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Fuminori Takayama'?, Wataru Shimazu’, Atsushi Aoyagi' and Yoshiharu Nabekura*: Recovery of physiological
variables and performance and relationship between training load and psychometric status during marathon season

in a recreational runner: a case study. Japan J. Phys. Educ. Hlth. Sport Sci.

Abstract: Some recreational runners participate in consecutive races within a short period. A high frequency of
participation may not allow for sufficient recovery time, leading to overreaching. This case study reports on the
training load, physiological variables, performance, and psychometric status of a male recreational runner during
the 16-week marathon season. The runner completed 4 marathon races in a period of 8 weeks (6-14 week). Train-
ing load was quantified based on the cumulative time spent in 3 intensity zones (zone 1: < ventilatory threshold,
zone 2: between ventilatory threshold and respiratory compensation point, zone 3: < respiratory compensation
point) using heart rate monitoring. The Hooper questionnaire was completed every morning to quantify sleep,
stress, fatigue, and muscle soreness. The runner performed four identical treadmill running test over the season.
The coefficient of variation for maximal velocity and physiological variables was 1.0% and 1.8 - 5.2%, respec-
tively. Pearson correlation showed significant relationships between training load and stress, fatigue, and muscle
soreness. There was no significant relationship between training load and sleep. In conclusion, it appeared that this
runner was able to complete 4 marathon races without overreaching. These findings suggest that the training load
and Hooper questionnaire are practical tools for monitoring of recreational runners during the marathon season.

Key words : running economy, maximal oxygen uptake, anaerobic threshold
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Mo—=27%E b L= TUHNDOZX L
DERIC K> THEMI ST =< Y ZAME R L
TIKBED T L 72 & (Coutts et al., 2007b). Aubry
etal. (2014) ¥, 23 % DHEMEF T 47 A1 ik
FaEHRE LT, 3HAMOBEaR N L—=2 71
& 4EBDOT—80) Y TN T +—< VA%
fliL T3, TO/E, #EfL—=2 %I
F—=N—=) —=F VJI o e RMGRH 3R 570>
Fexrt BB LR TT—\) VT HIC BT %87
—X Y ADUEEMEN o Tz, TOHIRE, A—
W=V —=F U JIHBTEML—=TIC &S
WISZ AT B AR D 5 T L 2R LT 5.
kL= 2 Ui K R AR OB £147 (Train-
ing load) & [EIEIRI & DR Z MG L7k A
&, A==V —F VT BRIFENEINT +—
XU A RELT BT DICEERSEER L&
5. iz, TFBIAGRZERTE 5 08 PR E
IX Training load 2P L (Auersperger et al., 2014;
Buchheit et al., 2013; Coutts et al., 2007a, 2007b;
Faude et al., 2011; Moalla et al., 2016; Nunes et al.,
2014), N T =<V ADZAt & & RS % (Buch-
heit et al., 2013; Coutts et al., 2007a, 2007b; Faude et
al., 2011). Coutts et al. (2007b) &, 16 %D <
AT A VFEFENGE LT, 4 8 OB
SN 2l DT —8) T HAIC I % Training
load, TEMNEH, ST DRALNTAT
IVOBRIEZTHMIL TV 5. ZORR, REHHER
TR EBMAHO A LRGN G <% —7T
RS 2D, RT3 =<V AIEFLT
We. =77, 7N U 7WEE T, EBIRA
AHENNT = VANEBICHEL TV, TD
KO GERERICHDEES X, FL—o VT 2EH
5 LCEBINEH &7  —< 2 A2 EBIIIC
ERTHIENEHTH S EARNTNS.

NIV VORI 2 BE LT e TR, L
w R )VT A b D E (Maximal velocity,
DUF TVmax] EW&9) &5 Wi B RHBLRERT D
S5RT =<V AZFHEL T3 (Armstrong et
al., 2015; Hottenrott et al., 2016; /& [LI1Z 5, 2016a;
Takayama et al., 2017a, 2017b; Zouhal et al., 2006).
N, WmisEE < I Y Vv ORERE DRICE D

D THRNHBBGEN S S Z LICEDN TS
(Noakes et al.,, 1990). 7z, ¥ TV VDl
R BGRTE T 5 R KEHEEBERE (Maximal
oxygen uptake, DL [VO,max| &W5d), MEfiE
FMEME (Anaerobic threshold, LA~ TAT| &M
) BRUEDORKEHEM (Running economy, LI
[REJ &MEd) Vo AR 2 & L icm
187 3l U 72075 % 2 W (Hottenrott et al., 2016;
Kyréléinen et al., 2000; F51LIIEA>, 2016a; Takayama
et al., 2017a, 2017b; Zouhal et al., 2006). T 5D
HITHR O X DB L, T F—DENIC
59, ~BEFLINRT =< Y ABLUAE
PUEAERENE, L — A% LEBMNICEEEL
TWa. Bz, \‘/Ozmax BIU Vmax ICBE LT
X, BEROERNHLOE T > F— (Takayama et al.,
2017b), 2 i 30 DR DO RE LNV OFLERT
e L#e T > — (Zouhal et al., 2006) DV F 1
ZXHELTH, 3 HRICIEEELTWS. 72
L, EIrigecld 1 RO T Y %01 7z #eT
L7cDHTH Y, BHEICEHE TS ZY
BLleo v F—xtg e Uihh, ArAnfats
BRUNRT =<V ADEIET 2 OMNEIHS M
o TRV,

Sl HRIESHEMIC 4 MO~ TY VI
L#z5 > F—%%% & LT, Training load, VO-
max, AT, RE, /X7 #—< 2 X755 CIC EBINA
zEm Ui, & ORI T, MRS
OB LTV NG LTS v — OB
R R T 4 =< Y ADRIEZPIENCT ST L,
Training load & FBIFIAF & DRARZIHS M
5T LZHNE L.

%5 &

1. XWRE, RRTT1>

WEFIE, REGIATFE T 2HRS VT — 14
(fFHi - 24 %, HE @ 18lem, 1A :68kg, T
SV NE, TV UHERE 2 E]) T
Holz. WEHE, KZ4EZTHEREEETFL
UCRE LBEARICHTE L T80, KEBUES#%IX
MR V= LT Tk L Tz,
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Figure 1 Experimental design.

R LB R TR ARG O S O H Al ki, 800m
W15 53, 1500m A3 57 51 80, 5000m AY 14
53 558, 10000m 733153 05 Y TH o7z, N—T
IV ERTY T DWVTUE, W B
RS IZHIGRER D I - T2, AR DOBHAARTIC 3
5 HHEEOE RS, N—T TV U1K
B9msTR, TV UM 2H5H 38059 TH
ole. i, HARE LBHEGEFHEARR ATV
YO - SEERBN D o . RRFTISEERB
FERTICHTZED HM, AERSTITRET D 5 2 fEkk
M2 XHBXCOETHAL, MEZR. &k,
EN T RSN e UN= PN A e = BNV Gl
BTV3.
AWIFETIE, 2016 E8 NS 12 HETD 16
TR 2 I AR & Uz (Figure 1), SR
7 & 35 L C Training load, EEHIARZ E=m LTz,
WeHEIZ, 6—14 WD 8T 4RI~ TV i
Btz (6H, 83 HHE, 12:EBXT 1438E).
FLY FILTAMESHEE QEIBOYS YV
D9 Hun), 11EE GEEDOYZY >0 7 A,
13H GHEIEHOYSY D 71H%) B8XU 16
EH @GEREEHOSZSY VD10 ) ICE L.
TE, MEHIOThOTTY U EFDORETO
RERZRLLT T ERZLMI TV

2. FLYFEWTFRE

FLw FIVT A b 2GRS (TBF-
102, Z=_Z4) ZEHNTHREEFHILE. b
Ly FIV7T A ME, @R 1% ICRRE T NIKE

ML K3V (ORK7000, KE)L— b T34
ZHWT, =D 2224 CICRE S NI RBR=E
NICTITbN Tz, HNEIIC K 308 7T 57
WIC, ETOREZFHT 10 K 5 FhfE L7z,

FLw FIVTARE, BRRFTAN AT
A D2 FEICKOMKENT. ZTHIC, RE
DOREZHNE LT 5 DORK T T A k7% %l
L7, KR TF7TANOEREIZEITHZSE
IZ, RRFEDI TV VHCREIC BT % P
JE D 85% ICHIH T % 13.5km/h & L7z (Takayama
etal, 2017a). A FT AR5 5 7HOKEZ
A, MATAMZiTolz. RRKT AR, 84
kn/h 70 5 1 73 451 B 3 E 7% 0.6km/h il B & 4,
exhaustion IC 3 9 % F T{T > /2. exhaustion (I,
MEEASDETIAREE BIEELRT S Lic K
S TIREE Nz,

EFTH O AL, BB A0 Hrds (AE-310-s
I7UE=Z—, IF MERPAHERD 20T
KA ABERIEIC K D L, EEEEE (Oxygen
uptake, AT TVO,] LWES), “Reflpesibkilft
(Carbon dioxide production, 2L T~ F\./COQ LH%9),

& (Ventilation, LUF TV,) &BE9), WL
ikt (Respiratory exchange ratio, LLN TRER| &
W59 ZWE Lz, PEHADY > 7Y > Tk
&, 20 ENCEGE LTz, HIERTICAIE A A &
UhimRESRZHWTF Yy T L— 3 V=17
ofc. Flz, OEF (M400, Polar 18 %
T.O% (Heart rate, LR THR] &I§9) DMl
EZ2{To . FEIGEBEEE (Rating of perceived
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exertion, LLF TRPE] &M&9) &, Borg (1973)
MBAFEL, /NP - B (1976) MHAGERRE
L7z 15D AT — )V ERWT, KT ARD
FETIRRCHIE LTz,

SHEER, BAFTA MBI 3 V0, T
JWF—T X+ (Energy cost, LUF TEC] &M%d)
BEUHR, |ART A M B HSMERIME (Ven-
tilatory threshold, LA~ VT &H&9), WFRHMEAX
B (Respiratory compensation point, L4~ TRCP |
LM% 3 ), RERA 1.0 Z i 2 7z [ (RERL.0),
VO,max, HRmax 33X Vmax & L7z. VT, RCP
#& U RERLO X EEEBEUKHE (%VO,max) 755
CISEEE (vWT, vRCP, VRERIL.0) IZ& > TH
Nz A FT A MBI % V0o, BE T HR I,
BED 1 oMOEE Lz, £z, RKFT A
MBI B E%D 1 5 EOFEHEED VO, & RER
& EIWCEC ZRM LT (Fletcher et al., 2009).
BATFT A MCHF S VT & VO, Ic#$3 % Vo,
O i il 55 %, RCP & V. I #f3 % VCo, O Jif iif
MELT Vslope il KD ZFNFNERI N
(Beaver et al., 1986; Lourenco et al., 2011). RER1.0
¥, RERD1.0EZ® A T 1.0 A&MICE FLEL
R0 T2 20 DT — 2 & U7z (Solberg et
al., 2005). \./OZmax X, RRTAMIBIZRE
V20 MEOTFT—2E L, LURD 4 DOl
DR TRIT T L& L. 1) VO, D
LAY V&% T (VO, DRI 150ml/min Aii),
2) & T N7z HR Dzl Finh 5 Tl & n
7z HRmax (220- #Ffis) DAk, 3) RER A 1.1 LAk, 4)
RPE DV 19 LU E. Vmax 1F, IRfRICELETE Iz
HEE LD, mEAT— Y DB T exhaustion
ICE S A, WIOAT—Y OEEEICRE A
T— Y OFGERR O#GZINA TRE Nz,

3. Training load

MHEEE, FL—ZV T BXUL—ARHTOA
il (M400, Polar t1#)) ZHEL T =V TS
fiL7z. AfZETiE, FLy FIVTAMDOR
KT AMCHEIFS VI BLURCP KD HR Z &
& I Training load D58 & 57 1) 217 > 7z (zonel :
VT AiifiD HR, zone2 : VT L RCP Kiiid HR,

zone3 : RCP LA - HR) (Lucia et al., 2000; Mufioz
etal, 2014; Neal etal,, 2011). 75, K< FL—=
VIENERAERTFENSE LGS, VT B
XU RCP D HR FAEMZ £ B L T—EDT®H
(Lucfa et al., 2000), AWZETE 1 HHO ML R
SNVTAMCEITS VT BELT RCP KD HR Z
& LITHEE 73T 2172 72 (zone 1 : 171beats/min A
i, zone2 : 171—182beats/min, zone 3 : 183beats/
min L [1). Training load (%, Time in zone {£7% &
CICHEH U (Syltaetal,2014). §7hbb, &
==V 7B 20— AOEHIEY (57) Z
zone IS FAL, TNZNITHRE (zone 1 1,
zone 2:2, zone 3:3) 7ZEH L7z, Training load (3,
2TD zone DEFMEE Uiz, Tz, swEMHICT
YV IR L, AEt0T 2= JEHEIC
M sEGZER L.

4. EENESRE

EEAFIIZ, Hooper OB RIFKIC X > TH#A
L7z (Hooper etal., 1995). Hooper DE[H#KIZ, 1)
MEHR, 2) A BLA, 3) 5855, 4 Fied 4 HE
IKDWTTERBEDOREZE LICHIET 2L DTH
D, BUEDE NG ERFHMENEFHMIE NS, X
7z, 4 DOHEDGEME (Hooper’s score) 72K
U7z, WR1E:E, #HHOEKZIC Hooper DE [
HUCREIZE L.

5. T—A2BLUMOMER

B, PR A S IS AR
B EE(R 22 / YA X 100) T U7z, Training
load 35 X U EEIMIAGRICE I 2 1542, @I
SR U7z, &z, 16O S B, 1—5 il 7% 4Efi
] (Phase 1), 6—14 % L — A (Phase2), 15
—16 7z [\ (Phase 3) & U CHM DL 7y
fizyhiLiz. a8, L—AMIcBVTE=RTY
VL= ARG AN E BRI Wiz T T
HA30 Training load & % H O FBINIATI DR ZE
& OFHRHBI{R 7% Pearson DB REE F W T ERiK
L7z (Buchheit et al., 2013). CTOFE, 7V 21
— ADH7Z[RYY LTz Training load & FEIFAGE &
DR BB & #iET U7z, Pearson D FHEH RERZ,
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Hopkins et al. (2009) Z & &1, trivial (< 0.1),
small (0.1—0.29), moderate (0.3—0.49), large
(0.5-0.69), verylarge (0.7—0.89) ¥ KT almost
perfect (0.9—1.0) ORYEE LML 7.
n #% =

g, 2Tox oY sl (6EH:
2EMI 385y, S H (2 WM 4777, 1258 H 2
R 36 70, 1458H @ 2 Kl 44 7).
1. Training load
ERMPOEY 0T =V T L
Training load 1, 277 = 1304 (CV: 46.9%), 381
+ 179Arbitrary unit (A.U.) (CV:46.9%) TH- 7z
(Figure 2). B8E/TAIE, zone 1 A 73+16% (CV:
22.6%), zone 2 A% 14 £ 15% (CV: 108.2%), zone 3
W13+ 11% (CV:83.0%) TdH -7z, Figure 3 i3,
FHADTRIE N ZFHE (%) 3 X THEHE (59)
TRLUIZEDTH . Phase 113, zone 1 H79% (238
73, zone 2 M 11% (32 73, zone 3 A 10% (27 73)
TH-o7z. Phase 2, XTIV VL —RAEEATE
55, zone 1 18 70% (213 77), zone 2 HY 18% (57

IC BT % Bt L IaliE 387

73), zone 3 W 12% (3677) TH-oz. —J, X
TV L— R R\ T235 D Phase 2 1, zone 1
7 89% (206 43), zone 2 4% (9743), zone3
7% (18 43) T > 7z. Phase 3 &, zone 1 H 72%
(76 71), zone 2 M3 4% (5743), zone 3 7 24% (19
7)) Thotz. 7ads, FEERPHFOEYTZ0 Dk
fTEEEEE 59 + 27 km TH - 7z,

2. FLYFEWWTAR

Table 11k, FLw RI)LTF A MDFERERL
e DTHB. N7+ AIEETH % Vmax
&, 1EHOWE T 20.6 km/h EREILL, L%
13 20.8—21.0 km/h DFIH TH > 7z. 4 RIOME
EBLIZVmax DCVIX 1.0% TH-o Tz B
EHHEIED CV 1E, 1.8—5.2% DHIBHTH - 7z

3. EERHEHR

SRR A O3 Y 72 b DREIRIE 25.6 £ 3.9 A.U.
(CV: 153%), A N L Al 243 +43A.U. (CV:
17.8%), JE971% 27.0 = 5.0A.U. (CV: 18.6%), [
L 18.6 = 6.3A.U. (CV:33.7%) TH-o7z. Eiz,
Hooper’s score (& 95.5 = 14.1A.U. (CV: 14.7%) T
H-7z (Figure 2).
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Figure 2 Weekly basis analyses of Training load and Hooper’s score.
Training load include the marathon races.
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Figure 3 Weekly absolute (A, B) and relative (C, D) running duration.
A and C are calculated by including the marathon races. B and D are calculated by excluding the marathon races.

Table 1 Results of the treadmill test.

™ 2m 3¢ 4" Mean + SD (CV)
V0, (ml/kg/min) 43.7 455 44.9 46.8 452+13(2.9)
EC (kcal/kg/km) 0.94 0.97 0.95 1.00 0.97 £ 0.03 (2.8)
HR (beats/min) 157 161 160 164 161 £3(1.8)
VT (%VO,max) 72.0 79.0 74.5 72.9 74.6+3.1(42)
RCP (%VO,max) 85.3 94.1 91.8 92.7 90.9£3.9 (4.3)
RER1.0 (%VO,max) 86.9 94.4 94.6 91.2 91.8£3.6 (4.0)
VVT (km/h) 15.6 17.4 16.2 15.6 16.2£0.8(5.2)
VRCP (km/h) 18.0 19.2 19.2 19.2 18.9+0.6 (3.2)
VRER1.0 (km/h) 18.6 19.8 19.2 19.2 19.2+0.5 (2.6)
VO,max (ml/kg/min) 67.8 69.6 69.1 75.2 70.4+3.3 (4.6)
HRmax (beats/min) 199 206 202 212 205+ 6 (2.7)
Vmax (km/h) 20.6 21.0 20.8 21.0 20.8+0.2 (1.0)

4. Training load & EEMEEE DR

XTIV L—ADOHEGARESESG, HED
Training load & AR & DRI & A B HHBIRIRAD
RBOENEH oK (¢=-003, p=971). — /1,
Training load & A F LA (r= 207, p=.030), %57 (r
=.540, p <.001), fij (r=.448, p <.001) B

& U Hooper’s score (r=.446, p < .001) & D[]
IKiE TN NA ESHBEBEGRDRD Sz
RIVYL=RAOHZRN LIS, HEO
Training load & BEAR (r=-.056, p=.570) B X T
ARLZA (r=.124, p=.206) & DOMICIZEER
BB R ERSD 5 N&E M > Tz, —77, Training
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Figure 4 Relationship between daily Training load and Hooper’s score.

The training load of the marathon races is indicated by open circle.
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load &% (r=.473, p <.001), Hjw (=210,
p=.031) 33X U Hooper’s score (r=.282, p=.003)
EOMICIZFENTNERGHBEBEEZEIED 5N
Te.

FHRARE ORI R EE, $57, Hifdds & T Hoop-
er’s score TN TV 2 L—RAEFZAIGE LR
LI aTaEMNRd Nz, Ixbb, L—A%
BATY T, Training load & %57 & DRICIE large
ORI ES b NI DD, L—RAZRRINL
TSI W% O B2 IE moderate & 72 o7z, X
7z, Training load & i 35 & U Hooper’s score &
DOHBBRICDOVTE L—AZ B AR EICE
moderate DB GRMNREDENIE DD, L—
AN LT3 F N ZE Nosmall L7z o 7z,
Figure 4 {C (& Training load & Hooper’s score & O
FHBERAfRZ R LTz,

5. FEIZYVVL—RAD1HBEDLST7THEET
0 Training load & &K

Table 2 1C1E, &< TV VL —AN 5 1EMLEL
N @ Training load & FEINAERZR LTz, &,
SERIARTIH O 1 H2Y472 0 O (Training load :
544 AU, WEAR 037 AU, A P LA 135AU,
55 3.9 AU, {idw © 2.7 AU, Hooper’s score : 13.9
AU) XY Emholhe, BRZ2HRETRL
7z.

v £ £

AREFIIE T, FIHMEICEDIRL~Y IV VIC
WG LIS Vv — AR S KU/ T+ —
< AD[Al{E, Training load & FHEIIATH & DY
Rkt Uiz, AR DOF AR, ST74+—<
VAB R UL IO LTINS N & TH
5. THIARMIETHRE ULTeT v —A4—N
—)—F U JhpB T Lix <, FEHRIC 4 BO<
FVVICHGE L TWET ERRLTWVWS. ik,
Training load & A s LA, %3 X Tk & DR
IIEHEEGMHBEBERENED b NTe—)5T, ke
DM IZEEZBERIZ T o 78 1E, Training
load & Hooper OB HLIC & % FBINIAG 2 & =
TBHTENNNT +—< VAt d 5 L THE
BHRCIRZ T R LTV 5.

BIEIE, H2FFEDEITHBNT, HAD/ ST
F =XV AZERE LI ERISC L EEEEN
TW % (Bishop et al., 2008). Armstrong et al. (2015)
&, oV ORI ZFHMIT SHEREE LTI,
TV DElEk & GRS 5N S Vmax
WENTIRETH % &R XTU 5. Saunders et
al. (2010) &, AWFFEOWNREXD &/8T 4 —<
VAMRRS BT F— 344 (Vmax OFIA
19.0 km/h) Zxt5& LT, 17 @M T4EO Ly
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Table 2 Training load and psychometric status for seven days after each marathon race.
1 days 2 days 3 days 4 days 5 days 6 days 7 days

Training load (A.U.) 0 0 85 49 84 15 188
Sleep (A.U.) 4 2 2 5 3 5 2
Marathon Stress (A.U.) 5 4 3 3 2 2 2
racel Fatigue (A.U.) 6 5 3 4 5 3 2
Muscle soreness (A.U.) 7 6 4 3 2 2 2
Hooper’s score (A.U.) 22 17 12 15 12 12 8
Training load (A.U.) 0 0 49 61 0 248 0
Sleep (A.U.) 1 4 5 2 6 4
Marathon Stress (A.U.) 3 3 5 6 2 5 5
race2 Fatigue (A.U.) 6 5 6 4 4 7
Muscle soreness (A.U.) 5 3 2 2 1 1 2

Hooper’s score (A.U.) 15 15 18 21 9 16 18

Training load (A.U.) 0 0 0 0 32 31 42
Sleep (A.U.) 6 2 1 5 2 6 3
Marathon Stress (A.U.) 5 4 3 3 2 3 2
race3 Fatigue (A.U.) 7 5 3 2 2 3 2
Muscle soreness (A.U.) 7 5 4 2 2 2 1
Hooper’s score (A.U.) 25 16 11 12 8 14 8
Training load (A.U.) 0 0 0 39 73 0 0
Sleep (A.U.) 5 6 5 7 4 1 5
Marathon Stress (A.U.) 5 6 6 5 3 3 3
race4 Fatigue (A.U.) 7 7 5 4 2 5 4
Muscle soreness (A.U.) 7 5 3 2 2 2 1

Hooper’s score (A.U.) 24 24 19 18 11 11 13

The gray area indicates that the value is higher than 16-week average value (Training load: 54.4 A.U., Sleep: 3.7 A.U., Stress: 3.5 A.U., Fa-

tigue: 3.9 A.U., Muscle soreness: 2.7 A.U., Hooper’s score: 13.9 A.U.).

RIJUTF A B EZIFW, 8T —< Y ADZA L&
S UTZRER, HEBRE N D Vmax DEBIE 2.5% T
Hotces Uiz, —J7, AWIZEICEIT S Vmax
DCVIE1.0% TH Y, Saunders et al. (2010) D
WMEICLERZEFNINE L, RT 4=V AN
ELTWE iz, ABMHZMEEICELTSE eV
¥ 1.8—5.2% OHiPAITH D, THUIFefThzEe Lt
NTHEFAFED B WVIIENEIETH 2 (Lourengo et
al, 201D). ®E» o16a) &, KEETRS
V=T RERNBIII TV  L—ADhTE 2 HE
BXU 1oH®BIC MLy RIVT X M EITWY, 4
BI2ZPHEIE LR T o — <V AD[EEE R LT
%. ZTOEE, L—RHiEHNB L2 H%D VO-
,max, REB LT Vmax [IHEITMK F LD, 10
HIZICIZ SN L — AFi EAF LNV TH-o 7z

TEEBHOTVD. T, HHDTHRT VF—
EXgE LT, TV L—ADNiE 7 HRICA
WgE e mEED b L RI)VT A R EHWTERE
B KOS T 4 —=  ADHIEE G U I-HT
FIckB L, 7THRIEEIET ST ENHSME
725 T\ % (Takayama et al., 2017a). ARfifi5¢Tid,
R EHEE CL— A Lie s v —2 %t
HKLLT, YXIVUL—ADTHEKE 10 HEEIC
fTolzfllEZzZ8T4amD LY RINVTA M
To TR, AEPHEE B XU T+ —< U R
MEEL TV EDNHL MR- T2, B, K
WETRR~IY Y L—AD 1—6 HiZICIE MLy
RIVT A b ZITo TRV, U, HHEED
FHLWE ZITHEZ RS B LAGEIEAE OB
NEEDNEENDH B EEZATNLTHS. X
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Tz, RGNS BB AR K TR T +
—RUAEREFERZT ENHSNICZS> TS
(Braun and Dutto, 2003; Marcora and Bosio, 2007).
Table 2 I/ L7z EHD, KON EHEICHT
%7V Y L—AD 1—2 H&Oa i A
ZEBLPHEELBRLTEEOVBIETH > 72
CERHEZD L, AMADEH PR S X T
INT F = VADLEL TV WS R, L
—ABDOWWERA I VT K BB 2T E
AbNd. DFD, L—ABIENEHIC LY

FINWT A 2Z2iToTctmd, Sm&0E CvVidE
{72 ATHEMEDY RO,

¥, AEOFEMICB T 2T VDR
BICE, RRTUDDENRD ST, YTV VD
FUERlE, R— ARG & VW o 7e T ) —
HEMNIY Fa—)VTEZERIMA, I—AD
W, G5 EONNERIC L 22T 5
Ted, 8525 L—AMDIRT 3 —< 2 XMk
FRUERIC Ko TLUigd % T L IZNEETH . FEBE,
ARFRICE TS 2BIHE 4BIHOY Y VL—XA
(&, I—ADRRDKGEEE D L WEAID D >
T AWFETIE, /87 4 —< 2 RICBIRT % EK
DO TENNERIC X 55887 b S FEHIET
5Ly FINTANMIKX-TERTE A4H
MRS & /R T 4 —= > AU I DWW TR IRAEZ T
fiiL7z. ZOfER, H5 100 L—AEOLME
MRS KO8T o —= o ABMET U T ST
(FEhiE Ay, 2016a; Takayama et al., 2017a) & [FlE
I, WSRO ELY Y VI LIZGET
&, TNHOREN 710 HIZICEIET 2 2 &
S EEo Tz,

Ywhi—, STC—, NZXTv bR—)L&wo
TR O AT, =T AR 2—
3EOFETIHAEICHE T2 LD 5. I
TR, TV v ERIBRICAEHREHIC DT
D7V a—7 2 O (Krustrup et al., 2011),
BRAHNOIKFBRC Y LT F 2 FF—EiENE
D&M (Nedelec et al., 2014) DFRHENE. TD
EOEERLDHO, EWEREGEFORIEICE S
BHFEIFE L TIH D (Twist and Highton, 2013),
Training load & FEHMARHB KT/ T +—< >~

A& DOBFRZEBE Uil E 2V (Buchheit et
al., 2013; Coutts et al., 2007a; Faude et al., 2011;
Moalla et al., 2016; Nunes et al., 2014). Buchheit et
al. (2013) &, A—ALZVUT7 T v bR—)Lik
Farge UT, BB % HEO Training
load & EBIIRGH, K THEBIFO HR, #EH)%
DUAZEEN I L UMER 2V F Y —)b & DRRZ
U7z, ZOEH, Training load & FEINAG
K UHBH - OIS & DBINCA ERFHBIRY
B2 RSN LI, TORRICEDE
% 51X, Training load, E#HBKFO HR I A F: 81
MERZERT ST ML — VT OIRE R
BT 57O0REMERFERTH S LD
iz, AMRICBIZI TV Y L—ADHES
AUTZ Training load & A b LA, 355, BB LT
Hooper' s score & DRI 13 =7 HHEEBI R AR

5Nz &h 5, Hooper DEMAKIETHRS >
—®DH A& D Training load 7= KT Z5HETH 5 T
EHVRENTz. —75, Training load & MEAR & DR
WK~ IV Y L—AZEAIYG, BRILIZGE
DWINE HFREGMHBEBENED S Nixh o T

BEARIE, H 7 A4 R7IVa—)VOER, ET
FESROFIF & U5 7z Training load LAY DK D5
Bz I5H5T EMERENTLS (Nédélec et al.,
2015). HEPX, Moalla et al. (2016) DIEIC KB &,
Taty h—ETENERE LT, 16 @0 Train-
ing load & Hooper DERHKIC & 2 FBIAGH & D
BB R 2 W5t U 7e bR, 4 THHE OB R,
MEIR CiR & & o7 (MREHE 1 r= 23, AFL A
r=30, J£J7 ir= 48, i ir=.48). LW
> T, AUIREORSRZICINTE Training load L
NOBERNERISEEZG A TWEEZLN
. MR 7)) a—7 0 OEGK, g, SE
DY AT EEBRL, 7 AV —hDOm{E &R
BIRDH % C MRS NTEH D (Nedélec et al.,
2015), TU—h FIA 7 AR VEFEZMREL
TEHFIIRIC K B &, A==V —=F > JIcIx>
7233 F1E, Hooper DE MIAKIC K % HER D X4 72
D DFUEMRZITEL L T2 T B ENT
W5 (Plews et al, 2012). LLEZEFXA B &, &
—N—) —=F VT EWERN ST =V Az
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It b &8 B 72DITiE, Training load LIS D ELA
ZEOAEMERIEE DINS Y AZEEZ D T EhWA
EAAIRTH S, FICHRZ VF—IlcBWVTE,
732 5751 K > TR Z Rl T 2 UX SR
PN W 72 8, Training load & Hooper O 2 [ £
X2 EENARRZARICERT 2 Lid, TR
T F =0T x =V A% kS % _E Tl
DHHZWOMAPEFAZSD. Fiz, i OHIA
ZBEA DL, FENAEFIEHEORE?Z T T
<, HMTZ0 OBEEE A LTRHMIL TW»
SREND .

Training load &J%57, /%35 & U Hooper’s score
EDHBRBOMREIE, IV VL —ADH%
BRo Uieiaaic e {7z o7 (Figure 4). T D
RIX, Training load & FHEAIATE & DBEIfRIELEH]
BEfRCld 75 <, Training load A3 L < #4)0 U 725
ICEBNAGHOBUENBEZ ICE T > T\l &z
KLTWV5. Ff, YTV YL—AM5 AR
WiZ, Training load HMEWETICH - Tz DI & B
59, BRI EWEMICH > 72 (Table
2). T OfEHIE, Training load WE L &b o7z
XTY Y L—ATIE, #HEICHZ D F:ERIRTH
KB EEZTW el b2 L TS, &b,
RO IGHH T L — AT BT 5 L— AL
D b L—= J O LR EDEN > 7z (Figure
3). LEM-T, V=D L—=2 T DR
WKEoTE, YTV L—RAZRNLIEEETE
Training load & TG & DRIC 1E & FHBI R
ROEDHEND LEZDBNS.

Pinot and Grappe (2015) &, V—J)VL F 75 AD
HIZHBHOET 1 5205 & LT 6 Flllicbhic 2
Training load (Zv > 3 Y RPEIEICKDER) &
T A=V AZBH LTS, TOMAE, T
DETF I /8T + —< 2 AD[A LIV, Training
load AL Tz EARRIC, BL—=FDH
FTE (Monotony) 38R (Strain) D CV HK
L GEoTWVT END, FL—ZVIDEH
iz TWieZ &M Lic, £7z, HiliEhs
(2016b) &, EAN LY TLN)VOLE ML AIVT
V=182 RG e UT 1638 O Training load (2
w3 YRPEKICKDER) ZHEL TV,

COMFETHREESTEFLAIVT VT =], 16
M OBK T4 HDOL—2A (100 km V)V b 5%
VY, B3km L AJVL—2A, 37km b LAV
L—X, 77km b LAI)VL—R) ICHBZLTED,
WIhEENERZERL TV (BL—ADKR
BMERLA 2 67, 247, 147, 14D). TR
AT 2 F—ICHT % Training load D CV & 71%
T Y, Pinotand Grappe (2015) &[EIRIC L —
ZVTDENTH o T, ARFFEDORRE D Train-
ing load D CV £ 46.9% L LML AIVT VT —
DHEHN LEANTHRMENIC B > 728, SER - HEE
LB EDENE LS.

16 ARNC B B2 BED N ZATHD L, K
2R zone 1 DV 70% LA L2 Tz, £z,
zone 2 (108.2%) & zone 3 (83.0%) IZLEX zone 1
(22.6%) O CV IMEM > Tz, S5 OFERIT ISR
BEWEIMGBRED L —=V T ZToTW0WeT &
ZEMT 5. BED ML —= v Rz R T
ki3, ANV —F T2l <T-DICEHE
IR ZFED T ENRBENTV S (Seiler et al,
2007). F7z, 7 L7 FrFF—EEMEEO RN
&, FEEEL O ML —= Y T m e BfRLD S T
EMERIEN TV S (Petibois et al., 2002). FKEE,
AT L— RIS LT Ie R A Y AU — b
ZRRE LT, ARRED M L—=2 T OEE 2
R U T RS 1D < DWFET D (Metcalfe
et al., 2017; Mujika, 2014; Takayama et al., 2017c).
3EMT IS MO L—RICHIBE LTS Vv —
(7Y VL FOE#or— R L—X 138 [E, ¥
WEISRIVL—R18H, FLAINLT V=
YUL—=X 119D &, EFEAEDRL—ZV
JRAEETEML TV EMRETN TS
(Takayama et al., 2017¢). F7z, 70 HifiEEH#EHE
BT 40205 UT 1 FMICD Tz 258E D010
iR LIeiitic ks &, L—AWTIEL—ZAD
TWVEOD b L—Z T OmE LRz S &
ThEZK > Tz (Metcalfe et al., 2017). A
FDOXGH X, Phase 2 T L—ALADIZEA
EDT =V TR EMETHRMEL THD (Figure
3), L—RADEWHD Training load {F/KWMEAIC
o7z (Figure 2).
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DL, AT E AR O RN RS &,
MRS @ T L— RIS 5 5 v —IickBw
T, Training load ICKEBZH 247z LT,
L—RALHD b L—= J5E& & Training load 7=
ST HENEL TWEOE LA, ik,
AHFZE DR EZIC BT B LR LU
=V ADEFHNE o TR, TOX
S P L=V T OREDBERL T DN E L
Nz,

AWZEDIRFUT I N DHODFER TN E LD D
5. Fic, MM TEEDOL— AT 5 A
ZAIE, HBEEDL—AICBNTENT
TEMT DT LITEBYS VAN E Z 5N
3. MBI BT, L= L—=
VU RZWAHER BTN IS KD EERD
M ENRIADZZ LEEHSENTWVS (Mujika
and Padilla, 2003). F7z, @AHETL— RIS
TBAZAITIE, L—ADRWEICIEE %5
T BENH D, EHENRIESD/ST 4 —<
A& 2D E SNDEmENL—=27
RTav I FEA¥—varDkS5kENL
—=>7% (Breil et al., 2010) Z175 C &F#ELWL
LEZONDS. EEE, KWIEOWNRFICE TS
Vmax O CV IV EWVS T &iE, T +—< >
ZAMEIEL TV T &R SRS IR 2, —
THLLTWEWT &2 RTHRTEHB. 272
L, RHFEONGEEZE, COHBTYIY VOH
Clatrz 2 [EHHT LTV .

#5210, L— ARG EMAD EWZT Tk
<, HEENRRM G EOSMEEREHED NS T
NVEGIER I RS DD, TV 1 rH%
W50 %D > F == RICT Vo — FREzRlT
> 7z Voight et al. (2011) Ik B &, 727 —F
BEED 12% WL —ZRIC N L—=22 T 72175
DICK BN D B GERA -T2 L RZRDTNS.
AWFEICEBT B 05%E1E, WINDOL—REIcEH
WCEHENRE R - E DD, FHIRNC S4H
JETL— AT %5 v —1%, FEHPEIERE
BRUNRT A=V ADEFLNJUVCE TRHIEL
TV LT, GHEOERMEND S LICHE
TRETH5.

B, AW, 1 %20 F—ZR5Re L
EEGINETH S, SR, Fil, FL—=2F
IRIL, PR B X ORISR ENERE ST V=R
RELT, TV L—2ABOLEMANIRER X
GINT #—< > AD[A{H, Training load & FHEM
i & DRAGRERA LT RELNH B, £z,
[i—Z > —%FxHe LIGAETE, 7V L
— A DFLERD SR HIG T K > THEI PR
X T/T +—< > ADEIENE R 2 Al EME S
EZbNB. KUK TIE, WREOHA L, 11
HOox Y V%, 2BBEOYIY VHiRIC s Ly
RINWTAMZHT B ENTERNMoTT
», TNEDMCOVTEMFT ST EHWEET
Ho, SHROBFHETHS.

vV &

3

AR T, EARICRYIERLY I Y VI
B LS v — O EPEREB XU/ ST 4 —
< AD[AIE, Training load & FEIFAT & DR
Rt Uic, RO FAHAE, ST 4+—<
Y AR X CEHANTRROZE /NS N T & TH
%. ¥ 7z, Training load & X b LA, EHBXC
e & OIS A EAMHBER G SN Tc—77
T, MR & OMICIFE R BGRIE D o TR,
Training load & Hooper O'H FIHEIC X % FBIIA
RZERT BT EHNT +—< VA it d %
FCERSBEAEICIRS LR LTS,
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