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Tab.1 Basic information of tested athletes

51 NE B/ em Bkt / ke i/ %
» 28 184.9+5.1 73.569.67 18.54+2.7
k'8 28 174.4£4.8 62.4347.89 18.3+3.7

1.2 kKA &

FEI R R & 1 FIAZ U R M 22 1T R R A% M B B N 32 By DR L S AKOF- R e 32 43, ZHE 5~10 min HEAS TG
By FL B PAR h AER EA EGR T  DAEOC RREOC T 2 S A b A I R kR R
1.2.1 FMS i

WK FMS P b v R e A7 00038 AT 2 200 FMLS IR 55 DI, BE 0% 8 O 0 38 A ] 8 A £
AR YR I 3t 2 [ SR Uk B SR UK, © 4 /45 3052 2l B I PN 2%, IR 225K A2 2y D3 A0 I o A, A A I R
DA e 45 A A - FMS It 28 17F

T A iz 2 5 45 BN 51 2R 430 58 B 7 A FEAS TR AN 3 A HE B 1 07 A L 35 A I3 4 ek T00 R 1B CO-
verhead Deep Squat, ODS) ¥ #% 4 (Hurdle Step, HS) . H 2k 5 %7 # (In-Line Lunge, ILL) ., J8 %737 R i
(Shoulder Mobility,SM) . & 3 E B (Active Straight-Leg Raise » ASLR) 4K T {ff K% ( Trunk Stability
Push-up , TSP) . Jig 7% f2 & 7'k (Rotary Stability s RS) MK 837 b — 44 13 53 647 PF 45 0k N 25 VP90 A 1 S
W H B W2 2 8 03 4 S PF A G, o BONMIREN = 43 50 o 0 4301 4302 4303 43 R 43 X TR) Oy
0~2143.HS,ILL,SM, ASLR. RS 75 Z 72 47 WM 43 0 A7 003, B3 000 45 F 9V 43 - 5 S5 A5 43 RO ) e 3881 F 43

x2 FMSMiXARE
Tab.2 FMS test content
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ODS 5. B Wi 2 35 1 D B TR s Tk
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TLL RO 0 7% 0 S B M I B T e X B HE ;i{;(fgszﬁ‘“ﬁ
S R R M 1 X i e L
ASLR 615 R R e 0 p R R pE .

TSP bR o B LR %1 FicbE 3 4%« BE TR 52 WL 1.

RS B IEE 5K PR R

1.2.2 FBR & I3k
1.2.2.1  (JZImg\Ek Countermovement jump, CM] i

I3 T 3% « B A8 445 50 7 £ (KISTLER GYMMY JUMP) , W7 2K 48 4 J5 #4752 1) Bk 47
iz 3l G 3 U, MU 4 L A R E] B 2 min.
1.2.2.2 7 E BT (Standing Long Jump, SL]) il

W5 ¥k <3z gl O3 Wy B0 348 4 J5  TF iR 57 Bz P 3t 0 30O 5300 6 10 i ik BR R B A 608 2 5% I 4k
3 W U L 5t
1.2.3  BoO R E P i

I\ AT DA S DA AS TR) AR 19 A% 0 e 1 L DA 32 o B8 AR O B M i A s T SE
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WS hrfE I3k 3.
1.3 FitFEAheE
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130 AT R PEGE T s BB 3 Bt LB 3 Dt T 12 3 51 BN B/ S IR A 2 /I L DN A 6 R 1 e R SRR
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FasE VN K )15 ThBE sl 1R 22 18] i 397 B2 JK B (Spearman) M I 1 5 5 F 45 52 & #5528 (Receiver Op-
erating Characteristic Curve, ROC) PEH H E ik A2 3l 5t FMS 85332 3l i 15 KURS 12 WA DL e K 24 %5 35
B (Youden index, YD X i FMS & 43 0 B AEFNT 5.
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Tab.3 Eight-level abdominal bridge test score reference standard
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% 25 K4 15s R AR 15 s, 85 E R EE =
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2.1 HEHFKBIER R FMS i 45 R
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Tab.4 FMS test results of Chinese swimming team athletes

Tt
B PERE
i 18 8 5 P18 5 5 LB B
ODS 2.71+0.49 2.7940.42 2.64+0.56
HS 2.1940.40 2.18+£0.39 2.21£0.42
ILL 2.46+0.54 2.43+0.57 2.50£0.51
SM 2.05+1.12 2.14+1.01 1.96+1.23
ASLR 2.57+0.53 2.36+0.56 2.797+0.42
TSP 2.69+0.81 2.82+0.61 2.57+0.96
RS 1.96+£0.27 2.0040.00 1.93+0.38
By 16.55+2.17 16.54+2.38 16.57+1.97

2.2 HEEXRBIZEE R FMS 24 5i5sh 545 X G
2.2.1 WEFEKNEZE S FMS 245 ROC
ROC DL E A MR AL bR LR BH P 2 0y B AR Bk 22 0 6. A B 3% Uk BA 32 30 52 89 ROC F TH FH (Area
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under Curve, AUCO)HI p W35 FK 1.5 AUC H 0.5 R EA B FMEZE R .ROC B4 H A [5 # Wr 4, 3
T+ ] 3k BA Gz 8l 5% A e M 32 Sl 451405 1 R BORE LR A (LR S D R YL
x5 PEFXBIZEHHE FMS 24 ROC #J AUC HE R
Tab.5 AUC calculation results of the ROC curve of the FMS total score of Chinese swimming team athletes

Wik 95 %0 B A5 X ]

PO AUC P
TR R
Fizsh ot 0.920 0.002* 0.816 1.000
LB g 0.956 0.000 * 0.888 1.000
Ji iz 3 5t 0.961 0.000 " * 0.916 1.000

F.p 5 AUCH 0.5 BRI B EME, 2R p<0.01, AW B EWES

1.0} -
// // //
it 53 5 e FIEH e LIEE 7
0.8 // Y // - Ve
e /s Ve
v e /
wy 0.6 F R = / = Ve
2 7 P
& ’ P .
0.4F e L - L 4
P Ve /
e ,/ R
« /’ /’ //
0.2 X - . P
p , s
’, / Ve
0.0 1 L 1 1 1 1 L 1 4 L 1 1 L
0.0 0.2 0.4 0.6 0.8 .O 0.2 0.4 0.6 0.8 1.0 0.2 0.4 0.6 0.8 1.0
1= RSt 1= R 1= Rp 5t

B L PR BAZE) 51 FMSO S443 19 ROC P

Fig.1 ROC curves of the FMS total scores of Chinese swimming team athletes

2.2.2 I ETFKBNGE B B FMS S5 R R )R

Hh [ i Ok BA T A 38 B B, B B B, Leis B B FMS B B AR S 0 o 16,5 43 e TR R Y AR
53 0.786,0.727 F10.800, & H R HER K 0.000, 55 S PEHF 4 1.000, YT 435124 0.786,0.727 F10.800(WL5K 6).
P AR F 5 IR 16.5 432 v [ i Dk BRGZ 3h 5% I B2 fil 1 32 45040 1000 19 FMLS B o3 Il SH{E. ZE AR F 5K 1956 44
BT i3 B A 16 4 FMS Briat 16.5, 4811 32 & .5 59.3%.
2.3 HEFKAZEHERZOBEENMTEEELZ HAMKER

T Ao A ) SCHk & B AT D Pk A Az Bl 5N R AT I D b o PR I AR BF 5 6 a2 8l B i NG E
B0 3 8 S A A5 P 3l a2 7 T A o i Uk BA A2 Bl B3 AR N AT I3 S 38 AR R A L 20 Bt
A3 A 587 v R i Dk NGB Bl B3R O R E PR TC P ) 25 5 (p =>0.05) R RE , 3% A BiF ik BRIz 3 51 CMJ Al SLJ 4 3F
bR o DRI AN X 3K PR IR St A T B 4 VAN
24 HEFXARZEHE FMSMIXEHERXNEZOBEE . TRELZNWHEXHEER

W5 B (WLER 8) , i Uk BA A2 2l Bt T B sl VE i 25 1 ODS B EREX (- =0.274, p<<0.05) F1 ASLR 3Jj
FERER (r=—0.273, p<C0.05) 5 CMJ £ B E MM K ASLR sifER RS SLI (r=—0.400, p<<0.01) & i 3
PEA G ; ODS hERE K (r = 0.318, p<C0.05) . SM Bl {ERL X (r =0.315, p<<0.05) , ASLR BERE K (r =
0.298, p<C0.05) TSP FERE R (r =0.440, p<<0.01) RS FER L (r=0.281, p<C0.05) 5 /\ %% JiE #F & i 3
PEAH G
2.5 HEFKAEHERZOBEE.TRELXANS FMS BoMHEXME

o [ K BA A2 B L FMS TR R 43 5 CMI L SLT WX T8 B 3 P AH OC s FMS IR 43 5 NGO # il i
e B E M (r=0.532, p<<0.01) (W& 9).



%4 RO L F L RGE B RS AR TR ) 5 % A 4 9 48 X AT R 121

=
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Tab.6 Sensitivity and false positive rate corresponding to the demarcation points of

the FMS total scores of Chinese swimming team athletes

B ia 5 5y Fiadh b s b
FMS #43

RPE 1R Y1 RIiUE 1 5 HE YI RIS 17k Y1
10.0 1.000 1.000 0.000 - - - 1.000 1.000 0.000
11.0 — - - 1.000 1.000 0.000 - — —
11.5 1.000 0.929 0.071 — - — 1.000 0.875 0.125
12.5 1.000 0.786 0.214 - — - 1.000 0.750 0.250
13.0 - — — 0.955 0.833 0.122 - - -
13.5 1.000 0.571 0.429 - - - - - -
14.0 - - - - - - 1.000 0.375 0.625
14.5 1.000 0.357 0.643 - - - - - -
15.0 — — — 0.955 0.333 0.622 - - -
15.5 0.952 0.286 0.666 - - - 0.900 0.250 0.650
16.5 0.786 0.000 0.786 0.727 0.000 0.727 0.800 0.000 0.800
17.5 0.548 0.000 0.548 0.455 0.000 0.455 0.650 0.000 0.650
18.5 0.214 0.000 0.214 0.091 0.000 0.091 0.350 0.000 0.350
19.5 0.024 0.000 0.024 0.045 0.000 0.045 - - -
20.0 — - - — - — 0.000 0.000 0.000
21.0 0.000 0.000 0.000 0.000 0.000 0.000 — - -

®7 HEFAKREFHRZOREENTRER MRS

Tab.7 The results of core stability and lower limb explosive strength of Chinese swimming team athletes

Tts
mooH
i 18 8 B Fid 5 5 LB R
I\ AT 234 23.77+8.61 23.7547.65 23.7949.61
CMJ/cm 45.7947.97 52.0145.94 39.564-3.67
SLJ/cm 228.59429.09 253.32+16.19 203.86413.89
£8 FMS MREHERASOBEY TRIBENHHELE(HERE )
Tab.8 Correlation between the movement modes of FMS and core stability,
lower limb explosive strength (correlation coefficient r)
T H ODS HS ILL SM ASLR TSP RS
CM] 0.274" —0.077 —0.019 0.102 0.273~ 0.189 0.162
SLJ 0.209 0.030 —0.036 0.014 0.400 " * 0.107 0.171
INGIE 0.318~ —0.034 0.130 0.315* 0.298* 0.440* * 0.281*

*FR p<<0.05; " Fan p<0.01.
3 eSS

AHFgE 45 5B B on TP E UK A E 3 5L FMS S0 S AR AR T SR 2 16.5, h E K A iE 3 J\iﬁﬁf%u Y1 &
0.786. L4 14 43 R B 5 ) SR S 1,000, R F1 %58 0.325, YT 4 0.625, B AR RAUE e (B A &k 32.5%
B HK s L 16.5 43 A AT s i, AR 20 M B I2 R (R HIR 8 0, H YT 2 0.800, KT 0.625. [H 1k, K
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o 14 3R] LA T HONE BR a2 3l 53 A8 12 fil Pk a Sh4d £ 60 XUBS: Al (B 5 2 92 728 A58 3R W1, o [ 43 < BA iz 3 5%
2 B UKL ) FMS I FUE K 15 43, 25847328 3h 51 FMS 843/ T 15 43, R AR 528 shai i i v] e 45 i
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TEB R 22 57 3 ] e 7 B0z 34t 475 RURS: 1 (L B 22 S 9 i A

x99 FMSESSZLREMR . TRELZNWBEXE(BXRH r)

Tab.9 Correlation between FMS total score and core stability, lower

extremity explosive strength (correlation coefficient r)

WA CcM]J SLJ I\ A

FMS il 3 &4 0.061 —0.066 0.532**

W Fom p<<0.01

We VK2 2 1 3 02 — A~ Rl e 1% 388 11 ok A T A0 e M B 3 0 i R 0T R I A0 AR E T R B
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P F) 25 BEAE 132 3 GL7E T B 58 5 Jed it

TLL J2& 2% sl 2 | 42 7] 3l 1 i) T 28 4 AR 43, %o dz gy 5% 5 OG5 58 30 M L BR G 1Y 20 ek ALK 1 A2 P SR
B ILL SRR 5 e vkiz 3l 57 B X7 )  FEE B S A LU BAR L, 76 e B Tie e B B B3z 2 0 R i B
R IR T R A 5 A H 2 R A Sl AR B B B A R OG5 R 1.

SM Bl AR X 2 B DAk iz 3y 53OSUI A DG R0 M LR I e e R A SR e AR AR B T 0 2 2R
H I UK BA 220z 3 Dt SM S VR SCIF Al I 22 L P 2 0 AN B 2 0 AE HERRVE O A b, SR s 3 DU AT 4 AN B
LI G T N BRI, 7 FMS3 AR R 0 2 g AR b L fsy e n] R D DR BR o I i UK BA O B B BR
fIEAH G ARHE Michael Boyle® MR 5 HIE ", AR FEZ XTI 43 B LR EE N ES MU RGEE R EFW
ity D A B R TR O A LR B L IR 5G4 32 R DUASE IR D 5 RO JIBE G | A L A LU G
DG AR L R A M T AR Bl ) DB DL A% PR B — A IR SR, 2 R R A Bl ) g
() 24 SR L BRI S 5 R A A O R e DRk T A RS M L M e RS 1 DA R B RS E A TR IE T OG5 A
B RE .

ASLR FZI2 Al 12 3l 53BUN 7 OG5 72 305 1 1] R8T, 76 0 e A 000 4858 OG5 Je ot 8 7 1) [] 1), 0 7 2 9 Ak X
T O 71 A JRE B8 3 R 1 A A2 4B 5 1 e it D0 BE Bl 1 52 BR, HG D PR RT BB T OB S R JUL PR K ks A S T A
JE DI RE Sl AR 32 BR . AT RE St A S 48 L L JBE B LS5 JULRE B2 5K Janda AR 2412 3l 51 1 4 il (60 =i 7 O UL 32 34 )
If 2 5 | I 2 LA 4 X () g sk A B2 5 | & 1 ik X B o7 LA DR 45 B AP i, B0 98 B 2 f R 9 2 % g
RN Z5UAE 1 1t RO 75 T Vs Bl S DR A B AU 2 B 5T B Y A% O ASE L RIS 1Al UKz 3l 01 IR B B 5l
e e A 1) JeE 08 1 0 o PR P 9 UK A Bl B3 A e s A AR R A 23 B . CM AT S s HR A
o] RS AR BT DR S 2K F B ) BB L X 7 B B GUFE OR IR T AR E R [E L G A — e R R
e Ry B 1) Sl AR 48D AR IR M0 RE LY BAT B8 SR B
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TSP Zh A E 2 IS WAL iz 3h 5 AT P45 a8 Sk, 35 K T RO BE 0 e dkaz 3l 51 1R ) A 2
YR A 3 DR IR R K AR M BOR B R A W T A5 R s, P UK BA A2 Bl 51 TSP g AR B A RS
SRR T B2 Bl B BAT R 0 22 UL PR MR RE T3 L RE A A B DA B A B R — AR e B 3] 55 — Ry L TE D RE
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Weh i B0 T Ak 2 3l B s AT e 1k L G 3 70 Sl A2 R0 5245, X iz 3l 5 A% 0 A R P R B IR ot L 7
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AT sV i) — 2 O\ E RIS TSP SRR i B BOE ALY o e — 39 DO 38 3245 07 50U ) 5 A\ )
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B M. b 7 DK B iz gl 57 K AP B SO KT AR E 38 1 NI VK OBUBR R 9 A g L 8 A 0 d A
DR 3 Bl 5% 14 A0 B R R B vy o U R B A RRE 1.

i T TR A T L RE RS 20 20 Sk DA B (33220 2l B3 5 K RN 2 ) A A k. CMT # SLT B SR 7 51
P I UKoz B B R B 1) FK O 18] T RO A R Ok ke ) B AT BT i vkas Bl B ke R B
e R U7 I R B X —HORFE AR TSGR (R OCY AY D BE AR R N SR 1 L A e B A
HE 0 B2 e ) T SR T A A 2R A

ABIE TS A R . o [ i DK BA s 3 51 DI RE S RERE 1 5 F RO A T AT AE M G G &R L AT AR ST 45 R B AR
— B ABEH] FMS G PG AT i vk s 3h 5T B A K- TRl RO R K B BE B FMS g3
B FMS R 4315 T [ UK BA 2 2l 53 A R0 B E M R AR OG AR SRR A5 R ST N I T A R 2
B A8 g M5 FMS IR 0 A 75 AH G OG ZR T, JHL Tt DR U2 3 B 3l AR PPl R 0 A e T A X 38 3l B Y
2 B U AP B R R IIREA A B EOR, FMS IR 3 2 N, BEOR bz 8l 5t A B R 3 2 R0 AR E T
AT T 2R A/ R D0 12 Bl 4 10 2 R

4 FHit5#EN

4.1 %
3 o ) R UK BN O 3l 51 R AT D BE B AR O A A% O R TR RO R R 2 S8 T A B Rk B, b
VKiz 3 U RE S AR RE ) 5 RO A M B B A OC s vh i Uk s 3h LI RE SR RE 0 5 T OB R I AN A AE A
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A3 T 16.5 43 0a ) B, [A) I R 22 0 G0 G T SM gl PR 15 43

FMS il i 7 2 Ui DK 328 2l 53 R38R 1k R R 3 1 45 O 10 2 E P [ T, [ ik 445 5 Al 32 B A0 00 1 28 2R L 48 o U8
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A correlation study on core stability,lower

limb explosive strength and functional movement of swimmer

Zhao Haibo*,Zhou Aiguo”
(a.Competitive Sports College;b.Strength and Conditioning Training College, Beijing Sport University,Beijing 100084, China)

Abstract : Functional movement screen (FMS), core stability and lower limb Explosive Strength were performed on 56
Chinese national swimming team athletes, and the correlations analysis was conducted. To explore the relationship between
functional movements,core stability and lower limb Explosive Strength of Chinese swimmers,and provide reference for swim-
mers scientific and efficient training. The main results are as follows: 1) The average score of FMS scores of Chinese swimming
team athletes is 16.55; 2) There is no significant correlation between FMS total scores of Chinese swimming team athletes and
CM]J and SJ.and there is significant correlation with the eighth-grade abdominal bridges (+= 0.532,p<C0.01) Results 1) The
FMS total score for predicting non-contact sports injuries of Chinese swimmers is 16.5 points. When the FMS total score of
Chinese swimming team athletes is lower than 16.5, the probability of injury is greater than that of athletes with FMS total
score higher than 16.5 points;2) The FMS total score of Chinese swimming team athletes is significantly correlated with core

stability and has no significant correlation with the explosive strength of lower limbs.

Keywords : swimmer; FMS; core stability;lower limb explosive strength
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