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Effects of task difficulty on the performance of a balance task and mental workload
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< Abstract >

Kazunori Akizuki" Jun Yabuki? Ryohei Yamamoto”
Kazuto Yamaguchi® Kosuke Takeuchi”

Department of Physical Therapy, Kobe International University, Kobe, Hyogo, Japan

Ibaraki Prefectural University of Health Sciences Hospital, Inashiki-gun, Ibaraki, Japan
Department of Rehabilitation, Kyushu University of Nursing and Social Welfare, Tamana,
Kumamoto, Japan

Department of Rehabilitation: Physical Therapy Course, Nihon Institute of Medical Science,
Iruma-gun, Saitama, Japan

This study aimed to clarify the effects of task difficulty on a balance task's performance and mental
workload. We randomly assigned 30 young, healthy people to a low-difficulty group, a medium-difficulty
group, and a high-difficulty group. They performed a balance task according to each difficulty level. For
the balance task, we set the standing position on the unstable platform. The participants performed 12
trials of balance training for 20 seconds per trial under the assigned conditions. Motor learning was
confirmed by conducting a pre-test before the practice and a post-test 24 hours after the practice. In
addition, NASA-TLX was measured as a subjective indicator of mental workload. A two-way ANOVA
was performed on the performance of the balance task, and a significant effect of the test was observed.
However, the main effect of task difficulty and the interaction between test and task difficulty was not
significant. In addition, from the one-way ANOVA results for each subscale of NASA-TLX, no significant
main effects of task difficulty were found on any subscales. The results showed that task difficulty that is
too high for the learner might increase the learner's mental workload and hinder motor learning. These
findings suggest that it is important to set the task difficulty level to commensurate with the learner's

skill level in balance training.

Key Word: Motor learning, Task difficulty, Mental workload
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AWEENCFE) BRI Pa Y FY 7HEREREHEL X T
BHIMEBITICHT X 7 v TaTr 14 YO PR

howogE AV m ok B
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1) MPFEBRFEYNLEY) 77— a V5
2) FEREADREAIT SRR

3) RIPREEEE SRR A PR AR R R

4) B L PR B PR A B R

E B

BN 2 KRR IR IE A P L AR FHR L, BRHNOI a2 P THRERESTE
MM BT 25 &Y. X7 LA FFEX 27 LA 7054 VICBEEIZEEN, 4L
F—AgMEENOREICES T 2MBENILEMTHS. — /KT, X7V FFEE
BICEOLX7LA70r A4 A3 bay ) 7EERLEMINE 2S5 2 2 28IIARHTH
Lo KWFETIEIX 7 LA F FEEEIZEGX 7 LY Tur 4 Y EBDSANEECTEL 55
Mmoo b ay F) 7HEREEREMNERITEZ P TE 202 MEE L7z, 128 0
T Wistar 27 v b & @HEHE 7 v MOEFEFEE L Wi (CON), #EMET v M
2y VA TaTA v EBEEICEGEEE W (CON+NP), 28 o i Ik 5 15
I FR 2 W28 (HU), SREFEmENBFICX 7 LA T a s V2 8FILE
Lef k2 F 728 (HUANP) 12X L7z, AR TRICe I AMEHFIL T, /il
FEarlllE L Hr RS CHE R 2ERL, I b ) THABETHLINTR
ik FZEH (SDH) EER EBMIMEROMEZIT-72. 72, PiILEEE TH % SOD-
2, I ba v Y T7HEICES T 5 PGC-1a D3BI&EZME L /2. HU+NP # o SDH i
TEBLOEMMEZIIHUBFE LKL CHEICEMEZR L. 72, HU+NPH O
SOD-2%° PGC-1a DM EIT HU B L L L CHBICHEMEE R L7z, RIFZEOE R, S
X7 VLA FRE2EEIZELX 7 LA 7074 VEUIANEENE ) BEHOI ha v F
) 7 RERERE SR EMIME BT T 2RSS H A 2 L AL I L7

]l

F—U—F: XL+ 7arA v, har ) 7RERERE S, BMINE BT

(U BHIC FEWMCEELZHNTTH Y, FEREB = P70
LB A R T,

TEVER 2% ZEHRRE X BRI DM 25 S 2372 ANEEIHED I b3 2 B 7R RERE R B

FT% <, 2 My R 7 ORGERER BMILE BITORKE O — DGR FTE (reactive oxygen

DFLEF SRS FHHNOI hary R species; ROS) DA & HURILP > 2 7 2 DAY

7 R B AE B & R O T4 )L F — AR R B2 X DECLZEILA P L ADOBREHASERL T
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%%, Superoxide dismutase-2 (SOD-2) X3 h =2
YR TIRAEY A EERPIRILYE O —> LTl
HNTHDY, ML P L AZIBETH007, R
BT EET O SOD-2% ¥ /X7 MEEH =% L

CIETL, BIbA ML AR EHSE257 F72,
I ha Y R TATERERELR SNZEBRIEA P L2
R OFWZHIE S 2537 7 FN—5 —
Td % peroxisome proliferators-activated receptor-
y co-activator-la (PGC-la ) %4 L THEHIC
BUFLI bay M) 7HEREES R TMILERITEZ]
SRITIEPMOENTVEY ZR5DZ ERD,
ANEEIHE D I b o> B 7R E R Tl g R
T TT 5720121&S0D-2% v /37 B5HE D
KFZHHIL, PGC-la x#ET H I ENEETH
HLEZLND.

PR LA B Ao | 330 L 72PRAE A b L A %K
TEEDLETFTHL, I hary P THEEEESTE
MM BT A2 FHi§ 5 2 LM S hTwa Y. 2
sviksuasA ExsvAFreTuy I ERR
G LZREMERO—FETH Y, HIEKR, FHifge
fMifgoEE L, I bay P TREREO T, B
LU EMIMEBITZ V45 2 EHESINLTW
BP0 —J, TS OFREN R 2 LA F RIS
FTHEOPTAY I VNMRAET 0I5 TR
V. X7 LA T FId T ROV ¥ — A g Ml N 5
a2 5MiaNALEW T, MZEHET RPNk
LR Lo 5T 22T, KifseTid
X7 VAFFIZEAL, X7 LA F FE2EEILED
2 LA TaT Ay EOBBPAEENIZHEH SOD-2
5N BEBE L TCPGC-la ¥ ¥ /37 EEHO

(T ZPFL, I b3 By 7 ReERE e B
Lﬁ%?%f%%#%ﬁﬁtt
MR EFHE

1) fRIEEECE

L COEBRITMETRFIZ BT 2B WFEBRICET 5
fasticie v, BIMERZERDOKR L) 2 THE
Wil 7z (KFFES  P130903-R2).

2) EREMSLURE
AWFgE CTIX12:8 s O W% Wistar 27 v F20JE %
vz, Iho 2 8E512, BEFET v MOEE
fk 2728 (CON, n= 5), WEHAETT v b
X7 LA Tar A e BB IlaUiE 2 w7
(CON+NP, n = 5), 23 %I == &
WEE SR Vo8 (HU, n=5), BEGEmE
WX 7 LA Tur A v 288 I2H50HEE H
Wzt (HU+NP, n =5) IZX45 L7 (1),
W R A10021 (Research Diets) % w7z, 72,
37Vﬁ7n%4y<aﬁmii¥>@a>%%
W& T RN A1002120 5 7 3 BRI & B B

Wistarz 7 v b+
(n =20)

BEZEREHU)

S
[:.;
=&
S

(n=10)
B A M(CON BHEABHNP @8 HU+BBEEH(HU) HU+NPga#&H
(n (CON+NP) (h=5) (HU+NP)
(n=5) (n=5)

1. #a30

F1:X7LATOFM > OERES

X7 Vvt 7uarA v (g/kg)

VWA 560.0
TINF= 167.0
AN 41.0
CAFT 10.0
TITZ)VTI=V 15.0
Fua v 14.0
| S NG 31.0
fvaAf v 17.0
ATFF = 9.0
N1 v 27.0
TI=r 27.0
A 40.0
ARV 28.0
TIVE IV 46.0
X1 v 28.0
ALt = 19.0
T AINT F 33.0
M) NT 4.0
VATA Y 4.0

X7 LAFF 341.0
5’-dCMP 63.0
5-dAMP 95.0
5-dTMP 99.0
5°-dGMP 83.0
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x2. BEEHEX/LFOTAEFHEH
WBESE X7 LA Tus A v EEE

(gram%) (gram%)
A10021 fil ) 100 —
A10021 68 7 3 BRI &4 il k) — 76.7
X7 vAE7TarA v — 14.8
7B — 8.5
25 (_.g)
e CON WHEAF L 72, SRS R 1 SDH iEME 2 E T 5 720
u 7 = CoNeR (2 a7 ERIHK#EEE#  (succinate dehydrogenase
—a HU
g P SDH) Hefz i7", =6 1cBMies % MEd 2
] 72O T VA T+ AT 7 ¥ — ¥ (akaline
% phosphatase : AP) ¥t % SEjii L 72. SDH ¥t ik
Lo T T T T T — (B) 0.05% nitro blue tetrazolium, 0.05 M Sodium
1 7 13

2. {GEREOMEFMZIL

W7 I VBRIEERARCX 2 L TuT 4 T
IR RALIER L (£2), RERTHW
FNENOFEO Y v 5 7 BHBIX17% TH— L
2. Ty MR EkEHBEICE 2, HEREIE
HMElE L, SROEWIZL LZEBIEICES W &
RHERL . (M2). Iv MI=ER2 = 2T, 12
I O B JE W O BB T 12 TR L7z

3) BEMTTIOEEE

138 o Bl AL 8 [ # 12 HU B, HU+NP 2 &
Morey ¥ 12 & V) Wi % 14H MIJEME 12 L T,
BRI R AR S, £/, AR 128
Wiz cErmee L, HEr—YHN*HH
BB A LR REE LT

4) HBRILFRII R

EBIIMBETRIZA% AV TVT v E VTR
BRI T T 7 A fit L, i 2 e L7
L7 T AMHiE, FIA4T7A4ATHHLL
-30CHA VR Y EFNCERAFE L, 5T E
TTA =770 =% (-80C) THRAEL 7. SfsL
TeEE R -25C o7 )+ 2y v~ (CM-1510S,
Leica Microsystems) %\ C, FHdeifiicBirs
E212um OHFEW 2 ERL, X714 K7 F A

succinate, 3 X U70.05 M Phosphate Buffer
Solution (pH 7.4) % iRA L 72 SIS T45% [,
37TC TS E&72%. AP %:t1120.02% 5 bromo-4-
chloro-3-indoxyl phosphate toluidine salt, 0.1%
nitro blue tetrazolium, 3 X 7°0.2 M borate buffer

(pH 9.4) % & T UL T45%r M, 37C THRIL &
w727, SDH #ettuds X U AP Jeft % 92 L 7248413
GFBEmMSE (BX-51, Olympus #H#) THEIZL, 1
EAM 720 3 E PO B 2 R EIER L, B
WERTY & VA X5 (VB-7000, Keyence) Tk
5 L7z, SDH etbf§ 2 & & i S oo ] #%% B (2T
f& % %t U /- Integrated SDH (Int SDH) % &
L', AP etaffh o it d 72 ) o BANIM A

(capillary-to-fiber ratio, C/F lt) # & H L 7-.
AR AR AT IS TR Y720 A7k < & b 60#HED
T 2 ATV, P L 7o fiE & 7z,

5) SOD-2 2> /N EHBRE, PGC—1aF /N
VEREE

Bk L 72RO W RS 53 & #920 mg 81 1) Hi L,
20fE & oM (Ez RIPA Lysis kit, WSE-7420,
ATTO) #MA T, BMEWRAEYF A H— (UR-20P,
Tomy) THEALL, &.L.5#E (15,000g, 4T,
1057) LChEXEIRL7:. oz BiFIcRL,
Bradford H:lC X W # ¥ o 2 EE& % Hl%E L, SDS
TNy 77— (50 mM Tris-HCl, pH 6.8,
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2% sodium dodecyl sulfate, 10% glycerol, 5%
mercaptoethanol, and 0.005% bromophenol blue)
rHWCRELZR— L7z, 20k, &To¥r 7
1380C TL1047 I BLEE 2 4T\, 10% DK Y 7 7 1)
VT IRV ERGWT, BXUKE) (40 mA, 9055)
(ZCoEEL 72, BAUKEIE TR, ¥ 28 HE R
IEHEE (M7 2710y b Turbo™, ATTO) %
MW T PVDF RIZHEE L, #% L7z PVDF &%
5% AF A )V 7121 KR S €7 1%, SOD-25t
f£ (1:1000, #13141; Cell Signaling Technology)
B X O"PGC-la (1:3000, #66369-1 -Ig: Protein
tech) 124 CT—BpUL S ¥/, #EENERH (PBST)
TP %, HRP E# ZkPifk (GE Healthcare) &
—IREH SUS S 8720 IRPURDUGHE T &, L5380
% (Ez West Lumi One, ATTO) T 7 F IV
L, e b5 %t b 2% & (Lumino Graph T,
ATTO) THw L7z, g L72&y v /37 HON
> N % Image ] CHll7%€ (OD) L, SOD-2& PGC-1
a Dy Ry EEBEIINEET Y o — )L E LT
Fv:7- PonceauS (Beacle) TIEHALA ATV, &
L7z, 7 U3 EEBEIX LEARLZD 2 O
2iT\V, P L 7ol F w7z,

6) HiEtuiE

ETOWEMITFIEME = FHERETIIRL .
3 X T O % &P 4 At GraphPad PRISM ver.7.0

(Graphpad Software) %MW TiT-72. HKEER O
HBIIZ i E sz 8 L, AEETHE
L7z, ZICRE S EIT CREAEHDTRRD H iz
Al FHME & L C Bonferroni O % & IR E %
vy, FXRTOMMETOF BKRER 5% Kili THEAE

2 FIT L7z

S

1) 8, HEEE, HEXNEEL (R3)

HU #f , HU+NP #Ofk#E (L, CON #, CON+NP
HEHBLCAERICERMELZRL 722, HURM L
HU+NP FEICRETHIA BEIRO SN o7z i
mEEB L M EE X HU B, HU+NP B 2°
CON #£, CON+NP HE& L CTHEICREZ R L
7273, HU+NP #:1& HU B2 I28 L CTHEICEE 2R
L7z,

2) SDH &M (Int SDH) XU C/F Lt (X3, 4)
HU %, HU+NP # @ Int SDH %1413, CON %,
CON+NP #f: & W L CH B ISR 2 7R L7225,
HU+NP #: & HU 120 L THEICEEZ R L 72
X512, HU #, HU+NP #o C/F iz, CON #,
CON+NP B & Il L CH B IS 2 7R L 7225,
HU+NP #id HU Bioxh L CRREICE MY R L7

3) SOD-2 2NV ERHAE, HLVPGC-1a
2Ny EREE (R5)

SOD-2% » /37 585X HU #7% CON # & It
WL CHEBICRMEEZ R L7z, —F, HU+NP # 1%
HUB LB L THBEICEMBELARLZ 561
SOD-2 % » /%7 H 383 & 1% HU #£ 7% CON # & It
L CHEICKMEAZ /R L, HU+NP #(X HU # & 1t
WL CHEICESEE R L,

x3. FE, I ABHOHEEESIVUHEMNEELRL

CON HU
Basal diets NP-enriched diet Basal diets NP-enriched diet
B (g) 196.2 = 4.0 195.2 £ 1.8 164.6 + 2.8 166.0 = 2.0
1 E & (mg) 79.2+1.9 78.6 £ 1.7 44.3 £ 1.6" 50.3 = 0.9"F
A E = M (mg/g) 0.40 = 0.02 0.40 £ 0.01 0.27 = 0.01" 0.30 = 0.01*%

I3 P = R 3 DA E 5 2 SN IREY & ol oFEAE (P <0.05).
#RINAMCBTHEFE G2 oM@l E0FEAE (P<0.05) .
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50um

[ Basal Diets

e o 400 ~ # Nucleoprotein
o enriched Diets
=~

X 300

= m *#

= 200 - *

2 =3

L 100 -

o

n

£ o . .

CON HU

3. BT XAH0O SDH £&E & LU Int SDH &4

&3 HIZEAEISZE . CONE (A) (n =5), CON+NP
# (B) (n=5), HUE (C) (n=5), HU+NP (D) (n
=5) (O SDH %k, ¥ LU Integrated SDH ;&M (E).
*IRAUCBEEZEZAShEHBEYHEDLREDEERE
(P<0.05). # IAABICEVWTEERA 25250
BMENEEE (P<0.05) . X4 —JL/N—:50 um.

A

1.5+

1.0 : 5

SO0D-2 expression level (a.u.)

0.0 Y
CON HU

l

-
o
]

-
(=]
1

e
wn
1

a8
C)

CON

PGC-1a expression level (a.u.)

. .
. 7 4 o

E 30pm
[ Basal Diets
5= Nucleoprotein
a5 # a enriched Diets
20 —. . e
ke,
= 1.5
o
L
~ 1.0
&)
0.5+
0.0
CON HU

F4. ESAHD AP LEE S LV C/FHE

&3 Fy+IZEAESE . CONE (A) (h =5), CON+NP
## B) (n=5), HUE (C) (n=5), HU+NP (D) (n
=5 MDAP%&HK HBLIVUC/FE (E). * 3EUCELH
5 Z5h/-XBEHEDOLEEDHEEZE (P <0.05).
# BAABICSVTEREHESASNEEMEDEE
#Z (P<0.05). A4 —Jb/x—:30 um.

SOD-2

PGC-1a

Ponceau-S

[ Basal Diets
3 Nucleoprotein enriched Diets

5. SOD-2 Z> Ny ERBEES LV PGC-1 a2 /N EHEE

fEIE T EIZHERRZE. SOD-2 2 NV ERHEE(A),PGC-1a 2> NV EHB=(B),
BLUELZDRKRWN K& (C). *ZEILCEHEE2EZShI-WRBEMEDOEBEED
FEZ (P<0.05). # BAABICBVTEERHEEZONEEMEDEETE P<

0.05).
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AKWFETIEIX 7 LA 7Ta74 VIZE&ENLX 7L
FF ROAEIAED I bay ) 7HREEES X
OEMIMEBITA2 FHi§ 20 RENH 5 2 L 2B 5
Iz L7z,

14H M o BB IEM EIC L V) SOD-2% » 78 7 B 5
HEAKTEE57215 TR PGC-la ¥ v 7387 5
HEr T8 EOICSDHERAMETB LD
C/FROEKT##F5R L/ SOD2xI ha v FY 7
WIZEFEL, A—3—FF T F7 =4 »2ulmpibk
FNEW SN UL % 3 2 EE iR LR C
%5, Theilen 557 ZHIEIHEICB VT T 2
D SOD-2% ¥ /37 e 2K FIEL L LD
2, BMIIBR ba Y FU 7I2B 5 ROS AR
RIS A2 EHWMELTWAEYY. Zho o
B ARWFZEIZ BT 2 I O IR E2S SOD-2
YN EEHEYRTESE, I Va Yy FYTHT
WFENZEA SN/ ROS Ak TE S, BEA ML
ADEE EER L -SSR INL.

PGC-1 a W HEIRIE R BRIL A b L A e SN2 KRG
T5I MR THEEBICBIT S EERE S v 8
JEELTHOLNTBEY, BATHZEIZB W TRNEE)
ICHRT AEEA b L A LA L 72IREECld PGC-1
a DY N7 EFEBEZRTIE, IbarFY7
WO SDHEMEX IR T S8 2 2 LA s Tw
5230 g AT TR R IR L R
NOBFRRENKT 2 ERT 5 & & O ICBMIMEH
PIETRSZEHELTWD Y, BHIME R & S
HNOMFEFREIHEIMKE L T 57200 HEIE
T E Tl SDHIF O T I W IRE R EE T L,
TMIMEE 2R T SE2EZL0N0E5. ThH0H
T B ARWIFI BT b I E 20 ) BRIL A b
VADOEFARI bay B 7iREEE 2 LBl

FRITZFHEL-EEZONS.

—77  REGEREHIHICX 7 L+ &8I &
V), SOD-2, PGC-la % > /%7 &3sHi&, SDH itk
R L&D ENTE X7 LFF Fiddilgit
FEFMPERO—FE LTHENTHBY, Xu b

DFATHFETIIEFED0.64% ICHL T2 X7 L
FF FEEWNT S ETSOD G2 EINEES &
WL TwaY, AERICBNTH X7 LT FE
LAY SOD-2% » /3 7 B Fs Bl & % B & S iR bk
HOBETZEH L, BREA ML A0 LA 2 S &
TmEHERING. S5, Mg x s LA F RIS
) vk (P2ZAER) B4 L CHRICAESY
IBEEFIERITZEPMONTEDY, WubY

B P2ZHERERHT LI ETTA MO AL PO
Fary Ry T7TREEMEL, TRV F AR
/LI EEREL VDY, T/ P2RRko—FE
Td 5 P2Y AT BRI B L, AN
Ca2 +BEIZZMLx 52, PGCla ¥ » 737 H5H
:&<%@%5xé_a#ﬁ%éﬂfwém4 L
7230 T, REFFEIZB T ZIEFEMm R I X
L4 F FEIEZITH) 2 LT, SOD-2 % » /87 B35
HeolTomHznL, MIELA ML AD LA ZH)
Hil3 5725 Th <, PGC-la ¥ v 737 BEHEBHEDK
TERIHL, HEMENICB 5 SDH IO T %
PRI L7z RIS,

61, BREFEMEHEICX 7 LA T P2 BT
52 ETC/F KT ZIHI L 72, BAlmiE LB
FREINS U2 R’ 720", X7 LA F %
FEHUZE D I by R T7IBT 532 3
X THREFESEML, C/F Loz
B ReH»H 5. 72, PGC-1a IXEMIME O
HAICOEG LTwA I EPHESRTWw Y,
Leick 5% 1% PGC-1 a 15T % MifF I ) v 7 7
v hEELZECHEMMENAEICES TS5 %7
HEBEIWA L, C/FIEP S5 &l
LTWwa, THHO/EDPS, RIFEIZBNTYH
PGC-la # » /X7 BHEHEORT 2#Hl+5 2 LT
C/FROBT MM L7z L HEIN D,

HAF DR

AR TIEI ba v B 7 EAB e BMmE #rd
BWCTEETH A PGC-la ¥ /37 BB
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Impacts of nucleoprotein supplementation on mitochondrial dysfunction and capillary

2)
3)
4)

< Abstract >

regression during hindlimb unloading in rats soleus muscle

Ryosuke Nakanishi” Minoru Tanaka”?

Masayuki Tanaka® Hidemi Fujino”

Department of physical therapy, Kobe International University

Graduate School of Health Sciences, Kobe University

Department of physical therapy, Osaka Health Science University
Department of physical therapy, Okayama healthcare professional university

Hindlimb unloading results in a decrease in both the mitochondrial SDH activities and the number of
capillaries in skeletal muscle. Nucleotides included in nucleoproteins are well known as intracellular
compounds that play essential roles in many biological processes such as energy metabolism and the cell
cycle. Therefore, we hypothesized that nucleoprotein would ameliorate the level of SDH activities and the
number of capillaries during hindlimb unloading in skeletal muscle. Twenty female Wistar rats were
divided into four groups: control rats fed a basal diet (CON), control rats fed a nucleoprotein-enriched diet
(CON+NP), hindlimb-unloaded rats fed a basal diet (HU) or hindlimb-unloaded rats fed a nucleoprotein-
enriched diet (HU+NP). Unloading for 2 weeks resulted in reductions in the expression levels of SOD-2
and PGC-1a protein, the integrated SDH activity, and the numbers of capillaries. These values in the
HU+NP group were higher than those in HU group. The results in the present study indicate that the
nucleoprotein-enriched diet could ameliorate the unloading-associated a decrease in the level of SDH
activities and the number of capillaries, most probably owing to the activation of antioxidant capacity via
SOD-2 protein expression and/or mitochondrial biogenesis via PGC-1 a protein expression. Therefore, the
ingesting of nucleoprotein appears to be an effective countermeasure for mitochondria dysfunction and

capillary regression.

Key Word: nucleoprotein supplementation; mitochondria dysfunction; capillary regression

21






7R
K NZEICBIT 5 HFEAR— Kl O
WE MR & BuhRE D FERE

AT oIHRY Howm W ==Y ¥ W oE EY
o o' R N 3B 7%Y

1) WEERERFEINE ) F— 3 V%Y

2) EHIERY N Y F— 3 VR

3) [EEREY NEY) F—2 3 VR

4) HEHEBEY NEY) F— 3 Vb

5) WAL ABEERL Y — N F—2 3 F
E g

BZRIIBUT 5 K KON ERE (KAEHE) OREZMSHNT, Kb, @&, WBGT
O RE, 128, 15EFICHIE L7z, F2RH, AEZHORNT—F 2 HaRaHlED
LbOrLHHRL, KEBRELOLEEZTo7. E5I127 5 7TEHE OB EDFAER EH)
MOEZSH#MEMALHNT, KEFEE2MEH L AFEREE 7YY F2dH LB
BICT7 v — b2frwv, WEOEVERE L7 &R KAFEORRIE, IOk
D F3ICZBRTEBY, AEICERTH 72, X512, IEH D47.4% H° WBGT
28.0C LIS L7z, REEHEO VPRI T, EHFO/NT7 5 —< 2 2T
ZIE U DR BIERBRENE B o7z, 2BICERE SN2 KIEEHITKELET
BHRLRLTWHEEICH), TOZEREEL WL EEDbNL. FATEED T
HUENOR DA TR A RS RIE S 7. BANOES AR — v iGEikE, &Y oly
MY BRE L 7B ER SR AL ETH B

F—U—F:#dE, FFfE WBGT

JEOWR PO F=1 7 2] @

23

4

EC®HIC

HERIRBEA LS O e — 74 T~ FHRSEIC
L0, BVMERREOERIMEIZF A AL TV D. 24
FREXS S D O & D & L T, 19824F ([ B 3k #E

(ISO7243) LD b 728 ST TH % iRk
HER R E (wet-bulb globe temperature : WBGT)
DI HWSERTWE Y, 2o WBGT i, Ak
BONT 0 2B R R R, (B, metE

WOBBE) ZWL72b 0T, [RIROME i

R CICEBEREER RS Y. —ikl, WBGT
25T HBA B L BHEDTE 2 1550, 28C 2B A B
ramsmeRET I LMo TE Y Y, IS
HIKIZEA L7 WBGT g2 #ET 52 £ T,
INLEFEICMLZENTEL. BEEOAR=Y
HEHCIE, S OREFHARAR—VIHRILS
[ hIE TR EEES | O5EFRY 126> T, WBGT
21T K OERy X [1TITE 4], 21T ~25C K
TS (A7 K aHife) J, 25T ~28T ik



24

[ (REARAY 70 KB & K3 HlifR) |, 28T ~31T ok
Wi TEEEEE (L vaERhEpik) ], 31C LRI
EEELFERIFIE] &, B RETRE OHIRTICIEH L
TWw5h,

RIFFED & - DT IE. RiRATE % 2 WE D S5
Bk L WD 27 T, K RFEOFFE (DL
T, K&EEE TAR-IIEHEZITo T L K¥A
77 THEREBE»S, EEPOREHEOS S &
LS BERDEGLEN 72 ThDH. ZDEH 7R
BURZE 20, BEFICB2REHERES, H4iY
2B ATV 2 EFORAEDFRE, B L Z0xtik
WZOWTHI D LWL D - 7255, FEMITENL TR
Motz TR TR, BVhETFH O 1 B
LT, HFEICBI L2 KAEEHEOREFEEL NS
CLx M, REEOSIMSIEE, WBGT %
L7z T2, KEBHETAR—IHE 247> T
%7 T THBOBPIEOEER, EETHOZ S FR#k
DEREXMDL L& HIZ, FKFEORITAR—
VIEHEATo TN D7 T TEER &L OMES B LU
PRzHOMITHIEE LT

MR EFHE

1. MR

K KRB RR7 7 706D 5, KEY 77
1, WNL—FR—=IVE, Ny RER—=)VE, 7 v
i, NAT v PR VEERRE L. BN T T
&, BEREEGE, Vo s —fEMRE L wih
LERBIEH T REFEAET, N —KR— Vi, N FR—
VS, WEEFERER, o h -k ke s 7 7L
L CTARBIISER L CW AR TH L. KBS 7
T ORI BN, BV T T ORI EI9% T,
I3 DHAEDH R TH o7z, TDHH, FHEE
BCHEORLNIEEFE s 7 7HERY N —
R—=VE15%, Ny RR—=)IVER28%, 7 v MV
15%, NA7 vy AR = ViER4% 0 B R EEE
66.0%) @B, Bir 7 7EHE9% (BFERE
20%, Wy —H#R20% AR ER49.5%) & RAL
e L7

AFFEIL, MR EBEREEY N T — 2 3 L
FROEFAHMRHEFERR ROKRE /R TEEL 72
(KA G2019-1047).

2. REEREDRESE

201948 H 6 H~9 H11H F CORMTHEIEL T HE
Th-o7219HH, KEFHEOSIR L RE, WBGT
R EHEEMICHRE L Th LM ES (RIEESD
T—& Ui — AD-H696 ; T— - T K - 7 A L

Hul) HHWT, 9 128F, 15BRICHIE 24T 72
F 72, KEBEHEIHAET 2T ORHB L OTEE
AN & B, WBGT 2 I3 570, Rk
FFOZREIZL 2METERSEE (MATHRX) ok
WRIET— %Y BEIZ L2 FHEEIZBWTIH
BOFEE KD B, KEEHEIL 2 FICEKE
ENTEBY, HKIEEI$1485m” (#t TE33m. A IE
45m) TRADVEILICHFI SN TS, HEIE, E
WHtOREZZ T TEAELOREVAL2S 5m
OFEE O I THEM L 7=

3. 7o — M RAEDEE

REHERES X ORYMEEICH LT, BRI T
HHREICRIT 27 v 7 — MiAE 2019427 H~ 8 HIZ
Ffi L7z RENEIL (1) Z230BETHMES
TA = VAPKT TS LR LHE, (2) #H
HIZBZORETHORREKL 28E, (3) M
B OBARERRBRO A, (4) #E o e
ROWNE (BERIET), (5) BAEFERKL T2
HUER SR T BT + —< Y ADME- N TV B L
IB, (6) He b BARENKOLEMEDOF LD 6
HHE L 2B, (5) oEMIE, (4) T [M5
DOBAIES D ) | LB TEDORE RGOSR
L L7

4. WRETFERIS R

FRZ BT 5 KARF AR &Aoo 5dm & i
B L " WBGT @ [h#:121% Mann-Whitney U test &
Mz, $72, KRB EREIMEICBIT 22 ED
FRER, B OF ST B Rk & Y



K RFIZBIT 2 EFAR - VIEHREORFHERSR L BEOFERE 25

B2 A ZFREERT 72, Wb ARk
5% & L7

S

K1 KAEFHEORM, ®E, WBGT 2/R7.
Six, 9HFT31.6+1.5C, 128 L 158 T31.7+
L7CE, WTNORL L MO/ & ik L
THEBEICHRBRTH DL EPRENT (9K
p<0.01, 1283 X ON15KF:p<0.05). —7F, (B,
K AFHETIIWFNH60% /ikET—EILH-NT
7z fE T O R AR B RI70~80% R L, 9
KD ARFHEH CHEIRME LR L7 (p<0.05).
%W o WBGT 1%, KAAFHE TIE26.8~27.2C D
#iPH (Fefk24.5C — |&=29.0C) T, 128, 15KF(C
AT T O RAFWBGT O B E HCE Do 72
(p<0.01, p<0.05). KMAHAEIZBIF S WBGT O
FMAEATHD L, 28C L (BEERLLE) 1275
7ZHIFIOHMTOHD Y, el od7.4% = 5
W7z B, HE L2190 MoRSE, BAas10H,
Z026H, M2AA3HTH-7.

K227 v — MNREOHKEERT. (1) [8
DEBTHENT + —< Y ADMET A4 (128
LT, [H%)V0OMED S| LHR2-E, KEHE
BET67.7%, BRIMET26.5% &%), HEIEHEH
HOEH) N %ho7 (£*=18.6, p<0.001).

(2) TB30¥BETHOGHREYR L L2HE] 128
LT, ) oESL| L&28 1, hEMH
HT64.5%, EIMETIS.4% &, KEMHEDITZ)
B4 o7 (x*=23.6,p<0.001). — 5T, [iZ

EAERELZ D] BXU o7 KL
CENBV] EEZTEITOTNLRENEDIZ ) A
FREIZE L, BB TR EOGHRE KL 2 HE»D
otz (x*=17.0, p<0.01l, B X x*=4.5,
p<0.05).

(3) #EPOMPIERBROA L, [BE] 254F
HHEEREC67.7%, BAVEET34.7%, [HhEEE~EFE ]
PEE R CTL6.1%, EAMET2.0% &, EAHiED
R D & 38 BIEE SR B IR BRE 0Y S
o7z (x*=12.0, p<0.001, B & O x*=6.1,
p<0.05). — /T, [BAHEORBRE L] L& 27
Hix, REMEHTL6.1%, EIAETE3.3% LD,
PO E KRB G ZRVVEDIZ ) DEBEICE o 1

(x*=26.1, p<0.001).

(4) 277 7HEBFHOBAHHIER FKIZOWTIE, W
HLDIZIED T EOLKSHHEE TR L Tz,
Z DMK D WFE T L Tz,

(5) [BAEDOBHIER T HMEINT + —< VA
BN TwE2EI ] IZonTid, [H45Tid%k
W] LB R TEPEE R T35.5%, BAVEET
14.5%, [&L HzhTwihn] E52 -EPRE
fERETL7.7%, BIVETO0% THo7z. WIhL A
FILKRBEEBECAWIEZ 2 o 72 (x°=4.0,
p<0.05, BL U x*=9.7, p<0.01).

(6) [H7 2 BHIERTOLEROHEE] 2B L
T, TE &2 72EDPREERT83.9%, =
MEET25.8% &, RBEFHEIHEDIZ ) PABEIIE o
7z (x*=30.3, p<0.001).

®1 KHPEBEOEEFTFHRE, EE, WBGT

9l 120 150
KikEfE FUDENIH K& EHHE T Kk &L FuiySI
TR (C) 31.6+1.5  28.7+1.8 31.7+1.7 30.442.3 31.7+1.7 © 30.1£2.3
TR (%) 60.2+7.1 " 79.149.2 60.3+8.1 68.4+12.5 61.3+8.7 68.6+11.9
WBGT (C) 27.2+1.0 27.941.7 26.8+1.5  29.0+1.8 27.141.6  © 28.7+1.7
P

KRN (A haRalc L 2BHIE) oL #p<0.01, *p<0.05
K EEED WBGT 7328C UL R o 72 HIZI9HM T 9 H (47.4%) THo 7.



26

K2 (KBEEBEEHNFHICHTIADEICEETIEHDE
G A >
=B R B 2l it
(n=62) (n=49)
MR DHEED D (%) 67.7 26.5 18.6 p<0.001
% % (%) 17.7 38.8 6.1 p<0.05
Ql — s 0
T r—<w U ABIEKTF FEAERN (%) 0.0 6.1 3.9 n.s
5 LU DS
AL 7R (%) 3.2 8.2 1.3 n.s
YR AT S A (%) 0.0 2.0 1.3 n.s
MR DEEH D (%) 64.5 18.4 23.6 p<0.001
B2 & 5 (%) 21.0 18.4 0.1 n.s
Q2 .
G X g B N = Nl S (%) 11.3 20.4 1.8 n.s
TH O E LT FEAERN (%) 0.0 24,5 17.0 p<0.01
ZEMWH DM
270N (%) 32 143 45 p<0.05
YIRS (%) 0.0 4.1 0.1 n.s
- b5 (BRE) (%) 67.7 34.7 12.0 p<0.001
TRE o> B R E iE IR b2 (PHEE~EE) (%) 16.1 2.0 6.1 p<0.05
D% Bk D A
720 (%) 16.1 63.3 26.1 p<0.001
ZE D RS (%) 90.3 91.8 0.1 n.s
04 KETHREZLST (%) 113 143 0.2 n.s
T8 v o B E et 5 O D ik TRER (%) 12.9 4.1 26 n.s
(LA el o) FZEAERRL TR (%) 1.6 6.1 1.6 n.s
ARG \ \
2 FWL TV %) 438 2.0 06 n.s
A< PgEEA L (%) 21.0 113 0.8 n.s
Qs* FPEP (%) 19.4 371 9.7 0.01
BE M LT B 3 TET ' ' ' p=D
HRE ol 5 T S R S EA (%) 35.5 145 4.0 p<0.05
T =< AN _ NN %
¥ L BRI TWRY (%) 17.7 0.0 9.7 p<0.01
EHLEHEHBWNZRN (%) 3.2 9.7 33 n.s
06 VBT H 5 (%) 83.9 25.8 30.3 p<0.001
A 1% B 7 2 EHRUE it P RAN (%) 6.5 22.6 9.9 p<0.01
R D W B 0 A 4 . .
EbbhEhnzin (%) 8.1 30.6 152 p<0.001
< QA>T B D Y | c‘:’?\xtﬁ%@& BRI L7
REMES L BT BWT, FHEDOLE|C 7&1%“75‘3)%%)’& D%y MUEIZTHAZ2. ns | not significant
Z2 = Honthol, TOZEETHIIETHERETH-
. —FT, LI X912 WBGT 12 7 Eoie
2 B ERTE & N2 IR RIS 1485m* D K A H A 12 B B NI TREL, RASPHEICEASNRTWVE

W, BEFEOLIRIE, 9B S 15O EW TV
NBHNCEEZTEY, FHUKREICHL AT
BHREONGRELE L CABEICERTHL I LN

FETHIT70~80% % BRI L7z loxf LT, KIKHAE
TIE60% Fi ISR N T WA I E VLN E 25
72, SRoOREETIE, BEOKRIZ WBGT 12

EZ J81
'?/ =



K RFIZBIT 2 EFAR— VIEHRORFEHERSE &L B EOFERE 27

FATTHESEUCHE L CiE, FCidBEftcE Tw
A, BAMCHRTKABHEORIRIIAE RIS
WIZH DS, KBGO E\W12KE, 15RO REH]
TWBGT WA BEICREZ R L2 KD 12121,
BEOHENEZ SN, L Lads, KIKERE
IZBUF 5 WBGT Ol A CTAL L, HWIEHDB
£ Z50% @ Hix, WBGT 7328C DL b (g 2% L
AV) IZHE L, bW R BHEDERESE T,
TEE) % 4T O A B R R R EATR D H 1
LEBIZH oI EDBEFETHD. ZD L) HfER
Lo BRI, KAEFHIZ2RICRESNTS
D, 1RCH B ENEM LD KB LOREE ST
TEARLRLTVIEEICH L PR EL WL EE
Aoz, 1REL 2RISR E SNTR R L HREEHEIC
BV, BEFORNBEEY AL RS Y ofs
k2L, 2BICREE S N2 R EE1409m D A H
fEClE, FHAIR30.1T, 3 WBGT 1427.8TC,
WBGT %%28C % #8 2 72 H1343.8% Td - 7= & #Hi
LCTwa, —JT1RICREE S N7z REIREI07Tm D
RE T, FHAIE9.3C, F 3 WBGT &
26.7C T WBGT 7%%28C % it8 2 72 H1328.1% & #iis
LTBY, REMEICEDLSLT, 2RICAET 139
RIS WBGT (&8 W EIAAMRA 2 5. % o Huds
RAEEE, WENIRL 505, 2R CTHAEINTHARS
O & RO R B RS AIR, WBGT Of
RIZELLTBY, BEYOREIM-EN TV
WA ZFTEDLEELD.

FIEFHCE G L 727 9 7N B 2 B IEDHE
EMAECIE, REEHLENHETRKEZEVD DS
CEFHL N E R o BHEHHLOEEYZITAE
NEEL D S, RBEMEHICATERBRESFEICS
Mol-Z L b FENORRETH /2. 51T, B
JEXRPRANOERRIIWAEE IC9FELBL, 2Ok
IR 2 DI RIBR DR R 2 47 o T 722 b b
57, BEANORMR/NNT + —< v KT ORI
BRHEEHOIZ) DAEEISho/-2 L1, EHTAR
EHEEZD. M, BEBEE T COESIL, R
A A &) E BB & &8, E B
DINT 5 = 2 AT R UG R 0 IE 2 LR 1245

LZEBHMOENTWE™, ZoZths, AL
72K REHEEEOFEELEAL L, EFEOHNIE
b 7 = O D O D ol VRS 51| A R R R )
SHELDPHEELRA V MNEZEEDbNS.

F7o, KEEROIZ) D [BUEERK L T 5 EH
FEXR R CTIE T TIE R, EE LTV R EIFEIS
Shotzl bhs, KEEHEOBRERDIMNZS, &
B CIIMEA L OV THEY) 22 2 O KRG HiFa D 72 &
TN D0, D WIEERE 55 2 RS 2 T 1T
WD E Vo IEN BRIV TS Ok
EONCE B L, BUNERBOA LTI % AL
FeRFED 9 FILL LS, BpE IR LCIE L < RERk
L TWwasb00, ZOHIE TS TIERL, B
FEWKT 9 DR % 50F & xR DO LFENEIZ DWW TR
BLTWwWh, SEEL2ICR -7 KEAEHEEED
FEREEHEEHENB LUORMEOEROECZ IS
5L, REEHEDIZ ) DEHFEN O RN+ 5T
H B HEME D AR S 7z,

SHROBEELE LT, KEEHEORE:ZHFL 729
2T, BEREAFAR-VIEHI;ITZL L), KE
FERE A KR L L 7 MR RO K #iAG O FRET AL
RIRER EDEML TV BEDPDHDLEEZ D,

TEH

1. BFICB 2 KEFHEEROFEELIAL,
EER & BIMECTE R AR — v iHB)k 02 h
FEDFERERZ 38 L OEVE AT L7z

2. KAHEEHESIL, JRITEI L D EZICE VDS,
U EE1X60% BI R R7- L CTB D, 12K, 15KF
» WBGT 1ZE/HI LT 5 & A Il % 7~
L7, Z0O—JT, WBGT 7528C ## 2 5 [#
HUEREEZM L~V ] o HIiZ, 5% H D#50%
ZHo7e.

3. KEHEHEOH PRI L T, EHFE/S
T F = v AMET &R U B B E R R
WHEEI -7, ZOERIZIE, KAEFHEX
2RI L CTB Y, KB THERLR TV
2B LR, KEEHO KD EAHRENOX



28

AT REME A RIR S 7z

FEBREBE
KWMFEDOFLHEFICEAL T, §XTOFEHIZBW
THIRT R E FIZEA SR AR 1T 7 .

ZEEAM

EH MK IO EHE 7Y A4 Y OMARILTE
vy, WEZESB 2 doE L7z, #F# HK, SS, TS,
YSIZ7T—F ok L atraHY Lz, 77— Ot
B L OZLHEICOWTEZ MK 2GR A N2 72
FERRIZFER YS & SSAHEL L, #FHH MK 2MEIE &
MEXITo 72, TXTOFEEDEMEZ I L
Ya—L, HREz&RLL.

5| A3k

1 International Standard (ISO7243) : Hot
Environments - Estimation of the heat stress
on working man, based on the WBGT-index
(wet bulb globe temperature), 1982.

2 I BPEO A FERE L BRI, HA
HEREFRE41(1) 1 51-54, 2004.

3 Rk, Wroctdise, HEm, M. AR -
VBB L HFEEHEZ SO 728 L WEE T
Biks R OFRE — 4, BARDB L TBHIELE %
B L7TBidae - KR 556 (4) :437-
444, 2007.

4 JNEE, GrEEEE SR EIE M AR -
GBI OBAEFE A N7y 7. FR25FEE
WREZET. i EEAH R EEH S, "al:
ppl6-19, 2013.

5 BREET  BUPEFREERY A M. https//www.
wbgt.env.go.jp/whgt_data.php (7 7 & A :
2019428 H 6 H~9 A11H)

6 JARE, MY BNEERRICB AT
8 AW OBREZIREE DFERE. I EEARAL 75
19 (1) ; 185-188, 2009.

7 J.M.Parkin, M.F.Carey, S. Zhao, et el.:

Effect of ambient temperature on human

skeletal muscle metabolism during fatiguing
submaximal exercise. ] Appl Physiol. 86: 902~
908, 1999.

JEHY, EEEESE, BRI AR B SRR
EOPGE SNSRI p A Vil i ANYS AE S 7 L )
61 (5) © 459-467, 2012.

WG, EEHEESE, AL, fl. 0 Ryl
BT B AR — 7 IEBRE O BAE 2B 3 2 FEREH
. HARERRPRE49 (4) 1 157-163, 2013,



K REIZ BT B BF AR — Y IGEIR O H REERSE & 2P O FE7E

< Abstract >

Actual conditions about gymnasium environment and heatstroke
during summer sports activities at K University

Megumi Kinoshita Saki Shiono” Yuma Sugita”
Takahiro Shimotsu® Haruna Kawase”

1) Department of Physical Therapy, Kobe international university,
2) Miyaji Hospital

3) Kosei Hospital

4) Yoshida Hospital

5) Rinku General Medical Center

The purpose of this study was to reveal the environment of the gymnasium of K University
(K-Gym). Specifically, temperature, humidity, and WBGT of K-Gym were measured at 9:00, 12:00, and
15:00. For the outdoor data on the same day and at the same time, we used the data measured by the
Kobe City Meteorological Observatory. Then, temperature, humidity, and WBGT were compared between
the K gym and the outdoors. Furthermore, in order to know the actual condition of heatstroke during
sports, questionnaire evaluation was conducted for club members who used the K-gym (gym group) and
outdoor club members (outdoor group). The contents of the questionnaire were compared between two
groups. As a result, temperature at K-Gym was significantly higher than 31°C at all times. Furthermore,
474% of the measurement days corresponded to WBGT 28.0°C or higher. From the questionnaire, gym
group was significantly more complaints about decline of performance during sports. And frequency of
heatstroke was also significantly increased. The K gym was located on the 2nd floor and had a structure
where sunlight could easily store heat. This seemed to affect poor performance and the frequency of
heatstroke. Even indoors, during summer sports, it 1S necessary to consider the structure of the

gymnasium, and take measures against heatstroke.

Key Word: heatstroke, gymnasium, WBGT
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< Abstract >
The Effect of Pressure Stimulation at the Acupoint GBZ21(Acupuncture points)
on Elasticity of Trapezius Upper Fibers

— Evaluation of Skeletal Muscle Elasticity Using Shear Wave Elastography —

Saki Nagato” Daisuke Takano” Yoshifumi Nanba'?
Yoshitaka Otani” Teruhiko Takata’

1) Department of Rehabilitation, Okubo Hospital
2) Faculty of Rehabilitation, Kobe International University

The purpose of this study is to clarify the effects of using acupoint stimulation on muscle elasticity.
We examined 10 healthy young adults (20 shoulders). The pressure stimulation for 1 min was applied to
the acupuncture point (Gall-bladder Mridian; GB21) on the upper trapezius of the dominant hand side
between the acromion and the 7th cervical vertebra. As a control stimulus, the upper trapezius of the
non-dominant hand side was stimulated at the midpoint between the GB21 and the 7th cervical vertebra.
The changes in muscle elasticity were measured using ultrasound elastography on upper trapezius fibers.
The measurement sites were the midpoint between the 7th cervical vertebra and the shoulder, the GB21,
and the middle between the GBZ21 and the acromion. The muscle elasticity of the upper trapezius was
evaluated by averaging the elasticity values obtained from each measurement site. The muscle elasticity
was measured pre and post the intervention, and the variation of pre-post interventions was evaluated as
an index of the intervention effect. The results showed that acupoint stimulation decreased muscle
elasticity compared to the control side (p < 0.001, Cohen's d = 1.95). Our results showed that acupoint

pressure stimulation reduced muscle stiffness.

Key Word: Trapezius, Ultrasound elastography, Acupuncture points
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RESISTANCE AND STRETCHING PRACTICE OF

COACHES IN JAPAN

Kosuke Takeuchi

Kobe International University

Abstract.

[Purpose] The purpose of the present study was to investigate the resistance training
and stretching protocols of coaches in Japan.

[Methods] 245 coaches of 30 different sports completed a self-reporting questionnaire.
The questionnaire was split into four sections and contained fixed-response questions.
Section One identified participant demographics and the second to fourth sections
required the participants to detail the resistance training, static stretching, and dynamic
stretching they used.

[Results] There were 149 coaches using resistance training to improve performance and
prevent injuries. The median values of the number of repetitions, sets, and frequency of
the resistance training were 10 repetitions, 3 sets, and 2 times/week respectively,
regardless of whether weight was used for the training. The median values of static
and dynamic stretching were both 15 seconds. The purpose of static stretching was to
increase flexibility (p < 0.05) and prevent injuries (p < 0.05), while the purpose of
dynamic stretching was to increase flexibility (p < 0.05), prevent injuries (p < 0.05), and
improve performance (p < 0.05). For stretching intensity, the number of coaches using
stretching with an intensity at lower than the point of discomfort and leaving the
stretch intensity up to the athlete indicated higher values than the number of coaches
using stretching with intensity at the maximum point of discomfort, in both static and
dynamic stretching (all p < 0.05).

[Discussion] The results of the present study showed gaps between evidence and
practice.

Key words: Resistance training, Static stretching, Dynamic stretching, Protocol

1. Introduction

Coaches commonly use resistance training and
stretching with their athletes "?. The protocols of
strength training and stretching are changed
depending on their purposes. Takeuchi et al.”

investigated the static and dynamic stretching

protocol used by Japanese coaches and showed
that 20 seconds of static stretching was used to
increase flexibility and prevent injuries. Takeuchi
et al. ¥ reported that 20 seconds of static stretching
would be too short to prevent injuries because
more than 180 seconds of static stretching was

needed to decrease the stiffness of the muscle-
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tendon unit *?. However, the previous study did
not examine the intensity of stretching ”. Recent
studies showed that static stretching at the
maximum point of discomfort decreases stiffness
even if the duration of the stretching is less than
20 seconds *”. Therefore, it is necessary to further
investigate the intensity of stretching.

There is much evidence on the effective
protocols of resistance training **”. However, it is
unclear whether coaches in Japan use the evidence
properly because there are no studies that have
investigated the protocols of resistance training in
Japan. In the United States, resistance training
programs have been reported for each sport* ™ '?,
and effective resistance training programs are
being developed.

Therefore, the purpose of the present study was
to investigate the resistance training and

stretching protocols of coaches in Japan.

2. Materials and Methods

2.1. Subjects
301 coaches registered as sport instructors of

the Japan Sport Association participated in the

study and were recruited at a training session of
the Japan Sport Association. They were informed
of the requirements and risks associated with their
involvement in this study and signed a written
informed consent document. No coach or team
name was associated with any responses to protect
the confidentiality of the coaches. This study was

approved by the ethics committee of * University.

2.2. Procedure

The present study was conducted using a self-
reporting questionnaire in Japanese. The
readability of the questionnaire was assessed by 5
conditioning coaches prior to use, and there was
further refinement of questions prior to it being

given to the coaches.

2.3. Contents of the questionnaire

The questionnaire was split into four sections
and contained fixed-response questions (Table 1),
which generated categorical and ordinal data.
Section One of the questionnaire identified
participant demographics. The second section
required the participants to detail the resistance

training they used. The third and fourth sections

Table 1. Content of Questionnaire

Section 1

What is/are the sports you coach?
How long is your career as a coach?
Section 2

Do you use resistance training?

What is your purpose for using resistance training? (multiple answers possible)

(Improve performance/ Prevent injuries/ Increase flexibility)

Which is your resistance training method? (multiple answers possible)

(Calisthenics training/ Weight training)

Please describe the number of repetitions, number of sets, length (minutes) of the session, and frequency of your

resistance training (times/week).

Section 3 and 4 (Section 3 is about static stretching, and Section 4 is about dynamic stretching)
Do you use stretching as a warm-up or cool down routine for your athletes?
What is your purpose for using stretching? (multiple answers possible)

(Increase flexibility/ Improve performance/ Prevent injuries / Recovery from fatigue)
Please describe the one bout duration (seconds), total duration (seconds), and frequency of your stretching (times/weeks).

How strong is your stretching?

(Intensity at lower than the point of discomfort/ Intensity at the maximum point of discomfort/ Leave it up to the athlete)
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required the participants to detail the static and

dynamic stretching they used.

2.4. Data collection

The self-reporting questionnaire was distributed
to 301 coaches. 252 coaches returned it, but 49
coaches did not. The responses of 7 coaches were
excluded because of deficiencies of description.
Finally, responses of 245 coaches were used in

analyses.

2.5. Statistical Analyses

Data were analyzed using the IBM Statistical
Package for Social Sciences (version 25) software.
The significance was set at p < 0.05. Chi-squared
tests were conducted to examine the difference of
categorical and ordinal data. The Mann-Whitney
U-test was used to compare the differences in
numbers of repetitions and sets, length of
resistance training sessions, and frequency
between calisthenics and weight training.
Moreover, the Mann-Whitney U-test was used to
describe the difference in one bout duration, total
duration, and frequency between static and

dynamic stretching.

3. Results

3.1. Characteristics of the coaches
A total of 245 questionnaires were valid for the
analysis. The average career of the coaches was

17.3 = 10.7 years. There were 30 sports represented,

including: volleyball (n = 49), tennis (n = 43),
softball (n = 32), archery (n = 13), skiing (n = 12),
baseball (n = 11), track and field (n = 11) soccer (n
= 11), bowing (n = 6), handball (n = 5), gymnastics
(n = 4), hockey (n = 4), rughy (n = 4), table tennis (n
= 4), basketball (n = 3), canoeing (n = 3), badminton
(n = 2), bayonet (n = 2), curling (n = 2), equestrian
(n = 2), fencing (n = 2), ice hockey (n = 2), judo (n =
2), mountaineering (n = 2), sailing (n = 2),
swimming (n = 2), weightlifting (n = 2), American
football (n = 1), gate ball (n = 1), wrestling (n = 1),

and not described (n = 5).

3.2. Resistance training

There were 149 coaches using resistance
training. 84 coaches used only calisthenics training,
22 coaches used only weight training, and 43
coaches used both calisthenics and weight training.
In total, the number of coaches using calisthenics
and weight training were 127 (85.2%) and 65
(43.6%), respectively. The Mann-Whitney U-test
found that there was a significant difference in the
length of resistance training sessions between
coaches using only calisthenics and weight training
(p < 0.01), but there were no significant differences
in the number of repetitions (p = 0.07), number of
sets (p = 0.74), or frequency (p = 0.28) (Table 2).
The purposes of the resistance training were to
improve performance (116 of 149 coaches, 77.9%, p
< 0.05) and to prevent injuries (97 of 149 coaches,
65.1%, p < 0.05).

Table 2. Repetition, set length and frequency of resistance training

Number of

Number of Length of resistance Frequency of resistance

repetitions (rep)  sets (set) training (minute) training (times/week)
Coaches used resistance training (n = 149) 10 (8 - 15) 3(@2-3 30 (20 - 60) 2(@2-3)
Coaches used only calisthenics training (n = 84) 10 (7 - 20) 3(2-3 30 (15 - 30) 2(2-3)
Coaches used only weight training (n = 22) 8 4 -10) 3(3-4) 60 (32.5 - 105)" 2(2-3)

Values were described as median (25% - 75%). *p < 0.01 (vs. Coaches used only calisthenics training)
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3.3 Static and dynamic stretching

There were 225 coaches using static and/or
dynamic stretching, while 20 coached did not. 85
coaches used only static stretching, 17 coaches
used only dynamic stretching, and 123 coaches
used both types of stretching. In total, the number
of coaches using static and dynamic stretching
were 208 and 140, respectively. The purpose of
static stretching was to increase flexibility (155 of
208 coaches, 74.5%, p < 0.05), and prevent injuries
(166 of 208 coaches, 79.8%, p < 0.05), while the
purpose of dynamic stretching was to increase
flexibility (90 of 133 coaches, 64.3%, p < 0.05),
prevent injuries (94 of 133 coaches, 67.1%, p < 0.05),
and improve performance (98 of 133 coaches,
70.0%, p < 0.05) (Figure 1). There was no significant
difference in one bout duration (p = 0.86), total
duration (p = 0.59), or frequency of stretching
between static and dynamic stretching (p = 0.92)

(Table 3). For stretching intensity, the intensity at

® O
© © © ©O
T 1
o
o

o ©
o

Percent of coaches (%)

N WA o N
o

[
o o

Recovery from Improve
fatigue performance

o

Increase flexibility ~ Prevent injuries

DO Static stretching ™ Dynamic stretching

Figure 1. The purpose of static (n = 208) and dynamic
stretching (n = 140) (multiple choice).

a significantly higher values than the Chi-squared

expected frequency (p < 0.05). b significantly lower

values than the Chi-squared expected frequency (p <

0.05).

Percentage of coaches (%)

lower than the point of discomfort and leaving it
up to the athlete indicated higher values than the
intensity at the maximum point of discomfort for

both types of stretching (p < 0.05) (Figure 2).

4. Discussion

The survey response rate was 83.7% (252 of 301).
The response of the present study exceeded those
of the previous studies (42.7-69.0%) . It
suggested that the coaches were willing to share
information regarding their resistance and
stretching protocols.

Resistance training was conducted by 149 of 245
coaches (59.3%). Furthermore, calisthenics and
welght training were conducted by 127 and 65
coaches, respectively. The purposes of the
resistance training were to increase flexibility,
improve performance, and prevent injuries.

Previous studies reported that resistance training

)]
o

0]
o

N
o

w
o

o
o

-
o

m

Intensity at lower than the Intensity at the maximum Leaving it up to the
point of disconfort point of discomfort athletes

o

O Static stretching M Dynamic stretching

Figure 2. The intensity of static (n = 208) and dynamic
stretching (n = 140).

a significantly higher values than the intensity at the

maximum point of discomfort in static stretching (p <

0.05). b significantly higher values than the intensity at

the maximum point of discomfort in dynamic stretching

(p < 0.05)

Table 3. Duration and frequency of stretching

One bout duration of

Total duration of

Frequency of stretching

stretching (sec) stretching (set) (times/week)
Static stretching 15 (10 - 30) 200 (100 - 300) 3(2-6)
Dynamic stretching 15 (10 - 30) 180 (100 - 300) 3((2-55)

Values were described as median (25% - 75%).
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was effective for athletes to increase muscle
strength ) improve various types of performance,
such as jump *?, running and cycling endurance
performance ', and to prevent injuries®'.
Moreover, it was reported that resistance training,
in addition to free play and other structured
physical activity training, can serve as a protective
means against injury and a positive catalyst for the
development of physical literacy to offset the
impact of diminishing physical activity and early
sport specialization in today’s youth”. In the
present study, the differences in resistance training
depending on the age and competition level of the
athletes were not examined. It is necessary to
further investigate these points.

Muscle hypertrophy and improvement of muscle
strength by resistance training are related to its

)

load ™', the number of repetitions ', and

% The results of the present study

frequency
showed that the median values of the number of
repetitions, sets, length of resistance training, and
frequency were 10 repetitions, 3 sets, 30 minutes,
and 2 times/week, respectively. Moreover, there
were no significant differences in the number of
repetitions, sets, or frequency between coaches
who used only calisthenics training and those who
used only weight training, though there was a
significant difference in length of resistance
training. Regarding resistance training with a high-
load, it is reported that gains in muscular strength
are optimal with loads of 1-5 repetitions maximum,
and hypertrophic gains are best achieved with
loads of 6-12 repetitions maximum *. On the other
hand, low-load resistance training is effective for
increasing muscle strength and hypertrophic
grains if the training is carried out to muscular

failure 1

) Ogasawara et al.® examined the effects
of low-load bench press exercise with the intensity

of 30% repetition maximum and showed that the

average total number of repetitions for each
exercise session was 141. Therefore, it was
considered that coaches using weight training in
the present study may achieve their purpose of
resistance training for the improvement of
performance, but coaches using calisthenics
training did not achieve the purpose because of the
insufficient number of repetitions. In the present
study, it was not clear how much muscular failure
coaches gave athletes through their resistance
training sessions. Depending on the training
environment, resistance training with weights may
not be possible. It is necessary to propose effective
resistance training methods that suit their
environment.

Stretching practice was conducted by 225 of 245
coaches (91.8%). Furthermore, static and dynamic
stretching were conducted by 208 (92.4%) and 140
(62.2%) coaches, respectively. These results were
consistent with the previous study, which reported
that static and dynamic stretching were conducted
by 84.1% and 63.0%, respectively ”. The purposes
of static stretching were to increase flexibility and
to prevent injuries. A recent review recommended
using static stretching as a part of warm-up
programs because it prevents sports-related
muscle-tendon injuries *. Previous reports have
shown that too much stiffness of the muscle-tendon
unit may lead to various lower-body injuries
including soft-tissue, joint and bone injuries,
occurring in non-contact situations*®. The
relationship between relatively high stiffness and
the incidence of sports-related injuries is due to a
diminished cushioning effect from soft-tissues,

26-28

resulting in greater stress ) Therefore, it is

important to decrease stiffness to prevent injuries.
Static stretching decreases the stiffness

3,7, 29

effectively ). The effects of static stretching on

stiffness are affected by its duration®” and
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6,7, 30 : .
“3 Previous studies reported that more

intensity
than 180 seconds of static stretching at an
intensity of prior to the point of discomfort was
needed to decrease the stiffness of the triceps
surae ” and hamstrings*. On the other hand, it
was reported that less than 20 seconds of static
stretching at an intensity of the maximum point of
discomfort decreased the stiffness of hamstrings *”.
The results of the present study showed that
there were many coaches who used 15 seconds of
static stretching at an intensity lower than
discomfort. These results indicated that static
stretching may not change the stiffness, resulting
in not achieving their purpose of preventing
injuries. Because the risks of high-intensity static
stretching have not been fully investigated, there
should be caution when using it in sport warm-ups.

The purposes of dynamic stretching were to
increase flexibility, improve performance, and
prevent injuries. The median values of one bout
and total duration of dynamic stretching were 15
and 180 seconds, respectively. Mizuno et al. *”
reported that the stiffness of the triceps surae was
not changed after 210 seconds of dynamic
stretching. On the other hand, Iwata et al.*® and
Matsuo et al.® reported that the stiffness of the
hamstrings decreased after 300 seconds of dynamic
stretching. It was unclear whether the differences
in these findings are due to differences in duration
or targeted muscles. However, it was possible that
15 seconds of dynamic stretching used in the
present study did not change the stiffness. To our
best knowledge, the effects of the intensity of the
dynamic stretching were not examined. However,
it is considered that high-intensity dynamic
stretching may decrease stiffness in a short time
as with static stretching ®”.

It is possible that a sports-specific warm-up

including dynamic stretching could prevent

injuries *. However, it has not been examined
whether dynamic stretching alone prevents
injuries or not. Dynamic stretching for a total of
more than 90 seconds improves various types of

%9 The results of the

performance effectively
present study showed that the median value of
total duration of dynamic stretching was 180
seconds, which indicated that dynamic stretching
used in the present study may improve
performance.

The present study did not examine resistance
training and stretching programs for each sport.
The importance and purpose of resistance training
and stretching may differ depending on the sport.
As indicated in this study and previous studies,
coaches use a variety of training methods in
conjunction with each other, and it is not possible
to investigate how each was implemented

L1 Moreover, the present study did

independently
not examine exercises other than resistance
training and stretching. In order to develop an
effective training program, it is necessary for more

detailed surveys for each sport.

5. Conclusion

The present study investigated resistance
training and stretching protocols and showed gaps
between evidence and practice. It is necessary to
propose effective resistance training and stretching
methods that suit each session’s purpose and

environment.
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