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Paaristõukeline sõiduviis ja töövõime

• Algkoormus 40W. 
• Iga minut koormuse juurdekasv 20W
• Väjahingatava õhu parameetrid

» VO2MAX, Vent, RER
• Aeroobne lävi
• Anaeroobne lävi
• Subjektiivne koormuse hinnang
• Laktaat 3, 5 ja 15 min

Jõutestid, 3000m jooks



TÜ SpordiuuringudTÜ Spordiuuringud

Sex: male

ID:
Name: Vabaorg, Kevin

Age: 18 years
Weight:
Height:

74
186

kg
cm

Physician:

Lean Body Weight: -

Date:
Duration of Test:

5/16/2017, 10:00 AM
0:37:06

Operator: Administrator

Workload Protocol:

Exercise Device: None Temperature: 23.5 °C
Pressure: 1029 mbar

Ambient ConditionsCPX-Testing Device: MetaMax 3B
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Parameter Unit Rest AT AT % V'O2max
Meas

RCP RCP %
V'O2max Meas

V'O2max Abs. max. in
exercise

Summary Table 1

Time [h:mm:ss] - 0:12:50 - 0:37:060:36:41-0:30:43
HR [1/min] - 168 84 20119895189
V'E [l/min] - 75.8 43 182.7177.078138.8
V'O2 [l/min] - 3.722 75 5.4844.982854.222
V'O2/kg [ml/min/kg] - 50 75 74678557
RER - - 0.82 76 1.251.08880.95
Angle [°] - - - ----

Created on: 5/16/2017 10:43:53 AM

Triatleetide treeningkoormus 
ettevalmistaval perioodil

• Funktsionaalne võimekus
• Astmeline koormustest ujudes
• Astmeline koormustest laboris 

jalgratas + veloergomeeter
• Treeningandmed (maht, intensiivsus)
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Tables 

 

Table 1. Physiological characteristics and rowing ergometer time trial performance results. Data presented as median (range). 

 Heavyweight men’s sweep Heavyweight men’s sculling Heavyweight women Lightweight women 

Physiological characteristics 

VO2max (L·min-1) 6.3 (5.9–6.8) 6.5 (6.3–6.7) 4.5 (4.2–4.8) 3.8 (3.7–4.0) 

Power at VO2max (W) 422 (400–458) 425 (406–431) 305 (276–325) 264 (258–279) 

Final step MPO (W) 514 (439–564) 483 (449–509) 371 (324–405) 291 (265–302) 

[BLa] at LT1 (mmol·L
-1

) 1.5 (1.1–2.2) 1.8 (1.5–2.2) 1.6 (1.4–1.9) 1.8 (1.1–2.3) 

Power at LT1 (W) 275 (220–312) 271 (246–303) 215 (196–228) 180 (171–188) 

[BLa] at LT2 (mmol·L
-1

) 3.3 (2.5–4.2) 3.9 (2.8–4.6) 3.2 (2.8–4.1) 3.2 (2.1–3.8) 

Power at LT2 (W) 358 (312–393) 356 (335–372) 261 (230–276) 209 (199–220) 

     

Time trial performances 

100 m (ss.s) 14.5 (13.7–14.9) 14.6 (14.5–15.1) 16.5 (16.0–17.0) 18.4 (18.2–18.7) 

500 m (m:ss.s) 1:17.6 (1:13.2–1:19.6) 1:18.4 (1:17.7–1:20.0) 1:28.8 (1:25.9–1:31.5) 1:36.1 (1:34.6–1:37.3) 

2000 m (m:ss.s) 5:48.9 (5:40.8–5:58.7) 5:52.6 (5:50.6–5:58.1) 5:39.2 (5:29.3–6:48.3) 7:00.0 (6:59.0–7:02.0) 

6000 m (m:ss.s) 18:56.3 (18:35.9–19:53.6) 19:03.1 (18:49.1–19:11.8) 21:19.1 (20:48.8–21:57.3) 22:32.5 (22:18.5–22:55.1) 

Note: VO2max = maximal oxygen consumption; MPO = mean power output; [BLa] = blood lactate concentration; LT1 = lactate threshold 1; LT2 = lactate threshold 2. 
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2009). A 2004 Olympic champion (event not specified)

recorded *6.8 L min-1 (Godfrey et al. 2005); however,

the rower was tested during the peak competition period,

8 weeks prior to the Olympics. Power at _VO2max (i.e.,

maximal aerobic power, expressed in Watts) in the moni-

tored group of rowers also indicated a steady improvement
of ?20% between 2005 and 2010, amounting to a crew

average of 481 W in 2010 (Table 1). As mentioned in

‘‘Introduction’’ section, both _VO2max in L min-1 and power

corresponding to _VO2max are important parameters in

monitoring rowers’ training and performance as they fre-

quently emerged as strong correlates and/or important
predictors of 2000 m rowing ergometer performance

(Maestu et al. 2005). It is interesting to note that, while
_VO2max values exhibited no change over the last 2 years of

assessment, the power at _VO2max over the same period

increased from 459 to 481 W (?5%). This observation

may indicate an improved technical efficiency in maturing
rowers when exercising at very high work rates. Finally,

it should be added that the maximal values obtained in

2010 were 235 (230–242) L min-1 and 35.2 (32.9–36.7)

mL beat-1 for minute ventilation and oxygen pulse, res-
pectively. These values provide further evidence regarding

the well-documented extraordinary ventilation capacities

and aerobic capabilities in top-caliber rowers.
Of the submaximal measures, there was a marked

increase of ?23% in power output corresponding to AT

over the 2005–2009 period. In the last year of the study
(2009–2010), a slight 2% reduction in this parameter was

noted (Table 1). This slight decrease, along with stabil-

ization in _VO2max over the same time period, may partly
explain the stagnation in rowing ergometer performance

times between 2009 and 2010 (see next paragraph). Note

that _VO2max at AT increased continuously over the 6-year
period, and the rate of its increase approximately parallels

that of _VO2max. Subsequently, _VO2max at AT expressed as a

percentage of _VO2max remained relatively constant
throughout the monitored period, i.e., between 82 and 85%.

Fig. 1 Improvement in
maximal oxygen uptake across
time in four world-class rowers.
Error bars represent minimum
and maximum values and means
are also shown as numerical
values

Table 1 Changes in physical, physiological, and performance measures in four world-class rowers across time

2005 2006 2007 2008 2009 2010

Mean age (years) 16.3 17.2 18.2 19.2 20.2 21.1

Stature (cm) 186 (185–188) 187 (185–188) 187 (185–189) 188 (186–189) 188 (186–189) 188 (186–190)

Body mass (kg) 87 (85–90) 90 (88–93) 91 (88–96) 95 (91–100) 96 (93–102) 95 (91–101)

Body fat (%) 13.4 (11.8–14.5) 12.0 (9.8––13.9) 11.2 (8.2–13.5) 10.2 (9.0–12.6) 9.9 (7.0–11.6) 9.4 (6.6–12.3)

Fat–free mass (kg) 75 (73–77) 80 (77–81) 81 (78–83) 85 (83–87) 87 (84–90) 86 (85–89)

Power at _VO2max (W) 400 (388–413) 431 (413–450) 431 (413–450) 456 (425–488) 459 (425–488) 481 (475–488)

Power at ATa (W) 297 (288–313) 338 (313–350) 338 (325–350) 353 (338–375) 366 (350–388) 359 (350–388)

_VO2 at ATa (% of _VO2max) 85 (83–88) 83 (80–86) 85 (83–87) 82 (80–83) 85 (83–87) 85 (81–89)

Data are presented as mean values (minimum value - maximum value)
a Anaerobic threshold

2366 Eur J Appl Physiol (2011) 111:2363–2368
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Horvaatia 4x füsioloogiliste näitajate 
areng U19- U23

Muutus
Kehamass 8,5%
Lihasmass 13%
Maks aeroobne võimsus 17%
Võimsus anaeroobsel lävel 18%

Mikulic jt. 2014



These values correspond to an earlier report on highly

trained rowers by Bunc et al. (1987).
A 6-year improvement of ?7% is evident both for 2000

and 6000 m average rowing ergometer performance times

(Fig. 2). A curvilinear regression provided the best repre-
sentation for a description of improvement in performance

times over the monitored period (R2 = 0.984, P \ 0.001

and R2 = 0.989, P \ 0.001 for 2000 and 6000 m perfor-
mance times, respectively). Rowing ergometer performance

times are considered valuable indicators of a rower’s sport-
specific physical fitness, and 2000 m ergometer times have

recently exhibited moderate to strong correlations with

2007 World Championship rankings at both junior (Mikulic
et al. 2009a) and open class (Mikulic et al. 2009b) levels. A

close inspection of 2000 m times indicated that four studied

rowers were on average *15-s faster in 2006 as junior
rowers, and *8-s faster in 2010 as open class rowers than

the mean 2000 m ergometer performance time for all

rowers competing in sculling events in 2007 World Junior
Rowing Championships and World Rowing Champion-

ships, respectively. The relative improvements in ergometer

performance declined almost continuously over the moni-
tored period, with annual improvements (from 2005 to

2010) of ?2.6%, ?2.0%, ?1.6%, ?0.5%, and ?0.3% for

6000 m time, and ?2.5, ?2.3%, ?1.3%, ?1.2%, and

-0.3% for 2000 m time. As observed for _VO2max, the sta-

bilization of ergometer performance seems to be evident

from 2009 onwards, an assumption based on very slight
changes in performance times (i.e., ±0.3%) between 2009

and 2010. Of course, further annual assessments are nec-

essary to verify the assumption that ergometer performance
is stabilizing.

Finally, the rowers’ training characteristics merit a brief

discussion. Unfortunately, reliable details on the training of

all crew members were available only for the final 2 years

of the study (i.e., 2009 and 2010), when rowers spent
[90% of their on-water training sessions together in the

quadruple-sculls. During the off-water training periods of

the 2009 and 2010 seasons, which typically stretched from
mid-November to mid-February, the rowers trained pri-

marily in their respective clubs, yet followed very similar

training regimens. A close examination of training logs
indicates that the average training characteristics observed

in 2009 and 2010 were similar. The main difference was
that, in 2010, because the 2010 World Rowing Champi-

onships were held unusually late in the rowing season (i.e.,

in early November), a considerably greater on-water dis-
tance was covered during September and October. On

average, during 2009 and 2010 the training for all rowers

consisted of 11.1 sessions per week of which 1.5 were land-
based endurance training sessions in the form of running,

hiking, cycling or cross-country skiing, 2.4 were weight

room sessions, and 7.2 were rowing sessions. These rowing
sessions consisted, on average over 2009 and 2010, of on-

water rowing (83%), ergometer rowing (15%), and tank

rowing (2%). The general training data for 2009 and 2010
are depicted in Fig. 3. The total distance covered on-water

(averaged across rowers), including warm-up and cool-

down rowing exercises, was 116 km week-1 in 2009
(6050 km per year) and 124 km week-1 in 2010 (6460 km

per year). Collectively, although slightly higher in terms of

the number of weekly training sessions, the presented
values largely collaborate those reported by Lacour et al.

(2009) in their description of the training volume and

training characteristics of contemporary world champion
rowers.

To sum up, this 6-year follow-up study of a world-class

crew indicated that physical and physiological adaptations

Fig. 2 Improvement in 2000
and 6000 m rowing ergometer
performance times across time
in four world-class rowers.
Error bars represent minimum
and maximum values and means
are also shown as numerical
values

Eur J Appl Physiol (2011) 111:2363–2368 2367
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increase in winter training volume was due to long-
distance endurance training and strength endurance
training. Figure 3 depicts the training load distribu-
tion during the competitive season. From the 1970s
to 1990s, long-distance training in the boat was
increasingly emphasized. Both the absolute and
relative volume of boat training at race pace or
above race pace intensities were reduced, from
! 23 hmonth" 1 of race pace or over-speed training
in the 1970s to less than 7 hmonth" 1 during the
1990s (Fig. 4). From the 1970s to 1980s, a large
increase in the total volume of training performed at
low intensity (blood lactate concentration # 2mM),
and a small decrease in the total volume of high
intensity training (interval, race pace, over-speed
training) were observed. Since the 1980s, the training
organization has remained fairly stable, with small
shifts in training load away from very high intensity
sprint bouts toward longer-interval training at
85%–95% VO2max.

Altitude training

In Table 4, the number of altitude camps ( ! 2000m
above sea level) attended by the athletes during each
decade is presented. Altitude camp attendance is
divided into the preparation and competitive peri-
ods. During the 1970s, the first altitude camps were
used in an experimental way. During the 1980s,
altitude training became quite common, with most of
these 14–21-day camps held in the final weeks prior
to major competitions. During the 1990s, altitude
training played an even more prominent role in
the overall training program. However, the goal of
altitude training shifted from pre-competition
‘‘peaking’’ to improving the basic condition of the
athletes. Athletes began training at altitude several
times during each winter preparation period and
altitude training during the competitive season was
reduced.

Discussion

This study provides a time-line quantifying the 30-
year evolution of both training organization and
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Fig. 1. Average total weekly training volume (hours) among
Norwegian male rowers winning international medals in the
1970s, 1980s and 1990s. Training volume is divided into
winter (preparation) and summer (competition) halves of the
annual training cycle.
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Fig. 2. Changes in distribution of training volume among
training types during the winter preparation period of the
annual cycle (October–March) from the 1970s to the 1990s.
Refer to Table 2 for explanation of training types.

0
10
20
30
40
50
60

Long distance 

Interval

Race Pace 

Overspeed

Land endurance

Strength

Flexibility

H
ou

rs
m

on
th

-1

70' s

80' s

90' s

Fig. 3. Changes in distribution of training among training
types during the summer competition period of the annual
cycle (April–September) from the 1970s to the 1990s. Refer
to Table 2 for explanation of training types.
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Fig. 4. Overall distribution of training volume (hweek" 1)
between extensive long-distance training and highly inten-
sive training among medal winners from the 1970s, 1980s,
and 1990s.
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Fiskerstrand & Seiler, 2004

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

Sandbakk jt, 2011
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Oktober November Desember Januar Februar Mars April Mai Juni Juli August
Treningstimer 88,22 101,68 89,13 123,78 95,92 95,02 92,52 101,77 84,57 110,23 58,37
Treningsøkter 56 58 57 53 53 52 51 61 53 52 52
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et al. (2004, 2005a, b) examined the aerobic and
anaerobic energy system contributions to 100, 200,
400, 800, 1500 and 3000m track running in well-
trained runners. The data from the male runners in
these studies are plotted in Fig. 1, revealing that the
energy contribution to an intense exercise event
arises from a mix of aerobic and anaerobic sources.
The crossover point, where aerobic and anaerobic
energy contributes equally, occurs approximately at
600m of near maximal running. This compares well
with an earlier crossover estimate made by Gastin
(2001) of about 75 s of near maximal exercise. Thus,
for an intense exercise event that lasts beyond 75 s,
total energy output is mostly aerobically driven. This
is a convenient situation for the exercise conditioner,
because the aerobic energy system appears to be a
more malleable system to adjust. Indeed, both high-
intensity training and high-volume training can elicit
improvements in aerobic power and capacity.

Effect of training on physiological variables and
intense exercise performance

The purpose of exercise training is to alter physiolo-
gical systems in such a way that physical work
capacity is enhanced through an improved capacity
to deviate from resting homeostasis during subse-
quent exercise sessions (Hawley et al., 1997). Manip-
ulation of the intensity and duration of work and rest
intervals changes the relative demands on particular
metabolic pathways within muscle cells, as well as
oxygen delivery to muscle (Holloszy & Coyle, 1984).

In response, changes occur in both central and
peripheral systems, including improved cardiovascu-
lar dynamics (Buchheit et al., 2009), neural recruit-
ment patterns (Enoka & Duchateau, 2008), muscle
bioenergetics (Hawley, 2002), as well as enhanced
morphological (Zierath & Hawley, 2004), metabolic
substrate (Hawley, 2002) and skeletal muscle acid–
base status (Hawley & Stepto, 2001). The rate at
which these adaptations occur is variable (Vollaard
et al., 2009) and appears to depend on the volume,
intensity and frequency of the training. Importantly,
development of the physiological capacities wit-
nessed in elite athletes does not occur quickly, and
may take many years of high training loads before
peak levels are reached.
Training can be structured in an infinite number of

ways, but in general, coaches tend to prescribe
periods of prolonged submaximal exercise, moderate
periods of training at ‘‘threshold’’ or shorter high-
intensity exercise sessions (Hawley et al., 1997). In
the context of this review, low-intensity training
generally refers to exercise performed below the first
ventilatory threshold, ‘‘threshold’’ intensity refers to
exercise performed between the first and second
ventilatory thresholds and high-intensity training
refers to exercise performed above the second venti-
latory threshold (Seiler & Kjerland, 2006). Submax-
imal low-intensity endurance training performed for
long durations involves predominantly slow twitch
motor unit recruitment, while higher intensity train-
ing (usually completed as high intensity interval
training) will recruit additional fast twitch motor
units for relatively short durations (Enoka & Duch-

Fig. 1. Percent aerobic and anaerobic energy system contributions to near maximal running over distances ranging from 100
to 3000m. Figure derived based on the male data obtained from the studies of Duffield et al. (2004, 2005a, b).
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increase in winter training volume was due to long-
distance endurance training and strength endurance
training. Figure 3 depicts the training load distribu-
tion during the competitive season. From the 1970s
to 1990s, long-distance training in the boat was
increasingly emphasized. Both the absolute and
relative volume of boat training at race pace or
above race pace intensities were reduced, from
! 23 hmonth" 1 of race pace or over-speed training
in the 1970s to less than 7 hmonth" 1 during the
1990s (Fig. 4). From the 1970s to 1980s, a large
increase in the total volume of training performed at
low intensity (blood lactate concentration # 2mM),
and a small decrease in the total volume of high
intensity training (interval, race pace, over-speed
training) were observed. Since the 1980s, the training
organization has remained fairly stable, with small
shifts in training load away from very high intensity
sprint bouts toward longer-interval training at
85%–95% VO2max.

Altitude training

In Table 4, the number of altitude camps ( ! 2000m
above sea level) attended by the athletes during each
decade is presented. Altitude camp attendance is
divided into the preparation and competitive peri-
ods. During the 1970s, the first altitude camps were
used in an experimental way. During the 1980s,
altitude training became quite common, with most of
these 14–21-day camps held in the final weeks prior
to major competitions. During the 1990s, altitude
training played an even more prominent role in
the overall training program. However, the goal of
altitude training shifted from pre-competition
‘‘peaking’’ to improving the basic condition of the
athletes. Athletes began training at altitude several
times during each winter preparation period and
altitude training during the competitive season was
reduced.

Discussion

This study provides a time-line quantifying the 30-
year evolution of both training organization and
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Fig. 1. Average total weekly training volume (hours) among
Norwegian male rowers winning international medals in the
1970s, 1980s and 1990s. Training volume is divided into
winter (preparation) and summer (competition) halves of the
annual training cycle.
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Fig. 2. Changes in distribution of training volume among
training types during the winter preparation period of the
annual cycle (October–March) from the 1970s to the 1990s.
Refer to Table 2 for explanation of training types.

0
10
20
30
40
50
60

Long distance 

Interval

Race Pace 

Overspeed

Land endurance

Strength

Flexibility

H
ou

rs
m

on
th

-1

70' s

80' s

90' s

Fig. 3. Changes in distribution of training among training
types during the summer competition period of the annual
cycle (April–September) from the 1970s to the 1990s. Refer
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Fig. 4. Overall distribution of training volume (hweek" 1)
between extensive long-distance training and highly inten-
sive training among medal winners from the 1970s, 1980s,
and 1990s.
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increase in winter training volume was due to long-
distance endurance training and strength endurance
training. Figure 3 depicts the training load distribu-
tion during the competitive season. From the 1970s
to 1990s, long-distance training in the boat was
increasingly emphasized. Both the absolute and
relative volume of boat training at race pace or
above race pace intensities were reduced, from
! 23 hmonth" 1 of race pace or over-speed training
in the 1970s to less than 7 hmonth" 1 during the
1990s (Fig. 4). From the 1970s to 1980s, a large
increase in the total volume of training performed at
low intensity (blood lactate concentration # 2mM),
and a small decrease in the total volume of high
intensity training (interval, race pace, over-speed
training) were observed. Since the 1980s, the training
organization has remained fairly stable, with small
shifts in training load away from very high intensity
sprint bouts toward longer-interval training at
85%–95% VO2max.

Altitude training

In Table 4, the number of altitude camps ( ! 2000m
above sea level) attended by the athletes during each
decade is presented. Altitude camp attendance is
divided into the preparation and competitive peri-
ods. During the 1970s, the first altitude camps were
used in an experimental way. During the 1980s,
altitude training became quite common, with most of
these 14–21-day camps held in the final weeks prior
to major competitions. During the 1990s, altitude
training played an even more prominent role in
the overall training program. However, the goal of
altitude training shifted from pre-competition
‘‘peaking’’ to improving the basic condition of the
athletes. Athletes began training at altitude several
times during each winter preparation period and
altitude training during the competitive season was
reduced.

Discussion

This study provides a time-line quantifying the 30-
year evolution of both training organization and
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Fig. 1. Average total weekly training volume (hours) among
Norwegian male rowers winning international medals in the
1970s, 1980s and 1990s. Training volume is divided into
winter (preparation) and summer (competition) halves of the
annual training cycle.
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This study quantified changes in training volume, organiza-
tion, and physical capacity among Norwegian rowers
winning international medals between 1970 and 2001.
Twenty-eight athletes were identified (27 alive). Results of
physiological testing and performance history were avail-
able for all athletes. Twenty-one of 27 athletes responded to
a detailed questionnaire regarding their training during their
internationally competitive years. Maximal oxygen uptake
(VO2max) increased 12% (6.5 ! 0.4 vs. 5.8 ! 0.2Lmin" 1)
from the 1970s to the 1990s. Similarly, 6-min ergometer
rowing performance increased almost 10%. Three major
changes in training characteristics were identified: (1)
training at a low blood lactate (o2mM) increased from

30 to 50 hmonth" 1 and race pace and supra-maximal
intensity training ( # 8–14mM lactate) decreased from
23 to # 7 hmonth" 1; (2) training volume increased by
# 20%, from 924 to 1128 h yr" 1; (3) altitude training was
used as a pre-competition peaking strategy, but it is now
integrated into the winter preparation program as periodic
2–3-week altitude camps. The training organization trends
are consistent with data collected on athletes from other
sports, suggesting a ‘‘polarized’’ pattern of training
organization where a high volume of low intensity training
is balanced against regular application of training bouts
utilizing 90%–95% of VO2max.

Norway has developed a systematic organization for
endurance training. The rowers, starting in the late
1960s and early 1970s, led this development, which in
turn influenced the training of skiers, biathletes,
kayak paddlers, and cyclists. The international suc-
cess of the rowers is notable given an annual recruit-
ing base of $ 300 competitive rowers between the
ages of 15 and 21 over the last three decades.
From 1893 when the first ‘‘European Champion-

ship’’ was held to 1969, Norwegian athletes won only
five bronze and one silver medals in the European,
World, or Olympic Rowing Championships. Win-
ning 34 medals (11 gold) from 1970 to 2001,
Norwegian rowers have been roughly 10 times more
successful since 1970. This abrupt increase is attri-
buted to two changes that were instituted in 1969: (1)
gathering the best rowers into an elite group and (2)
systematic training information provided to the local
clubs. Similar developments towards more systema-
tic training organization and testing based selection
processes occurred in East and West Germany, the
USSR, New Zealand, the US, and other FISA
federations by 1968.
Athletes and trainers are motivated to apply

maximal tolerable training loads in an effort to
break previous performance barriers. Even a small

(1%) enhancement in performance capacity im-
proves results (Hopkins et al., 1999). Some reports
provide quantitative data about the training of
international athletes over a shorter time period
(Jensen et al., 1993; Steinacker et al., 1998; Lucia
et al., 2000; Billat et al., 2001; Schumacker &
Mueller, 2002). However, few data are available to
quantify changes in training and physical capacity
over a period of years. In this study, we have
quantified changes in training characteristics and
physical capacity in a group of international rowing
medal winners within a span of three decades.

Methods
Subjects

From 1970 to 2001, 28 male Norwegian rowers won 11 gold,
15 silver, and eight bronze medals at the senior European
(three medals), World (23 medals), or Olympic Champion-
ships (eight medals) (Table 1). Norwegian athletes won medals
in 27 of the 30 years in which they competed in championship
events. The general strategy employed has been to concentrate
on developing at least one international medal contending
boat crew each year. The most successful boat was the double
scull (2 % ) with gold medals won each decade. Medals were
also won in single sculling (1 % ), quadruple sculling (4 % ),
and the four-man sweep-oared events with and without
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The Effects of High-Intensity Interval 
Training in Well-Trained Rowers

Matthew W. Driller, James W. Fell, John R. Gregory, 
Cecilia M. Shing, and Andrew D. Williams 

Purpose: Several recent studies have reported substantial performance and physio-
logical gains in well-trained endurance runners, swimmers, and cyclists following a 
period of high-intensity interval training (HIT). The aim of the current study was to 
compare traditional rowing training (CT) to HIT in well-trained rowers. Methods: 
Subjects included 5 male and 5 female rowers (mean ± SD; age = 19 ± 2 y; height = 
176 ± 8 cm; mass = 73.7 ± 9.8 kg; Vo2peak = 4.37 ± 1.08 L·min−1). Baseline testing 
included a 2000-m time trial and a maximal exercise test to determine Vo2peak, 4-min 
all-out power, and 4 mmol·L−1 blood lactate threshold. Following baseline testing, 
rowers were randomly allocated to HIT or CT, which they performed seven times over 
a 4-wk period. The HIT involved 8 � 2.5-min intervals at 90% of the velocity main-
tained at Vo2peak, with individual recoveries returning to 70% of the subjects’ maximal 
heart rate between intervals. The CT intensity consisted of workloads corresponding 
to 2 and 3 mmol·L−1 blood lactate concentrations. On completion of HIT or CT, 
rowers repeated the testing performed at baseline and were then allocated to the alter-
native training program and completed a crossover trial. Results: HIT produced 
greater improvements in 2000-m time (1.9 ± 0.9%; mean ± SD), 2000-m power (5.8 
± 3.0%), and relative Vo2peak (7.0 ± 6.4%) than CT. Conclusion: Four weeks of HIT 
improves 2000-m time-trial performance and relative Vo2peak in competitive rowers, 
more than a traditional approach.

Keywords: rowing, Vo2max, performance, endurance, training techniques

For already well-trained athletes, improvements in performance become dif-
#cult to attain and increases in training volume can potentially yield no improve-
ments. Consequently, athletes and coaches must #nd alternative approaches to 
achieve greater physiological and performance gains.1 Previous research would 
suggest that, for athletes who are already trained, improvements in endurance 
performance can be achieved through high-intensity interval training (HIT).2 
These performance improvements have been attributed to changes in maximum 
oxygen consumption, anaerobic threshold, and economy.3 Previous HIT studies 

Driller, Fell, Shing, and Williams are with the School of Human Life Sciences, University of Tasmania, 
Launceston, Australia, and Gregory is with the Sports Performance Unit, Tasmanian Institute of Sport, 
Launceston, Australia.
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Training Methods and Intensity 
Distribution of Young World-Class Rowers

Arne Guellich, Stephen Seiler, and Eike Emrich

Purpose: To describe the distribution of exercise types and rowing intensity in 
successful junior rowers and its relation to later senior success. Methods: 36 young 
German male rowers (31 international, 5 national junior !nalists; 19.2 ± 1.4 y; 
10.9 ± 1.6 training sessions per week) reported the volumes of de!ned exercise 
and intensity categories in a diary over 37 wk. Training categories were analyzed 
as aggregates over the whole season and also broken down into de!ned training 
periods. Training organization was compared between juniors who attained national 
and international senior success 3 y later. Results: Total training time consisted 
of 52% rowing, 23% resistance exercise, 17% alternative training, and 8% warm-
up programs. Based on heart rate control, 95% of total rowing was performed at 
intensities corresponding to <2 mmol·L−1, 2% at 2 to 4 mmol·L−1, and 3% at >4 
mmol·L−1 blood lactate. Low-intensity work remained widely unchanged at ~95% 
throughout the season. In the competition period, the athletes exhibited a shift 
within <2 mmol exercise toward lower intensity and within the remaining ~5% 
of total rowing toward more training near maximal oxygen consumption (VO2max) 
intensity. Retrospectively, among subjects going on to international success 3 
y later had their training differed signi!cantly from their peers only in slightly 
higher volumes at both margins of the intensity scope. Conclusion: The young 
world-class rowers monitored here exhibit a constant emphasis on low-intensity 
steady-state rowing exercise, and a progressive polarization in the competition 
period. Possible mechanisms underlying a potential association between intensity 
polarization and later success require further investigation.

Keywords: high performance, training analysis, intensity distribution, endurance, 
rowing

Elite endurance athletes subject themselves to very high training loads in 
pursuit of maximal performance. For example, world-class senior rowers compete 
over a 2000-m distance requiring ~6 to 7 min, yet they invest a training volume 
in a season equivalent to many hours for each minute of an international competi-
tion. A key question that occupies the minds of athletes and coaches is how best 
to use this training investment. For numerous reasons, systematic intervention for 

Guellich is with the Department of Sports Sciences, University of Kaiserslautern, Germany. Seiler is 
with the Faculty of Health and Sport, University of Agder, Kristiansand, Norway. Emrich is with the 
Institute of Sports Sciences, University of the Saarland, Saarbruecken, Germany.
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Units for Training Intensity 
Cross country skiers have rather legendary status in exercise physiology circles 

for their aerobic capacity and endurance capacity in arms and legs. Seiler et 
al.(2006) studied 12 competitive to nationally elite male 17–y old skiers from a 
special skiing high school in the region. The mean VO2max for the group was 72 
ml.kg-1min-1. They were guided by coaches with national team coaching experience 
and were trained along similar lines to the seniors, but with substantially lower 
volumes of training. Like Esteve-Lanao (2005) did with runners, we used heart-rate 
monitoring to quantify all endurance sessions and determined three aerobic intensity 
zones based on ventilatory turn points. We also recorded the athletes' rating of 
perceived exertion (RPE) using the methods of Foster et al. (1996; 1998; 2001a) for 
all training bouts. Finally, we collected blood lactate during one training week to 
relate heart rate and perceived exertion measurements to blood lactate values. 

When comparing the three different intensity quantification methods, we 
addressed the issue of how training intensity is best quantified. Heart-rate 
monitoring is clearly appealing. We can save heart rate data, download entire 
workouts to analysis software, and quantify the time heart rate falls within specific 
pre-defined intensity zones. Using this “time-in-zone” approach, we found that 91 % 
of all training time was spent at a heart rate below VT1 intensity, ~6 % between 
VT1 and VT2, and only 2.6 % of all 15-s heart rate registrations were performed 
above VT2. We then quantified intensity by allocating each training session to one 
of the three zones based on the goal of the training and heart rate analysis. We called 
this the “session-goal approach”. For low-intensity continuous bouts, we used 
average heart rate for the entire bout. For bouts designed to be threshold training we 
averaged heart rate during the threshold-training periods. For high-intensity interval-
training sessions, we based intensity on the average peak heart rate for each interval 
bout. Using this approach, intensity distribution derived from heart rate responses 
closely matched the session RPE (Figure 4), training diary distribution based on 
workout description, and blood-lactate measurements. The agreement between the 
session-by-session heart-rate quantification and session RPE-based assignment of 
intensity was 92 %. In their training diaries, athletes recorded 30-41 training 
sessions in 32 d and described 75% of their training bouts as low intensity 
continuous, 5% as threshold workouts, and 17% as intervals. 

  
Figure 4. Comparison of training intensity distribution in 
well trained junior cross-country skiers using traditional 
heart-rate (HR) time-in-zone, session goal HR analysis, 
and session rating of perceived exertion (RPE). Time-in-
zone data represents total distribution of training time for 
all athletes combined. Data redrawn from Seiler and 
Kjerland (2006). 
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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)

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).
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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).

464 Training-Intensity Distribution and Adaptation in Cyclists • Neal CM et al.

J Appl Physiol • doi:10.1152/japplphysiol.00652.2012 • www.jappl.org

on M
arch 10, 2015

D
ow

nloaded from
 

THR    60 min - 1/2 Tsoon 2    
POL     6 x 4 min intervallid



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,
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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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4x16
(N=63)

4x8
(N=63)

4x4
(N=63)

Power (w) 276 (25)* 308 (29)* 342 (33)*

Power (w.kg-1) 3.5 (0.4)* 3.9 (0.4)* 4.3 (0.4)*

Power % 4mM (%) 97 (8)* 106 (8)* 118 (9)*

Blood lactate (mmol.L-1) 4.7 (1.6)* 9.2 (2.4)* 12.6 (2.7)*

HRmean (% HRpeak) 86 (3)* 88 (2)* 89 (2)*

HRmax (% HRpeak) 89 (2)* 91 (2)* 94 (2)*

RPE all bouts, general 15.0 (1.1)* 16.2 (0.8)* 17.1 (0.9)*

sRPE (1-10) 30min post session 6.3 (1.0)* 6.9 (1.0)* 7.7 (1.2)*

HIT training characteristics of sessions in all subjects 
during the intervention period. All values are calculated as average (SD) in four laps 
of up to 24 training sessions. 

*P<0.001 vs other groups, one-way repeated measures ANOVA. 

Seiler, 2015

0

1

2

3

Wk 2 Wk 3 Wk 4 Wk 5 Wk 6 Wk 7 Wk 8 Wk 9 Wk 10 Wk 11 Wk 12 Wk 13

H
IT

 v
ol

um
e 

(h
 .

w
k-

1 )

HIT periodization- TRADITIONAL group

Zone 3 Zone 4 Zone 5

0

1

2

3

Wk 2 Wk 3 Wk 4 Wk 5 Wk 6 Wk 7 Wk 8 Wk 9 Wk 10 Wk 11 Wk 12 Wk 13

H
IT

 v
ol

um
e 

(h
 .

w
k-

1 )

HIT periodzation – HYBRID group

Zone 3 Zone 4 Zone 5

0

1

2

3

Wk 2 Wk 3 Wk 4 Wk 5 Wk 6 Wk 7 Wk 8 Wk 9 Wk 10 Wk 11 Wk 12 Wk 13

H
IT

 v
ol

um
e 

(h
 .

w
k-

1 )

HIT periodization- REVERSED group

Zone 3 Zone 4 Zone 5

Periodiseerimise efektid sooritusvõimele

63 tugeva tasemega jalgratturit
Vanus 37±7
VO2max 61,3±5,8



95% CI for relative change. * P < 0.05 vs PRE test. No sig differences between groups. GLM 
analyses adjusted for group, location and pre 4mM power.
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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%

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

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

LA5 min
(mmol/l)

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

Polariseeritud vs. traditsiooniline mudel

Tonnessen, 2015
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Madal intensiivsus Kõrge intensiivsus

Tsoon1                         Tsoon2+Tsoon3

Sõudmine??
80-85%                         15-20%



Teadus ja 
treeningprotsess

Total Frequency/ Volume of training (VOL)

Training Intensity Distribution (TID)

General Periodization Details (Annual)

Sports-specific and

micro-periodization schemes

Training Stimuli 

Enhancement

(i.e. Altitude, Heat, Energy availability)

Seiler´s Hierarchy
of

Endurance Training Needs

High Intensity Training (HIT)

Race/Pace

Training

Training 

Taper

Well

established

Well

established

Well

established

Unclear but likely overrated

Not established, but likely
modest

Potentially important effects
but individual and condition specific

Potentially decisive

if everything else is done right

Potentially decisive if you have one isolated competition... 

and everything else is done right

Training VOL,

HIT, and overall

TID likely have

interactive

effects

Strength of Evidence/Effect

Seiler, 2016



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



Eksperimendid ja sõudmine 2018
A-koondis, U23, U19
• Mida me selleks vajame?

• Sportlaste treeningpäevik
• Treeninguliik (sõudmine, jõutreening, 

ergomeeter, …)
• Läbitud distants ja treeningu aeg
• Südamelöögisagedus (Pulsikell)
• Kui raske oli sinu treening?
• sRPE 10 punktiline hinnang



Nimi:       ...................................................         

Kuupäev: ................................ 

Kuidas sa ennast hetkel tunned? 
1) Väga, väga hästi 
2) Väga hästi 
3) Hästi 
4) Keskmiselt 
5) Kehvasti 
6) Väga kehvasti 
7) Väga, väga kehvasti 

Mitu tundi sa magasid eelmisel ööl? (tundi, minutit) ........................... 

Kuidas sa hindad oma une kvaliteeti? 
Väga, väga halb        Väga väga hea 
               1   2   3   4   5   6   7   8   9   10 

Kas sa olid eelmisel nädalal haige?              Ei       Jah   .............................. 

Kui väsinud sa hetkel oled? 
Väga, väga väsinud       Ei ole üldse väsinud 
               1   2   3   4   5   6   7   8   9   10 

Milline on su lihaste seisund? Märgi igale reale üks number 
1) Väga, väga hea            ................. käed 
2) Väga hea        
3) Hea                                                                        ..................jalad  
4) Keskmine 
5) Halb                                                                        ..................üldine  
6) Väga halb 
7) Väga, väga halb 

Soov/tahe treenida.  
Märgi ring sobiva numbri ümber 

Treeningu tahe 0             Treeningu tahe Max 

        1         2          3         4  5         6    7         8      9         10

Esmaspäev
Neljapäev

Subjektiivsed hinnangud

Kord 
nädalas



Kasvavate koormustega test
15, 16 märts …… kuupäev RPE SLS

Nimi 0-59s 0 0
1:00-1:59 40 1

Klubi 2:00-2:59 60 1
Sünnikuupäev 3:00-3:23 80 1
Pikkus cm 4:00-4:59 100 2
Kaal kg 5:00-5:59 120 2

40+20W 6:00-6:59 140 3
7:00-7:59 160 4

Koormustest (W) 8:00-8:59 180 4
VO2max (L/min) 9:00-9:59 200 4
VO2max (ml/min) 10:00-10:59 220 5
VE (L/min) 11:00-11:59 240 5
AeL (l/min) 12:00-12:59 260 6
AnL (l/min) 13:00-13:59 280 7
Pmax (w) 14:00-14:59 300 7
Pmax (w/kg) 15:00-15:59 320 8
SLSmax (l/min) 16:00-16:59 340 9

Scout Ensüm 17:00-17:59 360
La 3` 18:00-18:59 380
La 5` 19:00-19:50 400
La 15` 20:00-20:59 420

aeg:

• Maksimaalne töövõime
• Aeroone, anaeroobne lävi
• Hapnikutarbimine
• “Kui raske on?”
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SLS tsoonid
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Koormus tsoonid

Treeningkoormus
Treeninguid Aeg Distants Z0 Z1 Z2 Z3 Koormus Koormus%

Sõudmine 0 0 0 0 0 0 0 0 0,00%
Ergomeeter 3 155 20 118 32 13 0 778 16,78%
Jõutrenn 1 90 0 0 540 11,65%
Jalgratas 2 133 85 0 525 11,32%
Jooks 0 0 0 0 0 0,00%
Suusatamine 4 458 133,54 132 197 93 28 2794 60,25%
Venitused 0 0 0 0 0 0,00%
KOKKU 10 836 238,54 250 229 106 28 4637 100,00%

Sõudmine 0 0 0 0 0 0 0 0 0,00%
Ergomeeter 3 220 39 4 124 82 10 962 22,51%
Jõutrenn 2 208 0 0 624 14,60%
Jalgratas 0 0 0 0 0 0,00%
Jooks 0 0 0 0 0 0,00%
Suusatamine 6 768 164,66 5 403 359 1 2687 62,88%
Venitused 0 0 0 0 0 0,00%
KOKKU 11 1196 203,66 9 527 441 11 4273 100,00%
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Tänan tähelepanu eest!


