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Kas treenida või mitte treenida?
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Regulaarne testimine



Mida?

Vigastustest hoidumine 29%

Treeningprogrammi efektiivsus 27%

Töövõime säilitamine 22%

Ületreening 22%

Taylor,  2012
Mida ja kuidas jälgitakse?

Kuidas?

Enesehinnangud 84%

Töövõime test 61%

Võistlustulemus 43%

Biokeemilised 
parameetrid 8%



Pidev jälgimine…..

• Treeningute tajutud raskus 

• Üldine enesetunne 

• Väsimus 

• Unekvaliteet 

• Hommikune SLS



Millal alustada?

• Lihtsam tagasiside treeningule 8-10 a 

• Esmane info seisundi kohta. Väsimus, uni - 
10-12 a 

• Treeningute info 12 + 

• Võistlused 13-14+

😀 😐 🙁
Kuidas sulle meeldis 

tänane treening?



Töövõime test
• Mida kõrgem seos erialase 

töövõimega seda parem. 

• Majad ehitatakse väikestest kividest/
blokkidest 

• Regulaarselt testides annab väga 
olulisi tulemusi ja võrdlusandmeid 
tulevikuks



Kellel on andekust?
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Millised testid?

• Jõutestid r=-0,59 - -0.627 

• Lõuatõmme r=-0.74 

• Max töövõime/kg r=-0,742
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Ületreening, ülekoormus

Alanenud töövõime 
Alanenud koormustaluvus 
Pidev väsimustunne 
Sagedased haigestumised 
Uneprobleemid 
“Rasked jalad”

Sümptomid

Põhjused
Liiga suur koormus, liiga vähe taastumist 
Treeningute monotoonsus 
Järsud muutused treeningu mahus ja intensiivsuses 
Sagedased haigused 
Uneprobleemid 
Vale, ebaregulaarne toitumine 
Psühholoogilised stressorid

PUHKUS!
Madal Kõrge

Treeningu koormus

Optimaalne 
koormus

Ülekoormus

Üleväsimus

Ületreeningusündroom

Puhka paar päeva 
Treeninintensiivsus alla 30-40% 
Treeningmaht alla 30-40%

Puhkus 1-2 nädalat. Enesetunne  
Taasalusta väga kergete treeningutega 
Siit samm-sammult edasi



Koormuse väline suund

Treeningu tulemus

Sportlane

Vanus

Treeningu ajalugu

Vigastused

Töövõime

Stressi taluvus

Taastumine

Treeningu koormus

Absoluutne -Suhteline

Immunoloogilised
Biokeemilised

Koormuse sisemine suund 

Subjektiivsed
Psühholoogilised

Füsioloogilised

Treeningu koormuse mõju



Treeningu koormus
Treeningu maht Selleks, et saada heaks vastupidavuses 

tuleb treenida palju……
…… ja tuleb treenida targalt. 
Üks ilma teiseta ei ole kuidagi piisav. 

Treeningute monotoonsus = Keskmine nädala koormus/Standardhälve 
Hoia alla 2,0, eelistatult 1,5

x  
intensiivsus



0- Puhkus
1- Väga kerge
2- Kerge
3-
4- Keskmine
5- Raske
6-
7- Väga raske
8- Väga, väga raske
9- Peaaegu maksimaalne
10- Maksimaalne

Kui raske oli sinu treening?
• “Kui raske oli sinu treening?” 
• RPE x treeningu pikkus
• Jalgpallis:  

• 300-500 AU kerge treening 
• 700-1000 AU raske treening 

• Vastupidavusaladel : 
• 200-400 AU kerge treening 
• 600-900 AU raske treening





Borg skaala ja ületreening
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Heinsoo, 2014

Borg skaala ja treeningute raskus
Treeningu liik n Treener Sportlane r

Põhivastupidavuse 
treeningud 121 3,61±0,6 3,50±1,0 0,25; p=0,006

Kiirus- ja intervall 
treeningud 61 6,64±2,0 5,57±1,8 0,71; p=0,001

Taastavad treeningud 100 1,87±0,8 2,17±0,8 0,35; p=0,002

Kokku 282 3,65±2,0 3,48±1,7 0,80; p=0,001



Treeningu koormuse planeerimine AUS 
sõudekoondisel
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Planeerisime ilusti, välja kukkus nagu ikka
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Min T1 Min T2 Min T3 Min T4 Min T5

Planeeritud koormus 145 
Tegelik koormus  112



Australia’s high-performance rowing programs. The
method was used to plan, prescribe, monitor, and review
the training of all senior national rowers as illustrated in
the following sections, with examples drawn from the
NRCE National Training Blueprint for the 2009–2012
Olympic cycle (19).

Planning and Prescribing Training. The NRCE sport scientists
used the T2minute method to plan training load guidelines
for the 2009–2012 National Training Blueprint, specifying
weekly targets for T2minute loads with an undulating pat-
tern of periodization (Figure 1). With these broad guidelines
in place, coaches used the T2minute method to prescribe

TABLE 5. Comparison of 1 week of prescribed training loads for 2 squads: lightweight sculling women and
heavyweight sculling men.

Lightweight women Heavyweight men

Day Session description
Session load

(T2min) Day Session description
Session load

(T2min)

Monday Rowing ergometer: 100- and
500-m test

62 Monday Rowing ergometer: 100-
and 500-m test

62

On-water rowing: 70 min,
technical row

69 On-water rowing: 70 min,
technical row

68

Rowing ergometer: 6,000-m
test

133 Rowing ergometer: 6,000-
m test

133

Walk: 30-min brisk walk,
active recovery

15 Stationary cycling: 60 min 56

Tuesday On-water rowing: 88 min,
race pieces

126 Tuesday Rowing ergometer: 30 min 45

On-water rowing: 98 min,
race pieces

141 On-water rowing: 98 min,
race pieces

141

Conditioning: Pilates 20 On-water rowing: 70 min,
technical row

68

Road cycling: 90 min, flat
ride

76

Wednesday Road cycling: commute to
training

47 Wednesday On-water rowing: 94 min,
short pieces

179

On-water rowing: 60 min,
short pieces

160

Walk: 30-min brisk walk,
active recovery

14

Thursday Rowing ergometer: 81 min,
long pieces

142 Thursday Rowing ergometer: 60 min,
short pieces

166

Conditioning: Pilates 20
Friday Road cycling: commute to

training
47 Friday Road cycling: commute to

training
43

On-water rowing: 70 min,
long pieces

121 On-water rowing: 93 min,
long pieces

105

Saturday Road cycling: commute to
training

47 Saturday On-water rowing: 73 min,
long pieces

137

On-water rowing: 73 min,
long pieces

137 On-water rowing: 70 min,
technical row

68

Stationary cycling: 70 min 69 Road cycling: 120 min, flat
ride

98

Walk: 30-min brisk walk,
active recovery

15

Sunday Running: 45-min easy run,
active recovery

67 Sunday Day off

Walk: 30-min brisk walk,
active recovery

15

Total weekly training load
(T2min)

1,467 Total weekly training load
(T2min)

1,445
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Monotoonsus
Naistel =  2,9 
Meestel = 1,7



Akuutne ja krooniline koormus

• Akuutne  koormus ~7 päeva VÄSIMUS 

• Krooniline koormus ~28-40 päeva FITNESS

Akuutne vs Krooniline koormus

Keskmine koormus



Main differences in training were that the world class skiers trained ~30% 
more volume (hours), and performed more specific speed work.

Treeningute maht

Sandbakk jt. 2011



Treeningmahud Eesti vs Norra 
sõudekoondisel

NORRA Treeningmaht (tunde/nädal)
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Seiler, 2013
0

20

40

60

80

100

Mai Juuni Juuli Aug Sept Okt Nov Dets Jaan Veeb Mär Apr

Treeningtunnid
Treeningkorrad
Intensiivsed treeningud

Periodiseerimine Norra 
suusakoondisel



Tonnessen, 2013



Tonnesssen&et&al.&Tonnesen, et al 2013

Bente Skari

5 kordne 
maailmameister

Olümpiavõitja

46 maailmakarika  
etapivõitu



Treeningpäevik
• Pidev mõõtmine 

• Kui meil puudub 
treeningpäevik, siis 
ei tea me kunagi, mis 
oli edu või ebaedu 
põhjuseks



8 kuud olümpiapronksi viimase ettevalmistuse 
alguseni
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Metoodika
Kasvavate koormustega test

• Algkoormus 40W.  

• Iga minut koormuse juurdekasv 20W 

• Väjahingatava õhu parameetrid 

» VO2MAX, Vent, RER 

• Aeroobne lävi 

• Anaeroobne lävi 

• Borg 10pt 

• Laktaat 3, 5 ja 15 taastumine



Metoodika
• DXA 

» Rasva mass 

» Rasvavaba mass

Keha koostis

Maksimaalne töövõime
» 5000m suusarollerid 

» Aeg 
» Borg 10pt 
» Laktaat 3, 5 ja 15 min



Tulemused
EG (n=7) KG (n=9)

Test 1 Test 2 Test 1 Test 2

Rasvavaba mass (kg) 64,1±7,4 63,84±8,3 60,8±2,7 60,79±2,41

Keha rasva % 13,73±1,36 13,50±0,82 14,01±2,35 14,3±2,1

Keha rasvamass (kg) 10,72±1,69 10,48±1,61 10,39±1,74 10,68±1,61

Käte lihasmass (kg) 3,8±0,7 3,8±0,7 3,70±0,8 3,55±0,3

Jalgade lihasmass (kg) 10,8±1,4 10,6±1,2 10,5±0,5 10,4±0,4

Käte rasvamass (kg) 0,5±0,09 0,5±0,08 0,5±0,08 0,5±0,08

Jalgade rasvamass 
(kg)

1,9±0,4 1,8±0,4 1,9±0,7 2,0±0,7

Vaatlusaluste keha koostise näitajad uuringuperioodi alguses ja lõpus.



Tulemused
Vaatlusaluste töövõime näitajad kasvavate koormustega paaristõuke-
ergomeetri testil ning maksimaalse 5000 meetri testil.

EG (n=7) KG (n=9)

Test 1 Test 2 muutuse% Test 1 Test 2 muutuse%

Töövõime (W) 332,2±68,3 336,5±62,1 2% 282,2±22,6 303,5±18,1* 8%

VO2max 
(ml/min/kg)

48,7±4,1 59,0±4,0* 17,5% 50,2±5,8 58,0±4,9* 13%

Anaeroobne lävi (W) 240,3±39,8 259,0±47,6* 7,3% 223,9±19,6 230,7±16,9* 7%

VO2 AnL 
(ml/min/kg)

40,4±4,1 48,7±6,7* 17,1% 46,4±6,2# 45,4±3,2 -2%

Aeroobne lävi (W) 156,7±40,5 164,1±34,5* 4,5% 140,7±8,7 145,7±13,4 4%

VO2 AeL (ml/min/kg) 29,1±3,4 32,4±3,8 10% 28,3±5,1 31,5±5,4 11%

LA5 min (mmol/l) 13,3±3,7 11,4±2,3 -16% 14,7±3,2 11,6±2,6 -26%

LA15 min
(mmol/l)

10,0±3,2 8,0±3,2 -25% 12,6±3,8 8,6±2,5 -46%

5000 m (s) 769,7±34,9 736,9±28,7* -4,4% 808,2±32,9 756,5±35,1* -6%

Borg (10pt) 9,0±1,7 9,2±0,7 3% 8,7±0,9 9,1±0,8 5%

LA5 min
(mmol/l)

8,3±2,3 9,8±2,7 16% 10,6±2,4 9,8±3,0 -8%

LA15 min
(mmol/l)

5,6±1,8 5,7±2,5 13% 6,9±2,1 6,7±2,6 -2%



• 2 gruppi kõrge klassiga jooksjaid (10k ~ 32 min) 
• 5 kuuline treeningprogramm (80-100 km nädalas) 
• Grupp 1.  80/10/10 (T1, T2, T3) 
• Grupp 2   65/25/10 
• Treening koormus (TRIMP) võrdne gruppide vahel.  
• Jõutreeningud indentsed.

• Kasvavate koormustega test (Intensiivsustsoonid)

• 10,4 km krossijooks eksperimendi algul ja lõpul



Six weeks of a polarized training-intensity distribution leads to greater physiological
and performance adaptations than a threshold model in trained cyclists
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Neal CM, Hunter AM, Brennan L, O’Sullivan A, Hamilton
DL, De Vito G, Galloway SDR. Six weeks of a polarized training-
intensity distribution leads to greater physiological and perfor-
mance adaptations than a threshold model in trained cyclists. J
Appl Physiol 114: 461– 471, 2013. First published December 20,
2012; doi:10.1152/japplphysiol.00652.2012.—This study was un-
dertaken to investigate physiological adaptation with two endurance-
training periods differing in intensity distribution. In a randomized
crossover fashion, separated by 4 wk of detraining, 12 male cyclists
completed two 6-wk training periods: 1) a polarized model [6.4 (!1.4
SD) h/wk; 80%, 0%, and 20% of training time in low-, moderate-, and
high-intensity zones, respectively]; and 2) a threshold model [7.5
(!2.0 SD) h/wk; 57%, 43%, and 0% training-intensity distribution].
Before and after each training period, following 2 days of diet and
exercise control, fasted skeletal muscle biopsies were obtained for
mitochondrial enzyme activity and monocarboxylate transporter
(MCT) 1 and 4 expression, and morning first-void urine samples were
collected for NMR spectroscopy-based metabolomics analysis. En-
durance performance (40-km time trial), incremental exercise, peak
power output (PPO), and high-intensity exercise capacity (95% max-
imal work rate to exhaustion) were also assessed. Endurance perfor-
mance, PPOs, lactate threshold (LT), MCT4, and high-intensity ex-
ercise capacity all increased over both training periods. Improvements
were greater following polarized rather than threshold for PPO [mean
(!SE) change of 8 (!2)% vs. 3 (!1)%, P " 0.05], LT [9 (!3)% vs.
2 (!4)%, P " 0.05], and high-intensity exercise capacity [85 (!14)%
vs. 37 (!14)%, P " 0.05]. No changes in mitochondrial enzyme
activities or MCT1 were observed following training. A significant
multilevel, partial least squares-discriminant analysis model was ob-
tained for the threshold model but not the polarized model in the
metabolomics analysis. A polarized training distribution results in
greater systemic adaptation over 6 wk in already well-trained cyclists.
Markers of muscle metabolic adaptation are largely unchanged, but
metabolomics markers suggest different cellular metabolic stress that
requires further investigation.

exercise; metabolism; metabolomics; skeletal muscle

UNDERSTANDING THE OPTIMAL exercise training-intensity distribu-
tion to maximize adaptation and performance is important for
athletes who try to gain a competitive advantage. In addition,
a greater understanding of the interactions among exercise-
intensity distribution, physiological stress, and adaptation
could be important for achieving the optimal health benefits
from physical activity in the general population. Exercise-
intensity distribution is determined from the percentage of time
spent exercising at low [zone 1, typically "65% of peak power

output (PPO), less than the lactate threshold (LT), "2 mM];
moderate [zone 2, #65–80% of PPO, between LT and lactate
turn point (LTP)]; and high (zone 3, typically $80% of PPO,
$LTP, $4 mM) intensities (8, 29, 46). It has been suggested
that two distinct exercise training-intensity distribution models
are adopted by endurance athletes (46). First, a polarized
training model (POL) that consists of a high percentage of
exercise time at low exercise intensity (#75–80%) accompa-
nied by little time at moderate intensity (#5–10%) with the
remainder spent at high intensity (#15–20%). In contrast, the
second model is a threshold training distribution (THR), in
which moderate exercise intensity is the focus (typically 40–
50% of training time) with relatively little or no high-intensity
work and the balance of training time spent at low intensity.

It has been suggested by Seiler (47) and Laursen (32) that
adopting a polarized intensity distribution may optimize adap-
tation to exercise while providing an acceptable level of train-
ing stress. Several studies have investigated adaptation to
training at different intensities, with positive effects on LT and
performance observed when a high proportion of training is
conducted at low intensities (12, 13, 26). These studies suggest
that the proportion of time in zone 1 is a key aspect that drives
endurance adaptations and performance outcomes. However,
other studies (33, 57, 58) have observed increased PPO and
mean power sustainable during a 40-km time trial (40-km TT)
when high-intensity interval work (zone 3 training) is incorpo-
rated into the schedules of already well-trained cyclists; i.e.,
when the cyclists adopted a more polarized training-intensity
distribution. In addition, the change of intensity distribution
toward a more polarized model has been shown to improve
maximal oxygen consumption, running economy, and running
performance in a case study of an international 1,500-m runner
(27). Indeed, the powerful stimulus afforded by short-term,
high-intensity interval work for promoting metabolic and per-
formance adaptations has also been demonstrated in studies on
trained-cyclist (51), healthy-active (52), and sedentary (23)
men and women. These studies have shown significant in-
creases in skeletal muscle oxidative capacity and mitochondrial
function following only a few high-intensity interval exercise
sessions, as well as improvements in markers of endurance
performance. Thus the combination of a high proportion of
time in zone 1 along with zone 3 interval work is likely to be
a strong combination for optimal adaptations to training in
endurance athletes, but to date, no study has directly compared
the adaptations induced by POL vs. THR in already well-
trained athletes.

An important aspect in adaptation to exercise is recovery and
the ability to cope with the training stress. Seiler et al. (48)

Address for reprint requests and other correspondence: S. D. R. Galloway,
Health and Exercise Sciences Research Group, School of Sport, Univ. of
Stirling, Stirling, Scotland, UK (e-mail: s.d.r.galloway@stir.ac.uk).

J Appl Physiol 114: 461–471, 2013.
First published December 20, 2012; doi:10.1152/japplphysiol.00652.2012.
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Polariseeritud; 

6 nädalat

Testimine Testimine Testimine Testimine

activities of CS and !-HAD were then determined on a spectropho-
tometer (at 37°C) using methods described previously (2, 49) on an
ILab Aries analyzer (Instrumentation Laboratory, Milan, Italy). Mus-
cle samples were also used for analysis of monocarboxylate trans-
porters (MCT) 1 and 4 expression. Briefly, 10–15 mg muscle tissue
was scissor minced in lysis buffer (50 mM Tris, pH 7.5, 250 mM
sucrose, 1 mM EDTA, 1 mM EGTA, 1% Triton X-100, 1 mM
NaVO4, 50 mM NaF, 0.50% protease inhibitor cocktail) on ice.
Samples were shaken for 1 h (800 rpm) at 4°C before centrifuged for
60 min at 12,000 g. The supernatant was removed from the pellet to
a fresh tube and used to determine protein concentration using a DC
Protein Assay (Bio-Rad Laboratories, Hertfordshire, UK). Equal
amounts of protein were then boiled in Laemmli sample buffer (250
mM Tris-HCl, pH 6.8, 2% SDS, 10% glycerol, 0.01% bromophenol
blue, 5% !-mercaptoethanol), and 7.5 "g protein from each sample
was separated on precast Criterion (Bio-Rad Laboratories) SDS poly-
acrylamide gels (4–20% gradient gels) for #90 min at 150 V. Proteins
were transferred to a Protran nitrocellulose membrane (Whatman,
Dassel, Germany) at 30 V for 2 h. Membranes were blocked in 5%
BSA-Tris-buffered saline with 0.1% Tween-20 (TBST) and then
incubated overnight at 4°C with the appropriate primary antibody.
The primary antibodies were used at the following dilutions: rabbit
monoclonal GAPDH 1:5,000 (14C10; Cell Signaling Technology,
Danvers, MA), goat polyclonal MCT1 1:1,000 (C-20; Santa Cruz
Biotechnology, Santa Cruz, CA), and rabbit polyclonal MCT4 1:1,000
(H-90; Santa Cruz Biotechnology). Following the overnight incuba-
tion, the membranes underwent 3 $ 5 min washes in TBST. The
membrane was then incubated for 1 h at room temperature with
horseradish peroxidase-linked anti-rabbit IgG (1:1,000; 7074; New
England Biolabs, Herts, UK) or anti-goat (1:10,000; Abcam, Cam-
bridge, UK), diluted in 5% BSA-TBST. The membrane was then
cleared of the antibody using TBST. Antibody binding was detected
using enhanced chemiluminescence (GE Healthcare Biosciences,
Pittsburgh, PA). Molecular weight was estimated using molecular
weight Kaleidoscope Prestained Standards (Bio-Rad Laboratories). In
antibody test experiments, GAPDH yielded a single band at the
37-KDa marker, whereas MCT1 and MCT4 antibodies yielded a
number of bands with both, displaying a distinct band between 37
KDa and 50 KDa. To improve antibody performance and reduce
nonspecific bands and the variability of quantifying different mem-
branes, we carried out the following procedure: prior to transfer, the
gels were cut at 25 KDa and 50 KDa molecular weight markers. All
of the gel segments for the entire data set were transferred onto a
single membrane. This allowed us to visualize more clearly MCT1
and MCT4 as a band running above 37 KDa and below 50 KDa. These
membranes were stripped for 30 min at 50°C in stripping buffer (65
mM Tris HCl, 2% SDS vol/vol, 0.8% mercaptoethanol vol/vol) and
reblocked, followed by an overnight incubation in anti-GAPDH an-
tibody. Imaging and band quantification were carried out using a
bioimaging Gel Doc system (Bio-Rad Laboratories). To determine
MCT1/4, the quantities for MCT1/4 were divided by the quantities for
GAPDH, and pretraining samples were each then normalized to 1,
with post-training samples expressed relative to the respective pre-
training data.

Urinary metabolomics analysis was performed using NMR spec-
troscopy. Urine samples were prepared by the addition of 200 "l
phosphate buffer (0.2 mol/l KH2PO4, 0.8 mol/l K2HPO4) to 500 "l
urine. Following centrifugation at 8,000 g for 5 min, 10 "l sodium
trimethylsilyl [2,2,3,3-2H4] proprionate (TSP) and 50 "l D2O were
added to 550 "l of the supernatant. Spectra were acquired on a
600-MHz Varian NMR spectrometer using the first increment of a
nuclear Overhauser effect spectroscopy pulse sequence at 25°C.
Spectra were acquired with 16 K data points and 128 scans over a
spectral width of 9 kHz. Water suppression was achieved during the
relaxation delay (1 s) and the mixing time (200 ms). All 1H NMR
urine spectra were referenced to TSP at 0.0 ppm and processed
manually with Chenomx (version 6) using a line broadening of 0.2

Hz. The spectra were integrated into bins consisting of spectral
regions of 0.04 ppm, using Chenomx (version 6). The water region
(4.0–6.0 ppm) was excluded, and the data were normalized to the sum
of the spectral integral.

Statistical analyses. Statistical analysis was performed using SPSS
version 18 software (IBM, Armonk, NY). A fully repeated measures
ANOVA (2 $ 2) compared the performance/physiological adaptation
measures between training-intensity distribution models (POL and
THR) and over time (pre- to post-training). Main effects among
training-intensity distribution models, over time, and any interaction
between these and the performance/physiological adaptation measures
were reported. Post hoc analysis was undertaken where significant
main effects were obtained by using paired Student’s t-tests and
two-tailed values of P, with the Bonferroni method of adjustment to
prevent type I error. Paired Student’s t-tests using two-tailed values of
P were also used to compare training variables at baseline between
POL and THR. The urinary metabolomics data were analyzed using a
multivariate data analysis performed using SIMCA-P% software (ver-
sion 11.0; Umetrics, Umeå, Sweden). Data sets were scaled using unit
variance scaling. Principal component analysis (PCA) was applied to
data sets to explore any trends or outliers in the data. To probe the
effects of training-intensity distribution, the data were analyzed using
multilevel partial least squares-discriminant analysis (PLS-DA), as
used previously in metabolomics studies (54).

Statistical significance was accepted at P & 0.05. All data in the
text and tables are expressed as mean ('SD) and in figures as mean
('SE). Effect sizes for the key performance/physiological adaptation
measures were calculated from the mean difference (pre to post),
divided by the SD of the baseline measure. These values were judged
using the descriptors suggested by Cohen (7). Effect sizes were
included to highlight the magnitude of the performance/physiological
adaptation changes.

RESULTS

One participant did not complete the study due to injury.
Training adherence for the 11 remaining participants was 96%
and 97% for POL and THR, respectively. The total training
volume was significantly higher for THR than POL (Table 1;
P & 0.05). This was due to the nature of the study design in
which we attempted to match the volume of training in zone 1
between POL and THR training models [mean ('SD) zone 1
time was 313 ('65) and 283 ('76) min/wk for POL and THR,
respectively; no significant difference]. The percentage of time
spent in each training-intensity zone (zone1:zone2:zone3) was
the intended 80:0:20 distribution for POL and was close to
intended at 57:43:0 distribution for THR (Table 1). Body mass
was not different between training periods and did not change
from pre- to post-training in either POL (76.5 ' 6.3–76.6 '
6.2 kg) or THR (77.3 ' 6.7–76.5 ' 6.0 kg) training periods.

Table 1. Mean ('SD) details of the total training time
completed/wk for the polarized (POL)- and threshold
(THR)-training models, the training load (intensity zone $
duration, min), and the proportion of training time spent in
zone 1, zone 2, and zone 3

Units POL THR

Total training time min/wk 381 ('85) 458 ('120)*
Training load intensity zone $

duration
517 ('90) 633 ('119)*

Zone 1 % of training time 80 ('4) 57 ('10)*
Zone 2 % of training time 0 ('0) 43 ('10)*
Zone 3 % of training time 20 ('4) 0 ('0)*

*Difference between POL and THR (P & 0.05).
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Six weeks of a polarized training-intensity distribution leads to greater physiological
and performance adaptations than a threshold model in trained cyclists
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Neal CM, Hunter AM, Brennan L, O’Sullivan A, Hamilton
DL, De Vito G, Galloway SDR. Six weeks of a polarized training-
intensity distribution leads to greater physiological and perfor-
mance adaptations than a threshold model in trained cyclists. J
Appl Physiol 114: 461– 471, 2013. First published December 20,
2012; doi:10.1152/japplphysiol.00652.2012.—This study was un-
dertaken to investigate physiological adaptation with two endurance-
training periods differing in intensity distribution. In a randomized
crossover fashion, separated by 4 wk of detraining, 12 male cyclists
completed two 6-wk training periods: 1) a polarized model [6.4 (!1.4
SD) h/wk; 80%, 0%, and 20% of training time in low-, moderate-, and
high-intensity zones, respectively]; and 2) a threshold model [7.5
(!2.0 SD) h/wk; 57%, 43%, and 0% training-intensity distribution].
Before and after each training period, following 2 days of diet and
exercise control, fasted skeletal muscle biopsies were obtained for
mitochondrial enzyme activity and monocarboxylate transporter
(MCT) 1 and 4 expression, and morning first-void urine samples were
collected for NMR spectroscopy-based metabolomics analysis. En-
durance performance (40-km time trial), incremental exercise, peak
power output (PPO), and high-intensity exercise capacity (95% max-
imal work rate to exhaustion) were also assessed. Endurance perfor-
mance, PPOs, lactate threshold (LT), MCT4, and high-intensity ex-
ercise capacity all increased over both training periods. Improvements
were greater following polarized rather than threshold for PPO [mean
(!SE) change of 8 (!2)% vs. 3 (!1)%, P " 0.05], LT [9 (!3)% vs.
2 (!4)%, P " 0.05], and high-intensity exercise capacity [85 (!14)%
vs. 37 (!14)%, P " 0.05]. No changes in mitochondrial enzyme
activities or MCT1 were observed following training. A significant
multilevel, partial least squares-discriminant analysis model was ob-
tained for the threshold model but not the polarized model in the
metabolomics analysis. A polarized training distribution results in
greater systemic adaptation over 6 wk in already well-trained cyclists.
Markers of muscle metabolic adaptation are largely unchanged, but
metabolomics markers suggest different cellular metabolic stress that
requires further investigation.

exercise; metabolism; metabolomics; skeletal muscle

UNDERSTANDING THE OPTIMAL exercise training-intensity distribu-
tion to maximize adaptation and performance is important for
athletes who try to gain a competitive advantage. In addition,
a greater understanding of the interactions among exercise-
intensity distribution, physiological stress, and adaptation
could be important for achieving the optimal health benefits
from physical activity in the general population. Exercise-
intensity distribution is determined from the percentage of time
spent exercising at low [zone 1, typically "65% of peak power

output (PPO), less than the lactate threshold (LT), "2 mM];
moderate [zone 2, #65–80% of PPO, between LT and lactate
turn point (LTP)]; and high (zone 3, typically $80% of PPO,
$LTP, $4 mM) intensities (8, 29, 46). It has been suggested
that two distinct exercise training-intensity distribution models
are adopted by endurance athletes (46). First, a polarized
training model (POL) that consists of a high percentage of
exercise time at low exercise intensity (#75–80%) accompa-
nied by little time at moderate intensity (#5–10%) with the
remainder spent at high intensity (#15–20%). In contrast, the
second model is a threshold training distribution (THR), in
which moderate exercise intensity is the focus (typically 40–
50% of training time) with relatively little or no high-intensity
work and the balance of training time spent at low intensity.

It has been suggested by Seiler (47) and Laursen (32) that
adopting a polarized intensity distribution may optimize adap-
tation to exercise while providing an acceptable level of train-
ing stress. Several studies have investigated adaptation to
training at different intensities, with positive effects on LT and
performance observed when a high proportion of training is
conducted at low intensities (12, 13, 26). These studies suggest
that the proportion of time in zone 1 is a key aspect that drives
endurance adaptations and performance outcomes. However,
other studies (33, 57, 58) have observed increased PPO and
mean power sustainable during a 40-km time trial (40-km TT)
when high-intensity interval work (zone 3 training) is incorpo-
rated into the schedules of already well-trained cyclists; i.e.,
when the cyclists adopted a more polarized training-intensity
distribution. In addition, the change of intensity distribution
toward a more polarized model has been shown to improve
maximal oxygen consumption, running economy, and running
performance in a case study of an international 1,500-m runner
(27). Indeed, the powerful stimulus afforded by short-term,
high-intensity interval work for promoting metabolic and per-
formance adaptations has also been demonstrated in studies on
trained-cyclist (51), healthy-active (52), and sedentary (23)
men and women. These studies have shown significant in-
creases in skeletal muscle oxidative capacity and mitochondrial
function following only a few high-intensity interval exercise
sessions, as well as improvements in markers of endurance
performance. Thus the combination of a high proportion of
time in zone 1 along with zone 3 interval work is likely to be
a strong combination for optimal adaptations to training in
endurance athletes, but to date, no study has directly compared
the adaptations induced by POL vs. THR in already well-
trained athletes.

An important aspect in adaptation to exercise is recovery and
the ability to cope with the training stress. Seiler et al. (48)
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There was a main effect over time for the mean power output
sustained during each of the 4-min intervals in the POL
training sessions (P ! 0.05) to maintain the training stimulus,
with a significant increase from week 1 observed by week 3
(Table 2). Due to the increase in target load, there were no
differences over time for the peak HR reached during the
sessions, the mean minimum HR following the 2-min recov-
eries, or the RPE rating of the session over the 6 wk (Table 2).
There was also a main effect over time for the power output
sustained during the 60-min threshold exercise-training ses-
sions (P ! 0.05) to maintain the training stimulus, with an
increase from week 1 observed by week 3 (Table 2). Due to the
increase in target load, there were no differences over time for
the mean HR sustained during the 60-min ride or the RPE
rating of the session over the 6 wk (Table 2).

Endurance performance and physiological adaptation. There
was a main effect over time for LT, LTP, and PPO (P ! 0.05;
Fig. 2). There was also a significant interaction (P ! 0.05) with
the training-intensity distribution model for LT and PPO. A
significant increase was observed for LT power and PPO from
pre- to post-training in POL [18 ("18) W for LT and 27 ("18)
W for PPO; both P ! 0.05], but this was not observed with the
THR training model [4 ("31) W for LT power and 9 ("17) W
for PPO; both not significant]. The effect sizes for the changes
in LT and PPO were both classed as moderate for the POL
model but were classed as trivial and small for the THR model
(Table 3). The percentage change in LT and PPO from pre- to
post-training was higher in POL than THR [9 ("9)% POL vs.

2 ("14)% THR for LT and 8 ("5)% POL vs. 3 ("4)% THR
for PPO; both P ! 0.05].

There was a main effect over time for 40-km TT mean
power output (P ! 0.05; Fig. 3). The mean power output was
higher from pre- to post-training with both POL and THR
training. The absolute change (Fig. 3) and percentage change in
the mean power output from pre- to post-training were higher
in POL than THR [8 ("8)% and 4 ("6)%, respectively] but
did not reach statistical significance. The time to complete the
40-km TT improved by 2.3 ("2.2) min vs. 0.4 ("2.9) min
following POL vs. THR training, respectively. The effect size
was deemed moderate for POL and small for THR (Table 3).

There was also a main effect over time for the high-intensity
exercise capacity at 95% of pretraining PPO (P ! 0.05; Fig. 3),
with increases from pre- to post-training for both POL and
THR models (P ! 0.05). There was also an interaction effect
(P ! 0.05) with a significantly greater percentage increase
from pre- to post-training in POL [85 ("43)%] compared with
THR [37 ("47)%].

Detraining appeared to be effective, with initial PPO before
the first and second training interventions not significantly
(P # 0.94) different [359 ("31) W and 359 ("39) W, respec-
tively]. The same was true for high-intensity exercise capacity,
which was not different (P # 0.46) before the first and second
training interventions [286 ("60) s and 304 ("45) s, respec-
tively]. The 40-km TT time [65 ("5) min vs. 63 ("3) min] and
mean power output sustained during the TT [281 ("37) W vs.

Table 2. Power output, heart rate (HR), and rating of perceived exertion (RPE) sustained during the laboratory training
sessions for the polarized (6 $ 4 min, zone 3 intensity bouts) and threshold (60-min constant zone 2 intensity bouts) training

Variable Training Model 1 2 3 4 5 6

Power output, W POL 319 ("33) 321 ("34) 328 ("35)*† 331 ("37)*† 337 ("35)*†‡§ 340 ("34)*†‡§
Peak HR, beats/min 173 ("10) 172 ("9) 173 ("10) 173 ("9) 172 ("9) 171 ("9)
Recovery HR, beats/min 111 ("14) 111 ("10) 109 ("15) 109 ("12) 108 ("13) 108 ("14)
RPE, 0–10 7 ("1) 7 ("1) 8 ("1) 8 ("1) 8 ("1) 7 ("1)
Power output, W THR 266 ("31) 267 ("33) 277 ("34)*† 284 ("33)*†‡ 288 ("33)*†‡§ 290 ("32)*†‡§
HR, beats/min 158 ("12) 155 ("10) 156 ("9) 157 ("9) 159 ("8) 159 ("9)
RPE, 0–10 5 ("1) 5 ("1) 6 ("1) 6 ("1) 6 ("1) 6 ("1)

Values are mean ("SD) from 3 laboratory training sessions in each week during the study. All values are different between POL and THR (P ! 0.05).
*Significant difference from week 1, †from week 2, ‡from week 3, and §from week 4 within each training model (P ! 0.01).

Fig. 2. Mean ("SE) power output corresponding to the lactate threshold (LT),
lactate turn point (LTP), and PPO before (Pre) and following (Post) both of the
6-wk training interventions. POL, polarized training model; THR, threshold
training model. *Significantly different from pre within a specific training
model (P ! 0.05).

Table 3. Mean ("SD) percentage change (%, %) and effect
sizes for the key performance and adaptation measures
assessed before and after 6 wk of polarized and threshold
training interventions

Training
Model Measure !, %

Effect
Size Descriptor*

POL 40-km TT MPO, W 8 ("8) 0.57 Moderate
LT, W 9 ("9)† 0.59 Moderate
LTP, W 6 ("10) 0.40 Small
PPO, W 8 ("5)† 0.77 Moderate
95% exercise capacity, s 85 ("43)† 2.44 Large

THR 40-km TT MPO, W 4 ("6) 0.35 Small
LT, W 2 ("14) 0.11 Trivial
LTP, W 4 ("7) 0.34 Small
PPO, W 3 ("4) 0.26 Small
95% exercise capacity, s 37 ("45) 0.99 Large

TT, time trial; MPO, mean power output; LT, lactate threshold; LTP, lactate
turnpoint; PPO, peak power output; 95% exercise capacity, time to exhaustion
at 95% of pretraining PPO. *Cohen (7); †significant difference between POL-
and THR-training models (P ! 0.05).
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scale, going from very very good to very very heavy after each
training week (Fig. 1).

Testing
On the first test day, an incremental cycle test was performed for
determination of blood lactate profile and gross efficiency. After
15 min of recovery, an incremental VO2max test was performed and
finally Hbmass was determined. On the second test day, the cyclists
performed a 40-min all-out trial. This test order was repeated at the
posttest. The cyclists were instructed to perform the last HIT
session 3 days before the posttest to refrain from all types of intense
exercise the day preceding each of the 2 test days and to prepare for
the trial as if it was a competition. They were also instructed to
consume the same type of meal before each test and were not
allowed to eat during the hour preceding a test or to consume coffee
or other products containing caffeine during the 3 hours preceding

the tests. All tests were performed under similar environmental
conditions (18–20 °C) with a fan ensuring circulating air around
the cyclist. Testing at preintervention and postintervention was
conducted at the same time of day (! 2 h) to avoid influence of
circadian rhythm. All testing was performed on the same electro-
magnetically braked cycle ergometer (Lode Excalibur Sport, Lode
B. V., Groningen, The Netherlands), which was adjusted according
to each cyclist’s preference for seat height, horizontal distance
between tip of seat and bottom bracket, and handlebar position.
Identical seating positions were used at pretest and posttest. The
subjects were allowed to choose their preferred cadence during all
cycling and they used their own shoes and pedals.

Blood lactate profile test
A blood lactate profile was determined for each cyclist by plotting
[la-] vs power output values obtained during submaximal continu-

9Very very heavy
P

er
ce

iv
ed

 w
el

l-b
ei

ng
 o

f t
he

 le
gs

R
el

at
iv

e 
en

du
ra

nc
e 

tr
ai

ni
ng

Vo
lu

m
e 

(%
)

# # #
Very heavy

Somewhat heavy

Normal

Somewhat good

Good

Very good

Very very good

Heavy

8
BP

TRAD

B
P

T
R

A
D

B
P

T
R

A
D

B
P

T
R

A
D

B
P

T
R

A
D

B
P

T
R

A
D

B
P

T
R

A
D

B
P

T
R

A
D

B
P

T
R

A
D

B
P

T
R

A
D

B
P

T
R

A
D

B
P

T
R

A
D

B
P

T
R

A
D

7

6

5

4

3

2

1

100

80

Zone 3

Zone 2

Zone 1

60

40

20

0

week 1 week 2 week 3 week 4 week 5 week 6 week 7 week 8 week 9 week 10 week 11 week 12

week 1 week 2 week 3 week 4 week 5 week 6 week 7 week 8 week 9 week 10 week 11 week 12

Fig. 1. Weekly relative distribution of training in the different intensity zones during the intervention period for the block periodization
(BP) group and the traditional (TRAD) group (lower panel). Perceived feeling of well-being in the legs during the intervention period
for BP and TRAD (upper panel). #Difference between groups (P < 0.05).

Table 2. Endurance training (in hours per week) during the intervention period divided into three heart rate zones: (a) 60–82%, (b) 83–87%, and (c)
88–100% of maximal heart rate

BP (n = 8) TRAD (n = 7)

Weeks 1–4 Weeks 5–8 Weeks 9–12 Weeks 1–4 Weeks 5–8 Weeks 9–12

Intensity zone 1 6.6 ! 3.2 7.1 ! 3.0 8.2 ! 4.3 9.1 ! 3.0 9.6 ! 4.5 7.9 ! 5.1
Intensity zone 2 0.3 ! 0.3 0.6 ! 0.2 0.4 ! 0.1 0.2 ! 0.1 0.3 ! 0.2 0.3 ! 0.3
Intensity zone 3 1.0 ! 0.4 0.9 ! 0.2 0.9 ! 0.2 0.9 ! 0.3 0.9 ! 0.2 1.0 ! 0.5
Other training 1.4 ! 0.5 1.2 ! 0.5 1.1 ! 0.6 0.8 ! 1.0 0.8 ! 1.0 0.4 ! 0.5
Total 9.4 ! 3.2 9.8 ! 2.8 10.5 ! 4.0 11.0 ! 3.2 11.7 ! 5.1 9.6 ! 5.5

Values are mean ! SD.
BP, block periodization; SD, standard deviation; TRAD, traditional organization.
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traditional periodization (García-Pallarés et al., 2010). It
should be noted that during BP, there was a larger rela-
tive amount of HIT compared with LIT than during
traditional periodization (García-Pallarés et al., 2010).
This makes it somewhat challenging to determine
whether the positive effect was due to the nature of BP or
if it was due to the higher concentration of HIT.
Although both these studies indicate that BP provides
improved training adaptations, it is difficult to tell
whether the observed differences were due to the BP per
se or if they were due to the increased volume of HIT.
Interestingly, we have recently compared the effects of 4
weeks of BP with TRAD of the same training and found
superior adaptations after 4 weeks of BP (Rønnestad
et al., 2012). However, this study lasted only 4 weeks
and did not include any direct measurements of perfor-
mance (Rønnestad et al., 2012).

Consequently, the present study compared the effects
of 12 weeks of training organized as BPwith TRAD of the
training on indices of endurance performance in trained
cyclist. The BP was 1 week of five HIT sessions, followed
by 3 weeks of one HIT session, while the traditional
training included two HIT sessions every week. Both
groups performed the same volume of both LIT and HIT.
We hypothesized that BP would provide superior effects
on the endurance indices VO2max, lactate threshold, work
economy, and performance during a 40-min all-out trial
compared with traditional periodization.

Methods
Subjects
Eighteen male competitive cyclists volunteered for the study.
Based on the peak power output, power to weight ratios, average
amount of training hours per week, and years of competitive
cycling, the subjects were regarded as well trained (Jeukendrup
et al., 2000). The study was performed according to the ethical
standards established by the Helsinki Declaration of 1975 and was
approved by the local ethical committee at Lillehammer University
College. All cyclists signed an informed consent form prior to
participation. The cyclists were assigned and matched into two
groups, a BP (n = 9) group and a traditional periodization (TRAD;
n = 9) group based on their VO2max (Table 1). One subject in BP and
two subjects in TRAD did not complete the study due to illness
during the intervention period. Their data have been excluded.

Experimental design
Physical tests were performed before (preintervention) and after
(postintervention) the 12-week intervention period. During 2
months prior to the intervention period, the BP and the TRAD
subjects performed 9 ! 3 and 10 ! 3 h/week of LIT, respectively,
with no reported HIT sessions. In order to investigate the effects of
two different methods of organization in the training per se, it was
important that the volume of HIT and LIT was similar in the two
experimental groups and reflects real training situations. The BP
group conducted a 1-week block of five HIT sessions, followed by
3 weeks of one HIT session per week and focused on a high
volume of LIT. This 4-week training period was repeated three
times to constitute the 12-week intervention period (Fig. 1). The
TRAD group conducted two HIT sessions per week throughout
the intervention period, interspersed with a relatively high volume
of LIT (Fig. 1). Hence, in order to investigate the effect of BP per
se, the same volume of both HIT (21.8 ! 1.8 sessions and
21.4 ! 1.6 sessions, respectively; range 20–24 sessions in both
groups) and LIT was performed in both groups during this
12-week intervention period (Table 2). This is important in order
to investigate the effect of BP per se and not the distribution
between HIT and LIT. Especially the volume of HIT has been
suggested to be crucial to training adaptations in well-trained
athletes (e.g., Midgley et al., 2006). The number of HIT sessions
was based on intervention and descriptive studies on well-trained
endurance athletes that frequently report an average of two HIT
sessions per week (e.g., Westgarth-Taylor et al., 1997; Stepto
et al., 1999; Laursen et al., 2002; Swart et al., 2009; Seiler, 2010).
The intervention was completed during the cyclist preparation
phase.

Training
All HIT sessions were performed on the cyclists own bike and the
LIT consisted primarily of cycling, with some reporting of cross-
country skiing (less than 10% of the total individual LIT volume).
Training volume and intensity were calculated on the basis of
recordings from heart rate (HR) monitors (Polar, Kempele,
Finland). The endurance training was divided into three HR zones:
(1) 60–82%, (2) 83–87%, and (3) 88–100% of maximal HR. The
cyclists themselves were quite free to organize the LIT. They were
told that an LIT session should have a duration of minimum 1 h
and be performed in HR zone 1. An overview of the distribution of
the endurance training in the three intensity zones for both groups
is presented in Table 2. The total volume (hours) of endurance
training and the distribution of this training within the training
zones were similar between groups. There were no significant
difference between BP and TRAD in number of performed HIT
sessions during the 12-week intervention period (21.8 ! 1.8 and
21.4 ! 1.6, respectively; range 20–24 in both groups). The
reasons to why some cyclists lost HIT sessions were mainly due to
the presence of a mild cold or participating in a training camp
focusing on a high volume of LIT.

LIT session should have duration of minimum 1 h and be per-
formed in HR zone 1. HIT sessions alternated between 6 ¥ 5 and
5 ¥ 6 min with the exercise intensity being in intensity zone 3.
Intervals were separated by 2.5- or 3-min recovery, respectively.
All cyclists were instructed to perform each HIT session with the
aim to produce the highest possible mean power output across
intervals. This makes the actual mean power output of each HIT
session an indicator of performance level. In order to monitor the
power output during HIT sessions, all cyclists were equipped with
a PowerTap SL 2.4 (CycleOps, Madison, WI, USA) mounted on
the rear wheel. The PowerTap device is a valid and reliable pow-
ermeter (Bertucci et al., 2005). Furthermore, in order to quantify
how the training weeks affected the perceived well-being in the
legs, the cyclists reported their perceived feelings on a 9-point

Table 1. Anthropometric data, competitive experience (experience), and
maximal oxygen consumption (VO2max) before (pre) the intervention
period for the block training group (BP) and traditional training group
(TRAD)

BP (n = 8) TRAD (n = 7)

Body mass (kg) 76 ! 7 78 ! 7
Body height (cm) 181 ! 5 182 ! 6
Age (years) 32 ! 7 34 ! 6
Experience (years) 6 ! 4 6 ! 4
VO2max (L/min) 4.7 ! 0.5 4.9 ! 0.5

Values are mean ! SD.
SD, standard deviation.
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scale, going from very very good to very very heavy after each
training week (Fig. 1).

Testing
On the first test day, an incremental cycle test was performed for
determination of blood lactate profile and gross efficiency. After
15 min of recovery, an incremental VO2max test was performed and
finally Hbmass was determined. On the second test day, the cyclists
performed a 40-min all-out trial. This test order was repeated at the
posttest. The cyclists were instructed to perform the last HIT
session 3 days before the posttest to refrain from all types of intense
exercise the day preceding each of the 2 test days and to prepare for
the trial as if it was a competition. They were also instructed to
consume the same type of meal before each test and were not
allowed to eat during the hour preceding a test or to consume coffee
or other products containing caffeine during the 3 hours preceding

the tests. All tests were performed under similar environmental
conditions (18–20 °C) with a fan ensuring circulating air around
the cyclist. Testing at preintervention and postintervention was
conducted at the same time of day (! 2 h) to avoid influence of
circadian rhythm. All testing was performed on the same electro-
magnetically braked cycle ergometer (Lode Excalibur Sport, Lode
B. V., Groningen, The Netherlands), which was adjusted according
to each cyclist’s preference for seat height, horizontal distance
between tip of seat and bottom bracket, and handlebar position.
Identical seating positions were used at pretest and posttest. The
subjects were allowed to choose their preferred cadence during all
cycling and they used their own shoes and pedals.

Blood lactate profile test
A blood lactate profile was determined for each cyclist by plotting
[la-] vs power output values obtained during submaximal continu-
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Fig. 1. Weekly relative distribution of training in the different intensity zones during the intervention period for the block periodization
(BP) group and the traditional (TRAD) group (lower panel). Perceived feeling of well-being in the legs during the intervention period
for BP and TRAD (upper panel). #Difference between groups (P < 0.05).

Table 2. Endurance training (in hours per week) during the intervention period divided into three heart rate zones: (a) 60–82%, (b) 83–87%, and (c)
88–100% of maximal heart rate

BP (n = 8) TRAD (n = 7)

Weeks 1–4 Weeks 5–8 Weeks 9–12 Weeks 1–4 Weeks 5–8 Weeks 9–12

Intensity zone 1 6.6 ! 3.2 7.1 ! 3.0 8.2 ! 4.3 9.1 ! 3.0 9.6 ! 4.5 7.9 ! 5.1
Intensity zone 2 0.3 ! 0.3 0.6 ! 0.2 0.4 ! 0.1 0.2 ! 0.1 0.3 ! 0.2 0.3 ! 0.3
Intensity zone 3 1.0 ! 0.4 0.9 ! 0.2 0.9 ! 0.2 0.9 ! 0.3 0.9 ! 0.2 1.0 ! 0.5
Other training 1.4 ! 0.5 1.2 ! 0.5 1.1 ! 0.6 0.8 ! 1.0 0.8 ! 1.0 0.4 ! 0.5
Total 9.4 ! 3.2 9.8 ! 2.8 10.5 ! 4.0 11.0 ! 3.2 11.7 ! 5.1 9.6 ! 5.5

Values are mean ! SD.
BP, block periodization; SD, standard deviation; TRAD, traditional organization.
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Fig. 2). Only BP increased the mean power output across
all HIT sessions from weeks 5–8 to weeks 9–12
(4.1 ! 3.4%, P < 0.05, Fig. 2).

Body mass, Wmax, and VO2max

Body mass did not change significantly during the inter-
vention in either of the two group (Table 1). Wmax

increased by 6.2 ! 6.1% in BP (P < 0.05) and tended to
increase 3.5 ! 4.5% in TRAD (P = 0.08; Table 1). There
was no statistically significant difference between
groups in relative changes in Wmax. The relative change
in VO2max was greater in BP than in TRAD (8.8 ! 5.9%
vs 3.7 ! 2.9%, respectively, P < 0.05). Mean ES of the
relative improvement in Wmax and VO2max revealed a
moderate effect of BP training vs TRAD training
(ES = 0.62 and ES = 1.08, respectively).

Hbmass

During the intervention period, there was no significant
difference in relative change in Hbmass between BP
and TRAD (5.6 ! 3.5% vs 1.2 ! 6.6%, respectively,
P = 0.13). The ES of the relative changes showed a
moderate effect of BP training vs TRAD training
(ES = 0.83). Across both groups, the relationship
between changes in Hbmass and changes in mean power
output during the 40-min all-out trial and VO2max was
moderate [r = 0.34 (P = 0.24) and 0.35 (P = 0.22),
respectively], while it was large for Wmax (r = 0.51,
P = 0.07).

Power output at 2 mmol/L and gross efficiency
BP tended to show larger relative improvements in
power output at 2 mmol/L [la-] than TRAD (22 ! 14%
vs 10 ! 7%, respectively, P = 0.054, Fig. 3). ES analysis
revealed a moderate practical effect of BP training com-
pared with TRAD (ES = 1.12). At posttest, there was a
significant difference between BP and TRAD in gross
efficiency (P < 0.01). The 2.9 ! 4.1% improvement in
gross efficiency in BP was not statistically significant
(P = 0.12, Table 3), but the ES of the relative improve-
ment gross efficiency revealed a moderate effect of per-
forming BP training vs TRAD training (ES = 1.10).

Power output in the 40-min all-out trial
There was no significant difference in relative improve-
ment in mean power output during the 40-min all-out
trial between BP and TRAD (8.2 ! 5.7% vs 4.1 ! 3.1%,
respectively, P = 0.12), but the ES of the relative
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Fig. 2. Mean power output during the high-intensity aerobic
training interval sessions across the three 4-week periods for the
block periodization (BP) group and the traditional (TRAD)
group. *Difference from weeks 1–4 (P < 0.05). £Difference from
weeks 5–8 (P < 0.05).

Table 3. Data from the performance and physiological tests before (pre) and after (post) the intervention period in the block training group (BP) and the
traditional training group (TRAD). The magnitude of improvements of BP vs TRAD is also shown

BP (n = 8) TRAD (n = 7) Magnitude of improvement

Pre Post Pre Post BP vs TRAD (ES)

VO2max (L/min) 4.7 ! 0.5 5.1 ! 0.6*‡ 4.9 ! 0.5 5.1 ! 0.6* 0.99
(mL/kg/min) 62 ! 2 68 ! 5*† 63 ! 3 66 ! 4* 1.08
HRpeak (beats/min) 187 ! 15 186 ! 15 182 ! 12 179 ! 12
[la-] (mmol/L) 13 ! 2 12 ! 3 11 ! 1 12 ! 2
RPE 19 ! 1 19 ! 1 19 ! 1 19 ! 1
Wmax (W/kg) 5.40 ! 0.33 5.80 ! 0.43* 5.45 ! 0.32 5.67 ! 0.40 0.62
Hemoglobin mass (g) 999 ! 136 1053 ! 130* 1088 ! 123 1098 ! 120 0.83
Power2mmol/L (W/kg) 2.89 ! 0.50 3.49 ! 0.46*‡ 3.23 ! 0.43 3.56 ! 0.41* 1.12
%VO2max 64 ! 9 67 ! 8 68 ! 7 70 ! 7
Gross efficiency (%) 20.3 ! 0.8 20.9 ! 0.7 19.6 ! 0.4 19.5 ! 0.4 1.10
Power40 min (W/kg) 3.71 ! 0.38 4.00 ! 0.31* 3.98 ! 0.31 4.14 ! 0.30* 0.89

Values are mean ! SD.
*Different from pre (P < 0.05).
†The relative change from pre is larger than in TRAD (P < 0.05).
‡The relative change from pre tends to be larger than in TRAD (P = 0.054).
VO2max, maximal oxygen consumption; HRpeak, peak heart rate; [la-], blood lactate concentration; RPE, rate of perceived exertion; Wmax, peak aerobic power
output; Power2mmol/L, power output at a blood lactate concentration of 2 mmol/L; Power40 min, mean power output during 40-min all-out trial; ES, effect size;
SD, standard deviation.
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Kokkuvõte
Objektiivne testimine, ära unusta ehitusblokke 

Kui täpselt me teame milline on koormus ja kuidas koormus 
sportlasele mõjub? 

Ärge alahinnake sportlase enda poolt raporteeritavaid andmeid 

Olge järjekindlad!



Küsimused ??


