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Effect of FIFA 11+ in addition to conventional
handball training on balance and isokinetic
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Abstract - Considering that handball is a sport that requires physical contact, jumps,
and fast movements, it is relevant to create prevention strategies to avoid injuries. It is
known that better proprioceptive conditions and muscular balance are associated with
reductions in sport injuries. The aim of this study was to analyse the cumulative effect of
a twelve-week FIFA11+ training program in addition to conventional handball training
on postural balance and isokinetic strength of the knee joint in female handball athletes.
Twenty-one athletes (aged 11-14 years) were assessed and divided into two groups: in-
tervention group (IG), composed of girls who practiced FIFA11+ associated with regular
handball training, and control group (CG) composed of girls who participated only in
team training. Both groups were assessed at pre- and post-intervention including knee
muscular power using isokinetic dynamometer. Postural balance was assessed through
computerized dynamic posturography, with sensory organization test (SOT), analysis
of sensorial systems, and unilateral test. IG performed the FIFA11+ program exercises,
twice a week, with sessions lasting 40 minutes on average, during 12 weeks. The results
demonstrate an improvement in postural balance in IG group at condition 5 of SOT,
and in the use of vestibular system at post-intervention, which did not occur in CG. As
far as knee isokinetic muscular power is concerned, both groups showed improvements.
In conclusion, the practice of FIFA11+ in addition to conventional handball training
demonstrated important contributions on the postural balance of young players.
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Resumo — Considerando que 0 handebol é um esporte com caracteristicas de contato fisico, saltos e

movimentos rdpidos, € relevante criar estratégias de prevengao de lesdo nessa modalidade. Sabe-

-se que uma melhor condicio proprioceptiva e um equilibrio muscular estd associado & redugdo

de lesio esportiva. O objetivo desse estudo foi analisar o efeito cumulativo de doze semanas do

programa FIFA11+ ao treinamento convencional de handebol, sobre o equilibrio postural e
Jforea isocinética da articulacio de joelho, em atletas de handebol feminino. Foram avaliadas 21

atletas (11 & 14 anos), divididas em dois grupos, sendo, o grupo intervengao (GI), integrando

as atletas que praticaram o FIFA11+ associado ao treino regular do handebol, e o grupo controle

(GC), cujas jovens praticaram apenas o treinamento do time. Ambos os grupos foram avaliados

pré e pds-intervengdo, incluindo a avaliagio da forca por meio de um dinaméometro isocinético.

O equilibrio postural foi avaliado por meio da posturografia dindmica computadorizada, com

os testes de organizagio sensorial (TOS), andlise dos sistemas sensoriais e teste unilateral. O GI

praticou os exercicios do programa FIFA11+, sendo duas vezes por semana, com média de 40 1 Federal University of Pampa.
minutos cada sessdo, durante 12 semanas. Como resultados, houve melhora do equilibrio postural Uruguaiana, RS. Brasil.

no GI, na condigdo 5 do TOS, e no uso do sistema vestibular, pos-intervengdo, o que nio ocorreu
no GC. Quanto & forca isocinética, ambos os grupos obtiveram melhoras. Concluimos que a prd-
tica do FIFA11+ associada ao treinamento convencional de handebol apresentou contribuigoes
importantes sobre o equilibrio postural de jovens atletas.
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INTRODUCTION

Handball is a complex collective sport, which is determined by the in-
dividual performance of each player, as well as tactical components and
interaction among team members'. It is an Olympic modality, which
includes running, jumping, pushing and blocking actions®.

Due to these characteristics, the risk for the development of lesions
in young female athletes is high, and most of them affect the knee joint®.
In fact, during two major Brazilian championships, out of a total of 339
athletes from 21 elite handball teams, 312 injuries were identified in 201
athletes, with ankle and knee being the most affected regions*. Considering
the high rates of injuries in this sport, it is relevant to identify the variables
that may predispose to the development of injuries in order to create pre-
vention strategies in sports, such as muscular strength and postural balance.

'The systematic evaluation of lower limb muscle strength throughout the
training cycle in handball athletes is relevant not only from the perspective
of training performance, but also as a health promoter in relation to injury
prevention®. Moreover, proprioceptive work allows the athlete to obtain
better stabilization during the sporting gesture, and, therefore, it seems
to contribute to the prevention of sports injuries. In fact, there is evidence
of the efficacy of neuromuscular training strategies in reducing injuries,
especially of the lower limbs in numerous collective sports®.

Injury prevention becomes essential to avoid long-term consequences
of severe sports injuries’. Thus, more and more research is being conducted
on injury prevention programs in athletes, such as “FIFA 11+, initially
developed to reduce injuries in soccer players. This program consists of a
physical exercise-based training that focuses on central stabilizing muscle
strength (CORE), neuromuscular control and balance, eccentric training
of the thigh muscles, plyometry and agility®.

Considering that female handball athletes have a potential risk of
developing lower extremity injuries’, together with the scarcity of studies
reporting the effects of injury prevention programs, the aim of this study
was to analyze the cumulative effect of a twelve-week FIFA11+ training
program in addition to conventional handball training on postural balance
and isokinetic muscle strength of the knee joint in female handball athletes.

METHODOLOGICAL PROCEDURES

This experimental study included a convenience sample composed of
athletes aged 11-14 years, members of an amateur female handball team,
who have been in regular handball training for at least 03 months. Exclu-
sion criteria were athletes leaving the team for any musculoskeletal injury
attested by means of a medical report. All ethical criteria were established,
in accordance with Resolution 466 of the National Health Council, where
the legal representatives of athletes signed the informed consent form
(TCLE), and participants signed the consent term. The study was ap-
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proved by the Institutional Ethics Research Committee (No. 1.473.781).

Initially, 40 athletes were included; however, after analyzing the exclu-
sion criteria, 19 athletes were excluded, totaling 21 athletes. These athletes
were randomly allocated into two groups: intervention group (GI), who
practiced the FIFA11+ protocol and regular team training (N = 8), and
control group (CG), who practiced only regular team training (N = 13).
A similar study to identify the effects of an exercise protocol was carried
out by Raeder, Fernandez-Fernandez and Ferrauti', in which 28 female
handball players were divided into two groups, 15 were allocated to an
experimental group, and 13 were controls.

Age and biological maturation were evaluated, and anthropometric
data were measured (body mass and height). Athletes were evaluated before
and after intervention, according to the protocol:

* Muscle strength of the knee joint: by means of isokinetic dynamometer
(Biodex- System PRO 4). Before starting the test, athletes performed
a five-minute warm-up on an exercise bike and three submaximal
repetitions prior to familiarization with procedures'. Then, they per-
formed five maximal repetitions of knee flexion and extension in the
concentric-concentric mode at speed of 607s, in which they received
verbal stimulation to develop maximum strength at each repetition'.
It was chosen in the present study by the concentric form, because it
is safer and of easier understanding for the athlete’s execution'?.

* Postural balance: evaluated through computerized dynamic posturog-
raphy (CDP), EquiTest® System, including the following tests:

a) Sensory Organization Test (SOT): Provides information about
the integration and proportion of the visual, proprioceptive and
vestibular balance components . It consists of six conditions, in
which conditions 1, 3 and 6 evaluate the visual, proprioceptive and
vestibular system, conditions 2 and 5 evaluate the proprioceptive
and vestibular system and condition 4 evaluates the proprioceptive
system. At the end of the test, the result is expressed for each condi-
tion assessed and by the Total Balance Index (Composite), evaluated
as a weighted average of scores of the six SOT conditions. Sensory
analysis of balance was also performed by means of the ratio between
the means of one condition over the other: somatosensory system
(SOT2 / SOT1), visual system (SOT4 / SOT1) and vestibular
system (SOT5 / SOT1);

b) Unilateral test: Evaluates the degree of instability of each lower
limb (with and without visual restraint), and higher values indicate
greater instabilities.

Regarding the intervention protocol (Box 1), CG and IG performed
two weekly handball training sessions for 12 weeks with approximate
duration of 1 hour and 30 minutes. In addition to conventional handball
training during this period, IG performed the FIFA11+ program twice a
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week with mean of 40 minutes each session, based on the study by Soli-
gard et al.®. The main differences between training sessions are that the
FIFA11+ program presents a greater focus on injury prevention, especially
by approaching the central stabilizing musculature through boards, and by
strengthening hamstring muscles, whereas conventional handball training
addresses the specific fundamentals of the sport, such as passes and pitches
in order to improve sporting performance. In addition, FIFA11+ prioritizes
static balancing exercises, while handball emphasizes dynamic balance. As
similarities between them, forward running and running with jumps are
worked in both training types.

Box 1. Intervention Protocol

FIFA11+ Protocol

Exercises Repetitions/ time
| - Running exercises (opening with warm-up in pairs, where the course

is composed of 6 pairs of parallel cones with 5 meters distance between

them, totaling the distance of 50m in each exercise and repetition)

Forward running exercise 2
Running exercise with knee out 2
Running exercise with knee in 2
Running exercise around the partner 2
Running exercise with jump and shoulder-to-shoulder contact 2
Running exercise with sprints back and forth 2

II - Strength, plyometry and balance exercises

Board - both legs 3/20-30 sec
Side board - Static 3/20-30 sec
Hamstring strengthening exercise S
Balance in one leg - holding a ball 2/30 sec
Balance in one leg - throwing the ball to the partner 2/30 sec
Balance in one leg - partner testing 2/30 sec
Squats - raising toes 2/ 30 sec
Squats - front lunge 2 x 10 (each limb)
Conventional Handball Protocol

Warm-up - normal ball pass work 10 min
Warm-up - short pass work 10 min
Driving practice with ball touching 10 min
Goal throwing exercises 10min
Collective training 50 min

For statistical analysis, the SPSS software, version 20.0 was used,
with descriptive analysis by mean and standard deviation measures. After
testing data normality using the Kolmogorov-Smirnov test, a parametric
distribution was indicated. Thus, the differences between tests (pre- and
post-tests) were evaluated by paired student’s t test. For the comparison
between groups (IG and CG), the Student’s t-test for independent samples
was used. Significance level of 0.05 was considered for all analyses.
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RESULTS

'The sample consisted of post-pubertal girls, in which IG included 8 athletes
aged 12.88 + 0.83 years (weight of 53.07 + 5.68kg and height of 1.57 +
0.04m) and CG included 13 athletes aged 13.23 + 0.92 years (weight of
47.26 + 6.39Kg and height of 1.54 + 0.07m).

'The analysis of the postural balance of athletes (Table 1), identified that,
in the intragroup comparison of SOT, there was a significant increase in
condition 5 and a borderline significance in the composite value (p = 0.05)
in IG post-intervention. Regarding neural systems, the intragroup analysis
identified that IG obtained an improvement in the post-interventional
vestibular system. In the other variables, there were no differences.

Table 1. Intra and intergroup comparisons of postural balance of pre- and post-intervention athletes

Variable |G PRE IG POST p’ CG PRE CG POST p’ p p
Sensory Organization test

SOT 1 93.33£2.51 93.95+1.80 0.42 93.56 £2.45 94.68+1.46 0.09 0.83 0.32
S0T 2 91.28+3.12  92.04+2.01 0.55 92.33+2.41 92.97+2.13 0.09 0.40 0.33
SOT 3 91.33+2.30 90.24:2.77  0.45 87.48+10.51 91.45+3.19 0.16 0.32 0.38
SOT 4 79.70+13.26  86.66+6.03  0.25  76.76+#15.86  78.20+18.17 0.83 0.66 0.22
SOT 5 53.24+16.95 69.45+11.99 0.04* 58.43+13.37  60.35+18.34 0.74 0.44 0.22
SOT 6 50.58+17.78 68.12+14.74  0.07 52.43+£17.88  62.76+19.66 0.08 0.82 0.51
Composite 72.12+8.64 80.75:6.54  0.05 72.30£8.53  76.07+11.39 0.30 0.96 0.30
Unilateral Test

MIND open 0.81£0.33 0.70+0.17 0.23 0.78+0.28 0.67+0.19 0.06 0.80 0.73
MIND closed 1.75+0.60 1.63+0.49 0.45 1.65+0.77 1.59+0.62 0.79 0.75 0.90
MID open 0.78+0.24 0.69+0.08 0.34 0.78+0.27 0.760.15 0.76 0.99 0.27
MID closed 1.73+0.80 1.62+0.38 0.67 1.64+0.46 1.65+0.57 0.97 0.75 0.90
Sensory System

Somatosensory System 0.97+0.03 0.97+0.01 0.93 0.98+0.03 0.97£0.02 0.51 0.55 0.64
Visual System 0.85+0.14 0.91+0.06 0.29 0.81+0.16 0.82+0.19 0.93 0.62 0.20
Vestibular System 0.56+0.17 0.73x012  0.04~ 0.62+0.14 0.63+0.19 0.84 0.44 0.19

|G = Intervention Group; CG = Control Group; SOT = Sensory Organization Test; MIND = Non-dominant lower limb; MID = Dominant lower

3

limb; p’ = Intra-group comparison (pre- x post-test), p” = pre-intervention intergroup comparison, p’’= post-intervention intergroup

comparison, data expressed as mean and standard deviation SD +, * indicates significant difference (p <0.05).

The isokinetic performance of the dominant limb of athletes is shown
in Table 2. Regarding the intragroup analysis, IG obtained an improvement
in the flexor/extensor ratio, while CG increased the total work and power
of the knee flexors. In the intergroup comparison, there was a difference
in the total work of knee extensors in the pre-intervention period, and in
the torque peak in post-intervention flexion, indicating higher values in
IG compared to CG.

Table 3 shows the isokinetic data on the non-dominant side. In the
intragroup comparison, there was an increase in the power of knee exten-
sors and flexors in IG, and an increase in torque peak, flexor power and
flexor/extensor ratio in CG. In the pre-intervention intergroup comparison,
there was difference in relation to the torque peak of extensors and flexors,

o (N




Table 2. Intra and intergroup comparisons of isokinetic variables of the dominant limb pre- and post-intervention

Variables 1G CG
PRE POST p’ PRE POST p’ p” p”

TP extensors 119.35+22.21  117.61x12.70 0.73 101.24220.77  106.03+23.95 0.18 0.07 0.22
TP flexors 56.22+8.14 70.70+15.45 0.06 48.80+11.85 54.35+17.75 0.11 0.13 0.04*
TW extensors 561.73+88.61 521.86+110.33  0.19 450.87+117.73  459.07+110.66  0.72 0.03* 0.22
TW flexors 295.17+65.10  308.58+40.18 0.62 227.80+81.71 264.78+89.18  0.02*  0.06 0.20
POT extensors 72.86+13.91 74.86+10.43 0.51 62.30+15.28 66.02+15.66 0.15 0.12 017
POT flexors 37.90+9.20 43.05+5.33 0.16 30.91+11.39  38.26+13.98 <0.01* 0.16 0.36
Flex/ext ratio 47.61+5.25 61.08+16.62 0.03* 48.13+5.83 50.63+8.35 0.26 0.84 0.06

TP =torque peak, TT = total work, POT = power, Flex / ext ratio = flexor / extensor ratio between flexors and extensors, p ‘= intragroup

comparisons (pre x post-test), p”’= pre-intervention intergroup comparison, p”’= post-intervention intergroup comparison, data expressed
as mean and standard deviation SD +, * indicates significant difference (p <0.05).

Table 3. Intra and intergroup comparisons of isokinetic variables of the pre- and post-intervention non-dominant side

Variables IG CG
PRE POST p’ PRE POST p’ p” p”

TP extensors 117.37+16.11 117.10+£16.46 0.96 98.34+19.99 95.53+24.26 0.28 0.03* 0.04*
TP flexors 56.07+12.26 64.00+7.90 0.07 44.95+10.24 51.86+13.38  <0.01*  0.03*  0.03*
TW extensors 535.47+87.66 590.20+72.53 0.15 441.89+97.58  418.78+108.64 0.18 0.03*  <0.01*
TW flexors 281.46+77.33  334.66+34.76 0.09 227.42+67.85  246.70+65.42 0.10 010  <0.01*
POT extensors 68.26+11.86 78.51+12.10 <0.01* 60.39+11.96 59.39+15.56 0.60 0.15 <0.01*
POT flexors 35.40+9.81 4416+5.21 0.03* 31.41+9.20 35.30+9.73 0.01* 0.35 0.02*

Flex/ext ratio 48.90+14.55 55.61+10.06 0.21 45.76+5.92 54.60+7.67 <0.01* 0.49 0.79

TP =torque peak, TT = total work, POT = power, Flex / ext ratio = flexor / extensor ratio between flexors and extensors, p ‘= intragroup

comparisons (pre x post-test), p”’= pre-intervention intergroup comparison, p’”’= post-intervention intergroup comparison, data expressed
as mean and standard deviation SD +, * indicates significant difference (p <0.05).

and to the total work of extensors, indicating higher values for IG. In the
post-intervention intergroup comparison, with the exception of the flexor /
extensor ratio, all variables analyzed were different between groups, being

higher in IG when compared to CG.
DISCUSSION

The present study showed positive effects of the FIFA 11+ program as-
sociated with conventional handball training on the postural balance of
athletes. Young Canadian female athletes who performed FIFA 11+ dur-
ing one season improved their functional balance'. A systematic review
with meta-analysis’® found significant improvements in dynamic balance
in soccer athletes after FIFA11 + practice.

An important issue to consider is that the ability of organization and
integration of the sensory information, including the visual, somatosensory,
and vestibular systems, occurs gradually in the individual as maturation
occurs'. Steindl et al.”” describe that the maturation of proprioceptive
tunction occurs around 3-4 years of age, whereas the visual and vestibular
systems seem to reach the adult level at 15-16 years. However, there is little
evidence to establish whether the regular practice of physical activity dur-
ing the process of maturation and refinement of the neuro-musculoskeletal
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structure has a greater effect on postural control*®.

Thus, this study identified contributions from the FIFA11+ program
on the proprioceptive and vestibular systems in athletes who are still at
the stage of neuronal maturation. It is suggested that the improvement
of these sensory systems is linked to the characteristics of the FIFA11+
protocol, which include balancing exercises in unipodal support associ-
ated with destabilization activities, such as holding the ball forward and
throwing the ball to the partner. In addition, squatting exercises such as
lifting toes and front lunge reduce the support base, which increases the
degree of difficulty of the athlete to remain stable.

Considering that proprioceptive function is of paramount importance
for joint stability and is associated with the prevention of sports injuries',
it is suggested that the improvement of this variable may secondarily con-
tribute to the prevention of injuries in the athletes analyzed in the present
study. There is evidence that exposure to multiple programs, including
proprioceptive and muscle strength training, has been associated with
injury prevention®.

'Thus, the effects of FIFA11+ on the reduction of injury rates have been
elucidated in different sports modalities, such as soccer?! and basketball*.
Gomes Neto et al.”®, in their review study, identified that FIFA11+ resulted
in a significant reduction in the risk of injury in soccer players.

Olsen et al.” reported positive effects of a handball injury prevention
program with similar characteristics to FIFA 11+. Accordingly, Steib et al.”
found that a neuromuscular training program, including balance, jumps
and strength components, had beneficial eftfects on measures of dynamic
balance in female handball athletes, indicating that this type of interven-
tion can successfully modify one important risk factor for injury.

In the present study, the effects of FIFA11 + on the isokinetic muscle
strength of athletes could not be highlighted, since gains of this variable
were observed in both groups (IG and CG) after intervention. Similarly,
Ghareeb et al.* compared the effects of two injury prevention programs
(FIFA11 + and another warm-up program) on the isokinetic performance
of the knee joint in soccer players, and identified improvements in muscle
strength in both groups.

It is noteworthy that in this study, there was no muscular imbalance
greater than 10% between the dominant and non-dominant limbs both in
IG and CG, in both evaluated moments (pre- and post-test), indicating that
the athletes in this study did not present this risk factor for injuries, since
this indicative occurs when there are asymmetries higher than 10% between
limbs®*. However, athletes from both groups, both in the dominant and
non-dominant limbs, presented flexors/extensors ratio below 50% before
intervention, indicating muscle imbalance in the knee joint?, a factor that
predisposes athletes to injuries in this joint.

From this perspective, Holm and Vollestad?” have identified that
female athletes aged 8-12 years exhibit lower flexor / extensor ratio when
compared to male athletes in the same age group, indicating weakness
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in the posterior thigh muscles in girls compared to quadriceps. Due to
the fact that many children begin their handball careers before the age of
10, the authors?” reiterate that prevention programs, including hamstring
strength training should be prescribed at an earlier age than recommended
in previously published studies.

Although muscle strength gains occurred in both post-intervention
groups, it should be emphasized that they were distinct, since in IG, there
was an improvement in the flexor / extensor ratio in the dominant limb,
while in CG, this improvement occurred on the non-dominant limb. This
may be justified by the fact that IG performed the FIFA 11+ protocol,
which recommends the athlete in a more symmetrical way, involving the
central stabilizing muscles, as well as quadriceps and hamstring activation
in both limbs; whereas CG performed only regular handball training, where
the main motor gestures occur more predominantly on the non-dominant
limb, such as vertical jump. In this respect, some authors®® indicate that,
for the performance of unipodal jumps, athletes have one leg in which they
can jump higher than the other, and, in this way, there is a tendency of
the body to use one limb preferentially, developing possible asymmetries
between dominant and non-dominant limb.

As limitations of this work, we highlight: a) the lack of works reporting
effects of injury prevention programs, such as FIFA11+ on variables postural
balance and isokinetic dynamometry in young female handball players; b)
the solely concentric evaluation of muscular performance. Further studies
should be carried out to evaluate the profile of athletes in relation to the
eccentric muscular performance, considering that this evaluation would

also aid in prevention programs of sports injuries®.
CONCLUSION

The practice of FIFA11+ associated with conventional handball train-
ing has made important contributions to the postural balance of young

handball players.
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