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The Transition from Aerobic to Anaerobic
Metabolism

James S. Skinner & Thomas H. Mclellan

To cite this article: James S. Skinner & Thomas H. Mclellan (1980) The Transition from Aerobic
to Anaerobic Metabolism, Research Quarterly for Exercise and Sport, 51:1, 234-248, DOI:
10.1080/02701367.1980.10809285

Table 1—Hypothetical Model of Selected Characteristics of the Various Thresholds
and Phases During Progressive Exercise from Rest to Maximal Oxygen Consumption

Phase | Phase |l Phase Il
Rest Aerobic Anaerobic VO,
Thrashoid Threshold max
Predominant Type
of Metabolism Aerobic — Anaerobic
Predominant
Substrate Fat>Carbohydrate > Carbohydrate>Fat
Predominant
Muscle Fiber
Type | I, lia I lla, b
Relative Intensity
(% VO,max) 40-60 65-90
Heart Rate
(b-min—1) 130-150 160-180
Blood Lactate
(mmol- 1) ~2 ~4
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CnenoBaTenbHO, €CTH VBEIHYMTE TEMIT NIeIaTMPOBAHWA B CTYIIEHYA-
ToM Tecte ¢ 73 ob/mMuH go 90 06/mun, To Bce OMB bynyT pekpyTupo-
BATLCS MPH TOM XK€ BHEUIHEM COMPOTHRISHHUH, 4 MOIIHOCTh B 3TOT MO-
MeHT OyaeT Beile Ha 16-20%. DkcnepuMMeHTHI MOKAa3alM, YTO UMEHHO
TAK M MPOMCXOIWT NPH H3MEHEHHH TEMIA NeJaTHpPOBAaHHA B CTYMEeHYa-

TOM TECTE.
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AHDEH&FF&TH'—I&CK{]H JHTEPATYVPE HAKOIUJICHHE TakTaTd CEA3LIBAKDT C
HEOOCTATKOM MOCTVILUIEHHA KHCIOPOId K MBILULIE ('D MBIIIEYHBIX BOJMOK-

Hax BOOOLLIE HWYETD HE TOBOPAT, KAK CTYICHTHI IBOCILIHWUKH).
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15 repetitions into a 30RM 24 repetitions into a 30RM Volitional Failure
(50% completed) (75% completed)

Nl

Low Loads
to volitional failure

& Repetitions into a 10RM 7/8 Repetitions into a 10RM

Volitional Fail
{50% completed) (~75% completed) olitional Failure

High Loads
to volitional failure

= Indicatas a cell that is inactive and not stimulated to grow

@ Indicates a cell that has been activated and has received the stimulus to grow but has been selectively turmed off to allow for recovery
¢ Indicates a cell that is currently activated and receiving the stimulus to grow

&2 Indicates a rell that is corrently activated ot may nnt be under tension far a lang ennugh duration ta receive the stiriilus ta grow

Do metabolites that are produced during resistameserciseenhancemuscle hypertrophy EurJApplPhysiol2017
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Leg and arm lactate and substrate kinetics
during exercise

G. VAN HALL.' M. JENSEN-URSTAL,* H. ROSDAHL"

H.C. HOLMEERG,? B. SALTIN," AND J. A L. CALBET"

"The Copenfiogen Muscle Research Centre, University Fospifal,

2100 Copenhagen, Denmark; and the Depariments of “Cordiology and
APhysiclogy- Fharmacology, Karolinska Institute, 171 77 Biockholm, Sweden
Subenitind 30 Juono SHE; soceplad in final b & Soptombar 2H0E

il Fruclocrimal Mioksb 284: B159-F90E, 9009,
First pubilishad Saptombar 11, 2002, 10,1152 pands. (0E7E 002,

¥an Hall, G., M. Jensen-Urstad, H Rnld.n.hl, H.-C.
thnhnz!,E.B-lﬁn,lniJ.LLC:l.l:-uLI.ﬁg arm
Inictarte and suhstrats kincties d mearcisa. Am J Plysiol
Endocrinal Meoh 284: E193- 3003, First published
Septembar 11, BNIZ; 10, lllii'.l]pnu.du.WE‘?EM—'l‘n
the rola of muscle mass and mmscles activity on lactate

{—2.5 mmaol) wers ohsarved 4
daspite o subsinntinl oot lnctste
mmol'min, wkich was balanced b
1 tha Whalo mnd Gmb kectato oxidation
i_mu{ﬂ'l.l.:gl:mhnuh}l ﬁ'm—:ﬂ; ::Twu —46% ot rest and —95%
uppnmm rats Inctata raspactivaly.
Limh Inctats kinstics -m.l:npd mu]hp]immwhm eEurcis
m.ud.e'u.l plunoss and ghyearol tumover

ll.mb et glucosa ﬁa MMM:

the artarial Lu.ul.i.-emn.umnn.uuu
ralatively low lovel daspite high lsctats Ry during

with a mtmﬂ.nmbﬂmmot’ﬂuh? i -uf
nctive sk musds to toko up lnctede, w ﬁm
correlated with lnctata delivery. Tha limb lactate uptaks
during axarcisa is oxidized ot rates Gr sbove resting oxygen
mnnl.ml:liuu,impl}ingﬂ:ltlumumhnmmm
mm:id.u.l:.uu' =ro also nt on 2n alovatied metabolic mta.

dntion =t rest end during exercise mnder the yarious condi-
tinna. Skalotal muscla con changn its Emb oot glueoss uptaks
sevarnifold within minutes, ca o redistnbution of the
mvailnble glurnss barnnse whala Flucmsa turnover was
unchnnged

lnctats dohydrogennss; cross-couniry skimng: trocors

AS EARLY &8 1907, Fletcher and Hopkins (11) nof only
provided definitive evidence of the relation between
muscle nctivity and production of lactic acid in the

nmphibian skeletal muscle, but they also concluded
that skeleial muscles possess the requisite chemical
mechnnisms for the removal of Inctic acid once formed.
Despite this early finding, lnctate was long considered
a metabolic end product, that is, lactate produced dur-
ing musde contraction and releassd into the circula-
tion for subasquent updake by the liver for recycling via
gpluconengenesis. The importance of skeletal muscle in
lartate clenrance in humnans became clear from exper-
iments stariing in the late 1950s. 1t was shown that,
during exercise, Inctate wns taken wp by nonmctive
skeletnl muscdes (1, 7, 121 Furthermore, when the
arierial lnctate concentrotion was also slevoted, ackive
skeletal muscles cleared lactate (12, 26 300, and when
two-legged cycle ergomeier exercise was performed
with one leg having n normal and the other a low
glycogen content, the leg with the normal glycogen
content relensed Inctate, whereas lactote was taken ap
by the beg with the low glycogen comtemt (10, 131 In
u.dd.l.hlm., the utilization of lactate by skeletal muscle
nppenred to be higher when light exercise was per-
formed compared with complete rest (14, 24, 286, 2TL
From thess studies it was concluded that skeletal mus-
cles not only produce lnctate, bui they are also the
major iissue for lactate removal from the arculation.
Further siudies with lnclate isotopes have shown a
simultaneous limb lactate uptake nnd relesse ot rest
nnd during exercise (15, 18, 34} This suggests n dy-
namic situntion, with exchange of lactate ns 8 carbo.
hydrate source between fibers within the same muscle
but alsc from one muscle group to another, whether
noiively contrncting or not. Te study the magnitude of
such Buxes, six elite crosscouniry skiers were studied
during reller skiing. This exercise medel provides &
unique opportunity to systemic and skele.
tal muscle Inctate nnd energy kinetics during exerciss
with the majority of the body's skeletal muscl: mass
engaged in the exercise. Cross-country skiers have a
similnr troining status in the upper and the lower body
muscles, and to them roller-skiing is a nataral mode of
exercise with substantinl changes in skeletal muscle

Addreas for et and othar ndani {1 van
Rasparch Contrs, Rigshospitalol,

Spction TEGZ, § Elopdnmsva), DE-Z100 Coponhegen @, Dommark
{ 3 k).

Thi costa af Lian of this articla warn dafryed In 12
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Van Hall, G., M. Jenséirstad H.RosdahlH-C.Holmberg B.Saltin and J. A. ICalbet Leg ancgrm lactateandsubstratekineticsduring

exercise. Am PhysiolEndocrinoMetab 284,2003.
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Diagonal stride, speed 10 km.h-', 5.7°, VO, 3.95 Lmin"'

A AT

Double pooling, speed 15.8 km.h, 3%, VO, 3.75 I.min"'

mm\

ng_gb_un_g,speedeé‘»kmh 6.8°, VO, 3.97 I.min "'

0.31 Lmin* :::: .:;:’ 4
r— 10 10
120 0 40 50 60 TOmin  ~Q5%
Vokmax

Van Hall, G., M. Jenséirstad H.RosdahlH-C.Holmberg B.Saltin and J. A. [Calbet Leg andrm lactateand substrate
kineticsduring exercise. AmRhysiolEndocrinoMetab 284,2003.




cubi
[1-Y*Clactate infusion
blood sampling fo Lval
moral vein
saline infusion + thermistor blood sampling (distal)
for blood flow measurement
t t h - Tor
right atrium
blood sampling femoral artery
bleod sampling
femoral vein
saline infusion + thermistor
for blood flow
measurement

fig. 1. Position and function of the catheters.

Van Hall, G., M. Jenséirstad H.RosdahlH-C.Holmberg B.Saltin and J. A. ICalbet Leg andirm lactateand substrate
kineticsduring exercise. AmRhysiolEndocrinoMetab 284,2003.
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Effect of resistance training set volume on uppedy musclehypertrophy: are more sets really better théess?
CV La Scalaeixeiraet.al ClinPhysiolFunctimaging. 2018 Sep;38(5): -Z32.



~

OomMme o0 e ¢

(S < * Tt e

C h t hao

* [

toooe°h “ T Ee o

*

Protein translation
initiation

|

Hypertrophy

o>

i Glycogen
1T AMP:ATP

Mitochondrial protein
transcription

|

Mitochondrial
biogenesis

e m 9 YO Xnmk e .oje ta O

T

/N

o

<<

ae o
]
= 0

*

JohnA. Hawleyet. al.Integrative Biology oExercise. Cell59, November 62014¢ 738749

o]

T



! I} ) q r
J L -I € ” L L v — J
-| " J g = n o _ C -|
“h ™ a t h m o ¢ tah @ hm a v
" -€ a e 27 ~ m X ~
€ < < < < ymn“ 0t a  — * a a q)
”n 6t-_ac™) ~m aomt cy pt (mth<a*”m_tmﬁ'|:
"¢lo ¢co toh e Y oM “m 7o e T YT e
. 0 Onh:::n |_S (—V L -I ‘h L,)
7 oce ’ X h o e 'Y s 'H
" _t h * t .h™ e g o " xt .o®»>I H
~ ~ 4 = Yy 4 .« P
6. oel B ccen €00 90 YR RO 0P
Yo T'E"o- 0 s |HOS e m o T'E o -
\’C3-C ) e . 0 e o " e x a " e X 0’
" maoth "y e® a®* 7 o ¥ A a et em e
mx aa™he o T A -@sre 0" emyot Yhoagmatn® © O Y At
e " 0 e~ o " e X a . ' e x O h xccx ¢ x 7|~
a e e Y m xta™g® h7Xo 'Ottm™Yy t X o
. m o o coho 0 9 1 1 &



t h 2

<

. ¢l-0

m t h o

S emMln naxn
PHY ©

0

e f'\rO e v

co'go"‘o S Xo0

t T Em t

* < L d



-| ” . J o S
~ h a t h m "o o ]~

e < * e ®

« ZO'C ﬂ',":n?,‘ ot a —m * a*a CD
"7 6t-1@8cok: ot a” _m T
(I ACS-M p ¢ © - t ° hc<pq-I * m -<z/|—p(’) @ ﬁ ©
N oon ce ? X h o e ’Y S ’H

" ¢ h e C C m X C h m h Z
+ 2¢c . mxc hm - h 3 €10
a e @
Ye e 0 sz O ’ : -H_OO - :

0 a o e o a ™ m c h ¢ 7~
.« ¢ 1H e =~ 70 e” o7 ex
t 0 e h X ,O.I.nu ,YH X O —~~ ;nu
OO » X t h o [ A'Em t ~ e O



A Review on the Mechanisms of Blood-Flow Restriction
Resistance Training-Induced Muscle Hypertrophy

Stephen John Pearson - Syed Bobinl Hussain

& Sproger tessason] Pebleling Swiserked 04

Abstract I hes tradiionally been believed that resislance
trxining can anly induce muscle growth when the exercize
intenszity i grester than 65 % of the 1-repetition masmum
(RM). However, more recently, the use ol low-inlemity
resigance exercise with blood-llow resinction (BFR) has
challenged this theory and consigendy shown that hyper-
trophic abspiations can be induced with much lower
exercize inemilies (<50 % 1-RM)L Despite the poen
hypertrophic effecs of BFR resilance training being
demomsirated by numerous studies, the underlving mech-
aniams repoasible for such effects are nol well delined
Metabalic siress has been fugpeded 1o be a pnmary [actor
responsble, and thisis heonsed o actvale numenous olher
mechanizms, all of which are thought to mduce muscle
growih via autoonine andior paracrne achons. However, il
1% mve worthy that some of these me chanismes do nol appear
Loy he medisted 1o any grest extent by metshalic dres bu

rather by mechamcal tension (another pimery facior of

muscl hyperirophy). Given that the level of mechamical
lension i typically low with BFR resistance exercize

(<250 % I-RM), one may gueston the magmbude of

involvement of these mechanisms aligned to the sdspis-
tioms reported with BFR resigtance training. However,
despite the kow level of mechamcal engon, it i plausible
that the ellects mduced by the primoery Fsctors (mechamical
lension aml melasholic dress) are, m facl addibive, which
ultmately connbutes o the alaplations seen with BFR
resisdance (raining. Exercise-induced mechamical temion

amnl metsholic dres are theonsed lo signal 2 number of

mechanizms for the inducton ol muscle growh, including

5L Pearsown () 5 B Hessam
Ceamore for Health, Spoer amd Hebabalsarom Scesnc e Research,
unm:rn} mmm:m G UK

e #Re bl e e

incresed] [ad-twilch hbre recnnimend, mec henolransduc-
tion, musclk damage, sydemic and localied hormone
production, cell swelling, and the production of reactive
oy gen species and il vanants, moluding mine osde and
hest shock profteins. However, the relative extent to which
these specilic mechanisms are nduced by the primary
[=ciors with BFR resitnce exercise, as well a5 ther
magnitude of myvolvemen! in BFR resistance faining-
induced muscle hypertrophy, requires further exploration.

Mechanical ension and metshalic dress are both
primary mechamzms of redstmos Uramming -indoced
muscle hypermophy.

Metaholic sress may play the dominant rode in
mechating the potent hypertrophic eflecs seen with
hlood-llow redncton (BFR) resdance rainng, bul
mechanical Enson also plays a par.

Mechanical ension and metshalic sress st
synergisdically to madiste mumerow secondeary
asocialed mechanizms, all of which simulate
auocrne andior parscrine actions for the induction
ol muscle hypertrophy with BFR resstance trammng.

1 Backgrouml

During resisiance & xercise, modor mnits, and hence mscle

libres, are recnufed scoording tl-lhe ‘Bl.acpnrn;ie [1], in
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secondary mechanisms -relationships and relative contributions

T Fibre ra cruitmen@
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Autocrine/paracrine actions
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Blood Flow Restriction (BFR) Training
Type 1 Muscle Fiber Hypertrophy in Powerlifters

17 elite powerlifters trained 5x/week for 6.5 weeks, which included 16 front squat sessions. 9 lifters
performed 63% (10/16) of front squat sessions with low loads (24-31% 1RM) & blood flow restriction
(BFR): the other 7 lifters (Control) used standard, heavier loads (74-76% 1RM) during these sessions.
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. STRENGTH GAINS (MVIT,1RM)

& SIZE GAINS (Quadriceps Muscles CSA)

e T 11.2% ‘
3.3% 2.9% 3.9% 3.6%

e R == 0.1% 2l
-0.6% L | |

o e Front Squat 1RM Type 1 Fibers Type 2 Fibers
maximal volunta : - . .

isokinetic torque | Mr\?:IT] B Low-load resistance training with blood flow restriction (BFR)

M Standard high-load resistance training (Control)

‘ De€pltethe contr8l BroupBerforming 10 more high-load front squat sessions than BFR, strength &

Type 2 muscle fiber size gains were similar. BFR experienced greater increases in Type 1 fibersize &

myonuclear addition (not shown). Low-load BFR in combination with traditional strength training may
be of importance to optimize adaptation of both fiber types in highly strength-trained individuals.

. 2 DANJes &.yfype 1 Muscle Fiber Hypertrophy after Blood Flesiricted Training in Powerlifters. Me&tiSportsExerc 2018 Sep 4
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Using Molecular Biology to Maximize Concurrent Training

Keith Baar

© The Amhoris) 2014, This anszle is published with open access @ Springedisk.com

Absiract  Very few sports use only endurance or siremgth.
(hetside of nmning long distances on a Aat surface and
power-lifting, practically all spors require some comhi-
nation of endurance and stremgth. Endurance and strength
can be developed simulanepusly to some degree. How-
ever, the development of a high level of endurince seems
o prohibit the development or mainienance of muescle mass
and stremgth. This imteraction between enduramce  and
strength & called the comcurrent training effect. This
review specifically defines the concurrent traiming effect.
discusses the polemtial molecular mechanisms umderlying
this effect, and proposes stralegies o maximize strength
and endurance in the high-level athlete.

1 Imtroduction

Robert Hickson was a power-lifter when he went 1o do his
post-doctoral work im the laboratory of Professor John
Holloszy. Every day, Holloszy, the father of endurance
exercise research, would leave the Washingtom Umiversity
Medical Campus and go for rnuns through the adjpoining
Farest Park. In his effort to make 2 good impression with
his new boss, Dr. Hickson decided o accompany Prof.
Holloszy om his aflernoon nens, but soon found that his
muscle mass and stremgth were decreasing in spile of the
fact that be was still doing his sirength training at the same
frequency and intensity. When Hicksom approached

K. Baasr (=0

Fusctional Molecular Biology Lab, Depamssent of
Nearobiology, Physaskogy, ssd Behavion, Universaty of
Califenia Devis, One Shislds Ave, 174 Briges Hall,
Dranvits, CA 55616, LISA
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KeithBaar UsingMolecular Biology to Maximize ConcurréimainingSportsMed (2014) 44 (Suppl 2):SX&125

Holloszy with his problem, he wax told: “this should be the
first sty you do when you have youar own Bh.” Troe o
his womnl, the first study that Hickson completed in his mew
laboratory at the University of [llinois in Chicago was the
semimz] study on concurremt training.

Published in 1980 [1], Hickson's classic shudy trained
three groups of subjectss Growp | performed siremgth
traimimg alome; Group 2 performed endurance  trainimg
alome; and Group 3 performed siremgth amd endurance
together. The strength traming was performed 5 days per
week for 10 weeks, amd was desigmed exclusively to
increase leg strengih. Troe to his power-lifting background,
Hick=om had his suhjects perform all of the exercises with
as much weight as possible. The endurance tmining was
performed 6 days per week for the same 10-week period
and consisted of 3 days of cycling amd 3 days of nmning.
The cycling exercise comsisted of six 5-min inlervals at
maximal aerohic capacity (Vi ). whereas the imstruc.
tions on ihe nanning days were 0 “nan as fast as possible™
far 3 min'day in the first week, 35 minday for the secomd
wock, and 40 minfday for the remainder of the study. The
cancurrent traiming group performed both the strength amd
endurance Imining probocols in a mon-standardized onder
with between 15 min and 2 h of rest in between.

Al the end of the 10-week training programe Vi, was
determined on the bike amd treadmill. The strength alone
group showed 2 4 % improvement in Y0, on the bike
with mo change when measured o the treadmill. In con-
trast, the endurance and concurrent training groups hoth
increased Vi, by 17 % on the readmill and ~20 % on
the bike. This indicated that strength traiming does not
negatively affect endurance adaptations or performance. It
should be noted. however, that the concument traimimg
group did mot imcrease their bodyweight over the traiming
pericd as a result of their strength traiming. If they had, it
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Fig. 1 The concurrent training effect on strength. The figure shows
the increase in one repetition maximum in the squat in subjects who
participated in 10 weeks of high-intensity resistance exercise alone
{resistance), endurance exercise alone (endurance), and both types of
training (concurrent). Also, note that the strength and concurrent
groups both increased their strength together up to 7 weeks, when the
strength group started making greater gains than the concurrent group
{adapted from Hickson [1], with permission). /RM one repetition
maximum
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Concurrent exercise training: do opposithstract?
VernonG.Coffeyand John AHawleyJPhysiol 595.9 (2017) pp 2883896
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SYSTEMATIC REVIEW

The Hole ol Intra-Session Exercise Sequence in the Interference
Elfect: A Systemalic Review with Mela-Analysis

Lee Eddens' 7« Ken van Someren' « Ghn Howatson' =

5 The Antdhoris) X007 Ths e che @ an open e pubbis ases

Ahstract

Backy round There is a necessity for momeroos spors to
devdop mrengh md serohic apxity simolensoosdy,
placing 2 signifimnt demand opon the pradice of efiective
oonaament teining methods. Concmment training reqoires
the athlete 0 peaform both resisance and endorance
exercise within 2 mraining plan. This traiming paradigm has
heen msociated with an ‘imerferne effec’, with afem.
ater] strength adspiation in comparison o that fallowing
isaled resitance maining. The effectiveness of the tran-
ing programme msts on the immcacies of manipolating
acuie traiming varighles, soch as exwercise seqoence. The
research, in the mos part, does not provide a clarity of
message 25 i whether imrasession exexrise seqoence has
the polentiz]l to exacerhaie or mifigaie the mierfaence
effect associsted with concmrent training methads.
b The aim of the sysiematic review and met-
amalysis was to asess whether inim-session conomment
exercise sejoence modifies stenghbmed ooicomes xso-
ciged with the merfaence eflect

Merhods Ten sindies were identified from 2 systemaic
review of the lferatme for the omomes of kower-body
dymamic and static swrengh, lower-body hypertrophy,

Lee Bliem anl Ko v Soneen are oo aghos

! Gha Howaea

ek i E s

D of Sgoa, B and Rl
Nodusbr Uevesay, Mewosde poa Tyee K

¥ Waky Rescach Group, Mot Wl Univesiy,
Poanidird devnnss Tk & B

maximal zerobic capacity and body fa percentage Fach
smdy examined the offect of miresession emercise
sequence on the specified omcomes, acroes 2 prolonged
(=5 weels) oocument tminmg progamme in heakby
admhx.

Remfre Amalysis of pooled dan indicated that msiance
endorance exercine sequence had 2 positve offect for
lower.hady dymamic strength, in comparison to the aher
mate sequence (weighted mean difference, 6.91% change;
95% confidence imerval 196, 1187 change; p = 0LO0G),
with nio effectof exercine sequence for lwerhady moscle
ypermophy (weighted memn difference, 115% dhange;
95% confidence mterval — 156, 3457 change; p = 0.40),
lower-body satic smength (weighted mean difference, —
0% change; 95% oonfidence mierval 309, 3.11
dhmge; p = 0.95), or the ramaining cotcomes of maximal
serohic mpacity and body fat percentage (p = 005}
Conclusion These resolis indicate that the practice of
mnomTent Taining with 2 resistance Bllowed by an
endorance exercise order & henefigal for the owicome of
lower-body dymamic stength, while aiemaing the oder
of simali affars no henefit for training ooicomes ageo cizied
with the inerfaence effect
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AESTRACT

We conducted 2 systematic Merature mview and ta assess the chronic effects of the
sequence of conqument stength and endwrance waming on sebedted Important phys iral and
perfommance pammeiers, namely lower body 1 repetrion maomum (1RM] and zembnc
apadty . Bazed on peedeermined elhghilty orteria dhmonic effed inals, comparing
strengthrendurance (5] with endurance-strength (E%] raining sequence in the same sexion wes
included. Data on effed siees, sample sze and 50 2 well other rebted shudy chamcheschic wese
extraded The effed soes were pooled usng Foed or Aandom effect models 25 per bewed of hetero
genesty between shudies and 2 furfer sensiraty malmes wa carnsed out using nwerse Variance
Hetesogenety (Widet]) modek to adjust for potential bias due to helerogenesty. Lower body 18M was ~ ~
sign ifkcan #y higher when strength Faning peceded endurance with 2 pooled mean change of 196 kg 0]
Hsﬂiﬂ:ualm:l'ml;ll-hlmtemguqmmhadnummmhc with 2
padled mean difierence of 039 mikgmn~ (95%CE -1.03 to 181 mikgmn 'L Saquenong strength
framing paor o endurance in @nouent ramng appears to be benefirial for bwer body strength

adaptations, while the improvement of aembic ca

It o s

Perfomming strength and endurance training simultansously in
the msme training period, typially alled concunent training,
5 a popular training strategy to develop varous aspeas of
physinlogical capebilities in most sports {Balshing, Psyoids,
Moukes, Vassiiou, & Behrakis 200% Wong & Chaouschi,
2010). Concurrent training can also impact overall hesith,
inchuding cardirvascular fsk factors and muscullar fitness to a
grester ecemt  than esch modality alone  (Hikddnen,
Hannonen, Myman, Lyyshd, & Hikkinen, 2003%; Sheilhales Lami-
Vatani, Sishkouhian, Halimi, & AF-Mohammadi 2015;
Takeshima et al, 2004). Howewer, the compatiility of these
different training methods has been questoned as it appears
that performing stength and endurance teining concunnenfy
can intefere with long-term adaptatons compamd to when
they am performed aslone (Dudiey & Djamil, 19895 Glowadd
et al, 2004 Hennessy & Watson, 1994 Hickson, 1980). Studies
in genersl show that while strength performanae is ne gatively
affected by the inclusion of endurance training, conourrent
training ssems to hawe no negative impact on cadiovascular
adaptatons {Wilson et al, 2012) This conapt i very ract-
cally relevant, because masimal strength i & major determi-
nant of athletic pedfommance a5 well = daily functioning
(Beattie, Camon, Lyons, Aosiber, & Kenny, 2017; Mitchell
et al, 2012) Therefore, optimizing stength adsptations with
endurance training remains an important goal both for clinicl
and perfonmance mesearch

aty ks nat aff

d by teaning order.

Howerwer, it has been shown that several fsctors, such as
emencise mode and inte msity, muscle goups trained fupgeer vs
lower body]l and subject chaescteristics jelite athletes ws
sedentary, young wvs_ ald], along with inerindividual varistions
may influence the outoome of ma@mment stength and endur-
ance training {Dodherty & Sponer, 2000; Fyfe, Bshop & Stepta,
214 Gergiey, 2009 Additionally, the imma of ssquence,
that i strength training perfonmed pior o endurance training
& opposed 1o enduranae training prior to strength Taining i
nat well known Previows stdies on this smea were small,
under-powered and contradicone

It & conceivable that when one type of training & per-
formed immedistely pdor 1 the sscond stimubhs, scute local
or systemiic fxtigue would interfere with the later perfomance
{Reed, Schilling, & Murlssits, 2015 Along these Fnes, Sporer
and Wenger (2003 demonstrated that both high-imtensity
inerval execise and @ntinuous submaximal exercise bouts
reduced the number of repetitions performed in stength
training for at beast eight hours afier these sesions. Similady,
basck squet perfanmanae, but not bench press repetitions, wene
affected immedistely following a 45-min submenimal cycle
sesgon st 9% of moesimal hesrt rate Heed ot al, 2013
Therefare, long-term adaptatons may e optimised when
strength and endumnce training are performed on ahe mate
days, separated by at bexst 24 hous (Cantrell, Schilling
Paquette, & Murlssits 2014; Karavirta et al, 20111 On the
other hand, the cument feoture is in conflia whether the

~ th 0

ZsoltMurlasits Zsuzsann&neffel& LukmanThalib(2017): Thehysiologicakffectsof concurrent strengttandenduranceraining
sequence: A systematic review amgta-analysis,Journalof SportsSciences
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Effects of Tapering on Performance:
A Meta-Analysis R - I e
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Kiry Waardac: TR AT TNTENATTY, TRADIDNG VOLUME, TRATMNG FREOUESCY, mxmm

he taper i o redoction in the maiming lboad of

athlaes m the final days bebe imporini com-

petition, with the aim of optimizing perbrmance.
This rafodion of the mining load an be ackieved
trough the alemfion of sevem] components, inchading
the faining volume, miensity, and fequency (7Z), s wdl
as the patiern of the taper (ie, progressive or sep faper)
and its domtion {25,289 46) The tper is widdy meed by
athletes paticpaiing in 3 wide range of spons diffesing
in their hiomechamical and physiologio] demands o gain
a paformance sdge over competitors. In fuct, significant
improvemenis have bem reporied afler tapering for
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romers (29), swimmas @8, cydiss (S1), rowes (32),
and miadhledes (340

The difficulty for sthletes, coadhes, mnd sporis soientisis
oommists in finding the sraegy dot will modmiz de
decmase in acoumuolued feigoe whils retvining or furder
emluncing physical fiiness, thos leading o peak perior
mance. Mamy smategies o deoresse the traiming lad have
been repored i the tpering lermure, most of theam
leading 0 an improvemend in perfonmance and’or s
physinlogical comelsies (252539,4955) Some sidies
have soggesied that the mdnction in traiming vo leme shoold
be subsimniial, somewhers near E5% of normal taining
valume (28], whereas others hove reporied s imi lur imgrove-
ments in paformance ofier a 31% redoation (1) This
decmase in training volume i gmeonally oltained dwough
the degease in the dunation of each timing sessiom
{34257 However, some stndies prefar o mampuolade e
training frequency {ie., the mumber of fining s sions per
wedk ) 0 deoresse weskly traiming volume & 311,35) The
duration of faper i also opan 0 wide varifions i dhe
literatmre. Alhough mosi sindies have wsed o 2ok taper
(3,%0,% 1,%{), significant improvemenis in perbrmance also
have hean reporied fr vary shomt (=7 d) (52) or very long
tapers (28 d) @0}
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TABLE 1. Effects of moderator variables on overall effect size for taper-induced

A | <¢hanges in performance.
Overall Effect Size:
Categories Mean (95% CI) N P
e e O “Deddeasedn training volume
< 20% -0.02 (—0.32, 0.27) 152 0.88
21-40% 0.27 (0.04, 0.49) 90 0.02
41-60% 0.72 (0.36, 1.09) 118 0.0001
e ) &L > 60% 0.27 (—0.03, 0.57) 118 0.07
e t e m e o nDecrease in training intensity
) T Yes’ —0.02 (—0.37, 0.33) 63 0.91
e , o No 0.33 (0.19, 0.47) 415 0.0001
* < x < Decrease in training frequency
Tmtot . Yes 0.24 (—0.03, 0.52) 176 0.08
s s No 0.35 (0.18, 0.51) 302 0.0001
ot ‘E® o M thyiktion of the taper
o~ o~ =7d 0.17 (—0.05, 0.38) 164 0.14
) ’ 8-14 d 0.59 (0.26, 0.92) 176 0.0005
15-21d 0.28 (—0.02, 0.59) 84 0.07
~ ~ =22d 0.31 (—0.14, 0.75) 54 0.18
¢ ¢ o 0 " Pattern of the taper
Step taper 0.42 (—0.11, 0.95) 98 0.12
Progressive taper 0.30 (0.16, 0.45) 380 0.0001
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TABLE 2. Effects of moderator variables on effect size for taper-induced changes in swimming, running, and cycling performance.

Swimming Running Cycling
Categories Mean (95% Cl) N Mean (95% Cl) N Mean (95% Cl) N
Decrease in training volume
= 20% —0.04 (—0.36, 0.29) 72 No data available 0.03 (—0.62, 0.69) 18
21-40% 0.18 (—0.11, 0.47) 9 0.47 (—0.05, 1.00)% 30 0.84 (—0.05,1.74)% 1
41-60% 0.81 (D42, 1.20)* 70 0.23 (—0.52, 0.98) 14 214 (—1.33, 5.62) 15
= 60% 0.03 (—0.66, 0.73) 16 0.21 (—0.14, 0.56) 66 0.56 (—0.24, 1.35) 36
Decrease in training intensity
Yes 0.08 (—0.34, 0.49) 45 —0.72 (—1563, 0.19) 10 025 (—0.73,1.24) ]
No 0.28 (0.08, 0.47)" 204 0.37 (0.09, 0.66)* 100 0.68 (0.09, 1.27)t 72
Decrease in training frequency
Yes 0.35 (—0.36, 1.05) 54 0.16 (—0.17, 0.49) 74 0.95 (—0.48, 2.38) 25
No 0.30 (D10, 0.50)* 195 0.53 (0.05, 1.01)t 36 055 (—0.05,1.15)% 55
Duration of the taper
=7d —0.03 (—0.41, 0.35) 54 0.31 (—0.08, 0.70) 52 028 (—012, 0.70) 47
814 d 0.45 (—0.01, 0.90)% 84 0.58 (0.12, 1.05)* 38 159 (—0.01, 319)t 33
15-21 d 0.33 (0.00, 0.65)t 75 —0.08 (—0.95, 0.80) 10 No data available
=22d 0.39 (—0.08, 0.86) 36 —0.72 (—1563, 0.19) 10 No data available
Pattern of the taper
Step taper 0.10 (—0.65, 0.85) 14 —0.09 (—0.56, 0.38) 36 216 (0115, 4.47) 25
Progressive taper 0.27 (0.08, 0.45)" 235 0.46 (0.13, 0.80)* 74 028 (—0.10, 0.66)% 55

Y P=001 1 P=0.05 % P<=010.
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FIGURE 1—Dose—response curve for the effect of taper duration on
performance.

BOSQUET, L., J. MONTPETIT, D. ARVISAIS, and I. MUJIKA. Effects of Tapering on PerformAnedysisMeta

Med. SciSports Exerc., Vol. 39, No. 8, pp. 136865, 2007.



¢ I S I R

1.2 1
1.0 1
0.8 1
0.6 1
0.4 1

bl
Pt
1

Overall Effect Size
i3
[=]

bk

20% or less 21% to 40% 41% to 60% 61% or more
% decrement in training 'H'ﬂll..ll‘l"lE

FIGURE 2—Dose—response curve for the effect of percent decrement
in training volume during taper on performance.
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Table lll. Factors affecting the duration of short-term training residuals!7-58.52.53]

Factor

Influence

1. Duration of training before cessation

2. Load concentration level of training before
cessation

3. Age and duration of sport career of athletes

4. Character of preparation after cessation of
concentrated tfraining

5. Biological nature of developing abilities

Longer training causes longer residuals

Highly concentrated training compared with complex mulii-component training causes
shorter residuals

Older and more experienced athletes have longer residuals
Use of appropriate stimulatory loads allows prolonged residuals and prevents fast de-training

Abilities associated with pronounced morphological and biochemical changes like muscle
strength and aerobic endurance have longer residuals; anaerobic alactic and glycolitic
abilities have shorter residuals
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Table IV. Basic principles of block periodization training!®*-=!

7 N\

Basic principles

Comments

High concentration of training workloads

Minimal number of target abilities within a

single block

Consecufive development of many

abiliies

Compilation and use of specialized

mesocycle blocks

block

of block periodization training

Provides sufficient training stimulation for high-performance athletes

Necessary to provide highly concentrated training stimulation
Usually the number of decisive abilities exceeds the number of abilities developed within a single

Specialized mesocycle blocks — i.e. accumulation, transmutation and realization — form the content
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Biological Background of BP Training

Table 1 Biological background related to the essence of appropriate blocks mesocycles

Type of training Biological background Application to BP system References
Voluminous extensive workloads directed at developing basic athletic abili- Homeostatic regulation Accumulation block [4, 5]

ties
Intense workloads directed at developing sport-specific athletic abilities Stress adaptation Transmutation block [7, 8]
Sequencing of exercises directed at full recovery and simulation of targeted Law of supercompensation Realization block [11,12]

competitive activities

BP block periodization
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