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Handle, stretcher forces and joint kinematics during rowing on sliding rowing ergometer:
comparison of elite and junior female rowers.
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BT, 74 255 (p<0.05), A ba—ZHHENE
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O — A 7L, mROLHED80~90%, Z&BHhD
1 HZAEHUR Tld VO2max D 90~100% fE Tfrbh 5 &
L ENCTw b (Hagerman et al., 1978; Ingham et
al., 2002; de Campos Mello et al., 2009). H— A > 7 &)
Rz, b, R, TEOZ oMt x# B3 540 %
BTHY, EHOKT0% DA % T % B EE)
Td 5 (Steinacker, 1993). B —4 Y7L — XD A
b —27 O3 —13450~550W & S (Steinacke,
1993), K/ 8T7 —231200W & 72 % 2 LSS Tw»
5. 2 L= 2O I ROV F — RIS R E M 84%,
MEFRSETERET)IE 16% TH 5 L5 SN T 5 (Hagerman
etal, 1978). L7=W-> T, O—4 Y ZEiFIcBW T
FFITHA LNV ONRT — & ZOFRATINRD ST
% (Hagerman et al., 1979).
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e, BEEM—= IR EERT - Y VT
A —% — (Colloud et al., 2006; Ives et al., 2023) A3
S, ETFE (Benson et al., 2011; Miestu et al., 2005;
Smith and Hopkins, 2012; Torres-Moreno et al., 2000) X
fEDOXRY T a »PE (Elliott et al., 2002; Bazzucchi et al.,
2013) ZEWCHHEINTWS, SHECTIHH SR TW
% Concept I HER TNV T A —% —TlL, BhiVAREK
WCHEHESNZZA MLy Fry—ICEHREZHE, WoMEE
HESE) & o> PV 2EG]§ 5 EFT, ¥ — F25E)<
il > TWwb. LA L Concept I @\t )L T X —
¥y —Tlk, EBoKETOT—4 Y IEifEE 3R RS 2
& (Trompeter et al., 2021; Lamb, 1989) B X O & X
(EMG) w7k, KBER RF) BLOW
LA (VM) OIGBIAK EEBHERECD D B 2 LA
B I Tw5 (Fleming etal., 2014).
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iR EEFEPEEL7-012, ¥— e REBOW G
WTHLA54 FXa—A VY T NVT X =7 =D EIN
72 (Kleshnev, 2020). 254 FRZ VTR —% —13,
Fig LIZRT XISy FLvE#FEGIL, FERICA ML Y
FX—%BALILIZLD Y= IBRATAL FL, 51T,
INTA— —FfEkZL— VD FIZHES 2 ET, KM
HIKDAF4 FT o5 RoTWA.

A4 FRINVTA =% —TldA ba— 7 HEEL
b7, MEENEDEL LD (Bensonetal., 2011),
BRIV T A—=F =X DY VIR 72, B
ODEHEP L VwEREENTW S (Colloud et al.,
2006). 7z, KEEATA PR VT X =% —% g
L7zmigEic kuE, FoA47Rm (Fr v Fhro74
=y YaET) BHUINY—F{E (74 =2y vard
FrvFET) NOBITHWKETOU—A ¥ FHEICHE
BLTwBEENRTWS (Elliott et al., 2002). D X
IZATA PRIV T A= —1ZKEOBREZHITE
L7200, U—A V7R FEFMTL57-0ICGHTHA L
SNTE7.

Concept I FlER TNV T X =% —% VT, Yy=7T
J—beVaz=7xY—ba—A v FRFEZ LKL 76
T, YSTEFIIA Mu—ZHEORNIIIEY,
PE—=2 BNV FVBIORA MLy F v —DKIH
KEL, AMa—ZHENEMLTL—EDA fa—2
FEriRTEL 20V HMESIN TS (Cerne et al.,
2013). L2 LGATHI%ECIE, A ba—2#iE% X b
J—=n7 ETHE L T Concept I FENRT NV T X —% —
WZEkpu—A Y IFEfEr g LTWwab. KWL TIE,
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L2 LOARMEOEE, NEB LRI 55
AT, HEIC L ) BINEB L OERA IR R
LCHABEZ B TllEEE/LZ. $XTOFIMEITAL Y
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FOmMFELALZES OKEEF T 1 019-H061) [2&k 5T
KBS N7

ABFZEE, BEIPIAEARN (77484 —) 12X5
O—4 Y7 T )T X —%— (Model C Indoor Rower,
Concept T#1) #HWTIrTo72. A4 PR VT2 —
¥ —lk, TIVITA=F—%2HDAF 4 K (Slide Pair,
Concept I #L) L1z L7 (Figl).
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Fig 1. Schematic representation of the catch (M) and finish (H)
positions on the slide ergometer (Concept2 Model C).
Ergometer slides on two rails by frictionless rollers.
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WigEs: (AC A ML A 7 75783, HARBA = SN
2tk L ADZEYRER (Power Lab/16sp, AD Instruments
) EALTaryEa—7y—IZBYAAT.
O—A ¥ ZEEOWHEICIE, "N AE—=F A AT 1H
(HAS-U2, DITECT#E) % v CHBRE 0B X120 LTl
HOM ST 10m OFLEH S, 200fps Trad Rz %17 7.
NAAE=FHXTEINE, M)A —FKv 7 A (PHI461A.
Bcam Sync Generator, DKH 1) % W CTir\wy, A/D (%
#12% (Power Lab/16sp 1kHz, AD Instrumentsf:) % 4L
TPCIZHUYIAATE.
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BB, WEANCATA PRz VT X =% —CT+4
WO —=I VT Ty TRiTo7. RBEOHEREL, X
SA PRI VTA—F—2nwTO—4 ¥ ZFHEHO
2000mL—AYIalb—varEifol WBREICIE,
EBEDOL —AR=Z EFFRICAT) £ ) HRe Lz, il
W A A R ST S & & BT, 500m gD
T T4 LS L. BRI A R
W&, JEHOBENRRNL I ICHE L.

3. TIWIdA—=2—5DNEHNEHDOEH
REBICBIT D0 —A ¥ Z8ED N Y FVEEN
0.1m/s D BIC o 72Wi iz v v F (OB LEHD),
—HO0Im/SPLFIC Rl e 74 =y Y2 L EHL
2. Fx v FhoROFY v FETOEEEIA PO —
7L, ZFOHT, Fx v Fnb 742y 2FETD
Xz N4 7RmEEFRL, TORKMZ NI A 7
L7 T4y vanbFry vy FoOXMEIIRY AN —
RmEERL, TORMEZY AN) - E LA %28
DM ERB X OCBESH L, 500 mBaBEIS, N R
NVOFEGRENR—ETHOA B —7HEL —EEL Ro
7ol A3 A M= xxtgl Lz, K4 7R
DNV RVIT (N) &, Ny BV i 7za— K
VPSR E L. K4 TRETFONY FLg —
W) &, =) —2rya—F =G LNYF
VBN VR RET I ETCHILA 1A
U—27HDAMLyF¥—7] (N) &, EHD2HD
TH—=AT L=t oo fiEFAHEeHE L TRD
72 WY RIWVHEAMN LYy FX—IZBITALTIDNE L
A0 (RED [N/s]) &, HOVHERYHHE—S
FTol 02 b (AF [N]) % Z 02 (At [s])
THLTEILE. AN —28EE, 1A o— 2
Modke L, 145Mb2) DA Mo —2HE (2 b

T—27 /45 REWL7. IS OSFNERE X O
MNZERIZ, 32 b —27 O X > THIB L.

4. EFHIRE EBENR

a— A ¥ ZEEDRITE, BIESHT Y AT 2 (Frame-
DIAS V, DKH#t) #HWwWT, VY277 AV MEFV
TV T ALY =15 MO FRRHI TV 84T 0 T %
1107z, FOWERE O SRR 1A 14mm B~ — 7 —
154 (BHTH, #57SMERoske, alRkeks X OAMoH
Wk, B, RSV R, ORERIRSE, ESPRE
U, Wi e, KR, ORBRE AV A, SRR, BEE
SR, H2Aeum) RN L7 FEBHNC A 2T
DOWAHNTOEFEZ 7 —)V 2m) %, FHHEHLETO.1m
g, KFHEITOSmiES 2 FICHL 22 LI2 X D HKIE
L, 2RICDLT % WV CTHEREZE D~V —F v 7R A ~ b
DILEERE 2R L7z, WHRGHT 2 58 5 e B ROy
BT — 1%, FRAESHTIC X B MW 9% (4.0Hz)
ZPLE L7z, 4IRD Zero-Lag Butterworth Digital Filter
THEAL L7z, A RIS B 5 2 RITENEHT IS
X BHEERET— 0, BEiAELEL L (Fig2).
PSR o Fe, MBI 285 (8 lE—Kig1
EREETF— R 35 o2 MEEL,  JRB A B2
2#R5 (RHEF— KB E S & R B A R —
SR O ME L L7

RS B A AN &, F 7 A R B A A
EENENHEMMS (At=1/200F) LCHILZ
7, BERAELE, REEEHE D (MEKIN) 27T A
(+) LwEFKLA (Fig2).

0y ‘Hip Joint Angle

Acromion — Trochanter — Lateral femoral tuberosity

Bx:Knee Joint Angle

Trochanter — Lateral femoral tuberosity — Lateral malleolus

Fig 2. Mechanical variables measured from installed devices on
the rowing ergometer: Handle force (road cell), handle
velocity (rotary encoder), and stretcher force (force
plate). Hip and knee joint angle (6,,0) were also
defined in the figure.

Fig 21213, O—A Y 7T T A—=F =IO fFFHh
BN LT SNITNFENER - N VIV (u—F
), NRVHE (v—%)—xra—%—), Bk
ALy Fv—h (74—=AFL—F) ZRrL7Z M
2T, Fig2lZI3kMHE (0,) BXUBEE (00 ©
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5. #retine

WERMRMTIZ, #EFY 7 b = 7 SPSS Statistics Version
27 (IBM#:) 3 X I'MATLAB R2023a (MathWorks 1)
FHOTEBLZ. TXTOF— 7 I3 I = B (R
TRz NFREBB IO TS AT 4 7 AZHD
KRN 7 — Z ISR 5 Y =T BEE Va2 =7 HO ST
i, e LouiE (i v Fovikig) L
MR 2SS X M) v 7 < v ¥ 7 (Statistical Parametric
Mapping, SPM) % fl\27z. SPM##TiZ, MATLAB LT
B{E$ % SPMID (% Copyright (C) 2022 Todd Pataky)
V—NVRy 7 AERFWTERL, £RRHT— 7123 L
T—JCHEL i 53530 (One-way ANOVA [F}) %M L
7o, BRI SN AME AR E L.

i #ER

1. BESEMZEL (Table 1)

2000mD F—F V¥ 4 K, Y= TR (468.05+8.62
) Tid, Va7 (499.48=16.32%) LKL T,
INE iR L7z A bu—2 B, =T (Glex
26 A a—2 45) Ti&, Ya=T7H (29908 A b
u—z /4) LRBLT, K&ARMERLZ (p<0.01).

A ba—ZHEORIIEET S VT4 TR, ¥
=7 # (0.87£0.038) T, Ya2=7# (0.97+0.04
) LlLT, MNfiznRL7z (p<0.01).

2. fIEFMVEH (Table 1, Fig 3)

NV FVEBEIHEEL, =78 (1.27£0.06m) T,
Taz=7H (1.38£0.08 m) LML T/NSRfEARL
7z (p<0.01). N FVoiRKIE, =7k (6563+
83.6 N) &, Ya2=7H# (500.0£67.3N) &gl T,

RERMERL: (p<0.01). Y FVIIDH EASY
#JE (RFD) &, ¥=7# (2117.6*+582.4N/s) 1%, ¥ =
=7 (1250.6+202.5 N/s) &KL T, K& Z&fizx
RL7 (p<0.01). ALy Fy— kDI, =7
(839.4+109.0N) X, Y2=7H& (756.0+954N) &
WRLT, KEZfEZRLE (p<0.05). ALy Fv—
NoH LAY #E (RFD) &, ¥ =78 (2784.9=
868.9 N/s) 1%, Y 2=T7TH (2132.9£739.7 N/s) & K
LT, R&EZfizmL7 (p<0.05).
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Fig 3. Means and standard deviations of handle (HD) force,
power, and stretcher (ST) force in junior and senior
rower groups. *: significant difference between senior and
junior groups (p<0.05)

Fig 3121&, NY KW T— NV FVHBIOZ b
Ly F v —NORRIT—% (F74 78 % 100%)
ZoWT, ZRENPFHELISDESPMIZE S Y =T
BEL Va2 TROREMBEE R LI, Ny R8Ty —,
NV, AbbyFry—JJE bRAEIZBVTY =

Table 1. Comparison of temporal variables and mechanical outputs between junior and senior rowers.

Junior (n = 6)

Senior (n = 6)

Variables Unit Mean + SD Mean < SD p
Total time sec 499.48 £ 16.32 468.05 = 8.62 *
Drive time sec 0.97 £ 0.04 0.87 = 0.03 **
Recovery time sec 1.04 = 0.07 1.05 = 0.13 n.s.
HD distance per stroke m 1.38 + 0.08 1.27 + 0.06 w*
Stroke rate stroke/min 299 = 0.8 316 = 2.6 *k
Handle peak force N 500.0 = 67.3 656.3 = 83.6 w*
HD rate of force development N/s 1250.6 =+ 202.5 21176 =+ 5824 w*
HD power W 2099 = 264 567.0 = 72.9 habd
HD peak power W 766.1 =+ 1335 965.1 = 924 w*
ST peak force N 756.0 = 954 8394 = 109.0 *
ST rate of force development N/s 21329 =+ 739.7 27849 =+ 868.9 *

HD : Handle, ST : Stretcher

n.s.! not significant,*:p<0.05,**p<0.01
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3. TREXx~T« 7 XDtk (Table 2, Fig 4)
Table 2121, Y= 7H & V2= THIZBT 5k
RO O & O] (ROM), RAMEES X U
MHEEOIK AR L7z, MEioR) X ofipH (ROM) i,
STy =78 (1179+44 %) TIX, Ya2=T7TH
(113.5£48 &) WKL T, K& &fizrL7 (p<
0.01). BRI mAMEMEE X, =T (239.6%
17.8 FE/B) Tid, Ya=78 (190.7+21.6 E/f) &
WL CKRERMERLZ (p<0.01). BB oK AM
BEAMMEE L, = 7B (7540889 /B T,
Va7l (617.81122 /) LKL TRKE&ME

L7z (p<0.01). BEPIFIOmRAMIEMABEL ¥ =
THE (2444207 E/F) TIE, Ya=T7H# 2075+
148 FE/Fp) LIEBELTREZMHERLA (p<0.01).
s BB o e KPR M EE L, = 7B (12133
183.6 FE/#6) Tld, Ya=7H8 (733.7+176.7 EE/b?)
LT, RERfEZRLA (p<0.01).

B B & RIS DO W T OMEER X OV, A
JEIZOWT, ENENFHE £ ISDOE LE v = THE&
VA= THEIZOWTFigdllm Lz, FI4 7ok
HiB X OB OMELEMIZY=T7THEY 2= THTI
EIA LN o7z, BEMEAREOY—21%, BH
MiBLOBMEEED Y = TRECER(LLZZA ba— 2k
B ORI L 72 (BRBEiTid s = 7# © 44%,
Va7 RE60%, EEEITIE Y = TR 1 30%, Ya=T
T 56%) . e BN AN EE Tl K9 4 7R 20~
A0%IZBVTY=TENIKEL, —HEEEOMEMA
Tk F v v FEE (KF 4 7RI0~20% 1))

Table 2. Comparison of hip and knee angle changes and angular velocities and accelerations in junior and senior groups.

Hip Knee
. . Junior Senior Junior Senior
Variabl Unit
anables "' Mean + SD Mean = SD p Mean £ SD Mean = SD p
Range of motion(ROM) deg 104.0 = 6.6 1055 = 7.0 ns 1135 = 48 1179 = 4.4 **
Maximum angular velocity deg/s 190.7 = 21.6 239.6 = 17.8 ** 2075 = 148 2444 = 20.7 **
Maximum angular acceleration deg/s® 617.8 = 112.2 754.0 = 889 ** 733.7 = 176.7 1213.3 = 183.6 **
n.s: not significant, **p<0.01
Angle Angular velocity Angular acceleration
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Fig 4. Means and standard deviations of hip and knee joint angles, angular velocities and angular accelerations in junior and senior
groups. Horizontal axes indicate the normalized time from 0% (catch) to 100% (finish) of drive phase. *: significant difference

between senior and junior groups (p<0.05)
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WCBWT Y= THNREEZR L.

O—A Y IHORKINY FVIERKA ML Y F v —
NOME100%E LzBEoNy FV)j: A MLy
Fry—HOEEZ, Y=TH43.9% :561%, Y 2=7T
#39.8% : 602% &Y, Y=THTHNY FVIOEE
DENEER R L7z

v #8

KIFZEIL, 2594 FRI VT A= —% /o —A
VB O200mL— AT I AL —Y g YIZBWT,
VETHEY A2 THONFNEREMEIF AT T4 0
ZADENERETHIEEHWE L, P = VT (L
=T HFE V2= THLYHEL (p<0.05), A bo—
JHENE o7z, Tl ANY FVH, mRKA ML Y
Fr—J, NFVIERAMLYF ¥y —DIJDONH A
D #EE (RFD), MBeBds & RBET o f 3B 35 X OV ik
DL Y= THINEWEEZ R L. 25 ORFHIZO W
T, B—A Y ZEEhIc B 2RI ER, JFRNER
BIOTEFAYT 4 7 AOBEIOFEwT 5.

1. BEENZEHOFE

RIFFEIZBWT, b= NI L E T ZTHERY 2=
THIDHE, MBEOMICIAELRENRDOLN, T—
AVTINT 3 =V ANFEDH LI EIRENTZ.
DFERO—HE LT, A Ma—ZHEOBEVEZEITSN
b, YETHRE Y2 TRELMBRLTHREICE NI A
TR A RS, ZHICE D A b a—ZBHENEL 2o T
W5 Z ENW S A E % o572, Benson et al. (2011) O
TlE, A4 FRINVTA—F—% kK
Division ® & — 4 ¥ 7 #F %2 5512 2000m L — A —
A T1000m &) EE 2 7\, L—AFDFIHA bu—2
BHEEDARIFZED Y = 7O R bu— 7 HHE L (ZIZFE U T
HHZLEHRELTWS (31.5 Stroke/min vs ARIFIED
=7 # :31.6 Stroke/min). —J, Ya2=T7HDHA b
T — 7 3 (29.9 Stroke/min) (%, Benson et al. (2011)
D95% L DIV Z &R SN, v—A ¥ TEHED
FREIZBWT, FIA4 TR ZEL LTY A3 — KR
ZRAMED LI ICA M= HEE R#ELT 5 2 LAY
ENTWAD. (Redgrave, 1995). ZOHHIZA 1o —
7 W ORBRER Z MR L 2SR KBO /T — % A A
FTILEERLTWS., RIAETH =TI 227
FELD, VAN —HEMIZEDL LRV, K74 THERH
LT AHMEEICH D EHRENT.

2. NEMNEHESLUVUTREIFXYT 1 7 XDEE
AMEDY = THBIY 2= T7HOEHYNY RV

¥—2rJjk, 254 FRXZ VT A —%—%H\W722000m
L—AR—AT6mMEBEh 0T v ~— 7 LTR5E
O— A V7R FOFH N FIVE -2 J) (Holsgaard-
Larsen and Jensen, 2010) =g L7z, Y =7HiE7 >
R—VEFLFEMRIIEZRIELTBY (640N vs AHFFE
DY =TH 1 656N), —FHTY2=7H# (500N) &7
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