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CONSIDERATIONS OF THE NEW FIELD TEST
TO EVALUATE THE SPEED ENDURANCE IN TENNIS

Yoji Sato” , Jun—ich Eguchi”, Kaoru Umebayashi”

Abstract

In recent years tennis rallies have increased in speed"'™. Furthermore, several recent cases™™ have been
described in which mean blood lactate levels approached the onset of blood lactate accumulation (OBLA).
Defining contemporary tennis as an intermittent high intensity exercise, the authors aimed to determine a method
of evaluating the physical ability of speed endurance that tennis athletes are required to acquire at present. The
purpose of this study was firstly to elucidate the optimum form of intermittent exercise for use as field test for
tennis playe;s,\ and secondly to clarify the relationships among speed endurance, ventilatory threshold (VT : %
VO:2max) and post—exercise blood lactate level.

All subjects were tennis athletes (42 males and 34 females, ranging in age from 12 to 21 years) who competed
at the university, regional (state), or national junior level. The physical tests evaluated were as follows :
intermittent 5 m, 10 m and 40 m sprint runs, and intermittent 10 m shuttle runs, 10 m repeated double shuttle runs
and intermittent 50 m change—of—direction runs. These exercises were performed as intermittent exercises and
were performed 10 times with 20-second intervals. Twelve—minute—runs, shuttle—stamina—test (10 m shuttle runs
in 3 minutes), 10 sessions of intermittent pedaling (0.075% weight kp/5 second) with 20—second intérvals, and
treadmill measurement of VT were also performed. Post—exercise blood lactate was sampled after the intermittent
shuttle runs and the intermittent pedaling. Each series, comprising 10 trials of the above—mentioned intermittent
exercises, was divided into 4 phases : first phase (1" trial), primal phase (2™ to 4" trial), middle phase (5" to 7"
trial), and final phase (8" to "’th trial). The extent to which performance time in the final phase was prolonged in

comparison to the previous phases was regarded an indicator of speed endurance.
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Performance time showed a gradual increase for intermittent 40 m sprint runs and 10 m double repeat shuttle

runs, while power decreased similarly in the intermittent pedaling. In intermittent 10 m double repeat shuttle runs,

prolongation of performance time was inversely proportional to VT and a linear relationship was found to exist

between post—exercise blood lactate and ventilatory threshold. It seems reasonable to conclude from these results

that the optimum field test to evaluate speed endurance in tennis is an intermittent shuttle or splint run of about 40

m in total. Considering the inverse relationship between the prolongation of performance time and VT (which is a

reliable indicator of maximum aerobic work capacity or anaerobic threshold (AT)), it is reasonable to presume that

speed endurance for high—intensity intermittent exercise is based on aerobic work capacity

(n

keywords : intermittent exercise, field test, tennis
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Table 1 _Running Distance in SST and 12-min.-run

ID (initial) | shuttle stamina test (m) | 12-min-run (m)
Yl 523 2959
TI 542 2959
YH 2894
N.M 520 2882
M.O 520 2802
SS 2726
EK 2715
Sl 470 2670
HY 500 2660
TY 516 2657
TK 2640
SY 480 2583
Kl 493 2488
Y.H 451 2463
E.O* 2437
E.O 500 2437
M. 470 2373
ST 494 2370
Y.U 460 2367
YK 448 2364
AK 450 2213
M.S 350 2155
cu 2153
N.I 460 2126
K.M 445 2070

Uppers are male, downers are female.

HAZJeieE, b, BAE., Jbke, HiE, L.
REL, UE, LN 9 i) 8 ik L7 i L
RVDFZADY 2 = TREF 2R E L7 g
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Fig.13b THE RELATIONSHIP BETWEEN
12-MIN-RUN AND DELAYED
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REEIIBM LB F14%. ZFI0BOTE T 4
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FTL2EPH15TH o 72,
TA4=VRFAMELTEBLE,
k] [30mA 7)) ¥ M) [10m¥ v VT ],
[7 7> FYN (fun dill) (7= A 32— % FIH
L7-5 K mAEHEE) (Fig7) . T = A2 — DR —
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Table 2 Profile of The Regional Junior Tennis Athletes (2001)

D] AGE | SEX [FORENAND] FH.STROKE | BHSTROKE | HEIGHT | WEIGHT | BREAST [BODY FAT
Unit] _Grs) | (M/F) | (Right/Left)| (Single/Double) E(Singie/DEuuble) em | Gem) t(cm) )]
V0T W M | R Single hand 0 7723|  626] 814
Moz oM R s 0 1880 526/ 770 159
Mo3 ul oM R s D 1674 6a1| 880 153
M04 6 M R s D 1707) 560/ 800 130
M05 1l M R s s 1759 610|844 148
M06 1w R s 0 1752 625 825 139
Mo7 16 M R S D 180.3) 64.8 86.0 13.0|
M08 13 M R s D 4l seif 790 10
M09 1 M R s D 1616 446 !
MI0 oM R s D 1522 458
M 1l M R s D 1782 641
Mi2 B M R s s 6510 497
M3 ulom s D 1663 536
Mi4 14] M R S D 161.5 544
average| 145 16901 5662
sd| 13 72531 6799
maximum| 17 1803|648
FO1 . F R S D 1587] 462
F02 15 F R s D 1558 508
FO3 12 F R Doublehand D 151.5) 46.6,
Fo4 1 oF R s D 1539 520
F05 1 F R s D 1541 458
F08 " R s D 1577] 515
FO? 13 F R s D 1513 453
Fo8 1l F R s D 1500 448
FO3 13 F R s D 1572 420
F10 13 F R s D 1556] 536
average] 136 15458 4184
s.d, 0.84] 2.944) 3.796)
maximun) 15 1583 536
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Table 3 HUSBIECA=7TF-IBRFOAEHER(20014)
male temale |
3 EE H unit average | maximum| average | maximam
50mZ% AZERE sec 15.32 14.23] _ 16.541 15.62
THENY om 2294 258.0 189.3 2170
AT 4SRN () m 6.54 7.55 6.24 7.30
30mE] sec 481 4.31 5343 5.05
I7EIN sec 18.13 16.59] 19481 18.3
I CHKE| B30 21, 270 16.1 28.0
gL @308 29. 35.0 259 40.0
S v ILABRES m 547, 586.0 516.1 550.0
42.055mEWERE-HFR) (sec) 791 1.41 8.58 8.2
42.055mEEERL~FF) 10m rup time (sec) 2.10 1.91 2.252 2.05]
40m S P TERE) 1] (sec) 10.86 998]  11.666 11.08
40m S SUQEME) 2] (sec) 10.85 9.83] 11763 11.02
40m S LS QERE)S]  (sec) 10.87 9.94] 11.865 11.05
40m S b N ERE) ] (sec) 10.98 1008 11,759 11,00
40m S bV QEHE)S]  (sec) 11.05 9.87] 11,748 10.86
40m A b LTI QERE)E]  (sec) 11.06 10.05] 11844 11.14
40m b LS QEEE) 7] (sec) 10.95 1001 11,795 11.04]
40m S LS QEWE)E]  (sec) 11.06 10.09]  11.883 11.09
40m o b SUQERE)  (sec) 10.98 1007 11922 11.41
40m S x LS QEBE) 10| (sec) 10.91 10.14]  11.745 11.34
7 EY L] (sec) 16.06 14.74] _ 17.301 16.35
AF 43— (2kg) B ] m 8.19 9.82 6.255 75|
AT 4L UR— I (2kg) Y —E R 1§ ] m 8.85 11.87 6.616 8.28|
AT R—IL (2kg) HH AF] m 10.34 13.08 7.148 9.4]
AT A TR (2ke) B A ™ 9.35 14.6 6.883 8.85|
AT A >~ (baseline) B % FH L7z [42.055m ¥
¥ MVS ] [HIRE40m> ¥ VT >~ (10m—

2 1H18) | % 208 DR B % B A CL0[E 0 [FUAE % S ffi
L7 R e B AlIcsEEt L, [Table 3) IZ/RL
7oo F7o, AWZEIREICIZEREED S VAT, ([
BEIZHlE L7z, (S BIEBRTY], TA 74 A VK-
WERIT] % EOMDREEE b SEIZHETRL
720

[Fig.14 a]. [Fig.14b] 12, [FR#40m> v
MVZ v (10m— 2 HE48) JofE Rz B £
FNARL7, Bk b [first) 55 [primal 4]
RETURE., RBROBRBRPBIEINLD, BFT
1x [final 48] 2% middle #] & D 282 v\ 2

12
11.95
11.9
11.85
11.8
11.75
1.7
11.65
11.6
11.55
11.5

TIME IN SECOND

primal middle final

TRIAL PHASE

40m SHUTTLE RUN
(AREA CAMP,GIRLS)

Fig. 14b

105 ¢

-
o

Power (W/kg)
w
© @

®
2]

1st

2nd 3rd 4th §5th 6th

Trial number

Fig. 15 Anaerobic Power

7th 8th 9th 10th

&L BMOSKMSESL, T2, KFITFREHOHKIER
AEHETIE R o7,
BEEIVIA—=5— 280, SHEOETX
&) ¥ 7 %20 B DK B A Bk A CLO0EIHE 1 R 3R
REGVEE DR E% HET L TR L7, RITEOHK
B ) OBBEMEST —OFHEDOHE %
[Fig.15] 1Z/R L7zo BB AT [ 50 128
NTNRT—DRENPHEETH S, [Figl6] 12,
BV B E LTELS ADOODBAT— % %218
ANORER TR L 72, [ Bid. B
BESHOFHETH ). [€] BIIEEADHE
Thbo NT—DHS, BERLEIMBAEND D
ZENHETH S,
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Fig. 16  Anaerobic Power

% § figures left side are of girls.
And 5 right side are of boys.



Table 4 Profile of The National Junior Tennis Athletes

FLABRICE W R A — KEAMHED =D 74 —ILFF X MIEAT 3 —£%

Table 6 a4 IPa=PT=ARF ORI R E(20014)

Male Female

4) AGE Height Weight “FREE it average bost overage best
(yrs) (CITI) (kg) SOmAMEBRE (sec) 143 132 155 14.7
IH5ERY (m) 107 114 9.6 10.1
MO1 13 M 163.6 50.1 FEERU] (om) 2218]  7wm0] 08|  mio
MO2 14 M 171 56.6 AT AL =R (T 5) (m) 633.8 752.0 682.9 850.0
30maE|  (sec) 479 4.57 4.971 4.29
MO3 13 M 166 52.7 27 SZB 18.5 175 19.2 17.7
M04 13 M 162.8 47 TSSO (seo) 9.7 93 100 94
B TR | (Bl 30s0c) 230 340 12.7 220
ave. 165.85 516 LR (@/ao:::) 27.250 32.000 21.300 34.000
s.d. 3.693 4.067 SXPVRESS] (m) 546.0 563.0 539.1 566.0
FO1 16 5 158.2 53.4 igm *::rb)b?)(lt{iﬁiE)‘l (sec) 5.21 4.99 5.43 4.96]
. m Lok ASLEHE) 2] (sec) 5.15 503 5.23 4.46)
F02 14 F 152.7 415 20m wma;umx 3| (sec) 5.15 504 5.28 4.49)
FO3 14 F 166.6 553 20m 2 ob S OENE A (seo) 513 504 5.30) 491
: 20m YRS OHHE)S| (sec) 5.26 5.10 5.27) 4.60)
Fo4 17 F 163.5 59.8 o ;ﬁ;mz I;E)G =) 5.14 503 5.3 4&‘
FO5 24 F 167.9 54.7 DY ST e ] ] O ) Y
m L rbILSLA(1 ik sec. ) 1 . 4.72]
FO6 14 F 162.9 56.2 20m S vEASLUIEREIS  (sec) 521 5.16 5.23 4.79)
Fo7 15 F 163.4 528 oo 2oy T e e M -
F08 14 F 160.1 518 BB EGE~EH) 10m]__ (se0) 228 221 225 1.9
i i ise8l 484 e e et
F10 12 F 150.7 46.9 E : . : =
ave. 160.18 52.08
s.d. 5.759 5.254
2002
Table 5a Fitness of National Junior Tennis Players (Boys, A H A ~ ey X {= Lo '
articles of easurement MO4 |average] s.d. | best | + E 4< ]/ v 0) 7 A Jﬁﬂfja IE.J;LE#‘\ %% 4 % N
4644 _ R o
of 40 212 ZFI0%D T 74— )% [Table 4] IZRL 72,
91.5] 900 1.041
sl 500 7 [Table Sal KU [Table 5b] (. &HERE DB
5 424] 4938 3674
i 3 - ~ ! 2l <y
Egusy L R 28 ERRETBLINENENRLI-—EERTH 5,
2R REFER I . , o.zsl 0.232] 0.03(
SOmAFEHRE 8] 13.18] 1432] 14. 0.7! - — N -
AR S R LRI o [Table 6] 274 —)VFFAMELTERBLE.,
U5 213] 214 9.845
AT 4 R—L8 (BT 5) 660 94.207, < ° ~ N
T 7 260 L200 [50mAmZEREE|, [30mA 7))~ b, [10m¥
Zr2EY 18.9) 0.737
b ILT 101 0.352 = ~ S~ s . .
,_.Lm;; 5 T304 Y MV 2], 77> F))V (fun drill) | (Fig.7) .
U 26 3775
CXFILABET) 540 T1916] 563 - . — N .
5T BRIl 148 Soal e 7 — A d— FOXRXR—=ZAF A (baselme) FEﬁ %*”
Rk I (B B =T Y el 3.5] 0479 3.5
23 TTmEMEQRE TR 9.71 0484  8.68| ~ —
BImEAEAE-FR 10 234 oo 2] A L7 [23.77Tm> ¥ VT | 2000 DIKBE & %
40;;_;%!(%(1!:’; "F) Mgl 0312] 782
40m AE—F %) 10m) 2.19) 0079 2.16 . . .
S S ENE) T 541 o s A C10[E] @}i@ % '/fT 9 rFa‘iﬁ(El’JZOm vy bVT v
IAbLSUEWIE) 5.13 0095] 5.3
eI EHE) 3 5.10 0.104]  5.04 . _
wub—:vy(ﬂzuiiul 51 oom| 504 (10m— 138 |OFE R+ BLWIcEET L2, £
eSO ENE) 5] 5.37 0.127] _ 5.10) .
SRRSO EWE) 6 5.14] 0.140 5.03 7 . i E . B jJ\ 71_ fﬁ
ix r~ll«-"7>(l&(!x:)7| 5.09) 0072] _ 509) i Sz gAY 3 z >
SNFRSOUENE)E) 507 0.050] 507 L BEITIEAMEOB . FHZ R L 72l o>
X ~}b"5‘/(&% )9} 520 0062] 516 - '
SrbSud 1 5.18 0.067|  5.04] M -
F7 Ry I] 6,73 0.265] 16,12 {E‘“XEIE E li) :}%ﬁ L7 °
Table 5b Fitness of National Junior Tennis Players (Girls) [_Flg 17 aJ t I_Flg 17 bJ b“‘ rFEﬁ 7—( Egzom v r
articles of easurement ~] Fo1 F03 average | sd. | best
# hE)] a2 | ¥ X = ~ 3 — st
$M? s s PV T Y (10m— 1 #18) |ORRERL, AT
37.! . 25.8) 3311 411501 37
ﬂg%g 92 |_s20] 710 858] 15.2738] 105 .
52, . 50.15] 8. ¥ * = - $= 5 = N
A;Q#IHE 130 8.1 3'711*5) 142 :2:;:2 :gﬁ @;‘5{ }: Eagibh ZE,O)/[tﬁmﬁ) E?Jl.‘»y) % n‘g_\ ﬁaf%wl’%
{REA b1 ‘?;:; 496.7 6| 49.1 4::; 4.39395 Sl.i
ﬁ!ﬁ 1 58 53 .2 4.87169] 8
E-= -
o e e e s ek I U SR =N P A P AR
50mn§£ﬂ;§§§ N:Z |;.89 16.74] ‘::: 0.8321] t4.69]
.S 91| 8.19 . 0.680] 10.1
n t 7 PR — 7 — |2 PR D4~
L mL ofsiemdieiny  HEEILIX -5 -2, SPHOZTIN
30miEl 490 4.66] 5.60] 4971} 03886] 4.29)
F7EYIL] 19,00 18, . 19.18) 1.17289 17.65) > ~ > =} Y =l
9:#»-?-‘/ 9.90] 9:; f(;!‘l; 9.96] (‘1:o§:7 9.35] y ]) v 7 % 20*}\ FEﬁ 0)1*,§\ i& %9{ /U 'C‘IOIE] ':f;tg b 1@/9‘— FEEj
____%ﬁ&’f_ﬁ_g 15] 18 4 12.7] 8.53282) 22|
HECL 31 34 27| 27.3]  4.900] 34}
I ) Y 155 - " 3 = = N =
E— ) = S KIWEEDREREEET L TRHE L, 7B K
23.77ImERRQAL-F) 1] 924 8.98] 10.29] 9.29| 051651 881
il.ﬁm{iuﬁ(lt‘—li_i ?‘ﬂm 219 2.24] 238 2.25| 0.18535| 1.95) 'f'; $ o =
T 7 16T 3110 Wk T swhawd 10l HHC) DEBEU T —DORKEOHE &
YRS EEE) W 551] sz|l 59 5.43] 0.31226] 4.96
FhASABNEI2] 500 531] 57 5.20[ 041245} 445 J— . = =) °
s T sfofod soup g [Table 7] ISR L7co ROAMBRL ST — O
ST E T W T T YT
o L3(1 .. 2 -, - - > .
:‘:l«‘ O EEE) 7] 525 47| 579 32| __0.260[ 487 9([34] }i?ﬁ b; CI: % ?ﬁ*ﬁ 72 % ﬁ-l}‘;u (/_ % n% *L |-Flg 17
bSO HE) 8] 5.22 .79] 5.83] .33] 0.35472]  4.72]
R Toreaaie FORE Mo T G oorol s
ZrRA T Y I 25 0. X . - .. . . <5 _
Zrh 7J77> TiLT] 16.87] 1 11| 1854 727] 0.93868] 161 CJ [_Flgl7 dJ Lum L f: o iﬂ?‘iﬂ& L )y o)lg*ji V-
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Fig.17¢ Decrease in Maximum Anaerobic Power
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Fig. 17d Decrease in Maximum Anaerobic Power
( National Junior, Girls )

Table 7 _Decrease in Maximun Anaerobic Power (Nationg_l Junior)
ID_]| Weight (kg) | Load (kp) Lactate (mmol/L) | Power (Watt)
M/F pre post | pre 1 2 3 4 5 [} 7 8 9 10
MO1 51.1 38 1.30] 11.35 9.6 103 101 102 9.7 9.5 9.6 94 93 90 9.0
M0O2 51.7 4.3 2.04] 13.56] 104| 104{ 1.1} t1.0] 108] 102] 99] 94| 9.1 8.8] 8.6
MO03 53.7 40| 1.16] 13.23] 108| 11.5| 11.2] 10.6] 10.4| 100} 9.3 9.4 8.9 8.8 7.9
MO4| 48.1 3.6/ 1.19 828] 9.7) 102] 96| 93] 93] 92| 96] 98 98] 92 92
n 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4
ave. 52.7] 39 1.4 11.6} 10.2] 106 105 10.3| 101 9.7 9.6 9.5 9.3 8.0} 87
s.d. 4.071 0.299 0.416 2.421) 0.614] 0.606] 0.779f 0.727] 0.714] 0.457] 0.245] 0.200] 0.386] 0.191] 0.574
FO1 55.3| 4.1 1.71 1.37 94| 10.2] 100] 9.9 9.8 9.5 9.4 9.1 8.9 9.0 90
F02 62.1 4.7 1.10 12.21 94| 102] 100] 99| 96] 95| 94| 9.1 89| 90| 9.0
FO3 54.5§ 4.1 1.54] 17.25 109| 11.1] 103] 97| 94] 93| 88 85| 84| 83 80
F04 54.1 4.1 1.01 1281 11.2f 11.1f 10.6] 100} 10.2] 100] 99| 8.7 97| 9.7] 9.6
F05 57.2 4.3 2.62 1177} 104 10.7| 10.1| 10.0 9.8 9.5 95 9.3 94 94 9.4
Fo6] 42.7 3.2 1.97 11,14 95| 99 9.1 95| 95 88| 90] 87] 88/ 87 8.6
FO7 56.3 4.2 1.30 12.89] 10.2| 10.4| 10.0{ t10.1 9.9( 97| 94] 91 89 9.1 8.7
F08 48.4 3.6 1.57 12.55] 9.5] 10.1 97] 98] 95| 93] 89| 88| 85 87 83
F09 50.0 3.8 207 5.[d 76f 17| 73| 12 74 14 171 69| 13| 80 7.8"
F10 52.6 3.9 1.04 14.92f 11.0{ 11.t] 10.7] 10.1 98 94} 92| 92| 89 89 89
n 10) 10 10 10| 10| 10 10, 10] 10 10 10| 10| 10 10 10ﬁ
ave.| 53.3 4.0 1.6 11.8] 99| 103] 98] 96| 95 92 9.1 88| 88 89| 87
s.d. 5.328 0.408 0.518 3.475] 1.072 1.002| 0.981] 0.870| 0.765) 0.715] 0.594] 0.759] 0.641| 0.494] 0.576)
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Table 8. 50m Sprint Time of Versity Athlete Tennis Players

16

articles\I1D. 10 9 1 2 3 8 4 6 5 7 n | average

30m rap time| 4.54| 4.87| 4.33| 469 500| 4.78] 445 4.95] 4.88 4.34] 10 4.68
40m rap time} 5.75! 597} 527 582] 631 593/ 543] 6.15) 6.02] 543} 10 5.79
50m sprint time] 6.79] 7.47| 6.17[ 7.16/ 7.58| 7.17[ 6.68] 741 7.32) 6.87] 10| 7.04

Difference (40m-30m) | 1.21[ 1.10] 0.94] 133 1.11] 1.15] 098] 1.20[ 1.14] 1.09] 10| 1.0
Difference (50m-40m)| 1.04] 1.50{ 0.90] 1.34| 1.47] 1.24] 1.25] 1.26] 1.30] 1.24] 10| 1.25

(40m-30m)-(50m-40m)] 0.17] -0.40] 0.04] -0.21] -0.36] -0.09[ -0.27| -0.06] -0.16] -0.15] 10] -0.i5

Table § Times of 20m Shuttle Run (Versity Athlete Tennis Players)

—h
4;

Trial number | unit\ID 10 9 1 2 3 B 4 [] 5 X

1| (sec) 472 483 447| 505 476 502 4.17| 485 444 458] 4.660] O
2| (sec) 452 458 4.34] 490| 457 454 400 4.79| 454f 454] 4532| 0.
3] (sec) 455 464 425 485 462| 458 461 496 450 447 4604 0.
4] (sec) 464 468 429| 471 436 463] 463 465 439 436 4533| 0.
5] (sec) 483 472] 501 465 443 458 429 485 459] 432 4587 O.
6] (sec) 484] 479] 445 448) 458 456 438] 465 429] 441] 4522/0
7| (sec) 475| 478] 438] 4.62| 469 4.57| 444 478 452| 436 4588

8] (sec) 464] 471 470 476] 490 448 423F 488 448 431] 4609

9 (sec) 462 462| 432] 473 460 454 451] 488 4.44| 434] 4559 0.

7_Javerage

average]  (sec) 4622| 4.68 47 .73 .60 4.60] 437

10] (sec) 451] 477 .53 ﬂ 52| 4.48] 438 ig’ 4.53] 455 4.520
8:

sd. 0.075] 008 22 .16 .15 0.15] 0.18

78] 441]_a43] 457]0.
.14 o.osi 01342 ] 0.

primal ave.| (sec) 457  4.63 .28 .82 .52 4.58] 441 .80 4.48] 4.46] 4.558| 0.

TIME IN SECOND
o

primal s.d. 0088| 005| 004] 010 014] 004 036 o8| 008| 00sf 0.1118] o
middle ave] (sec) | 4.61| 476] 462) 458 457 457 437) 489 447 437] 4566
middle s.d| 0067] 003 035| o010| 0.3} o001} oos| oos| o.6] 005] 01043 ‘l
final ave) (sec) 45‘ 470 451| 489] 467] 450) 438| 474 4.48| 4.40| 4566 0.1312
final s.d. 0073} 008 0.19] 010| 020] 004 014] o024] 005 0.13] 0.1230 | 0.0695
([final )T primal]) / Tprimal] * 100] (%) 0438 1.42] 5.18] -2.70] 3.44] -1.89] -0.88] -1.23[ 0051 -1.30] 0.253] 2.4729]
Tfinal) / Tprimal) * 100]__(%) | 1004] 101.4] 1052 97.3[ 1034 88 11] 99.12] 98.77] 100[ 98.7] 100.20 [ 79.868
Lantntel(mmol/L) 88 58] 18 2.0 74] 93] 138 8] 121 9.9]  10.08f 3.8902]

BFEOWRA LML LH 12, TR TR
KREFEFZEM ST —DRENA NS,
BERERBERT = AHICHET 5B F10%D
[50m 2 7') ¥ b ] Ofs. RUZDEEO30mit
HRUA0m#th Fm0EE 7 A L OFHARER % [Table
81 TR L7zs £ 72, 30m—40m iz 222 o 72 B
M & O40m —50mB 2 0o 7o D HER %
[Fig18]) IZRL7ze AY— FZIELZBAH
2 BIRERE S 72 MOBZ. TXTAE — FHR
ELTB), A¢— FOMBENTELVERES
Mole Fly A= FOBELFIZHBAEDIR
Y (AR

208 DR B % 3k A TR BYIZ10E D AT & EhE
L7-(RIREI20m > v PV 5 >~ (10m— 1 #7485t
20m) DFER . B OF N % 31 primal A7), [middie
1. [final #] D% 3B OFATIZH T TEFTL
-fig & [ ([final #5] — [primal #8]) /[ primal 4§ ]
X100(%)] OFEXTHEMLESEELAE
— FOBEFEFE L LT [Table 9]

RS TEZROMPFLERMES [Table 9] 1R L

[Fig.19] &, 102 BOFHHE % K25
T 7bL72dbDTHbB, —EBE [tirst 4] D

R L7720 F72,

0.8 ' ‘
Difference Difference
(40m- (50m-
30m) 40m)

DISTANCE

Fig. 18 TIME DIFFERENCE
BETWEEN THE RAP TIMES

TIME IN SECOND

final 3

1st primal 3  middle 3
PHASE

Fig. 19 20m SHUTTLE RUN (Versity Players)

REIEAENKREL, DIEOM & 0 5z LA
o> TWeds, DBEREMEILIZIZEALREDE
ILCHEBEE®IZRED N o7,

[Table 10] (2208 DIRE % kA TRXREIIZ10
EOHRATHEM L7z [BRHO0m> v b7 v (1
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TRIAL NUMBER

Fig. 20a 40m SHUTTLE RUN
(Versity Athlete)

Om— 2 ##) ] (140m) DO#FEFR, RUEL T EIC
[primal 48], [middle 7. [final 48] D& 3 @D
RITICHFCHEE L2t & . [([final 46— primal
#1)./ Tprimal /1] X100(%)]DEIEXTEE L
ESREY A - FORERL LTERLEL
L 7zo 72 BHAM TE A O ML FLERE b [ Table
10] 2R L7260
[Fig20a] &, 102 B DOFHEDO ERITE
DHEBEELZTF 7 THbB, [Fig20b] i,
FNLEZMIFITTT I 7LD DTH B,
FHZE) LIRS RBLEELTWAZ L
Whd, HETWEOER, [primal #H] & [final

48

Fig. 20b 40m SHUTTLE RUN
(Versity Athlete )

| OBICEEZE (p<0.01) . T 72 [first] & [final
] OBICOEEE (p<0.05) AREE SN/,

EiE. BERUEZITo 2R CHEBREE R IZH
BEMIZES ML Y FI)V (treadmill) &% EH
L. VT (Ventilatory Threshold : & BME) %K
D570, BARAE (VE) (mUmin) B9 BE
B (VO2) (mUmin) RE Y7 ) OB FENE

(VOrw) (mi/kg) B4 —BEIL R F R KR (VCO)

(mVmin) 508 (HR) (b/m) % 1 5EICE
& —LA—=T T b (all-out) BEAEF THXRE
BIL7z—FI% [Table 11] ISR L7,

Tablo 10__Times of 40m Shuttle Run (Versity Athlete Tennis Playars) Table 11  Analysis of Expilated Gas during Treadmill Running (ID8)
Trial numbor] unit\ID 10 4 k] S 1 avorngs| 3.4 . . H -
B BT By B S B! e By T T BT Ry YT min} VE (I/min) | VO2 (ml/min)/100] VO/W (mi/kg) | VCO2 (m)/min)/100 | Heart Rate (bpm)
2| (sec) 971 975 033 9.30) 908 940 10.14| 838 o938] 9.49| 0.320f 1 3343 16.95 29.74 9.48 126
3| (sec) 10.06| 10.14] .27 9.64] 1000 927| 9.4 1011 8.74| 9.29 9.67 0.3881 2 40.99 25.18 44.18 13.34 134
4| soc) | 089 97| 48| 943| 1005| 935 o945 10.41| ses| 932 9.67[ 03082
s| e | 1008| 1015 oso| os0| 1001| ser| ses| 103s| ess| eaz] 93] azoe 3 44.49 28.87 47.14 13.42 139)
8] oo | 1009[ 1047) 051 9s8| 1000, 873 970 1017f 954 953 984l 0.3242 4 43.91 27.60 48.42 14.79 143
1| tsec) | 1025| 1085 os6] 1010 to20] 9ss| ees| 1028 esal e72f 1002| 03201
o oo | 1023| 1004 085 697 aoa| oss| 1001] 1018 ess| e76] sse] 01322 5 45.27 28.34 49.72 15.70 147
8| (sec) | 1035 10.27] 9.93) 10.26| 1045 988| 1033} 10.13 1023 1031] 10.22f 0.1648 6| 50.32 31.54 55.33 16.90 147
10| (sec) 1026} 10.23] .98 10.26] 10.16] 9.84] 10.10{ 1001 .91] 10.15 10.09] 0.155]
averago]  (sec) 10.10] 10.13] 9.58f 975} 1002] 9.58] 9.85( 10.14] ).77] _ 9.63 9.84] 0.2336] 7 50.92 32.65 57.28 17.85 153
s.d] 0.183|__0.28] 0.24| 0.35] 0.28] 0.33] o40[ 0.11| 023] 034 0.27] 00867 8 55.89 34.23 60.05 19.03 153
primalove] (soc) | 9.86] 9.85] 9.36] 048] 1003 923 033 10.12] 9.81 32| 9.63] 03381 9 §8.93 35.69 62.61 19.10 163
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Fig. 21 Estimation of Anaerobic
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Table 12 Maximum Oxygen Uptake and Ventilation Threshold

ID | VO2max(ml/kg/min)] VT(%VO2max) | Assumed AT(ml/kg/min)| Lactate (mmol/L)
2 66.90 63.4 42.44 15.6
7 65.28 70.9) 46.28 14.4
9 71.35 67.5) 52.18 20.1
3 69.86 7741 53.83 11.2
[3 68.63 82.6) 56.66 10.7

10| 79.77 75.5' 60.24 19.4
4 85.56 719 61.56 19.6
5 78.50 79.6 62.45 14.0
8 88.56 78.6 69.63 15.7

E).70.1 (ml/min).
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12] 2R L7z,
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323 (LLF [Delayed Time ) ([Table 81 [ final |
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F o, BB O LR E([Table 8] D
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HAEEREAE VY & V) IEDOHBE P HERE S L7z,
L &322
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L SEERAERE —E L, AY— FEAMY
RENEHE DT REME % & 2 THA 7,
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