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Background:

As an adjunct to running training, heavy resistance training (HRT) and plyometric
training (PT) have recently drawn attention as potential training modalities that
improve running economy and running time trial performance. However, the
comparative effectiveness is unknown, especially targeting middle-aged recreational
runners who actively participate in the marathon events. The present master thesis
aimed to determine the effects of HRT vs. PT, as an adjunct to running training, on
running economy and running time trial performance in middle-aged recreational

runners.

Methods:

Study 1) Systematic review and meta-analysis

Electronic databases of PubMed, Web of Science, and SPORTDiscus were searched.
Twenty-two studies completely satisfied the selection criteria. Data on the effects of
HRT and PT on running economy and running time trial performance were extracted.

Study 2) Randomized-controlled trial

Twenty middle-aged recreational runners were randomly allocated into HRT or PT



group (n = 10/group). All participants conducted the prescribed training programs
twice a week over 10 weeks, as an adjunct to daily running training. HRT program
consisted of leg press, leg curl, and calf raise with 50-90% 1RM while PT program
included counter-movement jump (CMJ), rebound jump, hurdle hop, and drop jump.
Before and after the intervention period, the participants were tested for body
composition, one repetition maximum (IRM) values of leg press, leg curl, and calf
raise, jump performance (CMJ and drop jump height, and drop jump index), running
economy at 8, 10, 12 km/h, 5 km running time trial, maximal oxygen uptake (VOg.y),

and running velocity at which VO,,.. appeared (vWOq,,..).

Results:

Study 1) Systematic review & meta-analysis

The pooled effect size for HRT on running economy was greater than that of PT. The
effect on running time trial performance was also larger in HRT than that in PT.
Greater effects were evident when young runners performed training for a longer
period in both HRT and PT.

Study 2) Randomized-controlled trial

HRT approximately 20% increased 1RM of the three lifting tasks, while PT 9%
significantly enhanced the 1RM of leg curl only. There were the significant main
effects of time in the scores of CMJ and drop jump without significant interaction,
suggesting that both groups enhanced jump performance between pre- and post-
intervention. However, HRT and PT did not show significant improvement in running

economy at 8, 10, and 12 km/h, 5 km running time, VOy,,.,, and vVOo, ...

Conclusions:
The effects of HRT and PT, as adjunct to running training, on running economy and
running time trial performance were not large, and these effects would be

comparative in middle-aged recreational runners.
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J 2 —=DUERL A DS TA T NI —< 2 ZADA IR L TW A AR S 5.

THICBE LT, FI9AF AN v FL—= U FIEEAR LU AZ A RN L —=



JEHBLT, KRR THERET 20 EDH D AT Y > MEH DM LIZH
BT DHZEBHLNIRSTNEBL, ZDORTFY v MES LWV o - ERRFEVERE 1T A
FREMERE ) & & b, BIEEEE 7 +—~<  RICEBNT 5 2 &N ST HR5 545,
B Z1E, VOgmax ik SN AEHE (VWOgmay) 1FIEMEEMERE I TH 0 223D, RIFRE
ENRT = AL L2 F TS ITBINL CEARM L YA X
VAN —=0 7 OREFER LU HRT#) EEAML VAL AN L—=0 7 8T
TAFA RN w7 b—=227%Fm L2 (HRT+PT#) I8 17567 =7 xa )
L —OWEORRE 2l L7458 TIiE, HRT BRI 5 16 km/h 0T =7 xa )
R ICITABREN R SN o728, HRT+PT Tl 16 km/h 7 > =2/ =
I I-PERICUE L ENRanEB. ool WEREICKITLA T =T
T ) I —OWESCEBRMEOR ERKRENWZEE, TIALAFA M) v FL—=
VIR OMIG THDHEEZXDH LINTES.

1-5  ABFZEO HEY LR

1-6-1 WEERLEH

ERoiEy, o=V T ERAMLVAZ VAN == T HDENET TAF AN
v b == T OEE L= ZIRREEE AT —~ U A0m BIZERENAR)
ThHHENIRBRHLHIZENDLT, EH6D N L—=U T BENTHLONNEH
DN STWRW., ZTREW LTS Z &1L, BiimbExENET 22—
VP =REOREEE, RONRF OB CHE M A BT RTRT =L no
THRIEWNEDZ v —I2, Nb—=v 77 ar T MEEORICEE MR Z R TX 5.
Z T, AT, REHEES, FICTPEORTRT v —Extgl LT, Tr=v
TERAML YV AZ VAR —==20 P HEWVNETTAAA Y v 7 FL—=2 7 DOEA
== I RT = aa) I=—REIALNTATNANT =< A RIETT
DEVEHALMNCT L2 EE2ENE L. £7, ZOFEICEET LT REDO AT
YT AL a—E AR A ERL, BUEE CICEBEINZMAELE L0 (B
). ZLTC, FB2ENLHLN LR ATHIED I RPMR AR & I E 2 T, FERERIIC
AW EATV (35 3 ), AWIEREOMIAZ B L7z,



1-5-2 AR OB

Kig X, 5 (F1E), ANV VAZ AN —=0 T T34 FA M) v 7 b
V= U I RRIEEREE R T 4 —~ VR RFETHE VAT YT 4 v I L Ea—& A X
fRMT (B35 2 3), BAML AL VAN == 0T TAFARN) w7 hL—= 70
RIFBEE 7 4 —~ VA RIETHE . 7 0¥ 2l FzR (5 3 %), At G4

), T L Chtmm (GBS E) BRI ND.

H1E : S

RIEEE N7 —~ AR T DR FROREMEE N7 + —~ v A 2 LS D EE
WIZOWTIHRRZ BT, JV=0 7 E@BARMLVAZ AN —=2 0 T HDHWIT T4 %
AR w7 == T OB N —= I REREE T r—~ > 2% LD A
W= ALTHONWT, FATIROF AN DF L, ANMELFRSCOME RN Z R E L.

FLoE  BAMIVAF VAN L—=v T TFF3A4F AN v bv—=v B RERE
ENRT =<2V RACRIETHE  VATT 4 v 7 LB a—&A FRIT

BAEE CICEBM SN RITMRED L AT ~T (v 7 L a— s XA BT EFER L, T
VEVTEERAMLV VAR VAN L= T HDINNET TA A AN v == S
DEENL—= I RT =T xa ) I—BLOXA LN TATNRT p—< R

MIF 3BT DmA e L.

FB3E BAMIPRF VAN —= TS5 F AN v b —= U IR RER
BT A=V ACRIETRE T F MELBER

F2EDUVAT T 4 v 7 L Ea— L A RO LT H I KOBRA R 2 B E
Z, WEO— TR VT —%2MRICT = T EEARML VAR A N L—=0 T h
DWETTAFT AN w7 Pb—= OB N L—= IR T =T ra ) I—8
KTOEALDNTATNINT —< 2 A RAET T OV TCEHEREMIZIH S M L.

FA4E REFE
PLEDRERICESE, FUo=V T E@AML U AZ A RN L —=0 T HDHWNET T4
FTRARN) I NL—= T OEE N —= TN T =T oa))I—BIOZA L



TA T NIRRT p—= 2 AN RIETHBIZONWT, [MREORMEC b L —= 7 HIR], »
— =2 T OEWERE OB R HRFEIZE LR LT,

EHE : fm

AELRIHOELNIMALY, REMES, bR EO-KTTRT v —IC
BWC, JUV=U T ERAMLVAZ VAN == T HDEWVNEIT TAF A Y v R
==V T OEE N == IRREBEE T 4 —~ A RIET RIS OV Tt L

7.
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WOE BAMIL A VAN L —= T FS5AF AN v D
ML —= P REEHER T+ — v ACRITTEER . v 257~
TA v LVEa2—&AXZEN

2-1 HHE)

KYATT 4 w7 L Ea— XX RTORNIL, Tor=r 7 EmAfL I A2 oA
FM—=2 7 HDWNETTAFA RN I == TOBEE N —= I RT =
Jxa)I—=BIRIALRNTATNANRT 5 —~v U A RIET BT 20E L FEhi
L7 TR DR E E &, WEAS N —= T OREHET DL & LT

2-2 HE
2-2-1 FWCBESmER

VATIT 4 v L Ea—& X ZfEATIE Preferred Reporting Items for Systematic
Reviews and Meta-Analysis (PRISMA)ZH#E U CHEffi 7z, #FH 1L, PubMed, Web of
Science 35 J U SPORTDiscus @ 3 DDEF7 — & & AW T F ORI Tim L& MR
L 7= : ("strength training" OR "plyometric training" OR "explosive training" OR
"resistance training" OR "weight training" OR "concurrent training" OR "muscle
training" OR "isometric training" OR "concentric training" OR "eccentric training" OR
"depth jumps" OR "muscular endurance training") AND (running OR marathon OR
"distance running" OR "distance runner*" OR "endurance running" OR "endurance
runner*" OR "endurance athlete*") AND ("running performance" OR "running
economy” OR "time trial" OR "VOg,. " OR "oxygen consumption" OR "oxygen
uptake" OR "energy cost" OR "blood lactate" OR speed OR "running speed" OR
"actate threshold" OR "run* time") NOT “review”. Z 1.5 ORI, 202245 H 7 H
IZFEHE L, LD DWW TIEBRN L 72,
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2-2-2 B|EEYE

T T EEAMULY AR AN L= T HAIWNEITTAF AN v FL—=
VIDBEE N —= INEEE T b —~ L A RIET IOV TR LR
ERFELTIZOL, ZNO 0O T OREEL S TRt 28H Lz, 5,
FEHED D NOMNL LToREIZ L - TRIE S, #NAEBIFREL (inter-rater reliability:
IRR) & Cohen'k MR SNz, EH TR—BR b -2y, dama it T B Sz,

@ T, REFMEEZGRLE LEMETHDLZ L. 2, /A A M) =T =7
2T AV =K, FTATAY— hOHEFHECVOgpay i, T, RHHEES EHERIL
TWAH7e), ZThHDOT AV — MGl LIoEbEH L7167, 58],

@ TV T EDEAENL—=0TE LT, RAMLVYVAZ AN L= T HDH N
X7 IAF AR w7 == T ORZEFEKLTNDZ L.

@ FL—=Z7NAMIEN 4 BHELLETHDZ L. ZHUIMH FL—=0 RO
UWME A DR E S AVBIEE SN D REOHIHIE 4 BHETH D &V 9 HEITHED L Boeil,

@ FHiiiEEL LT, o= xza/I—, bLLIE3km U EOF A LA RT A TR
T~ ADEL LB AFTE THES N TND Z L.

@ =L hE— LBENARLFAREDT =27 b L—=2 7 OB ULFER LT 72
Wz k.

@ L= INAPREHIARERIFZEFHHICERSh T Z k.

@ HRENDREEN TR, b LUHMTHLNOHEBEZF L TRV L.

@ VTV ANREDTIN AV ==y I REMEHLTHRNT L.

@ JGETEMINTFERLTHDLZ L.

2-2-3 T —FHiH

R OBRE RIS TR SN D, BB ORHE (VOgmay, XHEE DR, 1EH,
), hb—=v77nbha—l, Jv=vrxa)I—BLOZA LN TATANRT
F—~ U ADIARIRII T 2 FE L EERAEZE L2, b L, ZROOBET —
D3 SCUTFLAR S AL TV R WIREIE, ST 25O B 1TEAS 2 B D vEE/ R Y
T—HEELT.
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2-2-4  WERMERAT

TV T EEBAMLY AL A N L= T HHWNNEITITAF AN v hL—=

YIDEE N L= IR T = T2 a ) I BROFA LN TATINRT v

ICRINET BT T D7D A Z T A T L. SIAREE =2 b r— LB DS A
A% DAL OFRE %742 BB Hedges' g & 95%(5#EX[# (confidence interval: CI)
X, TP X, AR OFERIER L OEEFEE, DR Shzb ZoREE
NI R R, EEDRETLVOT7+ VA NI vy MITHRA I, BEINT MWW
DEED N —=V THEREL TS, b LUFEROERETT =7 xza /3
—ZRELTND, ZA L TATNVEEROERRCHIEL T\ 5%4, Cochrane’s
handbook D H A K7 A ZHIY, ZROHOREREHRE L. Nz T, mAMLYA
BUARN—= T TITAF AN w7 N —= 7 OMRE T, TEho

FNo—=C TABEOIRERET 72D, T A X KD EAM T EE %
FHL7. L, RENSRCNICEHE SN TWIIE, OO & AFEOFFE )
—HLTWA0ER L DD, AFROHENLE B SN RELZRA Lz, FRCH
DIRNVRY , & THT—Z 1385 Hedges' g [95% CI D TR, LRI FTZ L LT 5.

Hedges g 1%, 1IEAIZEFRZ: <, trivial < 0.2; small 0.2-0.5; moderate 0.5-1.0; large
>1.0 EFFR L7264, 95% CIICRIL T, R ED 95% CI2 0 21X, 77 b Al
BEREE L CWanwE Lzl 7z, Jv=vrxa ) I—D@ECHALNTA
TIRT =< ADM I, ERENBRBEEIE - @2 X oD, EESZA LD
gz 720, RELEMERPNADHETHIVULT 7V M LR ELEZ & E2RT.
Bl Z1E, 95% CL 7% 0 2829, LEIRTIRE ICADELZ REITHEERT U I LADIH
F, —5T9% CIA0 L0 —BLTRKETNWIAERT U M AOEERTZ L L
L 7= lesl,

ABFHICINA T, Fr=vr7xa)I—BIOFA L NTATNANRT y—< AT
WEEGZ2 ) DUTOERZET L—F =LKL LT, YT N—T e Eh LT
1) VOopax 3 2) REEDEH 5 3) MABIM. VOupaxtc 20 TIE, LLTFOH (Equation
1) THEZZBELT, NABEDOVO, pnaxNor & 5 HI L7224, 66,67,

Equation 1 VO2 max Nor= (or )3 +V02 max BL

nNp+M

Z :T annM i%ﬂ%ﬂ ]\ﬁio)ﬁ i@%/7 /V%% X VOZmaXBL j:)l ]\
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BT DOVOguax TH 5. LT, VOgmaxNor = 50 ml/kg/min % Lvil > 7F—, 50 <
VO maxNor < 60 ml/kg/min % Lv.2 7 > F—, VOgpaxnor < 60 ml/kg/min % Lv.3 7>
F—& Uiz, JGEOFmONM AL, SAMLUAF AN —=0 7 LTS
TAFAR) w7 b—= 72 L@ X OTREIC L > THE L Filn (A
PLIAB AN L—=0 7, 21-35 %k 34448 ik ; 7 IAAA RN v hL—=V
7, 20.7-25 5% & 27.3-34 %), STAHIM (SAMLIAZ A L—=7, 6-8 &
10-14 8 ; 7I7A4AA M) w7 hL—=27, 4-6 & 810 @), ZHIZMzx T,
AR L AL AR L—= 7o, MAMMZ@ELIZRKD b L—=2 75
E (<90% 1 repetition maximum [IRM] or > 4RM & >90% 1RM or < 4RM) <° kL
—= R @ L= T EERME N L —= ) CAE L zler 68l

S5\, MAMBREEZRETSEOICPREL 22 700 QRELZER L, HRAN
AT A% Ty rRAT 0y MTTHHE L=, I°1% 25 & 50, 756% CTENZH small,
moderate, large & fiFIR L7=69, =7 5D QM ENFEEN, k—1 k= AL
e OB HREZFFOXZHAM T L2 LIk - TC, p EEES LZBL 757 %
ey MMX Egger’s BREIC & o TRFRMEDFHT S 4L, p < 0.05 THIVTHE AR
AT ANGHD LR LT, 2 TOREENTIZ RStudio (version 2022.02.0+443, Boston
MA) %AW CFE L7,
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2-3 &R
2-3-1 WFRRE

WO DRI L - T 831 KOMEFER VI Sz (Figure 2-1). Z D%, n =391
D SN EE L TV 272D SH, n =393 DN ¥ A ML ETTART 7 Nkt
IZHESWTERS ST, — DO FTATHIEDOZZ R Y A M biBInE 7729,
WEREIZE S 7T 2 MWrid n = 47 O ot L CHElE 7= (IRR: 93.2%,
Cohen’s k = 0.70) (25,35, 46, 47, 51, 52, 54-56, 67, 701061, [RAL I AL 7- B IZ-DUVC, Figure 2-1
ICTRT. FERE LT 22 ORFFEZ®E L7- (IRR: 93.6%, Cohen’s k = 0.87) [25,35,46,47,
52, 54,55, 92-106],  Cohen’s x (Z“15)" 0 S & A K5 Ll Suf-0071, 76 22 O
XD HH, 1 OOWIET N—"T78 1 DOMTEE 2 FOFH LI T TREREZHE LT
7o 196,97 T HOFRLIT 1L DOMEE Lz, 2L T, 21 DD S L, Fr=27
T ) I =& L2 i SCAY 18 [25.35,46,47, 54,55, 92,93, 9599, 1011051, & f I\ [T A T JLsRT
H =< AEPNE LT 3C08 10 Th o 72[25,52,55,94,100104, 1061, F 7= FHfMf LTV A X
AN == 7 E i LTSRS 12025.85.46,47. 55,9299 S5 A F A N v hlL—=u

7 % Ffi LTS8 9 T o 7152 54, 1001061 (Table 2-1, 2-2).
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Web of Science
(n =293)
=
i)
3 PubMed SPORTDiscus
= (n =287) (n=251)
[}
S
Initial search yield
I (n=831)
Duplicates
2 (n=391)
@
o Title and abstract analysis
& (n = 440)
— Excluded
) (n =393)
Study added
from paper citation
= (n=1)
:‘% Full analysis of paper
w (n=48) Studies excluded for
IRR =93.2%; k =0.70 the following reasons
+ Non-runners (n = 3)
— + No conducting HRT or PT
alone (n = 8)
- + No running economy or time
3 Studies included in tial test(n=3)
° Final analysis and review * No training detail (n = 1)
- (n=21) + No control group (n = 9)
IRR =93.6%; k = 0.87 + Not similar in running volume
between groups (n = 3)

Figure 2-1. Search, screening, and selection process for suitable studies.

kAbbreviation: HRT = heavy resistance training, PT = plyometric training.
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2-3-2 MEHIREMER JOHBASA 7 R

HRRA 7 A2HONWT, BAMLYAZ VA RNL—=2 P T IA4F AN v 7 L
—=V N T =TT a ) I RIEFTRE A LRIV T, AER R
NA T AT S 7o 72 (Figure 2-2A). M2 T, BAMLIAZ A N L—=V
TETITAFTARN) I Fb—=U TREA L RTATNNRT =~ AT TR
B LIAFRICB O T O AERINAAS 7 A3 H BN Ad -7 (Figure 2-2B). #f
MUY AZ AN =2 T TAFA N I P == INT =T ra )
—BILOFALNTATNNT =< AN RIFTRELPTE LTI, PREL
a7 7D QMENTIUCB W T A BRI REMIIMIL S hoTo. ZoRER
X, TIAFA NI 7 Fb—=U BRI A L NTATIART =< A RIFT
Z A L7ZAFRIC B W T bRk CTh o7 (Figure 2-3, 2-4).

0 -
e HRT : p=0.57
(A) 0.1 A N\ . o
o A N\ PT :p=0.24
g 02 - // | ALL : p= 0.70
w o I
|
T 03 - i |
E # '
S 04 AN
1) / s
// * b
0.5 / L] © : \
74 . o | \
06 . i *
I | I 1 | I |
-1.5 1.0 -0.5 0 0.5 1.0 15
Standard Mean Difference
0 -
(B)
o = an e HRT: —

' ,/ : o PT:p=045
§ 02 - /’ 1o ALL:p=0.34
i / !

° 03
& 4 4
e] /
S 04 ’ -
% / ° e o:
05 4 s © \N
6 \
|
0.6 '
1 I I I | I |
15 -1.0 0.5 0 0.5 1.0 15

Figure 2-2. Funnel plots of the included studies that examined the effects of heavy

resistance training (HRT: solid line) and plyometric training (PT: dash line) on

Standard Mean Difference

(A) running economy and (B) running time trial performance.
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Table 2-1. Study designs, training variables, and the results of the studies adopting heavy resistance training.

Study designs . Training programs | Results
Number | Period Max load
Level Author Group . | through the | Running economy Running time trial performance
cemiEge | (e intervention !
13 M ' ' 10.8 km/h: =5.0%, g=-0.92[-1.72,-0.12]
HRT 27'+ 5’ 90% MVC ! 12.6 km/h: —3.4%, g=-0.55[-1.33,0.23] -
Albracht & | |
1 Arampitzist7] ! 14 :
c 13:M, _ | 10.8 km/h: 0.0%, g =0.00 [-0.76,0.76]  _
253 |  12.6 km/h: 0.0%, g = 0.00 [-0.76, 0.76]
13: : :
HRT M=9F=4, ! 90% MVC | 9 km/h: —3.8%, g = —0.59 [-1.37, 0.19] -
29+5 :
1 Bohmel L 14
al. 10: ; :
c M=3F=7, ! - | 9 km/h: —0.9%, g = —0.10 [-1.98, 0.78] -
31+3 l
9: M, :
HRT ; 3RM ! 12 km/h: —1.4%, g=-0.16 [1.08, 0.76] 10 km: —2.5% (p = 0.039)
1 Damasceno 341£7.7 8 :
otalt c M, 12 km/h:—1.9%, g =017 [-1.09, 0.7 10 km: ~0.7% (NS, p =
320162 | | 12 km/h: ~1.9%,9=-0.17 [-1.09, 0.75] 0 km: —0.7% (NS, p = 0.050)
HRT M- ;1; . DRT: 3RM | 8.6 km/h: 5.1%, g = 0.60 [-0.26, 1.46] _
’ T MET: 20RM : 10.1 km/h:2.2%, g = 0.30 [-0.54, 1.14]
1 Ferrauti et 400114 5 :
al.l’2 : ! !
c V< 711F . _ | 8.6 km/h: 4.0%, g = 0.34 [-0.50, 1.18] _
; [ | . 0, = —
40,0 5 114 ' 10.1 km/h: 4.6%, g = 0.55 [-0.29, 1.39]

18



Table 2-1. Continue.

Study designs . Training programs Results
Number | Period e
Level Author Group : through the Running economy Running time trial performance
:sex,age ' (wks) . . !
: intervention
" No 5 2 km: —4.5%, g = —0.47 [-1.31, 0.37]
HRT M=6,F=5, numerical + 8.5 km/h: —=6.3%, g = -0.80 [-1.63, 0.09] o ‘; 9 _ P
! ! 10 km: —6.1%, g = -0.71 [-1.57, 0.15]
442+6.0 data
Festa et .
1 ! 8
al.’s! 9: .
' l l 2 km: -2.2%, g = -0.18 [-1.10, 0.74]
C M=6,F=3, - + 8.5 km/h: 0.8%, g =0.06 [-0.85, 0.99] ) o = .
454+80 | ! 10 km: —2.5%, g = —-0.14 [-1.06, 0.78]
8: : :
HRT M=5F=3, . 80% 1RM P 5 km: -3.5%, g = -0.23 [-1.21, 0.75]
39+5.1 ' l
Karsten et
1 | 194 6
ak 8: ! !
C M=6F=2, ! - P 5 km: 0.5%, g = 0.03 [-0.95, 1.01]
307 : :
E 12.8 km/h:—4.1%, g =-0.66 [-1.82,0.50]
HRT : 6RM | 13.8 km/h:—3.8%, g = -0.61 [-1.77, 0.55]
2 Johnston et 6: F, 10 :
al.1%% 30.3+14 i
c _ 1 12.8 km/h: 0.5%, g = 0.13 [-1.01, 1.27] _

1 13.8 km/h: 0.9%, g = 0.22 [-0.92, 1.36]
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Table 2-1. Continue.

Number : Period andles
Level Author Group . ! through the Running economy Running time trial performance
CERLEgE | (WS intervention !
6: | 9.8 km/h: —0.5%, g =—0.04 [-1.18, 1.10]
HRT M=4,F=2, 90% 1RM  : 10.8 km/h: -6.2%, g =—0.62 [-1.78, 0.54] -
442%39 ! 11.8 km/h: 2.8%, g = 0.24 [-0.90, 1.38]
Piacentini 5: | 9.8 km/h: —1.7%, g =—0.25 [-1.50, 1.00]
2 ¢ o195 HRT M=3F=2: 6 70% 1RM | 10.8 km/h: —=1.3%, g = -0.19 [-1.42, 1.04] -
etal 448+44 | | 11.8 km/h: —1.2%, g = -0.12 [-1.35, 1.11]
5 M : | 9.8 km/h:0.0%,g = 0.04 [-1.19,1.27]
C 432479 | - 1 10.8 km/h: =1.3%, g = —0.19[-1.42, 1.04] -
s | 11.8 km/h: —1.2%, g = -0.12 [-1.35, 1.11]
HRT R 4RM | 10 km/h: =0.5%, g = —0.10 [-0.98, 0.78] -
31.5+8.0 i POV 9= e
Vikmoen et
2 a|_[96, 97] 11 !
C 8:F | - | 10 km/h: 0.3%, g = 0.05 [-0.93, 1.03] -
34.9+75 i e, g =l 2ot
6 M | 12.3 km/h: 1.0%, g = 0.12 [-1.02, 1.26]
HRT 9294 3.1 80% MVC | 13.9 km/h: =0.2%, g = —0.03 [-1.17, 1.11] -
5 Fletcher et T o  15.6 km/h: ~0.5%, g =~0.10 [-1.24, 1.04]
al.kel 6 M { 12.3 km/h: 0.0%, g = 0.00 [~1.14, 1.14]
- : - : ©0.2% g = _ -
C 263460 | ! 13.9 km/h: 0.2%, g = 0.04 [-1.10, 1.18]

! 15.6 km/h: —0.2%, g = —0.06 [-1.20, 1.08]
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Table 2-1. Continue.

Number Period Max load
Level Author Group - sex. age ' (wks) through the Running economy Running time trial performance
’ L intervention
7: M, o 15.0 km/h: —6.9%, g = —0.87 [-1.97, 0.23] _
HRT 243+52 90% 1RM 1 17.5 km/h: -5.6%, g = —0.85 [-1.95, 0.25]
3 Millet et 14 :
al.lo8l ;
c 8: M, _ ' 15.0 km/h: 7.1%, g = 0.74 [-0.28, 1.76] _
21.4+21 1 17.5 km/h: 5.4%, g = 0.49 [-0.51, 1.49]
& =  70% of YOy
— = ' ' o 2max- _
HRT M=4,F =4, : 4RM : =5.0%, g = -0.97 [-2.01, 0.07]
Storen et 286+101 : g l
3 : .
a1l 9: : .
: t 70% of VOomax:
c M =5F =4, - ' 18% 0=023] -
297+70 5 1.8%, g =0.23 [-0.75, 1.21]
Total size 9.6 Weighted average by sample size Weighted average by sample size
Summary = 216 [8.0, = ' HRT group: g =-0.43 [-0.69, —0.17] HRT group: g = —-0.44 [-0.48, —0.39]
11.2] C group: g = —0.07 [-0.20, 0.06]

i C group: g = 0.07 [-0.06, 0.21]

Abbreviation: HRT = heavy resistance training, DRT = dynamic resistance training, MET = muscle endurance training, C = control, M = male, F = female, RM =

reputation maximum, reps = repetitions, wk = week, MVC = maximum voluntary contraction, VO,,.x = maximal oxygen consumption, SD = standard deviation, NS =

no significant differences (p = 0.05) pre and post.

Notation of results: The results for running economy were represented as "running speed: parameter; percentage changes, Hedges' g [95% Cls]."

Regarding running time trial performance, represented as "running distance: percentage changes, Hedges' g [95%)]."

Data provided in the paper were described if we could not calculate the effect sizes due to the lack of data.
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Table 2-2. Study designs, training variables, and the results of the studies adopting plyometric training.

Study designs Training programs Results

Level Author Group Level T\?VLK;;] Training Running economy Running time trial performance
51: !
PT M=27,F=24, ! Jump rope - 3 km: =3.0%, g = -0.31[-0.72, 0.10]
Garcia- 272+86
1 Pinillos et 10
al.521 45: '
C M=24,F=21, - - 3 km: -1.5%, g = -0.13 [-0.56, 0.30]
26.1£6.3
8:'M 45-cm drop _ . 0 - _ _
Machado PT 39.0+4.0 jump. 10 km: -11.6%, g = -0.89 [-1.91, 0.13]
! et al.[00] 8
c &M - - 10 km: -0.3%, g = —-0.03 [-1.01, 0.95]
39.0+4.0 :=0.3%, 9 . .01, 0.
7.7 km/h: -0.5%, g = -0.16 [-1.00, 0.68]
. 1 9.2 km/h: —1.0%, g =-0.38 [-1.22, 0.46]
11: :g“i: é;':';’o | 10.6 km/h: —1.3%, g = —0.40 [-1.24, 0.44]
PT M=7F=4 S l.JI'I'S ot al ' 12.1 km/h: —0.8%, g =-0.24 [-1.08,0.60] 3 km: —2.6%, g = —0.66 [-1.51, 0.21]
325120 [83':]) | 13.5 km/h: 2.3%, g = 0.65 [-0.21, 1.51]
1 15.0 km/h:—0.3%, g =—0.07 [-0.91,0.77]
. i 16.4 km/h: 5.8%, g = 1.07 [0.17, 1.97]
Pellegrino 6
et al.o" | 7.7 km/h: 1.8%, g = 0.62 [0.24, 1.48]
1 9.2 km/h: 2.3%, g = 0.93 [0.05, 1.81]
11: 1 10.6 km/h:2.9%, g = 1.01[0.13, 1.89]
C M=7,F=4, - ' 12.1 km/h:-0.7%, g = -0.22 [-1.06,0.62] 3 km: —1.6%, g = —0.34 [-1.18, 0.50]
342+26 ' 13.5 km/h: —2.8%, g = -0.79 [-1.65, 0.07]

i 15.0 km/h: =3.1%, g =-0.81 [-1.67, 0.05]
. 16.4 km/h: —4.4%, g = —-0.46 [-1.30, 0.38]

22



Table 2-2. Continue.

Study designs Training programs Results

Level Author Group Level : T\?VLK;;] Training ! Running economy Running time trial performance
o : Continuous |
PT ‘M=4,F=5 . ' 9 km/h: =2.1%, g = —-0.14 [-1.06, 0.78] -
' Jjump. '
Ache-Dias 24.3+3.1
2 4
et al.lb o |
C ‘M=4,F=5, - ' 9 km/h: —=1.3%, g = —0.07 [-0.99, 0.85] -
31.3+57 | :
Y Drop jump
PT - (20,40 0r 60 ! 12 km/h: —6.9%, g =—0.99 [-1.87, —0.11] 3 km: —4.8%, g = —0.44 [-1.28, 0.40]
Berryman 317 !
2 8 cm)
et al.l'02 .
c Zg:lv'1’1 - { 12 km/h: 0.0%, g = 0.00 [-1.23, 1.23] 3 km: =3.0%, g = -0.18 [-1.41, 1.05]
! Squat jump,
15:M, etc. Referto ! Average of 10 km/h, 12 km/h: . o _
PT 33.3+6.1 | Spurrs etal. | -0.9%, g = -0.15[-0.89, 0.59] 10 km: —1.0%, 0.16[-0.89, 0.57]
2 do Carmo ; 9 53] |
et al.l1o3] ! !
13:M, _ average of 10 km/h, 12 km/h: . o _
C 333+6.1 | | 0.0%, g = 0.00[-0.76, 0.76] 10 km: 0.1%, g = 0.06 [-0.70, 0.82]
8 M Squat ium | 12 km/h: —6.7%, g = —0.42 [-1.42, 0.58]
PT oesq |6 eti JUMP 1 44 kmih: —6.4%, g = —0.42[-1.42,0.58] 3 km: —1.6%, g = —0.13 [=1.11, 0.85]
- i : i 16 km/h: —4.2%, g = —0.28 [-1.26, 0.70]
Spurrs et !
2 al.1104]
’ 9 M i 12 km/h: 0.5%, g = 0.04 [-0.88, 0.96]

C : § - | 14 km/h: 0.5%, g = 0.04 [-0.88, 0.96] 3 km: —0.5%, g = —0.09 [-1.01, 0.80]
= ' | 16 km/h: 0.5%, g = 0.04 [-0.88, 0.96]

23



Table 2-2. Continue.

Study designs Training programs Results

Level Author Group Level : T\?VE(S);J Training ! Running economy Running time trial performance
10: ' Vertical ' 0.7 km/h: NS
PT M=4,F=6, _ L " -
: jump, etc. + 11.3 km/h: improve, p < 0.05
Turner et 34£12 . :
2 . 6
a|_[105] 8: ' '
: ! + 9.7 km/h: NS
C M =4, F =4, - ! _ -
2745 5 11.3 km/h: NS
1 ; Drop jum ;
PT M=9,F=8, | | piump- v 2.4 km: —4.0%, g = —0.39 [-1.08, 0.30]
Ramirez- 221427 on: :
3 Campillo et 6
a1.[106] 15: |
C M=10,F =5, - b= 2.4 km: —1.3%,g =-0.11 [-0.84, 0.62]
221+27 |
Total size P 6.9 Weighted average by sample size Weighted average by sample size
Summary = 263 © [5.8, = i PT group: g = —0.21 [-0.64, -0.21] PT group: g =-0.39 [-0.54, —0.24]
8.0] ' C group: g = 0.05[-0.23, 0.33] C group: g =-0.12[-0.19, -0.04]

Abbreviation: PT = plyometric training, C = control, M = male, F = female, reps = repetitions, wk = week, vLT = velocity of lactate threshold, NS = no significant
differences (p = 0.05) pre and post.

Notation of results: The results for running economy were represented as "running speed: parameter; percentage changes, Hedges' g [95% Cls]."

Regarding running time trial performance, represented as "running distance, percentage changes, Hedges' g [95% Cls]."

Data provided in the paper were described if we could not calculate the effect sizes due to the lack of data.
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Heavy resistance training

Experimental Control Standardised Mean
Study Total Mean SD Total Mean SD Difference SMD 95%-Cl Weight
Millet et al. (%81 8 -0.86 1.39 7 062 142 «——F -0.99 [-2.08; 0.10] 6.8%
Storen et al. [99] 9 -0.97 1.50 8 0.23 1.50 «—+——— -0.76 [-1.75; 0.24] 8.2%
Johnston et al. 193] 6 -0.64 1.31 6 0.17 1.29 : -0.58 [-1.74; 0.59] 5.9%
Festa et al. %% 11 -0.80 1.40 9 -0.11 1.13 ; -0.51 [-1.41; 0.39] 10.0%
Albrachtand Arampatzis. ¥ 13 .0.74 1.51 13 0.00 1.38 —————+—— -0.49 [-1.27; 0.29] 13.2%
Bohm et al. 39 13 -0.59 143 10 -0.10 1.42 —a— -0.33 [-1.16; 0.50] 11.7%
Vikmoen et al. 19. 971 8 -0.10 149 11 0.05 1.41 : -0.10 [-1.01; 0.81] 9.7%
Fletcher et al. [46] 6 -0.00 1.33 6 -0.01 1.34 —3 0.00 [-1.13; 1.13] 6.3%
Ferauuti et al. 92 11 045146 11 0.44 1.40 — 0.00 [-0.83; 0.84] 11.6%
Damasceno et al. [29] 9 -0.16 1.41 9 -0.17 1.41 : | 0.01 [-0.92; 0.93] 9.5%
Piacentini et al. 9 5 -0.09 1.30 11 -0.16 1.79 : 0.04 [-1.02; 1.10] 7.2%
Random effects model 99 101 = : -0.32 [-0.55; -0.10] 100.0%

Heterogeneity: 12 = 0%, p =091

Plyometric training

Experimental Control Standardised Mean
Study Total Mean SD Total Mean SD Difference SMD 95%-Cl Weight
Berryman et al. 1102] 11 -0.99 1.56 5 0.00 1.21 : -0.64 [-1.73;0.45] 13.5%
Spurrs et al. [104] 8 -0.37 1.37 9 0.04 1.35 : -0.29 [-1.25;0.67] 17.3%
do Carmo et al. [103] 15 -0.15 146 13 0.00 1.40 — -0.10 [-0.84;0.64] 28.8%
Ache-Dias et al. 154 8 -0.07 1.41 9 -0.14 1.41 : 0.05 [-0.91; 1.00] 17.6%
Pellegrino et al. [101] 11 047 154 11 0.28 1.60 — 0.12 [-0.72; 0.95] 22.8%
Random effects model 53 47 —~i -0.13 [-0.47; 0.21] 100.0%
T 1

[ I ! I I
15 1 05 0 05 1 15

Heterogeneity: 12= 0%, p =0.84

Figure 2-3. Forest plots of the effects of heavy resistance (upper) and plyometric (lower) training on running economy. Each plot

consists of standardized mean difference and its 95% Cls.
\_ ists of standardized diff (SMD) and its 95% CI )
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-

Heavy resistance trainin
vy g Experimental

Control

Standardised Mean

KEach plot consists of standardized mean difference (SMD) and its 95% Cls.

Study Total Mean SD Total Mean SD Difference SMD 95%-Cl Weight
Festa et al. 59 11 -0.59 1.40 9 -0.16 1.35 e -0.30 [-1.19; 0.59] 55.1%
Karsten et al. [% 8 -0.23 1.41 8 0.03 1.41 : -0.17 [-1.16; 0.81] 44.9%
Random effects model 19 17 ————— -0.24 [-1.04; 0.55] 100.0%
Heterogeneity: 17 = 0%, p = 0.85 ! ' | ' ' | |

15 1 05 0 05 1 15

Plyometric training
Experimental Control Standardised Mean

Study Total Mean SD Total Mean SD Difference SMD 95%-Cl Weight
Machado et al. [100] 8 -0.80 1.41 8 -0.03 1.41 -— -0.52 [-1.52; 0.49] 6.9%
Pellegrino et al. [1°1! 11 -0.66 1.44 11 -0.34 1.42 ; -0.22 [-1.05; 0.62] 9.8%
Ramirez-Champillo et al. [106] 17 -0.39 1.45 15 -0.11 1.44 S -0.19 [-0.88; 0.51] 14.2%
Berryman et al. [102] 11 -0.44 1.42 5 -0.18 1.40 -0.17 [-1.23; 0.89] 6.1%
do Carmo et al. [103] 15 -0.16 144 13 0.06 1.40 —_— -0.15 [-0.89; 0.59] 12.5%
Garcia-Pinillos et al. 152 51 -0.31 1.49 45 -0.13 1.47 —a— -0.12 [-0.52; 0.28] 42.9%
Spurrs al. [104] 8 -0.13 1.41 9 -0.09 1.41 | -0.03 [-0.98; 0.93] 7.6%
Random effects model 121 106 S -0.17 [-0.27; -0.06] 100.0%
Heterogeneity: 1=0%, p =1.00 ! J ! ! I !

15 1 05 0 05 1 15

Figure 2-4. Forest plots of the effects of heavy resistance (upper) and plyometric (lower) training on running time trial performance.

J
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2-833 BAWMIPRZUVARAMN ==V T TFLFA NI I FL—=UTHT
o T a ) I-BIXOEFA LN TATNANRT =3 RAZKIETHREOLK
AWMLV AZ AN == T BT TIAAFA NI w7 hL—=0 TR T =
YA I—BLOIA LN TATNCEZ DB OV THRE Lo 7L
YA ZDEFHE, ENEIN216 £ 263 Thole. Mihb—=70 FL—= 7 HI/IZ
ONTHE, BARMLYAF AN —=27139.6[95% CI: 8.0, 11.2Ji[H, 771 4 #
FU w27 hL—=271%6.9 [95% CI: 5.8, 8.0LEM TH > 7= (Table 2-1, 2-2).
AL AA AN == IR T =T xma ) I =L RETHAE SN R E
X7 TAFA NI w7 Fb—=07D0ZFNED b RENVZ ENRINTE (g =-0.32,
small vs. —0.17, trivial; Figure 2-3). X512, ¥ A AN TA TNANRT p—< 2 A KIF
THEBIZONWTS, MAMLYAZ VAN —o 0 ZOHFRKRENT LRENT (g=
—0.24, small vs. —0.17, trivial; Figure 2-4) .

2-3-4 RMAWIVPREFUVAN—oUIRFr=vrra) I—CRIETREC
DNT DY T T N—T T

YT I N—T R ORER, Ivd3 DY — T T —REARL VAL A L=
THhEMLIEBEOZ = 7xa ) I —ICRETHIRET, Ww2BLO1 77 —X80
HbREMPo7m Lv. 3[=VU— K vs. Lv. 1-2 [+7 =Y — }], g = -0.61, moderate vs. —
0.18 to —0.27, trivial-small; Table 2-3). Z OfEI%, Fhh CE4E vs. H4E, g = —0.51,
moderate vs. —0.12 trivial), kL —=2 758K (>90% 1RM or < 4RM vs. < 90% 1RM
or > 4RM, g =-0.31, small vs. —0.17, trivial), =L C kL —=2 7 (10-14 vs. 6-8
#, g =—-0.45, small vs. —0.21, small) (ZBWTHIER I NZ. Mz T, >90% 1RM or
< ARM OFETE S iz, BIO 10 BELL EEEShiz@mAm L YA T oA R —
= TINT =y rra) I RE TR EICEE T D 95%FHHIX ML 0 A FEAN )
o7z (Table2-3). #A LFTATNNRT =< RTHONTUL, MAML T AL AR
L—=V UMM BA LN TATNANT —< L AN RIFTHEZFE LN A2 LT
WD END, T TN TR ENR T & eino .
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Table 2-3. Subgroup analyses regarding effects of heavy resistance training on running

economy.
Moderator variables Hedges' g [95% Cls LL, UL] Interpretation

VOymax level

Lv. 1 (Recreational level) —0.27 [-0.59, 0.04] Small

Lv. 2 (Moderate level) —-0.18 [-0.92, 0.56] Trivial

Lv. 3 (Elite level) —-0.61[-1.84, 0.63] Moderate
Age

Young (21.0-31.5 years) —0.51 [-0.83, -0.19] Moderate

Old (34.1-44 .8 years) -0.12[-0.41, 0.17] Trivial
Training load

<90% 1RM or > 4RM -0.17 [-1.05, 0.70] Trivial

290% 1RM or <4 RM —-0.31 [-0.61, —-0.02] Small
Training modality

Dynamic training —-0.32 [-0.64, 0.00] Small

Isometric training —0.33 [-0.89, 0.22] Small
Intervention period

Short (6-8 weeks) —-0.21 [-0.56, 0.15] Small

Long (10-14 weeks) —0.45[-0.83, —0.08] Small

Data are standardized mean difference for effect size values (Hedges' g).
Hedges' g represents time (pre vs. post) by group (experimental vs. control) interaction.

Abbreviation: Cls = confidence intervals, LL = lower limit, UL = upper limit.
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2:835 FIFAZAN) v b—=UIRF o Ta) I-CRIETREC
DWT DY T T N—T T

TIAFA RN w7 FL—=2 71280V, W2 70 F =BT T4 FA RN v 7 b
V== Ve R LB DT = a ) I RIETRBOMRET, Lvl T
—DZENLY L RED-72 (Lv. 2 vs. Liv. 1, g = —0.20, small vs. 0.12, trivial; Table 2-
4). BE LAV ERERIS, BFET I BT AR EIIFET =0 b REL B
 vs. FH, g =-0.26, small vs. —0.01, trivial), EWITABIBO b L—=1 7 Fi L7=
RO FEITEN N ABIB LI S RE W ERRENT (810 vs. 46 i, g = —0.26,
small vs. —0.06, trivial). ZA LA K TA TANT F—< L ZIZOWTIE, mARL Y &
ZUARNv—= 7 LR, TIAFT AN v ML= TREA L NTATIRT
F =~ AT RIET B OV TR D Iz, 7 70— T T35 T 72
Mmolz.

Table 2-4. Subgroup analyses regarding effects of plyometric training on running economy.

Moderator variables Hedges' g [95% Cls LL, UL] Interpretation
Performance level
Lv. 1 (Recreational level) 0.12 [-0.72, 0.95] Trivial
Lv. 2 (Moderate level) —-0.20 [-0.62, 0.22] Small
Lv. 3 (Elite level) -
Age
Young (24.3-31.0 years) —0.26 [-1.09, 0.58] Small
Old (32.5-33.3 years) —-0.01 [-1.38, 1.37] Trivial
Intervention period
Short (4-6 weeks) —0.06 [-0.67, 0.55] Trivial
Long (8-10 weeks) —-0.26 [-0.67, 0.15] Small

Data are standardized mean difference for effect size values (Hedges' g).
Hedges' g represents time (pre vs. post) by group (experimental vs. control) interaction.

Abbreviation: Cls = confidence intervals, LL = lower limit, UL = upper limit.
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2-4. BR

KIATIT A4y 7 L Ea—¢E XRZ@HNLAELNTZERMAIIUTOM®Y Th
%:1) = 7IBMLTEBTDEAMEP AL AN L—= T3 T T A A A b
Vo7 hb—=u 730 s T r=vrxa) I—0OBEICHRN T D AIREMED RIE S
N2 BALRIFATANRT —< L 2O ECEALTS, mAML I AZ A L
—= T DOENTITAFTA N v 7 ho—=0 7 L L COIRERNSEEZ R L £
LT, 38) FJV=y T @AMV Y AZ VAN == T HDHWNET TAF AN v 7 b
L—=V 7 OBE N v—=v T r=v /7 oa ) I — 2 RIETHRIE, Fr—=27
BT v —DFl, 7T —0OBE L~V EYT I A—TE LTS 2L TEL
. INHORERIT, TV T EBRARML VAL VAN L= T HDEWNET T A A
AR w7 == T OEE N —= I RREEE T +—~ 2% m EXES B
T, FRZEFED LEHH LSV O@ENT v F =0 F L—= 7R RV SN 2 B
(2, ZBIRAIToH D vTHEMED R S 7z,

KIATIT 4w 7 b Ea—bL AZTO/BELY, SHREITBT D AHEMS X
OZ D BREEXMIC L DXKEHEED EBLHLOBENH b, MAML Y AX A R L—
=R TRy a) IR RRE b bR RS . 07, 7T
AFA N7 N—= T RT =7 xa ) I—ICRIETREN NS o T8 L
LCETONDERL, FL—= ZHHOENTHL. AWML YAF AN L—=
YITETIAFAN) I == D ML= THIMOFE &£ D 95%CI 1T,
ZZE1 9.6 [95%CI: 8.0, 11.2] HMH & 6.9 [95%CI: 5.8, 8.0] HE T 7. JefTHsE
(20,108, 100154 7 7 )L — T DFER D bR ENTND KDL, TTIAF AR v 7 B
L—=V Ik oTor=yrxa ) I —0WENREERIEH7-0121%, EMEO
NAPRETHDLEZEZ LTS, ZUHLORITMANHDIZHEDL LT, 8 DO
DI L, 6 DOMIETH AL 6 BHILANICRE S TWiz., 2o ABHOR S
%, ZIFAFAF NV v Nov—=0 IR T v=vrxa ) I—F A L NTAT N
T A=Az LS D DI TR oo AREER B AL NS,

£/, YT ITN—TNOFERNS, FL—= U THIRET TR, T U —0%
RBH LUV, BAML AL VAN L= POARNT = T xa ) I = kIE
TR T D ATREMEA R STz, 2 4 IS THIOBLAD L b ERE T 50,
BT TAF AN w7 bo—=u R T =7 xa ) I—CRIETRER, Lvl 7
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I BWT Lv2 7oL 0 /SR T ERENT.. ZORRIE, Lvl T
T =D NPMENZ EBBERL TV D HREERH D, Lv.l 7 F—& %5 & LI2EE
1 OOHKRTHoT=pnol FI4F AR v 7 FL—=2 728> T 17.710.6 km/h O
ve=vrZxa ) - FiELEN, — 5T 12.1-16.4km/h OFWVERE T, Tr=2
yxa ) I—=pE L7 L RR L. FATIIREOR RS, EEEN 7.2 km/h 725
18.7km/h IZZfb T % &, BEHIFERTIE 343 ms 705 183 ms (T2 Z & 3o T
LHus o, et HOVEREDT = Ta ) I WEIE L0, B0
MR OB DR I e B EHEICX 5. L L, WiAMRTAUE, Rey T
VX T HFET HBEOBEMFRIIEL 25 2 E BB LR TV AL X 5T
WRT =<V AT 57 =X RO nmn 2 EndgE S Tnsmel Zn
SORATMEND, Lvl 7 —1F Lv2 7> — Ll U TR ML, B B2 HRER
TOTTAFAI) w7 b= IRERMTERNSTOTIIRVWNEZZHND.
Fo, BAMLYAZ AR L—=0 ZICBWT Y, BFET U F—ERE LB
X, FETZ T —E2RR L LIRS LTI vy = 7 ma ) I —1CxT RN KR E
Molo. RIS, B L LOEmnT v —iX, BiELSLoBRWT o=k b b
—= VTR PRKRENT DRI NTND (Table 2-4). ZIHD T o —DHH L
RS, ML —= U VR E RS E D A D= XL OWTERATH DY, —fix
TRZ7 =6 LEFHFEDT v F—2x5 L LW ONOFATIIRIZB W T, L
—= L DI AT =~ ADH EERLTVWD DD, FERT =
Jxa) I —DWEIIREINTWNRNEY LsL, Piacentinietal 951X, 6 DI
AW TH 7273, 85-90% 1IRM DA THET =N L P AL AN L —=0 T %
FEMELT=E A, 62%DT =7 xa)I—0WEE R Lz, FEIC, v 70—
FRMTCIE, ML —=2 7% Lo R ROAMD, 90% 1RM UL Ed L<IX4RM LT
ThiuE, Jr=rvrTa)I—-0LBIFRETHDHZ LRI TS (Table 2-
3). FDH, FEO—HKTRT v F—%dG s LTRAML Y AZ VA L—= 7
EEET D556, RRNIGEWRETERTHIZ LTI r=v7xza )/ I—DBEDRN
BT D AMBEMER H 5.
— 5T, BAMULV VAL AN ==V TIRA A LN TA T NIRRT f—~ v AT
X7 TAFARN) 7 FL—= 7 DFNED bREDSTEDN, BAMLIUAX A
—= VI OREKMEIL 0 #BWTWE, S, BARMLYAX AN =2 TR
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Fha LIZWFFECTH A DN TA T NNT o —< 2 A7 i LTZF R D702 &, BEW
BADNTATINRT p—< L AZDNTOREEHE L TORWIFENFET 5 2
ER—NTHDH. HlZIE, Damasceno et al.2dljx, AL VAL VA KL —=2 70
10km DX A L STATNANT p—v 0 R LW, BET —2 Z#E LT
Mol=tz®, BREOHENRAETH 2. DD, BAMLIYAZ VAL —=
VIWEA D NTATNRT o AT T O T, AFFEE BN A 45
LEnsg.

ZOEIE, RVATZT 4y 7 b Ea—LAXMHITCIE, Jr=vrxa/
—BERIA LN TATNNRT p—v 2 ADOREOBREICET 2R EE2HE LT,
LL, MIEMOHEROENEBETLE, MAMLYVAZ A NL—=v Tk
TIAFTA M) 7 Mo—= T OMREEZELE LIZDIT Tidwy., 612, &
BAMLIAZ AN == PBINTTAFTA RN 7 NL—=0 T RZ A L
FTATNNT =< AT ED KD 1R85 JAE T A LT e D 7o
7. LEdoT, MAMUVYAZ AN ==V IRTITAF AN v FL—=
YT ED b REBME N7 v AW LSS BT, BICHRHTHDO0NIEE
AES TR0,
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BIE: BAMILPAF VAN ==V T LT TAFANY v
M—=  IPREEHENR T+ —~v L RACRISTEE : U4 A

{EHEE SRR

3-1 HHY

B2EEIY, SATHRICKITHLLT 8 DORRAENZET LN 1) FJovr=205
ALY AZ AN == T HDWVETIAFA RN w7 h—=0 7 OHE N L—
=V TN R 5TV, 2) FTAF A RNY w7 b b—= 0 TR RO C 3
fiTE TR TN S D /L, 3) WG b L —=2 7 OB RZ EHELERTE TV
RVETHD. H2EICBITDLY T I —T R ORETIE, FEL LT RTRT
YI=EE L= IR BN RIRITNS W EARENTD, L EXR L
LT, RHIMO M —=0 7 2% LR 2 E T2, 58, PHEO—KHR
T =ML TV D 5 Thel, GRS K DR ZHL L TV D T2, 5
EXRE LT, REHEERT7+—~ 0 2 %M EESE51DORNR N L—=0 Tk
AT L LITAERTHL B2 OND. 10 KL ED ML —= 7 HIH 2R ET
52 LT, MEE == T OMRPERT L LPRENTND Z b, FED
—EHRZ =R LT == Tho T, RIEHENT7 +—~ 2 2 %%)
Rz bsEo5&E26N5.

L= C, ABFFEO BB, FATHFZRICE T RS Z TR LoD, HHED ik
BT U=/, T2 T E@ARML P AZ VA N L == T H W T T A
AR w7 == OBE N —=2 T OELLERTvy=v 7 Ta ) I—BL0Y
ALRNTATNNRT =< A% LS5 ECHRPHALNICTLZEE L. K
FE, LD BRIV AZ AN == T T TAF AN v FL—= TR

N

Fro=vlxa))I—BIORFALRNTATNNRT 4=~ U A RITTHE

N

AL [RFRE T
bHoHrZeE L. L, A7V v MNEHOH ERNRICHOWTIE, SAMLYAZ A

S

Ne—=2 7 L0 8T TAF AR w7 hL—= ZOhRKXN=Hb (& 2)
FREVERE I D — DT D vWOepax \(ZOWVWTIE, FIA T ALY v FL—=0 TR EA
MLYAZ AP L—= L LTl ERI RN RE N & & LT,
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3-2 ik
3-2-1 HHZERTILHOT Fu—F

AHFEIE, TEO—RHTRT T —a2dRE L L, Mt T o ¥ 2Muttik a7
YA L LTERM L7z, BIEDOI AR L M ARICEBWDTELT DT X — 22O TR
L7z (RHESe 1IRM, BKEE T 4 —~ R, Jv=v/xa)I—, 5 kmE£XA L,
VOspa» VWOopax. T LT, WIEMEE LT =V VALY AZ VA N L —=y
7% %fid 5 (heavy resistance training group: HRT #) &7 FA4 A4 A MU v k
L—= 7% FE i+ 58 (plyometric training group: PT Bf) @ 2 BEIZ T & AIZHR Y
T EEEE bIZENERUCEI D Y THNE ML —=2 7 % 10 JH[HE 2 [A15E5 L 7.

KIRH DIEFE 7 v —% Figure 3-1 |2 TR

4 )

Assessed for
eligibility (n = 24)

Excluded (n = 3)

Decline to
participate (n = 2)
Other reasons
(n=1)

Randomized (n = 21) |

!

Allocated to HRT Allocated to PT
group (n =10) group (n =11)
Lost to follow-up Lost to follow-up
(n=0) (n = 1); Injuries in dairly
running training

Analysed (n = 10) Analysed (n = 10)

[Analysis ][ Follow-up ][ Allocation ] [ Enroliment ]

Figure 3-1. CONSORT diagram of the recruitment and randomization process.

Abbreviation: HRT = heavy resistance training, PT = plyometric training.

J
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3-2-2 XRE

HRENL, 21 4D 30-50 D — TR T v —& Lz, &2 ToOxRFIL, AFNICHE
2 B EDT =7 M—=0 7R FER LT e, RIRFEITE, S A A3 AR
D= TEEMFL, Jo=v 782 1HBZEICHST 2L 2B 7R~E L.
DOBIGRETIZ, RREIIMEICET 2 ) 27 B LUOFIERIZOWTHa Bl 25T, x4
LV ERICE > TERBMNMORIE 2157, KRBT, SCMEERZEOANE 55 &+ 50
FEmBEAZ AR O [ NENR LT DM O&R L% %M L7z (BKC-LSMH-
2021-086). HALHINZ, 20 4 ORIGE NPT EEZ LT (Figure 3-1). X581 34,
PER], VOgmax, 5km DAL A A, HWOEFTHEECESWCER T v & Ak T HRT £
& PTRECIRY 2 bz, JERIZ & 5 MEiZ R4.1.0 (version 2022.02.0+443, Boston
MA) ZfEH L TEfE L7, Table 3-1 12 TREH OHIRAFER L OV 6 DI AR
DIAVIZ DWW TEH L 7.
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Table 3-1. The characteristics of participants and these changes between pre- and post-test.

HRT group PT group
Pre Post Pre post P value
Age [years] 43.8+54 - 414 +6.3 - 0.39
Running experience [years] 10.1+£5.0 - 10.8+4.0 - 0.77
Height [cm] 166.6 + 7.7 166.7 + 8.1 167.7 £9.7 1679 9.7 0.79
Body mass [kg] 58.31+9.3 584 +9.5 614 £ 14.2 61.6 £14.7 0.57
Body fat percentage [%] 18.0+6.6 170+ 54 18.2+54 17.3+£6.0 0.64
Muscle volume [kg] 451+8.8 457 £ 8.7 469195 476 £ 10.2 0.54
Running volume [km/wk]? 37.5+16.7 28.5+24.0 448 + 27 1 43.1+21.0 0.49
VOymax [Mikg/min] 471 +6.6 474 +5.6 46.4 £ 8.1 459164 0.84
5 km running time [s] 1295.3+£190.6 1311.5+174.6 1293.5+1074 1318.11£186.0 0.86

Each p value is the results of t-test at pre-test.

The values and p value in 5 km running time was represented to eliminate missing data (HRT n =8, PT n = 9).

Abbreviation: HRT = heavy resistance training, PT = plyometric training

a Significant time by group interaction effect (p < 0.05).



3-2-8 HESm ba—n
INABTRE &I BE

S ARTRE F KO ALIE & 12 2 ARSI - THEME L7z, 9] 8 1L, R4S 1RM,
BT p—~ R, Fr=r T a3 —, V0o, VWOema PHIEZER L, 2 H
HIZIZ5km DX A L STATANRT 4 —< L ATHONWTHIELZ. 1 AHE 2 HED
IR IL 48 BFHILL E22 1T 2 Z L & Lz, iR, WIEETO 3IFHIIN 7 =1 V%,
24 WERNIX T NV a— V& PEX 5 X 5 IR E L, M ARIIIE &M ABREIZFR LY 2 —X
EERTLHEOBRLE. 2TOWEIL, MEFEOWMA Y XADOEBLRIT 5720, It
ARIT A NI ALT A MIRBRORHRIHAICEM Sz (+ 1.5 FEfE) .

AR DIE

& EAREI2AES KM & AER (WB-510, TANITA #:82, Tokyo, Japan) % H
WTCHHAIL 72, 2B OFHHIFER DR T 4~ 281 (Body mass index: BMI) % %t
L7z, 72, IEENG RS0/ A B AR R 2 AV ¢, 51 L 72 (InBody 770, InBody Japan
Co. Ltd., Tokyo, Japan).

BA2 L EE (1repetition maximum: 1RM) DHE

1RM M, L v 27 7L A (Hammer Strength, Life fitness Japan #:%, Tokyo,
Japan), 71— L v 7 71—/ (prone leg curl machine, Senoh #L:#, Chiba, Japan),
H—7 LA X (Vsquat, Wild fit #£:8. Osaka, Japan) ® 3FEHICBWTEMLZ.
GIIRA N Ly FO%, MEEITEELEmE) SHEE L7z 1IRM O 50% DA% T 5 [\ 1
LCUS—LT v 7% L. Ut—2L7 v 7%, 4-6 RIORKEAEL T, EEO IRM %
RE L. AEEOKRBIFEIZ2 /3L Lic. TNENOH B ISR 5408 o B &
FRDISMIILL T DiE Y & L7 (Figure 3-2) : L v 77 L RIZ-OWTC, HIHA EE X BI &
AR X OVERHEIZ 90°ICRRE L, M FICRSED L O ICHrR Lz, BBEHEiI 524 fif
JBLTZBE, TORBARIERR L., Ta—r by 77—, BB e mE
S8, va—XOEOEISN T v a Ly ORRIAET D L O ICHERE L. BB
R E TR L72BS, R s Lie, —7 LA i T, B2 00, JHRa
MSERMENL, & L CRBENERICER LIREBZEIRELS Lz, BafFoORET
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EZETCTEXTEmSEZTOEEL, AMOLIRETETORmSIETCeMEE2ERL ¥ ET
TS E LT,

e )
Leg press Leg curl Calf raise

Initial condition

c
L
=
©
c
(]
o
o
03
[0}
Q
o
-
w

Figure 3-2. Initial conditions and success conditions in 1RM tests.
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BEEE N 7 — 7 2 R JYE

1RM 7 A b FEfiith, & IFEEBED (counter-movement jump: CMJ) & 30cm &
MHD Ry FVx T LTz, JIREITENENDY ¥ 7 % 3-5 BIFE L.
CMJ TiZ, B ZFH L, I ROBE® AR TE 2 X 5 BURIZIEZAHZ AT U
FEMEIZ Lo CTEREICBELS X o ICHr L, BRI, A N T4 REHII AT A

(Opto-jump-next, Microgate 18, Bolzano, Italy) |2 CitékL7=. ZDikfi% 3 [AlfT
W, BEEm AR bRV E T =2 @0, Fey 7Yy 2BV TS, 30em
DEIDEIIND, FHNPOLEDLD X OITHEML, VIR CE < BKET 2 X 512
LTz, RS, BHRER, Tl TN 2 000 MEINDS Fry 7Yy UK
Z Opto-jump-next (ZTHIE L7z, Zoil$kz 3 HHk IR L, B R b m-o iR
BEr2T7—20cEmoic. b L, BHES R bENS TR N 2 2L EH o7, B
HIRF O i b VR EE AR L 7.

Sz rxa/ I =Bl RABERREDHE

Frv=rrra) I —EV0gm!E b Ly B2/ (Valiant ultra; Lode BV #:4Y,
Groningen, The Netherlands) % FI\W\CHIE S 4172, BHRIEHURIT breath-by-breath %
IZ TIPSR A A454TH%  (AE-310s, Minato Medical Science #1#, Osaka, Japan) % i\
THEL, Tt ¥ — (Polar H10, Polar #1484, Kempele, Finland) % fu>
THEEZFEM LTz, HRBETT +—L27 v 7 LHULD =0T, 5 53f# 8 km/h DHEET b
Ly RINWVEIZTHEITLE, Z2LT, UA—LA7T v 7k, 300KREEHA, 8, 10, &
LT 12km/h OEE T 3 RIETEHE L. 7= 7 xa ) I— 2o
BT DEED 1 B OFHEEFE = A b (ml/kg/km) & LTEHLE. TRENORE
WOWKREIEX 3 &Lz, 9 _RCOTr=v7xa )/ —HEF O #ER

(respiratory exchange ratio: RER) D V-¥JiiX 1.00 % Fla]> Tu /-,
ZORKUTOEITT A hDt 3 /3B OIKEZ R, VOqpay & T DEREZRET S
TolT, AW Z RIS U TN SO0 < WA mstit 4 5260 L=, 1A O
12km/h [ZEE L, 17T 1km/h F° 28X, 14km/h 22 L7-%I1E 14 T0.6
km/h FOHMESE72. 2 OWEEEARRERIIRE N ERBRE ICF LTIl EED Z
EMTERVWEERATBRICKTE L. 2120, GENRRRATHDL 2 L EIBX DRI
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(2, PRI E LIEBRIE, EHICETEZRK T L. LN D 2 DO5RMATT2 LT2ES,
PEHRB L EFR LIz 0 1) S THISN D RROHE (208 — XIGHEOEHE x 0.7)
D 90%IZ3E L7-, 2) RER 728 1.10 288 2 7. VO, Ml 30 5 Z L 12 FHME L, HiHVO,
DIEDE 30 B EVOgpax & L, TOREDERE Z vWOyma & L2, F£72, FEBREREIT
IAHIE DT A NETHRERIZZR 5 X D L7z (22-24°C).

S5km 514 FZ1 T ADHE

HED2 HEIX, 2RFEH400m F7 v 7 T5km DX A LRNTA T NVEE LT,
30 DT A—LT w7, 5km DT =TT A NEETL, HEICTT A T4
NERLTEOBAT.

3-24 hFL—=UZRA

F—=C 7 HIYF, REITE 2 BOf N L—=0 7 EERL, Ty va R
MK 48 LA EfIBR A 2210 5 L o iR &7z, Ix <, AR EY o FL—
=V T RS D KO ICHA LA, B N L—=2 7 0 6 BRI IS X D RAER
DR T EBET H72012B3, Fo=0 7 hNo—=0 P OEfEIEZD L R L.
Hhb—=v73E0 S Ton b —=27 %% L7z (Table 3-2). £ THkE v

VB SN, hL—=U 7RO, Mo TFBAETE (rate of the perceived
exertion: RPE), # L C4&® RPE A1 0 ((THE L2 205 10 (fZ Hhgnig s
HLW) ORECES SN (Figure3-3) 1181, WL —=V Z88ET N5 3 OB
MOEETHZ L LT
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(A) W HRTgroup [ ]PTgroup (B) M HRTgroup [ ]PT group
x k
8 * % %k * k % * 8-
— 6 — 6_._
o o
S 4 S 4
L L
o o
X 2 X 2
Group: p <0.001; Time: p = 0.52; Interaction: p = 0.04 Group: p = 0.02; Time: p = 0.25; Interaction: p = 0.33
0_ T T T T T T T T T T T T T T T T T T T T 0_ T T T T T T T T T T T T T T T T T T T T
172 3 456 7 8 91011121314151617 1819 20 123 456 7 8 91011121314151617 181920
Training session Training session
(C) I HRTgroup []PTgroup
Figure 3-3. The mean difference in (A) RPE in legs, (B) RPEin  ~ 35 "
c
: - : ‘= 30
whole bodies, and (C) training duration between HRT group 3 O Bl X 4 % % * T
25—
c
and PT group (mean £ SD). .0
w20
Abbreviation: HRT = heavy resistance training, PT = plyometric training. % 15
* denotes significant (p < 0.05) difference to PLY group in post hoc t-test. CED 10
c
T denotes significant (p < 0.05) difference to HRT group in post hoc t-test. © 57 Group: p = 0.001; Time: p = 0.001; Interaction: p < 0.001
|_
0_

T T T T T T T T T T T T T T T T T 1
1234567 8 91011121314151617 181920

Training session

\_
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BRI R —=

HRT BRIV v 7T VA, Ta—r Ly T h—)b, TLTH—T A REeZnNEh 3t
v FEM L. b L—=r AR E UL, 1-2 #1X 50-60% 1RM O£ T 10 [15E
L, hb—=27&K%D 9-10 #1E 90% 1RM DAL T 4 [MFEi+ 2 & 5 IcB b S8
(Table 3-2). KL —=2 73BN &b\, - omfEt: & MaRIEIGHE O Bepic T
ZTNEN 2 BT OELT LD, 60 bpm OFT VRICHE LA b/ — A/ HETH)
EZEEITTH L O ICHRE Lz, By MEOKREIT 2 DICiE LT,

TIALAA NI 2P TP =

PTREE CMI, Fry 7Yy 7, UNRUU ROy, ZLT A=Ay 7DX
D Iekkx eV v v T ENWEER FEhi L7 (Table 3-2). 14 @ 2 BRIZEHBW T, xH5:# 1L CMJ
W N—FLVAR Yy 7% 810 x3Ey K, 3EUNT L NV Y 7% 6-8 v FFEhi
Liz. Z0%O 4 lHIE, 20em Ry 7Yy 7% 8100 x3 &y N, MW n—F
NIy T 810 x4y b, ZLTHERIUAY Y ROy 7% 4-6 By MERLT.
%2, 30em Ry 7 Yx 7% 8100 x 3%y b, F/— KKy 7% 810 [A]
x 3ty NHTEmL, 5BV AT ROy 7% 78y NEE L. HREIX

CMJ ZFR T RTOV Y TEEL TE 2R 0 MR < < Bk 2 L O 1R
RENTZ. ML—= U THROEMIEMIL, v~y NAAL v F T Ty T+ — AV AT A
(Multi jump tester, DKH #:84 Tokyo, Japan) ([ZCTHIEL, Frv XYy 7EBIW
VARG RYy 7 OBMEHAY 300 ms INTHEEZRIRD L 25 KoL, #M
e 2 BE B L7z, & LERHIRRR 25 300 ms X 7235613, E OB 2335727
4 — Ry 7L, HEMFHEZES T5L 927,
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Table 3-2. Training program in heavy resistance training and plyometric training.

HRT group
Leg press
Leg curl

Calf raise

PT group
cMmJ

3RJ

BL hurdle hop
20 cm DJ
5RJ

SL hurdle hop
30 cm DJ

Load

Sets xreps |

Sets x reps
Sets xreps !

Sets xreps

Preparation

Training intervention

1 50-60% 1RM | 75% 1RM  80% 1RM 85% 1RM  90% 1RM

3x10

Preparation
3 x8-10
6-8 sets
3 x8-10

Sets x reps

Sets xreps |

Sets xreps

Sets xreps

3x8

4x89
3 x8-9
! 4-5 sets

3x6 3x5 3 x4

Training intervention

4 x10

3x10

6 sets 6-7 sets 8 sets
3x8-9 3x10
3x8-9 3x10

Abbreviation: HRT = heavy resistance training, PT = plyometric training, reps = repetitions, CMJ =

counter-movement jump, RJ = rebound jump, BL = both legs, DJ = drop jump, SL = single leg.
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8-2-5  HRRHEAT

FLIRHIREEHI T N TR & 2 OIERERZE L LTERT. PT BRI D 1 AOXSRE
B, EBRETBIOAFED N —=2 7 TRALEEZRBICERND Ry 77T 7k
L. BOOETOT ) — (10 NITA—T) X 90%U LD N L —=vF vy g
EoERF LIz, SFrcE D=, LrL, 3 Aoxtgs (HRT#E: 2 A, PTAE: 1 A)
I, KR 30°CEBE L7722 ICL>T, 5km DX AL NTA TNV EHIELTZTZ®, 5
km DEA L ETAT MBI BT LY A XIZHRTH TS AL PTETIATH-
oo R=AT A4 BV TT V=T THERS T =0 7 ORBRER, F&K, KH, K
NEWGER, i, MDTF = 78, VO © L THkm DEFA LIEVRHLHNE
IDFHIET B 720, TAHDOEHICONWT T A—FHOM G Lt MEEFEh L7
(Table 3-1). ZAiDIEHMEF L OVESHWMER, £ £ 4 Shapiro-Wilk #%7E & Bartlet
BREICTRAES L7z, LidL, WL DOEHTENBMERRO biehoizlzd, §
RTCOETREDRET MCTRE Sz, IREDRET VL, FL—=r 7B
LBl T 5720 0ER L LT, B TARTHIE vs. IARBIE) L7 1—7
(HRT # vs.PTHE), ZhoDOZHENEMICOWTIHE L7, IRAERET ST, AE
IR HAERNGRD HNTZBRIC, FHRBRE & LT AR E N ABROMEE LT 5720, tiR
ExEFEMLT-. TNETNO T N—TIZ8WT, Hedge'sg BNHEH S, SMARIEZEOT 7 b
B DDOEALDOFLE ZHEE L=, Hedge’s g % trivial < 0.2; small 0.2-0.5; moderate 0.5-
1.0; LT, large>1.0 &R L 7zl64. HEGHENTIE RStudio (version 2022.02.0+443,
Boston MA) ZMWTHEM L. a<0.06 zAEKMEL L, KEGREZEANTL L L
L.
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3-3 MR

BTDT—=ZIZONWT, "= T A THEEITME SN2 -7- (p=0.39-0.84).
E72, RECEIENIZR, HAE, VOgnuCHERTENEL L OREEMITA LR M-
72 (Table3-1). —JF, HOT =V T RIZONWT, AEMRIN—TDFHREBLOKHE
ERISHEGE SN2 o2 b OO, AERKHOEDRENHER SN, MARIKIZBIT S
WD 1RM OBk 7 4 —~ R, Fr =y xa ) I—, AALRNTATNIRT F
=2V A, WOanaxlC OV T DT — & I LG E %, Table 3-3 ICTRT . A HE /AR
DEHREZRANERANBATO IRM 7 A hTHR S 7z, HRT BEHE 8 20X EX 272
B 5 1RM Z AR CHEICH LS8, PTEIEL » 77— d 1IRM OAAE
\Zm ExE7 (Figure 3-4). F72, RTOBKENRT +—~ L AZHONWT, AERLZHENE
TR S 2o Tc b OO, AR O E R0 R S v7z (Figure 3-5). L L,
BETOEREDT = roa ) I—2onTIE, AERTIERBIOZHEMEANRSS
N7~ (Figure3-6). [AEIS, 5km ZA L RTA TANRT 53— Z & vW0gpax
IZOWT, AREARFDRS KO AR ITMR SR> (Figure 3-7).
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Table 3-3. The changes of muscle strength, jump performance, and running performance between pre- and post-training intervention in heavy

resistance and plyometric training group (mean = SD, Hedge’s g).

HRT group PT group
Pre Post g Pre Post g
Leg press 1RM [kg] P 125.0 £ 46.7 150.0£52.1¢ 0.48 135.5£58.8 134.0 £ 55.1 -0.03
Leg curl 1RM [kg] ® ® 37.7+12.3 449+12.2°¢ 0.91 36.2+£13.3 39.3+14.0°¢ 0.22
Calf raise 1RM [kg] P 113.5+35.5 137.5+42.8¢ 0.58 1175+ 33.5 122.5+41.0 0.13
CMJ height [cm] P 32775 35476 0.34 28.0+10.2 298+ 9.6 0.17
Drop jump height [cm] ® 25.7+5A1 28152 0.45 241+£90 28.8+8.3 0.52
Drop jump index [m/s]® 1.00 £ 0.16 1.11 £0.22 0.55 1.03 £ 045 1.30 £ 0.46 0.57
Running economy @ 8 km/h [ml/kg/km] 209.7 £25.5 207.8+24.4 -0.07 2131+ 11.7 2059 +10.5 -0.62
Running economy @10 km/h [ml/kg/km] 201.8 £20.5 199.7 + 18.4 -0.10 200.9 £ 13.2 196.5 + 8.2 -0.38
Running economy @12 km/h [ml/kg/km] 195.4 + 20.2 191.3+16.0 -0.22 1949 +12.2 1899 +6.7 -0.49
5 km running time [s] 1295.3+190.6 1293.5+107.4 -0.01 1311.5+1746 1318.1£186.0 0.04
VWO,max [km/h] 153+1.2 156+1.1 0.25 151117 152+16 0.06

Abbreviation: HRT = heavy resistance training, PT = plyometric training.

a Significant time by group interaction effect (p < 0.05).

b Significant main effect of time (p < 0.05).

¢ Significant difference (post hoc t test) to pre (p < 0.05).
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Leg press Leg curl Calf raise
60 1
200 —— ~. _— I 200 1
fe) ,,4 —_ 50 / — 175 1 % 4
X 1504 J— 4
= — 125 _—
x 100 — o = 7" — =
-~ 1 100 A
501 B 20 — - 75 % ;
pre post pre post pre post pre post pre post pre post
HRT PT HRT PT HRT PT
g 30 * 124 T 40
8 20 ’ 107 sk 30 A %k
& 10 * °] 207 *
o) 6-
% 0 ol * 10
S -10 ] 0
(0]
S =20 0
post post post post post post
minus minus minus minus minus minus
pre pre pre pre pre pre

Figure 3-4. The magnitudes of the change in 1RM between pre- and post-test. The upper plot in each graph means the changes of
individuals; the lower plot represents the mean differences of each variable between pre- and post-test.

Abbreviation: HRT = heavy resistance training, PT = plyometric training.

\ T denotes a significant interaction between time and group; * denotes a significant main effect of time.
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Jump height (cm)

Mean difference (cm)

50
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40 4
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4
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pre pre

45 -
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Drop jump height
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2.0 1

1.5

1.0 1
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Figure 3-5. The magnitudes of the change in jump performance between pre- and post-test. The upper plot in each graph

means the changes of individuals; the lower plot represents the mean differences of each variable between pre- and post-test.

Abbreviation: HRT = heavy resistance training, PT = plyometric training.

* denotes a significant main effect of time.
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Running economy @ 8 km/h Running economy @ 10 km/h Running economy @ 12 km/h
240 4
x
240 ? 230 i \
220 A —_—
| 2101 E |
200 1 \ - §

VO, (ml/kg/km)

1801 T 180
pre post pre post pre post pre post pre post pre post
T HRT PT HRT PT HRT PT
< 5 4
g 104 5
E s ; :
Qo
o
()
% -10 A ~104 —101
g ~15- -154
%) post post post post post post
minus minus minus minus minus minus
pre pre pre pre pre pre

Figure 3-6. The magnitudes of the change in running economy between pre- and post-test. The upper plot in each graph means the
changes of individuals; the lower plot represents the mean differences of each variable between pre- and post-test.

Abbreviation: HRT = heavy resistance training, PT = plyometric training

~
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-

5 km time trial vVO,,x
- 17
1600 - I =
. - E 16 1
2 X
£ 1400 1 \ — > N §
= — B g8
T F [ — _ g: 131 /
- S ——— 12 4
pre post pre post pre post pre post
HRT PT . HRT PT
0 £ 1.00
~—" 50 -
3 § 0.75
c 2 o
o O 0.501
o 0 ! c
E ] O 0.25-
© ()
S _so] £ 0.00
g -75 S -0.251
post post § post post
minus minus minus minus
pre pre pre pre

Figure 3-7. The magnitudes of the change in 5 km time trial performance, and WWO,,,., between pre- and post-test. The upper plot in each
graph means the changes of individuals; the lower plot represents the mean differences of each variable between pre- and post-test.

Abbreviation: HRT = heavy resistance training, PT = plyometric training.
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3-4 BE

AWFgEDFERFA L LT, HRT BREM 1136 L OBk N7 +—~ v 20Nz~ L, PT
BEIIBKEE AN T r —~ v 2D L&A L), REHENR7 +—~v U A2 FRICKESE
Rinolz. KWZETIE, Ty =r 7 EmAML Y AL AL =2 T H WIS T A
FAR) 7 bPL—=2 TOEAE N —= 00, Fr=vloa) I — L RIiET e
HRBETH D ENG AN T, Jy=vr7xa )/ I —0nliEe LICHEEIZHE L)
ST, WEOREIIFRRE ThH-o7T-2», ZORFUTIZ T ANLNT-. MxT, &A
PLIAZ AN == T T ITAF AN v N—=0 271285, 5km #A 4
kT A TR VWO DHERUWEIT R SNR ST, ZORRNS, FIAF ALY
Y7 RL—=U N5 km ZA LR TFAT ARV (S METHBETEAMNL PR F
YARML—=U D RENVEWIRFUIFERISN.. =/ a3 I—%, 5km
DEADNRTATNANRT =< AZEBT B2 T, vWOgmax & bEHET 2 &0
SHRN B DT, ZNHZALRNTATANRT =<2 AR VWO INA BT L
holtBlE LT, Jr=rrxa ) I—lHEREENLLNRPSTIZOTH D
EEZLND. MBEA N —=V TN T = a ) I - ARICLESE RN T2
Bl E LT, 707 —OHRIREPHRETHI R Y —DORENET b D.
AKELGH 4 BITHELSRET 20, 2L OEATRTIE, BB A7 +—~
YAOR R, BTLbTr=r s a ) I A FRICEESE D LIERL RN LR
ARINTWD. HIZE, MAMLIAZ AN —=0 T B LETTAAA N v
== 72K >TIRM ® 17T-25%DFER M A2 RL, Fv=vrxa /) I—0F
BB A R T TEN B 216674981 — 5T, 18-23% D 1RM D] &R TH 0D T =2
yra)I—PHEBEICEELRVERL § LATHEICEAT 5 2 & 2RI b IFE
T 5. [AERIC, FEZ CMJ BKEEm O L2 R L7-E LT, Fvy=vrxa )/ I—N0nK
BT LHNEI D —H LA RIIE O THRND IS =350 1RM < CMJ BkEE & D
AERMEL T =7 xa ) I —OFEREEFE L FRIRFIOR LIEAIRIL, HFEox ) —
FHLLIFELS M= PR BATEZ v —0kgE & L THESRL W, — 5T,
Fr=vrIa) I —OEBREEE RIS DS TR T, TR T v — x5
FHThot=. Thbb, BAMILVAX VAN L—=2U IRT T4 AR v 7 FL—
=T DT =T a ) I —OUERRITHHR LUV E I S D ATRENE
NEZBND.

52



M T, MEHIRE DR AE L W Z ENRHRHEE N7 +—~ A2 FEICH LS
HRPoTe—RNTHLWRMEN DD, AWFEDOT =7 xa ) I =IOV TDORAL
Mot (1-8) 1%, FEREOKRIBLZ 0.70 ThoTo. £, AT
RO DB B OFEROFEIRARET 572912, 215 Hedge'sg % HV 7= (Table
3-3). MRELT, 7T7A44A M) v 7 b —=271F small 75 moderate D K& X
Tor=rrra) I —%tkESHE (Hedge's g=-0.38t0-0.62), Skm/h DT =
Jra)I—|ZonTE33%DHEE R L. —HT, MAMLYAZ A L—=V
7 OMFELT, trivial 205 small (& EE Y (g=-0.07t0-0.22), Fr=rr/ =Tz /3
—DOELDORREIT-0.9 »H-21%Tholz. ThHORERIT, F2HREICBTHVAT~
TA I L Ea— b ALRHTOFRER LB DFERTH T2, KT v 7 MMULLEBGEBR TIX
B2ETHETONE b L—= 0 THIRSO Y ¥ T EMER OBEHIF R & W o 7e T T A A A
M) w7 b—=27%FE T 5 ETOMERICERL, Mr—=07%FE Lz, 2
NOOMBEEICEETDIET, Fv= 7T I4F AN w7 bL—=v T OEE
R—=V IRRIEHEE T 4+ —~ VAL RIETHROBRE TP K LTI— T, #
SHORRIB D ORI L > CTHEBERZAEEAMRE S W b B2 b 5.

— T, KT X MMUHEIRERITIZO L O ORFUENTFEET 5. UL, mAfL
VAL VA RNL—= 0 T TAFA RN v ML—= 0 ZOEHBESL hL—=
TR R A DN NSl Th D, 2k, BETHOBRNOTIA A AN v
== TOBER M —= 0 VRIS 2N TERNSTZET, 77
AFA N7 NL—=U TOBEMET Lz THD. LrL, H2ECTLHLE

WY, TIAFAN) 7 F—=0 7 OFEMHMAETNELT =7 za s I—IT
FIFETHRIINEL D EDRRINTNDD, TITAF AN v T ML —=0 7 Dl
FEIIBEEE N7 4 —~ o AD PRI LR W AR BT B I T SN T D
4, REFFEOBIIE, TREND FL—=2 T XD 07—~ v 2D [f |k
WEDXDITREREENRT =~ V ATBET D00 EMRIET 2 L2 HME Lz, b

— = RENRBE T =~ RO ERICKRESEEL RN L, BRIOAN
TR TH OB N T +—~  AFTFEICM ELEZ LD, PL—=2 7@ER
REfI Mo 72 2 o To AN RIRHEE R 7 + —~ A A B LS o 7o EE R #H
Lix e bhneEEIbNS.

iz, MARICBTDEDT =0 ZENFEICHD LWz, FRig, STABIE T
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TUom U T BT ST L0 IR E LT b o0, HRTRECK T 2D T =
78I 24.0% 0 LTz, 2O ABIRTICER T 5T =0 7 BORAIL, PT #
LV HABEICEWTEB L OHEKEEKD RPE LAEICEWV F L—=" Z B NRA T
bHoEBbNS (Figure3-3). LL, ATHRATIE, o= 7LV VRAEX AN
—= I OEE N IR AT = T EE 40.0-58.0% B SET-E LTH,
FJr=vrxa)) I3 ARICKET DI EPNRENTWSIMT, 7272, FL—=27
WNEIZOWTIE, JBATHFZE CIZXRIED A > % — L b L—= 0 7P FESf STz,
g bbb, F—=U 7 ETIERLS, R0 TNEN ML —= TR
ZRIESTHREENE 2 DD, AFRICBON T, BXMEOS 2 — L hb—=2 7
ZIRD ATV T =60 UEE ) TRWI U Fh—bWnWeled, ML—= 7 AR
MR —=V 7RI EDLIITHBLENIRATHD. 2O, 4 3E RETR

\

}

H

i

IZT, ML=V 7RICEET DHERICOWT, 2 EB LU 3 EOR RN L HE
T5.

._[
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3-6 /&

AWFGEL, To=r T EBAMUL VAL A RN == T BT TA A AN v
J N —=U T OEAE N —= IR T =T oa ) I = A A L NTATIRT F
—V VAL KIETREOBENEPONIT LI L Le. KO RNS, LTDZ
EBRHBMNERST

1. V=V 7 ERAML Y AR AN == T HDEWVET TA A AN v 7 FL—
=T OEE b L —= U ZIIN RIS TI IOBEEN T  —~ o R R ST

2. 2L, FEOETRT V) —% KR L Uiz, V=V 7 E@AML YA VAR
L—= T H5WETTA4FA ) v 7 FL—=0 T OBEA L —=2 7 XKk
ENRT =~ AR FRICHESE RN T.

3. MEG R NL—=v I MT =7 xa) I = A L NTATNINT 5 —< AT

MIF S BIFRETH 7.

bz ling, Jv=u 7 @EAML Y AR AN L= T HDWNNET T A A4 A
N w7 bb—=0 708G b L—=0 I RREBEE T 4+ —~ R RET R,
RIRECTHDL Z EnREniz. £z, TNOOEAE N L —=2 T ORRIE, v AT~T
A7 LB a—& A ORE EFRIZ, NSV Z EAvREhiz.
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BA4E RETHR

AELFHCTIE, &2 BICBWTETFROMA L ZRODRFEEZE LD, 35
IZBWC Ty = T EEARM L VAR AN L == T HEWET TAAARNY v 7 b
L—=V OB N —= U IR RHEEE T 4 —~ A RIE TR OV TRGE L
T, B28 VAT T 4y LB a— L XAHEITTIE, o= 7 L mARML YA
AR == T HHWNETTAAA N v bL—= T OBE L —= PR
ENRT = ABLOT = a ) I —ICRIETREIINSW I EARENTEN,
BAMLYAZ AN ==V TOBMBEIL, TIAFT AN w7 FL—= T ORR
e 95% CIRER > TWAHAD, MiEZRLE. 2L T, 7 ¥ AMuHEERIZIB N T
ITEATRICBIT DRA R E IR L OO L Ehi L=, TORER, Jo=v 7L EmaA
MULIAZ AN == T HEWVET TA A AN v N —= T OHEA L —=
YT, T xmal) I—RFA L NTATNNRNT v U ARTH BB R X

SN ENRENTZ. ZNOLDORERNG, FJv=v T /AL VAX AN L —=
YITHDNEITTAF AN v == T OEE ML —= 2 IR ERBEE T b —
TR KIETRBIIRE S e, TOMREBFERETHD Z LRI, T4
DL FEBRIC B W CRIEEBEE N7 + —~  AOELORREITHE Tl <, FC

LR TATNNRT =< U APHFREICEE L o7l LT, Jv=vrxTa /3
—DEBRBENRHLNRN ST EBRBERTHLEEZOND. 22T, KETIX

2 BEBLOH 3 EOMBRICHESWT, MAMLIAZ AN —=0 T HOWET T
AFAN) I No—=U T REiT 570 —0 b b—= 0 THIRSOBE L ~L, 4
i, ML—=VZ7OMERENRT =V xa )/ I —DOUEENFRITHE L T 5 aTRetE
IZDOWNWTELET 5.
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4-1  BE M=V 7 DOHRICEEE RITTER O
4-1-1 bl—=V7HHcLDFv=v o) I—DREDRE~OHE
== ZHRICONT, BAMLVAX AN ==V TBIOT T4 4 AR
Y7 RL—=2 7 EEBIZBWTY, 10 B EOSTARKETHD LH 2 ETELL
7= (g Table4-1,4-2). LA L, A7 & AMuEFERTIE, 10 @HO FL—=7
WM AR ELZbOD, FEO TR T v —2R L L hL—= 7Tl T
=7 xa) I =IOV THERKHOEZRITABD bpnolz. ZoOMHBE LT,
Fo—=7HHZzR<RELIZE LTS, BETLT T —ORMEL R L—=070
BEREICL T, FL—= 7HRPER L IO TIERW N EEZOND.

Table 4-1. Subgroup analyses regarding effects of heavy resistance training on running

economy.
Moderator variables Hedges' g [95% Cls LL, UL] Interpretation
Performance level
Lv. 1 (Recreational level) —0.27[-0.59, 0.04] Small
Lv. 2 (Moderate level) —-0.18 [-0.92, 0.56] Trivial
Lv. 3 (High level) —-0.61[-1.84, 0.63] Moderate
Age
Young (21.0-31.5 years) —-0.51 [-0.83, -0.19] Moderate
Old (34.1-44 .8 years) -0.12[-0.41, 0.17] Trivial
Training intensity
<90% 1RM or > 4RM -0.17 [-1.05, 0.70] Trivial
290% 1RM or <4 RM —-0.31 [-0.61, —-0.02] Small
Training modality
Dynamic training —-0.32 [-0.64, 0.00] Small
Isometric training —0.33 [-0.89, 0.22] Small
Intervention period
Short (6-8 weeks) —-0.21 [-0.56, 0.15] Small
Long (10-14 weeks) —0.45[-0.83, —0.08] Small

Data are standardized mean difference for effect size values (Hedges' g).
Hedges' g represents time (pre vs. post) by group (experimental vs. control) interaction.

Abbreviation: Cls = confidence intervals, LL = lower limit, UL = upper limit.

57



Table 4-2. Subgroup analyses regarding effects of plyometric training on running economy.

Moderator variables Hedges' g [95% Cls LL, UL] Interpretation
Performance level
Lv. 1 (Recreational level) 0.12 [-0.72, 0.95] Trivial
Lv. 2 (Moderate level) —-0.20 [-0.62, 0.22] Small
Lv. 3 (High level) -
Age
Young (24.3-31.0 years) —0.26 [-1.09, 0.58] Small
Old (32.5-33.3 years) —-0.01 [-1.38, 1.37] Trivial
Intervention period
Short (4-6 weeks) —0.06 [-0.67, 0.55] Trivial
Long (8-10 weeks) —-0.26 [-0.67, 0.15] Small

Data are standardized mean difference for effect size values (Hedges' g).
Hedges' g represents time (pre vs. post) by group (experimental vs. control) interaction.

Abbreviation: Cls = confidence intervals, LL = lower limit, UL = upper limit.
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4-1-2 FUF—OBEELVSABIUERICLDZ Ty =v T a ) I—D®REDE
~DER

FHET =B L TCRARMLV VAR VA N L—= 7 2 E i LBICIE, H4E
Tl —ERBLE LB LTI =T g )) I T RN KRE N7
FIRRIC, B L~ D@mNT =i, B~V ORWT v F =L b bL—= 7
RN KENZ EAVRENTUWS (Table 4-1). — 5 C, Piacentini et al.l95![%, 6 # ]
DA T > 7223, 85:90% 1RM DA CHET LV F—NL VAKX A N L—=V
ThEFEMLIZEZ A, 62%DT =T o)) I—DBEE R L. LL, TUH L
LSRR T, FHEO TR T v —&23 R, BAMLYAZ AN L—=7
DAMEZ 90% IRM £ THINSEZb00, Fr=rr7Ta ) I —OFBREENHR
ENehotz. TOHEHBELT, FL—=V 7 OAMEIIBIOERNEEL T D AR
PERHD (R 4-1-3).

£, TIAFA RN ) w7 hL—= 72 ONTh, Tr=vZTma ) I — 1l kET
WA, Lvl 77 —ZBWVWT Lv2 70 =X 0 L/ hEL R 2 ERENTWND
(Table 4-2). Z OFERILEE 2 BOMRFR TR~ L 51, BELLOBENT ) —
DOFINIARN T & DR L TV D afgetE N & A2l fi i MR, Fey 7Yy
Z T ABEOBMIFRIIE LS 25 Z E BB BN - T il i L~ v ommno

—IX FEOmAInEN EnHEIh sl £, BHET o —bHETZ V)
— KO BRERFHGNEALTND ZLEHRENTNDHWEL, ZD720, B L~LDEN
FroF—b LI ET U F—IT L bb—=r T a3 T o — Ll U TR I ME
<, BOWEHFHTOT 744 A N v 7 NL—=V IRERTET, Jor=vr/xa
J I —DUEHR L/ NEL DO TRV ERERITE 5.

INEDT T —DFHE L ANVRERE T T A A AN v == T OBHFEICH
LT, 74 MUEER T, PTRICBWC Iy = oa ) I —0F{LRE R—
AT A 2 TOFHET % FTVOgmay b L 1M /12 EKT IRM & ORI PEEEE O BRI
DR ENTZ. BRI, =R T A BT D V0 8km/h (r=-0.61, p=0.06)
©10km/h (r=-0.53,p=0.11) KHTF LT =7 xTa /) I— ETPFOV0,) D%
fbRE, R=ZATF7A4 BT DL Y T H—NH—7 LA XD 1IRM » 8km/h (L v 7
JH—Lir=-0.53,p=0.10; #—7L 4 X:r=-0.51,p=0.12) £ 10km/h (Z—7L

A X:ir=-063,p=0.04) IZBITFTEHT =T xa) I —0OEROBICPFLE OFE R
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B S D 2 L AVURE T (Table4-3). Z OFERIT, B L~Ld LI IIOENT
PFI=INTITAFA RN N2 P EEMTHIET, Jry=rra ) I—N)
RELEETDIHEANCHDZEEZRLTND. 61, PTEIZBWT, XR—=2AF7 42D
IRM CHEWEHIREH TR BER TV 2 0E2 R 3 Fe vy 7Yy U 7RO IS S HREE
OMBEBRNR A LN TEY, 2O Rey 7Yy 7Ry =r7x2a /) I—-0&lk
KOG HBEBR GRS Nz (Table4-3). ZhHiE, MW HEATHRHALRH LT
TAFA NI w7 No—=0 T %, Jv=vrxa))I—45WESELDIC oA
MCEBTE TCWEARENEZREL TS, THLDOMREEHRETDE, VAT~T 4
w7 L Ea—& A2 NT, FEL LT BTRZ V=BT T4 FA N v
J RN —=V P RERTHIEICL DT =T ma ) I —~OWENRDNE o T
ZEiE, EROX IGO0 AIBNMENZ LIZE ST, B Rry YUy U THRET R
L—= 0 T aFEMTETDRP-Z EICER L TWD RN S D, RS, HED
—WHRZ I —EMHhE NS %, YIAFA NI T M—= T EFERT D
LT, Ty rra) I —OUENHRITERT O AREENEZOND.
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Table 4-3. The correlation coefficients and their interpretations among VOymax, 1RM,
drop jump index at baseline, and the percentage changes of running economy between
pre- and post-test in PT group.

The percentage change of running economy E Drop jump index
 skmh | 10kmh | 12kmh | atbaseline

VO, at r=-061 | r=-053 | r=-017 | r=092*
'}§M;{gg;;;;" r=-039 | r=-040 | r=_024 . r=06

at baseline fair fair weak
RMoflegoul r=-053 | r=-020 | r=-012 | r=059

at baseline weak weak
RMofcaffraise  r=-0.51 | r=-063* | r=-041 |  r=049

Drop jump index =072 | r=-070* | r=-055 |

at baseline moderate moderate | fair

The correlation coefficient is interpreted as weak (0.0 <r < 0.25), fair (0.25 < r < 0.50), moderate to good

(0.50 < r < 0.75), and strong (0.75 < r < 1.00) [16],

* denotes a significant correlation between variables.

4-1-3 bPL—=UTBfREICED T v=v T ma) I—DUREDR~OHE
ERo b= THIBISOHE LB KO ERTZ T T, BARMLUAZ VAR
L—= U B AEMEREL £-T = oo ) I —DWENRICEEL TWDH A
RN DD, 70X MULIERTIE, GRAMLVIAZ AN —= T T T4 F A
FU w7 ==V I RNEHE T 43—~ A RIETHROEBNERHT D201
W k== 7 OMEREICRE REVWEH L. 2FD, GAMLIAZ A M L—
=703 4R GEMEIEIGHE 2 7D, RN 2 #0) T 1 8EZ 58T 5 L 9IS REIC
ferzl, 774 FA M) w7 FL—=0 7 TIETE HRY BRI (300 ms LA
W) TEMEZFEmT 2 L5 rE L. BITETlE, Jvy=vrxa)/I—-L/o
NEH EA Y E (rate of force development: RFD) ORI H B R FHBEBI R & 5 & &
ncnpmid F7, RFD ZM L5701, FRVIENELE#EL THARD LY
AP VA RN == T RERT D 2 EREVEIIR Ty T EMER FERIT S Z &
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HETHDLZ v psl EEKZ, W ONDOETIE, hb—=0712k
HRFD LT v=vrxa /) I—0mDmN EEZRLTHL 010 Taipale et al.?8o
BFzeCix, 70 CMJ OBt A ELZIcb b bd, RFD v =22z a)
R—DELLELHBICHE LRSI ENRESN TS, 20D, KT F L
IEHFERICB T T = V@AM L Y AL VA N —=0 T OEAE N L—=
DT v=vrra))I—IxT5FETeg=-00715 022 E/NENoTZBEHO—D
ELT, MNe—=r T OBMEEENRETOND ATREMN S 5. KRHT, 1BRENe /T —
RO EEHNE L TEBLETTAA AN v 7 FL—=2 7T, MRS
ISERET HZ ENTE, FJr=vrxa )/ I—-ICRIETRREIR, ~0.38 (small) 2»»
5-0.62 (moderate) & CREMEA R LD TIIRWNEEZOND. R T
%, F—=U I K IR N T+ —~ L ADEARTET T <, RFD @ X 9 72t
&R DEAUZ DWW T HFHIT 5 MR 5.

4-2  FATHRRICBITAHA L TV ¥ MU EBROKERORE

RELFHITHIT 5 T o X MMEBERBRIC BN TIE, THEO—RTRT v F—2 54
IZ 10 BED ML —= 7R AEEm LI, SAFMLVUAX A RNL—=2 7T, 10
BWELLED M —= ZTWIRZRITHZ & ThL—= 0 7R NBHERT 5 Z L3, Table
4-1 DYV T T N—TFRITIC ORI N (g =-0.45, small), 7 > & MMEHERSERR T
Frv=vrxma) I kIET R EIZ-0.07 (trivial) 7>5-0.22 (small) TH-o7z.
DT o Z MULEERICE T 5/ S WIRET, ®AMLIAZ A L—=270
BV 4B (FIMEIENGNE 2 B, (RSRMENGHE 2 B) 207 ¢, 1 8fEZ2 Efis -2 &
NEDOHER E L TETBND.

—7J7, Table4-2 TiX, 8 MU ETIA A AN v ML —=v I RT =/
S RIET R EE, g=-0.26 (small) Thotz. 72720, 7 LMELESERT
X, 7794 A AN v N—=v T =y ma ) I RIET R EE, -0.38
(small) 7*5-0.62 (moderate) &CX°FEEAZ R L. OB L LT, FL—=7
W% 10 WL EICERE LIAFERNE L A BN T & OB I 2 Je] L 7= R85 72
WIEREBZOND. KT X MUERICENTIE, Fr—=r W R RE
LicZ ERmnRr y 7Yy U7 (IS OmWRIEE) ChL—=2 27 %%
TETCWEIER, FJv=yrTa)I—~Dhb—=UHREREE LY HHEAS
BB D RN & 5.
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4-3  HBH~DIEH

INETOREMNS, HENOFEEL~LOENWT v F—RNEHHOEART LY A X
VAR T HLWVETTAFT AN I M= T ERERT D56, To=r
yra)I—EPREREIEL I ENRBIN. £, FORRIIL, mARTL YA
HBUA == T ERFERT DR REVAREEDNHD. —I7 T, FELOHHH LD
BNF =L, EH6D M= Db RERBEELZITDH LN TERNEE
ZbihDh. L, RMELGRIXITBIT 57 ¥ MEHEFERICHBWTIE, 744 A
Uo7 bb—=27% 10 BEERT 5 2 &0V v o TEEZ EOEMIFEH (B 5 Wi
BmWRry T Uy T TEMTLHZEICEST, Jr=r/ =3/ I —(% small
725 moderate DR TYET H Z LRIz, MAT, HHDOENKRRENT T A
FAN) w7 ==V T RFETHIET, Tr=rvrTa ) I —OwEHRITHK
THMEAZHDHZ LD, ALY AZ A N—=0 7 %% LG &1 E Sz
#IZ, IAFA N I Mo—=0 7% FE T HZ LT, REEEERT7+—~ 2 2%
M EEH2 ECHROTHLARERHS. — 5T, MAMLYAZ VA RNL—=07
ZFEM T DBV TE, HOEMEEE A Bk L CEMT 5 2L T, RFD 0o ERZ
DY Tr=vlma ) I —DWENRLELND EHENTE 5.

4-4 SHBROERZE

ER U7X 972, BMEREZHEHI L2 L —= 0 P RSY T N — T RICIRET S
W72 b L—= 2 AR, RAME LR O RICES R E > TS, ZD72)
SBITHBEDOH NIV E S TTIFAF AN w7 No—= T OMPER R LD
D, BIEREORRLEANL VAL VAN —= 0 TR E LTEBRIC, RiEEEE T
G = VAL RETRBER DD, REDOKRENLETHDH. I 5T, THEO T
OB T o —~ AT T, RFD & W o oM ERCT = IR, F AT =
7 A0, 19,1201 3 o — XN21128l, BREFEIKN24 1250 MO BER G T = T a ) I —
(CHRSBIR L TV D RIREMEN B 2 DD, FERIVARIFZEE LT, Fi i B 7 +—~
VAL W TR REM DAL & iR LT, REIBEEE AN T 4+ —~ U R EDORER
BRL CW D EARICTHET DL ELH 5.
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BEE

AMELFHILTIE, FHEOFRHTRT VF—2RE LT, Fr=r T LHAML YA
BUARNL—=U T HDWVETTAFA RN w7 bL—= TOEA N L—=V T RT
Yo 2a ) I—BIOXALRNTATNANRT =< A RIFTTHEOE NEZHS
MZTHZEAAME LT, ZORER, UTFDOZ LRGN ER-T.

1. =V T lEAMLYAZ AN L—=20 T HHWET T4 A AR v 7 FL—
=T OB N == TN, Tr=r e a ) I—BIOAA L NTATNANRT —
VA RKIETHBIIRE LS 2N ERR ST,

2. FUDVITLEBAMULYAZ VAN L= T HLIWNITTAF A v b L—
=T OEE N L=V SRR T -~ VR RIETREL, T O
LUV, RL—=2 ZHI, FL—= 2 VT O@EEEIC L > THBEEZITL L
DRI STz,

3. THEO—MHTRT I —%xRE LIcmEHEG M —=0 ZI3RBHE N7 +—~
2 FEICHESET, T OHRICKEBEWVITMHR S R0 o7,
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