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Abstract

The study purpose.The Small-side games (SSG) are high intensity drills very popular in soccer training. The
knowledge of the acute effects of the exercises that make up the training session is very relevant especially to reduce
youth soccer injury risk. This study aim to assessment the acute effects of SSG on hamstring eccentric strength and to
know the lower limb strength asymmetries (LLSA) in young soccer players.

Materials and methods. The sample is composed of male young soccer players Under 17 (n = 24, 16.6 + 0.5 years,
168.8 + 4.6 cm, 58.2 + 3.5 kg). Before and after SSG (4vs4, 3x4 min, 3min recovery, no goalkeepers) the hamstring
eccentric strength and the lower limb eccentric strength asymmetry were evaluated used a specific dynamometer
(N3 Easytech, Italy) and relative software. Every young soccer player performed a single repetition of the Nordic
hamstring exercise with dynamometer; after about 2 minutes, instead, they performed 5 repetitions of the same
exercise, without interruption. For both assessments, were detected the eccentric strength and the LLSA.

Results. The hamstring eccentric strength assessment show substantial and statistically significant differences in

the assessment in comparison pre-post values. A significant reduction was observed for eccentric strength peak

(p <0.018 and p < 0.014 for right/left limb), for eccentric average strength (p < 0.017 and p < 0.006 for right/left
limb). The eccentric peak strength asymmetry value and the average strength asymmetry value revealed a significant

increase (p < 0.0001).

Conclusions. The reduction of strength after SSG requires careful consideration of the exercises order in the training
session. The practitioners can plan training sessions and apply SSGs more effectively, with more attention to the

effects on hamstrings.
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Introduction

Today research tends to always bring new knowledge
to the young player training (Esposito et al., 2019; Raiola
& Altavilla, 2020; Ceruso et al., 2019). These contributions
concern both general defined training (Fischetti et al., 2019;
Barbalho et al., 2018; D’Isanto et al., 2019) and the one de-
fined as specific (Kokli et al., 2015; Sanchez-Sanchez et al.,
2019; Sannicandro et al., 2019a).

Within the exercises mainly used in sport-specific train-
ing there are the so-called Small-Sided Games (SSG) (Hal-
ouani et al.,, 2017; Castillo et al., 2021).
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The SSG are high intensity drills very popular in soccer
training (Kunz et al., 2019; Selmi et al., 2018; Zurutuza et al.,
2020). These exercises are used to achieve technical, tactical
and conditioning goals, both with adult soccer players and
with young players: today, in fact, the staff are continuously
looking for exercises that can increase the soccer player per-
formance effectiveness in all competitive levels (Miranda et
al., 2021; Sannicandro et al., 2020, 2021b; Kokl et al., 2020).

The literature on the SSG topic is very wide and today
allows us to know in an analytical way the internal and ex-
ternal load of many formats, from 1v1 to 10vs10 (Coutinho
et al., 2018; Sanchez-Sanchez et al., 2019), with reference to
the field different dimensions (Clemente et al., 2019; Goto
& King, 2019) or to its spatial configuration (Coutinho et
al., 2018; Sanchez-Sanchez et al., 2019; Sannicandro, 2019).
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The relationship between the type of exercise chosen,
motor load and soccer injury risk is a very topical research
issue (Sannicandro et al., 2021b; Castillo et al., 2019): in fact,
despite having a large number of knowledge on injury risk
factors, numerous prevention exercises and greater knowl-
edge on muscle, epidemiological studies describe that indi-
rect trauma is on the rise in both men (Diemer et al., 2021;
Ribeiro-Alvares et al., 2020; Vicens-Bordas et al., 2020) and
female (Larruskain et al., 2018).

The diffusion of sport-specific exercises rather than gen-
eral ones (which are easier to control in terms of intensity and
volume) could lead to an overload on some muscle groups
that are most frequently engaged in soccer ability (Madison
et al., 2019; Wilmes et al., 2021; Ekstrand et al., 2016).

Infact, today there are few studies that have attempted to
know whether SSGs and the most widespread sport-specific
exercises in football player training can determine fatigue
conditions on specific muscle groups (Greig, 2019; Rhodes
et al., 2019; Greig and Siegler, 2009) and on hamstrings in
particular (Madison et al., 2019; Wilmes et al., 2021; Small
etal., 2010).

Whether for elite soccer players or for the healthy adult
population there is research in the literature that allows us
to understand how neuromuscular structures respond to
high-intensity sport-specific exercises (Diemer et al., 2021;
Ribeiro-Alvares et al., 2020; Lovell et al., 2016) or following
real or simulated matches (Matthews et al., 2017; Marshall et
al., 2014; Madison et al., 2019), for youth soccer the studies
carried out are numerically lower (Perroni et al., 2018; Koklii
et al., 2020).

Similarly, modest attention has been paid to assessing
the hamstring strength for injury prevention in youth soccer
(Sannicandro et al,, 2019), although it is known, the rela-
tionship between values of hamstring eccentric strength and
injury risk in sports where high running speeds are required
(Lee et al., 2018; Beato et al., 2021; Opar et al., 2021).

The preventive strategies organization can not charac-
terize the top player or the adult athlete, but must be placed
above all in the athlete training and athlete evolution pro-
cess: in this phase the risk factors monitoring offers greater
guarantees of long-term success (Opar et al., 2015; White et
al., 2018; Leister et al., 2018). The identification at the young
age of imbalances and strength asymmetries allow an early
intervention that can contrast a potential injury risk scenar-
io. Recent studies show that even in Under 20 soccer players
the hamstring injury incidence has its relevance, reaching
18% of total traumas (Ribeiro-Alvares et al., 2020;) or about
35%, according to other epidemiological studies (Valle et
al,, 2018).; even young players have very high risk factors of
injury, such as reduced active flexibility, lower limb asym-
metry, functional and core stability deficits (Buckthorpe et
al., 2019; Crossley et al., 2020; Lu et al., 2020).

Despite the high incidence of hamstring injuries in soc-
cer players, the most recent literature does not seem ex-
haustive in addressing the strength asymmetries and muscle
imbalances issues in young players following sport-specific
exercises. The investigations are mainly limited to over 18
years old soccer players or/and adults (Daneshjoo et al.,
2012, 2013; Sliwowski et al. 2015; Lehnert et al., 2018); there-
fore, an open problem remains the evaluation of eccentric
strength and the evaluation of the asymmetry of strength of
the lower limb in the young player.

The purpose of this study was to determine the effects of
SSG variations on hamstring strength and in strength asym-
metry values in elite young soccer players.

Materials and methods

Study participants

The sample is composed of male young soccer players
Under 17 (n = 24) belonging to a professional team, whose
age, height, weight and Body Mass Index were respectively
(mean + ds) 16,6 £ 0,5 years, 168,8 + 4,6 cm, 58,2 £ 3,5 kg
e 20,7 + 1,1 kg/m? The young soccer players who had an
hamstring injury in the previous 12 months were excluded
from the assessment.

The evaluation tool was routinely employed by staft,
however, the evaluation was carried out after receiving the
parent informed consent and with the presence of the team’s
medical staff. Moreover, all participants were informed about
the aim of the study and the relevance of the assessment. Ad-
ditionally, the research design and procedures complied with
the standards set out in the Declaration of Helsinki and was
approved by the regional soccer ethics committee.

Study organization

To assess the hamstring eccentric strength and the lower
limb eccentric strength asymmetry have been used a specific
dynamometer (N3, Easytech, Italy) with specific software.
This tool detects the strength expressed during the Nordic
Hamstring exercise (Fig.1). The tool and the software allow
to measure the peak force and the average force if you per-
form a number of repetitions higher than one.

The study participants became familiar with the used
dynamometer in the two sessions before the evaluation. The
evaluation was carried out in the field at a temperature of
23°C

Before the evaluation all the participants followed a
warm-up phase that was the same for everyone and included
a low intensity running period (10 minute at 60% HRmax),
exercises for dynamic stretching and mobility for the lower
limbs, for a total duration of about 15 minutes.

The assessment session organization had two phases:
in the first, every young soccer player performed a single
repetition of the Nordic hamstring exercise with constraint
to the N3 dynamometer; after about 2’ minutes, instead,
they performed 5 repetitions of the same exercise, without
interruption. All values were acquired using N3 software:
for both assessments, were detected the eccentric strength
and the lower limbs strength asymmetry. The asymmetry
calculation was obtained through the formula already used
in the literature (Ceroni et al., 2012).

The evaluations were carried out after the warm up (pre
test) and after the SSG session (post test). The SSG session
consisted of 4 vs 4 (3x4 minutes, 3 minutes recovery) in a
24x36m field with ball possession mode and without limita-
tion of consecutive touches.

20 balls were distributed around the perimeter of the
pitch and introduced by 4 assistants to avoid moments of
pause. At the end of the post-SSG evaluation, the partici-
pants returned the perceived exertion assessed by the CR10
Borg scale (Borg, 1982).
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Fig. 1. The N3 Easytech dynamometer and the strength
assessment: the young soccer player starts the assessment in
the traditional start position of Nordic hamstring and slowly

descends

Statistical Analysis

Descriptive statistics (M + SD) were calculated for all as-
sessed variables; Student’s paired t-test was used to verify the
existence of statistically significant differences between the
average values obtained. The significance was set at p <0.05.

Results

The hamstring eccentric strength assessment show sub-
stantial and statistically significant differences in the Nordic
exercise test with reference to pre-post exercise values.

In particular, the strength peak of right limb in the com-
parison between pre and post test showed a reduction of
about 27.1N (259.1 £ 62.7N vs 232.1 £ 30.4N, p < 0.018); the
strength peak of left limb in the comparison between pre and
post test showed a reduction of about 35.6N (256.3 + 62.1N
vs 220.7 £ 40.2N, p < 0.041). The peak strength asymmetry

value revealed an increase of about 10.9% (4.45 + 3.1 vs
15.4 + 5.6%, p < 0.0001).

The average strength of right limb in the comparison
between pre and post test showed a reduction of about 26
N (237.4 + 41.8N vs 211.3 + 30.1N, p < 0.017). The average
strength of left limb in the comparison between pre and
post test showed a reduction of about 33 N (236.2 + 42.6N
vs 203.2 £ 349N, p < 0.006). The average strength asym-
metry value revealed an increase of about 16.9% (3.9 £ 2.4
vs 20.1 + 5.2%, p < 0.0001). The results are summarized in
table 1.

The average value of Borg scale was equal to 7.8+0.7.

Discussion

This study aimed to describe the acute effects deriving
from the SSG practice on the hamstring eccentric strength
values and on the strength asymmetry values in elite young
soccer players.

In the literature, as available, this is the first study that
evaluates the hamstring eccentric strength and investigates
the lower limb asymmetries in young soccer players after
SSG session.

As is the first study that uses a specific dynamometer for
the strength hamstring with this type of sample and this type
of exercise with young soccer players of elite team.

The care of player preventive factors can not start when
the athlete reaches high levels of performance, but must char-
acterize the entire sports training process both for functional
and cultural reasons (Sannicandro etal., 2019; Ros et al., 2013).

The attention towards hamstring muscles in the field of
soccer strength and conditioning must be even more asser-
tive when looking at the data on the muscle trauma increase
related to hamstring in the last 10-15 years (Edouard et al.,
2016; Jones et al., 2019; Smpokos et al., 2018). And this inci-
dence is also relevant in youth sport (Valle et al., 2018).

The peak strength values for right and left limb showed
a significant percentage decrease respectively of about 10.5%
and 13.9%. This decrease is consistent with the results ob-
served in elite soccer players after SSG session on large field
(Madison et al., 2019).

Table 1. Peak strength values, average strength values and asymmetry values referred to the Nordic Hamstring assessment

Hamstring strength parameters Media + ds A (media + ds) p value
Strength peak (N) pre right limb 259.10 + 62.7
gth peak (N) pre rig 27.1 £40.7 0.018
Strength peak (N) post left limb 232.10 + 30.4
Strength peak (N) pre right limb 256.30 + 62,1
gth peal (N) pre rig 35.6 £ 66.1 0.041
Strength peak (N) post left limb 220.70 + 40.2
Peak strength asymmetry value pre (%) 445+3.1
109 £ 6.1 0.0001
Peak strength asymmetry value post (%) 15.40 £5.6
Average strength 5 rep (N) pre right limb 237.40 + 41.8
8 8 p (N pre rig 26.1 £23.4 0.017
Average strength 5 rep (N) post right limb 211.30 £ 30.1
Average strength 5 rep (N) pre left limb 236.20 + 42.6
33.1+41.2 0.006
Average strength 5 rep (N) post left limb 203.20 £ 34.9
Average strength asymmetry value pre (% 3.90£2.4
ge strength asymmetry value pre (%) 161455 0.0001
Average strength asymmetry value post (%) 20.10+5.2
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The average strength values for right and left limb
showed a significant percentage decrease respectively of
about 11% and 14%. No studies have been found in the
literature that have monitored the trend of the hamstring
strength values following multiple repetitions with Nordic
hamstring exercise.

The available studies concern young subjects over the
age of 18 years (Daneshjoo et al., 2012, 2013; Sliwowski et al.
2015) or with young adults assessed using isokinetic dyna-
mometer (Lehnert et al., 2018).

This value, however, is extremely important because the
execution of more repetitions allows to better analyze the
muscular behavior when the effects of fatigue begin to ap-
pear (Greig & Siegler, 2009).

The strength decrease observed following SSG exercises
agrees with what emerged after 45 minutes of match (Greig
& Siegler, 2009) or following technical exercises (Madison et
al,, 2019; Greig, 2019; Rhodes et al., 2019 ).

The asymmetry values revealed that the differences in
performance between the hamstrings of the two limbs in-
crease after SSG exercise: this increase is statistically sig-
nificant both for the value of the eccentric strength peak (+
10.9%, p <0.0001) and for the average strength produced
after more repetitions (+ 16.9%, p <0.0001).

Regarding functional asymmetries of lower limb strength
in young football players, the literature is more attentive to the
differences between dominant / non-dominant limb (Kalata
etal, 2020; Maly et al., 2016; Hewitt et al., 2012) , to asymme-
tries in functional movements (Fort-Vanmeerhaeghe et al.,
2020; Marques et al., 2017) to those concerning imbalances
(Atkins et al., 2016; Maloney, 2019) rather than what occurs
in the hamstring muscle district (Sannicandro et al., 2019).

This aspect seems to be more frequently investigated
with reference to the post traumatic picture (Rush et al.,
2020; Sherman et al., 2021).

The different strength production in fatigue conditions,
on the other hand, can constitute an interesting investigation
field especially in sports where high running speeds and
high accelerations and decelerations are required (Loturco
et al., 2016; Owen et al., 2016) because it exposes the athlete
to distribute the load between the two limbs in a way not
homogeneous.

The monitoring of this value, on the other hand, repre-
sents a relevant indicator for hamstring injury risk reducing
(Sliwowski et al., 2015; Mendiguchia et al., 2012): it allows us
to understand the effects of peripheral fatigue deriving from
sport-specific exercises and the performance relationships
(Wilmes et al., 2021; Castillo et al., 2021).

Conclusions

The study requires further analysis in relation to the
influence of fatigue resulting from more repetition of SSG
exercises to try to understand if the sport-specific exercises
volume can affect the lower limb asymmetry increase.

This study has some limitations: it did not monitor the
performance differences between the preferred limb for
kicking and the other, just as it did not investigate the effects
on the strength decrease following SSG exercises carried out
on fields of different sizes.

Subsequent studies will have to investigate this issue:
a wider sample must be envisaged and eccentric strength

and asymmetry must be monitored throughout the competi-
tive season; it is necessary to understand if there are varia-
tions related to the session scheduling, to the exercises order
structuring or to the competitive season phases.
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rOCTPUIN BNJINB MAJIOCTOPOHHIX IFTOP HA CUY
NIAKOJIIHHOIO CYXOXXWna y monogmnx oyTeonicTtiB

ITano Cannikaumpo'**8P, [rxakomo Kodano' ¢, Taerano Paitona®A¢

"YuiBepcurer ®ompxa

[Tpodeciituuit ¢pyTOOMBHUI TPEHep i3 CUIOBOI i KOHAUIIITHOI MiATOTOBKM

*YuiBepcuret CanepHo

ABTOpCHKNMIT BKIAJ;: A — nu3aiiH gocnipkenHs; B — 36ip ganux; C - cratananis; D - migroroska pykomcy; E — 36ip komrtis

Pedepar. Crarts: 8 c., 1 Tabn., puc. 1, 70 mxepernt.

Mera gocmimxeHHa. Manocroposni irpu (SSG) - 1e iH-
TE€HCHMBHi TpeHyBaHHA, fAKi Iy>Ke MONYIAPHi y TPeHyBaHHi 3
¢byr6omy. 3HaHHA TOCTPUX HACTIAKIB BIIPAB, AKi CKIAJAIOTh
TPEeHYBaHHSA, € JyXe BaX/IUBUMM, 0COOINBO I 3HIDKEHHA
PU3MKY TpaBM y MonopbkHOMy ¢yrooni. Lle mocmimxeHH
CIIpsIMOBaHe Ha OLIiHKY rOCTporo BIVIMBY SSG Ha eKcLieHTpuy-
HY CWIY HiJKOJIIHHOTO CYXOXWUIA Ta Ha BU3HAUYCHHs acuMe-
Tpii cum HIOKHIX KiHIiBoK (LLSA) y Monogux gpyT6omicTis.

Marepiamu i Mmetopu. Bubipky cxmann monozni ¢yrboic-
TU-40710BiKY 10 17 pokiB (n = 24, 16,6 £ 0,5 pokis, 168,8 + 4,6
cM, 58,2 + 3,5 kr). [To i micna SSG (4 Ha 4, 3x4 XB, BITHOBJIEHHS
3 xB, 6€3 BOPOTApiB) eKCLIEHTPUYHY CITY ITiIKOIIHHOTO CyXO0-
SKMJITIAL Ta aCUMETPil0 eKCIeHTPUYHOI CU/IN HVDKHBOI KiHLiBKI
OLIiHIOBA/IM 3a JOIIOMOTOI0 CIeljiabHOro AuHamoMmerpa (N3
Easytech, Itanis) Ta BifmoBigHOTO MpoOrpaMHOro 3abesmedeH-
Hi. KoxeH 1oHUI GyT6OIICT BMKOHYBAaB OfHOPAa30Be IIOBTO-
PeHHsA CKaH[VHABCbKOI BIIPABM Ha MiJKOTiHHE CYXOXIIIA 3
IVIHAMOMETPOM; IIPUO/IN3HO Yepe3 2 XBUIMHI BOHI BUKOHATIN

5 moBTOpeHb ofHiel i Tiel x Bipasu 6e3 mepepsu. A o6ox
OLIiHOK Oy/IM BUABJIEH] eKCIIeHTpUYHa MilHICTDb i LLSA.

Pesynbraru. O1njiHKa eKCIeHTPUYHOI CYJIN IiJKOTIHHOTO
CYXOXXM/IIA TIOKa3ye CYTTEBI Ta CTATUCTUYHO 3HAYYIIi BiMiH-
HOCTi B OLiHIi B NOPiBHAHHI 3 JONOCTOBMMU 3Ha4Ye€HHAMIMI.
3HayHe 3HVDKEHHA CIOCTepiranocs Jyid MKy eKCIleHTPUMYHOI
cuwmn (p < 0,018 i p < 0,014 st mpaBoi/niBol KiHIIBKY), A
eKcreHTpr4YHOI cepenHboi cuu (p < 0,017 i p < 0,006 st mpa-
BOI/7iBOI KiHIIiBKM). 3HAYEHHsI eKCLIEHTPUYHOI MTiKOBOI acume-
Tpii cWIM Ta cepegHbOro 3HAYEHH:A acUMeTpil cuIM BUABMUIN
3HavHe 36inbiueHHs (p < 0,0001).

BucnoBku. 3HmkeHHA cun nicina SSG BUMarae peresb-
HOTO BpaXyBaHHA NTOPAJKY BMKOHaHHA BIIPaB Ha TPEHYBaHHI.
IIpakTuKyro4i TpeHepy MOXYTb IUIAHYBaTU TPEHYBAHHS Ta
edekTuBHiIIe 3acTocoByBaTi SSG 3 BpaXyBaHHAM BIUIMBY Ha
IiIKOMiHHI CyXOXKWIITIA.

KirrouoBi crmoBa: mifKo/miHHe CyXOXWULA, IPOQITaKTHUKA,
1oHMIT PyTOOIIICT, MaIOCTOPOHHI irpn.
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