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PR SR B o s 1 2t e s e
YN s e = A VAR o 1 VA A N =i )
JRUREES200 R i, NS B i 5 2 3 i 4 5%
N ESTTRIBSGTH JE i, 2R HOT B
thi 01, FRTEVE Hb AN RS W BE () 4T SR R IR A
VLEAR RIS B Z b shRERY, R & ih h
TS T [z o 1 4.

s C 2k R EAEDS Y, AR B4
FASRIVBAFE A, B, 7EdkZaid e
W R IR GBI, DU A R RS 1 XU
RSP LT LR pkaRiz hEE sh2EAIEh
A FER, SRR I AT DR R
SR B WA RE T DL BRI RIS T AR
PE, MR I T AR M E S A T,
BB XESE N, FTVEA R ARl B 0 B 3. 1
FEFAT AR BRAT ), S B ) T B B
AR, I HATP-2 B0 H B 32 45 X
%127, Pittenger ZFPVHAS T ) LEEAEF EREBAIZZ Rk
HHE) A B R AR, 45 2R e A0 B k) B K 3
H M A 52 AE B J1(Vertical Ground Reaction Force,
VGRF) R & T IFAREE. 1 Chow ZEMNI% B,
SIERRECAHLG, AR BRA ST e h A EERTR, H
FEVE(E VGRF A%, R wknl e HA B AR
SRS, HEiias RAB RS, I B 322
AT T o AR S AR ), X Bk i
TR S AR B A O AT RE TSRS B 54 R
k.

HAENIN BB EBTWATE, 2ot
RE AR, S H AR Bk 7 SR GH R BRI
BT B 1 R R B TR I
R B FEARZAR IS, R, ASBF5EfdH OpenSim
WLPR B SR AR A 1 PRk 5 =CFE SRR
VBRI FE . W BROGTTIIZEh S Bl R
TEZES, BTE R BRI 24 XUS 4
AR,

1 A&
L1 2k

AT IIEZE T 20 BBEEEFDEZIRE,
1 4(12.50+0.81) %7, B 41(169.30+2.49) cm, &
M (49.70£2.72) kg. RSN ZIRETRAZZE D

—AE MR INGR L, FRERG R TR 2T
3 A S X e = N = (e S
UGS TYXY202208260005). i 32k & 1E
Z: 5T 6 N H A EZ T RSG5, ik
Bt SR B B, HAAETALA 8% R % %
SRR . SEIRHT, ZRF AR ST A e
SEA AT H A . SCIRELORANS AR, FHoh St
REE TRIEFEZES.

1.2 £BE&E&

Vicon Z4EIZ A RSE(Vicon Motion System,
UK)H T2 i & i pkanigshddls, 2% H 8
B REHZR Sy 200 Hz #) MX-T RFHHEHLA 1 4
SREENIZ A 1000 Hz 19 AMTI =40 114 (AMTI,
USAZ . Mid e, 8 SIHEHLH T ZiR
H 5 Ehrid SAEE sl B b i s m AL E(E B
AMTI I3 & FF [F2 SREE R R AR H 4.

i TEZE Delsys EMG XRS5 (Delsys, US)
L1 1000 Hz A8 ] RAEEHERBAIL ANSE | HERZAL
Ak . BRI, BEENL. 2RISR
EMG 155, H#rH THERIGIE.

1.3 AXAAE

MR ZRE B W AR B AR, TR YR
FHEY) OpenSim 2392 AL E B8 bRIC S0 EFESZ
B ERERIC (A D).
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JERTHER; 15,18: KBETSMI; 19,200 BE4b B8k 21,22: Byd
Bk 23,24: HEESL; 25,26: /ANBESMI_ES; 27,28: /NBERTHI_E
R, 29,32: HER EAR; 30,31: BRENIIEE 33,36: HRAMI; 34,35:
RPN 37,38 SEIBAMESEYT; 39,40: BAIAE; 41,42: FE—RaRER
75 43: MR 44 SUNEESS LRSS 45,46: BHER.

1 EREFME R ETES
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B T BERIAZ OB S AR N G far R ) LA B
SCIIAERE . Bkan . AARAEEF. B4RE, S
I & MR U2 R bR i A (B AR
12 mm)WEFESZ IR 1 55 B AN B R RE e A6 L

AR SR g R G, 2 A R aT
BRI LA A TR SR I, AT 22X 3175
R BRFD 2SR B A BEAL Y. B R(E 5 )a,
ZAREELLIHT 10 KU BRI BREEshVEVE A —4A,
RS PRS2 min LAR{RSERWE. SR EkEashVE#D
SREE 10 HREhEdE, B—AEERBGES
B —IRFEHIN B E TR, X 10 ZHkZa it
T AR AR ) I AR AR RS S T A0 .
RIh B EEE SR, 2 DL B TR RE RS
SERCERARANAE, RIS B RN SO EE A A
BB VEASTE BOBIERES N O & BTG, IE HR
e, WA AT B RIEE DA AN L
o AR BRI R v i R b, M o £
e
14 BEKEFLRE

MR fi st 2 B BREE R, X . BRI
N =Y B AR AN Bl SR AT AL B 4
f#iH Vicon Nexus X REER|FIEHEIH 0125 A0 FE.
HIT H 4w MATLAB 2017a (The MathWorks Inc.,
USAEFAHH 12 Fl 60 HZP S bRic s adi A i i
FAE R 100 AT, S A 0t A T
VEH TR TFEAAVE K c3d A&k
Sl HF OpenSim i ABY tre 1 mot #%3X).

A 2 7R, OpenSim TAERFEIZIR A AN J7
LR, 15981217 OpenSim A4 T H LAPLRS
Fric s BRI A b T S AR e, e R il 4
AT AR IO SE S A bR e A [ Y 35 7
HIRZE/NT 0,02 m, FARIRZE/NT 0.04 m>>Y, fi
Mg a2 30 5k THE S A, R S Y0
Bk 12 B A A HE SOVE 2 Bl A — 3
SRIG, ) B SRR I, 12T
SUACTHENAEGE R EFALA ). eAh, Eit b
DIOREE, a5 0 shm SR O 560 0 i
bR b AR,

Wiz R
e S A =RES

2 OpenSim B EEHIFETERIE

i EMG works 73 #1444 (Delsys, USA)XFIL
B LR SEA T DRI, R EI TR
JRIFRMS). HAEBZTRATT: ()X EMG EdEn H
FIEERE; QM HIER T AN F 10 Hz FIRTF
500 Hz M55 A @R, Q) LEAE S 21T
LV, (4)L) 0.1's BB T kb
B EMG {558 RMS; (5)LL HARIILIA FER R S5
YRnt ) REALHAE S R 50 B, XNLEAG S #1ThR
AL AR
1.5 %itaHr

T SR SRR TR SEEbR AT AR DY B
& RIEE S HO(COP)E BN FITEZEE .
WRBRIE T R TE AR T %E | WL AR G T
PUE AR AP A (i /ME . IR (E). FEBE
ARG 4rEn, 8 Shapiro-Wilk Kz36% %
FEPREE S B A B IS AR A TR SR, i
JEIESOMG, TEG AT IBM SPSS Statistics
26 (SPSS AG, Switzerland) 1 % FIECXHEEAR ¢ K656 73
5 JhE 86 D 2 R W) 45 A TR AR B 2 8] Y 22 5,
AN R A A AT A W R 2. WK
FE A P<0.05.

2 4R

21 XY AE

FF R B 2 A Bk A o ki 7 =T fiph b R e
I B A SRTT | IAS 1T RIS 1 B WAL AR RIS T
TEEE(ROMYEIRE WAL 1, BRagfibHAekid fad
JEIRES MmN 3 R, Z5REH, ZikE
BEAT RSB B A 1 W A B (P<0.01) . &
ST IS AR BE(P<0.01) . BRSBTS 8 £
(P<0.01)EE R TIHHEREE, ZiXE21TIFRRBkAT Y
HROCTTE(RAME A B2 K T2 k(P< 0.05). Zik
FIHOCTI(P<0.01). BESRTT(P<0.01)FIERG 1T (P<
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0.01)fY ROM TEHA TR Bk B2 K T-IEBREE. 0.8 3 = B
Sh, PURRBR T AL IR OIS B 2 . =
AL, I E AR B R 8 -
X )R R(P>0.05). % oal %1
£ MMERE. B, BXPOREMEDHE ©) 8 4 N
XV RS BUERR JRBERK ARk R N T
Bt B R 222584507 23.95:6.53 COP i {iz#/cm COoP firth
htl B/ME 19.01£3.557  16.05£5.36 B3 EBEEAFMEBHITREEEEEBES
ROM  425:1.657  7.85+4.28 PIFhEkER SRR ST AR A [a) A5 1k i ih 2
WU R -7.18£3.577  —4.01+3.62 il 4 Fras. FFBRBCEATEIEEE T80 JE ih A ARk aR
E/ME -9.20£520"  —7.86+3.65 fish HL BN BE G 219%~71% 8. 35 ] T 28 R Wk 3 1a) (P<
ROM  2.05£1.05"  4.10+2.80 0.05), I HIL -84 bt i 7 v (0~90%) I Wk 4
Rk Mg RO -26.25+4.25 -27.74+4.93 B2 4T AR R B TR e T A Bk(P<0.05). Ze %k ik
i F/ME —35.90&:4.1i“ -39.20+3.28 H RS 7 FR P TR, 33%~67 % B i A T
jOM 8.56ﬂ:3.64** 11.85+4.32 FEBRE(P<0.05), PINCFR EEFERIMEI BY) 0~42% 1
ROM  230£1.257  3.45+1.65 22 %%ﬁ%ﬁﬁ?%@}iﬁ%ﬁ ; o
BRE  WE O R 10.10£5357  12.62+7.62 FHBRBAI S BB PR B2 7 AT AL B
i B/ME -10.78+6.00  -10.90+7.14 BB BERTTRIBRC I 2. SR
ROM 22.00+£6.35" 24.53+7.14 i%ﬁﬂ, %iﬁ%ﬁﬁ?ﬁ‘f%ﬁkﬂd‘%%%mﬁfﬁﬁﬁﬁ
Ml A 0574935 1.55+12.00 FE(P<0.01), #ESRTTIEEAIMNE IR (P<0.01) ., R
EU/ME -2.2589.85  —2.25+15.54 IR fh R YRR (P<0.01) . WA ST SR 1R
ROM  2.83+1.67"  4.85:3.26 (P<0.01)FHER ST AU (R {1 (P<0.01) .25 15

TE: *FRIF BRI AR BRI 8hR E ARG B B R LR
(P<0.05); *FRAFES T ER X LI BEZER(P<0.01). TEF.

THARBE. HeAb, 2 TR B R T
R BV AR TR AR HH J3(P<0.05).

r ! ] | | 1 Gommsenit
~ 20:;—.@ — 35 — - 0- .
e 45 i i 520 .
& " & &
=0 W[ o) T[22 BRI - — sk
K4} —— K i * .. b
-8 By e — JEAREE
_12] & i bz
0 20 40 60 8 100 0 20 40 60 8 100 0 20 40 60 80 100
iy B /% fir Ry B/ % fi R B/ %
2 R AR BT R 2R IR R R 22 k2 I fF S i L 2R, Bl P<0.05. FEIM.
B4 WMBAINMERNXT A ERFETL A Lk
R2 MR, B, BXVRAENEENESRERAN
ot MRS N k) WS U JYAE(Nimkg') AR SAUBIELITAES (Nome') T FLUT £
2l X
JeE h Pk R Pk HE [l J1/(Nkg™)
FEBREE  0.54+0.22" -0.25+0.15" 0.68+0.53"" —0.21+0.13"" —1.68+0.44""  0.19+0.08 17.36+2.28"
Ak 0.78+0.23  -1.02£0.22  1.20+0.76  —0.85+0.17 —2.36+0.42  0.18+0.09 22.52+2.38
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AR ANRIBbaE 7 200 A AE T AR SRR R N T 93

5 SRR T PIRREAE BNV A ST Ty AE R IR
AL Hh L. WEFR, 2R T2 8 B Er)
85561 SR Hh J1%E (38%~61%) . T bR 4R
(70%~94% ) FIHE 15 41 1R (7%~92% ) FE firth By
B R T IR (P<0.05). 2R E AT 2 Bk b
B, WEFATR AR (9%~19%, 41%~57%, 15%~
100% ) FHIESRE T S e JIFE (18 %0~83 %) TEBRER IS A
R T IR WA, 2R TR B B B

SRVT kB TR (21%~79%) 2 R T H BRI (P<0.05),

I H TN AETE 72%~81%3H18) B2 /NI
[ Bk (P<0.05).
23 R@Ld

ZRGBREB T, fbb RE B BT B LA
B —AE 3 R IRIBFIbRIfEZZ UWLAE 3. 43R0,
ZIRETEHTHBRBRET, FEdaiAL(P<0.0 HAIHER:
WML (P<0.01) BV —4b 34 5 AR SR B2 22
k. HZ R BT I BBk AT BEREAIL(P<0.01) Al
RAIL(P<0.05) A VS — L35 AR PRI S B T 20
Bk, SZ IR FETEREAT AR RN 22 R HoAth B UL
I — e iR IRIE I A RIS R
B3 22 5 P>0.05).

3 g

200 TR T LA, i 7 AR O
BEAYY, HA R IR, H 5k
ECOL Rk, fERRE SR AHES B ST

BB SRR R T, AW E TR T
AAEFFRR BRI SR T B A S5 2 e, A
X BkaEIZ 3N A Tl B IA IR, IF A
KiNZrie S

LA L s 3R 5 e 8 B0 TR T 32 3l
A TEET. DR R, 2B T A
KT TR 2B RE R AL, 1L 238N
JERT 5 LAY FE LA ST S LA RE R
Wk, wisgx b JIRZEIROR, G N A
BEIZARR XSS, T R L BRSET
04 ) et A Bt T S AR 0t By R s i —
Pl TR, DR R kA e v e R A 5
Jetk it A T REAT B TR A2 05 B, WF i A B,
TEREN kb BE, SR B B B 56 1T I BR S 1 {5 3l
BERH B R T HFBR B, SRk X Pz st T L
3 I F0E K3 Tl o ) 222 e 8 ) AR A Tz 7 28
{1 3R R R ISR TR T 1) 52005 IR .

o oo A i 2 2 T Y SR BE R B e, SN
SAGHIRTRENE. R IR AR R T2 8
TRERREL, B T R TBL A0
FUHRTT IR AR 2 R R, Bhasnd,
AR WA e (i 3 IR B VE A T 3 R T IR AR B,
It 2 E BT 3 W 3 B 1 B R A SR 1
R IRE. AR, w1y e JoEn]
RE 237 ok B R B BRI [m) 4 ik g, v I A
T 1 2 8 T T g (XU . A

03] o1 ¢ momm| L ) - T—
204 . | N B i -1 N .
2o 2 osf | ) N o7 e
£ ~0.4 W | Y | £_, = E 1 -
Z — iz es L £ 3
1l 1l 1l
R 04 L e ——— BRI~ — 5Bk
™o S i ™ 0.8 N B Jepanig] ™ 0-17 - S, | —
By et ﬁﬁmgw —12! of=mm" N S e
0 20 40 60 80 100 0 20 40 80 100 0 20 40 60 80 100
fish a5y B /% fir Ry B/ % fi bR B/ %
B 5 WA ERST I ERERT E ik A Hh 2k
R3 MR TEALAR TS RMS %
, FH) RMS
Brag 7= — - - —
Eaaiil  HERALNOSL  HERRAILS ML FERERIL B EAL 2R
FHARBE 14.35+5.54"  41.60+8.46  34.29+7.80"  25.00+8.97" 5.68+6.60 37.45+8.55"
ARk 5.58+3.16 40.03+9.86 23.50+5.24 54.40+11.26 9.754+5.53 53.58+7.63
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B, A WRHATR B RS AR R RO, X ]
AE2 RGN DIERIAT . PO BT RS
T A W) B A LA RR ) S T A B b
Fifi 2 B % 19 A0 R D R A i A R, P ) ) A A
ACL P W ASHZHE K. T s i BAE R
B Ta) Py E A TR 22 1 ERER, RE R R e iR
RE MR ZE B NBRTE KBS A 2 B s s ol RE &
AR nF, M ARG 32455 XURS:.

TEF SRR, AR & i 3 3h s 5
WL SR U8 2 b 1w [ A H 1% Sk ey p s, DU
TR AR, AR TR Mgy BB 2 H R,
F Bt B R LA T S BT RE £ i vh o W
WCBE ™. AR b, ZREAEIEATIE RS, /N
SR URE L LI K o T A k. AR T3S
BRI, BT LR . BERELRI R ILAY L ELIS
AT 32 T ERERE. P, HEl7ER B ks
VE fisk s J H0 ) e Ay B, = B R R T R
KT H R T R S Hh I, i Rk Eh v g
S S M A /IR =SEAL.

BARTE, BTk, /D FEEE TR
BRAR SRR THT B E . S L BRST Je & SR e
i BA ORI RE &, FF H AT BRAE IR A
I T RBBEOTTANE AR, DA e 2>
ARG A2 R BRI B B IXURS: BT RE v T 5 R k.
X 5 Chow ZP WSt 45 RA—3L, XFhE Rl hE
H5ZREHFERA L. 7 Chow FHIBFRH, Zik
TR PN 23.5 %, iAW G e FHERS
12,5 BEDE. EHEOR, BARREE K,
E R 2 rE A E ORI R AEH T, JRHRAN T
BEHLA B A &3k, Xl VEFI ST FR B B 425 il RE
Ho AR e P A, ARSI, FFBE Rk
i i) (5 FH /N BRAIL AL, 1 A R 0k o 4 1) 88 FH K
HEAILEE.

SR, AIRTATEAE— LR, FEGLEoT
HER LS. O, MFRAEAOR I 5 ok T ANME,
PRI e A SR I 57 5 BN 21 32 DL R B st R
il Bkaa i L 12N, IR, ASSEBRAN R T
WREEHT T B A2 v SRS, KR8 LEE3IR TR
A 2R 2N, AR EE Shimokochi ™K HA A
AT, kR b B A wi et o] LIS P A
IRl AP SLAL T 5 RS O BT BY YD . ALk,

ARSRHIBE IR B % — A A ks A B JRR
THVHEY) T2, AR A AR

4 i

ARBEFER A AR T AR 7 kS8 O R RRBE A
SRR Y B B T OB 3 ) TR EREA T T
POEE. WRUE SRR, FFRRBETE T 1B nh SR I i
RDUFHELE, P T 561 R fE 4 80 2>
AF, I IR RE Bk BT HE T LA 08 T IBCE H B i
FHREAREAEN 20 XS, Hesh, FEBRBERT B i) T
PRSI /NGE = SKEML, i S ) Sk i 1 A 3 e ok
T AHLERA BN ILIA), XL nT LUk ke
INZRER A —E B BRI
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Effects of different rope skipping on the biomechanical characteristics of the
adolescents’ lower limbs

SHAO Shirui
( School of Physical Education, Ningbo University, Ningbo 315211, China )

Abstract: The aim of this study was to improve understanding of the biomechanical adaptation rules of rope
skipping exercise in young people. The biomechanical differences were compared between lower limbs during
Single Rope Skipping (SR) and Alternating Foot Rope Skipping (AR) in adolescents. Adolescents who had at
least one year of rope skipping training experience and were proficient in both SR and AR techniques were
recruited. The Vicon 3D infrared motion capture system was used to record the lower limb joint motion
trajectories during different rope skipping techniques. Paired-sample t-tests were used to analyze the differences
in lower limb biomechanical characteristics between SR and AR. The results show that there were significant
differences in lower limb joint motion patterns between SR and AR. Specifically, the ankle dorsiflexion angle
(P<0.05), knee flexion angle, and adduction angle were significantly greater in AR than those in SR (P<0.05). In
contrast, the hip abduction angle was significantly greater in SR than that in AR (P<0.05). In addition, the lower
limb moment and peak reaction force in AR were significantly higher than those in SR (P<0.05). The muscle
activity of tibialis anterior and peroneus longus lateral head was significantly higher in SR than that in AR
(P<0.05). The muscle activity of iliopsoas and semitendinosus was significantly lower in SR than that in AR
(P<0.05). Compared with AR, SR showed better lower limb buffering strategies. The usage of SR may help
reduce the risk of lower limb landing load and impact injury for adolescents with poor joint stability. In addition,
the study showed that SR mainly activates the triceps surae muscle. AR mainly activates the knee extensor
muscle group and the hip flexor muscle group, providing a quantitative basis for the training of adolescents in
rope skipping exercise.

Key words: adolescents; rope skipping; motor control; lower limb biomechanics; motion capture
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