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Abstract

The study purpose was to investigate the effect of complex training on aerobic and anaerobic power of amateur

athletes.

Materials and methods. The study included 30 amateur athletes in soccer and hockey, which were equally divided
into two groups, namely an Experimental group who underwent 6 weeks of complex training along with regular
training in their sports and a Control Group who only performed their regular sports training. Anaerobic power

was assessed by Running-based Anaerobic Sprint Test (RAST) and aerobic power (VO,max) was assessed by 12-min
Cooper run/walk test. The study used the Pre-test Post-test Randomized Group Design, and Paired t-test was used as
the statistical technique for data analysis at a significance level of 0.05.

Results. At the end of six weeks, the Experimental group showed significant improvement in anaerobic power and
VO,max, while only VO,max was improved in the Control group (p<0.05). No significant improvement was observed
in anaerobic power for the Control group (p>0.06). Therefore, this shows that complex training has significant effect
on anaerobic power, while it does not produce significant improvements in aerobic power.

Conclusions. Six weeks of complex training integrated with regular sports training can improve anaerobic power.
Coaches and athletes, specifically in soccer and hockey, can implement the complex training program in their regular

training.
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Introduction

Strength and conditioning experts, strength coaches,
and researchers are all very interested in the best training
methods that maximise strength. It is now well researched
and accepted by most professionals that the combination
of resistance training and plyometric training results in
greater muscular power gains (Faude et al., 2013; Hammami
et al., 2017; Ebben et al., 1997). This combination is termed
as complex training (Fleck & Kontor, 1986). This regime
comprises of performing an exercise set that includes a high-
load resistance training exercise, then performing a low-load
plyometric power exercise right after. In this training style,
two biomechanically comparable exercises are typically
combined, with the high-load resistance exercise coming
first. [e.g., squat at 80% of one repetition maximum (1RM)],
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followed by the low-load power exercise (e.g., squat jumps)
(Fleck & Kontor, 1986; Docherty et al., 2004).

Since the last few decades, the area of complex training
has been well researched and numerous researchers had
investigated the effect of complex training on various
components of physical fitness on athletes of different sports
such as soccer, basketball, volleyball, rugby etc. (Christopher
et al.,, 2012; Wallenta, C et al., 2016; Alves et al., 2010).
Meta-analyses had tried to convene the vast literature of
complex training and findings revealed that complex
training has positive effect on physical fitness variables such
as countermovement jump, sprints, agility, repeated sprint
ability etc. (Christopher et al., 2012; Wallenta et al., 2016;
Alves et al., 2010). But there is scarcity of studies related
effect of complex training on aerobic and anaerobic power.

Itisawell-accepted fact that aerobicand anaerobic power
are important physical fitness attributes that contribute in
the overall performance of various sports and thus players
should have well developed aerobic and anaerobic fitness
(Modric et al., 2020; Reilly et al., 2000). Maximal aerobic
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power (VO,max) is defined as the highest oxygen uptake
that can be achieved during dynamic exercise with the
involvement of large muscle groups (Wagner, 1996). Well-
developed VO,max helps in maintaining repetitive high-
intensity runs and accelerating recovery process during a
soccer game (Slimani et al. 2019). Anaerobic capacity is
the maximal amount of ATP resynthesized via anaerobic
metabolism (by the whole organism) during a specific type
of short duration, maximal exercise (Green, 1994). Whether
complex training can improve VO,max is a question of
debate. Meta-analyses by Ramirez-Campillo, Andrade, et al.
(2021) and Thapa et al. (2022) reported small or moderate
improvements in time-trial endurance performance.
Similarly, the effect of complex training on anaerobic power
has not been well-researched. Study conducted by Ingle
et al. (2006) reported small increases (<5.5%) in peak and
mean power, while Perez-Gomez et al. (2008) found no
improvements in anaerobic power.

Therefore, it is evident that area of aerobic and anaerobic
power has not been congruously studied and the studies
which are conducted reported contrasting results. Thus, the
purpose of the present study was to investigate the effect
of complex training on aerobic and anaerobic power on
amateur athletes.

Materials and Methods

Study Participants

For the purpose of the study, a total of 30 male, amateur
players were selected as subjects. The subjects belonged to
Hockey (n=14) and Soccer (n=16) sport. The participants
were randomized into one of the two groups — Experimental
Group (n=15) and Control Group (n=15) (using an online
randomization tool; www.randomizer.org). The physical
characteristics of the subjects (Mean + Standard Deviation)
are presented in Table 1.

The inclusion criteria for the participants were - free
from any musculo-skeletal or neuromuscular injury or
disorder that could limit their ability to perform the training

Table 1. Protocol for complex training

or tests, represented their institute at the inter-university
level, training age of at least 4 years and had experience of
doing weight training. All the participants were informed
about the purpose of the study, benefits and risks involved
with the training. Informed consent forms were signed by
all the participants. The study was approved by the institutes
Departmental Research Committee with considerations
regarding ethical issues reported in Helsinki Declaration.

Study Organization

The study used pre-test post-test randomized group
design with a training period of six weeks. Experimental
Group underwent six weeks of complex training (three times
a week i.e. on Mondays, Wednesdays and Fridays) while
Control Group was not given any sort of complex training
or traditional resistance training. Along with this, both the
groups were involved in their regular training of respective
sports. Complex training protocol is presented in Table 1.

Two familiarization sessions were conducted for
participants before baseline testing. 1-RM testing and
demographic data was also collected before the baseline
testing. Participants were asked to abstain from any
strenuous physical activity 24-hours and take proper rest
before the baseline testing. Baseline testing was conducted
on a standard track of 400 meters. Participants were tested
for anaerobic power and maximal aerobic power (VO,max)
using Running-based Anaerobic Sprint (RAST) Test and
12-Minute Cooper Run/Walk Test respectively.

RAST Test involves six sprints of 35 meters, with a
recovery period of 10 seconds between each sprint (total five
10-secrecovery periods) (Andrade etal., 2015). The timing of
all six sprints was noted and power (P) in each effort (P = total
body mass x distance2)/time3) was calculated (Zagatto et al.,
2009). As variables of RAST, the peak power (PP), defined
as the greater power achieved among the 6 efforts, the mean
power (MP), defined as mean power among the 6 efforts,
and minimum power (Pmin), defined as minimum power
achieved among the 6 efforts, were determined relative to
body weight. For VO,max, participants were asked to run

High-load resistance activity

Low-load high-velocity activity

Indicator
Exercise Sets x repetitions Exercise Sets x repetitions
Squat 3x10 Squat jump 3x6
Week 1-2 Romanian deadlift 3x10 Kettlebell swing 3x10
65% 1RM Barbell lunge 3x10 Barbell high knees 3 x 15 sec
Bench press 3x10 Plyo-push up 3%x6
Squat 3x10 Squat jump 3x8
Week 3-4 Romanian deadlift 3x10 Kettlebell swing 3x10
70% 1RM Barbell lunge 3 x 10 Barbell high knees 3 % 20 sec
Bench press 3x10 Plyo-push up 3x8
Squat 3x10 Squat jump 3x10
Week 5-6 Romanian deadlift 3x10 Kettlebell swing 3x10
75% 1RM Barbell lunge 3% 10 Barbell high knees 3 x 25 sec
Bench press 3x10 Plyo-push up 3x10

1RM: one repetition maximum.
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continuously for twelve minutes and cover as much distance
as possible. At the end of twelve minutes, distance covered
by the participant was recorded in kilometres. VO,max was
calculated using the formula VO,max = (22.351 x kilometres)
- 11.288 (Cooper, 1968).

Statistical Analysis

With the help of IBM SPSS version 20.0 (IBM, New York,
USA) data was analysed. Normality of the data was tested by
Shapiro-Wilk test. Data was found to be normally distrib-
uted. Data are presented as means and standard deviations in
Table 3. Further analysis was carried out at 0.05 level of signifi-
cance. Paired t-test was used to investigate the effect of inter-
vention by comparing the baseline testing with the post-test.

Results

All the participants of the study received the training as
planned and designated. None of the participant reported any
adverse effect or injury and also none of the participant left
the study without completion. Demographic characteristics
of both the groups i.e. age, height, weight and BMI are
presented in Table 2 and there was no significant difference
found between experimental and control group. Descriptive
statistics (means and standard deviations) are presented in
Table 2 during pre-test and post-test for both groups for
the following variables - VO,max, average anaerobic power,
maximum power, minimum power and fatigue index.

Paired t-test analysis, as presented in Table 4, found that
there is significant increase in VO,max in experimental and
control group (p<0.05); while significant effect is observed

only in experimental group in case of average anaerobic
power (p<0.05). No significant effect of complex training
was observed for average anaerobic power in control group
(p>0.05).

Discussion

The present study was conducted with the purpose to
investigate the effect of complex training on aerobic and
anaerobic power among amateur athletes. 30 subjects,
equally divided into two groups (Experimental and Control)
underwent six weeks of intervention period. The results of
the study showed a significant improvement in VO,max and
average anaerobic power in experimental group, while only
VO,max improved in control group.

Soccer and hockey matches consists a lot of high-
intensity runs. Strength, power and endurance have
proven to be of importance for players of both the games.
According to this study research, a 6-weeks complex training
program along with regular training of respective games,
significantly improved the anaerobic power while significant
improvements were not observed in VO,max. VO,max was
seen improved in both the groups, while the improvements
were not significantly different in Experimental and Control
Group, while led to the interpretation that improvement
in VO,max among the subjects was because of the regular
training of their respective sports, and not because of
complex training. Average VO,max in post-test observation
in Experimental and Control Group was 49.42 mL/kg/min
and 47.25 mL/kg/min respectively. It shows that VO,max
improvements were slightly higher in Experimental Group
than Control Group. These findings are in line with the results

Table 2. Demographic Characteristics of the Participants (Mean + SD)

Group Age Height Weight BMI
Experimental Group 21.33+£1.83 172.5+5.75 67.04 + 5.04 21.17 £ 1.03
Control Group 21.06 £ 1.87 171.86 £ 8.20 65.69 £ 6.06 22.56 £ 1.79
Table 3. Descriptive Statistics (Mean + SD)

Experimental Group Control Group
Indicator
Pre-test Post - test Pre - test Post - test
VO,max 45.82 +3.55 49.42 +3.94 44.01 £ 3.30 47.25 + 3.49

448.48 + 74.44
531.43 £92.45
365.68 + 57.48

Average Anaerobic Power
Maximum Power

Minimum Power

490.02 + 66.65
558.75 + 84.51
429.14 + 60.54

464.48 + 54.99
518.67 £ 60.58
409.01 + 47.66

458.96 + 40.68
510.65 + 56.60
420.11 + 40.45

Fatigue Index 495+2.11 399+ 1.53 3.25+1.01 2.67 £ 1.09
Table 4. Paired t-test
Group Variable t-value df p-value
) VO,max_Pre - VO,max_Post -11.26 14 0.000
Experimental Group
AAP_Pre - AAP_Post -6.34 14 0.000
VO,max_Pre - VO,max_Post -9.75 14 0.000
Control Group
AAP_Pre - AAP_Post 0.702 14 0.494

AAP - Average Anaerobic Power
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reported where improvements are observed for VO,max in
the intervention group, but the change in score did not differ
significantly from that of the control group (Beattie et al.,
2017; Ferrauti et al., 2010; Pellegrino et al., 2016).

Since for assessing VO,max, 12-min Cooper Run/
Walk test was used, literature has shown that strength
training - induced neuromuscular adaptations including
maximum strength, jumping power, and Post-activation
potentiation (PAP) response, has beneficial effect on running
performance, such as such as improved running economy
and force production during running in endurance runners
(Mikkola et al., 2011; Ramirez-Campillo et al., 2014; Blagrove
et al., 2017). Running Economy (RE), which has been
defined as oxygen uptake required at a given submaximal
velocity (Ferrauti et al., 2010), has some neuromuscular
characteristics such as muscle force and stiffness, fiber-
type distribution, elasticity, or neural input (Guglielmo
et al., 2009). These factors could also be improved by
strength training (Jung, 2003; Laursen et al., 2005; Sunde
et al., 2010), increasing the muscle work efficiency, and
permitting aerobic activity at a lower oxygen consumption
at submaximal intensities (Guglielmo et al. 2009; Millet et
al., 2002; Paavolainen et al., 1999; Sunde et al., 2010; Taipale
et al., 2010). Complex training elicits PAP response, which
allows the athletes to produce more power on subsequent
exercises (Carter & Jeremy, 2014). The specific mechanisms
include stimulating high order motor unit recruitment and
excitability, increasing phosphorylation of the myosin light
chain, and changes in limb stiffness (Blagrove, Howatson &
Hayes, 2018; Tillin & Bishop, 2009). These neuromuscular
adaptations may also benefit long-distance performance
such as improvement in RE and maximal running speed
(Beattie et al., 2014; Blagrove, Howatson & Hayes, 2018).
A study conducted by Li et al. (2019) to investigate the effect
of complex training and heavy resistance training on running
economy, neuromuscular and 5-km running performance
concluded that 8-weeks of complex training as well as
heavy resistance training did not improved VO,max, but
5-km running performance was significantly improved. The
author speculated that the 5-km performance improvements
were due to the comprehensive effects of neuromuscular
adaptations and running economy increase (Li et al., 2019).

Some of the researches conducted with longer
intervention period has shown some improvement in
VO,max. Study conducted by Sporis, G. et al. (2011) had
shown that 12 weeks of strength training may improve
aerobic power by 4.6 percent among female soccer players
(Sporis et al., 2011). Similar results have been reported by
Gettman and Pollock (1981), Hickson (1980) and Hurley et
al. (1984). No statistically significant changes were reported
in VO,max for any group in the majority of studies that
assessed this parameter (Karsten etal., 2016; Vikmoen et al.,
2016; Giovanelli et al., 2017; Johnston et al., 1997).

In a study on volleyball players, the impact of eight
weeks of strength training on aerobic and anaerobic power
was examined. The results showed that the experimental
group, which included strength training in addition to regular
volleyball training, significantly improved their anaerobic and
aerobic power, while the control group, which included only
traditional volleyball training, showed no differences (Bicer,
2021). Another study showed that after twelve-weeks of
complex training, experimental group showed small increases
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in anaerobic power (less than 5%) among early pubertal boys
(Ingle et al., 2006). This is in line with previous research that
has reported absolute peak power between 400 and 420 W
in trained 11- to 13-year-old boys (Docherty et al., 1987).
Following complex training, mechanisms for improving
anaerobic performance may involve greater force generation
and neural adaptation. Mahon (2000) proposed that improved
coordination and increased motor neurone firing rate were the
causes of higher performance. Similar results were obtained
by Ozmun, Mikesky, and Surburg (1994), who suggested that
better contractile activity efficiency in young children was
the product of neurological changes by measuring increased
muscle activation using integrated electromyography after
training. Because of this, complex training may improve
the transfer of force between the concentric and eccentric
phases of muscle activity and bestow a positive transfer of
neuromuscular demands, leading to better coordination and
synchronisation of active muscle groups (Chu, 1996).

Six weeks of complex training has significant effect on
anaerobic power while it has lacks potential to produce
significant increases in VO,max. Resistance Training can
be expected to improve concurrently both muscular and
cardiovascular fitness within a single mode of resistance
training when young and old persons have initially low
fitness levels (Ozaki et al., 2013). Therefore, complex training
can be integrated with regular training of respective sports
to improvement of anaerobic power. Further research can
be conducted with a longer intervention period or different
participants to investigate its effect on aerobic power.

Conclusion

Based on the results of the study, it can be concluded that
six weeks of complex training integrated with regular games
training, can significantly improve anaerobic power, while
it does not produce significant improvements in aerobic
power among amateur athletes. Coaches and athletes can
implement the complex training program in their training
for improving their anaerobic power.
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BN/inB KOMIMJIEKCHUX TPEHYBAHb HA AEPOBHY
TA AHAEPOBHY NOTYXHICTb CNOPTCMEHIB-JIOBUTEJIIB

Tonman Kymap'45P, Biex I[Tanpgeir'A5¢P

'Hanionanbunit inctutyT disndnoro BuxosanH: imeHi Jlakmmi bai

ABTOpChKMIT BRI A — au3aiiH gocnipkenHs; B — 36ip ganux; C - cratananis; D - migroroska pykormcy; E — 36ip komris

Pedepar. Crartst: 7 c., 4 Tab., 53 mpxepera.

MerTor0 mOCTiIKeHHA OyI0 BUBYCHHs BIUIMBY KOMIUIEKCHNX TPeHYBaHb Ha aepoOHY Ta aHaepOOHy IOTY>KHICTb
CIIOPTCMEHIB-TII0OMTEIB.

Marepianu Ta MeTOmM. Y4acHMKaMu BOCIipKeHHs Oy 30 ciopTcMeHiB-mo6uTeniB — rpaBuiB y GpyTOon i XoKell, SAKUX
HOPiBHY PO3Ji/IM/IN Ha [Bi IPYIINM, A CaMe: eKCIIepPUMMEHTA/IbHY IPYILy, AKa IPOXOo[uIa 6 TVKHIB KOMIUIEKCHUX TPEHYBaHb PasoM
31 3BMYAMIHMMM TPEHYBaHHAMM Yy CBOIX BUJAX CIOPTY, i KOHTPO/IbHY IPYIy, IKa BUKOHYBaJ/a JIMIIE CBOI 3BMYaliHi CIIOPTUBHI
TpeHyBaHH:A. AHaepOOHY IOTY>KHICTD OLIiHIOBA/IN 3a JOIIOMOT'0I0 aHAePOOHOTO CIIPMHT-TECTY Ha 0cHOBI 6iry (RAST), a aepobny
HOTY>KHICTh (MaKCUMajIbHe CIIOKMBAaHHS KUCHIO — VO,max) oLiHioBanu 3a JOIOMOrow 12-xsmmmHHoro tecty Kymepa Ha 6ir/
xozip0y. Y mocCImipKeHHI BUKOPMCTOBYBAIM IIaH IIONEPESHBOIO Ta IMiJICyMKOBOIO TeCTYBaHHSA Ha IBOX IPYyIax i3 BUIIAQJIKOBUM
POS3IO/iIOM YYaCHUKIB, a /71 aHa/li3y JaHUX SIK CTATUCTUYHUIT METOJ] BUKOPYCTOBYBA/IM TapHuii t-KpuTepiit CTbiofieHTa 3a piBHA
sHavymocti 0,05.

Pesynbraru. [licna 3aBeplIeHHS MIECTU TVOKHIB €KCIIEPMMEHTA/IbHA IPyIa IPOJEMOHCTPYBala CTaTUCTUYHO 3HAYYIIE I10-
KpallleHHsA aHaepOOHOI OTY>XHOCTI Ta HokasHyuka VO,max, Tofi AK y KOHTPO/IbHIN I'PYIIi MOKpPaIMBCA /Mile MoKasHuk VO,max
(p<0,05). CTaTMCTMYHO 3HAYYIOTO IOKpAI[eHH:A aHaepOOHOI MOTY>KHOCTI /I KOHTPOIBHOI IPyNN He crocTepiranocs (p>0,06).
TakyM 4MHOM, Iie TI0Ka3Ye, 110 KOMIUIEKCHI TPeHYBaHH: MAlOTh 3HAYHNUIT BIUIVB Ha aHAePOOHY IIOTYXKHICTb, ajIe He CIIPUYNHAIOTh
3HAYHOTO IOKPalleHHA aepOOHOI OTY>KHOCTI.

Bucnosku. 1IlicTh TVIKHIB KOMIIZIEKCHUX TPEHYBaHb Yy IO€IHAHHI 3i 3BMYAHUMU CIIOPTUBHUMM TPEHYBaHHAMU MOXYTb
HOKPAILIMTI aHaepOOHY NMOTY>KHicTb. TpeHepy Ta CIOPTCMeHN, 30KpeMa B TaKMX BUJAX CIOPTY, AK GyTOON i XOKell, MOXKYTb pea-
Ji3yBaTy Nporpamy KOMILIEKCHUX TPEHYBaHb y CBOIX 3BMYAIHMX TPEHYBaHHAX.

Knro4oBi cmoBa: KOMIZIEKCHI TpeHyBaHH:A, IIOOUTENb, aHaepOOHa ITOTY)XHICTb, aepOOHa ITOTYXKHICTb.
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