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Purpose: To describe heart rate (HR) and blood lactate (Bla™) responses during
high-intensity interval training (HIT) in a long-term block-periodized HIT regimen in
world-class cross-country (XC) skiers.

Methods: Data were collected in 14 world-class female XC skiers (aged 25 + 5
years; body mass, 60.4 + 6.5kg; and maximal HR, 194 + 8 beats - min—") throughout
three entire seasons. The HR and Bla~ values were determined at the end of 572
intervals performed during 63 sessions and 17 HIT blocks utilizing different exercise
modes: running, running with poles, and skiing (on-snow and roller ski) with classic and
skating techniques.

Results: The mean HR was 91 £ 3% of HRnax with a corresponding Bla™ of 7.3 £ 2.1
mmol - L='. The average HR and Bla~ values were relatively similar across the different
exercise modes, except for alower HR (~90 vs. 92% of HRmax) for on-snow and roller ski
classical skiing and lower Bla~ values (5.9 vs. 7.0-7.8 mmol - L~) for on-snow classical
skiing compared to the other modes, both P < 0.05. An increase in HR and Bla™ was
observed from interval working periods 1 to 3 (90-92% of HRmax and 6.5-7.7 mmol - L)
and further from 3 to 5 (92-93% of HRmax and 7.7-9.0 mmol - L), all P < 0.05.

Conclusions: We describe long-term use of HIT-block periodization among world-class
XC skiers who achieved target HR and Bla™ levels in all six exercise modes employed.
According to athletes and coaches, the key to successful blocks was intensity control to
allow for high-quality HIT sessions throughout the entire HIT block.

Keywords: endurance training, cross-country skiing, periodization, XC skiing, HIT, lactate

Frontiers in Sports and Active Living | www.frontiersin.org 1

October 2020 | Volume 2 | Article 549407


https://www.frontiersin.org/journals/sports-and-active-living
https://www.frontiersin.org/journals/sports-and-active-living#editorial-board
https://www.frontiersin.org/journals/sports-and-active-living#editorial-board
https://www.frontiersin.org/journals/sports-and-active-living#editorial-board
https://www.frontiersin.org/journals/sports-and-active-living#editorial-board
https://doi.org/10.3389/fspor.2020.549407
http://crossmark.crossref.org/dialog/?doi=10.3389/fspor.2020.549407&domain=pdf&date_stamp=2020-10-21
https://www.frontiersin.org/journals/sports-and-active-living
https://www.frontiersin.org
https://www.frontiersin.org/journals/sports-and-active-living#articles
https://creativecommons.org/licenses/by/4.0/
mailto:trine.karlsen@nord.no
https://doi.org/10.3389/fspor.2020.549407
https://www.frontiersin.org/articles/10.3389/fspor.2020.549407/full

Karlsen et al.

Intensity Control During HIT

INTRODUCTION

Cross-country (XC) skiing is a demanding endurance sport,
where top athletes have achieved some of the highest maximal
oxygen uptake (VOimax) levels ever reported in scientific
literature. To reach VOjpyax values >85mL - kg_1 . min!
for men and >70mL - kg=! - min~! for women (Ingjer,
1991; Losnegard and Hallén, 2014; Tennessen et al, 2014,
2015; Sandbakk et al, 2016), XC skiers’ training primarily
targets aerobic endurance capacity. The typical training model
among XC skiers includes 700-850h per year of endurance
training, distributed as 90% low (LIT), 4-5% as moderate
(MIT), and 5-8% as high-intensity training (HIT) (Sandbakk and
Holmberg, 2017). HIT sessions usually make up only 5-8% of the
annual training time and ~20% of the total annual number of
endurance sessions (Seiler, 2010; Tonnessen et al., 2014; Stoggl
and Sperlich, 2015; Sandbakk et al., 2016; Solli et al., 2017) and
are regarded vital in eliciting physiological and performance
gains (Laursen and Jenkins, 2002; Iaia et al., 2009; Buchheit and
Laursen, 2013a,b; Gunnarsson et al., 2013). It has been argued
that an increased volume and/or frequency of HIT would be
beneficial for the further development of elite endurance athletes
(Laursen, 2010).

Most studies have reported that the periodization of HIT vs.
MIT and LIT in endurance sports is achieved via the traditional
periodization model (TRAD) (Matwejew, 1975; Issurin, 2008;
Tonnessen et al., 2014), characterized by a mixed focus on LIT,
MIT, and HIT in all periods but with a gradual progression
from high training volume to higher training intensity as the
competition period approaches. As an alternative, it has been
argued that a more effective way of organizing endurance
training is to include defined blocks of increased focus on
specific intensities (Issurin, 2008, 2010, 2016, 2018), such as block
periodization (BP) of HIT. BP aims to direct highly concentrated
HIT stimuli to induce a beneficial physiological impact and
appropriate hormonal response to optimize the subsequent
adaptations (Issurin, 2018). Positive short-term effects of using
BP of HIT to augment training responses have been shown (Breil
et al., 2010; Storen et al., 2012; Wahl et al., 2013; Clark et al.,
2014; Ronnestad et al., 2017), whereas a recent study of junior XC
skiers reported no beneficial effects of BP over TRAD (McGawley
et al,, 2017). In addition, a meta-analysis concluded that BP of
HIT is an adequate, alternative strategy with potentially higher
training effects than TRAD for trained to well-trained athletes
(Molmen et al., 2019). However, all these studies have compared
the different periodization models by matching the overall HIT
volume, whereas in practice, athletes also use BP of HIT to
increase the overall HIT stimuli (Solli et al., 2019).

Most previous studies on BP of HIT have been limited by short
intervention periods (4-12 weeks). However, one unique study of
two comparably successful seasons in the world’s best XC skier
has compared detailed microperiodization, mesoperiodization,
and macroperiodization of BP of HIT with TRAD, illustrating

Abbreviations: BP, block periodization; HIT, high-intensity training; MIT,
moderate-intensity training; LIT, low-intensity training; TRAD, traditional
periodization model; XC, cross country.

how the organization of the BP of HIT can be utilized in
connection with intensified training in elite endurance athletes
(Solli et al., 2019). Despite similar endurance training loads, twice
as many HIT sessions were performed during the BP year than
the TRAD year. This was achieved by organizing 45% of the
annual HIT sessions in seven major HIT blocks lasting from 7
to 11 days. Each block included 8-13 HIT sessions employing
various exercise modes (running, running with poles, as well as
roller ski and on-snow ski skating and classic techniques). The
athlete was a Norwegian national team member and the HIT
training organization representative for the entire national team,
with yearly BP of HIT cycles systematically monitored in the
2003-2006 seasons.

By using the unique dataset from the interval session
monitoring of extensive HIT blocks, the primary aim of this
article is to describe physiological responses [i.e., blood lactate
(Bla™) and heart rate (HR) values] of HIT intervals during a
long-term BP regimen among world-class female XC skiers. Our
secondary aim was to investigate the physiological responses
of HIT sessions between different exercise modes and with the
development of intervals within these sessions.

MATERIALS AND METHODS

Participants

Data were collected during the 2003-2006 seasons in 14
Norwegian world-class female XC skiers (aged 25 & 5 years; body
mass, 60.4 £+ 6.5kg), including four world- and Olympic-medal
winners. During the three investigated seasons, these athletes
achieved 13, 18, and 17 individual podium places, respectively, in
world cup races and a total of eight medals in the 2006 Olympic
Games and the 2005 World Championship. Data were collected
as part of routine testing during 17 training camps and 63 HIT
sessions (majority with 5 x 4 min intervals), with Bla™ and HR
values determined at the end of 572 distinct intervals.

Ethical Statement

This article reports routine physiological testing and training
in healthy athletes. Testing was voluntary for the athletes
and undertaken for physiological monitoring, not for scientific
purposes. Written informed consents for publication of the data
were given by the athletes or next of kin in 2020. The Regional
Committee for Medical and Health Research Ethics waives the
requirement for ethical approval for such studies as publication
of these data does not fall under the law for medical and
health research. Therefore, the ethics of the publication is done
according to the institutional requirements.

Training Regimen

Before the start of the BP regimen, training was organized
according to a traditional periodization model of endurance
training, including an even distribution of two to three HIT
sessions per week throughout the annual season. The systematic
use of BP of HIT was implemented throughout three entire
seasons as part of a training regimen with an overall amount
of 650-850 annual training hours. Initially, most of the team’s
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athletes were young and had a VOjpax clearly below the world-
class level. Therefore, the aim of the training strategy was to
accelerate the VOjp,x development by increasing the amount
of HIT by using BP. Using the modified session goal approach
(Sylta et al., 2014), the annual training time consisted of 90-
95% endurance training distributed into 85-89% LIT, 1-3%
MIT, and 8-11% HIT, with the remaining being 5-10% strength
and 1-3% speed training. The annual periodization of training
volume with the placement of HIT blocks is presented in Figure 1
and described in more detail for one of these athletes in Solli
et al. (2019). The head coach (author STS) and a physiologist
(author TK) supervised most of the HIT blocks. A HIT block
was typically around 8-13 days, with 5-7 of the days performed
during training camps, in which a total of 7-10 HIT sessions were
performed. The remainder of the training performed during a
HIT block consisted of a few LIT sessions from 90 to 150 min
and heavy strength sessions. During blocks, all interval sessions
were effort-matched, with skiers aiming for steady-state speed
during both individual intervals and throughout every 5 x
4 min session. The target intensity was 90-95% of HRy,x during
working periods, and interval speed was adjusted individually to
match the effort-matched goal of the sessions. Most HIT sessions
were performed as 5 x 4min intervals with 2 to 3 minutes of
active recovery (target intensity 65-75% of HRpay) in between.
Six different exercise modes were utilized during the HIT blocks.
In the general preparation phase (May-October), HIT sessions
were performed as flat/uphill running, uphill running with

poles, and roller skiing in classic and skating techniques, while
during the specific preparation phase (November-December)
and competition period (January-March), HIT was performed as
classic and skating XC skiing.

Monitoring of HIT Sessions

Athletes’ maximal HR (HRy,,x) was tested annually by highly
trained test personnel during uphill treadmill running until
voluntary exhaustion. The target HIT HR was calculated as
90-95% of HRmax. During interval training, the athletes were
instructed to reach 90% of HR 0y during the first 2 min of the first
interval. In addition, each following interval should be achieved
with a slightly higher HR than the previous one, ending the
last interval with 2min at 95% of HRy.x. The athletes were
instructed to avoid starting at too high of an intensity and to
stay disciplined within their individual target HR zone. The goal
was to perform all five intervals at an equal or slightly increasing
speed with proper technique. Athletes wore a polar HR monitor
(Polar Electro, Finland) during interval training sessions and
reported the mean HR during the last minute of each interval
to the exercise physiologist. Bla™ concentration of 5-pL samples
were taken from the fingertip and analyzed by first-generation
portable Lactate Pro analyzer kits (Arkray Inc., Kyoto, Japan)
directly after each 4 min interval using a capillary blood sample
collected from one fingertip following standard procedures. The
blood sample for measuring Bla™ was collected within 1 min after
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FIGURE 1 | lllustration of the high-intensity training blocks, as well as the average monthly training volume and peaking of performance (Olympics or
world-championships) in the different phases (GP, general preparation period; SP, specific preparation period; CP, competition period; RP, regeneration period) of the
annual training cycle among the world-class female cross-country skiers examined in the current study.
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completing an interval, and athletes were measured one to three
times during a 5 x 4 min interval session.

Interviews

To gather information about the experiences of the performance
using the BP regimen, semistructured interviews with some of the
athletes, the coach, and the physiologist were conducted.

Statistics

All data are presented as mean (SD). Shapiro-Wilk tests were used
to confirm normal distribution and homogeneity of variance in
all dependent variables. Thereafter, either one-way analyses of
variance with Bonferroni post hoc test or t-testing was employed.
A two-sided P < 0.05 was considered significant. For the
interview data, a content analysis was conducted independently
by two researchers (GSS and ©S) to categorize responses. Direct,
verbatim quotes were used to exemplify the different categories.

RESULTS

Performance analysis using the International Ski Federation’s
(FIS’s) ranking points showed that the eight athletes using BP
during all the three reported seasons significantly improved their
performance during the first year (2003/2004) and maintained
this performance level during the subsequent seasons (Figure 2).
Similar patterns were observed in the remaining six athletes who
were only part of the team for one or two seasons.

The 572 Bla™ and HR samples included 208 from the 2003-
2004 season, 141 from the 2004-2005 season, and 223 from the
2005-2006 season in the exercise modes described in Table 1.
The mean overall Bla~ value was 7.3 & 2.1 mmol - L™!. The
mean HR, was 194 £ 8 beats - min~!. The time spent within
each athlete’s target HR zone (90-95% of HRyax) ranged from
3.8 to 13.4min (mean, 9.0 & 4.3) out of the total HIT interval
working time (~20min). Description of HR and Bla™ values,
including a comparison between exercise modes, is shown in
Table 1. HR (both absolute and relative to maximal HR) during
roller ski classic and ski classic (with large portions of double
poling) was lower than the other exercise modes (P < 0.05). The
Bla™ values during classic skiing were significantly lower for all
exercise modes other than ski skating (P < 0.05).

A total of 297 interval working periods had no record of
an interval number (1-5) when the physiological measurements
were done (HR, 175 + 9 beats - min~!; %HRmax, 91 + 3%,
and Bla~ 7.1 4+ 2.0 mmol - L7!). For the measurements
including recordings of interval working period numbers during
physiological monitoring, HR and Bla™ increased from interval
number 1-3 and further from 3 to 5 (P < 0.05).

Comparisons of the first two (150 measurements) and
two final (102 measurements) HIT sessions during each
HIT block revealed no difference in absolute HR (176 & 9
and 175 + 8 beats - min~!), but significantly lower values
were noted relative to HRpa.x (91 £ 3% and 90 + 2%
of HRpmax) and significantly higher Bla= (7.6 4+ 2.2 and
8.2 +2.0 mmol - L™!) (P < 0.05).

80

70

60

50

40

FIS — points

30

20

10
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FIGURE 2 | The development of performance measured in International Ski Federation’s (FIS’s) ranking points for the eight world-class female cross-country skiers
who were included in the team and used the block periodization model (BP) in all of the three investigated seasons (year 1-3). *Significantly different from the previous
season (P < 0.05). Pre-BP, performance during the last season before introduction of BP.
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TABLE 1 | Heart rate and blood lactate concentration from 63 high-intensity interval sessions among 14 world-class female XC skiers.

Heart rate Heart rate Blood lactate
(beats - min~1) (% of max) (mmol - L)
Season 03/04  04/05 05/06 Total 03/04 04/05 05/06 Total 03/04 04/05 05/06 Total
Number of tests 208 141 223 572 208 141 223 572 208 141 223 572
Total 17749 176(8) 175(9) 176 (9) 91 (3 91@® 91 91 (3) 7622 7220 7220 7.3(2.1)
Exercise modes
Running 180+8 177+£8 175+8 178 £ 8 983+2 9243 9143 92 4+ 3% 73+16 66+18 75+14 7.3+ 16"
Running with poles 180 +8 177 +9 177 +6  178+8" 92+3 91+3 9242 92 + 3* 76+20 78+20 84+15 78+19%
Rollerski skating 175+9 175+9 176+8 176+9 90+£3 91+2 91+2 91 £ 3" 74424 78+£22 78+25 7.7+24%
Rollerski classic 176+7 175+8 173+8 175+8 91+£2 90+4 90+3 90 +3 91+25 62414 66+17 7.1+£21"
Ski skating 164+7 179+7 176+11 176 +£10 90+4 92+3 93+2 92 £+ 3" 78+27 80+22 60+14 7.0+241
Ski classic 173+7 175+7 176+17 175+11 89+3 89+3 89+5 89 +4 6.1+20 59+15 58+16 59+17

Data are reported as mean and standard deviation (SD) and include the mean of each season between 2003 and 2006 and values for each season (03/04, 04/05, and 05/06). Statistical
testing was performed between seasonal means. *P < 0.05 vs. rollerski classic, *P < 0.05 vs. ski classic.

Interviews with the athletes, the coach, and the physiologist
highlighted the importance of being physically and mentally
prepared before entering the HIT block, intensity control,
recovery routines, and individualization of interval training
(Table 3). Figure 3A illustrates a successfully performed 5 x
4 min interval training with correctly targeted HR development,
with Figure 3B illustrating a less optimal session. The negative
HR development illustrated in Figure 3B was a typical pattern in
poorly recovered athletes or athletes starting the sessions at too
high of an intensity/speed.

DISCUSSION

This article describes the physiological responses of HIT sessions
during a long-term BP of HIT regimen by comparing the
HR and Bla™ response utilizing different exercise modes, the
development of HR and Bla™ within interval sessions, and the
physiological response during the first and final sessions within
the HIT blocks. The main findings were as follows: (1) the
average intensity of interval sessions was 91% of HRpyax with
corresponding Bla~ values of 7.3 m mmol - L™ (2) similar HR
and Bla™ values were observed in the different exercise modes,
except for alower HR being observed in classic (roller skiing and
on snow), including large portions of double poling, and lower
Bla™ values being observed in on-snow classical skiing compared
to the majority of the other modes; and (3) there was a trend
for a progressive increase in HR and Bla™ values from the first
to the fifth interval, with a similar pattern in Bla™ values when
comparing the two first and the two final interval sessions in the
HIT blocks, indicating that the athletes managed to perform the
HIT sessions at target intensity throughout the HIT blocks and as
planned with a slight increase in workload from interval 1 to 5.
The high density of HIT sessions, with short recovery time
between sessions and subsequent risk of accumulation of fatigue
from sessions targeting the same systems, is the main challenge
in BP regimens. In this case, maintenance of a high training
quality throughout the HIT blocks was regarded as crucial, and
data indicate that physiological responses maintained the same

throughout each block. The positive performance development
(measured in FIS points), which was significant in the first year
of using BP, indicates that also the chronic adaptations were
positive. This coincided a positive VO;ax response among most
of the athletes, and although these values were not accessible for
analysis, the coach and the physiologist reported an increase in
the range of 5-15% in VOypax.

To achieve high-quality HIT sessions during the HIT blocks,
all sessions were closely supervised with a focus on an even
or slightly increased speed from the start to the end of the
sessions, allowing HR to gradually approach the target intensity
zone of 90-95% of HRyax (Karlsen et al, 2017). Our data
(Table 2) indicate that the athletes successfully achieved the aim
of progressively increasing intensity within their target HR zone.
Active athlete control of HR during sessions was supported
with systematic Bla~ measurements. The average intensity of
HIT sessions was 91%, with the intensity increasing from 90
to 93% from the first to the final interval, indicating high
training discipline adhering to the training system and targets.
As previously suggested by Solli et al. (2019), this precise steering
of intensity during HIT sessions likely contributed to reduced
recovery time, thereby increasing the athlete’s ability to perform
the high frequency of HIT sessions at a high quality and tolerate
the overall training load during blocks. In fact, many of the
athletes experienced being in better physical shape during the
second HIT session of the day (first sessions started between 8
and 9a.m., and the second session between 4 and 5 p.m.). It is
uncertain if this was due to a physiological response of session
1, sleep patterns, or circadian rhythms. However, this was only
the case if the first session was not performed at too high of
an intensity.

Most studies showing beneficial adaptation using BP of HIT
are performed on cycle ergometers or treadmills, making the
intensity control easier. During “real-life” training camps, as done
here, with highly competitive athletes using different exercise
modes and challenging hilly terrains, the intensity control was
more challenging. The two different HR curves illustrated in
Figure 3 clearly show the difference between a high-quality
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FIGURE 3 | The development of heart rate during a successfully (A) and unsuccessfully (B) 5 x 4-min high-intensity interval (HIT) training session, performed by two

25 30 35

TABLE 2 | Heart rate and blood lactate concentration at intervals 1-5 among 14
world-class female XC skiers (mean data from 2003 to 2006).

Interval working No. Heart rate Heart rate Blood
period samples (beats - min~') (% of max) lactate
(1-5) (mmol - L)
1 64 174 + 9+ 90 4 3*# 6.5 + 1.8
2 64 177 £8 91 4+ 3% 7.3 +£2.0%
3 54 178 +9 92 +2 7.7 +1.9%
4 49 180+ 9 92 +2 79+19
5 44 180+8 93+3 9.0+22

Data are reported as mean =+ standard deviation (SD) of data collected between 2003
to 2006.
*P < 0.05 vs. interval number 3 and 4, *P < 0.05 vs. interval number 5.

HIT session with a progressive increase in HR (3A) and a
session showing a downward curve (3B) with too early of an
accumulation of fatigue. The latter curve was typically seen in
fatigued athletes or in athletes starting at too high of a pace for the
first interval. The team physiologist continuously supported the
athletes with information about their intensity control to educate
them to perform high-quality sessions and reach their individual
HR and Bla™ targets. Furthermore, the team had a high focus
on recovery routines and illness prevention (nutrition, change of
clothes after sessions, hygiene, etc.) during the HIT blocks and
ensured that sufficient recovery was included after each block.

Altogether, these aspects might have helped the team to tolerate
the training and to stay healthy, as the number of injury and
illness incidents did not increase during or after these camps,
compared to other training periods.

The athletes highlighted the importance of reducing the
training load before HIT blocks in order to be both physically
and mentally prepared to perform. Another important point that
likely allowed the skiers to tolerate and respond positively to such
a high number of HIT sessions is the alternation between several
exercise modes, in which these well-trained XC skiers attained
relatively similar HR and Bla™ values. This is likely possible
because they were highly trained and used to performing HIT
sessions in all these modes. During the HIT blocks in the current
study, participants utilized six different exercise modes, including
specific (classic and skating techniques on skis or roller skis),
semispecific (running with poles), and non-specific (running)
exercise modes. The different muscle recruitment patterns in
the various exercise modes could have theoretically affected the
HR and Bla™ responses of each exercise mode, as they activated
the upper and lower body to a different extent. However, only
classical on-snow and roller skiing with large amounts of double
poling induced slightly lower HR values during intervals. Lower
HR values during upper-body dominant exercises compared to
lower-body exercises have been previously reported (Borg et al.,
1987; Koppo et al.,, 2002; Holmberg et al., 2006, 2007), and a
previous study reported a 13% lower HR ¢, during upper-body
poling with fixed legs compared to running (Undebakke et al.,
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TABLE 3 | Overview of the focus areas and experiences of the athletes, the coach, and the physiologist during three annual seasons using block periodization of high

intensity training.

Categorization Athletes

Coach

Physiologist

Focus areas before under and after HIT blocks

Be mentally and physically
prepared

Reducing the training load to be physically
and mentally prepared for the HIT block.
Mentally demanding to perform the
HIT—blocks, important to be in a rested
state before and provide enough rest after
each block.

Intensity steering Follow my own pace, better to start the
session at too low than too high speed.

| often felt in better shape at the second
HIT session of the day. However, if the
intensity was too high on the first session,

this was not the case.

Recovery routines Proper rest between sessions, often

including 1-2 h sleep.

Individualization Sometimes difficult to follow your own
pace, being at a training camp with

competing athletes.

Ensuring that athletes are healthy and
have reduced their training load before
starting the HIT block.

Close supervision that each athlete follows
his own target HR zone.

Highlighting technical tasks during the
specific sessions and dampening the
competitive aspect of the sessions.
Choose the right terrain for the specific
session, making it easier for the athletes to
perform the session at the target intensity.

Reducing the length of all additional
training (LIT and strength sessions) during
the HIT blocks.

Making individual plans for the HIT blocks
adjusting the duration and number of HIT
sessions. The most experienced athletes
performed a higher number of HIT session
during blocks.

Ensuring that each athlete had tested their
HRmax and emphasize the knowledge of
target HR zone, HR development during
sessions, and knowledge of expected
Bla~ response to exercise mode and HR
performance.

HR and Bla~ were recorded during HIT
sessions to increase exercise intensity
control, most often reducing and
controlling exercise speed, rarely with the
need for increasing it in these highly
competitive athletes.

HR curves from successfully performed
sessions used as illustrations, both in new
athletes as well as repetition throughout
the seasons.

Following up recovery routines (nutrition,
hydration, sleep, change of clothes after
session, etc.) to avoid illness in athletes,
coaches, and the support team. Specific
routines in connection with altitude camps.

Follow up the individual intensity focus in
each athlete, with measurements of Bla™
and HR. With an evaluation after each
session, focus on educated guessing of
HR and Bla~.

2019). However, the HR relative to peak HR in the given mode
did not differ between exercise modes (Undebakke et al., 2019),
and it is therefore likely that the observed differences in %HRmax
in classical (roller) skiing would diminish if the HR values were
normalized for peak HR in double poling. Furthermore, lower
Bla™ values were observed in on-snow classical skiing compared
to several other exercise modes. Most on-snow classical HIT
sessions were performed at the start of the competition season,
and thus, more competition-like terrain was used. Therefore,
these sessions included steeper uphill terrain with subsequently
increased use of the diagonal stride technique (Solli et al., 2018),
where lower Bla™ values for a given %HRp, are reported
compared to upper-body poling, although similar Bla™ values
were observed in running (Undebakke et al., 2019).

This microperiodization of different exercise modes, with
differential loading of the upper and lower body, is likely essential
in maintaining the quality of sessions, as well as avoiding
muscular fatigue throughout the HIT block (Solli et al., 2019).
In this publication, we provide novel data on HR and Bla™
values during effort-matched 5 x 4min intervals in different
exercise modes utilized by XC skiers. The effort-matched goal
of the session was adjusted individually to match the athletes
target intensity of 90-95% of HRma.x during working periods.
Although focus on target intensity might have influenced the
comparison of HR and Bla™ between exercise modes, we found
HR and Bla™ to correspond well across exercise modes in
these elite endurance athletes. Therefore, the reference data of

HR and Bla™ across intervals and between exercise modes,
together with the practical experiences for achieving successful
interval sessions (Table 3), are relevant information for coaches
and athletes in the planning and execution of BP training
regimens and for further scientific studies of HIT. Future studies
should examine the peak and threshold values for HR and
Bla™ for each exercise mode, and microperiodization of HIT
blocks, with utilization of various exercise modes, also requires
further attention.

A recent meta-analysis (Molmen et al, 2019) reported
evidence for beneficial short-term effects of BP compared
to TRAD regarding VOjmax and maximal power output
development in trained athletes, highlighting that BP of HIT
could serve as an adequate, alternative strategy with potentially
higher training effects than TRAD. However, the long-term
adaptations following BP of HIT is currently not well-understood
and requires further examination. In a similar pattern as
indicated here, the case study of the world’s best XC skier (Solli
et al., 2019) indicated that BP of HIT had the greatest benefits
in the first 2 years, whereas a stagnation was observed in the
following seasons. In addition, she had a similar level of success
with TRAD (Solli et al, 2017, 2019). Thus, the performance
improvement during the initial years indicates that BP of HIT
with careful control of intensity and progress could be especially
beneficial in some periods of endurance athletes’ careers, whereas
other models could be more beneficial when the potential of such
a method has been reached.

Frontiers in Sports and Active Living | www.frontiersin.org

October 2020 | Volume 2 | Article 549407


https://www.frontiersin.org/journals/sports-and-active-living
https://www.frontiersin.org
https://www.frontiersin.org/journals/sports-and-active-living#articles

Karlsen et al.

Intensity Control During HIT

Methodological Considerations

The main strength of this publication is the high external
validity, allowing us to provide unique data from systematic
field testing of elite female endurance athletes during several
seasons of extensive BP of HIT. Although we could track
the performance progress during these three seasons, a main
limitation to the publication is the lack of physiological test
data (e.g., VOamax, anaerobic threshold and work economy)
and external load monitoring during the training sessions.
However, the publication does not report on a designed exercise
intervention, but routine field testing, and because VOjzmax
testing was done more than 10 years ago by external personnel,
we did not have access to these data at the time of publishing. In
addition, external load measurements are rarely used in XC skiing
because most of the sessions are performed across undulating
terrain at varying external conditions. However, global navigation
satellite system tracking will soon allow for studies to provide
valid information about external load also in XC skiing.

Practical Implications
Based on the experiences from the current long-term BP training
regimen, we suggest the following principles as key to success:

1. Individual intensity control during HIT sessions, where all
athletes are made familiar with their target intensity HR zone
and ways to progressively reach this. Support HR control with
systematic Bla~ measurement if feasible.

2. Alternate between different exercise modes and terrains to
allow for variability in the muscular load during HIT sessions.

3. Make individual adjustments of HIT loads during blocks, and
reduce the volume of LIT, MIT, and strength training.

4. Reduce the training load before HIT blocks to be mentally and
physically prepared.

5. Maintain a high focus on recovery routines during HIT blocks.

6. Reduce the training load after HIT blocks to enhance recovery
and induce adaptation.

CONCLUSION

This study illustrates how long-term, HIT-block periodization
was used among world-class XC skiers, in which target HR and
Bla™ levels were achieved in all the six exercise modes employed.

REFERENCES

Borg, G., Hassmen, P., and Lagerstrom, M. (1987). Perceived exertion related to
heart rate and blood lactate during arm and leg exercise. Eur. J. Appl. Physiol.
Occup. Physiol. 56, 679-685. doi: 10.1007/BF00424810

Breil, F. A., Weber, S. N., Koller, S., Hoppeler, H., and Vogt, M. (2010).
Block training periodization in alpine skiing: effects of 1l1-day HIT
on VO2max and performance. Eur. J. Appl. Physiol. 109, 1077-1086.
doi: 10.1007/s00421-010-1455-1

Buchheit, M., and Laursen, P. B. (2013a). High-intensity interval training,
solutions to the programming puzzle. Part II: anaerobic energy,
neuromuscular load and practical applications. Sports Med. 43, 927-954.
doi: 10.1007/540279-013-0066-5

Buchheit, M., and Laursen, P. B. (2013b). High-intensity interval training,
solutions to the programming puzzle: part I: cardiopulmonary

As key to successful blocks, both athletes and coaches highlighted
the importance of controlled intensity steering to allow high-
quality HIT sessions throughout the entire HIT block.

DATA AVAILABILITY STATEMENT

The data analyzed in this study is subject to the following
licenses/restrictions. The dataset presented in this article
may be obtained by contacting the corresponding author.
Requests to access these datasets should be directed to Trine
Karlsen, trine.karlsen@nord.no.

ETHICS STATEMENT

Ethical review and approval was not required for the study on
human participants in accordance with the local legislation and
institutional requirements. The patients/participants provided
their written informed consent to participate in this study.

AUTHOR CONTRIBUTIONS

SS and TK planed, performed, and recorded the testing and
training reported in the study. GS contributed data to the study
as an athlete. TK, GS, SS, and @S analyzed and presented data,
authored, finalized the manuscript for publication, and approved
the final manuscript. All authors contributed to the article and
approved the submitted version.

FUNDING

Open access funding most likelly by Nord University.

ACKNOWLEDGMENTS

The authors would like to thank the athletes for allowing us
to publish their data. Through routine testing and individual
intensity control, they contributed to the sum of data presented
in this paper. The paper is dedicated to the loving memory
of former National team cross-country skier Vibeke Skofterud.
We are also grateful for the funding of systematic physiological
testing from the Norwegian Ski Federation and Norwegian Top
Sport Center (Olympiatoppen).

emphasis. Med. 43, 313-338. doi: 10.1007/s40279-013-
0029-x

Clark, B., Costa, V. P., O’brien, B. J., Guglielmo, L. G., and Paton, C. D.
(2014). Effects of a seven day overload-period of high-intensity training on
performance and physiology of competitive cyclists. PLoS ONE 9:e115308.
doi: 10.1371/journal.pone.0115308

Gunnarsson, T. P., Christensen, P. M., Thomassen, M., Nielsen, L. R., and
Bangsbo, J. (2013). Effect of intensified training on muscle ion kinetics,
fatigue development, and repeated short-term performance in endurance-
trained cyclists. Am. J. Physiol. Regul. Integr. Comp. Physiol. 305, R811-R821.
doi: 10.1152/ajpregu.00467.2012

Holmberg, H. C., Lindinger, S., Stoggl, T., Bjorklund, G., and Muller,
E. (2006). Contribution of the legs to double-poling performance
in elite cross-country skiers. Med. Sci. Sports Exerc. 38, 1853-1860.

doi: 10.1249/01.mss.0000230121.83641.d1

Sports

Frontiers in Sports and Active Living | www.frontiersin.org

October 2020 | Volume 2 | Article 549407


https://doi.org/10.1007/BF00424810
https://doi.org/10.1007/s00421-010-1455-1
https://doi.org/10.1007/s40279-013-0066-5
https://doi.org/10.1007/s40279-013-0029-x
https://doi.org/10.1371/journal.pone.0115308
https://doi.org/10.1152/ajpregu.00467.2012
https://doi.org/10.1249/01.mss.0000230121.83641.d1
https://www.frontiersin.org/journals/sports-and-active-living
https://www.frontiersin.org
https://www.frontiersin.org/journals/sports-and-active-living#articles

Karlsen et al.

Intensity Control During HIT

Holmberg, H. C., Rosdahl, H., and Svedenhag, J. (2007). Lung function,
arterial saturation and oxygen uptake in elite cross country skiers:
influence of exercise mode. Scand. ]. Med. Sci. Sports 17, 437-444.
doi: 10.1111/j.1600-0838.2006.00592.x

Taia, F. M., Hellsten, Y., Nielsen, J. J., Fernstrom, M., Sahlin, K., and
Bangsbo, J. (2009). Four weeks of speed endurance training reduces
energy expenditure during exercise and maintains muscle oxidative capacity
despite a reduction in training volume. J. Appl. Physiol. 106, 73-80.
doi: 10.1152/japplphysiol.90676.2008

Ingjer, F. (1991). Maximal oxygen uptake as a predictor of performance ability in
women and men elite cross-country skiers. Scand. J. Med. Sci. Sports 1, 25-30.
doi: 10.1111/j.1600-0838.1991.tb00267.x

Issurin, V. B. (2008). Block periodization vs. traditional training theory: a review.
J. Sports Med. Phys. Fitness 48, 65-75.

Issurin, V. B. (2010).
physiology of training periodization.
doi: 10.2165/11319770-000000000-00000

Issurin, V. B. (2016). Benefits and limitations of block periodized training
approaches to athletes’ preparation: a review. Sports Med. 46, 329-338.
doi: 10.1007/540279-015-0425-5

Issurin, V. B. (2018). Biological background of block periodized endurance
training: a review. Sports Med. 49, 31-39. doi: 10.1007/s40279-018-1019-9

Karlsen, T., Aamot, L. L., Haykowsky, M., and Rognmo, O. (2017). High intensity
interval training for maximizing health outcomes. Prog. Cardiovasc. Dis. 60,
67-77. doi: 10.1016/j.pcad.2017.03.006

Koppo, K., Bouckaert, J., and Jones, A. M. (2002). Oxygen uptake kinetics during
high-intensity arm and leg exercise. Respir. Physiol. Neurobiol. 133, 241-250.
doi: 10.1016/51569-9048(02)00184-2

Laursen, P. B. (2010). Training for intense exercise performance: high-
intensity or high-volume training? Scand. ]. Med. Sci. Sports 20, 1-10.
doi: 10.1111/j.1600-0838.2010.01184.x

Laursen, P. B., and Jenkins, D. G. (2002). The scientific basis for high-
intensity interval training: optimising training programmes and maximising
performance in highly trained endurance athletes. Sports Med. 32, 53-73.
doi: 10.2165/00007256-200232010-00003

Losnegard, T., and Hallén, J. (2014). Physiological differences between sprint-
and distance-specialized cross-country skiers. Int. J. Sports Physiol. Perform. 9,
25-31. doi: 10.1123/ijspp.2013-0066

Matwejew, L. (1975). Periodisierung des sportlichen trainings. Berlin: Bartels
and Wernitz.

McGawley, K., Juudas, E., Kazior, Z., Strom, K., Blomstrand, E., Hansson, O.,
et al. (2017). No additional benefits of block- over evenly-distributed high-
intensity interval training within a polarized microcycle. Front. Physiol. 8:413.
doi: 10.3389/fphys.2017.00413

Mglmen, K. S, Ofsteng, S. J, and Rennestad, B.R. (2019). Block
periodization of endurance training - a systematic review and meta-
analysis. Open Access ]. Sports Med. 10, 145-160. doi: 10.2147/OAJSM.S1
80408

Ronnestad, B. R., Hansen, J., Vegge, G., and Mujika, I. (2017). Short-term
performance peaking in an elite cross-country mountain biker. J. Sports Sci.
35, 1392-1395. doi: 10.1080/02640414.2016.1215503

Sandbakk, @., Hegge, A. M., Losnegard, T., Skattebo, @., Tennessen, E., and
Holmberg, H. C. (2016). The physiological capacity of the world’s highest
ranked female cross-country skiers. Med. Sci. Sports Exerc. 48, 1091-1100.
doi: 10.1249/MSS.0000000000000862

New horizons for the
Sports

methodology  and
Med. 40, 189-206.

Sandbakk, @., and Holmberg, H. C. (2017). Physiological capacity and
training routines of elite cross-country skiers: approaching the upper
limits of human endurance. Int. J. Sports Physiol. Perform. 12, 1003-1011.
doi: 10.1123/ijspp.2016-0749

Seiler, S. (2010). What is best practice for training intensity and duration
distribution in endurance athletes? Int. J. Sports Physiol. Perform. 5, 276-291.
doi: 10.1123/ijspp.5.3.276

Solli, G. S., Kocbach, J., Seeberg, T. M., Tjennas, J., Rindal, O. M. H., Haugnes,
P., et al. (2018). Sex-based differences in speed, sub-technique selection, and
kinematic patterns during low- and high-intensity training for classical cross-
country skiing. PLoS ONE 13:0207195. doi: 10.1371/journal.pone.0207195

Solli, G. S., Tennessen, E., and Sandbakk, @. (2017). The training characteristics of
the world’s most successful female cross-country skier. Front. Physiol. 8:1069.
doi: 10.3389/fphys.2017.01069

Solli, G. S., Tennessen, E., and Sandbakk, @. (2019). Block vs. traditional
periodization of hit: two different paths to success for the world’s best cross-
country skier. Front. Physiol. 10:375. doi: 10.3389/fphys.2019.00375

Stoggl, T. L., and Sperlich, B. (2015). The training intensity distribution
among well-trained and elite endurance athletes. Front. Physiol. 6:295.
doi: 10.3389/fphys.2015.00295

Storen, ., Bratland-Sanda, S., Haave, M., and Helgerud, J. (2012). Improved
VO2max and time trial performance with more high aerobic intensity interval
training and reduced training volume: a case study on an elite national cyclist.
J. Strength Cond. Res. 26,2705-2711. doi: 10.1519/JSC.0b013e318241deec

Sylta, @., Tonnessen, E., and Seiler, S. (2014). From heart-rate data to training
quantification: a comparison of 3 methods of training-intensity analysis. Int.
J. Sports Physiol. Perform. 9, 100-107. doi: 10.1123/ijspp.2013-0298

Tonnessen, E., Haugen, T. A., Hem, E., Leirstein, S., and Seiler, S. (2015). Maximal
aerobic capacity in the winter-Olympics endurance disciplines: olympic-medal
benchmarks for the time period 1990-2013. Int. J. Sports Physiol. Perform. 10,
835-839. doi: 10.1123/ijspp.2014-0431

Tonnessen, E., Sylta, @., Haugen, T. A., Hem, E., Svendsen, L. S., and Seiler,
S. (2014). The road to gold: training and peaking characteristics in the
year prior to a gold medal endurance performance. PLoS One 9:€101796.
doi: 10.1371/journal.pone.0101796

Undebakke, V., Berg, J., Tjenna, A. E., and Sandbakk, @. (2019). Comparison
of physiological and perceptual responses to upper-, lower-, and whole-body
exercise in elite cross-country skiers. J. Strength Cond. Res. 33, 1086-1094.
doi: 10.1519/JSC.0000000000003078

Wahl, P., Zinner, C., Grosskopf, C., Rossmann, R., Bloch, W., and Mester,
J. (2013). Passive recovery is superior to active recovery during a
high-intensity shock microcycle. J. Strength Cond. Res. 27, 1384-1393.
doi: 10.1519/JSC.0b013e3182653cfa

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Copyright © 2020 Karlsen, Solli, Samdal and Sandbakk. This is an open-access article
distributed under the terms of the Creative Commons Attribution License (CC BY).
The use, distribution or reproduction in other forums is permitted, provided the
original author(s) and the copyright owner(s) are credited and that the original
publication in this journal is cited, in accordance with accepted academic practice.
No use, distribution or reproduction is permitted which does not comply with these
terms.

Frontiers in Sports and Active Living | www.frontiersin.org

October 2020 | Volume 2 | Article 549407


https://doi.org/10.1111/j.1600-0838.2006.00592.x
https://doi.org/10.1152/japplphysiol.90676.2008
https://doi.org/10.1111/j.1600-0838.1991.tb00267.x
https://doi.org/10.2165/11319770-000000000-00000
https://doi.org/10.1007/s40279-015-0425-5
https://doi.org/10.1007/s40279-018-1019-9
https://doi.org/10.1016/j.pcad.2017.03.006
https://doi.org/10.1016/S1569-9048(02)00184-2
https://doi.org/10.1111/j.1600-0838.2010.01184.x
https://doi.org/10.2165/00007256-200232010-00003
https://doi.org/10.1123/ijspp.2013-0066
https://doi.org/10.3389/fphys.2017.00413
https://doi.org/10.2147/OAJSM.S180408
https://doi.org/10.1080/02640414.2016.1215503
https://doi.org/10.1249/MSS.0000000000000862
https://doi.org/10.1123/ijspp.2016-0749
https://doi.org/10.1123/ijspp.5.3.276
https://doi.org/10.1371/journal.pone.0207195
https://doi.org/10.3389/fphys.2017.01069
https://doi.org/10.3389/fphys.2019.00375
https://doi.org/10.3389/fphys.2015.00295
https://doi.org/10.1519/JSC.0b013e318241deec
https://doi.org/10.1123/ijspp.2013-0298
https://doi.org/10.1123/ijspp.2014-0431
https://doi.org/10.1371/journal.pone.0101796
https://doi.org/10.1519/JSC.0000000000003078
https://doi.org/10.1519/JSC.0b013e3182653cfa
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/sports-and-active-living
https://www.frontiersin.org
https://www.frontiersin.org/journals/sports-and-active-living#articles

	Intensity Control During Block-Periodized High-Intensity Training: Heart Rate and Lactate Concentration During Three Annual Seasons in World-Class Cross-Country Skiers
	Introduction
	Materials and Methods
	Participants
	Ethical Statement
	Training Regimen
	Monitoring of HIT Sessions
	Interviews
	Statistics

	Results
	Discussion
	Methodological Considerations
	Practical Implications

	Conclusion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Funding
	Acknowledgments
	References


