Effects of combining strength and endurance

training on endurance performance - females

Concurrent strength and 1.5 - 5 hrs endurance training gives similar increase
in maximal leg strength and similar or no muscle hypertrophy as strength
training alone, and reduced adaptations in ability to rapidly exert force

(Terzis et al. 2016, EJAP, 116:1063-73, Vikmoen et al. unpublished)
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Effects of concurrent strength and endurance Important determinants of
training on strength training adaptations SR o e e e

A relative large volume of endurance training
seems to reduce strength training adaptations: power output

* Reduced increase in maximal strength

* Reduced muscle hypertrophy Effects of
* Reduced increase in rate of force development

concurrent

e (il strength and
(e:g. Hickson 1980, Dudley & Djamil 1985, Hunter et al. 1987, Hennessy & Watson 1994, i power output
Kraemer et al. 1995, Hakkinen et al. 2003, Putman et al. 2004, Izquierdo et al. 2005, Aagaard etal. 2011, <
Ronnestad et al. 2011, Wilson et al. 2011, Jones et al. 2013) "
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Concurrent training and Effect of strength training on cycling economy,

maximal oxygen consumption

Seems like no clear effect during traditional 3-5 min submaximal workloads.
Different findings during prolonged submaximal exercise?

There seems to be neither a positive not Cycling is, amongst others, characterized by
. several hours submaximal cyclin,
negative effect of concurrent strength L R
and endurance training compared to L :

endurance training alone regarding
VO,,... adaptations in endurance trained
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Prolonged
submaximal cycling

Lactate threshold

~5 min

Power output (W)

Time (min
Bent Ronnestad 2017
Lillehammer University College

Bent Ronnestad 2017 N JUNN
Lillehammer University Colleae (Ronnestad ct al. 2011)

Effect of st th traini li !
Effect of strength training on cycling economy, et OF strength Wall g on YCans c=0notnya

s s @ w
\
v
'
Y "
\
v
o
T
'
'
'
'
'
)
'
'

# Vikmoen et al. 2016
M sunde et al. 2010

Rgnnestad et al. 2010b

Prolonged
submaximal cycling,
female cyclists

Change In VO, (%)

X Rgnnestad et al. 2010

X Bastiaans et al. 2001
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(Vikmoen et al. 2017, Physiol Rep.5; ¢13149)



Effects of strength training on power Alternative approach to measure

output@lactate threshold in cyclists

cycling performance

Either positive or no effect

¢ Vikmoen et al. 2016,

L] MRonnestad ct al. 2010b

A Rpnnestad ctal. 2010
X Rpnnestad et al. 2015
X Rpnnestad et al. 2017
» Surde et al. 2010
+Aagaard et al. 2011
50/, =Koninckx et al. 2010
Psilander et al. 2015

# Bishop et al. 1999

Bezttie et al. 2017

% Change in power@la threshold

® Mean
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Important determinants of

0
endurance performance In the Grand Tours, around 70% of the race

duration is spent at exercise intensities

Performance characterized as “light intensity”

power output (Lucia et al. 1999; 2003)

Lactate threshold
power output

Gross mechanical
efficiency & cycling
economy

Maximal oxygen
consumption

Bent Ronnestad 2017
e & Kriska (|fi8Hamhinksr s  Cc 1999, Paavolainen et al. 1999,
al. 2007, Tanaka & Seals 2008, A: 3 010)
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Effect of concurrent training on
cycling performance

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

-males
Characteristics of successful
strength training:
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Mean power output during the 5-min all-out
trial performed following 180 min of cycling
-females

Important determinants of
endurance performance

Performance
power output

Lactate threshold
power output

Mean power output (W-kg-')

Gross mechanical
efficiency & cycling
economy

Maximal oxygen
consumption
Bent Ronnestad 2017
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Sprint
performance
m Sprint abilities — male cyclists

Importance of CSA for sprint ability

Effect of strength training on
cycling performance

2000
g Heavy strength training seems to positively
1400 affect cycling performance
1200
1000
Supported by many reviews: Aagaard P, Andersen 2010, S]MSS, 20, 39-47; Beattie et al. 2014, Sports

Med, 44:845-65; Mujika ct al. 2016, IJSPP, 11:283-9; Ronnestad & Mujika 2014, SJMSS, 24:603-12;
Yamamoto et al. 2010, JSCR, 24:560-6.
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Sprint Important determinants of

performance JOR A0 0R0 endurance performance

m Sprint abilities- female cyclists Performance

power output

Lactate threshold
power output

Gross mechanical
efficiency & cycling
economy

: ’ Maximal oxygen
1 Y consumption
Lower body lean mass (kg) Lower body lean mass (kg) .

kson et al. 1988, Sunde ggRAMElad'rgaard et al. 2011, Ronnestad et al.
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The role of strength training on cycling
petformance for male and female cyclists

cycling performance

Potential mechanisms
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Potential mechanisms behind
improved performance

m Reduced blood flow during the power phase in the
pedal stroke (i.e. downstroke) crakishiceal 2002

" Knee Angle
recti. EMG

o
Crank Angle

cle), musele

Tor  subject. A and A" and B and B'idicat the op and bottomn peak
eopectively

hi et al. 2002)

Potential mechanisms behind
improved performance

I RED = carlier peak torque in the pedal stroke?

Irelaxati( -b'blood flow? m ll performance?

Contraction
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Torque during the pedal stroke
@

Improved blood
flow?
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Crank torque curve with selected characteristics. This data example from one of s a single random
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(Ronnestad et al. 2015)

Potential mechanisms behind
improved performance

Improvement in 40-min
power correlates largely
with changes towards
° earlier peak torque duting
the pedal stroke
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Potential mechanisms to
improved performance

® The more economical type I fibres becomes stronger

Ltcontribution to power output‘IIong—term 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 duat

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

hletes

v

» Increase in fibers positive for type

» Mean power during 40-min all-out
trial increased by 6.4 + 7.9%

Bent Rennest:

7
Lillehammer University College (Vikmoen et al. Unpublished results)

Potential mechanisms to
improved performance

m Changed fibertype composition? IIx = IIa

12 wks heavy strength training in female duathletes

r=-0.629,p <0.01 ’
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The role of strength training on cycling
petformance for male and female cyclists

Effects of combini oth and endurance training on
strength training adaptations

Effects of combining strength and endurance training on
cycling performance

Potential mechanisms

Maintenance of developed strength throughout the competition

season
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Maintenance of strength

DEVELOPMENT MAINTENANCE
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Maintenance of strength — training effects?




Stop!!!!!
You don't have to
perform heavy
strength training
to be a world
champion!!

You have to find the
right way for each
individual cyclist
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Remember the individual response

it durnng
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Remember the individual response
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Remember the individual response
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Remember the individual response

It's important to
monitoring individual
responses to the training
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Maintenance of strength

Cyclists have a relatively tight race
schedule, making it challenging to
prioritize strength training during
the competition season.
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Maintenance of strength

Many cyclists who perform strength
training during the preparatory
period stops the 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

Maximal isometric half squat force

Lean lower body mass
— Squat jump

Po er during 30-sec Wingate

i Maximal oxygen uptake (VO,,,,.)
= Endurance performance R e oo ()
Power output at 4 [mmol-L"']

m Strength training adaptatio
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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

EXP-

rou
8 P DEVELOPMENT

Values are mean + SD
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. 2009)

co ENDURANCE TRAINING
group

ENDURANCE TRAINING

STRENGTH STRENGTH IN-SEASON
MAINTENANCE N m—

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

TESTY | A TEST._ L TEST
-——— e L%

October 1() December 15 April 8 WKS June
WKS WKS
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Maximal isometric half squat strength

Change (%)
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Lean lower body mass Maximal oxygen uptake

Change (%)
Change (%)
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(Ronnestad et al. 2016) d et al. 2016)

Squat jump Maximal aerobic power output
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Power output@4mmol-L-
30-s Wingate Sprint [blood lactate]

Change (%)

#Very likely between-group differences from pre
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Summary: Effects of EXP vs. CON

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

Lean lower-body mass

BO-sec Wingate
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Maintenance of strength

Strength maintenance training seems
to be very important in a long-term
strength training perspective

Bent Rennest:
Lillehammer Univer

The role of strength training on cycling
performance for male and female cyclists

Effects of combining h and endurance training on

th training adaptations
Effects of combining strength and endurance training on
cycling performance

Potential mechanisms

Maintenance of developed strength throughout the competition

Practical applications
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Practical strength training
Specificity
u N[O\'Cl'ﬂ(‘ﬂf l\nd musc 2 :IUPS

ntraction
Maximal mobilization dur
Heavy loading (4-12RM)

for the ta

the concentric phase

Multiple exerci

2 (to 3) strength trai

7-10™ day to maintain stre
If long competition son, perform some weeks with 2
strength training ions per week
Remember the total training stress
Some special differ between male and female cy
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The effects of strength training on endurance
performance and muscle characteristics.

BISHOP, DAVID; JENKINS, DAVID; MACKINNON, LAUREL; MCENIERY, MICHAEL;
CAREY, MICHAEL

Medicine & Science in Sports & Exercise. 31(6):886-891, June 1999,

Week

[SQUAT "1 T

56 10 112

ots 5 4 3 5 4 3
epetions  6-8RM_ 4-6RM 2-4RM 6-8RM 4-6RM 2-4R

“The present data suggest that
increased leg strength does not
improve cycle endurance
performance in endurance-
trained, female cyclists”

“Adding heavy strength training
improved cycling performance,
increased fractional utilization of
VO, improved cycling economy, and
improved cycling performance when
tested immediately after prolonged
submaximal work”

Conclusion

Remember the total training
stress — do as little strength
training as necessary

Heavy strength training can
improve female & male's
cycling performance

trength training adaptations
needs to be maintained

Performance
power output

Don'’t forget monitoring individual
responses to the training and talk

with your rider.....It doesn't matter
if a cyclist can squat 250 kg, but is
overtrained.

Lactate threshold
power output

Maximal oxygen
consumption

Bent Rennestad 2017

" Gross mechanical
efficiency & cycling
economy
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Thank you!
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