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Effect of Post-Activation Potentiation on Sprint
Ability of National Skeleton Athletes
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TIAN Guang'*, ZHU Huan', GONG Min', WANG Dan', GAO Binghong'

H OE: B6Y: EARE G AT ALY R = A 69 80E G 3 3% 2R (post-activation potentiation,
PAP) s F B4R T £i22) R 30 m A Al s ghed Hom KA FEME T £i53) R 2 PAP# 3
%A RETRAIA R A, Fik:ATETERRTABDRTRE LD AR
AR, BREH R EELEARGFER — AR, MK, 1 RAEFH R R KRS
40 min #9A7f 2 & L1 B 6 min B AAEVEAT30 mMiX. % 2)8 %38 5 4B T AR S
2 RARIA 1K 75%.50%.25% IR & T Aedi [ A 77 74 4] 20 m, 4k & 6 min J& #4730 m R
AR 1) RE LR B (F=0.272,P=0.845, ES=0.212) . R A fn i % (F=0.385,P=0.765 , ES=
0.253) Fo LR #L B (F=1.997, P=0.151, ES=0.578 {63 & 2.3 1 £ 5% ;2) 7 R ALK # & s
= K £ g 4 b (percentage of maximum heart rate, %HR,, )<<60%(F=2.009, P=0.149, ES=
0.579) \%HR,, 60%~70% (F=2.010, P=0.149, ES=0.579) .%HR,, 70%~80% (F=0.368, P=
0.777,E£5=0.248) \%HR,, 80%~90%(#=0.160, P=0.922, ES=0.163) 163 . & F 1% £ 7+;3) &~
F) 402K 30 m 7 ) s 4 A 3514 £ 5 (F=15.635,P=0.000,ES=1.616) . F/6 L% R L+
50% 1k FL T A ALFLL 30 m P k] A AT 23K T RS AR LA (P<0.05) .25% R & T 4k
F ML (P<0.05) . 75% ki & T A4 P2 (P<<0.05) , 75% ¥R Jit & 5 A4 FAL 28 30 m 7 1 2%,
4r B EAKT 25% KR T ARRMAL(P<0.05), 253 : R 1R 50% 4k i & T A4 20 m
AN R AR AR B MR T 23 i 69 PAP, 3t W 4R 5 30 m ok R R . BRI KA R
A2 B F D A B IRAT TR 50% R F T AALIR G AT AT & ) b ] 4 555 R AE3E B
R AL

KA MR T F 35S H R o

Abstract: Objective: To observe the effect of PAP (post-activation potentiation) produced by
different loads of sled resistance sprint on the 30 m sprint performance of national skeleton ath-
letes, and to explore the optimal sled resistance sprint load for national skeleton athletes after
PAP induction training, so as to provide guidance for the pre-competition warm-up and physical
training for the national skeleton team. Methods: Seven key athletes from the national skeleton
team are selected as the research objects and are required to complete the test every Monday for
four consecutive weeks. During the test, athletes are required to complete a standard warm-up
for 40 min in the first week and then take a 30 m sprint test directly after a 6 min rest. In the sec-
ond, third, and fourth weeks, after the standard warm-up, the athletes use 75%, 50%, and 25%
sled resistance respectively to sprint 20 m, followed by a 30 m test after a 6 min rest. Results:
1) There are no significant differences in morning pulse (F=0.272, P=0.845, £5=0.212), morn-
ing blood urea (F=0.385, P=0.765, ES=0.253), creatine kinase (F=1.997, P=0.151, ES=0.578)
among the four groups; 2) there are no significant differences in percentage of maximun heart
rate (%HR,,, ) <60% (F=2.009, P=0.149, ES=0.579), %HR, 60%~70% (F=2.010, P=0.149,
ES=0.579), %HR . 70%~80% (F=0.368, P=0.777, ES=0.248), %HR . 80%~90% (F=0.160,
P=0.922, ES=0.163) during warm-up among the four groups; 3) there are significant differences

max

in 30 m sprint results among four groups (F=15.635, P=0.000, £S=1.616). Post-hoc compari-
sons show that: The 30 m sprint results of the 50% body weight sled resistance group is signifi-
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cantly lower than that of the no sled resistance group (P<<0.05), the 25% body weight sled re-
sistance group (P<<0.05), and the 75% body weight sled resistance group (P<<0.05). The 30 m
sprint results of the 75% body weight sled resistance group is significantly lower than that of
the 25% body weight sled resistance group (P<<0.05). Conclusions: The PAP of skeleton ath-
letes can be improved effectively by using a 50% body weight sled resistance for a 20 m all-

out sprint, which in turn improves their 30 m sprint performance. It is suggested that coaches

are encouraged to use 50% body weight sled resistance load for all-out sprint in daily training

and before competitions to improve athletes’” performance in short-distance sprints.

Keywords: skeleton, post-activation potentiation, sprint
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LT T H LR RS o O R AR i B AT DKGE T
1T St (R4 55,2019 . SRR LR BT, il g8 7 5 3 4L
% AR T 30 A8 1% V1A OC (Colyer et al., 2018) . A #f
FOR I, AR T HEARIZ B R fe A O 8 B S50 1 T Al
A0, F5 J 0 AN I B 90 Bk % 5t (Sands et al., 2005) . LLAN,
R OROR P AW 28 55 2 3 4 T H BT 1 4 44 e is B 5y AE ed)
f9 97 326 o5 30 m 3 R AR S 5E B (Bullock et al., 2009) . H
ST I, 5% H I A BE B R e % TN A S T H O E
T, E3EA R Q010 FRATFFELHEL 2014 FREK
B2 2018 E 7 B A B4 I T AL T B iz 3 b1 2014 4F
RE W o M E B8 3 o i AR R B BOR S
PUZE B G20 A 1.7~3.0 1 1 I 17 52 i Cff 43 5%, 20200 .
XU AR R RE 0 AR T R T E SR BN SN
Wi D] 2%, bR T e b A 2 A 28 T R I Bl T I A R SR A
CREHERN 45,2021 5 7+ — 4 4§,2020)

HERR I B 75 ZEROC W R A &, DR 0 A B e
% 5 M F1 2 25 HE AR o B iz 83 L (Yaicharoen et al., 2012) .
Vi J5 48 5 2% N (post-activation potentiation, PAP) 2R i i
N T e SovE i fi) 2 81 (Chatzopoulos et al., 2007 ; Win-

SCHRFRIRAS: A

wood et al., 2016) , (Kl iR I PAP 5 W& HE47 Il 25 7] e 5 B
FREMETEIE8) G EE SR RS Har, EjoeT
PAP IR 78 2 GV [R] — Fufar T AS (7] 18] 8RS 18] B 7= A= (8
TR (R EE 55,2020 A ,2019), 6f WL T FH & 40FH
TR 5 PAP X R S R R BF 9T, T 4R A [ SR I A
BT BH 1K) PAP RFAE S T v 6 49 32 =5 42 [ 52 BA 12 By 33 R T A
5 RARRE 2R BA EE S 3 8 . Bk, A0 Fix
Hh 4 28 T 2R [E] 5K BN s 3l 53R AN [ e 5 AR B P
PAP i 3 45 1 J5 (¥ o] s ST dE AT 0 7, R R b AR 4L =5 7R
[ 5% B\ 12 3)) I3 PAP 5 5 25 >J [0 foe A 5 A i BH 6 47

1 HRIFE5HZE
1.1 AR %

AT LA T 44 o AR AR T 2 R A s B AR
WFFORT R (K 1D o B OR B A 32 2 01 3056 39 6] I 25 0 K1) 35
— 5, BT ZAREAES 5 AT 6 A H A K T BB
Wi, BEBHEEYNE, TAEZYRHE—RKIF
— N 1) 58 I o E W A TR I R ke % I AR KR
—H, A EE) RBEE T AR RS, AT sEE T
AR E R AR 50 Z A .
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Table 1  Basic Information of Athletes
A 4 #&/m R E kg BMI/(kg-m™) R EHEFL LE S
[E]xx 5 183.5 83.3 24.7 24 EF R 6
BEx 5 178.7 74.6 23.4 25 EF 4
[ xx 5 176.9 84.4 27.0 25 EF 6
A S 171.6 62.9 21.4 19 EF 3
Hhxx * 169.8 62.9 21.8 23 EFH N 6
Hxx S 172.9 66.1 22.1 23 EFH N 3
Roxx ES 168.2 69.0 24.4 21 B 3
M=SD — 1745+5.4 71.9+9.1 23.5£2.0 229422 — 44+15

1.2 PAP#-$liX
1.2.1 PAP% il i 12

AT SR IS B A TE TSR 4 JE (¥ — 58 O, A
5 PAP 15 3 U7 G2 e JI R 35 18 = N BB IR B b S
BT X538 3 A S AR BLBRIR S BEAT 1T A . 28 1)

Ji— F/F9:00 HF 46, 34T 1 RISy 40 min AR AE A £
045 10 min 18 #0565 1K) B 28 B AT 47 8 1) 5 B B S 25
2RI EL 90%95%  100% [ 58 B HE4T 14K 20 m gl , 43
5] 1] 8K 2 min (Whelan et al., 2014) , /K 2. 6 min Ji5 #4730 m
WORIIAR . 58 2 L5 3 B 4 58 bR E AR B S 23 iR
39
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FH 1R 75%50% < 25% A 57 2 11 S i b B 4 3 vh 4 20 m
PR I2 6 min J5 347 30 m IR (B 1),
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Figure 1. PAP Induction Test Procedure
122 30 m ] 3%

123 A UL = R 2 B BT E 1) A Rl SR A T
SCHE L CHETFTAESE 1 TT5 50 om AL (1 45 10 2 B 28
o SR FH G A 22 A AT DU ) S D AE AN AR A HE AR
R 1B 8 A — ORI TR RS N = A B
) GLAE A PR LR 4 T 10 Sk S DA DR R
SH RS | KBS 7. Al Smartspeed 1 FE R B R
¥ R 4t (Fusion sport , # K F ) 1 o
123 /R & IR e s

1L % & (blood urea, BU) . L 2 i [ (creatine kinase,
CKO % i = 18 18 4 ifiL -+ 20 A= 44 79 BT {X (Reflotron Plus, 3%

FED JE AT I, M AT — K8 3 51 AT 78 20 AR
&) Ay Jil — Bk 6230, 3K FH AT 25 0 B ot R 1 A SR R T
Jik i 1 mL AT IR
124 O FIMR

L 26 (heart rate, HRO P30 A0 45 = ik Ik 22 4 & o 72
HR HR M. SR 4R e 2 A A (Y X306, H ED R
i, MK BT — KRB 2 G AT 78 20 AR L, DA 8] 9 5 J —
H 1 6:30. # & 40 min 4 F2 K ] Polar Team Pro /0> % &
(Polar , 55 =) HEAT 5 K0 % H 43 b (percentage of maximum
heart rate , %HR,, )l i .
1.3 %t F o

K Hl SPSS 24.0 4 i+ A 2t 47 bl Ge it 20 #r , 45 R LA
T ¥ME £ bR 2 (MESD) R 7R . R A Shapiro-Wilk 2 &
06 Bl 2 B AT A IR 20 A, SR A A 3R N T 2 X
30 m PR RS R K RS BU T CK & #4 & HR 304 34T
FEAR Sy M, B 5 Pl LSD v B AT W L, 8 2 1
FRN & Ceffect size, ES), &3 /KFN P<0.05.

#R
2.1 RF AT E AR X AT Bk BAL BU A» CK X 25 R
4 AN TR 7 A 25 A e BRI AT R K S = 2 BU AT CK
HEAT B DA 3 BN T 2 A o (GR 2D R Ik (F=0.272,
P=0.845, ES=0.212)  jZ {2 BU (F=0.385, P=0.765 , ES=0.253)
AT CK (F=1.997, P=0.151, ES=0.578 ) 4 JC & & 1: 2% 5+ .

x2 ARAHFASERABNKERMK.REBUM CKUWIXER

Table 2 Morning Pulse, Morning BU and CK Test Results before Sled Resistance Test with Different Loads M=SD
FEL oy R E A 25% & T AL 50% 1R 5T & 5 AR 75% &5 A A
MR/ (R ~min™) 53.13+£3.91 52.88+3.80 53.38+3.64 53.25+3.99
BU/(mmol-L™") 6.64+1.19 6.334+0.75 6.48+0.58 6.30+0.67
CK/(U-L™) 154.71£76.41 138.86 £75.24 125.43+49.82 146.14+75.86

22 B G TARRMAA GBS R G LR

oF 4 VRAS 8] 47405 25 A e BRI 5 AT 4 B i B0 B 3R AT
OE W T 2 AT WO (K 3) : %HR,,<60% (F=
2.009, P=0.149, ES=0.579) % HR,,, 60%~70% (F=2.010,
P=0.149, ES=0.579) . %HR,, 70%~ 80% (F=0.368 , P=0.777,
ES=0.248) \%HR, 80%~90% (F=0.160, P=0.922 , ES=0.163)
BT R EIEZE .
23 RE) R AT E ARSI RS X 30 m ot k] R 4T 6 Feh

Xt 4 YA [ 47 4t 25 A 7 BEL U A 30 m b i B 45 8 AT
FLR R E LW R T 2 0T iR (R 4 AR ZH IR 30 m
IR G A M 2 7 (F=15.635, P=0.000, ES=1.616) . %
Ja LA R 7+ 50% 45T & 5 A Bt B 2H 30 m o I B S
T EHREYUHLL(P<0.05).25% 7 i & S Hi LA (P<
0.05) « 75% 1K i 7t T 4% 470 P 41 (P<<0.05) 30 m 7 3] B &%
75% M5 = T AR PR A 30 m v i R S R S AR T 25% 1R R

40

2 5 ZPUE 2 30 m PPl S (P<0.05) .

®3 AREAFERABEASHROREEER
Table 3  Results of Heart Rate Monitoring during Warm-Up Phases

of Sled Resistance with Different Loads M=SD
"HR EE#H  2B5%REE S0%RIEE T5%ARRE
™ M/min FARI/min FARIL/min FARIL/min
<60 11.57+2.15 12.71£1.80 12.43+1.90 12.4340.79
60~70 16.86+1.95 1557+1.40 16.00+1.29 15.71%+0.95
70~80 8.57+1.72 8.57£0.98 8.29+1.25 8.71+£1.25
80~90 3.00+1.53 3.14£0.90 329+1.11 3.14£0.69
90~100 0.00+0.00 0.00+0.00 0.00+0.00 0.00£0.00

3 iTFig
A FAE IR 24 H ¥ 34T R K R BU R CK IR,
sERFH, EIR Y H iz sh i S AR HLASIR AL B 31,
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FE A B AR 0 3 I8 3 G LE 4 I () A & i FR g
B i S B AR — B, R UL R AT A O AR RO R B AR
7 S g T AR PUPH b o) . 22 H AL % Q016 FF AR I, 4~
12 min (K 5 B 17 35 58 7= 25 PAP, (H A7 76 Mk 2 Je vk, HL
18K 1185 T H 7742 PAP BT 7 1IN 8] 9 5~10 min. Seitz
(2016 B 78 T PAP J5 [ P S50 BSF 17 %o [ J (1 v o) 55 100 H
EEN RIS, L5~ 7 min 15K AR B IR E] 7 AR
PAP i K. BEAh, 45 & MEE T 2T H S bR il , 38 3h 53 74

G5 HGE , e l L SR AT B 4% v & T R e R il 72
20T 6min. [K t, AT F0R (] B ] % BN 6 min.
Smith £ (2014) Fl Whelan 25 (2014) iff 57 3% B , #5056 fop 1]
L7 4 PAP ; Winwood 2% (2016) Fl Cross 2 (2017) 0 5t %
B, 5 5 6 g W] AR AR PAP, 5 D LU PP A AS [ 6 A 7=
= (¥ PAP [RIRIF 78, R 0k, AR 78 B 76 06F LU AN [7] 47 o 55 A% Bt
BH Ji5 77 A2 (1) PAP 250 R

x4 FERFEEEGBEFRIE 30 mhRIE S

Table 4 Results of 30 m Sprint after Sled Resistance Sprints with Different Loads S

TEHIIL  25% R EE e m Ei 50% R E T AL Ei LR e X E20:1
] xx 3.72 3.72 0.00 3.70 -0.02 3.71 -0.01
[ 3.85 3.79 -0.06 3.74 -0.11 3.78 -0.07
FEx 3.63 3.67 0.04 3.59 -0.04 3.62 -0.01
Hhxx 427 4.29 0.02 421 -0.06 4.24 -0.03
Hxx 4.15 4.18 0.03 4.07 -0.08 4.16 0.01
AR X 4.27 4.25 -0.02 4.13 -0.14 421 -0.06
SRoxx 4.28 433 0.05 4.20 -0.08 431 0.03

M+SD  4.0240.28 4.03£0.29 0.01£0.04 3.954+0.26"@ -0.08+0.04 4.0040.29% -0.02+0.04

ER TS R E AR, 50% kB T AR ML LA 50 £ R (P<<0.05) ;#E T 5 25% i % 5 AL IL 3R, 50% R & B At
T B A B M £ F(P<0.05); @FT5 75% k% T AL IR, 50% R 5 AR A LA 50 £ 5% (P<0.05) ;& & 75 25% /&
TR TARATLL AR T5% kR AR B A B350 £ 7 (P<0.05); 205 &5 KB A [ 2 e ds

AT GE I I 5 A AT 50% 1K 5 5 55 4% Bt B PAP -+ Tl
JG ML B SR BB, 83 ROt T 0.08 s, HATH 12
Bl AR L TE T AR BT BE 4H 30 m i ofil A S 38 A AN S L 50%
A% R B 5 AR LB A7 A o R S 2 2 B B2 30 m ) A
Gto 75% R 5T R SR bR S 30 m R S S TG
TPt HAM LB BR B A BEEZR A2 75% i
B RBUPES 30 m Il AR S TG 5 A% Bt BEL2EL b i B A
Lo, 5283 REAER, FIHIRT 0.02s. AFFTE
Winwood %5 (2016 [f) 5F 75 45 S AH L, 76 %5 9 G %1 J2 -
18 FH 25 48 51407 75% AR5 B ) PAP 7 R 5 15 m R I R 5t
B 5N, Cross Z (2017 W58 KB, 77 4 PAP F) B 13
R BT BH 7 77 R TR 1 69% ~96% , 2L A% 1R 1E = A
J il AT AR, 5 A L. S T R A R
17 BB R L, AR HIE 5 Hh 77 A PAP 11 S5 4 B nf A 50% 4% 5
5 AR BT PR, RS AR T A AE O B 9T 7 AR PAP (1 i A
AR PUBE G4, AR AT T 75% 1A 5 5t 55 A% Bt B 47 4
AHERHEOm MR RS Es  AAEAFRE.ER.
Alcaraz 55 (2018 fF 71 2 B , AN 5] (¥ 3 T £ 3& A A ] (1) 4t
AR, G N3 R A) DL 5 R 1) HE B AL X mT e
H T35 A% AN 32 2 R 2 IR] (1 B 4 0 A1, AT 9 T 324K
IR ST RS o T AR T IR ) b THT Dy 2 PN B I R
P NI R B K, 3K T RE & AR WE AT R R A PAP 1 iR A
g 48 F AR AT AR W R Kl 2 — . Linthorne %5 (2013) #f 72
R NEE M b A 5] TR BB R BN 021£0.01,

T E 7 RO T8 14 22 T (A AR BT ) b B 2 % 50T g ik )
0.58+0.01, (At , 2445 A A (1 K i _E AT T AR UI 2RI, JBE
BRBOTRE A BUKKI AR AL, I AT B8 23 0 it In 28 4 ) T
P ERKM R . Bt b, 123 A 7R S ke Bt B ol B
[i1) [ 5 0 T R % 2 A 19 o B, (5 ey T AMA R RE LR
ARG, TR NEZES

FEARTIT T 5 50% H1 75% A 57 5 =5 e 7t BEL b ) BT 3 B
R 50 32 B 27 1) AR A W] R AR AT R I IBOE ROR . TR
BEL 38 T LSS 00 LAY g 58 WA g B e g Sk R T
$3% (Fradkin et al., 2010; Martinez-Valencia et al., 2015) .
Winwood 55 (2016) BF 78Ik 0y , B 5 [ 51 4 7T LG 3 B K
FRIILET 2 2 15 Ja B b o) e 5 B0 R 8 32 80 BT, AT K
B KRR A 2 AL PR AL o] 3 T i 30 A3 O M R B ok R o
B SESG . LR Ak, A B A S AR T B b ) T B
fI538 Bl 57 AR B ORI /K B e T S AR H ol e, 42
T G ) n 3 4 fiE (Kawamori et al., 2014) . BFFT KL,
AR T T8 FUBH 0 R T 55 5 55 AR T BH o — B AE R
5 0 B A R ) B A AR T . A B R
K2 T T, 55 A e B v ) B T e BEL o o) £ 7K S 4 3 0 TR
K (Fradkin et al., 2010; Okkonen et al., 2013) . X1 fit &
B g AR R T TG 0 BEL b R 5 25 A 7 BEL o o o K AR A 2
14K (Cronin et al., 2008 , Xl b AT LAFE 7K ¥ 5 i it o 56K
(177 Alcaraz 5 (2008 it id 25 £ 73 M & B, e L FHL VI
YRt R R R S I AT RO G5 E S R = AE <10 m )

41
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S0 B B, TN 48 5 AR 000 H HEAR R B BT
15~65m, &5 — N30 m, iz 3h 72 7 HE3h 5 42 52 R &)
30 m (WK B 2 G %5,20200 . Rk, W ETE R 0~
15 m By BORE o FE 32 28 i i IR IR FE 229 30 m BAR AL, U RE
5 3R A5 K R B R

FE AW FE T, 25% 1A 5T B 55 ke 7 BH o 1 3 B S R
30 m POl R ST B s, 5 Smith 55 (2014) (IR 7 25 18
— B BUR IS AR BT REANE TR 2k bl e .
Smith %5 (2014) % F & it & 25%~30% &5 #& bt BH i 3l
3 I A S B R B AT A % TR A T
REA L LI & PAP 4516 . Whelan 25 (2014) B 50 K BH
A4 FH A DR 25% ~ 30% 11 25 4% 471 ar 2E AT 0 BE v ofil I oK
E B A2 A5 BE A3 (5 00 R 5 10 m 3 ) 3% BILAE 7E PAP. 45 b
BTk 5 25%~30% 4 51 & 55 k% Bt B v ) A &2 BA 51 k2 PAP,
J5 DR RT B VA AL 5 (I, PAP PR AE [T REMEAR . R
K, W] LLIE— B BNt FRE A B e AN TR AT B AN TR 1) B
B 1) BT 722 25 1 PAP 53R4T X ELAHF 7T, DA 53K 72 4 PAP ) B4
1 B I 18]

4 5

K 1R 50% 14 5 & 25 4% Bt B 20 m 4x g i il B A 2K
RN AL T BEIE BN 5 K PAP, HE 1T $2 55 3 30 m o) R 5% .
B SR ATE H IR DA B L 38 6 AT SR 50% 4R B
=5 KR BUPH 5047 BEAT 42 J v, B2 02 Bl G R R S o R
FI .
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