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REVIEW

The Past, Present, and Future of American

Cancer Rehabilitation

Jack B. Fu, MD

University of Texas MD Anderson Cancer Center, USA

ABSTRACT. Cancer rehabilitation in the United States has gone from a small obscure rehabilitation sub-
specialty to an area of intense interest. American cancer rehab’s recent growth can be attributed to the ever
increasing number of cancer survivors. The future of cancer rehabilitation may be accelerated by the con-

cept of exercise as cancer medicine.

Key words: Rehabilitation, Future, American, United States

(Phys Ther Res 24: 187-194, 2021)

The field of American cancer rehabilitation has undergone
a tremendous increase in interest over the past 15 years
from both oncology and rehabilitation professionals. This
narrative review article will discuss where the subspecialty
has come and where it is going.

The Past

In part due to cancer being viewed largely as an incur-
able disease in the past century, the field of cancer rehabili-
tation is very young compared to other subspecialties
within rehabilitation. The Handbook of Physical Medicine
& Rehabilitation 1* and 2™ editions published in 1965 and
1970 did not have a paragraph regarding cancer rehabilita-
tion. It was not until the late 1970’s that we begin to see
some major literature regarding oncology rehabilitation in-
cluding influential articles published by Dietz in 1980" and
Lehmann in 1978>. Physical medicine & rehabilitation at
MD Anderson Cancer Center, the largest American cancer
hospital, did not begin until the mid-1990’s.

In Lehmann’s 1978 article, multiple barriers to imple-
menting cancer rehabilitation were identified including a
lack of identification of patient rehabilitation related prob-
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lems by oncologists, lack of appropriate referral from on-
cologists, patients who are often too ill to participate, pa-
tients denying a need for rehabilitation, too poor of a cancer
prognosis, unavailable rehabilitation, and the lack of finan-
cial resources”. Sadly, many of these barriers continue to
exist today in our field. Andrea Cheville, an influential
American cancer physiatrist, has studied many of these bar-
riers. In many oncology cases, rehabilitation is dismissed
because the perceived expected outcome is unchanged by
oncologists®. The outcome that many oncologists are fo-
cused on is survival.

Our past could be characterized by not only a lack of
interest from oncologists but also by rehabilitation profes-
sionals themselves perhaps due to a lack of clinical de-
mand. Cancer rehabilitation education opportunities were
few at conferences and within training programs up until
the past 10 years.

The Present - The Era of the Cancer Survivor

The present period of cancer rehabilitation has been
associated with a dramatic wave of interest to unprece-
dented levels. The main driver for this wave of interest is
the rapidly increasing numbers of cancer survivors. First,
the definition of cancer survivor must first be clarified be-
cause it is a bit different from the traditional definition of
survivor. Traditionally, the term “survivor” is used to char-
acterize someone who has made it through an unpleasant or
life-threatening event like a hurricane, earthquake, or ill-
ness. However, in the oncology world, a cancer survivor is
anyone who has ever been diagnosed with cancer from the
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Fig. 1 Number of American Cancer Survivors

initial diagnosis until death®’. Therefore, someone diag-
nosed with cancer 5 minutes ago, 5 weeks ago undergoing
ongoing chemotherapy, and 5 years ago with no evidence
of disease are all considered cancer survivors.

There are a number of contributors to the ever-
increasing number of cancer survivors both in the United
States and around the world. The first contributor is an in-
creased American population from 106.5 million in 1920 to
328.2 million in 2020 (the world population has increased
from around 1 billion in 1804 to approaching 8 billion to-
day). If a certain percentage of people will get cancer, then
the number of cancer survivors would also increase. Sec-
ond, the percentage of Americans over the age of 65 has
been increasing in part due to increased life expectancy.
The greater the numbers of Americans over the age of 65
means a greater incidence of diseases that primarily affect
the elderly including strokes, neurodegenerative disorders
(like Parkinson’s and Alzheimer’s), and cancer. Approxi-
mately 50% of American cancer survivors are over the age
of 70 and 72% are over the age of 60”. The last and most
remarkable part of this phenomenon is that survival rates
for cancer have been increasing due to more effective can-
cer treatments. In the mid 1970’s, the five-year relative sur-
vival rate for all cancer sites was only 49%. 40 years later,
the survival is at 70%°. These three factors have led to in-
creasing numbers of American cancer survivors from 3 mil-
lion in 1970 to 17 million in 2020 (Fig. 1)*”. An estimated
4.8% of the US population in 2016 were cancer survivors.
For many, cancer has become a chronic disease like diabe-
tes or Alzheimer’s. While patients may eventually succumb
to their disease, many can live with cancer for years. There
are more American cancer survivors than the combined
numbers of American traumatic and non-traumatic spinal
cord injury survivors (up to 353,000)¥, traumatic brain in-
jury survivors (5.3 million)”, and stroke survivors (7 mil-

lion)'"” combined. Yet the rehabilitation infrastructure for

cancer rehabilitation pales in comparison to that of neurore-
habilitation.

Cancer survivors can suffer from a number of impair-
ments that can be addressed through rehabilitation interven-
tions. Deconditioning, asthenia, and cancer related fatigue
are very common in cancer patients before and after cancer
treatment. Chemotherapy induced peripheral neuropathy
can lead to neuropathic pain but also functional impair-
ments like reduced balance and coordination. Chemo-brain
is a multi-factorial syndrome (including other cancer re-
lated symptoms) which can lead to prolonged cognitive
dysfunction including memory and executive function defi-
cits. Steroid myopathy is also quite common due to long
term steroid use in stem cell transplant patients for graft
versus host disease prevention as well as in a number of
other cancer treatments. Steroid myopathy often can be
identified by the pattern of significantly greater proximal
weakness out of proportion to distal weakness. Patients
often have difficulty with sit to stand transfers but do rela-
tively well once standing and ambulating. Lymphedema is
common amongst breast cancer patients but can affect any
cancer patient where lymphatic damage has occurred (e.g.
head and neck as well as gynecologic cancers). Post-
mastectomy reconstruction syndrome in breast cancer pa-
tients and radiation fibrosis syndrome in head and neck
cancer patients are common and are due to radiation related
nerve damage and/or nerve stretching/traction damage dur-
ing surgical dissections. Neuro-rehabilitation may be neces-
sary for spinal cord injury (often due to primary tumors,
metastatic tumors, or radiation late effects), brain injury
(due to primary brain tumors, metastatic brain tumors, or
radiation late effects), and leptomeningeal disease.

A number of recent studies have demonstrated contin-
ued difficulty with under-recognition and under-referral by
oncology that was described by Lehman et al.> Oncology
specialists often experience tunnel vision where they are fo-
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cused on cancer staging and cancer progression/recurrence
and do not consider factors that can affect quality of life.
Movsas et al. found 87% of inpatient oncology unit patients
had motor/functional needs but only 18% received physia-
try consults'"’. Cheville et al. found 92% of metastatic
breast cancer patients had at least one physical impairment
but only 30% received rehabilitation treatment which was
mostly inpatient'. In another study by Cheville of 244 out-
patient cancer survivors, 65.8% self-identified functional
needs but there was minimal reference in oncology medical
records to functional problems'. Finally, despite the high
number of cancer patients with functional needs, only
31.8% of patients with late stage cancer expressed an inter-
est in cancer rehabilitation'.

Present Challenges

Due in large part to the rapidly increasing numbers of
cancer survivors, demand for cancer rehabilitation has out-
paced supply. Many cancer centers have tried to quickly es-
tablish cancer rehabilitation programs including recruiting
cancer physiatrists. Unfortunately, currently the needed
army of cancer rehabilitation professionals is just not avail-
able to meet demand. Educating rehabilitation professionals
through school and residency is crucial. However, schools
and residency programs are also trying to quickly adapt to
incorporate additional cancer curriculum. Currently, the
cancer rehabilitation exposure for physiatrists varies dra-
matically between physiatry residency programs'. Because
of inadequate cancer rehabilitation exposure in residency
training, physiatry cancer rehabilitation fellowships have
been developed to provide additional training (nine cancer
physiatry fellowships in North America). The Commission
on Accreditation of Rehabilitation Facilities (CARF) began
a certification of cancer rehabilitation programs in 2014.
Education and didactic lectures during major rehabilitation
conferences have also increased dramatically. The Ameri-
can Congress of Rehabilitation Medicine (ACRM) has
grown its Cancer Rehabilitation Networking Group and
features multiple continuous tracks of cancer rehabilitation
lectures during its annual conference. The American Acad-
emy of Physical Medicine & Rehabilitation (AAPM&R)
has increased its cancer rehabilitation lectures and a group
called the Cancer Rehabilitation Physician Consortium has
become an active voice for cancer rehabilitation within
physiatry. The National Institutes of Health (NIH) held its
first Cancer Rehabilitation Summit in June 2015. In addi-
tion, the American Physical Therapy Association (APTA)
continues to publish Rehabilitation Oncology, a quarterly
cancer rehabilitation journal and recently began an educa-
tional course (with hands-on and online components) to-
wards a Certificate of Achievement in Oncology Physical
Therapy.

The annual number of cancer rehabilitation research

publications has quadrupled since 1992'”. While this is a
dramatic increase, more quality research is sorely needed.
Our specialty has made significant progress within oncol-
ogy and rehabilitation; however, public policy makers and
payers including health insurance companies have been
slower to join. Cancer rehabilitation research studying the
beneficial economic impacts of cancer rehabilitation on sur-
vival and cost savings are sorely needed.

Influential oncology organizations including the Com-
mission on Cancer, the National Comprehensive Cancer
Network (NCCN), the American College of Surgeons Can-
cer Program, and the American Cancer Society have estab-
lished that rehabilitation should be a part of cancer care.
However, our specialty must do more to advocate for pub-
lic policy change in the American federal government and
within Medicare and create clinical practice guidelines that
are endorsed by major and respected cancer organizations'”.

The Future - The Era of Exercise as
Cancer Medicine

Rehabilitation has traditionally been a specialty about
improving the quality of life and not as focused on improv-
ing survival or saving lives as other medical specialties.
There are exceptions to this: we as rehabilitation profes-
sionals treat life threatening complications on our rehabili-
tation unit like autonomic dysreflexia and pulmonary em-
bolism but most of what we do is geared towards improv-
ing quality of life. Our efforts are noble, and patients are
grateful for the qualitative improvement in their lives ob-
tained through rehabilitation interventions.

However, we are beginning to see a new era in cancer
rehabilitation on the horizon. Can our rehabilitation inter-
ventions make patients live longer and survive cancer?
We’ve known that patients with better performance status
are more likely to endure cancer treatment and live longer.
What if we tried to improve performance status through re-
habilitation interventions to improve survival? There has
been an increasing body of evidence that supports that
physical activity can improve survival in a number of can-
cer populations'®.

The Era of Exercise as Cancer Medicine is taking
shape along the cancer rehabilitation continuum described
by Dietz in 1980 (preventative, restorative, supportive and
palliative)”. The area of prehabilitation has gained immense
interest over the past decade. Cancer prehabilitation is simi-
lar in concept to Dietz’s preventative cancer rehabilitation.
Prehabilitation involves interventions (which can include
exercise, nutrition, and education) aimed at improving pa-
tients’ health before an anticipated upcoming major cancer
intervention with the goal of improving outcomes'”. Preha-
bilitation is not unique to cancer rehabilitation and had been
used in other areas of rehabilitation for decades. However,
it has recently garnered intense interest (in particular in sur-
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Fig. 2 Breaking the Cycle of Fatigue, Inactivity and Decon-
ditioning with Exercise

gical oncology for pancreatic cancer patients before Whip-
ple resection). The concept of prehabilitation is not unlike a
military boot camp. Just as a military boot camp prepares
new military recruits for the challenges of upcoming com-
bat, a prehabilitation program can prepare cancer patients
for the challenges of upcoming cancer treatment. The con-
cept could be applied before any major cancer intervention
including chemotherapy, hematopoietic stem cell transplant
or Chimeric Antigen Receptor T-cell (CAR-T) therapy.

The concept of exercise as cancer medicine could also
be applied during the supportive phase of cancer rehabilita-
tion. In other words, increasing physical activity during on-
going cancer treatment. These rehabilitation interventions
could consist of ongoing physiatry follow-up with consulta-
tion with physical therapists or exercise physiologists.
There are a number of reasons that improved performance
status could positively impact cancer survival. The first is
that performance status does impact treatment decisions. If
a weak patient who is bedridden presents to his oncologists,
he/she is less likely to be offered aggressive cancer treat-
ments. The second is treatment completion rates could be
better in those with better performance status. Patients with
a better performance status may be able to endure the tox-
icities of cancer treatment more than lower performance
status patients (this has been observed in the START and
HELP trials)*”. Third, death from other causes may also be
lower in patients with better physical conditioning such as
cardiovascular disease. Forth, there may be improved treat-
ment response in physical fit patients and lastly, disease

Fu

progression may be less in patients with superior perform-
ance status®”.

There are a number of mechanisms for the beneficial
survival effects of physical activity in cancer patients in-
cluding hormonal changes and reduction in inflammation.
Inflammation is an area of significant academic interest.
High levels of inflammation have been known to be associ-
ated with the development of a number of chronic diseases
including cardiovascular disease, Type II diabetes, neurode-
generative disorders (such as Alzheimer’s Disease) and
cancer™. Ironically, cancer and cancer treatments (includ-
ing chemotherapy and radiation) are pro-inflammatory.
That increased inflammation may actually help cancer pro-
gress. The substantial symptom burden in cancer patients
undergoing active treatment can be attributed to the in-
creased inflammation generated by cancer and its treatment.
Many cancer patients feel like they have they have the flu.
Fatigue, insomnia, cognitive dysfunction, anorexia, pain,
dyspnea, and nausea are common in both an influenza in-
fection and cancer™*. In both situations, inflammation is
elevated due to the immune response to a systemic influ-
enza infection or the pro-inflammatory effects of cancer
and its treatments™. These symptoms can have a tremen-
dous negative impact on quality of life.

Physical activity has been demonstrated in a number
of studies to be anti-inflammatory. Myokines, which are
anti-inflammatory cytokines produced by muscle activa-
tion, are produced with physical activity*’. Therefore,
physical activity reduces inflammation and the reduced in-
flammation reduces cancer related symptoms. Cancer pa-
tients with high symptom burden typically do not feel well
and this can discourage physical activity. Breaking through
this barrier, can be challenging for cancer rehabilitation
professionals. Patient education regarding how physical ac-
tivity will actually make patients feel better is key””. Figure
2 demonstrates steps to break the cycle of inactivity and fa-
tigue. For example, in a patient who has been bedridden
long term due to an extended intensive care unit (ICU) stay,
the first step towards increasing activity is often starting to
sit in a chair daily. Patients are encouraged to gradually in-
crease the duration of chair sitting in addition to participat-
ing in physical and occupational therapy offered.

Unfortunately, patient discussions and education are
infrequent. If exercise is cancer medicine, we have a re-
sponsibility to make patients aware of its benefits. Less
than half of cancer survivors maintain their pre-diagnosis
activity and only 21.5% of cancer survivors can recall a dis-
cussion about exercise with a healthcare professional (com-
pared to 24% of adults without cancer). 84% of cancer sur-
vivors have indicated that they would like to discuss exer-

*®  More em-

cise during their cancer treatment experience
phasis needs to be placed on physical activity during cancer
treatment. When discussing exercise with patients, the

guidelines most often utilized are the 2019 American Col-
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Currently, cancer rehabilitation is often under-referred or referred late in the cancer treatment process.

Fig. 3 The Present-Day Cancer Rehabilitation Referral Model

After cancer diagnosis, patients are referred to an oncologist. In the case of a new breast cancer
diagnosis, for example, the oncologist will refer the patient to a surgeon for mastectomy, a radiation
oncologist for post-mastectomy radiation, and a physiatrist for prehabilitation and monitoring of the

anti-inflammatory effects of exercise.

Fig. 4 The Potential Future Cancer Rehabilitation Referral Model

lege of Sports Medicine Exercise Guidelines for Cancer
Survivors which recommends at least 30 minutes of moder-
ate intensity aerobic exercise three times per week and at
least 30 minutes of strengthening exercise 2-3 times per
week™.

The guidelines are still broad and additional tailoring
to a patient’s capabilities is recommended. If exercise is a
medicine, it should be dosed like a medicine. We can “un-
derdose” or have inadequate amounts of exercise, but we
can also “overdose” or have excessive exercise (e.g. exces-
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Fig. 5 The Past, Present, and Future of Cancer Rehabilitation

sive exercise may lead to too little inflammation and make
already immunocompromised cancer patients more suscep-
tible to infection). Determining the right dose is still very
much an art rather than a science. We just don’t know
enough to really get exercise prescriptions for cancer pa-
tients down to a science. Perhaps in the future, regular
blood tests of inflammatory cytokine levels could be per-
formed. By then, more detailed knowledge of the myokine
effects of aerobic vs anaerobic exercise, isotonic vs. isomet-
ric vs. isokinetic strengthening exercise, and the different
muscles themselves (e.g. quadriceps vs pectoralis) would
be known. In addition, the optimum anti-inflammatory anti-
cancer cytokine levels would also be known. Currently,
there is much that needs to be learned, but the future of this
emerging area in cancer treatment is exciting.

The role of nutrition in reducing systemic inflamma-
tion in cancer treatment cannot be overlooked. Data from
the Women’s Health Initiative, a study of over 122,000
post-menopausal women, found a high inflammatory diet
was associated with increased mortality in breast cancer pa-
3 An anti-inflammatory diet has been associated
with a lower risk of colorectal cancer’™. Patient education

tients

and promoting the intake of anti-inflammatory foods such
as fruits and vegetables that are rich in anti-oxidants is im-
portant. Protein intake is often emphasized for cachectic
cancer patients and typically includes encouraging the in-
take of meat (which can be pro-inflammatory). While in-
gesting anti-inflammatory foods may be beneficial, ingest-
ing anti-inflammatory supplements or medications is more
controversial. The intake of anti-oxidant anti-inflammatory
vitamin supplements has not been shown to reduce cancer
mortality and may increase mortality®. There has also been
interest in the use of anti-inflammatory medications, such
as non-steroidal anti-inflammatory drugs (NSAID’s), in the
treatment of cancer. However, the evidence to support the
use of NSAID’s has been mixed™.

The current model for cancer rehabilitation referral has
been characterized by under-referral and late referral (Fig.
3). The future cancer rehabilitation referral model may be
characterized by more frequent rehabilitation referral early
on in cancer treatment (Fig. 4).
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Conclusion

American cancer rehabilitation has undergone tremen-
dous growth in interest from a small obscure rehabilitation
subspecialty to becoming a major component of main-
stream rehabilitation. The rise of cancer survivor numbers
has fueled much of the recent growth in demand for cancer
rehabilitation. That trend will continue as cancer treatments
continue to become increasingly effective. In addition, the
new and emerging field of exercise as cancer medicine will
emerge as another major driver of growth in cancer reha-
bilitation (Fig. 5).

Conflict of Interest: The authors declare no conflicts of
interest.
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A Narrative Review of Alternate Gait Training Using
Knee-ankle-foot Orthosis in Stroke Patients with
Severe Hemiparesis
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ABSTRACT. Impairments resulting from stroke lead to persistent difficulties with walking. Subsequently,
an improved walking ability is one of the highest priorities for people living with stroke. The degree to which
gait can be restored after a stroke is related to both the initial impairment in walking ability and the severity
of paresis of the lower extremities. However, there are some patients with severe motor paralysis and a
markedly disrupted corticospinal tract who regain their gait function. Recently, several case reports have
described the recovery of gait function in stroke patients with severe hemiplegia by providing alternate gait
training. Multiple studies have demonstrated that gait training can induce ‘“locomotor-like” coordinated
muscle activity of paralyzed lower limbs in people with spinal cord injury. In the present review, we discuss
the neural mechanisms of gait, and then we review case reports on the restoration of gait function in stroke

patients with severe hemiplegia.

Key words: Knee-ankle-foot orthosis (KAFO), Stroke, Gait, Hemiparesis, Inverted pendulum

(Phys Ther Res 24: 195-203, 2021)

Globa]ly, the estimated total number of stroke patients
was 33 million in 2010". Stroke is the second leading cause
of death and a major contributor to disability worldwide™.
Impairments resulting from stroke often lead to persistent
difficulties with walking. Subsequently, an improved walk-
ing ability is one of the highest priorities for people living
after a stroke”. In addition, walking ability has important
health implications in providing protective effects against
secondary complications that are common after a stroke,
such as heart disease or osteoporosis”.

The degree to which gait can be restored after a stroke
is related to both the initial impairment in walking ability
and the severity of paresis of the lower extremities*®. Wan-
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del et al.” reported that only 21% of stroke survivors with
lower limb paralysis regained the ability to walk. In other
words, there is no doubt that severe paralysis of the lower
limbs and muscle weakness are factors closely related to the
ability to walk. However, there are patients with severe mo-
tor paralysis and a markedly disrupted corticospinal tract
who regained their gait function™'”. In addition, Sivaramak-
'V reported that there was no associa-
tion between transcranial magnetic stimulation-induced tib-
ialis anterior and rectus femoris motor evoked potentials,
which are neurophysiological parameters of lower limb
function, and walking speeds. Indeed, many patients have
regained gait function even after experiencing severe hemi-
paresis'*'”. Recently, several case reports'>'" described the
restoration of gait function in stroke patients with severe
hemiplegia after the provision of alternate gait training
(AGT). Multiple studies have demonstrated that gait train-
ing can induce “locomotor-like” coordinated muscle activ-
ity of the paralyzed lower limbs in people with spinal cord
injury'™".

In the present narrative review, we will discuss the

rishnan and Madhavan
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neural mechanisms of gait, and then review case reports on
the restoration of gait function in stroke patients with se-
vere hemiplegia.

Alternative Gait Training Using Knee-ankle-foot
Orthosis (KAFO) for Stroke Patients with Severe
Hemiplegia

1) Neural mechanisms of gait, and ideas for restoring gait
in stroke patients with severe hemiplegia.

Decerebrate cats, with an absence of the forebrain, can
walk, trot and gallop. When decerebration occurs at
precollicular-postmammillary level, the cat initiates loco-
motion by electrical or chemical stimulation applied to the
mesencephalic or midbrain locomotor region™*”. To date,
three locomotor regions have been identified in animals: the
midbrain locomotor region in the mesopontine tegmentum,
the subthalamic locomotor region, and the cerebellar loco-
motor region in the mid-part of the cerebellum®’. Human
imaging has demonstrated that the organization of these su-
praspinal locomotor centers was preserved during the tran-
sition to bipedal locomotion in humans™.

The regulation of human upright posture and locomo-
tion is based on the finely tuned coordination of muscle ac-
tivation between the two legs'”. For example, when a dis-
turbance causes an initiation or prolongation of the swing
phase on one side, the stance phase of the contralateral leg
compensates accordingly, in both human infants and cats'”.
Unilateral leg displacement during stance and gait evoke a
bilateral response pattern with similar short (i.e., spinal) on-
set latencies on both sides'. This interlimb coordination is
necessary to keep the body’s center of gravity over the
feet'”*.

In cats, there are two main sources of afferent input
that lead to rhythm entrainment and/or resetting of locomo-
tor activity'”. Such input can either block or induce switch-
ing between the alternating flexor and extensor locomotor
bursts. One afferent input source is related to hip position,
and the other is related to load”*”. For example, for the in-
itiation of the swing phase, the significance of hip position
was essential for human infant stepping, similarly to what
was described for the cat with chronic spinal cord transec-

7. Furthermore, in previous studies, load receptor input
28)

tion
for the regulation of stance and gait was important for cats
and humans™. It was assumed that this effect was mediated
by group Ib afferent input™.

Further studies have indicated that even in completely
paraplegic patients, a locomotor pattern can be evoked by
bilateral alternating stepping®*. In these studies, load re-
ceptor input was essential for leg muscle activation during
stepping movements'”. Habli and Dietz'” found that load-
and hip-joint- related afferent input is of crucial importance
during locomotor training, as it leads to appropriate leg
muscle activation, and thus increases the efficacy of reha-

bilitative training. According to previous reports, gait func-
tion is influenced by the following: the control system of
voluntary function, such as the corticospinal tract; the con-
trol system of involuntary motor function, such as the
mesencephalic-reticulospinal neuron; and the central pat-
tern generator in the spinal cord™*.

In patients with spinal cord injury, alternate stepping
movements with afferent input from load receptors induce a
patterned leg muscle activation similar to that induced in
healthy subjects'™'. In other words, these inputs induce
lower limb muscle activity in patients with difficulties in
voluntary lower limb movement. Therefore, we hypothe-
sized that earlier improvement of gait function could be
achieved by providing an alternate gait pattern for patients
with severe hemiplegia, because it facilitates the afferent
load and proprioceptive receptor inputs. In particular, affer-
ent information from both bilateral hip joints seems to be
essential for the generation of locomotor-patterned leg mus-
cle activation; however, unilateral stepping movements lead
to inadequate leg muscle activation'™®’. Indeed, patients
with severe hemiparesis commonly have poor lower limb
stability on the paretic side and difficulty in walking with-
out lower limb support. To achieve good stability, patients
benefit from strong external support, such as a KAFO,
which provides both stability and enables the ankle to per-
form alternate stepping. We hypothesized that patients may
regain gait function earlier if gait training is implemented
using a KAFO. We defined AGT as walking with alternate
large hip flexion and extension when using a KAFO with
an oil damper ankle hinge.

2) Technique for providing AGT using a KAFO with an oil
damper ankle hinge

A KAFO for use in AGT has a ring lock hinge for the
knee joint and an oil damper hinge for the ankle joint™"".
(Fig. 1) The hinged oil damper can resist plantarflexion
during swing, and produce plantarflexion after heel con-
tact™*. Therefore, the loading response period is properly
constructed because the first rocker function is main-
tained**. Moreover, using a KAFO with an oil damper an-
kle hinge has other merits as it matches the inverted pendu-
lum movement that is observed in normal walking (Fig. 2A,
B) because the hinged oil damper does not hinder dorsiflex-
ion**. An inverted pendulum model of the stance leg is
crucial for effective, economical, and stable ambulation in
biomechanical features™. AGT is provided by a physical
therapist (Fig. 2C), and if AGT cannot be performed with
therapists providing external assistance, step training is util-
ized for each of the affected and unaffected lower limbs.
AGT is then started shortly after step training. After resolu-
tion of the problem of knee instability, an ankle-foot ortho-
sis (AFO) is used. Before transitioning from KAFO to AFO
(known as “cutting down’), we confirm that subjects can
walk with an alternate gait pattern with AFO alone.
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Assistive string

Double Klenzak joint

Oil damper hinge

Fig. 1. A knee-ankle-foot orthosis with an oil damper ankle hinge.

The hinged oil damper can resist plantarflexion during swing and promote adequate plantarflexion after
heel contact.

Fig. 2. Alternate gait pattern using knee-ankle-foot orthosis with an oil damper ankle hinge that matches the in-

verted pendulum model.

A: Alternate gait pattern using knee-ankle-foot orthosis with an oil damper ankle hinge
B: The inverted pendulum model

C: Alternate gait pattern using knee-ankle-foot orthosis with an oil damper ankle hinge with external as-
sist by physiotherapist
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Fig. 3. Electromyography results

Integrated electromyography revealed that all six muscles had more increased muscle activity in the

affected side lower limb during the stance phase of the 2-point gait pattern than of the 3-point gait

pattern.

A Comparative Study of the Effect of AGT Using
a KAFO

1) Muscle activity during AGT; the differences in lower
leg muscle activity between 2-point gait (AGT pattern) and
the conventional 3-point gait patterns (defined as walking
with a stride length of the non-affected leg not exceeding
that of the affected leg).

We have investigated” differences in lower limb mus-
cle activity during two gait patterns—2-point gait without a
cane and 3-point gait with a cane—in 12 stroke patients.
All 12 patients required KAFOs due to severe hemiparesis
when walking. When performing the 2-point gait training,
the patients would step the unaffected foot in front of the
affected foot with assistance provided by a physical thera-
pist. In contrast, when carrying out the 3-point gait training,
patients would step the unaffected foot to the lateral side of
the affected foot using the cane with slight assistance by the
physical therapist. The muscle activities were measured by
electromyogram in the tibialis anterior, gastrocnemius me-
dialis, biceps femoris, quadriceps femoris, gluteus maxi-
mus, and tensor fasciae latae muscles of the affected lower
limb. Integrated electromyography revealed that all six
muscles had increased muscle activity during the stance
phase of the 2-point gait pattern than of the 3-point gait pat-
tern (Fig. 3). In severe hemiparetic patients, 2-point gait

training may be more effective in facilitating muscle activ-
ity of the paretic lower limb than 3-point gait training.

2) AGT with a KAFO to support earlier walking independ-
ence

We have previously reported*” the effects of physical
therapy with an early prescription of KAFO during the
course of recovery of walking and stair climbing functions
evaluated using Functional Independence Measures (FIM).
Eight patients with post-stroke hemiparesis, who had been
prescribed a KAFO and had received AGT during their
acute hospital stays (the KAFO group), and 20 patients who
had not been prescribed a KAFO (the non-KAFO group),
were recruited. All patients in the non-KAFO group had
similar characteristics to those in the KAFO group on ad-
mission; age, length of hospitalization, severity of hemi-
paresis, duration between stroke onset and admission to the
convalescent rehabilitation ward, walking function, and
stair climbing function. We compared the time course of re-
covery of walking and stair climbing functions between the
KAFO and non-KAFO groups by using FIM at admission,
midpoint of the hospital stay, and discharge from the reha-
bilitation ward. FIM for walking and stair climbing gradu-
ally improved in both groups. However, walking function
improved earlier in the KAFO group than in the non-KAFO
group (Fig. 4A). Furthermore, the stair climbing function at
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Fig. 4. The time course of recovery of walking and stair climbing functions in the KAFO and non-KAFO groups evaluated
using FIM at admission, midpoint of hospital stay, and discharge.

discharge was significantly better in the KAFO group than
in the non-KAFO group (Fig. 4B). Therefore, physical ther-
apy using an early-prescribed KAFO might be effective for
improving walking and stair climbing functions in post-
stroke patients with severe hemiparesis.

Case Reports

1) Gait restoration in a patient who required full assis-
tance to walk at 6 months after stroke onset

Kadowaki et al."” tried to restore the gait function in a
patient with severe stroke hemiparesis who required full as-
sistance to walk 6 months after stroke onset. This patient
was a woman in her 50s who had suffered subarachnoid
and intracerebral hemorrhages. Her Brunnstrom motor
function was stage II in the upper limbs and fingers, and II-
III in the lower limbs.

The patient underwent physical therapy in the Kai-
fukuki rehabilitation (convalescent) ward and received gait
training using a soft knee brace and a soft bandage between
75 and 176 days of stroke onset. At six months post-stroke,
any improvement in motor paralysis was unlikely. Never-
theless, we assumed that her gait function could be im-
proved if lower limb muscle activity was induced by pro-
viding AGT.

Initially, we provided AGT using a soft knee orthosis
and an AFO. However, the inverted pendulum movement
could not be constructed because of the bent knee of the af-
fected side during the stance phase. We therefore decided to
make a KAFO for the patient. Figure 5A shows the gait
pattern at 3 weeks after admission. Figure 5B shows a trial
transition from the KAFO to the AFO. In this trial, the knee
joint was observed as too bent in the AFO, we this contin-
ued gait training using the KAFO. Figure 5C shows the pa-
tient’s gait at discharge, and Figure 5D shows the gait at
home following hospital discharge. The patient achieved re-

markable recovery with AGT; from being unable to walk at
6 months after stroke onset to eventually being able to walk
independently.

2) Gait reconstruction in a patient with complete damage
to the corticospinal tract.

We (Tsujimoto et al.'”) previously reported a case of
gait reconstruction in a young patient with large right fron-
tal lobe cortical hemorrhage due to a ruptured arteriovenous
malformation (AVM). The lesion extended from the central
precentral gyrus to the subcortical region of the postcentral
gyrus (Fig. 6A). It was not possible to visualize the cortico-
spinal and sensory tracts on diffusion tensor tractography
(Fig. 6B). The patient in fact showed severe hemiparesis
and severe sensory disturbance. The patient’s functional
ambulation category (FAC) went from 5 (fully independ-
ent) before the AVM ruptured to FAC 0 (unable to walk).

The patient’s knee was excessively bent and showed
an extension thrust pattern (Fig. 7A). For restoration of his
gait function, a KAFO with the oil damper ankle hinge was
used, and AGT was provided. Initially, the patient was as-
sisted by a physiotherapist (Fig. 7B), with the assistance
gradually reduced (Fig. 7C). A previous report” stated that
gait reconstruction is possible even when the corticospinal
tract is completely damaged. In this young patient, physical
therapy was started on Day 34 after the AVM rupture, and
his walking ability gradually improved, reaching 58.8 m/
min as a maximum walking speed on Day 113 (Fig. 7D).
At the same time, the KAFO was switched over to an AFO,
and his gait training continued. After transfer to a convales-
cent hospital, the patient was eventually able to walk inde-
pendently both indoors and outdoors.

Conclusions

In the current narrative review, we introduced AGT
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Fig. 5. The restoration of gait function in a stroke patient with severe hemiparesis who required external assis-

tance for gait 6 months after stroke onset.
1. Initial contact; 2. Loading response; 3. Mid stance; 4. Terminal stance
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Unaffected side (left) Affected side (right)

— Unaffected cortico-spinal tract -+ Affected cortico-reticular tract
. -» Unaffected cortico-reticular tract —> Lesion

+ Unaffected sensory tract *Affected cortico-spinal tract

and sensory tract could not be tracked.

Fig. 6. Brain imaging of intracranial hemorrhage due to ruptured arteriove-
nous malformation.

A: Computed tomography
B: Diffusion tensor tractography

Fig. 7. The restoration of gait function in a stroke patient with severe hemiparesis with com-
plete disconnection of the corticospinal tract and sensory tract on the affected side.
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using a KAFO for restoration of gait function in stroke pa-
tients with severe hemiparesis. We believe that AGT with a
KAFO can benefit stroke patients with severe hemiparesis
as they may achieve earlier improvements in gait ability.
Neurological physical therapists should be encouraged to
use this approach for restoration of gait function in such pa-
tients. However, the effect of AGT is not fully elucidated,
and there are very few reports on this subject, all of which
are written in Japanese. Further study is required to validate
the effect of AGT with a KAFO.
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ABSTRACT. Objective: To clarify the corrected age of walking attainment in very low birth weight infants
by birth weight and gestational age, and determine perinatal factors affecting the delay in walking attain-
ment. Method: This was a longitudinal study. We investigated walking attainment and perinatal factors in
145 very low birth weight infants without neurological abnormalities (mean birth weight 1019.3 + 299.7 g,
gestational age 29.0 + 2.9 weeks). The study infants were stratified by birth weight (group A: <1,000 g, group
B: 1,000 g<, <1,500 g) and gestational age (group I: <28 weeks, group II: 28 weeks<, <37 weeks) and were
compared using unpaired t-tests. Furthermore, we examined the perinatal factors that affect the delay in
walking attainment using multiple regression analysis. Results: Of the walking attainment, infants in Group
A were older than those in Group B (50th percentile, 15.8 vs. 14.7 months). Infants in Group I were older
than those in Group II (50th percentile, 16.0 vs. 14.8 months). Using multiple regression analysis with walk-
ing attainment age as the dependent variable, the duration of mechanical ventilation was found to be signifi-
cantly related. Conclusion: Very low birth weight infants with light weight and short gestational age have

delayed walking attainment, and longer duration of mechanical ventilation increases the risk of delay.
Key words: Preterm infants, Very low birth weight, Motor milestone, Walking

(Phys Ther Res 24: 204-210, 2021)

Due to advances in neonatal care, the mortality rate of
newborns has decreased in recent years'”’. On the other
hand, the number of preterm births has been increasing™.
In particular, the number of very low birth weight (VLBW)
infants, weighing less than 1,500 g, has remarkably in-
creased, and these infants have poor neurological out-
comes™. Moreover, even if no neurological abnormality is
observed, VLBW infants have delayed motor development
relative to that in term infants™; therefore, careful evalu-
ation and observation are necessary.

In motor development, walking is the most significant
motor milestone in terms of acquiring free locomotion and
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social participation in a wider area. Furthermore, walking is
the most perceptible index of motor development for the
guardians of infants. Several studies have shown the timing
of walking attainment in preterm infants as well as term in-
fants'*"”. The factors affecting walking attainment in pre-
term infants are low birth weight' and the presence or ab-
sence of bronchopulmonary dysplasia (BPD)".

Various studies have investigated the age of walking
attainment in preterm infants; however, there are few re-
ports on preterm infants in Japan. Therefore, it is important
to report the walking attainment of Japanese VLBW in-
fants. Furthermore, studies that have examined the influ-
ence of clinical data on the age of motor development are
generally limited to relatively scarce medical conditions
such as BPD".

The purpose of this study was to reveal the corrected
age of walking attainment in VLBW infants by birth weight
and gestational age, and to determine the perinatal factors
that affect the delay in walking attainment.
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Methods

Study design and population

This longitudinal study included all VLBW infants
born at Tokyo Women’s Medical University Hospital from
April 2010 to March 2017. The inclusion criteria were as
follows: (i) birth weight of <1500 g; and (ii) gestational age
of <37 weeks. The exclusion criteria were as follows: (i) di-
agnosed with chromosomal abnormalities, neurological dis-
orders, or malformation syndromes; (ii) diagnosed with
cerebral palsy; (iii) died in the hospital; and (iv) infants
who were not followed up as an outpatient due to hospital
transfer or relocation. The diagnosis of cerebral palsy was
made by a doctor based on the definition of cerebral palsy
by the age of 2 years'”.

To reveal the age of walking attainment in VLBW in-
fants by birth weight and gestational age, the infants were
classified as follows: the study infants were divided into
group A (birth weight < 1,000 g) or group B (1,000 g =
birth weight < 1,500 g). The infants were also divided into
group I (gestational age < 28 weeks) or group II (28 weeks
< gestational age < 37 weeks).

Procedure

Perinatal factors during neonatal intensive care unit
(NICU) hospitalization and walking attainment ages were
investigated retrospectively from medical records. Perinatal
data were collected and included maternal age, multiple
pregnancy, sex, gestational age, birth weight, head circum-
ference at birth, small for gestational age (SGA), Apgar
scores, cranial ultrasound findings (grading of intraven-
tricular hemorrhage (IVH)'" and periventricular echo densi-
ties (PVE)'"’), presence or absence of periventricular
leukomalacia (PVL), grading of retinopathy of prematurity
(ROP)', laser photocoagulation, duration of mechanical
ventilation, presence or absence of respiratory distress syn-
drome (RDS), presence or absence of chronic lung disease
(CLD) 28 which is defined as requiring oxygen 28 days af-
ter birth, home oxygen therapy, presence or absence of sep-
ticemia, presence or absence of symptomatic patent ductus
arteriosus, patent ductus arteriosus ligation, presence or ab-
sence of late-onset circulatory collapse, and length of hos-
pital stay.

In our hospital, VLBW infants are followed up by a
physical therapist in a regular development outpatient de-
partment until they can walk. Guardians of infants were
asked in a developmental outpatient department to monitor
and record the date when the infant began walking for ten
successive steps without support in a mother and child
health handbook. After that, at the next outpatient develop-
ment session, the physical therapist, who engaged with the
infants from the NICU to the outpatient department, con-
firmed the gait status, and the walking attainment date was
converted to the corrected age. The definition of walking

attainment was based on the description of Denver II'” and
was described to guardians as the day when the infant
walked for 10 or more steps without support.

Statistical methods

We used unpaired t-tests to compare perinatal factors
between the two groups, including gestational age, birth
weight, head circumference at birth, duration of mechanical
ventilation, and length of hospital stay. The chi-square test
was used for multiple pregnancy, sex, SGA, PVL, laser
photocoagulation, RDS, CLD 28, home oxygen therapy,
septicemia, symptomatic patent ductus arteriosus, patent
ductus arteriosus ligation, and late-onset circulatory col-
lapse, while the Mann-Whitney U test was used to compare
the Apgar scores, IVH, PVE, and ROP between the two
groups. The Mann-Whitney U test was used to compare the
timing of walking attainment age between the two groups
by birth weight and gestational age. The distributions of the
corrected age of walking attainment were estimated for
each of the two groups using the Kaplan-Meier method and
were compared using the log-rank test.

In addition, multiple regression analysis was used to
reveal the perinatal factors that affect the delay of walking
attainment in VLBW infants. First, Pearson’s correlation
coefficient or Spearman’s rank correlation coefficient was
used to determine the relationship between the walking at-
tainment age and perinatal factors. In multiple regression
analysis, the object variable was the walking attainment
age, and the explanatory variables were the perinatal factors
that significantly correlated with the walking attainment
age according to the correlation analysis. The perinatal fac-
tors were entered simultaneously using the forced entry
method.

All analyses were performed using IBM SPSS Statis-
tics for Windows, version 23 (IBM Corp., Armonk, NY,
USA). The significance level was set at p<0.05 for all
analyses.

Ethics statement

This study was approved by the Tokyo Women’s
Medical University Ethics Committee (approval number:
5408). In addition, the disclosure of research information
involved an opt-out system, and a veto right was guaran-
teed. For the management of personal information, we ano-
nymized the data and ensured that individual patients could
not be identified.

Results

Study population

There were 230 infants who weighed less than 1,500 g
and had a gestational age of <37 weeks admitted during the
study period from April 2010 to March 2017. Eleven in-
fants were diagnosed with chromosomal abnormalities,
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Potential Subjects (n=230)
Inclusion:

Birth weight of <1500 g, <37 weeks gestational age

Chromosomal abnormalities, neurological
Disorders, or malformation syndromes (n=11)

Diagnosed cerebral palsy (n=17)

Not followed up as an outpatient (n=56)

Exclusion criteria:

Died in hospital (n=1)

by birth weight
Group A (<1,000 g) (n=71)
Group B (1,000 g =, <1,500 g) (n=74)

Subjects (n=145)

by gestational age
Group 1 (<28 weeks) (n=53)
Group II (28 weeks =, < 37 weeks) (n=92)

Fig. 1.

neurological disorders, or malformation syndromes, 17
were diagnosed with cerebral palsy, 1 infant died in the
hospital, and 56 infants were not followed-up as outpatients
due to a hospital transfer or relocation. Thus, the analyzed
population included 145 infants. The study infants were di-
vided into group A (n=71) or group B (n=74) by birth
weight. The infants were also divided into group I (n=53)
or group II (n=92) by gestational age (Fig. 1). The perinatal
factors of each group are shown in Table 1.

Corrected age of walking attainment in VLBW infants

Table 2 shows the percentile values at the time of
walking attainment by birth weight and gestational age. The
50th percentile value by birth weight was 15.8 months for
group A and 14.7 months for group B, showing a signifi-
cant difference between the two groups (p=0.003). The 50
th percentile by gestational age was 16.0 months in group I
and 14.8 months in group II, showing a significant differ-
ence between the two groups (p<0.001).

Figure 2 shows Kaplan-Meier function plots of walk-
ing attainment age distribution by birth weights and by ges-
tational age. Figure 2 shows that group A, comprising in-
fants with a lower birth weight, showed later walking at-
tainment than did group B (p=0.002). Similarly, Group I,
comprising infants with a shorter gestational age, showed
later walking attainment than did group II (p<0.001).

Perinatal factors associated with delayed walking attain-
ment age in VLBW infants

As a result of the correlation analysis, the perinatal
factors that were found to have a significant correlation
with the walking attainment age were birth weight (r
=-0.364, p<0.001), gestational age (r=—0.346, p<0.001),
head circumference at birth (r=—0.386, p<0.001), 1-minute

Patient flow chart detailing the infants included in the study

Apgar score (r=—0.244, p=0.003), 5-minute Apgar score (r
=-0.282, p=0.001), IVH (r=0.293, p<0.001), ROP (R=
0.271, p=0.028), laser photocoagulation (r=0.241, p=
0.004), duration of mechanical ventilation (r=0.422, p<
0.001), CLD28 (r=0.189, p=0.023), home oxygen therapy
(r=0.194, p=0.02) and sepsis (r=0.198, p=0.017) (Table 3).

Using multiple regression analysis with walking at-
tainment age as the dependent variable, the duration of me-
chanical ventilation was found to be significantly related (p
=0.040) (Table 4). The variance inflation factor of all inde-
pendent variables was less than 10, so no evidence of pre-
dictor multicollinearity was found.

Discussion

In this study, we examined the walking attainment age
in VLBW infants in relation to birth weight and gestational
age, and clarified the perinatal factors that delay walking at-
tainment. The 50th percentile value for walking attainment
age in VLBW infants was 14.7 months for group B (1,000
g < birth weight < 1,500 g) and 14.8 months for group II
(28 weeks < gestational age < 37 weeks). On the other
hand, the 50th percentile for walking attainment age was
15.8 months for group A (birth weight < 1,000 g) and 16.0
months for group I (gestational age < 28 weeks). Therefore,
it was shown that walking attainment was more delayed
with decreasing birth weight and gestational period. Our re-
sults support a previous study demonstrating that acquisi-
tion of gross motor skills in VLBW infants is more delayed
as the birth weight and gestational period decrease™*".

Marin Gabriel et al.”™” reported that the 50th percentile
value of walking attainment age for VLBW infants was 14-
15 months at a birth weight less than 1000 g, and 13
months at a birth weight between 1,000 and 1,500 g. Bu-
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Table 1. Perinatal factors of the subjects by birth weight and gestational age
Birth weight Gestational age
Group B Group II
(n=145) (Slr%%%/;) (L0008 = . « gg"xgelks) (28 weeks = |
’ <1,500g)  pvalue <37 weeks) P value
(n=71) (n=74) (n=53) (n=92)
Multiple pregnancy, n (%) 26 (17.9) 14 (19.7) 12 (16.2) 0.58 11 (20.7) 15 (16.3) 0.50
Gender 0.65 0.13
Male, n (%) 81 (55.8) 41 (57.7) 40 (54) 34 (64.1) 47 (51)
Female, n (%) 64 (44.1) 30 (42.2) 34 (45.9) 19 (35.8) 45 (48.9)
Birth weight, g, mean (range, SD) 1019.3 756.5 1271.5 <0.001 754.3 1172 <0.001
(388-1496, (388-999, (1006-1496, (388-1149, (612-1496,
299.7) 165.7) 139.1) 202.6) 233)
Gestational age, weeks, mean 29 27.1 30.9 <0.001 25.9 30.9 <0.001
(range, SD) (22.5-36.5,  (22.5-33.5, (26.8-36.5, (22.5-27.8, (28-36.5,
2.9) 2.5) 2) 1.5) 1.8)
Small for gestational age, n (%) 63 (43.4) 36 (50.7) 27 (36.4) 0.08 15 (28.3) 48 (52.1) 0.01
Head circumference at birth, cm, 25 23 27.2 <0.001 22.5 26.6 <0.001
mean (range, SD) (18.8-29.6,  (18.8-26.6, (23-29.6, (18.8-26, (22.9-29.6,
2.7) 2) 1.3) 1.9) 1.7)
I-minute Apgar score, mean 5.1 4 6.1 <0.001 3.6 6 <0.001
(range, SD) (1-9, 2.3) (1-9,2.2) (1-9,2) (1-7,1.9) (1-9, 2.1)
S-minute Apgar score, mean 6.8 5.9 7.6 <0.001 5.5 7.5 <0.001
(range, SD) (1-9, 1.8) (1-9, 1.9) (3-9, 1.4) (1-8, 1.7) (3-9, 1.4)
Intraventricular hemorrhage 0.004 0.001
normal, n (%) 121 (83.4) 52(73.2) 69 (93.2) 37 (69.8) 84 (91.3)
Gradel-II, n (%) 19 (13.1) 14 (19.7) 5(6.7) 12 (22.6) 7 (7.6)
Gradelll-1V, n (%) 3(2) 34.2) 0(0) 3(5.6) 0(0)
Periventricular echo densities 0.25 0.47
normal, n (%) 90 (62) 47 (66.1) 43 (58.1) 35 (66) 55 (59.7)
Gradel, n (%) 37 (25.5) 14 (19.7) 23 (31) 11 (20.7) 26 (28.2)
Gradell-111, n (%) 16 (11) 8(11.2) 8 (10.8) 6(11.3) 10 (10.8)
Periventricular leukomalacia, n 0 (0) 0(0) 0(0) - 0 (0) 0 (0) -
(%)
Retinopathy of prematurity <0.001 <0.001
normal, n (%) 73 (50.3) 26 (36.6) 47 (63.5) 14 (26.4) 59 (64.1)
Gradel-II, n (%) 47 (32.4) 24 (33.8) 23 (31) 18 (33.9) 29 (31.5)
Gradelll-V, n (%) 25(17.2) 21 (29.5) 4(5.4) 21 (39.6) 4(4.3)
Laser photocoagulation, n (%) 35(24.1) 31 (43.6) 4(5.4) <0.001 28 (52.8) 7 (7.6) <0.001
Days of mechanical ventilation, 17.8 31.2 4.9 <0.001 38.5 59 <0.001
mean (range, SD) (0-90, 22.6)  (0-90, 25.3) (0-34,7.1) (1-90, 24.4) (0-52, 8.6)
Respiratory distress syndrome, n 66 (45.5) 45 (63.3) 21 (28.3) <0.001 40 (75.4) 26 (28.2) <0.001
(%)
Chronic lung disease 28, n (%) 85 (58.6) 63 (88.7) 22 (29.7) <0.001 52 (98.1) 33 (35.8) <0.001
Home oxygen therapy, n (%) 2(1.3) 1.3(2) 2(2.8) 0.15 2 (3.7 0(0) 0.06
Sepsis, n (%) 31 (21.3) 20 (28.1) 11 (14.8) 0.05 19 (35.8) 12 (13) 0.001
Symptomatic patent ductus arteri- 15 (10.3) 10 (14) 5(6.7) 0.15 10 (18.8) 5(0.4) 0.01
osus, n (%)
Patent ductus arteriosus ligation, n 3(2) 3(4.2) 0(0) 0.07 3(5.6) 0(0) 0.02
(%)
Late-onset circulatory collapse, n 19 (13.1) 14 (19.7) 5(6.7) 0.02 13 (24.5) 6 (6.5) 0.01
(%)
Length of hospital stay, mean 107.7 137.2 79.3 <0.001 148.8 84 <0.001

(range, SD)

(41-484, 53) (79-484,55.8) (41-218,29.8)

(83-484, 59.6) (41-218,29.3)

SD: standard deviation
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Table 2. Walking attainment time in very low birth weight infants by birth weight and gestational age

(months)
birth weight n 10th percentile ~ 50th percentile ~ 90th percentile
Group A <1,000 g 71 12.9 15.8 19.3
Group B 1,000 g = ,<1,500 g 74 12.5 14.7 17.9
gestational age n 10th percentile ~ 50th percentile ~ 90th percentile
Group [ < 28 weeks 53 13.7 16 19.5
Group II 28 weeks =, <37 weeks 92 12.5 14.8 17.3

Fig. 2. Kaplan-Meier plots of corrected age of walking attainment for VLBW infants by birth weight and gesta-

tional age

Table 3. Correction analysis between walking attainment age
and perinatal factors

Correlation
coefficient p value
()

Multiple pregnancy -0.145 0.083
Gender 0.077 0.356
Birth weight -0.364 <0.001
Gestational age -0.346 <0.001
Small for gestational age 0.037 0.659
Head circumference at birth -0.386 <0.001
I-minute Apgar score -0.244 0.003
5-minute Apgar score -0.282 0.001
Intraventricular hemorrhage 0.293 <0.001
Periventricular echo densities -0.088 0.292
Periventricular leukomalacia 0
Retinopathy of prematurity 0.271 0.028
Laser photocoagulation 0.241 0.004
Days of mechanical ventilation 0.422 <0.001
Respiratory distress syndrome 0.13 0.120
Chronic lung disease 28 0.189 0.023
Home oxygen therapy 0.194 0.020
Sepsis 0.198 0.017
Symptomatic patent ductus arteriosus 0.108 0.195
Patent ductus arteriosus ligation 0.128 0.125
Late-onset circulatory collapse 0.144 0.085
Length of hospital stay -0.044 0.596

cher et al.* also investigated walking attainment ages in
term infants and in preterm infants with a median birth
weight of 1,200 g and a median gestational age of 29.7
weeks. It was reported that more than 95% of preterm and
term infants attained the ability to walk at a corrected age
of 18 months. According to the results of this study, the
walking attainment rates at the modified 18 months were as
follows: group A, 80.3%; group B, 90.5%; group I, 73.6%;
group II, 92.2%, and it was found that the walking attain-
ment rate in this study was lower than that in previous stud-
ies'*”. The reason for this is that Japanese infants have
physiques different from those of infants in other Western
countries, and the period of motor development may be de-
layed™*". The results of this study provide useful informa-
tion to the caregivers and medical staff of Japan’s VLBW
infants regarding the unique walking attainment age based
on birth weight and gestational age in Japan.

In multiple regression analysis, the duration of me-
chanical ventilation was adopted as a factor affecting walk-
ing attainment. The reason that walking attainment is de-
layed in children requiring long-term artificial respiration
management may be that they are forced to take long-term
rest for preventive purposes such as unplanned extubation.
Prolonged ventilator management may delay early gross
motor development™. Since walking attainment age is re-
lated to the acquisition of initial gross motor skills such as
the ability to support the head and stand upright, it is con-
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Table 4. Multiple regression analysis with walking attainment age as the dependent variable

Unstandardized ] Standardized
coefficients 95 % Confidence coefficients pvalue  VIF
interval for B
B p

Birth weight -0.008 (-0.101~0.085) -0.035 0.864 6.171
Gestational age 1.078 (-0.117~2.273) 0.312 0.077 4.647
Head circumference at birth -6.796 (-18.55~4.959) -0.267 0.254 8.28
I-minute Apgar score -0.422 (-10.124~9.279) -0.014 0.931 3.997
5-minute Apgar score 4.5 (-10.425~19.426) 0.113 0.551 5.496
Intraventricular hemorrhage 14.059 (-3.689~31.806) 0.141 0.119 1.227
Retinopathy of prematurity 8.612 (-3.724~20.948) 0.15 0.169 1.794
Laser photocoagulation -1.638 (-38.041~34.765) -0.01 0.929  2.005
Days of mechanical ventilation 1.004 (0.045~1.964) 0.325 0.04 3.734
Chronic lung disease 28 -1.909 (-33.87~30.052) -0.013 0.906 1.903
Home oxygen therapy 73.2 (-64.385~210.785) 0.094 0.294 1.225
Sepsis 30.919 (-1.108~62.946) 0.176 0.058 1.293

Full model R=0.53, R2=0.28, adjusted R2=0.20
VIF: variance inflation factor

sidered that delays in initial gross motor development con-
tribute to delayed walking. Low birth weight infants with
mechanical ventilation had significantly delayed gross mo-
tor development at 8 to 12 months compared to that in in-
fants without mechanical ventilation® . In addition, it has
been reported that children who needed long-term mechani-
cal ventilation show decreased adolescent motor function
scores and low psychomotor development indices, even in
the absence of neurological abnormalities”®. Since artifi-
cial respiration management affects mental and motor de-
velopment after walking attainment, it is necessary to care-
fully conduct long-term follow up of these children. BPD is
also defined as requiring oxygen for >30 days or after 35
weeks postmenstrual age'”. In our hospital, CLD 28, which
required oxygen administration even beyond 28 days after
birth, is recorded in the medical record as a factor of imma-
ture lungs. Therefore, CLD 28 was used instead of BPD in
this study. The reason why CLD 28 was not adopted as a
risk factor for delayed walking attainment is clinically con-
sidered to be that ventilator management, which requires
more rest than oxygen administration, is involved in motor
development.

Our study has some limitations. First, the study ex-
cluded infants who had a diagnosis of cerebral palsy by a
corrected age of 2 years. Thus, infants included may have
been diagnosed with cerebral palsy after 2 years, or with
psychomotor retardation. Second, in the multiple regression
analysis, the coefficient of determination (R* = 0.28), which
is the contribution percentage of the independent variable,
was low. It has been reported that locomotor activity in in-
fancy is related to the timing of walking attainment™. In the
future, in order to predict children with delayed walking at-
tainment, it will be necessary to consider the evaluation of
spontaneous movement in addition to perinatal factors.

Third, the sample size was relatively small. A larger study
population followed-up at multiple centers is needed.

Conclusion

The results of this study showed that VLBW infants
with light weight and short gestational age have delayed
walking attainment, and longer duration of mechanical ven-
tilation increases the risk of delay. Therefore, intervention
with developmental support from an early stage may lead to
improvement of gross motor skills in such cases.
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Stroke Patients Showed Improvements in Balance in Response

to Visual Restriction Exercise
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ABSTRACT. Objective: Several strategies have been designed to improve balance after stroke. Although re-
cent studies have suggested that the balance training in stroke should include exercises that are performed in
different sensory conflict conditions, little attention has been paid to manipulation of visual input. This study
aimed to compare effects of balance training on an unstable surface with balance training under visual dep-
rivation conditions in persons with stroke. Method: Forty-five stroke patients were randomized into three
groups: the visual deprivation- stable based training (VD-SBT); unstable based training (UBT); and control
(C) groups. Subjects of the VD-SBT group performed balance training on a stable surface with closed eyes.
The UBT group performed balance training on an unstable surface with open eyes. Patients were assessed
before and after interventions for Timed Up and Go (TUG), Four Square Step (FSS) and Five Times Sit to
Stand (FTSS) tests. Result: There was a significant difference in pre- post intervention time of TUG, FSS
and FTSS tests in all three groups. In a comparison of three groups, the UBT and VD-SBT groups had a sig-
nificant improvement in time of all tests but significant improvement in time of all tests was observed in the
VD-SBT group in comparison with the UBT group. In the field of balance training, the manipulation of vis-
ual input was more effective than the manipulation of standing surface to reweighting the sensory informa-
tion. Conclusion: We recommended balance rehabilitation programs after stroke performed under condi-
tions to stimulate the use of underused sensory input.

Key words: Balance training, Stroke, Sensory integration, Visual deprivation

(Phys Ther Res 24: 211-217, 2021)

Stroke is a condition that happens when blood circulation
in some parts of the brain is interrupted as a results of
blockage in blood stream or hemorrhage event”. Based on
the World Health Organization (WHO) report, stroke has
the second place among diseases causing death worldwide”
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and causing long-term disability for patients”. The majori-
ties of people with stroke have some degree of balance and
gait impairment. Balance impairment owing to paralysis
and muscle weakness in lower limbs is one of the main de-
terminants associated with falls and restricted activities of
daily living after stroke.

Control of balance needs the involvement of different
parts of the brain and spinal cord”. Sensory inputs from
vestibular system and proprioceptors are necessary for pos-
tural control and balance which are used by different parts
of the brain and spinal cord to provide a good balance”. In a
neurologically normal participant, these systems act to-
gether to build a multisensory integration system for adjust-
ing balance; as a result, when a sensory input from one of
these systems decreases, the central integration resolves
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sensory conflict and selects an appropriate information
from disparate sensory input to achieve the best result in
controlling the balance®. Impaired somatosensory integra-
tion in stroke patients has been reported in several stud-
ies™. Several therapeutic strategies are designed to improve
balance by manipulation of these three systems. Perturba-
tion training'”, training on unstable surface'’ and weight
shift training are designed interventions for enhancing the
balance ability in stroke patients to use the proprioception.
Visual feedback and visual deprivation training are two dif-
ferent methods of visual input manipulation that are used as
a therapeutic approach to improve balance reactions ™',
Visual feedback therapy is able to gain a symmetrical
stance'” and improve sitting balance and visual perception"”
after the stroke, but there are evidence that visual feedback
therapy has no additional effect on the conventional ther-
apy'®. Previous studies showed that persons with stroke are
significantly rely on their vision to compensate for the de-
creased function of the other involved sections for improv-
ing their balance””. Therefore, they suggest that the bal-
ance training for patients with chronic stroke should include
practicing with different sensory conditions to make it chal-
lenging enough for nervous system to improve its ability to
increase balance. Despite a great number of studies on the
unstable base training and visual deprivation training by
stroke patients, such programs have not been compared yet.
Therefore, the aim of current study is to compare the effects
of balance exercise on unstable base with balance exercise
under visual deprivation conditions in stroke patients.

Methods

1 Participants

This was a randomized clinical trial with concealed al-
location. Patients on the physiotherapy clinic of Loghman
hospital, university of Shahid Beheshti medical sciences,
Iran were approached for participation. Patients who ex-
pressed interest in participating in the study were screened
for the following inclusion criteria: First ever stroke; at
least 6 months after stroke; ability to walk at least 10 m
without assistance. We excluded individuals with sever
cognitive problems; neurological disease and muscu-
loskeletal conditions preventing participation in rehabilita-
tion program. The study protocol was approved by ethics
committee of Shahid Beheshti University of medical sci-
ences (No: IR.SBMU.RETECH.REC.1398.819). Partici-
pants provided written informed consent after receiving full
information about the goals and process of study. Follow-
ing consent, patients were randomized using a computer-
generated block randomizer to 1 of 3 groups: The visual
deprivation- stable based training (VD-SBT); unstable
based training (UBT); and control (C) groups. Sealed enve-
lopes opaque were used for allocation concealment. The
sealed envelope was opened by the researcher exactly be-

fore the intervention. The assessor and data analyst did not
know how the subjects were allocated. The sample size was
calculated based on BBS data reported by Combs et al.'™’
We used the effect size (0.53) of the BBS for calculation. A
sample size of 15 participants in each of the 3 groups was
needed to achieve a power of 0.80 at o level of 0.05. The
study was registered at the Iranian Registry of Clinical Tri-
als (IRCT) (http://www.irct.ir, registration reference: IRCT
20190812044516N1).

2 Intervention

All groups received general physical therapy exercise
including muscle stretching and strengthening exercise that
was specific for each patient by a train researcher. Partici-
pants in the VD-SBT group were instructed to perform bal-
ance training exercise on a firm floor while they are keep-
ing their eyes closed. The balance training program con-
sisted of Weight shifting; toe/heel rising; heel/toe standing
and one leg standing exercise*” (Table 1). The UBT group
performed balance training on a firm foam (balance pad:
Mambo balance pad 37, 22, 6 cm Europe bvba) with open
eyes. Figure 1 summarize the balance exercises that per-
formed by the UBT group. Subjects in the control group re-
ceived general physiotherapy exercise. Each exercise ses-
sion consisted of 4 sets in 30 minutes with one minute of
rest interval between each set. The interventions were car-
ried out for one month, 3 sessions per week in the stroke re-
habilitation center.

3 Outcome Measures

Participants completed the Timed Up and Go (TUG),
Four Square Step (FSS) and Five Times Sit to Stand
(FTSS) tests at baseline and after completing their interven-
tion. The dynamic balance during walking was assessed by
TUG® . To do this test, patients were asked to stand up
from a seat (using armrests, if necessary), walk towards a
cone that is 3 meters far away from the seat, turn around,
walk back to the seat and sit back down on the seat. Dy-
namic standing balance was assessed by the FSS test™. The
Four Square Step Test is a valid clinical test of dynamic
standing balance™. This test could show whether the patient
is able to a step over an object in different directions or not
(forward, sideways and backward). During FTSS test, pa-
tients instructed to stand up straight and sit down 5 times as
quickly as they could. This ability relies on the lower ex-
tremity proprioception®, dynamic balance and their general

25)

mobility™.

4 Data analysis and statistics

The average time of all test trials were calculated. All
the data were analyzed by SPSS18.0 for Windows (SPSS
Inc., Chicago, IL, USA). Descriptive statistics and test of
normality using the Shapiro-Wilk test was performed on all
outcome variables. The means of subject characteristics
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Table 1.

Balance training protocol

Weight shifting exercise with feet parallel together

a. Weight shift side to side
b. Weight shift heel to toe

Toe raise

a. Standing with feet hip-width apart slowly lift the front of feet

b. Standing with feet hip-width apart slowly lower the front of feet

Weight shifting exercise with feet in half tandem

a. Weight shift side to side
b. Weight shift heel to toe

Heel raise

a. Standing with feet hip-width apart slowly lift up the heel

b. Standing with feet hip-width apart slowly lower the heel

Heel toe standing

a. Standing with paretic foot in front of the sound foot for 10 -20 seconds
b. Standing with paretic sound foot in front of the paretic foot for 10-20 seconds

One leg standing

a. Standing on sound leg without holding onto the counter for 10 seconds

b. Standing on the paretic legwithout holding onto the counter for 10 seconds

a b

Fig. 1.
raises (c) Toe raises (d) One leg standing.

across groups were compared using 1-way analysis of vari-
ance (ANOVA). The paired t-test was used to examine the
difference between pre and post-treatment in each group.
The difference on the type of therapy among the 3 groups
were assessed by using two-way repeated-measures analy-
sis of variance (ANOVA) with time (pre, post intervention)
and group (VD-SBT, UBT, control) as factors for each of
post-training scores (TUG, FSS, TUG ). The Tukey HSD
was used as the post hoc analyses. For all analyses, statisti-
cal significance was set at P < 0.05.

Results

The study began with an initial screening of 60 indi-

c d

Participant in the UBT group performing balance training on a balance pad: (a) Weight shift side to side. (b) Heel

viduals, 15 were excluded, and 45 were finally chosen on
the basis of inclusion criteria and were enrolled in the study
(Fig. 2). All participants completed the intervention and as-
sessments. Of the 45 subjects in the study, 26(60%) had the
right side of body affected. The time after the onset of
stroke was a minimum of 6 months and a maximum of 2
years with average duration of 14.6 +9.2 months. No sig-
nificant difference was observed in time from stroke onset
(p = 0.72), among the three groups. Table 2 presents gen-
eral characteristics of all groups. No significant differences
were found in terms of age, height, weight and side of
stroke between all groups. Table 3 revealed the values of all
outcome measures before and after intervention.

The results of two-way Repeated Measures (ANOVA)
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Fig. 2. Flow diagram of the study participants.

Table 2. The general characteristics of the study participants.

VD-SBT UBT Control P
(n=15) (n=15) (n=15)

Gender (M/F) 7/8 9/6 8/7 0.88

Age (years) 67.2+9.6 68.8+8.9 67.5£9.9  0.69

Time since stroke onset (months) 15.4+4.7 14.4+4.5 14+6.3  0.72

Weight (Kg) 79.9+7.4 81.2+8.6 79.2+8.7 0.81

Height (cm) 167.9+8.7 170.0£10.4 164.2+7.4 0.33

Stroke type (schemic/hemorrhagic) 8/7 7/8 7/8 0.92
Involved side (Rt/1t) 9/6 8/7 10/5 0.00*

NOTE: Values are mean = standard deviation (SD) or number.

M/F: Male/Female; VD-SBT: visual deprivation-stable based training; UBT: unstable base

training; Rt/It: Right/Left; P*<0.05

showed that the main effect of the time is significant, mean-
ing that the mean score of all outcome measures after the
intervention is lower than before the intervention in all
groups (p <0.001). Also, the main effect of the group was
significant for TUG (p= 0.017), 4SS (p=0.008) and FTSS
(p<0.001). Multiple comparisons by Tukey HSD method

showed that control and unstable groups had a higher mean
of all outcome measures than the non-visual group, without
significant differences compared to each other in meantime
of TUG (0.960), 4SS(0.938) and FTSS (0.215). In addition,
the interaction effect was significant (p <0.001), which
means that while the meantime of TUG, FFSS and FTSS
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Table 3. Statistical analyses of outcomes of the study in each group.

Repeated-Measures

Parameter Group Pre intervention  Post intervention  Pre-Post difference ANOVA
TUG time (sec)  VD-SBT (15) 16.5+1.8 10.0+£1.2 -6.4+2.4 Time*
UBT (15) 16.2+2.7 15.9+2.3 0.7+1.4 Group=0.017*
Control (15) 16.1+2.6 15.4+3 0.7+1
4SS time (sec) VD-SBT (15) 20.5+2.3 12.0+1.2 -8.5+2.4 Time* Group=
UBT (15) 20.3+2.8 18.242.7 -2.8%3.0 0.008*
Control (15) 20.3£3.0 19.6+3.7 -1.3+0.9
FTSS time (sec) VD-SBT (15) 18.4+3.6 10.9+2.0 -7.4+3 Time* Group
UBT (15) 21.243.0 20.1+3.4 -1.4x1.6 <0.001*
Control (15) 18.8+2.4 18.1+2.2 -0.7+1.6

NOTE: Values are mean =+ standard deviation (SD).

VD-SBT: visual deprivation- stable based training; UBT: unstable base training; TUG: Timed Up and Go; 4SS: Four

Square Step; FTSS: Five Times Sit to Stand; P#<0.05

tests after intervention was slightly lower than before inter-
vention in both control and unstable groups, in the VD-SBT
group this decrease was very significant (Fig. 3).

Discussion

In our study, we evaluated the effects of the 2 exercise
training protocol (visual deprivation- stable based training
and unstable based training) on the dynamic and static bal-
ance ability of post stroke patients. Despite the fact that the
pre-post comparison within each group indicated that bal-
ance scores were significantly improved after 4 weeks of
intervention, we found that all measures of treated balance
by the visual deprivation- stable based training and unstable
based training were significantly greater than the control
group. Previous studies also indicated that performed train-
ing under different sensory conflict conditions in stroke
subjects affected their balance ability'"*”. The main finding
of this study show that after balance training with visual
deprivation in stable surface, patients had a significant im-
provement in their ability to control the static and dynamic
balance compared to the unstable base training with open
eyes group. It was assumed that the improvement in VD-
SB balance training group could be due to the fact that the
manipulation of visual input was more effective than the
manipulation of standing surface to reweighting sensory in-
formation in the field of balance activity. Previous studies
found that the exercise training with visual restriction by
stroke patient affected their gait dynamic stability*”
joint proprioception®, balance and concentration ability™’,
gait velocity and balance”. Results of the present study ex-
tended previous results indicating that a training program
with visual restrictions could improve the balance ability in
persons with stroke more than training at free vision condi-
tionSZSJU).

knee

Intrinsic and extrinsic feedback could enhance move-
ment performance in healthy subjects. Intrinsic feedback

could be mediated by vision, proprioception, touch, pres-
sure and audition®’. Extrinsic feedback, which is also
known as augmented feedback, supplements an intrinsic
feedback and cannot be elaborated without an external
source. Both intrinsic and extrinsic feedback controls are
affected after stroke®. Impairment in the intrinsic feedback
system, especially proprioceptive feedback is common after
stroke, and this impairment makes stroke survivors more
dependent on an extrinsic feedback system(augmented vis-
ual input)and exhibits the excessive dependency on visual
input™; hence, this system may be even more important
than the intrinsic feedback system. Therefore, patients be-
come unable to use vestibular and proprioceptive input cor-
rectly. We hypothesize that, in comparison with free vision
conditions, the vestibular and proprioceptive inputs are
weighted more heavily in the conditions that extrinsic feed-
back system is removed (visual deprivation condition).
Therefore, we recommended that balance rehabilitation
programs after stroke performed under conditions to stimu-
late the integration of underused sensory input and mini-
mize the overuse of other afferent inputs.

Somewhat surprisingly, the present study found no
difference between the training group on the unstable sur-
face and the control group. Most other studies that have ex-
amined the training on the unstable surface have reported
significance difference between stable and unstable base
training'"”. However, it is worth noting that some studies
suggested that older adult used a compensatory strategies of
muscle co-contraction™ which is associated with increasing
joint stiffness and decreased postural steadiness, when ex-
posed to changes in their base of support™. It is possible
that during balance training on unstable surface the patients
were using muscle co contraction strategy that made the
training ineffective.

The present study had some limitations. First: we used
only clinical tests to evaluate the balance ability. Future
studies are necessary for further validation of our finding
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(c)

Fig. 3. Group*Time interaction effect on TUG (a), FSS (b) and FTSS (c). After intervention, VD-SBT group showed a
significant decreased in TUG, FSS and FTSS times with respect to UBT and control groups.

by using quantitative measurements of balance scores. Sec-
ond: we included male and female patients at later stages
after stroke. Further studies should examine roles of sex
and chronicity of lesion.

Conclusion

The result of our study suggested that stroke subjects
who received balance training in vision restriction condi-
tions could improve the balance more than training at free
vision conditions. The reason for this finding may be that
the balance training with blocking visual information more
facilitated the use of the proprioceptive and vestibular
senses. We recommended balance rehabilitation programs
after stroke performed under conditions to stimulate the use
of underused sensory input to minimize the overuse of
other afferent inputs.
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Electromyography Activity of Vastus Medialis Obliquus and
Vastus Lateralis Muscles During Lower Limb Proprioceptive
Neuromuscular Facilitation Patterns in Individuals with and
without Patellofemoral Pain Syndrome

Hiva LoTFI, MSc', Afsun Nodehi MOGHADAM, PT, PHD? and Mohsen SHATI, MD, PHD?

" MSc of Physiotherapy, University of Social Welfare and Rehabilitation Sciences, Tehran, Iran
* Department of Physiotherapy, University of Social Welfare and Rehabilitation Sciences, Tehran, Iran
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ABSTRACT. Objective: Exercise therapy to strengthen quadriceps muscle is recommended in rehabilitation
program for people with patellofemoral pain syndrome (PFPS). This study aimed to investigate the electro-
myography (EMG) activity of vastus medialis obliquus (VMO), vastus lateralis (VL) and VMO/VL ratio
during PNF in individuals with and without PFPS. Methods: 26 persons with PFPS and 26 healthy subjects
participated to study. All subjects performed PNF patterns (Flexion-Adduction-External Rotation (D,FL),
Extension-Adduction-External Rotation (D.EX), D:FL+ load, D:EX+ load) and straight leg raise (SLR). The
normalized EMG activity of VMO, VL. and VMO/VL ratio were measured and analyzed using repeated
measure ANOVA. Results: There were significant main effects of group and exercises for the both VMO and
VL (p<0.05). It was found that except SLR and D:EX, in the other motions PFPS group had lower VMO ac-
tivity compared to healthy group (p<0.05). For VL except SLR, in the other motions PFPS group had lower
VL activity too (p<0.05). The PNF patterns activated VMO more than SLR, however it was not significant (p
>0.05). Also; there weren’t any significant difference between the two groups in VMO/VL activation ratios.
Also, performing the PNF patterns with load increased VMO and VL muscles activity significantly (p<0.05).
It also found that in PFPS group the VMO/VL ratio values in PNF patterns were significantly more than
SLR and the highest VMO/VL ratio value (0.96) was found during D:EX. Conclusion: The PNF patterns due
to provide optimal VMO/VL ratio value than SLR and proper balance between these two muscles can be
recommended in rehabilitation of individuals with PFPS.
Key words: Patellafemoral pain syndrome, Physical therapy, Exercise therapy, Electromyography, Vastus medialis
obliquus

(Phys Ther Res 24: 218-224, 2021)

Patellofemoral pain syndrome (PFPS) is a common prob-
lem which has been reported mostly in young females and
included 25% to 40% of knee injuries in athletes'™. People
with PFPS experience dull pain around and behind the pa-
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tella during movements such as climbing stairs, running,
jumping, or keeping knees in positions such as kneeling or
quad sitting for a long time". Normal patellar tracking on
trochlea groove depends on coordination and balance of
various structures including soft tissues, muscles, tendons,
ligaments and the shape of articular surfaces around the
knee joint*”. Impairment of any of these factors effect on
the patella’s normal biomechanics and resulted in the in-
creased pressure on the articular surface and PFPS'.
Weakness of the Vastus Medialis Obliquus muscle
(VMO) or the imbalance between VMO and Vastus Later-
alis muscle (VL) activity are one of the most important fac-
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tors in increasing lateral force which can lead to PFPS'"®.
VMO plays a critical role in maintaining patella in the
trochlea groove. Therefore, the weakness or delay in VMO
muscle activation which cause disturbance in the stabiliza-
tion and function of the patella would lead to PFPS". Pre-
vious studies demonstrated that proprioceptive neuromus-
cular facilitation (PNF) techniques can play an important
role in reducing pain, increasing the range of motion, joints
stabilization and facilitating the initiation of movement'*'”.
People with quadriceps muscle weakness are more likely at
risk of PFPS, because it can lead to increase pressure on pa-
tellofemoral joint *’. Therefore, exercise therapy to
strengthen muscles is a part of the program for people with
PFPS and studies showed muscle strengthening exercises
can improve pain and biomechanics of the patellofemoral
joint and these exercises are important part of PFPS treat-
ment'""”. One of the important training methods in physical
therapy exercises is PNF. In PNF diagonal motions, based
on facilitation principles such as proprioceptors stimulation
and overflow, a weak muscle can be strengthened with the
help of strong components in the pattern'®'®'”,

The VMO is the first muscle that is atrophic and inhib-
ited in the knee injuries™. Therefore, the focus of the exer-
cises is to strengthen and increase its activity level and im-
prove balance between VMO and VL activity. Some stud-
ies showed when the hip is externally rotated, VMO muscle
contraction is at the highest level”'*”. Also, the VMO origi-
nated from adductor magnus with tendons medially, so with
hip external rotation and adduction, adductor muscles can
provide a stable origin for VMO and increase VMO activ-
ity"*”. Previous studies showed that straight leg raise (SLR)
with external rotation, and dorsiflexion, as well as adding
hip adduction to open and close kinematic chain exercises
are proper exercises to enhance VMO activation ***’,
However, there is no consensus on this”*”. The PNF pat-
terns are in different plane and contain different motions to-
gether. So, these patterns with combining motions simulta-
neously are functional and can activate the VMO and VL
muscles well. Also, better results have been seen in improv-
ing the function of weak muscles by performing motor pat-
terns in a group as compared to training a single muscle'™".

There is no study in PFPS to demonstrate the impact
of PNF’s diagonal patterns on the facilitation of VMO or
balance between VMO and VL. Therefore, the aim of this
study was to investigate the effect of PNF patterns on the
activation of VMO and VL muscle in individuals with and
without PFPS.

Methods

Subjects

Fifty two individuals (n= 26 PFPS, n=26 healthy)
through an analytical design participated in the study. The
inclusion criteria were: 1) reporting an anterior knee pain in

the at least past 3 months during activities such as squat-
ting, climbing, stepping, running, jumping, kneeling and
quad sitting; 2) Having at least one positive PFPS clinical
tests including, patellofemoral compression, patellofemoral
¢liding or resistive quadriceps setting"*". The subjects were
excluded from the study if they had history of knee surgery
or injury, patellar dislocation or subluxation, any neurologi-
cal or rtheumatic disorders and pain intensity more than 5
(based on visual analogue scale). Subjects in healthy group
should not have had any history of knee pain or other pa-
thologies of knee in the past'’*'*”. All participants signed
an informed consent form to participate in this study that
approved by the ethics committee of University of Social
Welfare and Rehabilitation Sciences(Ethical number: IR.
USWR.REC.1396.128)

Electromyography (EMG) assessment

In this study the EMG data of VMO and VL muscles
were recorded during PNF patterns (Flexion-Adduction-
External Rotation (D,FL) in hip joint with knee extended,
Extension -Adduction-External Rotation (D.EX) in hip
joint with knee extended, D,FL+ load and D.EX+ load) and
SLR. The EMG data of VMO and VL were collected using
MTS8 EMG device manufactured by MIE in the UK. The
participants lay supine on a bed and put their hands crossly
on the chest. The electrodes were Ag/ AgCl, the diameter of
the surface electrode was 10 mm and the electrode spacing
was 20 mm. The sampling frequency was 1000 and the
band pass filter was between 20-450 Hz'*”. Before the elec-
trodes placement first, the skin of the area was prepared by
shaving the hair and cleaning it with alcohol. A hypotheti-
cal line which connected anterior superior iliac spine to the
center of the patella was considered as the reference line for
electrodes placement. The VMO electrode was placed with
an angle of 55° relative to the reference line, 4 cm above
the superior border of the patella and 3 cm medially to the
reference line. The VL electrode was placed with the angle
was 15° relative to the reference line, 10 cm above the su-
perior border of the patella and 7 cm laterally to the refer-
ence line. The ground electrode was placed on the pa-
tella®**.

Subjects first were trained on how to perform the
movements. By using the goniometer and a designed de-
vice, we determined thirty degrees as target for elevation of
lower limb during PNF patterns and SLR. The sequence of
movements was random. To determine the sequence of
movements, the participants selected random order sheets.
To perform PNF patterns, the limb was first placed in an
antagonistic pattern with a straight knee. By giving the ver-
bal command, the subjects were asked to reach the lower
limb to determined target point within 5 second according
to their familiarization training. Between each exercise,
there was 4 minutes of rest. The PNF patterns were also
performed with weights. We used an adjustable weight cuff
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Table 1. Comparison of normalized electromyographic activity of VMO, VL and VMO/VL ratio during
PNF patterns and SLR between the PFPS and healthy groups
exercises (The mean +SD) (%MVIC)
muscles groups
D/FL D:EX SLR D/FL +1load  D;EX + load
VMO PFPS 4492+ 1544 4587+1225 41.55+1322 58.01 1850 60.09 +13.96
Healthy 56.52+17.57 52.31+1247 49.57+19.70 7525+1545 67.95+11.67
p-value 0.01 0.06 0.09 0.001 0.03
VL PFPS  49.15+16.53 4891 +13.47 51.05+£1092 63.21+19.48 63.98+13.78
Healthy 60.00+11.38 56.80+9.75  56.78 +15.84 80.77+11.01 71.67 +9.93
p-value 0.01 0.02 0.13 <0.001 0.02
VMO/VL PFPS 0.92+0.17 0.96 +0.20 0.81+0.18 0.93+0.16 0.94+0.16
Healthy 0.93+0.17 0.93+0.19 0.84 +0.17 0.93+0.12 0.95+0.14
p-value 0.90 0.57 0.58 0.96 0.91

PFPS, patellofemoral pain syndrome, VMO, vastus medialis oblique, VL, vastus lateralis, VMO/VL, ratio of

vastus medialis oblique/vastus lateralis, SLR, straight leg raise, D,FL, flexion, adduction, external rotation

with knee straight, D,EX, extension, adduction, external rotation with knee straight

that its weight could be changed. It was be fixed on ankle
of subjects. The load which we added to exercise was deter-
mined according to the subjects’ body mass index (BMI) as
follows: 1 kg for those BMI less than 20, 1.4 kg for BMI of
20-22, 1.7 kg for BMI of 22-24 and 2 kg for those BMI
more than 247", To achieve the mean activity of VMO and
VL muscles, the Raw data processed with the root mean
square (RMS). Normalization was necessary to minimize
variables between PFPS and healthy subjects. To compute
the normalized data for VMO and VL muscles we also
measured maximal voluntary
(MVIC), so the participants were seated at the end of a bed
to perform MVIC of the quadriceps muscle against manual
resistance. The highest root mean square (RMS) value of
the three MVICs was used for normalization purposes™’.
EMG data were collected during the patterns and SLR were
normalized and expressed as a RMS processed percentage
of MVIC. For assessing test-retest reliability, 10 subjects (5
healthy and 5 PFPS) were studied twice as the same men-
tioned methods with an interval of one day.

isometric  contraction

Statistical analyses

All data were analyzed using SPSS statistical software
version 18. The repeated measures ANOVA were used to
compare the mean of VMO and VL muscles activity sepa-
rately and VMO/ VL ratios across exercises for each group
and between the two groups. The post hoc test was also
performed for pairwise comparison between the exercises.
Multivariate analysis of variance (MANOVA) was used to
compare the muscles activation level in each exercise be-
tween the two groups. (p <0.05, indicating a significant dif-
ference)

Results

Twenty six PFPS subjects (18 women, 8 men) and 26
healthy subjects (18 women, 8 men) participated in this
study. The mean * SD of the age and BMI of participants
in PFPS group were 22.92 £ 1.78 years, 22.97 * 2.21 kg/
m’ and in healthy group were 23 = 1.91 years, 23.08 *
2.72 kg/m’®. There was no statistically significant difference
in subject’s age (p = 0.98) and BMI (p = 0.88) between the
two groups. The intra-class correlation coefficients (ICC)
values for assessing test-retest reliability was calculated.
The results showed the reliability of EMG data of mean ac-
tivity was greater than 0.86 in all exercises.

The results of repeated measures ANOVA for VL
muscle activity revealed a significant effect of group X ex-
ercises (F=2.90, p=0.04) and significant effects of the exer-
cises (F=43.70, p<0.001) and the group (F=11.97, p=
0.001). This analysis for VMO muscle activity showed no
significant interaction effect (F=1.90, p=0.15). However,
significant main effects of exercises (F=36.12, p<0.001)
and group (F=10.49, p=0.002) were observed. For VMO/
VL ratio the interaction effect of group X exercises was
not significant (F=0.47, p=0.68). Also, main effect of group
was not significant (F= 0.001, p= 0.97) however, signifi-
cant main effects of exercises (F= 10.07, p<0.001) was ob-
served.

The mean of EMG activity of VMO, VL and VMO/
VL ratio (as a percentage of MVIC) during PNF patterns
and SLR in PFPS and Healthy groups have shown in Table
1. The result of MANOVA analysis of VMO activation
level in each motion between the two groups showed that
except SLR and D,EX (p>0.05), in the other motions PFPS
group had lower VMO activity (p<0.05). For VL except
SLR, in the other motions PFPS group had lower VL activ-
ity too (p<0.05) (Table 1). Also, there weren’t any signifi-
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Table 2. Pairwise Comparisons of normalized EMG activity of muscles between exercises in PFPS and healthy groups

group Exercises VMO VL VMO/VL
Healthy Mean Mean Mean
@D J) difference P value difference P value difference P value
1-I 1-I 1-n

Comparison of D\FL with D,EX 4.21 0.05 3.20 0.14 -0.001 0.96
SLR 6.95 0.12 3.22 0.38 0.09 0.01
D,FL+ load -18.73 <0.001 -20.77 <0.001 0.003 0.90
D,EX+ load -11.43 <0.001 -11.67 <0.001 -0.02 0.40

Comparison of D,EX with D;FL -4.21 0.05 -3.20 0.14 0.001 0.96
SLR 2.74 0.49 0.02 0.99 0.09 0.05
D,FL+ load -22.94 <0.001 -23.97 <0.001 0.004 0.89
D,EX+ load -15.64 <0.001 -14.87 <0.001 -0.02 0.38

PFPS

Comparison of D\FL with D,EX -0.95 0.65 0.24 0.91 -0.04 0.17
SLR 3.37 0.44 -1.90 0.60 0.11 0.001
D,FL+ load -13.09 <0.001 -14.06 <0.001 -0.01 0.83
D,EX+ load -15.17 <0.001 -14.83 <0.001 -0.02 0.37

Comparison of D,EX with  D,FL 0.95 0.65 -0.24 0.91 0.04 0.17
SLR 4.32 0.28 -2.14 0.46 0.15 0.002
D,FL+ load -12.14 <0.001 -14.30 <0.001 0.03 0.27
D,EX+ load -14.22 <0.001 -15.07 <0.001 0.02 0.59

cant difference between the two groups in VMO/VL activa- Discussion

tion ratios (p>0.05) (Table 1).

Pairwise Comparisons of the motions have shown in
Table 2. As shown in Table 1 however, the mean of EMG
activity of VMO in PFPS group during PNF patterns was
more than SLR; there weren’t any significant differences in
VMO muscle activity between D,FL, D.EX and SLR (Ta-
ble 2). Also, as shown in Table 1 however, the mean of
EMG activity of VL in PFPS group during SLR was more
than PNF patterns; there weren’t any significant differences
in VL muscle activity between D,FL, D,EX and SLR (Ta-
ble 2). Adding weight to D,FL and D,EX increased VMO
and VL muscles activity significantly in both groups (Table
2). The pairwise Comparisons showed that the VMO/VL
ratios of the PNF patterns were significantly more than
SLR too (p<0.01) (Table 2).

As shown in Table 1, the activation levels of VMO
during the motions from the highest to the lowest in PFPS
group were: D,EX+ load, D\FL+ load, D.EX, D,FL, SLR
while, in healthy group were : D,FL+ load, D.-EX+ load, D,
FL, D,EX, and SLR. Also, the activation levels of VL dur-
ing the motions from the highest to the lowest in PFPS
group were: D.EX+ load, D\FL+ load, SLR, D:EX and D,
FL while, in healthy group were: D,FL+ load, D.EX+ load,
D/FL, D.EX and SLR (Table 1).

In addition, the Table 1 showed that the VMO/VL ra-
tio during PNF patterns were significantly more than SLR
and were near the ideal 1:1 ratio in two groups.

The results of this study on comparison of VMO acti-
vation level in each exercises between the two groups
showed that except SLR and D.EX, in the other exercises
PFPS group had lower VMO activity. In the other words
SLR and D.EX in PFPS group activated the VMO the same
as healthy group. Also, pairwise comparisons of PNF pat-
terns (without load) with SLR showed that the mean of
EMG activity of VMO in PFPS and healthy groups during
PNF patterns were more than SLR, however, these differ-
ences weren'’t significant. In PFPS group, the balance of in-
ternal and external forces on patellofemoral joint is dis-
turbed and causing pressure on the joint and pain”. Due to
pain the person with PFPS, reduces the motion of joint and
it causes weakness of muscles and this weakness intensifies
imbalance of forces on patellofemoral joint™*'*. Therefore,
this defective cycle is repeated. As our results, Hwang et
al™ showed that the EMG activity of muscle in PFPS group
was less than healthy group. Also Giles et al*” showed that
atrophy of the quadriceps muscle was seen in person with
PFPS. The quadriceps muscle strengthening program is one
of the most important part of PFPS treatment and studies
showed the effectiveness of these exercises on reduce pain
and improvement of PFPS treatment''*"”.

SLR is one of the exercises that are often recom-
mended for strengthening quadriceps muscle in patients
with knee problems®’. According to the results of this
study, PNF patterns without load activated VMO muscle
similar to the SLR. Mikaili et al* and Choi et al"” showed
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that by adding external rotation and dorsiflexion to the
SLR, the contraction force of VMO and VL muscles in-
creases. Previous studies showed that, adding adduction to
open and close kinematic chain exercises could increase
VMO activity t0o******  Due to the origin of the VMO
from adductor Magnus, contraction of adductor muscles
can provide a stable origin for VMO and increase its activ-
ity**”. The mentioned motions are similar to the D,FL that
used in this study, which simultaneously included flexion,
adduction, external rotation and dorsiflexion. In fact, the
PNF patterns by combining different components of motion
together simultaneously and being functional can activate
the VMO and VL muscles well. Based on the principle of
Overflow (Irradiation) proposed in PNF, a muscle contrac-
tion in an area can affect the contraction of another muscle
in the distant area and thus facilitates the activation of the
weakened or inhibited muscle™'”. Also, according to an-
other PNF facilitation principle (stretch reflex) starting the
lower PNF patterns from the antagonist pattern, as it was
used in this study, can improve weak muscle function'’.
Shimura et al'” showed that facilitation position compared
to normal position lead to increased muscle discharge and
motor evoked potential, decreased muscles reaction time
and latency, and improvement of joint functional move-
ments.

The other results of the study were PNF patterns with
load could significantly increase the VMO and VL activity.
In agreement with our results, Sykes and Wong*" found that
adding external rotation to SLR was suitable for patients
with PFPS, especially if this movement is done with a
weight. In another study Wong™ suggested that it is better
to do exercises with weight to improve the neuromotor con-
trol in the vasti muscles. Also, Rhyu et al'’ showed the
positive effect of PNF patterns using the Theraband resis-
tance on the activation of the abductor muscles. In our
study performing the PNF patterns with a low weight, in-
creased VMO and VL activities significantly compared to
weightless patterns. The basis of resistance used in PNF
patterns is reinforcement of weak muscles by strong con-
tractions of the other muscles'”. Unfortunately because SLR
with weight wasn’t assessed in this study, the comparison
of PNF patterns with weight and SLR with weight weren’t
included in this study.

Also, our results showed that the most activity of the
muscles in PFPS group and healthy group were during D,
EX+ load and D FL+ load respectively. The comparison of
PNF patterns showed that in PFPS group D.EX activated
the muscles more than D,FL, while in the healthy group, D,
FL activated the muscles more than D,EX.

In D:EX quadriceps contracts eccentrically in the di-
rection of gravity, while in D,FL quadriceps contraction is
concentric and against the gravity. In agreement with our
results, Douglas et al*”, and Chen et al*”, showed that ec-
centric exercises are better than concentric for improving

muscle performance, especially if they are accompanied by
resistance. Also, one of the strategies used in PNF thera-
peutic methods is the use of eccentric motion to facilitate
the agonist muscle'”.

The other result of this study was that the VMO/VL
ratio values in PNF patterns were significantly more than
SLR. Also, in the PFPS group VL showed more activity
during SLR compared to PNF patterns while, the VMO had
the least activation during SLR. The lower VMO/VL ratio
value during SLR compared to PNF patterns ratios can be
attributed to lower VMO activity and/or the higher VL ac-
tivity which found in our study. In PFPS group the VMO/
VL ratio values in PNF patterns (with and without load)
were near to the ideal 1:1 ratio and the highest VMO/VL
ratio value (0.96) was found during D,EX”.

It is possible that during SLR hip flexion would acti-
vate the rectus femoris more than VMO and VL muscles™.
Also the selective activation of VL compared to VMO dur-
ing SLR can be increased, because VL is a mobilizer mus-
cle and has more fibers in perpendicular orientation®. In
contrast, PNF patterns are functional and have different
motion components in different planes, so they can activate
both VMO and VL muscles.

Conclusion

In PFPS group the activity of VMO during PNF pat-
terns (without load) were more than SLR, however, these
differences weren’t significant. The VMO had the least ac-
tivation during SLR and the most in D.EX, but the VL had
the most activity during SLR. The VMO/VL ratio values in
PNF patterns were significantly more than SLR and the
highest VMO/VL ratio value (0.96) was found during D,
EX. Also, adding weight to D,FL and D,EX increased
VMO and VL muscles activity significantly. The imbalance
between VMO and VL activity is one of the most important
factors in person with PFPS which PNF patterns can pro-
vide appropriate VMO/VL ratio value than SLR. Thus,
these patterns (especially D,EX) due to higher activity of
VMO and lower activity of VL and proper balance between
VMO and VL muscles can be recommended in rehabilita-
tion of individuals with PFPS. Also, adding a weight even a
low weight, to these patterns can increased VMO and VL
activities.
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ABSTRACT. Objective: The study aimed to demonstrate the significance of early postoperative physical
therapy interventions on clinical outcomes by determining the influence of the distance walked under the su-
pervision of a physical therapist in the early postoperative period after liver cancer. Methods: All consecu-
tive patients who underwent surgery for liver cancer between April 2018 and March 2020 were eligible for
enrollment in the study. The total walking distance during physical therapy till the third postoperative day
was examined. The clinical outcomes comprised duration of postoperative hospital stay, time to independent
walking, and occurrence of postoperative complications. For data analysis, the patients were divided into
two groups: those who walked more than the median total distance (the long-distance group) and those who
walked less than the median distance (the short-distance group). We used propensity score matching to
match the background characteristics between the groups. Results: Of the 65 patients who were eligible, 14
patients were included in the two groups each, after matching. The long-distance walking group had a sig-
nificantly shorter hospital stay (9.0 days vs. 11.0 days, p=0.008) and a shorter time to independent walking
(3.5 days vs. 7.5 days, p=0.019) than the short-distance walking group. There were no significant differences
in postoperative complications between the two groups (7.1% vs. 42.8%, p=0.08). Conclusion: In the early
postoperative period after liver cancer surgery, increasing the walking distance under the supervision of a
physical therapist is important for improving clinical outcomes. Further prospective studies are needed to
confirm the findings of this study.
Key words: Early postoperative physical therapy, Longer walking distances, Postoperative hospital stay, Liver
cancer

(Phys Ther Res 24: 225-231, 2021)

In recent years, the concept of enhanced recovery after
surgery (ERAS)" has become widespread, especially in
postoperative patients. It is effective in reducing hospital
stay and postoperative complications and aids in the recov-
ery of gastrointestinal function®” through appropriate man-
agement before and after surgery. The early mobilization of
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patients after gastrointestinal surgery has been reported to
be effective in reducing hospital stays and preventing com-
plications™”. It has recently been reported that early mobili-
zation within 24 hours after partial hepatectomy positively
affects the pain score and aids the recovery of gastrointesti-
nal function”, making early mobilization essential.

While there are many papers on early postoperative
mobilization®”, few have examined early postoperative ac-
tivity. It has been reported that the duration of ‘standing
time’ in the first three days after abdominal surgery is re-
lated to the length of hospital stay®. It is important to main-
tain physical activity in the early postoperative period. It
has also been reported that the presence or absence of pe-
rioperative physical therapy influences the extent of activity
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until the third postoperative day”, and the role of physical
therapists in ensuring the same in the early postoperative
period is significant. In contrast, it was reported that addi-
tional walking with volunteer staff during the stable period
after abdominal surgery did not affect hospital stay or com-
plications'”. This suggests that increasing the frequency of
walking during hospitalization alone may not be sufficient
to improve clinical outcomes. However, the walking with
the volunteer staff of college students started after the post-
operative risks had been reduced. There is no study about
increasing the walking distance during the early postopera-
tive period under the supervision of a physical therapist
when the risk is considered to be higher. Demonstrating the
impact of physiotherapist-supervised ambulation on clinical
outcomes in the early postoperative period after hepatic tu-
mor resection is also important for planning physiotherapy
programs.

Therefore, the purpose of the present study was to ex-
amine if the distance walked under the supervision of a
physical therapist in the early postoperative period after
partial hepatectomy for hepatocellular carcinoma could af-
fect the duration of hospital stay, time to independent walk-
ing, and occurrence of postoperative complications.

Method

Eligibility

All consecutive patients who underwent hepatectomy
for the diagnosis of primary hepatocellular carcinoma at our
hospital between April 2018 and March 2020 were consid-
ered eligible for enrollment. The exclusion criteria com-
prised death during hospitalization and missing data. This
study was conducted in accordance with the Declaration of
Helsinki, with due care taken to protect the patients. It was
approved by the Ethics Committee of Aso lizuka Hospital
(Approval No. R19172). Patients were granted the option to
opt-out of the study.

Physical therapy program

Physical therapy was initiated according to the attend-
ing physician’s prescription. The criteria for discontinu-
ation included the “Anderson’s criteria'” and “obvious de-
terioration of respiration or circulatory dynamics from the
previous day”. The physical therapy program conducted
until the third postoperative day consisted of walking,
coughing, deep breathing, pain-free standing exercises, and
patient education. The interventions were carried out twice
a day (in the morning and afternoon) for 20-40 minutes, un-
til the third day after surgery. From the fourth day onwards,
the physical therapy program included exercise therapy in
the rehabilitation room where the patient could walk 300
meters. Exercise therapy included aerobic exercises, such as
bicycle ergometer and treadmill walking, and resistance
training. The interventions were performed every day, five

to six times a week for 40-60 minutes.

Measurement items

The following items were extracted retrospectively
from medical records. Walking distance was the primary
factor, that was defined as the total distance walked during
physical therapy until the third postoperative day. Walking
distance was measured by the number of laps made around
the 30, 100, and 110-meter circuits in the ward. The pri-
mary outcome of this study was the duration of postopera-
tive hospital stay. The secondary outcomes were time to in-
dependent walking and occurrence of postoperative compli-
cations. Background factors included age, sex, body mass
index (BMI), geriatric nutritional risk index (GNRI), Charl-
son Comorbidity Index (CCI), hepatocellular carcinoma
stage, surgical procedure (laparoscopic or laparotomy) and
intraoperative blood loss. The postoperative items meas-
ured comprised the duration of urinary catheterization, the
deterioration in activities of daily living (ADL), whether
the patient was transferred to a hospital for rehabilitation,
and the presence of pain from postoperative days 1 to 7.

Postoperative complications

The Clavien-Dindo classification was used to
measure the postoperative complications. Postoperative
complications were defined as grade II or higher in the
Clavien-Dindo classification based on previous studies'. In
addition, the presence or absence of the following: atelecta-
sis due to pleural effusion within one week after surgery,
delirium diagnosed by a psychiatrist, lower extremity
thrombus, internal carotid artery thrombus, portal vein
thrombus, bile leak, ileus, pseudomembranous enteritis,
liver failure, and postoperative hemorrhage were noted dur-
ing the postoperative period until discharge and were ex-
tracted from the medical records.

12,13 )

Measurement of ADLs

The Katz Index'” is a highly reliable and valid assess-
ment tool of ADL ability'*"". The definition of deterioration
in ADL ability'” was a decrease of 1 point or more between
the preoperative period and the time of discharge from the
hospital.

Measurement of pain

The numeric rating scale (NRS) is a reliable and valid
assessment of postoperative pain®". In this study, the NRS
scores were categorized into three categories according to
the National Comprehensive Cancer Network guidelines™”:
0-3 points for mild, 4-6 points for moderate, and 7-10
points for severe.

Statistical analysis
For statistical analysis, patients were divided into two
groups based on the association of the walking distance: a
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long-distance walking group and short-distance walking
group. Regarding the walking distance, we divided the pa-
tients into two groups using the median walking distance
because there was no previous study with reports or results
that could be used to divide them into two groups. For the
continuous variables in each measurement item, the un-
paired t-test was used for those with normality, and the
Wilcoxon rank sum test was used for those without normal-
ity. Categorical variables were assessed using the x’ test.

To examine the effect of walking distance on the out-
come, we calculated the probability of walking distance af-
ter adjusting for confounders. We matched long-distance
walkers and short-distance walkers using the approximate
probability approach, and we compared the two groups
based on the outcomes using the propensity score method.
The variables used to calculate the propensity score were
age, sex, GNRI, CClI, intraoperative blood loss, and surgi-
cal procedure, which could affect walking distance and out-
come. The optimal range of matching (caliper) was set to
+20% of the standard deviation for the propensity score,
which is the standard value. After matching, the two groups
were compared using the y’ test for categorical variables
and the Wilcoxon rank sum test for continuous variables.
The statistical analysis software used was Stata Statistical
Software (Release 15. College Station, TX: StataCorp
LLC), and the significance level was set at 5%.

Results

Background characteristics

Of the 70 patients who met the eligibility criteria, 65
patients were included in the analysis, four patients were
excluded because they had some missing data and one pa-

Short-distance walking (n=14)

Study flow chart in this study

tient died during hospitalization (Fig. 1). The median age
(interquartile range) was 72.0 (69.0-78.0) years, and 45 pa-
tients (69%) were male. The median walking distance was
530 m. Thirty patients in the long-distance walking group
and 35 patients in the short-distance walking group walked
a total of 530 m, and the balance was adjusted, 14 and 14
patients in the long-distance and short-distance walking
groups, respectively, were matched.

On comparing the background factors between the two
groups before propensity score matching, the long-distance
walking group had a significantly higher percentage of pa-
tients who underwent laparoscopic surgery (p=0.007) and
had a less intraoperative blood loss (p=0.024), shorter op-
eration time (p=0.04), and shorter anesthesia time (p=
0.008). After propensity score matching, there was no sig-
nificant difference between the groups, and the balance was
adjusted (Table 1).

Comparison of outcomes

The median duration of postoperative hospital stay in
the long-distance walking group was 9.0 days, while that in
the short-distance walking group was 11.0 days (p=0.008).
The median time taken to walk independently was 3.5 days
in the long-distance walking group and 7.5 days in the
short-distance walking group (p=0.019). Regarding postop-
erative complications, the percentage of complications clas-
sified as grade II or higher as per the Clavien-Dindo classi-
fication were inclined to be higher in the short-distance
walking group (42.8% ) when compared to the long-
distance walking group (7.1%) (p=0.077) (Table 2).

Postoperative factors
There were no items that showed significant differ-
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Table 1. Patient characteristics before and after propensity score matching
All patients Propensity-matched patients
n=65 n=28
Long-distance Short-distance Long-distance Short-distance
walking walking p-value walking walking p-value
(n=30) (n=35) (n=14) (n=14)
Total gait distance, m 940.0 390.0 <0.001 940.0 340.00 <0.001
[726.3, 1187.5] [270.0, 442.5] [728.8, 1175.0] [272.5,436.3]
Age, year 72.0 72.0 0.490 73.0 72.5 0.490
[69.3, 76.8] [69.0, 79.0] [66.0, 76.8] [71.0, 77.8]
Sex, male 22 (73.3) 23 (65.7) 0.595 9 (64.3) 10 (71.4) 1
BMLI, kg/m? 24.0 23.0 0.133 24.0 23.0 0.200
[20.5, 25.8] [21.0, 24.0] [20.0, 25.0] [19.8,23.8]
GNRI 114.0 111.0 0.087 112.0 106.5 0.311
[110.0, 118.0] [105.5, 113.5] [103.0, 117.5] [103.3,112.0]
CCIL, <3 23 (76.7) 32(91.4) 0.167 14 (100.0) 12 (85.7) 0.481
Cancer stage 0.655 0.870
I 11 (36.7) 9(25.7) 6(42.9) 6 (42.9)
1I 15 (50.0) 19 (54.3) 7 (50.0) 5@35.7)
I 4(13.3) 5(14.3) 1(7.1) 2(14.3)
v 0(0.0) 2(5.7) 0(0.0) 1(7.1)
Laparoscopy 15 (50.0) 6 (17.1) 0.007 5(35.7) 3(214) 0.678
Blood loss, ml 102.5 250.0 0.024 150.0 240.0 0.370
[50.0, 259.0] [127.0, 465.0] [51.5,259.0] [156.0, 380.0]
Operative time, min 184.50 248.00 0.004 212.50 235.00 0.148
[150.00, 234.50]  [211.50, 305.00] [162.50, 238.25]  [209.50, 302.25]
Anesthesia time, min 278.50 328.00 0.008 302.50 317.50 0.26

[218.75, 320.75]

[288.00, 378.00]

[240.75, 331.50]

[278.75, 385.25]

BMLI, body mass index; GNRI, geriatric nutritional risk index; CCI, Charlson Comorbidity Index.

n (%), median [25, 75%]

Table 2. The differences of hospital stay, the time to independent walking, and complications between long and short distance

groups.
All patients Propensity-matched patients
n=65 n=28
Long-distance  Short-distance Long-distance ~ Short-distance
walking walking p-value walking walking p-value
(n=30) (n=35) (n=14) (n=14)
Postoperative hospital stay, days 9.0[8.0,10.0] 11.0[9.0,13.0] <0.001 9.0[8.0,9.8] 11.0[9.0,14.5]  0.008
The time to independent walking, 4.0 [3.0, 5.0] 4.0 [4.0, 10.0] 0.013 3.5[3.0,4.8] 7.5 4.0, 10.0] 0.019
day
The Clavien-Dindo Classification, 7(23.3) 15 (42.9) 0.12 1(7.1) 6 (42.8) 0.077
211
n (%), median [25, 75%]
ences in postoperative factors after matching (Table 3). dependently.

Discussion

This study showed that the distance walked by patients
under the supervision of a physiotherapist during the early
postoperative period after partial hepatectomy for hepato-
cellular carcinoma affected the duration of hospitalization.
Furthermore, it influenced how quickly they could walk in-

Association with the hospital stay

Long-distance walking under physiotherapist supervi-
sion in the early postoperative period after partial hepatec-
tomy affected the length of hospital stays. Browing et al.”
stated that the duration of standing in the early postopera-
tive period was an important indicator for the length of hos-
pital stay after upper abdominal surgery. The outcomes
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Table 3. The differences of the duration of urinary catheterization, ADLs deterioration, hospital transfer, and types of complications

and pain between long and short distance groups.

All patients, n=65

Propensity-matched patients, n=28

Long- Short- Long- Short-
distance distance distance distance
walking walking p-value walking walking p-value
(n=30) (n=35) (n=14) (n=14)
The duration of urinary catheter- 3.0 3.0 0.002 3.0 3.5 0.084
ization, day [2.0, 3.0] [3.0,4.0] [2.0, 4.0] [3.0, 4.0]
ADLs deterioration yes 3(10.0) 8(22.9) 0.201 2(14.3) 5(35.7) 0.685
Hospital transfer yes 1(3.3) 2(5.7) 1 0(0.0) 2(14.3) 0.481
Types of Atelectasis yes 9 (30.0) 16 (45.7) 0.213 5(35.7) 7 (50.0) 0.704
complications  pelirjum yes 1(3.3) 4(114) 0363 1(7.1) 3(214)  0.59
Lower extremity  yes 1(3.3) 3(8.6) 0.618 0(0.0) 2 (14.3) 0.481
thrombus
Internal carotid yes 1(3.3) 2(5.7) 1 0(0.0) 1(7.1) 1
artery thrombosis
Portal vein yes 4(13.3) 6 (17.1) 0.742 1(7.1) 1(7.1) 1
thrombosis
Bile leak yes 0(0.0) 0(0.0) 0(0.0) 0(0.0)
Tleus yes 1(3.3) 12.9) 1 0(0.0) 1(7.1) 1
Enteritis yes 2 (6.7) 0 (0.0) 0.209 0(0.0) 0(0.0)
Liver failure yes 0(0.0) 0(0.0) 0(0.0) 0(0.0)
Postoperative yes 0(0.0) 2(5.7) 0.495 0(0.0) 0(0.0)
hemorrhage
NRS Dayl mild 20 (66.7) 24 (68.6) 1 9 (64.3) 10 (71.4) 1
moderate 4(13.3) 5(14.3) 4 (28.6) 3(21.4)
severe 6 (20.0) 6 (17.1) 1(7.1) 1(7.1)
Day?2 mild 19 (63.3) 20 (57.1) 0.076 9 (64.3) 10 (71.4) 1
moderate 6 (20.0) 14 (40.0) 4 (28.6) 4 (28.6)
severe 5(16.7) 1(2.9) 1(7.1) 0(0.0)
Day3 mild 19 (63.3) 23 (65.7) 0.549 8 (57.1) 9 (64.3) 1
moderate 8 (26.7) 11 (31.4) 6 (42.9) 5(35.7)
severe 3(10.0) 1(2.9) 0(0.0) 0(0.0)
Day4 mild 23 (76.7) 25(71.4) 0.299 11 (78.6) 10 (71.4) 1
moderate 4 (13.3) 9(25.7) 3(21.4) 4 (28.6)
severe 3 (10.0) 1(2.9) 0(0.0) 0(0.0)
Day5 mild 23 (76.7) 28 (80.0) 0.904 11 (78.6) 11 (78.6) 1
moderate 4(13.3) 5(14.3) 3(21.4) 3(21.4)
severe 3(10.0) 2(5.7) 0(0.0) 0(0.0)
Day6 mild 24 (80.0) 26 (74.3) 0.69 12 (85.7) 9 (64.3) 0.472
moderate 2 (6.7) 5(14.3) 1(7.1) 3(21.4)
severe 4 (13.3) 4(11.4) 1(7.1) 2 (14.3)
Day7 mild 26 (86.7) 29 (82.9) 0.222 13 (92.9) 11 (78.6) 0.596
moderate 1(3.3) 5(14.3) 1(7.1) 3(21.4)
severe 3 (10.0) 1(2.9) 0(0.0) 0(0.0)

ADL, Activities of daily living; NRS, The numeric rating scale

n (%), median [25,

were similar to those in the present study, in which the fac-
tor under consideration was a longer walking distance un-
der the supervision of a physical therapist. Hussey et a
reported that in postoperative patients with esophageal can-

75%]

l 23)

cer, 96% of the day is spent in a sitting or supine position
until the fifth day after surgery. The early postoperative pe-
riod after hepatic resection is also long, and it is likely that
patients do not stand or walk except during physical ther-
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apy. In the early postoperative period after hepatocellular
carcinoma surgery, it is imperative to provide an environ-
ment in which patients can stand and walk under the super-
vision of a physical therapist to improve their physical ac-
tivity.

Association with independent walking

Long-distance walking under the supervision of a
physical therapist in the early postoperative period after he-
patocellular carcinoma surgery affected the time taken to
walk independently. de Almeida et al.** reported that the
implementation of a discharge program that included early
walking under the supervision of a physical therapist after
abdominal tumor surgery was related to early recovery of
physical function. Comparable results were obtained in the
present study when the defined factor was a longer walking
distance under the supervision of a physical therapist in the
early postoperative period. Therefore, walking practice in
the early postoperative period could be important in early
discharge programs. Additionally, it has been reported that
pain® and postoperative complications™*” affect the recov-
ery of postoperative physical function. In this study, there
was no significant difference in pain or postoperative com-
plications between the two groups. However, the long-
distance walking group tended to have fewer postoperative
complications, which may have influenced the recovery in
physical function. These results suggest that active walking
practice in the early postoperative period may prevent post-
operative complications and shorten the time to independ-
ent walking after surgery.

Association with postoperative complications

The long-distance walking group had a lower rate of
postoperative complications than the short-distance walking
group, but the difference was not significant. Ni et al.” re-
ported that early mobilization after hepatocellular carci-
noma surgery did not show a significant reduction in com-
plications, but there was a lower rate of pleural effusion and
lower extremity thrombus. In this study, the long-distance
walking group tended to have a lower rate of postoperative
complications like lower extremity thrombus, atelectasis
due to pleural effusion, and delirium, although the differ-
ence was not significant as well. Extending the walking dis-
tance in the early postoperative period after hepatic resec-
tion may be effective against some postoperative complica-
tions.

There are three important limitations of the present
study. First, the sample size was small, and there were not
enough events to adjust for confounders in the multivariate
analysis™. Therefore, the propensity score method was used
for the analysis. It has been reported that when adjusted for
the same variables, the results of both the propensity score
and classical multivariate analysis are approximately the

same™. Therefore, in this study, we believe that the con-

founding factors were sufficiently accounted for despite a
small sample size and fewer number of events. Second, be-
cause we collected information from medical records in a
retrospective study, we were unable to obtain adequate
items for measurement. Due to ethical issues, it was diffi-
cult to conduct an interventional study with a control group
in which the walking distance is shortened. Therefore, it is
necessary to examine the other unmeasured items prospec-
tively in the future. Third, since this study was not a pro-
spective interventional trial, the walking distance could
have been shorter due to various factors, such as risk man-
agement and judgement of the therapist. In a retrospective
study, it was difficult to identify factors that led to a reduc-
tion in the walking distance. Therefore, the investigation of
the causes for shorter walking distances requires prospec-
tive studies and is a topic for future research.

Conclusion

This is the first study to demonstrate that a longer
walking distance under the supervision of a physiotherapist
in the early postoperative period after partial hepatectomy
could affect the length of hospital stays and the time to in-
dependent walking. In the early postoperative period after
partial hepatectomy surgery, it is important to extend the
walking distance under the supervision of a physical thera-
pist in an appropriate environment to improve the clinical
outcomes. Further prospective studies with larger number
of patients are needed to confirm this result.
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ABSTRACT. Objective: Preoperative factors related to perceived leg length discrepancy (PLLD) after total
hip arthroplasty (THA) are not well studied. This study aimed to examine the preoperative factors, including
hip abductor modulus, related to PLLD one month after THA. Methods: The study included 73 patients di-
agnosed with osteoarthritis secondary to developmental dysplasia of the hip and a posterior approach to sur-
gery. Multiple logistic regression analysis was performed using the presence or absence of PLLD as the de-
pendent variable and preoperative hip abductor’s modulus of elasticity, pain, hip abduction range of mo-
tion, hip abductor muscle strength and pelvic obliquity as the independent variable. Additionally, receiver
operating characteristic curves were used for the extracted variables for calculating the cutoffs, sensitivity,
specificity and area under the curve (AUC) to determine the presence or absence of PLLD. The significance
level was set at p<0.05. Results: The hip abductor modulus (odds ratio=1.13; 95% confidence interval=1.06-
1.21; p<0.001) was selected as a preoperative factor. The cutoff value to determine the presence or absence
of a PLLD was 16.32 kPa. The sensitivity and specificity were 8§1.8% and 72.5%, respectively, and the AUC
was 0.8137. Conclusion: The hip abductor muscle elastic modulus affected PLLD one month after THA. If
the preoperative hip abductor elastic modulus is higher than the cutoff value, it may affect the appearance of
PLLD at one month postoperatively.

Key words: Total hip arthroplasty, Perceived leg length discrepancy, Preoperative factors, Shear-wave elastogra-

phy

(Phys Ther Res 24: 232-239, 2021)

Total hip arthroplasty (THA) is one of the orthopedic
treatments for osteoarthritis (OA), and the procedure has
been reported to provide excellent pain relief and improve
patients” range of motion (ROM) and walking ability"’.
However, we frequently encounter cases wherein patients
complain about a subjective leg length discrepancy, which
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is more significant than the leg length discrepancy seen on
radiographic images (structural leg length discrepancy) af-
ter the surgery. Perceived leg length discrepancy (PLLD) is
generally defined as the leg length discrepancy that the pa-
tient is aware of and is also referred to as functional leg
length discrepancy””’. However, because these two terms
are almost synonymous, PLLD is used throughout this pa-
per.

Hofmann et al.” reported that the leg length difference
after THA is the main reason for postoperative lawsuits.
Pakpianpairoj et al.” reported that postoperative EuroQol 5
Dimension (EQ-5D) decreases in patients with leg length
differences. The EQ-5D evaluates 5 dimensions of ques-
tions, including mobility, self-care, usual activities, pain/
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discomfort and anxiety/depression. EQ-5D is a standard-
ized instrument for use as a measure of health outcome.
Nakanowatari et al.” reported that PLLD is an important
postoperative condition and decreases the patient’s health-
related quality of life. Furthermore, as a functional prob-
lem, PLLD after THA is associated with low back pain, de-
creased ability to walk, and decreased functional improve-
ment™”. In a previous report, Holtzman et al.” reported that
patients with severe preoperative pain, reduced ability to
walk, and who perform activities of daily living (ADL) had
reduced postoperative function. Regarding the effects of
preoperative physical therapy, Wang et al."’ reported a
slight decrease in pain and a significant effect on Western
Ontario and McMaster Universities Osteoarthritis Index
(WOMAQ), stair climbing, toilet use and chair start date at
6-8 and 12 weeks. As reported by Moyer et al.'""” a recent
meta-analysis evaluating the effects of preoperative reha-
bilitation showed improvements in pain, function and hos-
pital stay length. Furthermore, preoperative rehabilitation
was reported to affect pain reduction, quality of life and
overall satisfaction at one year postoperation'”. On the con-
trary, Fujita et al."” reported that physical functions such as
pain and ROM significantly improved up to six weeks after
THA. We believe that preoperative rehabilitation plays an
essential role in improving various functions in the early
postoperative period.

The ROM of hip adduction pelvic obliquity and lateral
mobility of the lumbar vertebrae are factors reported to af-
fect PLLD'"™", Chi et al.'"” stated that shortening of the hip
abductor muscles occurs with the displacement of the femo-
ral head. Jasty et al."” reported that the degree of hip abduc-
tor stretch due to surgical leg extension and increased
femoral offset length affects PLLD after THA. However,
despite these reports, we could not find any study that ob-
jectively evaluated and examined soft tissues such as hip
abductor muscles by shear wave elastography as preopera-
tive factors affecting PLLD. In line, we believe that the
identification of the preoperative factors involved in PLLD
could facilitate the development of efficient preoperative
physical therapy interventions. In the past, the stiffness
(modulus) of the hip abductor muscles was qualitatively as-
sessed by therapists through palpation and ROM measure-
ments, for the lack of precise quantitative and non-invasive
assessment techniques. However, the elastic modulus of a
muscle can also be calculated using the recently developed
shear wave elastography to indicate muscle stiffness. The
technique makes it possible to compare the degree of elon-
gation of the same muscle™" . In this study, we objectively
assessed the preoperative elastic modulus of the hip abduc-
tor muscles by shear wave elastography and investigated
the preoperative factors associated with PLLD at one month
after THA, including the hip abductor elastic modulus.

Materials and Methods

Experimental design
A longitudinal, observational study

Subjects

The study population included 116 patients who met
the inclusion criteria among a total of 289 patients who un-
derwent THA at our hospital between August 1, 2018, and
March 31, 2019. The inclusion criteria were as follows: 1)
preoperative diagnosis of secondary osteoarthritis of the hip
due to developmental dysplasia of the hip, 2) the first THA
for hip OA performed using the posterolateral approach, 3)
patient consent to participate in this study. The exclusion
criteria were as follows: 1) required postoperative exemp-
tion (4), 2) history of orthopedic disease affecting leg
length discrepancy (13), 3) preoperative knee joint flexion
contracture of 5° or more (5), 4) dislocated, neurological
diseases and infectious diseases after surgery (0), and 5) in-
complete preoperative records or incomplete records at one
month postoperation (21). The final analysis was conducted
on 73 patients (Fig. 1).

Regarding the measurement of structural leg length
difference, the left-right difference was assessed using the
distance between the teardrop and the lesser trochanter on a
simple X-ray frontal image of both hips in the supine posi-
tion. The difference between the left and right sides was
measured using the distance between the teardrop and the
lesser trochanter.” The measurements were made in units
of 0.1 mm, with positive values for longer distances on the
operative side and negative values for shorter distances on
the operative side.

Ethical considerations

This study was conducted in accordance with the Dec-
laration of Helsinki and the Ethical Guidelines for Clinical
Research. The subjects were fully informed of the purpose
of the study and their privacy protection. All of them pro-
vided written consent to participate in the study. This study
was conducted following the review and approval by the
Research Ethics Review Committee of the Medical Corpo-
ration Wajokai Eniwa Hospital and the Research Ethics Re-
view Committee of the Hokkaido Bunkyo University (Wa-
jokai Eniwa Hospital, Approval No. 77 and Hokkaido
Bunkyo University Approval No. 01004).

Outcome Measures

Perceived leg length discrepancy

A block test was used for PLLD measurements. Spe-
cifically, a 5-mm plate was inserted under the sole in a
spontaneous standing position with both upper limbs in a
drooping position and the feet shoulder-width apart. The
height at which the sensation of PLLD disappeared was
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Fig. 1.

Flow diagram of participant recruitment for THA in the present study.

THA: total hip arthroplasty

Fig. 2. A block test was used to measure the PLLD. A 5-mm plate was inserted into the sole of

the foot with both upper limbs drooping and the legs shoulder-width apart. The height

at which the feeling of leg length discrepancy was then measured.

then measured®’. The postoperative subjective leg length
discrepancy was divided into two groups, namely one with
a leg length discrepancy of 5 mm or longer than the struc-
tural leg length discrepancy and one without a leg length
discrepancy lower than 5 mm (Fig. 2).

Pain
Preoperative gait pain was assessed to the nearest 1
mm using the Visual Analog Scale.

Pelvic obliquity

The angle of supine pelvic obliquity in frontal images
was used. The lateral pelvic tilt angle in the anterior fore-
head plane was measured as the line connecting the bilat-
eral teardrop and the horizontal line'”. Measurements were
taken in 0.1° increments. The pelvic tilt angle was meas-

ured in 0.1° increments, with positive values for the down-
ward pelvic tilt direction and negative values for the up-
ward pelvic tilt direction.

Hip abductor muscle strength

The Hand-Held Dynamometer (HHD) utilized in this
study was a Power Track IITM Commander (Nihon Medix,
Matsudo, Japan). Each patient was placed in the supine po-
sition with intermediate hip abduction, secured with a belt
such that the lower end of the sensory part of the HDD was
at the level of the knee joint. The maximum isometric con-
traction of hip abduction was performed for 5 s*. The aver-
age values of three measurements were multiplied by the
measured value (N) and the lever arm length (m) from the
femoral trochanter to the knee joint cleft (Nm), divided by
the body weight (Nm/kg).
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Fig. 3. Measurement site: the longitudinal section of the muscle at the midpoint between the op-

erative superior anterior iliac spine and the superior end of the greater trochanter.

Extraction site: A. Tensor fasciae femoris, B. Gluteus medius, C. Gluteus minimus

ROM for hip adduction

The ROM for hip adduction was measured using an
angle meter, according to the method established by the
Japanese Society of Rehabilitation Medicine. The ROM
was measured in 5° increments, considering compensatory
movements such as the lateral pelvic tilt and lateral trunk
flexion.

Hip abductor modulus of elasticity

The measurements were performed by physical thera-
pists with over six years of clinical experience. The exam-
iner was positioned on the operative side of the patient and
was in a sitting position. The dominant hand (right hand)
grasped the probe, and the muscle was palpated and cap-
tured on ultrasound images based on the muscle’s anatomi-
cal structure. Each subject’s hip was measured in the dorsal
recumbent position with intermediate hip abduction and in-
ternal/external rotation with 10° of hip flexion to avoid the
flexion contracture and postoperative pain. A rolled bath
towel was used in the knee socket to fix the flexion posi-
tion. Efforts were made to measure the hip flexion angle
with a goniometer and to fix the limb position during the
measurement.

The modulus of elasticity was calculated for the tensor
fasciae femoris, the gluteus medius and the gluteus mini-
mus together as the hip abductor muscle. The extracted area
of the abductor muscle was the longitudinal section of the
muscle of the superior anterior iliac spine and the greater
trochanter as a landmark, with the probe tilt angle defined
as the angle at which the greater trochanter showed the
highest intensity™. The probe’s position was determined by
capturing the tensor fascia major, medius and gluteus me-
dius muscles on ultrasound images. In addition to ensuring

constant contact pressure of the probe, we specified manual
contact using a gel without compressing the skin at the
minimum pressure that allowed us to obtain an image (Fig.
3).

The hip abductor muscle’s elastic modulus was calcu-
lated from the ultrasound images taken using a shear wave
elastography ultrasound system (GE Healthcare Japan’s
LOGIQSS) and a linear probe (9 MHz center frequency).
Shear wave elastography acquires the induced shear waves
at an ultrafast frame rate and calculates their propagation
velocity. Based on the shear wave propagation velocity, a
quantitative color map image of the velocity distribution is
created to obtain the shear modulus. The higher the value
indicated as the elastic modulus, the stiffer the muscle, and
the higher the chances of muscular limitation of the ROM.
Each area was measured five times, and the average of the
measurements was used for analysis.

Physical Therapy Protocol

In the postoperative protocol, the attending physician
prescribed total loading for each patient in accordance with
their pain levels. The patients walked with the help of a
walker the day after surgery and with a cane on the third
postoperative day. The patients were allowed to leave the
hospital when they could walk with the help of a cane,
climb stairs and perform their ADL. The postoperative stay
duration was 14 days. The patients underwent regular
checkups one month after the discharge. Exercise and life-
style coaching were performed according to the patients’
recovery status.

Statistical analyses
Statistical analyses were performed using two-sample
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Table 1. Comparisons of the demographic characteristics of participants in the PLLD
and no-PLLD groups.

Subject demographics PLLD group (n=22) No-PLLD group (n=51) p Value
Age, year 66.6+£3.61 67.3+£3.92 0.676%*
Female, % (n) 95.4 (21) 84.3 (43) 0.872#
Height, m 1.53+0.05 1.56+0.06 0.334*
Weight, kg 53.2+8.4 53.6£9.2 0.641*
Body mass index, kg/m? 0.65+0.12 0.62+0.03 0.103*
Crowe class, type

I, % (n) 86.3 (19) 90.1 (46) 0.432+#
1L, % (n) 92(2) 79 4) 0.532+#
11, % (n) 4.5 () 2.0(1) 0.321#
1V, % (n) 0(0) 0(0)

Values are presented as mean+standard deviation

PLLD: perceived leg length discrepancy
Note: *t-test #x2 test

Table 2. Measurements items and differences between the PLLD and no-PLLD groups.

PLLD group (n=22) No-PLLD group (n=51) p Value
PLLD, mm 11.14+3.61 2.52+3.92 <0.001*
Structural leg length discrepancy, mm 2.32+2.51 2.61£2.21 0.633*
VAS, mm 44.35+14.07 49.34x19.02 0.432%
Pelvic obliquity, ° 0.32+2.43 1.33+£2.31 0.642*
Hip abductor muscle strength, Nm/kg 0.65+0.12 0.62+0.03 0.921*
Range of motion for hip adduction, ° 2.53+8.41 3.22+7.52 0.271%*
Hip abductor’s modulus of elasticity, kPa 20.62+6.97 11.74+8.23 <0.001*

Values are presented as mean+standard deviation
PLLD: perceived leg length discrepancy
VAS: Visual Analog Scale

Pelvic obliquity: +tactical underhand, —tactical overhand

Note: *t-test

Table 3. Preoperative factors affecting PLLD at one month.

Odds Ratio 95%CI p Value

Hip abductor’s modulus of elasticity

1.13 1.06-1.21 0.004

PLLD: perceived leg length discrepancy

X2 test: p=0.012
Hosmer-Lemeshow test: p=0.064

t- or Mann-Whitney test to assess the difference between
the two groups after confirming the normality by Shapiro-
Wilk tests. To identify the preoperative factors affecting
PLLD at one month after THA, stepwise multiple logistic
regression analysis was performed using the presence or ab-
sence of PLLD at one month after THA as the dependent
variable and each preoperative examination as the inde-
pendent variable.

Also, the PLLD at one month postoperatively was
classified into two groups based on the presence or absence

of PLLD. Receiver operating characteristic (ROC) curves
were used for the variables extracted by multiple logistic
regression analysis to calculate the cutoff value, sensitivity,
specificity and area under the curve (AUC) to determine the
presence or absence of PLLD using R2.8.1 (CRAN: free-
ware; http://www.r-project.org/and accompanying software
packages) with a significance level of p<0.05.
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Fig. 4. ROC curve of preoperative hip abductor modulus to
determine the presence of PLLD.

Results

Patient selection in the THA group is shown in Figure
1. Finally, 73 patients were included in the analysis. PLLD
assessed at one month after surgery revealed 22 (30%) and
51 (70%) patients with and without PLLD, respectively.
Preoperative hip abductor muscle elasticity was signifi-
cantly higher in the PLLD group (p<0.001). Details of the
two groups are shown in Table 1, 2.

A multiple logistic regression analysis showed that the
model %2 test was significant and identified hip abductor
modulus as a preoperative factor affecting PLLD at one
month postoperatively (odds ratio = 1.13; 95% confidence
interval = 1.06-1.21; p<0.004). The result of the Hosmer-
Lemeshow test was not significant. (Table 3).

Using the presence or absence of PLLD at one month
postoperatively as the dependent variable, ROC curves
were drawn to examine the cutoff value of hip abductor
modulus, as the preoperative factor identified by the multi-
ple logistic regression analysis. The cutoff value for the
presence or absence of PLLD was 16.32 kPa. The sensitiv-
ity and specificity were 81.8% and 72.5%, respectively,
with an AUC of 0.8137 (Fig. 4).

Discussion

The novelty of our study lies in the addition of hip ab-
ductor muscle elasticity to the preoperative factors affecting
PLLD after THA. Our results showed that the hip abductor
modulus is a preoperative factor affecting PLLD after
THA.

When the femur is displaced proximally in patients
with hip OA, the soft tissues around the affected hip joint

contract, causing leg length discrepancy and hip instabil-
ity®. A computed tomography imaging study in patients
with THA revealed significant shortening of the gluteus
medius muscle on the affected side®’. In contrast, a mag-
netic resonance imaging study investigating the association
between hip OA and muscle atrophy reported that the me-
dius muscle is atrophic as the hip OA becomes more se-
vere™. These findings suggest that the preoperative shorten-
ing of the hip abductor muscle may continue after THA.

The evaluation of the hip abductor modulus by shear
wave elastography in this study captured the changes in
modulus due to muscle shortening associated with preop-
erative structural changes. It has been reported that the re-
producibility of the conventional assessment of qualitative
muscle stiffness by palpation is low”. Therefore, objective
and non-invasive evaluation methods are needed. Shear
wave elastography acquires evoked shear wave signals at a
very high frame rate and calculates their propagation speed.
Based on the velocity of these shear waves, the shear
modulus is determined by quantitative color-mapping of the
velocity distribution. Shear wave elastography is highly
valid and reliable for muscle tissue assessments™*”. Niitsu
et al.” evaluated muscle stiffness and recovery after exer-
cise using shear wave elastography. They reported that
muscle stiffness continued to increase immediately after ex-
ercise, peaked on the second day after the exercise, and
then was decreasing until the fourth day. Guo et al.”” evalu-
ated the preoperative case of gluteal contracture using shear
wave elastography and reported that the hip abductor mus-
cle’s elastic modulus was higher than that of healthy sub-
jects and reported its usefulness in preoperative evaluation.
This study’s results indicate that the assessment of muscle
function and disability may be helpful in clinical practice.

Because THA involves placing a cup in the primordial
position, the postoperative hip abductor is expected to be
stretched™. A high preoperative hip abductor modulus of
elasticity may affect the severity of PLLD after THA.
These results suggest that the relaxation and stretching of
the hip joint’s abductor muscle as preoperative physical
therapy may help improve PLLD after surgery. However,
the effects of exercise therapy and stretching methods in
patients with hip OA require further study.

This study has some limitations. Because the study
was conducted in a single institution, a selection bias in pa-
tient selection may have occurred. It is therefore necessary
to conduct a multicenter collaborative study in the future.
Moreover, we did not assess the lateral lumbar mobility re-
lated to PLLD, as previous studies have reported an asso-
ciation between PLLD and lumbar lateral mobility™. Total
spine alignment was difficult to assess due to simple X-ray
bilateral hip frontal views used in this study. Second, the
lateral pelvic tilt and hip abductor modulus were evaluated
in the supine position only. Although standing radiographs
are commonly used to measure pelvic obliquity, we used
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dorsal radiographs in this study. The measurement of pelvic
obliquity from standing radiographs is more likely to be af-
fected by postural deviation due to pain. However, it is es-
sential to examine the difference in pelvic obliquity be-
tween non-weighted and weighted positions to clarify the
factors affecting PLLD. Dorsal assessment was also used to
assess the hip abductor modulus in the supine position.

In line, we utilized the dorsal supine position to avoid
muscle weakness and postural deviation related to pain oc-
curring in the standing position. However, we could not de-
duce how the hip abductor modulus affected dynamic situ-
ations such as standing and walking. Hence, future studies
should evaluate the hip abductor modulus in the standing
position. The present study defined the midpoint of the su-
perior anterior iliac spine and the midpoint of the greater
trochanter as the measure points of the hip abductor’s
modulus. However, this is a localized assessment of the ab-
ductor hip muscle which does not represent the entire mus-
cle. Therefore, separate evaluations of the anterior, middle
and posterior regions of the hip abductor muscle are re-
quired in future studies. Finally, this study examined only
preoperative factors. Therefore, it did not consider the ef-
fects of offset length, leg extension, surgical technique and
implants, which are thought to be related to PLLD after
THA. In the future, it would be beneficial to define all the
factors that affect PLLD, including postoperative factors.

Conclusion

This study shows that hip abductor modulus was a pre-
operative factor affecting PLLD one month after THA. to
determine the presence of PLLD, we calculated a cutoff
value for preoperative hip abductor modulus. If the preop-
erative hip abductor elastic modulus was higher than the
cutoff value, PLLD might remain one month after THA.
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ABSTRACT. Objective: To clarify the effect of intervention with dynamic motor control exercise (DMCE)
for the lumbar region on low back pain in sedentary office workers (SOWs). Methods: The participants
comprised 32 SOWs with low back pain who were randomly categorized into two groups: the DMCE group
and the normal trunk exercise (NTE) group. Both groups performed each exercise for three days per week
for 8 weeks. The primary endpoints were evaluated for the lumbar and hip flexion angles during trunk for-
ward bending, effect of low back pain on activities of daily living (using the Oswestry Disability Index), and
intensity of low back pain (using the Visual Analog Scale) pre- and post-intervention. The extent of changes
was calculated by subtracting the pre-intervention value from the post-intervention value and was compared
between the two groups using an unpaired ¢-test. Results: The extent of changes in the lumbar flexion and
hip flexion angles at 10° of trunk forward bending were significantly greater in the DMCE group than in the
NTE group, and no significant differences were noted between the two groups at other angles of trunk for-
ward bending. The extent of changes in the Oswestry Disability Index and the Visual Analog Scale scores
were significantly greater in the DMCE group than in the NTE group. Conclusion: DMCE is effective in im-

proving motor control in the lumbar region and hip joints, thereby ameliorating low back pain in SOWs.
Key words: Low back pain, Dynamic motor control exercise, Sedentary office workers

(Phys Ther Res 24: 240-248, 2021)

The lifetime prevalence of low back pain in Japan is ap-
proximately 83%". Low back pain is one of the most com-
mon occupational diseases” and has significant social and
economic impacts such as decreased labor productivity”. In
recent years, the number of sedentary office workers
(SOWs) who work in a seated position for prolonged peri-
ods has increased with the development of the information
technology industry”. Subsequently, the prevalence of low
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back pain in SOWs has increased each year”. Therefore, es-
tablishing a strategy to prevent back pain in SOWs has be-
come socioeconomically important.

Impairment of the lumbar motor control, which con-
trols movement of the lumbar region, is considered to be
one of the causes of low back pain®. Individuals with low
back pain reportedly exhibit excessive lumbar region move-
ment during the early stages of trunk and lower extremity
movements”. Sahrmann et al.” reported that repetitive or
sustained loading due to habitual movement patterns in
daily life can cause microdamage to tissues. To summarize,
individuals with low back pain are habituated to a move-
ment pattern in which the lumbar region moves excessively
during the early stages of trunk and lower extremity move-
ments; this lumbar motor control impairment is thought to
cause low back pain”.
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SOWs are forced to sit for long periods of time be-
cause of the nature of their work®. The sitting posture of
SOWs tends to include trunk forward bending®. Due to the
flexion-relaxation phenomenon of the erector spinae, sup-
port from passive tissues (such as the posterior spinal liga-
ment) in the final stages of trunk forward bending predomi-
nates over support from lumbar erector spinae in the middle
region of the trunk”. Therefore, SOWs are habituated to
posture maintenance using passive support mechanisms
such as ligaments instead of active support mechanisms
from lumbar muscle groups, and it is assumed that they
have a low ability to control excessive lumbar region move-
ments during trunk movement. Lumbar motor control im-
pairment in SOWs may be one of the factors that cause low
back pain. One treatment for lumbar motor control impair-
ment that has been attracting attention is dynamic motor
control exercise (DMCE), which helps control the lumbar
region movement during trunk and lower extremity move-
ments”'*'". Van Dillen et al."” reported that DMCE for the
lumbar region reduced low back pain in participants with
reduced lumbar motor control ability. Therefore, DMCE for
low back pain in SOWs may improve low back pain by im-
proving lumbar motor control. However, there is insuffi-
cient evidence on the effect of DMCE on low back pain in
SOWSs. Thus, this study aimed to clarify the effect of
DMCE of the lumbar region on low back pain in SOWs
and to find an effective treatment strategy for the same.
This study was based on the hypothesis that compared to
normal trunk exercise (NTE), DMCE of the lumbar region
allows for a greater improvement in lumbar motor control
and low back pain.

Method

1. Participants

This study was approved by the ethics committee of
the Nanto City Home-Visit Nursing Station (approval num-
ber: 2020.NHS.1). The purpose of the study was explained
to all participants verbally and in writing, and written con-
sent was obtained from them before inclusion in this study.
This trial was registered with the University Hospital Medi-
cal Information Network (UMIN; registration number
UMINO000041318).

SOWs with low back pain living in Toyama and
Ishikawa prefectures, Japan, were recruited between July
and August 2020. The number of recruits was determined
using a previous study for guidance'. The eligibility crite-
ria for this study were as follows: (1) low back pain without
organic factors', (2) low back pain lasting for more than 3
months'”, and (3) SOWs who spent more than 80% of their
working hours in a sitting posture'”. A physiotherapist con-
firmed that there was no disease caused by low back pain
for each participant. Participants with a history of lumbar
vertebrae or hip surgery and those with severe spinal de-

formities (such as kyphosis) were excluded.

2. Study design

This study was a double-blinded randomized con-
trolled trial. Randomization was achieved by stratified ran-
dom allocation and permuted block method using a random
number table in Microsoft Excel 2016 to ensure equal pro-
portions of males and females in each group. The partici-
pants were blinded by providing exercise instructions to
each study group separately; this ensured that they re-
mained unaware of the group to which they were assigned
for the entirety of the study period. A physiotherapist per-
formed the measurements, and the measurement data were
processed so that the group to which the participants be-
longed was not known to the data analyst. The processed
data were then analyzed by a different person to ensure
blinding of the data analysis.

3. Process

This study was conducted between September and De-
cember of 2020. The participants were randomly divided
into two groups: the DMCE group (n=16; lumbar region
movements were controlled during trunk and lower extrem-
ity movements) and the NTE group (n=16; trunk move-
ments were performed without lumbar region movements).
The examiners provided individual exercise instructions to
participants after baseline measurement. To ensure the level
and consistency of the instructional content, a physical
therapist with sufficient clinical experience (11 years) pro-
vided instructions to the participants. All measurements
were conducted at local community centers and at the par-
ticipants’ workplaces. The exercise instructions were re-
layed to the participants using instruction sheets and exer-
cise videos. The examiner instructed the participants to
continue exercising for three days a week for eight weeks.
Furthermore, the examiner distributed exercise record
sheets to the participants and instructed them to return the
updated sheets by mail or e-mail once every two weeks.
The examiner confirmed the exercise record table and exer-
cise implementation status of the participants. Only partici-
pants who were able to complete the 8-week exercise
schedule were included in the final evaluation.

4. Intervention
The DMCE group

In accordance with the McGill method', the partici-
pants exercised while maintaining awareness of the hip
joint movement and without moving the lumbar region.
Three types of exercises were performed: quadruped rock
back, squats, and hip extension in the prone position'*'*'".
In the quadruped rock back, participants started in the
quadruped position with the shoulder, hip, and knee joints
in 90° flexion; from there the buttocks were moved back-
ward. The participant stayed conscious of this hip flexion
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a
Fig. 1.

b (¢

Location of the inertial sensor (a) and trunk forward bending (b, ¢)

a-1: The top edge of the sensor was placed at the top edge of the first lumbar vertebra

a-2: The top edge of the sensor was placed at the top edge of the first sacral vertebra.

a-3: Midpoint of the sciatic tuberosity and the popliteal fossa.

b: Starting position

¢: Maximum trunk forward bending position

while maintaining the lumbar region in neutral position''®.

The squat was performed in a standing position with both
lower extremities placed shoulder-width apart and the neu-
tral position of the lumbar region maintained, and the par-
ticipants focused their awareness on the hip flexion move-
ments. The range of movement for hip flexion was limited
to approximately 45°'”. The participants were instructed to
maintain awareness of the hip joint during the hip hinge
movement, in which the torso is flexed forward at the hip
joint, with the spine kept in neutral position'”. During the
prone hip extension exercise, bilateral hip/knee extension at
0° was set as the starting posture. Then, unilateral hip joint
extension exercises were performed while maintaining knee
joint extension at 0°'”. All three exercises were performed
30 times a day (three sets of 10 reps), three times a week. In
the case of the prone hip extension exercises, three sets of
10 reps were performed on both sides daily.
The NTE group

The participants performed abdominal bracing in the
supine, sitting, and standing positions'*'”. Abdominal brac-
ing was based on the method of Tayashiki et al."’, which
consists of applying force to the abdomen using one’s own
fingers and pushing them back for 2-s followed by a 2-s re-
laxation. Ten sets of five contractions and relaxations were
performed in each posture, with a 30-s rest interval between
sets. In the supine position, the participants performed the
exercise with both knee joints in slight flexion, and both
soles placed on the ground. In the seated position, the par-
ticipants performed the exercise with the hip and knee
joints in 90° flexion while maintaining the lumbar region in
a neutral position. In the standing position, the participants

performed the exercise with both lower extremities spread
apart and the lumbar region in neutral position.

5. Primary endpoint

The primary endpoints were the lumbar/hip joint angle
during trunk forward bending, intensity of low back pain
(evaluated using the Visual Analog Scale [VAS])", and ef-
fect of low back pain on activities of daily living (evaluated
using the Oswestry Disability Index [ODI])*”. Receiving
software (Sensor Controller, ATR-Promotions, Sagara, Ja-
pan) and intrinsic motion sensors ( TSND 151, ATR-
Promotions, Sagara, Japan) were used to measure the lum-
bar and hip joint angles. The sensors were placed at three
locations: the thoracolumbar vertebral transition, the lum-
bosacral vertebral transition, and the right thigh. At the tho-
racolumbar transition, the top edge of the sensor was placed
at the top edge of the first lumbar vertebra. At the lum-
bosacral transition, the top edge of the sensor was also
placed at the top edge of the first sacral vertebra. The thigh
sensor was placed on the posterior surface of the thigh at
the midpoint of the sciatic tuberosity and popliteal fossa
(Fig. 1a). Finally, the sensors at the thoracolumbar and
lumbosacral vertebral transitions were positioned at the
midline on the frontal plane of the body, and the thigh sen-
sor was positioned at the midline on the frontal plane of the
right thigh. The acceleration range, angular velocity range,
and sampling interval of the sensors were +8 G, % 1.000
dps, and 10 ms, respectively. The measurements were taken
as follows: after 5 s of starting position, maximum trunk
forward bending was performed for 3 seconds, and the final
position in trunk forward bending was held for 3 seconds
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Enrollment

Assessed for eligibility (n = 34)

| Excluded n=2)

e Declined to participate (n = 2)

Randomized (n = 32)

y

A

Allocated to the NTE group
(n=16)

Allocated to the DMCE group
(n=16)

‘ Follow-Up ’

A

\ 4

Lost to follow-up (n = 7)
e Lost at 2 weeks (n = 5)
e Lost at 4 weeks (n = 1)

e Lost at 6 weeks (n = 1)

Lost to follow-up (n = 6)
e Entered hospital (n = 1)
e Pregnancy (n = 1)

e Lost at 2 weeks (n = 4)

A 4

A 4

Analyzed (n = 9)

e Excluded from the analysis (n = 0)

Analyzed (n = 10)

e Excluded from the analysis (n = 0)

Fig. 2. The consolidated standards of reporting trials 2010 flow diagram for this study.

(Fig. 1b, c¢). This was performed in three trials, and the par-
ticipants practiced once before measurements were taken.
Prior to the study, we confirmed the reproducibility of the
trunk forward bending measurement in 20 participants
without low back pain, and evaluated the measurement re-
producibility with the Intraclass Correlation Coefficient
(ICC). The intra-rater reliability ICC (1.3) was calculated
from the average value of the three trials performed by one
examiner. The data measured included the lumbar region,
hip flexion angles at 10°, 30°, 50°, 70°, and maximum
trunk forward bending. The angle of trunk forward bending
was defined as the tilt angle of the sensor at the thora-
columbar transition during trunk forward bending. Because
the ICC was 0.8 or more at all trunk forward bending an-
gles, the reproducibility of trunk forward bending measure-
ment was confirmed.

6. Secondary endpoint

The secondary endpoints were unilateral hip flexion/
extension, muscle strength, and the range of motion of bi-
lateral passive hip flexion/extension. A hand-held dyna-
mometer (HHD; p Tas F-1, ANIMA, Chofu, Japan) was
used to measure the hip muscle strength. The dominant leg

was used for lower extremity measurements, which was de-
fined as the leg that kicked a ball more readily. The hip
flexion muscle strength was measured in the seated posi-
tion, with both lower extremities raised off the floor and the
hip and knee joints in 90° flexion, with the HHD placed on
the anterior surface of the thigh, 10 cm proximal to the up-
per edge of the patella. During measurement of hip exten-
sion muscle strength, one knee joint was at 90° flexion on
one side and the other was at 0° extension on the opposite
side in the prone position, with the HDD placed on the pos-
terior surface of the thigh, 10 cm proximal to the center of
the popliteal fossa with the knee joint in 90° flexion. For re-
producible measurements of muscle strength, a traction belt
(Traction belt 270 cm, Erler Zimmer GmbH & Co. KG,
Deutschland, Germany) was wrapped around the measure-
ment bed to secure the HHD to the distal thigh of the par-
ticipant. The examiner instructed the participant to avoid
performing compensatory movement, such as trunk exten-
sion, during muscle strength measurement. The measure-
ment procedure was as follows: two rounds of maximum
isometric muscle contraction performed for 5 s, separated
by a 30-second rest period. Passive hip joint range of mo-
tion was measured using a goniometer (plastic angle meter,
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Table 1. Comparison of the baseline characteristics between the DMCE and NTE groups
Endpoint variables oy, DML goup NTEEOW® sg,c1
Age (years) 48.2+9.5 46.5£9.3 50.0+10.0 -5.8to012.8
Male, n (%) 5(26.3) 3(30.0) 2(22.2)
Female, n (%) 14 (73.7) 7 (70.0) 7(77.8)
BMI, (kg/m2) 23.5+£3.6 24.7+4.4 22.1+1.6 -5.8t00.8
LF angle, (°) 10° 4.1+1.6 4.2+1.6 3.9+1.7 -19t0 1.3
30° 12.3+4.6 12.9+5.4 11.7£3.9 -5.8t03.4
50° 21.6+7.6 22.4+9.0 20.6+6.1 -9.3t05.7
70° 30.9+10.1 31.8+11.7 29.9+8.6 -11.9t0 8.1
Max 51.1£14.4 52.1+18.6 49.9+8.9 -16.6 to 12.1
HF angle, (°) 10° 6.3+2.0 5.8+1.5 6.8+2.4 -09t02.9
30° 20.2+3.9 18.7+3.2 21.9+4.1 -0.3t0 6.7
50° 35.5+8.3 35.1+8.8 35.9+8.2 -7.5t09.0
70° 48.5+11.3 48.3x12.3 48.8£10.8 -10.8to 11.8
Max 79.1£20.7 79.0+£19.7 79.3£23.0 -20.3t021.0
LHR 10° 0.8+0.6 0.9+0.7 0.7+0.4 -0.8 t0 0.4
30° 0.7+0.4 0.8+0.5 0.6+0.3 -0.6 t0 0.2
50° 0.7+0.5 0.8+0.6 0.7+0.4 -0.6 to 0.4
70° 0.7+0.5 0.8+0.6 0.7+0.4 -0.6 to 0.4
Max 0.7+0.4 0.8+0.5 0.7+0.4 -0.4 t0 0.6
ODI, (%) 17.2+9.1 17.3£8.9 17.1£9.8 -9.3t0 8.9
VAS for LBP, (mm) 25.2+13.6 26.3+11.7 24.0+16.0 -15.8to 11.2
Muscle Strength, Hip Flexion 1.0+0.4 1.0+0.4 1.0+0.4 -0.3t0 0.4
(Nm/kg) Hip Extension 0.7+0.4 0.7+0.4 0.7+0.4 -0.3t0 0.4
ROM, (°) Hip Flexion, (Rt) 109.7£7.0 110.0£5.6 109.5+8.3 -6.4t07.4
Hip Flexion, (Lt) 109.5£7.2 110.0£5.6 109.0£8.8 -6.2t0 8.2
Hip Extension, (Rt) 16.3+3.7 15.5+3.7 17.2+£3.6 -1.8t05.3
Hip Extension, (Lt) 16.3+4.0 16.0£3.9 16.7+4.3 -3.3t04.7

Values are expressed as mean+standard deviation.

DMCE: dynamic motor control exercise; NTE: normal trunk exercise; CI: confidence interval; BMI: body

mass index; LF: lumbar flexion; HF: hip flexion; LHR: lumbar hip ratio = lumbar flexion angle/hip flexion
angle; ODI: Oswestry Disability Index; VAS: Visual Analog Scale; LBP: low back pain; ROM: range of mo-

tion

OSSUR Japan G.K.,Tokyo, Japan). During the measure-
ment of the range of hip flexion, participants were supine
on the bed, with the basic axis set as the line parallel to the
trunk, and the translation axis as the line connecting the
greater trochanter and the lateral epicondyle of the femur.
The hip flexion range of motion was defined as the range of
motion of the translation axis relative to the basic axis with
the knee joint in maximum flexion. For the measurement of
the range of hip extension, the participants were prone, with
the same basic and translation axes as those considered for
hip flexion. The knee joint was fully extended.

7. Data analysis

Flexion angles of the lumbar and hip joints during 10°,
30°, 50°, 70°, and maximum trunk forward bending were
calculated. The lumbar flexion angle was defined as the dif-
ference between the sensor tilt angles at the thoracolumbar

and lumbosacral transitions at each trunk forward bending
angle. The hip flexion angle was defined as the difference
between the sensor tilt angles at the lumbosacral transition
and the thigh at each trunk forward bending angle. For each
participant, the average value of the three trials was calcu-
lated and used as the representative value. The lumbar hip
ratio (LHR; lumbar flexion angle/hip flexion angle) was
calculated from the measured lumbar and hip flexion an-
gles. The VAS score was calculated as the intensity of the
current low back pain (range, 0-100 mm). For ODI, the to-
tal score of each section was divided by 50 and multiplied
by 100; this was used as the representative value of the par-
ticipant. For unanswered sections, the number of sections
was multiplied by five, and the resulting value was sub-
tracted from 50. The total score was then divided by this
value and multiplied by 100 for use as the representative
value for the participant. For hip flexion and extension
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Table 2. Comparison of the primary and secondary endpoints pre- and post-intervention in each group

DMCE group (n=10)

NTE group (n=9)

Endpoint variables 95% CI 95% CI
pre post pre post
LF angle, (°) 10° 4.2+1.6 3.0+1.7* 0.5t02.0 3.9+1.7 4.2+1.7 -14t00.9
30° 12.8+5.4 9.9+5.2% 0.7t05.4 11.7+£3.9 10.5+4.2 -1.3t03.8
50° 22.4+9.0 18.3+£7.9% 0.31t08.0 20.6+6.1 17.9+6.3%* 0.1t05.3
70° 31.8+11.7  27.5%9.1 -0.5t09.0 29.9+8.6 25.4+7.2% 2.0t0 7.0
Max 52.1+18.5  47.3+10.8 -3.2to 12.8 49.9+8.9 42.5+5.5%* 29to11.9
HF angle, (°) 10° 5.8+1.5 6.7+1.5% -1.6t0-0.2 6.8+2.4 6.0+1.6 -0.3t0 1.9
30° 18.7£3.2 24.0+4.7* -7.5t0-3.3 21.9+4.1 24.2+5.3 -5.1t0 0.4
50° 35.1+8.8 39.3+7.4% -7.9 to -0.5 35.9+8.2 40.0£7.1*  -7.2to0-1.0
70° 48.3£12.3  52.4+8.9 -9.2t00.9 48.8£10.8  55.1+7.8% -10.0to-2.6
Max 79.0+19.7  81.8+12.0 -12.8t07.2 79.3£23.0  86.0+15.1 -157t023
LHR 10° 0.9+0.7 0.6+0.7* 0.1t00.4 0.7+0.4 0.8+0.6 -0.5t00.2
30° 0.8+0.5 0.5+0.5%* 0.1t00.5 0.6+0.3 0.5+0.3 -0.1t0 0.3
50° 0.8+0.6 0.5+0.4 -0.1t0 0.5 0.6+0.4 0.5+0.3 -0.1t0 0.3
70° 0.8+0.6 0.6+0.4 -0.1t0 0.4 0.7+0.4 0.5+0.2* 0.1t00.4
Max 0.8+0.5 0.6+0.2 -0.1t0 0.4 0.7+0.4 0.5+0.1 -0.1t0 0.5
ODI, (%) 17.3+£8.9 6.6+7.4% 7410 15.5 17.1+9.8 12.7£12.7  -1.8 to 10.7
VAS for LBP, (mm) 26.3+11.7 49+6.2*%  165t026.2  24.0+16.0 18.0£19.5 -8.31t020.3
Muscle Strength,  Hip Flexion 1.0+£0.4 1.4+0.5% -0.6t0 -0.2 1.0+£0.4 1.4+£0.4*  -0.6to-0.2
(Nm/kg) Hip Extension 0.7+0.4 1.2+0.5% -0.7t0-0.2 0.7+0.4 1.2+0.3*  -0.6t0-0.3
ROM, (°) Hip Flexion, (Rt) 109.5£8.3  114.0+7.3* -7.6t0o-1.4  110.5+5.6 110.0+4.3 -19t0 1.9
Hip Flexion, (Lt) 109.0£8.7  114.0+£7.4* -79t0-2.0 110.0+5.6 110.0+4.3 -19t0 1.9
Hip Extension, (Rt)  15.5+3.7 20.5+2.8%* -7.4to0 -2.6 17.2+£3.6 18.3£2.5 -2.8t00.6
Hip Extension, (Lt)  16.0+3.9 20.5+2.8%* -7.1to0-1.9 16.7+4.3 17.7+3.6 -2.8t0 0.6

Values are expressed as mean+standard deviation.

DMCE: dynamic motor control exercise; NTE: normal trunk exercise; CI: confidence interval; LF: lumbar flexion; HF: hip flexion;
LHR: lumbar hip ratio = lumbar flexion angle/hip flexion angle; ODI: Oswestry Disability Index; VAS: Visual Analog Scale; LBP:

low back pain; ROM: range of motion
* Significant difference pre-and post-intervention, p<0.05

muscle strength, the maximum value of the two trials was
used as the representative value for each participant. The
torque value (Nm) was calculated by multiplying the meas-
ured muscle force value (N) by the thigh length (distance
from the greater trochanter to the lateral epicondyle of the
femur). The torque value was then normalized by the body
weight, and the torque to body weight ratio was calculated,
which was used as the muscle strength value for the partici-
pant (Nm/kg). The range of motion of the bilateral hip
joints was measured once for each side, and the values were
used as representative values for the participants. All meas-
urements were calculated as the extent of the change by
subtracting the pre-intervention values from the post-
intervention values.

8. Statistical analysis

Statistical analyses were performed using SPSS ver-
sion 22 (IBM SPSS Statistics, Japan IBM, Tokyo, Japan).
Fisher’s exact test and unpaired 7-test were used to compare
baseline data between the DMCE and NTE groups. The
paired #-test was used to compare the primary and secon-

dary endpoints between pre- and post-intervention in each
group. The unpaired r-test was used to compare the extent
of changes in the primary and secondary endpoints between
the two groups. The significance level was set at 0.05, and
all values are presented as mean * standard deviation.

Result

The CONSORT flowchart for this study is shown in
Figure 2. In this study, 19 participants (DMCE group = 10,
NTE group = 9) were included in the analysis. The baseline
characteristics of both groups are shown in Table 1. No sig-
nificant differences in any characteristics were observed be-
tween the two groups. The pre- and post-intervention re-
sults for the primary and secondary endpoints are shown in
Table 2, and inter-group comparisons of the extent of the
changes in the primary and secondary endpoints pre- and
post-intervention are shown in Table 3. The extent of the
changes in the lumbar flexion angle, hip flexion angle, and
LHR at 10° of trunk forward bending in the DMCE group
were significantly greater than those in the NTE group. In
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Table 3. Comparison of the extent of changes in the primary and secondary endpoints pre-

and post-intervention between the two groups

DMCE group NTE group

Endpoint variables (n=10) (n=9) 95% CI
LF angle, (°) 10° -1.2+£1.0* 0.2+1.5 0.2t02.7
30° -3.0+£3.3 -1.2+3.3 -14t05.5
50° -4.2+5.4 -2.7£3.5 -3.0t05.9
70° -4.2+6.6 -4.5£3.2 -54t04.9
Max -4.8+11.2 -7.4£5.9 -11.4t0 6.2
HF angle, (°) 10° 0.9+£0.9% -0.8+1.4 -2.81t0-0.5
30° 5.4+3.0 2.3+3.6 -6.2t0 0.1
50° 4.2+5.1 4.1+4.0 -4.6t0 4.5
70° 4.1+7.1 6.3+4.8 -3.7t08.2
Max 2.8+14.0 6.7x11.7 -8.6t0 16.5
LHR 10° -0.3+£0.2* 0.1+0.4 0.1t0 0.7
30° -0.3+0.3 -0.1+0.2 -0.1t0 0.5
50° -0.3+0.3 -0.2+0.2 -0.2t0 0.4
70° -0.2+0.4 -0.2+0.2 -0.3t00.4
Max -0.1+£0.3 -0.2+0.3 -0.4t00.2
ODI, (%) -11.5£5.7* -4.4+8.1 0.3to 13.7
VAS for LBP, (mm) -21.4+6.8* -6.0£18.6  2.1t028.7
Muscle Strength, Hip Flexion 0.5+0.3 0.4+0.3 -0.31t00.2
(Nm/kg) Hip Extension 0.5+0.3 0.4+0.2 -0.3t00.2
ROM, (°) Hip Flexion, (Rt) 4.5+4 4% 0.0+2.5 -8.0to-1.0
Hip Flexion, (Lt) 5.0+4.1% 0.0£2.5 -8.3t0-1.7
Hip Extension, (Rt) 5.0£3.3* 1.1£2.2 -6.7to -1.1
Hip Extension, (Lt) 4.5+3.7* 1.1x2.2 -6.4 t0 -0.4

Values are expressed as mean+standard deviation.

DMCE: dynamic motor control exercise; NTE: normal trunk exercise; CI: confidence inter-

val; LF: lumbar flexion; HF: hip flexion; LHR: lumbar hip ratio = lumbar flexion angle/hip
flexion angle, ODI: Oswestry Disability Index; VAS: Visual Analog Scale; LBP: low back

pain; ROM: range of motion

* Significant difference between the two groups (p<0.05)

the lumbar flexion angle and LHR of the DMCE group, the
post-intervention values significantly decreased from the
pre-intervention, and the hip flexion angle significantly in-
creased. There were no significant differences in these pa-
rameters at the other angles of trunk forward bending be-
tween the two groups. The extent of change in ODI and
VAS score was significantly greater in the DMCE group
than the NTE group. In the ODI and VAS of the DMCE
group, there was a significant decrease in post-intervention
compared to pre-intervention. There were no significant
differences in the extent of change in muscle strength of hip
flexion and extension between the two groups. The extent
of change in passive hip range of motion was significantly
greater in the DMCE group for flexion and extension than
the NTE group. In the passive hip range of motion of the
DMCE group, there was a significant increase in post-
intervention values compared to pre-intervention.

Discussion

The purpose of this study was to clarify the effect of
DMCE of the lumbar region on low back pain in SOWs
and to evaluate its efficacy as a treatment. Our findings re-
vealed that in the early stage of trunk forward bending, the
lumbar flexion angle decreased and the hip flexion angle
increased in the DMCE group as opposed to the NTE
group. The VAS score and ODI were also decreased in the
DMCE group than in the NTE group. Therefore, it is sug-
gested that DMCE of the lumbar region is an effective
means of improving low back pain in SOWs.

It has been reported that trunk forward bending in a
person with low back pain causes excessive movement of
the lumbar region in the early stage of the movement and
relatively decreased hip joint movement®. The lumbar liga-
ments contain a number of free nerve endings that act as
pain receptors™. Excessive lumbar region movement in the
early stages of lower extremity and trunk movements
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causes stress accumulation in the lumbar tissue and pro-
motes tissue degeneration”. In this study, DMCE was used
to suppress the movement of the lumbar region and move-
ment of the hip joint. Therefore, unlike in the NTE group, it
is possible that in the DMCE group, the stimulation of pain
receptors (and consequently, the low back pain) decreased
due to a decrease in the lumbar region movement and an in-
crease in the hip joint movement in the early stage of trunk
forward bending. The minimal clinically important differ-
ences for the VAS score and the ODI are reported to be 15
mm and 10 points, respectively®’, and the corresponding
values in this study were higher than these values. There-
fore, DMCE is suggested as an effective treatment strategy
for low back pain in SOWs. It has also been reported that
low back pain is associated with decreased hip range of mo-
tion and muscle strength®. In this study, DMCE promoted
hip joint muscle group activity in the desired direction of
the hip joint movement; simultaneously, the extensibility of
the antagonist muscle increased due to reciprocal innerva-
tion®”. This may have improved muscle strength and hip
flexion/extension range of motion.

This study has some limitations. First, the number of
participants who were able to perform the final analysis
was only 19 due to attrition, and it was difficult to verify
the intervention effect of DMCE by intention-to-treat
analysis. Therefore, it is necessary to increase the number
of participants in the future to verify the effect of DMCE
intervention on low back pain in SOWs. Moreover, since
the number of required participants in this study was calcu-
lated by referring to previous studies, it is necessary to cal-
culate the number of required participants using G*Power.

Conclusion

This study examined the effect of DMCE of the lum-
bar region on low back pain in SOWs. Low back pain was
reduced with improvements in the motor control ability of
the lumbar region. Therefore, intervention by DMCE for
the lumbar region is effective in improving motor control in
the lumbar region and hip joints and in decreasing low back
pain in SOWs and should be further explored as a treat-
ment.
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ABSTRACT. Objective: This study aimed to clarify the effects of pre- and postoperative physical function
on the 6-minute walking distance (6MWD) in patients with peripheral arterial disease (PAD). Method:
Forty-two elderly patients with PAD who were hospitalized for revascularization and able to walk independ-
ently were included in the study. The 6MWD, ankle brachial index (ABI), weight-bearing index (WBI), gait,
and intermittent claudication distance (ICD) were measured before and after the surgery, and skeletal mus-
cle index was measured only before surgery. Analyses were performed by comparing the pre- and postop-
erative values of each factor using a paired t-test. In addition, multiple regression analysis was performed
with 6 MWD as the dependent variable before and after surgery. Results: Postoperatively, pain disappeared
in 22 patients, and ABI, ICD, 6MWD, and stride length improved significantly. ICD and stride length were
extracted as factors related to 6MWD before and after surgery, and ABI, WBI, and stride length were ex-
tracted as factors related to 6MWD after surgery. Conclusion: The improvement of intermittent claudica-
tion associated with revascularization suggests a stronger influence of functional aspects on postoperative 6

MWD.

Key words: Peripheral arterial disease, 6-minute walk distance, Revascularization

(Phys Ther Res 24: 249-255, 2021)

Peripheral arterial disease (PAD) is a chronic disease that
causes atherosclerotic lesions in the blood vessels of the
lower extremities, resulting in various disabling symptoms,
including numbness, pain, ulceration, and necrosis of the
legs. It has been reported that many patients with PAD ex-
perience ischemic symptoms in the lower legs, and typical
intermittent claudication (IC) occurs in approximately one-
third of patients”. Many patients with PAD are reported to
exhibit functional weakness associated with limitations in
daily activities due to pain in the lower extremities®. PAD
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has also been shown to cause decreased lower extremity
muscle strength” and exercise tolerance compared with
non-diseased patients”. The International Guideline for the
Diagnosis and Treatment of PAD (TASC II) advocates re-
vascularization, pharmacotherapy, and exercise therapy as
treatment methods for PAD, and recommends supervised
exercise therapy as part of the initial treatment for all pa-
tients with IC (evidence level A). Exercise therapy is in-
cluded in physical therapy; in this study, exercise for the
purpose of treating and preventing diseases is defined as
exercise therapy. Exercise therapy has been reported to im-
prove vascular endothelial function” and maximum walking
distance®, with continued therapy showing improvements
in patient prognosis”. Therefore, it is desirable to provide
exercise therapy to patients with PAD, even during the
postoperative period. A randomized controlled trial of re-
vascularization alone versus revascularization with exercise
therapy reported an effect of increased walking distance in
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the combined treatment group®. However, although previ-
ous studies have confirmed the utility of postoperative exer-
cise therapy for increasing walking distance and improving
long-term prognosis, there is a significant financial burden
on patients associated with supervised exercise therapy.
Moreover, a considerable burden is placed on medical per-
sonnel and the limited number of facilities that can provide
continuous exercise therapy”. Therefore, it is necessary for
medical practitioners to evaluate patients shortly before and
after surgery to identify functional problems and predict
prognosis.

The treadmill graded exercise test according to the
Gardner protocol is a commonly used method to evaluate
functional impairment and exercise capacity in patients
with PAD'"’. However, the Gardner protocol is time-
consuming, costly, and difficult to perform in ill-equipped
environments. In contrast the 6-min walk test (6MWT) is a
highly versatile measure that is also used to evaluate exer-
cise capacity in conditions such as congestive heart failure
and respiratory diseases'"'”. The 6MWT can be performed
in an environment with inadequate equipment, has a wide
range of indications for older adults, and is easy to perform
even in frail individuals. Its reliability and validity in pa-
tients with PAD have also been examined'”, and it is con-
sidered to be a useful index for evaluating the long-term
prognosis of patients'*'”. Exercise tolerance in the 6MWT
was evaluated by the 6-min walking distance (6MWD), the
results of which are strongly influenced by the severity of
claudication in patients with PAD. Conversely, since
claudication symptoms improve after surgery, the effect of
physical function on walking distance may become more
apparent, especially in older adults. However, the differ-
ences in the factors that affect 6 MWD before and after sur-
gery have not yet been clarified. To provide more effective
physical therapy, it is necessary to clarify these factors and
provide interventions tailored to the characteristics of each
patient. In this study, we hypothesized that the severity of
claudication symptoms had a significant impact on walking
distance in older adult patients with PAD before surgery,
and that when pain during ischemia improved after revascu-
larization, the influencing factors would shift toward func-
tional aspects. The purpose of this study was to clarify the
relationship between each factor and 6MWD in order to in-
dividualize postoperative physical therapy interventions.

Methods

1. Study Participants

Among 62 patients with PAD admitted to the Interna-
tional University of Health and Welfare Hospital from June
2019 to September 2020 for endovascular treatment and
bypass surgery of peripheral blood vessels, 51 patients aged
65 years or older were included in the study. Considering
the indications for physical therapy and the influence of

Patients with PAD admitted for
revascularization

n=62
Age 65 = Age 65<
n=51 n=11
9 excluded
E—

Not applicable(n=8)
data deficiency(n=1)

Analysis target
n=42

Fig. 1. Diagram of study flow

walking disabilities other than IC, we excluded (1) those
with rest pain, (2) those with unstable angina, (3) those
with walking limitations for reasons other than IC, and (4)
those who developed postoperative complications (e.g., as-
piration pneumonia or acute arterial occlusion), for a total
of eight excluded patients. In addition, a patient with miss-
ing data (n = 1) was excluded from the analysis, resulting in
42 subjects in the final analysis (Fig. 1). The mean (+ stan-
dard deviation) age of the participants was 75.24 + 5.6
years, and the mean preoperative ankle brachial index
(ABI) values were 0.89 + 0.2 and 0.81 + 0.3 for the right
and left lower extremities, respectively.

This study was approved by the International Univer-
sity of Health and Welfare Hospital Ethics Review Board
(approval number 20-Io-8). All patients provided written
informed consent before their inclusion in the study.

1I. Measurement Method

The primary endpoint was 6MWD, which was used as
an index of exercise tolerance. Secondary endpoints in-
cluded intermittent claudication distance (ICD), which rep-
resents the severity of claudication symptoms and is related
to the decrease in physical activity; weight-bearing index
(WBI), which is an index of lower limb muscle strength;
skeletal muscle index (SMI), which is an index of total
body muscle mass; gait, which is reported to be affected by
IC; and ABI, which is used as an index of lower limb blood
flow. Physical functions other than SMI were measured
preoperatively and after the fifth postoperative day.

The measurement method of the 6MWD was based on
the guidelines of the American Thoracic Society'”’. The
6MWT was performed once at the maximum speed of the
patient, walking a 40-m straight, flat course in the rehabili-
tation room. All patients were instructed to walk as fast and
as long as possible within 6 min. The 6MWT was stopped
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if the patient experienced dyspnea, chest pain, or onset of
pallor. It was explained to the patients in advance that a
break could be taken if they experienced strong dyspnea or
pain in the lower limbs and that the time would not be
stopped. Measurements were taken preoperatively and after
the fifth postoperative day.

ICD measurements were performed simultaneously
with the 6MWT. During the 6MWT, patients were told to
self-report when numbness or pain in the lower limbs oc-
curred, and the distance of the appearance of subjective
pain was recorded as ICD. Patients who did not experience
pain within 6 min of walking were instructed to continue
walking. The distance at which pain occurred was evalu-
ated by measuring up to 500 m. If no lower limb pain oc-
curred at 500 m, the pain was considered to have disap-
peared, and the presence or absence of residual pain was
evaluated before and after surgery.

For WBI, based on a study by Hirasawa et al'”’, the
isometric maximum muscle strength of the quadriceps
femoris muscle was measured using a hand-held dyna-
mometer (Sakai Medical, Tokyo, Japan). The measurement
was performed with the subject in an upright seated posi-
tion with the knee joint flexed to 90°. The patient was in-
structed to maintain the trunk in a vertical position during
the measurement, and both upper limbs were folded in front
of the trunk. The sensor pad was fixed to the distal lower
leg using a belt, and the patient performed isometric knee
extension movements with maximal effort for approxi-
mately 3-5 s twice on each side; the maximal values were
recorded. The mean value of each maximal value divided
by body weight was used as the WBI.

To clarify customary gait, it was measured at a com-
fortable speed on 10-m and 3-m walking paths at both ends.
The measurements were performed twice, and the walking
speed and stride length were evaluated for each measure-
ment. Stride length was calculated by dividing the stride
length, which was calculated from the number of steps re-
quired to walk a distance of 10 m, by height, and it was
used to calculate the stride-to-height ratio.

ABI was measured using a non-invasive vascular
screening device (BP-203RPE III, Omron, Kyoto, Japan).
The measurement procedure and prohibited maneuvers are
described in the instruction manual for the device. The pa-
tients rested for approximately 5 min, and the measurement
was started when the device detected a normal heartbeat
signal. The lowest value of the measured ABI was used as
the representative value.

SMI was measured using a multi-frequency body com-
position analyzer (MC-780A, Tanita Corporation, Tokyo,
Japan). After confirming that the subjects had been in the
resting position for at least 5 min, they were instructed to
assume the measurement posture according to the instruc-
tion manual and not to move or speak during the measure-
ment'®. Since it has been reported that postoperative in-

flammatory edema affects muscle mass'®’, SMI was only
measured preoperatively.

II1. Postoperative physical therapy

The patients’ postoperative physical therapy started
with treadmill gait training (12% gradient, 2.4 km/h) in ac-
cordance with the TASC II medical guidelines after the in-
hospital gait and wound pain evaluations were conducted
on the first postoperative day. For cases in which it is diffi-
cult to use a treadmill due to, for example, strong walking
instability, we prescribed flat-ground walking at the maxi-
mum walking speed. Physical therapy was performed for
40 min/day from Monday to Saturday. All patients were
discharged from the hospital 6-15 days postoperatively.

1V. Sample Size

Approximately 50 patients with PAD are admitted to
the International University of Health and Welfare Hospital
for surgery every year. The sample size was calculated us-
ing GPower3™. For the calculation of the sample size, o, of
0.05, power of 80%, and a large effect size of 0.35 were set,
which were selected based on a previous study””’ that exam-
ined the factors associated with 6MWD with gait, ABI, and
clinical information as explanatory variables. As a result,
the total sample size in this study was 43 patients.

For statistical processing, SPSS Statistics Ver.24 (IBM
Corp., Armonk, NY, US) was used to compare the disease
background of the patients and the changes in their physical
functions before and after surgery using corresponding t-
tests. To clarify the relationship between the factors and the
amount of change before and after surgery, a partial corre-
lation analysis was conducted using age and sex as covari-
ates. Based on the results, ICD, ABI, WBI, SMI, and stride-
to-height ratio were selected as explanatory variables for
factors related to 6 MWD before surgery, and ICD improve-
ment, ABI, WBI, SMI, stride-to-height ratio were selected
as explanatory variables after surgery. Stepwise multiple re-
gression analysis was performed with the 6 MWD before
and after surgery as the dependent variable. The signifi-
cance level of all the variables was set at 5%. To clarify the
severity of the disease and complications, the site of steno-
sis and complications were obtained from medical records.

Results

From the physical function and disease background of
PAD patients (Table 1), the mean preoperative 6MWD was
321.6 £ 107.8 m, and the ICD was 173.0 = 116.0 m. Of
these patients, 33% were able to continue the preoperative
6MWT without interruption, and the main reason for inter-
ruption was pain in the lower extremities in all patients.
The mean postoperative 6MWD was 364.5 + 94.6 m, which
was significantly improved compared with the preoperative
period. ICD improved in 22 subjects and the prevalence of
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Table 1. Baseline characteristics
Characteristic Total cohort
Sample size, n 42
Gender (Male/Female) 33/9
Age, mean+SD (year) 75.2+5.6
BMI, mean+SD (kg/cm?2) 23.1+£3.0
SMI, mean+SD (kg/m?) 7.4+1.5
medical history (case) Diabetes mellitus 28
Hypertension 27
Hyperlipidemia 16
Chronic kidney disease 6
Stenotic vessel area (case) Common Iliac Artery 3
External Iliac Artery 13
Superficial Femoral Artery 20
Below the popliteal artery 6
Drug therapies (case) BB 8
Ca channel blocker 16
Statin 12
Antiplatelet agents 39
Heparin 36
Warfarin 9
NOAC 3
Alprostadil 34

BMI, Body mass index; SMI, Skeletal muscle index; BB Beta-blocker;

NOAC, Novel oral anticoagulant

Table 2. Pre- and post-operative comparisons

Characteristic Preoperative Postoperative
ABI, mean+SD* 0.7+0.2 0.9+0.2
WBI, mean+SD (kgf/kg) 0.4+0.1 0.4+0.1
stride-to-height ratio, mean+SD (%)* 0.3+0.1 0.4+0.1
Gait velocity, mean+SD (m/sec) 1.1+0.2 1.1+0.3
6MWD, mean+SD (m)* 321.6+£107.8 364.5+94.5
Preoperative ICD, mean+SD (m) 173.0+£116.0

Postoperative Leg symptoms

Not remained: 22
remained: 20

ABI, Ankle-brachial index; WBI, Weight bearing Index; 6MWD, 6 min walk
distance; ICD, Initial claudication distance

*: paired t-test <0.05

complications was as follows: diabetes mellitus (n = 28),
hypertension (n = 27), hyperlipidemia (n = 16), and chronic
kidney disease (n = 6), all of whom had undergone percuta-
neous vasodilation. A comparison of physical functions be-
fore and after surgery showed significant improvement in
ABI and stride-to-height ratio, and no significant changes
in WBI and walking speed (Table 2). Partial correlation
analysis revealed a significant correlation between 6MWD
and the stride-to-height ratio (r = 0.43, p < 0.05), WBI (r =
0.43, p < 0.05), and stride-to-height ratio (r = 0.52, p <

0.01). There was also a significant correlation between the
change in 6BMWD and the change in stride length (r = 0.33,
p < 0.05) (Table 3). Based on these results, we decided to
substitute only the stride-to-height ratio and walking speed,
which showed a significant difference by t-test, as explana-
tory variables in the multiple regression analysis. A multi-
ple regression analysis was performed with 6MWD as the
dependent variable before and after the surgery, and the
stride-to-height ratio and ICD were extracted before sur-
gery (X1: stride-to-height ratio p = 0.31, X2: ICD B =
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Table 3. Correlation between 6MWD and each factor, between the amount of change in 6 MWD and

the amount of change in each factor

WBI  Gait velocity  stride-to-height ratio SMI ~ ABI
I. Preoperative 6 MWD 0.24 0.34 0.43%* -0.01  0.11
II. Postoperative 6MWD 0.43%* 0.33 0.52% -0.14  0.20
II. Amount of change of 6 MWD  0.11 -0.08 0.33%* - -0.19

WBI, Weight bearing Index; SMI, Skeletal muscle mass Index; ABI, Ankle-brachial index

6MWD, 6 min walk distance

*p<0.05 (two-tailed).

comment

1. Preoperative 6MWDxPreoperative factors
II. Postoperative 6MWDxPostoperative factors

III. Amount of change of 6MWDxAmount of change in each factor (preoperative-postoperative)

Table 4. Multiple regression analysis

factor B P-value r VIF
Preoperative 6 MWD WBI 0.12  0.407 0.13  1.26
stride-to-height ratio ~ 0.31  0.023 036 1.14
ABI -0.08 0540 -0.10 1.07
ICD 0.50  0.000 053 1.14
Adjusted R2 0.42
factor B P-value r VIF
Postoperative 6 MWD WBI 0.31  0.010 041 1.30
stride-to-height ratio ~ 0.41  0.001 0.50 1.26
ABI 0.23  0.046 032 1.19
IC -028  0.015 -039 1.17
Adjusted R? 0.58

WBI, Weight bearing Index; ABI, Ankle-brachial index; ICD, Initial claudication

distance
VIF: Variance inflation factor

IC (Intermittent claudication): ‘1’ if there is postoperative IC, ‘0’ if there is no IC

0.50). In the postoperative period, the stride-to-height ratio,
ABI, WBI, and ICD improvement were extracted, and the
multiple correlation coefficient (R = 0.62), adjusted coeffi-
cient of determination (R*> = 0.58), and calculation model
were significant (p < 0.01). Y = 733.5X1 - 108.0X2 +
247.8X3 — 52.4X4 — 71.1 (X1: stride-to-height ratio B =
0.41, X2: ABI B =0.23, X3: WBI 3 = 0.31, X4: presence of
ICD improvement 3 = —0.28) (Table 4). The variance infla-
tion factor ranged from 1.07 to 1.26 preoperatively and
1.17 to 1.30 postoperatively, which was less than 10, and
no multicollinearity was observed.

Discussion

Regarding the changes in physical function before and
after surgery, there was no improvement in lower limb
muscle strength, but significant improvement in stride
length. As for the unchanged lower limb muscle strength,
the results support the previous study by Kamiizumi et al".

When the gait of PAD patients was compared with that of
older adults living in the community, it was found that the
PAD group experienced a decrease in walking speed and
stride length regardless of lower extremity pain®. It can be
inferred that the change in gait in patients with PAD is the
result of the establishment of a pain-avoidant walking strat-
egy as a customary gait. Therefore, it is unlikely that the
improvement of lower limb pain by revascularization af-
fects gait independently and in the short term. In the present
study, 22 patients underwent physical therapy for improve-
ment in lower limb pain after surgery. Because the physical
therapy included gait training at a speed of 2.4 km/h on a
treadmill and at the maximum walking speed, the conven-
tional gait was enforced, which may have resulted in an im-
provement in stride length®”. The significant correlation be-
tween the change in stride length and the change in 6MWD
suggests that the effect of stride length on walking distance
is strong. However, it is necessary to investigate the inde-
pendent effect of stride length on the change in walking
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distance by conducting a comparative study of patients who
underwent revascularization alone versus those who under-
went physical therapy.

The results of multiple regression analysis showed that
the 6MWD was related to ICD and stride length in the pre-
operative period, and stride length, WBI, ABI, and the pres-
ence of pain improvement in the postoperative period.
These results suggest that factors related to 6MWD in the
perioperative period include pathological aspects, such as
pain during lower limb ischemia, and functional aspects,
such as stride length and lower limb muscle strength. The
influence of the functional aspect became stronger with the
improvement of pain in the determinants of postoperative
6MWD. In terms of factors related to continuous walking
distance in patients with PAD, previous studies have re-
ported that lower limb pain and muscle strength are re-
lated**”. Many previous studies on changes in walking dis-
tance in the perioperative period have reported improve-
ments in maximum walking distance with reduction of IC*.
Conversely, it has been reported that muscle weakness and
exercise tolerance, which were unnoticed due to activity
limitations caused by IC, are limiting factors for continuous
walking after surgery". Thus, the improvement of walking
distance in patients with PAD is affected not only by lower
extremity pain but also by physical function, which may re-
main after surgery. In the present study, the relationship be-
tween 6MWD and WBI became stronger in the postopera-
tive period, and in the multiple regression analysis, WBI
was extracted as a related factor only in the postoperative
period. This suggests that the postoperative 6 MWD in pa-
tients with PAD is affected by lower limb muscle strength
and that postoperative lower limb muscle strength training
may contribute to the improvement of walking perform-
ance. When evaluating the exercise tolerance of patients
with PAD, it is necessary to consider the pre- and postop-
erative lower limb ischemic pain severity when conducting
the 6MWT. Furthermore, our results highlight the impor-
tance of considering the functional changes specific to
PAD, such as muscle weakness and gait changes, in the in-
terpretation of these results.

Conclusion

This study revealed that IC and stride length were re-
lated to the preoperative walking distance of patients with
PAD and that the influence of gait and lower limb muscle
strength became stronger after surgery. In contrast, the limi-
tations of this study include the fact that unilateral and bi-
lateral lesions were not separated in the selection of patients
and that the interrelationship among 6 MWD, lower limb
muscle strength, and gait was only discussed in the litera-
ture. In the future, it will be necessary to conduct interven-
tion studies on the mechanisms of temporal changes in gait
and their interrelationships.
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Preoperative Physical Inactivity Affects the Postoperative
Course of Surgical Patients with Lung Cancer
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ABSTRACT. Objective: Preoperative performance status is an important factor in thoracic surgery, but lit-
tle is known about the effect of preoperative physical activity (PA) on the postoperative course. This study
investigated the associations between preoperative PA and postoperative complications and clinical out-
comes of lung cancer surgery. Methods: This prospective observational study included patients who under-
went surgery for lung cancer at a single institution. PA was measured before hospitalization for 5 consecu-
tive days and then after surgery until hospital discharge. The daily step count and time spent performing
moderate intensity activity (> 3 metabolic equivalents) were measured with an accelerometer. We examined
the correlations between PA and preoperative pulmonary function and physical fitness, and examined the
relationship between postoperative complication and PA. Finally, a multivariate analysis was performed
with pre-hospital PA as the dependent variable. Results: Forty-two patients were analyzed. Univariate
analysis found no correlation between pre-hospital PA and preoperative pulmonary function, but found sig-
nificant positive correlations between pre-hospital PA and time spent performing moderate intensity activ-
ity, in-hospital PA, preoperative 6-minute walk distance, and maximum gait speed (r > 0.5, p < 0.01). The
nine patients who developed postoperative complications had significantly lower pre-hospital and postopera-
tive step count than the patients with no complication (p = 0.04). Multiple regression analysis showed that
pre-hospital PA was significantly associated with time spent performing moderate intensity activity, maxi-
mum gait speed, and postoperative complication. Conclusions: Evaluation of pre-hospital PA is useful in
predicting the postoperative course after lung cancer surgery.

Key words: Lung cancer, Surgical treatment, Preoperative physical activity, Postoperative complication, Acceler-

ometer

(Phys Ther Res 24: 256-263, 2021)

Performance status (PS) is an important prognostic factor
for lung cancer and a clinical indicator for surgical treat-
") Eastern Cooperative Oncology Group/World
Health Organization PS is an indicator of general health
and activity status on a scale of 0 to 4”. The lower the PS,
the higher the activity, which is associated with the survival
rate of non-small-cell lung cancer patients”. However, the
PS is a simple measurement and does not fully reflect the
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activity level of each individual. A previous study found
that physical activity (PA), mainly based on the average
number of steps per day, is a strong prognostic factor in the
outcome of chronic obstructive pulmonary disease”. Lung
cancer is the leading cause of cancer death in Japan and is
strongly associated with smoking®. The data of the cancer
registry of Japan showed that the incidence of lung cancer
is increasing”, and surgical treatment is becoming increas-
ingly frequent®. Perioperative pulmonary physical therapy
for patients with lung cancer is a promising strategy to opti-
mize physical fitness, and may yield improved outcomes
such as reduced length of stay or fewer postoperative com-
plications™'”’. Although several studies have assessed in-
hospital PA and postoperative complications in patients
with lung cancer'"'”, no study has evaluated the relationship
between pre-hospital PA (activity at home) and the postop-
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Surgical patients with lung cancer assessed for eligibility (n = 45)

Excluded patients (n = 3)

\ 4

Patients included in this study (n = 42)

+Refusal to participate (n = 2)
+Unable to evaluate physical activity (n=1)

\ 4

Fig. 1 Flowchart of patient inclusion and exclusion.

erative course. The aim of this study was to examine the re-
lationship between PA and physical function and postop-
erative complications and to identify the clinical variables
related to pre-hospital PA in surgical patients with lung
cancer.

Methods

Study design and subjects

This prospective study was conducted from September
2016 to April 2017 in a single institution in Japan. The
study was approved by the Human Research Ethics Review
Committees of Showa General Hospital (approval number
REC-112), and all patients provided informed consent for
study participation. All surgical patients were assessed for
physical and pulmonary function prior to surgery. Eligible
patients had a diagnosis of lung cancer (non-small cell lung
cancer), were aged > 18 years, and were scheduled for lung
resection. Exclusion criteria were comorbid conditions af-
fecting exercise performance (specifically, musculoskeletal
or neurological impairment and cardiac disease) or refusal
to participate. During the recruitment period, 45 individuals
underwent surgery; however, data from three patients were
not included (two who did not provide consent and one
whose physical activity was not evaluated) (Fig. 1). Postop-
erative complications were defined as any postoperative
event such as prolonged mechanical ventilation > 48 hours,
atelectasis, bacterial pneumonia, cardiac arrhythmia, delir-
ium or prolonged air leak requiring > 5 days of chest tube
drainage (Clavien-Dindo grade < IVa)"”’. PS was evaluated
during the preoperative physical therapy. As a measure of
overall health status, the attending anesthesiologist deter-
mined the American Society of Anesthesiologists physical
status for each patient prior to surgery'?.

Physical function measures

The peripheral muscle strength was assessed on the
basis of the quadriceps force (QF), defined as the peak
force during maximal isometric knee extension measured
using a hand-held dynamometer (u-TusF-1; Anima Corpo-
ration, Tokyo, Japan). The QF of the dominant side was

tested in the sitting position with the hip and knee joint
flexed at approximately 90°. The highest value of three sat-
isfactory measurements was recorded. The QF was ex-
pressed as a percentage of body weight. Grip strength (kg)
was measured with a hand dynamometer (T.K.K.5401;
Takei Scientific Instruments Corporation, Niigata, Japan).
Measurements were made on the dominant side and the
highest value of three technically correct attempts was used
in the analysis.

The 6-minute walk test was performed in accordance
with published guidelines' and the 6-minute walk distance
(6MWD) was calculated. Mobility was evaluated using the
perceived maximal (fastest) walking speed over 10 meters
measured with a stopwatch, with the fastest of two meas-
urements used in the analysis (m/seconds). The maximum
inspiratory pressure (MIP) and maximum expiratory pres-
sure (MEP) were measured as indicators of respiratory
muscle strength using a respiratory dynamometer (Mi-
croRPM, Micro Medical/CareFusion, Kent, UK) following
the method recommended by the American Thoracic Soci-
ety/European Respiratory Society'”. For the MIP measure-
ment, the patient was asked to exhale as much as possible
(to residual volume) and then inhale maximally for more
than 1 second against the resistance. For the MEP measure-
ment, the patient was asked to inhale as much as possible
and then exhale maximally for more than 1 second against
the resistance. The measurements were repeated at least
three times, and the highest measurements for both MIP
and MEP were used in the analysis. Preoperative physical
functional assessment was performed 1-2 days prior to sur-
gery, while postoperative assessments were performed as
needed with the removal of devices.

Physical activity

PA was determined with an accelerometer (Lifecorder
EX, Suzuken Co. Ltd., Nagoya, Japan), which collected
data during waking hours in 2-minute epochs. The mean
step count and time spent engaged in PA (minutes per day)
were evaluated. PA was classified as moderate to vigorous
intensity activity (> 3 metabolic equivalents (METs)). We
used a PA analysis software package (Liferiser 05 Coach,
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Suzuken Co. Ltd.) and Microsoft Excel (Microsoft Corp.,
Redmond, WA, USA) to analyze the activities measured
via the accelerometer'™'”. Preoperative PA was assessed on
5 consecutive weekdays before hospitalization, while in-
hospital PA was assessed during the last 5-7 days of hospi-
talization. On each assessment day, PA was recorded for at
least 8 hours from the time of waking, on the basis of meth-
ods used in previous studies"”*".

Physical therapy

As part of standard perioperative care, all patients re-
ceived an in-hospital physical therapy consultation 1-2 days
prior to surgery. Patients were encouraged to meet the rig-
orous postoperative early mobilization recommendations
for the prevention of postoperative complications and were
given instructions on deep breathing and coughing exer-
cises for airway clearance. Postoperative management com-
prised thoracic drains (all patients were managed with a
water seal on the day after surgery), epidural catheters, ure-
thral catheters, oxygen therapy, and intravenous drips. The
thoracic tube was removed as early as possible on the basis
of the absence of air leaks and drainage status assessed with
daily chest x-rays and physical examinations performed by
the attending medical doctor. In accordance with the
American Thoracic Society/European Respiratory Society
guidelines, the attending physical therapist instructed all pa-
tients to begin ambulating (i.e., leave their bed) from the
day after surgery, if possible™ . Patients were instructed to
at least sit in a chair for 30 minutes and walk 30-50 meters
on postoperative day 1. From postoperative day 2 onwards,
patients who were able to walk on their own were encour-
aged to leave the bed as often as possible outside of reha-
bilitation. In addition, under the supervision of a physical
therapist who monitored the pain severity and vital signs,
each patient performed 20-40 minutes/day of resistance
training and bicycling until discharge from the hospital.
During hospitalization, no intervention was implemented
on the basis of the activity recorded with the accelerometer.

Statistical methods

Data were expressed as means with standard deviation
or medians with interquartile ranges for continuous vari-
ables, and as counts with percentages for categorical vari-
ables. The Shapiro-Wilk test was used to examine the dis-
tribution of the data. The relationship between variables
was examined using Pearson’s or Spearman’s correlation
coefficients in accordance with the distribution of the data.
Multiple regression analysis was performed to determine
the variables associated with the preoperative PA, after cor-
recting for risk factors that were shown to be significant at
p < 0.05 on univariate analysis. Stepwise multiple regres-
sion analysis was undertaken to identify whether the pul-
monary function, physical function, step count, total dura-
tion of moderate to vigorous activity (> 3 METs) preopera-

tively, and presence of postoperative complications were
dependent variables. A p value < 0.05 was considered sig-
nificant. Analyses were performed using a statistical soft-
ware package (IBM SPSS Statistics for Windows, Version
24.0 (IBM Corp., Armonk, NY, USA)).

Results

Patient characteristics

Characteristics of the 42 candidates for lung resection
are summarized in Table 1. The PS was 0 and 1 for about
90% of the participants, and the preoperative activity based
on the American Society of Anesthesiologists physical
status was = 2 in about 90% of patients. All patients were
scheduled to undergo video-assisted thoracoscopic surgery
or open surgery and had relatively good preoperative respi-
ratory function. Nine patients developed postoperative
complications. No patients had more than one complica-
tion. All patients were ambulating with or without a gait aid
in the intensive care unit as early as the first postoperative
day and were discharged from the intensive care unit on
postoperative day 2 or 3. All patients had an uneventful
postoperative course and were discharged home.

Clinical characteristics of patients with versus without
postoperative complications

The group of patients with postoperative complica-
tions was significantly older than the group without compli-
cations. There were no significant differences between the
two groups regarding the history of smoking or alcohol
consumption, preoperative pulmonary function, or surgical
outcome. The group with postoperative complications had
significantly lower preoperative exercise capacity (6MWD)
and in-hospital step count than the group without complica-
tions (data not shown). Patients with postoperative compli-
cations also had a significantly lower pre-hospital step
count than those without complications (Fig. 2).

Relationships between clinical variables and pre-hospital
PA

Preoperative pulmonary function was only weakly re-
lated to participation in daily pre-hospital PA (Table 2).
The variables significantly related to pre-hospital PA were
preoperative physical function and exercise capacity, step
count during the hospitalization period, and duration of ac-
tivity time before hospitalization.

Factors related to pre-hospital PA in surgical patients with
lung cancer

The following variables with significant results in the
univariate correlation analyses were entered into the multi-
variate model: age, sex, preoperative pulmonary function,
physical fitness, 6MWD, pre-hospital activity level (daily
minutes of activity > 3 METs), and the absence of postop-
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Table 1. Characteristics of the 42 patients who underwent lung resection

Age

Male, sex
BMI (kg/m?2)
Smoking status

Current or former smoker

Non-smoker
Alcohol history, yes
Underlying disease

Hypertension

Diabetes mellitus

Hyperlipidemia

Bronchial asthma
Preoperative pulmonary function tests

VC (L)

VC % predicted

FEV, (L)

FEV,| % predicted
Performance status (< 1)
ASA-PS (<2)

Preoperative variables

Grip strength (kg)

QF (kgf/body weight)

MIP (cmH0)

MEP (cmH,0)

6MWD (m)

Maximum gait speed (m/s)
Physical activity

Pre-hospital step count

In-hospital step count

Pre-hospital activity level (> 3METs, min)
Operative modes

Wedge resection

Segmentectomy + wedge resection

Lobectomy

Lobectomy + lobectomy

Pneumonectomy
Operation time (min)
Intraoperative bleeding loss (ml)
Postoperative events

Prolonged mechanical ventilation (> 48 h)

Atelectasis

Pneumonia

Arrhythmia

Delirium

Prolonged air leak (> 5 days)
Length of stay (days)

68.9 +10.1
31 (74)
22729

34 (81)
8(19)
14 (33)
25 (59)
17 (40)
6 (14)
6 (14)
3(7)

33+0.8
106 = 19.5
23+06
105 +25.2
38 (90)
36 (86)

27.6 7.8

0.49+0.1
57.7+22.1
59.8 £20.0
481.4 +98.4

1.7+03

5093.5 (2542.3 - 8613.3)
2410.5 (1652.8 - 3604.3)
57.1 (12.8 - 129.5)

7
10
18
4
3
134.0 + 62.3
20.0 (10-47.3)
9 (21%)

1
3
3
2

9.5+3.6

Data are reported as mean + standard deviation, n (%), and median (interquartile range).

BMI: body mass index; FEV: forced expired at one second; VC: vital capacity; ASA-

PS: American Society of Anesthesiologists physical status; QF: quadriceps force; MIP:

maximum inspiratory pressure; MEP: maximum expiratory pressure; 6MWD: 6-minute

walk distance; METs: metabolic equivalents.
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Fig. 2 Comparison of the preoperative physical activity level (step count) of patients

with (+) versus without (-) postoperative complications. Data are reported as

median (interquartile range) and evaluated using the Mann—Whitney U test.

The preoperative step count was significantly lower in the group with postop-

erative complications than in the group without complications (p < 0.05).

Table 2. Univariate correlations between pre-hospital step count and other

variables
Effect size (r)  p value

Age -0.46 <0.01
BMI (kg/m2) 0.12 0.46
Preoperative pulmonary function tests

FEV, (L) 0.15 0.36

FEV, % predicted -0.26 0.1

VC (L) 0.21 0.2

VC % predicted 0.001 0.9
Length of stay (days) -0.17 0.27
Preoperative variables

Grip strength (kg) 0.36 <0.05

QF (kgf/body weight) 0.44 <0.01

MIP (cmH,0) 0.3 0.61

MEP (cmH,0) 0.35 <0.05

6MWD (m) 0.62 <0.001

Maximum gait speed (m/s) 0.55 <0.001
Physical activity

In-hospital step count 0.65 < 0.001

Pre-hospital activity level (>3METSs, min) 0.9 <0.001

BMI: body mass index; FEV;: forced expiratory volume at 1 second; VC:

vital capacity; QF: quadriceps force; MIP: maximum inspiratory pressure;

MEP: maximum expiratory pressure; 6MWD: 6-minute walk distance;

METs: metabolic equivalents.

preoperative maximum gait speed (p < 0.001), and between
pre-hospital step count and the absence of postoperative
complications (p = 0.03); these three variables explained
92% of the variance (Table 3).

erative complications.

Multivariate regression analysis revealed a significant
positive relationship between pre-hospital step count and
pre-hospital activity level (daily duration of activity > 3
METs) (p < 0.001), between pre-hospital step count and
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Table 3. Clinical variables correlated with pre-hospital step count in multivari-

ate regression analysis

Pre-hospital step count

Predictor
B pvalue R2(%)
Intercept 92
Duration of pre-hospital activity >3 METs (min)  0.83 < 0.001
Maximum gait speed (m/s) 027 <0.001
Postoperative complication (+) -0.11 0.03

ANOVA p <0.01, B: regression coefficient, METSs: metabolic equivalents.

Discussion

This study demonstrated that patients with lung cancer
with postoperative complications had significantly lower
preoperative PA levels than those without postoperative
complications, and that preoperative PA was more strongly
related to preoperative physical function than to preopera-
tive pulmonary function.

A previous study reported that the duration of hospi-
talization after lung cancer surgery is increased in patients
with lower levels of postoperative PA'". This is consistent
with our finding that the postoperative PA was significantly
lower in the group with postoperative complications than in
the group without complications. However, all patients in
the present series had an uneventful postoperative course
and were discharged home, which was likely related to the
efficacy of perioperative physical therapy. Marike et al.
showed that the amount of activity during hospitalization is
strongly associated with physical function at discharge in
patients who have undergone lung cancer resection™. Our
findings suggest that increasing the PA not only during but
even before hospitalization may contribute to the improve-
ment of physical function and the prevention of postopera-
tive complications related to physical inactivity (such as
atelectasis and delirium).

Many studies have investigated the association be-
tween preoperative pulmonary function and postoperative
complications and outcomes™*”. Patients with low pulmo-
nary function are at higher risk of postoperative complica-
tions and have a poorer prognosis. All patients in our study
had relatively good pulmonary function, which suggests
that the postoperative complications were related to other
factors. Exercise capacity assessment is as essential as pul-
monary function testing in predicting postoperative compli-
cations after lung resection”®. In our study, there was a
significant association between the preoperative 6 MWD
and postoperative complications. We suggest that patients
with relatively good preoperative pulmonary function
should undergo multifaceted evaluation, including physical
fitness assessment. Furthermore, we consider it extremely
important to assess the at-home physical function and PA
levels of patients whose lung function is borderline for sur-

gical treatment.

Several reports have studied the relationship between
postoperative complications after lung resection and respi-
ratory muscle strength®™*”. In the present study, the pres-
ence of complications was not associated with respiratory
muscle strength but was moderately associated with preop-
erative PA. Future research is needed to determine whether
respiratory muscle training is related to improved general
activity levels.

In our survey, the factors significantly related to the
pre-hospital PA were the 10 meters maximum walking
speed, a high pre-hospital activity level (daily duration of
activity > 3 METs), and the presence of postoperative com-
plications. Izawa et al. reported an association between 10
meters maximum walking speed and hospital PA in older
patients with coronary artery disease'”, which suggests the
importance of physical therapy intervention to improve ex-
ercise function. Another important finding of our study was
that pre-hospital PA was associated with the time spent per-
forming moderate to vigorous intensity activity (> 3 METs)
before surgery. The preoperative activity level (> 2 METs)
of lung transplant recipients is reportedly lower than that of
healthy subjects, and does not return to the level of healthy
subjects after surgery”.

Our findings suggest that walking speed and exercise
intensity are also involved in the overall activity level of
patients with lung cancer. Recent studies have demon-
strated the importance of PA in patients with lung cancer"”,
and of cooperating with local governments to encourage
improvement in PA”. Additionally, low activity and depres-
sion are associated in patients with lung cancer’”, and PA
assessment is an important indicator in postoperative
follow-up™.

Recently, telemedicine (telehealth) with a smartphone
and an accelerometer has been increasingly used for pe-
rioperative patients with lung cancer; however, it is difficult
to conduct telemedicine follow-up for patients with low ac-
tivity™. In Japan, it is important to provide comprehensive
physical therapy for low-activity patients not only in the
acute phase, but also while in hospital and in the commu-
nity to improve their activity levels.

Some limitations of the current study should be ac-



262 Kuroyama, et al.

knowledged. First, relatively few subjects were recruited
because the study was conducted in a single center that only
performs a limited number of surgical procedures for lung
cancer annually. Second, this study included subjects with
relatively good preoperative respiratory function and there
was no standardization of treatment, such as the inclusion
of only patients with anatomical lung resections. Finally,
the preoperative activity assessment did not cover all yearly
seasons. Future multicenter studies with larger cohorts that
include patients with impaired pulmonary function are
needed to determine how preoperative PA affects the out-
comes of lung cancer surgery.

Conclusions

The present study demonstrated that assessing preop-
erative PA may be useful in predicting postoperative com-
plications in patients with lung cancer. Preoperative activity
correlates with physical function but not with preoperative
pulmonary function. The use of an accelerometer to assess
preoperative activity levels may be useful as an indicator to
determine the need for preoperative physical therapy to pre-
vent complications.
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Effects of Lower-limb Muscle Fatigue,
Cardiopulmonary Fatigue, and Brain FatigueTasks on

One-legged Landing Motion
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ABSTRACT. Objective: Anterior cruciate ligament (ACL) injury is one of the most frequent sportsinjuries,
and previous studies have shown that fatigue is a risk factor for sports injuries.This study aimed to inform
prevention of ACL injury by investigating how exercise and desk tasks affect trunk and lower limb align-
ment and ground reaction force (GRF) during one-legged landing movements. Methods: The study subjects
were 12 men who performed a one-legged landing movement from a 30-cm platform before and after fatigue
tasks, including lower-limb muscle fatigue, cardiopulmonary fatigue, and brain fatigue tasks. For the meas-
urement of joint angles and moments and GRF, a three-dimensional motion analysis device and a floor
reaction-force meter were used. Statistics were performed using Wilcoxon’s signed rank sum test as a multi-
ple comparison test with Bonferroni adjustment to compare the difference in effects. Results: The maximum
trunk flexion angle during landing on one leg was significantly lower in the brain fatigue group than in the
control group. The time to peak vertical GRF (pGRF) was significantly shorter in the leg-muscle fatigue
group than in the control group. Conclusion: Brain fatigue may have altered the postural strategy before
and after landing, resulting in a decrease in trunk flexion angle. Time to pVGRF was shortened in the leg
muscle fatigue group, suggesting that there may be an increased risk of ACL injury. Time to pVGRF during
lower extremity muscle fatigue and trunk flexion angle during brain fatigue may be more pronounced dur-

ing actual sports activities.

Key words: ACL injury, Jump-landing motion, Fatigue, Prevention

(Phys Ther Res 24: 264-271, 2021)

Anterior cruciate ligament (ACL) injury is one of the
most common sports injuries. ACL injury requires ligament
reconstruction surgery for athletes to continue sporting ac-
tivities" and may reduce athletic performance and activity.
Among athletes and the general public, ACL injury has
been associated with early-onset knee osteoarthritis, dam-
age to the meniscus and cartilage surface, and economic
loss due to difficulty in working”.

Although the mechanism of ACL injury varies by
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sport, 70% result from non-contact injuries”. The injury is
commonly caused when changing direction, landing, or de-
celerating/stopping. The landing position during injury is
often a result of loss of balance, backward center of gravity,
insufficient knee flexion, and valgus stress of the knee
joint”, Recent findings regarding ACL injury mechanisms
and dynamic alignment have informed ACL injury preven-
tion strategies. Of non-contact injuries, 58-61% occur dur-
ing a jump-landing motion”, and athletes with ACL injury
had approximately 20% higher vertical ground reaction
force (VGRF) on landing than non-injured athletes™. The
posterior GRF (PGRF) was significantly positively corre-
lated with VGRF and the anterior withdrawal force of the
proximal tibia during landing®, suggesting that increased
VGRF and PGREF in sports activities are risk factors for
ACL injury. Landing with a flexed trunk and lower limbs is
recommended to improve VGRF and PGRF control”. In
this landing posture with an extended trunk, the center of
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Fig. 1.

gravity is deflected backwards, and the PGRF and proximal
tibia increase the forward withdrawal force.

The risks of ACL injury increase at the end of compe-
tition when fatigue accumulates®”. ACL and other sports in-
juries may also be caused by fatigue at the end of long
games such as basketball and soccer”. There is a difference
between injuries during games and practice, with game in-
juries accounting for 66% of all injuries”. When performing
stop jumps before and after fatigue, there is an increase in
peak anterior shear force and a decrease in knee flexion an-
gle of approximately 14%”. Oonishi et al. reported that fa-
tigue from desk-based computational tasks can delay the
switch between primary and antagonist muscles and reduce
neuromuscular coordination during jumping, based on elec-
tromyography'”. However, fatigue during physical activity
can be divided into peripheral and central factors, and cen-
tral fatigue, including brain fatigue during exercise, can be
explained by a decrease in brain glycogen'’. Such fatigue
may affect dynamic muscle control, changes in movement
patterns, and neuromuscular control. Most fatigue tasks
were full-body exercise methods; landing movements after
running or squatting movements’’. However, no studies
have compared peripheral and central factors separately,
and it is unclear what kind of fatigue causes changes in dy-
namic alignment during physical activity. Without identify-
ing the type of fatigue, it is unlikely that specific injury pre-
vention and conditioning methods can be proposed.

The present study aimed to investigate how lower-
limb muscle fatigue, cardiopulmonary fatigue, and brain fa-
tigue tasks affect trunk and lower-limb alignment and GRF
or time to peak vertical GRF (pVGRF) during a one-legged

One-legged landing motion measurement.

landing motion to inform primary and secondary ACL in-
jury prevention.

Methods

The subjects were 12 men (mean age 23.3+2.9 years,
height 173.6+5.8 cm, weight 65.9+8.3 kg). The number of
subjects was calculated using Gpower version 3.1.9.4 with
an effect size of 0.5 and power of 0.8. The exclusion crite-
ria were as follows: (1) history of hip, knee, or ankle frac-
ture or surgery; (2) hip, knee, and ankle joints below the
reference range of motion specified by the Japanese Ortho-
pedic Association'”.

The subjects performed a one-legged landing motion
from a 30-cm platform before and after fatigue tasks. The
one-legged landing motion was performed with the lower
limb on the kicking side (Fig. 1). Fatigue tasks included
lower-limb muscle fatigue, cardiopulmonary fatigue, and
brain fatigue tasks (Fig. 2). To assess the degree of fatigue,
a Borg scale was used during the motor and brain fatigue
tasks, and salivary amylase levels were measured before
and after the tasks using a salivary amylase sympathetic
nerve monitor (Cocoro Meter, NIPRO Corporation, Osaka,
Japan). Salivary amylase levels are elevated in response to
mental and physical stress and are an excellent indicator
when examining both types of stress'”. Subjects were asked
to refrain from drinking anything other than water for 2 h
prior to saliva collection, following the method of Yama-
guchi et al'”. For measurement of joint angles and moments
and GRF, a three-dimensional (3D) motion analysis device
(Vicon Nexus, Vicon, Hauppauge, NY, USA) consisting of
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Fig. 2. Fatigue task implementation scene

a: Cybex implementation scene, b: Ergometer implementation scene

eight infrared cameras and a floor reaction-force meter
(AMTI, Kanagawa, Japan) were used. The sampling fre-
quency was set to 100 Hz for the infrared camera and 1,000
Hz for the floor reaction-force meter. The subjects wore
sports spats and were measured barefoot. The Plug-in Gait
Full Body AI model (Vicon) records 39 sites across the
body with infrared reflective markers 14 mm in diameter.
To ensure reproducibility of measurement, the joint angles
in the static standing position before the measurement were
checked, and the same examiner always wore the marker.
The present study used this model to record the trunk and
lower-limb joint angles and moments during the one-legged
landing motion using a 3D motion analysis device.

Subjects were instructed to stand on one leg on the
front side of a 30-cm platform, cross the upper limbs at the
anterior chest, jump and land on one leg facing 20 cm in
front of the platform, and remain still for 3 s after landing.
They were instructed to look forward as much as possible
(Fig. 1). If subjects could not avoid movement for 3 s after
landing, moved the foot after landing, or moved the hands
away from the chest, it was considered a failed trial. Three
successful trials were recorded. There were no breaks be-
tween trials. The success data obtained for each of the three
times before and after the task were analyzed with NEXUS
version 2.8 (Vicon).

Initial grounding was defined as the point at which the
vertical floor reaction force exceeded 10 N. The 3D motion
analyzer measured the hip and knee/ankle joint angles and
knee valgus angles at the pVGREF, the trunk flexion angle at
the peak posterior GRF (pPGRF), and the maximum joint
moments of hip and knee extension and ankle plantarflex-
ion. The trunk flexion angle was calculated as the angle of
the thorax in spatial coordinates. For the joint moment, in
addition to measuring the maximum value, the integral
value was calculated using the interval from the initial
ground contact to the peak value as the integration interval.
The GRF parameters selected were pVGRF, pPGREF, the
time taken from initial ground contact to pVGREF (time to

pVGRF), and loading rate (pVGRF/time to pVGRF), which
indicates the impact absorption. The GRF was standardized
by weight.

Fatigue tasks

The following fatigue tasks were conducted on differ-
ent days. Each task was conducted more than one week af-
ter the previous experiment. In addition, each task was
measured in random order. During each fatigue task, sub-
jects were instructed to keep the trunk in the middle posi-
tion. A total of 12 subjects performed all the following
tasks.

Lower-limb muscle fatigue task (motor task)

We used a muscle function analysis exercise device
(Cybex NORM, Lumex, Carol Stream, IL, USA) (Fig. 2) to
move the leg muscles by performing isokinetic contractions
with an angular velocity of 180°/s over a range of motion
of 90° to 0° at the knee joint for 10 min. This movement
was performed on the leg on the side of landing movement.
To check the subjective level of fatigue, the Borg scale was
constantly displayed, and a score of 13-14 was set as the
target intensity. The heart rate and respiratory rate were
monitored to ensure that they did not exceed 100 bpm
(tachycardia) or 25 breaths/min (tachypnea), respectively.

Cardiopulmonary fatigue task (motor task)

We performed a 10-min movement using an upper-
extremity ergometer (Terasu-ergolll, Showa Denki, Osaka,
Japan) (Fig. 2) to perform cardiopulmonary movements. To
allow the movement load to be set at an aerobic level, the
target heart rate during movement was set at approximately
70% of the predicted maximum heart rate (220-age) based
on data from the American College of Sports Medicine'”’.
Heart rate was monitored during movement using electro-
cardiogram pads worn on the chest. An upper-limb ergome-
ter is a device for improving muscle strength and endurance
by driving the upper limb, and the exercise was performed
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Table 1. Degree of fatigue before and after each condition
Lower-llimb Cardiopulmonary  Brain fatigue  Control
fati?l}l:‘:g:oup fatigue group group group
Salivary amylase levels (KU/L) Pre 22.449.8 22.8+7.0 20.4+6.6 22.1+6.0
Post  49.0+16.2 47.7£15.7 46.1£16.6 20.8+6.3
Diff  26.6+14.3%* 24.8+13.1%* 25.7+13.7* -1.3£3.5
Borg scale scores Pre 7.0+0.0 7.0+0.0 7.0£0.0 7.0£0.0
Post  13.0+1.3 13.0+0.6 13.0+0.5 7.0£0.0
Diff 6.0+1.2%* 6.2+0.6* 5.5+0.5% 0.0+0.0

*: p <0.05 vs. control group, **: p < 0.01 vs. control group, Diff: difference

by grasping a handle and rotating it in the sitting position.

Brain fatigue task (desk task)

The Uchida-Kraepelin test (Japan Psychiatric Technol-
ogy Institute Inc.) was performed for 10 min. The Uchida-
Kraepelin test a psychological test that repeatedly adds sin-
gle digits and captures personality and behavioral charac-
teristics from the total amount of work and incorrect an-
swers. It was also used as a brain fatigue task in a previous

10)

study .

Control task
Subjects during the control task remained in a sitting
position for 10 min.

Data analysis

The results were checked for normality by the
Kolmogorov-Smirnov test, taking the difference between
the pre- and post-task values for each task. Non-normally
distributed values were subjected to the Friedman test to
compare differences between the four tasks. When signifi-
cant differences were identified, Bonferroni’s adjustment
was performed with the Wilcoxon signed-rank sum test as a
multiple comparison test and the differences between the
pre- and post-task values for each task were compared. The
differences between the four conditions before fatigue were
tested in the same way. Statistical analysis was conducted
using EZR version 1.52'%, with all levels of significance set
at 5%. This study was conducted with the approval of the
Research Ethics Committee of Arakawa Campus, Tokyo
Metropolitan University (approval number: 19073). In ac-
cordance with the Declaration of Helsinki, subjects were
given a written explanation of the study and consent was
obtained.

Results

Pre- and post-task differences in salivary amylase levels
and Borg scale scores (Table 1)

A maximum of 5 trials of the landing movement were
performed, and the 3 successful trials were analyzed. Re-

sults of the analysis of the landing movements before fa-
tigue for each item showed no significant differences be-
tween the conditions.

There were significant differences in salivary amylase
levels and Borg scale scores. There were also significant
differences in salivary amylase levels within the lower-limb
muscle fatigue, cardiopulmonary fatigue, and brain fatigue
tasks, with higher values after each task compared to the
control task, but there was no significant difference be-
tween the tasks. The Borg scale scores showed significant
differences among the lower-limb muscle fatigue, cardio-
pulmonary fatigue, and brain fatigue tasks, with higher val-
ues after each task compared to the control task. No signifi-
cant differences were found between the other tasks.

Pre- and post-task differences in joint angles (Table 2)

There was a significant difference in trunk flexion an-
gle at pPGRF, but no significant differences in the other
items. There were also significantly lower values for the
trunk flexion angle at pPGRF in the brain fatigue task than
in the control task. There was no significant difference in
the trunk flexion angle between the other tasks.

Pre- and post-task differences in lower-limb joint moments
(Table 3)

No significant differences were noted between tasks in
the maximum joint moment or integral values after landing
on one leg for the hip, knee, and ankle joints.

Pre- and post-task differences in GRF (Table 3)

There was a significant difference in time to pVGREF,
but no significant difference was found in pVGREF, loading
rate, and pPGRF. Time to pVGRF was significantly shorter
in the lower-limb muscle fatigue task than in the control
task. No significant differences were found between the
other tasks.

Discussion

Regarding the relationship between fatigue and land-
ing motion, drop jumps after fatigue increased the knee ab-
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Table 2. Lower-extremity joint angles and trunk angle before and after each condition

Lower-limb

muscle Card@opulmonary Brain fatigue ~ Control
fatigue group fatigue group group group

Hip flexion at pVGREF timepoints (°) Pre 25.7+6.7 26.8+8.6 26.0+6.7 27.7+£6.0
Post 26.8+8.4 27.3+8.7 24.1+6.3 26.2+6.8

Diff 1.1+6.0 0.5+2.5 -2.0+2.4 -1.5+1.8

Knee flexion at pVGRF timepoints (°) Pre 37.6£6.2 35.3+6.6 35.3+6.3 39.5+6.0
Post 38.0+6.1 36.2+6.3 35.2+6.2 39.2+7.2

Diff 0.4+5.3 0.9+1.9 0.0+£2.3 -0.3+2.5

Knee valgus at pVGRF timepoints (°) Pre 7.1£9.6 6.5+5.3 7.3+4.6 6.0+6.6
Post 6.69.1 5.3+5.9 7.0+4.6 5.0+7.3

Diff -0.5+2.7 -1.243.3 -0.4+1.8 -1.0£2.0

Ankle dorsiflexion at pVGRF timepoints (°)  Pre 15.2+3.8 16.0+4.5 15.3+54 17.7£5.0
Post 15.1+4.5 15.7+4.7 15.5+5.4 17.9+5.4

Diff -0.1£3.1 -0.2+1.4 0.2£2.0 0.1+1.9

Trunk flexion at pPGRF timepoints (°) Pre 13.7£5.9 14.6+7.1 14.7£9.1 13.5+7.8
Post 13.8+5.6 14.2+7.1 9.2+7.8 14.4+8.3

Diff 0.1+4.0 -0.4£2.3 -5.5+6.9% 0.9+2.8

*: p < 0.05 vs. control group, Diff: difference, pVGRF:
ground reaction force

duction moment'”. After performing unexpected running-

stop movements during a fatigue task including squats and
step-up movements, a decrease in knee flexion angle after
fatigue was observed'. However, the effect of fatigue fac-
tors on landing movements is still unclear, and this study
examined the differences in fatigue tasks.

No significant differences in salivary amylase levels
and Borg scale scores were observed among the tasks, sug-
gesting that the stress load levels were equivalent; salivary
amylase levels after each task were significantly higher
than those in the control task. Previous studies have sug-
gested an association between salivary amylase levels and
general fatigue and stress'. Our results suggest that the par-
ticipants were able to load a certain amount of physical and
mental stress for each 10-min task. Each task had a higher
Borg scale score than the control task, and subjective fa-
tigue was also recorded.

The brain fatigue task led to a significantly lower
trunk flexion angle at pPGRF than the control task. How-
ever, there was no significant difference between the fa-
tigue task groups, suggesting that the brain fatigue task may
affect the landing strategy compared to the resting state.
Ohji et al. found a negative correlation between pPGRF and
the angle of trunk flexion during one-legged landing™. In
this study, the trunk flexion angle of the landing motion
was decreased in the brain fatigue task. Thus, the center of
gravity of the body and the point of load on the foot is
shifted backward. Although the present study found no
changes in pPGREF, the reduction in trunk flexion angle ob-
served due to brain fatigue caused by the brain fatigue task
may be more pronounced during overlapping brain exhaus-

peak vertical ground reaction force, pPGRF: peak posterior

tion during competition. Inoue showed that fatigue due to
central exhaustion can cause a decrease in spontaneous be-
haviors, which may have caused the subjects to insufficient
posture formation to adapt to the environment, such as
landing movements®”. Compared to the neutral trunk posi-
tion in static standing, a trunk flexion posture that promotes
shock absorption during landing seems to require active
postural changes. Therefore, a possible reason for the de-
crease in trunk flexion angle in this study could be that pos-
ture formation was insufficient due to brain fatigue. In
monkeys, brain fatigue from a simple visual response task
resulted in a delay in reaction time””’. Fatigue during the
computational task may delay switching between the main
actuators and antagonists and reduce neuromuscular coordi-
nation during a jumping task, based on electromyographic
examination of the quadriceps and biceps femoris muscles
after a 15-min Uchida-Kraepelin test'”’. Therefore, in the
present study, the brain fatigue task with the 10-min
Uchida-Kraepelin test may have an altered muscle re-
sponse. Central fatigue, including cerebral fatigue during
exercise, may also be explained by a decrease in glycogen
in the brain'”. The delayed reaction time, distraction, and
changes in neuromuscular coordination caused by brain fa-
tigue may have led to changes in postural strategies before
and after landing, decreasing the trunk flexion angle.
Neuromuscular coordination changes due to brain fatigue
can delay the switching time of antagonist muscles'”, and if
the same occurred in the antagonist muscles of the trunk
and hip periarticular muscles, it may have affected postural
control. However, since no brain function or exercise
physiology tests were conducted in this study, it is unclear
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Table 3. Maximum lower-limb joint moments and GRF parameters before and after each condition

Lower-limb

269

Cardiopulmonary  Brain fatigue
‘muscle fatioue orou rou Control group
fatigue group gue group group
Hip M. (Nm/kg) Pre 0.356+0.286 0.338+0.297 0.394+0.245 0.345+0.129
Post  0.299+0.174 0.369+0.261 0.337+0.190 0.341+0.151
Diff  -0.057+0.290 0.031+0.109 -0.058+0.143  -0.003+0.115
Knee M. (Nm/kg) Pre 0.088+0.052 0.124+0.067 0.101+0.055 0.101+0.049
Post  0.083+0.055 0.102+0.040 0.098+0.051 0.104+0.053
Diff -0.006+0.058 -0.022+0.060 -0.003+0.028 0.003+0.045
Ankle M. (Nnm/kg) Pre 0.006+0.006 0.008+0.007 0.007+0.007 0.008+0.006
Post  0.006+0.010 0.005+0.004 0.006+0.005 0.009+0.011
Diff  0.000+0.010 -0.003+0.006 -0.001+0.004 0.001+0.005
Hip M. integral (Nm/kg) Pre  -3.805+1.644 -3.837+1.405 -3.870+1.463  -3.575x1.564
Post  -3.922+1.386 -3.605+1.609 -4.045+1.371  -3.624x1.279
Diff -0.118+0.770 0.233+0.767 -0.175+£0.432  -0.049+1.097
Knee M. integral (Nm/kg)  Pre 0.038+0.242 0.100+0.254 0.091+0.284  -0.023+0.313
Post  0.071+0.254 0.107+0.187 0.089+0.212  -0.050+0.313
Diff  0.033+0.162 0.007+0.143 -0.002+0.112  -0.027+0.133
Ankle M. integral (Nm/kg)  Pre  -0.195+0.034 -0.188+0.042 -0.184+0.039  -0.178+0.044
Post  -0.179+0.057 -0.184+0.036 -0.170+0.040  -0.185+0.045
Diff  0.016+0.051 0.004+0.025 0.014+0.024  -0.007+0.030
pVGRF (%BW) Pre 46.5+9.1 50.2+9.8 47.9+9.9 45.2+11.7
Post 45.8+10.7 49.0+11.6 50.8+10.8 45.1+12.0
Diff -0.6+7.2 -1.1+4.7 29+54 -0.1£3.5
Time to pVGRF (ms) Pre 58.3+10.7 53.7+9.5 55.5%13.1 56.9+13.0
Post 54.0+10.8 53.8+11.0 53.4x10.2 56.6x13.7
Diff -4.3+2.9% 0.1+3.5 -2.1£5.1 -0.3£2.3
Loading rate (%BW/ms) Pre 0.9+0.3 1.0£0.3 0.9+0.4 0.9+0.4
Post 0.9+0.4 1.0£0.4 1.0£0.4 0.9+0.4
Diff 0.1x0.2 0.0£0.2 0.1+0.2 0.0+0.1
pPGRF (%BW) Pre -5.8+1.2 -6.1+0.9 -6.1x1.2 -6.1x1.4
Post -5.9+1.2 -6.2+1.3 -6.2+1.1 -6.2+1.3
Diff 0.0+0.6 -0.1+£0.6 -0.1£0.6 -0.1+0.3

*: p < 0.05 vs. control group

Diff: difference; Hip M.: hip moment; Knee M.: knee moment; Ankle M.: ankle moment; pVGRF: peak verti-

cal ground reaction force; Loading rate: pVGRF/time to pVGRF; pPGREF: peak posterior ground reaction force,

BW: body weight

whether the brain fatigue task reduced neuromuscular coor-
dination or brain glycogen. Although previous studies de-
scribed the change in muscle reaction time in brain fatigue
and the increase of anterior withdrawal force and ACL
stress of the tibia with a decrease in trunk flexion angle, no
study has focused on the trunk flexion angle in the landing
motion before and after fatigue. The decrease of trunk flex-
ion angle in the landing motion may be a factor of in-
creased ACL stress due to the backward shift of the center
of gravity. Therefore, it is important to consider that land-
ing strategies can change during brain fatigue when com-
pared to resting conditions.

The time to pVGRF was significantly shorter in the
lower-limb muscle fatigue task than in the control task. Fa-
tigue is an exogenous factor affecting the skeletal muscula-

ture and nervous system and is associated with decreased
joint awareness and increased joint laxity”. Fatigued mus-
cle fibers exhibit a reduced capacity to absorb energy and
an increased anterior deviation of the tibia from altered
neuromuscular function**”. We are unable to describe the
factors that contributed to the shortened time to pVGREF:
there were no significant differences in joint range of mo-
tion or joint moment, and articulation, neuromuscular func-
tion, and tibial mobility were not measured. The shortened
time to pVGRF indicated that the time to reach the maxi-
mum vertical floor reaction force after landing on one leg
was shortened. Therefore, it is possible that in the lower-
limb muscle fatigue group, the landing was such that the
floor was slammed against their feet into the floor upon
landing. It has been suggested that during such landing
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movements, the quadriceps muscle contracts more strongly,
leading to increased anterior tibial translation®. There was
no significant change in pVGRF. This may be due to the
fact that changes in the fatigue task load and time to
pVGRF were minor. The results of this study showed that
the time to pVGRF was shorter in the leg-muscle fatigue
group, suggesting that the risk of ACL injury may be in-
creased during leg-muscle fatigue, at least when compared
to rest.

The range of motion, joint moment, and floor reaction
force did not change because the loading was from a light
motor task (Borg scale score = 13). Analysis of the lower-
extremity joint angle and moment during landing during the
stop-jumping motion after the fatigue protocol found that
the knee flexion angle decreased by 3.5° and the hip flexion
angle decreased by 7.7°, but there was no significant differ-
ence in the knee joint moment®’. The kinematics of the
landing motion were analyzed by assuming the fatigue task
before the one-legged landing motion as the maximum
number of repetitions (Borg scale score = 18), or 85% of
the predicted maximum heart rate®. Considering the minor
changes in the lower-limb joint angle and floor reaction
force values during the landing motion at near-maximal fa-
tigue, it is reasonable to assume that the fatigue task in this
study did not result in a significant change. However, one
limitation of this study is the possibility of inducing ACL
damage during landing movements when the task load is
set to the maximum load, which makes it difficult to use in
research.

Sporting games and practices last longer than the tasks
in this study, and fatigue is expected to accumulate in the
last stage. Time to pVGRF during lower-extremity muscle
fatigue and trunk flexion angle during brain fatigue, which
were altered during the 10-min task and prior to reaching
maximal fatigue, may be more pronounced during such ac-
tual sports activities. Simply rinsing out the mouth with a
sugar solution as a preventive measure against central fa-
tigue has been shown to improve performance®’. The re-
sults of this study indicate that the landing motion may be
altered during fatigue compared to resting, which may pro-
vide important basic information for studying preventive
measures. Research into strategies to eliminate brain fatigue
and lower-limb muscle fatigue is necessary.

Conclusion

In this study, the kinematics and floor reaction forces
of the trunk and lower limbs during a one-legged landing
motion were measured using a 3D motion analysis system
and GRF meter before and after lower-limb muscle fatigue,
cardiopulmonary fatigue, brain fatigue, and the control
task, and their differences were analyzed. The maximum
trunk flexion angle on landing on one leg was significantly
lower in the brain fatigue task than in the control task. The

time to pVGRF was significantly shorter in the lower-limb
muscle fatigue task than in the control task. No significant
differences were obtained among the fatigue task groups.
Even if the fatigue task is relatively minor, the effects of
muscle and brain fatigue in the lower extremities may
change the strategy during the landing movement when
compared to the resting state.

Conflict of Interest: The authors declare no conflicts of
interest related to this study.
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The Effect of Toe-grasping Exercises on Balance Ability in
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ABSTRACT. Objective: The purpose of the study was to clarify the causal effect of toe-grasping exercises on
the improvement of static or dynamic balance ability in home-based rehabilitation users. Method: Our study
included 34 subjects who met the criteria and were evaluable out of 98 rehabilitation service users at home
nursing stations. This study was a randomized controlled trial. The intervention group performed towel
gathering exercises in addition to the regular home-based rehabilitation program. The primary outcome was
one-leg standing time, and the secondary outcomes were two-step test and toe grip strength. Results: Seven-
teen subjects were assigned to the intervention group and seventeen to the control group by block randomi-
zation. Data from 15 and 12 subjects in the intervention group and control group, respectively, who were
able to complete the initial evaluation and the evaluation after 3 months, were analyzed. We compared the
amount of change after 3 months of evaluation in the intervention group with the change in the control
group. The results showed that the left/right mean value of oneleg standing time in the intervention group
was significantly greater than that in the control group. In terms of the amount of change in the intervention
period (T2-T1) within each assessment, there were significant improvements in both the toe-grip strength
and the two-step values in the intervention group. Conclusion: We found that toe-grasping exercises could
improve the balance ability of home-based rehabilitation users. This suggests the clinical significance of toe
function in rehabilitation programs.
Key words: Toe-grip strength, Home-based rehabilitation, One-leg standing time, Two-step test, Randomized con-
trolled trial

(Phys Ther Res 24: 272-279, 2021)

As the birthrate declines and the population ages in Japan,
it is becoming increasingly important to create a social sys-
tem to support the elderly. Therefore the importance of
home-care services, such as home-based rehabilitation, is
constantly growing'”. However, there is currently little re-
search to accumulate evidence-based data though the soci-
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ety recognizes the significance of home-based rehabilitation
in fall prevention and postponing the need for nursing
care”. Hence, the specific benefits of home-based rehabili-
tation programs have not yet been completely determined.

The importance of fall prevention in daily life at home
is recognized because falls in the elderly often have serious
consequences such as bone fractures”. Improvement in bal-
ance ability plays an important role among fall prevention
strategies™.

There are two types of balance ability: static and dy-
namic. Static balance is the ability to maintain upright pos-
ture within the limits of the base of support; dynamic bal-
ance is the ability necessary to move out of and change the
base of support. Both of them are essential for fall preven-
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tion®.

Various systems are involved in the static and dy-
namic balance abilities of the musculoskeletal, neuromus-
cular, sensory/perceptual, and cognitive systems”. It has
been suggested that toe functions, such as toe grip strength,
play an important role in the musculoskeletal system'’.
However, there are few studies on how toe-grip strength af-
fects the musculoskeletal function in the elderly with
chronic diseases and those who require long-term care'"'”.
Benvenuti et al. reported as the activity level of the elderly
declined, the toes’ motor function, such as the toe-grip
strength, declined too'”. Murata et al. found a significant
correlation between the toe-grip strength and the occur-
rence of falls in a prospective study of the elderly who
could walk independently'”. Nagai et al. investigated the ef-
fects of toe grip training on lower limb muscle strength and
balance ability in elderly nursing home residents using a
crossover test and found that toe grip strength and func-
tional reach distance were improved in a pre- and post-
training comparison'’. Thus, we are gradually becoming
aware of the growing importance of toe functions, such as
toe-grip strength, on balance ability. However, there is little
evidence to support the necessity of incorporating training
to improve toe function in rehabilitation protocols in medi-
cal institutions and home care facilities. In particular, there
are no randomized controlled trials that have examined the
effects of toe training on balance performance in individu-
als with conditions requiring nursing care during rehabilita-
tion.

We focused on the toe-grip strength in home-based re-
habilitation. There is a relationship between the toe-grip
strength and one-leg standing time, an index of static bal-
ance ability, in home-based rehabilitation users who require
assistance or watchful waiting for movement, and presents
significant correlation'”. However, although such a correla-
tion was determined in a cross-sectional study, the causal
relationship remains unclear.

The purpose of our study was to clarify the hypothesis
that there is a causal effect of the toe-grasping exercises on
the improvement of static or dynamic balance ability in
home-based rehabilitation users. A randomized controlled
trial was conducted to investigate whether the implementa-
tion of toe-grasping exercises improves the static and dy-
namic balance ability.

Subjects and Methods

1. Subjects

Our study included 34 subjects who met the following
criteria and were evaluable out of 98 rehabilitation service
users attended by physical or occupational therapists at
home nursing stations from April 2018 to March 2020. The
inclusion criteria were: able to ambulate at or above watch-
ful waiting level and absence of malignant or degenerative

diseases. The exclusion criteria were: a significant change
of medical condition (hospitalization, etc.) and inability to
perform the towel gathering exercise.

All subjects gave their consent for participation after
receiving written and oral explanation on the methods and
procedures involved in the study. They were informed that
they could discontinue participation at any time if they felt
burdened, without any consequences, and that their per-
sonal information and privacy were guaranteed. This study
was designed following the Declaration of Helsinki princi-
ples and was approved by the Ethics Committee of the
Japanese Physical Therapy Association (approval number:
H29-001). This study was registered as a clinical trial with
UMIN (acceptance number: UMIN000043984).

2. Methods
Sample size setting

The sample size design was conducted using G*power
3 (Heinrich-Heine-University, free software) with an alpha
error of 0.05, a power of 0.8, and a large effect size (0.8)
based on Cohen’s theory of differences in populations'”.
The required sample size was 26 subjects in each group.
Randomization method

This study was a randomized controlled trial based on
the CONSORT 2010 guidelines' in which subjects were
divided into an intervention group and a control group by
computerized block randomization'. For the method of al-
location, six subjects were allocated as a block, and 20 dif-
ferent combinations [e.g., (a)(a)(b)(a)(b)(b)] were created in
which the number of the two types of groups, intervention
group (a) and control group (b), were equal. The combina-
tions were then determined by the numbers obtained by
random number generation using Excel (Microsoft Corpo-
ration). The assignments were applied sequentially accord-
ing to these combinations. The assignment order was set by
a physical therapist working at the visiting nursing station,
who was the researcher. It was based on the subject’s
schedule and the order of the new implementation of the
home-based rehabilitation during the period. Another
physical therapist working at the same home nursing sta-
tion, who did not know the study’s contents, was responsi-
ble for generating random numbers and managing the as-
signment table. In this way, each group was assigned a ran-
dom number. Thus, the researcher was kept uninformed un-
til the allocation of each group was completed and the sub-
jects distributed in groups.
Evaluation Method

The evaluation period was determined by the first
evaluation (T1) and the 3-month evaluation (T2), with a du-
ration of 3-4 months. All evaluations were conducted in-
doors, at the subject’s home, before the rehabilitation, and
at a rehabilitation home visit. The evaluation items were
toe-grip strength, one-leg standing time, and a two-step test
for balance ability evaluation.
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Table 1.

Program content in the intervention and control groups

Intervention Group

Control Group

usual home-based rehabilitation program
general coordination
range of motion exercises
muscle strengthening exercises
basic movement exercises
towel gathering exercises

usual home-based rehabilitation program
general coordination
range of motion exercises
muscle strengthening exercises
basic movement exercises

1) Toe-grip strength

The toe-grip strength was evaluated using a toe grip
dynamometer (T.K.K. 3361; Takei Scientific Instruments,
Niigata, Japan)™. The subjects sat on a bed, or a chair with
the knee flexed at 90°, and after fixing the foot, the grip-
ping force was measured at maximum effort'”. The meas-
urements were registered three times on each side, and the
maximum value was used.

2) One-leg standing time

The subject was instructed to stand on one leg with
their eyes open and with arms at their sides for a maximum
of 30 sec. The maximum value of the three measurements
on each leg was used for evaluation®””. The criterion to
stop the measurement was when the non-tested leg con-
tacted the floor or when the tested leg was displaced. Dur-
ing the examination, subjects were closely observed for fall
prevention from the side of the non-tested leg. If one-leg
standing on either side was considered to be impossible or
dangerous (due to skeletal conditions or pain) to perform,
the test would be discontinued.

3) Two-step test

The Japanese Orthopaedic Association proposed a
two-step test as one of the evaluation methods that can be
easily performed for assessing the locomotive syn-
drome™?’. Its evaluation has been shown to have a relation-
ship with the 10-m walking speed, 6-minute walking dis-
tance, and the degree of daily life independence™. Also, the
two-step test is strongly correlated with dynamic balance
assessments such as the Timed Up and Go test (TUG), indi-
cating its usefulness as an indicator of dynamic balance
ability®’. The two-step test measures the length of two
steps, and the two-step value for standardization is the ratio
of the maximum length of two steps to the subject’s height.
Measurements were performed for the maximum length at
which the subject’s balance is maintained three times, and
the maximum value was used for evaluation. The test
should be conducted under the supervision and within the
range of not losing balance and not jumping.

The above evaluations were performed by the re-
searcher, a physical therapist working at a home-nursing
station.

Intervention method

The control group’s usual home-based rehabilitation

program was conducted for 40 minutes per visit, focusing

on general coordination, range of motion, muscle strength-
ening, and basic movement. Based on the usual home-
based rehabilitation program provided in Table 1, each
therapist implemented an individual program according to
the needs and conditions of the subject. They were con-
ducted twice a week on average.

The intervention group performed towel gathering ex-
ercises twice a week for about three months in addition to
the regular home-based rehabilitation program described
above (Table 1). Towel gathering is the most often used ex-
ercises for improving the toe-grip strength®. According to a
schedule, seven physical therapists working at a home-
nursing station, including the researcher, randomly pro-
vided the control and the intervention home-based rehabili-
tation services to the control and intervention group.

The towel gathering exercise consisted of sitting on a
bed, or a chair with the knee bent at approximately 90° with
the heel on the floor, flex back the foot with a maximum ef-
fort by flexing the toes. The subject repeated the exercise to
feel his lower limbs felt tired; he/she stopped for a 30-sec
break and then repeated the movement. This series of exer-
cises was performed three times in a row for approximately
three minutes per set. The towel gathering exercise was per-
formed as one set in addition to the regular rehabilitation
program during the therapist’s visit. The subjects were also
encouraged to voluntarily perform the towel gathering exer-
cise the rest of the days and mark them on a calendar pro-
vided to them in advance. The number of therapists’ visits
was determined by the number of days provided by the
nursing care insurance during the evaluation period. The
number of days of towel gathering exercises was counted
based on the number of marks on the calendar handed to
the subject in advance.

Statistical analysis

The statistical analysis was performed by a different
researcher from the one who organized the data. JMP
12.0.1 software (SAS Institute, Cary, NC, USA) was used
for the statistical analysis. The primary outcome was one-
leg standing time, and the secondary outcomes were two-
step test and toe grip strength. Statistical methods were de-
termined based on the results of the Shapiro-Wilk test for
normal distribution. Parametric methods were used for nor-
mally distributed data, and non-parametric methods were
used for non-normal distribution. Wilcoxon signed-rank
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Fig. 1.

test determined changes in data assessed before and after
the intervention, and comparisons with the control group
were calculated using Wilcoxon rank-sum test. The level of
statistical significance was set at 5%.

Results

1. Subjects

The flow diagram of the subjects is shown in Figure 1.
Seventeen subjects were assigned to the intervention group
and seventeen to the control group by block randomiza-
tion'”’. Data from 15 and 12 subjects in the intervention
group and control group, respectively, who were able to
complete the initial evaluation and the evaluation after 3
months, were analyzed.

2. Baseline Characteristics

The baseline values were compared for the basic at-
tributes and background factors in both groups (Table 2).
There were no significant differences in age, sex, nursing
care level, home-based rehabilitation period, evaluation pe-
riod, number of days visited by home-based rehabilitation
during the evaluation period, or frequency of visits between
the groups.

3. Comparison between the intervention and the control
group (Table 3)

Flow diagram of participants

First, each assessment was compared between the in-
tervention and control groups at the initial assessment time
(T1) as a baseline. There was no significant difference in
one-leg standing time, two-step values, and the toe-grip
strength. Next, we compared the amount of change after 3
months of evaluation (T2-T1) in the intervention group
with the change in the control group. The results showed
that although there was no significant difference in the one-
leg standing time in the results of both the right and left leg,
the left/right mean value in the intervention group was sig-
nificantly greater than that in the control group. No signifi-
cant difference was observed in toe-grip strength and two-
step values between the groups.

In terms of the amount of change in the intervention
period (T2-T1) within each assessment, there was no sig-
nificant change in the control group in any of the assess-
ments. In contrast, there were significant improvements in
both the toe-grip strength and the two-step values in the in-
tervention group. There were no significant intragroup
changes in the one-leg standing time in either the interven-
tion or control group.

Discussion

1. Changes in toe-grip strength
In the present study, we compared the change in the
intervention group (T2-T1) with the change in the control
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Table 2. Baseline comparison of intervention and control groups

Intervention Group  Control Group

Data Item (n=15) (n=12) P value
Age (years, mean+SD) 76.2+12.2 80.5+£7.7 0.51#
Sex (male/female) 5/10 5/7 0.71#
Level of nursing care# 0.20%2
Support level 1 2 0
Support level 2 3 4
Care level 1 1 4
Care level 2 6 3
Care level 3 2 1
Care level 4 1 0
Care level 5 0 0
Disease (including duplication) 0.33#
Cerebral vascular disorder 7 3
Orthopedic disorders 4 8
Internal disorder 5 5
Hypertension 5 2
Diabetes 3 2
Self-immune disorders 1 0
Mental disorder 0 1
Home-based rehabilitation period# (days, mean+SD) 928.7+993.1 907.1+£991.9 0.79%
Evaluation period (days, mean+SD) 105.5+8.1 107.8+7.4 0.51#
Number of days visited (days, mean+SD) 26.0x11.7 28.0+6.4 0.21#
Frequency of visits (days/week, mean+SD) 1.7£0.8 1.8+0.5 0.61#

#1: Wilcoxon rank sum test
#2: Chi-squared test

#3: Level of nursing care determined by the long-term care insurance system. Patients apply for the care need

assessment at the city office.

#4: Utilization period determined by the number of days from the start of use of the home nursing station to

the date of the first evaluation.

group after 3 months of evaluation. There was no signifi-
cant difference in toe-grip strength. This result suggests that
toe-grasping exercises had no effect on toe-grip strength.
However, the results of the pre/post comparison within the
groups showed that there was no significant change in both
the left/right values and the mean values in the control
group, while there was a significant improvement in the in-
tervention group. This result supports the usefulness of toe-
grasping exercises to some extent. In previous studies, re-
sults in young people®
quire care”’ have shown that training improves toe-grip
strength regardless of age or disease status. In any case, the
effect of the current toe-grasping exercises may have been
small. The method and frequency of training are issues to
be studied in future researches.

and in other older adults who re-

2. Effect of toe-grasping exercises on balance ability

We compared the amount of change after 3 months of
evaluation (T2-T1) in the intervention group with the
change in the control group. As a result, although there was
no significant difference in one-leg standing time in the

right and left leg results, the left/right mean value in the in-
tervention group was significantly greater than that in the
control group.

Since we found a significant correlation between the
toe grip strength and one-leg standing time results in home-
based rehabilitation users who require assistance or super-
vision for mobility'”, the hypothesis of the present study,
that improvement of toe-grip strength by toe-grasping exer-
cises would affect the improvement of balance ability such
as one-leg standing time, was confirmed by the results of
this study. However, it is necessary to consider the reasons
for the rather weak results to confirm the hypothesis, such
as the fact that no significant difference was obtained in the
results of the one-legged standing time measurement for the
left and right sides. One of the reasons for this, as men-
tioned above, was that the toe-grasping exercises had little
effect on toe-grip strength. Another consideration is that
toe-grip strength has a small influence on one-leg standing
time. Yamauchi et al.”” examined whether postural stability
during one-legged standing, using the center of pressure,
was related to the toe-grip strength in healthy young adults
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and found no significant correlation. This result suggests
that the toe-grip strength does not have a substantial role in
postural stability during static standing. Therefore, it is pos-
sible that toe-grasping exercises are not effective in influ-
encing one-leg standing time.

On the other hand, the two-step value
significant difference between the intervention and control
groups at the 5% level. However, it could be argued that a
result of P=0.083 and an effect size of r=0.51 do not mean
that there is no significant difference, but that there is a ten-
dency for some improvement. In fact, within-group com-
parisons before and after the intervention showed a signifi-
cant improvement in the intervention group. Fukuda et al.”®
found that toe-grip strength training significantly improved
walking speed and stride length during a 10 m walk in
young, healthy subjects. They attributed the increase in toe-
grip strength to an increase in stride length due to increased
propulsive force and stability at the time of stepping off the
toes. The present results may have affected the two-step
value for the same reason. These results indicate that in-
creasing toe-grip strength can leads to an increase in dy-
namic balance ability.

These results suggest the clinical significance of pro-
viding more training to improve toe function in rehabilita-
tion programs at medical institutions and nursing facilities.

* did not show a

3. Limitations of this study

This study has several limitations. First, the sample
size was smaller than previously estimated because of the
inability to secure a sufficient number of cases within the
study period and the difficulty in extending the study period
due to the researchers’ change in affiliations. As a result,
the power of the study was reduced, the rate of -error in-
creased, and significant differences may have been over-
looked. Therefore, we did not discuss only the significant
difference, but also the effect size. Second, there is a possi-
bility that the control group may have been mixed with the
intervention group. Since the home-based rehabilitation
program is individualized to meet the needs and conditions
of the subjects, we cannot deny the possibility that some
toe-grasping exercises were conducted for the subjects in
the control group. However, in the current home-based re-
habilitation program, it is realized that each therapist does
not provide toe-grasping exercises to all subjects by default.
The fact that there was a significant difference between the
two groups, even with the possibility that the control group
was included in the intervention, may strengthen this sig-
nificance. Third, all assessments in this study were con-
ducted by a single physical therapist. There may be some
influence of bias because other therapists participating in
the intervention could grasp the study’s contents to some
extent. Further study is warranted to verify our findings in
larger-scale trials.

Conclusion

In this study, we found that toe-grasping exercises
could improve the balance ability of home-based rehabilita-
tion users who require assistance or supervision for mobil-
ity. This suggests the clinical significance of providing
more training to improve toe function in rehabilitation pro-
grams at medical institutions and nursing facilities.

Conflict of Interest: None.
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ABSTRACT. OBJECTIVE: Adequate physical activity after stroke is critical for cardiovascular health. Al-
though sex is a potential factor associated with post-stroke physical activity, its mechanism remains unclear.
This study aimed to examine sex differences in human physical activity following stroke. METHOD: A
cross-sectional study with 62 participants (men: 42, women: 20) was conducted. Physical activity was meas-
ured for three consecutive days using a step activity monitor. The walking durations per day in light physi-
cal activity, moderate-to-vigorous physical activity, and total physical activity were calculated. Sex differ-
ences in walking duration were compared using Welch’s t-tests or Mann-Whitney U tests. RESULTS:
Women had a significantly greater walking duration in light physical activity and in total than did the men.
In contrast, no significant differences were found in moderate-to-vigorous physical activity. CONCLUSION:
This study reported sex differences in the walking duration after stroke. Moreover, it found that women
spent more time in low intensity physical activity than men. Our results will be useful for planning interven-
tions to increase physical activity and decrease sedentary behavior after stroke.

Key words: Physical activity, Stroke, Intensity, Guideline

(Phys Ther Res 24: 280-284, 2021)

Increasing physical activity (PA) after stroke is important
to control risk factors associated with further cardiovascular
disease”. The American Stroke and Heart Association’s PA
recommendations® state that people with stroke should en-
gage in aerobic activity, defined as 40-70% of the maximal
oxygen consumption reserve or heart rate reserve (equiva-
lent to moderate-vigorous physical activity; MVPA) for 20-
60 minutes, 3-5 days per week. Nevertheless, many
community-dwelling people with stroke are physically in-
active”.

Although sex is a potential factor associated with post-
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stroke PA, the results obtained to date are controversial*®.

> concluded that there were no sig-
nificant correlations between PA levels and sex. Another
meta-analysis® reported a small relationship between PA
and sex. However, the meta-analysis findings® were based
on the results of only two studies (n = 58).

Sex may have an impact on different PA categories”™.
In healthy older populations, men tend to spend more time
in some domains, including vigorous and leisure-time PA,
compared with women, whereas women tend to spend more
time in light physical activity (LPA), such as in household
and non-leisure/non-sport activities compared with that in
men”. In terms of MVPA patterns, one study’’ reported
that women accumulated more short bouts (1-9 minutes) of
MVPA than men did; in contrast, men accumulated more
long bouts (>10 minutes) of MVPA than women did. Thus,
it is necessary to consider the PA intensity and MVPA bout
length when analyzing sex differences in PA after stroke.

The present study aimed to examine the sex differ-

Two systematic reviews
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ences in physical activity after stroke. We hypothesized that
women would spend more time than men in LPA and short-
bout MVPA, and that men would spend more time than
women in long-bout MVPA.

Methods

Study design and participants

This study used a cross-sectional design and is part of
a prospective study aiming to determine the longitudinal
PA changes in stroke people after discharge. Individuals
with ischemic or hemorrhagic stroke were recruited from a
rehabilitation hospital. All participants were enrolled at dis-
charge from the rehabilitation ward. Inclusion criteria were
1) first-ever stroke, 2) discharge to home, 3) independently
mobile over 10 meters with or without walking aids or or-
thosis, and 4) able to understand simple instructions. Exclu-
sion criteria were 1) Mini-Mental State Examination score
<24, 2) mobility problems before stroke, and 3) severe
medical conditions, such as recent myocardial infarction or
unstable angina. All individuals provided written informed
consent to participate. This study was approved by the Eth-
ics Committee at Ibaraki Prefectural University of Health
Sciences (approval number: el71).

Procedure

Measurements of participant characteristics were col-
lected at discharge and home visit. A systematic review® re-
ported that age, sex, physical function, depression, fatigue,
and self-efficacy were factors associated with post-stroke
physical activity. The 2-minute walk test'” (one trial), 10-
meter walk test'” (three trials at fastest speed), timed-up and
go test'” (three trials) were performed at discharge to meas-
ure physical function. The Mini-Mental State Examina-
" (cognitive status) was also examined. Then, research
staff conducted a home visit within one month after dis-
charge and evaluated patients via the Patient Health
Questionnaire-9'’ (depression), Fatigue Severity Scale "’
(fatigue), Modified Falls Efficacy Scale'® (self-efficacy)
and activity monitor (PA).

A StepWatch Activity Monitor (Modus Health, Ed-
monds, Washington) was strapped above the lateral malleo-
lus of the less-affected lower extremity. The StepWatch
Activity Monitor is a valid and reliable tool for measuring
walking activity in people with stroke'”’. Participants were
asked to wear the monitor for three consecutive days during
all waking hours, except during bathing and swimming ac-
tivities. At discharge, participants received standard advice
to perform PA, but no instruction was given to encourage
PA at home visit. Step data were collected every 5 seconds.

tion

Data Analysis
Data for wearing times greater than 8 hours per day
were used for data analysis. Non-wearing was defined

when no stride was detected for at least 90 consecutive
minutes. The start of a walking bout was defined as three
strides within a 15-second interval, and the end of a walk-
ing bout was defined as a 10-second interval in which no
strides occurred®'"”. Because the StepWatch Activity Moni-
tor detects a stride on the mounting side, the output was
doubled and expressed as steps. The number of steps, walk-
ing duration, and walking cadence for each walking bout
were calculated.

To define the intensity of activity, we calculated the
peak cadence ratio as the ratio of walking cadence in each
walking bout to the maximum walking cadence during the
measurement period. For example, when the walking ca-
dence in a walking bout was 50 steps/min and the maxi-
mum walking cadence during the measurement period was
100 steps/min, the peak cadence ratio was 0.5. Energy ex-
penditure in walking at a comfortable pace among stroke
survivors was approximately 3 metabolic equivalents®’,
corresponding to MVPA. Cadence during low-sequential-
step bouts cannot be considered a comfortable walking
pace, because these activities are performed at a slower
speed®”’. In contrast, cadence during high-sequential-step
bouts can be used to define MVPA because it represents
walking toward a destination or exercise®™. We operation-
ally defined a high-sequential-step bout as >300 steps'” and
classified each walking bout into either LPA or MVPA
based on the peak cadence ratio during high-sequential-step
bouts.

We used SPSS version 25 (IBM Corp, Armonk, NY)
for the statistical analyses. Sex differences in participant
characteristics were compared using Fisher’s exact test,
Welch’s t-tests, or Mann-Whitney U tests according to the
normality of the data. We used the cut-off point of a high-
sequential-step bout (2300 steps) in relation to the peak ca-
dence ratio to define activity intensity (LPA or MVPA).
The cut-off point was determined by receiver operating
characteristic curves and Youden’s index. Then, walking
durations per day in LPA, MVPA, and total (LPA plus
MVPA) were calculated. MVPA was further divided into
two types according to length of each walking bout: short-
bout MVPA (1-9 min) and long-bout MVPA (>10 min)”.
The walking durations per day are expressed as the product
of duration per bout and the number of bouts per day.
Therefore, we calculated the median duration per bout and
the number of bouts per day in LPA, MVPA, and Total.
The step activity was calculated for each day, and the aver-
age values across days were used in the analysis of group
differences. Sex differences in each walking variable were
compared using Welch’s t-tests or Mann-Whitney U tests
according to the normality of the data. A p-value <0.05 was
used to determine statistical significance.
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Table 1. Participant demographics

Men (n=42) Women (n=20) p-value
Age (y) 63+13 64 +7 0.89
Stroke type, n (infarction/hemorrhage) 29/13 10/10 0.12
Lesion side, n (right/left) 27/15 3/17 <0.001
Post-stroke duration (days) 143 = 51 155 +49 0.41
Post-discharge duration (days) 17+9 16 £8 0.66
Mini-Mental State Examination (0-30) 30 (26-30) 29 (25-30) 0.11
Patient Health Questionnaire-9 (0-27) 2 (0-5) 1 (0-5) 0.79
Fatigue Severity Scale (9-63) 24 (16-40) 18 (14-30) 0.29
Modified Falls Efficacy Scale (0-140) 129 (105-139) 131 (119-139) 0.44
Walking with orthosis, n (%) 16 (38%) 5 (25%) 0.23
Walking with cane, n (%) 18 (43%) 8 (40%) 0.53
2MWD (m) 150 + 457 153 +47 0.79
Gait speed: fastest (m/s) 1.5+£0.7F 1.5+£0.5 0.82
Timed up and go test (s) 12 (9-14) * 10 (8-14) 0.26

Abbreviations: 2MWD, 2-minute walk distance

T n =1 missing, £ n =2 missing

Mini-Mental State Examination score ranges from 0 to 30. High scores indicate good cog-

nitive function. Patient Health Questionnaire-9 score ranges from 0 to 27. High scores in-

dicate higher levels of depressive symptoms. The Fatigue Severity Scale score ranges

from 9 to 63. High scores indicate greater fatigue severity. The Modified Falls Efficacy

Scale score ranges from 0 to 140. High scores indicate higher fall efficacy.

Results

In total, 239 people with stroke were screened, 162
fulfilled the inclusion criteria and 62 participants (42 men,
20 women) agreed to participate in the study. Table 1 pre-
sents the participant characteristics and the comparisons be-
tween men and women. No sex differences were found
among factors associated with post-stroke PA®. Although
PA data for 10 participants (men: seven; women: three)
were available for only two days, all 62 participants were
included in the analyses. Mean wearing time was 712 *
144 min/day in men and 803 + 122 min/day in women.

The receiver operating characteristic curves analysis
revealed that the area under the curve for high-sequential-
step bout (2300 steps) in relation to the peak cadence ratio
was 0.961 (95% confidence interval: 0.957-0.966), and the
optimal cut-off value was 0.655, correlating to 65.5% of the
maximum walking cadence during the measurement period.
Therefore, walking bouts in which the peak cadence ratio
was less than 0.655 were defined as LPA, and those with a
peak cadence ratio greater than or equal to 0.655 were de-
fined as MVPA. The mean maximum walking cadence dur-
ing the measurement period for all participants was 106 *
14 steps/min. The cut-off value corresponded to a walking
cadence of 69 * 9 steps/min.

Table 2 presents the comparison of sex differences in
walking duration. Women had a significantly greater walk-
ing duration in total and LPA. No sex differences were
found in any parameter in MVPA. In all participants, the

average MVPA duration was 44 minutes. Of these, 75%
were short-bout MVPA. Figure 1 shows a comparison of
sex differences in the median duration per bout and the
number of bouts per day. Women had a significantly
greater number of Total and LPA bouts per day. No sex dif-
ferences were found in the median duration per bout.

Discussion

The present study aimed to examine sex differences in
human physical activity after stroke. The results showed
that women had significantly greater Total and LPA walk-
ing durations. In contrast, there were no significant sex dif-
ferences in any parameter in MVPA.

This study showed that women had a significantly
greater walking duration per day than men did. Previous
studies*® have reported mixed results in terms of sex differ-
ences in PA after stroke. Our results demonstrated sex dif-
ferences in participant’s walking durations after stroke.

This study showed that the greater walking duration
observed in women was attributable to an increased walk-
ing duration in LPA compared with that of men. This is
consistent with previous studies™’ that reported healthy
older woman spent more time in LPA, such as in household
activities, than older men. These findings suggest that,
compared with men, women spend more time in housework
before stroke and continue to be involved in household ac-
tivities after stroke. Gender roles could explain the sex dif-
ferences in LPA in people after stroke.
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Table 2. Comparison of walking duration between men and women

Men (n=42) Women (n=20)
p-value
mean + SD  Median (25%-75%) mean +SD  Median (25%-75%)
Total (min) 115 +59 108 (70-152) 140 £ 41 143 (110-164) 0.042
LPA (min) 68 =45 56 (40-86) 103 £ 36 106 (78-128) 0.001
MVPA (min) 47 + 31 45 (18-68) 37+ 19 34 (22-54) 0.45
Short-bout 3022 24 (14-43) 26+ 14 24 (17-31) 1.00
Long-bout 17 £20 6 (0-31) 11£16 3(0-17) 0.21
Short-bout: lasting 1-9 min, Long-bout: lasting > 10 min
(A) Median duration per bout (B) Number of bouts per day
250 | O Men [ Women . 500 p<0.01 p<0.01
200 ° 400 ° o
)
° 2
S 150 ° 3 300 .
3 ° oM 8 S
1) 100 200
50 100
= = =T 4
. == == . =
Total LPA MVPA Total LPA MVPA
Fig. 1. Comparison of median duration per bout and the number of bouts per day between men and women

The median duration in LPA was 56 min/day in men
and 106 min/day in women. A previous study> reported
that replacing one hour of sedentary time with LPA was as-
sociated with 18% lower mortality. Thus, differences in
LPA duration of approximately 40 minutes between men
and women in our sample may affect health outcomes. This
study also showed that the greater duration of LPA in
women than men was due, not to an increase of duration
per bout, but to an increase in walking bouts (Fig. 1). These
findings suggest that after stroke, men could benefit from
interventions, such as counseling aimed to encourage re-
placing sedentary time with frequent LPA.

Little is currently known about sex differences in
MVPA after stroke. Our results revealed no significant sex
differences in MVPA duration, regardless of the length of
the walking bout. In this study, 75% of the total MVPA
were short-bout MVPA. This result suggests that short-bout
MVPA is easily acceptable for people after stroke com-
pared to long-bout MVPA. Total MVPA duration was
strongly associated with lower mortality, regardless of how
the MVPA was accumulated™.

We defined the intensity of activity based on the rela-
tive indicator of cadence. The advantages of this method
are that it is adaptable to a range of stroke participants with
various walking abilities. The threshold between LPA and
MVPA was 0.655 in the peak cadence ratio, corresponding
to a cadence of 69 = 9 steps/min. This cut-off definition
was higher than that reported in previous studies™*”, which
defined MVPA as >30 steps/min. In addition, our cut-off

definition was close to the established threshold value of
100 steps/min for MVPA in healthy adults”’. Although
there is no established definition of MVPA after stroke, we
believe that our definition of activity intensity was reason-
able and useful for people after stroke with various walking
disabilities.

The present study involved several limitations. Firstly,
we asked participants to wear a step activity monitor for
three consecutive days. However, data for 10 participants
were only available for two days. A previous study reported
that monitoring for more than a 3-day period is recom-
mended for high reliability™. Secondly, we collected step
data every 5 seconds to ensure accurate representation of
continuous stepping. Although the optimal epoch length to
measure PA for people after stroke remains unclear, our re-
sults might have differed if we had collected step data using
a longer epoch®. Thirdly, although one female participant
walked in a pool during the measurement period, swim-
ming activities were not considered due to restrictions of
the step activity monitor. Finally, the results have limited
generalizability because our patients had mild walking dis-
ability (2-minute walk test of 151 m and a fastest gait speed
of 1.5 m/s).

Conclusion

In conclusion, sex differences were found in the walk-
ing duration in people after stroke. Women more frequently
engaged in and spent more time in LPA than men. In con-
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trast, no sex differences were found in MVPA. Our results
will be useful for planning interventions to increase PA and
decrease sedentary behavior after stroke.
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CASE REPORTS

Impairment in Physical Function and Mental Status in

a Survivor of Severe COVID-19 at Discharge from an Acute

Care a Hospital: A Case Report
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ABSTRACT. Background: Early mobilization and rehabilitation interventions should be provided to pa-
tients who survived severe COVID-19 to improve their physical function and activities of daily living (ADL).
However, their physical and mental status at discharge has not been well described in Japan. We report the
intervention provided for a survivor of severe COVID-19 and his physical and mental status at discharge
from an acute care hospital. Case Report: A 62-year-old man was admitted to our emergency department
with a diagnosis of COVID-19 with severe acute respiratory dysfunction. He had complicated intensive care
unit-acquired weakness (ICU-AW) and delirium during mechanical ventilation therapy. Rehabilitation in-
tervention was initiated on the seventh day post-admission and was gradually performed according to his
respiratory and hemodynamic status. As a result of the rehabilitation intervention, ICU-AW and cognitive
function gradually improved. On hospital day 37, he independently performed basic ADL and was dis-
charged. However, he lost approximately 9% of his body weight at discharge. In addition, his hand grip
strength and six-minute walking distance were lower and shorter than the reference values, respectively. His
mental component summary of the Short Form-8™ was lower than the national standard deviation for the
Japanese population. Conclusion: Although survivors of severe COVID-19 who undergo early rehabilitation
can be discharged from an acute care hospital, they may have several impairments in their physical and
mental status, including muscle function, diffusion capacity, exercise tolerance, and health-related quality of

life.

Key words: SARS-CoV-2, COVID-19, Early mobilization, Rehabilitation, Post-ICU syndrome

(Phys Ther Res 24: 285-290, 2021)

Severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2), a new coronavirus that emerged in 2019, causes
coronavirus disease 2019 (COVID-19)". Although approxi-
mately 5% of COVID-19 patients who are admitted to the
intensive care unit (ICU) require advanced critical care
such as mechanical ventilation support or extracorporeal
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membrane oxygenation”, the mortality among patients ad-
mitted to the ICU ranges from 39% to 72%"”.

However, even if these patients survive, survivors of
severe COVID-19 are thought to experience complications
such as severe respiratory dysfunction, ICU-acquired weak-
ness, and delirium*”. Therefore, World Health Organization
(WHO)® recommends that early mobilization and rehabili-
tation interventions should be provided when it is safe to do
SO.

The clinical course of oxygenation, physical function,
cognitive function, and activities of daily living (ADL) in
survivors of severe COVID-19 who underwent early reha-
bilitation have not been well described. Even if they have a
good clinical course, recovery of their physical and mental
status at discharge from the acute care hospital may be in-
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adequate. However, it has not been clarified enough to un-
derstand the impairments after COVID-19 recovery.

We encountered a case of severe COVID-19 in which
the patient underwent early rehabilitation in the ICU. We
report on the course of his physical function and mental
status and present the problems that a survivor of severe
COVID-19 may have at discharge from an acute care hos-
pital.

Case Presentation

A 62-year-old man (body mass index: 27.4 kg/m®) was
admitted to our emergency department in early April 2020
with severe acute respiratory infection. He had some risk
factors for developing severe COVID-19, such as being
male and having at least one co-existing comorbidity (hy-
pertension/diabetes ). Patient tested positive for SARS-
CoV-2 by reverse-transcriptase polymerase chain reaction.
Then, he was intubated and placed on a mechanical ventila-
tor. After admission to the negative-pressure room in the
ICU, the patient was provided with deep sedation using of
vecuronium, a neuromuscular blocking agent, for the first
48 hours to prevent ventilator-induced lung injury, which
could occur if a patient exerts strong spontaneous respira-
tory efforts and has continuous refractory hypoxemia. He
was managed with high positive end-expiratory pressure
ventilation (PEEP) and lung-protective ventilation accord-
ing to the treatment guidelines” of acute respiratory distress
syndrome (with plateau pressure less than or equal to 30 cm
H.O and tidal volumes based on the patient’s height). In ad-
dition, favipiravir and azithromycin were administered for
compassionate use for 14 days.

The treatment and rehabilitation courses during the
ICU stay are shown in Fig. 1. On day 4 of ICU admission,
PEEP decreased as the P/F ratio improved to 304, and seda-
tion was reduced to initiate a daily awake. On day 7, reha-
bilitation was started to improve physical function and pre-
vent post-intensive care syndrome (PICS). However, as the
sedative was reduced, the patient became agitated, and the
P/F ratio decreased to <100; hence, midazolam was used in
addition to propofol. On day 9, propofol was discontinued
due to elevated creatinine kinase and suspected propofol-
infusion syndrome, which is a potential risk factor for hy-
percoagulation. Therefore, rehabilitation from day 7 to day
10 consisted of a range of motion exercises and positioning
by a physiotherapist. The physiotherapist who provided re-
habilitation to patients with COVID-19 had specialized
knowledge and skills with previous ICU experience and
was trained in appropriate donning and doffing of personal
protective equipment (PPE). Whenever the patient under-
goes exercise and rehabilitation, the attending physiothera-
pist and other staff entering the negative-pressure room
used full PPE (isolation gown, gloves, N95 mask, hair cap,
and face shield to protect the eyes).

We stopped sedation and resumed daily awake on day
10. The next day, the patient was able to follow orders from
the medical staff, and his status (clinical presentation, respi-
ratory, and hemodynamic function) was stable, so the mo-
bilization program was started actively. Mobilization was
performed in serial stages of sitting, standing, and stepping
with doctors, nurses, and the physiotherapist wearing full
PPE (Fig. 2) from day 11 to day 16 (approximately 30 min/
day). We performed the first physical function (Medical
Research Council Sum Score: MRC-SS) and mental health
(Confusion assessment method for the intensive care unit
[CAM-ICU]) assessment on day 11 of ICU admission. In
the initial stage, the patient had significant muscle weak-
ness and was cognitively impaired. In addition, the func-
tional status score for the ICU (FSS-ICU), which is a 5-
item and 35-point assessment of movement on a bed, trans-
fers, and ambulation designed for ICU patients, was very
low (5 points). The patient required assistance in all his
movements during the ICU stay. The spontaneous breath-
ing trial began on day 14, and the patient was successfully
extubated the next day. He was discharged from the ICU on
day 16. His hemodynamic status remained stable (mean ar-
terial pressure >65 mmHg) during the ICU stay, and he had
no other signs of organ failure, such as acute kidney injury
or acute liver injury.

After ICU discharge, the patient was managed in a
dedicated COVID-19 ward, and his activity was still re-
stricted due to the risk of infecting other patients. Rehabili-
tation was continued with full PPE and direct intervention
once a day after ICU discharge. Then, we gave him an ex-
ercise pamphlet prepared by physiotherapists to encourage
self-training. After discharge from the ICU, his muscle
strength and cognitive function gradually improved. The
MRC-SS increased to more than 48 points on day 22, and
his disorientation improved on day 24. It took the patient 21
days from ICU admission for bed mobility and transfer to
become independent of medical staff, and 31 days to regain
ambulation in his room. On day 37 after admission, the pa-
tient was discharged home after confirmation with two
negative PCR results. Prior to discharge, the patient’s
physical function and mental health status were evaluated.

Physical Function and Mental Health
Status at Discharge

The patient’s physical function and mental health
status at the time of discharge are shown in Table 1. Dis-
ability in performing basic ADL was assessed by the func-
tional independence measure (FIM) score at discharge; FIM
score was 126 points, indicating functional independence in
the motor and cognitive domains. However, body composi-
tion decreased slightly: his body weight decreased by 7.2
kg from admission, and body mass index decreased from
27.4 kg/m® to 25.1 kg/m*. Muscle strength was assessed us-
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Fig. 1.
*: intubated

Treatment and rehabilitation course during intensive care unit stay

A/C, Assist/Control; SPONT, Spontaneous; AP, inspiratory positive airway pressure above PEEP; PS, pressure support;

PEEP, positive end-expiratory pressure; PaO,, partial pressure of arterial oxygen; FiO,, fraction of inspiratory oxygen;
RASS, Richmond Agitation-Sedation Scale; GCS, Glasgow Coma Scale; BPS, Behavioral Pain Scale; CAM-ICU, Confu-
sion assessment method for the intensive care unit; MRC-SS, Medical Research Council Sum Score; FSS-ICU, Functional

status score for the intensive care unit; ROM, range of motion; MST, muscle strengthening training.

Fig. 2. Active mobilization with medical staff wearing full
personal protective equipment in a negative-pressure
room

ing the Jamar handgrip dynamometer (Sammons Preston
Rolyan, Bolingbrook, IL, USA) and isometric knee exten-
sion strength using a handheld dynamometer (u-Tas MT-1;
Anima, Tokyo, Japan). The average grip strength on the left
and right was 30.4 kgf, and the average isometric knee ex-
tension strength on the left and right was 37.2 kgf. We con-
ducted a six-minute walk test to assess exercise tolerance.
The six-minute walk distance (6MWD) was 425 m, and
percutaneous arterial oxygen saturation (SpO.) decreased
from 96% to 92% at the end of walking.

Finally, mental health was assessed at discharge using
the Short Form-8 ™ (SF-8™') questionnaire (Japanese ver-
sion) and the five-item version of the Geriatric Depression
Scale (GDS-5). The SF-8™ is a short version of the Short
Form-36 ™ (SF-36™"), which measures health-related qual-
ity of life using eight subscales, and can be classified into a
physical component summary (PCS) and a mental compo-
nent summary (MCS). His PCS was about the same as the
national standard deviation for the Japanese population,
while his MCS was markedly lower than the national stan-
dard deviation for the Japanese population. On the GDS-5,
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Result of rehabilitation assessment at time of home discharge

Outcome measure

Assessment tool

Value (on admission to hospital)

Body composition

Muscle strength

Balance function
Physical performance

Activities of daily living

Exercise tolerance

Health-related quality of life

Depression symptom

Body weight
Body mass index
Calf circumference
Arm circumference
Triceps skinfolds
Hand grip strength (Rt.)/(Lt.)
Quadriceps isometric strength (Rt.)/(Lt.)
Berg balance scale
SPPB total score
-Balance score
-Gait speed score
-Standing chair score
FIM total score
-Motor subtotal score
-Cognitive subtotal score
6-minute walk test (room air)
Distance
SpO: (pre) — (post)
Pulse rate (pre) — (post)
Respiratory rate (pre) — (post)
Rate of perceived exertion
SF-8 physical component summary
SF-8 mental component summary
Geriatric depression scale-5

76.8 kg (84 kg)

25.1 kg/m? (27.4 kg/m?)

34.0 cm (35.0 cm)
32.5 cm (34.0 cm)
1.3cm

29.9/30.8 kgf
34.1/40.2 kgf

56 points

11 points

4 points

4 points: 4.42 sec
3 points: 13.64 sec
126 points

91 points

35 points

425 m

96 — 92 %

96 — 134 bpm
20 — 28/min
chest: 3/leg: 0.5
48.4

39.4

3 points

SPPB, short physical performance battery; FIM, functional independence measure; SpO,, oxygen saturation of

peripheral artery; SF-8, Short Form -8.

which is a screening tool for depression, the patient scored
3 points. In addition, he was anxious about his life and re-
turned to work after discharge from the hospital.

Discussion

The patient was a survivor of severe COVID-19 and
underwent early mobilization and rehabilitation in the ICU.
Although he developed ICU-AW and delirium due to mus-
cle relaxation, prolonged immobility, and other factors as-
sociated with the ICU situation, his muscle weakness and
cognitive function gradually improved. Finally, the patient
attained independence in performing basic ADL and was
discharged. However, he had several impairments in physi-
cal function and mental health at discharge.

First, the patient had skeletal muscle dysfunction due
to reduced skeletal muscle mass and muscle strength. He
lost approximately 9% of his body weight during his 37-
day hospital stay. In addition, both calf and arm circumfer-
ences decreased compared to those at the initial assessment.
Weight loss is strongly associated with total-body bone-free
lean mass in older adults®. These results suggest a decrease
in muscle mass during the hospital stay. Handgrip strength
in this patient was lower than the reference value for the

Japanese community-dwelling elderly population®’. The
quadriceps isometric strength (% body weight) was 48.4%
and was considered to be low compared with the best pre-
dictive cutoff for an estimated five metabolically-equivalent
exercise capacity levels in patients with coronary artery dis-
ease'”. These changes may have occurred due to severe in-
flammation secondary to COVID-19, which causes protein
catabolism. Having limited activity in the hospital might
have contributed too. Survivors of acute respiratory distress
syndrome who presents with severe inflammation have
been reported to have significant impairment in skeletal
muscle function for six months to two years after discharge
from the ICU'. Similarly, survivors of severe COVID-19
may require longer time to recover skeletal muscle func-
tion.

Second, his 6MWD was lower than the estimated ref-
erence value obtained from the healthy subset'”, and he had
remained a significant decrease in SpO. on effort. Mo et
al. "’ revealed abnormalities in pulmonary function in
COVID-19 patients when they performed spirometry and
pulmonary diffusion capacity tests at discharge. Impairment
of diffusion capacity was the most common abnormality in
pulmonary function; an anomaly was noted in diffusion ca-
pacity of the lungs for carbon monoxide (DLCO) in 47.2%
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of all cases. Although in this case we could not assess spi-
rometry and pulmonary diffusion capacity before discharge,
it is possible that there was a decline in DLCO, as seen in
these reports. SARS is an acute, severe, lower respiratory
tract illness caused by infection with SARS coronavirus
that spread worldwide during 2002-2003'". A cohort study
of a selected SARS survivor showed significant impairment
of DLCO and lowered exercise tolerance compared to that
in the healthy controls of the same age groups at 24 months
post-illness'™. In particular, the severe cases that required
intubation after admission to the ICU had a significantly
lower DLCO than non-intubated patients at 24 months
post-illness. These findings suggest that the diffusion ca-
pacity and exercise tolerance may decline and persist for a
long time in patients with severe COVID-19.

Third, with regard to mental health, there was a
marked decrease in MCS on the SF-8™. The GDS-5 score
was also above 2 points, which is the cutoff score for
screening for depression'®. These results suggest depression
in health-related quality of life (QOL). This depression at
discharge may pertain to his anxiety regarding his life after
discharge and returning to work. In addition, the decline in
physical function may also be associated with an impaired
health-related QOL. A prospective cohort study of SARS
showed that the patient’s SF-36™ was lower than that of
the healthy population throughout the study. Moreover,
29.6% of the healthcare workers (HCW) and 7.1% of non-
HCWs who survived SARS did not return to work for two
years after illness onset”’. Mental health appears to be a
common problem in COVID-19 patients, and long-term
follow-up is necessary.

These findings indicate that survivors of severe
COVID-19 show improvement in ADL and acute respira-
tory symptoms; however, they still have impairments in
physical function and mental health at discharge. Although
the majority of COVID-19 patients do not require ICU ad-
mission, we should note that patients who received inten-
sive care and required ventilators may be discharged with
several impairments. Recently, the lasting symptom burden
after COVID-19 recovery, such as chronic cough, shortness
of breath, chest tightness, cognitive dysfunction, and ex-
treme fatigue, have been reported”"’. These symptoms
have persisted for six months after acute infection"’
have come to be known as “long COVID” or “post-
COVID-19 syndrome”*’. Although there have been no
follow-up studies of patients with severe COVID-19 exclu-
sively, these patients may have more impairments, as in this

and

case.

A previous study involving a 6-week respiratory reha-
bilitation training program for elderly patients with
COVID-19 after discharge showed that it improved respira-
tory function, exercise tolerance, and QOL*"’. At present,
our hospital and many hospitals in Japan have not yet es-
tablished a system to provide outpatient rehabilitation for

survivors of COVID-19. Physical therapists should care-
fully assess COVID-19 inpatients, especially those with se-
vere COVID-19, not only for the return of ADLSs to healthy
levels but also for lasting impairment in disease-specific
physical function and mental status. In addition, a system
that can provide continuous rehabilitation and assessment
for survivors of severe COVID-19 affected with muscle at-
rophy, exercise intolerance, and lower QOL should be con-
sidered necessary in the future.

Conclusion

We reported physical function and mental health status
at the time of discharge in a patient with severe COVID-19
in Japan, in addition to the course of rehabilitation. After
discharge, several impairments were evident in the patient’s
physical and mental status, such as muscle function, diffu-
sion capacity, exercise tolerance, and health-related QOL.
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CASE REPORTS

Effect of Rehabilitation Nutrition Care Process on Physical
Function in Lung Cancer Cachexia: A Case Report
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ABSTRACT. Objectives: Patients with cancer cachexia have poor adherence to treatment, which affects
their prognosis. Currently, there are many studies on the effects of rehabilitation on cancer cachexia, but
there is a lack of evidence on the effects of nutrition therapy alone or in combination with rehabilitation and
nutrition therapy. This article describes a case in which rehabilitation nutrition care process was effective in
a patient with lung cancer who developed cancer cachexia. Methods: A 68-year-old woman was hospitalized
for treatment of lung adenocarcinoma. The patient had moderate malnutrition, sarcopenia, and cachexia at
the time of admission, so the authors intervened according to rehabilitation nutrition care process. The
physiotherapist mainly prescribed resistance training and aerobic exercise, 40-60 minutes a day, 5-6 days a
week. And the dietitian provided oral nutritional supplements (100 kcal, branched-chain amino acid: 3.0 g)
in addition to hospital food and adjusted the patient’s energy intake to 26.96-33.05 kcal/kg/day and protein
intake to 1.07-1.14 g/kg/day. Outcomes: Comparing the initial evaluation with the discharge, nutritional
status, such as body mass index and skeletal muscle mass, and physical functions, such as maximum grip
strength, gait speed, and functional independence measure (motor items), were improved. Conclusions: Re-
habilitation nutrition care process-based interventions may improve nutritional status and physical func-

tions more than exercise therapy alone in patients with lung cancer cachexia.
Key words: Case report, Exercise, Lung neoplasms, Malnutrition, Nutrition therapy

(Phys Ther Res 24: 291-294, 2021)

Cancer cachexia pathophysiology is characterized by pro-
gressive skeletal muscle loss that is difficult to recover ade-
quately with conventional nutritional support"”, and 83% of
hospitalized lung cancer patients have cachexia®. Patients
with cancer cachexia have decreased physical function and
quality of life (QOL), and shorter survival™”.

A systematic review that examined the effects of inter-
vention with nutrition therapy alone in patients with ad-
vanced cancer found that it may lead to improved quality of
life and reduced postoperative complication rates, but no
consistent efficacy has been demonstrated”. Two systematic
reviews of the effects of exercise therapy have reported that
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aerobic exercise and resistance training alone or combined
contribute to improvements in physical function and skele-
tal muscle mass in cancer patients undergoing medical
treatment®”. There is a concept of rehabilitation nutrition to
provide high-quality care for cancer patients, who fre-
quently develop nutritional disorders and physical dysfunc-
tion. The rehabilitation nutrition care process is a system-
atic problem-solving method, which consists of five steps:
1) rehabilitation nutrition assessment and diagnostic reason-
ing, 2) rehabilitation nutrition diagnosis, 3) rehabilitation
nutrition goal setting, 4) rehabilitation nutrition interven-
tion, and 5) rehabilitation nutrition monitoring®’. For pa-
tients with cancer cachexia, multidisciplinary intervention
with rehabilitation and nutrition therapy is expected to im-
prove physical function and nutritional status”. However,
there is insufficient evidence'”, and to the author’s knowl-
edge, no cases of cancer cachexia treated by rehabilitation
nutrition care process have been reported. In this article, the
authors report a case of lung cancer cachexia that showed
improved nutritional status and physical functions using re-
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Fig. 1. Rehabilitation nutrition care process in this patient
BW, body weight; SMI, skeletal muscle mass index; ONS, oral nutritional supplement.

Table 1. Timeline of patient’s physical and nutritional status

Change from

Hospitalization days Day2 Dayl10 Day25 Day 32 day 10 to day 32
Body weight (kg) 42.7 39.5 404 41 3.5%
BMI (kg/m2) 21.8 20.2 20.6 20.9 3.5%
SMI (kg/m2) 43 4.8 49 14.0%
ECW/TBW 0.39 0.395 0.400 2.6%
Grip strength, Rt (kg) 8.3 11.3 36.1%
Grip strength, Lt (kg) 11.4 13.9 21.9%
Gait speed (m/s) 0.87 1 14.9%
FIM, motor items (points) 61 83 36.1%
FIM, cognitive items (points) 23 25 8.7%
Hemoglobin (g/dl) 12.1 13.2 12
CRP (mg/dl) 32 0.12 0.04
Albumin (g/dl) - 35 34

BMI, body mass index; SMI, skeletal muscle mass index; ECW/TBW, extracellular water/to-
tal body water; FIM, functional independence measure; CRP, C-reactive protein.

habilitation nutrition care process.

Case

A 68-year-old woman was admitted to the hospital for
a thorough examination because of decreased food intake
and increased fatigue. The patient was diagnosed with ade-
nocarcinoma of the left upper lobe of the lung and started
treatment. The following was found at the time of cancer
diagnosis: performance status 0; distant metastasis malig-
nant pericardial effusion.

Rehabilitation Nutrition Assessment, Diagnostic
Reasoning, and Diagnosis (Fig. 1, Table 1)

The patient was of normal weight (Body Mass Index:
21.8 kg/m?) at admission, but had a weight loss of -6% on
day 10 of admission, and had moderate malnutrition ac-
cording to the Global Leadership Initiative on Malnutrition
(GLIM) criteria'”. In addition, the motor items of the Func-
tional Independence Measure (FIM) were 61 points 8 days
after admission'”. A physical function assessment was per-
formed on day 10 of admission. Bioelectrical impedance
analysis (Inbody 770, Inbody Co., Seoul, Korea) was used
to evaluate the patient’s skeletal muscle mass index, which
was 4.3 kg/m®. In addition, the patient’s grip strength was
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Table 2. Timeline of patient’s clinical course

Hospitalization days Day 1 Day 10 Day 28

Chemotherapy Osimertinib 80mg (day 15-)
Exercise therapy

Aerobic exercise 10 to 15 minutes

Resistance training, lower limbs 25-70kg, 2 sets of 10 times

Resistance training, upper limbs 10-17kg, 2 sets of 10 times
Nutritional therapy

BEE (kcal/day) 981 953 966

TEE (kcal/day) 1280 1185 1230

Energy intake (kcal/day) 600 1065 1355

Body weight ratio of energy intake (kcal/kg/day) 14.07 26.96 33.05

Body weight ratio of protein intake (g/kg/day) 0.58 1.07 1.14

BEE, basal energy expenditure; TEE, total energy expenditure.

11.4 kg, and walking speed was 0.83 m/s. Applying the
Asian Working Group for Sarcopenia 2019 criteria'”’, the
patient was diagnosed with severe sarcopenia due to low
muscle mass, low muscle strength, and low physical func-
tion (normal walking speed less than 1.0 m/s). The patient
was also diagnosed with cancer cachexia” because they had
sarcopenia and weight loss of more than 2%.

Rehabilitation Nutrition Goal Setting,
Intervention, and Monitoring (Table 2)

Physical therapy was started on the 8th day of admis-
sion, and its primary goal was to improve sarcopenia and
cachexia. Exercise therapy consisted of aerobic exercise
and resistance training, 40-60 minutes a day, 5-6 days a
week. Aerobic exercise was performed on an ergometric bi-
cycle for 10 to 15 minutes with a target heart rate (60%
load) calculated using a formula developed by Karvonen'™.
Resistance training was performed targeting the upper and
lower limbs, and the load was gradually increased to a tar-
get of 10 repetitions maximum. The subjective strength
during exercise was assessed using the modified Borg
Scale. To ensure that effective exercise could be continued,
the exercise therapy program was adjusted as necessary to
ensure that general fatigue and muscle fatigue during and
after exercise were less than modified Borg Scale 4 (low in-
tensity load)'™'®. At the time of admission, the patient’s goal
was to maintain the weight, but anorexia persisted, and
daily energy and protein intake were low. Therefore, after
the tenth day of hospitalization, when rehabilitation started,
the goal was gaining about 1 kg of body weight and im-
proving SMI during 1 month. Dietitians increased the daily
energy intake to 26.96-33.05 kcal/kg/day and protein intake
to 1.07-1.14 g/kg/day during hospitalization. In addition, an
oral nutritional supplement (100 kcal, Branched Chain
Amino Acid: 3.0 g) was provided within 30 minutes after
exercise therapy and on patient request to promote muscle
protein synthesis.

Outcomes

During hospitalization, there were no side effects of
osimertinib. Comparing the initial evaluation (on day 10)
with the discharge (on day 32), BMI had improved from
20.2 kg/m* to 20.9 kg/m®, SMI had increased from 4.3 kg/
m’ to 4.9 kg/m’, maximum grip strength had improved from
11.4 kg to 13.9 kg, gait speed had improved from 0.87 m/s
to 1.00 m/s, and FIM (motor items) from 61 to 83 points
(Table 1).

Discussion

In this study, it was suggested that interventions fol-
lowing rehabilitation nutrition care process improved the
nutritional status and physical functions more than exercise
therapy alone in patients with lung cancer cachexia.

This case was a lung cancer patient with complications
of cancer cachexia. It has been reported that 83% of hospi-
talized lung cancer patients have cachexia®, and many in-
flammatory and metabolic changes are primary factors in
cancer cachexia, including systemic inflammation, acute
phase response, protein and lipolysis, lipid mobilization, in-
creased resting energy, decreased protein and fat synthesis,
and decreased appetite'”
admission and significant weight loss 10 days after admis-
sion, suggesting that primary factors from cancer cells
caused cancer cachexia. It has been reported that patients
with lung cancer have a poor prognosis if they present with
sarcopenia, in which cachexia is one of the factors'. There-
fore, it is important for patients with lung cancer cachexia
to improve nutritional status and physical functions.

Interventions following rehabilitation nutrition care
process improved the nutritional status and physical func-
tions more than exercise therapy alone in patients with lung
cancer cachexia. A review of the effects of exercise therapy
alone in cancer patients found that the combination of aero-
bic exercise and resistance training*’’ affected physical

. This case showed anorexia before
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function and skeletal muscle mass. Still, the improvement
in grip strength was slight (improvement rate 4%)"’, and
the improvement in skeletal muscle mass was less consis-
tent, ranging from 0.4 to 3.1%*". Also, consistent efficacy
of nutrition therapy as a single intervention in cancer pa-
tients” has not been demonstrated. The effects of combined
exercise and nutritional therapy for advanced cancer has
been discussed, but the evidence is currently lacking'”. In
this case, the authors thought it necessary to improve nutri-
tional status and physical functions to continue anticancer
therapy and improve prognosis. They intervened according
to the rehabilitation nutrition care process. The effect was
to improve the nutritional status of the patient, such as BMI
and SMI, and their physical functions during hospitaliza-
tion. In particular, the improvement rate of SMI and grip
strength exceeded the results of previous studies'”*”, which
was considered the effect of multidisciplinary treatment by
the rehabilitation nutrition care process.

Conclusion

The case showed that the rehabilitation nutrition care
process might improve the nutritional status and physical
functions more than exercise therapy alone in patients with
lung cancer cachexia. It is important to use the rehabilita-
tion nutrition care process to develop multidisciplinary
treatment according to the stage of cachexia to maintain
and improve the physical function of patients with lung
cancer cachexia.

This case report was performed following the 1964
Declaration of Helsinki’s ethical standards and later amend-
ments. The patient provided informed consent for the publi-
cation of this case report.

Conflict of Interest: The authors have no financial re-
lationships to disclose.

References

1) Fearon K, Strasser F, et al.: Definition and classification of can-
cer cachexia: an international consensus. Lancet Oncol. 2011;
12: 489-495.

2) Vagnildhaug OM, Balstad TR, et al.: A cross-sectional study ex-
amining the prevalence of cachexia and areas of unmet need in
patients with cancer. Support Care Cancer. 2018; 26: 1871-1880.

3) Takayama K, Katakami N, et al.: Anamorelin (ONO-7643) in
Japanese patients with non-small cell lung cancer and cachexia:
results of a randomized phase 2 trial. Support Care Cancer.
2016; 24: 3495-3505.

4) Naito T, Okayama T, et al.: Unfavorable impact of cancer
cachexia on activity of daily living and need for inpatient care in
elderly patients with advanced non-small-cell lung cancer in Ja-
pan: a prospective longitudinal observational study. BMC Can-
cer. 2017; 17: 800.

5) Hamaker ME, Oosterlaan F, ef al.: Nutritional status and inter-

ventions for patients with cancer - A systematic review. J Geriatr
Oncol. 2021; 12: 6-21.

6) Stene GB, Helbostad JL, et al.: Effect of physical exercise on
muscle mass and strength in cancer patients during treatment--a
systematic review. Critical Reviews in Oncology/Hematology.
2013; 88: 573-593.

7) Heywood R, McCarthy AL, et al.: Efficacy of Exercise Interven-
tions in Patients With Advanced Cancer: A Systematic Review.
Archives of Physical Medicine and Rehabilitation. 2018; 99:
2595-2620.

8) Wakabayashi H: Rehabilitation nutrition in general and family
medicine. Journal of General and Family Medicine. 2017; 18:
153-154.

9) Stubbins R, Bernicker EH, et al.: Cancer cachexia: a multifac-
toral disease that needs a multimodal approach. Current Opinion
in Gastroenterology. 2020; 36: 141-146.

10) Hall CC, Cook J, et al.: Combined exercise and nutritional reha-
bilitation in outpatients with incurable cancer: a systematic re-
view. Support Care Cancer. 2019; 27: 2371-2384.

11) Cederholm T, Jensen GL, et al.: GLIM criteria for the diagnosis
of malnutrition - A consensus report from the global clinical nu-
trition community. Clin Nutr. 2019; 38: 1-9.

12) Linacre JM, Heinemann AW, et al.: The structure and stability
of the functional independence measure. Archives of Physical
Medicine and Rehabilitation. 1994; 75: 127-132.

13) Chen LK, Woo J, et al.: Asian Working Group for Sarcopenia:
2019 Consensus Update on Sarcopenia Diagnosis and Treat-
ment. ] Am Med Dir Assoc. 2020; 21: 300-307 €302.

14) Karvonen MJ, Kentala E, et al.: The effects of training on heart
rate; a longitudinal study. Ann Med Exp Biol Fenn. 1957; 35:
307-315.

15) Doyle C, Kushi LH, et al.: Nutrition and Physical Activity Dur-
ing and After Cancer Treatment: An American Cancer Society
Guide for Informed Choices. CA: A Cancer Journal for Clini-
cians. 2006; 56: 323-353.

16) Horowitz MB, Littenberg B, et al.: Dyspnea ratings for prescrib-
ing exercise intensity in patients with COPD. Chest. 1996; 109:
1169-1175.

17) Fearon KC: The 2011 ESPEN Arvid Wretlind lecture: cancer
cachexia: the potential impact of translational research on
patient-focused outcomes. Clin Nutr. 2012; 31: 577-582.

18) Nattenmuller J, Wochner R, et al.: Prognostic Impact of CT-
Quantified Muscle and Fat Distribution before and after First-
Line-Chemotherapy in Lung Cancer Patients. PLoS One. 2017;
12: e0169136.

19) Oldervoll LM, Loge JH, et al.: Physical Exercise for Cancer Pa-
tients with Advanced Disease: A Randomized Controlled Trial.
The Oncologist. 2011; 16: 1649-1657.

20) Coleman EA, Coon S, et al.: Feasibility of Exercise During
Treatment for Multiple Myeloma. Cancer Nursing. 2003; 26:
410-419.

21) Battaglini C, Bottaro M, et al.: The effects of an individualized
exercise intervention on body composition in breast cancer pa-
tients undergoing treatment. Sao Paulo Medical Journal. 2007;
125: 22-28.



CASE REPORTS

Biobehavioural Physiotherapy through Telerehabilitation
during the SARS-CoV-2 Pandemic in a Patient with Post-polio
Syndrome and Low Back Pain: A Case Report

Alberto GARCIA-SALGADO, MSc! and Ménica GRANDE-ALONSO, PhD!?

" Instituto de Rehabilitacién Funcional La Salle, Spain

? Physical Therapy Department, Centro Superior de Estudios Universitarios La Salle, Universidad Auténoma de Madrid, Spain

ABSTRACT. Post-polio syndrome refers to the physical and psychological sequelae caused by poliovirus in-
fection. For this reason, according to which the emotional and sensorimotor sphere is affected, we consider a
biobehavioural approach based on education and therapeutic exercise to be necessary. The aim of this case
report is to evaluate the effect of a biobehavioural approach in a patient with post-polio syndrome and low
back pain. We describe a 57-year-old man with post-polio syndrome and low back pain following a fall at
the end of February 2020. The pain, disability and lack of functionality caused by both processes led him to
contact a physiotherapy service. A therapeutic planning was carried out for 3 months, where a biobehav-
ioural approach based on therapeutic exercise and education, with an assessment and three face-to-face ses-
sions which were complemented by online follow-up and finalised due to the Sars-Cov-2 pandemic in a tel-
erehabilitation approach. It was organised in two phases; the initial phase lasted 2 weeks with the aim of re-
ducing the symptoms of the lumbar region, and the advanced phase in which the aim was to improve his
physical condition. During the three-month intervention, four assessments were conducted (Pre, at 4 weeks,
at 8 weeks and at 12 weeks). At follow-up, improvements in functional and psychological variables were ob-
tained. This case suggests that a biobehavioural approach through telerehabilitation was a useful option in
this reported case and could be an option of treatment to improve psychological, physical and functional
variables in this patient.

Key words: Post-polio syndrome, Biobehavioural physiotherapy, Therapeutic alliance, Therapeutic exercise,

Biobehavioural strategies

(Phys Ther Res 24: 295-303, 2021)

Poliomyelitis is a disease derived from the poliovirus,
which caused an epidemic that began with a high infection
rate in the 1940s and lasted until the 1970s, mainly affect-
ing children younger than 5 years and spreading through
the oral and faecal routes. A high percentage of those in-
fected are typically asymptomatic; however, some patients
start with central nervous system symptoms that cause
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acute flaccid paralysis”. Survivors of this epidemic can ex-
perience a late onset of new symptoms and a worsening of
sequelae after a mean of approximately 15 years, which
leads to a series of symptoms that determine the so-called
post-polio syndrome (PPS), which include muscular weak-
ness and reduced muscular resistance, accompanied by fa-
tigue, atrophy and musculoskeletal pain'?. The pathogene-
sis is not well defined, but the most currently supported hy-
pothesis describes these sequelae as a metabolic depletion
of motor units, caused by an increase in motor neuron size
in response to distal axon reinnervation, coupled with an in-
flammatory process with high concentrations of proinflam-
matory cytokines in the cerebrospinal fluid™”.

The physiotherapeutic approach to PPS patients is es-
sential, with the aim of delaying functional deterioration.
Functionality may have been affected in the population due
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to the Sars-Cov-2 pandemic, lack of physical activity due to
confinement in the months of March to May and the in-
crease in home work which further encourages this seden-
tary lifestyle, increasing musculoskeletal deterioration and
decreasing aerobic capacity, and leading to increased insu-
lin resistance and inflammatory states*’. So telerehabilita-
tion has become important. A recent systematic review con-
cludes that active approaches using telerehabilitation have
shown comparable clinical outcomes to conventional face-
to-face rehabilitation approaches®. However, for patients
with PPS, the literature is contradictory regarding the
choice of exercise modality, as strength or aerobic exercises
have shown little or no improvement in functional tests®.

Currently, a biobehavioural approach aims to change
the experience of pain based on biological, behavioural and
cognitive systems”. This is defined as an approach in which
the patient must be an active processor and agent in order to
generate adaptive learning. It takes into account how cogni-
tive, individual and environmental factors influence physi-
ological processes and the experience of pain®”. Focusing
treatment on education and therapeutic exercise (TE)
through telerehabilitation could be more useful in patients
with PPS. It allows both the medical interview and the de-
velopment of objectives and treatment to be carried out
telematically, being a cheap and effective resource. Teleas-
sistance allows remote contact and the possibility of com-
municating in a specific time and being able to resolve
questions directly, addressing all the factors that may inter-
vene in the treatment of PPS. That influence this pathology,
but it has been observed that there is a lack of evidence re-
garding the application of this approach in patients with
PPS. The main objective of the biobehavioural approach is
to provide the patient with active coping strategies and thus
to empower him/her and to develop an increased internal
locus of control'”. Research studies on patients with chronic
musculoskeletal pain have shown that techniques such as
education or TE can be included in the biobehavioural ap-
proach as they increase self-efficacy and improve somato-
sensory, motor and psychological variables' .

This is the first case study that evaluates a biobehav-
ioural physiotherapy treatment by means of telerehabilita-
tion in the described clinical picture. Therefore, the purpose
of this study was to evaluate and treat a patient with back
pain and PPS through a biobehavioural approach based on
the patient centred biopsychosocial model.

Case Presentation

The study was conducted in accordance with the Dec-
laration of Helsinki and the informed consent form was
signed by the patient prior to the start of the procedure.

We report the case of a 57-year-old male patient
(weight, 70 kg; height, 170 cm) who presented a PPS and
low-back pain after a fall a week previously. His pathologi-

cal history included hypertension and post-polio sequelae.
He had contracted polio when he was 5 months of age and
had an operation on each foot at the age of § years, due to
an excessive deformity of the plantar arch of the foot, nor-
malising the cavus foot position and lengthening the plantar
tendons with a subsequent cast for 3 months.

The patient is currently taking a medication based on
2.5-12.5 mg of ramipril-hydrochlorothiazide for arterial hy-
pertension and 100 mg of aspirin due to an ocular microin-
farct with a rise in blood pressure.

The patient reported an initial episode of pain that oc-
curred 2 days prior to the initial evaluation, in which there
was an increase in walking-related pain when supporting
his weight on the right leg. Also reported a second pain in
the transition from sitting to standing. The symptoms of the
initial episode of low back pain were described as deep pain
of a mechanical nature, with the sensation of puncture lo-
cated in the right lumbar area, with an intensity of 50 mm
on the visual analogue scale (VAS), which increased with
physical effort to 70 mm on the VAS. The second pain was
described as superficial, diffuse pain, located in the left
lumbar region, referred to as a constant pressure that radi-
ated towards the lateral face and went down the leg, with an
intensity of 40 mm on the VAS. Figure 1.1 shows the body
chart of the initial assessment with the representation of the
symptoms, adding a third intermittent episode of pain in the
left foot with articular characteristics and another intermit-
tent episode of pain in both popliteal holes with myotendi-
nous characteristics.

Physical examination

After the medical interview, a physical examination
was performed. The patient was asked to perform active
trunk flexion movements, which caused discomfort on the
left side; during the extension, the first episode of pain de-
scribed above was evoked at the end of the range. There
was no pain during the passive physiological movements,
but the accessory physiological movements on the right
side, located on the lumbar facets L3 and L4, reproduced
his pain described as deep and prick. During palpation, the
left paravertebral musculature presented local hyperalgesia
with the referred symptoms described in figure 1.1.

The patient subsequently performed functional tests
aimed at static balance, given that he mentioned having a
falling frequency of twice a month.

The patient first performed the Functional Reach Test,
which has been proven to be valid and reliable for evaluat-
ing static stability'”. The physiotherapist measured the pos-
tural stability in the forward direction, obtained through the
movement achieved by the patient (in cm) by shifting the
centre of gravity to the limits of the support base, while the
feet remained stationary. The evaluation employed a meas-
uring device consisting of a measuring tape that was placed
at the height of the patient’s acromion. The patient placed
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Pain number 1: deep mechanical pain with a prick sensation, with an intensity of

50 mm on VAS with an occasional increase to 70 mm on VAS.

Pain number 2: superficial, diffuse, constant pressure that radiates towards the

lateral face and descends the leg, with an intensity of 40 mm on VAS.

Pain number 3: pain with joint characteristics.

Pain number 4: pain with myotendinous characteristics, intermittent.

Fig. 1.1.

both arms at 90 degrees of flexion, with the elbows and
hands at full extension. He then had to reach as far as possi-
ble while maintaining the posture for 2-3 seconds without
lifting his feet off the ground'".

The patient’s capacity for effort was evaluated by
means of the 6-minute walk test (6MWT), a general pur-
pose functional test for cardiac and respiratory diseases,
which has been proven to be valid and reliable. Provides in-
formation as a follow-up measure of the functional change
in an activity such as walking, employed in combination
with the modified scale of perceived effort'®. In this case,
the test was modified so that the number of steps taken dur-
ing this time and the effort involved were counted on the
Borg scale, employing a wrist pedometer'”.

Next, the evaluation of fear of movement was per-
formed using the 11-item Spanish version of the Tampa
Scale of Kinesiophobia (TSK-11), whose reliability and va-
lidity have been demonstrated'®. The TSK-11 consists of 2
subscales: 1 related to fear of physical activity and the other
related to fear of harm. The final score can range from 11 to
44 points, with higher scores indicating greater perceived
kinesiophobia'.

Finally, functionality was assessed using the Lower
Limb Functional Index (LLFI) questionnaire, a self-
registration tool used as an outcome measure that assesses
bodily functions, activities, participation factors, and the

Pre-intervention body chart with symptom distribution.

environment both at the beginning of an intervention and
the result of said treatment. The questionnaire has 25 items
in Likert format, with an internal consistency of 0.91'.

Four measurements were taken: the first was a prein-
tervention test (TO), and the rest were undertaken every 4
weeks (T1, T2, T3). The last 3 measurements were per-
formed telematically in the same manner as the initial as-
sessment by the patient, given that the environmental con-
ditions did not change; these measurements were super-
vised by a physiotherapist via videoconference. The meas-
urements from the LLFI and TSK-11 self-recording ques-
tionnaires were only taken at TO and T3.

Therapeutic intervention

The patient underwent 4 measurement days (MD), 3
physical therapy sessions on-site during the first two weeks
(PT), 4 therapeutic patient education sessions (TPE) and 32
TE sessions lasting 60 minutes over 3 months were con-
ducted, divided in two routines: strength training (ST) and
cardiorespiratoryresistance training (CRT), carried out with
a frequency of two days per week each. During the first two
weeks, 6 sessions based on exercise for low back pain
(ELBP) were carried out. Appendix 1 specifies the treat-
ment followed during the process, while Table 1 shows the
established planning. A treatment model based on the
biobehavioural paradigm focusing on therapeutic education
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Programming of the physiotherapeutic approach.

Table 1.

3rd Month

2nd Month

1st Month

Th

Th
TE (ST) **

Th

TE (ST) ** TE (CRT) **

MDD
TE (CRT) **
TE (CRT) ** TE (CRT) ** TE (ST) **

TPE**

MD?**
TE (CRT) ** TPE**

ELBP**
TE (CRT) **

MD#* ELBP** ELBP**  PT*

2nd Week  ELBP**

1st Week

TE (CRT) **

TE (CRT) ** TE (ST) **

TE (ST) **

TE (ST) **

PT*

ELBP** ELBP**

PT*

TE (ST) **

TE (ST) **

3rd Week TE (CRT) ** TPE**
4th Week TE (CRT) ** TPE**

TE (CRT) ** TE (CRT) ** TE (ST) ** TE (CRT) **

TE (CRT) ** TE (ST) **

TE (ST) **
M, Monday; T, Tuesday; W, Wednesday; Th, Thursday; F, Friday; MD, Measurement days; TPE: Therapeutic Patient Education; ELBP, Exercise focused on low back pain; PT, Physical

therapy on-site session; TE (ST), Strength training; TE (CRT): Cardiorespiratory resistance training.*on-site sessions; **telematically sessions.

Garcia-Salgado, et al.

and TE was used. This paradigm is defined as one in which
the patient must be an active processor and agent in order to
generate adaptive neuroplastic changes, thus providing the
patient with active coping strategies®”.

On the first day of the intervention, the initial assess-
ment and test treatment were carried out. During the second
week, the planned approach was continued and two face-to-
face sessions were required for pain management and or-
ganisation of the TE programmes. The 3 on-site sessions
(PT) focused on managing low back pain with manual ther-
apy, as well as prescribing TE based on physical recondi-
tioning, combined with therapeutic education focusing on
the benefits of exercise based on a Strengths, Weaknesses,
Opportunities and Threats (SWOT) analysis (Fig. 2). The
approach through this analysis is to present to the patient
what Strengths (physical, motivation, desire to change, etc.)
and Weaknesses (pain, functionality, hopelessness, control,
strength deficit, etc.) he had and to elaborate a way to ad-
dress them with tools, transforming them into an opportu-
nity or therapeutic strategy. No longer seeing these weak-
nesses as a fragile pillar but as a motivation for change.
And to expose threats from an objective point of view (how
likely is an event to happen just because you believe it?
educate in maladaptive beliefs, etc.).

The remaining sessions were conducted telematically
via a video call system due to the SARS-Cov-2 pandemic,
in which the methodology to be followed was presented by
means of a table of contents in slides. The online follow-up
time was divided into 60 minutes in which the topic of
therapeutic education in pain and exercise neurophysiology
was presented, as well as different coping and motivational
strategies. A SWOT model was used within a biobehav-
ioural paradigm in order to address all patient needs.

Therapeutic patient education

Therapeutic education is a tool that aims to change
maladaptive beliefs and erroneous thoughts that interfere
with the patient’s pathology and pain perception, which
lead to an increase in the presence of psychological vari-
ables such as fear of movement™?*”. Research studies on pa-
tients with chronic musculoskeletal pain have shown that
the application of the technique leads to significant im-
provements in variables such as disability, fear of move-
ment, catastrophizing, anxiety and physical fitness™*". Four
sessions were conducted, one session per week between the
third and sixth week of treatment. The intervention covered
topics related to the benefits of physical activity, the influ-
ence of psychosocial factors and maladaptive beliefs.

Therapeutic exercise

TE were defined as a physical exercise plan designed
and prescribed to facilitate recovery from illness or any im-
pairment of movement and activities of daily living®*”. Re-
search has shown that a low level of physical activity can
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Pain number 3: pain with joint characteristics.

Pain number 4: pain with myotendinous characteristics, intermittent.
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Fig. 1.2. Post-intervention body chart with symptom distribution.

Table 2. Baseline and follow-up measurements from TO to T3

Measure

TO T1 T2 T3

TSK-11 (points)

33 - - 14

FRT (cm) 24 23 25 25
6MWT (steps) 645 651 663 668
6MWT (meters) 490 496 505 508
Modified Borg Scale from 0 to 10 points 6 6 7 6
LLFI (percentage of functionality) 56% - - 64%
Pain number 1 (VAS) 5 3 1 0

Pain number 2 (VAS)

4 1 0 0

TO, baseline measurement; T1, measurement at the 4t week; T2, measure-

ment at the 8 week; T3, measurement at the 12t week; TSK-11, Tampa
Scale of Kinesiophobia; FRT, Functional Reach Test; 6MWT, 6-minute
walk test; LLFI, Low Limb Functional Index; VAS, Visual analog scale.

lead to reduced neuromuscular efficiency and decreased
strength, resulting in a number of negative consequences on
functionality and postural control”*’. On the basis of the
above, we consider it necessary to implement a TE pro-
gramme based on strength and cardiorespiratory endurance
exercise for 12 weeks at a frequency of 2-3 times a week.

Results

The results are shown in Table 2. The patient showed
a improvement between the TO and T3 measurements in
terms of kinesiophobia level (from 33 to 14 points), with a
reported minimum detectable change of 5.46 points consid-

ered relevant™, as well as improvement in the LLFI from

56% to 64% of functionality’”. In terms of pain intensity,
there was also a improvement, exceeding the minimum de-
tectable change for the first reported episode of pain from
50 mm to 0 mm and in the second reported episode of pain
from 40 mm to 0 mm™. Figure 1.2 demonstrates the im-
provement after three months of intervention in terms of
pain expansion using the body chart.

Static stability showed a slight improvement. The
available evidence indicates that, for the 50-59-year age
range, the distance in the Functional Reach Test should be
27.6 6.6 cm™. The patient showed an improvement in the
variable of distance walked during the 6MWT, but he did
not exceed the minimum detectable change in this popula-
tion for the test. In relation to the 6MWT, the patient pre-
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Fig. 2. SW.O.T analysis for therapeutic approach
TE: Therapeutic exercise; TPE: Therapeutic Patient Education.

sented the same perceived fatigue for the TO and T3 meas-
urements.

Discussion

The reported case shows an evaluation and treatment
option from a biobehavioural paradigm of a patient with
PPS and low back pain, with the aim of improving func-
tionality. Currently, there is a lack of scientific evidence on
biobehavioural physiotherapy treatment in PPS, even more
so on the approach of this type of patient with physio-
therapy through telerehabilitation. There is a growing use
of telematic intervention and online assessment, an excel-
lent low-cost tool*, that is limited by the lack of interper-
sonal proximity. It is therefore crucial to employ strategies
that increase the patient’s self-efficacy and adherence to
TE, given this is a primary pillar of treatment. We recom-
mend using indicators during the session that provide a bet-
ter therapeutic alliance, such as reinforcing positive actions,
planning real objectives and the process towards achieving
them and providing instruction that supports self-
management™. Moore et al. in their study stated important
barriers that interfere with the success of exercise therapy,
such as the existence of pain itself, low self-efficacy and
lack of motivation, as well as various long-term facilitators
for patient improvement that help patients to adhere to ex-
ercise. Describing “exercise awareness” as a pillar that
benefits and prevents episodes of pain, modifying such ex-
ercises if necessary according to the patient’s perception
and thus improving their self-efficacy by having greater ca-
pabilities and allowing them to do so even when in pain™.

And finally the “therapeutic alliance” with its three charac-
teristics of warmth, collaboration and support, coupled with
skills, emotion management and communication, being the
therapeutic alliance an activity to be practised®””. Showing
empathy and authenticity during the session and monitoring
the therapist-patient relationship by facilitating 2-way feed-
back will foster such a therapeutic alliance by creating a
positive emotional bond that will lead to greater adherence
to fulfilling the planned goals™*.

One of the most powerful strategies in physical ther-
apy with greater impact on increased self-efficacy is per-
forming TE. Based on the current literature, however, the
evidence from certain modalities, such as aerobics and
strength training, is contradictory due to the heterogeneity
and lack of studies published on this population™”. Regard-
less, the neurophysiological and functional benefits of TE
are well known in general terms, even in other complex
painful or pathological conditions, such as sarcopenia and
chronic fatigue syndrome, in which there is also a lack of
homogeneity in research studies*™*".

Based on these results, we set up a TE programme ac-
cording to the effort perceived by the patient as an active
strategy from a cognitive-behavioural perspective, accom-
panied by manual therapy techniques and therapeutic edu-
cation, using an approach based on a SWOT analysis,
which highlights the strengths of the programme.

In this way, the ability to resolve an activity is demon-
strated by highlighting the quality of the action, addressing
the weaknesses to be overcome and using an approach that
shows the way forward by setting specific objectives.

This methodology has been employed as a clinical
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guideline when making decisions in other health areas*.

Although cognitive-behavioural therapy has not been
studied in this population with respect to pain, the effect of
such therapy on variables such as fatigue has been studied,
but no beneficial effect has been reported*”. The biobehav-
ioural approach has been shown to have beneficial effects
in various populations with chronic pain by reducing pain
intensity and improving quality of life*”, addressing aspects
of the bio-psycho-social sphere by intervening in maladap-
tive beliefs, expectations, self-efficacy and motivation*".

The results of this intervention were positive with re-
spect to reducing the intensity of low back pain improve-
ment in kinesiophobia, balance, number of steps and metres
walked in 6 minutes, as well as data obtained from the
LLFI.This intervention comprised a physical therapy ap-
proach based on a biobehavioural paradigm centred on the
prescription of exercise and on obtaining tools that promote
self-management and adherence to exercise.

There are several limitations in this study to consider,
the first of which was the lack of monitoring during the ex-
ercise, given that monitoring helps provide greater motiva-
tion and easier correction of the proposed activities. Sec-
ond, the recovery time required by the patient due to the
major fatigue induced by performing the exercise sessions
made it necessary to reduce the volume of training and in-
crease the resting time. The third limitation was the lack of
heart rate monitoring during the activities and the lack of
anthropometric measurements. Another important limita-
tion is the lack of assessment of adherence and the patient’s
subjective perception of improvement after treatment,
which could provide more clinical information and, as the
study by Moore et al., found, may have a direct effect on
motivation™
edge of the long-term effectiveness and that of each inter-
vention, given that different strategies were presented dur-
ing the process, and the lack of reproducibility due to the
variability of the measurements taken at TO (face-to-face)
and the rest of the measurements that were guided and col-
lected remotely.

. The last limitations were the lack of knowl-

Conclusion

In conclusion, focusing treatment on a biobehavioural
paradigm centred on TE and education throught telereha-
bilitation can be a treatment option, as observed in this pa-
tient with PPS and musculoskeletal pain, as it can lead to
improvements in the medium term on functional and psy-
chological variables.
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Appendix 1. Therapeutic intervention

Low back pain management

fI‘herapeu_tlc Description
Intervention
Manual therapy Accessory physiological mobilizations central and

Therapeutic exercise

unilateral AP grade I-II Maitland with a velocity
of 2 Hz around 2 minutes, 3 sets.

Active neural tube sliders for 10 repetitions, 3
sets.

Lumbar motor control exercises in supine-prone-
quadruped: In supine position, the patient makes
an inspiration; then, they perform a pelvic
retroversion by performing a lumbar stabilization
to press the lumbar spine to the mat in the
expiratory phase. Progress is made in prone and
quadruped exercise.

Repetitions: 10-12. Series: 3—4.

Sit-to-Stand in chair: While sitting, the patient
performs an inspiration; then they perform a
lumbar stabilization and while exhaling, then he
gets up from the chair.

Repetitions: 10-12. Series: 3—4.

Increase in daily activity: Walk 15-30 minutes.

AP, antero-posterior.



Centered approach for PPS

Therapeutic intervention

Description

Establishment of agreed
objectives
Biobehavioral strategies and

therapeutic education

Strength circuit: 4 sets of 6-8
repetitions at a perceived
effort of 6-8 according to the

modified Borg scale.

-  Know what is PPS.

- Education in Therapeutic Exercise.

- Psychosocial factors.

- Cognitive strategies against
demotivation-pain.

Squat with support: A squat is executed

with support on the wall.

Hip thrust: in supine with flexed knees,

a hip thrust is performed by lifting the

lumbar region from the ground with a

ballast in the pelvic area.

Push-ups with or without knee support.

Overhead press: with a load a vertical

thrust is made on the head (like a

military press).

Lounge with assistance (optional - more

advanced): while leaning on a chair or

the wall, a front long step is performed

by alternating legs.



Cardiorespiratory Circuit: 3
sets of the circuit at 40 seconds
per station with 25 seconds
rest. Perceived effort between

6-8.

Static Plank (optional): in supine, we
support the elbows and feet on the floor
keeping the trunk in static on the floor
during 20-30 seconds, in the event of
being very demanding or not being able
to support the knees instead of the feet.
Mountain climbers at a height of 1
meter: being supported at a height of 1
meter we separate the trunk and the feet
to realize a raising of knees with the
maximum flexion of hip alternating legs.
Knee raise: a walk is performed at the
site by raising the knees with a 90-
degree hip flexion angle.

Walk semi-tandem.

Farmer's Walk: A continuous march is
carried out with a load caught in one of
the arms, having to make a trunk
eccentric avoiding the inclination.
Squats.

Conventional deadlift with superband: is
a basic exercise, you put your feet just
under the hips and exercise a vertical

force overcoming the tension of the




superband that we have supported on

our shoulders and fixed with our feet.

PPS, post-polio syndrome.
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Physical Therapy Japan Vol.47 (2020) ABSTRACTS

The Japanese Physical Therapy Association publishes the “Journal of the Japanese Physical Therapy Association”, the most
recent Japanese volume (Physical Therapy Japan) being number 47, which includes 66 articles. Each year 6 issues are pub-
lished.

For the past 22 years, the English volume of “The Journal of the Japanese Physical Therapy Association” has been published
once a year. The journal has changed its’ name to “Physical Therapy Research” and the publishing organization changed to
Japanese Society of Physical Therapy in 2016, and has published two times per year from 2017, and three times per year
from 2021.

To further acquaint our English volume readers with the articles published in the Japanese volume, the English abstracts of
the present Japanese volume will be included in the English volume published this year.

Vol. 47, No. 1 (pp 1-9)

Three-Dimensional Kinematics of the Radiocarpal and Midcarpal Joints of
the Wrist during Reverse Dart Throw Motion Using Computed Tomography:
To Evaluate the Range and Direction of Motion

Kenji KASUBUCHI, PT, MS, Hisao MORITOMO, MD, PhD, Masao YUKIOKA, MD, PhD
Department of Physical Therapy, Faculty of Health Science, Osaka Yukioka College of Health Science

Kenji KASUBUCH]I, PT, MS, Kazuomi SUGAMOTO, MD, PhD
Department of Orthopedic Biomaterial Science, Osaka University Graduate School of Medicine

Hisao MORITOMO, MD, PhD, Sayuri ARIMITSU, MD, PhD, Masao YUKIOKA, MD, PhD
Department of Orthopaedic Surgery, Yukioka Hospital

Purpose: This study aimed to analyze three-dimensional kinematics of the radiocarpal and midcarpal
joints of the wrist during reverse dart throw motion.

Methods: We analyzed the kinematics of the radiocarpal and midcarpal joints of the wrists of 12 healthy
volunteers using CT images. We measured the range and direction of motion for the radiocarpal and
midcarpal joints. Paired t-tests were used to compare the results between the radiocarpal and midcarpal
joints.

Results: The range of motion of the radiocarpal joint was significantly greater than that of the
midcarpal joint. The motion of the radiocarpal joint in the flexion/extension plane was also significantly
greater than that of the midcarpal joint. For the midcarpal joint, the motions of the lateral and central
articulations were significantly greater in the radial/ulnar deviation plane compared to those of the
radiocarpal joint.

Conclusion: The range of motion of the radiocarpal joint was greater than that of the midcarpal joint
during reverse dart throw motion. The radiocarpal joint, especially, contributed to the motion in the

flexion-extension plane. The midcarpal joint contributed to the motion in the radial/ulnar deviation plane.

Key Words: Reverse dart throw motion, Three-dimensional kinematics, Radiocarpal joint, Midcarpal

joint
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Effect of Neuromuscular Electrical Stimulation in Postoperative Patients with
Femoral Proximal Fractures: A Stratified, Randomized Controlled

Trial using a Surgical Approach

Mitsunori TOKUDA, PT, PhD, Daisuke BAI PT, MSc, Yuki FUJIMORI, PT, Yuka YAMADA, PT,
Shingo SUGIMORYI, PT, Hiroyuki OKUDA, PT, Taiki IKEMOTO, PT, Yuki MORIKAWA, PT
Department of Rehabilitation, Heisei Memorial Hospital

Mitsunori TOKUDA, PT, PhD, Koji SHOMOTO, PT, PhD
Graduate School of Health Sciences Kio University

Daisuke BAIL PT, MSc
Graduate School of Medicine, Musculoskeletal Reconstructive Surgery, Nara Medical University

Purpose: This study aimed to examine the effect of neuromuscular electrical stimulation (NMES) on leg
function and movement ability for muscle strength training of the quadriceps in postoperative patients
with femoral proximal fractures.

Methods: Our study was a stratified, randomized controlled trial using a surgical approach in patients
with proximal femoral fractures. Eighty-two patients were randomly divided into two groups: the NMES
group or control (muscle strength training with no NMES) group. NMES was applied once a day from
the next day following surgery. We measured knee extension muscle strength, the Japanese Orthopedic
Association (JOA) scores, and the number of days taken for gait and activities of daily living (ADL) to
become independent.

Results: Knee extension muscle strength and JOA scores were significantly better in the NMES
group. The number of days taken for gait and ADL to become independent were significantly lower in
the NMES group. In addition, patients in the NMES group were able to obtain a higher gait ability at
discharge than those in the control group.

Conclusion: Training of the quadriceps using NMES from the next day following surgery in
postoperative patients with femoral proximal fractures contributed to early improvement in knee
extension muscle strength, early acquisition of gait and ADL independence, and improved gait ability at

discharge.

Key Words: Femoral proximal fractures, Neuromuscular electrical stimulation: NMES, Gait, Early after

surgery, Surgical approach
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Effects of Simulated Postural Kyphosis on Pulmonary Function and
Voluntary Cough Strength

Hiromichi TAKEDA, PT, MS
Rihastage Co., Lid.

Hiromichi TAKEDA, PT, MS, Kazuyuki TABIRA, PT, PhD
Graduate School of Health Science, Kio University

Yoshihiro YAMASHINA, PT, PhD
Department of Physical Therapy, Aino University

Purpose: The purpose of this study was to investigate the influence of postural kyphosis on voluntary
cough strength.

Methods: Sixteen healthy males participated in this study. Cough peak flow, respiratory function,
respiratory muscle strength, chest expansion, maximum phonation time, and respiratory impedance
indices (respiratory system resistance at 5 Hz, R5; resonant frequency, Fres) were evaluated under
four conditions: non-kyphosis, mild kyphosis, moderate kyphosis, and severe kyphosis. One-way analysis
of variance and multiple comparison tests (using the Bonferroni method) were performed to compare
the four conditions. Correlations between the change rate of each measured variable by the degree of
kyphosis were analyzed using Spearman’s correlation coefficients.

Results: Cough peak flow, vital capacity, chest expansion, and maximum phonation time were
significantly decreased in moderate kyphosis and severe kyphosis compared with those in non-kyphosis.
Respiratory muscle strength and Fres were significantly decreased in severe kyphosis compared with
those in non-kyphosis. Moreover, there were significant positive correlations between cough peak flow
and vital capacity, expiratory muscle strength, and chest expansion at the xiphoid process (r = 0.27, 0.33,
0.37, respectively, p <0.05).

Conclusions: Our data suggest that cough peak flow is reduced due to decreased lower chest

expansion, respiratory muscle strength, and vital capacity at moderate or higher kyphosis.

Key Words: Postural kyphosis, Respiratory function, Voluntary cough strength
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Influence of Acute Arm-cranking Exercise with Electrical Muscle

Stimulation on Vascular Endothelial Function

Mizuki ISHIKAWA, PT, MS, Ayako AZUMA, MS, Yasuaki TAMURA, PT, MS,
Akihiko MATSUMOTO, PT
Graduate School of Integrated Arts and Science, Tokushima University

Mizuki ISHIKAWA, PT, MS
Department of Rehabilitation Medicine, Nakazu-yagi Hospital

Hajime MIURA, PhD
Faculty of Integrated Arts and Science, Tokushima University

Purpose: The purpose of this study was to assess the effect of submaximal arm-cranking exercise with
EMS on vascular endothelial function.

Methods: Ten healthy young men performed submaximal arm-cranking exercise at 50% VO3 max for 20
min. All subjects performed submaximal arm-cranking exercise alone (A) and with EMS (A+E). In the
A+E trial, the submaximal arm-cranking exercise was performed at 50%VOs max for 20 min while EMS
was applied to their thigh and calf muscles during the exercise. The flow-mediated dilation (FMD) at the
brachial artery was measured before and after exercise to calculate the normalized FMD (nFMD).
Results: In the A+E trial, the nFMD was significantly increased 30 minutes after exercise compared to
the rest value and was increased 30 minutes after exercise compared to the A trial.

Conclusion: These findings suggest that arm-cranking exercise with EMS increases vascular

endothelial function.

Key Words: Arm-cranking exercise, Electrical muscle stimulation, Brachial artery, Flow-mediated

dilation, Vascular endothelial function
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Study of Responsiveness and Minimal Clinically Important Difference (MCID) of
Functional Assessment for Control of Trunk (FACT) in Acute Stroke Patients

Hiroki SUGA, PT, Hironobu KAKIMA, PT, Shota HAYASHI, PT, MSc, Tatsuya IGARASHI, PT
Numata Neurosurgery & Heart Disease Hospital

Chiaki SIMA, PT
Agatsuma Neurosurgery & Heart Disease Clinic

Kazuhiro MIYATA, PT, PhD
Ibaraki Prefectural University of Health Sciences

Purpose: This study aimed to examine responsiveness and Minimal Clinically Important Difference
(MCID) of Functional Assessment for Control of Trunk (FACT) in patients with acute stroke.

Methods: This study included 30 patients who were hospitalized with stroke. Trunk function was
assessed on the 7th day of hospitalization and the final intervention date of physical therapy. For each
test, responsiveness and MCID were examined. Improvement in activity of daily living was used to
detect a clinically meaningful change. The MCID for the trunk function assessment tool was estimated
by meaningful change.

Results: FACT, a tool used to assess trunk function, showed a large degree of responsiveness. The
MCID of FACT was 4 points, and its discrimination accuracy was very high.

Conclusions: This study indicated FACT had good responsiveness and high accuracy in discrimination
of MCID. These results suggest that FACT is useful trunk function assessment tool in patients with

acute stroke.

Key Words: Stroke, Trunk function assessment tool, FACT, Responsiveness, MCID
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Factors Associated with Re-Admission with Nursing and Healthcare-Associated Pneumonia
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Purpose: The purpose of this study is to determine factors affecting re-admission with nursing and
healthcare-associated pneumonia (NHCAP). Design: Single-center, retrospective clinical study.

Method: A total of 123 patients who readmitted to the hospital due to NHCAP from January 2016 to
November 2016 were reviewed. Clinical characteristics, laboratory test values, Functional Independence
Measure score (FIM score), the status of nursing care insurance services, social information, and methods
of providing information were extracted from medical records. Cox proportional hazards analysis was
performed to determine the factors affecting readmission.

Results: Age, FIM score (exercise items) at discharge, serum albumin, the days between admission and
first ambulation, face-to-face communication were detected as significant factors.

Conclusion: This study provides valuable information about factors leading to readmission with
NHCAP.

Key Words: Nursing and healthcare-associated pneumonia, Re-admission, Hospitals for Community-

based Care
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The Relationship between the Step Side Knee Joint Movement and Elbow Valgus Torque
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Satoshi OKUBO, PT, MS
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Purpose: The purpose of this study was to investigate that the characteristic of the step leg motion
that increase elbow valgus torque.

Method: Twenty-seven youth baseball pitchers participated in this study. Elbow valgus torque
measurement and video analysis were performed on outdoor mound. The participants divided by the
qualitative assessment of stride knee motion, then compared elbow valgus torque and flexion angle of
step knee joint between both groups.

Result: There was significant greater flexion knee joint angle at maximum external rotation and ball
release and greater joint torque of elbow and less ball speed for the forward movement group.
Conclusion: This group showed inadequate bracing the knee of step leg. It caused increasing elbow

torque. To evaluate the stride leg motion is important for assessment of risk on elbow injury.

Key Words: Pitching motion, Elbow values torque, The motion of the step leg
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Examination of the Factor Related to the Acute Phase Motor Functional Prognosis of

Branch Atheromatous Disease
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Purpose: The acute motor functional prognosis was evaluated in patients with branch atheromatous
disease (BAD).

Method: Overall, 101 patients with BAD were enrolled from March 2016 to February 2019. Patients
with paralysis in their upper limbs and lower limbs were classified into good and bad groups based
on their paralysis status at discharge. The patients’ age, gender, paralyzed side, National Institute of
Health Stroke Scale (NIHSS) at admission, lesion area, infarct area, rehabilitation start date, Fugl-Meyer
Assessments (FMA) of the upper and lower limbs, starting Mini-mental State Examination (MMSE)
score, hospitalization days, OT session, and PT session were analyzed. Thereafter, univariate and logistic
regression analyses were performed.

Results: The univariate analysis revealed significant differences in age, NIHSS at admission, infarct area,
FMA, MMSE at initiation, and hospital days in both patients with paralysis in their upper and lower
limbs. The logistic regression analysis revealed that FMA was an independent factor in both patients
with paralysis in their upper and lower limbs. The cut-off values were 18 for the upper limb (area under
the curve, 0.94; sensitivity, 0.80; and specificity, 0.93) and 19 for the lower limb (area under the curve, 0.88;
sensitivity, 0.80; and specificity, 0.82).

Conclusion: The initial FMA in patients with BAD was most relevant to motor functional prognosis

from the acute phase in the upper and lower limbs.

Key Words: Stroke, Acute phase, Prognosis prediction, Motor paralysis
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Characteristics of Sagittal Knee Joint Kinematics Dynamics and Quadriceps Muscle

Activity during Stair Ascent and Descent in Patients after Total Knee Arthroplasty
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Purpose: The aim of this study was to evaluate the characteristics of sagittal knee joint kinematics and
quadricep muscle activity during stair climbing in patients after total knee arthroplasty (TKA).
Methods: Eight and ten limbs were included in the TKA and control groups, respectively. The
maximum knee extension moment (KEM) and maximum afferent and centrifugal knee power during
stair climbing stance phases were measured by a three-dimensional motion analysis system. Maximum
muscular activity of the quadriceps femoris was measured by surface electromyography.

Results: The knee joint load and afferent power in stair ascent of the TKA group was significantly
lower than that of the control group. The centrifugal power in stair descent of the TKA group
was significantly lower than that of the control group. Quadriceps activity during stair ascent was
significantly higher in the TKA group than in the control group, and the descending muscle activity was
low in both groups.

Conclusion: One year post-operation, TKA patients strongly contract the quadriceps during stair
climbing, but the joint load and afferent power decreased during ascension and the centrifugal power

decreased during descension.

Key Words: Total knee arthroplasty, Stair climbing, Sagittal knee joint kinematics dynamics, Quadriceps

femoris muscle activity
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Effectiveness of Electrostimulation of the Quadriceps for 4 days
in the Acute Phase after Total Hip Arthroplasty

Osamu WADA, PT, MSc, Tomohiro OKA, PT, MSc
Anshin-Hospital
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Purpose: This study aimed to investigate the effectiveness of electrostimulation of the quadriceps for 4
days in the acute phase after total hip arthroplasty (THA).

Methods: In total, 52 women with hip osteoarthritis participated in this study. They were randomized
to the control and intervention groups. The intervention group (n = 26; age 644 + 89 years) underwent
electrostimulation of the quadriceps twice a day during knee extension exercises for 4 days. The control
group (n = 26; age 66.0 = 99 years) performed knee extension exercises twice a day without electric
muscle stimulation for 4 days. Additionally, both groups received the standard protocol in our hospital.
Quadriceps strength, gait speed, and pain during gait in both groups were assessed 1 month before
surgery and on Day 4 after surgery. Changes in quadriceps strength and gait speed were quantified as
relative (percent) changes from the preoperative values (Aquadriceps strength and Agait speed). Changes
in pain during gait were quantified as relative (difference) changes from the preoperative values (Apain
during gait). The Mann-Whitney U test and unpaired t-test were used to compare these values between
the groups. Significance was set at P < 0.05.

Results: Compared with the control group, the intervention group showed greater Aquadriceps
strength (P = 0.014), Agait speed (P = 0.009), and Apain during gait (P = 0.027).

Conclusions: Electrostimulation of the quadriceps for 4 days in the acute phase after THA improves

knee extensor strength and gait speed, and reduces pain during gait.

Key Words: Total hip arthroplasty, Electrostimulation, Knee extensor strength
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Effect of Glenohumeral External Rotation Position on the Posterior Glenohumeral Distance
in the Throwing Shoulders of College Baseball Players: An MRI Study of the Simulated
Late Cocking Phase during Baseball Throwing
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Purpose: The purpose of this study was to assess the effects of external glenohumeral rotation position
on the posterior glenohumeral distance (PGHD) in asymptomatic throwing shoulders.

Methods: Eleven asymptomatic male college baseball players (11 throwing shoulders) participated in
this research. The PGHD was calculated using MRI scans. MRI measurement positions were 90° of
shoulder abduction with external rotations of 90°, 100°, and 110°.

Results: Measures of PGHD were significantly less during 110° external rotation compared to 90°
external rotation.

Conclusion: The PGHD was significantly less when shoulder abduction occurred in more externally

rotated positions.

Key Words: Shoulder joint, Glenohumeral external rotation position, Posterior glenohumeral distance
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Association of Back and Knee Pain with Physical Function in Community-dwelling Older
Adults: Effects of Acute/Chronic Pain on Gait Speed and Grip Strength
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Purpose: Approximately 80% of community-dwelling older adults present with musculoskeletal pain
accompanied by low gait speed and grip strength. This study investigated the effects of acute or chronic
back and knee pain on gait speed and grip strength in community-dwelling older adults.

Methods: This study included 735 community-dwelling older adults (aged =65 years, mean age 74.8
years, 62.9% women) (Tarumizu study 2018). Type of pain (acute vs. chronic) was determined using a
questionnaire. We investigated the association between acute or chronic pain and low gait speed (<1.0 m/
s) and low grip strength (men <26 kg, women <18 kg).

Results: Of the 735 participants, 347 (47.2%) reported no pain, 144 (19.6%) reported acute pain, and 244
(33.2%) reported chronic pain. Low back and knee pain were observed in 121 participants (16.5%), of
which 46 (38.0%) reported acute pain and 75 (62.0%) reported chronic pain. Logistic regression analysis
revealed that low gait speed was significantly associated with chronic pain (adjusted odds ratio 2.55, p
= (0.001) but not with acute pain (adjusted odds ratio 1.19, p = 0.632) (adjusted for age, sex, the 15-item
Geriatric Depression Scale, medication use, the Appendicular Skeletal Muscle Mass Index, and grip
strength). Notably, no association was observed between pain and low grip strength.

Conclusion: Community-dwelling older adults with chronic low back and knee pain showed low gait

speed.

Key Words: Community-dwelling older adults, Gait speed, Grip strength, Chronic pain, Acute pain
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Effects of Physical Therapy in the Patients with Degenerative Disorders of the Cervical
Spine: Combined Effects of McKenzie Method, Deep Cervical Muscle Exercise,
and Physical Agents
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Purpose: This study investigated the combined effects of the McKenzie method, deep cervical muscle
exercise, and physical agents in patients with degenerative disorders of the cervical spine.

Methods: Study participants included 112 patients diagnosed with degenerative disorders of the
cervical spine at our hospital. The patients were divided into three therapeutic groups, which were
treated with: the McKenzie method and physical agents (MDT group, 51 cases); the McKenzie method,
deep cervical muscle exercise, and physical agents (DCME group, 43 cases); and physical agents alone
(physical agents group, 18 cases). The effects of these therapies were evaluated using the active ROM of
cervical spines (hereafter, CROM), Neck Disability Index (NDI), JOACMEQ, Visual Analogue Scale (VAS)
scores for neck pain, and SF-8 before therapy and 1, 2, 3, and 5 months after therapy. Statistical analysis
was performed using the mixed-effects model for repeated measures.

Results: The following evaluation items showed interaction. Compared with before therapy, CROM,
NDI, JOACMEQ), and SF-8 scores were significantly improved 1 month after therapy in the MDT
and DCME groups. VAS scores significantly improved 1 month after therapy in the MDT and DCME
groups, and 2 months after therapy in the physical agents group. These effects were highest in the
MDT group, followed by the DCME group and the physical agents group.

Conclusion: Compared to physical agents alone, MDT and DCME resulted in greater symptomatic,

functional, and psychological improvement.

Key Words: Degenerative disorders of the cervical spine, McKenzie method, Deep cervical muscle
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The Effect of Nutritional Status on Walking Ability at Discharge in Patients with
Acute Exacerbations of COPD
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Purpose: This retrospective study aimed to clarify the associations between nutritional status and
walking ability at discharge in patients with acute exacerbation of chronic obstructive pulmonary
disease (AECOPD).

Methods: We enrolled 101 patients hospitalized for AECOPD and who underwent physical therapy.
Walking ability was assessed by Functional Independence Measure (FIM). The subjects were classified
into the independent group (FIM >6) and non-independent group (FIM <6) by walking ability at
discharge. The presence of malnutrition (% ideal body weight <80%) and adequacy of caloric intake (%
estimated target calories: intake/estimated target calories X 100) were examined as indices of nutritional
status. Multivariate logistic regression analysis was performed to assess whether nutritional status
affected walking ability at discharge (FIM >6 or FIM <6) adjusted by age, A-DROP, and severity of
airflow obstruction.

Results: Despite being independent before hospitalization, 21 patients could not walk independently at
discharge, and 31 patients had malnutrition before admission. The average % estimated target calories
was 787 = 31.7%. Multiple logistic regression analysis showed presence of malnutrition (OR 3.9, 95%
CI 1.3-11.7, p<0.05) and % estimated target calories (OR 0.7, 95% CI 0.5-0.9, p<0.05) to be significantly
associated with walking ability at discharge.

Conclusion: Nutritional status affected walking ability of AECOPD patients at discharge. Therefore,
nutritional status should be evaluated when providing effective exercise and adequate nutritional
therapy during hospitalization. These findings may imply that oral nutritional supplements should be

provided immediately after hospitalization for patients with inadequate caloric intake.

Key Words: Acute exacerbation of COPD, Walking ability, Nutritional status
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Feasibility of an Exercise Therapy in Lymphoma Patients with Cytopenia:
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Purpose: This study aims to assess the relationship between blood data and the safety and feasibility of
physical therapy in lymphoma patients with cytopenia.

Methods: Total 79 patients with lymphoma who underwent chemotherapy were included in this study.
All patients received exercise therapy (13 on the Borg scale) six days per week, 20 min per day. Physical
therapy adherence (implementation/scheduled days) was calculated after stratification according to the
white blood cell and platelet counts. In addition, the occurrence of adverse events was investigated.
Result: The median physical therapy adherence rate of the patients was high at 96.8% (range, 61.7% -
100.0%), and no adverse events were observed during or after the physical therapy. However, the
adherence rate significantly decreased when the white blood cell count was <1,000/uL and platelet
count was <20,000/uL (p < 0.001).

Conclusion: The results of this study suggest the safety of exercise therapy in patients with lymphoma.
In addition, the results suggest that decreased white blood cell and platelet counts are associated with

poor physical therapy adherence.
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Patients with Spastic Cerebral Palsy
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Purpose: This study aimed to assess the reliability and validity of the Japanese version of the Trunk
Impairment Scale (TIS-]) for patients with spastic cerebral palsy.

Methods: A cross-sectional study was conducted, in which a total of 69 patients were enrolled. The
reliability of the results were tested for 20 patients by intra-rater and inter-rater reliabilities and minimal
detectable change at 95% confidence interval (MDC95), and construct validity by comparing them with
the Gross Motor Function Classification System scores.

Results: The intra-class and interclass correlation coefficients for test-retest reliability were 0.90-0.99.
The intra-rater MDC95 values for static sitting balance, dynamic sitting balance, coordination, and
total score were 044, 1.35, 0.44, and 0.96, respectively, while the inter-rater MDC95 values for the same
were 154, 1.97, 1.15, and 2.37. The Spearman correlation coefficient were -0.63, —0.76, -0.30, and -0.74.
It revealed a good relationship for validity between the change in score for the dynamic sitting balance
and total TIS-J scores.

Conclusions: The TIS-] was found to be reliable and valid for patients with spastic cerebral palsy.

Key Words: Cerebral palsy, Trunk Impairment Scale, Reliability, Validity, Function of the trunk
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Purpose: The aim of this study was to clarify the representative values and the proportion below the
cut off value related to nutritional status and physical function in maintenance hemodialysis patients.
Methods: A total of 670 hemodialysis outpatients participated in this cross-sectional study. Patient’s
background, body mass index (BMI), geriatric nutritional risk index (GNRI), grip strength, knee
extension force (KEF), gait velocity, and short physical performance battery (SPPB) were investigated.
The validity of the sample size was confirmed, and representative values and the proportions below the
cut off values were compared.

Results: A sufficient sample size was able to be set for patients aged 50-years and older. GNRI, grip
strength, KEF, gait velocity, and SPPB decreased with increasing age, and many patients aged 80 years
or older were below the cut-off value.

Conclusion: This study showed the representative values of nutritional status and physical function by

age and demonstrated an actual decrease in elderly patients.
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Purpose: We aimed to investigate whether the Mini-Balance Evaluation Test (Mini-BESTest) can be
applied to assess walking impairment severity in individuals with spinocerebellar degeneration (SCD)
and to compare the difference in walking impairment severity assessed using Mini-BESTest and Berg
Balance Scale (BBS).

Methods: Thirty individuals with SCD participated in the study and were divided into three groups
according to the SCD severity classification. They were assessed using Mini-BESTest, BBS, and
Functional Independence Measure (FIM). The total scores and distribution of scores from Mini-BESTest
and BBS were compared among the three groups. In addition, a receiver-operating characteristic (ROC)
plot was used to compare the overall accuracy in assessing walking severity using Mini-BESTest
and BBS and to determine appropriate cutoff scores for identifying whether an individual can walk
independently.

Results: The total Mini-BESTest and BBS scores showed significant differences among the three
groups. Both scores decreased with an increase in walking impairment severity. Mini-BESTest and BBS
had high area under the curve and sensitivity and specificity. A ceiling effect and deviation in bias in the
distribution were identified only on BBS.

Conclusion: Mini-BESTest had a higher accuracy and sensitivity than the BBS was thus considered

useful for assessing properties that identify individuals with SCD who can walk independently.

Key Words: Spinocerebellar Degeneration, Balance ability, Mini-BESTest, Walking independence
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Purpose: To confirm the relevance of preoperative factors based on post-reverse total shoulder

arthroplasty (RTSA) scapula function using scapula-45 radiography.

Method: Twenty-eight patients were observed for more than 6 months after RTSA. We evaluated

how the preoperative physical findings had an influence on their postoperative scapular index, which

indicates postoperative scapula function.

Results: The only significant independent variable that could be extracted for the postoperative

scapular index was the preoperative scapular index.

Conclusion: The only factor affecting the postoperative scapular index is the preoperative scapular

index.

Key Words: Reverse total shoulder arthroplasty, RSA, RTSA, Scapula index, Scapular notching
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Purpose: To analyze shoulder muscle activity after reverse shoulder arthroplasty (RSA) using
electromyography to identify any differences from the muscle activity of healthy shoulders.

Methods: The subjects included 12 RSA-treated shoulders and 17 healthy (control) shoulders. Shoulder
muscle activity was evaluated using surface electromyography at 45° and 90° of shoulder elevation. The
subjects held their arms aloft in three directions during recording at flexion, scaption, and abduction.
Ratios of integrated electromyographic activity for different muscles at 45° and 90° were calculated and
compared between the two groups.

Results: Muscle activity ratios in the posterior deltoid during flexion, the upper trapezius and posterior
deltoid during scaption, and the clavicular pectoralis major during abduction were significantly higher in
the RSA group (p<0.05).

Conclusions: Our results suggest that RSA-treated shoulder muscles behave differently from healthy

shoulders during sustained elevation between 45° and 90°.
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Purpose: We investigated the factors significantly associated with postoperative complications after
laparotomy for gastric cancer.

Methods: The study included 24 patients who underwent perioperative rehabilitation before surgery.
Patients were categorized into the postoperative complication and the non-postoperative complication
groups, and intergroup comparison was performed for statistical analysis. Logistic regression analysis
was used to identify factors significantly associated with postoperative complications. The cutoff value
was calculated using the receiver operating characteristic (ROC) curve.

Result: The preoperative 6-min walk distance was significantly lower in the postoperative complication
group (257.7 m vs. 353.1 m, p<0.01). Logistic regression analysis showed that the selected factor was only
the preoperative 6-min walk distance, and the cutoff value based on the ROC curve was 300 m.
Conclusion: We observed that the preoperative 6-min walk distance was significantly associated with
postoperative complications after laparotomy performed for gastric cancer. Therefore, the preoperative
6-min walk distance might effectively predict complications after laparotomy for gastric cancer. Active
prehabilitation and improvement of preoperative exercise tolerance are important in patients showing a

6-min walk distance <300 m.
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Purpose: This study aimed to examine the relationship between N-type test and each developmental
domain of the Kinder Infant Development Scale (KIDS).

Methods: This study included 42 children aged 3-6 years along with their parents. The N-type motor
image test for toddlers (N-test) was used to evaluate motor imagery, and scores were calculated for
selecting picture cards representing posture (card task) and for change in posture (postural task).
Parents answered questions from the KIDS (Type C), and each subscale was scored (etc. physical-motor,
receptive language, expressive language, social relationships with children, and social relationships with
adults). These scores were then used to examine the relationship between the N-test scores and the
development of each domain.

Results: 32 children completed the N-test. The scores of the N-test and age (in months) showed a
significantly positive correlation. The scores for the card task were significantly related to the scores for
physical-motor, receptive language, and expressive language from the KIDS. The scores for the postural
task were significantly related to the age (in months) as well as scores for physical-motor, receptive
language, social relationships with children, and social relationships with adults from the KIDS.
Conclusion: Our results suggest that the tasks of the N-test are associated with the development
of different domains. Postural tasks are related to social development, and it is hypothesized that

interpersonal communication experience may be involved in the function of motor imagery.

Key Words: Motor imagery, Development, Childhood, Sociality
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Examination of Factors Associated with Fear of Falling in Elderly People Hospitalized

Due to Fractures and Discharged to Their Homes
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Hisashi KAWAIL PhD, Shuichi OBUCHI, PT, PhD
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Objective: To comprehensively examine factors associated with fear of falling in elderly who were
hospitalized due to fractures and discharged to their homes.

Methods: This study included 39 participants aged >65 years who sustained a bone fracture injury and
were discharged from our hospital. Relationships between fear of falling and the number of falls, motor
function, and residential environmental risk were investigated using Spearman or Pearson correlation
analyses. A multiple regression analysis was performed with fear of falling as the dependent variable
and independent variables determined using results of the correlation analysis.

Results: The factors significantly correlated with the fear of falling were the number of falls, Berg
Balance Scale (BBS), Timed Up and Go test, 10-om walk test, Functional Independence Measure, Tokyo
Metropolitan Institute of Gerontology index of competence, and residential environmental risk. In the
multiple regression analysis, BBS, residential environmental risk, and the number of falls were identified
as factors related with the fear of falling.

Conclusion: External factors such as residential environmental risk as well as common internal risks

should be evaluated in elderly patients who sustained fracture to reduce fear of falling.

Key Words: Fear of falling, Fracture, Elderly people, Residential environment, Fall prevention
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Pelvic Floor Muscle, Trunk Muscles, and Lower Limb Muscles Co-contraction at the

Positions of Increasing Abdominal Pressure in Young Nulliparous Subjects
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Tsuneo KUMAMOTO, PT, PhD
Department of Physical Therapy, School of Health and Social Services, Saitama Prefectural University

Sayo MIURA, PT
Department of Rehabilitation, Hokusei Hospital

Yumeko KUDOU, PT
Sapporo Maruyama Orthopedic surgery Miyanosawa Orthopedics Clinic

Yui MATSUDA, Ns
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Purpose: This study aimed to investigate the co-contraction of the pelvic floor muscle (PFM), trunk
muscle, and lower limb muscles at different positions when the abdominal pressure is increased.
Methods: The subjects were 15 young nulliparous women, mean age 255 * 25 years. We measured
vaginal pressure at rest and during PFM contraction. Simultaneously, we also measured the rectus
abdominis muscle, external oblique muscle, internal oblique muscle (I0), multifidus muscle, gluteus
maximus muscle, and hip adductor muscle activities using a surface electromyograph. We compared
vaginal pressure for each measurement position (supine, standing, half sitting, and load-lifting) by two-
way analysis of variance with the task performed (rest, PEM contraction), using position as a variable
factor, and multiple comparison tests. Additionally, we compared the rate of increase in muscle activity
during PFM contraction in each position.

Results: For task factors, vaginal pressure and all tested muscle activity were significantly higher
during PFM contraction. For position factors, vaginal pressure and all tested muscle activity showed
significantly higher values in the half sitting and load-lifting. The rate of increase in muscle activity of
the 1O was higher than that of the other muscles in the supine, standing, and the half sitting.
Conclusion: It was suggested that IO increased the activity as a co-contraction muscle with PFM in

the half sitting, supine, and standing in comparison with other muscles.

Key Words: Half sitting position, Pelvic floor muscle, Internal oblique muscle, Co-contraction, Stress
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Relationship between Health-related Quality of Life and Exercise Capacity or Physical
Activity Status in Children and Adolescents with Congenital Heart Disease
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Purpose: The purpose of this study was to evaluate the relationship between health-related quality of
life ( HRQOL) and exercise capacity or physical activity status in children and adolescents with congenital
heart disease (CHD) and healthy controls.

Methods: The study included 22 patients with CHD (mean age 13 * 3 years) and 22 healthy controls (13
+ 3 years). We assessed HRQOL, exercise capacity (using cardiopulmonary exercise testing), physical
activity level, and exercise habits, and evaluated the relationships between each index.

Results: Among the HRQOL subscores, physical well-being (PW) was significantly lower in children
with CHD (p < 0.05). In children with CHD, there was a significant correlation between PW and
anaerobic threshold (rs = 0472, p < 0.05), but not between PW and peak oxygen uptake. Further, there
was a correlation between physical activity level and PW in children with CHD (rs = 0.504, p < 0.05), and
children with CHD who had regular exercise habits had higher PW (p < 0.05) than those without regular
exercise habits.

Conclusion: HRQOL in children with CHD is associated with anaerobic threshold and daily physical

activity status.

Key Words: Congenital heart disease, Health-related quality of life, Exercise capacity, Physical activity,
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Impaired Postural Stability in Patients with Adult Spinal Deformity:

Evaluation Based on Computerized Stabilometry

Shinya SAKURALI PT, Kumiko ARAMOTO, PT, Tetsuya OHARA, MD
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Purpose: Recent insights suggest that spinal deformity impacts various functional disorders. However,
there are few reports of examinations of postural balance in patients with adult spinal deformity (ASD),
and the effect of kyphotic changes in ASD on postural balance remains unclear. The aim of this study
was to evaluate standing balance and the influence of kyphotic changes on standing balance in patients
with ASD.

Method: We investigated 46 female patients with ASD (age: 67.4 + 10.0 years) and compared the results
with those of 21 age-matched healthy female adults. Based on the sagittal vertical axis (SVA), patients
were allocated to the SVA >100 mm and SVA <100 mm groups. Postural stability was examined using
a stabilometer. Using the stabilometer, the sway of the gravity center was measured at the upright
position with eyes open for 60 seconds. We used 2 parameters for evaluation: the enveloped area (ENV),
which measures the degree of sway of the gravity center, and total track length (LNG), which measures
the sway length in the standing posture.

Results: The mean ENV in the patient group was 5.3 = 39 cmz, whereas that in the control group was 3.3
+ 11 cmz, revealing significantly larger postural instability in the patient group compared to that in the
control group. The LNG in the patient group was significantly worse than that in the control group. It
was also shown that postural instability was significantly larger in the patients with SVA >100 mm than
that in patients with SVA <100 mm.

Conclusion: The results of the present study demonstrated impairments in postural stability in
patients with ASD. In these patients, kyphotic changes were associated with greater postural instability.
Therefore, exercises that delay the progression of kyphosis may be crucial for postural stability in
patients with ASD.

Key Words: Adult spinal deformity, Postural stability, Stabilometry
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Longitudinal Examination of Factors Related to Shoulder Pain in
High School Baseball Players
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Background: Baseball players who have shoulder pain due to throwing have reduced shoulder joint
range of motion and shoulder external rotation muscle strength, which are also recognized as general
features of baseball players. The purpose of this study was to examine whether these factors affect the
development of shoulder pain through prospective studies.

Methods: In members of high school baseball teams, shoulder joint function was evaluated by field
position. during the off-season and observations were collected over a 2-month period during the season.
Subsequently, evaluation items that affected the occurrence of shoulder pain were analyzed.

Result: Twenty-four out of the 84 participants developed shoulder pain, and multiple logistic regression
analysis extracted the shoulder rotator strength ratio and field position as significant variables.
Consideration: A decrease in the shoulder rotator strength ratio significantly affected the occurrence
of shoulder pain in all field positions. Although stretching has been reported to be important for
preventing throwing disorders, attention must also be paid to muscle strengthening exercises that take

into account the balance of rotator muscle strength.

Key Words: Baseball, Throwing obstacles, Shoulder pain, Shoulder joint function, Shoulder rotator
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The Course of Patient Reported Outcome and Physical Function after Surgery with LSS
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Purpose: The purpose of this study was to prospectively clarify the course of postoperative patient-
reported outcomes and physical function in patients with lumbar spinal stenosis.

Methods: We analyzed the data of 78 patients who completed pre-, 1-month, 3-month, 6-month, and
postoperative evaluations (maximum follow-up was 12 months). Thirty-seven patients had undergone
fusion surgery (684 * 10.5 years), and 41 patients had undergone decompression surgery (689 * 7.8
years). We evaluated the Japanese orthopaedic association back pain evaluation questionnaire (JOABPEQ),
visual analog scale (VAS) scores (low back pain, lower extremity pain, and numbness), 6-minute walk
test results, and trunk muscle strength. This study was approved by the institutional review board of
the authors’ affiliated institutions.

Results: In the fusion surgery and decompression surgery, the four scales of the JOABPEQ, VAS
(low back pain, lower limb pain and numbness), and 6-minute walk distance improved from 1 month
after surgery. On the other hand, lumbar dysfunction of the JOABPEQ improved from 6 months after
surgery. Trunk muscle strength improved from 3 months after decompression surgery.

Conclusions: The course of postoperative JOABPEQ and physical function was clarified. These are

considered to be useful as explanations for surgery and target values for the postoperative course.

Key Words: Lumbar spinal stenosis, Change of postoperative outcome, Patient-reported outcomes,

Physical function
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Factors Predicting Functional Outcome in Acute Stroke Patients: A Multicenter Study
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Purpose: We investigated potential predictors of functional outcome in acute stroke patients.

Methods: This multicentric prospective cohort study evaluated NIH stroke scale (NIHSS), Brunnstrom
recovery stage, Trunk control test, Revised version of the ability for basic movement scale, Scale for
contraversive pushing (SCP), Scale for the assessment and rating of ataxia, Functional ambulation
category (FAC), and stroke type (cerebral infarction or hemorrhage) in 447 acute stroke (294 cerebral
infarction) patients at the outset of their rehabilitation and assessed whether these measures predicated
functional outcome (home discharge or rehabilitation hospital discharge). Multivariable logistic regression
analysis was used to evaluate outcome predictors.

Results: The identified significant factors associated with outcome were NIHSS (OR: 1.234, 95%CI 1.110-
1.372, p<0.01), SCP (OR: 6.270, 95%CI 1.461-26.904, p<0.05), FAC (OR: 0527, 95%CI 0.417-0.668, p<0.01),
and stroke type (OR: 3.369, 95%CI 1.896-5.986, p<0.05), with the percentage of correct classifications was
81.6%.

Conclusion: It was suggested that evaluation data at the early mobilization is useful to predict the

functional outcome.

Key Words: Acute stroke, Functional outcome, Functional evaluation at first time, Multicenter study
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Castration-Induced Pelvic Floor Muscle Specific Atrophy and
the Effect of Voluntary Wheel-Running Exercise

Kiyoshi YOSHIOKA, PT, MSc, Tomohiro MATSUMOTO, PT, PhD, Kodai NAKAMURA, PT, MSc,
Yoshifumi TSUCHIY A, PhD, Daiki SEKO, MSc, Yasuo KITAJIMA, PhD, Yusuke ONO, PhD
Department of Muscle Development and Regeneration, Division of Organogenesis, Institute of

Molecular Embryology and Genetics, Kumamoto University

Kiyoshi YOSHIOKA, PT, MSc

Rehabilitation Center for all customers with Stroke and Cerearovascular diseases Kumamoto Center
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Purpose: Pelvic floor muscles play an important role in excretion control and thus maintaining their
function is crucial to quality of life. The aim of this study was to examine muscle atrophy in a mouse
model of androgen deprivation and the effect of voluntary wheel-running exercise on pelvic floor
muscles.

Methods: Castration and sham-operation were performed on 3-month-old male mice (C57BL/6]).
Castrated mice were randomly housed in cages equipped with a running wheel. After 8 weeks from
the operation, muscle samples were collected from limb and perineal (Limb muscles: tibialis anterior,
gastrocnemius, extensor digitorum longus, plantaris and soleus. Perineal muscles: bulbospongiosus and
levator ani). Myofibers were isolated from extensor digitorum longus and peri-urethral sphincter and the
diameters were measured.

Results: Castration significantly decreased perineal muscles’ mass and myofiber diameter of peri-
urethral sphincter, whereas limb muscles were not affected. Voluntary wheel-running exercise cannot
ameliorate castration-induced muscle atrophy in pelvic floor muscles.

Conclusion: Whole-body exercise cannot prevent pelvic floor muscle loss caused by androgen
deprivation and thus it is suggested that target-muscle-specific training needs to be considered for the

intervention.
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Correlation between the Psychological Aspects of Exercise about Post-discharge and

Exercise Time after Discharge in Hospitalized Patients in the Recovery Ward
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Purpose: This study investigated the correlation between questionnaire survey responses and exercise
time after discharge from the recovery period in hospitalized patients.

Methods: This study recruited 100 patients in the recovery ward. In addition to the questionnaire
survey, we requested records on exercise time. The questionnaire was based on existing models and
psychology theories on exercise adherence. Exercise time was measured for one month from the
discharge day by placing a sticker on a calendar as a diary of self-activity.

Results: Data from 100 questionnaires and 35 exercise times were obtained. Factor analysis of the
questionnaire, converged to 25 items and four factors. To verify the reliability, the o coefficient was
calculated for 25 items, resulting in an « of 0.895. Correlation analysis with the average exercise time
after discharge was confirmed as a significant weak correlation as verification of validity.

Conclusion: The results suggested a relationship between the psychological aspects of exercise after

discharge from the convalescent ward and exercise time after discharge.

Key Words: Psychological aspects, Exercise adherence, Questionnaire, Recovery ward
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Interlimb Coordination in Patients Undergoing Total Knee Arthroplasty
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Purpose: In this study, we compared interlimb coordination in patients before and after total knee
arthroplasty (TKA) using the phase coordination index (PCI). Additionally, we investigated its association
with other variables at each time.

Methods: This study included 55 patients who underwent TKA (mean age 76.1 * 7.4 years). We
assessed and compared the preoperative PCI with the PCI measured on the day before discharge
(approximately 17 days after TKA). Pearson’s correlation and multiple regression analyses were used to
determine factors affecting the PCL

Results: We observed no significant difference between the pre- (6.73% = 3.09%) and post-TKA (6.94%
+ 297%) PCIL The pre-TKA PCI was significantly correlated with knee extension strength on the
nonoperative side and knee pain on the operative side, and knee extension strength on the nonoperative
side was selected as an independent variable in this study. Postoperatively, a significant correlation was
observed only between the PCI and patient age.

Conclusions: This study showed that pre- and post-TKA interlimb coordination was comparable;

however, different factors were associated with the pre- or post-TKA PCIL

Key Words: Total knee arthroplasty, Interlimb coordination, Phase coordination index
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Factors Related to Lung Compliance in Patients with Permanent Ventilation Dependence
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Objective: We aimed to clarify factors related to lung compliance in patients with permanent ventilation
dependence.

Methods: This was a cross-sectional study. We measured the static lung compliance (Cstat) and
dynamic lung compliance (Cdyn) of 29 patients, and compared the values between those with and
without atelectasis, pleural effusion, and spontaneous breathing. Correlation analyses were performed to
examine the relationships between lung compliances and ventilation status, demographic parameters,
and biochemical blood data.

Results: Cstat was significantly lower in patients with atelectasis than in those without. Cstat and Cdyn
were significantly correlated with the body mass index (BMI), rapid shallow breathing index (RSBI),
alveolar arterial oxygen partial pressure difference, and days of ventilator management. Cstat was also
significantly correlated with age, C-reactive protein, and the number of pneumonia episodes.
Conclusion: The negative influence of BMI on Cstat and Cdyn was high, suggesting the need for
nutritional management against obesity. This study also suggested that Cstat is affected by atelectasis,
the number of pneumonia episodes, and inflammatory blood response. The decreases in Cstat and
Cdyn may affect the ventilation efficiency reflected by RSBL It is necessary to examine whether the
improvements in atelectasis and pneumonia frequency affect Cstat and the ventilation efficiency index in

the future.
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Purpose: The aim of this study is to reveal the cost-effectiveness of exercise programs designed for fall
prevention among healthy younger old community-dwelling adults in Japan.

Methods: The analysis was conducted on behalf of public insurers for health and long term care
services. Quality-adjusted life years (QALY) and expenses for health services and long-term care
services were described in terms of “effectiveness” and “cost,” respectively. The assumed subjects were
healthy community-dwelling females (n=1,000) and males (n=1,000) aged 65 years old. The incremental
cost-effective ratio (ICER) of the program was analyzed and simulated using a 10-year cycle Markov
model (base case). The threshold for assessing cost-effectiveness was set at less than 5 million Japanese
yen/QALY.

Results: The ICER for the female group was 1,550,900 Japanese yen/QALY, and 2,277,086 Japanese
yen/QALY for the male group.

Conclusion: An exercise program for fall prevention among healthy younger old community-dwelling

adults could be cost-effective in Japan.
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The Effect of Exercise Therapy and the Impact of Joint Injection in Shoulder Joint Disease
Patients with Night Pain Undergoing Physical Therapy
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Objective: This study aims to demonstrate the usefulness of exercise therapy for night pain
improvement in patients with shoulder joint disease undergoing physical treatment. We examined the
treatment course by the presence, and effect of joint injection or absence of night pain at the initial
evaluation.

Methods: The subjects were 72 patients with unilateral shoulder joint disease undergoing physical
treatment. Patients were classified into two groups based on the presence and absence of night pain
at the initial evaluation. Then, the subjects in the group with night pain were further classified into
two groups according to whether or not joint injection was performed at the initial examination. We
analyzed the difference in the treatment course, including range of motion (ROM), visual analogue scale
(VAS), and Athens Insomnia Scale (AIS) at 1 and 3 months after the start of treatment.

Results: In both groups, courses showed interaction. ROM, VAS on movement, AIS high degree of
improvement were obtained in the night pain group. VAS on movement, high degree of improvement
were obtained for one month later at the initial evaluation in the joint injection group.

Conclusion: Exercise therapy for patients with shoulder joint disease undergoing physical treatment
can improve ROM, VAS, and AIS, regardless of the presence of night pain. In addition, pain can be

improved early by joint injection at the initial visit.
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Ren FUJIL, PT, MS
Department of Rehabilitation, Medical Corporation Tanakakai Musashigaoka Hospital

Ren FUJIL, PT, MS, Yuki NISHI, PT, MS, Shu MORIOKA, PT, PhD

Department of Neurorehabilitation, Graduate school of Health Science, Kio University

Ryota IMAL PT, PhD
School of Rehabilitation Osaka Kawasaki Rehabilitation University

Shinichiro TANAKA, MD
Department of Rehabilitation Medicine, Medical Corporation Tanakakai Musashigaoka Hospital

Gosuke SATO, PT, PhD, Shu MORIOKA, PT, PhD

Neurorehabilitation Research Center, Kio University

Purpose: The purpose of this study was to investigate the characteristics of impaired trunk movements
during lifting in people with lower back pain (WLBP) with fear of movement.

Methods: Twenty-six WLBP and eighteen pain-free healthy workers (HW) were recruited. We
calculated the peak angular velocity of trunk and motion time during lifting an object. WLBP were
evenly divided into low-fear and high fear groups. We compared the angular velocity of trunk with three
groups and examined the relationship between these factors and pain-related factors.

Results: Our kinematic analyses revealed significant differences in the extension phase and the peak
angular velocity of trunk extension in the first trial among the three groups. The peak angular velocity
of trunk extension in first trial was significant correlated with TSK.

Conclusion: It was shown that lifting in people with lower back pain with fear of movement was

characterized by the movement of the trunk extension.
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Objective: The purpose of this study was to examine the joint kinematics and kinetics during walking
with three types of walking aids in healthy elderly people.

Methods: Nineteen healthy elderly people participated in this study. A three-dimensional motion
capture system and force plates were used to obtain kinetic and kinematic data while walking on a
level surface. All subjects walked without any aid and with walkers, rollators, and rollators with forearm
support. We measured the peak values of lower extremity joint angles, moments, and ground reaction
forces in healthy elderly people.

Results: The peak values of knee adduction moment (KAM) while using the aids were smaller than
without any aid. Furthermore, KAM was significantly lower when walking with rollators and rollators
with forearm support compared to with walkers.

Conclusion: The use of rollators and rollators with forearm support can help to reduce KAM during

level walking in healthy elderly people.
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Introduction: We observed the effectiveness of periodic outpatient rehabilitation on physical function
and the Instrumental Activity of Daily Living (IADL) in a patient with advanced breast cancer.

Case report: A 52-year-old woman with multiple brain metastases due to breast cancer visited our
hospital for chemotherapy for 5 years. Before rehabilitation, the Frenchay Activities Index (FAI) for the
evaluation of IADL was 18 points and the Short Physical Performance Battery (SPPB) for the evaluation
of physical function was 6 points (balance: 1 point, gait: 4 points, and sit to stand: 1 point). Rehabilitation
involved muscle strengthening exercise, balance exercise, and self-exercise guidance for 13 weeks; once
for 20 minutes, 9 times in total, in the outpatient chemotherapy unit. After rehabilitation, the patient
improved, with an FAI of 23 points and an SPPB is 9 points (balance: 3 points, gait: 4 points, and sit to
stand: 2 points).

Conclusion: This report may suggest that periodic outpatient rehabilitation improved physical function,

resulting in improvement of IADL in a breast cancer patient with multiple brain metastases.
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Purpose: Decline of somatosensory function is associated with falls in the elderly. This study
investigated the relationship between loss of plantar sensory threshold and fall risk in the elderly.
Methods: The sensory thresholds of plantar foot were measured in 110 people using day service
facilities for the elderly with long-term care needs (33 men and 77 women; mean age, 80.7 years), using
a new sensory testing device with high reproducibility. In addition, physical and cognitive functions
including lower extremity strength and gait speed were measured. Fall history during the past 12
months was determined retrospectively, and each measurement variable was compared between the
faller and non-faller groups. The relationship between plantar sensory threshold and fall history was
examined by calculating the odds ratios of important variables determined by logistic regression analysis
with the presence of a fall event as the objective variable.

Results: There were significant differences in the plantar sensory threshold, ankle dorsiflexion angle,
and ratio of men to women between the fallers and non-fallers. The odds ratio adjusted by sex was
significant in the plantar sensory threshold and the ankle dorsiflexion angle.

Conclusions: The plantar sensory threshold will be valuable information to explain falls in the elderly
requiring long-term care. The results of this study suggested that assessment including the plantar
sensory threshold in addition to conventional indices would be more effective for determining the risk of

falls in elderly people who require long-term care.

Key Words: Plantar sensation, Falls, Elderly, Requiring long-term care, Risk factors
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Psychometric Properties of Mini-Balance Evaluation Systems Test in
Patients with Acute Stroke
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Department of Physical Therapy, Ibaraki Prefectural University of Health Sciences

Objective: We examined the validity, reliability, responsiveness, and interpretability of the Mini-Balance
Evaluation Systems Test (Mini-BESTest) in patients during the acute phase of a stroke.

Method: This study included 42 patients in the acute phase of a stroke. We examined the correlations
between Mini-BESTest scores and those of other similar scales, the internal consistency of the Mini-
BESTest, the correlation between score changes when using the Mini-BESTest and when using the
existing balance evaluation scale, and the discriminative ability of the Mini-BESTest in assessing walking
independence.

Results: Mini-BESTest scores showed significant correlations (r = 0.36-0.83) with balance scores and
other similar measures, and good internal consistency (& = 0.88). Score improvements when using the
Mini-BESTest and when using the existing balance evaluation scale showed a significant correlation (r =
0.84), but the discriminative ability of the Mini-BESTest in assessing walking independence was low.
Conclusion: We have suggested that the Mini-BESTest is a valid tool for assessing the balance
ability of patients during the acute phase of a stroke. We have demonstrated the validity, reliability,
responsiveness, and interpretability of the Mini-BESTest.

Key Words: Mini-BESTest, Stroke, Balance, Psychometric properties
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The Characteristics of the Site-specific Body of Muscle Mass and the Physical Functions in
Community-dwelling Elderly Men Under Long-term Care

Jitsuhito FUKUO, PT, MSc

Department of Rehabilitation, Innoshima General Hospital
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Graduate School of Design, Kyushu University

Objective: The aim of this study was to investigate the characteristics of the physical functions and the
site-specific muscle mass in elderly men under long-term care.

Methods: Fifty-three community-dwelling elderly (=65 years of age) men participated in this study. The
participants were classified into a robust elderly group (group R) and an elderly under long-term care
group (group C). Their physical functions were evaluated by questions 6-10 of the Kihon checklist sub-
items. Muscle thickness was evaluated in eight regions of the body using B-mode ultrasound, and body
height, body weight, and body mass index (BMI) were measured.

Results: The total and individual physical function scores of group C were higher than those of group
R. The anterior and posterior lower legs were the only sites where the muscle thickness of group C was
significantly lower than that in group R.

Conclusion: The findings suggested that elderly men under long-term care often have the loss of

muscle mass, particularly in the anterior and posterior lower legs.

Key Words: Community-dwelling elderly men under long-term care, Sarcopenia, Site-specific body of

muscle mass, Physical functions
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Relationship between Blood Pressure Changes in the First Sitting Position and

Neurological Deterioration in Patients with Acute Ischemic Stroke

Hiroki NAKASHIMA, PT, MSc, Taro TANIZAKI, PT, Mitsuhiro SERIZAWA, PT,
Shohei ITO, PT, MSc, Yuki MIYAZAK]I, PT, Atsuko KANDA, PT
Department of Rehabilitation, Ichinomiya Municipal Hospital

Sayaka SOBUE, PT
Department of Rehabilitation, Toyota East Rehabilitation Hospital

Objective: To elucidate the relationship between blood pressure changes in early sitting position and
neurological deterioration (ND) in patients with acute ischemic stroke.

Methods: A total of 165 patients hospitalized within 24 h after the onset of ischemic stroke were seated
for >10 min on bed at the earliest possible time. Blood pressure changes at 3 or 10 min after the sitting
position were compared to those obtained in supine position. We divided the patients into two groups,
with and without ND, indicating = 2 points based on National Institutes of Health Stroke Scale, which
worsened within 7 days after admission. The association between variables included in the multivariate
model and occurrence of ND was examined.

Results: A total of 25 patients (15.2%) exhibited ND. On univariate analysis, perforator stroke,
hemoglobin Alc level, high-density lipoprotein cholesterol (HDL-C) level, systolic blood pressure at
10 min while sitting, and elevated and reduced blood pressure while sitting exhibited a statistical
significance (p < 0.05). On multivariate analysis, perforator stroke (odds ratio [OR], 5.35; 95%confidence
interval [CI], 1.67-17.20), HDL-C level (OR, 0.96; 95%CI, 0.92-0.99), and reduced blood pressure while
sitting (OR, 14.1; 95%CI, 3.93-55.70) demonstrated to be independent predictive factors.

Conclusion: Reduced blood pressure during an early sitting position shows to be related to ND within

7 days after admission in patients with acute ischemic stroke.

Key Words: Ischemic stroke, Neurological deterioration, Blood pressure change
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Descending Stairs in Patients after Total Knee Arthroplasty Fails to Reproduce

Efferent Knee Joint Extension Moment in Healthy Volunteers

Taiki FURUMOTO, PT, Ayane KATAYAMA, PT, Yu MATSUIL PT, Yuka KAWAMURA, PT,
Ken TOMONARYI, PT, Shinsuke KATOH, MD, PhD
Department of Rehabilitation, Tokushima University Hospital

Taiki FURUMOTO, PT, Daisuke HAMADA, MD, PhD, Koichi SAIRYO, MD, PhD
Department of Orthopedics, Institute of Biomedical Sciences Tokushima University Graduate School

Purpose: To clarify whether a patient can reproduce the elongation moment of the efferent knee joint
in patient of the same age while descending stairs after total knee arthroplasty (TKA).

Methods: The subjects were 8 patients in the TKA group who were able to perform step-down
movements in one step and 1 step 1 year after undergoing TKA, and 10 healthy volunteers of the
same age. In the descending motion analysis, lower limb muscle activity was measured using a three-
dimensional motion analyzer and ground reaction force meter by measuring the joint angle, joint
moment, joint power, and surface electromyogram of the sagittal plane. All measured data were
compared for the main measurement item, first peak of knee extension moment (20%), and second peak
of knee extension moment (80%).

Results: In the TKA group, the elongating moment of the efferent knee joint during the lowering
movement was significantly lower in both the early stance phase and late stance phase than that in the
healthy group.

Conclusion: One year after the TKA, the efferent knee joint extension moment of healthy individuals

of the same age cannot be reproduced while descending stairs.

Key Words: Total knee arthroplasty, Descending stairs, Efferent knee joint extension moment
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Effects and Safety of Early Resistance Training in Hospitalized Older Patients with

Heart Failure: A Randomized Controlled Trial
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Tatsunori SHITARA, PT, Mayumi TAKAYANAGI, OT, Hiroko KAZAMA, PT

Division of Rehabilitation Medicine, Gunma Prefectural Cardiovascular Center

Masami INOKUMA, PT, MSc, Shigeru USUDA, PT, PhD
Gunma University Graduate School of Health Sciences

Chikako YOSHIDA, Nrs

Nursing Department, Gunma Prefectural Cardiovascular Center

Taisuke NAKADE, MD, Makoto MURATA, MD, Hitoshi ADACHI, MD, Shigeru OSHIMA, MD

Division of Cardiology, Gunma Prefectural Cardiovascular Center

Purpose: The present study aimed to determine the safety and feasibility of early RT and its effects on
physical function among hospitalized elderly patients with heart failure.

Methods: The remaining patients were randomly assigned to either a resistance training (RT) or a
control group. The primary outcome was knee extension muscle strength, and the secondary outcome
was comfortable walking speed and the SPPB.

Results: The pathological status of only one patient worsened. Knee extension muscle strength and
comfortable walking speed significantly interacted, and the effect size of resistance training on knee
extension muscle strength and comfortable walking speed was moderate, and small on the SPPB in the
RT group.

Conclusions: These results suggest that early resistance training can be safe and effective for
hospitalized elderly patients with heart failure when indications, contraindications, and exclusions are

appropriately applied and training is gradually increased in stages.

Key Words: Hospitalization period, Older patients with heart failure, Resistance training, Safety, Effects
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Effect of Inspiratory Muscle Training on Physical Activity in Patients with Chronic Obstructive
Pulmonary Disease: A Multicenter, Randomized, Placebo-controlled Trial
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Takeshi INAGAKI, PT, PhD
Division of Rehabilitation Medicine, Chiba University Hospital

Tomoya OGAWA, PT, MSc
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Tomoko OKUJO, PT
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Hiromasa TSUTSUIL PT
Department of Rehabilitation, Konan Hospital

Eri HISANO, PT
Rehabilitation Center; Kanamecho Hospital

Shinjiro MIYAZAKI, PT, MSc
Rehabilitation Center, KKR Takamatsu Hospital

Objective: This study aimed to investigate the efficacy of inspiratory muscle training (IMT) on physical
activity in patients with chronic obstructive pulmonary disease (COPD).

Methods: Fifty-nine outpatients with stable COPD were enrolled in this study. The participants were
randomly assigned to either an IMT group (set intensity at >30% of their maximal inspiratory pressure
[PIax]) or a sham training group (<10% Pli.x). Patients of both groups underwent 30 breath IMT
sessions twice daily for 3 months. The Pl,,.x, 6-minute walk distance (6MWD), daily step counts, and
moderate-to-vigorous intensity physical activity time (MVPA) were recorded before and after the 3
months intervention.

Results: Fifty participants (23 from the IMT group and 27 from the sham training group) completed
the entire assessment. Significant interactions in the Pl.y, daily step counts, and MVPA were
observed. Only patients in the IMT group showed significant improvement in these attributes after the
intervention. The 6MWD significantly improved in patients of both groups, and no significant interaction
was observed.

Conclusion: This study suggests that the IMT improved the Pl,x and could improve physical activity
in patients with stable COPD.

Key Words: Chronic obstructive pulmonary disease, Inspiratory muscle training, Physical activity,

Exercise capacity
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Characteristics of the Five Functional Domains about Gait Performance:
Comparison between 3-10 Years Old Children and Healthy Adults
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Kenji TANEDA, PT, MS, Takahiro INOUE, PT, MS
Graduate School of Health Sciences, Hokkaido University

Kenta TAKEDA, PT, PhD
Department of Rehabilitation for the Movement Functions, Research Institute of National Center for

Persons with Disabilities

Purpose: This study aimed to characterize the five functional domains (pace, variability, rhythm,
asymmetry, and postural control) of gait performance in 3-10-year-old children.

Methods: A total of 76 healthy children aged 3-10 years and 14 young adults were included in this
study. The child population was divided into four age groups: 3-4, 5-6, 7-8, and 9-10 years. Participants
were instructed to walk at self-selected speed barefoot on a 6-m walkway. Spatiotemporal gait
parameters (step length (SL), step velocity (SV), step time (ST), stance time (STT), and swing time (SWGT))
were calculated using a 10-camera VICON 3D motion analysis system. In addition, mean values, standard
deviation, coefficient variation (CV), and symmetry index (SI) were calculated. These gait parameters
were divided into five domains: pace (SL, SV, and SWGT_CV), variability (SL_CV, SV_CV, ST_CV, and
STT_CV), rhythm (ST, STT, and SWGT), asymmetry (ST_SI, STT_SI, and SWGT_SI), and postural
control (SW, SW_CV, and SL_SI).

Results: Differences in spatiotemporal parameters as regards a gait pattern were not significant
in children aged 7-10 years and in adults (pace, rhythm, and asymmetry domains), whereas group
differences in variability and postural control domains were significant in all children and adult groups.
Conclusion: Development of each of the five functional domains with respect to gait performance

varies, and gait variability and stability mature longer than the gait pattern.
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Characteristics of Lower Muscle Flexibility and Generalized Joint Laxity at Around
Age of Peak Height Velocity in Adolescent Male Soccer Players
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Department of Rehabilitation, School of Allied Science, Kitasato University

Hiroyoshi MASUMA, PT, MSc
Department of Rehabilitation, Kitasato University Hospital

Masumi YOSHIMOTO, PT, MSc
Department of Physical Therapy, Faculty of Health and Medical Science, Teikyo Heisei University

Objective: Decreased lower muscle flexibility and increased joint laxity, which are affected by bone
growth, are considered intrinsic risk factors of sports injuries in adolescent players. However, little is
known about changes in lower muscle flexibility and joint laxity at around age of peak height velocity
(APHV).

Purpose: To examine the characteristics of lower muscle flexibility and joint laxity at around APHV in
male soccer players.

Methods: Thirty-three adolescent soccer players participated in this cross-sectional study. Eligibility
criteria included a) availability of height data from 4th grade of elementary school to 1st grade of junior
high school and b) no pain throughout the body. Muscle flexibility of the hamstrings, quadriceps, and
gastrocnemius was measured. Joint laxity was measured using the general joint laxity test. APHV
was calculated based on the date height was measured. Maturity status was defined as the difference
between actual age and APHV. Based on maturity status, participants were divided into three groups (GI:
actual age <6 months before APHV, G2: actual age <6 months after APHV, G3: actual age 6-12 months
after APHV)

Results: Flexibility of the gastrocnemius in the G1 group (-1.7 = 4.3°) was significantly lower than in
the G2 group (3.8 = 5.3°), and the G1 group had significantly lower joint laxity (1.8 = 1.0 points) than the
G3 group (3.3 = 1.3 points).

Conclusion: Our results suggest that muscle flexibility of the gastrocnemius and joint laxity before
APHV were lower than those after APHV.

Key Words: Adolescent male soccer players, Age of peak height velocity, Maturational index, Lower

muscle flexibility, Generalized joint laxity
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Sports Exercise can Induce Cortical Expansion of Upper Limb in

Individuals with Complete Spinal Cord Injury

Tomoya NAKANISHI, PT, MSc, Hirohumi KOBAY ASHI, PhD, Kimitaka NAKAZAWA, PhD
Department of Life Science, Graduate School of Arts and Science, The University of Tokyo

Tomoya NAKANISHI, PT, MSc

Japan Society for the Promotion of Science

Kento NAKAGAWA, PhD
Faculty of Sport Sciences, Waseda University
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Shinshu Sports and Medical College

Objective: Functional magnetic resonance imaging (fMRI) was used to clarify upper limb representation
in the primary motor cortex (M1) in individuals with complete spinal cord injuries who had a history of
playing sports.

Methods: Finger muscle and upper arm muscle contraction tasks during fMRI were conducted for
seven individuals with complete spinal cord injury (SCI) and six healthy subjects, and the amount of
brain activation was quantified. In addition, the brain regions that correlated with the number of years
spent playing sports were calculated using population analysis.

Results: M1 activation size during finger muscle contraction was greater in the SCI group than in the
healthy group. Further, brain activation during upper arm muscle contraction was correlated with the
number of years spent playing sports in the population analysis.

Conclusion: After spinal cord injury, representation of the finger in the primary motor cortex was
expanded by injury-induced plasticity, whereas representation of the upper arm was expanded by using
dependent plasticity. This result suggests that intense physical activity such as sports is neurologically

recommended in rehabilitation after SCL

Key Words: Spinal cord injury, Primary motor cortex, Brain reorganization, Sports, fMRI
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Use of Patient-based Outcomes Obtained from the Simple Shoulder Test Evaluation to
Predict Treatment Strategies for Japanese Patients with a Rotator Cuff Tear
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Naoto SHIBA, MD, PhD
Department of Orthopedic Surgery, Kurume University

Purpose: We used a patient-based outcomes evaluation (Simple Shoulder Test) to predict treatment
strategies for Japanese patients with a rotator cuff tear.

Methods: Subjects were 229 patients with a rotator cuff tear who provided answers to 12 questions
in the Japanese version of the Simple Shoulder Test. Decision tree and propensity score analyses were
used to calculate odds ratios.

Results: Patient were grouped according to their responses. Surgical group included patients who
had night pain, pain at rest, limited physical mobility, and were unable to work; Conservative therapy
group, those who had no night pain, no pain at rest, and were mobile; and Intermediate group those
who provided mixed responses to these questions. The odds of patients selecting surgical treatment
was 11.50 greater in Surgical group compared to Conservative therapy group and 347 greater in Group
Surgical group compared to Intermediate group.

Conclusion: Four questions about night pain, pain at rest, mobility, and ability to work were predictive
in the patient’s selection of treatment and possibly the need for targeted physical therapy from an early

stage.
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Examination of Factors Related to Death Outcome of Patients
Admitted to Psychiatric Ward with Pneumonia
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Objective: This study aimed to elucidate the factors associated with the outcome of death in patients
who received physical therapy (PT) due to pneumonia in our hospital ward.

Method: This study included subjects who were admitted to our psychiatric ward, had nursing and
healthcare-associated pneumonia (NHCAP), and underwent physical therapy between January 2015 and
November 2018. The subjects were divided into two groups (survival group and death group) based on
the outcome at 120 days from PT initiation. Cox proportional hazards analysis was used to examine the
factors related to the outcome of death.

Result: The analysis included 81 people, of which 31 (38.3%) died within 120 days of PT initiation. Cox
proportional hazards analysis revealed that age and onset body mass index (BMI) were significantly
associated with the outcome of death.

Conclusion: The results suggested that the outcome of death in patients admitted to the psychiatric
ward with NHCAP was influenced by age and onset BMI.

Key Words: Psychiatric ward, Death outcome, Nursing and Healthcare associated Pneumonia
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