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Abstract A review of the current research on the interference phenomenon between
concurrent aerobic and strength training indicates modest support for the model
proposed in this article. However, it is clear that without a systematic approach
to the investigation of the phenomenon thereislack of control and manipulation
of the independent variables, which makes it difficult to test the validity of the
model. To enhance the understanding of the interference phenomenon, it isim-
portant that researchers are precise and deliberate in their choice of training pro-
tocols.

Clear definition of the specific training objectivesfor strength (muscle hyper-
trophy or neural adaptation) and aerobic power (maximal aerobic power or an-
aerobic threshold) are required. In addition, researchers should equate training
volumes as much as possible for all groups. Care needs to be exercised to avoid
overtraining individuals. There should be adequate recovery and regeneration
between the concurrent training sessions aswell asduring thetraining cycle. The
model should be initially tested by maintaining the same protocols throughout
the duration of the study. However, it is becoming common practice to use a
periodised approach in a training mesocycle in which there is a shift from high
volume and moderateintensity training to lower volume and higher intensity. The
model should be evaluated in the context of a periodised mesocycle provided the
investigators are sensitive to the potential impact of the loading parameters on
the interference phenomenon. It may be that the periodised approach is one way
of maintaining the training stimulus and minimising the amount of interference.

The effects of gender, training status, duration and frequency of training, and
the mode of training need to beregarded as potential factors effecting thetraining
response when investigating the interference phenomenon. Other experimental
design factors such as unilateral limb training or training the upper body for one
attribute and the lower body for another attribute, may help establish the validity
of the model.

Many sports require athletes to develop high  ‘periodised’ approach to training for optimal long
levels of severa physical and fitness attributesto  term development which allows them to sequen-
compete at the elite level. Ideally, athletes use a  tially develop the fitness requirements for their
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sport over aperiod of time.[Y] However, because of
lack of time and the demands of competitive sched-
ules, asequential, periodised approach is not aways
possible. Consequently, athletes are often required
to train different physiological systems during the
same training cycle. This appears particularly true
for the foundation fitness attributes of strength and
aerobic power. It has generally been concluded that
strength gains will be compromised when trained
simultaneously with aerobic power, and this has
been referred to asthe ‘ interference phenomenon’ .12
Several hypotheses have been proposed to explain
the interference phenomenon or the decrement in
gainsin strength when simultaneously trained with
aerobic power compared with strength training alone.
The hypotheses suggest combined training results
in excess fatigue, a greater catabolic state, differ-
ences in motor unit recruitment patterns and a pos-
sibleshiftinfibretype.[Z4 In arecent review,® the
different mechanisms thought to contribute to the
inhibition of strength development when concur-
rently training strength and endurance were defined
as either chronic or acute hypotheses. The chronic
hypothesis proposes that the muscle cannot adapt
metabolically or morphologically to concurrent train-
ing because of the different adaptations that are
being demanded. The acute hypothesis contends
that strength training is compromised by theresid-
ua fatigue resulting from the endurance training. In
their review, Kraemer and NindI(8 concluded that
the different hypotheses that attempt to explain the
interference phenomenon can be linked. They con-
tend that simultaneous training produces an ‘over-
training’ state such that the training stimuli exceed
the maximal adaptive response of a given physio-
logical system. However, their conclusion would
appear to be an oversimplification, especidly in
relation to simultaneously devel oping strength and
aerobic power, based on the inconclusive findings
of studies that have investigated this question.
The equivocal findings have shown that com-
bined training of strength and aerobic power results
in compromised strength gains,[™-*! uncompromised
strength gaing1%-12 and uncompromised gains in
muscular power,[1%13 with no apparent compromise
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in the devel opment of aerobic power. In examining
the methodology of the current literature, it is ap-
parent that anumber of different training protocols
have been used to concurrently develop strength
and aerobic power, which may account for the equiv-
ocal findings.[®

Researchers have attempted to improve aerobic
power using submaximal(81011 and maximall”1214]
training intensities. Some studies have implement-
ed long, continuous training,[810.15] other studies
used short, interval training,[7-13.14 and some util-
ised a combination of continuous and interval train-
ing.[29 Duration of thetraining programmes hasvar-
ied from 7 weekd 2! to aslong as 20 weekd® and the
training experiences of the individuals have ranged
from untrained or limited training background(8.19
to highly trained or elite athletes.[24] The type and
duration of the training protocols that have been
used would provide a different training stimuli as
well as the subsequent physiological adaptations.

Similarly, the protocolsthat have been used to
develop strength have varied in the volume of
training (repetitions), type of muscle action, train-
ing load, number of sets and duration of the pro-
grammes.[24.7:8.10.13] Variations in the training pro-
tocols, especialy in regard to intensity and volume,
will elicit distinct neuromuscular adaptations.
Higher loads and lower volume have been associ-
ated with enhanced motor recruitment and neural
potentiation while higher volumes and lower |oads
have been associated with muscular hypertro-
phy.[16.17]

Based on the variationsin the design of the dif-
ferent studies, especialy in the training protocols,
it isdifficult to make a general conclusion or inter-
pret the findings. It is possible that the different
training protocolsused to elicitincreasesin aerobic
power and strength may interact to produce differ-
ent levels of interference based on the specificity
of the physiological and neuromuscular adaptations.

The purposes of this paper are therefore:

« to review the effects of different training pro-
tocols used to develop aerobic power and the
physiological adaptations

Sports Medicine 2000 Dec; 30 (6)
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« toreview the effects of different training proto-
colson the development of strength and the sub-
sequent neuromuscular responses

* toidentify the training protocols used to enhance
aerobic power and strength that may produce
maximum or minimum interference for adapta-
tion

* to propose a model that may be used to study
the interference phenomenon in a systematic and
controlled manner.

1. Training Maximal Aerobic Power

Maximal aerobic power (MAP) is the maximal
rate at which energy can be produced in a muscle
primarily through oxidative metabolism.[18 The
most common measurement of MAP is maximal
oxygen consumption (VOoma) expressed as an
absolute (L/min) or relative value (ml/kg/min).
VOymax 1S enhanced by providing a stimulus that
increases the ability of the body to transport and
utilise oxygen. Transportation of oxygen isconsid-
ered to be dependent upon the cardiopulmonary
system, referred to as the central component, and
the adaptations that occur at the muscle tissue level,
referred to as the peripheral component.[1® The ef-
fectiveness of the cardiopulmonary system to de-
liver oxygen to themuscletissueisdependent upon
pulmonary diffusion, cardiac output (Q) and hae-
mogl obin affinity.[1920 Glycogen storesin muscle,
capillary density, mitochondrial volume and den-
sity, aerobic enzymes and myoglobin content al
influence the utilisation of oxygen inthe muscle or
the peripheral component.[21-23]

Maximal aerobic capacity isanother component
of aerobicfitnessand refersto the maximal amount
of work that can be performed using primarily ox-
idative metabolism. Anaerobic threshold (AT),
expressed as lactate threshold (LT) or ventilatory
threshold (VT) depending on the measurement tech-
nique, is considered to reflect aerobic capacity, es-
pecially when expressed as some form of power
output or velocity of movement.l18 AT is depend-
ent upon the capability of the muscle to remove or
tolerate lactic acid. Although related to VOpmay, it
is considered to have unique characteristics that
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require a specific training protocol. The protocol
to improve AT has normally consisted of continu-
ous training for at least 20 minutes at AT veloc-
ity,[241 which typically would be 75 t0 85% V Ozmax,
depending on the training status of the athlete. AT
is considered a strong predictor of successin dis-
tance events, such as the 10 000m run and cross-
country skiing.!'8 Most studies investigating the
interference phenomenon have focused on devel-
oping MAP. Consequently, this article will limit
the discussion to the effects of different training
protocols and the devel opment of MAP or V Oopmax.

A variety of training protocols have been found
to increase VOamax, including different levels of
training intensities.[1325271 However, training at dif-
ferent intensity levels appearsto produce different
physiological adaptations or the primary locus of
change. Training intensities designed to elicit im-
provementsin V Oonay are typically expressed as a
percentage of heart rate maximum (%eHRmax) or
maximal oxygen consumption (%V Ozma). Craig
et al.128 showed a 12% increase in MAP for well
trained malesfrom training at 75% HRmax (=65%
V Ozmax) Whereas Cunningham et al.[29 showed sig-
nificant increases in MAP training at both 80 and
100% VOomax. From an extensive review of the
literature Wenger and Bell27) concluded that greater
improvements occurred in MAP as training in-
tensity was closer to VO meax. Exercise above 80%
V Oomax generally cannot be sustained for long pe-
riods of time.[3% Consequently, exercise at thisin-
tensity isusually performed for 1 to 3 minute work
intervals interspersed with similar rest time, to al-
low more work at higher intensity levels. This ap-
proach to training MAP is often referred to as aer-
obic interval training.!19

In addition to the magnitude of changein MAP
in response to changesin training intensity, a shift
inthelocation of the phys ol ogical adaptations seems
to occur (fig. 1).

Depending on the intensity of training, the
adaptation may occur in the central or peripheral
component. At lower intensities, the physiol ogical
adaptations occur primarily in the central compo-
nent.[19291 MacDougall and Salel!¥ have suggested
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Fig. 1. Intensity continuum of maximal aerobic power (MAP)
training and the primary location of adaptation. AT = anaerobic
threshold; t+ = increased.

that maximal contractile forces of the heart occur
at approximately 75% VOomax, and consequently
the optimal training stimulus for enhancing the
cardiopulmonary system would be at an intensity
slightly below AT (70 to 80% V Oomax). Cunning-
ham et al.[291 compared the effects of continuous
(low intensity) and interval (high intensity) train-
ing in untrained female participants. The continu-
ous group trained at 80% V Opmax for 20 minutes, 4
times per week whereas the interval group trained
at 100% VOzmax With a2 1 minute work to rest
ratio. Total work was equated for both training
groups. Results indicated that, although both
groups showed significantly similar improvements
in VOomax, theinterval group demonstrated greater
increases in the oxygen difference between the ar-
terial and mixed venous blood (a-vO, difference)
than the continuous group, reflecting greater pe-
ripheral adaptation. The improvement elicited by
the continuous group would have been more cen-
trally mediated.

It has been proposed that peripheral adaptations
are stimulated through the state of hypoxia experi-
enced by the muscle during high intensity, aerobic
interval training.'¥ Such physiological adaptations
are similar to the changes elicited by exposure to
high altitude. Terrados®! showed that simulated
atitude training resulted in increased myoglobin
content and oxidative enzyme activity similar to
the peripheral changes resulting from high intensity
aerobic training as described in reviews by Holloszy
and Coyle,[2 and Hoppeler and colleagues.[23] Other
adaptationsincludeincreasesin muscle capillarisa-
tion, mitochondrial enzyme activity and myoglo-
bin content.[21.23]
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More direct effects of training intensity and
muscle hypoxia have been found through the use
of near infrared spectroscopy (NIRS). NIRS is a
noninvasive method of measuring total muscle ox-
ygenation using the light absorption properties of
haemogl obin and myoglobin. Several studiesusing
NIRS have shown that the degree of muscle hyp-
oxiais directly related to the increase in exercise
intensity.[32-34 Using an incremental exercise pro-
tocol Bhambhani and colleagues33 demonstrated
that the level of oxygen saturation decreased as ex-
ercise intensity increased. In the first 2 minutes
therewasaquick increasein thelevel of saturation
followed by a steady decline as power output in-
creased. At approximately the VT therate of desat-
uration slowed until V O,z Was attained and did
not change much at near maximal intensities. How-
ever, the state of hypoxia was greatest at V Oomax.
Belardinelli et al.[38 and a more recent study by
Bhambhani and colleagues34 have al so supported
therel ationship between hypoxiain muscle and ex-
ercise intensity.

Higher exercise intensities have also been asso-
ciated with ashift in fibre-type recruitment and ad-
aptation. Dudley et al.[3® measured cytochrome C
levels in mice after 8 weeks of training at various
intensities. Cytochrome C is an important constit-
uent in aerobic metabolism.[36] At low training in-
tensities (10 m/min) type | and Ilafibres were pri-
marily recruited and showed increasesin oxidative
capacity. Asintensity increased there was adapta-
tion in type | and Ila fibres and an increase the
oxidative capacity of |1b fibres. At 60 m/min only
type I1b fibres showed any further increasein oxi-
dative capacity.

In summary, the type of physiological adapta-
tion to aerobictraining isdependent on the training
intensity. Lower intensity training is associated with
changes in the cardiopulmanary mechanisms such
as pulmonary diffusion, Q and haemoglobin. As
training intensity increases the location of adapta-
tion appears to shift to the peripheral components
with changes in muscle capillarisation, oxidative
enzyme activity, mitochondrial volume and den-
sity, and myoglobin. Preferential recruitment of
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type Ilb fibres also occurs at higher levels of in-
tensity with corresponding increases in oxidative
capacity. In developing an understanding and in-
sight into the possible interference in simultane-
ously training strength and aerobic power it would
seem important to identify and isolate the specific
training protocol usedto elicitimprovement in aer-
obic performance.

1.1 Training Muscular Strength

Improvements in muscular strength, as mea-
sured by the force produced during amaximal vol-
untary contraction (MVC), occur as aresult of an
increase in muscle cross-sectional area (CSA) and
the ability to effectively activate motor units.[16]
The increase in CSA of muscle is considered to
occur asaresult of protein synthesis, primarily ac-
tin and myosin in the myofilaments, which produces
agreater number of contractile units.[3”] Enhanced
motor unit activation (MUA) resultsfrom agreater
number of fibres being recruited, increased firing
frequency, decreased co-contraction of antagonidts,
better synchronisation of MUA and inhibition of
reflexive mechanisms (such asthe golgi tendon or-
gan) that normally govern the amount of force that
can be generated.!1638] |ncreases in muscle CSA
typically result in an increased body mass and are
important in developing absolute strength. Pro-
grammes designed to enhance MUA are usually
aimed at improving relative strength, or strength
relative to body mass.[*] Increases in MV C have
been produced through a variety of training proto-
cols, including the training variables of intensity
(load or resistance) and volume (number of repeti-
tions). Intensity in strength training is usually ex-
pressed as a percentage of the maximum weight an
individual can lift and is referred to as 1-repetition
maximum (1RM). It is also expressed as the num-
ber of repetitions that produce muscle failure such
as3RM. Thereisobviously aninverserelationship
between the weight that islifted and the number of
repetitions that produce muscle failure.

It has been suggested that protein synthesis is
stimulated by stressing the muscle energy systems
to produce a significant displacement from rest.[3

0 Adis International Limited. All rights reserved.

A variety of training loads and subsequent repe-
titions have been found to increase the CSA of
muscle. Muscle hypertrophy hasbeen shownto oc-
cur in individuals training with loads of 6RM or
greater;[4041] however, the greatest increases in
CSA have been found to occur with 8 to 12RM
loads.[3942-43] Although lighter RM loads (12 to
15RM) have been found to increase CSA [46-48]
Sale and MacDougall,[*”) and Arnett!#8] have sug-
gested that the hypertrophic response decreases as
the RM load becomes lighter and the number of
repetitions extends beyond 15 (fig. 2).
Consequently most practitioners recommend
training at 8 to 12RM loads to induce muscle hy-
pertrophy.[49:50 |n addition, muscle hypertrophy
is also optimised when there is sufficient training
volume and there are multiple exercises per muscle
group.[®1 Time under tension, as reflected by the
tempo of the eccentric and concentric actions, is
also considered an important factor in enhancing
the CSA of muscle.[4d An 8 to 10RM loading pro-
tocol has aso been found to produce the highest
circulating levels of growth hormone (GH), which
has been associated with protein synthesis.[52
Training at higher loads (4 to 6RM) hasresulted
in increased MV C in the absence of significant
muscle hypertrophy.[53 Such increasesin force gen-
eration are attributed to neural adaptations that in-
clude increased MUA, faster firing frequency of
motor units, improved synchronisation and de-
creased co-contraction of antagonists.!16 Kraemer
et al.1> have suggested that as the training stimu-
lus promotesanincreasein CSA, the contributions
from the neural mechanisms to force production
diminish. However, if the training stimulus is of
insufficient volumeto stimulate hypertrophy (sug-

Strength training

(>10RM) intensity (<5RM)

Peripheral Central

1 Localised
muscular
adaption

t Neural adaption

Fig. 2. Intensity continuum and primary location of adaptation
for strength training. RM = repetition maximum; t = increased.
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gested to be >90% 1RM), greater neural adapta-
tions occur.

Schmidtbleicher and Buehl !53] showed that al-
though both low and high intensity strength train-
ing resulted in similar increases in MVC (21 and
18%, respectively) the contribution from neural ad-
aptation and muscle hypertrophy were different
between the 2 loading intensities. High intensity
training resulted in a greater rate of force devel op-
ment, considered to reflect neural adaptation (34%
compared with 4%), whereas|ow intensity training
resulted in a greater increase in muscle size (7%
compared with 3%). Hakkinen et al.[%% also showed
that high intensity training resulted in greater neu-
ral adaptation as reflected by increased electromy-
ogram activity.

In summary, muscular strength can beincreased
by changesin the CSA of muscle from protein syn-
thesis and neural adaptations that enhance MUA.
Variationsintraining intensity and protocol appear
to elicit different neuromuscul ar adaptations. High
loads (3 to 6RM) and lower volume are associated
with an increase in force generation without an in-
creaseinmusclesize, and arerel ated to neural adapta-
tions. Muscle hypertrophy is produced with lower
loads (8 to 12RM) and higher volume resistance
training and occurs through increased protein syn-
thesis in the muscle fibre. Consequently, different
training protocolswould appear toincrease strength
through different physiological adaptations. In ex-
amining the potential interference in simultaneously
training strength and aerobic power it would seem
important to identify the training protocol used to
enhance strength.

2. A Model for the
‘Interference Phenomenon’

It is apparent that there has been no systematic
approach to investigating theinterference phenom-
enon, with particular reference to the components
of strength and aerobic power. It has been sug-
gested that individual |aboratories focus on a par-
ticular training model and perform a series of in-
vestigations using their model .l Based on the
physiological adaptations that result from the dif-
ferent training protocols used to enhance strength
and aerobic power it ispossibleto propose amodel
that may provide away in which to systematically
study the question of an ‘interference phenome-
non’.

Figure 3 presents a model which should alow
the devel opment of hypothesesthat predict thetrain-
ing protocolswhich will minimise or maximisethe
interference effect when simultaneoudly training for
strength and aerobic power. It may also be possible
to construct other models that allow a systematic
study of interference effects between other physi-
ological attributes. Researchers should understand
the need to clearly define thetraining variablesand
deliberately select thetraining protocolsin relation
to each other.

The proposed model for the study of simulta-
neously training for strength and aerobic power has
focused primarily on the manipulation of training
intensity, with some inference that there is an in-
verse relationship between the intensity and vol-
ume of training. Normally, asthetraining intensity
(resistance and %V Ozmsx iN the context of strength
and aerobic power, respectively) increases, thevol-

Strength training

(>10RM) intensity (<5RM)
Peripheral ntral
MAP training Central i
(<AT) intensity (95-100% MAP) 1 Neural adaption
Central Peripheral
1 Cardiovascular
adaption Zone of interference

Fig. 3. Intensity continuums and primary location of adaptations for both maximal aerobic power (MAP) and strength training, and
the possible overlap when the 2 modes of training are combined. AT = anaerobic threshold; RM = repetition maximum; 1 = increased.
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ume (sets and repetitions) would decrease. From
the model it would be hypothesised that interfer-
ence would be maximised when athletes use high
intensity interval training to improve aerobic power
and an 8 to 12RM multiple set resistance training
protocol to increase strength. The strength training
protocol would be attempting to enhance protein
synthesis in the muscle and stress the anaerobic
energy system with corresponding increasesin mus-
cle lactate. Aerobic interval training would create
hypoxiain the muscle, requiring the muscle to in-
crease its oxidative capability. In this situation the
musclewould berequired to adapt in distinctly dif-
ferent physiological and anatomical ways, which
may reduce the adaptation of one of the systems.

If aerobic interval training was combined with
high intensity (3 to 6RM) resistance training, the
model would predict less interference because the
training stimulus for increases in strength would
stress the neural system and not place metabolic
demands on the muscle. Presumably the muscle
could increase its oxidative capability without af -
fecting neural adaptation such as increased firing
frequency, more efficient synchronisation of motor
units, decreased inhibition and co-contraction of
antagonist muscles.

Continuous aerobic training would be predicted
to have minimal interference on strength develop-
ment using either high load or medium load strength
training protocols. The physiological adaptations
associated with continuous training would be cen-
trally mediated, involving increased Q, haemoglo-
bin and greater pulmonary diffusion. Consequently,
it should not interferewith either neural adaptation
or muscle hypertrophy since the location of phys-
iological adaptation and metabolic response would
seem to be different.

3. Testing the Model

Aninitial step would beto test the model against
the current literature that hasinvestigated the con-
current training of strength and aerobic power. Un-
fortunately, many studies do not clearly describe
thetraining protocols, especially inregard to train-
ing intensity and volume. In addition, the exercise
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modes, training duration and the training experi-
ence of participants have varied between studies
and somestudieshaveused amodified ‘ periodised’
strategy and have changed the training protocol
during thetraining period. Such variationsin study
design make it difficult to apply all investigations
to the model. For this reason only studieswith rel-
atively detailed training protocols and consistent
loading parameters have been included in the as-
sessment of this model.

Support for the model is provided by McCarthy
et al.['" who had untrained individualstrain for 10
weekswith a5 to 7RM protocol for 3 sets, 3 times
aweek to increase strength. Aerobic training con-
sisted of 45 minutes continuous cycling at 75% heart
rate reservefor 3 days per week. Both strength and
aerobic training were not performed at intensities
that would maximise interference according to the
model. Neither VO,max NOr strength were compro-
mised compared with when strength and aerobic
power were separately trained. VOoneax increased
significantly in both the separate aerobic-trained
and concurrent-trained groups (18 and 16%, respec-
tively). Strength significantly increased for both
the separate-strength- and concurrent-trained groups
(23 and 22% for 1RM squat, respectively, and 18%
for 1IRM bench press for both groups).

The physiological responses of 19 active women
to 11 weeks of concurrent strength and endurance
training were compared with strength training
only.58! In addition, half the concurrent training
group completed their endurance training before
strength training and the other half of the group did
strength training before endurance training. Ma-
nipulation of the sequence of training attempted to
control for possible acute fatigue effects. Endur-
ance training consisted of rowing at 70% V Ozmax
performed 3 times per week. Strength training con-
sisted of 45 minutes of 5 to 6 lower body exercises
progressing from 2 to 4 sets of 10 repetitions over
the training period. As the model would predict,
there were no negative effects on strength training
for women concurrently training strength and en-
durance. Furthermore, the sequence of training did
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not affect strength development but may have lim-
ited MAP.

The findings of Nelson and colleagues,[® who
trained untrained individual sfor 20 weeks, provide
partial support for the model. Strength training con-
sisted of 6 maximal isokinetic leg extensionsat 30°
per second for 3 sets, 4 times per week, which would
be considered neural training in the context of the
proposed model. Aerobic training consisted of cy-
cling at increasing intensities and duration for 6
weeks and the remainder of the training period at
85% HRmax for 60 minutes (=75% V Ozmax) Which
would be considered continuous training. As ex-
pected from the model, strength gains in the con-
current group were not compromised compared with
the gains observed in the group who only strength
trained. However, after 11 weeks the group per-
forming only aerobic training continued to show
significant increases in VO,nax While the concur-
rent training group did not change. It is possible
that the concurrent group had optimised the train-
ing effect from continuous, low intensity training
and needed a different, more intense training stim-
ulus.

The proposed model is not supported by the re-
sults from Dudley and Djamil.l13 Applying the pro-
tocols used in their study, the model would predict
compromised training effects but in fact both con-
current and strength training groups demonstrated
significant increasesin strength at 0, 0.84 and 1.68
rads/sec. Unfortunately, no direct statistical com-
parison between the groups was reported. Accord-
ing to the model the strength protocol of 2 sets of
26 to 28 contractions on an isokinetic dynamome-
ter at 4.19 rads/sec and an aerobic interval training
programme of 5 x 5 minute intervals at VOzmax 0N
a cycle ergometer should have produced some in-
terference or compromisein thetraining effect. How-
ever, athough not discussed, the concurrently trained
individuals had actual improvements in peak tor-
que that were 6% less at all 3 velocities than the
individuals who only trained strength. In addition,
isokinetic exercise does not eccentrically load mus-
cle, whichisconsidered to beanimportant stimulus
for muscle hypertrophy.[3¥ Therefore, the muscle
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may not have been optimally stressed compared with
dynamic constant exercise resistance (DCER).[17]
Additionally, change in muscle hypertrophy was
not reported by Dudley and Djamil.[*3] Training at
a relatively high velocity, which would not place
the muscle under optimal tension to elicit muscle
hypertrophy, also confounds the results from the
study in the context of the model.

Craig and colleagues?® used a strength pro-
gramme of 6 to 8 repetitions, for 3 sets, 3 times per
week, which would be expected to produce neural
and hypertrophic adaptations. Aerobic training con-
sisted of continuous running for 35 minutesat 75%
HRmax which should produce adaptations in the
cardiopulmonary system. Based on the model, a
moderate interference effect would be expected. Al-
though Craig and colleagues concluded from their
findings that concurrent training inhibited optimal
strength improvement, the percentage change in leg
press was similar for the strength-only— and con-
currently trained individuals, being 5.8 and 4.6%,
respectively. In addition, the strength training for
the individuals who trained both strength and aer-
obic power was performed 5 minutes after aerobic
training. The authors suggested that a lack of rest,
and residual fatigue may well haveimpacted onthe
quality of strength training and subsequent training
effect.

In arecent study,>7 45 males and females were
randomly assigned to one of 4 groups, strength train-
ing only (S), endurance training only (E), concur-
rent strength and endurance training (SE), or acon-
trol group. Strength intensity was increased by 4%
every 3 weeks (with a mean of 72 to 84% 1RM).
Sets and repetitions ranged from 4 to 12, and 2 to
6, respectively. Endurance training consisted of 2
training sessions per week, of continuous training
that started at 30 minutes and progressed to 42 min-
utes with intensity set at the VT; and 1 aerobic in-
terval training session per week at a rest-to-work
ratio of 3 minutes of exercise and 3 minutes active
rest. Intensity was equivalent to 90% VOpmax and
began with 4 setsand built to 7 sets. Both E and SE
groups improved VOzmax. Leg press and knee ex-
tension (1RM) strength increased in groups S and
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SE but gainsin knee extension were greater for the
S group compared with all other groups. The au-
thors concluded their findings indicated some in-
terference with the development of strength that
may be specific to particular movement patterns.
The hybrid nature of the strength and aerobic train-
ing protocols may have contributed to the ambig-
uous findings and make it difficult to interpret in
the context of the proposed model.

4. Conclusion

It has been suggested that simultaneously train-
ing for strength and aerobic power compromises
the development of strength compared with train-
ing strength by itself. The development of aerobic
power during concurrent training appearsrel ative-
ly unaffected. The compromised training has been
referred to as the interference phenomenon. Ac-
cording to Kraemer and Nindl,[®l the phenomenon
is the result of overtraining. However, the equi-
vocal findings in the literature suggest their con-
clusion is perhaps an oversimplification. The lack
of systematic application of the training variables
has made it difficult to make any definitive con-
clusions. A model has been proposed, based on the
physiological adaptations to specific training pro-
tocols, which should provide greater understanding
of the interference phenomenon. The model pre-
dicts the training protocols that will likely mini-
mise or maximise the level of interference.
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