Optimizing high-intensity

aerobic training sessions

(based on our own data...
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Different HIT formats

Multiple short intervals vs. «longy» intervals:

- Differences in acute responses?
- Optimization of «longy» intervals?
- Differences in adaptations?

(Buchheit &

bent ronnestad@inn.no Sports Med, 43

ort vs. long intes Optimizing vs. long intervals:
acute responses ong interval ining adaptations

Both multiple short intervals
and longer continous intervals
gives a good physiological
stimulus
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A review of 59 training Training time = 90% V
studies concluded that the |l can be a good criteria to
increase in VOy,,, Was judge the effectiveness of the
positively related to training program to improve

training intensity in the aerobic fitness
range Of 50—1 00% VoZmax (Thevenet et al. 2007, EJAP, 99:133-142; Midgley et al. 2006, Sports

Med, 36: 117-132; Tumes etal. 2016, EJAP, 116:161-9; Buchheit &
(Wenger & Bell 1986) Laursen 2013, Sports Med, 43:313-328).
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Several reviews have suported g 5]‘ i
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the superior efficacy of E e

training at or near VO, i3
(Bacon et al. 2013, PLoS One, 8: ¢73182, Maclnnis & Gibala § 2
2017, ] Physiol, 595:2915-2030; Milanovic et al. Sports Med. a 1

2015,45:1469-81; Laursen & Jenkins 2002, Sports Med, 32:53-73;
Midgley & Me Naughton 2006, SMPE 46:1-14; Midgley et al. ol

2006, Sports Med, 36:117-132; Turnes et al. 2016, EJAP, 116:161-
9; Buchheit & Laursen 2013; Billat 2001, Sports Med;31:13-31;

50-70 7090 90-100 >100

Intensity (% VOames)
(Wenger & Bell 1986, Sports Med, 3:346-56) |

ort vs. long inte Optimizing
—
acute responses long interval

Ate there acyte differenceg
beWeen effort matched
mulqple shott intervals and
long intervals in time >909,

VO,,..»
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Short vs. long intervals; long interva

— acute responses ning adaptations

Multiple short intervals vs.
long intervals

All-out:
VS . ~sil’nil:tu;0fk

interval duration
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13x30/15s

Tid i okten (minutter)

(Almauist et al. 2020)



Tong intervals:

ort vs. long intes Optimizing
— — .
acute responses ing adaptations

Multiple short intervals vs.
long intervals

27+7 years, 180+5 cm,
75+3 kg,
VO,,.x 73+7ml/kg/min

W, 46126 W

JUILICEEEEL CORCRARARERD AR

Tid i okten (minutter)

All-out;
~similar work
interval duration

(Almauist et al. 2020)

Short vs. long intervals;
— acute responses

Similar effort

Rate of perceived exertion (6-20) & Blood
lactate concentration (mmoL/L)

4x5 min 3x13x30/15

; 1(“]3 ——
cute re: ses -training adaptations

Multiple short intervals vs.
long intervals

13.6 min

10.2 min
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Short vs. long intervals;
— acute responses

Optimizing
long intervals

I.nduces multiple short intervals

larger time >90%, VO,,
when mean power outp
vork intervals?

than long intervals

Multiple short intervals can give longer
time above 90%VO,, .. than long intervals,
even when similar mean power output
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ort vs. long inte:
acute responses

Optimizing
long intervals

I.nduces multiple short intervals
larger time >90%, VO,,
when mean power outp

—

than long intervals
utis similar during the
otk intervals

Multiple short intervals can give longer
time above 90%VO,, .. than long intervals,
even when similar mean power output

something with the long
intervals to increase the
time 290% VO, ..?
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Short vs. long intervals;

— acute respon:

I.f We start long intervals
with a high intensity and 5
subsequent reduction
would we then ach.ieve’a
longer time >907, vVo,,..?

bent ronnestad@inn.no

4x5 min mean power
=367 +/-23W

30/15 mean power=
415+/-2TW

(Almauist et al. 2020)

ut is similar during the

long interval
ning adaptations




6x5 min intervals; start
high, go lower vs. steady "

Similar mean exercise

110% intensity (9% inclination,
11.3 + 0.8 kmh).
100% —I ——EXP KON
90% 4
E l
S ow oheant t
sSD
70% 233435
18346
60 %

0 1 2 3 4 5
Tid (min)

ml/min/kg 703+ 57

beat/min 1988

km/h 126+ 09

e i

(Ronnestad
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Short vs. long intervals;

— acute response:

DEC TRAD
Peak VO, (%V0y,.)  98,2%* VS,  953%

@
S

bent ronnestad@inn.no
etal, 2019

ng interv

6x5 min intervals; start
high, go lower vs. steady

DEC TRAD
PeakVO, (/VO0,,,)  982%*  VS.  953%
MeanVO, (%4V0y,,)  87,6%* VS,  86,1%
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Short vs. long intervals;

Short vs. long intervals:

—

— acute response: -training adaptations

6x5 min intervals; start
high, go lower vs. steady "

100
3 # #
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z 80 Ojsg
2 b DEC TRAD
£ 73 PeakVO, (4V0,,,.)  982%* VS, 953%
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Ronnestad et al., 2019)

6x5 min intervals; start

high, go lower vs. steady :

Similar mean exercise

110% intensity (9% inclination,
113 % 0.8 km'h).
100% 1 —I —EXP KON
o 90% i
< Peak VO, (4V0,,.)  98.2%%
= MeanVO, (4V0pm)  S7,6%*
80 %
Peak RPE (6-20) 17,5
Mean RPE (6-20) 16,1%
70%
60 %
0 1 2 3 4

Tid (min)
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(Ronnestad et al., 2019)

Short vs. long intervals;
— acute respon:

Short vs. long intervals:

—

-training adaptations

DEC
Peak VO, (%V0,,.)  982%* VS,
MeanVO, (%V0,,,,)  87,6%*  VS.
Peak RPE (6-20) 17,5 Vs,
Mean RPE (6-20) 16,1 VS, 165
Time290%V0,,,,(5) 717 £ 245 5vs. 650 £ 343 5
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Short ong inte i Short vs. long intervals:

— acute respe -training adaptations

Can we increase the time

290% VO, significantly
by some modificationsp

100 # P

i I I
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Short vs. long intervals; Short vs. long intervals:

— acute responses

5x5 min intervals; start high,
go lower vs. steady

10 Elite XC skiers; age 24.9 + 3.3 years, height
186 + 4 cm, body mass 81.1 + 5.0 kg, VOzpeak
in double poling: 69.6 + 3.5 mL - min-! - kg'')

100%MAP
2

Work load

bent.ronnestad@inn.no .
(Ronnestad et al,, in press)

Short vs. zing. S vs. long intervals:
— acul -training adaptations

5x5 min intervals; start high,
go lower vs. steady

10 Elite XC skiers; age 24.9 + 3.3 years, height
186 + 4 cm, body mass 81.1 + 5.0 kg, VOzpeak
in double poling: 69.6 + 3.5 mL - min-! - kg'')

Similar mean
velocity
’ 18(

20%AL

bent ronnestad@inn.no ’
(Ronnestad et al,, in

Short vs. long intervals; Short vs. long intervals:

— acute respons:

5x5 min intervals; start high,
go lower vs. steady

Onygen consumption (%V'o, peak)

605 0510 1515 1520 2618 28530 1638 1640 4045 4558
Time (min)
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(Ronnestad et al,, in press)

Short vs. long inte Short vs. long intervals:

-training adaptations

5x5 min intervals; start high,
go lower vs. steady
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(Ronnestad ctal., in press)

Short vs. long intervals;

Short vs. long intcrvals:
—

-training adaptations

— acute responses

5x5 min intervals; start high,

go lower vs. steady
Time 290% VO,

p0.033*

Time (sex) over 99 % of VO, .,
E &
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(Ronnestad et al.



Short vs. long intervals;
— acute respon:

5x5 min intervals; start high,

long intervals:
daptations

go lower vs. steady

Thme (vec) over 98 % of ¥

Oxygen consumption (% VO,

Arbeidsbelastning (W)

Time 290% VO,,.,,

cy towards lowe

‘enden .
100

rate of pe(ccivcd exert
1n DEC vs. TRAD
(1548t145 vs. 16311
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(Ronnestad ctal., in press)

Short vs. long intervals;
— ACULC response:

IAf We statt long intervals
with a high intensity with 5
subsequent reduction, would
We'then achieve a longer

time =90, VO,,..»

Yes, start high go lower seems
to be a good supplement to the
traditional approach, especially
if we take into consideration
the individual LT
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Short vs. long intervals:
-training adaptations

Wou.ld multiple smal peaks
within a work interval indyce
longer time >9(v, VO,
than traditional, stead;/n -
workload in the intervals?

005 0510 L0-15 15:20 20-25 2530 3035 35480 4045 4550
Time (min)
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Short vs. long interval

— acute

Arbeidsbelastning (W)

responses
ould multiple small peaks withiR
2 work interval induce longer time >90% v0
= B

than L(adi\:i.onal, steady workload in the
intervals?

10 Elite XC skiers; age 24.9 + 3.3 years, height
186 + 4 cm, body mass 81.1 + 5.0 kg, VOzpeak
in double poling: 69.6 + 3.5 mL - min-! - kg'')

bent ronnestad@inn.no

(Ronnestad et a

Tong intervals:
adaptations

a work interval induce longer time >90% VO,
e " o
than traditional, steady workload in the ~

10 Elite XC skiers; age 24.9 + 3.3 years, height
186 + 4 cm, body mass 81.1 + 5.0 kg, VOzpeak
in double poling: 69.6 + 3.5 mL - min-! - kg'')

100%MAS 100%)

s 100%M
40 sck 40 sck

40 sek

5x5 min intervals with
similar mean velocity

60 st
20%ALT & MAS

bent ronnestad@inn.no ) .
(Ronnestad et al,, in press)

Short vs. long intervals;

7s. long intervals:

— acute responsc: -training adaptations

Time 290% VOyp., (s)
5 » 8
§ &8 8 8

g

ould multiple small peaks withi
@ work interval induce longer time >90% VO
than traditional, steady workload in the .

15.0 min

Variable

bent ronnestad@inn.no p
- (Ronnestad et al.




long intervals: Short vs. long intervals;
daptations — acute response:

a work interval induce longer time >90% VO
= 2max

than traditional, steady workload in the ; : Wou.ld multiple small peaks
\XIlthin a work interyg] induce
I _O-f-B . onger time >90% Vo
é:l —?' L #é 3 than traditional, steadzg’nax
orean ’# ; Workload in the intervalss

VAR

Yes, during double poling in cross-country
skiers, but how is it with cyclists?

Oxygen consumption (% VO,

0-2min 2-3 min

OXYGEN CONSUMPTION (% VO ,5a)

:
£ 8 8 B
TIME (MIN:SEC)

bent ronnestad@inn.no bent ronnest

(Ronnestad ctal., in press)

long intervals: Short vs. long interval
-training adaptations — acute responses

Varied vs. steady power Varied vs. steady power
(6 x 5 min, similar mean power) - (6 x 5 min, similar mean power)

100%MAP

30 sek

TT%MAP
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Workload (W)

bent ronnestad@inn.no (Bossi et al. 2020) bentronnestad@inn.no (Bossi et al. 2020)

Short vs. long interval < vs. long intervals: Short vs. long intervals;
adaptations — acute responses

. 14 cyclists (2416 year) .
Varied vs. steady power VO, 6946 ml-min! kg Varied vs. steady power

(6 x 5 min, similar mean power) W, :430+35W (6 x 5 min, similar mean power)
MAP: 387 +33 W

100%MAP

30 sek

Time at >90%V O, ax (S)

Workload (W)

Varied WI Constant WI

bent.ronnestad@inn.no (Bossi et al. 2020) bent.ronnestad@inn.no si et al. 2020)




7s. long intervals:
-training adaptations

Wou.ld multiple sma] peaks
within a work interval indyce
longer time >9(v, VO,
than traditional, stead;/n -
workload in the intervals?

Yes! Then maybe another
good supplement to the
traditional approach?

bentronnestad@inn.no

Short vs. long intervals; vs. long intervals:

— acute response: -training adaptations

A
|

Multiple short intervals can give longer time
above 90%VO0,,,,, than long intervals, even when
similar mean power output

Multiple small peaks within a work interval can
induce longer time >90% VO, .. than traditional,

steady workload in the intervals | Similar
effec

Start high go lower seems to induce longer time
>90% VO,,,,. than steady workload, especially if
we take into consideration the individual LT
- N Are there differences between
start high I .
_mﬂrva.[ vs. steady power intervals in
time >90% VO, >

bent ronnestad@inn.no

7s. long intervals:
-training adaptations
p ‘Ate there differences between
“start high go lower” vs, multiple small peaks
ithin a work interval vs, steady power intervals in
time 290% VO, >

10 Elite XC skiers; age 24.9 + 3.3 years, height
186 + 4 cm, body mass 81.1 + 5.0 kg, VOzpeak
in double poling: 69.6 + 3.5 mL - min-! - kg'')
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Short vs. long intervals;

p ‘Ate there differences between
“start high go lower” vs, multiple small peaks
ithin a work interval vs, steady power intervals in
time 290% VO, >

# s
14.6 min‘

Time above 90% VO,peak, s

bent ronnestad@inn.no

-training adaptations

p ‘Ate there differences between
“start high go lower” vs, multiple small peaks
ithin a work interval vs, steady power intervals in

time 290% VO, >
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Short vs. long intervals:

Short vs. long intervals;

Optimizing Short vs. long intervals:
— —
— acute responses long intervals _training adaptations
) &

Multiple short intervals can give longer time
above 90%VO,,,., than long intervals, even when
similar mean power output

Multiple small peaks within a work interval can
induce longer time >90% VO, than traditional,
steady workload in the intervals | milar

Start high go lower seems can induce longer time
>90% VO,,,, than steady workload, especially if
we take into consideration the individual LT
Are there differences betw
multi i coveen
i ot ntervals vs. liple small peaks
TR interval in time >9(9, VO,,.¢

bent ronnestad@inn.no




Short vs.

— acu

] Ate there differences between
1jnu.luple shor.t intervals vs, multiple small peaks
vithin a work interval vs. steady power intervals in
: = —me 290% VO, >
Multiple short intervals can give longe
above 90%V O, than long intervals, even when| -

similar mean power output

Similar

Multiple small peaks within a work interval can effects?
induce longer time >90% VO,, ., than
traditional, steady workload in the intervals

 No, multiple short intervals

seems to induce longet
%ime =90% VOom,

bent ronnestad@inn.no

Short vs. long intervals;
— acute responses

The following alternative to traditional

long intervals seems to acutely give

longer time 290% of VO, . :

1. Multiple short intervals

2. Start high and go lower in intensity
within a long work interval

3. Multiple small peaks within a long

work interval

But will it Jead ¢
supetior tmining
aClélptations??

bent ronnestad@inn.no

Multiple short intervals
vs. long intervals

‘ 7 S Well-trained cyclists
. (VO,,,,.~65ml/kg/min)
2 HIT sessions/week

13 x 30/15
for 10 wks

(UIRATIAD(ORTRRRRAARE AR

Tid i okten (minutter)

(Ronnestad et al. 2015, S]MSS, 25:143-151

Short vs. long intervals;
— acute respons

Multiple short intervals vs. long intervals
-10 weeks training intervention

Maximal oxygen uptake

bent ronnestad@inn.no - e as
(Ronnestad et al. 2015, S|MSS, 25:143-151)

Multiple short intervals vs. long intervals
-10 weeks training intervention

400

Power output (W)
MoOoN oW w
8 8 8 8

g

bentronnestad@inn.no

Short vs. long intervals;
— acute responses

Multiple short intervals vs. long intervals
-10 weeks training interventio

5-min all-out

*
5.;;;§ﬂ8%

-
Pr AL ]

8”

Power output (W)
W oW B
8 38 8
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o
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(Ronnestad et al. 2015, SIMSS, 25:143-151)



Optimizing. 3 i 9 Short vs. long intervals;
long intervals aini; i — acute responses

Multiple short intervals vs. long intervals
-10 weeks training intervention Multiple short intervals
induces a longer time =90% of

B8=- But will j¢ lead to

superj T
ga==2 ; perior _t!ﬂln[ng
adaptations??

Power output (W)

o--"

bentronnestad @inn.no - s bent ronnestad@inn.no
(Ronnestad et al. 2015, SMSS, 25:143-151

Short vs. i 2 Short vs. long intervals; Opt g
——)
— acu A i — acute respons long interval

Multiple short intervals vs. long intervals
-even better cyclists

3 HIT sessions per week for 3 weeks with
5 days after last HIT before post-test
| s | exsmn ]
Age (years) 24+4 25%5
Height (cm) 184£3 18214
Body mass (kg) 75.213.6 74.5+5.1
VO, (mL-kgtmin'?) 7343 T4+4
W, ... (W) 460+26 468+39
20 min all-out power (W) 343431 348432
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(Ronnestad et al., 2020) bent.ronnestad@inn.no (Ronnestad et al., 2020)

[ — Optimizing Short vs. long intervals: Short vs. long intervals;
— N
long intervals

— acute responses

bent ronnestad@inn.no
bent.ronnestad@inn.no (Ronnestad et al., 2020) (Ronnestad et al., 2020)



Short vs. long intervals; Optimizing. . i : Short vs. long intervals; hort vs. long intervals:
— ——
ong intervals a i — acute response: da

But will it |
ead to \
superior training \/ =/ ) 5 HIT sessions in a week (6 x 5 min) in 6 days
9 VS.
adapta; ?
pations?? 5 HIT sessions in a week (5 series 4 12 x 30 sec Each work intervall should
work period with 15 sec recovery) have a rate of perceived

exertion between 17 and 19

Both groups tested on the 6 day after last HIT session. on Borg 6-20 RPE scale
Standardized and similar training in between

But is this true for a short
HIT block?

bentronnestad@inn.no bent ronnestad@inn.no N -
(Ronnestad etal., 2021)

Short vs. long interval
— acute responses
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Maximal aerabic power output (W)

w
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3
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30/15 block 4x5min block e

30/15 block 4x5min block

Bent Ronnestad 2021 Bent Rennestad 2021

(Ronnestad etal. ) (Ronnestad et al., 2021)

But will it Jead ¢o
superior trainjng
adaptations??

es!
But is this true for a short
HIT block?

post pre post
30/15 block 4x5min block

Bent Ronnestad 2021 bent ronnestad@inn.no

(Ronnestad etal., 2




Short vs. long intervals; Optimizing

— acute responses long intervals . . .
1 ¢ Practical application of
Sum
m. & (o) g
ary @%@ \ a 30/15 session Borg sca
Multiple short intervals can give longer - —
time above 90%VO,,,,, than long intervals, |~ 6. No exertion at al
even when similar mean power output 7: Extreme light
Multiple small peaks within a work interval 8.
: : 0, 9.  Very light
can induce longer time >90% VO,,,,, than 0
traditional, steady workload in the intervals 11' Light
Start high go lower seems can induce longer| 12.
time >290% VO, than steady workload, |-~ 13.  Somewhat hard
especially if we take into consideration the }4'
individual LT L emieE)
17.  Very hard
e 18.
19. Extremely hard
Maximal exertion
© bent.ronnestad@inn.no
Short vs. long intervals; Optimizing Short vs. long interval

. —
— acute responses long intervals

Multiple short intervals can give longer
time above 90%VO,,,,, than long intervals, |~
even when similar mean power output

Multiple small peaks within a work interval
can induce longer time >90% VO,,,,, than
traditional, steady workload in the intervals

Start high go lower seems can induce longer|
time >90% VO,,,.., than steady workload, |- It’s important to
especially if we take into consideration the ) monitoring

individual LT

individual responses
to the training and
find the right way at
the right time for
each individual
0 athlete bentronnestad|

Opti g
—

long intervals

Thanks for the

attention!

bent.ronnestadi




