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Effects of concurrent strength and endurance
training on strength training adaptations

A relative large volume of endurance training
seems to reduce strength training adaptations:
* Reduced increase in maximal strength
* Reduced muscle hypertrophy
* Reduced increase in rate of force development

(c.¢. Hickson 1980, Dudley & Djamil 1985, Hunter ct al. 1987, Hennessy & Watson 1994,
Kraemer et al. 1995, Hakkinen et al. 2003, Putman 104, Tzquierdo et al. 2005, Aagaard ct al. 2011,
Ronnestad 011, Wilson et al. 2011, Jones et al. 2013)
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Concurrent training and Concurrent training and
maximal oxygen consumption maximal oxygen consumption

m Highly trained cyclists — mean values

There seems to be neither a positive not
negative effect of concurrent strength
and endurance training compared to
endurance training alone regarding
VO,,... adaptations in endurance trained

@ @ o
& & 3

VOy 0y (ml-kgt-min?)
3 3

Qctober December

bent.ronnestad@inn.no 2017 bent.ronnestad@inn.no 2017

Effects of heavy strength training on

Scientific evidence for strength training-induced

benefits in endurance runners and cyclists running economy

o He'axfy strength
‘e c .. . ~ training
1. Effects of combining strength training with a large volume of s

endurance training on strength training adaptations @ Control
2. Effects of combining strength and endurance training on
endurance performance

Maximal oxygen uptake
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Exercise economy

1. Running

ing in endurance (Johnston et al. 1997, Hoff
2, Steren e
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Effects of plyometric/explosive strength
training on running econom Running economy

Explosive
strength
training . . .
Numerous studies have reported improved running
@ Control economy after 6—14 weeks of concurrent heavy
strength/explosive strength and endurance training,
while no substantial changes were observed in the

control groups
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% Change in work economy
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Scientific evidence for strength training-induced Effect of strength training on exercise eco.
benefits in endurance runners and cyclists

Effects of combining strength training with a large volume of
endurance tr: training adaptations

ombining strength and endurance training on
endurance performance

Maximal oxygen uptake

~5 min

Power output (W)

Running

Cycling
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Effect of st th traini li
Effect of strength training on cycling economy, cct Of strength training on cyciing cconomy,

Unclear findings during traditional 3-5 min submaximal workloads.
Different findings during prolonged submaximal exercise?

¥ atal 01e ﬂ Cycling is, amongst others, characterized by
W:amdettol 200 several hours submaximal cycling
A Rgnnestad et al. 20106
X Rennestad et al, 2010
* Bastiaans et al. 2001
Rennestad et al. 2015
Rennestad etal. 2017
@ Psilander et al. 2015
WBeattie et al. 2017

Aagaard et al. 2011 t

& Mean

% Change in submaximal VO,
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Effect of strength training on cycling economy;

Effect of strength training on cycling economy,

Prol d
roronge Prolonged

submaximal cycling,

female cyclists

submaximal cycling

Ghange In VO, (%]

L] (mmom)
Change In HR (%)
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Scientific evidence for strength training-induced
benefits in endurance runners and cyclists

Effects of combining strength training with a large volume of
endurance training on strength training adaptations
Eff combining strength and endurance traini
endurance performance

Maximal oxygen uptake

Exe economy

Power/velocity at lactate thr

1. Runni
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Scientific evidence for strength training-induced
benefits in endurance runners and cyclists

1. Effects of combining strength training with a large volume of
endurance training on strength training adaptations
2. Effects of combining strength and endurance training on
endurance performance
1. Maximal oxygen uptake
2. Exercise economy
Power/velocity at lactate threshold

1. Running
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Scientific evidence for strength training-induced
benefits in endurance runners and cyclists

Effects of combining strength training with a large volume of
endurance training on strength training adaptations
Effects of combining strength and endurance training on
endurance performance

Maximal oxygen uptake

Exercise economy

Power/velocity at lactate threshold

Endurance performance

Running,
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Effects of strength training on
running velocity@]lactate threshold

Little change in the lactate
threshold of runners (% VO,,...)
(Paavolainen et al., 1999; Hoff &
Helgerud, 2002; Mikkola et al., 2011;
Storen et al., 2008)

Substantial improvements in
velocity at the lactate threshold
(Mikkola et al., 2007a, 2011; Guglielmo
et al., 2009; Taipale et al., 2013).
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Effects of strength training on power
output@lactate threshold in cyclists

Either positive or no effect
# Vikmoen et al. 2016

m MRennestad etal. 2010b

A Rgnnestad et al. 2010
X Rgnnestad et al. 2015
X Rgnnestad et al. 2017

ﬂso/o @ Sunde et al. 2010
+ Aagaard et al. 2011
=Koninckx et al. 2010

Psilander et al. 2015

# Bishop et al. 1999

% Change in power@la threshold

Beattie et al. 2017
® Mean
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Effect of strength training on

running performance

Both heavy and
explosive strength

- ®Seda

etal, 2013
training seems to

improve running

WSteren et al, 2008

Paavolainen et al, 1999

% Change in endurance performance

. ™
performance ¥ # Spurrset al, 2003
0 p « Ra Campilo et al.
[ ] b
Supported by 5 Damascenatal 2015
studies investigating Karsten etal, 2015
10 L}
Vmax saE ¢ onean
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Scientific evidence for strength training-induced
benefits in endurance runners and cyclists

Effects of combini th training with a large volume of
endurance traini stre aining adaptations
Effects of combining strength and endurance training on
endurance performance

Maximal oxygen uptake

Exercise economy

Power/velocity at lactate threshold

Endurance performa
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Alternative approach to measure

cycling performance
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Mean power output during the 5-min all-out
trial performed following 185 min of cycling

[
S I ]
a S o

Power output (W)
w
&
3

*Different from Pre (P<0.01). #Difference between groups in relative change from pre-test to
post-test (P < 0.

Ronnestad et al. 2011)
bent.ronnestad@inn.no 2017 (Ronnestad et al. 2011)

Effect of concurrent training on

5

cycling performance

Characteristics of successful
strength training:

Heavy loaded strength training with
multiple leg exercises duting a
— period of minimum 8 weeks
o ———
[ 8.5vs.3.1% Characteristics of strength
training with no additional effect:

Short-term strength training period,

low volume of strength training or

3.7 vs.3.8% . P .
" explosive strength training is
I

st paremien petformed

In the Grand Tours, around 70% of the race
duration is spent at exercise intensities
characterized as “light intensity”

(Lucia et al. 1999; 2003)
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Mean power output during the 5-min all-out

trial performed following 180 min of cycling

Female cyclists

E+S Pre

E+S Post E Post

onnestad@ 2 - .
bent ronnestad@inn.no 2017 (Vikmoen ct al. 2017)



Sprint Sprint
performance performance
m Sprint abilities — male cyclists
Importance of CSA for sprint ability

2000

)
®
3
8

70
CSAsnes-extonsors (€M?)

Peak power during Wingate test (W
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Sprint
performance
m Sprint abilities- female cyclists |

Effect of strength training on
cycling performance

Importance of muscle mass for sprint ability Heavy strength training seems to positively affect
cycling performance

Lower body lean mass (kg) Lower body lean mass (kg)

TYE - onnestad @ 2
bent ronnestad@inn.no 2017 (Data from Vikmoen et al. e

Scientific evidence for strength training-induced
benefits in endurance runners and cyclists

Effects of comb:
endurance traini
Effects of combin
endurance performance

Summarizing the findings.

Lactate threshold Lactate threshold
" " Exercise Exercise
running velocity power output
economy cconomy

Maximal oxygen Maximal oxy
consumption consumption|
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N
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Potential mechanisms behind

Scientific evidence for strength training-induced .
improved performance

benefits in endurance runners and cyclists

m Strength training induces more optimal muscle-

- . e . . tendon Stiffness? g Spurrs etal 2003, Barnes et al. 2013, Millet et al. 2002)
Effects of combining strength training with a large volume of

endurance trai s raining adaptations

Eff combining strength and endurance training o Improved utilization of elastic energy in the muscle-
endurance pCft( yrmance ~

) i ) tendon system?
Some few potential mechanisms

d-Reach Tes! Score fcm)

y=172x- 783
12068

VOZ at 16 kb (mikgimin) (Jones, 2002),

bent.ronnestad@inn.no 2017
bent.ronnestad@inn.no 2017

Potential mechanisms behind Potential mechanisms behind
improved performance improved performance

m Strength training induces more optimal muscle- ® Reduced blood flow duting the power phase in the
tendon stiffness? (g, spursscral. 2003, Ban 2013, Millet et al. 2002) peda] stroke (i.é‘ d Stro (Takaishi et al. 2002)

Blood Volume
et
S

Oxygenation

stic enetrgy in the musc

Performance? _
S~ Knee Angle
ect. EVG
)
Crank Angle

cle), musele

o 3 Subject A 30 B 3 B ndicars the o a0t batom pesk Tl s i ST
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Potential mechanisms behind
improved performance Torque during the pedal stroke

I RFD = carlier peak torque in the pedal stroke? i jqp@m\ed "

flow?

b'relaxation-}'blood flow? ..'perﬁ;)rmance?

Contraction

Crank torque (Nm)

onc of d
nk torqu
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HSTR can
change angle of
peak torque

Angle of peak torque (°)

bent.ronnestad@inn.no 2017 m =
- (Ronnestad et al. 2015)

Potential mechanisms to
improved performance

m The more economical type I fibres becomes stronger

Ltcontribution to power ,utput-]longftcrm performance?

Triathletes, VO,,.. ~68 ml/kg/min
5 wks strength training

3 sessions/wk

3-5 sets and 3-5 RM

2 hrs submaximal cycling

(Hausswirth et al. 2010

Potential mechanisms to
improved performance

m Changed fibertype composition? IIx = IIa

12 wks heavy strength training in female duathletes

» Hybrid fibers (IIAX MyHC) was ’
reduced from 9 7% to 0% (et

v

Increase in fibers positive for type
2A only (from 39 + 13% to 51 + 10%) &
» Mean power during 40-min all-out
trial increased by 6.4 + 7.9%
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(Vikmoen et al. 2016)

Potential mechanisms behind
improved performance

Improvement in 40-min
power cortrelates largely
with changes towards
earlier peak torque during
the pedal stroke

r=-0.63,P<001

0

Change (deita) in angle of peak torque ()

bent.ronnestad@inn.no 2017 o -
L (Ronnestad et al. 2015)

Potential mechanisms to
improved performance

m Changed fibettype composition? ITxmm I1a (ugaderat 2011
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Potential mechanisms to

improved performance

m Changed fibertype composition? IIx s IIa

12 wks heavy strength training in female duathletes

r=-0.629, p <0.01
< 10
s+
£33 .
25 &
B~
Ig‘? 04 02 - S 02 o 04 06
S5 5
i 2
Ei= 10 .
=3
5% 15 . .
G~ 20

Change in mean power output duril
40 min all out performance (W-kg-

Improvement in 40-min power correlates largely with
reduction in type ITAX fibres
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(Vikmoen et al. 2016)



Maintenance of strength

Scientific evidence for strength training-induced
MAINTENANCE

benefits in endurance runners and cyclists DEVELOPMENT
2 sessions per week | | 1session per week

w
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Effects of combini ngth training with a large volume of
endurance traini stre aining adaptations
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Effects of combining strength and endurance training on -
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endurance performance

o

Some few potential mechanisms —@ ES (VO =78 MLKG MIN)
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Maintenance of developed strength throughout the competition

MVC half-squat (N-kg™')

season

o

o
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Pre 10 WEEKS 25 WEEKS
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Maintenance of strength — training effects? Maintenance of strength — training effects?

DEVELOPMENT MAINTENANCE

2 sessions per week | | 1session per week
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Maintenance of strength Maintenance of strength

Many cyclists who perform strength
training during the preparatory
period stop the strength training
during the competition season.

Cyclists have a relatively tight race
schedule, making it challenging to
prioritize strength training during

the competition season.
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Purpose

m To investigate the effects of 8 weeks
strength training cessation after 25 weeks of
strength training on indices of

. . Bl Maximal isometric half squat force
= Strength training adaptations .S

- Squat jump

® Sprint performance —fF8 . during 30-sec Wingate
sprin

Maximal oxygen uptake (VO,,,.,)
Maximal aerobic power (W,,..)
Power output at 4 [mmol-L]
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Design

co ENDURANCE TRAINING

group

ENDURANCE TRAINING

EXP-

gtoup STRENGTH STRENGTH NSO

DEVELOPMENT MAINTENANCE No strength

2 sessions/week 1 session every 7-10 day training

TESTY | A TEST._ L TEST
-——— e L%

October 10 December 5 April 8 WKS June
WKS WKS
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metric half squat strength

Change (%)

m pre
##Most like m pre,

*Likely between-group differencesbéromnrdSta@eliso 2017 (Ronnestad et al. 2016)

ical characteristics of the cyclists

EXP (n=7) |[CON(n=7)

Age (years) 19+1 201
Body mass (kg) 67.8+7.8 74.3£7.5
Body height (cm) 179+8 183+9
VO,,,..(ml'kg?-minT) 77+6 73+5
Maximal aerobic power (W-kg™) 5.9+0.5 5.8+0.2
Maximal isometric half-squat (N) 1400+378 1340+364
Squat jump (cm) 27+5 30+5
30-sec Wingate sprint (W-kg™) 10.7+0.9 10.7£0.7
Power@4mmol (W-kg™) 4.1+0.5 4.240.4

Values are mean + SD

bent. ronnestad@inn.no 2017

Results
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Lean lower body mass
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Change (%)

Squat jump

== EXP
={=CON

— —
-
- ~
i ## \\

- - ~
+--4

group differences from pre
*Likely between-group differences, from 25-

T AR S 2017

(Ronnestad et al. 2016)

Maximal oxygen uptake

g
©

4
§

£

5]
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Power output@4mmol-L-1

Change (%)

[blood lactate]

bent.ronnestad@inn.no 2017

(Ronnestad et al. 2016)

30-s Wingate Sprint

Change (%)

y likely between-group differences from pre
*ikely reen- s P 8
Likely between-group differences ggﬂm _;slgagﬁng.no 2017

rorifi

(Ronnestad et al. 2016)

Maximal aerobic power output

Change (%)

y between-g|

from pre

*[_|Le‘ly between-group differences sipronaatay

ad et al. 2016)

Summary: Effects of EXP vs. CON

October->April | April->June | October->June

Lean lower-body mass

B0-sec Wingate
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(Ronnestad et al. 2016)
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Maintenance of strength

Strength maintenance training seems
to be very important in a long-term
perspective
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Stop!!!!!
You don’t have to
perform strength
training to be a
world champion!!

hent ronnestad@inn no 2017

Practical application
- strength training
m Specificity
® Movement and musc

= Contraction (muscle action)
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Scientific evidence for strength training-induced
benefits in endurance runners and cyclists

Effects of combinin h training with a large volume of

endurance trai th training adaptati

Effects of combining strength and endurance training on

endurance performance

Some few potential mechanisms

Maintenance of developed strength throughout the competition
n

Practical applications
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You have to find the
right way for each
individual athlete
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Potential strength exercises
for cycling

a0 S
-

- i S b "4 =
Inspired by Rutherford et al. yictet 2 ntz et al. 1989, Cresswell & Ovendal 2002,
Hickson et al. 1 3el 4
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Potential strength exercises [ Ans \ Practical application
for cycling 4

Toe raise

et muscle groups

ions per week to increase

1 strength training session per week to maintain strength
If you have a long competition season, perform some weeks
with rength trainit ions per week

Inspired by the findings of Rutherford ct al. #986, @oyle et al. 1991 X oIl & Remember the total tra
Ovendal 2002, Hickson et al. 1988, Behm nSienéSoa@iionei2y ct al. 1995,
- bent.ronnestad@inn.no 2017

Practical application

PRACTICAL APPLICATION

Example of a strength training program
that have improved cycling performance

13 months with block

training program for the cyclists who performed heavy stri
Preparatory period Competition period ° * *
periodization
1. Bout 2. Bout 1. Bout 2. Bout 1. Bout 2. Bout 1. Bout

Half squat 3% I0RM 3 x6RM 3 x8RM 3 x5RM 3 x 6RM 3 x 4RM % 5 reps@80-85% of IR

¢ press 3% 10RM 3 x 6RM 3 x 8RM 3 x SRM 3 x 6RM 3 x 4RM 2 x 5 reps@80-85% of IR

One-1.
One-1 hip flexion 3 x I0RM 3 x 6RM 3 x8RM 3 xSRM 3 x 6RM 3 x 4RM | x 6RM
[ Ankle plantar flexion 3% 10RM 3% 6RM 3 x 8RM 3 x SRM 3 x 6RM 3 x 4RM 1 x 6RM

But only a singel case..........
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Block periodization has been observed to
be superior more evenly distribution of
the training

13 months with block
—— periodization

Sp==1 r=-1 r=-1
] : : : : : TRAD Best previous test result:
g 1 [ [ VO0.0x=76.5
@ : : [ : : W2y =6.43 W/kg
a. 3 : = : : : Power@3mmol/L=3.9 W/kg
& 1 1 ] 1 1
L= I 1 I 1 I
29 1 1 1 1 1
@ T ] ] ] T
'2 ] [ 1 1 ]
=1 1 1 ] _— I— .

1 2 3 4 5 6 7 & 9 10 1 12
Time (week)
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(Ronnestad & Hansen 2017)




0 =87.

Best previous test result: 2m -0
Wou=7.12 Wikg -39 Wikg

V0,0, =83.7

V0,1, =T76.5 W 0=6.69 W/kg
Waiowng | |
Power@3mmol/L=3.9 W/kg 8 2 4

V0,,,=73.8
W =6.14W/kg
Power@3mmol/

w W

training hours
= e ~
s &5 B R

ceKly

. Strength training M Moderat Intensity
Time (week number) RSS2l I

B High Intensity M Low intensity

Remember the total training
stress — do as little strength

Heavy strength training can
improve endurance
performance

o~

/8@
Performance ||
power output | | ":f N

Gross mechanical
efficiency & cycling
economy
Maximal oxygen
consumption

training as necessary

trength training adaptations
needs to be maintained

Don't forget monitoring individual
responses to the training and talk
with your athlete.....It doesn't
matter if an athlete can squat 250
kg, but is overtrained.

ent ronnestad@inn.no 2017

Block periodization seems to induce more
favorable training adaptations than more
traditional organization despite the total
volume and intensity of the training are

similar.

(Ronnestad ct al. 2014, SJMSS, 24:327-35; Ronnestad et al. 2014, SIMSS, 24: 34-42;
Ronnestad et al. 2016, SJMSS, 26:140-6)
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Thank you!
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