute walking distance’. Furthermore, the
presence of dynapenia alongside abdominal obesity
increases the likelihood of myocardial infarction and
peripheral arterial disease, as well as leading to an
elevated risk of cardiovascular mortality. This
underscores the importance of early screening and
interventions for low muscle function™***”.

To date, no studies have investigated exercise
therapy for dynapenia in CVD, highlighting the need

for future research.

8. Parkinson's disease and dynapenia

The prevalence of dynapenia in Parkinson's disease
(PD) patients is 31.4-75.5%, which is higher than in
patients with other diseases™*". PD is a neurodegene-
rative disorder characterized by motor symptoms such
as tremor, involuntary movement at rest, muscle
rigidity, and akinesia. These symptoms are caused by
a decrease in dopamine neurons in the substantia
nigra and striatum and cortex. PD patients often
experience decreased appetite and reduced food intake
due to medication side effects of medication, consti-
pation, sensory disorders, weight loss, muscle weak-

ness, and impaired motor nerve function. These factors

may contribute to the development and progression of
muscle weakness (dynapenia).

Several reports have investigated the relationship
between muscle mass and muscle strength in PD and
activities of daily living. It has been reported that
there is no significant difference in muscle mass
between PD patients and healthy people of the same
age. Furthermore, functional decline in grip strength
and walking speed has been associated with impairment
in activities of daily living. It has also been reported
that dynapenia is likely to be at the core of clinical
disability in PD*®. It has also been reported that PD is
a progressive disease, and that dynapenia is associated
with disease severity’”. PD is classified according to
the Hoehn & Yahr classification; dynapenia is reported
to be most prevalent in women at stage 2 and in men
at stage 3. Early muscle strength assessment and
rehabilitation intervention are essential, and prevention
and improvement of dynapenia may contribute to
improved clinical outcomes™".

To date, no studies have investigated exercise therapy
for dynapenia in Parkinson’s disease, highlighting the

need for future research.
Conclusion

This article describes the clinical characteristics of
dynapenia and its associated diseases. While there are
currently many reports of associations based on
observational studies, few intervention studies have
been conducted. We hope that future research on
dynapenia will progress in the future and clarify the

significance of rehabilitation for this condition.
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Review

Functional outcomes and rehabilitation strategies in infratentorial stroke:
toward personalized care: a narrative review

Shota Kishimoto", Koshiro Haruyama"”

" Department of Rehabilitation, Juntendo University Hospital
? Department of Physical Therapy, Faculty of Health Science, Juntendo University

Abstract

Infratentorial stroke (ITS) accounts for approximately 15%-20% of all strokes and is often associated with high mortality
and diverse neurological symptoms. Even when motor paresis is mild, cerebellar ataxia, trunk dysfunction, and dysphagia
frequently limit independence in gait and activities of daily living. Despite this, research on rehabilitation and functional
outcomes after ITS remains limited compared with supratentorial stroke.

This narrative review summarizes literature published between 1990 and 2025, focusing on outcome measures used to
evaluate functional recovery and the effectiveness of various rehabilitation interventions. Recent evidence indicates that
robotic-assisted gait training can improve balance and walking independence in patients with cerebellar ataxia or trunk
dysfunction. However, most studies to date have been small and short-term, and evidence remains insufficient regarding
interventions tailored to diverse symptom profiles and their long-term outcomes.

Future multicenter studies incorporating objective assessments of cerebellar ataxia and vestibular dysfunction are needed
to develop personalized rehabilitation strategies and enhance patients’ quality of life.

Key Words: infratentorial stroke, gait, functional recovery
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Introduction

Infratentorial stroke (ITS) refers to cerebrovascular
lesions involving the brainstem and cerebellum and
accounts for approximately 15%-20% of all strokes
worldwide'™. Although ITS is often associated with
high mortality, patients frequently present with
neurological symptoms that are severe and diverse.
Tailored rehabilitation, however, has the potential to
facilitate meaningful functional recovery, resulting in
highly heterogeneous prognoses”.

In contrast, supratentorial stroke (STS) involves
ischemic or hemorrhagic lesions located above the
cerebellar tentorium, affecting cortical and subcortical
structures of the cerebral hemispheres. Most prior
studies have focused on STS, and systematic evidence
regarding lesion-specific characteristics and functional

outcomes in ITS remains limited.

Brainstem hemorrhage accounts for approximately
10% of all intracerebral hemorrhages, with reported
mortality rates ranging from 40% to 60%°. In
particular, primary pontine hemorrhage has a 30-day
mortality rate of up to 58%®”, and major risk factors
include hypertension, diabetes mellitus, dyslipidemia,
and smoking®. In contrast, approximately 60% of
patients with medullary infarction achieve favorable
outcomes 1 year after onset”, and midbrain infarction
generally has a relatively good prognosis'”. However,
because these lesions affect centers that regulate
respiration, circulation, and consciousness, even minor
structural damage can lead to severe complications'".

Clinically, ITS presents with a wide range of
neurological symptoms, including balance disorders,
cerebellar ataxia, oculomotor disturbances, and dysp-

'Y, These conditions are characterized by substa-

4,12)

hagia

ntial variation in severity and recovery potential
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Studies using the Barthel Index have shown that
patients with ITS demonstrate significantly greater
improvements in activities of daily living (ADL)
compared with those with STS*'”. However, prognosis
varies according to lesion site and clinical present-
ation; for example, only 34% of patients with pontine
infarction are discharged home". Persistent cerebellar
ataxia and trunk dysfunction have also been reported
as major factors limiting the recovery of gait and daily
activities'”.

Thus, ITS represents a heterogeneous group of
disorders with diverse trajectories in survival and func-
tional outcomes. Establishing rehabilitation strategies
based on lesion- and symptom-specific understanding
is therefore essential.

Therefore, this narrative review aims to summarize
the clinical characteristics, functional recovery
processes, and rehabilitation implications for patients
with ITS, with a particular focus on symptom-specific
impairments such as trunk control and coordination

that are not fully captured by motor paralysis alone.
Materials and methods

1. Data collection

To investigate the current status of research on
patients with ITS, a comprehensive literature search
was conducted using domestic and international
databases. For Japanese publications, the Ichushi Web
(Igaku Chuo Zasshi) database was searched, while
PubMed and Web of Science were used for internatio-
nal publications.

Articles published between 1990 and 2025 were
included. The following keywords were combined
using Boolean operators (AND/OR): “brainstem,”

“stroke,” “pontine,” “medulla,” “midbrain,”

» » o«

rehabilitation,”

>«

“infratentorial, gait,” “walking,”
“ambulation,” and “mobility.” Studies were included
if they met the following criteria: (1) participants
were adults (=18 years old) diagnosed with stroke,
and (2) outcome measures included assessments of
physical functions such as gait or trunk control. Each
database was searched from its inception to the final

search date of September 27, 2025.

2. Study selection and data extraction

The retrieved literature was screened to include
studies that specifically targeted patients with ITS.
Reviews, expert opinions, case reports, and studies
that did not analyze ITS as a distinct subgroup were
excluded.

For each eligible study, the following information
was extracted: author(s), year of publication, study
design, participating institutions, disease stage, parti-
cipant characteristics, assessment items, and main

findings (Figure 1).
Results

1. Study selection process

The database search initially identified 436 articles
addressing gait function in stroke patients and invol-
ving lesions of the brainstem or other infratentorial
regions. Of these, 123 were published in Japanese and
313 in international journals. After screening titles
and abstracts, 15 international studies met the eligibility
criteria and were ultimately included in this review
(Table 1).

2. Functional recovery and prognostic factors in ITS
1) Functional prognosis of pontine infarction and
lesion-specific differences.

Several studies have reported that patients with ITS
generally exhibit favorable functional recovery,
including marked improvements in walking ability
during the subacute phase and high rates of indepen-
dent ambulation at discharge'> '

In contrast, large lacunar infarcts (LLIs)—defined as
small perforating artery infarctions exceeding the
conventional lacunar infarct size (<15 mm in diame-
ter)—have been associated with poorer functional
outcomes following acute-phase rehabilitation.

In a study categorizing 68 patients with acute
pontine infarction into ventral lacunar, dorsal lacunar,
and LLI groups, the LLI group demonstrated signifi-
cantly higher rates of cognitive impairment, motor
weakness, and dysphagia at discharge. Patients in the
LLI group also tended to have longer hospital stays,
and the proportion discharged home was lower (25.6%)
compared with the dorsal (53.9%) and ventral (40.0%)

13
lacunar groups'”.
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+ Narrative review (n = 4)
+ Case report (n = 1)
* No assessment of physical or
gait function(n = 17)
Included Studies included

Fig.1 Flowchart of study selection for the narrative review

2) Major factors determining functional recovery

The National Institutes of Health Stroke Scale
(NIHSS) has been reported as the strongest predictor
of functional recovery in patients with ITS. Patients
with higher NIHSS scores demonstrated significantly
poorer walking ability, as measured by the Lindmark
Scale, and reduced mobility, as assessed by the
Rivermead Mobility Index (RMI), compared with
those with lower scores'”. In contrast, factors such as
age, stroke subtype, lesion extent, and time from onset
to the initiation of rehabilitation were not significantly
associated with walking outcomes.

The importance of trunk function has also been
emphasized. Trunk Control Test (TCT) scores at

admission were significantly correlated with basic

ADL (BADL) at discharge (p < 0.01)'?.

3. Differences in gait patterns between ITS and STS
A kinematic study of patients with mild motor

paresis following ischemic stroke reported distinct

differences in gait patterns between STS and ITS.

In patients with STS, characteristic findings included
excessive pelvic obliquity in the frontal plane, exagg-
erated hip internal rotation, and bilateral plantar flexor
weakness.

In contrast, patients with ITS commonly exhibited
anterior pelvic tilt in the sagittal plane, predominant
hip flexion with limited extension, incomplete knee

. . . . 17
extension, and excessive ankle dorsiflexion'”.
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Table 1 Summary of studies involving patients with ITS

Disease

Author (Year) Participants Institutions I Study design Outcomes Main findings
phase
Chua et al. . . . L . MBI improved after rehabilitation, admission MBI predicted
Brainstem stroke (n=53) Single center Subacute  Case series MBI, ataxia/dysphagia .
(1996)¢ discharge MBI (§ =0.597, p=.001).
. . Three pontine syndromes (ventral/tegmental/bilateral), ~2/3
Bassetd et al. L . . Prospective Outcome at . .
Pontine infarction (n=36) Single center  Acute R had good cutcomes, large ventral infarcts predicted poor
(1996) 20 observational 1 month A
prognosis.
. FIM-motor improved (50.9—84.9), 85% achieved
Nelles et al. . . . Prospective FIM-motor, . . L . . .
y Medullary infarction (n=18)  Single center  Acute . independent walking, larger initial deficit associated with
(1998) 14 observational SF-36 . A
greater gain, PICA lesions showed delayed recovery.
. Hemiparesis, ataxia, 3 . .
Teasell et al. . . Retrospective . . . Differences among pons, cerebellum, and medulla: hemiparesis
Brainstem stroke (n=85) Single center Recovery . diplopia, dysarthria, . .
(zooz) 12 ohservational . {p=.0001), ataxia {p=.0055), pneumonia (p=.0395).
dysphagia
Gialanella et al. . . Retrospective Lindmark Scale, RMI, Lindmark and RMI improved {p=.001), improvement
- Infratentorial stroke (n=72) Single center  Acute R L L R L
(2007) 19 observational NIHSS correlated with initial NIHSS, age/lesion size not predictive.
ITS group showed greater gains (BI/Lindmark/Katz) vs
Gialanella et al. R R Prospective  Lindmark Scale, Katz Index, E p_ R E B .
Infratentorial stroke (n=45)  Single center  Acute . supratentorial, discharge BADL correlated with initial TCT
(2008)1© observational FMA, TCT
(r=-0.483).
. . ICARS worsened over 1 year in degenerative group
Morton et al. . . . Prospective ICARS; gait speed, step o . . . .
Cerebellar disorders (n=25)  Single center Chronic . (posture/gait subscores), stable or improved in static lesions
(2010) %Y observational length, cadence . o .
(infarction/tumor resection).
. . Recovery differed by lesion type, LLI—more paresis, lower
Maeshima et al. L . . Retrospective . .
Pontine infarction {(n=68) Single center  Acute R FIM, home discharge rate  FIM, longer stay, DLI—milder symptoms, shorter stay, better
(2012) 1 observational
recovery.
R ICARS revealed moderate to severe gait, posture, and lower-
Bultmann et al. . . . Prospective ; . . L .
) Cerebellar infarction (n=23)  Multicenter ~ Acute . ICARS, stabilometer limb ataxia, especially in the SCA group, with marked
(2014) 2% observational .
improvement after 3 months.
Lee etal. . . . Longitudinal No group difference in BBS, WBA, PSV, falls predicted by age
Infratentorial lesions (n=16)  Single center Recovery Falls, WBA, PS5V X L
(2017)29 study and PSV (EC/soft), not lesion site.
Kim et al. . . BBS, TIS, FMA, 10MWT, RAGT + CPT improved BBS, balance, FMA-LE, SARA vs
Infratentorial stroke {(n=19)  Single center Subacute Crossover study . .
(2019)1® SARA CPT, no difference in TIS, FAC, I0OMWT.
. . Kinematic gait differences, infratentorial-pelvic anterior tilt,
Belayeva et al. Supratentorial (n=15) vs . Prospective L . . . o . .
. . Multicenter Recovery . Gait kinematics hip hyperflexion, ankle dorsiflexion, supratentorial-pelvic
(2020) 17 infratentorial {(n=9) observational . o . o .
elevation, hip internal rotation, knee limited extension.
. . Days to achieve static .
MNaoi et al. R R R R Retrospective R R Lower lateral medulla group showed fewer days to static
- Brainstem infarction (n=47) Multicenter  Acute . standing and straight .
(2020) 2 observational . standing and lower SCP vs other groups.
walking, SCP
Chu et al. . . Retrospective No recovery difference between ICH and IS { ABI, AFMA, A
Infratentorial stroke (n=84)  Single center Subacute . BI, mRS, BBS, FMA
(2020)2" observational BBS n.s.).
. . EXOWALK improved BBS, FAC, MBI in ataxic and
Son et al. Cerebellar and brainstem stroke Retrospective . . . .
Single center  Acute . BBS, FAC, MBI hemiparetic groups, no differences by demographics or stroke
(z022)® (n=22) observational

type.

SCA, superior cerebellar artery; PICA, posterior inferior cerebellar artery; ICARS, International Cooperative Ataxia Rating Scale; MBI, Modified Barthel Index; ST, supratentorial stroke;

ITS, infratentorial stroke; RMI, Rivermead Mobility Index; NIHSS, National Institutes of Health Stroke Scale; VA, vertebral artery; FIM, functional independence measure; LM, lateral

medullary infarctions; BI, Barthel Index; BADL, basic activities of daily living; RAGT, robotic-assisted gait training; CPT, conventional physical therapy; FMA, Fugl-Meyer assessment; TIS,

trunk impairment scale; BBS, Berg Balance Scale; FAC, functional ambulation categories; 10MWT, 10-meter walk test; FES, falls efficacy scale; SARA, Scale for the Assessment and Rating of

Ataxia; SCP, scale for contraversive pushing; CNS, Canadian Neurological Scale; MMSE, Mini-Mental State Examination; LLI large lacunar infarct; DLI, dorsal lacunar infarct; VLI, ventral

lacunar infarct; TCT, trunk control test; WBA, weight bearing asymmetry; PSV, postural sway velocity; mRS, modified Rankin scale; EQ-5D, EuroQol 5 dimensions; 6-MWT, 6-minute walk

test; MAL, motor activity log; IS, ischemic stroke; ICH, intracerebral hemorrhage

4. Individualized rehabilitation strategies and the

role of robotic technology

1) Effectiveness of robotic-assisted gait training

(RAGT)"

(1) Improvement in dynamic and static balance

Following RAGT combined with conventional

physical therapy, Berg Balance Scale (BBS) score
increased by an average of 6.5 points, exceeding the
minimal detectable change (MDC) of 6 points and
indicating a clinically meaningful improvement.
Moreover, the mediolateral velocity of the center of

pressure (COP), an indicator of static balance, signifi-

cantly decreased—particularly under eyes-closed condi-

tions, where visual input was restricted.

(2) Reduction of cerebellar ataxia
RAGT combined with conventional therapy signifi-
cantly improved the gait and stance subscores of the
Scale for the Assessment and Rating of Ataxia (SARA)
compared with conventional therapy alone.
(3) Enhancement of lower-limb motor function
Lower extremity Fugl-Meyer Assessment (FMA-
LE) scores were significantly higher in the RAGT
group than in the control group (p = 0.001), indicating
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greater recovery of lower-limb motor function.

2) Exoskeleton-based RAGT and task-specific training
for cerebellar ataxia'”

Intervention studies using exoskeleton-type RAGT,
such as EXOWALK", have reported significant impro-
vements in gait ability, BBS scores, Modified Barthel
Index (MBI), and Functional Ambulation Category
(FAC) in patients with cerebellar ataxia, including

those with ITS.

5. Prediction of fall risk using quantitative balance

assessment

Studies employing quantitative balance assessment
systems, such as the Balance Master (BM), have
identified key factors associated with fall risk in
poststroke patients™. Results showed that older age (>
65 years) and increased postural sway velocity (PSV)
under eyes-closed and soft-surface conditions were
significant predictors of falls. In particular, PSV under
the eyes-closed, soft-surface (ECSS) condition was
markedly higher in the fall group, and a cutoff value
of 5.30°/s predicted falls with high sensitivity and
specificity.

These findings indicate that postural sway under
conditions with restricted visual and proprioceptive
input represents the most critical dynamic characteristic

for assessing fall risk.
Discussion

Patients with ITS generally demonstrate favorable
functional recovery following rehabilitation; however,
some individuals still experience suboptimal outcomes,
and the factors influencing walking independence in
ITS remain incompletely understood. Clinical variabi-
lity in outcomes has been reported in pontine infrac-
tion®”, and lateropulgon may affect functional reco-
very””. Recovery patterns may differ according to strake
subtype’”, suggesting heterogeneity in ITS.Lesions
involving the brainstem and cerebellum can affect
multiple nuclei and relay pathways responsible for
ocular movements, vestibular function, somatosensory
processing, and voluntary motor control. Conse-
quently, balance impairment in ITS is thought to

result from disrupted sensory integration, impaired

postural control, and muscle weakness'®. These hetero-
geneous neurological deficits may produce a character-
istic gait pattern marked by excessive anterior pelvic
tilt and increased hip flexion, leading to reduced step
length and step width and ultimately contributing to
gait instability'”. Longitudinal changes in gait and
posture have been reported in cerebellar stroke™ **.
Therefore, developing individualized, multidimensional
rehabilitation programs is essential. Such programs
should integrate exercises that promote reweighting
of visual, vestibular, and proprioceptive inputs for
postural and gait relearning’”, along with coordination
training and vestibular rehabilitation™.

Recently, RAGT and exoskeleton-type walking
assist devices have received increasing attention. These
systems enhance sensory feedback during walking
and provide task-specific training that facilitates the
reorganization of trunk—lower limb coordination.
They are considered clinically valuable rehabilitation
tools that support and complement sensorimotor
integration.

In patients with ITS, RAGT has been reported to
improve trunk stability and reduce lateral sway, thereby
contributing to better dynamic balance.

However, current clinical assessment tools have
several limitations. Conventional measures, such as
the FMA and the BBS, primarily evaluate the severity
of motor paralysis and balance ability but do not
adequately capture trunk function, cerebellar ataxia,
or vestibular dysfunction—key features of ITS.

Recent studies using quantitative balance assessment
systems, such as the BM, have identified factors
predictive of fall risk in poststroke patients, including
older age and increased PSV under challenging
sensory conditions. These findings highlight the
growing need to quantitatively assess postural insta-
bility in ITS patients to better understand their balance-
control mechanisms and to guide targeted rehabilitation
strategies.

Looking ahead, it will be essential to establish a
comprehensive, multidimensional assessment frame-
work for ITS by integrating various quantitative
technologies—such as the video head impulse test
(VHIT) for evaluating the vestibulo-ocular reflex

(VOR), inertial measurement units (IMUs) for motion
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analysis, stabilometric measurements of postural
sway, and three-dimensional motion capture systems.
To further advance rehabilitation for patients with
ITS, three key directions should be prioritized. First,
promoting multicenter collaborative research will be
critical for enhancing generalizability and improving
data robustness. Second, developing rehabilitation
programs specifically tailored to address cerebellar
ataxia and vestibular dysfunction will be essential for
establishing novel and effective intervention strategies.
Third, implementing quantitative evaluation technolo-
gies, such as VHIT and IMUs, will help visualize
individual sensory-integration characteristics and
enable the optimization of rehabilitation protocols

based on objective data.
Conclusion

This review summarized current evidence on func-
tional outcomes and prognostic factors in patients
with ITS and highlighted the unique features and
rehabilitation challenges associated with this popu-
lation. Although patients with ITS generally demon-
strate favorable functional recovery, some individuals
still experience suboptimal outcomes, and the factors
influencing walking independence remain insufficie-
ntly understood.

Even when motor paralysis is mild, cerebellar ataxia,
impaired trunk control, dysphagia, and dysarthria can
substantially limit walking ability and independence
in daily activities. These findings indicate that in
patients with ITS, rehabilitation strategies focusing
solely on motor paralysis are insufficient, and that
comprehensive assessment and intervention targeting
trunk control and sensory integration are essential to
address disease-specific impairments. Accurate
identification of these deficits is therefore essential for
designing effective rehabilitation strategies and
predicting functional outcomes.

Recent studies have demonstrated the effectiveness
of RAGT and the prognostic value of ataxia-specific
assessment tools, such as the SARA, which increa-
singly complement traditional motor impairment-
based evaluation systems.

Nevertheless, several challenges remain, including

small sample sizes, an emphasis on short-term

outcomes, and the limited availability of symptom-
specific rehabilitation approaches. Future efforts
should focus on conducting large-scale multicenter
studies and establishing multidimensional assessment
frameworks that incorporate trunk function, coordi-
nation, and vestibular function.

Moreover, integrating sensor-based motion analysis
and objective evaluation technologies will support the
development of individualized rehabilitation programs
tailored to each patient’s sensory and motor characte-
ristics, ultimately improving functional outcomes and

reducing fall risk in patients with ITS.
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chronic obstructive pulmonary disease, and chronic kidney disease and
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Abstract

Cachexia is a complex metabolic syndrome associated with underlying illness and characterized by loss of muscle with or
without loss of fat mass. Cachexia is characterized by chronic inflammation and anorexia, significantly impacting prolonged
hospitalizations, increased health care costs, and prognosis. In oncology, the diagnostic criteria for cachexia have been
established. However, there are no standardized criteria in other disease areas, resulting in the use of multiple diagnostic
approaches. Furthermore, cachexia requires assessment that considers severity. Severe cases are considered refractory,
necessitating intervention starting from the early stage of cachexia. This review investigated the prevalence of cachexia, as
defined by the varying criteria used in heart disease, chronic obstructive pulmonary disease (COPD), chronic kidney disease
(CKD), and those undergoing hemodialysis (HD), and to summarize its characteristics in each condition. The prevalence of
cachexia among patients with heart disease, COPD, and CKD and those undergoing HD was 10.5% to 37.8%, 4.6% to
29.1%, 5.5% to 47.3%, and 3.2% to 80% respectively. Cachexia is driven by systemic inflammation, upon which disease-
specific symptoms are superimposed. Therefore, understanding the characteristics of cachexia specific to each disease is

crucial for implementing appropriate countermeasures.

Key Words: cachexia, protein-energy wasting
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Introduction

Cachexia is defined as “a complex metabolic
syndrome associated with underlying illness and chara-
cterized by loss of muscle with or without loss of fat
mass.” In adults, weight loss is the prominent clinical
feature of cachexia. Anorexia, inflammation, insulin
resistance, and increased muscle protein breakdown
are frequently associated with cachexia'.

Cachexia is a complication of chronic diseases,
including cancer, chronic heart failure, and chronic
obstructive pulmonary disease (COPD), which can
lead to substantial economic burden, including
prolonged hospitalizations and increased health care

- - 2.3
cost, and influence prognosis™”.

Although cachexia has been extensively reported in
the field of oncology, few studies have reported its
association with other conditions, including cardiac,
respiratory, and metabolic diseases. In oncology, the
diagnostic criteria for cachexia have been established.
However, there are no standardized criteria in other
disease areas, resulting in the use of multiple diagnostic
approaches. Therefore, the prevalence of cachexia in
patients with heart disease, COPD, and chronic kidney
disease (CKD) and those undergoing hemodialysis
(HD) remains unclear because the criteria vary between
studies.

Consequently, this review aimed to report the preva-
lence of cachexia, as defined by the varying criteria
used in heart disease, COPD, CKD, and HD, and to
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summarize its characteristics in each condition.
Definition of cachexia

Table 1 presents the commonly used diagnostic
criteria for cachexia. The diagnostic criteria established
by Evans et al. have generally been used to diagnose
cachexia".

The Fearon et al. criteria for cancer cachexia also
define the severity of cachexia. The initial stage is
termed pre-cachexia, which is considered as a rever-
sible stage, emphasizing the importance of early
diagnosis. Conversely, the advanced stage is referred
to as refractory cachexia, which is characterized by
ongoing hypercatabolism and short survival®.

In patients with CKD, protein-energy wasting
(PEW), which was proposed by the International
Society of Renal Nutrition and Metabolism (ISRNM),
has widely been used compared with cachexia”. The
most severe stage of PEW is classified as cachexia®.
Koppe et al”. define cachexia as a condition that is
continuous with PEW.

In addition, some reports define cachexia solely
based on significant weight loss. In 2023, the Asian
Working Group for Cachexia (AWGC) established
new diagnostic criteria for cachexia”. Due to differe-
nces in body composition, the Evans and Fearon
criteria may underestimate the prevalence of cachexia
in Asian populations. Therefore, the AWGC criteria
adopted a BMI cut-off value specific to Asian popu-
lations. In the future, the AWGC criteria are expected

to become the standard for evaluating cachexia.
Search methods

We summarized studies that were published since
the 2008 consensus definition by Evans et al".

English-language articles that were published in the
PubMed database from 2008 to 2025 were included.
The following search string was used:

((“Heart Failure”[Mesh] OR “Pulmonary Disease,
Chronic Obstructive’[Mesh] OR “chronic kidney
disease” OR “chronic kidney failure” OR “chronic
renal disease” OR “chronic renal failure” OR “end-
stage renal disease” OR “Renal Dialysis [Mesh] OR
“Renal Insufficiency, Chronic’[Mesh]) AND (“cachexia”
[Mesh] OR PEW) AND (“Prevalence’[Mesh] OR

“Therapeutics’[Mesh])) NOT “Sarcopenia’[Mesh]
NOT “Neoplasms’[Mesh] NOT “Review”[Publication
Type] NOT “Editorial "[Publication Type]

Papers were selected if they clearly documented the
prevalence of cachexia in patients with heart disease,
COPD, and non-dialysis CKD or those undergoing
HD. The exclusion criteria included studies focusing
solely on sarcopenia, patients with cancer, review

articles, and editorials.
Results

The initial search yielded 247 papers, 46 of which
were ultimately included in the analysis. The included
papers for each disease category are summarized

below.

1. Heart disease

Six studies on heart disease were identified, one of
which was a study investigating cardiac surgery
(Table 2)”"*. The prevalence of cachexia ranged from
10.5% to 37.8%, and that in postoperative surgical
patients was 13.6%. Three studies assessed cachexia
using either the Evans or AWGC criteria. Meanwhile,
the remaining three studies utilized assessments based

solely on body weight or body composition.

2. COPD

Three studies reported the prevalence of cachexia
in patients with COPD (Table 3)'*"”. The prevalence
of cachexia was 4.7% using the Evans criteria, 29.1%

using skeletal muscle mass, and 4.6% using weight loss.

3.CKD

Four studies on CKD were identified (Table 4)"**".
The prevalence of cachexia ranged from 5.5% to
47.3%. The prevalence increased with advancing CKD
stages. The diagnostic criteria used were predomi-
nantly the criteria defined by the ISRNM.

4. HD

Thirty-three studies on HD were identified (Table
5)**Y_ The prevalence of cachexia in patients under-
going HD ranged from 3.2% to 80%. Although the
Evans, AWGC, and Fearon criteria were used for

assessing cachexia, the ISRNM criteria were primarily
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Table 2 Prevalence of cachexia in patients with heart disease

First author, year,

Prevalence of

Di A le si i Di i iteri
and country isease ge, years  Sample size Severity iagnostic criteria cachexia, %
Morishita T (2021)” Chronic h
orishita T (2021)" Chronic heart 69 370 NYHA I-IV  Evans 31

Japan failure

Kato M (2024)"?

Ja?)e(:n (2024) Cardiac disease 78 115 NYHA I-T  AWGC 30
An unintentional non-

hrist HM hronic heart .

Chris elrll)sen C.ronlc e 773 238 NYHA I-II oedematous weight loss of 10.5

(2013) ' Denmark  failure
> 5 % over at least 6 months

Carson MA .

(2022) UK Heart failure 74.4 200 NYHA I - IV Evans 15
The gender-specific RXc graph
was divided into four sectors.
Patients with vectors out of the

tillo-Martinez L

Casti ?0) a 1Vnez Heart failure 62.5 519 NYHA I - IV 95% tolerance ellipse of the 37.8

(2012) ™ Mexico .
reference population at the
lower right quadrant were
classified as cachectic.

. < 80% of ideal body weight
Tepsuwan T Post cardiac 47.6 - 48.3 353 NYHA [-IV  estimated by the Devine 13.6

(2009)" Thailand

valve operation

equation

Age is expressed as mean or median.

NYHA, New York Heart Association; AWGC, Asian Working Group for Cachexia

Table 3 Prevalence of cachexia in patients with COPD

First author, year,

Sample

Prevalence of

and country Age, years size Severity Diagnostic criteria cachexia, %
17)
McDonald MN (2019) 64 1483  GOLD II- IV Evans 47
Multinational
40-49: 18 (4.3%);
Gjerde B (2012)" 50-59: 99 (23.5%); Women: FFMI < 14kg/m’,
Norway 60-69: 220(52.1%); 422 GOLD II- 1V Men: FEMI < 17kg/m’ 291
>69: 85 (20.1%)
Unintentional weight loss > 5% over the
Kwan HY (2019)'” UK 70 1755 GOLD I-1IV preceding 6 months and with a FFMI < 17kg/ 4.6

m’ for men and < 15kg/m’ for women

Age is expressed as mean or median.
COPD, chronic obstructive pulmonary disease; GOLD, Global Initiative for Chronic Obstructive Lung Disease; FFMI, fat-free mass index

Table 4 Prevalence of cachexia in patients with CKD

First author, year, and country Age, years Szrizle) le Severity chaftr;?is;c Pcrae:;iz?ie‘yoo f
Hyun YY (2017)" Korea 53.6 1303 Stage G1 - G5 ISRNM 5.5
Hyun YY (2017)"® Korea 53.9 1834 Stage G1 - G5 ISRNM 9
Namuyimbwa L (2018)” Uganda 39 93 Stage G1 - G5 ISRNM 473
Pérez-Torres A (2017)°" Spain 67 128 Stage G1 - G5 ISRNM 27.3

Age is expressed as mean or median.
CKD, chronic kidney disease; ISRNM, International Society of Renal Nutrition and Metabolism

utilized.

Characteristics of cachexia

1. Heart disease

Cachexia is a strong predictor of all-cause mortality

in patients with heart disease”. The underlying

pathogenesis involves multiple factors, including

inflammation, hemodynamics, and anemia. Cachectic

states promote systemic inflammation and neuro-

hormonal activation. Furthermore, inflammatory

cytokines enhance cardiac remodeling, leading to

. 55
poor prognosis’ .

)
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Table 5 Prevalence of cachexia in patients undergoing HD

First author, year, and country Age, years Sample size HD vintage, years Di:argigtr:r)is:lc 1?;:}?61:?(?:,8‘2 f
Saitoh M (2016)*” Japan 63 75 7.4 ISRNM 10.7
Tsai MT (2021)*” Taiwan 64.5 240 4.1 ISRNM 20
Yajima T (2023)*” Japan 63.4 193 1.2 ISRNM 32.6
Kanazawa Y (2017)*” Japan 66.0 210 73 ISRNM 14.8 -38.0
Yasui S (2016)*” Japan 66.0 59 12 ISRNM 15
Luce M (2022)* France 64.1 231 22 Evans 30.3
Bi X (2019)* China 55.8-60.6 100 Not listed ISRNM 56
Chiu TT (2015)* Taiwan 60.0 188 5.1 ISRNM 8.5
Gharib MS (2023)*” Egypt 54.0 60 5.4 ISRNM 80
Kojima S (2024)*” Japan 75.0 274 3.6 ISRNM 42
Hu C (2022)*” China 56.3 - 60.7 93 3.4-3.6 ISRNM 51.6
Chévez-Mendoza CA (2022)* Mexico 54.0 191 3.7 ISRNM 22
Tan RS (2019)* China 58.0 173 > 5 years, 79.7% ISRNM 34.1
DaJ (2021)*” China 55.0 774 3.5 ISRNM 17.2
Nassar MK (2022)*” Egypt Wl\gzlens 053 0 78 Wl\gzle n3 3 5 ISRNM 23.1
Gracia-Iguacel C (2019)™ Spain 64.0 108 49 ISRNM 41
Ng HM (2022)*” Malaysia 55.1 379 5.0 ISRNM 23
Inoue A (2020)’" Japan 66.2 60 12.3 ISRNM 17
Takahashi H (2017)* Japan 64.0 409 8 ISRNM 17.1
Souweine JS (2018)* France 68.8 123 2.9 ISRNM 43
Yurtdas G (2020)*” Turkey 50.6 80 7 ISRNM 375
Gracia-Iguacel C (2013)™ Spain 63.6 122 22 ISRNM 37.7
Tsai MT (2021)*” Taiwan 64.0 230 3.8-45 ISRNM 19.6
Moraes C (2014)™ Brazil Not listed 52 Not listed ISRNM 23.7
Arias-Guillén M (2018)™ Spain 60.0 91 3.6 ISRNM 19.7
Valente A (2019)*” Portugal 69.7 2021 6.0 ISRNM 10.0
Valente A (2019)* Portugal 70.4 3401 6.2 ISRNM 32
Martin-Alemadly G (2016)* Mexico 34.0 36 Not listed ISRNM 55.5
Sahathevan S (2020)*"” Malaysia 55.2 351 6.8 ISRNM 23.1
Ma X (2025)* China 65.0 210 3.1-33 ISRNM 58.1
Yoshikoshi S (2024)™ Japan 67 367 44 Evans, AWGC E\V;‘gsczg 532
McKeaveney (2021)” UK 67.6 106 49 Evans 16
Yang Z (2022)°" China 54.6 299 Not listed Fearon 19.4
Wang X (2025)* China 50.5 - 54.0 127 12-13 ISRNM 57.5

Age is expressed as mean or median.

HD, hemodialysis; ISRNM, International Society of Renal Nutrition and Metabolism; AWGC, Asian Working Group for Cachexia

2. COPD

Cachexia associated with COPD is attributed to a
complex interplay of factors, including energy imba-
lance because of metabolic hyperactivity, endocrine
hormone abnormalities, and systemic inflammation.
Furthermore, resting energy expenditure increases
because of obstructive ventilatory impairment, pulmo-

nary hyperinflation, and increased oxygen consum-

ption of weakened respiratory muscles™. In addition,
cachexia is strongly associated with poor prognosis in

16)

patients with COPD ™.

3. CKD
In patients with CKD, cachexia is driven by various
factors, including reduced dietary intake (often because

of anorexia associated with uremia), chronic inflam-
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mation, acidosis, multiple hormonal abnormalities,

comorbidities, and physical inactivity®.

4. HD

The prevalence of cachexia is higher in patients
undergoing HD than in those with heart disease,
COPD, and non-dialysis CKD, suggesting higher
vulnerability to nutritional disorders. In patients
undergoing HD, the etiology of cachexia is highly
complex and involves reduced anabolic activity and
increased catabolic processes driven by factors such
as nutrient loss and dialysis-related inflammation.
These mechanism may further increase the risk of
cachexia in addition to the underlying pathophysio-

° Furthermore,

logical factors associated with CKD
patients undergoing HD exhibit lower levels of physical
activity compared to those with other chronic condi-
tions, consequently increasing their susceptibility to
cachexia™. In terms of prognosis, cachexia has been
reported to increase mortality and hospitalization
rates, similar to the findings observed in heart disease
and COPD™. Additionally, the reported prevalence
varied substantially. Although this variation may be
partially attributable to the large number of studies
included, intercountry or interregional differences in
body composition, as well as variation in socioecon-
omic conditions, may also have influenced the findings.

Yoshikoshi et al*”. reported that the prevalence of
cachexia was 21.3% based on the Evans criteria and
35.2% based on the AWGC criteria. The adoption of
the AWGC criteria, which are tailored to Asian popu-
lations, suggests that patients with cachexia who were
previously underestimated by the Evans criteria may
now be identified. However, because the current body
of literature is limited, further studies using the
AWGC criteria are needed.

Limitation

One limitation of this review is that the exclusion
of studies addressing sarcopenia may have reduced
the number of eligible publications identified. In
particular, the number of studies on COPD was smaller
than that on other diseases. Cachexia frequently
involves muscle wasting, and its clinical manifestations

overlaps with those of sarcopenia. Therefore, to avoid

conceptual ambiguity and to specifically examine
cachexia-related findings, studies addressing sarcopenia
were excluded from this review. However, this
exclusion may have limited the number of studies
ultimately included, and this limitation should be

taken into account when interpreting the results.
Conclusion

The reported prevalence of cachexia significantly
varies across different diseases, ranging from 10.5%
to 37.8% in heart disease, 4.6% to 29.1% in COPD,
5.5% to 47.3% in CKD, and 3.2% to 80% in patients
undergoing HD. Cachexia is driven by systemic
inflammation, upon which disease-specific symptoms
are superimposed. Therefore, understanding the
characteristics of cachexia specific to each disease is

crucial for implementing appropriate countermeasures.
Ethical approval

This article does not contain any studies performed

with human participants or animals.
Competing interests

The authors declare that they have no conflict of

interest.
References

1) Evans WJ, Morley JE, Argiles J, Bales C,
Baracos V, Guttridge D, et al: Cachexia: A new
definition. Clin Nutr. 2008: 27: 793-799.

2) Farkas J, von Haehling S, Kalantar-Zadeh K,
Morley JE, Anker SD, Lainscak M: Cachexia as
a major public health problem: Frequent, costly,
and deadly. J Cachexia Sarcopenia Muscle. 2013:
4:173-178.

3)  Arthur ST, Noone JM, Van Doren BA, Roy D,
Blanchette CM: One-year prevalence, comorbi-
dities and cost of cachexia-related inpatient
admissions in the USA. Drugs Context. 2014: 3:
212265.

4) Fearon K, Strasser F, Anker SD, Bosaeus I,
Bruera E, Fainsinger RL, et al: Definition and
classification of cancer cachexia: An international
consensus. Lancet Oncol. 2011: 12: 489-495.

5) Fouque D, Kalantar-Zadeh K, Kopple J, Cano N,

Juntendo Health Science Journal, August 31, 2026 31



6)

7)

8)

9)

10)

11)

12)

13)

Chauveau P, Cuppari L, et al: A proposed nomen-
clature and diagnostic criteria for protein-energy
wasting in acute and chronic kidney disease.
Kidney Int. 2008: 73: 391-398.

Carrero JJ, Stenvinkel P, Cuppari L, Ikizler TA,
Kalantar-Zadeh K, Kaysen G, et al: Etiology of
the protein-energy wasting syndrome in chronic
kidney disease: A consensus statement from the
international society of renal nutrition and meta-
bolism (ISRNM). J Ren Nutr. 2013: 23: 77-90.
Koppe L, Fouque D, Kalantar-Zadeh K: Kidney
cachexia or protein-energy wasting in chronic
kidney disease: Facts and numbers. J Cachexia
Sarcopenia Muscle. 2019: 10: 479-484.

Arai H, Maeda K, Wakabayashi H, Naito T,
Konishi M, Assantachai P, et al: Diagnosis and
outcomes of cachexia in asia: Working consensus
report from the asian working group for cachexia.
J Cachexia Sarcopenia Muscle. 2023: 14: 1949-
1958.

Morishita T, Uzui H, Sato Y, Mitsuke Y, H Tada:
Associations between cachexia and metallopro-
teinases, haemodynamics and mortality in heart
failure. Eur J Clin Invest. 2021: 51: ¢13426.
Castillo-Martinez L, Colin-Ramirez E, Orea-
Tejeda A, Gonzalez Islas DG, Rodriguez Garcia
WD, Santillan Diaz C, et al: Cachexia assessed
by bioimpedance vector analysis as a prognostic
indicator in chronic stable heart failure patients.
Nutrition. 2012: 28: 886-891.

Christensen HM, Kistorp C, Schou M, Keller N,
Zerahn B, Frystyk J, et al: Prevalence of cachexia
in chronic heart failure and characteristics of body
composition and metabolic status. Endocrine.
2013: 43: 626-634.

Kato M, Ono S, Seko H, Kito K, Omote T,
Omote M, et al: Relationship between cachexia
and short physical performance battery scores in
patients with heart failure attending compre-
hensive outpatient cardiac rehabilitation. Heart
Vessels. 2024: 39: 778-784.

Carson MA, Reid J, Hill L, Dixon L, Donnelly P,
Slater P, et al: Exploring the prevalence, impact
and experience of cardiac cachexia in patients

with advanced heart failure and their caregivers:

14)

15)

16)

17)

18)

19)

20)

21)

22)

A sequential phased study. Palliat Med. 2022:
36: 1118-1128.

Tepsuwan T, Schuarattanapong S, Woragidpoonpol
S, Kulthawong S, Chaiyasri A, Nawarawong W:
Incidence and impact of cardiac cachexia in
valvular surgery. Asian Cardiovasc Thorac Ann.
2009: 17: 617-621.

Gjerde B, Bakke PS, Ueland T, Hardie JA, Eagan
TM: The prevalence of undiagnosed renal failure
in a cohort of COPD patients in western norway.
Respir Med. 2012: 106: 361-366.

Kwan HY, Maddocks M, Nolan CM, Jones SE,
Patel S, Barker RE, et al: The prognostic signifi-
cance of weight loss in chronic obstructive pulmo-
nary disease-related cachexia: A prospective
cohort study. J Cachexia Sarcopenia Muscle.
2019: 10: 1330-1338.

McDonald MN, Wouters EFM, Rutten E, Casaburi
R, Rennard SI, Lomas DA, et al: It's more than
low BMI: Prevalence of cachexia and associated
mortality in copd. Respir Res. 2019: 20: 100.
Hyun YY, Lee KB, Han SH, Kim YH, Kim YS,
Lee SW, et al: Nutritional status in adults with
predialysis chronic kidney disease: Know-ckd
study. J Korean Med Sci. 2017: 32: 257-263.
Hyun YY, Lee KB, Oh KH, Ahn C, Park SK,
Chae DW, et al: Serum adiponectin and protein-
energy wasting in predialysis chronic kidney
disease. Nutrition. 2017: 33: 254-260.
Namuyimbwa L, Atuheire C, Okullo J,
Kalyesubula R: Prevalence and associated factors
of protein- energy wasting among patients with
chronic kidney disease at mulago hospital,
kampala-uganda: A cross-sectional study. BMC
Nephrol. 2018: 19: 139.

Pérez-Torres A, Gonzalez Garcia E, Garcia-
Llana H, Del Peso G, Lopez-Sobaler AM, Selgas
R: Improvement in nutritional status in patients
with chronic kidney disease-4 by a nutrition
education program with no impact on renal
function and determined by male sex. J Ren
Nutr. 2017: 27: 303-310.

Arias-Guillén M, Perez E, Herrera P, Romano B,
Ojeda R, Vera M, et al: Bioimpedance spectro-

scopy as a practical tool for the early detection

32

Juntendo Health Science Journal, August 31, 2026



23)

24)

25)

26)

27)

28)

29)

30)

31)

and prevention of protein-energy wasting in hemo-
dialysis patients. J Ren Nutr. 2018: 28: 324-332.
Bi X, Chu M, Ai H, Hu C, Ding W: Association
of serum il-18 with protein-energy wasting in
end-stage renal disease patients on haemodialysis.
Int Urol Nephrol. 2019: 51: 1271-1278.
Chavez-Mendoza CA, Martinez-Rueda AJ,
Ortega-Vargas JL, Becerra-Laparra IK, Ardavin-
Ituarte JM, Correa-Rotter R, et al: Anemia,
overhydration, and lower muscle strength in
hemodialysis patients with protein-energy
wasting. Hemodial Int. 2022: 26: 415-423.

Chiu TT, Liao SC, Lee WC, Lee PS, Ng HY,
Chien YS, et al: Gelsolin and adipokines are
associated with protein-energy wasting in hemo-
dialysis patients. Artif Organs. 2015: 39: 150-
155.

Da J, Long Y, Li Q, Yang X, Yuan J, Zha Y:
Resting metabolic rate and its adjustments as
predictors of risk protein-energy wasting in
hemodialysis patients. Biosci Rep. 2021: 41:
BSR20210010.

Gharib MS, Nazeih MS, Said TWEI: Effect of
intradialytic oral nutritional supplementation on
nutritional markers in malnourished chronic
hemodialysis patients: Prospective randomized
trial. BMC Nephrol. 2023: 24: 125.
Gracia-Iguacel C, Gonzalez-Parra E, Mahillo 1,
Ortiz A: Criteria for classification of protein-
energy wasting in dialysis patients: Impact on
prevalence. Br J Nutr. 2019: 121: 1271-1278.
Gracia-Iguacel C, Gonzalez-Parra E, Pérez-
Gomez MV, Mahillo 1, Egido J, Ortiz A, et al:
Prevalence of protein-energy wasting syndrome
and its association with mortality in haemodialysis
patients in a centre in Spain. Nefrologia. 2013:
33:495-505.

Hu C, Zhang Y, Bi X, Yao L, Zhou Y, Ding W:
Correlation between serum trimethylamine-n-
oxide concentration and protein energy wasting
in patients on maintenance hemodialysis. Ren
Fail. 2022: 44: 1669-1676.

Inoue A, Ishikawa E, Shirai Y, Murata T, Miki C,
Hamada Y: Effects of protein-energy wasting
(PEW) and hyperphosphatemia on the prognosis

32)

33)

34)

35)

36)

37)

38)

39)

in japanese maintenance hemodialysis patients:
A five-year follow-up observational study. Clin
Nutr ESPEN. 2020: 36: 134-138.

Kanazawa Y, Nakao T, Murai S, Okada T,
Matsumoto H: Diagnosis and prevalence of
protein-energy wasting and its association with
mortality in japanese haemodialysis patients.
Nephrology (Carlton). 2017: 22: 541-547.
Kojima S, Usui N, Uehata A, Inatsu A, Tsubaki A:
Associations between bioelectrical impedance
analysis-derived phase angle, protein-energy
wasting and all-cause mortality in older patients
undergoing haemodialysis. Nephrology (Carlton).
2024: 29: 655-662.

Luce M, Bres E, Yi D, Pastural M, Granjon S,
Szelag JC, et al: Natriuretic peptides as predictors
of protein-energy wasting in hemodialysis popu-
lation. J Ren Nutr. 2022: 32: 234-242.

Ma X, Yan D, Zhou C, Shi Y, Wang Y, Li J, et al:
The correlation between protein energy wasting
and the incidence of main adverse cardiovascular
events in adult maintenance hemodialysis patients:
A single-center retrospective cohort study. Ren
Fail. 2025: 47: 2441399.

Martin-Alemaily G, Valdez-Ortiz R, Olvera-Soto
G, Gomez-Guerrero I, Aguire-Esquivel G, Cantu-
Quintanilla G, et al: The effects of resistance
exercise and oral nutritional supplementation
during hemodialysis on indicators of nutritional
status and quality of life. Nephrol Dial Transplant.
2016: 31: 1712-1720.

McKeaveney C, Slee A, Adamson G, Davenport
A, Farrington K, Fouque D, et al: Using a generic
definition of cachexia in patients with kidney
disease receiving haemodialysis: A longitudinal
(pilot) study. Nephrol Dial Transplant. 2021: 36:
1919-1926.

Moraes C, Marinho SM, da Nobrega AC, de
Oliveira Bessa B, Jacobson LV, Stockler-Pinto
MB, et al: Resistance exercise: A strategy to
attenuate inflammation and protein-energy
wasting in hemodialysis patients? Int Urol
Nephrol. 2014: 46: 1655-1662.

Nassar MK, Kannishy GEl, Nagy E, Shemies
RS, Mansour M, Mofreh M, et al: The relation

Juntendo Health Science Journal, August 31, 2026 33



40)

41)

42)

43)

44)

45)

46)

47)

of serum dehydroepiandrosterone sulfate level to
protein energy wasting in hemodialysis patients.
Saudi J Kidney Dis Transpl. 2022: 33: 639-649.
Ng HM, Khor BH, Sahathevan S, Sualeheen A,
Chinna K, Gafor AHA, et al: Is malnutrition a
determining factor of health-related quality of
life in hemodialysis patients? A cross-sectional
design examining relationships with a compre-
hensive assessment of nutritional status. Qual
Life Res. 2022: 31: 1441-1459.

Sahathevan S, Khor BH, Singh BKS, Sabatino A,
Fiaccadori E, Daud ZAM, et al: Association of
ultrasound-derived metrics of the quadriceps
muscle with protein energy wasting in hemodia-
lysis patients: A multicenter cross-sectional study.
Nutrients. 2020: 12: 3597.

Saitoh M, Ogawa M, Dos Santos MR, Kondo H,
Suga K, Itoh H, et al: Effects of intradialytic
resistance exercise on protein energy wasting,
physical performance and physical activity in
ambulatory patients on dialysis: A single-center
preliminary study in a japanese dialysis facility.
Ther Apher Dial. 2016: 20: 632-638.

Souweine JS, Kuster N, Chenine L, Rodriguez A,
Patrier L, Morena M, et al: Physical inactivity
and protein energy wasting play independent roles
in muscle weakness in maintenance haemodia-
lysis patients. PLoS One. 2018: 13: ¢0200061.
Takahashi H, Inoue K, Shimizu K, Hiraga K,
Takahashi E, Otaki K, et al: Comparison of
nutritional risk scores for predicting mortality in
japanese chronic hemodialysis patients. J Ren
Nutr. 2017: 27: 201-206.

Tan RS, Liang DH, Liu Y, Zhong XS, Zhang DS,
Ma J: Bioelectrical impedance analysis-derived
phase angle predicts protein-energy wasting in
maintenance hemodialysis patients. J Ren Nutr.
2019: 29: 295-301.

Tsai MT, Ou SM, Chen HY, Tseng WC, Lee KH,
Yang CY, et al: Relationship between circulating
galectin-3, systemic inflammation, and protein-
energy wasting in chronic hemodialysis patients.
Nutrients. 2021: 13: 2803.

Tsai MT, Tseng WC, Ou SM, Lee KH, Yang CY,

Tarng DC: Comparison of simplified creatinine

48)

49)

50)

51)

52)

53)

54)

55)

56)

index and systemic inflammatory markers for
nutritional evaluation of hemodialysis patients.
Nutrients. 2021: 13: 1870.

Valente A, Caetano C, Oliveira T, Garagarza C:
Evaluating haemodialysis patient's nutritional
status: Body mass index or body cell mass index?
Nephrology (Carlton). 2019: 24: 967-974.

Wang X, Peng X, Liu J, Tang S, Yang X, Wang J:
The association of plasma tmao and body compo-
sition with the occurrence of pew in maintenance
hemodialysis patients. Ren Fail. 2025: 47:
2481202.

Yajima T, Yajima K: Association of extracellular
water/total body water ratio with protein-energy
wasting and mortality in patients on hemodialysis.
Sci Rep. 2023: 13: 14257.

Yang Z, Luo Y, Lu H, Zou B, Wang H, Chen G,
et al: Validation of the functional assessment of
anorexia/cachexia therapy instrument to assess
quality of life in maintenance hemodialysis
patients with cachexia. Semin Dial. 2022: 35:
330-336.

Yasui S, Shirai Y, Tanimura M, Matsuura S, Saito
Y, Miyata K, et al: Prevalence of protein-energy
wasting (pew) and evaluation of diagnostic
criteria in japanese maintenance hemodialysis
patients. Asia Pac J Clin Nutr. 2016: 25: 292-
299.

Yoshikoshi S, Imamura K, Yamamoto S, Suzuki
Y, Harada M, Osada S, et al: Prevalence and
relevance of cachexia as diagnosed by two
different definitions in patients undergoing
hemodialysis: A retrospective and exploratory
study. Arch Gerontol Geriatr. 2024: 124: 105447.
Yurtdas G, Karabudak E, Mandiroglu F: Relation-
ship of dietary and serum zinc and leptin levels
with protein energy wasting in haemodialysis
patients. Int Urol Nephrol. 2020: 52: 1969-1977.
Morishita T, Uzui H, Mitsuke Y, Amaya N,
Kaseno K, Ishida K, et al: Association between
matrix metalloproteinase-9 and worsening heart
failure events in patients with chronic heart
failure. ESC Heart Fail. 2017: 4: 321-330.
Huertas A, Palange P: Copd: A multifactorial
systemic disease. Ther Adv Respir Dis. 2011: 5:

34

Juntendo Health Science Journal, August 31, 2026



217-224. 58) Johansen KL, Chertow GM, Ng AV, Mulligan K,

57) Kim JC, Kalantar-Zadeh K, Kopple JD: Frailty Carey S, Schoenfeld PY, et al: Physical activity
and protein-energy wasting in elderly patients levels in patients on hemodialysis and healthy
with end stage kidney disease. ] Am Soc Nephrol. sedentary controls. Kidney Int. 2000: 57: 2564-
2013: 24: 337-351. 2570.

Juntendo Health Science Journal, August 31, 2026 35



Review

Current status of visual-motor illusion research in healthy individuals and

stroke patients: A narrative review

Hiroki Sugita, Tsuyoshi Tatemoto, Yuji Fujino

Graduate School of Health Sciences, Juntendo University

Abstract

Visual-motor illusion (VMI) is a type of intervention that induces motor illusions without actual movement by having
patients observe first-person prerecorded footage of their nonparetic limb’s movements. This approach is applicable even to
patients with severe paralysis. Recent studies suggest that combining VMI with neuromuscular electrical stimulation or using
modified VMI techniques can improve treatment efficacy. However, no standardized length of time for video observation or
conditions for recording nonparetic limb movement has yet been established. We believe that developing and standardizing
methods for the application of VMI is an important issue to consider in stroke rehabilitation.
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Introduction

Studies have reported a high incidence of motor
paralysis immediately after stroke onset, which can
range from 50% to 90%". Estimates show that
approximately 40% of cases develop spasticity, which
has been associated with abnormal muscle tone and
postural abnormalities”. Furthermore, motor paralysis
and spasticity are considered aggravating factors that
reduce activity and participation by affecting secondary
impairments, such as contractures and pain, as well as
independence in ADL and walking””. Therefore,
reducing these functional impairments remains impor-
tant regardless of the disease stage.

In recent years, visual-motor illusion (VMI) has
garnered interest as an intervention for neurological
symptoms occurring after a stroke. VMI is an inter-
vention technique that involves creating an illusion of
one’s own body moving, even though the body is not
actually moving, by having the subject observe
footage of physical movements from a first-person

perspective. VMI uses a left-right reversed video (i.e.,

horizontally flipped) of prerecorded movements of the
nonparetic limb. Therefore, this approach does not
require voluntary movement of the paretic limb®”.
VMI has been shown to promote not only functional
recovery, such as improving motor paralysis and reduc-
tion of spasticity, but also changes in body awareness””.

VMI induces motor illusions through visual infor-
mation, similar to the treatment concept of the widely
employed mirror therapy®. Both VMI and mirror
therapy are motor illusion methods that use voluntary
movements of the nonparetic limb. However, mirror
therapy is limited to cases where repetitive movements
are difficult or where fatigue is severe. Furthermore,
mirror therapy requires movement of the nonparetic
limb during observation, which reportedly activates
the motor cortex of the non-lesion side, potentially
reducing excitability in the paralyzed hemisphere
through interhemispheric inhibition™'”. In contrast,
VMI can induce motor illusions without requiring
motor execution, which carries distinct clinical signi-
ficance from mirror therapy in terms of promoting

plastic changes in the brains of stroke patients.
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However, no consensus has yet been reached
regarding the methods or timing of VMI. Therefore,
the current review aims to systematically organize the
indications, intervention methods, and primary
outcomes of VMI for stroke rehabilitation, as well as

clarify current challenges and future perspectives.
Application of VMI

Participants

The applications of VMI have been studied in both
healthy individuals and stroke patients. Research in
healthy subjects has investigated the neurophysiolo-
gical effects of VMI'™"?. For stroke patients, the
efficacy of VMI has been examined mainly in the
subacute and chronic phases, with a key advantage
being its potential effectiveness regardless of time
since stroke onset®”. Furthermore, VMI, which does
not require motor output from the paretic side, has
been positioned as a safe intervention that can be
introduced early during the disease course, even in
cases of severe motor paralysis where voluntary

. . 6,7
movement is restricted®”.

Target body parts for VMI

Several studies on the application of VMI to the
upper limb have targeted finger movements'”. In
contrast, VMI studies targeting the lower limb have
predominantly focused on ankle plantarflexion and

. . 15
dorsiflexion".

Effects of VMI

Evidence suggests that VMI improves joint range
of motion and increases active motion angles in paretic
limbs'?. Furthermore, it has been shown to improve
movement performance during the sit-to-stand (STS)
movement by enhancing ankle angular velocity and
reducing the time required for movement'”. Studies
have also found it effective in improving walking
speed'”.

For spasticity, VMI has been suggested to modulate
spinal inhibitory circuits'”. It is thought to attenuate
exaggerated stretch reflexes by enhancing spinal
inhibitory mechanisms, such as reciprocal Ia inhibi-
tion and presynaptic inhibition, thereby inducing a

clinically significant reduction in spasticity.

Furthermore, VMI may facilitate the reintegration
of the paretic limb into one’s own body schema through
visual input. By eliciting the sense of ownership (SoO)—
the feeling that the observed body part belongs to
oneself—and the sense of agency (SoA)—the feeling of
controlling the movement—VMI may help alleviate
post-stroke distortions in body representation'”. This
process is thought to increase the congruence between
visual input and internal motor/somatosensory repre-
sentations, consequently promoting the activation of
sensorimotor-related regions, such as the premotor
cortex, supplementary motor area, and parietal associ-
ation cortex. Such activation may ultimately enhance
corticospinal excitability via the primary motor cortex'’.
Moreover, by facilitating motor imagery of the paretic
limb and promoting motor learning, VMI may effecti-

vely contribute to motor recovery'”.

VMI protocols: procedures,
setup, and variability

First-person perspective motor observation

One of the most critical elements of VMI is the
presentation of visual stimuli from a first-person
perspective. The videos should be designed to match
the viewpoint a participant would have when visually
observing their own body, thereby facilitating the
perception that the observed limb belongs to them'"'”.
This perspective is thought to promote the SoO and is

considered essential for eliciting motor illusions.

Environmental setup

Many studies use a monitor or tablet mounted on a
monitor arm or tablet stand and positioned directly
above the participant’s hand/fingers or foot for visual
presentation'”. This arrangement aligns the location
of the limb shown on the screen with the actual limb,
thereby enhancing visuospatial congruence and
promoting the impression of continuity between the

viewed and real limb.

Observing the video at rest

During VMI, participants are typically instructed to
remain relaxed and refrain from moving the actual
limb while watching the video'”. This instruction helps

ensure that the motor illusion is elicited primarily
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through visual input, which is a defining feature of
VMI (Figure 1).

Use of left-right reversed video

The protocol for VMI targeting finger and ankle
movements typically involves recording movements
of the dominant hand or foot in healthy individuals or
the nonparetic limb in stroke patients and then
presenting the footage as a left—right reversed
video'”'Y. This approach creates the illusion that the
contralateral limb is moving despite being stationary.
Given that left-right reversed videos can be readily
applied even in individuals with marked lateral
differences in motor function, VMI can be considered

a highly versatile approach.

Lack of standardization

Although previous studies have defined the core
elements of the VMI protocol, specific intervention
parameters have yet to be standardized. For example,
the duration of video viewing can vary widely, ranging
from 2 to 20 min'**”. Moreover, key details of video
preparation are often insufficiently reported, including
whether the footage was recorded continuously to
match the intended intervention duration or delivered
using looped playback, as well as how the videos
were edited and compiled. Some studies also use
videos of another person’s limb as the intervention
stimulus, whereas others prescribe movement tempos
different from 1 Hz (e.g., cycles of 3 or 8 s)'>'?. Such
methodological heterogeneity likely reflects differences
in study aims, with some focusing on functional
outcomes and others prioritizing the investigation of
neurophysiological mechanisms. Therefore, VMI

protocols cannot yet be regarded as fully standardized.
Main outcomes of VMI

Subjective assessment

The visual analog scale (VAS) has been used for
the subjective evaluation of VMI outcomes. The VAS
is an evaluation method wherein marks the position
on a 100-mm straight line that most closely matches
their sensation for each question item, with the left
end (0 mm) representing “no sensation at all” and the

right end (100 mm) representing “high sensation.”

This method allows for the clinicians to quantify the
intensity of the kinesthetic illusion'""”.

Additionally, the SoO, which refers to the perception
that the observed body part is “my body,” and the SoA,
which refers to the perception that “one is controlling
the movement,” can also be assessed using the VAS'”.

However, although the VAS is well-suited for
evaluating positive aspects, such as sensory enhance-
ment or positive changes, grading negative experiences,

» o«

such as “hardly feel it,” “it feels off” or “it’s unplea-
sant” can be difficult’”. In particular, subjective
responses to VMI vary greatly among individuals, and
not all participants necessarily experience a movement
illusion or changes in body awareness. Therefore,
appropriate evaluation of negative or neutral responses
is essential.

Against this background, recent reports have
adopted subjective evaluations using a 7-point Likert

*_ The Likert scale allows for a graded evaluation

scale
ranging from “I do not agree” to “I agree” given its
ability to capture multifaceted assessments, including
negative aspects. To more precisely examine the effects
of VMI, a broader spectrum of subjective experiences
needs to be captured by combining the VAS with
other measures (e.g., a Likert scale) while taking

advantage of the strengths of each instrument.
Neurophysiological evaluation

Hemodynamic evaluation

Hemodynamic evaluation during VMI can be
achieved through functional near-infrared spectro-
scopy (fNIRS) and functional magnetic resonance
imaging (fMRI) to assess brain activity during the
induction of kinesthetic illusions, changes in brain
activity after the illusion, and functional connectivity
between brain regions. fNIRS is a noninvasive
technique that emits near-infrared light into the scalp
and estimates changes in the concentration of
oxyhemoglobin (oxy-Hb) and deoxyhemoglobin
(deoxy-HDb) based on the modified Beer—Lambert law.

Using fNIRS, Sakai et al. reported that VMI
involving both the upper and lower limbs increased
oxy-Hb in the premotor cortex (PMC) and altered
resting-state functional connectivity within the fronto-

parietal network involved in SoO and kinesthetic
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illusions”. Using fMRI, Kaneko et al. demonstrated
that VMI activated motor-related networks, including
the premotor and parietal association cortices, without

17
actual movement'”.

Motor evoked potentials by transcranial magnetic
stimulation (TMS)

TMS has generally been used to evaluate the
excitability of the corticospinal tract during VMI
using motor evoked potentials (MEP) obtained from
peripheral muscles when stimulating the primary
motor cortex (M1). Given that MEP reflects the
excitability of the corticospinal tract from the motor
cortex to the corresponding muscle, its amplitude
increases when the excitability of that muscle
increases™”. VMI-induced kinesthetic illusions have
been known to increase the excitability of the
corticospinal tract, which selectively facilitates the
agonist muscles involved in the movement targeted

by the illusion.

Performance evaluation

Among healthy individuals, those who received
VMI to finger movements showed significantly better
performance on a dexterity task (ball-rotation task)
than did the simple action observation group after the
intervention, suggesting that VMI may efficiently
promote the formation and updating of motor imagery
during the early stages of motor learning'”. Further-
more, studies involving patients with severe poststroke
upper-limb paresis have demonstrated immediate
improvements in physical function, particularly in
upper-limb motor function, spasticity, and joint range
of motion, after VMI. These effects have been confirmed
even in cases with significantly restricted voluntary
movement'* >,

Healthy individuals who underwent ankle VMI
demonstrated significantly reduced reaction times and
improved motor imagery processing speed in a mental
rotation task that involved distinguishing between
images of the left and right foot after ankle VMI'.
Moreover, stroke patients who underwent ankle dorsi-
flexion VMI reported significant improvements in
reciprocal Ia inhibition and presynaptic inhibition of

the antagonist soleus muscle'”, which contributed to

15,24 . :
), as well as significant

the suppression of spasticity
improvements in the voluntary dorsiflexion angle and
walking speed™.

As described earlier, VMI results have been cate-
gorized into three aspects: (1) subjective assessment,
(2) neurophysiological evaluation, and (3) perfor-
mance evaluation. Among these evaluations, neuro-
physiological measures are more likely to differ
between basic research using healthy subjects and
clinical research.

Owing to considerations such as measurement
environment, safety, and reproducibility of analysis,
neurophysiological techniques have predominantly
been used in basic research involving healthy subjects.
However, studies involving stroke patients primarily
adopt performance evaluation as the main outcome

measure.
Application of VMI

VMI combined with electrical stimulation

Another approach to the application of VMI involves
combining VMI with neuromuscular electrical stimu-
lation (NMES)'*'?, which is called kinesthetic illusion
induced by visual stimulation (KINVIS) therapy. This
approach has been reported to promote functional
improvements, such as enhanced voluntary movement
of paretic fingers and reduced spasticity'* ¥, KINVIS
therapy induces the kinesthetic illusion that the paretic
fingers are moving by filming the movements of the
nonparetic fingers, presenting the footage as a left—
right reversed video and having the patient observe it
as if it were the paretic fingers moving'”'". When
synchronous NMES is delivered to the agonist muscles
of the paretic fingers, this method integrates neural
information related to vision, somatosensation, and
motor intention, simultaneously facilitating motor
output at both central and peripheral levels.

KINVIS therapy has been shown to immediately
improve motor imagery ability in stroke patients with
severe motor paralysis™ as evidenced by an increase
in beta-band event-related desynchronization recorded
from the sensorimotor cortex region of the lesioned
hemisphere. The visually induced kinesthetic illusion
and peripheral input from NMES have been reported

to promote cortical activity involved in motor imagery™.
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Taken together, synchronizing the visual illusion with
electrical stimulation during the reconstruction of
motor imagery may facilitate postinjury neural circuits,
with such plastic changes potentially contributing to

the recovery of voluntary movement”.

Power-VMI using TheraBand resistance

Power-VMI (P-VMI), an application of VMI that
uses videos of maximal effort exercise with resistance,
has garnered attention as a technique that could
potentially enhance lower limb function and neural
activity more strongly than Standard-VMI (S-VMI)
using standard movement videos'> ', P-VMI induces
high-intensity motor illusions by presenting first-
person-view footage of ankle dorsiflexion with Thera-
Band resistance, visually highlighting strong tibialis
anterior contraction and prominent activity in the toe
extensor muscles'™'”*”. This visually enhanced
movement intensity may compensate for the insuffi-
cient illusion strength of conventional S-VMI, potent-
ially accelerating lower limb functional recovery and
raising expectations for its clinical application.

Studies in healthy adults showed that although S-
VMI did not produce significant changes in integrated
electromyography (iEMG) of the tibialis anterior, the
forward tilt angular velocity of the trunk and the
dorsiflexion angular velocity during STS movements,
or the time required in the initial phase of the
movement before and after intervention'”, P-VMI did
promote improvements in these parameters'”. Based
on this finding, P-VMI is thought to induce stronger
motor illusions and muscle activity facilitation than
does S-VMI. Furthermore, in patients with stroke
hemiplegia, P-VMI has been reported to improve
paretic ankle joint function and STS movement
performance””.

Furthermore, fNIRS studies have confirmed that
P-VMI induces greater increases in oxy-Hb than does
S-VMI in areas involved in motor control and body
awareness, such as PMC, SMA, SPL, and supramar-
ginal gyrus'". Specifically, SPL activity was positively
correlated with the strength of motor illusion, indicating
that P-VMI more strongly evokes illusions and body
awareness .

Based on these findings, P-VMI can be considered

as a technique that not only presents high-intensity
movement footage but also comprehensively improves
motor illusion, body awareness, and excitability of the
corticospinal tract, thereby improving lower-limb

motor function.
Challenges and future perspectives

Interventions utilizing VMI appear to improve
neural activity and motor function, which is difficult
to achieve with conventional VMI, while also
presenting several challenges. KINVIS therapy may
be contraindicated or require careful application in
cases involving implanted electronic devices (e.g.,
pacemakers), severe sensory or skin disorders, or
painful conditions’”. Furthermore, KINVIS therapy
requires the purchase of a dedicated system, which
limits its versatility in practice. P-VMI has been
proven effective in improving lower limb function
and movement performance in patients with mild
spasticity. However, in patients with moderate to
severe spasticity, concerns have been raised regarding
the possibility of further increasing muscle tone while
viewing movement footage involving strong contrac-
tions, potentially exacerbating spasticity’”. In other
words, P-VMI is not necessarily beneficial for all
patients, and its application must be considered based
on the individual’s baseline muscle tone and clinical
condition.

KINVIS therapy is a technique that adds electrical
stimulation, whereas P-VMI is intended to enhance
therapeutic effects by modulating the strength of the
illusion and motor imagery. This suggests that VMI
could aid in the development of effective techniques
by combining different approaches or systematically
manipulating motor illusions. Given that VMI involves
both motor output and visual input, considering both
aspects may expand the efficacy and applicability of
the treatment. Based on these findings, the develop-
ment of generalizable, VMI-based techniques can be
a promising strategy for improving functional impair-

ments in stroke patients.
Conclusion

VMI has proven effective for ameliorating motor

paralysis and spasticity following stroke and has been
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associated with improvements in motor performance
and body awareness. Furthermore, VMI does not
require motor output from the paretic limb and can
safely and noninvasively induce kinesthetic illusions,
making it potentially applicable to a wide range of
patients, including those with severe motor paralysis.
However, questions remain regarding the reproducibi-
lity of the intervention and its clinical implementation,
given the lack of standardization in VMI protocols
and the reliance on subjective measures to assess

body awareness.
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Abstract

Movement characteristics related to reinjury

after anterior cruciate ligament reconstruction

1,2 . 2,3
Makoto Ikenaga"?, Junya Aizawa””
" Department of Rehabilitation, Kawaguchi Kogyo General Hospital
* Graduate School of Health Science, Juntendo University
* Department of Physical Therapy, Faculty of Health Science, Juntendo University

This paper reviews the findings from past studies on movement characteristics associated with reinjury following anterior
cruciate ligament reconstruction (ACLR). Athletes are recommended to meet certain return-to-sport (RTS) criteria before
returning to sports after ACLR. RTS criteria have been criticized for not including movement assessment. Kinematic and
kinetic characteristics following ACLR include reduced knee flexion angle, internal knee extension moment, and vertical
ground reaction force in the operated limb during bilateral squat, bilateral landing, and single leg landing. However, these
characteristics don’t directly indicate an association with reinjury risk. Movement characteristics reported to be associated
with reinjury risk include (1) asymmetric landing, (2) decreased stretch-shortening cycle ability, and (3) landing with a
reduced knee flexion angle. However, few studies have conducted movement assessments related to reinjury risk, therefore
further discussion is required.

Key Words: anterior cruciate ligament reconstruction, reinjury, biomechanics, risk factors, movement assessment
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Abstract

Overview of visualization techniques for interpreting Al decision-making

Masafumi Akanuma, Keisuke Usui

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

With the rapid development of artificial intelligence (AI) systems, the importance of making AlI's decision-making
process and reasoning interpretable has increased. In particular, in fields such as healthcare and engineering, Al decisions
directly affect human life, safety, and economic consequences, making it essential to clarify the decision-making process.
Improving the visualization of Al decision-making not only enhances the reliability of the models but also aids in analyzing
the causes of misjudgments and improving the models. On the other hand, deep learning models are characterized as "black
boxes," making it difficult to directly understand which features influenced their decisions. To address this challenge,
techniques to visualize Al decision-making have been developed, and efforts to improve model interpretability are
underway. This paper focuses on techniques that visually show the rationale behind model decisions in image classification
using Al, such as gradient-weighted class activation mapping (Grad-CAM), local interpretable model-agnostic explanations
(LIME), occlusion sensitivity, and t-distributed stochastic neighbor embedding (t-SNE), and introduces their basic
mechanisms, features, and application examples. By utilizing these techniques, the visualization of Al decision-making can
be enhanced, leading to the construction of more reliable systems. In the future, as Al visualization technologies continue to
develop and their practical applications expand across various fields, it is expected that users will be able to intuitively
understand Al's decisions and use them in a safe and confident manner.

Key Words: image classification, convolutional neural network, deep learning, explainable Al
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Orthotic Devices)) OR (Device, Foot Orthotic)) OR (Devices, Foot Orthotic)) OR (Foot Orthotic Device)) OR (Orthotic Device, Foot)) OR
(Orthotic Devices, Foot)) OR (Foot Arch Supports)) OR (Arch Support, Foot)) OR (Arch Supports, Foot)) OR (Foot Arch Support)) OR
(Support, Foot Arch)) OR (Supports, Foot Arch)) OR (Orthotic Shoe Inserts)) OR (Insert, Orthotic Shoe)) OR (Inserts, Orthotic Shoe)) OR
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Abstract

The influence of medial longitudinal arch supports to
dynamic knee valgus in individuals with flatfoot

. 2 : 2
Kana Mori"”, Makoto Ikenaga"”, Junya Aizawa™”
" Graduate school of Health Science, Juntendo University
? Department of Rehabilitation, Kawaguchi Kogyo General Hospital
* Department of Physical Therapy, Faculty of Health Science, Juntendo University

Flat foot is a structural disorder that shows reduced medial longitudinal arch height and has been said to be a potential
risk factor not only for foot pain but also for knee disorders such as patellofemoral pain syndrome and anterior cruciate
ligament injuries. This essay aimed to organize the effects of medial longitudinal arch supports on dynamic knee valgus
while walking and running in people with flat feet and to discuss their clinical significance. This essay reviewed the articles
published between 2020 and 2024 investigating the use of medial longitudinal arch supports for people with flat foot and
their effects on dynamic knee valgus during walking and running. The results suggested that the use of medial longitudinal
arch supports might control dynamic knee valgus during walking and running, but there was variation in the effects between
studies. Through the accumulation of higher-quality studies in the future, suggestions could be made for optimizing the
medial longitudinal arch supports according to individual foot alignment and in combination with other intervention methods.

Key Words: flat foot, medial longitudinal arch, insole, dynamic knee valgus, biomechanics
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Abstract

Current status of postoperative rehabilitation initiation and intervention

content for lumbar degenerative disease: a narrative review

Kaisei Kiriyama, Yoshinori Hiyama

Juntendo University Graduate school of Health Science

Postoperative rehabilitation for lumbar degenerative diseases has been shown to be effective in reducing pain and
improving disability. However, no clear consensus has been established regarding the optimal timing and specific content of
such interventions. This narrative review aimed to summarize the current trends in the initiation timing and content of
postoperative rehabilitation for lumbar degenerative diseases, including lumbar disc herniation and lumbar spinal stenosis.
A total of 11 studies were included. Regarding the timing of intervention, rehabilitation was initiated on the day of surgery
or within a few days in several studies, while others reported initiation at 2 or 8 weeks postoperatively. Among the 11
studies, 9 (81.8%) initiated rehabilitation during the postoperative hospital stay. Commonly reported intervention
components included spinal stabilization exercises, trunk and lower extremity strengthening exercises, joint range of motion
exercises, and aerobic exercises. Additionally, psychological and educational components such as patient education and
cognitive behavioral therapy were incorporated. Future research should focus on developing and validating standardized
rehabilitation protocols tailored to specific conditions to ensure both efficacy and safety.

Key Words: lumbar degenerative disease, lumbar disc herniation, lumbar spinal stenosis, lumbar surgery, postoperative
rehabilitation
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PIE< ZORT 52 <, BRE=FV 7L, i
BEPNOMRNATRETH D 2 & RFHE STV S,
SGRT#®EIZIX, 1BEDOI A Ta2=y N TEFEZE
I TNNATHEEL, BEONAT2= b
THREZEMAT I AT DA TEERNS D, VT D
A ZAEE LG LT, L A T EEE T FOV A
IS, BEICK D B O (B 2 FLE O RSO
FIFIC X 2R CAE T D) ORBEZITT
Wb DY, —Jh, wAFH AT HERETITI60E DA
ENLREORTE2E=F) 752 LT, BED
B OO EELE LT RN TE Y, EEILD
FPEDOFEMIZHOWTIE, kDE 7 v a TRl %,
SGRT ZE#E TlL, 1EHHICY T2 A L TRGT S
Monitoring Eif§ & | IRERTOE >~ b7 v TRHZEAS L
72 Reference H[{ % [b#s 4% = & C, MHHERFHOBRE
OfEFNEHH AR TH D>, BE DAL ES
N ® > 7235513, Reference {4 & Monitoring [ {5
D—ET 5 Lo, o (k& Edzs 7 Moz
N3l CREMEOEENARETH DN,

Z T T, Reference Eif% & Monitoring B[ % & D &
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BOEEITOBRITIE, BV YA PL—Ta LT ZRD HBRT, BRAERALAN 322D &9 1T RO NIT I3

D BB A VD, BfRLUA RL—va v %U?E’J%iﬁ%a&)é%%ib%é”o Bz X, w2
T, 20@5‘%@5@%%1 PR B 2 B A g AR FE T3 R 2L (IEE 72 E) DA, ROIO
WC—ESED L HIC, BE), ESEIIER S E T WA 2/ AV N A (1 0= S Al i A E LTS /AN Y A N o
Abﬁ%ﬁé”moxRPWEmﬁ@vyxbL~— P WYIERDEEIT) 2B TERLI 2B,
a7 XA, Rigid VYA RL—v gk L7 L. ROI ODHEFEDOHNM L - T, B MREDME
Deformable L A FL—3 3 U RANLATNASY, TLTLEI =D, RER/NNROREIIZTAHLHHE
Rigid LY & b L—3 g id, [Smamiks £, BERRBETH LY, o, BEHOMED G 4005 <
PR BRI 2 B 72 LIATRE) & BERO D E R % B & T WVENI L AZASINLIC B X AR L 220K D |
ELAHES A O T EA DY 21TV, HAREIRIC ROI 750 B oA & ShTung '™,
—HSELEHTH A (A1), Rigid VYA b L— —7J7. Deformable L' ¥ & b L—3 3 i, BENEIG
v OEBBEEIL. LR OATFNC K o TlElfE & AT (BEERER) OXBEFEEZ, BIEEGOXST 5 EHR
Bz RTZENTEEY, 22T, Rot(u, 0) 1% u il (EICBE S HERRY bV (KN, AR
JE& Y @ 0ElE, Trans (p, g, ) X VFATBE (, q, 1) & TR A 72 &) AR L, BREEBIC BT 5
R X0 ERESELEMTH LY (F2), EgL P2
1 0 0 0 hL— 3 s d, 200X THE WL TV B
Rot(x,0) = 8§$32$f g BrA i b — 8T 5 & O ICEHRBK T 2 kETS 508
0 0 0 1 Thy, B MIIZOEBBAKTO-FETH
wsd 0 sing 0 LHER ML LTRRAESNSY, B YR b
RotGey=| O 1 0 0 b—va d, EHERRBLEICE S S HRBE C, T,
—S(I)ne g 6039 g I, 1,) ORHELHEE LTUFO X d IorEN52Y,
cos@ —sinf 0 0 RN T A — 5 N2 o =argmin,C(u, Ty, I, In)
Rot(z,0) = sin@ cos6 0 O e
0 0 10 T,: 2 #i B %
0 0 01 (InDBE R ELDEICH VY TE D2/ S)

[0 1 0 ¢
Trans(p,q,7) = 00 1 r L B 1) 1By (3
000 1

15 25 W JE 1 5 < H 19 B
Rigid LYV A b b— a VTN SRALET IR 2EO

T LTS 5720, ol % B O Ek (region TAXEGN DO S x OBE%DOEEY 522D L
of interest: ROI) & L Cl7iE A OET DN ES D LTEZLI, AL YA ML —va s, =
TOREIZKE S BET Y, HEICHB VT, ROI DIEHRIITEINE /N, AW, JRFTERIEE 2 & O
AR IR
74 yt /9 @Regmtratﬂﬁ

UTPLIRA A= > USw K

- I COER LT
+ TRENAmoRe  — A7
FAVEDS | ) ' )

UI7L>2A 51 7%
1 Rigid LYR FL—Y a3y (LY 23X HRE)
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BFRE SR E

I
FAEE e —
Registration

UIPLIRA A=

SATA A

JUsDy R

2 Deformable LYRX FL—Y 3y (ZLY2%RASIRME)

ERBERNEGENS>Y, £72. Deformable L' ¥ A h
L—3a ik, WREERAL D B B 723 5 O #fk o B &
DRBEEZ T WE Y IEEbENTWD, DT
¥, 74 Y& (isocenter: IC) 7B WERMIZ I T
A RETH 7 rE T UL, IC BROMETILE LTI
MENT, IC I OALE T O BB DRI H S
T2Y, ZoZlnb, Rigd PR PL—2a20
X O ITROI & B/ NRO R E SATHIBRT 2 LB
72K, IC N HEEN T B OB E [T B E S RN T2,
ROI DR EFIEIC L DB NENEEZ BNDY,

2. BRIRCEHAS N TV % SGRT HE DB

SGRT M EDMPIZET 244 KT 14 > (AAPM
task group report 302: Surface-guided radiotherapy'”) “CTH
Ir &N TV 22019510 H g 5 THlEsb R > &2 — i3 b e
&I TV 5 SGRT #4# (AlignRT (Vision RT) , IDENTIFY
(Varian) . 3 & OF Catalyst (C-RAD)) &, HAEWNOD
A THRIE S LTV % SGRT %£f#  (VOXELAN (ERD)
ExacTrac Dynamic (BrainLab)) OFHEZR1IIRT,

2.1. AlignRT (Vision RT)
AlignRT (Vision RT) (X, 1 ~3H6D WA T2 =v

ﬁ 1 SGRT gﬁm, 28,31, 36, 39, 42)

b (KI9OEEHING) THER STV B, I AT2=y
NN D EFEG G s W ST A R
L. SRTTIEIE D~ » ST 57, ZOBERN D,
BFEDOEREIEDOIRILET AN TVZ A 5 THELE
ENDT, EREES NI ) TS A LAOKEE BRI,
TRREETE CT Wi E 721X LARNS B gk S 7o (R R i i
LS h B abEEnY, 20T ek R,
MB OGN FIEIZE SN T T T XARHN
BB, fLES DO $IT, real-time deltas (RTDs)
LIS, Lateral, Longitudinal, Vertical ¢03-2 d1if7 itk
Ji1a & . Pitch, Roll, Rotation (Yaw) D3->D[alis% &
feoliD T 7 MEE L TORES N, FRNCRES L
EVEIE U TREEZIRETRRENS Y,
F7-. integrated gate controller (IGC) &9 v AT A
IZRY REEER K OBIHBIERY AT L L L
BEOERZNFEANICRESNTZ LEWELEZ 256
2. BB E — L 2B IL ST 5 2 LA ARETH
27, LYAML—y a7 Aa ) X AT, Rigid
VYA ML=y a Vv ERHLTEY Y AR
LA TERKREOICT D RE LR bIERD LD
IZ 8 U CEE 21T O Tterative closest point match (<
WEATES) 7Y ALV FERHOWLRLTH

AlignRT Catalyst IDENTIFY VOXELAN ExacTrac Dynamic
(Vision RT) "2 (C-RAD) '+ (Varian) '*3" (ERD)** (BrainLab) ***
Camera hardware 1 to 3 cameras 1 to 3 cameras 3 cameras | camera | camera
(90° apart) (120° apart) (90° apart)
Frame rate 4-24 tps 8-24 fps 10 fps 2 fps 5 fps
Pati .
atient pos.monmg 6 il 6 il 6 i 6 il 6 i
corrections
Conventional:
. 2048 X2048 px 320 X240 px 1280 X 1024 px
>< —
Camera resolution (4MP) SRS (1.3MP) 12801024 px
640X 480 px
Positioning accurac < 1.0 mm < 1.0 mm < 1.0 mm < 1.0 mm < 1.0 mm
£ J <1.0° <1.0° <1.0° <1.0° <1.0°
Conventional:
Registration algorithm Rigid Def;)]r{rgz.ible Rigid Rigid —
Semi-rigid
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W, T L—AL— ME4~24 fps Th 07 (ki
DOLUEY T EESDEERVIRL, VT XA
LTOBBEREL T 57, B AT OMRGEIL, 2048

X2048 px (4MP) T %', AlignRT O 7 {i& K J¥ 1%
<1.0mm, <1.0° & Xh T3,

Zagar 51X, ZAMIFL ANTxET D BIRRIZ B )
T, AlignRT (2 X % DIBH 2% 5.4 0 Lol i k48 % 5
SOIZHHTH 20 Zaim LRI L0 FEH L T
%%, %43, DIBH I & % M #iaH % P& L TV
Z18HELL D20 N DFEMAN AEF & L=, = DEE,
DR KB & 5 B IEEMEOLERE, REER,
DFFEZE, 5 S MPELARAE, 2 OO gk B OB
JEDS & % R R T2 X LABT L HERT O U A & 2
72T LD L BB LY, RTOBRFIL, HR
S QS NP Rl Y (ORI - DI | AN =y ¢ s
E—ARBHESRARAVWE ST LEY, IRIREE, R
SHERTIC AlignRT TIRE MG R A UG L, TRHEEHEIRE
DFEWRE BT D2 L 2R LY, LRI EE, ¥
[7] D Reference M4 & bhils U CIREFHIE WO — K % e
BL. EOEHMECREEZT-72", BE T AlignRT
THETNZHEER LY, MG ERT% (67
H#%) 2 SPECT % it L, Lol oD HEW SORE i) D 242
b 5FAM U725 R, 20603 R CTTRETRDO R
o=, Eim, R B XU A %I OIER &
FRIBEL NP2, ZDZ L6, AlignRT
\Z & % DIBH &0~ = > 7 & OF 1 U 72 O SR IG
V. ZEMIEL S AAERR IR 350 B LA D it R OBt
EOERICAM TH D ERENTZY,

Wolken %, SRS 3 X O'SRT 12351 %, AlignRT &
IGRT v A7 A Td % ExacTrac DIEET ONLEREE &
BEE ZFE L TWDY, 434 OIREE T — % & [
WTHR A EHFEZATV, HOJE S, AlignRT O ROI
DOEFE, BOZEH, s, MR, REOGMR, 1HER
M7 E&F8E L, v AT AM OB BERRS O FE BB
BAEPFE LY, ZOR%E. AlignRT & ExacTrac D&
BEEFY7IY A— b CEHAREENE : 0.66 mm,
BARAAHEIE : 24mm) TholzZ L2 EL T
20, Ei, W AT OB XD HEFEA~DEEE PR
TAHEDIZE, T = ZEPOT T A4 A b
BIOCBCTOHIZA Y DEFIZLTELERNT
LERERLTNDY,

2.2. IDENTIFY (Varian)

IDENTIFY (Varian) 1%, 35807 AT 2= k ()
QOEHINE) THEK SN TERV™Y, BT IV A— b
DFEETREOERREERE ) 7L H A LTRRTE

%W H AT 2=y O time-of-flight (ToF) 7
ALY, HATa=y L EE I, R
ENTHRINRIAE B, BEOREREH, S LT
RoTL 5 TORMAMNEST 52 LT, BEFRE
B L, 3R TIEHZ A H TR TH 57, ToF 7 A 7
IRHETEN B O FE R E TO FOV IZL 0 (BEOHHE v

K7 w7 (10-20 mm OFFEFH) EHSR DT, B
ATa=y NNOATLAEY g AT, BED
BEREIZHF A LED 74 MeafE L, KISt
ERWTH LIRS — A EHET ST, 2T
FEYa B A I FOV (950 X50X50 cm) (2
k0, T IV A= bLOEE (<05 mm) THED
By N7 v 7 JBREEOEIE DU T A L
FT=HY U RAEETH S, IDENTIFY (%, Lateral,
Longitudinal, Vertical ?3-> @ 33 J5 [f] & . Pitch, Roll,
Rotation (Yaw) 0D3-2 D [E]#is % & o6 o> (7 & 4 1E 3
HEETH T B AT ORI, 1280X 1024 px
(13MP), 7 L— A L— b, 10 fps T %', IDENTIFY
O EREEEIE <1.0mm, <1.0° & SATWEY, L=
Mo—va 73y XACIE, Rigid VYA R L—
varEEHLTVLEY,

F72, LB ODIBHICBWTIX, ZhETO
IGRT (Z & % IGRT f 4 & IDENTIFY (2 X % SGRT [#
BT D 2 R HE ST, E6ic,
DIBH 75" ¢ IGRT (EPID #%) & SGRT O MRAKE
FE230.12 mm, 1.2/ K0 C—% L CTH Y., IDENTIFY
IZ & % SGRT I IGRT ICfREF SN2 8 THh 5 & #is
EhTnzg®,

2.3. Catalyst (C-RAD)

Catalyst (C-RAD Positioning AB, Sweden) (X, 120/%
MR T3IEDON AT 2=y FPEREORHFITRE S
NTEY, 360EDHMNGEEDOKRTFEE=F
FTEDLEIRVAT AL TNS 2R (F3),
AATa=y FOWEITHILEZ NI AT THY
IR~ & H 723 405 nm O AT (06 2 B TR L,
FH LT 22 AT THIG LT a (R4),
FORERNG . ZANREFELA IS H U CRREEE A 5
ML, FEEMPEREICESRT D2 LT, RRmEIEHRZ T
WAL, BE ORI E G & RS TR TH 5V,
BHEOMBET X, BERIOE Y N7 » 7 RHICES L
72 Reference [ L iR HIC Y 74 A A TRET S
Monitoring [ O {E GRS R 2 el U, R m ofr
& &S5 (Lateral, Longitudinal, Vertical) & [
#5717 (Pitch, Roll, Rotation (Yaw)) @ IC N\ O &
TNELTERTHZ LT, UTORITLVEELT
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Main i
Camera unit

Lt Camera unit

Rt Camera
unit

3 AAZazvy +OEE

v \é 11, 14,19, 33) (5’ 6) R

BH (10 ONEFT N = JAx?2 + Ay? + Az?

Ax,Ay,4z : Lateral, Longitdinal,VerticalJ5 [f] O fif & 3" 41

Reference ] {4 & Monitoring ] % & @ Lhfg @ BT,
iterative closest point (ICP) 7 /LU XA EMETILS,
R A AR D 6t R =k ot U O BRRE % e/ IME T
HEcEALZ EITLTWA™, ICP 7= XA, IC
WEWRA » MK Y RERELMNTEEHZD L
T, RREALEFLSE S, ZHIL, SGRT 23 9LE
RFEH OIS L Vo TR IR S TV 51 5 L B
HLTHEY, ZNOLORFETIE, ARERF—F v b
() OMEOEMRREE LTHEHASND 72D,
HOfF T 2 ICIEFICETSED Z LT RO Z —
Ty MESEDIZ BT D IRREOBEAMEZ ED, R
L LTIRRP O ERAERERKE LR LS5 L%
Hi9E LT3 Catalyst DFEfEL A2 hL—3 5
NCHWHNDT AT RAE, BT SEMIC Lo

®5 EEMOER

S

ISR

Panto
B3¢ LED¢

ZHHAAS Main HEIR

4 AAZ2Zy FDERK

T Conventional E— K & SRS &— KD2 22/ I 11
%, Conventional & — K | Deformable L ¥ 2 k L —
va rEMHAWTEDY nonrigid GEMIK) LA N L—
g & BT, non-rigid (FERIA) 72 ICP 7=
VRBZE 5T, ICEMZFHET 5", SRSE—F
1% Semi-rigid LY A M L—3 g U EHANWTEY, semi-
non-rigid CEFHERIAE) LA hL—a v & BIEENR,
non-rigid (FEMIA) LA ML —v g 0 LT, FF
WD 70 < BB 7R & O/ INEAE DA ER AL
DIFFTRENFICBHE ST AT XATH Y, semi-
non-rigid CEFEMIA) 72 ICP 72U XA L - T,
IC 2507 % 332", Conventional & — FIZIEMIAKIE
FEELIZ A 2k 72 Deformable L ¥ A b L—3 3 v &
FAITND T2, FLERLRR O & D) & 0
WERRLOMBFECE LT 5", —J, SRS E— K%
R I, RTICFLH STV 5 & 9 12, Conventional
= RE RS 2 L4 THYY, SBICTL—1
L— 73824 fps TH D Z bW, EGETOA

HRREOMEThE,
FAI 23— (O LED
fEdheLTER

LS

6 fMEYTHOEBAE
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A=V TRF=L Y TIREREE 2D T e
IC DRLEFTNEZFMETE 5>, o, FHEO
LT D 7o LTk LT AREREBNZ A 5 B
DEYE Tp & ORN RN G- 2 D HBEZ T 5 Dl
b ENT=TATY ZAa Lz 5, BLEXY . SRS
F— NE, TR IC OMETHUAREICKRE
BERIT UGS, BEHOEMBSICHE LIcE— FeE
ZHnpt,

Catalyst O fir. & K £ 13 <1.0 mm, <1.0° T&k 5 23",
30D H AT =y k%2 TV % Catalyst TP SRS
F— RIZBIT AALE R E13<0.5 mm, 227 FI2<1.0° &,
L EVEEZERETHS LRE S TS,

Catalyst DF$HEIZ X cPosition, cMotion, cRespiration
D35NRH 5> (H7), CBCT HiDHEEOHHE ~ b
7w 7T cPosition Z M L, JaHEETE CT THUS L
PR A D TR D 21T 97, F D,
cMotion (Z X ¥ #1721 Catalyst C Reference i % Hf5
L., IBRFPOBEONEEZ VT NEA L TE=HXY
74 %%, cRespiration |3 B # D MWL . WU (7 FH
EESGT D EEICHWD,

Catalyst T 28, W AT OO RKY 7 FDH
EBAEETHD Z ENFTOMEIC L RS T
29, BAFORO R 7 N EiE, BN AT
2=y NOWNEREN EF35 2 & T, IC DALER
RS\ E 52 DB T, BRI, £
FRICIXBE OB X2 K DALETIUAFEE LR WS T
b, BATONBIREN —EIZZET 5 E TOM,
Monitoring D #HIEEIZFRAZ A L, IC OfLE T &
LCHE#mENLDZERH D, MO RY 7 MNMIBED
Ty T T EEETOET=F Y S IIAEFEM A A
U &Y WROFTERE L EBO T +— LT v 7
R4 %%, Lehmann & O#F%E Tlt, &K1 mm
DR Y 7 PBBES N, EEOT +— 27 v T
BIERT5ZL T, BARD 7 b 22 RIS TE 5
TEWRENTVEY, &BIC, WBEENO AT

O HMRIGHE O & Catalyst O F) A
IR EICAE
)
BEHEOE Y VT v »cPosition
)
R~ O FR »cMotion

NI E O WP - VRO A 0 B o

F) Wi REA L W) cRespiration
!

WS T

B 7 MEHREEDRN & Catalyst DB HERED FIFISME

BRY 7 MIEBEHE2T, BESCHEEAY v 70
== RGP L L EZ ARICRIRTE S 2 L b
WA ERTNDY,

% 7= Catalyst DF§RED —->Td 5 cRespiration (213,
BT, IC DG FHRAENTFAME DANTSE, B
LEA 712, B2 ELETEd -2 —T 07
HERES B 5> SRT O, BFOMETH
HlmmZB 2oL 52752 LRI TS
720 B —AF—TF 4 v TR R ATV TL
ETNEZMHT 2 EnROLND, LLRRG,
FEBRDOERRIZBNTT —T7 ¢ v TR Z R 3 DB,
PR J7IEIC K> TR E U 5 2 L Tk S h
TWb, BRI, MELFRHMARA (volumetric
modulated arc therapy: VMAT) % f\ 7= SRT Tix,
YRNUMNEMET A EICLY, T hU~y RRkV
AA=T T T —5, 7T v h/SFRJ)LIA Catalyst D H
A F &S DRI E L S (H8), = DFEIC
L0, RI3EDI AT CHREEZE=HY T TED
LA 2REFIIIATE=Z ) VT AEA A
9%, Tonkin & DAFFETIL, H o kU FHE3275~355
EOMIZHDGEITEMON AT 2= b, 5~85
ORNZHDLGEITHEMNO I AT a2=y NPT FUIZ
Ko TlfiiIND &, /A RXBFEAL, TORITEIN
BEICE >TSS mm 2 2 5 2 &R ST
2%, ZoB&T. B AT 0 OB CAE
LD ENBRENTRYY  ZOEICE—LF—T 4
VUBERBIXIERN L R D REEN B D, T DT A,
Ay MY DEFRIZE D H AT OERFIZAETD ) A X
DFHLTFFEZDONWTCRET HHLERNH D B2 D,

2.4. VOXELAN (ERD)
VOXELAN (%, ¥— F/%—F ¢ —@ SGRT X &' —
LT, ElektafbV =7 v 7 Varianft U =7 v 7 |

B8 HYhrYODEETHAINERSNDIEGES
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Accuray th U =7 v 7 L RO Y FIF N AIEETH
V. PLUHMEIZEVT, 2 L, R L o (B — A
R, EA8H) 1213 L Th2an”, VOXELAN
DI AT (B~ y R) IERHFERY TFRD1h 2 F
FTC A~y RIDHESN200/RKEBOAY »
FL—H—tAEBEREREICEAL, CCD A F T
s Ll e 57, BotmEmG, RAMEm GRS
L O/ MR O3 SO BB EZFR L, 2 Ea—
&G = A O JFFRIT ST EWRICSTRIE IR & 1Rk
LT3,

VOXELAN el O AL E RO X Y 7 b =7
(ERDPS “Align) O —H—A ¥ —7 = —ATIL,
2R DET— NAERAARETH 5”7, 1IN EIR DT —
RThv, @FoEHFey N7 v FIEHENDE—
RCh 27, (ERDE—RFD7 L —25hL— E2ps
TdH Y, FOV (IH450 mm X HE600 mm X /& £ 600 mm
THH7, FEE LT, Rt~y RTRELEZY T
IV B A DR G & FEHER S 1H O 6B IE A% N —
FOoRAGETH U | sk Z E RO LS VWVEEZRE
THZENARETHSY, £/, ROLIZHER & LT
EARETH B, SO WHERDBAETHY £y
N7 v FICIEB B LT WMk E o TV 5T,

ERDPS,/Align ® & 915D F— N & L TG & B
T— b5, WEREHEE— RO FOV 3150 mm X
#t600 mm X i 600 mm THY, 7L —AL— M
12fps Th 57, Bl LCid, MR A RET LA L
L TEEDOSENRERRTH Y, ZEN O
FEAZXKF LT LEVEN R EFHET, MR & (E
Y5 EBNTEDT, Fh, a—F U UHEEL LT,
T—INERHWERRETA RRPERTA RLEHT 5
ZEMTEDT,

W OEERIL, 2 < DA, BEEH T hIVIAER
HE— R, KEBRETHIVUEIERE BT — N CHEMT
27, Fim, KREBREICEBWCIE, AR OER G E L
® (DIBH) MRS OGE, WA EORKERIZHEN LT
%7,

Komori & 1, BASAE 2 A A BIGRICE T 5
VOXELAN O B A5 ~D 8% 774l L 7=, 58
SHER AN A BB 2044 % VOXELAN it HRE & JE6E AR5y
. RS bR~ — T — L EE R A O
N7 w 7%\ CBCT % % L7=", VOXELAN BETIE,
X HICVOXELAN IC L7 LR Yy a=r T aBML
723, FEE L LT, VOXELAN BEIZFE FREIC T
FEEDO R T NREHRDOAE TN, UiflE Y b
7w T OFBMEASH LY, F£7-. VOXELAN [l
EBRHEONR TN EEEAIHE - EIETE 5720,

BIREMEBHORBIZ AN THD Z LIRERSN
f:38)o

2.5. ExacTrac Dynamic (BrainLab)

ExacTrac Dynamic |d, €3k @ ExacTrac system (24D
thermal camera % JfE4afif 2 . X FRIRG BRI AR B
BIBHE & DR o 72 4 74 TH DY, ZOKEE
BEMEEEIZ LV | 63K ExacTrac O E7- HH4HETH -
7o X BIREHREEZ Wi &b RREE RO S A 1E
J L CIBRIEE O I 2 2 EBATRETH S Y,

4D thermal camera |%, ERHIMEELT A F 7Ry =
7 F = ARBIE D SLARBER T A T L 2 X7 B 72 53D
camera & P2 thermal camera 3% v MI7g o 7-—3k
D=~ N THY, 4D camera {2 L > T SGRT % FEH
T5 2 EMNHEREL 22> T AY, ExacTrac Dynamic ¢
E, —Eoa=y MZEIHE—-H LT A
VRUANY RRKVA A=V T T — AR EIZL D7
AL A [ LT B,

— 5T, ==y NI XD ZRIcHEE O
DK FAER S 5>, Naidoo 5 DRFFEIZ &5 &
IGRT Z ML LTZ81, BRI EIAICR T %
SGRT DFEAFRZZIT DOUNT, systematic error & random
error OFERTIE & A EDRiE%k T2 mm, 1JERETH -
mlEnTnaY, &¥ 5tk b L, ExacTrac Dynamic
AR L7e%a . FLERAFING A 205E 625 L T
REL7-AERL, 238 O T systematic error [31.0 mm,
1L.OFE K CTd v . random error (£4> 9 722122.0 mm %
HMA7ZbOO, 22mm, 1ERMERD, 1HDOH R
7 CH—HE Th > TH SGRT v A7 A& LD
B L RO RVEERNE b,

3. =T B T ILIZDONWT

R~ Y OEiREE R LoD, O ER
FARk~ OB R B/ NRICI 2 2 72DI2iE, FELEE %
MAWT, BEFOBEEZEOBE Z2H#T 25 Z LI1THEFIC
EETH LY, FHEICX T 5 SRT DA, BTNk
~ A7 (V=) KD BEEIFEERIC AV ST
52, 2 VIZIBIREE CT 2 B39 5 EATICHRE —
A— NZAE D TR S, 1RFRIMT . BE %m0
IE LWL E I SO B CHEE L, SO & 23 /MR
Iz b kT hwicER s EY,

PERMBHANLNTND Y =2 LE LTIV T = A A
2R’ D (F9), LFICTNT oA 2B =)L
OFRMZR LT3 2O EHAT 5 (FR2),

Leitzen & OHFZEIX, 554 DBET — X xR L L
AN EHETH LY, BERTIOY Y b7 v TR
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fESDEDOIC, FEET E—EBICERSNLT
WA ARV K CT (megavoltage computed tomography:
MVCT) THgse S 7z lifg & iGFREHE CT O i L2
A Mb— 3 XY inter-fraction variability (A%
6l =& OfLE TN ZRE LY, ZORE, inter-
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Abstract

The role of surface-guided radiotherapy system in stereotactic radiotherapy
for the head and the introduction of open-shell masks

Hibiki Takee
Department of Radiological Sciences, Graduate School of Health Sciences, Juntendo University
In recent years, surface-guided radiotherapy (SGRT) has gained attention as a method for patient positioning in the
treatment of metastatic brain tumors using surface information. SGRT employs non-ionizing radiation such as visible light,
eliminating radiation exposure while enabling real-time monitoring of the patient's body surface during treatment. One

device capable of performing SGRT is the Catalyst (C-RAD Positioning AB, Sweden). This report introduces the role of
SGRT in radiotherapy, the features of the Catalyst system, and previous studies on the fixation device, open-face masks.

Key Words: metastatic brain tumor, surface guided radiation therapy, structuring, Catalyst, open-face mask
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Abstract

Imaging diagnosis of carotid artery plaque

Yuto Takatama, Masami Goto

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

The paper reviews current knowledge on radiological imaging-based assessment of carotid plaques, focusing on both
diagnostic techniques and their clinical significance. Carotid plaques are atherosclerotic lesions composed of lipids, fibrous
tissue, and calcium. As atherosclerosis progresses, these plaques become major contributors to ischemic stroke and transient
ischemic attacks (TIA). The paper outlines the composition, classification, and formation processes of carotid plaques, with
a focus on ultrasound sonography (US) and magnetic resonance imaging (MRI) as key imaging modalities. US is a non-
invasive and rapid screening method that is particularly effective in evaluating intima media thickness (IMT) and
identifying plaque morphology. However, it has limitations in distinguishing internal components. In contrast, MRI
provides excellent spatial and contrast resolution, enabling detailed visualization of plaque structure. Techniques such as
sampling perfection with application optimized contrasts using different flip angle evolutions (SPACE), black-blood,
magnetization prepared rapid gradient echo (MP-RAGE), and periodically rotated overlapping parallel lines with enhanced
reconstruction (PROPELLER) sequences are used to assess features like intraplaque hemorrhage and lipid-rich necrotic
cores. The combined use of US and MRI can enhance diagnostic accuracy and improve risk stratification in cerebrovascular
disease. This complementary approach is expected to contribute to early detection and the prevention of cerebral infarction,
as well as support more informed treatment decisions. In addition, advancements of MR imaging technique and analysis
method increase accuracy in plaque diagnosis and provide useful tools for predicting the risk of cerebral infarction.

Key Words: carotid artery plaque, ultrasound sonography, MRI
[Juntendo Health Science Journal 7(1): 80-84, 2026]
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Abstract

The impact of source position errors on dose distribution in brachytherapy

Daito Sakurai”, Chie Kurokawa”

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

This paper provides an overview of the impact of source position errors on dose distribution in brachytherapy for cervical
cancer. Brachytherapy is characterized by a steep dose fall-off with increasing distance from the source, and even a slight
positional deviation of approximately 1 mm can cause significant effects, such as a reduction in the dose to the clinical
target volume (CTV), indicated by a decrease in D,,, or an excessive dose to organs at risk (OAR), reflected by an increase
in D,... Such errors may arise from a combination of mechanical and patient-related factors, including malfunctions in the
source drive unit, variations in applicator placement accuracy, and changes due to organ motion or patient movement. In
particular, when the source is located close to the target and the dwell time is short, dose deviations of up to 6-8% relative
to the prescribed dose have been reported, potentially affecting treatment outcomes and the risk of adverse events.
Countermeasures include the implementation of quality assurance systems, the use of image-guided techniques, and
optimization strategies based on inverse planning. In recent years, growing attention has been paid to the concepts of
robustness, which refers to the ability of a treatment plan to suppress fluctuations in dose distribution even in the presence
of minor positional deviations, and complexity, which aims to quantify the structural patterns of dwell positions and times.
The establishment of quantitative indicators for these concepts is expected to play a crucial role in the future standardization
of treatment planning and quality assurance in brachytherapy.

Key Words: cervical cancer, brachytherapy, source position error, robustness, complexity
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TEEE - FAEEH

MELR e AR R 1 J3 s B R o
T 113-0033  HURHR SR RAN3-2-12
E-mail: j.aizawa.ue@juntendo.ac.jp

92 Juntendo Health Science Journal, August 31, 2026



DY RFD N L LA A EN TV S (K1),
0-100ms & Vo 7= BH D B 2 RED Vi B 5E %
B U, 23U LARE O i RFD 135 KAh /o & o B
MR S5,

2) ACL BEEEDRMHE RFDET DERE

ACL % 235 1T DTl o i i RED 28 & H2o
FORTTAZ LT, VAT TF 4 v L Ea—ER
AT7FVLRTL o THESRTWS, HH%6
AOBF7T ety h—#FIZEB T, RFD X ACL {8
BRTD63~80% F CTHEIE Lz, —JF. W KMHI1397%
FTEELTWEY, 26O/ EIT. RFD 23K K
] & X7 D ERR A 1= 85 2 L ERET D,

3) ACL BEZDRHE RFD DERARMNESR

ACL &% TlX, BMERFD & Vv 787 5 —
v AL ORICEERH D Z ERRESh TS,
AR=Y DL OLGEH T, S WERFEL, K%
I 28NN AR TH D, FDIwH, FHFFH T
EHAET D MER D HIRBUICB TR, BRAFHHLD
IR RFD 23/87 4 —< L AT 5 2 R R K&
WAREMER B B, Limdo T, BRZEDAR—Y
IR 2 D BICIE, IRk v 7 7213 T <, RFD
OFME LG5 ERHERS TN DY,

4) BMBMERFDRENHDUNEYFT— 3>

ACL PRt HNZ . IR RFD % 20E S 5 ik
A STV, LinL, HEZREYO U B
T —a ik, BERMER S A LIS E L,
KERVUSERS DR R oG b 2R 2 E N EELE I
57, ZOUBEOARTB L LT, MR E XY
N5, BIRIOMRERZCENEN T B L%, R
PEDOFANZHESEZ RFD Z 0 LSE 57200 FL—=

VINEBITT Y, ZhiiE, SIAFA RN v
ZRL—=u 7 TS5 RA =L b L—= 7R
b5,

4. E =

SO IL, ACL FE% O AR — VI FHH
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Abstract

Knee extension Rate of Force Development after

anterior cruciate ligament reconstruction

. . 1,2 . 2
Takahiro Narimasa" >, Junya Aizawa

)

" Athletic Rehabilitation Center, Meiwa Hospital
? Graduate School of Health Sciences, Juntendo University

The recovery of quadriceps maximal torque has traditionally served as a key criterion for determining return to sport
following anterior cruciate ligament (ACL) reconstruction. However, even after meeting these criteria, some patients are
unable to return to their pre-injury level of sports performance or experience re-injury. In response, there has been growing
interest in knee extension Rate of Force Development (RFD), a variable indicating the rate of early-phase force generation.
This paper reviews the literature on knee extension RFD after ACL reconstruction, focusing on its measurement, the extent
of reduction, clinical significance, and rehabilitation strategies for improvement. Early-phase RFD (0-100 ms) reflects
neuromuscular function that cannot be fully assessed by maximal torque alone. Knee extension RFD is a critical variable
reflecting the rapid force production required for many athletic movements, thus complementing traditional maximal torque
assessments. Incorporating RFD assessment and targeted rehabilitation into post-reconstruction sports physical therapy may
help athletes return to sport more safely and reliably.

Key Words: anterior cruciate ligament, Rate of Force Development, Rate of Torque Development, return to sport,

rehabilitation
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B0, . IR 35 & OWENRAR 72 & O 28 T
B X OBRKOFERNIFRAEBE TH 57, Fric, i
VW D BRI I I\ T B 00 MR M R i I A
ROFHFEMER DO~ LBEX SR TWDY, BT
36 K ONE Rk DO RFHIAYZB) 4 & 18 L 72 B bl
DOIERRIL, TRFEFHE O Fi b I K ORI R D7 EHE B
ORRICERET 2 HERRETH D,

) L7 Z RS 2701, BEE-Olsgs OB
Z AL« E RS D B EIN 2SR SR R L
TV, WKL Ea— X iR (four-dimensional
computed tomography: 4D-CT), Ukt —> B —LA 2
VB a2 — X W) ik 5% (four-dimensional cone beam
computed tomography: 4D-CBCT)., X #f % 17 Hj (%
(fluoroscopy) . fis% & #t N5 i/ f% (magnetic resonance
imaging: MRI) . & 3% (ultrasound: US) 35 L UMK
2 1 A% 55 5 U #R1E 9 (surface guided radiation
therapy: SGRT) 72 &', ZARREX U T 1 LEIT 3 F H]
ShTV3a"Y, Zh b ZBFEEINISHT 5 2 & T,
R E DI ALABIZ TR E U T IR 247 9 P [F) 4] Fe 4
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Abstract

Advances and challenges in imaging techniques for tumors with

respiratory motion in radiation therapy

Satoki Hinai", Keisuke Usui"?

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

In recent years, with the advancement of high-precision radiation therapies such as intensity modulated radiation therapy
(IMRT) and stereotactic body radiation therapy (SBRT), accurately visualizing respiratory motion of tumors and organs has
become essential for improving treatment precision. Tumor position fluctuates three-dimensionally due to respiration, which
can cause misalignment between treatment planning and irradiation; therefore, visualization and quantification technologies
are indispensable. Key imaging techniques include four-dimensional (4D) computed tomography (4D-CT) for evaluating
motion during treatment planning, 4D cone-beam CT (4D-CBCT) for verifying tumor position during treatment,
fluoroscopic imaging for real-time observation of motion, magnetic resonance imaging (MRI) for superior soft-tissue
visualization, ultrasound imaging for motion assessment without radiation exposure, and surface guided radiation therapy
(SGRT) using body surface markers. These technologies are applied to various motion management strategies, including
respiratory-gated irradiation (delivering radiation synchronized with respiratory phases), tumor tracking irradiation
(continuously following the moving target), and adaptive radiotherapy (responding to anatomical changes during treatment).
Future advancements in motion prediction using artificial intelligence, multimodality fusion, and real-time imaging are
expected to enable more precise and individualized treatment. Standardization of respiratory motion management and
further clinical validation will be essential to improve the overall quality of radiotherapy.

Key Words: radiation therapy, respiratory motion management, imaging technique, irradiation technique
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1) 2R (WBRT)

WBRT /%, ZIEEEMEMIES 53 5K bR O
FEWBRIETHY . ez BHHEHE 5210k
V. B LR AR OBUINRA & @ T LR o fiE
L B &35, EREE T BB B
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F. TEY— FRRBSEITHRE, QWEEEOK T, &
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INGOEWEREEZ BN E L7277 Ve —F
DUTFERFT SN TS, 1D BIX, MRGER A~ T
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BREME F OMATZE SE D BN WA ST WD,
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WBRT: HA-WBRT) T& 5, ViR Ok 0 fE i~
DO AT 5 2 & ¢, R EZEGFT A L5 H
BELTRY, MARBRCHEERMERITINTH
%5020 R RO RIS M N < L RIS &
D AR AE DA S VD T LA, FRIENBRRERRE D —[K
LEZLERNTVS,

SR FR SR SR DREHEIRIR > B T 7 1 —F o~
ENESIT HLNDICE ST RITIE, 2 OEIKRER
THRAMRERE L COFEFERVBEE THDH Z L1
BN 07T Th D, WBRT 1522 T3 fikis
Bkt HAERERRE E LA VDN TE 2, 78
HERERE e OB A FEFRNB L0 | BIE
TITMBBIE B~ EMLESTAEL LTS, 29 L
ARG, BEO QOL ZH#iR: Lo, Rl %
B DT AR iRRRE L L, SRT 2SR BLS CHER &
NHE oz,

2) ELLISHRARE (Stereotactic Radiotherapy: SRT)
kT TH o7 WBRT IZfb Y . HH D QOL »
HMERF « 1) L& AR L7287 72 e IREHE A~ Ol A A T
W5, BURBHBIRE T O & @k B e U 0 2B
F 0. BRJE LR Ioxkt U = R BT s sh 1 23
HILD LD | SRR I3 D BRI
HILK L7z, SRT 1L, FHZEN OFERERALIC B S %Y T,
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b&E5Z LT, D CHEEAT U7 ORISR % 7]
BEICT BIREMI THBY, ZhIC LV, WBIRORE
LN | U MM %% SRS
R SRTIZEWVWTIAEL HVRSRTWAY, Hiz, RH#
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B O R . MR AT DLW ER L OWRKN 7 n 20
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S, EFHMD Vg, DB BRI S218 57, &
DT, IAWRIFMIZ200 AN TR T35 Z & 3 FEET
&Y . Gamma Knife & i U CHRUFREH 23 L < B
T EERLUCY MU E &R IAFRIERT 2 K8 R
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TEHAREL Y T 4 BERICEA S L, IRFGRIRIT
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%, F7=. ICRU 83T D50% % “typical dose (X3
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WBRT “CI3¥)—# &0 & fiife & L7 St e sk
N %77, SRS/SRT Tl Efk Rk % 1EkZ Db D
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Abstract

The roles and challenges of radiotherapy in brain metastases

Hinata Hikawa, Keisuke Usui

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

Brain metastases are a frequent complication in patients with advanced malignancies and significantly affect quality of
life and prognosis through neurological symptoms and cognitive impairment. Whole-brain radiotherapy has long been the
standard treatment for patients with multiple brain metastases; however, concerns regarding late adverse effects, particularly
neurocognitive decline, have led to a reconsideration of its role in contemporary practice. Recent technological advances in
radiotherapy have enabled highly conformal dose delivery to intracranial lesions while minimizing irradiation of normal
brain tissue. Stereotactic radiotherapy (SRT), including stereotactic radiosurgery and fractionated SRT, has emerged as an
effective, achieving high local control with better preservation of neurocognitive function. Dedicated systems such as
Gamma Knife and CyberKnife, as well as linac-based techniques including intensity-modulated radiation therapy and
volumetric modulated arc therapy (VMAT), have broadened the indications for SRT in patients with multiple brain
metastases. More recently, HyperArc, a single-isocenter VM AT-based technique, has been developed to improve treatment
efficiency and dose conformity for multiple lesions. HyperArc allows simultaneous irradiation of multiple targets with steep
dose gradients and reduced treatment time through automated planning. Despite these advances, challenges remain in the
standardization of prescription dose definitions and dosimetric evaluation indices across modalities and institutions. This
review summarizes the evolution of radiotherapy for multiple brain metastases and discusses current issues and future
perspectives, with a particular focus on dose prescription and standardization.

Key Words: brain metastases, stereotactic radiotherapy, high-precision radiotherapy, prescribed dose, dosimetric evaluation
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Abstract

Protocolized ICU rehabilitation:
Historical development and current challenges

Yuya Yanagisawa" >, Kanji Yamada”, Kotaro Iwatsu”, Tetsuya Takahashi’’

" Department of Rehabilitation, Nihon University Hospital
* Graduate School of Health Science, Juntendo University
* Department of Physical Therapy, Faculty of Health Science, Juntendo University

Post-intensive care syndrome (PICS) is increasingly recognized among patients who survive and are discharged from the
intensive care unit (ICU). Preventing PICS requires comprehensive management, in which rehabilitation is a central
component. Protocol-based management has been widely adopted in the ICU for sedation and other aspects of care;
similarly, rehabilitation is recommended to follow structured protocols. However, the optimal structure and content of ICU
rehabilitation protocols remain incompletely defined.

Various tools are currently used to evaluate physical function in the ICU. Among them, the ICU Mobility Scale (IMS) is
the most widely used stepwise indicator within rehabilitation protocols. IMS can be administered rapidly and easily by
multidisciplinary teams, which facilitates routine clinical use. However, it demonstrates a floor effect in patients with severe
mobility limitations. Because most ICU rehabilitation activities occur in bed, protocols that rely exclusively on IMS have
inherent limitations.

Further refinement of ICU rehabilitation protocols requires integration of additional assessment tools with less floor
effect. One such measure is the Functional Status Score for the ICU.

Key Words: ICU, rehabilitation protocol, early mobilization, ICU Mobility Scale, Functional Status Score for the ICU
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Abstract

Report on the S5th International Symposium of the Faculty of Health Science

at Juntendo University: Working in Global Environment: International

Qualifications, Licensing Compatibility, and Research Fellowships

Takayuki Miyamori

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

On May 31, 2025, the 5th International Symposium of the Faculty of Health Science at Juntendo University, entitled
Working in Global Environment: International Qualifications, Licensing Compatibility, and Research Fellowships, was held
in a hybrid format at Ogawa Hideoki Memorial Hall, Juntendo University. A total of 366 individuals participated, including
329 onsite attendees and 37 webinar participants. The symposium was designed for undergraduate students, graduate
students, faculty members, and alumni of the Faculty of Health Science, with the aim of deepening understanding of
international qualification systems, licensing compatibility, research fellowships, and international collaborative research,
thereby fostering healthcare professionals with a global perspective. Special lectures were delivered in the morning session
primarily by speakers from the Department of Radiological Sciences and in the afternoon session by speakers from the
Department of Physical Therapy. These sessions were followed by research presentations and discussions, a hospital tour,
and a networking reception. The symposium provided participants with a structured opportunity to consider overseas
employment and research activities in concrete terms and served as an educational initiative to promote international

perspectives in health professions education.

Key Words: international symposium, global engagement, health professions education, overseas employment,

research fellowships
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The ABC of working abroad:
licensing, culture, personal and professional growth

Jenny Sim

Professor and Head of Department of Medical Imaging and Radiation Sciences,
Faculty of Medicine, Nursing and Health Sciences, Monash University, Australia

There is a widely held notion that the world is shrinking and getting smaller as we stay connected with our
friends and international peers via social media. Distance is no longer an issue as we are able to reach far flung
destinations via air travel. Despite the ease of physical travel and the convenience of staying connected with our
friends and families overseas, there remain significant challenges for radiological technologists who wish to work
overseas. Different licensing requirements, language and cultural competencies present formidable challenges for
healthcare practitioners including radiological technologists aspiring to work overseas.

This presentation provides an overview of the different education qualifications and licensing requirements for
radiological technologists globally. Using Australia and New Zealand as examples, the licensing requirements,
registration and workplace settings will be considered. Working overseas has its perks. Together, we will explore
the benefits of working overseas, cultural enrichment, networking opportunities, personal and professional
growth. Ultimately, our patients will benefit from our learning and make the overseas adventure a worthwhile

experience.
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Navigating international careers:
A Singapore perspective for Japanese radiological technologists

Li Hoon Sng

Senior Principal Radiographer at Sengkang General Hospital

Working in a foreign healthcare system can be a daunting prospect, often deterring healthcare professionals
from pursuing overseas opportunities. A 2025 survey of 164 Japanese participants, including practicing
radiographers, undergraduate and graduate students, revealed interesting insights into their perspectives on
international careers.

While fourth-year undergraduates showed the highest interest in overseas work, preferences for developed
regions like Oceania, Europe, and North America were consistent across all groups. Key motivators included
gaining unique clinical experience (76.8%), improving language skills (72.6%), and personal growth (64.6%).
However, language barriers (75.6%) and differences in licensing systems (50.0%) emerged as significant
concerns.

This presentation will address these concerns by outlining the professional pathway for radiographers in
Singapore, including licensing requirements, registration processes, and educational framework. With English as
the primary language and a well-established healthcare system, Singapore offers valuable opportunities for
Japanese radiographers considering international practice. The presentation will conclude by examining common
challenges faced by non-local radiographers in Singapore, providing practical insights for potential international

career development.
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Australian physiotherapy education and the potential collaborations
for both students and academics between the universities

Anthony G. Schneiders

Professor and Head of College for Health Sciences, School of Health, Medical & Applied Sciences,
Central Queensland University, Australia

Australian Physiotherapy (Physical Therapy) is taught in 31 universities with 56 programs across Australia
with credentials ranging from a Bachelor’s degree to Bachelor (Honours), Masters and Doctorate entry level
programs. As such training in physiotherapy is between 4-6 years full-time. Postgraduate research programs are
available at Masters and Doctorate level and there are postgraduate clinical programs which may lead to the
achievement of “Titling” and “Specialisation” through the Australian Physiotherapy Association (APA) and
Australian College of Physiotherapists (ACP) respectively. A Titling credential is awarded to a physiotherapist
who has met requirements of a formalised teaching and assessment process to demonstrate their highly developed
physiotherapy experience and knowledge in a field of practice in the one or more of the following areas: Animal,
Cardiorespiratory, Gerontological, Musculoskeletal, Neurological, Paediatric, Pain, Research, Sports and
Exercise, Women’s & Men’s Pelvic Health and Occupational Health. Specialist Physiotherapist is awarded by the
Australian College of Physiotherapists (ACP) to physiotherapists who have attained the highest level of clinical
expertise in their chosen field of physiotherapy by successfully fulfilling all requirements of the Specialisation
Training Program (STP) in their chosen field of physiotherapy including most Titled areas.

Juntendo University is a prestigious university in Tokyo and the first in Japan to embrace western medical
teaching. The university was established in 1946, although it can find its roots in a medical school and hospital
founded in 1838. As such Juntendo University is the oldest institution of medical education in Japan and draws
on seminal anatomy teachings from the “Kaitai Shinsho” published in Japan in 1774. Juntendo University has
specific strengths in both Medicine and “Sportology”, a new research area that integrates multiple fields centering
around medicine and sports science. Juntendo teaches a Master of Science (MS) program in Physical Therapy.

Juntendo currently has partnerships in Oceania with Western Sydney University in Australia and the University
of Otago in New Zealand and Central Queensland University (CQUniversity) currently has partnerships in Japan
with four universities and new partnerships are always possible and welcomed. CQUniversity currently offers
medical training in partnership with the University of Queensland and has a Bachelor of Medical Imaging
program leading to registration as a diagnostic radiographer.

This presentation will further outline Physiotherapy education focusing on the parallels between Japanese and
Australian Physical Therapy programs and offer insight into closer partnerships, alliances and collaboration

between university academics and students.
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From patient care to knowledge creation:
My journey as a physiotherapist

I Putu Gde Surya Adhitya

Department of Physical Therapy, College of Medicine, Universitas Udayana, Indonesia

Building upon a foundation of direct patient care within the dynamic environments of Bali United Football
Club and private clinics in Denpasar, my professional journey as a physiotherapist has evolved into a multifaceted
pursuit encompassing research, education, and scholarly leadership. The initial years (2015-2017) were marked
by an intensive engagement with the immediate rehabilitation needs of athletes and the diverse musculoskeletal
challenges of clinic patients, providing a rich tapestry of practical knowledge that continues to inform my
academic endeavors. This hands-on experience, coupled with a Master's degree in Sport Physiology (2015-2017),
laid the groundwork for a deeper exploration into the scientific underpinnings of injury and recovery.

My doctoral studies at Taipei Medical University (2018-2021) represented a pivotal shift towards rigorous
research, culminating in a dissertation focused on the critical area of lower extremity injury prevention and
treatment in sports. This immersive research experience has been instrumental in shaping my subsequent
scholarly contributions, evidenced by peer-reviewed publications in leading international journals. These works
delve into specific aspects of sports medicine, including the efficacy of novel training methodologies like blood
flow restriction, predictors of functional recovery following ACL reconstruction, and the identification of risk
factors associated with reinjury. My ongoing commitment to research is further underscored by numerous
presentations at international conferences, sharing insights on topics ranging from biomechanical analyses of rare
injuries to the effectiveness of therapeutic interventions.

Since joining Universitas Udayana as a lecturer in 2016, I have been privileged to mentor and inspire future
physiotherapists, bridging the gap between theoretical knowledge and practical application through the lens of
my clinical and research experiences. This role allows me to synthesize my diverse experiences, fostering critical
thinking and evidence-based practice among students. Furthermore, my appointment as Editor-in-Chief of the
Physical Therapy Journal of Indonesia since 2020 reflects a dedication to advancing the scholarly discourse
within the national physiotherapy community. By facilitating the publication of high-quality research, I aim to
contribute to the growth and recognition of Indonesian physiotherapy on a global scale. My journey, therefore, is
a testament to the synergistic relationship between clinical expertise, rigorous scientific inquiry, and a
commitment to shaping the future of physiotherapy education and practice.

Keywords: ACL rehabilitation, clinical practice, knowledge creation, physiotherapy journey, sports injuries

126

Juntendo Health Science Journal, August 31, 2026



Report

A collaborative online international learning (COIL) initiative for students of

radiological technology: Practice report on the Radiographer Asia-Pacific

Youth Symposium
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Abstract

collaborative international initiatives in this field.

This practice report describes the design and implementation of the Radiographer Asia-Pacific Youth Symposium (RAYY),
a collaborative online international learning initiative involving students from Japan, Singapore, and Hong Kong in the field
of radiological technology. The symposium provided opportunities for cross-cultural exchange and collaborative learning.
Post-event survey results indicated high student satisfaction, highlighting the educational potential of high efficiency,
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Introduction

With the ongoing globalization of healthcare,
medical professionals are increasingly required to
provide culturally informed care to patients from
diverse backgrounds and to collaborate effectively
with colleagues across cultures. In response, higher
education institutions are expected to provide inter-
national learning opportunities that broaden students’
global perspectives.

Collaborative online international learning (COIL)
and virtual exchange have been increasingly recognized
as accessible and scalable alternatives to mobility-
based internationalization". Compared to travel-based
programs, online initiatives offer substantially lower
costs, remove barriers related to travel logistics, and
are less affected by differences in academic calendars
across countries”. These advantages make COIL well-
suited particularly for health professions programs,

where clinical schedules limit student availability for

extended overseas programs.

This practical report is a descriptive account of a
single educational initiative. The report describes the
design, implementation, and outcomes of an online
international symposium aimed at undergraduate and

postgraduate students in radiological technology.
Overview of the symposium

In August 2025, RAYS was held online, jointly
organized by Juntendo University (Japan), the
Singapore Institute of Technology (Singapore), and
Tung Wah College (Hong Kong). The symposium
brought together students studying in the field of
radiological technology from the Asia-Pacific region
to engage in academic exchange and intercultural
collaboration using English as a common language.

The primary aim of RAY'S was to provide students
with opportunities to interact with peers studying in
the same discipline in other countries. Furthermore,

empowering young radiographers with leadership and

Corresponding author: Yuh Morimoto

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

2-1-1 Hongo, Bunkyo-ku, Tokyo, Japan, 113-8421
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collaboration skills, promoting knowledge exchange
to enhance learning and innovation in imaging sciences
and radiotherapy, and creating networking opportuni-
ties for professional development within the region

were determined as the symposium objectives.
Design and implementation

The symposium was structured around a shared
theme, “Cancer Patients’ Journey.” Participants were
divided into international groups of five to six students,
each assigned a subtheme: Patient-Oriented Approaches,
Cancer Diagnosis and Healthcare Systems, and
Cancer Treatment (three groups). Prior to the event,
students registered via Google Forms (Google LLC,
USA), an online form, and indicated their preferred
subthemes. While efforts were made to respect these
preferences, priority was given to forming diverse
groups from all three institutions. Over a one-week
preparation period, groups collaborated independently

to develop presentation slides. After group formation,

the preparation of the presentations was driven by the
students, with opportunities to consult faculty available.
A dedicated Padlet page (Padlet, USA and Singapore)
was created for this symposium and served as a shared
workspace where students posted self-introductions,
exchanged contact information for further communi-
cation, and submitted their final presentation slides
after the event. Students communicated within their
groups via platforms of their choice, such as WhatsApp
or LINE. Faculty did not direct the content or process
of group work; this intentional design choice aimed to
promote student agency and leadership. Table 1
demonstrates the overview of the timeline and event
program, and Figure 1 illustrates the group structure
and the types of information participants shared in the

Padlet platform.
The presentation

On the event day, each group delivered a 15-minute

presentation. The symposium was facilitated by Dr.

Table 1 Overview of the Radiographer Asia-Pacific Youth Symposium (RAYS)

Theme and sub-theme

Shared theme

Cancer Patients’ Journey

Group A Patient-Oriented Approaches

Group B Cancer Diagnosis and Healthcare Systems
Group C Cancer Treatment 1

Group D Cancer Treatment 2

Group E Cancer Treatment 3

Schedule overview (2025)

3 July - 7 August

Registration period

17 August Group announcement
18-24 August Collaborate online with your group.
25 August Online presentation

Timetable on 25 August, 2025'
14:00 — 14:05 Opening remarks & welcome
14:05 — 14:15 Icebreaker & best Zoom background voting
14:15 - 14:45 Student group presentations (Groups A, B)
14:45 - 15:00 Health sciences trivia quiz
15:00 — 15:45 Student group presentations (Groups C, D, E)
15:45 - 16:00 The Health Sciences Trivia Quiz Awards & closing reflections
16:00 — 16:10 Post-event survey

Number of Participants

Juntendo University 4
SIT?
TWC’ (Radiography) 6

TWC’ (Radiation Therapy) 14

' The time zone shown in the table is UTC+8 (SGT/HKT). For UTC+9 (JST), add 1 hour to the times shown.

* Singapore Institute of Technology, * Tung Wah College
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Cheryl Lian and was held over approximately two and
a half hours. Interactive activities, such as a “best
Zoom background vote” and a “health sciences trivia
quiz’, were also incorporated as icebreakers to foster
a relaxed atmosphere (Fig. 1). The participant with
the most correct answers in the trivia quiz was
announced as the award recipient at the end of the
event. No formal assessment of student presentations

was conducted.
Outcomes and reflections

A post-event survey conducted at the end of the
symposium using ClassPoint (ClassPoint, Presenter
Media Inc., USA), indicated positive student percep-
tions. A short-answer format comprised three open-
ended questions: (1) How would you rate the length
of the symposium? (2) What aspects did you find most
valuable or effective? (3) What could be improved for
future online seminars? The survey received 30
responses from students and faculty, including cases
where individuals submitted responses separately for
each question. The majority of respondents evaluated
the length of the symposium as “just right” or
“appropriate”, however, a few suggested keeping it

under two hours. Responses indicated that the most

»

Radiographer Asia-Pacific Youth Symposium (RAYS)

valuable aspect of the symposium was interaction and
collaboration with students from different countries
with different background and cultures. Interactive
components, such as trivia quizzes, multiple-choice
questions, and Q&A sessions, were highly valued for
creating an engaging and relaxed learning environment.
Suggestions for improvement included extending the
preparation period beyond a week for group presen-
tations to allow deeper collaboration amongst group
members. Others recommended incorporating more
time for discussion, particularly to encourage greater
student participation during Q&A sessions. Additional
suggestions included facilitating relationship building
through self-introductions, increasing cultural exchange
components, balancing the number of participants
from each country in one group, and involving more
institutions in future iterations. Furthermore, sharing
insights from experts and professionals was also
recommended (Table 2).

Future perspectives

RAYS demonstrated strong potential as a high
efficiency, scalable internationalization initiative that
higher education institutions can implement collabora-

tively. The symposium format was especially beneficial

Under your assigned group (A—E), please share your affiliation, year of study, major, and contact information.

i i 5 & Ca Di i
% RAYS Overview Patient-Oriented Approaches He:;:;::‘;;:::ﬂt Cancer Treatment 1 Cancer Treatment 2 Cancer Treatment 3
Aim:
Empowering the Next Generation of
Leaders in Medical Imaging and [ustration] [Mustration] [lustratian] [Hlustration] [Wustration]
Radiotherapy
This event is your gateway to
innovation, leadership, and
collaboration in medical imaging. Members (5-6): Members (5-6): Members (5-6): Members (5-6): Members (5-6):
JU (Japan): 1 JU (Japan): 1 JU (Japan): 1 JU (Japan): 1 JU (Japan): 1

@ Objectives:

- Promote leadership, advocacy, and
innovation in imaging sciences and
radiotherapy.

- Encourage cross-institutional research
and educational partnerships.

- Empower youth voices to shape the
future of radiographic practice.

! Learning Outcomes:

Participants will:

- Strengthen leadership and advocacy
skills for academic and clinical settings.
- Engage in cross-cultural dialogue and
collaborative problem-solving.

- Reflect on career pathways and
identify growth opportunities.

JU = Juntendo University (Japan)

SIT (Singapore): 1
TWC-IM (Hong Kong): 1
TWC-TH (Hong Kong): 2=3

v/ Students posted:
Self-introduction
Contact info / SNS account
Communication preferences

® Presentation slides
submitted here

SIT (Singapore): 1
TWC-IM (Hong Kong): 1
TWC-TH (Hong Kong): 2-3

= Students posted:
Self-introduction

Contact info / SNS account
Communication preferences

> Presentation slides
submitted here

SIT = Singapore Institute of Technology TWC = Tung Wah College (Hong Kong)

SIT (Singapore): 1
TWC-IM (Hong Kong): 1
TWC-TH (Hong Kong): 2-3

+* Students posted:
Self-introduction

Contact info / SNS account
Communication preferences

2 Presentation slides
submitted here

SIT (Singapore): 1
TWC-IM (Hong Kong): 1
TWC-TH (Hong Kong): 2-3

+ Students posted:
Self-introduction
Contact info / SNS account
Communication preferenres

5 Presentation slides
submitted here

SIT (Singapore): 1
TWC-IM (Hong Kong): 1
TWC-TH (Hong Kong): 2-3

' Students posted:
Self-introduction
Contact info / SNS account
Communication preferences
% Presentation slides
submitted here

IM = Medical Imaging  TH = Radiation Therapy

Fig.1 Overview of the RAYS Padlet Workspace. Each group column served as a shared space for self-introductions,
contact information, and presentation slide submissions.
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Table 2 Summary of participants' responses

Q1. Symposium length

The symposium length was generally perceived as appropriate or “just right.”

A small number of respondents suggested a slightly shorter total time.

Q2. Most valuable or effective aspects

Interaction and collaboration with students from different countries.

Opportunities to learn about differences in healthcare systems and radiography practices across regions.

Interactive elements such as quizzes, multiple choice questions, and Q&A sessions that enhanced engagement.

Q3. Suggestions for improvement

Extending the preparation period for group presentations.

Increasing opportunities for discussion and student participation.

Introducing structured self-introduction sessions to facilitate networking.

Expanding cultural exchange components.

Involving more institutions in future symposiums.

Balancing the number of participants from each country in one group

Incorporating a session for experts or professionals to share their insights and perspectives.

Several respondents reported no specific areas for improvement, indicating overall satisfaction.

for Japanese students, who generally have fewer oppo-
rtunities for informal English discussions compared to
their counterparts in Singapore and Hong Kong.
Although some Japanese students adopted fewer active
roles during discussions, they reported meaningful
contributions through research and content develop-
ment. Finding ways to contribute to a team in an
unfamiliar learning environment is itself a valuable
form of learning in the context of internationalization.

Improvements proposed to address the imbalance
in participant numbers across institutions in future
iterations include per-institution registration caps and
real-time displays of subtheme availability during
registration. Pre-event outreach strategies, such as
peer-to-peer promotion among previous participants,
may help increase uptake from underrepresented
institutions. Introducing learning outcome indicators,
such as measures of intercultural competence or online
collective efficacy scale™”, remains a potential direction
for future research beyond the scope of this practice
report.

The operational workload of RAY'S was manageable
by using general web platforms, such as Google
Forms and Padlet. The event required one to two
coordinating faculty members per institution and five
supporting faculty in total, as reflected in the stream-
lined schedule outlined in Table 1. For future iterations,

a rotating faculty coordination model, where respon-

sibility shifts among institutions, could further reduce
the burden on any single institution, and would be a

feasible step toward eventual student-led organization.
Conclusion

Given its simple operational framework, future
iterations could be organized by students themselves,
further enhancing communication, problem solving
skills and leadership development. Continued
implementation of RAYS is expected to strengthen its
impact as an effective tool for fostering global compe-

tencies in the education of radiological technology.
Ethical approval

This article does not apply to research, defined in
regulatory frameworks such as the U.S. Department
of Health and Human Services regulations (45 CFR
46) as systematic investigations designed to develop
or contribute to generalizable knowledge. Thus, the
initiative of RAY'S is outside the scope of Institutional
Review Board review. Regarding the responses of the
post-event survey, no personally identifiable infor-
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Abstract

Participation in short-term study abroad for professional education in Taiwan

Masato Arai, Mito Iwamoto, Momoka Okuda, Kako Komaya, Kana Tomoda, Keisuke Usui

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

In March 2025, we participated in an eight-day study abroad program at Yuanpei University of Medical Technology in
Taiwan. This program provided us with opportunities to experience a practical session using unfamiliar medical equipment
and unique quiz formats, interact with students from another country where different languages than Japanese is spoken,

and broaden our understanding of Taiwanese culture.

We were particularly inspired by the following points: the high level of academic engagement among the students, the
clear career vision from their freshman year, and the research presentations at an academic conference by students from
various countries. These experiences led us to re-evaluate our own learning attitude and future career goals.

Throughout this program, we realized how challenging it can be to express our thoughts and information precisely in our
second language. Since we earned valuable experiences from this program, we aspire to become healthcare professionals
with a global perspective. This report outlines our experiences and insights from this educational program in Taiwan.

Key Words: short-term study abroad for professional education, student interaction
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Abstract

Participation in short-term study abroad for clinical training in Taipei, Taiwan

Aoi Koda, Kasumi Hanai

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

From August 11 to August 22, 2025, we participated in a 14-day short-term clinical training program in Taipei, Taiwan.
Two undergraduate students from the Department of Physical Therapy, Faculty of Health Sciences, completed the training
at National Taiwan University. Through on-site observation, we identified key differences between physical therapy
practices in Japan and Taiwan and gained new perspectives on clinical approaches. In addition, through academic
presentations, we examined the status of healthcare in Japan and systematically organized and deepened our previously
acquired knowledge. This short-term international clinical training experience enhanced our interest in physical therapy in a
global context and provided valuable insights that will contribute to future professional and career development.

Key Words: Taiwan, clinical training, cross-cultural experience, physical therapy
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Abstract

Participation in short-term study abroad for clinical training in Taichung, Taiwan

Tokuhiro Iwamoto, Kousei Suzuki, Kohei Yoda

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

From August 18 to August 29, 2025, We participated in a 12-day short-term clinical training program in Taichung. We
conducted training at Asia University Hospital during the first week and China Medical University Hospital during the
second week. In the training program, I gained a deeper understanding of the differences in physical therapy education
between Japan and Taiwan. In particular, clinical practice periods are significantly longer compared with Japan, with
students completing approximately six weeks of clinical training in each of six different specialty areas.

Through this clinical training, we feel our perspectives have broadened. We believe these experiences will help us
cultivate an attitude of respecting diverse values when interacting with patients as we engage in clinical practice as physical
therapists in the future.

Key Words: cross-cultural exchange, clinical observation, physical therapy
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Juntendo University 2025 Academic Exchange Program
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Abstract

Participation in short-term study abroad for specialized education in Taiwan

Shua Kondo, Saki Sofue, Yui Okubo, Himari Miyashita, Honoka Fujikura, Mai Hasegawa,
Sana Nakajima, Kurumi Sakatsume, Issei Fukunaga, Usui Keisuke

Faculty of Health Science, Department of Radiological Technology

We participated in a short-term study abroad program for specialized education offered by the Department of Radiological
Technology, Faculty of Health Sciences, Juntendo University, held at Yuanpei University of Medical Technology in Taiwan.
Through this program, we improved our English skills and develop our professional knowledge by attending lectures,
engaging in hands-on training, and interacting with other students. Additionally, living in Taiwan helped us gain a deeper
understanding of a different culture. This report outlines our experiences during the short-term study abroad program in
Taiwan.

Key Words: short-term study abroad program, Tiwan, Yuanpei University of Medical Technology, Medical Imaging and
Radiological Technology
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Abstract

Implementation of a lemonade stand at the 1st Junhakusai Festival of the

Faculty of Health Science, Juntendo University

Eiichi Machara", Keisuke Usui"?”, Masafumi Akanuma", Keisuke Fujita", Ryoma Tsuchiya",

Hideyoshi lino", Shintaro Akimoto", Hyogo Horiuchi", Hinata Hikawa",

)

Shu Okamoto”, Daiki Sakakibara®, Tatsuya Choj i”, Yuina Tamai”, Yuka Tsuruyaz)

" Deparment of Radiological Technology, Graduate school of Health Science, Juntendo University
* Department of Radiological Technology, Faculty of Health Science, Juntendo University

The Ist Junhakusai Festival of the Faculty of Health Science, Juntendo University, was held on October 11-12, 2025. At
this event, the Usui Laboratory, which consists of members from both the Faculty of Health Science and the Graduate
School of Health Science, jointly operated a lemonade stand. This report summarizes the outline of the lemonade stand
initiative and describes its practical implementation, including the activities conducted during the festival.

Key Words: lemonade stand, pediatric cancer support, Junhakusai
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Abstract

Children's health, exercise, and posture:
Learn the right things to prevent injuries

Jun-ya Aizawa

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

According to a survey by the Japan Sports Agency, the number of children who dislike physical activity and those
showing declining physical fitness has increased in recent years, with the trend being particularly pronounced among girls.
This decline is associated with reduced exercise time and increased screen time. A lack of physical activity during early
childhood is also linked to a rise in fractures and growing polarization between physically active and inactive children.
Considering the developmental characteristics of the nervous system, early engagement in appropriate physical activity is
essential for healthy physical and mental growth. In response, initiatives have been introduced that promote the use of
familiar, everyday items to encourage enjoyable physical activities, as well as programs that allow families to exercise
together in a playful manner. Poor posture in children is another concern, as it can contribute to injuries and musculoskeletal
disorders during sports activities. However, such posture problems can often be improved through increased awareness,
feedback, and simple corrective exercises. Based on these issues, a public lecture organized by the Faculty of Health and
Medical Sciences aims to raise health awareness among children and their parents, focusing on improving children’s health,
physical activity, and posture.

Key Words: children, physical activity, sports, injury prevention, well-being
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Abstract

A practice report of the 2025 Faculty of Health Science Public Lecture for
Citizens: “Children’s Health, Physical activity, and Posture:
Learn Correctly to Prevent Injuries”

Emi Nakamura

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

An on-demand public lecture for citizens entitled “Children’s Health, Physical Activity, and Posture: Learn Correctly to
Prevent Injuries” was held by the Faculty of Health Science at Juntendo University beginning on April 15, 2025. This paper
reports on the lecture content, which explained the relationship between the physical characteristics of children during the
growth period and the occurrence of injuries.

Key Words: public lecture, growth period, physical characteristics, self-check
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Abstract

Development of an artificial intelligence education course for
students in radiological sciences

Yuto Sato, Takumi Saito, Tomohiro Sebata, Masami Goto

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

As digital transformation (DX) accelerates in healthcare settings, artificial intelligence (Al) technology is becoming
fundamental to radiology. However, due to existing extensive specialized curricula, systematic Al education has yet to be
fully integrated into university education. This paper reports on an online Al education course developed for third-year
students in the Department of Medical Radiology at Juntendo University, based on the core values of the Juntendo
University Al Incubation Farm. The target students have progressed through specialized subjects such as image anatomy
and medical image informatics, and have acquired foundational knowledge. This course covers everything from the
fundamentals of image processing to Python programming and practical machine learning exercises, aiming to cultivate
next-generation specialists capable of implementing quality control for Al technologies.

Key Words: Juntendo University, Faculty of Health Sciences, artificial intelligence (Al), medical image analysis
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