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ABSTRACT: This study aimed to compare the effects of 6-weeks combined core strength and small-sided
games training (SSGcye) Vs. small-sided games (SSG) training on the physical performance of young soccer
players. Thirty-eight amateur soccer players (age: 16.50 = 0.51 years) were randomly assigned to either a SSGyre
(n = 20) or a SSG group (n = 18). The SSG,. group performed upper and lower body core strength exercises
combined with SSG including 2-, 3- and 4-a-sided soccer games third a week. The SSG group performed only
the SSG periodization. Baseline and after the 6-week training period the Yo-Yo Intermittent Recovery Test level
1 (YYIRTL-1), 5-20-m sprint test, countermovement jump (CMJ), squat jump (SJ), triple-hop distance (THD),
zigzag agility with ball (ZAWB) and without ball (ZAWOB), three corner run test (TCRT) and Y-balance test. The
SSGeore group demonstrated meaningful improvements in 20 m sprint time (SSGgye: -9.1%, d = 1.42; SSG:
-4.4%, d = 0.76), CMJ (SSGore: 11.4%, d = 2.67; SSG: -7.7%, d = 1.43), SJ (SSGeore: 12.0%, d = 2.14; SSG:
5.7%, d = 1.28), THD (SSGyre: 5.0%, d = 1.39; SSG: 2.7%, d = 0.52) and TCRT (SSGyre: -3.7%, d = 0.69;
SSG: -1.9%, d = 0.38). Furthermore, the SSG,. group demonstrated meaningfully higher improvement responses
in both leg balance score (d = ranging from 2.11 to 2.75) compared with SSG group. These results suggest
that the inclusion of core strength training to a SSG periodization is greatly effective to improve speed and
strength-based conditioning in young soccer players.
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High level performance in competitive soccer depends heavily on
aerobic energy metabolism and short-time high-intensity intermit-
tent activities such as running at different speeds, shooting and
tackling, with an average game intensity ranging from 80% to 90%
of players’ individual maximum heart rate (HR,,) [1-3]. Further-
more, previous studies have shown that young soccer players
cover a distance between 6.5 km and 9.9 km and that very high-
intensity activity (> 16 km.h™!) accounts for approximately 7-14%
of the total distance covered during the official competitive match-
es [4, 5]. Therefore, many sport scientists and coaches have re-
cently focused on the improvement of young soccer players’ aero-
bic fitness by using various popular training methods such as
high-intensity interval training (HIIT) [6], small-sided games
(SSG) [7, 81 and speed-based training [9, 10]. However, young

soccer players need to possess soccer-specific physical characteristics
such as speed, agility and strength to perform sprinting, dribbling
and shooting during the matches [3].

One of the more enjoyable, effective and time-efficient training
strategies to improve players’ aerobic endurance performance is
small-sided games training (SSG), which simultaneously involves
actual movement patterns and types, technical-tactical awareness
and physical fitness under simulated game conditions [7, 11, 12].
Recently, numerous studies have showed the variety term (ranging
from 5 to 8 weeks) training effect of SSG on physical performance,
psychophysiological responses and technical skills in young soccer
players [6, 7, 13, 14]. Arslan et al. [6] performed a SSG two times
a week for 5 weeks during the first half of the season, lasting of
10 and 18 minutes of SSG intervals at > 85% HR,,, with 2 minutes
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of rest between bouts. The study results demonstrated that the play-
ers’ physical fitness, anaerobic test performances and technical skills
are higher in the SSG training group.

It is well known that soccer players perform numerous strength-
based activities during the matches. Consequently, core muscle
strength is not only critical skill-related component of physical fitness
such as coordination, balance and speed, but also important indica-
tor of health-related components of young players [15]. Numerous
studies have demonstrated that the considerable positive training
effect of core strength in young soccer players improved sport-spe-
cific performances, including balance [15], endurance [16] and agil-
ity [17]. Furthermore, concurrent training method, combining strength
and endurance [18] or strength and SSG [19], has also more effective
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training strategy to increase soccer-specific strength and endurance
performances in young soccer players. Consequently, this training
strategy may be a part of strength and conditioning program as a time-
efficient alternative training method for improving physical condition-
ing during the preseason period.

While some previous studies examined the long-term (8-12 weeks)
on-field training effects of core strength training programs [17, 201,
other recent studies investigated the effects of strength training on
physical performance responses in young soccer players [18, 211.
To our knowledge, no study has performed regarding the short-term
effects of combined core strength and small-sided games training on
physical performance responses in young soccer players during the
off-season period. Therefore, this study aimed to compare the

Enrollment Assessed for eligibility
(n=48)
Excluded (n=4)
o  Not meeting inclusion
criteria (n=4)
e Declined to participate (n=0)
Randomized
(n=44)
Allocation
Allocated to SSGeore (0=22) Allocated SSG (n=22)
o Received allocated intervention (n=22) o Received allocated intervention (n=22)
o Did not receive allocated intervention (n=0) o Did not receive allocated intervention (n=0)
Follow-Up
Lost to follow-up (give reasons) (n=20) Lost to follow-up (give reasons) (n=18)
Discontinued intervention (e.g., non-attendance at Discontinued intervention (e.g., non-attendance at
training, injures) (n=2) training, injures) (n=4)
Analysis
Analysis (n=20) Analysis (n=18)
e  Excluded from analysis (n=0) e  Excluded from analysis (n=0)

FIG. 1. CONSORT study flow chart.
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short-term effects of on-field combined core strength and small-
sided games training (SSG,.) vs. small-sided games (SSG) training
on aerobic, anaerobic and balance performance responses in young
soccer players. We hypothesized that the SSG,,. training will lead
to greater improvement in speed and strength-based performance
responses such as sprinting, jumping and balance.

MATERIALS AND METHOD 'S 1 m
Experimental Approach to the Problem

A parallel group controlled design was used in order to compare
short-term effects of on-field SSG,, vs. SSG training on aerobic,
anaerobic and balance performance responses in young soccer play-
ers during the off-season period. The study design consisted of 1-week
of baseline test, 6-weeks of training intervention (3 times per week)
and 1-week of post intervention tests. All players completed maximal
oxygen consumption (VO,pma), 5-20 m sprint test, countermovement
jump (CMJ), squat jump (SJ), triple-hop distance (THD), zigzag agil-
ity with ball (ZAWB) and without ball (ZAWOB), three corner run test
(TCRT) and Y-balance test measurements with same order before
and after the 6-weeks intervention period. In this study, we espe-
cially preferred these performance determinant tests that have been
shown high relationship with match performance of young soccer
players [4, 22]. The players were already familiar with all the tests
and SSG trainings. Each training session started with a 15-min stan-
dardized warm-up and consisting of low-intensity running and stretch-
ing with integration of soccer-specific actions. The SSG group
performed dynamic and static core strength training involving upper
and lower body exercises with different formats of SSGs 3 times per
week. The SSG training group maintained their normal training which
consists of small-sided games without core strength training. All tests
and training sessions were performed on a natural grass pitch at
a similar time of the day with the same order of tests and players.
The players were instructed to maintain their normal dietary intake
and habitual lifestyle during the study.

Subjects

Forty-four young male soccer players agreed to participate at the
beginning of this study (Figure 1). During the study, a total of 6 play-
ers (2 players from the SSG,., 4 players from the SSG) were ex-
cluded due to dropouts (e.g., non-attendance at training, injuries,
failing to attend test sessions). Consequently, 38 players partici-
pated in this study voluntarily. The players were divided into two
groups: the SSGe,, group (n = 20, age: 16.30 = 0.47 years, height:
171.80 = 6.56 cm, weight: 62.18 = 7.41 kg, training age:
4.15 = 0.59 years) and the SSG group (n = 18, age:
16.50 = 0.51 years, height: 174.67 = 5.58 cm, weight:
62.58 + 6.08 kg, training age: 4.11 = 0.58 years). These players
were members of a regional amateur U-17 league teams and they
were also familiar with training workload of > 3 training units per
week (~100 minutes) and have been involved in training and com-
petitive soccer matches at least 3 years. All players were performing

3 training sessions which includes low to moderate aerobic training,
plyometric and small-sided games without core strength training at
the time of the study. Players were not familiar with upper and
lower core strength training. They and their parents were notified of
the research requirements, procedures, risks and benefits before
being given the informed consent forms. Written these forms were
then obtained from all the players and their parents. The present
study was approved by the Research Ethics Committee of the local
university and was conducted in accordance with the Declaration of
Helsinki.

Procedures
Testing Procedure. Body weight and body fat percentage were mea-
sured using the bioelectrical impedance measurement (BC-418,
Tanita, Tokyo, Japan) before breakfast. Each player performed vertical
jump height in terms of the CMJ and SJ tests with hands kept on the
hips to minimize the contribution of the upper limbs. Jump perfor-
mances were assessed using a portable force plate (Newtest, Finland).
A standard tape measure was used for measuring the maximum dis-
tance in the TDH, which is a valid test for evaluation of lower limb
strength and power, is to reach maximum distance with 3 consecutive
hops without losing balance and touching the ground with the any
hands or other leg [23]. Each player performed a 20-m sprint test
(with 5-m and 10-m splits), ZAWB, ZAWOB and TCR. A zigzag agil-
ity test consisting of 4- to 5-m sections was set out at 100° angles [24].
The selection of this test was based on rapid acceleration, deceleration,
and balance control required for a short running time, which repre-
sented the result of the test [25]. The TCR test was used to evaluate
the speed and anaerobic endurance of the players. After the starting
command, the players ran to flag post (1) 80-m away from the start.
Then, they turned to the left-hand side and ran to flag post (2) 20-m
away from flag post (1). Subsequently, the players ran back to flag
post (3) 82.4-m away from the start. Finally, the players turned to
the right-hand side, ran to the finish line (4), and crossed it [26]. The
times for these tests were measured and recorded using photocells
(Newtest, Finland). Before the Y balance test, each players’ length of
the both legs were assessed with a standard tape measure from the
anterior superior iliac spine to the most distal aspect of the medial
malleolus during supine lying position. The test, consisting three dif-
ferent movement directions such as anterior, posteromedial and pos-
terolateral) was used to evaluate the dynamic balance with single leg
stance whilst reaching in those direction. After six trials on each foot
for familiarization, each player had three successful reaches sepa-
rated by 15 seconds [27]. After the test, a composite score (CS) was
calculated using the following formula [28]:
CS = [(maximum anterior reach distance + maximum posterome-
dial reach distance + maximum posterolateral reach distance)/(leg
length x 3)] x 100

To evaluate of aerobic capacity, The YYIRT-1, which is a reliable
and acoustically progressive test [29] was performed on a natural
grass pitch and according to procedures were described by Bangsbo
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TABLE 1. The 6-week training program.
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Training Program

1-week 2-week 3-week 4-week 5-week 6-week
Trainings Sessions 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18
Exercise Dynamic Static Dynamic Static Dynamic Static
Type
Sets x Duration 3 X 25-s 3 x 30-s 3 X 35-s 3 X 40-s 3 X 45-s 3 %X 50-s
Work:Rest ratio 1:1
Rest Interval 90-s
Core EEZEZED Plank iﬁzﬂ:ﬂp Plank EEEE:ED Plank
Strength n-up Plank n-up Plank n-up Plank
o with . with . with .
Training . one-side . one-side . one-side
rotation rotation rotation
Crunch Crunch Crunch
. Crunch ; Crunch ; Crunch ;
Exercises ; Bird-dog ; Bird-dog : Bird-dog
Bird-dog . Bird-dog . Bird-dog .
. ; Scissor ) ; Scissor i ; Scissor
Scissor kick Scissor kick Scissor kick
. Plank . Plank . Plank
Mountain : Mountain . Mountain :
. leg-raised . leg-raised . leg-raised
climber Full Squat climber Full Squat climber Full Squat
Full Squat . Full Squat g Full Squat q
() (] [} () () (] () () () (0] () () (] (] () () () [}
$5Gs 2333 3T 3SR SRR DR R ROS
Formats ~ © & & & & & & & & & & & & & & & & @
AN ™ <t [V} o™ < (V) o < AN o < AN o < AN o <
Pitch I 8 8 3 8 83 3 8 3 I3 8 3 I8 8 I 8 8
Dimension X X X X X X X X X X X X X X X X X X
(m x m) ¥ 3 8 ¥ 3 88y YN Y QI YYD Y LA
Small-sided Bout 2 3 2 3 2 3 2 3 2 3 2 3
Ga.m.es Duration (min) 4 4 4 4 4 4
Training Number .y
of Bouts
Resting 3
Duration (min)
Goalkeeper Yes
Coach
Yes
Encouragement

et al. [30]. After the test, the estimated VO,,,,, was calculated using

the following formula
VOiomax = 36.4 + (0.0084 x covered distance in YYIRT-level 1)

Training Interventions. The training procedure is summarized in
Table 1. The 6-week training program took place during the preseason
period and our players were not involved in any matches. Each train-
ing session started with a 15-min standardized warm-up and consist-
ing of low-intensity running and stretching with integration of soccer-
specific actions. The SSG,, group performed dynamic and static
core strength training involving 7 popular upper and lower body
exercises [16, 17, 20] with different formats of SSGs (2-, 3- and
4-aside games) 3 times per week. The core strength training was
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structured according to a gradual progress plan designed to increase
core strength performance. The SSG training group maintained their
normal training which consists of game-based training without core
strength training. During the study, trainings were supervised an
expert with a certified strength and conditioning. All the players were
verbally encouraged by their team coach to exert maximal efforts
during the training sessions.

Statistical Analyses

Data were expressed as mean + standard deviation (SD). Between-
group differences were analyzed using a 2-factor repeated-measures
analysis of variance with 1 “between” factor (group: SSGc,e vs. SSG)
and 1 “within” factor (time: baseline vs. post). Effect sizes (Cohen’s
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d) were calculated for each dependent variable. The thresholds for
effect size statistics were as follows: 0.2, trivial; 0.6, small; 1.2,
moderate; 2.0, large; and .2.0, very large [31]. Statistical analyses
were performed with SPSS software version 16.0 (SPSS, Inc., Chi-
cago, IL, USA). The level of statistical significance was set at p < 0.05.

RES U LTS 150
Baseline and the short-term effects of on-field combined core strength
training on anthropometric and performance responses of the par-
ticipants are summarized in Table 2. No significant within-group
differences were found in anthropometric measurements such as
body mass and body fat percentage following training in both groups

(p > 0.05, d = ranging from 0.07 to 0.43 [trivial to small effect]).
Furthermore, The YYIRTL-1 performance (SSGgy.: -13.66%,
d = 1.44 [large effect]; SSG: -11.49%, d = 1.56 [large effect]) and
VO,max 1€5pONSES (SSGeore: -3.17%, d = 1.44 [large effect]; SSG:
-2.64%, d = 1.55 [large effect]). Sprinting performances including
5-m (SSGyre: 8.31%, d = 1.12 [moderate effect]; SSG: 5.07%,
d = 0.90 [moderate effect]) and 10-m (SSGgye: 7.08%,
d = 1.26 [large effect]; SSG: 4.70%, d = 0.59 [small effect]). ZAWB
and ZAWOB performances increase in both groups from pre-testing
to post-testing (p < 0.05, d = ranging from 0.73 to 1.59 [moderate
to large effect]).

TABLE 2. Effect of both training methods on performance responses of the participants.

SSGeye SSG

Pre Post %Change d Descriptor Pre Post %Change d Descriptor
Body mass (kg) 527'.1481 f;gi* -1.06  0.09 trivial 526.?088 16?5._51;2* -0.67  0.07 trivial
(Fozt) percentage 1152'?896 il;"é;* 6.67 044  small 1151' _1821 ;1‘:22* 448 043  small
YYIRT-1 (m) 11312253 ;?gg* 13.66 1.44 large ijéi il49640* 11.49 1.56 large
Yn%mmaixn'l.kgl) j 7i .5033 14?'.8?3* 317144 large j 70..4812 142:(;2* 264 155 large
CMJ (cm) 231'364 i317-'4339*¥ 11.43  2.67 very large 331'.0801 f?:%* 7.68 1.43 large
SJ (cm) 301'219 i314.'7450*¥ 12.03  2.14 very large 301'129 13?.22* 5.72 1.28 large
THD (cm) i5§.323 . 81236*¥ 5.06 1.39 large t5g.229 N 508.279* 2.72 0.52 small
5- Sprint (s) 11'00.(1)9 J_rOC.)?027* -8.31  1.12 moderate 1069.(7)6 106?55* -5.07  0.90  moderate
10- Sprint (s) 11'06?0 il(f(?g* -7.08 1.26 large il'o6j4 116.5193* -4.70  0.59 small
20- Sprint (s) 12'0920 N 26152*5# -9.13 142 large 13.09?7 126.92107* -4.45  0.76  moderate
ZAWB (s) 17'0?27 166.8:;* -6.25  0.94 moderate 17'0239 166.950* -4.00  0.73  moderate
ZAWOB (s) 156923 i5d.5306* -8.05 1.59 large i568.?9 i5d5233* -5.65  1.56 large
TCRT (s) 341'.5957 1313"7217*¥ -3.67  0.69 moderate 351'.6909 131232* -1.95 0.38 small

Note: Data are Mean = SD. YYIRT-1: Yo-Yo Intermittent Recovery Test level 1; VO, maximal oxygen uptake; CMJ: counter-
movement jump; SJ: squat jump; THD: triple hop distance; ZAWB: zigzag agility with the ball; ZAWOB: zigzag agility without the
ball; TCRT: three corner run test. * Significant difference between pre- and post-training. ¥ Significant difference between groups.
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FIG. 2. Improvement in performance responses following the
different training interventions.

Between-group comparison results showed that the SSG,,. group
demonstrated greater improvement in the CMJ (SSGype: +11.43%,
standardized effect size [d] = -2.67 [very large effect]; SSG: +7.68%,
d = 1.43 [large effect]) and SJ(SSGepre: +12.03%, d = -2.14 [very
large effect]; SSG: +5.72%, d = 1.28 [large effect]) compared with
SSG group. In addition, the SSG,,,, group demonstrated higher THD
(SSGore: 5.06%, standardized effect size [d] = -1.39 [large effect];
SSG: 2.72%, d = 0.52 [small effect], 20-m sprint time (SSGeye:
-9.13%, standardized effect size [d] = -1.42 [large effect]; SSG:
-4.45%, d = 0.76 [moderate effect] and TCRT performances (SSGcq:
+3.67%, standardized effect size [d] = -0.69 [moderate effect];
SSG: +1.95%, d = 0.38 [small effect]. The SSG,, group demon-
strated significant higher improvement responses in both leg balance
score (p < 0.05, d = ranging from 2.11 to 2.75 [very large effect])
compared with SSG group (Figure 2).

DISCUSS 1O /N 55
The purpose of this study was to analyse the effects of two SSGs-
based programs (SSG,. and SSG) on fitness levels after a 6-week
period of intervention. Within group analysis revealed that aerobic
performance, linear sprinting and change of direction performance
measured at zig-zag tests were significantly and largely improved by
both SSG-based groups. Between groups analysis revealed greater
improvements of CMJ, SJ, linear sprint at 20-m, three corner run
test and both leg balance in SSG,,. comparing to SSG group.

The combining of SSGs with other training methods have been
tested. Some articles revealed beneficial effects of combining SSGs
with high-intensity running-based interval training [32, 331 in aerobic
capacity. A more recent study combining SSGs and strength training
(in weight room) also showed beneficial effects in neuromuscular
fitness [19]. However, from these three studies, only one have used
a parallel design [32], while one tested the same protocol with a vari-

614 .

Ersan Arslan et al.

ation in the order of exercises [33] and one have used a cohort ap-
proach [19]. In our study, a parallel design tested a combination of
SSGs and core training against only SSGs, with a clear benefit to those
who experienced the combination. Specifically, in the current study
aerobic performance was largely improved by both groups. The im-
provement is in line with findings revealed by meta-analysis [34, 35].
In fact, SSGs assumes an high-intensity interval training modality and
it is one of the suggested approaches for improving capacity to repeat-
edly perform high-intensity efforts with changes of direction [36, 371.
The capacity to stress both aerobic and anaerobic systems [36], while
promote some muscular tension and load can justify the benefits in
field-based aerobic tests as YYIRT. In this field, none of the groups
took advantage, since both meaningfully improved the aerobic capac-
ity with no significant changes between groups.

In neuromuscular-based tests as CMJ and SJ, players experienc-
ing the combination of SSG and core training revealed significant
benefits comparing to those only performed SSGs. The SSG,,. group
had average improvements of 11 and 12% respectively for CMJ and
SJ, while the group with only SSG improved 8 and 6%, respectively.
The core performance it seems to play a beneficial effect on vertical
jump performance since studies have reporting large correlations
between both outcomes [38] or revealing the benefits of adding core
training to regular field-based sessions [39]. Improvements in 20-m
linear sprinting were also significant in SSG,,. comparing to SSG.
This is also interesting, since a previous study establishing relation-
ships between core performance and linear sprinting revealed large
magnitudes (dependency relationship) between both [38]. Finally,
balance capacity was also significantly improved by SSG,,,. compar-
ing to SSG, thus suggesting that core training can be highly interest-
ing to promote balance as demonstrated in previous studies [40].

CONCLU SO /N S 5
This study is not absent of limitations. The sample size is not large
enough to generalize the findings and no control group was used
to compare the effects. Additionally, quantifying the volume of
strength training and field-based training should be considered in
future studies and used as a covariable for the pre-post analysis.
However, despite the limitations, the present findings are interest-
ing and suggest that combining SSG and core training can be
highly beneficial for fitness performance. With the exception of
aerobic performance, those who experienced core training were
significantly beneficiated by core training in important performance
outcomes and this suggests that core training should be imple-
mented as complementary training. Future studies should compare
core training, with other strength-based training programs or even
combinations, aiming to determine the more appropriate comple-
mentary approach for field-based training.

Practical applications
Numerous training articles have examined the effect of strength train-
ing on neuromuscular fitness in soccer players. This study also
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confirms that short-term core strength training has an important role
in speed and strength-based conditioning during the preseason pe-
riod. From a practical point of view, this type of combined training
(core strength + SSQ) is effective, time-efficient and cost-effective
for team sports especially soccer. From a coach’s point of view, sport
scientists and coaches should use the combined core strength with
different game-based training without any expensive training equip-
ment or weight room to improve strength levels, aerobic capacity
and technical performances of young soccer players during the pre-
season period. Further research is required to compare potential
effect of combined strength training such as free weight, elastic band

or weighted vest with different game format SSG training in the
preseason period of young soccer players.
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