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Study on diagnosis and treatment of foot injury and low backache in Judo therapy
-Patient who develops foot injury and low back ache-
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Abstract
The author diagnosis and treated 89 patients who developed foot injury such as “swelling, pain, flare,
heat sensation, functional disorder or deformation” and “low backache” and has obtained the following
results.
(1)Rate of the patients’ main complaints before treatment are “pain(including low backache) "91.0%, ”
“functional disorder”80.1%, “deformation”61.8%, “swelling”55.1%, heat sensation"50.6% and “flare”31.6%.
(2)For chief complaints of the patients, “pronation”37.8%, “rotation of pelvis"96.6%, “propulsion
phase”96.6%, "RCSP”95.5%, ‘complex movement on three planes”94.4%, midtarsal joint”93.3%, “standing
middle phase”92.1%, “midtarsal joint axis”87.6%, “motion range of joint"85.4%,and “fore foot"82.0% were
high.
(3)For the causes of the chief complaints of the patients “acuteness” 9.0%, and “over-use” 71.9%.
(4)For the treatment that a Judo therapist performed “manipulative therapy”’100%, “stretching
therapy”88.8%, “foot orthotics device therapy”80.9%, “electro therapy and improvement instruction and
adjustment of shoes”79.8%, “cold pack therapy”70.7% and “planter strap therapy”60.7% were high.
(5)As a result of plural treatment by a Judo therapist, for the main complaint rates of the patients,
“swelling” decreased from 55.1% to 0.0%, “flare” decreased from 31.6% to 0.0%, “pain” decreased from
91.0% to 2.2%, “heat sensation” decreased from 50.6% to 1.0%, “functional disorder” decreased from
80.9% to 10.1%, and “deformation” decreased from 61.8% to 36.0%. _
The above results have shown that plural therapies based on diagnosis by a Judo therapist for patients
suffering from foot injury and low backache at the same time are effect. (J. Sport Sci. Osteo. Thera.
14(3):83-97,March,2013)

Keywards : Zoa%@#E(Judo therapy), BERIME(Foot injuries), B (Low back ache),
% L 14 (Diagnosis and treatment), 73 7 A 51 =2 A#g(Biomechanics linkage)
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Hygienic study on the effects of hydrogen ions on comeal epithelial cells
Sadafumi Takise, Toshikazu Kawakami and Tetsuro Tanigawa
Department of Sport Medicine, Osaka University of Health and Sport Sciences, Japan

Abstract

Swimming pools are familiar facilities that are widely used by people ranging from children to senior citizens
for physical education and health promotion. Users sometimes complain of subjective eye symptoms after
swimming in pools sterilized with chlorine agents. Here, we surveyed subjective eye symptoms and carried out a
basic experiment to investigate the effects of hydrogen ion concentration on corneal epithelial cellular
dysfunction, using 40 8-week-old female Sprague-Dawley rats ( body weight, 169 + 10.1 g ). The rats were
divided into the following experimental groups: control group ( no application to eyes, n=10 ), pH 6.8 group
( residual chlorine concentration, 0.6 ppm ; n=10), pH 8.0 group ( residual chlorine concentration, 0.6 ppm ; n=
10 ), and tap water group ( residual chlorine concentration, 0.3 ppm ; pH 7.5 ; n = 10 ). The various aqueous
solutions were dropped onto the corneal epithelium at a flow rate of 50 ml/min continuously for 30 min. The
repair and healing process was then observed by Scanning Electron Microscopy ( SEM ) in five rats per group
immediately after administration and in five rats per group at 24 h after administration.

The findings were as follows:

1. An association was found between swimming without goggles and subjective eye symptoms (X2 = 36.65, p <
0.01 ). The main subjective eye symptoms that occur when swimming without goggles (multiple answers
possible) were painful eyes (n = 36, 45.47 % ) and bloodshot eyes (n =23, 29.11% ).

2. In the control group, the outer layer was regular, with a clear intercellular space. Tall microvilli had
developed. There were clear intercellular protuberances, and the cells were hexagonal or polygonal in shape.

3. The pH 6.8 group showed detachment of the outer layer and partial intercellular separation, as well as
point deflation of microvilli. At 24 h after administration, the cells were partially disordered and cells that had
become amorphous were seen. In addition, point deflation and disappearance of microvilli were seen, and
increased cell division was observed where there was dehiscence of cell junctions.

4. In the pH 8.0 group, surface cells were of heterogeneous thickness, with dark cells and thinned cells
observed. At 24 h after administration, separation of cells and point deflation of microvilli were present. These
microvilli were undeveloped, being short and spherical.

5. In the tap water group, the surface cells were dark in places and thinned cells were observed. At 24 h after
administration, the intercellular spaces were unclear and a heterogeneous surface structure was observed. The
structure of the microvilli had not been maintained, with partial deformity of the cell margins observed.

These results indicated, when wearing swimming goggles to prevent eye damage is important. Also, flush
eyes with tap water after swimming should be considered. (J. Sport Sci. Osteo. Thera.,14(3):99-108, March, 2013)

Keywords: Cornea(# &), Hydrogen ion concentration (/K #-{4-2$5%%). Scanning Electron Microscope (£Z
UG HEEE) . Swimming(7Kik)
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pH DIRIZH T HREDREN TR,

FIC, AW pH ASAME ERRIRI R iE R
ELT, APk DRRMEE O B BT L A 5
BRELUTET NVEWEAWC, pH AR RIZTR
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Fig.1. Questionnaire sheet
We surveyed between goggle use and subjective eye

symptoms to investigate the effects of hydrogen ion
concentration on corneal epithelial cellular dysfunction.
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TSR USRI T, EEETLEFEE ITL, Sk
DIRRDIPNESITVVEDS, EFRITITHEV N
VN TVSY, ZOXRFHHL R b, T oD
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KEEOERIY, ERCENT— L TERSILT
VWHIKHEIESERE/—4 KU DPD EEBkK pH 7R 831R
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Electoron Micrpscope : SEM)

RIBETEERVSBKTE 24 BE®IZT M

pentbarbital sodium BREETIZ CRARERANAL , 20
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HAEFRRIKICTRTEREEZTTV Y Kamovsky [E7E
A S REREIE A T ol . IRERE AL

A U7ERERIT, EHIZ 2.5 % glutal aludehyde 1EE
BT (pH 7.2, 4 °C) 125 B EEHEEEDHE., 1 %42
I ABZTREEL, 7TER-BIICTHIKE, BR
RERE (R SEREE, TOPCON) L, 24K
(SC7610, TOPCON) @ %, EEX B FHRME
((DS-600, TOPCON) I &V AR LR AOBIZE. 1§
BAATIET29,
3. #EatE

KikEDIRMEED B HRYERRE,SELNIT
— DA, Macintosh Stat view 5.0 ZAWT
DEERHT U1 2 FIRE) LTV, fERE 5%%b-
THEICEREE LS
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LEMZIsH DAk EOIREED 8 REREE (7
o — MR R

TS NAEROFELRREED B AR OB
DT, A 2RBREIC SO Tl R, I—7
IAEROFELERD B HAERT £ L ORI BEE)
b (U125 :36.65, 1725 p {H:p<0.01)
(Table1), E7=, ARkEEERAIT— A EERLZN
BECRAET IR 8RR (BEEEVE W) 13, IR
TV (36 {4, 45.57%) . BRASFEML5 (23 4, 29.11%)
BRASBRT B2 (T (4, 8.86%) , DA Tt
% (445, 5.06%) , EAHTIEELZ20 (244, 2.53%) , R

ASETO (0 4, 0%)  E5L0 1, 0%) , E04h (7 4,

8.86%) ThH-7e,

KIKED BOF TIZOVWTOER T, (bl T
VARV 93,33 %, (AGEAKTHZBE 4.4 %, [HE)
2.22%, LVWOSEIEDB BN, KGO BIREOD)da
RHYF BT OWTOEB T, [H3]77.78 %, (42
VN22.22 %, &V IEIEDMGOIT, KixEDDE D

GE-F

Table 1. Association between goggle use and

subjective eye symptoms
fERBY | izl | Bt
F—7 MER 13 32 45
S— 7 NVARAER 42 45

An association was found between swimming without
goggles and subjective eye symptoms ( x2 = 3665, p <

0.01).
Table 2. Results of questionnaire
B | #E
_Eﬁalﬁa SERDD © 0
QA7 | BXFE 36 45.57
PEALLRY | BEXFEMT S 23 29.11
THOTERE, | BB 7 8.86
Hiz{Th&E | #oit 7 8.86
Kb bb | BopiToads 4 5.06
hWETHAE | ESHTUEESR 2 253
arETD ERERL 0 0.00
EHEL 0 0.00
2t 79 | 100.00
@rkikig, & | {HL TV 42 93.33
DEH72BO | KEKTEHER 2 4.44
FTELTY | BE 1 2.22
FTh? FDAh, 0 0.00
; &t 45 | 100.00
@LEOHK | BXER 6 40.00
Bt Bicfy | EXEEW 5 33.33
DERDIBY | B2iFEMmT S 2 13.33
102 Bopitod s 1 6.66
FOA 1 . 6.66
FEA T ESA 0 0.00
EHLN 0 0.00
B ASBRiT BN 0 0.00
st 15 33.33
@Kk, | HB 26 57.78
[ 1 h39E< | 2 18 40.00
2ot B | ERRA 1 2.22
ZAATEOL
fem Eaidh _
F49:9 & 45 100.00
® Kk, | D 35 77.78
Eiko—8 | 2w 10 22.22
(FZ &) A3 44
HHLTED,
HadLip otz _
DLE3H 2 M 45 | 100.00

The main subjective eye symptoms that occur when
swimming without goggles (multiple answers possible)
were painful eyes (n = 36, 45.47 % ) and bloodshot eyes ( n

=23, 29.11 %).
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TiAOEXIZOVWTOERE T, [$%)57.78 %. (72
V]40.00 %, M#EETA12.22 %, EVVOEIBBHFONZ
(Table2) .
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HERARRSASEARE T, ZHb microvilli 1335 A EKEE
FEL TV Ve, HlaROMEIT, AR CHIRaOIIL, /<
fafeia L& AR RL T s (Fig. 2-AB), 72, 4
FRErh i B OSSR OSSR b B S
Teinolz,

pH6.8 AURELHICHVTIE, A ERIL, REH
DFIEER OS82 /IBRABREES microvilli @ s4RIT
#iZ2RUT (Fig. 3-A,B), 24 BSR&IZIW T, MK
P oA e SR 2 | MR R A T

RERY

BEah, AAEOMIIIERL ., EfiEE 27 Hla
DEEERDHLNT, EHIC microvilli D ARINHEE, 14
%, HIRRHER S A BIBEL TV AE ISR R
LAWAA R, ZOMATHREEREIR ThHY,
AR ORI AT REOBE 2SN T RN
sz sh- (Fig. 4-AB), pH8.0 AIRE#I-H
WTH. AR EEORBEHIAOES IR —T, #
L= Mas R Hi- (Fig. 5), 24 BRIz T
i3, A ERORBHIT. B4 23R CHila
FEIDBAREL microvilli D KU ZRD L=, Thb
@ microvilli {Z#ECAMES AV VETRIEETH -1, &
7=, AREPRECIL, —EBICBRBEL 7= T RO Mfass
#izxh (Fig. 6-AB,C), AR USSR ALT- 18
DR 2SI T V2l MBS,

Fig.2-A,B SEM micrographs of corneal epithelial cells from control group

In the control group, the outer layer was regular, with a clear intercellular space (Arrow) (A). Tall mierovilli had developed
(Arrow). There were clear intercellular protuberances, and the cells were hexagonal or polygonal in shape (B).

DX & 00w

Fig.3-A.B  SEM micrographs of corneal epithelial cells from pH 6.8 group immediately after
The pH 6.8 group showed detachment of the outer layer and partial intercellular separation, as well as

administration
point deflation of microvilli (Arrow) (A, B).
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Fig. 4-A,B  SEM micrographs of corneal epithelial cells from pH 6.8 group at 24 h after administration

After 24 h, the cells were partially disordered and cells that had become amorphous were seen (A). In addition,
point deflation and disappearance of microvilli were seen (Arrow), and increased cell division was observed
where there was dehiscence of cell junctions (Arrow) (B).

Fig. 5. SEM micrograph of corneal epithelial cells from pH 8.0 group immediately after administration
In the pH 8.0 group, surface cells were of heterogeneous thickness (Arrow), with dark cells and thinned cells observed.

Fig. 6-A,B,C  SEM micrographs of corneal epithelial cells from pH 8.0 group at 24 h after

administration
After 24 h, separation of cells and point deflation of microvilli were present. These microvilli were undeveloped,
being short and spherical (Arrow) (A,B,C).
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SEM micrographs of corneal epithelial cells from tap water group immediately after

In the tap water group, the surface cells were dark in places and thinned cells were observed (Arrow). After 24 h, the
intercellular spaces were unclear and a heterogeneous surface structure was observed (A). The structure of the microvilli had
not been maintained (Arrow), with partial deformity of the cell margins observed (B).

AGEAD AIRE IO TIR, AR ERORFH
D 2 HRET TIEW LU - HIBa) SRR Sz, 24 B
MY, AP SO MBARIERI I R T, oL
AR TOBLIRIE TR — 2 RS
WS-, £LC, microvili OEAMRIZN TS
BRI AL T D B8RS (Fig.
7-AB) , AGEAD SIRIZHVTYH, A ERR VA
FEch A AL 3 D MR A A LS BARD 5
his

[Ex]

F—NOKEIARET ST, [HEEFRE 04
ppm LA EDS 1.0 ppm A F THAZEBEDH LN TV VA,
ZORMET, KPORFHEWE B TRBSED
DITH512METHDH, —RENFREF OB
RNKOT —NVREGR T, KKEDOLHE+T—D
FUALTRIZ L DIRDOTEARD B TSN TV EHOD,
FRZAEAZFIRAL-TRIZ W T T — KD
HEREDDIIER TEH CE AL T 2R REL 3A20
U, Fo, AGEAKIL, AR AKE AR T8, KD
AAFREFE CI A OERE IR FRE 2L D DKGE

AKESF-THY, fENHOFASIDRETO.1 ppm LA
EOREEFENHERSNAIDICESTEDLERTY
B, ZOBRO pH 1X 5.8 15 8.6 DM T, BT
D 7.6 I[THERFSh TV, ZOXSIZ, AEKIZAMEIC
BERKAREZROEN D, 7 — ViR THBER
ALLTHIASh TS

EZAN, TRAKEL THIAT SBMCER &L
ELT, IROBEAEKRDHERDRERDZENETON
B, Tibb, Kk RUKKELEBU T, APORK
BIEFRLLLIZ pH bABICR R RIET IR
TAHRICHERE NI LERHLLDLEZ NS, £D
Hi, RoARERL, RECTEDNTERRL
FEATKL . ARERROBANZ HERF T 2R LA
FoTHICL->TRbEERLVARERZL TS
bTHD, LIehioT, AROEREZEZS LI, TR
ERAL TEADITITER, BRI, EFRBL
UEERRPERICRTET DEFRIR, B ERAICHDIE
B2 E LD WHDRIREL TTETD, IEF2
RO pH 1L 7.2 ~ 7.4 T, TOEEEL, KWSh
F=EETIIMELFC 289 mOsm THY. IRieic*
STEA=ZATI ADEH T, ZBROT-DITPRRMS
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#1304 mOsm? (272> TB, Iwata® [T L BTROHMIZ
2V Tk, Na': 145 mEg/l, K*:24 mEq/l1, CI7:128
mEq/l, HCO,™:26 mEq/l, Protein:0.3~0.7 g/100ml
(albumin: 58.2 %. globlin:23.9 %. lysosyme:17.9 %), %
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Abstract

The purpose of this study was to clarify the effects of differences in muscle contractile velocity during eccentric
knee extension on muscle architecture and blood volume in the vastus lateralis. Subjects consisted of seven
untrained adult males. Eccentric knee extension was performed using an isokinetic dynamometer. The rates of
isokinetic motion of eccentric knee extension were performed at 60°/s and 180%s. Measurement of muscle blood
volume during muscle contraction was made via near-infrared spectroscopy, and the changes in blood volume of
the vastus lateralis were recorded. Moreover, a B-mode ultrasound imaging apparatus was used for the
measurement of muscle fiber dynamics (pennation angle and fascicle length) during eccentric knee extension.
Muscle blood volume at an angular velocity of 60%s was lower as compared to blood volume measured at an
angular velocity of 180% (P<0.05). In addition, the pennation angle was significantly increased at a contraction
velocity of 60°s, with the fascicle length shortened (P<0.01 to 0.001). These results suggest that even during
eccentric contraction, a slower contraction velocity leads to greater muscle tension, thus causing mechanical
compression of the blood vessels, that results in a reduced muscle blood volume. (J. Sport Sci. Osteo.
Thera., 14(3):109-116,March, 2013)

Key Word: Pennation angle, Fascicle length, Blood volume, Eccentric contraction

Introduction

Exertion of muscle strength is performed by
eccentric, concentric or isometric contractions. In
particular, eccentric contractions play an important
role in exercise and athletic performance
contributing to instantaneous and extremely
powerful muscle actions. Blood flow during exercise

contraction velocity was assodated with a higher
degree of blood flow obstruction?. In addition,
mechanical compression of blood vessels induced
blood flow disturbance during the low velocity
eccentric knee extension?,

Mechanical compression of blood vessels by muscle
contraction affects muscle blood flow?. The

depends upon the rhythmic velocity of skeletal
muscle contraction’. We examined the blood /
oxygen dynamics during eccentric contraction of
varying velocities and have reported that a lower

enhancement of intra-muscle pressure that is
associated with the increase in pennation angle or
fasicular shortening causes compression of blood
vessels, which restricts muscle blood flow. The
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relationship among the pennation angle or fascicle
length to the blood volume of skeletal muscle during
exercise has thus far only been measured during
isometric exercise, and suggests that differing forms
of muscle contraction influence muscular
hemodynamics®. The changes in pennation angle or
fascicle length affect blood volume in active skeletal
muscles during dynamic exercise®, It is important to
examine these factors during dynamic exercise (ie.
concentric / eccentric contraction) when changes in
joint angles repeatedly occur. During dynamic
exercise, changes in the pennation angle or fascicle
length change more readily than during static, or
isometric exercise”. Therefore, it is possible to
hypothesize that muscle contraction during dynamic
exercise elicits a greater increase in the volume of
blood to the active muscle than during static
contraction. However, the relationship between the
changes in pennation angle or fascicle length and
blood volume in active skeletal muscles during
eccentric contractions is unknown.

Accordingly, the purpose of this study was to
investigate the influences of muscle contraction
velocity with the changes in pennation angle and
fascicle length of active muscle during high and low
velocity eccentric knee extension. We hypothesized
that the difference in contraction velocity during the
eccentric knee extension elicits changes in the
pennation angle and fascicle length of active muscles,
which influences the blood volume in active skeletal
muscle.

Methods

Subjects

Seven healthy men (age 25+3.7 years, height
172.8+5.8 em, weight 67.9+7.7Tkg, body fat 16.61+
3.46%) who were not actively involved in habitual
physical exercises participated in this study. All
subjects provided informed, signed consent.
Experiments were carried out under the approval of
the Ethical Committee of the Kinki Welfare

University.

RERX

Eccentric contraction

The eccentric knee extension testing was
performed using a KinCom B500H isokinetic
dynamometer (Chattex Inc, USA). Testing was
conducted in the standard seated position with the
trunk, pelvis and thigh being stabilized. The range
of motion was 70° (10° to 80° of knee flexion) and the
angular velocities were set at 60°/s and 180%s. These
velocities were tested on two different days, one
week apart, as each test consisted of maximal bout
of 120s of eccentric quadriceps contraction. In order
not to perform concentric contraction between each
eccentric contraction, the passive mode in the
continuous movement of KIN-COM was used to
return the limb to the initial position at a velocity of
180°s.
Determination of muscle oxygen dynamics

Oxygen dynamics was determined using near
infrared spectroscopy (NIRS; OM-220, Shimadzu,
Japan). The probe was fixed to the area around the
center of the vastus lateralis muscle of the subject,
and changes in blood volume (BV= total hemoglobin
(oxy-Hb+deoxy-Hb)) were recorded. The NIRS
apparatus employed in the present study could emit
a continuous wave (CW) suitable to the investigation
of actively contracting skeletal muscles. With this
apparatus, laser beams with wave lengths of 780
and 830 nm can be irradiated into the sample tissue,
followed by detection of its reflected light or the
transmission light, whereby based on the
Lambert-Beer’s rule, determination of the relative
amount of oxygenated hemoglobin in the subject
muscle tissue can be made.
Measurement of pennation angle and fascicle length

A B-mode ultrasound imaging apparatus (Acuson
Aspen Ultrasonic System, Fukuda Denshi, Co., Ltd,
Japan) was used for the measurement of muscle
fiber dynamics at rest and during the eccentric knee
extension. The B-mode ultrasound imaging
apparatus probe was fixed to the vastus lateralis of
the right leg during rest or eccentric knee extensions
to obtain filmed images of the muscle. Next, still
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images were taken (20°, with anatomical extension
of the knee set at () and printed out and the muscle
fascicle was selected. The measurement of the
length of the selected muscle fascicle (fascicle length)
and the angle made by the muscle fascicle and deep
aponeurosis (pennation angle) was then evaluated.
Statistical analysis

Data are presented as the meantSD. Statistical
comparison of the angular velocities was made by
application of Students t test while Pearson’s
correlation coefficient was calculated to compare the
blood volume of contracting skeletal muscle with the
pennation angle and fascicle Jength. Findings were
considered significant at p<0.05.

Results

Changes in blood volume during high and low
velocity eccentric contraction

Figure 1 shows the changes of blood volume during
the eccentric phase of knee extension at angular
velocity 60°%/s and 180%s. The blood volume in the
muscle at an angular velocity of 60°/s was reduced
for 20 seconds following the onset of the eccentric
knee extension. Blood volume then increased in
association with the continuation of the eccentric
knee extension until the end of the exercise. On the
other hand, the blood volume in the muscle during
contraction at an angular velocity of 180%s slightly

0.06 r
0.02
-0.02

-0.06 |

blood volume(A.U)

L
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decreased during the 10 seconds following the onset
of the eccentric knee extension and was maintained
at this higher level throughout the eccentric knee
extension. Blood volume noticeably decreased
during contraction at an angular velocity of 6(°/s
compared to that during 180%s, and this significant
difference was observed at 20 and 30 seconds
following the onset of the eccentric knee extension
(p<0.05).

Comparison of the pennation angles and fascicle
lengths at low and high eccentric contraction
velocities

Fig.2 shows the pennation angles during the
eccentric contraction phase of knee extension
exercise at an angular velocity of 60%s and 180°/s.
The pennation angles were measured at the
minimum value of blood volume recorded, and
measurement of the pennation angle was made at a
knee joint angle of 20° shortly after initiation of the
eccentric knee extension, relative to an anatomical
extension position of 0°,

Pennation angles were 22.33 *+ 4.13 degrees at an
angular velocity of 607/s, while pennation angles
were 17.6t 2.07 degrees at an angular velocity of
180%s. Pennation angles showed significantly larger
values (p<0.01) at an angular velocity of 60°/s versus
180%s.

1 L 1 L L 1 1 - |

-0.10 A .

1
0 20 40

60 80 100 120
time(sec)

Fig.1 Changes in blood volume during eccentric knee extension on
the at angular velocities of 60(HM) and 180(®) °/s * differences of

60°s vs. 180%s - p<0.05
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Fig.2 Comparison of the pennation angle
during eccentric knee extension at angular
velocities 0of 60 and 180°/s  ** p<0.01
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Comparison of fascicle length during eccentric knee
extension at the angular velocities of 60 and 180°/s is
shown in fig. 3. The values of fascicle length, as well
as the pennation angle, measured in this study are
the values recorded at the minimum blood volume
- measured of each subject. Fascicle lengths were 7.87
+ 0.48cm at an angular velocity 60%s, while fascicle
lengths were 8.96 + 0.16cm at an angular velocity
of 180°%/s. When fascicle lengths were compared they
were significantly larger (p<0.001) at 60%/s than at
180%s.

XX

© ©
(41
L]

o

8.0

fakcicle length(em)

60degisec

180deg/sec

Fig.3 Comparison of fascicle length during
eccentric knee extension at angular velocities

of 60and 180°%s *** p<0.001

Correlation between blood volume and pennation
angle at low and high angular velocities

The correlation between blood wvolume and
pennation angle at an angular velocity of 60°/s is
shown in fig. 4. A significant negative correlation
was recognized (p<0.05) between the blood volume
and the pennation angle at an angular velocity of

FRERX

60%s. However, a significant correlation was not
recognized between the blood volume and the
pennation angle at an angular velocity of 180%s.
Correlation between the blood volume and the
fascicle length at low and high angular velocities
The correlation between blood volume and fascicle
length at an angular velocity of 60%s and 180%s is
shown in fig.5. A significant negative correlation was
recognized between the blood volume and the
fascicle length at the angular velocity of 60%/s
(p<0.001). On the other hand, a significant
correlation was not recognized between the blood
volume and the fascicle lengths at an angular
velocity of 180%s.

Discussion
Tensile force during muscular contraction
mechanically compresses blood vessels, and
decreases blood flow®. As load intensity increases,
the tension force occludes blood vessels until blood
flow stops. The load intensity, which causes blood
flow to cease, is determined by the relative position
of the muscle fiber and the blood vessel. In addition,
an increase in load intensity increases
intramuscular  pressure. An  increase in
intramuscular pressure during exercise affects the
pennation angle augmentation or fascicle length
shortening®. Therefore, it is thought that the
increase in intramuscular pressure induced by
pennation angle augmentation or fascicle length
shortening compresses the blood vessel in the active
muscle, thus decreasing blood flow. We measured

the blood volume during eccentric knee extension
exercise and found a significantly higher muscle
blood volume at a fast angular velocity of 180%s than
with a slower angular velocity of 60°%s. In addition,
the pennation angle with the angular velocity of
60% increased in comparison with that at an
angular velocity of 180%s, and the fascicle length was
shortened.

Changes in the pennation angle or fascicle length
are known to influence intramuscular pressure?. In
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other words it is suggested that the pennation
angle and change in fascicle length during exercise
show an indirect relative variation in the
intramuscular pressure. Therefore, as for the results
of this study, the intramuscular pressure increases
during eccentric contraction as muscular contraction
velocity slows. Thus it is thought that an increase in
the intramuscular pressure causes an increase in
the pennation angle and shortening of fascicle
length, thus increasing mechanical compression of
blood vessels and a decrease in muscle blood volume.
Because of the characteristics of the muscle, a slower
contraction velocity elicits greater generation of force,
resulting in larger muscle tonus. Therefore it is

thought that during slower contraction velocities
fascicle length shortening increases as the tissues of
the tendons extend more as compared with faster
contraction velocities”. Fascicle length shortening
decreases muscle blood volume®. Thus, the slower
the contraction velocity during eccentric contractions,
the more the pennation angle increases, and the
shorter the fascicle length becomes. This is thought
to cause the decreased muscle blood volume.

The rhythmic tempo of muscle contraction is
thought to be the major determining factor in the
circulatory response to dynamic movement®.
Kagaya? reported that lowerleg blood flow differs in
accordance with the difference in contraction
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veloaity during plantar flexion with various tempos
of exercise, keeping the ratio between muscle active
time and rest time at 1:1. On the other hand,
Okamoto et al? examined muscle blood volume
during eccentric contraction at various velocities,
suggesting that mechanical compression of the blood
vessel increase during eccentric contraction at a slow
velocity of muscle and that
intramuscular hypoxia occurs as blood flow is
inhibited. Mechanical compression of the blood
vessel during dynamic exercise depends on the
muscular display tension!l. The tension display
variant changes the pennation angle or the fascicle
length'?, Since a variant of pennation angle or
fascicle length has an influence on intramuscular
pressure?, it is important to investigate the
correlation between the blood volume of the muscle
and the muscle architecture at various velocities of
contraction. In this study, we examined the
correlation between muscle blood volume and
muscle architecture at two speeds of contraction
velocity, using an isokinetic dynamometer. As a
result, we found a significant correlation between
muscle blood volume and the pennation angle and
fascicle lengths at an angular velocity of 60%/s. This
result suggests that augmentation of the pennation
angle and shortening of fascicle length causes a
decrease in muscle blood volume during the
eccentric phase of knee extension exercise. This is
likely due to the elevation in intramuscular pressure,
which causes mechanical compression of the blood
vessels reducing blood flow, resulting in a decrease
in muscle blood volume as contraction velocity slows
during eccentric contraction. Miura et al ® examimed
the correlation between muscle blood volume and
muscle architecture in the gastrocnemius during
plantar flexion, and recognized a significant
relationship between muscle blood volume and the
pennation angle and fascicle length of the muscle.
This results were generated using concentric
contraction, but in our study, it has become clear
that a decrease in muscle blood volume can ocecur

contraction,

RERN

during various forms of active muscle in eccentric
contractions as well.

On the other hand, Reeves and Nirici'® measured
muscle architecture during eccentric contraction of
the tibialis anterior. In their report, the pennation
angle and fascicle length showed no variation with
the increase in contraction velocity during eccentric
contraction. Thus this work suggests that muscle
blood volume is not altered because intramuscular
pressure does not change in accordance with the
change of velocity during eccentric contraction.
However, Reeves and Nirici!® utilized dorsiflexion of
the tibialis anterior, to examine this effect, which is
different than previously discussed reports. In terms
of the factors which stop blood flow during muscle
contraction, differences in muscle fiber composition,
capillary structure and muscle structure have been
considered?. In the current study, we measured the
forms of muscle architecture of the vastus lateralis
using knee extension exercise, and the structural
differences between the vastus lateralis and the
tibialis anterior muscle should be considered as a
possible source of the discrepancy in our report and
that of Reeves and Nirici13). A previous study'® also
reported a difference in the oxygen dynamics of the
muscle at the thigh and crus during dynamic
exercise. Thus it is important that future studies
must be continued to examine in detail the
correlation and differences in muscle architecture
and muscle blood volume including that in plural
muscles of the thigh and the crus.

In conclusion, these results indicated that even
during eccentric contraction, a slower contraction.
velocity caused a greater increase in muscle tension,
thus eliciting mechanical compression of blood
vessels, resulting in a decrease in blood volume of
the active skeletal muscle.
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Abstract

The purpose of this paper is to clarify high school students’ stress coping behavior related to resilience, self-esteem and
interpersonal stress events, using a questionnaire. The subjects of this research were 460 high school students (228 males and
232 females). In the resilience category, “I would like to know various things™ had the highest rate of response, which was
followed by “I am a person with a passion for the new and novelty” and “I have rather strong interests and concems in things™.
Interpersonal stress events category, “I had a conversation with somebody not so close to me” had the highest response rate,
and was followed by “I was wondering if the person [ interacted with felt uncomfortable or not”, and “I am concemed about
my acquaintances if they feel uncomfortable.” “I consult with a reliable person” was the top-ranking response in stress
coping behavior, and “I concentrate on my study and hobbies”, and “I think it over and change my way of thinking or
viewpoint” followed. Gender differences were not found in the resilience category. In addition, the students scoring high in
self-esteem had higher scores of resilience. Moreover, students without experiences of being bullied had higher self-esteem
and resilience, and students with experiences of being bullied had higher scores of interpersonal stress events and stress. The
results suggest that supporting the improvement of resilience and self-esteem may be effective in providing psychological
support for high school students. (J. Sport Sci. Osteo. Thera.,14(3):117-129, March, 2013)
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Key Words: High School Students, Resilience, Self-Esteem, Interpersonal Stress Events, Bullying
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