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Abstract During the last several decades many researchers have reported an inter-

ference effect on muscle strength development when strength and endurance
were trained concurrently. The majority of these studies found that the
magnitude of increase in maximum strength was higher in the group that
performed only strength training compared with the concurrent training
group, commonly referred to as the ‘interference phenomenon’. Currently,
concurrent strength and endurance training has become essential to opti-
mizing athletic performance in middle- and long-distance events. Rowing and
canoeing, especially in the case of Olympic events, with exercise efforts be-
tween 30 seconds and 8 minutes, require high amounts of maximal aerobic
and anaerobic capacities as well as high levels of maximum strength and
muscle power. Thus, strength training, in events such as rowing and canoeing,
is integrated into the training plan. However, several studies indicate that the
degree of interference is affected by the training protocols and there may be
ways in which the interference effect can be minimized or avoided. Therefore,
the aim of this review is to recommend strategies, based on research, to avoid
or minimize any interference effect when training to optimize performance in
endurance sports such as rowing and canoeing.
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Proper planning of training programme vari-
ables, including intensity, frequency and volume
of exercise, is required to maximize physiological
adaptations and to avoid overtraining in elite
athletes. This is especially important in most cy-
clic sports (i.e. disciplines that require repeated
continuous movements similar to others such as
running, walking, swimming, rowing, cross-country
skiing, cycling and canoeing), where both aerobic
fitness and muscle strength need to be simulta-
neously enhanced to optimize performance.
Strength has been defined as the ability of the mus-
cle to exert maximal force or torque at a specified
velocity.['l However, it varies for different muscle
actions such as eccentric, concentric and isomet-
ric. Therefore, an infinite number of values for
strength of muscles may be obtained as related
to the type of action, the velocity of the action
and the length of the muscles. Muscle power,
which is a function of the interaction between the
force applied and the speed of contraction, is
associated with the explosiveness of the muscles
(i.e. the ability to develop a great deal of force in
a short period of time, termed the rate of force
development).[]

On the other side, the aerobic endurance per-
formance depends on two main fitness compo-
nents: (i) the highest rate of oxygen consumption
(VO,) attainable during maximal or exhaustive
effort (maximal VO, [VO,,...)); and (ii) the an-
aerobic threshold (AT): the VO, level above which
aerobic energy production is supplemented by
anaerobic mechanisms during exercise, resulting
in a sustained increase in lactate concentration
and metabolic acidosis.”! For highly trained
athletes the AT is normally placed at 80-90% of
the VO,,ax-

Several studies have shown the effectiveness of
concurrent training programmes in enhancing the
performance of endurance athletes (e.g. running
economy, increases of the speed at lactic threshold
or improvements in the jump capability).?!!] Pre-
vious research demonstrates that both rowing
and canoeing, especially in the case of Olympic
events (200, 500, 1000 and 2000 metres) with ex-
ercise efforts between 30 seconds and 8 minutes
require high levels of maximal aerobic and an-
aerobic capacities, as well as maximum muscle
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strength and power.['>20] In both sports, recent
studies found performance improvements follow-
ing concurrent training programmes in highly
trained athletes, such as paddling speed and pad-
dling power output at maximal and submaximal
intensities, as well as lactic acid concentrations at
submaximal intensities.['>21-23]

Some of the mechanisms that may be re-
sponsible for these improvements in performance
during concurrent training are as follows:4
(i) increased strength that may improve mechan-
ical efficiency, muscle coordination, and motor
recruitment patterns;>3 (ii) an overall increase of
strength that can facilitate changes and correc-
tions in the technical model;* or (iii) increased
muscular strength and coordination that may
reduce the relative intensity of each cycle en-
abling the athlete to conserve energy.[2%]

In recent decades, many researchers have fo-
cused on studying the effects of the combined
strength and endurance training programmes on
physical performance. The results of several stud-
ies have shown that 10-12 weeks of concurrent
training, with a weekly frequency between 4 and
11 sessions, with intensities ranging from 60% to
100% of VO,,,.x for endurance and from 40% to
100% of one-repetition maximum (1RM) for resis-
tance training, resulted in increases ranging from
6% t0 23% in VO, and 22% to 38% of max-
imum strength.?”?°l In the majority of these
studies the increases in maximum strength were
higher in the group that performed only strength
training compared with the concurrent training
group. This potential conflict has been referred to
as an ‘interference phenomenon’ because a com-
promised strength development was observed
when strength and endurance training were ap-
plied concurrently.?”) In contrast, the majority of
current research supports the contention that
concurrent training does not alter the ability to
positively adapt to endurance training.-6:3%

Several studies have identified different factors
that can influence the level or degree of inter-
ference generated by concurrent training.[2-33
These factors include the initial training status
of the subjects, exercise mode, volume, intensity
and frequency of training, scheduling of sessions
and the dependent variable being investigated.

Sports Med 2011: 41 (4)
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In particular, the initial training status of subjects
may play a critical role in the adaptations pro-
duced by concurrent training.*¥ Most research
studies have analysed the concurrent training
adaptations in untrained subjects?’-*543 or mod-
erate to well trained participants.[3-5:28:44-46l How-
ever, very few researchers have focused on studying
the effects of concurrent training for elite and
highly trained athletes who require high levels of
strength and endurance for successful performance,
such as rowers and paddlers.['>2!-23] This often
requires concurrent strength and endurance train-
ing, which has become an integral part of train-
ing programmes for middle- and long-distance
events. Despite all of the experimental studies,
there is a lack of practical information that en-
ables coaches to design an effective training plan
to optimize performance in sports with high de-
mands for muscle strength and aerobic fitness.
Therefore, the aim of this review was to identify
the optimal combinations of training programme
variables in order to avoid or at least minimize
the negative effects of concurrent training in elite
rowers and paddlers.

1. Literature Search

SciELO, Science Citation Index, National
Library of Medicine, MEDLINE, Scopus,
SportDiscus®, CINAHL, ProQuest, ScienceDir-
ect and Google Scholar databases were searched
from January up to 11 April 2010 for articles
published from original scientific investigations.
Search terms included various combinations of
the keywords ‘concurrent training’, ‘rowing’,
‘canoeing’, ‘kayak’, ‘training periodization’, ‘train-
ing to failure’, ‘training volume’, ‘repetitions’,
‘sets’, ‘resistance training’, ‘strength training’ and
‘endurance training’. The names of authors cited
in some studies were also utilized. Hand searches
of relevant journals and reference lists obtained
from articles were also conducted in the libraries
of the Studies, Research and Sports Medicine Cen-
ter, Government of Navarra, Pamplona, Spain.
Such combinations resulted in the inclusion of
89 original research articles addressing the effects
of concurrent training in elite and well trained
subjects.
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Search criteria were as follows: (i) English peer-
reviewed scholarly journals only; (ii) dissertations,
theses and conference proceedings were excluded;
and (iii) studies must refer to the effects of con-
current strength and endurance training and
manipulation of training programme variables in
well trained or highly trained athletes.

2. Interference Phenomenon during
Concurrent Training

Because strength and endurance training elicit
distinct and often divergent adaptive mechan-
isms,3347] the concurrent development of both
fitness components in the same training regimen
can lead to conflicting neuromuscular adapta-
tions; as a result, different studies have found
compromised adaptation of strength, especially
muscle power, when both attributes were trained
at the same time as endurance.[15:27-29,36,37.45.48]

Although, historically, strength training has
been a fundamental aspect of all short-term cyclic
sports, the majority of middle- and long-distance
cyclic disciplines have considered resistance train-
ing a potential enemy for physical performance
enhancement. Indeed, the majority of middle- and
long-distance coaches have considered strength
training a potential detriment to performance
and have only included it for specific parts, such
as starts and changes of pace. Most of the studies
with elite and highly trained athletes have found
interference effects when strength and endurance
were trained concurrently (table I).

The interference of strength development
during concurrent training has been classically
explained by the following mechanisms:47-49-51]
(i) reductions in the motor unit recruitment
and decreases of rapid voluntary neural activa-
tions;[?7-37:48:521 (ii) chronic depletion of muscle
glycogen stores;1*34 (iii) skeletal muscle fibre-
type transformation from IIb to Ila and from Ila
to I;15559 (iv) overtraining produced by imbal-
ances between the training and recovery process
of the athlete;!®257) and (v) decreases in the cross-
sectional area of muscle fibres and in the rate of
muscle force production®®! due to the reduction
in total protein synthesis following endurance
training.[>%:

Sports Med 2011; 41 (4)
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1RM (6-12.5%) as well as in the velocity with maximum power
(5.4-14.5%) groups, but not in the ET group. Improvements in
vertical jump (5.5%) and sprint (1.3%) were detected only in the
ST group. Increases in estimated VO,,,., Were detected in CT

(7.3%) and ET (10.8%) groups, but not in the ST group
strength were detected only in the CT group. Significant better
results were detected in anaerobic performance in the CT

Improvements in maximum dynamic (4%) and isometric (8%)
group. No significant differences between groups were

Significant improvements were detected in VO,max (8.8%),

1RM gains were detected in ST (16.7-20.9) and CT
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detected in VO, at maximal and submaximal intensities as well

as in serum hormone concentrations

four exercises leading to not to repetition failure; 4RF

lactate concentration; M

consumption; VOpmax = maximal oxygen consumption; VT,

concurrent

four exercises leading to repetition failure; CT

two exercises leading to not to repetition failure; 4NRF =

training; ET

2NRF

strength training; VO,

oxygen

maximal aerobic power; RM = repetition maximum; ST =

male; MAP

female; [La]=

endurance training; F=

peak power.

second ventilatory threshold; W pax=

Leveritt et al.l*”! proposed two main reasons
for this interference phenomenon occurring dur-
ing concurrent training. First, the chronic hypo-
thesis suggests that the musculoskeletal tissue
cannot adapt metabolically and morphologically
simultaneously, mainly due to differences in the
type and fibre size of the tissue when strength
training is carried out in isolation or combined
with endurance training. Second, the acute hypo-
thesis contends that residual fatigue produced by
endurance training reduces the ability of muscles
to generate force. Strength training with residual
fatigue may compromise the quality of the train-
ing, which may lead to a decline in strength de-
velopment over a training cycle.

Because of the high demands for muscle
strength and aerobic fitness in events such as row-
ing and canoeing, it seems necessary to identify the
optimal combination of training variables to avoid
or minimize the potential negative effects of con-
current training. In light of recent studies, the fol-
lowing sections will identify strategies and training
programmes that have proven effective in con-
trolling potential interference effects when strength
and aerobic fitness are developed concurrently.

3. Concurrent Training Strategies to
Minimize Interference

3.1 Training Periodization

Non-linear or undulating periodized resistance
training programmes, in which short periods of high
volume are alternated with short periods of high
intensity, can result in greater strength gains.[60-62]
Nevertheless, presently, the sequence and distribu-
tion of the optimal training loads for sports in which
concurrent training is required to achieve success in
competition, has not yet been identified.

Block periodization, the current trend in the
training periodization for highly trained athletes,
emphasizes the need to reduce the duration of the
training phases and cycles, as well as the use of
highly concentrated training loads focused on
the consecutive development of a minimal num-
ber of motor and technical abilities.[2!:63-65] Thig
periodization model has been developed in re-
sponse to a number of negative effects that occur

Sports Med 2011; 41 (4)
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in elite athletes following the use of the tradition-
al periodization model. This traditional model
has been dominant for over 30 years in almost all
sports and performance levels, and still remains
in force. The guidelines for this model are based
on the simultaneous development of many fit-
ness components during the same training phase
(e.g. aerobic capacity, maximal aerobic power
[MAP], maximum strength) and, therefore, this
model does not provide sufficient workload to
enable the correct development of selected fitness
components.[21:64-66]

In a recent study,?? a 12-week periodized cy-
cle of combined strength and endurance training
with special emphasis on prioritizing the develop-
ment of two specific physical fitness components
in each training phase (i.e. muscle hypertrophy
and AT in one phase and maximum strength and
MAP in the other phase), was effective for im-
proving both cardiovascular and neuromuscular
markers of top-level kayakers. In this study, ap-
proximately 50% of total paddling volume during
each phase was devoted to the development of one
endurance target. In addition, between 80-100%
of the total strength training volume of each phase
was devoted to the development of one strength
target (figure 1).

In another study, the same group?!! compared
training-induced changes in selected endurance
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and performance variables following two main
training periodization models (i.e. traditional vs
block periodization) in elite kayakers. Compared
with traditional periodization guidelines, block
periodization involved about half of the total
training volume, but with ~10% higher workload
accumulation over the selected training targets
(45-60% of total training volume). The results
demonstrated that during short training phases,
(5 weeks) block periodization resulted in a more
effective training stimulus for the improvement of
kayaking performance (paddling speed, stroke rate
and power output) when compared with a tradi-
tional approach in elite-level paddlers (figure 2).

These findings suggest that short training phases
(5 weeks) using highly concentrated training loads
(>50% of the total training volume) and which
focus on the development of only two target fit-
ness components in each training phase (i.e. one
for strength and another for endurance), result in
a more effective training stimulus for the impro-
vement of performance in highly trained athletes
when compared with a more traditional training
approach.

3.2 Training Volume and Frequency

The frequency of training may play a critical
role in the adaptations created during concurrent

@ Hypertrophy
B Maximum strength

60 -
40

20

Relative resistance training
volume (%)

T,

Phase A (%) Phase B (%)

Fig. 1. (a) Relative contribution of each exercise intensity zone to the total endurance training time; and (b) relative contribution of each
strength training type to the total resistance training volume performed in each phase. VO,max=maximal oxygen consumption; VT, =second
ventilatory threshold; Z1=light intensity below second VT,; Z2=moderate intensity between VT, and 90% of VOpnax; Z3=high intensity

between 90% and 100% of VO, max-
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B Z1 (%)
B Z2 (%)
B Z3 (%)

Relative endurance training volume (%)

Arp Agp Brp Bgp Crr Cgp

Phase A Phase B Phase C

Fig. 2. Relative contribution of each exercise intensity zone to the
total endurance training volume performed in each phase of both
training periodization models (reproduced from Garcia-Pallarés
et al.,/®" with permission from Springer Science + Business Media).
Arp, Byp and Cyp=A, B and C phases of traditional periodization ap-
proach; Agp, Bgp and Cgp=A, B and C phases of block periodization
approach; VO,,a=maximal oxygen consumption; VT,=second
ventilatory threshold; Z1=light intensity below second VT,; Z2=
moderate intensity between VT, and 90% of VO,mayx: Z3=high in-
tensity between 90% and 100% of VO, ax.

training.*4%:¢7) Similarly, the total number of
weeks that athletes undergo this concurrent train-
ing regimen also appears to be related to the level
of interference that is generated.[*8:%8] Most of
the studies have reported concurrent training to
be detrimental for only strength gains when
training frequency was higher than 3 days per
week.[27:28.37.45.69] In studies where the training
frequency did not exceed 3 days per week, in-
creases in maximum strength were detected fol-
lowing concurrent training periods between 8 and
16 weeks,[13:22:671 and >20 weeks.[23-48]

The manipulation of other variables that make
up the design of strength training such as the
number of exercises, the number of repetitions
per set or the number of sets per exercise, is an-
other widely studied issue. Several researchers have
concluded that the strength training-induced ad-
aptations, such as muscle hypertrophy or nervous
system improvements, depend largely on the total
number of repetitions performed by the sub-
ject.S70-721 Tt has been observed that during
strengthening programmes with trained subjects

© 2011 Adis Data Information BV. All rights reserved.

a moderate training volume (i.e. 10 weeks with
<85% of the total volume that athletes can toler-
ate), is a more effective and efficient stimulus for
increasing strength than conducting a maximum
or close to maximum number of repetitions in a
given training cycle.[70-71]

With regard to the number of repetitions per-
formed per set, recent studies conducted with
concurrent training programmes in kayakers>?]
and rowers!'” showed that a moderate strength
training volume (approximately 50% of the maxi-
mum number of repetitions that can be performed
in a set) were effective for increasing strength and
power. Izquierdo-Gabarren et al.l'S) found that
during an 8-week periodized cycle of combined
strength and endurance training that incorporated
three to five sets in four global and multi-joint
exercises (prone bench pull, seated cable row, lat
pulldown, power clean) produced significant in-
creases in strength, muscle power and rowing
performance in highly trained rowers. In contrast,
both muscle strength and rowing performance
could be compromised if a given threshold vol-
ume is surpassed or drastically reduced during a
short-term training programme. It is especially im-
portant when both strength and aerobic endur-
ance need to be concurrently enhanced.

To achieve optimal adaptations in muscle
strength and power, as well as to minimize inter-
ference phenomenon with endurance training, it
is not recommended to perform a training fre-
quency in excess of three strength training ses-
sions per week. To maximize the strength training
adaptations and to avoid overtraining, the opti-
mal number of exercises and repetitions to per-
form during each session need to be individually
adjusted. A training volume close to 3-5 sets in
4-6 specific and multi-joint exercises, during
10-12 week training cycles, seems to be an ade-
quate stimulus for optimal strength development
in highly trained rowers and kayakers.

3.3 Optimal Combination of Strength and
Endurance Training Intensities

For a large number of sports, optimization of
physical performance depends on the concurrent
development of a small number of strength and

Sports Med 2011; 41 (4)
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endurance capabilities. Traditionally, the specific
strength improvement on rowing and canoeing
has been conducted under the guidelines of two
classical methods: (i) local muscle endurance (LME)
and hypertrophy with moderate-to-high load
(i.e. 6-12RM) and high-volume, multiple-set
programmes with short-to-moderate rest periods
between sets; and (ii) maximum strength and
power with high load (i.e. 1-6RM), multiple-set
programmes with long rest periods between sets.[”]
Moreover, several research papers show that aero-
bic performance in Olympic events for both
sports (rowing and canoeing) depends mainly on
the development of anaerobic threshold (AT) and
VOymax O MAP.[13.17.22]

Training for maximum strength (intensities >85%
IRM) and maximal power (maximum power
loads) induce mainly central adaptations. These
adaptations include improvement of the neural
component through increased motor unit firing
rate and changes in synchronization, recruitment
of higher threshold motor units, decreased co-
contraction of antagonists and lower metabolic
demands at the muscle level.[’ In addition, train-
ing for LME and hypertrophy requires intensities
that range between 70% and 80% 1RM and induce
mainly peripheral adaptations. These adaptations
are highlighted by increases in the contractile pro-
tein synthesis that promotes an increase in fibre
size and muscle cross-sectional area, as well as an
increase of glycolytic enzymes. However, these
training stimuli also produce declines in capillary
and mitochondrial density, as well as a consider-
able metabolic and hormonal stress at the cellular
level.130:74]

(<90% VOjpmax AT)

Endurance training
Central

T Cardiovascular
adaptations

Training intensities for MAP or VO,,,.x that
concerns aerobic endurance, induces mainly per-
ipheral adaptations such as increases in mus-
cle glycogen stores, capillary and mitochondrial
density as well as an increase of oxidative en-
zymes.?%7576] In contrast, adaptations to low and
moderate aerobic training intensity, commonly
related with improvements at the AT level, induce
mainly central adaptations such as improvements
in pulmonary diffusion and haemoglobin affinity,
as well as increases in blood volume and cardiac
output.30.77]

Based on the results from these studies, Docherty
and Sporer®® proposed a new model for examin-
ing the interference phenomenon between endur-
ance and strength training (figure 3). This model
suggests that blending the specific training objec-
tives of muscle hypertrophy for strength (LME)
and MAP for endurance should be avoided
(strength and power) due to these two training
modes inducing opposite physiological adapta-
tions at the peripheral level, interferences that
prevent the body from optimally and simulta-
neously adapting to both.? In contrast, training
at lower aerobic intensities (75-85% VOamax)s
such as those usually employed to improve the
AT, induce more central adaptations than would
be expected to cause much less interference with
LME training. The cited model also predicts less
interference when concurrently training for max-
imum strength and power and MAP because the
training stimulus for increasing strength would
be mainly directed at the neural system, not plac-
ing high metabolic demands on the muscleP")
(figure 4).

(<6RM SPT0))
Resistance training Coiii

Neural
adaptation

Zone of interference

Fig. 3. Docherty and Sporers!®® concurrent training model (reproduced from Docherty and Sporer,2°! with permission from Adis, a Wolters
Kluwer business [© Adis Data Information BV. All rights reserved.]). AT =anaerobic threshold or lower endurance training intensities;
LME =local muscle endurance training; MAP =maximal aerobic power; RM=repetition maximum; SPTyax=maximum strength and power

training; VO,max =Mmaximal oxygen consumption; T indicates increase.
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Central adaptations Peripheral adaptations

AT MAP
__8_’ T Haemoglobin affinity T Muscle glycogen stores
£ T Pulmonary diffusion T Oxidative enzymes
= | T Stroke volume T Capilar density
§ T Cardiac output T Mitochondrial density
g T Blood volume
°
(=4
2 l l
£
E SPTrmax LME
§ T Motor unit firing rate T Muscle fibre size
.g T Intra- and inter-muscle coordination T Muscle cross-sectional area
K T Motor units recruitment T Glycolytic enzymes
| | Co-contraction of antagonists | Capilar density

1 Mitochondrial density

Fig. 4. Optimal combination between resistance and endurance training intensities. AT =anaerobic threshold or lower endurance training
intensities; LME =local muscle endurance training; MAP =maximal aerobic power; SPTax=maximum strength and power training; T in-

dicates increase; | indicates decrease.

Unfortunately, very few studies have exam-
ined the effects of different concurrent training
programmes in trained subjects to confirm or
reject this theoretical model.[*% de Souza et al.[8]
assessed the effects of AT and MAP intensity on
maximum strength (IRM) and strength endurance
(defined as the maximum number of repetitions
performed with 80% of 1RM) in a group of ex-
perienced strength-trained athletes. The results
showed that a continuous low intensity and
moderate duration AT did not produce any
interference on the subsequent strength session.
Nevertheless, intermittent MAP exercise produced
an acute interference effect on strength endur-
ance, while maximum strength was not affected
by this aerobic exercise mode.

To the authors’ knowledge, the study of
Garcia-Pallarés et al.??l is the first reported
publication that examined the effects of a con-
current training programme that followed the
Docherty and Sporer**) model in elite athletes. In
this study, two consecutive phases (5 weeks) of
concurrent training in elite kayakers, with special
emphasis on prioritizing the development of two
specific physical fitness components in each train-
ing phase (i.e. muscle hypertrophy and AT in
phase A and maximum strength and MAP in

© 2011 Adis Data Information BV. All rights reserved.

phase B) produce great increases in maximum
strength (close to 10%), as well as increases in
VO,max (MAP) and VO, at the second ventila-
tory AT >9%.

In summary, it seems necessary to avoid the
simultaneous development of LME (8-10RM)
and aerobic power, due to both training inten-
sities inducing opposite adaptations on the same
peripheral components. Therefore, during a con-
current training approach, endurance training at
the AT level or at lower intensities should be asso-
ciated with SPT,,,, intensities. Due to the com-
patible training-induced adaptations associated
with the MAP, LME and SPT,,,, intensities, no
interference effects should be expected during
the concurrent development of these fitness
components.

3.4 Sequence of Concurrent Training Sessions

Several studies have highlighted the impor-
tance of the sequence and timing of the aerobic
and strength training sessions in order to mini-
mize possible interference effects.[2229:36.79-81] Thyg,
insufficient recovery between training sessions
might limit simultaneous adaptations to strength
and endurance training. Residual fatigue from a
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previous aerobic session could cause a reduction
in the quality of subsequent strength training
sessions by compromising the ability of the neuro-
muscular system to rapidly develop force and/or
reduce the absolute volume of strength training
that could be performed in such conditions.[-1]

Two studies conducted with untrained sub-
jects!®2:83 found that the order of the sessions (i.e.
first strength training and then endurance train-
ing or vice versa), produced no significant differ-
ences in training-induced adaptations between
groups, since both combinations allowed similar
improvements in maximum strength and MAP.
Sale et al.’® found that concurrent strength and
endurance training in untrained subjects allowed
similar muscle hypertrophy adaptations when the
strength and endurance training sessions were
conducted on the same or on different days.
Nevertheless, in this study, the strength gains
were significantly higher in the group that per-
formed the training sessions on different days.
Similarly, in well trained athletes,’®! following an
aerobic endurance training session, strength per-
formance remained significantly decreased for at
least 8 hours after completion of the endurance
session. In a recent study,?? highly trained kaya-
kers achieved significant improvements in aero-
bic power, and maximum strength and muscle
power by placing the strength sessions before the
endurance sessions or, when not feasible, sepa-
rating both types of training sessions by at least
6-8 hours to allow for restoration and glycogen
repletion.

From a similar point of view, several studies
have detected interference in strength gains dur-
ing concurrent training only when the same muscle
groups were used for both resistance and en-
durance training.*®8! As already addressed in
section 3.3, aerobic training intensities not ex-
ceeding AT produce mainly central adaptations.
This is a critical success factor for Olympic row-
ing and canoeing, due to improvements in pul-
monary diffusion and haemoglobin affinity, as
well as increases in blood volume and cardiac
output.”’7l By conducting extra endurance train-
ing sessions at submaximal AT intensities and by
not involving specific muscle groups (e.g. cycling
for paddlers), this may allow high-level athletes

© 2011 Adis Data Information BV. All rights reserved.

to obtain the aforementioned central adapta-
tions, as well as an increase of the total training
volume at submaximal AT intensities and an en-
largement of the recovery periods between train-
ing sessions. In contrast, performing endurance
training sessions at MAP or supramaximal in-
tensities (anaerobic metabolism) on non-specific
muscle groups is not recommended. This training
intensity will mainly induce peripheral adapta-
tions on muscle groups that will not have a deci-
sive role in the competitive technique model.

In summary, the residual fatigue caused by a
previous endurance session could reduce and/or
impair the quantity and quality of subsequent
strength training sessions. Therefore, it seems rea-
sonable to suggest a strict knowledge of the
recovery periods between training sessions; in par-
ticular, for highly trained athletes, the strength
training sessions should be placed before the en-
durance sessions or at least separating both types
of training sessions by more than 8 hours. Perform-
ing extra endurance training sessions at submaxi-
mal intensities and employing mainly non-specific
muscle groups, may allow high-level athletes to
achieve central adaptations, while the specific
muscle groups recover for subsequent sessions of
greater intensity.

3.5 Number of Repetitions with a Given Load:
Training to Failure versus Not to Failure

The number of repetitions performed with a
given load may impact the extent of muscle dam-
age and cause subsequent decrements in velocity
and force production.®*#] Thus, the role of
training leading to repetition failure (inability to
complete a repetition in its full range of motion)
has been of interest to coaches and sport scien-
tists, in order to understand the physiological
mechanisms underlying training-induced gains in
strength and power. Most of these researchers
have focused on studying the mechanisms and
effects that training leading to repetition failure
have on muscle strength and power, as well as the
effects on the athlete’s performance.[!5-86-89

Short-term training (<9 weeks) leading to ‘re-
petition failure’ produces greater improvements
in strength when compared with a ‘not to repeti-
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tion failure’ training approach in trained sub-
jects.B789 However, other studies have concluded
that training to repetition failure may not be
necessary for optimal strength gains, since the
incurred fatigue reduces the force that a muscle
can generate.[®587-881 Several factors, such as dif-
ferences in the manipulation of volume and in-
tensity of training, dependent variable selection,
muscle groups involved and initial training status
of the subjects, may explain the contradictory
results of these studies.

In previously resistance-trained men, it has
been reported that when the volume and intensity
variables were equated, training not leading to
repetition failure led to similar improvements in
maximum strength and muscle power output/®
(figure 5).

In highly trained male rowers,!'”! an 8-week,
linear-periodized, concurrent strength and endur-
ance training programme, using a moderate num-
ber of repetitions not to repetition failure, provided
a favourable environment for achieving greater
enhancements in strength, muscle power and row-
ing performance when compared with higher train-
ing volumes of repetition to failure (figure 6).

Likewise, in two studies performed with elite
kayakers and with concurrent training, a peri-
odized training cycle of 12 weeks®? and a pre-

250 . i

Parallel squat 1RM (kg)

RF NRF

Control

competitive training phase of 47 weeks!! allowed
paddlers to achieve great improvements in max-
imum strength and power when a not to repeti-
tion failure training approach was employed.

In summary, a concurrent strength and en-
durance training programme using a moderate
number of repetitions for not to repetition failure
training provides a favourable environment for
achieving greater enhancements in strength, mus-
cle power and specific performance when com-
pared with higher training volumes of repetition
to failure. The training for the not to repetition
failure approach speeds up recovery from strength
training, allowing rowers and paddlers to execute
subsequent endurance training sessions with a su-
perior performance.

4. Conclusions

Several strategies or mechanisms have proven
effective in reducing the interference phenome-
non of concurrent strength and endurance train-
ing, especially in rowing and canoeing where both
capabilities need to be developed simultaneously
to optimize performance as follows:

e Short training phases (5 weeks) using highly
concentrated training loads (>50% of the total
training volume) focusing on the concurrent

600 -
500 A
400 -
300 A
200 A

100 4

Parallel squat 60% 1RM power (W)

0 -

Control

H NRF

Fig. 5. (a) Maximal parallel squat strength; and (b) parallel squat muscle power during the experimental period (reproduced from lzquierdo
et al.,®! with permission from The American Physiological Society). 1RM=one-repetition maximum; NRF =not to repetition failure group;
RF = repetition to failure group; TO=timepoint before training; T1=timepoint after 6 wk of training; T2 =timepoint after 11 wk of training;
T3=timepoint after 16 wk of training. * p < 0.05 from the corresponding timepoint TO; ** p <0.05 from the corresponding timepoint T1; t p<0.05
from the corresponding timepoint T2; $ p<0.05 from relative change at timepoint T2 between the groups.
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Fig. 6. Changes in muscle power output with an absolute load corresponding to 70% of one-repetition maximum (1RM) in bench pull during
the experimental period (reproduced from Izquierdo-Gabarren et al.,['5! with permission from Lippincott Williams and Wilkins). NRF = not to
repetition failure group; RF = repetition to failure group; “p <0.05 from wk 1; ** p<0.05 from corresponding value of RF.

development of one strength and one endur-
ance target, can provide a more effective train-
ing stimulus for the improvement of performance
in highly trained athletes when compared with
a traditional training approach.

Three strength training sessions per week seems
to be an optimal stimulus to achieve positive
adaptations in muscle strength and power, as
well as to minimize the interference phenomenon
with endurance training in high-level athletes.
To maximize the strength training adapta-
tions and to avoid overtraining, the optimal
number of exercises and repetitions performed
during each session need to be individually
adjusted. A training volume close to 3-5 sets in
4-6 specific and multi-joint exercises, during
10~12 weeks of training cycles, seems to be an
adequate stimulus for an optimal strength devel-
opment in highly trained rowers and kayakers.
Avoidance of the simultaneous development
of LME (8-10 RM) and aerobic power can
reduce the interference phenomenon due to
both training intensities inducing opposite ad-
aptations on the same peripheral components.

© 2011 Adis Data Information BV. All rights reserved.

In contrast, due to the compatible training-
induced adaptations associated with strength
and power and aerobic power, as well as the
compatible effects of MAP, LME and strength
and power intensities, no interference effects
should be expected during the concurrent
development of these fitness components.
The residual fatigue caused by a previous
endurance session could reduce and/or impair
the quantity and quality of subsequent strength
training sessions; in particular, for highly
trained athletes, the strength training sessions
should be placed before the endurance ses-
sions, or at least separating both types of train-
ing sessions by more than 8 hours. Performing
extra endurance training sessions at submaxi-
mal intensities that involve mainly non-specific
muscle groups, may allow high-level athletes
to achieve muscle peripheral adaptations,
while the specific muscle groups recover for
subsequent sessions of greater intensity.

e The training to repetition failure approach

should be avoided in athletes at any performance
level. A concurrent strength and endurance
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training programme using a moderate number
of repetitions for not to repetition failure train-
ing provides a favourable environment for
achieving greater enhancements in strength,
muscle power and specific performance when
compared with higher training volumes of
repetition to failure. The training for the not to
repetition failure approach speeds up recovery
from strength training, allowing rowers and
paddlers to perform subsequent endurance
training sessions of higher quality.
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