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ABSTRACT

Klldsmaa, Maria 2013. Effects of 24 weeks of singkession combined strength and
endurance training on body composition and fithessexamination of order effect.

Department of Biology of Physical Activity, Universty of Jyvaskyla. Master's Thesis

in Science of Sport Coaching and Fitness Testing2 ®p.

Endurance and strength training are often perforooedturrently. The question of whether
the order of exercise yields to different adaptation body composition, when strength (S)
and endurance training (E) are combined into timeestaining session, has received only
limited scientific attention. In addition, neuroncutar and cardiorespiratory adaptations to
single session combined training have shown cdimfjc results, especially when
examining the intra-session sequence. The purpioesahesis was to examine the effect
of strength and endurance training sequence on boayosition as well as on aerobic and
strength performances.

56 previously physically active men (18-40 yrs) @bated a progressive 24-week single
session strength and endurance training periody Waee assigned into three groups. One
performed E always before S in the training sesgtor5; n=14), the other completed the
same training sections with the opposite order (SmEL8), and the control group
continued their habitual physical activity (Controk24). In order to determine prolonged
training adaptations the measurements were cordluictéhe beginning, after 12 weeks,
and after completing 24 weeks of training. All teebjects were tested for the body
composition using DXA, upper and lower body strén@ometric and dynamic leg press
and isometric shoulder press) and for the aerafieep during an incremental cycling test.

The main finding was a significant increase inltbtady lean mass throughout the 24-week
period without significant between-group differen&+S 3.3%; S+E 2.6%;30.001). In
addition, leg lean mass also increased similarlpath E+S (6.0%; €0.000) and in S+E
(4.9%; p<0.000). Body weight had a tendency to increaseath lraining groups but
reached the significance only in the S+E group%&2.9=0.013). Physical performance
increased similarly in both training groups. Dynarand isometric leg strength increased
(p<0.001) 12.6% and 11.6% in the E+S group and 17.Qé618.2% in the S+E group.
Upper body isometric strength increasee()95) 10.2% and 7.6% in E+S and S+E,
respectively. Aerobic power increased (p=0.00@ath E+S (11%) and S+E (16.2%).

In conclusion, this study showed that the currehRiv@ek single session combined strength
and endurance training program significantly insezhtotal body and leg lean mass,
independent of the strength and endurance ordamimg sequence had also little influence
on strength and endurance adaptations to concuraening, as the improvements of the

same magnitudes were observed for both E+S andg®&tip. Independent of the training

sequence the current training program caused pesitianges in body composition and
physical fithess and can be considered benefiordbhg term health maintenance.

Keywords: combined training, order effect, body corposition, strength, aerobic
power
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1 INTRODUCTION

Physical fithess among young men in Finland hasedsed and body mass increased
during the last 15 years (Santtila et al. 2006)idiMecontrol is verified to be an important
issue for health promotion and for early interventin disease prevention (Koutoubi &
Huffman 2005, Lo et al. 2011). The understanding/ megional fat mass is altered with
training is important, because the location ofdaposition is more closely related to the
cardiovascular health risk than total fat masslfitddunter et al. 2010). Additionally,
changes in regional lean soft tissue are impoftanthe maintenance and development of
strength in specific regions of the body (Fleclale2006). Young men should be regularly
engaged in both resistance and endurance traimdgf@ those who are currently at a
healthy weight to strive to maintain it, becausesth factors are associated with a
significantly decreased risk of disease (Lo et28[l1). Resistance and endurance training
has long been known to increase functional alsliied health status, primary by changing
body composition (Nindl et al. 2000) and physicatfprmance (Broeder et al. 1992). In
addition to that, body composition assessment gomant for evaluating and monitoring
the efficacy of exercise intervention on musculavelopment and function (Sillanpaa
2011).

Nowadays, many people who are interested in gefigrass are involved in a combination
of cardiorespiratory and resistance training prowgd.ikewise, the American College of
Sports Medicine position starfthe Recommended Quantity and Quality of Exercise f
Developing and Maintaining Fitness in Healthy Adulpromotes the inclusion of both
resistance and endurance training components iextieise prescription for health-related
fitness Sillanpaa et al (2009) have supportively shown t@mnbined endurance and
strength training may be more effective in imprayviphysical fithess, body composition

and metabolic health than either method alonederahdults.

To save time people have started to combine stieangd endurance training into the same

training session. This may cause interference kmtwarength and endurance training
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adaptations (Coffey et al. 2009) which may be mficed by the sequence of training
sections (Davis et al. 2008). To date, limited sitfie evidence exists about the order
effect of single session combined strength and mabe training on body composition and
concomitant physical fithess. The purpose of thasis is to examine the effect of single
session combined strength and endurance trainmugesee on body composition as well as

on cardiorespiratory and neuromuscular performance.



2 EFFECTS OF PHYSICAL TRAINING ON PHYSICAL FITNESS

2.1 Effects of endurance and strength training on lpysical fithess

Adaptations to exercise training and the resulp@iformance improvements and training
outcomes are highly specific to the mode of actipérformed. The key components of a
training program are the volume, intensity and gty of exercise sessions. The sum of
these inputs can term the training stimulus. (Hgw&909). The initial signaling responses
are likely to occur after each training session tr@dcumulative effect of repeated bouts of

exercise will lead to chronic adaptations (Widegeeal. 2001).

Endurance training. Endurance training involves the performance of dyicasubmaximal
muscular contractions with large muscle groups,iam$sentially aerobic (Gergley 2009).
However, training at different intensity levels apps to produce different physiological
adaptations or primary focus of change (Dochertysgorer 2000). (Figure 1). Aerobic
exercise, which involves prolonged muscular worigréases aerobic capacity through
numerous adaptations at the cardiorespiratory amstutar levels (Chromiak & Mulvaney
1990). Changes in skeletal muscle include increesastochondrial content and capillary
density, intramuscular myoglobin, and activitieskefy enzymes of citric acid cycle and
mitochondrial electron transport chain with a candant increase in mitochondrial protein
concentration (Gollnick et al. 1973, Holloszy & J®y1984, Tanaka & Swensen 1998).
Increased capillary supply of blood to the skeletalscle may play a vital role in
determining aerobic metabolic function (Hepple [etl@97). In addition, increases in the
mitochondrial content and respiratory capacityhaf trained muscle will result in a slower
rate of utilization of muscle glycogen and bloodagise, a greater reliance on fat oxidation,
and less lactate production during submaximal esergiawley 2009). Repeated bouts of
endurance exercise may cause increases in sloehtiiliter area and possibly even elicit a
conversion of fast-twitch fibers to slow-twitch éts (Simoneau et al. 1985). Chronic
adaptations in skeletal muscle are likely to berdéseilt of the cumulative effect of repeated
bouts of exercise, with the initial signaling respes leading to such adaptations occurring
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after each training session (Hawley 2009). Chamgesuscle bioenergetics and enhanced
morphological, metabolic substrate and acid-baatustwill lead to increased maximal
aerobic capacity (Gollnick et al. 1973, HolloszyGbyle 1984, Tanaka & Swensen 1998).
After the adaptation to endurance exercise the saomnk requires a smaller percentage of
the muscles’ maximum respiratory capacity and floeeeresults in less disturbance in
homeostasis (Holloszy & Coyle 1984). Increased itgbiio perform repetitive high-
intensity, low-resistance exercise such as cyclingning, and swimming, is mainly
accomplished through an increase in maximal oxygaake and an increased ability of
skeletal muscle to generate energy via oxidativéabmdism without improvements in

muscle strength (Nader 2006).

MAP training
(<AT) intensity (95-100% MAP)
Central Peripheral
T Cardiovascular T Localised
adaption muscular

adaption

FIGURE 1. Intensity continuum of maximal aerobiayeo (MAP) training and the primary location
of adaptation. AT= anaerobic threshold. (Dochertggorer 2000).

Muscular strength has been reported to increagtieadr not at all as a result of endurance
training (Gergley 2009, Sillanpéda et al. 2008). Acrdase in muscle fiber size may
accompany endurance training, a change that cagdtively impact muscle strength and
power (Tanaka & Swensen 1998). In contrast to tb#ter studies have found that
endurance training may promote improvements inplexps or knee extension strength in
previously untrained subjects (Lo et al. 2011, Glokr et al. 2004). Lo et al (2011)

considered this to be because of sedentary liesiflthe young adults who formed the
sample. Since little force overload is placed am tipper-body musculature during lower-
body endurance training (i.e., running), no gregdriovement in upper-body strength after

run training would be anticipated (Glowacki etz004).



Resistance training. Resistance training in contrast to endurance trgisontains the low-
repetition performance with near maximal musculantactions and has been shown to
increase maximal contractile force (Gergley 2008)provements in muscular strength
occur as a result of an increase in muscle cradfmsal area (CSA) and the ability to
effectively activate motor units (Figure 2). Thernease in CSA of muscle is considered to
occur as a result of protein synthesis, which pcedua greater amount number of
contractile units. Enhanced motor unit activatiesults from a greater number of fibers
being recruited, increasing firing frequency, dasexl co-contraction of agonists, better
motor unit synchronization and inhibition reflexivmechanisms. (Docherty & Sporer
2000). Strength training is primarily anaerobic ardults in increased muscle glycolytic
enzyme activity, and intramuscular ATP/phosphoaneastores, along with hypertrophy of
muscle fibers a possible reduction of muscle mibociial and capillary density may
appear (Tanaka & Swensen 1998, Costill et al. 19YB¢ magnitude of hypertrophy or
strength improvements depends on the volume arehsiy of the training stimulus
(Docherty & Sporer 2000). Only the muscles which exercised will experience adaptive
changes, whereas non-exercised muscles will experidittle or no training effect
(Bottinelli et al. 1999).

Strength training

(>10RM) intensity (<5RM)
Peripheral Central
T Localised T Neural adaption
muscular
adaption

FIGURE 2. Intensity continuum and primary locati@i adaptation for strength training

RM=repetition maximum. (Docherty & Sporer 2000).

The myosin heavy chain (MHC) composition of muditlers is a major determinant of the
contractile characteristics, influencing energetonomy of contraction, maximum muscle
shortening velocity and maximum power output (Harsélt al. 2001). Previous studies have

reported that strength training in humans resuhea lower proportion of histochemically



identified type llb fibers, a concomitant increase the proportion of hybrid fibers

expressing MCHlla (Hostler et al. 2001, Kraemegrlet1995), but no interconversion of
fiber types has been noted after resistance-typetraihing (Costill et al. 1979).

Accordingly, moderate-to-high intensity strengtlining can lead to marked gains in
muscle strength and hypertrophy in men and womeall sages (Hakkinen et al. 1998,
Hakkinen et al. 2003).

Factors which affect maximum voluntary strengthlude a cross-sectional area of the
muscle or muscle groups, specific tension (foraeymit CSA, which may be affected by

the fiber type distribution and the amount of n@micactile tissue present in the muscle),
ability of the subject to fully activate the motamits and possible anatomical differences in
mechanical advantage of muscle acting across & (Mfitier et al. 1993). Rutherford and

Jones (1986) suggested that with more complex mesrcneural adaptations play a
dominant role early in training and hypothesizetianee upon neural adaptations for
strength increases may delay hypertrophy of thectesisused in these exercises. They
further stated that with more complex exercises itmeolve movement at more than one
joint (multi-joint exercises), fixator muscles usedsupport of the prime movers may have
to increase in strength or improve their ability dotivate and coordinate contractions

before hypertrophy of the prime movers occurs (ktcal. 2006).

Improved strength-related performance is accomgtisthrough neuromuscular learning
and increased fiber-recruitment synchronicity, nescell hypertrophy, and, possibly,
hyperplasia without changes in W@ax or in the capacity to generate ATP via oxidativ
metabolism (McDonagh & Davies 1984). Usually it te®n found that Vé@nax changes
are minimal or nonexistent after resistance trgni@ergley 2009, Tanaka & Swensen
1998, Glowacki et al. 2004) . It has even been @sed that resistance training induces
adaptations that could hinder improvements in derpbrformance (Nelson et al. 1990).
Strength training has been reported to dilute rhivocirial volume in type lla fibers due to
hypertrophy and thereby possibly impairing aergiécformance (McDonagh & Davies
1984). On the other hand, circuit weight trainirging lighter resistances, a higher number

of repetitions per set, and shorter rest periodg leed to improved endurance performance
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and increases in VMhax of approximately 5-10% have been observed (Gialo &
Mulvaney 1990). Research conducted by Hoff et2002) showed that maximal strength
training improved aerobic endurance performancarproving work economy in trained
young athletes. Therefore, the key mechanism ofetidurance performance (yi@ax)
increases may be the increase in muscular workoaepnmyofiber size, and the associated

changes in myofiber contractile properties induiogdesistance training (Lo et al. 2011).

2.2 Effects of combined training on physical fithes

From the perspective of promoting health, improwvetmein both strength and
cardiorespiratory fitness are important and cormurtraining seems to be the best strategy
to enhance those variables (Cadore et al. 2010nhyMd the combined strength and
endurance training studies have investigated sanatius strength and endurance training
to assess whether it produces complementary ogamitgic adaptations in physical fithess
(Cadore et al. 2011). Combined strength and endararaining studies have proposed
divergent results, showing that it can lead to kimcardiovascular or musculoskeletal
adaptations compared with either training reginomal(McCarthy et al. 2002, Izquierdo et
al. 2005), increase endurance performance (Stdareh €008) or a diminished range of
musculoskeletal and/or cardiovascular adaptaticeisdh et al. 1990, Izquierdo et al. 2005,
Hickson 1980). Reasonable physiologic and metabelidence exists to support
interference as aerobic endurance and resistaagenty represent the opposite ends of

adaptation continuum (Figure 3) (Glowacki et al020Coffey & Hawley 2007).

P Strength training

(>10RM) intensity (<5RM)
Peripheral Central

MAP training }

(<AT) intensity (95-100% MAP) T Neural adaption
Central Penphery

T Cardiovascular
adaption Zone of interference

FIGURE 3. Primary location of adaptations for botaximal aerobic power and strength training,

and the possible overlap. (Docherty & Sporer 2000)
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Separate day combined training. The results of several studies have shown that 20-1
weeks of concurrent training, with a weekly freqeyemetween 4 and 11 sessions, with
intensities ranging from 60% to 100% of WY@ax for endurance and from 40% to 100% of
1RM for resistance training, resulted in increasegying from 6% to 23% in Vénax and
22% to 38% of maximum strength (Kraemer et al. 1396kson 1980). Whereas, in the
majority of studies the increases in maximum stilengere higher in the group that
performed only strength training compared with ¢eacurrent training group referring to
“interference effect” reported already in 1980 bickdon. Nevertheless, the majority of
concurrent research supports the contention thatuweent training does not alter the
ability to positively adapt to endurance traini¢@arcia-Pallares & Izquierdo 2011).

Concurrent training studies have shown that addedlrance training can reduce the
adaptations to strength, especially to muscle powbken compared to the gains attained
from the strength-only training (Kraemer et al. 3981akkinen et al. 2003, Cadore et al.
2010, Sale et al. 1990, Bell et al. 2000, Karavetaal. 2011). Hakkinen et al (2003)

showed that after an extended training period ofw2kks both combined strength and
endurance as well as strength-only group resulteldrge and similar gains in maximal

lower body strength, but it was not the case indré@rce production. The strength/power

training program used in that study resulted innificant increases in rapid force

production of the trained leg extensors in thengjtie-only group. However, no increased
maximal voluntary neural activation was observedemvistrength training was combined

with endurance training (Figure 4) (Hakkinen et28103). Those inversely affected gains in
strength and power can be observed especially viigim volumes, intensities, and/or

frequencies are employed (Kraemer et al. 1995, ddick 1980, Sale et al. 1990, Chtara et
al. 2008).
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FIGURE 4. Changes in maximal voluntary bilaterahmgtric leg extension force (left) and changes
in maximal rate of force development (RFD) in tlapidly produced voluntary bilateral isometric
leg extension action (right) in the strength tragngroup (S) and combined strength and endurance
training group (SE) during the 1-week control and-w&ek training periods. **p<0.01;
***p<0.001. (Hakkinen et al. 2003).

To achieve optimal adaptations in muscle strengith power, as well as to minimize
interference phenomenon with endurance trainingnitrg frequency should not be in
excess. Concurrent training has shown to be dettehdor strength gains only when
training volume is high and frequency more thanaysdper week (Garcia-Pallares &
Izquierdo 2011). In addition, interference in thgprovement of physical fitness is usually
observed only during longer (>7-8 weeks) trainirgigd (Hickson 1980, Izquierdo et al.
2003).In studies where the training frequency have naceesd 3 days per week, increases
in maximum strength were detected following conentitraining periods between 8 and 16
weeks (McCarthy et al. 2002, Izquierdo-Gabarreal.e2010) and20 weeks (Hakkinen et
al. 2003, Garcia-Pallares et al. 2010). This iagreement with Glowacki et al (2004) and
McCarthy et al (1995) who observed similar gainsnaximum leg press or squat
performance and bench press strength in the resestaining and combined training
group. Similarly, study of Sillanpaa et al (2008 rsls for the proposition that large gains
in muscle strength can be observed in the combsteshgth and endurance group. The
magnitude of these increases did not differ froemdbrresponding changes observed in the

group that performed either strength or enduranaming alone (Sillanpaa et al 2008).
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Some endurance training programs have even shaweaised strength (Rosler et al. 1986)
and muscle fiber size (Gollnick et al. 1973, Lundjpet al. 2013). The data from Lo et al
(2011) study support the notion that resistance emdurance training may interact to
enhance rather than to hinder strength and endeidawelopments.

Muscle hypertrophy and changes in motor unit récrent are two of the most salient
factors associated with strength development (Hukiet al. 1985). Decreases in the
cross-sectional area of muscle fibers and limitgpehtrophy of type | fibers due to the
reduction in total protein synthesis following teiedurance exercise have been observed to
interfere with strength development (Kraemer etl8P5). Putman et al (2004) extend the
findings of previous studies (Bell et al. 2000) #dgmonstrating that attenuated muscle
strength development after separate day concutraming was associated with greater
fast-to-slow MHC-isoform transitions and preferahtiypertrophy of lla fibres (Figure 5).
This study (Putman et al. 2004) is, however, tha fo note further reductions in MHCIIb
protein expression after concurrent application sbfength and endurance training
paradigms. The functional consequence of such e¢siovewould appear to be lower rate
and absolute amount of force development resuitirigwer power output (Widrick et al.
2002).

18 A ) pre-training
6 weeks
R 12 weeks

15 1

12 4

Slow / Fast Hybrid Fibres (%)
©

Z .
% _

6 4
14
0 B
control strength endurance strength &
endurance

FIGURE 5. Proportion of slow/fast fibers in malesoughout 12-week combined training. (Putman
et al. 2004).
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Interestingly, concurrent endurance and strengtinitrg diminishing or sometimes
blunting the muscle hypertrophy that normally oscwith strength training, can still cause
increases in maximal muscle strength (Kraemer.et95, Bishop et al. 1999, Aagaard et
al. 2011). The latter is proposed to happen asudtref neuromuscular adaptation (Aagaard
2003). However, there is a lack of evidence ofrietence on the neural component of
strength development when evaluated by electronayyr (EMG) measurements
(Hakkinen et al. 2003, McCarthy et al. 2002). Irdiidn to that, Hakkinen et al (2003)
have proposed that a relatively high volume ofrgjtle training may be necessary to induce
neuromuscular adaptations in response to concumaning regimes. Thereby, it has been
suggested that in addition to fiber type transgiompairment in force development with
concurrent training, as compared with strength-amnéyning, can be related to altered
neural activation associated with maximal voluntapntraction (Kraemer et al. 1995,
McCarthy et al. 2002, Leveritt & Abernethy 1999).

With respect to aerobic performance, strength iinginloes not seem to affect the gains in
aerobic power (Figure 6) (Kraemer et al. 1995, Bagck 1980, Sale et al. 1990, Bell et al.
2000, Karavirta et al. 2011). Usually, it is bebkevthat the changes in endurance
performance with concurrent training increases egeal with those, achieved with
endurance training alone. In the study of Sillangéi&l (2008) increases of the same
magnitude were observed in W@ax in the endurance-only (11%) and in the combined
strength and endurance training group (11%) in heidged and older men. Similarly,
Karavirta et al (2010), have shown that elderly rperforming concurrent training have
similar gains in aerobic power compared with agedetmed subjects performing only
endurance training. The available data suggestahagh muscle loading intensity (85—
95% 1RM) and/or a large volume of strength trainiegd to be performed before a benefit
on long-term endurance performance can be achi@dadaard & Andersen 2010). The
results from other studies also suggest that iseiean VQmax are not impeded by
combining resistance and aerobic training when @ethwith aerobic training alone in a
sample of previously sedentary or untrained, appbrénealthy males (Lo et al. 2011,
Shaw & Shaw 2009, Chtara et al. 2005). Therefdre, study of Shaw & Shaw (2009)
supports the concurrent use of resistance and iaetadining in the prevention of
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cardiovascular disease, since this mode of traimag not only increase \Max, but also

allows an individual to elicit the unique benefifseach mode of exercise.

2 2000

E

Q

<

< 1500

o

=

g 1000

o

> J

o e ] J
0 5 1C

Training Duration (week)

FIGURE 6. Increases in average total bicycle wakweek during the 10 weeks of training in the
endurance (E) and strength and endurance (S &dtpgr(Hickson 1980).

Combined strength and endurance training may ingremdurance performance by
increasing aerobic capacity and improving the eopn@f movement (lzquierdo et al.
2005). Muscular strength does not directly inflieernice cardiorespiratory system, but an
improvement in the economy of movement can occu essult of the increase in muscle
strength (Izquierdo et al. 2001). Improvement imgderm endurance capacity comprise an
increased proportion of type IIA muscle fibers (Aagd et al. 2011) that are less fatigable
and yet highly capable of producing high contragbibwer (Bottinelli et al. 1999). It should
be noted that in previously untrained individuas$rength training per se appears to
increase the number of capillaries per fiber (Lalet2011, Tanaka & Swensen 1998) or
result in unchanged capillarization (Bell et al.0@p Stronger individuals can perform
aerobic activity at a lower percentage of theiatige strength and preferentially using
fibers with a more oxidative metabolism and momgstance to fatigue. This all permits to
commit aerobic activity with lower oxygen consungpti at submaximal intensities.

(Mikkola et al. 2007).

Nevertheless, Nelson et al (1990ave previously shown concurrent training to inhibi

aerobic adaptations. In this case authors speculagt a dilution of mitochondrial volume
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caused by resistance-training—induced hypertrophiie combined strength and endurance
training subjects might be responsible for thenirgy interference (Nelson et al. 1990). In
support of this contention, the activity of the octondrial oxidative enzyme citrate
synthase increased only in the endurance- trainbptats (Nelson et al. 1990). Similarly,
Glowacki et al (2004) found a significant increg8e25%) in VQpeak with endurance

training but not when resistance training was added

Sngle-session combined training. The combination of strength and endurance traiiving
the same-session training has been reported tedyecommon in physical fithess training
programs because of time constraints and convemi€Wdacxa Alves et al. 2012).
However, single-session strength and enduranceirigapresents a specific challenge as
the fatigue generated from one mode of exercise meggtively influence the quality and
quantity of exercise in the other mode referringpéssible interference effect (Davis et al.
2008). A number of researchers have shown thatgitiedevelopment during concurrent
strength and endurance training is compromised vdoempared with training exclusively
for increased strength development (Figure 7) (sbck 1980, Dudley & Djamil 1985);
(Dolezal & Potteiger 1998). In the study of Cadeteal (2010) strength training alone
resulted in a 50% greater increase in the kneensatestrength than in the concurrent
training group. Similar results have been obserals®h with circuit resistance training,
where the strength-only group increased strengthpemwer significantly further than the
combined training group (Chtara et al. 2008). Gardk009) found also higher values in
the resistance-only group, but innovatively showres group where cycling was added to
endurance training improved strength significantipre than the group where strength
training was combined with running. Endurance trggnbiomechanically specific to the
concurrent resistance training may minimize adaptainterference when concurrently

training.
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FIGURE 7. Lower-body one-repetition (1-RM) valudg) before and after 12 weeks of training.
CG=concurrent group; SG=strength group; EG=enderagmcup. * significant difference from pre

training values (190.01).7 significant difference from EG. (Cadore le2810).

Sale and colleges (1990) have reported that theerpabf separate day strength and
endurance training can be more effective for imprgwmuscular strength than strength and
endurance training on the same day (Figure 8). @tipply, Garcia-Pallares & lzquierdo

(2011) found that, the strength gains were sigaifity higher in the group that performed

the training sessions on different dayXerforming endurance exercise immediately prior to
strength exercise may result in a peripheral fatithat consequently reduces performance
during the strength training. If this were the ¢abe interference effect could be avoided

by manipulating the intra-session exercise sequéadore et al. 2012a).
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FIGURE 8. Leg press one-repetition maximum in ®ngéssion (left) and separate day (right)

e

combined training groups. Pre (open bars)- and ffusiched bars)- training values. ¥(.001
significant from pre- to post-measureme +s.  sigaift between groups. (Sale et al. 1990).
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Though most of the studies have observed reducedgsh development, the level of
hypertrophy development may not be limited withg&rsession combined strength and
endurance training. Sale et al (1990) and Hicksoal €1980) have presented impaired
increases in voluntary strength but not in muscke,sin comparison to strength-only
training. Perhaps in both studies the reduced vatyrstrength development was caused by
impaired central nervous system adaptation or dgaeased intrinsic contractile capacity

of the muscles.

Not all studies have observed diminished strengtiprovement after single session
combined training. Gravelle and Blessing (2000)ntbafter eleven weeks of combined
rowing and lifting, independent of the intra-sessgequence, the improvements in the
combined training groups to be almost identicalvbft observed in the lifting-only group.

The difference from other studies may become becadsdifferent type of endurance

training used in that study (Chtara et al. 2008).

Most studies that have investigated the effecotiltaneous strength and aerobic training
on endurance performance demonstrate that stréragting does not negatively interfere
with the development of cardiorespiratory fitneizgjgierdo et al. 2005, Millet et al. 2002),
especially when the endurance exercise occursdsfmngth exercise (Chtara et al. 2005).
Data available suggest that in previously non-emdce-trained men (Hickson 1980,
Dudley & Djamil 1985), or in previously resistantained subjects (Kraemer et al. 1995),
combined training does not interfere with the depaient of VQmax (Collins & Snow
1993). Maximal aerobic power (VO2max) has been ntepoto increase similarly in both
separate day and same day concurrent training gm(Sale et al. 1990). Various studies
have shown the benefits of adding strength trainommgmprove endurance performance
(Tanaka & Swensen 1998). The results from Chtai €005) confirm the efficiency of
single-session combined strength and endurancargaiby increasing aerobic capacity.
This study showed even larger increases in&x in the combined training group where
endurance precedes strength training when compareadurance-only group. Cadore et al

(2011) have supportively shown similar magnitudegrnovements in maximal aerobic
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power in the combined training group where endwrgomeceded strength training and in
the endurance-only group.

However, the improvement in \lax was compromised more than the improvements in
lower-body strength for the concurrent trainingugran the study of Dolezal & Potteiger
(1998). The attenuated improvements found invi@x of the concurrent training group,
when compared with endurance training alone, cbelexplained by interferences found
in strength training adaptations (Dolezal & Potei$998). This may include muscle fiber
hypertrophy and increases in contractile proteiith associated decreases in capillary and
mitochondrial volume densities (McCarthy et al. 208ickson 1980, Sale et al. 1990).

2.2.1 The interference effect

As previously mentioned, combining resistance amdlieance training may interfere with
the training response induced by either type oiimmg alone (Glowacki et al. 2004).
Already in 1980, Hickson provided evidence for theistence of an ihterference
phenomenon” between resistance and endurance training by dstrading that strength
gains were hindered when the two types of traimmge performed concurrently (Figure
9). Thus, when the overall volume of training ighi simultaneous training for both
strength and endurance may be associated with ¢mige during initial weeks of training
but with only limited strength and/or power devetggnt later in the training period. This
may finally lead to declined strength in the graupere endurance training is added to the
strength training, while the strength-only groumaide to improve strength throughout the
training period (Hakkinen et al. 2003, Hickson 1p8Bimilarly to Hickson (1980), some
other studies have also shown the concurrent br@itu inhibit the development of strength
and power but not to affect the development of laierbtness when compared with either
mode alone (Nader 2006, Kraemer et al. 1995, BudleDjamil 1985). Reasonable
physiological and metabolic evidence exists to supihis principle (Glowacki et al. 2004)
though the exact mechanisms causing the diministredgth and power improvements are
not presently known. Craig et al (1991) have prepahat both acute and chronic factors

may impair normal adaptive responses during coeatirtraining, while others have
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proposed overtraining as a possible mechanism rogubke interference when trying to
adapt to strength and endurance training simulizsigo(Nader 2006, Leveritt &
Abernethy 1999, Dudley & Djamil 1985).

140}

120 | A |

g 2r
.-
1T
] L]
B 100 ‘ J 1 '
s
] - i
[ | f L
i S+E ’\,c
S .
80}
o ] — |
0 5 10

Training Duration (week)

FIGURE 9. Strength changes in response to threestgp training — endurance, strength

and combined strength and endurance training. @6ick1980).

When considering acute effects, strength trainiray rhe compromised by the residual
fatigue resulting from the endurance training. Tésdual fatigue from the first component
of concurrent training compromises the ability evelop tension during the second portion
of concurrent training (Craig et al. 1991). The megof tension developed by the muscle
during training is found to be a critical factor pnoducing optimal strength development
(Atha 1981). If sufficient tension cannot be gexed during the strength component of
concurrent training, optimal strength developmend adaptation may not occur (Leveritt
& Abernethy 1999). Both central and peripheral destare proposed to cause acute fatigue.
A possible central mechanism is alteration to th@tation-contractile process (Leveritt &
Abernethy 1999). Possible peripheral causes ofeatatigue include accumulation of

metabolites (e.g. inorganic phosphate, lactic aeishmonia) and depletion of energy
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substrates such as ATP, creatine phosphate andarglgcogen (Coffey et al. 2009, Bell
et al. 2000). The acidosis during strength traincapused by the accumulation of the H+,
may be lower when aerobic training is performedadvance, which may impair the
effectiveness of the strength training programsresikkd to promote muscle mass gains
(Vilacxa Alves et al. 2012). Although these potahfatigue mechanisms have yet to be
systematically investigated, the effect of residiaigue is localized to the concurrently
trained muscle (Leveritt & Abernethy 1999).

During concurrent training skeletal muscle is pthae the situation of conflict and it has
been proposed that skeletal muscle may not be #&bleadapt metabolically or
morphologically to both strength and enduranceningi simultaneously as strength or
endurance training cause different or even opposidgptations at the muscle level
(Leveritt & Abernethy 1999). Resistance and endcganaining cause distinct genetic and
molecular adaptations, because each mode of egaacts/ates and (or) represses specific
subsets of genes and cellular signaling pathwagséf€ et al. 2006). Endurance training
may directly interfere with adaptation to strengttining through activation of the AMPK
pathway and inhibition of the insulin-like growthctor 1-AKT-mTOR pathway (Figure
10) (Nader 2006, Sillanpaa et al. 2008). Recerdirigs of Lundberg et al (2012) will
proposed the opposite, as in their study concuregetcise elicited greater mTOR and
p70S6K phosphorylation compared with the resistamdg group. This indicates that
translational capacity was reinforced rather thammromised by the combined strength
and endurance (Lundberg et al. 2012).
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skeletal muscle responses. (Hawley 2009).

Concurrent training has the potential to elicit rip@s in the contractile character that is
different from those associated with strength odueance training (Costill et al. 1979).
Shifts in skeletal muscle myosin isozymes may Wdactor in the compromised strength
gains with concurrent training (Chromiak & Mulvan&990). Those different alterations
from fast to slow isoforms may hinder strength ioyaments. But not all concurrent
training studies suggest transition of muscle fitypes as a potential mechanism causing
interference as it has been found to be similawltdt with strength-only training (Kraemer
et al. 1995, Nelson et al. 1990, Sale et al. 1990).

Overlapping endurance exercise bouts with resistaercise may result in impaired
adaptive responses in protein synthesis and, trerefa decrease in strength-related
performance, in part, due to the suboptimal or latkncrease in muscle-fiber cross-
sectional areas (Kraemer et al. 199%Sheletal muscle hypertrophy after strength training
occurs to a greater extent in fast-twitch thanlowstwitch fibers (Hakkinen et al. 1985,
Staron et al. 1990). Endurance training has showrchanges skeletal muscle fiber
population by reducing the relative number of Typdibers and thereby limiting the
strength development during the concurrent trainidader 2006). Hypertrophy in
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different fiber type may also explain distinct sigéh improvements observed after strength
or combined training (Leveritt & Abernethy 1999).

Strength interference during concurrent trainingnca be wholly attributed to inhibition of
fiber type transformations or fiber hypertrophy.is'Buggests that alterations in motor unit
recruitment may be partly responsible for the iftloh in strength development observed
during concurrent training (Leveritt & Abernethy 9%9. The demand placed on the
neuromuscular system during endurance and streragtiing requires different patterns of
motor unit recruitment (Chromiak & Mulvaney 199@oncurrent training may hinder
organization of efficient motor unit recruitmenttigans necessary for forceful muscular
contraction at the level of the peripheral or caintiervous system (Chromiak & Mulvaney
1990).

Acute responses and long term adaptations in s&Fgtosterone concentrations as a result
of endurance or strength training may result in pomised strength gains, since changes
would ultimately affect muscle growth-related preges. Changes in the levels of other
hormones (cortisol, thyroxine) may affect strengédins. These two types of training may
activate various anabolic and catabolic processeéfferent degrees, which are modulated
by endocrine response to exercise. (Chromiak & [MEiody 1990). Concurrent training
which alters the balance of anabolic to catabotiortones may reduce fiber hypertrophy
and consequently strength development. The enderafement of concurrent training
could create a more catabolic environment, and thisturn may inhibit strength
development (Leveritt & Abernethy 1999).

It has been suggested that individuals performingcarrent strength and endurance
training may become overtrained because in congamsth strength- or endurance-only a
concurrent training group needs to contend withdinéble of training load. Though higher
training volume can cause overtraining it has bargued that if overtraining was a factor
during concurrent training, then both strength andurance measures would be inhibited
(Dudley & Djamil 1985). However this argument pregs that that the thresholds for the
effects of overtraining to become apparent on gtteand endurance measures are similar.
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This may not be the case. There is insufficiendence to preclude overtraining as a
mechanism for the inhibited adaptive responses sesome concurrent training studies
(Leveritt & Abernethy 1999).

In addition, other authors have found that coneurrgaining compromised strength
development only when both modes of exercise embjape same muscle group,
suggesting a local effect rather than a systemgc(blader 2006). The closer the endurance
exercise is biomechanically to the resistance és&rc¢he more likely an antagonistic or
additive skeletal muscle adaptation will appearr@y 2009). Possibly there can be
concurrent recruitment of motor units used in btygpes of training, resulting in lower
gains in dynamic strength in the concurrent trgngnoup (Cadore et al. 2010). The same
effects are not observed when aerobic trainingistssf running or jogging (McCarthy et
al. 2002, Millet et al. 2002).

It has been suggested that the apparently confli¢cindings might be reconciled based on
different training frequencies (McCarthy et al. 20@zquierdo et al. 2004). When training
frequency is highX5 days per week), concurrent training may interfeith strength
and/or aerobic endurance adaptations (Hickson ,1@8tnan et al. 2004). When training
frequency is low £3 days per week), interference with strength anwlae endurance
adaptations is generally absent (Hakkinen et &32McCarthy et al. 2002, Izquierdo et al.
2004). In addition, interference between strengtid aerobic endurance training in
concurrent training protocols is proposed to beseduby combination of three variables:
high intensity, poor physical condition, and timiagd sequence of exercises (Davis et al.
2008). Discrepancies could be explained by diffeneitial levels of physical fitness
among the subjects (Ahtiainen et al. 2003). Trainatlvidual seems to have greater
resistance to high intensity exercise (Davis e2@08) compared to untrained or sedentary
subjects (Baker & Newton 2006). It has also beeaggssted that the time required to give
body sufficient recovery between training sessiomsy be the limiting factor when
attempting to induce simultaneous adaptationsrangth and endurance training (Leveritt
& Abernethy 1999). Garcia-Pallares & lzquierdo (2PIconcluded that insufficient
recovery between training sessions might limit ditemeous adaptations to strength and
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endurance training and suggested that the recqesrgds between training periods should

be under strict control.

2.3 Order effects of single-session combined trainingn physical fitness

Since strength and endurance training are oftefoqmeed concurrently, it is important to
understand if there is an optimal training patten sequence for enhancing the
physiological adaptations to exercise (Collins &o®n1993). Along with the aerobic
training volume and intensity, the intra-sessiorreise sequence might be an important
variable in the concurrent training prescriptiora(@a-Pallares & lzquierdo 2011, Chtara
et al. 2005) and may determine the extent of inmpamt in strength (Leveritt & Abernethy
1999) or endurance (Chtara et al. 2005) development aftercurrent strength and
endurance trainingHowever, a few studies have reported whether gtinetmaining should
precede or follow endurance training when bothpamdormed in the same session (Coffey
et al. 2009, Chtara et al. 2008, Chtara et al. 200facxa Alves et al. 2012, Collins &
Snow 1993, Gravelle & Blessing 2000, Cadore e2@L1).

One might hypothesize that the first activity pemied would result in some residual

fatigue experienced during the second activityrehg reducing the quality of that session
(Craig et al. 1991). However, Collins and Snow @9fbund that strength adaptations to
combined strength and endurance training were ew#gnt of whether endurance training
occurred prior to or following strength trainingwd studies conducted with untrained

subjects support that standpoint. Chtara et al§p@fund that the order of the sessions (i.e.
first strength training and then endurance trairongice versa), produced no significant
differences in training-induced adaptations betw#en groups, since both combinations
allowed similar improvements in maximum strengttl amaximal aerobic power. Similar

findings are observed for women showing that indepat of the intra-session sequence
women improved their strength after 11 weeks ohing in the same magnitude. However,
the authors proposed that the time course of dineagaptations may vary depending on

the order of training, as the group where thenifftwas performed before rowing had the
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greatest strength improvement during the first loélthe training and the least during the
second half. (Gravelle & Blessing 2000).

Several other studies have highlighted the impodanf the sequence and timing of the
aerobic and strength sessions in order to minipassible interference effects. Scheduling
endurance training before strength may reduce gitretraining quality because of the
residual fatigue from a previous endurance trairsegsion and may be responsible for
causing impaired strength development (Leveritt Befethy 1999). However, strength
development is not inhibited during concurrent Ergession strength and endurance
training in which strength training immediately peee endurance training sessions
(Nelson et al. 1990). In the study of Cadore €R@alL2) both concurrent training regimens
resulted in enhanced lower-body dynamic strengthcamadriceps femoris muscle quality,
but greater improvement occurred when strengthitrgiwas performed prior to endurance
training (Figure 11). Supportively, Davis et al (8) concluded in their literature based
review that combining strength and aerobic endwaoonditioning on the same day
reduced training adaptations, particularly if aézoéndurance training preceded strength
training. In addition, the study of Coffey et aD(@®) provides a novel evidence of altered
cell signaling and mRNA responses in an exerciskeredependent manner in skeletal
muscle. Their results indicate that endurance égtindertaken before resistance training
may diminish the anabolic response, whereas pemigrnendurance after resistance
exercise may exacerbate inflammation and protegradation and (acute) concurrent
training does not promote optimal activation ofhpedys to simultaneously promote both

anabolic and aerobic responses.
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FIGURE 11. Lower body one-repetition maximum (1R¥lues (kilogram), pre- and post- 12
weeks of concurrent traning. SE=strength prior talugance training; ES=endurance prior to
strength training. *p0.001, significant difference from pretraining vedut p<0.001, significant

time vs. group interaction. (Cadore et al. 2012a).

Only few authors have studied the order effect ndueance development, since strength
performance immediately prior to endurance traimray compromise the endurance gains
(Chtara et al. 2005). Interestingly, Chtara ef(2005) found that significantly greater
increase were observed in the endurance markey®wig men performing endurance
training prior to strength training when compareithwhe inverse intra-session order. Not
in agreement with Chtara et al (2005), Gravelle Bressing (2000) investigating young
women observed greater Wi@ax increases in the subjects performing strengibr po
endurance training. Additionally, the primary findiof the study of Cadore et al (2012b)
showed that intra-session exercise orders durimgugoent training resulted in the same
magnitude of maximal endurance performance inceedlee differences among different
studies can be explained with different endurancaning intensities and subject

populations.
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3 EFFECTS OF PHYSICAL TRAINING ON BODY
COMPOSITION

The loss in fat mass and increase in lean mas&aoeable and desired effects of exercise
training programs and contribute to an enhancedl lef/ fitness and health (Nindl et al.
2000). Resistance and endurance training has l@sm known to increase functional
abilities and health status, primarily by changimgdy composition (Nindl et al. 2000,
Sipila & Suominen 1995). Physical activity providemuli that promote specific and
varied adaptations according to the type, intenaitgd duration of exercise performed.
Combined training seems to share the benefits roth strength (increased lean mass) and
endurance training (decreased fat mass) and themalwding the most effective exercise

program strategy (Dolezal & Potteiger 1998).

3.1 Effects of endurance and strength training on ddy composition

Endurance training. Typically, endurance exercise has been undertakempromote
reduction in body weight due to its ability to irese energy expenditure and fat utilization.
It is believed that both fat mass and total bodgsrare generally reduced with endurance
exercise. (Dolezal & Potteiger 1998). High and latensity exercise has similar effects on
the percentage of weight loss as fat loss is atifumof energy expended rather than
exercise intensity (Grediagin et al. 1995). At s#agne time the plasticity of tissue mass to
training or is known to be influenced by anatonocdtion (Nindl et al. 2002) e.g., the
lipolytic response to exercise is more pronounce@dbdominal than in peripheral tissue
(Nindl et al. 2000). The health risks associateth iat mass are more related to regional

placement rather than overall adiposity.

There exists some evidence that aerobic trainimgbeaassociated with small or moderate
increases in skeletal muscle mass (Marti & Howa®®Q). Previous studies have also
proved that both high-intensity cycling (Harberakt 2009) and walking/jogging training

(Coggan et al. 1992) have been shown to be effedtivincreasing muscle mass in
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previously untrained individuals. Other factorsclsuas baseline body composition and
fitness level, may also affect weight changes duthe exercise period (Sillanp&a et al.
2008, Sillanpaa et al. 2009). However, enduraraieitrg even without weight loss results
in changes in body composition. In several studiespbic training without weight loss has
resulted in reductions in total body fat, as wallia visceral and adipose tissue both in
obese and lean individuals (Ross et al. 2004).

Srength training. High-intensity strength training does increase ffae mass, muscle
cross-sectional area and muscle fiber area. A ginetnaining intervention for a couple of
months in duration has been shown to produce isesean lean body mass at least 1-2 kg
(Sillanpda 2011) and muscle cross-sectional ar&A)G-10 % (Hakkinen et al. 1998).
Heavy resistance-training stimulates the myofiarillproteins responsible for muscle
hypertrophy (Fry 2004) and activates both low- &igh-threshold motor units inducing
hypertrophy of all fiber types (McCarthy et al. 2)0Both fast and slow twitch fibers have

shown to adapt to strength training by increasing.s

Increased lean body mass produced by strengthingaican translate into clinically
important increases in daily energy expenditure asgbciated losses in body fat (Strasser
& Schobersberger 2011). Energy expenditure inceedse to increased lean body mass,
increased requirements of metabolically active léasue (Campbell et al. 1994) and
increased energy needed to accomplish physicalitgatiuring the training. Especially the
total body strength training with progressive tmagn load seems to be effective in
modifying body composition (Sillanp&aa 2011). Thésdings are consistent with previous
studies showing that strength training can imprday composition and decrease
abdominal obesity in the absence of changes in baight (Kay & Fiatarone Singh 2006).
Strength training, however, is less frequently esged with decreased body weight as
weight training is associated with increase in leaass and concomitant decrease in fat
mass (Campbell et al. 1994).

Although prior research has demonstrated thattegsie training can augment strength,
physical performance, fat-free mass, and musckr fitypertrophy, information is lacking
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regarding regional (upper body vs. lower body) desnin soft tissue composition (fat and
lean mass). Fleck et al (2006) have reported ttie d& significant increase in leg lean soft
tissue, but significant increases in arm and tieak soft tissue, suggesting that it may take
longer for the leg musculature to hypertrophy. Ampéasis on complex, multijoint
exercises has been postulated to delay hypertropfiponses of neuromuscular system due
to prolonged neural adaptations (Chilibeck et &98). This might be an indication of
greater reliance on neural adaptations and (ogdoduration for “fixator” muscles of the
leg musculature to become strong enough to supipentesistance necessary for the prime
movers involved in the leg press to hypertrophye Thfferential hypertrophy of the leg
region over the arm and trunk regions can be ateib to specific stresses placed by the

training program.

3.2 Effects of combined training on body compositio

Separate day combined training. Both endurance and strength training and espgdiadir
combination seem to be effective in modifying bamynposition. Usually slight increases
(Glowacki et al. 2004) or no significant changesikinen et al. 2003, Cadore et al. 2010,
Shaw & Shaw 2009) has been observed in body wefflet combined strength and
endurance training studies and thereby followirg shmilar trend with resistance training
only (Glowacki et al. 2004). Percentage fat masstatal fat mass has shown to decrease
(Glowacki et al. 2004, Shaw & Shaw 2009, Sillangidal. 2009) or stay unchanged
(Sillanpaa et al. 2008, Hakkinen et al. 2003, Cadaral. 2010) with concurrent strength
and endurance training in non-obese subjects. biierehanges in fat mass followed
similar changes with the endurance-only group,caigfn the training volume might have
been different between the groups (Sillanpda eR@D8). Thus, combined training may

elicit advantageous changes in the body composiGdowacki et al. 2004).

Several studies have proposed that hypertrophgtigttenuated when combining strength
and endurance exercises and similar increasegahitody lean mass can be observed for

the strength-only as well as for the combined trgirgroup (Figure 12) (Sillanpaa et al.
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2008, Glowacki et al. 2004, McCarthy et al. 2002leSet al. 1990). McCarthy et al (2002)
and Hakkinen et al (2003) did not observe also esfriction in the myofiber level.
Hakkinen et al (2003) observed significant enlargets in the CSA of the quadriceps
femoris muscle and in the size of individual mudibers (type | and types lla, IIb) when
the training frequency is low. The magnitudes adsth increases did not differ from the
corresponding changes observed in the group thebrpeed strength training only.
McCarthy et al (2002) observed substantial andlamhevels of hypertrophy occurred in
type Il fibers in both strength and combined groétthough significant type | fiber
hypertrophy occurred only in the strength traingmgup, this change was not different than
the non-significant increase observed in the costitraining group (McCarthy et al.
2002). It can be speculated that -84l concurrent training for both strength and
endurance, in sedentary subjects, does not impaimtagnitude of muscle hypertrophy
induced by strength training alone (McCarthy e@D?2).
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FIGURE 12. Changes in total body lean mass durirgg 21-wk training period. E=endurance
training; S=strength training; SE=combined strergtld endurance training group, and C=control

group. # p:0.05 significant difference within group from we@ko week 21. (Sillanpaa et al. 2009).

Others have proposed that when adding endurancdréagth training a limitation in
muscle hypertrophy can be observed (Kraemer e185, Bell et al. 2000, Izquierdo-
Gabarren et al. 2010, Sillanp&a et al. 2009). Restenlies have shown that distinct cell
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signaling events involving the Akt/mTOR or AMPK patays appear to become activated
by resistance or endurance training, respectivitiggrton et al. 2005), and that inhibitory
cross-talk exists from one pathway to the otherd@da 2006). In the microscopic level
concurrent strength and endurance training resulegreater fast-to-slow fiber type
transitions and attenuated hypertrophy of the tyfilgers compared with strength training
alone (Putman et al. 2004). Concurrent trainingioedi 18% increase in the cross-sectional
area of only type lIA fibers, while strength traigiinduced increases in both type | (17%)
and IIA (13%) fibers. Thus, the differential hyperhic responses of type | and fast type
lIA fibers between the strength and concurrenntraj appear to also underlie some of the
interference effects on knee extensor muscle dinedgvelopment. Similar differential
hypertrophic response of type | and type lla fibbetween the strength and combined
training have been reported also by Kraemer e129%). Karavirta et al (2011) observed
that the CSA of type Il muscle fibers increasedyomith strength training, but no increases
in the CSA of any of the fiber types were obserwath prolonged strength training
program when strength training was combined witb weekly sessions of cycling at high
intensities (Karavirta et al. 2011). It seems plalesthat greater recruitment of the type |
fibers in the combined training group, in the prese of elevated serum cortisol level
(Kraemer et al. 1995) enhanced the rate of cat@lslents within this fiber population.
This observation implies that muscle hypertrophghhibe compromised when combining
the two different training modes (Kraemer et al939Bell et al. 2000, Karavirta et al.
2011).
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FIGURE 13. Changes (%) in the mean CSA of typed lhmuscle fibers in vastus lateral muscle
after 21 weeks of strength (S), endurance (E) amdbined (SE) training or control (C) period.

**p <0.01 significantly different from the baseline maasnents. (Karavirta et al. 2011).
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Sngle-session combined training. Single session combined strength and endurancengai
has shown to cause small but significant (2%) &®eein body weight similar of what
observed after separate day combined training &adé 1990, Chtara et al. 2008). Others
have observed decreases in body weight (Nindl .eR@0)0, Gergley 2009, Dolezal &
Potteiger 1998) which can be even larger of whaeoked after strength- or endurance-
only training due to a greater amount of work d@elezal & Potteiger 1998). In the case
where single session combined training caused airdécreases in fat mass and increases
in lean mass, the changes in body compositiontesuho significant change in total body
mass. (Fleck et al. 2006, Gravelle & Blessing 2000)

Combining strength and endurance training into shene training session have been
reported to lead to positive changes in total bfadyercentage. Many studies (Fleck et al.
2006, Nindl et al. 2000, Dolezal & Potteiger 198&ng et al. 2009) support the use of
combined aerobic and resistance exercise in aesiagksion training to augment fat
utilization though not all have observe a significahanges in fat percentage (Gravelle &
Blessing 2000). Changes in fat mass have beenasiofilwhat observed in the endurance-
only group (Dolezal & Potteiger 1998). With resperbody compositional changes Nindl

et al (2000) found positive changes in fat mass lought to attention the regional

differences. Women involved to that interventiogndicantly lost fat mass from the arm

and trunk region but not from the legs after miljitéaraining. The findings of this study

showed the importance of considering regional bodgnposition changes rather than
whole body changes alone (Nindl et al. 2000).

When endurance and resistance training were peefibion the same day increases in lean
mass have been observed (Sale et al. 1990, DdeRatteiger 1998, Nindl et al. 1996), at
least when strength training precedes enduransenga(Dolezal & Potteiger 1998, Nindl
et al. 1996). Increased lean mass and concomitan¢ases in basal metabolic rate have
been shown to aid in weight management (Dolezab&daRyer 1998). It has been proposed
that gains in soft tissue lean mass can be atéribotainly to a gain in soft tissue lean mass
of the legs (Nindl et al. 2000) though it was rfeg tase in the study of Fleck et al (2006).
In the study of Fleck et al (2006) the body compasal changes indicate that the training
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program performed resulted in small but significananges in total lean soft tissue, and
regional lean soft tissue in all regions but thgslelt is possible that the inconsistencies
concerning regional body compositional change$énstudies are due to differences in the

populations studied or training programs used {&a@l. 2006).

Previous studies have shown that endurance traimiang ultimately degrade myofibrillar

protein (Hickson et al. 1988) and the physiologmaironment evoked by aerobic training
might attenuate the maximal muscle fiber growthb@x=k et al. 2012). In fact, it has been
previously shown that high-intensity endurancenireg may significantly reduce muscle

type | fibers and thereby whole muscle area (Kagnih995). Similarly, Babcock et al

(2012) reported diminished growth adaptations tocaorent training, particularly in MHC

I muscle fibers. Given that only 10-15 minutes reay was implemented between the
different modes, the hampered molecular responall dave been attributed to residual
fatigue (Coffey et al. 2009, Babcock et al. 20 rtainly, the time course for recovery is
critical to avoid residual fatigue and allow forygbgen repletion and normalization of
other metabolic changes resulting from previoug@se (Lundberg et al. 2012). Lundberg
et al (2012) have observed enhanced skeletal maselbolic environment by observing

greater mTOR and p70S6K phosphorylation and suppdesnyostatin when endurance
cycling and strength were performed in the same, déyen separated by six hours.
Lundberg et al (2012) proposed that complete ragolefore resistance exercise may be
critical for prolonged enhanced signaling favoringreased muscle protein synthesis. This
enhanced skeletal muscle anabolic environment dagseater increases in muscle and
muscle fiber CSA after combined strength and entigdraining than after strength-only
training (Figure 14) (Lundberg et al. 2013). Thasgel results suggest that aerobic cycling
could offer a synergistic hypertrophic stimulus resistance exercise training. Authors
suggested that one reason for that can be incream®ent of muscle water/hydrogen

content rather than accretion of contractile materi
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Figure 14. Individual and group mean increase in gquadriceps muscle volume following
combined strength and endurance (AE+RE) and stiefRJE) exercise. * Greater increase after
AE+RE. (Lundberg et al. 2013).

3.3 Order effect on body composition

There are a limited number of combined trainingl&s which have examined the order
effect on body composition. Cadore et al (2012lcused on the effects of different intra-
session exercise orders on muscle morphologicgbtatiens in elderly subjects during
concurrent strength and endurance training progoard2 weeks. In that study lower and
upper body muscle thickness increased to a sinailaplitude and no between-group
differences were observed in muscle thickness bimsa(Cadore et al. 2012b).

Chtara et al (2008) who looked at the changes dybweeight observed similar increases
for both E+S (1.6%) and S+E (1.5%). Gravelle andsBing (2000) did not find any
changes in body weight or in the calculated pesggg of body fat over the time and
between the groups (E+S vs. S+E). However, oldar significantly decreased percent of
body fat in both E+S and S+E with no differencesMeen groups (Cadore et al 2012b).
This is in accordance with Vilacxa Alves et al (2DWho showed that the sequence of the
aerobic and the strength training exercise doesmeitfere in energy expenditure during
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the training sessions. Cutts et al (2010) in twygested that aerobic exercise followed by
resistance training may expend the most kilocadorieang et al (2009) in turn have

recommended a training approach that combines d@tbbic and resistance exercise, but
the resistance exercise should be performed firgheé training session and the aerobic
exercise should commence after no more than 5 esnot rest. Authors speculated that
this effect was mediated by an increased lipolys& was brought about by preceding
resistance exercise. They suggested that the itytefspreceding resistance exercise is a
more important determinant of the fat oxidatiorerdtan the volume of exercise completed.
(Kang et al. 2009).
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4 PURPOSE OF THE STUDY

The main purpose of the present study was to exaihi@ order effect after 24 weeks of
single session combined endurance and strengthingaion the changes in total and
regional body composition in male subjects. In &ddj the study was designed to evaluate
the order effect on maximal lower and upper bodergjth as well as on endurance

performance.

Research questions

1) Does the order of the strength and endurance migaiwhen performed during the
same training session influence the changes immagiand whole body soft tissue
lean and fat mass?

2) Are there differences in strength and enduranctopeance development between
the E+S and S+E group?
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5 RESEARCH HYPOTHESIS

The hypothesis to the proposed research questierasdollows:

Hypothesis 1. Combined single session strength and enduranicentyawill elicit gains in
total body lean mass which can be mainly attributethe hypertrophy of the lower body
muscles. Gains in lean mass will be independetiieofraining section sequence (Cadore et
al. 2012b). In addition, total body soft tissue fisdss will decrease (Vilacxa Alves et al.
2012, Cadore et al. 2012b), however, changes ohi#as magnitude will be observed for
both groups (E+S and S+E).

Hypothesis 2. Performing endurance training before the strengéining will cause
diminished strength gains when compared to thepwitere the strength training will be
performed first in the training session (Coffeyagt 2009, Davis et al. 2008, Leveritt &
Abernethy 1999, Cadore et al. 2012a). Howeverjrtia-session exercise order during the
concurrent strength and endurance training wilulteis the same magnitude of maximal

endurance performance increases (Cadore et alb2012
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6 METHODS

6.1 Subjects

A total of 64 untrained men were recruited for tiierent study from the Jyvaskyla region.
Untrained was defined as not being involved redplar either endurance or resistance
training for at least one year. All subjects weeeruited by advertisements in e-mailing
lists and newspapers as well as from public pla€ks.acceptable age range was 18 — 40
years of age. The target group had to be free ofeaitinesses and injuries as well as
pronounced overweight (BMI <31 kgfin Additional exclusion criteria were impaired
glucose tolerance or metabolic syndrome as weadngsform of cardiovascular, obstructive
pulmonary or musculoskeletal diseases which mayicesheir participation in prolonged
physical training. General health status and rgstelectrocardiogram (ECG) were
examined by a qualified physician before the piguditon. All subjects were informed
verbally and in a written form about the study dasand the conducted measurements as
well as about possible risks before the beginnintp® study. Before the study, all subjects
signed the informed consent for participating ia gtudy. Methodological considerations,
conducted in this study were approved by the Eth@ammittee at the University of
Jyvaskyla.

Not all the subjects recruited for the trainingdstucompleted the intervention period
successfully. Drop outs occurred due to the minguries or medical issues. Motivational
and personal issues also decreased the numbermo€ongpleting the study. A total of 56
subjects completed the entire 24-week traininguatetion.

The anthropometric characteristics of the subjeotapleting the 24-week training period
are shown in Table 1. Subject height was measurngd wall-mounted tape measurer
(accuracy 0.1 cm) and weight with a digital scalec(iracy 0.1 kg). Before the scaling
subjects were asked to be fasted for 12 hours emdwe heavy clothes and shoes when
scaled. BMI was calculated as body weight in kitogs divided by the square of the height
in meters (kg/r).
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Table 1. Anthropometric data for two intervention groupst@Eand S+E) and control

group before the training period.

Group E+S S+E Control
n 14 18 24

Age (yrs) 28.7+£5.5 29.8+4.4 29.2+6.0
Height (m) 1.8+0.1 18+0.1 1.8+0.1
Weight (kg) 78.0+£9.3 75.2+8.5 79.5+10.0
BMI (kg/m2) 24627 235+2.1 24.6 £3.3

E+S=endurance preceding strength training; S+Eagthepreceding endurance training.

6.2 Study design

The study was designed as longitudinal, taking icbmsideration training adaptations
attained during a 24-week training period. In theuean 2011 a total of 40 men were
recruited to participate in a training interventistudy. The intervention period for the

training groups was conducted between the Autun20a&fiL and Spring of 2012 over a six-
month period. Subjects for the control group wex@uited and measured during the Fall of
2012 over a three-month period. All the subjectsenwfamiliarized with the measurement
protocol before conduction of the pre-measuremefitier the basal measurements for
strength and endurance subjects recruited in Autafr2011 were matched according to
the baseline performance values and assigned édglike training group where endurance
(E) preceded strength (S) training (E+S) or toghmup where trainings were performed in
the opposite order (S+E). The 24-week trainingqeegonsisted of two 12-week periods
which were separated by mid-measurements. Duriadjrist part of the intervention period

(period 1) subjects trained two times per week (&+1S or 2x 1S+1E) and during the
second part of the intervention (period Il) subgelead 5 trainings in a 2-week period (5x
1E+1S/ 14 days or 5x 1S+1E/ 14 days). All subjantduding controls, were instructed to
continue their habitual physical activities throoghthe intervention period. The overview

of the study design is presented in Figure 15.
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FIGURE 15. Overview of the study design.
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6.3 Training protocols

Training consisted of two 12-week periods of pregree combined single session strength
and endurance training (E+S or S+E). All subjecdmgleted a familiarization session to
acquaint themselves with training procedures, eqgaig and loads. Training programs
were identical for the E+S and S+E group, only $kquence of strength and endurance
training was reversed. Endurance and strengthingaimere combined into the one training
session so that no more than a 5-10 minute brealkall@ved during two training sections.
A maximum of half a litre water was allowed to come during the training sessions. To
avoid the fatigue and glycogen depletion from thret ftraining session subjects were
encouraged to consume glucose tablets, providethdyesearch team, during the break
between the two training sections. The combineduearte and strength training sessions
averaged from 60 to 120 minutes in length. All thening sessions were supervised by
qualified instructors. Missed workouts were madesagpthat each subject achieved at least

90% of the prescribed number of training sessiesgaed.

6.3.1 Endurance training protocol

The endurance training program was performed orycée cergometer. The intensity of
cycle training was based heart rate zones whicle wafculated based on the subject’s
aerobic and anaerobic thresholds, determined dtineghaximal aerobic performance tests
and controlled by Polar® heart rate monitors. Heailt zones were reassessed during the
mid-measurements in order to adjust the enduraiaceirtg for weeks 13-24. Endurance
training sessions averaged from 30-50 minutes. Aremaetailed description of the

progression of the endurance-training programesemted in Table 2.

Table 2. Endurance training periodization for thagnperiod | and Il (1-12/13-24 wks)

Weeks 1-3 4-7 8-9/13-15 10-12/16-24
Intensity <AT <AT - >AT <AT - AnT <AT - >AnT
Mode Continuous Continuous Interval Interval (1020224 wks)

Continuous (16-19 wks)

AT - aerobic threshold; AnT- anaerobic threshold
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6.3.2 Strength training protocol

The total body strength training program consistéexercises for the lower and upper
extremities and trunk, but was focused on kneensxites and flexors. Each training session
consisted of three leg exercises: two leg extergercises (bilateral leg press and seated
knee extension) and one exercise for knee flexamatéd knee flexion). Knee extensors and
flexors were trained bilaterally as well as unitatly (during the last 5 weeks of training
period | and Il). Four to five exercises were parfed for other main muscle groups
(lateral pull down, standing bilateral triceps pudbwn, bilateral biceps curl, seated
military press, or bilateral dumbbell fly, trunkeors and extensors). Training intensity
was progressive throughout the two 12-week peribuist 3 weeks of strength training was
performed as circuit training and acted as a gémpeeparation phase to develop toleration
to the resistive exercise stress, verify propera@se techniques, and accustom the subjects
to strength training. Next 4 weeks (week 4-7) welesigned to produce muscle
hypertrophy and were followed by 2 weeks of mixggdrtrophic and maximal strength
training (each performed once in a week). Durirg st two weeks one maximal strength
and one mixed maximal strength and explosive sthesgssion was carried out in a week.
A similar strength training progression was carr@d also during the second training
period. A more detailed description of the progs®f the resistance-training program is
presented in Table 3 and 4. The rest periods bettheesets and exercises of hypertrophic
exercises were two minutes and between sets andise® of maximal and explosive

strength three minutes.

Table 3. Strength training periodization for tramiperiod | (1-12 wks)

1-3 wks 4-7 wks 8-9 wks 10-12 wks
Strength- Hypertrophy Hypertrophy/Maximal Maximal/Explosive
endurance
Intensity 40-50% 70-85% 70-80% / 85-90% 80-95%-AB0%
Repetitions 15-20 8-12 8-10/3-5 3-4/8-10
Sets 2-3 2-4 2-3/2-4 4-5/3
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Table 4. Strength training periodization for tragiperiod 1l (13-24 wks)

13-15wks 16-19 wks 20-22 wks 23-24 wks
Endurance/HypertrophyHypertrophy Maximal Maximal/Explosive
Intensity 45-60% / 65-80% 70-85% 70-80/85-90980-95% / 30-40%
Repetitions 12-20/10-12 8-12 8-10/3-5 3-4/8-10
Sets 2-3 2-4 2-3/3-4 4-5/3

6.4 Pre-, mid-, and post-training measurements

In order to determine prolonged training adaptaticche measurements were conducted
prior to the start of the training period (afteeparatory sessions), repeated in the middle of
the study (after the first 12-week training peri@a)d the final measures were conducted
after 24 weeks of training (after the second 12kneaining period). The control group
was tested only before and after their controlque(il2 weeks). All the physical tests were
separated by two days of recovery. All the subjagtgardless of group assignment, were

tested for each of the following dependent varisllescribed in the following chapters.

6.4.1 Body Composition

Dual-energy X-ray absorptiometry (DXA) measuremem®re performed in the
postabsorbtive state after a 12-hour overnight fs¢ day preceding the measurement day
was a rest day from training. Total body fat andnlenmass as well as regional body
composition (arms, legs, trunk) were measured udimg energy X-ray absorptiometry
(DXA, LUNAR Prodigy, GE Healtcare, Madison, WI). ®Xscanner was calibrated
always in the morning before the measurements. Bodyposition of individual subjects
was determined at the approximate same (within lomg) time of the day. Soft tissue
distribution was analyzed separately for the tranl the upper and lower extremities. The
system software was enCore 2005, version 9.30 sed (Kim et al. 2002). Lean mass was
calculated as the fat-free body mass without inalgidbone mineral mass. Subjects were
asked to wear only underwear with no metallic asogss and lay supine on a DXA-
scanner table. The body was carefully positionedhst it was laterally centred on the
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table, palms facing to the thighs. Legs were sedpgether at the upper part of the calves
and above the toes. Scanning was in 1-cm slicen fiead to toe by using the 6-min
scanning speed. Appendages were isolated fronruhk &nd head by using DXA regional
computer-generated default lines with manual adjasts. Bony landmarks were
determined for the regional analysis (arms, legs, taunk). The vertical line bisecting the
glenoid fossa was used to separate the arms frermuhk (A). A horizontal line across the
top of iliac crests (B) and angled line passingotigh femoral neck (C) was used to
separate the legs from the trunk. The superioraértde trunk region was set at a level just
below the chin (D) (Figure 16). Fat and lean masthe head region was included into

respective total body composition calculations.

FIGURE 16. Dual-energy x-ray absorptiometry scéusitating cut points for arm, trunk, and leg
regions. A= line bisecting the glenoid fossa toasate the arms from the trunk; B= horizontal line
across the top of iliac crests and C=angled linesipg through femoral neck to separate the legs
from the trunk; D=line below the chin separatesthfieam the body.
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6.4.2 Cardiorespiratory measures

The graded maximal aerobic cycling test to voliibexhaustion was performed on a
mechanically breaked bicycle ergometer (Ergome@8E3 Monark Exercise AB, Sweden).
The exercise intensity was increased by 25W eweoyrhin starting with 50W. Pedalling
frequency was sustained at 70 rpm throughout thie Téne subjects were encouraged by
the tester to continue cycling until exhaustion xi@al aerobic cycling power (M) was
calculated with the following formula: W,eWeonitt/120AW, where Wom is the last
cycling power completed,is the time in seconds the non-completed powermaistained
and AW is the increment in watts (Kuipers et al. 198%robic and anaerobic thresholds
were determined from the respiratory gas analysistdood lactate values. Blood samples
were taken from the fingertip and analyzed with tege Pro LT.1710 analyzer (Arkray
Inc., Kyoto, Japan). Oxygen uptake was measuredbt@ath-by-breath continuously
(SensorMedics® Vmax229, SensorMedics Corporatiarha Linda, California, USA).

6.4.3 Force measurements

One repetition maximum (1 RM): Maximal bilateral concentric strength (1RM) of tleg
extensors was measured using horizontal leg pBesad 210, David Sports Ltd., Helsinki,
Finland) (Hakkinen et al. 1998). The subject waa Beated position so that the knee angle
was less than 60 degrees. Before the real 1 RNhgeatshort warm-up was performed.
Subjects were instructed to grasp from the handies keep the contact with seat and
backrest. On verbal command, the subject perforenedncentric leg extension to a full
extension of 180 degrees against the resistana¥ndeed by the loads chosen on the
weight stack. Verbal encouragement was given t&ewbe maximal performance. Each
trial was separated with one minute of rest. Tiséirig was continued until the subject was
unable to extend the leg in full range of motiosullly three but no more than five trials

were used.

Isometric leg press. Maximal bilateral isometric strength (N) was measluusing a
horizontal dynamometedésigned and manufactured by the Department ob&yobf Physical
Activity, University of Jyvaskyla, Finlarjdat the knee angle of 107° (Hakkinen et al. 1998).
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Subjects were instructed to generate maximum fascepidly as possible against the force
plate for a duration of 2-4 sec. Subjects were alyrbencouraged to perform their
maximal. A minimum of three up to five trails wetsed to determine the maximal
isometric leg extension with one minute break ssjpay the trials. The trial with the
highest peak force was selected for further analyhe force signal was low-pass filtered
(20 Hz) and analysed (Signal software Version Z&mbridge Electronic Design Ltd.,
Cambridge, UK).

Isometric military press: Maximal bilateral isometric strength (N) for thpper extremities
was measured using a seated military shoulder .pgedgect sat on the dynamometer and
pushed with arms against a horizontal bar withrtBiows at 90 degrees (Hakkinen et al.
1998). Subjects were instructed to generate maxirffwuoe as rapidly as possible against
the fixed bar for duration of 2-4 sec. During tkedion subjects were verbally encouraged
to perform their maximal. A minimum of three up ftee trails were used to determine
maximal isometric upper body force. The trial witie highest peak force was selected for
further analysis. The force signal was low-paster@d (20 Hz) and analysed (Signal

software Version 2.6, Cambridge Electronic Desigph LCambridge, UK).

6.5 Statistical analysis

Before the analysis the normality test was caraatito check the normal distribution of
the data. A one-way ANOVA analysis of variance waed to analyse differences between
the two intervention groups (E+S and S+E) and tbetrol group for pre- and mid-
measurements. At post-measurements independentesamgest was used to analyse
between group differences as data was presentfontyo intervention groups (E+S and
S+E). Within group differences were analysed byhggiepeated measures ANOVA for
pre-, mid-, and post-measurement values for alleddent variables. The relationship
between body composition measurements and phys$iress was studied with the
Pearson’s correlation test. The level of signifmarfor all tests was set at <(.05,
**p<0.01, and ***p<0.001. Statistical analyses were performed usingSSBtatistics
version 20 software (SPSS, Chicago, IL).
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7. RESULTS

7.1 Body composition

At baseline there were no differences between tbapsg in body weight. No significant
between-group difference was found in the chandgdsody weight and body mass index
(BMI) during the 24-week training period betweee tivo intervention groups. In within-
group analysis only the S+E group significantlyreased body weight during the 24-week
period (Figure 17), while E+S and the control gralfmwed no changes. An increase in
body weight in the S+E group from 75.2+8.5 kg to8#8.3 kg (2.3+£3.9%; p=0.013) was
assessed after 24 weeks of training, whereas, afidee change occurred during the first
12 weeks (1.7+2.4%; p=0.007). There was signifidaetiveen-group difference between

S+E and the control group at mid-measurements, \wlative changes were compared.

Body Weight .
% A 0
(%) [ — \ (%)
106 - - 106
104 - - 104
OE+S
102 - 107 B
H Control
100 - - 100
/ |—I
O/i T T // r 0

pre (0) mid (12)  post (24) pre (0) post (12)
Weeks

FIGURE 17 Changes in body weight over 24 weeks of periodigeghing. E+S=endurance
training followed by strength training. S+E=strémgtraining followed by endurance training.
%=percent change from pre-values *= significantrfnore-measurements or as indicated. *p<0.05;
**p<0.01
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7.1.1 Body lean mass

The overall training period led to increases imleaass. No significant between-group
difference was found in any measurement point betwibe two intervention groups. In
within-group analysis, both E+S and S+E increasedl tbody lean mass during the 24-
week training period by 3.3% (p=0.001) or 1.9 kgd an6% (p0.001) or 1.1 kg,
respectively (Figure 18). Whereas, the E+S grogpesmsed lean body mass during the first
12 weeks by 1.6% (p=0.027) and S+E 2.1% (p=0.08&3tistically significant between-
group difference was observed between the S+E amnlat group in changes in total lean
mass (p=0.020) which took place during the firstwigek period. The absolute values of
whole body and regional lean soft tissue mass theeP4-week training period are given in
Table 5.

Total Body Lean Mass

*

(%) / A \ (%)
106 - - 106
104 - - 104
OE+S
* B S+E
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*
100 - o - 100
7 " * ’
0 } T T // r 0

pre (0) mid (12)  post (24) pre (0) post(12)
Weeks

FIGURE 18. Changes in total body lean mass aftew@dks of training. E+S=endurance training
followed by strength training. S+E=strength tragifollowed by endurance training. %=percent
change from pre-values *=significant from pre-meaments or as indicated #=significant from
mid-measurements. *p<0.05; **p<0.01; ***p>0.001;<p05

These increases in total lean mass were mainlytdughanges in the leg region. The
changes in total lean mass and leg lean mass atmdelvell throughout the training period
in both E+S (r=0.735, p=0.003) and S+E (r=0.7471.p80). The E+S group significantly
increased soft tissue lean mass in the leg regiwsimgl both the first and last 12-week
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periods by 3.6% (p=0.001) and 2.4% (p=0.007), retspey. The S+E group increased leg
lean mass significantly during the first 12 weeks3l8% (p=0.018) and over the 24-week
period by 4.9% (p<0.000). An overall increase d@f Hg and 1.1 kg or 6.0+4.4% (p<0.000)
and 4.9+3.7% (p<0.000) were observed for the E+& SHE group, respectively (Figure
19). The absolute values over the 24-week periepeesented in Table 5. Changes during
the first 12-week period in leg lean mass in th&sE&hd S+E group significantly differed
from the changes in the control group (p=0.009 @@ 011), respectively.

Leg Lean Mass

%
(%) A (%)
112 - [ . Vo112
A
110 - r K - 110
108 - - 108
OE+S
106 - - 106
. W S+E
104 - * - 104 u Control
102 - & * - 102
%
100 -~ # - 100
a0 = #
: 0
0 pre (0) mid (12) post (24) pre (0) post (12)

Weeks

FIGURE 19. Relative changes in leg lean mass a#tewneeks of training. E+S=endurance training
followed by strength training. S+E=strength tragifollowed by endurance training. %=percent
change from pre-values *=significant from pre-meaments or as indicated #=significant from
mid-measurements. *p<0.05; **p<0.01; **p>0.001;p4D.01

Minor changes were observed in arm and trunk leassmWhereas, arm lean mass
increased significantly only in the E+S group b§%.from 6.61+1.01 kg to 6.80+£1.07 kg

(p=0.029). No significant changes in soft tissuanlanass were apparent for the trunk
regions. There was a significant 1.4+3.0% (p=0.088)jease in percentage of lean mass
frc n the mid- to post-measurements for the E+S grathereas no significant differences

were observed in the S+E and control group dutieg2-week training period.
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TABLE 5. Summary of the absolute values of leanstagr 24 weeks of periodized single-session

combined strength and endurance training. (E+S nS1& n=18).

Body region Week 0 Week 12 Week 24
Total body (kg) E+S 57.1+4.3 58.1+5.2* 59.145.2%**#
Total body (kg)S+E 56.7+4.8 57.9+4. 7% 58.1+4.6%
Lean% E+S 74.0+7.5 74.29+7.2 75.4+7.1#
Lean% S+E 75.3415.4 75.71+5.6 75.75+5.6
Legs (kg) E+S 23.9+2.5 24.8+2. 7% 25.3+2.6***##
Legs (kg) S+E 23.5+2.2 24.2+2 5% 24,612 .3***
Arms (kg) E+S 6.6x1.0 6.6+0.9 6.8+1.1#
Arms (kg) S+E 6.3+0.8 6.3+0.8 6.4+0.9
Trunk (kg) E+S 22.7+1.4 22.8+1.9 22.95+1.8
Trunk (kg) S+E 23.0£2.1 23.3£2.1 23.09+1.7

E+S=endurance training followed by strength tragnirS+E=strength training followed by
endurance training. *=significant with-in group féifence from pre-measurement; #=significant
with-in group difference from mid-measurements. 05, **p<0.01,*** p<0.001, #p<0.05,
##p<0.01

7.2.2 Body fat mass

There was a statistically significant between-grdifference between the S+E and control
group in the pre- and mid-measurements in leg, ammk and total fat absolute values and
fat percentage. Whole body and regional fat tisahsolute values over the 24-week
training period are given in Table 6. Total bodyrfeass did not change significantly from

pre- to post-training in any of the groups.

Percent of body fat measured by DXA was signifigahigher in the control group than in
S+E at pre- (p=0.018) and mid-measurement (p=0.0d¥® points (Figure 20). Only the
E+S group showed a significant decrease from nudadst-measurements by 1.4+£3.17%
(p=0.034).

52



Total Body Fat %
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FIGURE 20. Values of total body fat% after 24 weeMstraining. E+S=endurance training

followed by strength training. S+E=strength tragniollowed by endurance training. *=significant
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from pre-measurements or as indicated; #=signifitam mid-measurements. *p<0.05 #p<0.05

Arm fat mass decreased in the S+E group by 5.5248p=0.045) from 1.10£0.47 kg to
1.01+£0.40 kg over the 24-week intervention periadhile there were no statistically
significant changes in the E+S group or controlugtoNo significant changes were
observed in leg and trunk fat mass for any of tloeigs at any time point.

No significant changes were observed in the comrolp at any time point for any body

composition variable.
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TABLE 6. Summary of the absolute values of fat nass 24 weeks of periodized single-session

combined strength and endurance training. (E+S nS1& n=18).

Body region Week 0 Week 12 Week 24
Total body (g) E+S  17.6+8.2 17.4+7.5 16.6+7.6
Total body (g)S+E  15.545.6 15.545.7 15.2+5.5
Fat% E+S 22.0£7.9 21.747.5 20.6+7.3#
Fat% S+E 20.745.7 20.3+5.8 19.545.8
Legs (g) E+S 7.2+3.2 7.1£3.0 6.8+2.9
Legs (g) S+E 6.5+1.8 6.1+2.0 6.2+1.7
Arms (g) E+S 1.3+0.7 1.240.6 1.2+0.6
Arms (g) S+E 1.1+0.5 1.1+0.5 1.0+0.4*
Trunk (g) E+S 8.5t4.5 8.5%4.0 7.914.0
Trunk (g) S+E 7.4+3.5 7.7+3.6 7.5+3.7

E+S=endurance training followed by strength tragni®+E=strength training followed by
endurance training.*=significant with-in group @ifénce from pre-measurement; #¥=significant

with-in group difference from mid-measurements. 035, #p<0.05

7.3 Physical performance

7.3.1 Strength measurements

Lower body strength increased in both training gsodut remained unchanged in the
control group. Dynamic leg press increased by 13%0000) or 18.8 kg and 17%
(p=0.000) or 22.6 kg respectively in E+S and S+HEnduthe 24-week training period
(Figure 21). No significant between group differes@t any time point were found in E+S
and S+E (p>0.05). Training induced changes in th® &nd S+E group during the first half
of training period significantly differed from thehanges in the control group (p<0.000).
Summary of absolute values of lower and upper bswgngth and aerobic power are

presented in Table 7.
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FIGURE 21 Relative changes in dynamic leg press 1 RM aftdr vizeeks of training.
E+S=endurance training followed by strength tragnirS+E=strength training followed by
endurance training. %=percent change from pre-gatasignificant from pre-measurements or as
indicated #=significant from mid-measurements. *®80) **p<0.01; ***p>0.001; ##p0.01

TABLE 7. Summary of the lower and upper body stterand aerobic power during the
24-week training period (£ SD). (E+S n=14; S+E nx18

E+S S+E
Pre Mid Post Pre Mid Post
1RM leg press (kg) 160.+28 171476 178+27 7  142+23 159.6+2T 165+20 7
Isometric leg press (N) 27724738  3044+7753078+824  2337+540 25174572 26034563
Military press (N) 7424212 755+174 799+157 661+148  682+126 703+133
maxWatts 265+42 281+40 293397 245435 268+38 28437

E+S=endurance training followed by strength tragnirS+E=strength training followed by
endurance training.*=significant with-in group @fénce from pre-measurement; #=significant
with-in group difference from mid-measurements.igmgicant with-in group difference from pre-
measurement; #=significant with-in group differerian mid-measurements. ¥0.05; **p<0.01;
**n <0.001; #p<0.05; ##p<0.01; ###p<0.001.
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Isometric leg press force increased from pre- tstpoeasurements by 11.6+9.8%
(p=0.000) and 13.2+3.5% (p=0.008) in both E+S afn# §roup, respectively (Figure 22).

Changes in the control group significantly differfedm the changes in the E+S and S+E
group during the first 12 weeks. There was no ficant between-group difference

between two training groups. The changes in théragbgroup were not significant in any

measurement time point in any of the lower strenvgttable measured.

Isometric Leg Press Force
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FIGURE 22. Relative changes in isometric leg préssce after 24 weeks of training.

E+S=endurance training followed by strength tragnirS+E=strength training followed by

endurance training. %=percent change from pre-gatasignificant from pre-measurements or as
indicated. **p<0.01; ***p>0.001;

Upper body strength increased in both training gsowuring the whole training period
isometric military press force increased from 742N to 799+157 N (10%) (p=0.043)
and from 661+147.9 N to 703+133 N (8%) (p=0.015E#S and S+E, respectively (Figure

23). The changes in the control group were notifsogimt in any measurement time point.
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FIGURE 23. Relative changes in isometric militargegs force after 24 weeks of training.
E+S=endurance training followed by strength tragnirS+E=strength training followed by
endurance training. %=percent change from pre-gatasignificant from pre-measurements or as

indicated #=significant from mid-measurements. *080 **p<0.01; #p0.05

7.3.2 Endurance performance

Endurance performance increased in both intervengimups. W.ax increased by 11%

(p=0.000) in the E+S and 16.2% (p=0.000) in the §+&lip (Figure 24). There were no
between-group differences between the E+S and SaipgChanges in the control group
values, significantly differed from the changestiwe E+S (p=0.004) and S+E (p<0.000)
group. The changes in the control group were ngiifsicant in any measurement time

point.
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FIGURE 24. Relative changes in maximum watts in ¢ipeling test after 24 weeks of training.

E+S=endurance training followed by strength tragnirS+E=strength training followed by

endurance training. %=percent change from pre-gatasignificant from pre-measurements or as
indicated #=significant from mid-measurements. *®&0) ***p>0.001; ###p<0.001
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7.4 Correlations between body composition and physal fitness

When the two training groups were combined andréfetive changes in physical fithess
parameters and lean mass were analyzed, there wiggsificant correlation between the
changes in leg lean mass and isometric leg prase foom pre- to mid measurements
(r=0.441, p=0.012). When the changes throughoutrdiring period were analyzed each
group separately a positive significant correlationeg lean mass and isometric leg press
force changes was observed only in the S+E grot@. 516, p=0.028) from pre- to post-
measurementsn the E+S group a significant correlation was prédetween in arm lean

mass and isometric military press force (r=0.544).946) from pre- to mid-measurements.

Significant correlations between strength and Isaft tissue were observed when the
absolute values were compared in the total group+& and S+E. Significant correlations
were observed between leg lean mass and lower dgadgmic leg press 1 RM at pre-
(r=0.379; p<0.05), mid- (r=0.491; p<0.05), and postasurements (r=0.545<.001).
Similarly, leg lean mass significantly correlatedhnaerobic power in every measurement
time point (pre: r=0.599, 49.000; mid: r=0.641, £0.000; post: r=0.713,49.000). At
every measurement point, upper body isometric anjlipress significantly correlated with
arm lean mass (pre: r=0.65G;0000; mid: r=0.543,40.001; post: r=0.52599.002).

When absolute values were compared in two traigraups separately, leg lean mass
correlated with dynamic leg press 1 RM in the E+&ug in mid- measurement (r=0.546,
p=0.043) and post-measurement (r=0.026, p=0.026¢ tpoint. A positive correlation
between lower body strength and lean mass was riredéso in the S+E group at post-
measurements (r=0.470, p=0.049). Significant cati@hs between upper body lean mass
and military press force were observed in the Erdhig at every measurement time point
(pre: r=0.881, £0.000; mid: r=0.772, p<0.05; post: r=0.766, p<0)0&erobic power and
lower body lean mass correlated in both trainingugs. In E+S there was a significant
correlation in every measurement time point (pr€.676, p<0.05; mid: r=0.903<p.000;
post: r=0.867, $0.000) and in S+E only in the pre- (r=0.519; p<0.G;d post-
measurements (r=0.569; p<0.05).
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8 DISCUSSION

The purpose of the present thesis was to exammeffiect of intra-session sequence on
body composition as well as on lower and upper k&itgngth and endurance performance
after 24 weeks of single session combined streagth endurance training. The primary
findings of this study showed that in subjects motustomed to regular resistance or
endurance training the intra-session order had nilmence on the changes in body
composition. Independent of the intra-session serpie24 weeks of single session
combined strength and endurance training led toifsignt increases in total body and leg
lean mass. Large training-specific improvementsevedso observed in muscle strength and
aerobic performance after 24 weeks of single sesstnbined strength and endurance
training. Irrespective of the strength and endueainaining sequence no differences were

observed in the magnitude of strength or aerohifopaance improvements.

8.1 Changes in body composition

The endurance-first training protocol has been noffgoposed to impair the strength
performance committed later in the same sessiofffdCet al. 2009, Chtara et al. 2005)
and thereby impair the effectiveness of strengiimiing programs addressed to promote
muscle mass gains (Vilacxa Alves et al. 2012).He turrent study the magnitude of
changes in soft tissue lean mass was similar fur mtervention groups (E+S and S+E),
whereas most of the changes took part in total teass (3.3% in E+S and 2.6% in S+E)
and leg lean mass (3.6% in E+S and 2.4% in S+E)p&tively to our results, Cadore and
his colleges (2012a, 2012b) have reported thahénelderly the intra-session concurrent
exercise sequence had no influence on quadricepsrife thickness gains (9.0% in E+S
and 9.3% in S+E). They interpreted that even wheriopming strength training with a

lower relative loading intensity, maximal effortrpget allows the E+S group to stimulate
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its optimal contractile protein synthesis, whiclsuks in the same level of morphological
adaptation.

Increases in total body lean mass observed in mgysseem to be in agreement with
previous literature (Fleck et al. 2006, Nindl et2000, Dolezal & Potteiger 1998). Though
the study of Nindl et al (2000) was with the sameation as the current study, others have
observed similar gains with only the half of theei (Fleck et al. 2006, Dolezal & Potteiger
1998). Differences in hypertrophy development betwstudies could be explained with
different training intensities, volumes and freqeies used. Strength training program used
in the current study was not designed to maximigpehrophy but to produce overall
improvements in skeletal muscle hypertrophy, makisteength, and power. Only one
fourth of the whole strength training program ird#d loads of 70-85% of maximum which
should promote muscle hypertrophy (American Collefj&ports Medicine 2009). In the
studies of Dolezal and Potteiger (1998) and Flecki €2006) hypertrophic loadings were
used throughout the training period for all the maiuscle groups. Unlike in the present
study, Dolezal and Potteiger (1998) and Fleck €2@06) used jogging in their endurance
training. Tough high intensity cycling has shownirtorease lower body skeletal muscle
mass (Harber et al. 2009), the intensities usegtbgent study might have been too low to

elicit muscle hypertrophy.

Others have observed lager muscle mass increasiesiwgle session combined strength
and endurance training, exceeding 10% (Sale @t98l0, Lundberg et al. 2013, Cadore et
al. 2012a). Those greater improvements may conma fitte different methods used to
assess changes in body composition. Methods estgnatuscle thickness or cross-
sectional area (CSA) (Sale et al. 1990, Lundbergl.eR013, Cadore et al. 2012a) have
shown much larger skeletal muscle mass gains (>I@#pared to the lean tissue values
observed with DXA (Fleck et al. 2006, Nindl et 2D00) (<5%). The differences in the
CSA data compared with the volume data, combineld thie fact that muscle hypertrophy
has been shown not to occur uniformly throughoeheadividual muscle or region of the

body in response to strength training (Abe et &03) provides support for the
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recommendation that muscle volume rather than Ci8Ald be studied in investigations
where muscle mass or hypertrophy are primary veasatf interest (Roth et al. 2001).

Strength training in our study targeted foremos thigh muscles, especially the knee
extensors. This likely resulted in a lower absolcih@nge in total lower body lean mass
(Delmonico et al. 2008). The DXA-method is unaldalifferentiate between muscles with
in limb and thereby leg lean mass measurementadadl lower limb area consisting of
whole thigh and calf (Menon et al. 2012). This eaged the possibility that the
measurement error may have had some role in tden§s by reducing the percent muscle
mass change observed. The increases of the simalgnitude were observed for both total
and leg lean mass. Thereby, it can be concludet tttal lean mass increases were
observed mainly due to the positive lean mass adwmmgthe leg region. Nindl et al (2000)
have supportively shown that after 24 weeks ofltbtady periodized military-specific
strength and endurance training increases in botdy lean mass could mainly be attributed
to a gain in leg lean mass. In the present studly,l@ean mass had a tendency to increase in
both groups but only in the E+S group a significar&% increase was observed. Larger
improvements in leg lean mass can be explained tvérhigher training intensity/volume
for the thigh muscles than for upper body usededurrent study. The current results and
those from Nindl et al (2000) show the importarcednsider the regional changes in body

composition rather than whole body changes alone.

No significant changes in total body fat mass weleserved in the present study.
Percentage of fat mass decreased only in the BBt grhich was mostly due to an overall
increase in lean body mass. Though this is in ageaé with Gravelle and Blessing (2000),
literature usually suggests decreases in fat masi#oma percentage of fat mass after
combined training (Sillanpaa et al. 2008, Glowagkal. 2004, Vilacxa Alves et al. 2012,
Dolezal & Potteiger 1998). There can be some exgpians why men in the current study
did not lose fat mass. First, though all the subjeeere encouraged to eat healthfully and
participate in the nutrition lecture in the begmmiof the intervention period, nutrition in
the current study was not controlled. Physical @seralone without dieting has shown to
have only a modest effect on total body mass anthéss loss. Second, the magnitude of
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the expected adipose tissue loss has been shdvenr&dated to the initial values of adipose
tissue (Doucet et al. 2002) but the male subjeetdicipating in the current training
intervention study were all in normal weight catgg@BMI < 25 kg/nf; fat% < 21%)
(Madeira et al. 2013). Third, in order to observwe iacrease in fat utilization and
augmented energy expenditure, both the resistamtesadurance exercise protocol needs
to be of sufficiently high intensity as secretioh lipolytic hormones has found to be
intensity dependent (Kang et al. 2009). Accordiagthat it can be speculated that the
intensities used in our study were too low to elggnificant fat utilization and hence a
decrease in fat mass. In addition to possibly lougance training intensity, the training
frequency in the current training program was &s3s than suggested for weight loss. The
current training frequency was two times a weekirduthe first training period and even
though training frequency increased during the 12siveeks it still may have been too low,
as training programs should be conducted at leasiv8* to elicit total body or fat mass
loss. Last, the training programs used in theerurstudy were designed to elicit changes
in lower body. Resistance of thigh fat to mobiliaat and utilization has been reported
previously (Rognum et al. 1982), which can be ladiied to a number of possible factors,
including lipoprotein lipase activity, local blodtbw, receptor agonist-to-antagonist ratio,
sympathetic nervous stimulation, tissue morphologgd lipolytic responsiveness to
endocrine stimuli (Rognum et al. 1982, Schoenf2@d.0).

As lean mass increased and fat mass did not decdesis\g the 24-week period the total
body weight had a tendency to increase during thev@ek period, whereas the increase
was significant only in the S+E group (2.3%). Iraged body weight is usually observed
after a resistance training program (Donnelly et 28109). According to those results
strength training seemed to be superior to ender&maining in terms of changes in body
composition. Even without changes in fat mass, ta@s be considered as a favorable
change in body composition, because the increalEammass is associated with increases
in resting metabolic rate (RMR) (Dolezal & Pottaide998). This in turn is relevant in
terms of body composition, because RMR represebisuta50% of daily energy

expenditure (Vilacxa Alves et al. 2012).

63



8.2 Changes in muscle strength performance

In the current study, both E+S and S+E group irsgddower body dynamic and isometric
maximal strength during the 6-month training peraotd no between group differences
were observed. The current findings indicate thefgoming low- to moderate intensity
strength and endurance training over a prolongemgef time does not interfere with
maximal strength gains in healthy young men. Supgay, Collins and Snow (1993),
Chtara et al (2008) and Gravelle and Blessing (20@8e not found that the sequence of
training sections had had specific influence on degelopment of lower body strength.
Though it has been demonstrated that a cycle ergonegercise session can induce an
acute decrease in lower-body force development tduéhe local fatigue (Leveritt &
Abernethy 1999) and by compromising neuromusculanction (Garcia-Pallares &
Izquierdo 2011, Collins & Snow 1993), this seem$¢onot the case in the current study.
Low- to moderate cycling did not probably causegfa which would have limited
strength training for young healthy men as no betwgroup difference was observed or
might have served as a warm up before the stretigthing (Gergley 2009). Those
findings are also in agreement with de Souza €2@07), who showed that low-intensity

continuous endurance exercise does not interfetemaximal strength.

The present results are not in agreement with @aebal (2012a) who observed different
strength improvements according to the intra-seseider. Concurrent training regimens
in the study by Cadoreet al (2012a) resulted iraanéd lower-body dynamic strength and
quadriceps femoris muscle quality in both E+S and S+E group, but greamprovement
occurred when strength training was performed ptmrendurance training. Possible
reasons for conflicting results can be explainethwdifferent endurance and strength
training intensities, and volumes employed in vasigtudies can lead to diverse training
specific adaptations. In addition to that, thentirag status of subject, their gender and age
as well as tests used to measure the dependeablearican influence the final results.
(Glowacki et al. 2004).
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The magnitude of the lower body strength improvetsi@n the present study are in
accordance with previous studies (Chtara et al82D0lezal & Potteiger 1998, Collins &
Snow 1993, Gravelle & Blessing 2000). However, matudies have observed similar or
even larger improvements within half a shorter tifkeck et al. 2006, Dolezal & Potteiger
1998, Collins & Snow 1993, Gravelle & Blessing 2R0A study using similar duration
intervention period (22 weeks) observed 20-35% owements in maximal strength in

previously untrained young male subjects (Salé. i990).

The extent of interference might also be relatedht endurance training type used in
training. There has been evidence that strengtleldpment can be maximized when
strength exercise is combined with biomechanicgfigcific endurance training mode. In
both leg press resistance exercise and cycle etgomedurance exercise, the quadriceps
femoris produce movement primarily concentricallyiet in turn can lead to larger
strength gains. (Gergley 2009). Even though theitrig load is significantly lower in
bicycle training than in strength training, the hhigmount of repetitions and high intensity
of cycling with rather high loads has been showncanse some hypertrophy in knee
extensors (McCarthy et al. 2002). Subjects in tneent study were informed to keep the
pedaling rate close to 70 rpm, but they were noiipgged with electronic values and the
training protocol was controlled only by the hesate monitor. The ones who were
pedaling slower than 70 rpm might have imposed ranfof high repetition resistance
training. The extent that cycling rpm effects sgrigndevelopment in concurrent training
remains unclear and requires further inquiry. (Gsrg2009). Contrary to that, isometric
and concentric force production has been reporelet impaired if aerobic exercise is

performed on a cycle ergometer at anaerobic iniefisepers et al. 2001).

In the literature it has been shown that the ogdtisti@ngth development stimulus is not
necessarily the same as the optimal muscle hypégretimulus (Schoenfeld 2010).
Increases in the muscle quality after strengtmimngi suggest that despite the increases in
muscle size, neural factors, such as increasesatornunit recruitment or firing rate
capacity, are the primary mechanisms that expl&ength increases in elderly people
(Cadore et al. 2012b). In agreement with previotesdture (Ahtiainen et al. 2003) the
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improvements in strength were larger than the gainsoft tissue lean mass also in the

present study.

8.3 Changes in endurance performance

Along with the aerobic training volume and intepdite intra-session exercise sequence
might be an important variable in the adaptatiomstite concurrent training program
(Garcia-Pallares & Izquierdo 2011, Chtara et ab3)0In the current study different intra-
session exercise orders resulted in the increddbe same magnitude in maximal aerobic
power (11% and 16.2%, respectively in the E+S arld §oup) over the 24-week training
period. Similarly to our results, Cadore et al (200 and Collins and Snow (1993)
demonstrated that different intra-session ordeinduconcurrent training resulted in the
same magnitude of maximum endurance performancet Mdhe studies investigating the
effects of simultaneous strength and aerobic tmginon endurance performance
demonstrate that strength training does not neggtimterfere with the development of
cardiorespiratory fithess (Kraemer et al. 1995] Behal. 2000, Cadore et al. 2012b). Unlike
others, Chtara et al (2005) observed compromiseldirance gains in young men when
strength training was performed immediately beferelurance. Possibly the volume,
intensity, and frequency of the concurrent trainipgrformed in the current study
minimized interference of the intra-session seqaenche endurance performance (Cadore
et al. 2012a). Similarly to the Cadore et al (2018abjects in the present study performed
periodized strength and endurance training for the@romotion, starting at lower
intensities and gradually achieving the intensitiese to the maximum.

The increases in aerobic power in the single sessoonbined training group have been
proposed to be of lesser magnitude than those @atliog endurance training alone (Dolezal
& Potteiger 1998). Conversely to that, Cadore aisdcblleges (2011) observed the same
magnitude increases in the concurrent training endurance only group (20.4% and
22.0%, respectively). They concluded that combirstigngth and endurance into the same

training session does not interfere with the dgwelent of maximal aerobic power in the
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elderly. The enhancement of the efficiency patedter a concurrent training period may be
explained, in part, by neuromuscular adjustmengi(@e et al. 2012b). It has been shown a
positive association between neuromuscular perfoceaand maximum endurance
capacity (lzquierdo et al. 2003) as well as musceleonomy during aerobic exercise
(Cadore et al. 2011). The increase in maximum aegmtwver may be at least in part due to
improved lower body strength (Cadore et al. 201Ebhanced endurance performance has
been observed after combining strength traininghwenhdurance training because of
increases in the size of type | fibers and changdgpe Il subtype ratios and myofibril
contractile properties (Chtara et al. 2005). It baen suggested that when interference is
observed in muscle hypertrophy, strength gains beaynaintained by neural mechanisms
(Leveritt & Abernethy 1999).

8.4 Strengths and limitations of the study

The limitation of this thesis was the limited digt@nergy intake observations. Incomplete
and missing data from food diaries and physicavigtiogs made it impossible to follow
the everyday activities which may have influenckd thanges in body composition.
Changes in food intake or habitual physical agtivithich may have occurred with the
enrollment to the study can potentially explain itherease instead of decrease in the body
weight. Though subjects were asked to participatehie nutrition lecture about the
adequate and optimal food intake before and afieitriaining, the detailed data about the
food consumed is missing. Data about energy expaediuring the training sessions was
not collected. The strengths of the present thassthe long supervised training period,
controlled and repeated measurements of body catigmgamuscle strength and aerobic

performance.

Although DXA is reported to be a valid and reliabdehnique to estimate changes in soft
tissue composition (Nindl et al. 2000, Sillanpad 20Houtkooper et al. 2000), unlike in
many other studies (Sillanpdad 2011, Santos et Gll02Williams et al. 2006), several

persons were carrying out DXA measurements in theent project. Nevertheless, before
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body composition measurements all the subjects asked to follow a similar pattern by
avoiding physical activities 48 hours and fastiog X2 hours before the measurement. This
will make the measurements more reliable. DXA adldwassessing changes in total body

as well as in regional fat and lean soft tissuesnas

Since no strength-only or endurance-only trainingswncluded in the present study it
remains unknown if there was interference effettvben strength and endurance training
even though no order effect was observed. It isiptesto speculate only according to the
existing literature that the values observed dusmgle session combined training were
less than during strength-only or endurance-ondining. Finally, those results are
applicable only to sedentary, apparently healthyemaWhether those results can be
applied to women at the same age, weight and pdilyBiness status remains out of the

scope of this thesis.

8.5 Conclusions and practical applications

The present data expand the knowledge of previmasnf)s related to the importance of
intra-session exercise sequence during the simgieia combined strength and endurance
training when optimizing the training outcome. Therent findings suggest that a 24-week
single session combined strength and endurana@nigaprogram significantly increases
total body and leg soft tissue lean mass in youegipusly untrained men, independent of
the training sequence. In addition to whole bodasueements, regional body composition
changes should be observed, as the total bodynheas increases were present due to the
changes in leg lean mass. Training in the samenwdland intensity as used in our study
did not cause significant decreases in fat massiwled to increased body weight. Perhaps
a significant decline in these variables may has®ioed if the subjects had been engaged

in higher endurance training intensity.

Training sequence of the present concurrent trgipimogram had also little influence on
strength and endurance adaptations as the magmituiiprovements were similar for both

E+S and S+E groups. According to these resultsfitbetraining session may not have
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caused fatigue which could have limited the subsetjtraining section. Health and fithess
professional who need to make recommendations duea clients can suggest single
session strength and endurance training to causiiveochanges in body composition as
well as in physical fithess and hence maintain ltargn health. The present results showed
that when emphasizing lower body strength trainihg largest improvements can be
observed in lean mass and dynamic strength ofahe segion. From a health perspective,
strength training should evenly cover all big masgtoups in the upper and lower body as

well as in the trunk region.

Based on the present findings it can be concludativthen young, apparently healthy men
combine strength and endurance into the samengasession the personal preferences of
the practitioner in terms of exercise sequencebeataken into account. The possibility to
freely change the strength and endurance traingogience can improve space and time
management as well as provide an additional wagdace the monotony of training. It is
well known that the adaptations to physical tragniare attenuated when the training
program design remains unchanged over a long pefitiche. Therefore, it is beneficial to
know that the order of combination of strengthrmag with endurance training can be

varied without compromising the overall outcome.
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