ISSN 24355860

MECR e PR PR R b i

vol.



‘NE

IFXZEXZFKREER

MEEDHEFE1S

B R
B
R A A FE SR IMESE S 5 B FEATIT B 77 5 Coveeereeeeessesesssesssssesessessease s b TR 111 S 1
JE
Characteristics of muscle morphology and elastic modulus of the patellar tendon
with a previous history of rectus femoris muscle Straing:«-««----s-eeeereeseenienennnn. Mie Fujimaki, et al. - 2
/NR - AYA R ORI R ICB T DR A2 BN S L7
VMAT & IMPT DG SRR EIE o eeveeereeeme s B 2e— e 12
TRIE 5812 K % PET/CT Mg ORER 3R sl D 72 0
T B F o AT =g VBN RE BT e 19
F:
Use of the phase angle in clinical Practice - - - Urara Chiba, et al.- 26
BRI AT L —I1ZBIT AU NE Y T3 3 L, 7R R W 33
THEG B OBEGIR I3 25M5 - EETHAZ A/ E L
YEB T T 7T Iy BTG cveevvrereenereeieeiss et wa PRIT - 40
TR BT D B RRTEHE R & HoVMAT -eerveereeeienienienieininceeen JHEE R, FH BT 46
XBCTDE— a7 —F 77 7 MEBHM OLE L FRR DI e oA Ak M54
X #t CT MAIZ 31T D R L ARPHADHLY FHIpewvvmeemseineenns PRI da. B RS 62
S MRI E—> a3 v 7 —F 7 7 7 MIxtd & FAHIELE &
AT (D B B ettt AHH O BK. FAH B 68
PET 217 35 1F 2 55 3HHE S AR IRAILIR I oovveoeeeenenineneeeeeeseiseesseeanns AR VEEL M TES e 74
fMRI 17 & 2 EERERAT © T Ao D> A~ DEGIR TG o evveeeereeevereeenaeenens Ve RETY. HBHE BrE 30

Uik

Activation of meat by neutron irradiation and biokinetics of

radionucllde from ingested actlvated meat ........................................................... Marla Yoshlda’ et al. ...... 85



KW - <ol
Third Annual JUHS 2023 -«-«ceeeveererreereereereeruesuesesesesresseeeesseseesnesnens Yasuaki Sakano, Yuh Morimoto:- -+ 93

BRS YR T KPR
Research activities at Department of Radiological Technology,

Mahidol University, Thailand .............cccoccoveiiiiniiiiicieene Napapong Pongnapang -+ 96
Reproducibility and the future of MRI research.........cccocevviniininicniniiicccee Nikola SHKOVY -+-eve-eee- 97
Functional electrical stimulation therapy for lower limb motor function

in individuals with incomplete spinal cord INJury......c..coccovevenerinieniienicnienencnenne Kei Masani -+ 08

Non-invasive and non-pharmacological therapies for muscles:

Pulsed electromagnetic field and photobiomodulation therapy...........ccccccueneee. Yu-Jung Cheng -+ 99
FTELABRIIEE T3 A O HOHARIAIE —HOHBRT DA BIAT | Lo (o Q9 — 100
2023 A AR [ P T BN B EE PR D T2 e L FERE e 103
I R e 2 At [ 0 T e N BB ZE S v vt FERE T e 105
BE DR SEERTRETHI RS2 () werevereesrersseemseessesease st R 109
SRS LTUYR ST G E (7 T A0) woeverererrersrenmsssesesissessesssesissesississs e sesessssseeeees Mk EE e 113
B PG TAT G2 (V) oevererereesneeseseaesies i see s A R fhe- 116

2022 AR [ PR AL RIRIFZE o TR BIATE ZE DGR oo 118
2023 FERR  (RAEEFEF IR DRI IRTILE « ZLBTREE oo 125
P LT o eevveeesee st 129



NECK i P At R 22 AR 2R 5 B AT IS D 72 T

ZORO, MEREREER PSSR E T T HERNE 2D E L2 EAFIEFITEL
SRWET, RHEEIT, FEPRIETFRRBU T 00 B8 D 5 OWF 7RO E R
72z IR FIET 2% E LT, AARBEEZRT TWET, ABRIZBWTH, Zikicb
2D T —~ DM XHEED | EE, HEH. £ L TEEEOHHKIC L > THERFRR
LB EEHFLTCVET, BRI H RFFEAEDEMDEIZED DALE Leh, A&T
IXZ OB L E Lz, ZOXIICHETMIEENEZ L2 L 3HEL L, 4
BOW O DOIERPE LA TH T H Y FH A, TOELREPTHRFE LR D L RRFICE
TN AXY — FTE 501, ESITEROE OB EVWZDHTLL I,

HEER RO R AL, R L L LT O EEMEZ L TR Y, FRCH RIS
BT, MR OSSN RO bNHH T, TOXRENTETETREL o
TWET, RMEEDRE T 2IHEMS. FRPRRIET T EEOERBSE TOWES
e T S —FOFRNCORND T L EFHS TWET,

ARBORITICEE L T, @M a TRV RS O kR, &5t ZH vz iZni
Fxa, TLUTHITICHED ST RTORY v 7O T 2 ICHEEHBP L EFET, B0
RNZEST, ZOLIBREDOERWVFINHEEDFITTEDLZ LA2BVICRNET,

I, ARHEEEDR A% BIER B R FPIREEER T OJ R & & b I FRE LRI
MFEOFBIZH LG LT, PR EEROBEL & L ToOEHEZRZL TN ZEELEY
FEL TR ET, FRIZEPNEL T, 5IERMEOITZEL THREZHVET OB
FEVVE L B &,

20244F9 A & H
PRAEE PR R
SRR AT

Juntendo Health Science Journal, September 30, 2024

1



Original Articles

Characteristics of muscle morphology and elastic modulus of the patellar
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Abstract

The purpose of this study was to determine whether a limb with a previously strained rectus femoris injury displays
different architecture and patellar tendon elasticity than an uninjured limb.

We conducted a case-control study on 20 active female university students (10 with a rectus femoris strain injury within
the last 18 months and 10 controls). All examinations were performed in a university laboratory at room temperature of
25-degree Celsius. We determined muscle architecture from B-mode ultrasound images and patellar tendon stiffness using
shear wave ultrasound. Ultrasound assessments were performed with participants in a supine position with a neutral hip
posture in a stretched position with 90° knee flexion. We compared assessment data between injured and uninjured limbs and
the test and control groups.

The result showed that the previously injured group had significantly higher asymmetry of patellar tendon elasticity in a
stretched position than the control group. In the supine position, muscle architecture was not significantly different. No
difference in muscle architecture and patellar tendon elasticity existed between limbs in the previously injured group.

In conclusion, a previously strained quadriceps muscle is associated with higher asymmetry of patellar tendon elasticity
when stretching. Further evaluation of the tendon’s tissue elastic modulus will help prevent muscle strain recurrence and

assist in planned training.

Key Words: strain, quadriceps muscle, rectus femoris muscle, female soccer player
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Introduction

A muscle strain is a source of numerous injuries in
sports. A quadriceps muscle strain occurs at a lower
rate than hamstring strain". However, it occurs in
various types of sports such as soccer, indoor track
and field, and softball>”. Another severe problem is
that muscle strain re-injury rates are high">?.
Epidemiological studies have shown that re-injury
rates of hamstring and quadriceps strains are 16% and
17%, respectively, and can be higher than the first

injury rate”. Notably, the Rugby World Cup 2015

injury survey indicated that quadriceps muscle strains
contributed to 168 days of absence, which is more
prolonged than that due to hamstring strains”. Thus,
because of the high recurrence rate and severity of
quadriceps muscle strains, it is necessary to clarify the
risk factors contributing to their occurrence to prevent
re-injuries.

Muscle strains occur more frequently in biarticular
muscles”. Previous research reported that among
quadricep muscle strains, those of the rectus femoris
(RF), a biarticular muscle, accounted for approximately

60%, with the proximal one-third being predominantly
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affected”. In addition, both the quadriceps and hamstring
muscles have been reported to have high re-injury
rates at the same injury site, and a history of strain has
been reported to be a risk factor. Since a history of
previous injury is a risk factor, a study investigating
the characteristics of the limb with a history of
hamstring strain also reported that the muscle fascicle
length was shorter and the pennation angle was larger
than the contralateral uninjured limb”. In a prospective
study of the risk of developing hamstring strains, it
was found that athletes who developed strains had
shorter muscle fascicle length, weaker eccentric
contractile muscle strength, and greater interlimb
differences in muscle fascicle length and eccentric
contractile muscle strength than those who did not
develop strains, which were associated with an
increased risk of future development of strains®.
Interlimb difference refers to the asymmetry between
the right and left legs.

Another characteristic of a limb with an injury is
the shortening of its optimal length”. A muscle strain
occurs during an eccentric contraction when extension
stress is applied beyond the optimal length of the
limb>*”. The descending region of the length-force
relationship beyond the optimal length is an area
where sarcomeres are vulnerable, and repetitive
loading tends to cause microscopic damage to muscle
fibers””. Therefore, shortening of the optimal length
increases activity in the region where muscle fibers
are vulnerable to damage and is thought to be related
to the occurrence of muscle strains. It has also been
speculated that shortening of the optimal length of an
injured limb is related to the presence of fibrotic tissue
produced during the healing process”. In severe cases,
the damaged muscle may not regenerate, and fibrosis
of the tissues may occur'”. Fibrotic tissue is dense and
fibrous, and it has been shown that overgrowth of this
tissue leads to incomplete functional recovery''.

Furthermore, previous studies have reported that
the fascia of the limb with a history of hamstring
injury is stiffer than that of the uninjured limb'”. The
rate of fascia shortening depends on the force applied
to the muscle-tendon complex, which is caused by
stretching of the tendon tissue'”. Therefore, passive

tension, such as tendon action, may compensate for

the reduction in active tension of the muscle as a
whole due to fibrotic tissue. To verify this, it is first
necessary to evaluate the stiffness of the tendons of
the limb with previous muscle strains.

However, the abovementioned characteristics of the
limb with a history of a muscle strain are all reasons for
the occurrence of hamstring strains. However, similar
reports on RF muscle strains, which have a similar
recurrence rate and are prone to severe recurrence, are
limited. Therefore, this study aimed to evaluate muscle
morphology (muscle thickness, pennation angle, and
muscle fascicle length) and tendon stiffness (patellar
tendon tissue elasticity modulus) of limbs with previous
RF muscle strains. This study hypothesized that limbs
with pre-existing RF muscle strains (pre-injured limb)
would have a shorter muscle fascicle length and greater
pennation angle than uninjured limbs and that the
injured group would have more significant interlimb
differences than the control group. We believe that
examining the characteristics of those with a history
of strain will prevent re-injury, especially recurrence,

at the same site.
Materials and methods

The study design was a case-control study. The
participants were 20 female university students (mean
age 19.8 = 1.2 years) involved in daily sports activities.
Among them, 18 played soccer and 2 played soft ball.
The participants were classified into two groups: the
pre-injured group included 10 participants who had
been diagnosed with RF strain within the past 18
months” and were currently returning to their pre-
injury competitive level and the control group included
10 participants who had no previous history of RF
strain (control group).

The exclusion criteria included any injuries that
limited activity at the time of measurement and the
history of injuries related to the patella tendon, including
Osgood-Schlatter disease and patella tendinopathies.

This study was approved by the appropriate Research
Ethics Committee, and the participants were fully
informed of the study content and gave their written
informed consent.

The 20 participants’ height, weight, body mass index
(BMI), other medical history, sports activity, practice
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time per practice session, and practice frequency per
week and in the case of those with a history of an RF
muscle strain, site of injury were surveyed at the time
of measurement using a questionnaire.

The muscle fascicle length, pennation angle, and
muscle thickness, which are believed to influence RF
muscle function, were measured using B mode
(frequency=12 MHz, depth=3 c¢m, and field of view
=26 rps) on an ultrasound imaging system (Applio 300,
Canon, Tochigi, Japan). Since strains of the proximal
one-third of the RF muscle account for 60% of injuries”,
the measurement site was set at 66% of the length of
the line connecting the anterior superior iliac spine to
the bottom of the patella. To maintain measurement
reproducibility, the measurement site was marked on
the skin, and the probe’s center was placed in contact.
Following a previous study, the angle of the probe
was adjusted to scan the lateral region of the RF
muscle from the medial side of the thigh rather than

the side perpendicular to the muscle belly'?. Care was

Fig.1 Posture in the resting position
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taken to ensure that the image showed multiple muscle
fascicles without interruption and that pressure on the
skin was minimal. The two measurement positions
were the resting (the hip joint in the neutral rotation and
the knee joint at 0 degrees) (Fig.1) and stretched
positions (the knee joint flexion was 90° in the leg to
be measured, while the hip flexion was 60° and knee
flexion was 70° in the opposite leg) (Fig.2).

Image analysis was performed using Image J
(National Institute of Health, Bethesda, MD, USA).
Muscle thickness was defined as the distance between
the superficial and deep aponeuroses, and the
pennation angle was defined as the angle between the
muscle fascicle and deep aponeuroses that appeared
uninterrupted'” (Fig.3). Since the muscle fascicle
length is not visible in the image, we used the extension
method to extend the muscle fascicle to the point where
it meets the superficial and deep aponeuroses. This

method is more accurate than the Blazevich estimation

formula as the muscle fascicle length is not visible in

T m—
—
-~

—

Fig.3 Ultrasound image of RF
Muscle thickness (a) was the distance between the superficial (line A) and deep aponeuroses (line
B). Muscle fascicle length (b) was estimated by linear extrapolation of both superficial (line A) and
deep aponeuroses (line B). Pennation angle (c) was the angle between the muscle fascicle (line C)

and deep aponeuroses (line B).
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the image. Measurements were taken five times per
leg, and the average of the three values, excluding the
maximum and minimum values, was used for statistical
analysis.

The patellar tendon tissue elastic modulus was
measured using share wave elastography (frequency
=10 MHz, depth=1.5 cm, and field of view=44 rps;
Applio 300). To evaluate the patellar tendon, a 20%x20-
mm box was placed between the distal femur and
proximal tibia as the region of interest (ROI) of the
tendon of interest. Circular ROIs with a diameter of
5 mm were placed proximal, central, and distal to the
patellar tendon parenchyma within the box (Fig.4).
The measurement positions were resting and stretched
positions (Fig.1 and 2). The average of three measure-
ments was used for statistical analysis.

The statistical software EZR was used for statistical
processing, with a significance level of p<0.05. Unpaired
t-tests were used to compare muscle morphology and
patellar tendon tissue elastic modulus between the
pre-injured and uninjured limbs. Comparisons were
made with the pre-injured limb versus the uninjured
limb in the resting position and the pre-injured limb
versus the uninjured limb in the stretched position.

Unpaired t-test was performed for age, height,
weight, and BMI and Fisher’s exact probability test
was conducted for sports activities to compare the
attributes of the pre-injured and control groups. Welch’s
t-test was used to compare muscle morphology and

patellar tendon tissue elastic modulus between the

proximal distal

Fig.4 Share wave elastography image of PT
The shear wave elastography box (20mm x 20mm) was
set at the patellar tendon (A). Areas of high stiffness were
shown in blue and that of low stiffness were shown in red.

pre-injured and control groups. In this study, Welch’s
t-test, which does not consider whether the samples
are equally distributed, was used to avoid the
“multiplicity problem” that occurs with repeated
testing. Comparisons between the pre-injured and
control groups were made as previously described” in
which the structure of the limb with previous hamstring
strains is investigated. The absolute values and the rate
of changes between positions (=values in the stretched
position / those in the resting position) of interlimb
differences were used to compare the uninjured limb
minus the pre-injured limb of the pre-injured group.
Similarly, in the control group, differences in the right
leg minus the left leg were assessed in the resting and
stretched positions. Post hoc power analysis was
undertaken using G*power 3.1.9.7 software'®. Effect

size (d) was also calculated.
Results

Overall, this study included 20 female university
students mean age 19.8 £ 1.2 years who were involved
in sports activities daily, divided into pre-injured group
and control group. Table 1 shows the mean (95%
confidence interval) age, height, weight, BMI, and
training time and frequency in both the groups.

The morphological data of RF and tissue elasticity
of PT were measured in pre-injured and uninjured limbs
in the pre-injured group. There were no significant
differences between pre-injured and uninjured limbs in
the resting position (muscle thickness p=0.70, pennation
angle p=0.28, muscle fascicle length p=0.25, and
patellar tendon tissue elastic modulus p=0.64). In the
stretched position, although the morphological data of
RF and tissue elasticity of PT changed compared to
those in the resting position, there were also no
significant differences (muscle thickness p=0.74,
pennation angle p=0.80, muscle fascicle length p=0.63,
and patellar tendon tissue elasticity p=0.44; Table 2).
Even when the rate of changes were analyzed, there
were no significant differences in all analyses (muscle
thickness p=0.75, pennation angle p=0.45, muscle
fascicle length p=0.32, and patellar tendon tissue elastic
modulus p=0.63) (Table 3).

The interlimb difference or the morphological data
of RF and tissue elasticity of PT were calculated both

Juntendo Health Science Journal, September 30, 2024 5



Table 1 Physical characteristics of the pre-injured and control groups

Pre-injured group

Control group

(n=10) (n=10)

Age (years) 19.3 (18.6-20.0) 20.3(19.4-21.2) 0.06
Height (cm) 160.7 (155.7-165.6) 160.0 (155.8-164.4) 0.82
Weight (kg) 54.3 (50.0-58.7) 52.6 (49.0-56.1) 0.48
BMI 21.0 (19.8-22.3) 20.6 (19.3-21.9) 0.55
Training Time (h) 2.2(1.9-2.5) 2.0% 0.15
Training Frequency (per week) 5.8 (5.5-6.1) 6.0% 0.15

Soccer (n=8) Soccer (n=10) 0.47

Sports

Soft ball (n=2)

Mean (95% confidence interval)
BMI: Body mass index

*As there were no differences between subjects, 95%CI was not obtained.

Table 2 Morphological data of RF and tissue elasticity of PT of pre-injured and uninjured limbs of pre-injured
individuals, both in the resting position and the stretched position with the absolute value

Pre-injured Uninjured P-value Effect size Power

Resting position

MT (cm) 2.1(1.9-2.4) 2.1(1.9-2.2) 0.70 0 0.05

PA (%) 12.0 (9.7-14.3) 13.8 (11.0-16.5) 0.28 0.50 0.19

FL (cm) 11.2 (9.2-13.1) 9.9 (8.4-11.4) 0.25 0.56 0.22

PT stiffness (kPa) 19.7 (13.6-25.9) 21.9 (13.5-30.3) 0.64 0.21 0.07
Stretched position

MT (cm) 2.1(1.9-2.2) 2.1(1.9-2.3) 0.74 0 0.05

PA (") 8.4 (6.3-10.6) 8.8 (6.8-10.8) 0.80 0.14 0.06

FL (cm) 13.5(11.7-15.4) 13.0 (11.4-14.6) 0.63 0.22 0.08

PT stiffness (kPa) 109.3 (88.4-130.2) 98.6 (76.1-121.1) 0.44 0.35 0.11

Mean (95% confidence interval)

MT, Muscle thickness; PA, Pennation angle; FL, Fascicle length; PT, Patella tendon

Table 3 Morphological data of RF and tissue elasticity of PT of pre-injured and uninjured limbs of pre-injured
individuals, both in the resting position and the stretched position with the rate of changes

Pre-injured Uninjured P-value Effect size Power

Stretched position/ Resting position
MT 1.0 (0.9-1.1) 1.0 (0.9-1.1) 0.75 0 0.05
PA 0.7 (0.5-0.9) 0.7 (0.5-0.8) 0.45 0 0.05
FL 1.2 (1.1-1.4) 1.4 (1.1-1.6) 0.32 0.78 0.38
PT stiffness 6.6 (4.2-9.0) 59 (3.2-8.5) 0.63 0.20 0.07

MT, Muscle thickness; PA, Pennation angle; FL, Fascicle length; PT, Patella tendon

in the pre-injured group and control group. The means
of the interlimb difference in the patellar tendon tissue
elastic modulus in the resting position were 30.1
(95%CI, 11.4-48.8) in the pre-injured group and 9.7
(95%CI, 2.6-16.7) in the control group. They were
significantly greater in the pre-injured group than in
the control group in the stretched position (p=0.04,
effect size=1.03, power=0.59). There were no

statistically significant differences in the patellar

tendon tissue modulus, muscle thickness, pennation
angle, or muscle fascicle length in the resting position
(Table 4).

Discussion

In this study, we hypothesized that the muscle
morphology (muscle thickness, pennation angle, and
muscle fascicle length) and patellar tendon tissue

modulus of the limbs with previous RF muscle strains
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Table 4 Interlimb differences of morphological data of RF and tissue elasticity of PT in the pre-injured and control

groups, both in the resting and stretched position

Pre-injured group

(n=10) Control group (n=10) p-value Effect size Power

Resting position

MT 0.3 (0.08-0.4) 0.3 (0.2-0.4) 0.69 0 0.05

PA 2.2(0.3-4.1) 2.2(0.8-3.7) 0.97 0 0.05

FL 1.8 (0.8-2.7) 0.9 (0.5-1.3) 0.07 0.89 0.47

PT stiffness 7.1 (1.8-12.3) 8.2 (1.0-15.4) 0.77 0.13 0.06
Stretched position

MT 0.2 (0.08-0.3) 0.3 (0.2-0.4) 0.19 0.50 0.19

PA 1.6 (0.4-2.8) 3.1(1.4-4.7) 0.12 0.74 0.35

FL 2.8(1.2-4.4) 2.5(0.4-4.6) 0.77 0.12 0.06

PT stiffness 30.1(11.4-48.8) 9.7 (2.6-16.7) 0.04* 1.03 0.59

Mean (95% confidence interval); *p<0.05

MT, Muscle thickness; PA, Pennation angle; FL, Fascicle length; PT, Patella tendon

would be shorter and that the pennation angle would be
larger in the pre-injured limbs compared with those in
the uninjured limbs. Furthermore, we hypothesized that
the pre-injured limbs would have greater asymmetry
(interlimb differences) in the muscle morphology and
patellar tendon tissue modulus than the uninjured
control limbs. Accordingly, we examined 20 female
university students using an ultrasound imaging
system. The results showed no statistically significant
differences in the muscle morphology and patellar
tendon tissue modulus between the pre-injured and
uninjured limbs of those who had experienced a
previous RF muscle strain. However, the interlimb
differences in the patellar tendon tissue modulus were
significantly greater during stretching in the pre-

injured group than in the control group.

Background characteristics of the participants

The results of the questionnaire to investigate the
background characteristics (age, height, weight, or BMI)
of the participants showed no significant differences
between the injury and control groups. Although many
studies have investigated the relationship between
muscle swelling and background characteristics, no

statistically significant direct correlation has been found.

Comparison between previously injured and
uninjured limbs of patients with a previous strain
injury

Muscle thickness, pennation angle, and muscle

fascicle length of the RF muscle in the resting position
obtained in this study were comparable to those
reported in previous studies'*'”. There were no
statistically significant differences between the pre-
injured and uninjured limbs of the RF muscle. It is
thought that after returning to play and training, the
muscle morphology of the pre-injured side became
similar to that of the uninjured side in muscle fascicle
length, pennation angle, and muscle thickness. Soda
et al."” stated that although there was no change in the
muscle thickness, the pennation angle and muscle
fascicle length changed structurally with training;
Blazevich et al."® reported that pennation angle changes
continue linearly for several months after the start of
training, while the muscle fascicle length changes
rapidly. Therefore, since the muscle fascicle length
and pennation angle change with training, athletes
who have a history of a previous muscle strain but
return to work may show no difference in muscle
morphology between their pre-injured and uninjured
limbs. However, in a study by Timmins et al.” who
investigated hamstring muscle morphology, the limbs
of athletes who had a hamstring strain in the past 18
months had a larger pennation angle and shorter muscle
fascicle length compared with uninjured limbs. This
difference could be because the muscle measured in
this study was the hamstring, which differs from RE”.
Timmins et al.” stated that short muscle fascicles with
fewer sarcomeres in series are more sensitive to tensile

stress due to fast and powerful centrifugal contractile
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movements. A hamstring strain often occurs during
high-speed running. However, an RF muscle strain is
often caused by non-contact injuries or overuse”. In
other words, a short muscle fascicle length is a risk
factor for hamstring strains®, while changes in muscle
morphology are unlikely to be a risk factor for RF
strains, which have different injury mechanisms.

Furthermore, in this study, muscle morphology was
measured only in the proximal one-third of the RF
muscle, which was not necessarily the site of the
muscle strain injury. In the future, new insights into
muscle morphology may be obtained by identifying
the site of the flesh injury and then measuring it.

The patellar tendon tissue elastic modulus of the
pre-injured limb was not significantly different from
that of the uninjured limb. Freitas et al.'” stated that
muscle-tendon complexes do not change in tension
for a given length and that it is due to the decrease in
tissue stiffness. In addition, they stated that mechanical
properties, such as a decrease in tissue stiffness, and
morphological properties, such as an increase in the
muscle fascicle length, may influence changes in tension.
This study also found no significant changes in muscle
morphology between the pre-injured and uninjured
limbs. This result suggests that the differences in the
measurement limb position were insufficient to change
the tension in the muscle-tendon complex, including

the quadriceps and patellar tendons.

Comparison of the group with previous muscle
strains and control group

Interlimb differences between the two legs were
compared between the patients with previous injuries
and the control group, referring to previous studies®.

No significant interlimb differences in muscle
thickness, pennation angle, and muscle fascicle length
were found in the resting position. This could be
because most of the participants in this study were a
homogeneous sample belonging to the same club.
Ema et al."¥ measured muscle morphology with an
ultrasound imaging device after a 12-week training
intervention and reported an increase in the pennation
angle in their participants. Soda et al.'” also reported
a similar trend of increased pennation angle and

shortened muscle fascicle length in participants during

and after performing fatigue tasks. Therefore, it is
possible that after returning from the strain and
participating in the same training as the control group,
the previously trained group showed no difference in
muscle morphology in the resting position.

Additionally, there were no significant differences
in muscle thickness, pennation angle, or muscle
fascicle length between limbs during stretching. We
believe that this indicates that muscle morphology
does not change when the muscle-tendon complex is
stretched. It was explained that changes in muscle
morphology during muscle contraction are closely
related to tendon tissue characteristics'>**?".
Experiments conducted on extracted animal muscle
and tendon showed that the muscle bundle length
shortens or does not change when the muscle-tendon
complex is stretched”*”. This suggests that stretching
the muscle-tendon complex during tensile contraction
mainly depends on the tendon and that the tendon
tissue serves as a mechanical buffer to prevent damage
to the muscle fibers. Therefore, we believe there may
be no change in muscle morphology even under
tensile stress.

On the other hand, interlimb differences in the
patellar tendon tissue elastic modulus in the stretched
position were significantly greater in the pre-injured
group. This means that the difference in the patellar
tendon tissue modulus between the pre-injured and
uninjured limbs during stretching significantly
differed in the group with a previous strain injury.
Although there was no difference in the mean values
between the pre-injured and uninjured limbs in the
pre-injured group, many of them tended to have a
greater patellar tendon tissue modulus in the pre-
injured limb. In the resting position, there were no
significant interlimb differences between the groups.
The pre-injured limbs may have been affected by
mechanical stiffness due to scar tissue during the
recovery process when subjected to stretching stress.

2 stated that scar tissue alters force

Turrina et al.
transmission in the muscle-tendon complex and
influences fascial stiffness. Therefore, we believe that
the pre-injured group may have suffered from stiffness
of the muscle-tendon complex, including fascia, due

to fibrotic tissue formation.
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Furthermore, the extracellular matrix (ECM) in
tendon tissue and skeletal muscle is rich in collagen
and extremely important for force transmission in
muscle tissue”. There is a linear relationship between
tissue modulus and passive tension’®. An increase in
the patellar tendon tissue modulus is associated with
changes in the ECM, such as changes in collagen
cross-linking, reflecting an increase in passive tension
throughout the patellar tendon and quadriceps muscle-
tendon complex™. Passive tension is the tension
produced by otherwise induced stretching and is
influenced by the stretching of extracellular connective
tissue. Therefore, the increase in the patellar tendon
tissue elastic modulus may be due to the influence of
material changes such as the effect of the ECM. This
suggests that the large limb-to-limb difference in the
patellar tendon tissue modulus during stretching, a
situation in which stretching stress is applied, such as
eccentric contraction, which can easily cause
extensibility, is a situation in which the tendon tissue is
less stretchable and less able to serve as a mechanical
cushioning device.

To prevent quadriceps strain injury or its recurrence,
it is necessary to prospectively investigate the relation-
ship between the improvement of tendon tissue elastic
modulus and extensibility. It has been shown that
tendon tissue extensibility decreases with age and that
metabolic factors are said to be involved®”. Since
plyometric training has been reported to increase
tendon extensibility, it is also expected that plyometric
training will be performed in patients with previous
strain injury; however, that research will involve the
tissue elastic modulus of the tendon and the recurrence

- 28
of muscle strain®™ .

Limitations

To the authors’ knowledge, this is the first study
that examined quadriceps muscle morphology and
patellar tendon tissue elastic modulus in the stretched
limb position. However, this study had several
limitations. First, although we excluded the participants
with a history of patella tendon diseases, we did not
examine the degeneration of the tendon. Previous
studies reported that athletes, especially soccer players,

can experience asymptomatic degenerative changes in

their patella tendons®”*”. Although degeneration’s
impact on the elastic modulus in the tendon is unknown,
current results may include those with asymptomatic
degenerative changes. Second, although we investigated
the morphology of quadriceps with ultrasound, the
place where we measured was not the exact place
where the previous quadriceps strain occurred. In
addition, the severity of the previous strain was
unknown. However, a previous study reported that
within the same muscle, the morphology of the muscle
can change regardless of the injury site”. Therefore,
we decided to measure the morphology at one-third of
the thigh to compare the uninjured limb. The impact
of the previous muscle injury on the whole muscle
morphology may require further investigation. Finally,
the power in the interlimb difference in the patellar
tendon tissue elastic modulus was at 0.59, so a type 2
error might be contained. Therefore, caution should
be taken when interpreting the current results. In the
future, studies with a larger number of participants
and investigating the effects of the degeneration on

the elastic modulus in the patella tendon are necessary.
Conclusion

In this study, there were no significant differences
in the muscle morphology or patellar tendon tissue
elastic modulus between the previously injured and
uninjured limbs of individuals with a history of RF
muscle strain. On the other hand, the patellar tendon
elastic modulus of the injured limb tended to be
larger, and the interlimb differences were greater
when stretching stress was applied to the injured limb
than to the control limb.

This result supports that during centrifugal
contraction, which is prone to fleshing out, the RF
muscle does not change its morphology much,
indicating that patella tendon extensibility is a
mechanical buffer to prevent muscle damage. In the
future, evaluation focusing on muscle morphology
and the tendon may be useful in preventing the
recurrence of RF muscle bruising and in planning
training programs. Regarding the quadriceps muscle,
the muscle is large, and we believe that measuring
tendon stiffness may be clinically valuable if it can

reduce the risk of flesh bruising. In addition, we

Juntendo Health Science Journal, September 30, 2024 9



would expect to investigate whether plyometric
training to increase tendon extensibility in patients
with a history of flesh bruising would lead to the

recurrence of flesh bruising.
Acknowledgements

We would like to thank the Institute of Health and
Sports Science & Medicine at the Juntendo University

for their valuable help in conducting this study.
Ethical approval

This study was approved by the Ethics Committee
of Juntendo University (No.2022-14). All participants
were informed of the purpose and methodology of the
current study before they voluntarily provided written

informed consent.
Competing interests

The authors declare that they have no known
competing financial interests or personal relationships
that could have appeared to influence the work

reported in this paper.
References

1) Ekstrand J, Higglund M, Waldén M: Epidemiology
of muscle injuries in professional football (soccer).
Am J Sports Med. 2011: 39: 1226-1232.

2) Eckard TG, Kerr ZY, Padua DA, Djoko A, Dompier
TP: Epidemiology of Quadriceps Strains in
National Collegiate Athletic Association Athletes,
2009-2010 Through 2014-2015. J Athl Train.
2017: 52: 474-481.

3) Mendiguchia J, Alentorn-Geli E, Idoate F, Myer
GD: Rectus femoris muscle injuries in football: a
clinically relevant review of mechanisms of
injury, risk factors and preventive strategies. Br J
Sports Med. 2013: 47: 359-366.

4) Brockett CL, Morgan DL, Proske U: Predicting
hamstring strain injury in elite athletes. Med Sci
Sports Exerc. 2004: 36: 379-387.

5) Fuller CW, Taylor A, Kemp SP, Raftery M: Rugby
World Cup 2015: World Rugby injury surveillance
study. Br J Sports Med. 2017: 51: 51-57.

6) Pasta G, Nanni G, Molini L, Bianchi S: Sonography

of the quadriceps muscle: Examination technique,

normal anatomy, and traumatic lesions. J
Ultrasound. 2010: 13: 76-84.

7) Timmins RG, Shield AJ, Williams MD, Lorenzen
C, Opar DA: Biceps femoris long head architecture:
a reliability and retrospective injury study. Med
Sci Sports Exerc. 2015: 47: 905-913.

8) Timmins RG, Bourne MN, Shield AJ, Williams
MD, Lorenzen C, Opar DA: Short biceps femoris
fascicles and eccentric knee flexor weakness
increase the risk of hamstring injury in elite
football (soccer): a prospective cohort study. Br J
Sports Med. 2016: 50: 1524-1535.

9) O'Brien TD, Reeves ND, Baltzopoulos V, Jones
DA, Maganaris CN: Muscle-tendon structure and
dimensions in adults and children. J Anat. 2010:
216: 631-642.

10) Lieber RL, Ward SR: Cellular mechanisms of
tissue fibrosis. 4. Structural and functional
consequences of skeletal muscle fibrosis. Am J
Physiol Cell Physiol. 2013: 305: C241-252.

11) Hwang JH, Ra YJ, Lee KM, Lee JY, Ghil SH:
Therapeutic effect of passive mobilization exercise
on improvement of muscle regeneration and
prevention of fibrosis after laceration injury of
rat. Arch Phys Med Rehabil. 2006: 87: 20-26.

12) Kawai T, Takahashi M, Takamoto K, Bito I:
Hamstring strains in professional rugby players
result in increased fascial stiffness without muscle
quality changes as assessed using shear wave
elastography. J] Bodyw Mov Ther. 2021: 27: 34-41.

13) Ichinose Y, Kawakami Y, Ito M, Kanehisa H,
Fukunaga T: In vivo estimation of contraction
velocity of human vastus lateralis muscle during
“isokinetic” action. J Appl Physiol (1985). 2000:
88: 851-856.

14) Ema R, Wakahara T, Mogi Y, Miyamoto N,
Komatsu T, Kanehisa H, et al: In vivo measurement
of human rectus femoris architecture by ultrasono-
graphy: validity and applicability. Clin Physiol
Funct Imaging. 2013: 33: 267-273.

15) Blazevich AJ, Gill ND, Zhou S: Intra- and
intermuscular variation in human quadriceps
femoris architecture assessed in vivo. J Anat.
2006: 209: 289-310.

16) Faul F, Erdfelder E, Lang AG, Buchner A:

10 Juntendo Health Science Journal, September 30, 2024



G*Power 3: a flexible statistical power analysis
program for the social, behavioral, and biomedical
sciences. Behav Res Methods. 2007: 39: 175-191.

17) Soda N, Ishida, H., Ikedo, Y: Changes in muscle
architecture of vastus lateralis muscle during
fatiguing contractions. Rigakuryoho Kagaku.
2011: 26: 781-784.

18) Blazevich AJ, Cannavan D, Coleman DR, Horne
S: Influence of concentric and eccentric resistance
training on architectural adaptation in human
quadriceps muscles. J Appl Physiol (1985). 2007:
103: 1565-1575.

19) Freitas SR, Mendes B, Le Sant G, Andrade RJ,
Nordez A, Milanovic Z: Can chronic stretching
change the muscle-tendon mechanical properties?
A review. Scand J Med Sci Sports. 2018: 28: 794-
806.

20) Hicks KM, Onambele-Pearson GL, Winwood K,
Morse CI: Gender differences in fascicular
lengthening during eccentric contractions: the
role of the patella tendon stiffness. Acta Physiol
(Oxf). 2013: 209: 235-244.

21) Wakahara T, Kanehisa H, Kawakami Y, Fukunaga
T: Effects of knee joint angle on the fascicle
behavior of the gastrocnemius muscle during
eccentric plantar flexions. J Electromyogr Kinesiol.
2009: 19: 980-987.

22) Azizi E, Roberts TJ: Geared up to stretch: pennate
muscle behavior during active lengthening. J Exp
Biol. 2014: 217: 376-381.

23) Roberts TJ, Azizi E: The series-elastic shock
absorber: tendons attenuate muscle power during
eccentric actions. J Appl Physiol (1985). 2010:

109: 396-404.

24) Turrina A, Martinez-Gonzalez MA, Stecco C:
The muscular force transmission system: role of
the intramuscular connective tissue. J] Bodyw
Mov Ther. 2013: 17: 95-102.

25) Heales LJ, Badya R, Ziegenfuss B, Hug F,
Coombes JS, van den Hoorn W, et al.: Shear-wave
velocity of the patellar tendon and quadriceps
muscle is increased immediately after maximal
eccentric exercise. Eur J Appl Physiol. 2018: 118:
1715-1724.

26) Koo TK, Guo JY, Cohen JH, Parker KJ: Relation-
ship between shear elastic modulus and passive
muscle force: an ex-vivo study. J Biomech. 2013:
46:2053-2059.

27) Kubo K, Morimoto M, Komuro T, Tsunoda N,
Kanehisa H, Fukunaga T: Age-related differences
in the properties of the plantar flexor muscles and
tendons. Med Sci Sports Exerc. 2007: 39: 541-547.

28) Kubo K, Ishigaki T, Ikebukuro T: Effects of
plyometric and isometric training on muscle and
tendon stiffness in vivo. Physiol Rep. 2017: 5.

29) Fredberg U, Bolvig L: Significance of ultrasono-
graphically detected asymptomatic tendinosis in
the patellar and achilles tendons of elite soccer
players: a longitudinal study. Am J Sports Med.
2002: 30: 488-491.

30) Fredberg U, Bolvig L, Andersen NT: Prophylactic
training in asymptomatic soccer players with
ultrasonographic abnormalities in Achilles and
patellar tendons: the Danish Super League Study.
Am J Sports Med. 2008: 36: 451-460.

Juntendo Health Science Journal, September 30, 2024 11



B2

NR - AYA RO ER2EHRY ICH T 5 1EFMRFEEMNEL L

VMAT & IMPT D& ST EREE

RIRAR—. BHEN. BB, B XM kA % RFRE. mBH0. KBEZ

IER B AP REE R A AR SR 7t

E F

DRAT—2N=ZXLWEE L 210610/

X—7— K 2NLEHEE. FT2MEEE. VMAT, IMPT

2N2EBERRST (craniospinal irradiation; CSI) (. BEIRIEREANDFHRBH E L THEHETH 3, BRZMEBEFICEFE EINEDRR
BEMISGY LITICTB3RENFHVY., CSIERENRINBETH D, ARETIE, NE
HED CSIDFE - IHEREZFHME L. %75 1 PR, BEE
VsaE ARG FHRAE (intensity modulated proton therapy; IMPT) (26 \F 2 2 MBF ICET 1238
- AYA D CTEf&R £ LT, BA1PIRE. VMAT LU IMPT ZER L 7=,
PTV ® D99, D95, Dmax. F7=F5& - JIE D Dmax. Dmean %K & LEBAEET U 7=

IMPT 13, %A1PIREEELE L TFESLUVINEDRAIREN82% B L V0%ED U, VMAT & &L T74% 5 £ U61%
B U7z Ko T IMPT IZ/DNE-AYA D CSIHIZHEWT, FREMHBHEEERTIEDTEIEMNEBRETHDI EVA D,

~SAEERERET A (volumetric modulation arc therapy; VMAT) $ &

+ AYA (adolescent and young adult)

RETEIE ERET L 7o

IBERZRBERFHS, 5%, HB15, 12-18H, 2024F (FfF 2024.1.29.; T 2024.5.13.)

#E (BxcEm)

ARG (craniospinal irradiation; CSI) (%, /)

IR OREHFNERS - ANE O FEHEFE~D TR & L’Cj(
”ﬁ%f%é%Lﬁ%ACSimmﬁ%%%®k
RERE, REDABIORIED 27 O RIE
BENTNDY, M, FEEODAREE ST D
PEAPEIRAFRRIEDEH ST C 7o, 20184 D 5531
DR AU R HEME SEASEHE 2 3\ TN E - AYA (adolescent
and young adult) M A HRF T T 25 EERMLN
HEHE S, 202340 B IXEA T HE O T/ - AYA
AR 73 A BB S DIV IR AT SR LR (Rt 3 )Y
W20 DATERE & AT U TR A ERIE D HEE &
NnNHE9ITheoT,

PEde, CSI DR LT X e A= B3 O |)
OWNT 2% FIFRGHECTH o 72n, B, BCk%E
Hubh & L CHREAFRRIERIRSHE  (volumetric modulated
arc therapy: VMAT) % F"C, FHERENEIARD CTINH
LI BESRAIER L, 1REMTOND L HIZ72->T
xiY, Eio, BrRERERER T T v s e —
BT D2 L&D, IERITEB O BN R M4 & D 5
ERIREIT, JEPHIE A s~ SN DD IRR ) &

ELRT A2 L3 TE D, 20D, B R ITR
NETOEERRD bR TR VY, REREC2K
FBADY A7 %R 72 BHEDLRNE, CSLIZEH
T SR ZEFARG TRRAE  (intensity modulated proton
therapy; IMPT) TIRREL5 Z L3z T& 7Y, —
J5 T, CSIDORE TiE, JRFRBAB THL Z &b,
T - JPRIC—EOMENS ST LE D fJREERN
HY | AR E B E T 25T S5
A TR S &2 LR’ H 5, Sl TIFFEIC BV
P PEIRAF IS IE 78 CINEOMEZ 1.5 Gy LLFICT
DUENH LA, BUEE TIZ CSI TOEZMIRF %
HE) L U7 i s Ia g G A O FHI T bt T g
VY, ARHFTECIE, /N AYA RO CST IR 5 15 -
IR L, AR A ER T 5 b D TE
DR EAAICE LT, X #ids KL OBGEF#RIC & 2 Bt
TREGTEEEZ R A 2 2 B ET 5,

B &

. SRR EETE O ER T iE
/AFﬂEJT_&/\—Z (The Cancer Imaging Archive)® J
D EAS L7106 (9 ~ 155« hkfig12%) @ CT mhifg
% BB IR RN N T, TR ET 2 E 1T Eclipse

HEEE - AR
BRSSO e
T 113-8421  HAUHS SCRUXAR2-1-1
E-mail: k usui@juntendo.ac.jp

12 Juntendo Health Science Journal, September 30, 2024



1 BREE PTV QA

Ver. 16.0 (NNUT VAT 4 ANV AT LR) ZHERL,
#%IF 1ML, VMAT 38 & OV IMPT D75 & % {F
B U 7o B F5 1 o0 i S04 HH 35 2 OVFH 1B A 1) (AR
(planning target volume: PTV) DIERK FiEZ =T, &
BT, BRI R B 3 L CRM A Bl C
DN X DHEROIES R AR Y A 7 2T 57
BIT, S3FE THIKIEA KRS (clinical target volume:
CTV) & L7, PIVIZCTV IZ5mm O~ — > %
ZCHERC LT, BREE, 78, BERE. KiEE L OBl
FEIkIX, ABT —Z N CREICHREMER T O b O %2 FH
L7c, 7235, T CORmEREIRIC I\ THRU R IEE =
IR DR EEEEZITS T,

FHRRIRHEG L, X B2 W75 H 1R R GHER
L OVVMAT & 518 % 72 IMPT & 1Bk L7z, %5
IFYHEFHES LV VMAT CTlit, =¥ —%26MV & L
SR U R25mm ST, MEFHR 7 LT Y XA
anisotropic analytical algorithm %% HWTIERL L 72, 72
. VMAT 1£360° J7 1717 & 2[m1#x5 B T3 2 G & (ERL
L72Y IMPT I, A 27U v R2.5mm (2T, #réat
B 7L =2 Y X A proton convolution super position %
FAWTHERR L7z, 058k & & 4y 8lE1%%23.4 GyRBE/13
SrElE U, B AR i3m0 Rk (RBE)
Z11E LTEMEZ L, BAIMBETET A Yy
HEMFG R L L, £72 VMAT 35 L OV IMPT Tl
PTV D95% MRS L 58 E (D95) %234Gy & L,
TEBLOIIEO R K E (Dmax) %3.435 X 0U%3.8 Gy
LUF, F¥f & (Dmean) #1.13 KX U7 Gy LA FIC
72 KO REEIE O R AT o 7o, RUCHR R E
{EFHEIZ T 2 i SRR O #r B BRE & 7R,

£1 VMAT B8& U IMPT OAEE D - DEIF5 4"

Structure Dose criteria

PTV D95 23.4 Gy

OARs

Gonads Max dose < 3.8 Gy
Mean dose < 1.7 Gy

Uterus Max dose < 34 Gy
Mean dose < 1.1 Gy

Right & Left kidney Mean dose < 6.0 Gy

Colon D50 < 31.6 Gy
Mean dose < 5.2 Gy

Spleen Mean dose < 5.12 Gy

2. RENHOFMEAE

FARPE TN U C AR AR~ DO Rl & L T,
PTV D99% 73 G S 2 # B (D99) I LU D95 &
Dmax Z 3R 7, £72. U RV lfga~DOfEFmE L
T, 2 X OYPH O Dmax 3 L O Dmean % R ®,
AEAKREEZ0.05L L TUEAR t BUEZITV, BIRHEHE
EORERRR R KOV R 7 lifds it it 2 Riat L7,

LS

1. PTV OIF2EIE

PTV @ D95, D99 L N Dmax % K2~41Z~ 7,

PTV ® D95 & D99I%, %7 1ML & VMAT B X
OV IMPT & ORI THEZENH Y. VMAT 35 X OV IMPT
TIXPTV A~ K0 B2 ERRE Eh T 5,
F 72, Dmax 1%, % IFT1IFHEE L VMAT, VMAT &
IMPT 33 K OM% S 1P BREHE & IMPT & ORIICHEZEN
HY . %ITIFIIRE Tl Dmax AT EE K& <@
ZTW5,

Juntendo Health Science Journal, September 30, 2024 13



@
<

k
30 e 30 r
= e
27 | 27 |
24 ¢ ° ® 24 E
: . ¢
21 - + 21 | *
15 ——— S S S
&P VMAT IMPT % A1P95RE VMAT IMPT
2 PTV 0 D95 DR *p < 0.05 3 PTV 0 D99 DR *p < 0.05
* Gy *
30 G | * * | 30 r |
. | I | o5 - *
27 L * - I I
r ' 20
r ¢ -
24 ¢ 15 f
21 [ 10F ¢
18 | 5t ; '}
15 : : : ®H 198BS VMAT IMPT
“APIERS VMAT IMPT 5 FED Dmax DR *p < 0.05
4 PTV O Dmax D#EE *p < 0.05
Gy 2. TEREDLEE
10 - * F-E R E D Dmax & Dmean # 5, 6127~77,
] | TE#RE O Dmax £, %5 1AL L VMAT 3 X
8 I * O MBS L IMPT & OB CHEERH Y.
r 1 U
6 & VMAT 3% 1P B & Fo= T, Dmax 7382 %8 L
; 2o IMPT (3% 77 1M ik & B~ "C. Dmax 7382 %75
4 » YUl Fl2. FERRE O Dmean (365 )7 1 EEE &
[ . IMPT 35 LUV VMAT & IMPT & ORI THEZENH D |
2 IMPT (34 7 IFARRST 2 B X T, Dmean 7393% 8/ L .
O . IMPT | VMAT {7 F-<"C Dmean #375% /> L 7=,
®A 1P VMAT IMPT
6 FEOD Dmean DFER *p <0.05
14 Juntendo Health Science Journal, September 30, 2024



3. BB DR

PRIAKR E: D Dmax & Dmean X7, 812577,

PRLHR O Dmax 1%, %7 1P IRGE & VMAT, %
FFIMFREHE & IMPT 3 X OV VMAT & IMPT & O ¢
HEZENDY, VMAT 121% H 1 & < T Dmax
DT5% P80 L, IMPT (3% /5 1 PRSI & e~ T Dmax
72390% 38/ L, IMPT IZ VMAT & LE~_C Dmax 5361%
Wb Uiz, F£72, JIEARED Dmean 1%, % 519G
% & IMPT 5 L OV VMAT & IMPT & @[] CTH E M8
H V. IMPT 3% 519 BEEHIZ b~ T Dmean 7387 % Ji
b U IMPT 1% VMAT |Z b2 C Dmean 7385 %80 L 7=,

4. 15F DIERITDIRE S5 DFER

X9 15F DREFI DR 279, #7571 PIRSE
TIE, 5 - JPRICKBRENRE ST 5, VMAT

30

25

20

[ 9]
TTTTTTTTTT T
*

15
10

LI L O

f }

#“AH1PI88E VMAT IMPT
7 BPE0 Dmax OFEE *p < 0.05

BAIFIIE S VMAT

9 15 RDEFIDIREN

T, ARRREIR DB S I IER > TWDH Z ek,
FE e PRI B 1.4 ~ 2.4 Gy DRI RA ST
%o —HTIMPT (L, FERYTEIE~OMENRNEIZE
THEY, 75 - IR~ S EEE L KET
HZENMTETWD,

5. 9F DIEGITDIFENHDIER

B10I29F DIEFI ORI A7~ #0571 RRSTE
T, - INRICKBEA RS S, VMAT T,
AR EIR AN IR I8 D 2 & T - IO KERSY
121.4~24 Gy O ENBH ST\ 5D, KREBIE,
BEEAR A/ NS W2 L IR R MNCAFTET D,
ZDT FE L IIHEDONLE DY CST ORI E 7> HEE,
IMPT |2 W T 15 - JRRICHF S Lo fEE & L <
K45 Z LB TE TN D,

10 &

*

8 |
*
6 1
4
5 } {
O i 1 i 1 L
#AH1F9BE VMAT IMPT

X8 D& Dmean N#EE *p < 0.05

v 20.400
v 117
v 14.400

v 0.400
0.000

Juntendo Health Science Journal, September 30, 2024 15



®I71PIREY VMAT

S

10 9RDEHI THHMESNMIER

£ K

AWFFETIE, /B - AYA RO EF O CSTIZE T
DIZEERAAZ HIE LT, 75 - IR EOIRZ
HiE L. X#MIC K D% FTFIMBEE L VMAT, B
12X % IMPT OFEEAG D L 1T > 7,

Wallace & OBFZE"™ Tik, /MR A D HBE OBHH
ATV, IR 2L &R Z 9 ATttt & 5 I
B 050% B EII2 Gy TH D EHEESh T
5o ETREIHOOBIE k5L, BRI SND
BEAZ1SGy LTFICT A2 LT, KES O &MEICIPE
BRERE DA ERFLIIRAE Lo, /MR - AYA
D B D CSI T, PTV ORI — i
234Gy TH5", %IFIMREETIZ, 75 & Ui~
PR S DR EDS, 2R T 2 3 < BRERRE DL o>
TBERE L 7o o7z, ZHUE, %07 1P IR T as )
MO BE—IRED X MRAE1T O I GBET 5720,
X AT RN CHREBEEMICHE T 5 Z £ b, PTV
SO —MEIR T U, BRI~ S ORI )R A
HMBENAT L I oTz, TDIH, %GB ETIE
FEEINENERKREIC -T2 EZ BN D, VMAT
Tk, BGIMBEE L L, 75 & IPH O Dmax
& Dmean (3K F L7223, #EZ MK T OMERE TH
% 1.5 Gy BL EDS RS S U 2 ERFI 2310451 1861 & 5o
7o VMAT “CIEis B 283 & N 2 72 X 3 22360° J5 [
D2MAFRD N 21T > T\ A2, PTVIZE D H—IC
FRREDN RS S, 15 EIRRICERES B S
HZEEMIAZENTETND, LLAENRD,
VMAT 1£360° J7 [ 7> & O [RIHR B 12 20 {R#R i
IR T D LD, T - RIS E OMED
FRSS S, BRZ AR T OFR BRI 2 R 5 2 REBI A %
Motz EZBN5, IMPT TlE, %71 E=e

VMAT & g U, & & JPEE D Dmax & Dmean %
AR S 2 Z &N T& | MR T O ERETH
%1.5 Gy LL B2 BRET & 4 2 0E 451 231061 H3 41 & A 7p
Mmotz, iU, BT I v e —25FT 57
D, FERIFEIB A ORREIN RS IEF BN TV D L FH
BELZ, JE P OO TE s~ O IAR B D IR AY 0 % 36D C
M2 ENTEREEZLND, S HIT, VMAT
EE2 D CSIOBEETHW D IMPT (X [E 4R & T 72
HEMMM»S OIS CTH D720, BEANZIAA % &
WAEE LT N TEREEZLND,
H9. 10DFKN D, BARERN/ NSV LT, F
B EIPRATRS SN DM EDMK T 5 AREENE 2 5
o, T7bb BWEEN NS DI EIZLoT,
FE EINEOAE R AL T B, CSI ORUG
FPH O T2 LIIRMNEEND Z LD, BTSN DHR
BEIDIEMCTE L ATREMERDH D, 5%ILCSID
TE - JIEREICIB W TIEMATEN 5 2 D2 EICBE L
T, SORDLFFMBMIIALETHD EEZLND,

& &

IMPT (X% A1 RSHE & ik L <, 75 L O
B DB KRR 2382% 33 L 1090% 8 L, BB E M
93%3 L U87%I L=, IMPT [Z VMAT & bz LT,
NER D e KR T D361% Jd L, =3 L OYRE O
KRR T4% 3 L O84% I Lz, K- T, IMPT X
/NI - AYA XD CSTIZ R W T, dE 221 IR AT D 28
TLZEDTELADRBIETHDL LWVR D,

B

AL ERETAICHZVH I L TL & 572 ET
DAARGEY v 2 — BB R B D 5 & &b
W, TRTOERITEG - LET,

16 Juntendo Health Science Journal, September 30, 2024



WIZRVEC R

AHFZEIL, AT —F _XR— A D WG T — % L
TR TH DL, MEEERIOA 74 —A K2
eV NERLBELETDHHDOTIER,

FlatER
AWFIANC IS B FIABR AL L 720,
S

1) Zhang Y, Huang Y, Lin J, Ding S, Gong X, Liu Q, et
all: Multi-isocenter VMAT craniospinal irradiation
using feasibility dose-volume histogram-guided auto-
planning technique. J Radiat Res. 2023: 64: 612-621.

2)  RERTEA N e AYA HARO BRI D B
TR A BT A . 20190 L. &
hi. 2019: 23~43.

3) EEGEAE N AYA RO D A BBH S DI
ZPPEIRAF R FEA e 1 5 5 S Ji 2 2023.
https://www.mhlw.go.jp/stf/seisakunitsuite/bunya/
kenkou_iryou/kenkou/gan/gan_byoin_00010.html,
20244F1H27H.

4)  Ziemann C, Cremers F, Motisi L, Albers D, MacPherson
M, Rades D: Novel hybrid treatment planning approach
for irradiation a pediatric craniospinal axis. Med Dosim.
2024: 49: 93-101.

5) FRESAUE, SnAK, IIIRFSER o NS AUSHT D
W - RRIRIRE— YU BRI 35 1T 2 IR B A B & 2 C
—. AR SZERERERS. 2019:128: 12,

6) INEEESL, RRHEEE, NMaBRIy, JNARER, B
—ok, il B FRRIC K D e E R R E O A H
PEE RS, B AU AR 2 2 AL SRR 2 HERE.
2015: 24: 167.

7) Bl AYA AR D ST T 2 A R IR IR
DEPHE. B A/NRMHE-25 A2 HEE. 2017:
54: 114~119.

8) Clark K, Vendt B, Smith K, et al: The Cancer Imaging
Archive (TCIA): main taining and operating a public
information repository. J Digit Imaging. 2013: 26:

9)

10)

11)

12)

13)

14)

15)

16)

17)

1045-1057.

Howell RM, Giebeler A, Koontz-Raisig W, Mahajan A,
Etzel CJ, D'Amelio AM Jr, et al: Comparison of
therapeutic dosimetric data from passively scattered
proton and photon craniospinal irradiations for
medulloblastoma. Radiat Oncol. 2012: 7: 116.

Zhou Y, Ai Y, Han C, Zheng X, Yi J, Xie C, et al:
Impact of setup errors on multi-isocenter volumetric
modulated arc therapy for craniospinal irradiation. J
Appl Clin Med Phys. 2020: 21: 115-123.

EATER - BERARRETI T A BT A > 20204
fi. R &JRUHAR. 2020: 77~83.

Lester-Coll NH, Morse CB, Zhai HA, Both S, Ginsberg
JP, Gracia CR, et al: Preserving Fertility in Adolescent
Girls and Young Women Requiring Craniospinal
Irradiation: A Case Report and Discussion of Options
to Be Considered Prior to Treatment. J Adolesc Young
Adult Oncol. 2014: 3: 96-99.

Sun Y, Liu G, Chen W, Chen T, Liu P, Zeng Q, et al:
Dosimetric comparisons of craniospinal axis irradiation
using helical tomotherapy, volume-modulated arc
therapy and intensity-modulated radiotherapy for
medulloblastoma. Transl Cancer Res. 2019: 8: 191-202.
Wang Z, Jiang W, Feng Y, Guo Y, Cong Z, Song B, et
al: A simple approach of three-isocenter IMRT planning
for craniospinal irradiation. Radiat Oncol. 2013: &:
217.

McVicar N: Improved Volumetric Modulated Arc
Therapy Field Junctions Using In Silico Base Plans:
Application to Craniospinal Irradiation. J Med Imaging
Radiat Sci. 2018: 49: 301-308.

Wallace WH, Thomson AB, Kelsey TW: The radiosen-
sitivity of the human oocyte. Hum Reprod. 2003: 18:
117-121.

Nguyen M, Dang T, Deegan L, Henry K, Jones S, Pullar
A, et al: Modified volumetric modulated arc therapy
technique with reduced planning and treatment time
for craniospinal irradiation utilising two isocentres. J
Med Radiat Sci. 2022: 69: 357-366.

Juntendo Health Science Journal, September 30, 2024 17



Abstract

Verification of treatment planning for preserving fertility in pediatric and
AYA patients treated with craniospinal irradiation using VMAT and IMPT

Eiichi Maehara, Keisuke Usui, Hiromi Baba, Hidenobu Tachibana, Hajime Sakamoto,
Yasuaki Sakano, Shinsuke Kyogoku, Hiroyuki Daida

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

Craniospinal irradiation (CSI) is valuable as a prophylactic irradiation for preventing leptomeningeal dissemination.
However, preserving fertility requires limiting the irradiation dose to the uterus and ovaries to approximately 1.5 Gy, posing
a challenge in CSI due to the risk of infertility. This study aimed to evaluate the uterine and ovarian doses of pediatric and
adolescent and young adult (AYA) patients undergoing CSI. We explored treatment planning methods for fertility
preservation by the posterior one field irradiation, volumetric modulation arc therapy (VMAT), and intensity-modulated
proton therapy (IMPT). Using CT images obtained from a public database for 10 pediatric and AYA patients, we generated
treatment plans employing 1 field irradiation, VMAT and IMPT. For each treatment plan, we calculated and compared the
dose index of D99, D95 and Dmax in planning target volume (PTV), and the Dmax and Dmean in the uterus and ovaries.
The IMPT demonstrated an approximately 14% increase in Dmax for the uterus and decrease of about 77% in Dmean
compared to VMAT. Additionally, both Dmax and Dmean for the ovaries decreased by approximately 65% and 97%,
respectively. Moreover, there were no significant differences in dose metrics for the PTV. Therefore, IMPT can create a
dose distribution aimed at preserving fertility in CSI for the adolescent and AYA patients undergoing CSI.

Key Words: craniospinal irradiation (CSI), fertility preservation, VMAT, IMPT
[Juntendo Health Science Journal 5(1): 12-18, 2024]
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Abstract

Effect of data augmentation of deep learning for extracting the
hypoxic regions in PET/CT images

Masafumi Akanuma, Keisuke Usui, Eiichi Maehara, Hajime Sakamoto,
Yasuaki Sakano, Shinsuke Kyogoku, Hiroyuki Daida

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

"F-fluoromisonidazole (FMISO) Visualization of hypoxic areas of tumors can be useful information during radiation
therapy. Using deep learning to generate PET/CT from CT will lead to a reduction in radiation exposure. In order to prevent
overfitting, data augmentation is expected to improve accuracy, but it is not clear which method is effective in generating
FMISO. Therefore, we verified the effect of contrast adjustment.

For 11 head CT images (478 images) acquired from a public image database, 4,780 images were created by three
processes: dynamic range compression, sharpening filter, and local Laplacian filtering. A total of 5,258 images were
subjected to deep learning using the original PET/CT images as constraints. For image quality evaluation, structural
similarity (SSIM) and peak signal-to-noise ratio (PSNR) were determined, and cross-validation was performed. In addition,
a significance test was performed by one-way analysis of variance.

The average SSIM of the composite images for each treatment was 0.978, 0.972, and 0.976, and the PSNR was 35.9,
34.2, and 35.5 [dB]. As a result of cross-validation, the p-values were 0.9243 and 0.1904, which were not significant,
indicating that the data augmentation by the three contrast adjustments used did not make a difference in the accuracy of the
composite image of the PET/CT image using FMISO.

Key Words: PET/CT, data augmentation, contrast adjustment, '*F-fluoromisonidazole
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Use of the phase angle in clinical practice
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Abstract

research is needed regarding its application in certain areas.

Key Words: phase angle, bioelectrical impedance analysis

Bioelectrical impedance analysis (BIA) is a noninvasive, safe, and reproducible technique that measures body composition
via impedance. BIA is considered an alternative to expensive imaging methods for body composition assessment. However,
the accuracy of BIA can be affected by body mass index extremes or abnormal hydration levels. The phase angle (PhA), a
raw parameter derived from BIA, has gained attention as an alternative to the conventional error-prone calculation of body
composition in diseases, and it indicates cell membrane health. PhA is calculated as the ratio of reactance to resistance. PhA
is considered useful because of its ease of measurement and relative accuracy, but it remains under debate as a treatment
effectiveness indicator. Although PhA serves as a potential marker in assessing various health aspects and diseases, further

Juntendo Health Science Journal 5(1): 26-32, 2024 (Received Feb. 6.

Introduction

Bioelectrical impedance analysis (BIA) is a method
that measures body composition by passing a weak
electric current via the body and measuring a resistance
value called impedance".

BIA is a noninvasive, safe, rapid, simple, and
reproducible technique that is often incorporated in
daily clinical practice to assess skeletal muscle mass
as a measure of sarcopenia”. The sarcopenia reference
values of BIA in Asia are <7.0 kg/m’ for men and

<5.7 kg/m” for women”.

BIA has long been considered an attractive alternative
to cumbersome and expensive imaging methods, such
as dual X-ray absorptiometry (DXA) and computed
tomography (CT), for body composition assessment”.

However, BIA is not a direct method for assessing
body composition. Conventional BIA parameters,
including total body water and muscle mass, are
calculated using regression equations for each

population studied and should be interpreted cautiously

2024 ; Accepted Apr. 12.2024)

in some clinical situations. The reason is that the BIA
algorithm is inaccurate in participants with extremely
low or high body mass index (BMI) values or
abnormal hydration levels®.

Therefore, the phase angle (PhA), a raw parameter
derived from BIA, has gained attention as an
alternative to conventional error-prone calculation of
body composition in various diseases”.

PhA is an indicator of cell membrane health and
integrity, and it is used as a prognostic predictor of
various diseases and an indicator of disease severity”.

This paper outlines the basic principles of PhA and

its relationship with different diseases.
PhA measurement principle

BIA measures whole-body impedance (Z), which is
the opposition of the body to an alternating current
comprising the following two components: resistance
(R) and reactance (Xc). Impedance is measured as
follows: Z* =R* + Xc’.

Healthy cell membranes behave as good capacitors,

which store the current and consequently cause a

Corresponding author: Tomoyuki Morisawa
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delay in its flow. The phase difference between the
voltage and current, which is attributable to the lag of
the current penetrating the cell membranes and tissue
interfaces, is expressed as PhA. PhA is calculated
using the arc tangent value of the directly measured
ratio of Xc to R” (Fig. 1).

PhA ranges from 0° to 90°.

As reactance increases, PhA increases, and as

reactance decreases, PhA decreases.
Characteristics

1. Reference value for PhA

The overall mean PhA was 6.93° = 1.15°, with a
mean PhA of 7.48° = 1.10° in men and 6.53° + 1.01°
in women.

Of the subjects, 46% were white, 22% were African
American, 14% were Asian, and 18% were Hispanic
or of another race.

A comparison of PhA by race revealed a significant
difference in the crude analysis (P < 0.001), including
values of 6.82° £+ 1.13° for white individuals, 7.00° £
1.01° for multiracial subjects, 7.21° = 1.19° for
African Americans, 7.33° £+ 1.13° for Hispanics.

PhA for Asians is 6.55° £ 1.10°; it is significantly
higher in men than in women and decreases with
increasing age'”.

In Japan, lower PhA independently predicts
incident disability, separately from known risk factors.

PhA can be used as a valuable and simple prognostic

Reactance(Xc) 180°
bt L L

Phase angle(8) = arctan e —a

saurIquIdW [[3d 3y Jo Kudau)

(ox)adueoeay

Phase angle(B) ]

>

Resistance(R) Hydration of tissue

100% body fluid : Phase angle = 0°
100% cell membranes : Phase angle = 90°
Fig.1 The definition of PhA?
Vertical axis: Reactance(Xc)
Horizontal axis: Resistance(R)
Impedance is the sum of the squares of reactance and
resistance.

tool to identify older subjects at risk of disability as
targets of preventive treatment. The cutoff is <4.95°

in men and <4.35° in women".

2. PhA as an indicator
1) Nutrition

The association between an impaired nutritional
status and a low PhA is well established.

The Mini Nutritional Assessment, Nutritional Risk
Score (NRS-2002), Geriatric Nutritional Risk Index,
and Subjective Global Assessment have been used to
assess nutritional status, and studies have demonstrated
their associations with PhA”.

PhA, a superior prognostic marker, should be
considered a screening tool for identifying patients at

risk for impaired nutritional and functional statuses®.

2) Physical function
PhA is also used as a parameter of physical function.
In a previous study, PhA was associated with the
results of the timed up and go test, 6-min walk test,
and 30-s chair stand test as well as handgrip strength
11)

and gait speed .
Higher PhA indicates better physical function'.

3) Physical activity

One study found that PhA can be influenced by the
level of physical activity as it is higher in active
subjects than in sedentary people'”.

A study of the association of 24-h movement
behaviors with PhA in community-dwelling older
adults identified relationships with more time spent
performing moderate to vigorous-intensity physical
activity (MVPA). In addition, reallocating 30 min of
other behaviors (sedentary behavior, light-intensity
physical activity, and sleep) per day to MVPA was
predicted to increase PhA by 0.12°.

This observation suggests that increasing or
maintaining the daily time spent performing MVPA

might be important for PhA in older adults'”.

4) Mortality
PhA is correlated with mortality'.
In a study assessing the association between PhA

and mortality in geriatric patients, PhA (50 kHz)
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significantly differed between survivors (4.2° + 1.1°)
and nonsurvivors (3.6° £ 1.2°) during hospital stay.
Subjects with PhA <3.5° exhibited a significant 4-fold
higher risk of hospital mortality (20%) than all other

subjects'®.

The aforementioned findings have drawn attention
to PhA as a comprehensive indicator of physical
health, including nutrition, physical function, activity
level, mortality, and fall risk.

In addition, PhA is related to various diseases and
their prognosis. In the following sections, It will
discuss the relationships between each disease and

various indicators.
Relationships between PhA and various diseases

1. Geriatric syndromes

Relationships have been reported between PhA and
Geriatric syndromes such as sarcopenia and frailty.

PhA is reportedly useful as an indicator of
sarcopenia with cutoffs of 4.05°-5.00°"". It is also
related to dynapenia'®. The cutoffs are 4.05° for men
and 3.55° for women. Therefore, PhA is related to
muscle mass and quality.

Some reports found an association between PhA
and frailty. In one study of 4667 older adults, PhA
below the first quintile was associated with a 3-fold
higher risk of frailty in men and a 4-fold higher risk in
women'”. A Japanese study reported that PhA was

associated with frailty and Locomotive syndrome™.

2. Cardiovascular disease

PhA decreases with increasing severity of heart
failure in both men and women®".

Decreased PhA is associated with decreased
survival in patients with heart failure™.

Morisawa et al. reported that PhA is probably a
comprehensive indicator of physical health, indicating
nutritional status, physical function, and geriatric
syndromes, and an important predictor of
hospitalization-associated disability (HAD) in older
patients undergoing surgery”.

PhA is correlated with the nutritional status and
physical function in patients with cardiovascular

disease, and it is a useful marker of sarcopenia and

. 24
cachexia.

3. Cancer

PhA has a positive and significant correlation with
cancer survival.

A systematic review indicated that patients with
low PhA were 23% less likely to survive than those
with high PhA””. Thus, PhA may be a prognostic
factor for cancer survival.

Low PhA is associated with malnutrition and
sarcopenia in patients with cancer.

Malnutrition and sarcopenia impact the survival of
patients with cancer, therefore PhA could potentially
serve as a prognostic tool to identify patients at risk of
complications from cancer treatments and overall
mortality™”.

However, studies on the association between PhA
and cancer are lacking. Thus, PhA is yet to be routinely
incorporated into clinical practice for patients with
cancer. Therefore, further research is warranted in this

arca.

4. Metabolic syndromes

Concerning metabolic diseases, many studies on
diabetes and obesity have been reported.

In a report on diabetes mellitus, male participants
with PhA within the lowest quartile (PhA < 4.9°) were
significantly more likely to have diabetes mellitus. In
particular, men taking oral hypoglycemic agents had
significantly reduced PhA. However, no significant
relationship between PhA and diabetes existed in
women””.

PhA at 100 kHz is a promising indicator of the
catabolic state in people with diabetes, discriminating
more strongly between patients with type 2 diabetes
and control subjects than PhA at 50 kHz. Compared
with control subjects, patients with Type 2 diabetes
had a lower PhA, which was inversely correlated with
the duration of the disease and HbAlc level at 100
kHZ™.

A cross-sectional study of obese adults recorded a
low PhA in 30.5% of the 141 enrolled patients, and an
association was found between low PhA and the

. . 29
presence of hyperuricemia®.
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5. Respiratory disease

PhA is used to assess malnutrition in many diseases,
including respiratory diseases such as chronic obstructive
pulmonary disease (COPD).

Patients with COPD and reduced PhA are older and
more likely to be hypoxic and hypercapnic. Patients
with more severe COPD have reduced cell mass,
evident skeletal muscle depletion, and worsening gas
exchange™.

A report by de Blasio demonstrated the significance
of PhA in the estimation of handgrip strength and
respiratory muscle variables (maximal inspiratory
pressure/maximal expiratory pressure ratio)’.

Furthermore, PhA is an independent and powerful
predictor of all-cause mortality in COPD™.

Recent findings demonstrated the value of PhA in
research involving patients with idiopathic pulmonary
fibrosis (IPF)™.

Patients with IPF and low PhA were characterized
by worse lung function, exercise capacity, and Health-
Related QOL (HRQOL) compared with the findings
in patients with normal PhA.

In conclusion, PhA is a novel biomarker of morbidity
and mortality in patients with severe respiratory

. 33
diseases™.

6. Kidney disease

In a report on the involvement of chronic kidney
disease, low PhA was associated with sarcopenia and
HRQOL; therefore, PhA appears to be a reliable
marker of muscle health and HRQOL in patients with
chronic kidney disease (CKD)™”.

It is also important to regularly monitor the
nutritional status of patients with diabetic CKD
(DMCKD). It was reported that patients with stage 5
(DMCKD5) subjects with PhA < 4.17° exhibited
Geriatric Nutritional Risk Index-assessed malnutrition
and low albumin levels (3.13 £+ 0.52 g/dL) than those
with PhA > 4.17°. This observation suggests that PhA
could be used as a marker to reflect the nutritional
status in patients with DMCKD5™.

7. Stroke
An observational cohort study by Abe et al.

investigated whether PhA is associated with improved

physical function at discharge.

An independent association was reported between
low PhA (<5.62° in men and <4.54° in women) and
functional independence measure motor (FIM-motor)
in patients with acute stroke.

Therefore, PhA at the onset of stroke is an
independent predictor of physical function at discharge

in the acute phase’”.
Intervention

Resistance training promoted increases in PhA,
which resulted from an increase in Xc concomitant
with a reduction in R*”.

However, it has been reported that PhA does not
change at low intensities and that it improves with
high-intensity or combined training and protein and

vitamin supplementation®.

PhA as a result of physical therapy
evaluation and treatment

Although its usefulness as a physical therapy
assessment is not clear, it has been reported that low
preoperative PhA in fragile hip fracture patients is
associated with poorer functional outcomes after
rehabilitation®” and that poor muscle quality, as
estimated by PhA, is associated with reduced ADL
capacity in elderly patients undergoing rehabilitation
and physical function'”. Several papers have also
reported on treatment effects. PhA increased after 12
weeks of resistance training in community-dwelling
elderly women®”, and PhA improved significantly
after implementation of a cancer rehabilitation
program in breast cancer survivors®. Furthermore, a
4-month on-dialysis exercise program (aerobic and
resistance training) for kidney transplant candidates
has been reported to increase PhA by 13.3% compared
to controls*”. However, there are not enough reports
showing longitudinal or intervention studies in each

disease, and this is an issue for the future.
Conclusion

Although there are reports of PhA as an indicator of
physical health and its relationship with various
diseases has been described (fig.2), the factors that

influence PhA and whether it can be used as an
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indicator to determine the effectiveness of treatment

remain debatable.

Nonetheless, as PhA can be easily measured and is

more accurate than BIA with less measurement error,

it is considered useful in clinical practice.
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Abstract

Rehabilitation in the advanced emergency and intensive care unit

Akira Saito"”, Tetsuya Takahashi”, Toshiyuki Fujiwara"’

)

" Department of Rehabilitation Medicine, Juntendo University Graduate School of Medicine
? Department of Rehabilitation, Nippon Medical School Hospital
* Department of Physical Therapy, Faculty of Health Science, Juntendo University

In recent years, early rehabilitation therapy, including early mobilization, has been actively performed in Intensive Care
Units. Due to improved survival rates, Post-Intensive Care Syndrome (PICS) has become a worldwide concern. PICS can
cause physical, cognitive, and psychological impairments, resulting in a decrease in daily activities and quality of life for
both patients and their families. To prevent and improve PICS, various medical and care practices have been bundled into
the ABCDEFGH bundle, which includes early mobilization and exercise, highlighting the significant role played by
rehabilitation therapy. This paper provides an overview of rehabilitation therapy in Emergency Intensive Care Units and
discusses the role that physiotherapists are expected to play in preventing and improving PICS in the future.

Key Words: early mobilization, Emergency Intensive Care Unit (E-ICU), Post Intensive Care Syndrome (PICS),

ABCDEFGH bundle
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Abstract

Development of exercise program aimed at preventing trauma and

injuries during training of volunteer firefighters

Takayuki Miyamori'™, Masashi Nagao"®”, Hirofumi Nishio"®, Syunpei Iwaki”, Shojiro Nozu",
Masaharu Saito”, Takahisa Fukui®, Tomoya Yoshida®, Moe Kounou®, Yuji Takazawa"*®

" Department of Sports Medicine, Faculty of Medicine, Juntendo University
? Department of Physical Therapy, Faculty of Health Science, Juntendo University
* Juntendo University Sakura Campus Clinic
* Graduate School of Health and Sports Science, Juntendo University
* Graduate School of Health Science, Juntendo University
% Department of Orthopaedics, Faculty of Medicine, Juntendo University
7 Medical Technology Innovation Center, Juntendo University
® The Mutual Aid Fund for Official Casualties and Retirement of Volunteer Firefighters

An analysis of 3 years of occupational accident data held by the Mutual Aid Fund for Official Casualties and Retirement
of Volunteer Firefighters showed that trauma and injuries occurring during training exercises accounted for approximately
70% of the total incidents. Consequently, School of Medicine’s Sports Medicine Research Laboratory in Juntendo
University and the Mutual Aid Fund for Official Casualties and Retirement of Volunteer Firefighters initiated a 3-year
collaborative project that aimed to develop an exercise program for preventing trauma and injuries specific to training
exercises, including pump operation techniques. Subsequently, the dissemination status of the program was investigated. In
the first year, a sports movement assessment for pump operation training was conducted, and a scientifically based exercise
program video was created. During the second year, the program was promoted through YouTube broadcasts and posters
distributed via each municipality. Additionally, in the third year, a survey was conducted among firefighters to assess the
implementation status of the exercise program. The results indicated that 50% of firefighters lacked a regular exercise
routine, while 80% of those who participated in pump operation training attended six or more sessions per month. Fourteen
percent (14%) of the respondents had watched the exercise program video or poster, and the implementation rate was 5%.
Furthermore, in the open-ended section of the survey, participants expressed the desire for more efficient warm-up exercises
that could be performed in a shorter time, despite acknowledging the perceived effectiveness of the exercise program.
Therefore, future considerations will involve the development of efficient and brief warm-up exercises and a reevaluation of
dissemination methods to firefighters.

Key Words: volunteer firefighter, pump operation training, injury prevention, exercise program, dissemination

[Juntendo Health Science Journal 5(1): 40-45, 2024]
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TS/ INHAR AT L VX AR C do o C b ARTR I i
HMRENHER STV D, 70, BSHREERE T
TBIET 2856, ML/ Nl It L2 0 A oy 5 ¢
D77 < & H60 Gy/30[EI6HE 21T 9 Z & IO H LTV
Do TRB. HHHRIA R EIR OB A IR IR & e
W ERHERES TS, ST, RN & ERET
% My IR IR L HER S h T v B Y,

3) MEHFAERMOES

T RGP X ORI (L L TR Y . RHER D
72, KU IEMECHREZRIER D ATREIC R > T D, i
HHIBROREE 2 RET D EERBEEOIT,
FRIGHRETIENC I 2 IR TE RO EN TH 2, MUKIT
o VB o — X WrlE R (Four-Dimensional Computed
Tomography: 4DCT) 1%, BUfE, HURBRIGHE R O R E
ICBWTHEMIA TR TS, ZhiCkY ., BEE
DIFRIZ X 2 EF O & ZFHH L, 2 OBEHFH 4 5
SHBRIBRRHENC A A IA T 2 & T IS o i o8 &
B LT L CHTE O EDIERICHEEICREN D
£21thes, ¥z, V=7 v/ tkoa—rEv—Lar
v o — X WiEfRE (Cone Beam Computed Tomography:
CBCT) &0, iR X ONRH DI O E %
T HILHARETHD, Mih, FFRMEBE 2 IE
IR T 2R E R b 5, ik, BE
DRERL EHEEIC R E Lo~ — I — &R A T CE
=2V 7L, MkORELZEHRT2EETH DS, H
BEAT LM b EE RO REREHRDIHS>TH
D, v/ME, BT H D T0CRRE TR LN 7R
D, Z0H%MA L EEEDLRFHEBRH D72, BEE~A
WZAERC L, IR ORI IR GRS 25 2 & THEL

ML ZEM AR T S, TTH, FEHHO Y = X
R XEE Ny 7 e b THAT S Z & T, (KEhm
NN Z FERANENC LD, DA A=V 7
HATOFHA L W R SN2 BEEETEOMAEHEIC
X 0. GEANT B 9 15 (Stereotactic Radiosurgery:
SRT) MEHTE D L 5T/ -7=", SRT X, (%
HI7eREE E EfES A 2. K0 DB cRED
WTTH % BRI T & 5, TERDIESHIBE T, 1EE
DY E LRI EZE L TRERY—V UV EHTEL
TR, BRBEEMOERIZLD | ~—T 25
DU, EAVUTLEE BH O TEF ARk~ DR 5 & BUN ARG
BIZ X DREIER b Uiz, R —7eif g OB O
U A e RS ) T 2 g0 S T O #E T (Intensity-
Modulated Radiation Therapy: IMRT) %, V¥ DA
EEDEFEMROBMELHDSHELZENTED,

4) NSCLC OisHgaE

NSCLC D #RIER L. Fli B O IE < 1T 5 Hehd
BRI Ao, PR E SN & 2 I~ IREDEEE O T
B L OMEFHRIE & OO X 2 IE SRR O K d
DM EOMBEN B Do = IR ITJF AR 5 % 15
(Three-Dimensional Conformal Radiation Therapy:
3D-CRT) %, NSCLC ([CHZRRENETH 2 Z & H3GE
HENTEY ., IEFHROBKREZBET 2R, £
J7E B FHEFERY{AFE (Planning target volume: PTV)
RIS b BHE O v — A% EE/ER L, PTV
EOE LTEMESMEERTE L2 &6, PTVIC
Tyl A BT A LR TE D, FHICEY, E
g ik AN RN I IS NN R Ul 78 g J: D el 51
HIrzenTcx2?, F10 (a) I23D-CRT Of &
A % 753, IMRT (Z3D-CRT O L 0 #Efk U 7= R4+
HETHY ., b EIC L > THE LN EROMBEL
T — L EMABDED Z LT, EE~OREIRME
DLl Y A7 )E# (Organs at Risk: OAR) DR &AL
WEERT sz EnTEHY, —H T, IMRT I3
FEIA R < 72 D728, 1R O BE OEB 728 &
DR ESMICHET LRRERD D, I HIT,
Monitor Unit (MU) 23095 Z & T, ZREHHRTE
FERE DR ARG B ATREMED B %110, SR 257
[EEAPR AL (Volumetric Modulated Arc Therapy: VMAT)
13, 2 < OEALORFIRIEICIH VT, IMRT X 0 &A%
IRE AL < | ) — 7R EERORR B0 A & OAR H & ORI
ZERHLETY, 277 L, VMAT TIZEFORE Y %[0
5 U722 B A BRI 5 700, IRWBREIRTH 5
V5 (5 Gy UL B &2 A O AR I T 5
EE) BLOVI0 (10 Gy BLEFRSF S p A O 4
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1 3D-CRT (a) & VMAT (b) O#EE5HH

AT 2FE) BMEEFE IR IR 2 2 &2
BEENTNSEY, 1O (b) (2 VMAT O ESiX
T, 250 VS B IO VIOE? o RO
IE, BRIl OFEFER FTH D Z LR ENT
W5, ZTHHOMBEIZHLT DD, Akcay b I,
IMRT & single arc VMAT 35 & ON2partial arc VMAT % £
#e L7298 24T > 7=, 2partial arc VMAT & L CTI180/%
DL & O RS 7L A U7z fE S, 2partial arc
VMAT 23 ifi42{& T V5, V10, Mean lung dose (MLD)
T single arc VMAT X U & £ 40 £ 13.0%. 6.4%. 1.4
Gy 10> 7=, AR %588 1 TR 2212 VMAT % v
5 LT, MOE#RE L FERELZ IR TE DL Z &N
AE SN, 857515k L LT, 3D-CRT (%
721X IMRT) & VMAT G bElens 7 U v R
3D-CRT (IMRT)/VMAT (Hybrid-Volumetric Modulated
Arc Therapy: H-VMAT) S#FFE ST 5, AL,

VMAT FHE D27 E U CTEH &4, VMAT & ik L
THi & FBI~DOBELZBIRTE 52 L Vb Tng?,

2. H-VMAT O#iZ

X212 NSCLC (%14 % H-VMAT O &4 [} % 7=
o H-VMAT (35 R B BIRIREIR D —>Th v |
3D-CRT %721 IMRT & VMAT O MBS k% A bt
TenA 70y RERSRIRHREHEE Cod S, H-VMAT
%, VMAT % U CHESHIC IR U 7o # i o0 A &
R 52 LT mESROm EEBIEL WD, —F
T, JEIPH O IR R~ 00 M At R A B/ NRIC T 2 T
M Z2FEBT DD THDH, £723D-CRT 1L, HHA
FEPPI A& T L TR ORI IR BF 2 — B S B 5
Z LT, OARICK#MENBI S 2 & 2T 7ot
BOHEERT D2 N T& 5, 2%V H-VMAT 1%,
VMAT |2 & 2 5~ O IR D & 3D-CRT (2

2 H-VMAT O#RE5nHH
(VMAT #2257 BLEIS : (a) 10%, (b) 20%, (c) 30%, (d) 40%, (e) 50%)
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£ 2V R g~ dti R 2 [R18E S 5 M & LA
HBoEDH LT, ENICREEET SO, ERM
M~OREE RELTHZ LN TE D, £72, 3D-CRT
DD VT IMRT % FVN 72 [ E £ P o 5 28 R PR &
RIS O VMAT Z #745hHT, U A7 @R Off
BB SE, OB LERESHERL D & T
55D H D, H-VMAT 13, B8 U R 7 lifds O it
FRZH 0 | TRGHEIPA A NI 70 5 B D SR i 7 U
L0 S5, LLann, fliEicxtd 5 H-VMAT
WZIEWL DD R ERFAET Do VMAT 73 [El A U
Toh D7, sl OfE itz L CRRR & eIk 23 A
NoTLEI EWVWIMERNH D, £72. H-VMAT
I33D-CRT ¥ L O VMAT OH 2 M & 35725, i
FHRIAHE T — DZ 2NN O BB O Fnilk & By Bk
b,

3. H-VMAT DOERRICH

JifidE 12 k9 % H-VMAT XK CEA S TRV,
WL ONDHENRREN TV, Kun-ho 5% 13, 2
FO3D-CRT &, 360° J5 (A 7> H2[alfix F 72 (3180° J5 [\
7 H2~3[E 5 D A 217 9 VMAT Z /il A/ b7
H-VMAT 77 22T, 3D-CRT HAllE L OV VMAT
Bl & O FFER B A & L L7, £ OSSR, H-
VMAT (3l O IRF A & b, il V3B XV VI0
DI HIEL 720 | ZOMOIEFMEOREIT DT
LR LULEPRTFEMBELBAR N2 L0056, H-
VMAT (T £ 9 B BRI DR AER AR T TE 5 7]
REMEAN R S 4U7-, Chan 5 1%, 5~7" ®3D-CRT
£240° 0 H2REEO U 21T 5 VMAT Z A5
72 H-VMAT % . 3D-CRT B L T8 VMAT O Bl iA %
Sl L bl U7z, RS E LT H-VMAT i V20
R EE R BIKS T 5 Z R TE, 3D-CRT Lt
B L CRRIBIE R &2 SEREBO M X LD
H-VMAT 733D-CRT X° VMAT O B iR G H & L
WL CEN-RENETH D Z L DURE LT, Hattu 57
X, B RTE2P BB A & 180° J7 1120 B 2[RldiE D FRES &2 4T
9 VMAT % #lA& b7 H-VMAT ([ X 0 . fithads X
VL O 5L IMRT B 7 038 TV 23, fifiod
VSIZB W T H-VMAT 138 EICH &K /THE T d
52 L xR LT, IMRT & VMAT % #lA & b7 H-
VMAT & LT, Azaklioglu 52 |%, 3D-CRT &2-> D 5
72 % IMRT/VMAT O#f &5 BLO . (10% 36 JTU50%)
ERLAE DT T (£Z1 h-IMRTL, h-IMRT2
B L ' h-VMAT1, h-VMAT2) & 3D-CRT Bl PR 5 %
LD ETT o T2, 72E., VMAT IZEAI194° J7 1) 1>
HD2ODERY T — 7 ZHNT WS, ZOFE, W

LD H-VMAT 1238\ T b i Fs L OV AT D V5ix
3D-CRT B PREHEIC TN L7, 7. IMRT/
VMAT D3 B4 L R MKW E &, H-VMAT TO 4
Jifids K ORI D V5D LTz, & 512, h-IMRTI
I3 h-IMRT2 & Jhig L C, 2 fifids & OV > MLD,
fERIAT D V2072334 L, h-VMAT1IE h-VMAT2 & g
L Afifid V20 & HAlff o> MLD 23 Lz, 2 b0
Tenn, MOERE - PREZES T 72DIiEI A
7V v F7 T 28T IMRT & 72 1% VMAT O
BEEZ10% (2T 200U Th 5 LRShi,

Zhao 5% & Saglam 5 %, 5~8[J? IMRT & 180°
7185 5 20EER IR 0O VMAT % #l7& ot 7= H-VMAT
Z{ER L, IMRT, VMAT =20 IR HE &
# L 72, VMAT & IMRT % #il 4 & i ¥ 7= H-IMRT/
VMAT (%, FERIHR D ¥ — M & R 2 RIE I C s L
72o IMRT 3 X OV VMAT HUM D UL & i LT, fi
o> MLD 233 2w < 72 o 7228, VMAT Bl o
BREHED & O X 0 13 Liz72%, H-IMRT/VMAT (%
MU Z K S, OAR ORI A EH 325 2 &
DTE DB BINT & 70D Z LRSIz,

H-VMAT Z AL RRFE I W72 0F92 Tld, Silva
B 13, #1% T R AL S E MR ISR LT
VMAT & 3D-CRT % #7455 172 H-VMAT & 3D-CRT,
VMAT V& o Bl U 5 & Feie L 72z, H-VMAT
I33D-CRT £ ¥ 22fficd V20, MLD % KIEIZ b S,
VMAT X 0 @flfifioo MLD 24 BRI L7z, = LT,
H-VMAT B LN VMAT 77 TR TS Z o H97 T
THiD V2072525% Td - 7275, 3D-CRT 77 > TlEll
7T T RTTHIO V204325% Ztdil L=, & - T,
H-VMAT % i ] U CH & fiti ~ D #p & 2 AR L. Ao
AT ZE D U A 7 ZAKI T & 5 ATREMEDS R STz,
E BT, bR EE O UIMIEE 1260 ~ 66 Gy % ]
S L72n, 7 b— F3LL OB B GIES 1EE S
minotz, ko T, H-VMAT X fREEED U 2 7
R CTE D LD, RE R MEEOHRR U o/ SHi
DOfEIE, BXORAT — T U OEBROIREIZIT,
3D-CRT £ ¥ & H-VMAT O 5 234 F LW ATEENE D &
% LRk b,

4. ER

H-VMAT [33D-CRT & H#g L T, Jiliod> v20& MLD
ORIEICIN 2, R DY — Pk & IR D e A3 7]
HECToH D, F7/-IMRT &bl L T, kK MU THES#R
BOB— M L PORMEZ i U MR M 2 & T X 2,
S HIT VMAT &bl LT, Jifiodo V5, V10, V20, MLD
AR T &, MU Z 31 2 TR ~EGHR &R 23 D
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EMADZENFRETH D, — T, 3D-CRT & ik
LT, IEFMEOEREGIE . 2k L ORIt
VA< 7257z, IMRT & bl LT, IEF il FH44
BESETHM U, MEBR AT O REES CILHERE & DD #R
EARHIZIE IMRT O 238 Tz, VMAT & Bl L
T, EEHREOIHMESME T L, H@EMAEO MLD & it
%ﬁﬁ@ﬁ%fﬁ%%@b%ﬁ%%bfﬂmiﬁLto
F1THeilk L7z H-VMAT OERRBINZ I 1T D %

15 # % 7~ 9°, H-VMAT (23317 53D-CRT 3 L U VMAT
~OREESEEIGIE, R L - THEX 20 b O e
EN T3, 3D-CRT (Zxf L C IMRT X2 VMAT D &
ST HREDI0% LIRS RET 52 LT, Mok -
R, FFICVSEMZA D Z N TEDLEENTVD

—Ji T, ZOBESEEIGIIEREOMESCKE S| W
T 5 EEZLN, HEEIS O IEEIZEN TR,
£ 5T, H-VMAT 1251 5 3D-CRT 3 L O VMAT ~D
ﬁEAM%Am AT DAXAR TRABNZ 5 2 5 5224

T HMERSDL EEBEZLND,

M@ﬁﬁgwﬁMi H-VMAT 2% £ 5 VMAT
WX DBE N ERFIKNTH D, VMAT TIXEH OJE
D EREER LN E—AERET 5720, EEEDLL
NDOEFHRCE TS E— LR END 2 & TE
RS ILEEPH SIS D, 2 OO B sRiA
W12 DRI OFFFIR & 72 D720, 785 ~<<
KL TDHERH D, Mi~OUHR RIS & BB At
RKEOERIZ, EFERHTA RTA4 L FETRINT
W5, Shaikh &% 1, BN OB RIAR & % 7=
BFI3IN (B s L0/ P28 120, Wl 0 / &
HEEAHN127TN) ZSERBITRA L7, £ DR R,
V5, V10, V20, B X V307 L — 20 filt b H fii
gDV A7 EIEOFENSH D Z ERBE ISz, =
DIFZED H T, V50365% A, V207325% A i T &
D 2 EIRT L— R2O KU RIS O BIfE & L CHRE

%1 H-VMAT HAS#ER

ENtz, FENCCNDOH A R5 47 Tk, &EE
(CTCAE grade2 VL 1) 72 HUR BB FEIED Y 2 7 %
BT EES72012, V20 EF 2RO KT D35% LA
T (bR ERIEROEH CTIE30% L F) 1225 X951
ST D 2 E RSN TV D, V20%E35% LLTIZHD
2% Z EIE FRIZT0m LA B Sl ORFRIZIB W TE
BELINTWD, INHEMRIRTHFEE LT
H-VMAT (23517 % VMAT %55 @@%ggﬁwféﬂA
PIRSHRETDHI EN—MAITH S, LrL, VMAT
oy E FFTETLE ) & EEREDOINAMENEL
L. @fRESEGEIDICIEH LT LE >, 207
Mg & U A7 dgs & ONLE BRI DI &4 A F
TAVUTICED LR ED, NT o ZADHILT VMAT
MBS R T DLEND D,

5 %&®

JHiE (2 B9 DAt EHC LA, R CIRAER22477 A
DR L, 1807 ADET L TR Y, FFIZHARTITE
CHEBDIINL TV D, IaRiEE UTIEFIN, B
169, BHRIENRH Y | BEHBIRRIZ TS LW
AT TR S S D, TRIRET ORI
X0 BEBIRHIE LY EfECHREIZITA D X ) I
725 TV %, NSCLC OHSHIRHE TiX, MiomiX<
REFMME OB BIEEDORENBEENLTND
3D-CRT X° IMRT |36 #0722 10 BE 7228, U R & D IX
KMEDIRT & AR OLERNMETH D, VMAT
VTR IR 2 400 L. ARRORR S0 A0 & ) B S8 2 2%,
i i ~MERR AR D, Z OFEEIT KIS 5728
H-VMAT 35565 i O AR M A e L 72 A8 & Bl F ~
DIRBRED IR Y 28l L, BBl o ) 27 %
T & 2 AEEERH D, — 5T, 3D-CRT & VMAT

ORI EEN G TR/ E R H 2Tl i
DOALESLKE SIS LR B NETH D,

Author Patient Cancer Total dose Plan Dose
NSCLC:20
29) .
Lee Kun-ho et al 25 SCLC:S 44 Gy/22 fr H-VMAT not listed

Oscar S.H. Chan et al’” 24 StagelllA,B 60 Gy h-VMAT 3D-CRT:VMAT=5:5
Djoya Hattu et al’” 26 NSCLC 60 Gy/30 fr Hybrid 3D-CRT:VMAT=2:1
h-IMRT1 3D-CRT:IMRT=9:1

. Median : 5,475 ¢G h-IMRT2 3D-CRT:IMRT=5:5

M 32) : B y

Omer Azaklioglu et al 8 not listed (4,800~6,600) h-VMATI  3D-CRT:VMAT=9:1
h-VMAT2 3D-CRT:IMRT=5:5

Nan Zhao et al*® 15 NSCLC 66 Gy/33 fr h-IMRT/VMAT IMRT:VMAT=5:5

Yucel Saglam et al?¥ 10 NSCLC 70 Gy/35 fr HA-IMRT IMRT:VMAT=6:4
Scott R. Silva et al’® 1 Stagelll 59.4~66 Gy/30~35 fr h-VMAT 3D-CRT:VMAT=6:4

concurrent chemotherapy
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Abstract

Radiotherapy and H-VMAT in lung cancer

Kenta Suga", Keisuke Usui"?

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

Lung cancer is the second-most common cancer worldwide, with a notable increase observed in Japan. In 1998, it
became the leading cause of death, and in 2020, 75,600 individuals succumbed to lung cancer. Non-small cell lung cancer
(NSCLC) is the predominant form, treated through surgery, radiation therapy, and systemic therapy. Advancements in
radiation therapy, particularly Volumetric Modulated Arc Therapy (VMAT) and its evolution, Hybrid-VMAT (H-VMAT),
have garnered attention. While VMAT reduces treatment time and enhances target dose distribution, concerns arise about
the potential spread of low doses in the lungs, leading to radiation pneumonitis. By combining 3D-CRT, IMRT, and VMAT,
H-VMAT solves this problem by making sure that the dose is tailored to the tumor while avoiding giving too much radiation
to healthy tissues nearby. Research suggests that H-VMAT may suppress low doses in the lungs, potentially reducing the
risk of radiation pneumonitis. However, challenges remain, as VMAT's characteristics may result in low-dose spread to the
contralateral healthy lung. In clinical applications, H-VMAT proves effective, especially near risk organs or in cases with
irregular irradiation areas. Nevertheless, individual patient characteristics and treatment factors must be considered. Overall,
H-VMAT emerges as a promising option in lung cancer radiation therapy, potentially surpassing other methods. Future
clinical trials and assessments on diverse patient populations are anticipated to validate its effectiveness.

Key Words: NSCLC, 3D-CRT, IMRT, VMAT, H-VMAT
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Abstract

The evolution of the motion artifact reduction techniques and clinical
applications for x-ray CT

Takuya Suzuki", Hajime Sakamoto", Kenzo Muroi”, Keisuke Usui”,
Yasuaki Sakano", Shinsuke Kyogoku", Hiroyuki Daida"

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

In x-ray computed tomography (CT) examinations, motion artifacts are generated by body movements of the examinee
during the procedure. Factors that cause motion artifacts include heartbeats, respiratory motion, and the body movements of
those who have difficulty maintaining their posture during the examination, such as in emergency patients and infants.
Motion artifacts cause blurring of images, which reduces the accuracy of image diagnosis, evaluation, and analysis. Various
technological developments have been made in terms of the hardware and software to reduce motion artifacts. Among the
methods to reduce motion artifacts by hardware development, there have been reports on the improvement of temporal
resolution by using multiple detector rows, Dual-Source CT, and electrocardiogram-synchronized imaging. As for the
methods to reduce motion artifacts by software development, there are reports on helical half reconstruction, high temporal
resolution reconstruction, and body motion compensation software. Recently, there has been a report on the generative
adversarial networks as a study of motion artifact reduction techniques using deep learning. This paper introduces the
evolution of the motion artifact reduction techniques for x-ray CT and their clinical applications.

Key Words: x-ray CT, motion artifact, electrocardiography-synchronized imaging, body motion compensation software,
deep learning
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Abstract

Efforts to reduce medical exposure dose in CT examinations

Sae Kamiyama, Keisuke Usui

Department of Radiology, Graduate school of Health Science, Juntendo University

The use of radiation in medical examinations and treatment is common, and the medical exposure of global average is
increasing. Although the medical exposure in Japan is declining, it still remains significantly higher than the global average.
The major cause of exposure in Japan is CT scans, which is related to the high number of CT devices in the country.
Therefore, we have concerns about the health effects of radiation exposure. It has been reported that there is an increase in
the risk of leukemia and cancer associated with X-ray CT scans, especially in pediatric and adult populations. In recent
years, low-dose X-ray CT examinations have been getting attention. Research has been done on reducing radiation exposure
while maintaining image quality in lung cancer and head examinations. This paper compiles previous research on Iterative
Reconstruction (IR), Total Variation (TV) regularization, and Deep Learning Reconstruction (DLR). IR methods reduce
noise, provide high spatial resolution, and enable reduced radiation doses, achieving clinical practicality. TV regularization
and DLR contribute to noise reduction and improved image quality in low-dose regions. DLR has methods of directly
reconstructing images and combining with Filter Back Projection (FBP) or IR , achieved suppresses image noise and streak
artifacts associated with reduced radiation doses, maintaining high resolution. The clinical applications of DLR are
advancing alongside these developments.

Key Words: CT, Iterative Reconstruction, Total Variation regularization, Deep Learning Reconstruction
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Abstract

Various correction methods for head MRI motion artifacts and

future prospects

Akihiro Arita, Keisuke Usui

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

This article introduced a k-space acquisition approach and a deep learning method as correction of head MRI motion
artifacts. In the correction method for k-space acquisition data, the effect of artifacts was minimized, and image quality was
improved by filling data from the low-frequency components of k-space. It was also suggested that correction methods that
apply deep learning can achieve high correction accuracy through a structure that learns large amounts of data and
optimizes models, and it was emphasized this will play an important role in the entire medical field in the future. Advances
in deep learning will contribute to improve the accuracy of head MRI images, accurate diagnosis, and throughput of
examination. From now on, deep learning is expected to play an increasingly central role in medical imaging as it enables
more accurate and rapid imaging of patients.

Key Words: MRI, motion artifact, k-space, deep learning
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Abstract

Statistical noise reduction processing methods for PET imaging

Junpei Suzuki, Keisuke Tsuda

Department of Radiological Technology
Juntendo university Graduate school of Health Science

The assessment of disease diagnosis, treatment evaluation, and prognosis prediction by positron emission tomography
(PET) relies heavily on quantitative accuracy. Reduction of statistical noise in PET imaging is a key element for improving
image quality, and has been the subject of numerous studies. Recent advances in artificial intelligence have led to the
widespread application of deep learning techniques such as computer-assisted image diagnostics to medical imaging. This
article focuses on research related to the reduction of statistical noise in reconstructed images, with a particular emphasis on
methods for removing statistical noise to enhance quantitative accuracy. In clinical settings, it is common to use a Gaussian
filter to reduce statistical noise in reconstructed PET images, and thus improve image quality. However, a simultaneous
decrease in spatial resolution occurs with statistical noise reduction using Gaussian filters, which has prompted the
development of edge-preserving smoothing filters that remove statistical noise while maintaining quantitative accuracy. In
addition, image filters created based on deep learning have been proven theoretically to be more effective than conventional
post-processing filters for removing statistical noise, even in short-duration image acquisition. The development of edge-
preserving smoothing filters and the application of deep learning-based image filters are promising avenues for achieving
improved quantitative accuracy while addressing the challenges posed by traditional methods. Overall, this discussion
highlights the potential of these statistical noise reduction techniques to enhance the accuracy and reliability of PET
imaging in clinical applications. This article presents a review of previous studies that describe state-of-the-art statistical
noise reduction methods.

Key Words: PET, statistical noise reduction, post-processing filter, deep learning
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Abstract

The brain functional analysis with fMRI: the clinical application in epilepsy

Kayano Sasaki, Masami Goto

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

Functional magnetic resonance imaging (fMRI) is a type of MRI imaging technique that allows noninvasive functional
brain analysis. fMRI uses the blood oxygenation level dependent (BOLD) method, in which contrast is produced by
differences in oxygen concentration in the blood, to visualize areas of activation. Since its inception in 1990, it is now often
used in research to elucidate the pathophysiology of psychiatric disorders. Moreover, some hospitals are studying the use of
fMRI as a preoperative test for epilepsy. The Wada test is now considered the gold standard for preoperative identification
of the language-dominant hemisphere in epilepsy. However, since fMRI is more noninvasive than the Wada test, it is

expected that fMRI will replace the Wada test as the gold standard for preoperative testing for epilepsy as research
continues to develop.

Key Words: fMRI, Analysis of the brain, BOLD method, Wada test
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Report

Activation of meat by neutron irradiation and biokinetics of radionuclide from
ingested activated meat

Maria Yoshida"*, Machiko Hatsuda", Hayato Kimura", Yumi Koganei”, Shiomi Komoriya",

Yui Hamano", Miyu Sakai", Yasuaki Sakano", Shinsuke Kyogokul), Hiroyuki Daida"

" Department of Radiological Technology, Faculty of Health Science, Juntendo University
* Iwaki City Medical Center

Abstract

The effects of radiation on the human body during space exploration to the Moon and Mars, and the use of neutron beams
of boron neutron capture therapy (BNCT) in medicine have attracted much attention. In this study, we conducted experiments
on the activation of food by fast neutrons that would be generated secondarily in a spacecraft in deep space, and investigated
the effects on the human body through the in vivo dynamics of the ingestion of activated food. The interaction between
neutrons and matter strongly depends on both the type of matter and the energy of the neutrons, and various kinds of
interaction occur. This study aims to scientifically evaluate the effects of neutron radiation from the perspective of internal
exposure due to food ingestion and to give a basic process for taking countermeasures. In this experiment, pork was selected
as a food sample since pork contains a large amount of essential amino acids essential for life. The neutron irradiation
experiment used the RIKEN Accelerator-driven compact neutron source (RANS). Radioactive isotopes produced by neutron
irradiation were identified from the y-ray spectra measured by the Germanium (Ge) semiconductor detector. Nuclear
elements contained in the pork that produce the radioisotopes and their nuclear reactions were identified using the Japan
Atomic Energy Agency (JAEA) database. Furthermore, the characteristics of the radioisotopes, biokinetics such as their

circulation in the body after ingestion, and their effects were discussed.

Key Words: radioactivation analysis, neutron irradiation, deep space, food
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Introduction

In deep space environments to explore the Moon
and Mars, cosmic rays are a significant risk factor. In
addition to primary cosmic rays, there are secondary
cosmic rays such as neutron, proton, and y-rays that
are generated inside the spacecraft due to the
interaction between cosmic rays and the walls of the
spacecraft. It was shown that the neutron flux
becomes significantly larger in the spacecraft with
15 g/cm’ aluminum shielding". Not only the effects of
cosmic rays-radiation on the human body but also the
effects on various space foods will also be an important
risk factor.

Irradiation of food for the purpose of sterilizing

food, killing insects, and preventing germination has

become widespread. X-rays, gamma rays, and
electron beams are used for irradiating food. However,
the effects of neutron beams on food resources have
rarely been studied because of the difficulty of
handling neutron beams, which are generated mainly
by large equipment such as nuclear reactors or
accelerators.

The interaction between neutrons and matter
strongly depends on both the type of matter and the
energy of the neutrons, and various kinds of
interaction occur”. When elements constituting food
are transformed into radioactive elements by cosmic
ray irradiation and activated to emit radiation,
ingestion of the food can cause internal exposure.

As effects of cosmic rays, not only external exposure

due to direct irradiation to the human body but also
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indirect internal exposure through the ingestion of
activated food, etc., must be considered. To take
measures to prevent the occurrence of internal radiation
exposure, it is important to evaluate specifically how
the effects of internal exposure manifest themselves.
It is necessary to elucidate the radiation physics and
radiation chemistry of the process of food activation
in deep space environments. It is also necessary to
elucidate the nature of the produced radioactive
elements and the possible effects of ingesting them
from the viewpoints of radiation physics and medicine.
In this study, biokinetics such as the circulation of
radioactive elements in the body after ingestion and

their effects were discussed.
Methods

1. Pork sample preparation

In this experiment, commercially available
Japanese pork shoulder block meat was used as the
food sample for neutron irradiation (Fig. 1 left). To
clarify the role of water in the effects of neutron
irradiation on biomolecules, comparative experiments
were conducted by preparing raw meat samples and
dried meat samples. First, the meat was cut into pieces
with a knife and ground into a paste using a food
processor in a low-temperature room (4°C) at the
Juntendo University Biomolecular Laboratory. This
experiment involves biochemical analysis as well as
activation analysis. A temperature of 4°C in a refrigerated
room is necessary to prevent decomposition, etc. of
biological materials. Then, 2.00 g or 3.00 g of the
paste-like meat was weighed and placed in an
Eppendorf container for the freeze-dried meat samples

and in a breast milk bag for the fresh meat samples

nIe
§21.9.13 Wﬁltrcm‘l;o
1

21.9.15

nIE

(cryopreservation is necessary for biochemical
analysis, and the breast milk bag withstands flash
freezing with liquid nitrogen). To freeze-dry the
samples, they were flash-frozen through liquid
nitrogen and then freeze-dried for 21 hours in a
vacuum freeze-drying unit. The freeze-dried meat
samples were white in color (Fig. 1 right), and the
average of water evaporation, (mass before drying -
mass after drying)/mass before drying, for the eight
dried meat samples was (74.5 £ 0.5)%.

2. Neutron irradiation experiments and radiation

measurements

The meat sample prepared by Method 1 was
irradiated with fast neutrons of about 1 to 5 MeV by
RIKEN Accelerator-driven compact Neutron Source
(RANS). The reason for the energy of about 1 to 5
MeV was to create a situation like the deep space
environment (inside a spacecraft) where neutrons
below a few MeV are the most abundant in galactic
cosmic rays'. Since the type of nuclear reaction
between neutrons and matter depends on the energy
of the neutrons, the production of fast neutron beams
is essential for exploring their effects in deep space
environments.

The mechanism of neutron irradiation by RANS is
as follows.

i. Place meat samples in the target station of
RANS without a moderator in such a way that
fast neutrons directly irradiate meat samples.

ii. Protons are accelerated to 7 MeV in the
accelerator.

iii. Neutrons are produced by bombarding a

beryllium target with protons. This uses the

Fig. 1 Pork shoulder meat (left) and freeze-dried meat samples (right)
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Fig. 2 Measurement of y-ray spectra from meat samples
by Ge detector

’Be(p,n)’B reaction.

iv. The meat samples are irradiated with neutrons
of 1 to 5 MeV. In this process, thermal neutrons
and y-rays are also slightly included.

As a result of neutron irradiation, both raw and
dried meat samples were activated. The y-ray spectra
obtained from the activated meat samples were
measured with the Germanium (Ge) detector (Fig. 2).
The £ and y radiation doses were measured using the
Geiger-Miiller (GM) counter for both the meat sample

and the dried meat sample.

3. Estimation of radionuclides by nuclear reaction data

Pork meat contains many trace elements (less than
0.2 % of the total number of nuclei) as well as the
major elements H, O, C, and N. In this analysis, we
focused on K, Na, Cl, P, Ca, S, Mg which are semi-
major elements with a weight content of 3-4%, and Fe
which is a trace element with a weight content of
0.02% in meat”’. Based on data from the neutron
reaction sub-library in the JENDLE-4.0 site of the
JAEA-Nuclear Data Research Group”, neutron nuclear
reactions were estimated considering the scattering
cross sections. Natural abundance ratio of target
nuclei and properties such as decay modes and half-
life of produced radioactive nuclei together with the
nuclear reactions were examined using the WWW
Chart of the Nuclides 2014”.

4. Identification of radionuclides by y-ray spectral
analysis
Using the y-ray energy spectrum values obtained in
Method 2 and the results of the nuclear reaction
database obtained in Method 3, the nuclear reaction
between neutrons and nuclei in the meat sample and
the radionuclides produced were identified. The

identification procedure is as follows.

1) Calibration between channels and energies of y-ray

spectra

The y-ray count data from the Ge detector were
graphed in Excel. Since the data of the y-ray detector
is given by the counts of gamma rays (vertical axis E
[keV]) by channels (number of rows in Excel,
horizontal axis x) (Fig. 3), it is necessary to convert
the channels on the horizontal axis to energy; based
on the energies 1.37 MeV and 2.75 MeV of the
gamma rays emitted from the two **Na, E(keV)=a+bx
calibration equation was obtained to convert the

channels to energy.

2) y-ray spectrum search

The energy values of the peaks in the y-ray spectra
shown in Fig. 3 were searched for candidates of
radioactive nuclei emitting y-rays using the y-ray
search database” of the JAEA-Nuclear Data Research
Group. Among the candidate radionuclides, we
searched for any that corresponded to the results
obtained in Method 3. Whether the radioactive nuclei
emitting y-rays were produced by nuclear reactions
between elements in the meat and neutron irradiation,
or whether the nuclear reactions were caused by
neutrons of 5 MeV or less, was checked by using
scattering cross sections”. Through these investigations,
the nuclear reactions and the radionuclides were
identified.

Results

1. Radionuclides produced from constituent elements
of pork
Both raw and dried meat samples were activated by
fast neutron irradiation. The radiation counts measured
by the GM counter were (2.43 £+ 0.06) kcpm for the
raw meat sample, (8.33 + 0.10) kcpm for the dried
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Fig. 3 Calibration between channels and energies of y-ray spectra

meat sample respectively, under the 4.1 Gy neutron
irradiation””. The background value was (55.8 £
10.8) cpm. Radiation levels measured with the GM
counter were greater for dried meat than for raw meat.
The radionuclides produced from the elements (K,
Na, Cl, P, Ca, S, Mg, Fe) contained in the pork studied
in Method 3, the energies of the radiation emitted
from the radionuclides with half-lives are listed in
Table 1.

2. y-ray spectra of activated meat

The 1-hour measurement and the 5-minute
measurement by the Ge detector of the y-ray spectra
were performed for pork meat samples irradiated with
0.7 Gy and 4.1 Gy neutrons respectively. The 5-
minute measurements were performed to detect short-
lived radionuclides. In all of these data, peaks were
observed below 50 keV, and these peaks are considered
to be background due to the lead that makes up the
device. In the case of 0.7 Gy, no significant peaks other
than the background were observed in the 1-hour and
the 5-minute measurements. On the other hand, for
the 4.1 Gy neutron-irradiated sample, peaks at 1369
keV, 1525 keV, and 2754 keV; were observed both in

the 1-hour and 5-minute measurements, peaks at 1642

keV and 2168 keV were observed only in the 5-minute
measurement, and peaks at 1732 keV and 2243 keV

: 7,9
were observed only in the 1-hour measurement””.

3. Identification of the radionuclides

The results of the activation analysis of the y-ray
spectra data from the Ge detector are as follows: **Na
(1369 keV, 2754 keV), ¥K (1525 keV), **Cl (1642
keV, 2166 keV) from the 5-minute measurement data;
K (1524 keV), *Na (1369 keV, 2754 keV), as well
as a single escape peak (2243 keV) and a double
escape peak (1732 keV) for **Na were detected in the

1-hour data”?.
Discussion

We have shown that the neutron irradiation on meat
produced radionuclides, *Na, *Cl, and *K, in meat.
The possible nuclear reactions between nuclides
in meat and fast neutrons to produce the above
radionuclides are the following.

Neutron capture: ~’Na+n —>*Na+ y
Neutron capture: >’ Cl+n —>*Cl+
(n,) reaction: *'K+n —"*Cl+a
Neutron capture: *'K+n ="K+ y
(n,p) reaction: “Ca+n —*“K-+p
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Table 1 Nuclides contained in pork (K, Na, CI, P, Ca, S, Mg, Fe), radionuclides produced by
neutron irradiation and nuclear reactions

m Mass  Atorric INatudI Nuclear | Radion HMSS Wc \afiife Do Intendity Enerqyofy Eneroy of B-ray
meat A Z  ratio(9 | i welid AT 7 mock (B -ray (eV) (keV)
K 20 19 R3 | (ha) 17 3013y B—FEC 700522+ Q045
(np 18 26% B— 565t 5|
K 40 19 Q012 | (na) 17 stade -813873+ Q2|
(np 18 stade - 1504403+ Q056
K 41 19 673 | (ha) 17 37.24m B— R0 164243 49167+ 0218
44 216754
Q03 381003
IT 0995 671.36
(np 18 1.8268h B— 016 120364 2492038+ 0347
Qo5 1677
(nr) 19 1236Ch B- o7 3126 3826217+ Q183
Qo5 807
1808 15246
K 42 19 - (nr) 19 23 B— 868 37276 1833426+ 0460
1.8 20686
7916 617.49
Na 23 T 100 [ (na) 9 11763 B- 100 16336 7024467 = Q030
80E-(B  33RH4
5OE-06 496585
(np 10 37.24s B- k] 42090 4375808+ Q104
1  163%5%
Q1 207591
(np 10 37.24s B— k] 42000 4375808+ Q104
1 1635%
Q1 207591
(nr) 1 14%h B— 999 136863 5515611+ Q039
08 275401
Q07 38662
cl E3 17 7576 | (na) 15 1426ad B— 1710.660 Q04
(np 16 87.31d B— 167.323+ Q6|
cl 37 17 2424 | (na)| P A 15 1243 - Q13 1987.18 5332004+ 0812
15 212749
Q18 411454
mp | S 37 16 505m B— Q06 0B 4865111+ Q19
9 31mLB
(oF. - J 7/ Ko ]
(nr) E3) 17 37.24m B— RO 164243
P 31 15 100 ‘(mx) A ) 13 2.245m B- 100 177885 4642264+ Q121
(np 31 14 2627t B- Q07 126815 1491506+ o@
Ca 0 20 %A | (na) 37 18 35011d EC -6147.400x Q227
(np 40 19 101171.248E9 EC 1066 146082  13108%4: Q
B_
Ca 42 20 Q65 | (na) 2 18 26% B- 565000t 5
(np 2 19 1236Ch B- o 3126  3B%K217+ Q1
Qo5 807
1808 15246
Ca 43 20 Q14 | (na) 0 18 stade - 1504403+ Q056
(np 43 19 2 B- 868 37276 1833426+ 0469
1.8 20686
7916 617.49
S 2 16 9N | (na) 2 14 stade -~ 4942628+ 0563
(np 2 15 14268d B- 1710660 + Q040
s n 16 Q75 | (na) 0 14 stade ~42223%2 + Q313
(np k] 15 2535d B- 248508 + 1.000
s 24 16 425 | (na) 31 14 2622t B- Q07 126615 1491506+ Q043
np | P A 15 1243s B- Q13  1987.18 53294+ Q812
15 212749
Q18 411454
Mg 24 12 789 (n,a)= 21 10 stade -~3547.138+ Q279
Mg 25 12 10 (na) 2 10 stade ~284319%6 + Q171
mp | Na 25 1 =0ls B- 1268 3071 3BABA+ 1.201
13 53503
14% O7ATA
Mg 2 12 11.01 non
Fe 54 26 58 | (na) 51 24 z.701d EC Q91 2008 .- 2207.55 0352
(np 54 25 31205d EC 2098 8485  697.343t 1.096
Fe 56 26 9175 | (na) 53 2 stade -596849+ Q357
(np 5B 2% 2578%h B- .87 84675 3695577+ Q209
2719 181072
1424 211305
Fe 57 26 212 | (ha) [ stade ~1377.174 = 1.008
np | Mn 57 -3 1.42m B- 1056 1441 2695049+ 1.553
1201 1206
55 62
Fe 58 26 Q28 non

Juntendo Health Science Journal, September 30, 2024

89



As characteristics of the above radionuclides, **Na
undergoes f-decay with a half-life of 14.9590 hours
with a probability of 99.9%, and the S-ray with energy
1391 keV. After that, it emits 1369 keV y-ray with
100% and 2754 keV y-ray with 99.9%, and changes to
the stable isotope **Mg'”. **Cl undergoes S-decay with
a half-life of 37.24 minutes to become the stable
isotope *Ar. The S-ray energies at that time are 1107
keV (31.9%), 2749 keV (10.5%), and 4917 keV
(57.6%). During y-rays emission, 1643 keV (31.9%)
and 2167 keV (42.4%) of energy are emitted'”. ¥K
has the f-decay mode with a half-life of 12.360 hours,
emitting 2001 keV at a probability of 17.6% and 3525
keV at a probability of 81.9%. After the f-decay,
y-rays with 313 keV (0.34%) and 1525 keV (18.1%)
are emitted to the stable isotope ““Ca'”.

Sodium (Na) and potassium (K) are major positive
ions in extracellular fluid that play an important role
in the active transport of molecules through the cell
membrane and in regulating extracellular fluid volume
and an essential element in the human body. An
electrochemical gradient across the cell membrane
resulting from a high intracellular concentration of K
and low intracellular concentration of Na relative to
concentrations in the extracellular fluid is required to
sustain intracellular tonicity, transmission of nerve
impulses, contraction of muscles including heart, and
maintenance of normal kidney function''”. Both Na
and K are transported in and out of the extracellular
fluid by the K-Na pump in the cell membrane'"'?,

Based on these properties, we first discuss the
biokinetics for systemic Na whose pathway might be

related to internal exposure. Figure 4'"'* shows the brief

ortica
surface

[ t’lggzreyr] [intestine] [ Skin ]
¥

[ Urine ] [Faeces] [ Sweat ]

Fig. 4 Brief structure of the biokinetic model for systemic
sodium (Na)
Figure adapted from Samuels and Leggett''?.

structure of the biokinetic model for systemic Na.

As shown in Fig. 4, Na circulates throughout the
body via blood and other media, including bone cortex,
trabeculae, sweat (for elimination by sweating),
bladder (for urinary excretion), and intestine or colon
(for fecal excretion)'”. It is estimated that bone
contains 40% of the total body Na content'”. In ICRP
2002, 95% of the amount transferred from the blood
to tissues in this category is transferred to soft tissue,
and 5% is deposited in bone. The Na deposited in
bone is the most important factor. Of the Na deposited
in bone, 80% is assumed to be deposited in the bone
cortex and 20% in the trabeculae'”. 99% of the
deposited amount in bone is assumed to be transferred
to the excretory pathway with a half-life of 10 days,
only 1% is assumed to be retained with a half-life of
500 days, and Na distributed to other tissues and body
fluids is also assumed to be excreted with a half-life
of 10 days'”. In the case of oral ingestion of **Na,
approximately 94% of the dose is absorbed into the
blood through the proximal jejunum'’. Therefore, it is
necessary to focus on the short-term effects on the
intestinal tract and extracellular fluid (or blood cells
in the blood) that pass through during absorption and
decay rather than the long-term effects of exposure in
the body, and the main effects of large amounts of
**Na. The main effects of ingestion of large amounts
of **Na would include blood cell depletion and effects
on the jejunum, such as diarrhea. In addition, although
urinary excretion is the main excretion route for **Na,
the contribution of **Na excretion from sweat may
increase in certain situations where large amounts of
sweat are shed (warm climate, certain intense exercise,
etc.)'”, and through this process, **Na may adhere to
the skin through sweat glands and induce external
exposure to those tissues. Considering the physical
and biological half-life of **Na, the period of internal
exposure is limited. Although **Na passes through the
blood and colon, which are radiosensitive organs, the
short physical half-life of **Na makes us skeptical
about whether **Na is radioactive at the time of
excretion.

Next, we discuss the biokinetic model for systemic

513149

potassium (K). Figure is a relatively detailed

biokinetic model for systemic K. K is exchanged
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Fig. 5 Detailed structure of the biokinetic model for
systemic potassium (K)
Figure adapted from Leggett and Williams

13,14)

between a central blood compartment (plasma) and a
set of peripheral tissue compartments representing
relatively important systemic repositories'> '".
Intravenously injected K is rapidly removed from
blood plasma and distributed to tissues and a lesser
extent to excretion pathways'”. For “K, 98% of the
total amount of K in the body is distributed
intracellularly, and 1-2% is distributed in extracellular
fluid, and therefore, internal exposure is considered to
affect mainly cellular tissues'. K is excreted mainly
through the kidneys in amounts like those ingested
unless there are special circumstances such as diarrhea

16) 42

or vomiting K is an isotope of *K, a typical

natural radionuclide, so the biokinetics of K in the
body are inferred from the characteristics of *K'?.

In boron neutron capture therapy (BNCT), **Na
produced by the neutron capture reaction “Na(n,
7)**Na will be a source of exposure to patients and
clinical staff'”, and the effect of exposure should be
considered.

As for **Cl, since chlorine (CI) is the major electrolyte
of extracellular fluid'?, it is expected to have a similar
kinetics to that of **Na, which is also the major
electrolyte of extracellular fluid. Like **Na, **Cl is also

17)

a radionuclide produced in the blood during BNCT ".
Conclusion

In the deep space environment inside a spacecraft
in which fast neutrons have possibly affect food
as well as astronauts. To examine the effects of

fast neutrons on food we conducted an irradiation

experiment of fast neutrons of about 1 to 5 MeV using
RANS on pork meat samples. As a result, we found
that radioactive nuclei, **Na, **Cl, *K, were produced
in the meat samples. For a case activated meat is
ingested, these radionuclides follow the biokinetics in
the human body. These radionuclides are contained in
the extracellular fluid and intracellular fluid which are
widely distributed throughout the human body. As the
effects of internal exposure to these radionuclides a
wide range of organs may be affected since the
extracellular fluid and intracellular fluid circulate
throughout the entire body. When considering the
actual impact, their defecation time is very important
and needs further study.

The amount of meat used in this experiment was a
minute amount (2-3g), which is much smaller than the
actual amount ingested daily. It is also important that
the neutron flux in this experiment is much larger than
the deep space environment”. It is necessary to further
study the effect of meat on the actual dietary intake in
a deep space-like environment and the comparison

with freeze-dried meat.
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Abstract

The third annual Juntendo University Faculty of Health Science International Symposium (JUHS) was held on May 20,
2023. This report is an overview of the event, which was a result of academic collaboration with internationally recognized
researchers and proved the department’s commitment to promoting globalization.
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Introduction

The third annual Juntendo University Faculty of
Health Science International Symposium (JUHS),
held on May 20, 2023, celebrated the theme of
“Commemorating the Establishment of the Graduate
School of Health Science,” which was divided into
three parts. Parts 1 and 3 were held as joint sessions
of the two departments, while Part 2 was dedicated to
department-specific sessions. The symposium was a
significant milestone on the joint journey for

knowledge and innovation.
Part 1: Symposium with guest speakers

The symposium began at 9:30 a.m. in the Ogawa
Hall, Bldg. 7. Figures 1 and 2 provide a visual
representation of the program structure. After the
opening remarks by Prof. Hiroyuki Daida, Prof.
Sakano, one of the authors of this article, took the
stage to introduce the Department of Radiological
Technologies. The presentation provided an overview
of the department’s research efforts, highlighting the
varied activities of the faculty members. Topics such
as deep learning, nuclear medicine, medical imaging,
education, medical physics, and radiation safety were

highlighted, as shown in Fig.3.

Part 1 featured presentations by four guest
speakers, including two prolific experts in the field of
radiological technology. Dr. Napapong Pongnapang
(Mahidol University, Thailand) gave a presentation on
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Fig.3 Main research activities of the Department of Radiological

Technology

Radiological Technology, Mahidol University,
Thailand,” while Dr. Nikola Stikov (Polytechnique
Montréal, Canada) gave a presentation on the
“Reproducibility and the Future of MRI Research.”
Two other guest speakers, who are experts in the field
of physical therapy, also gave presentations and added
valuable perspectives to the discourse on the advances
in the field.

Part 2: Afternoon session

The afternoon sessions were organized by our
department. The department held the session in the
conference room on the 9th floor of Bldg. 7, with a
specific focus on the nine newly enrolled Master’s
students (Fig.4). Before the symposium, we asked the
guest speakers to present papers closely related to

their research topics. In addition, we invited Dr.
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Fig.4 Afternoon session of the Department of Radiology

Rujira Wanotayan (Mahidol University, Thailand) to
participate virtually in the Part 2 session. During this
session, students were encouraged to ask one question
related to the articles presented by the guest speakers.
This 1-h session offered a valuable opportunity for the
students to engage in academic discussions in English.
The session was also live-streamed for the undergraduate

students.

Part 3: General discussion and
closing remarks

After a short break, the participants from the two
departments reassembled in the Ogawa Hall to share
the progress of Part 2 and discuss future prospects.
Prof. Masaya Takahashi, representing our department,
reported the results of the Part 2 session. The closing

remarks were made by Prof. Shinsuke Kyogoku.
Conclusion

Reflecting on the symposium, it is clear that it was
important not only in promoting the globalization of

the department but also in encouraging both the

faculty members and the students to actively
contribute to the research community. Looking ahead,
we are pleased to announce that the Faculty of the
Health Sciences is planning the 4th JUHS to be held
in May, 2024. We eagerly look forward toward this
opportunity of continued collaboration and exchange
of knowledge in the ever-evolving landscape of global

health research.
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Research activities at Department of Radiological Technology,
Mabhidol University, Thailand

Napapong Pongnapang

Department of Radiological Technology, Faculty of Medical Technology, Mahidol University, Siriraj Hospital

Department of Radiological Technology, Faculty of Medical Technology, Mahidol University was founded in
1965 as the first X-rays Technology School in Thailand under the support from the World Health Organization
(WHO). The bachelor’s degree program was accredited by the Asean University Network Quality Assurance in
2020, first program in Southeast Asia. The department runs 2 academic programs, including bachelor’s and
master’s degree of Sciences in Radiological Technology and a combined doctoral research degree. Currently,
there are 10 full-time PhD academic staffs. Research areas focus on 5 areas, namely, diagnostic radiology,
radiation therapy, nuclear medicine, IT and Al in radiology and radiation dosimetry/nano technology/
radiobiology. Collaboration activities with world renown universities help create research topic funded by various
sources. Current on-going research projects include applications of Al in radiology, patient dose assessment,
molecular effects from low energy X-rays, image processing and quantification in nuclear medicine. The

department has more than 40 peer-review publications during the past 5 years.
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Reproducibility and the future of MRI research

Nikola Stikov'"?

" Montreal Heart Institute
? NeuroPoly, the Neuroimaging Research Laboratory at Ecole Polytechnique, University of Montreal
y: ging ry

Transparency in science is an essential goal, but there are differing opinions on how open our science really
should be. The questions surrounding open science and research transparency are particularly relevant for fields
like magnetic resonance, in which much of the innovation over the past 50 years has been driven by intellectual
property and a tight link between industry and academia.

This talk will illustrate how transparent development ecosystems can facilitate the standardization and
reproducibility of MRI at multiple levels. The first part of the talk will outline the basic principles of reproducible
research, with examples contributed by the wider MR community. The second half will focus on quantitative
MRI and the need to peek inside the vendor-supplied black boxes that generate the numbers.

Few would disagree that reproducibility accelerates scientific progress, as well as its translation to clinical
practice. As tectonic technological changes shape research in the 21st century, we need to be careful not to
damage its foundations, and instead focus on aspects of open science where we can reach consensus. The open -
science movement needs to pick its battles. The battle for reproducible research is one that it cannot afford to

lose.
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Functional electrical stimulation therapy for lower limb motor
function in individuals with incomplete spinal cord injury

. 1.2
Kei Masani"?

" The KITE Research Institute
* The Institute of Biomedical Engineering, University of Toronto

Spinal cord injury is a devastating and costly injury that has life-long, negative effects on the mobility,
function, autonomy, and quality of life of the individual. The majority of individuals with spinal cord injury have
a motor incomplete spinal cord injury (iSCI), in which residual motor function below the level of injury is
preserved to some degree. While some of these individuals can stand and walk, iSCI makes maintaining their
balance difficult resulting in frequent falls. Our research aims to help individuals with iSCI regain mobility and
function using engineering approach. Our key tool is functional electrical stimulation (FES) that can artificially
activate paralyzed muscles, and can effectively improve motor functions by facilitating positive neuroplasticity
resulting in a functional recovery. In this presentation, first I will introduce our studies on the neurophysiology of
transcutaneous electrical stimulation that is critically important in understanding the mechanism of
neuroplasticity in therapies using FES. Key findings of our research are: transcutaneous FES predominantly
activates the motor nerve; transcutaneous FES induces F-wave more robustly compared to nerve trunk
stimulation, suggesting the transcutaneous FES induces antidromic firing on motor nerves; paired corticospinal-
motoneuronal stimulation using transcutaneous FES can induce an increase of corticospinal excitability, which
can be the essential mechanism of FES therapy. Next, I will introduce our approaches that can help individuals
with iSCI improve upright balance. Based on understanding of physiological controller maintaining upright
standing, we designed the FES controller for standing balance, with which we developed FES therapy for

standing balance.
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Non-invasive and non-pharmacological therapies for muscles:
Pulsed electromagnetic field and photobiomodulation therapy

Yu-Jung Cheng

Department of Physical Therapy, China Medical University

Muscle injuries are common occurrences and cause functional impairment and affect performance of athletes.
Although skeletal muscle can regenerate, the process is slow and sometimes increases susceptibility to further
injury. Among the non-invasive and non-pharmacological treatments for muscle injuring, two modalities, pulsed
electromagnetic field therapy (PEMF) and photobiomodulation (PBMT), can promote muscle healing through
several common pathways. Thus, studying muscle regeneration and factors contributing muscle healing are
clinically important for understanding these two treatments.

Earlier studies have examined the cellular effects of PEMF. Excepting stimulating muscle contraction, PEMF
can modulate G protein coupling receptors and ion channels, downregulate inflammatory proteins, and increase
mitochondrial function. Previous studies showed PEMF can alleviate diabetic and posttraumatic muscle atrophy
in animal models, and clinical results also demonstrated applying PEMF can increase muscle activity and blood
lactate concentration in cyclists, and altering muscle bioenergetics biomarkers in patients with ACL
reconstruction. In addition, several clinical trials have shown that high-intensity focused electromagnetic field
combined with radiofrequency treatment can increase skeletal muscle mass and reduced adipose tissue. However,
these studies still require more careful review.

Unlike PEMF can directly activate muscle contraction in high intensity, PBMT improves muscle regeneration
through non-thermal effects. The well-known effects are through cytochrome ¢ oxidase absorbed red photons and
then activating mitochondria. In a prior in vitro study, PBMT could increase muscle cell proliferation and inhibit
apoptosis through mitochondria modulation in acute phase. In rodent muscle injury models, PBMT can enhance
muscle maturation, muscle recovery, and angiogenesis in the regeneration phase. In clinical studies, pre- and
post-exercise PBMT can reduce oxidative stress, enhance performance, and improving postexercise recovery.
PBMT may also increase muscle fiber recruitment and muscle strength in stroke patients. A single bout of PBMT
can increased handgrip strength of chronic kidney disease patients with hemodialysis. Interestingly, the
combination of PBMT and PEMF in the lower extremity can increase the exercise performance of COPD
patients.

Collecting evidence shows PBMT and PEMF have many similarities, and clinical trials have shown that both
treatments benefit the muscles in healthy people and patients. This lecture is intended to provide an overview of
findings from recent PEMF and PBMT studies on muscular disorders, which may have important implications

for rehabilitation for patients.
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Abstract

Citizen public lecture:

“Radiation therapy for cancer - Curing 'cancer' with radiation!”

Eisuke Sato

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

On September 30, 2020, a hybrid (on-site and online) public lecture (Cancer treatment and recovery: The importance of
radiation therapy and rehabilitation) was held. The three pillars of cancer treatment are surgery, radiation therapy, and drug
therapy, and in order to safely provide high-quality radiotherapy (radiotherapy), cancer treatment base hospitals are the
focus of efforts to improve the new radiation therapy methods such as modulated radiation therapy and particle beam
therapy are now covered by insurance. This lecture consisted of three parts (cancer epidemiology, what is radiotherapy? and
introduction to radiotherapy), and introduced the role of radiotherapy in cancer treatment and radiotherapy techniques.

Key Words: malignant neoplasm (tumor), cancer, radiation therapy
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Abstract

Public lectures at the Faculty of Health Science in 2023

Yoshinori Hiyama
Department of Physical Therapy, Faculty of Health Science, Juntendo University
On April 15th, 2023, a public lecture entitled “How to deal with knee pain correctly” was held in a hybrid format at the

Juntendo University. I report on the practice of the public lecture based on an overview of the public lecture, the
characteristics of participants, and the results of questionnaire.

Key Words: public lecture, knee pain, knee osteoarthritis
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Abstract

Public lecture of Faculty of Health Science, Juntendo University

Masakazu Saitoh

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

On 30y September 2023 (Sat), a public lecture entitled "Cancer Treatment and Recovery - Importance of Radiotherapy
and Rehabilitation" was organized by the Faculty of Health Sciences at the Juntendo University. This report describes the
content of the lecture on cancer rehabilitation for cancer prevention and recurrence prevention from the perspective of a
physiotherapist.

Key Words: public lecture, prevention, cancer rehabilitation, cardio-oncology rehabilitation
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Abstract

Participation in short-term study abroad for clinical observation in Taiwan

Aoi Shinjo, Shuma Suzuki, Katsuya Nagase, Keitaro Nakano, Kana Mori

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

From 20 August to 2 September 2023, for 14 days, we participated in a short-term study abroad for clinical observation
in Taipei and Taichung (Taiwan). This time, five of us from the Department of Physiotherapy, Faculty of Health Sciences,
participated in the training, based at National Taiwan University for the first week and China Medical University for the
second week. Before participating in the study abroad, we created opportunities to practice English conversation
independently with each other to improve their English language skills. In addition, since the first year, we have been
interacting online with students from the China University of Medical Sciences and other partner universities, gradually
building relationships in anticipation of this study abroad. On-site, we gave presentations at both universities and clarified
the differences between Japan and Taiwan in physiotherapy in the clinical field. Through this short-term study abroad for
clinical observation, our interest in overseas physiotherapy increased, and we gained meaningful experiences for our future

career development.

Key Words: Taiwan, clinical observation, cross-cultural exchange, physical therapy
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Abstract

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

Shingo Takegoshi, Miki Sakuma, Mizuki Fujiyama

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

We participated in short-term study abroad for the language education in Canada offered by the Department of Physical
Therapy, Faculty of Health Sciences, Juntendo University. During the training, we not only received English language
education, but also observed a sports clinic and learned about the working style of physiotherapists in Canada. The
experience, including the cross-cultural exchange in English conversation, made us feel that we would like to become
internationally recognized physiotherapists in the future. We would like to report on this two-week overseas training

program in Canada.

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

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

Hideyoshi lino, Kirara Takizawa, Kazuya Koyama, Kensuke Hori, Yuka Muranaka, Yasuaki Sakano

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

We participated in an eight-day study abroad program at Yuanpei University of Medical Technology in Taiwan. This program,
enriched by lectures and interactive communication in English, significantly contributed to our personal and professional
development. The daily practice of English during this period not only enhanced our language skills but also provided stimulating
and enriching experiences. This report outlines our experiences and learnings from this educational venture in Taiwan.

Key Words: short-term study abroad for professional education, Taiwan
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