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Abstract:

Although there are some studies that have linked fitness parameters and sports injuries, the literature remains controversial.
The aim of the study was to prospectively analyze the influence of initial physical condition parameters on the development
of injury in the first three months of the sports season in futsal players. A total of 68 players (24.26 + 4.63 years old) were
assessed before the start of the sport season in relation to certain physical condition parameters, such as body composition
(bioimpedance), lower limb power (countermovement jump, CMJ) and muscle strength (isokinetic dynamometer). The injured
players showed significantly worse initial performance in the CM] compared to the uninjured players (p < 0.001). There were
no significant differences between groups in body composition and muscle strength. Lower power values were associated with
a higher risk of injury in the first few months of the sport season (OR = 0.92; 95% CI = 0.88 - 0.99). Muscle power was an in-
dependent predictor of injury in the first few months of the sports season in futsal players, indicating that improving players*
physical condition could help reduce the number of injuries.
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The influence of futsal players' initial physical condition on the
occurrence of injuries

Abstract

Although there are some studies that have linked fitness parameters and sports injuries,
the literature remains controversial. The aim of the study was to prospectively analyze
the influence of initial physical condition parameters on the development of injury in
the first three months of the sports season in futsal players. A total of 68 players (24.26
+ 4.63 years old) were assessed before the start of the sport season in relation to certain
physical condition parameters, such as body composition (bioimpedance), lower limb
power (countermovement jump, CMJ) and muscle strength (isokinetic dynamometer).
The injured players showed significantly worse initial performance in the CMJ
compared to the uninjured players (p < 0.001). There were no significant differences
between groups in body composition and muscle strength. Lower power values were
associated with a higher risk of injury in the first few months of the sport season (OR =
0.92; 95% CI = 0.88 - 0.99). Muscle power was an independent predictor of injury in
the first few months of the sports season in futsal players, indicating that improving
players' physical condition could help reduce the number of injuries.
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Introduction

Futsal is a team sport that has more than 12 million players worldwide and is
officially recognized by the Fédération International de Football Association (FIFA) [1].
During the game of futsal, players are exposed to physical contact with their opponents
and to high-intensity physical demands, such as accelerations and decelerations, rapid
changes of direction, tackles and kicks [2,3]. A high level of physical condition is
essential for players, particularly in terms of body composition, power and muscle
strength, in order to match the various actions of the game [4]. All these factors put
futsal players at substantial risk of injury and, in fact, it has been indicated that futsal is
among the ten most injury-prone sports [5]. Currently, prospective epidemiological
studies in futsal indicate injury incidence rates ranging from 2.22 to 6.7 injuries per
1000 hours of exposure [6-8], with the majority of injuries occurring in the lower limbs
[7,9], mainly affecting the groin, thigh, knee and ankle, and non-contact injuries being
the most commonly referred to mechanism [6].

In order to develop effective prevention programs, it is imperative that injury risk
factors are clearly identified and recognized and the literature, although controversial,
suggests that the physical condition of players can influence and predict the occurrence
of sports injuries [10—15]. In this sense, body composition, namely muscle mass, fat
mass and body mass index (BMI), are important determinants of physical condition and
all these parameters are related to the risk of injury and the health of players [16,17]. On
the other hand, power and muscle strength are essential physical attributes in futsal and,
as a general rule, stronger and more powerful players tend to be faster and more agile
[18-20]. The indirect assessment of lower limb power through the Countermovement
Jump (CMJ) is commonly referred to in the literature, as it reflects the effectiveness of
the neuromuscular system in producing maximum force in the shortest possible time.
With regard to muscle strength, although the importance and effectiveness of assessing
it using the isokinetic dynamometer is recognized, the literature lacks research into
futsal. However, de Lira et al. [21] showed that futsal players have lower extensor
strength compared to soccer and beach soccer players, although they all showed
strength imbalances in the hamstring/ quadriceps ratio (H/Q ratio).

Additionally, it is during the preseason period that sports and health professionals
focus on developing players' physical condition in order to prepare them for the various
demands of the competitive period [22]. It is also at this stage, especially at the
beginning of the sport season, that the clinical department of each club should provide a
detailed and rigorous assessment of the players' physical condition, including the
evaluation of body composition, lower limb power and muscle strength, with the aim of
characterizing the general state of health as well as identifying the players' individual
needs in terms of potentially modifiable injury risk factors [23-26]. In this way, it is
possible to anticipate the probability of injury during the competitive season,
implementing preventive and individualized training programs [24] aimed above all at
optimizing performance and minimizing the risk of injury [11,23,27].



64
65
66
67
68
69
70
71
72
73
74

75

76

77

78
79
80
81
82
83

84
85
86
87

88

89
90
91
92
93
94
95

96
97
98
99
100
101

Nevertheless, the relationship between physical condition at the start of the
preseason and the occurrence of injury in futsal seems to us to be a clear limitation of
the literature, in this sense, and as far as we know, there are no previous studies that
have investigated the relationship between body composition, power, strength and the
appearance of injury in the first few months of the sport season. For this reason, the
main aim of our study was to prospectively analyze the influence of initial physical
condition parameters (body composition, lower limb power and isokinetic muscle
strength) on the development of injury in the first three months of the sports season in
futsal players. Based on the literature, our hypothesis is that low initial physical
condition levels were associated with a higher likelihood of sports injury in the first few
months of the season [28,29].

Materials and Methods
Participants

This is a prospective study and the participants were recruited intentionally and for
convenience. Sixty-eight senior male futsal players (24.26 + 4.63 years), selected from
five Portuguese teams, took part in this study. Data was collected from the first day of
pre-season until the end of the following 3 months (beginning of August until
November 2023), after this period they were divided into two groups, with injury (24.71
+ 3.63 years) and without injury (24.06 + 5.04 years).

To select the sample, the inclusion criteria were all senior male players from the
respective teams duly registered at the club; all players who remained at the club during
the investigation; and the exclusion criteria were the existence of an injury that
prevented the assessment of physical condition on the first day of the season.

Procedures and instruments

Initially, a formal and institutional contact was made with the clubs, presenting the
objectives and asking for their cooperation, after which the participants were given a
questionnaire and a term of informed consent. Next, all the players who met the defined
inclusion criteria, the evaluation procedures and purposes of the study were explained,
which respected and preserved all the ethical principles, international norms and
standards relating to the Declaration of Helsinki and the Convention on Human Rights
and Biomedicine, having been approved by the institutional review board.

Injuries were recorded daily by each club's physiotherapist during the research
period (from the first day of the sports season until the end of 3 months), on a grid
drawn up for the purpose, and categorized according to the part of the body that suffered
structural and/or functional changes, the anatomical region, the type of injury, the
contact mechanism (resulting from a specific, identifiable event) or non-contact
mechanism (resulting from repeated microtraumas without a single, identifiable event)
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and the severity (minimal (1-3 days), mild (4-7 days), moderate (8-28 days) and severe
(more than 28 days)) [30].

The initial physical condition of each player was assessed on day 1 of each club's
sports season using three laboratory instruments. First, we used a bioimpedance scale to
assess body composition (InBody 270, Biospace, California, USA) with a tetrapolar
electrode system with 8 electrodes and frequencies of 20 and 100 kHz. Height was
recorded with a portable stadiometer. During the assessment, the players stood barefoot,
in contact with the scale's sensors and with their arms about 45° away from their torso.
Beforehand, the participants were informed of some precautions such as: fasting for 4
hours before the test; abstaining from intense physical activity 24 hours before the test;
emptying the bladder and bowels before the test [31]. The variables considered for
analysis were BMI, muscle mass (Kg) and fat mass (Kg).

Second, the players warmed up for 5 minutes on a cycle ergometer and then had
their lower limb muscle power assessed using the maximum height reached in the CMJ
jump as this is one of the most reliable measures for assessing muscle power [28,32—35]
and we used a force platform (ChronoJump Boscosystem) to apply the protocol. The
players were asked to adopt a vertical position, with their feet shoulder-width apart and
their hands on their waist, in order to minimize the influence of the upper limbs during
the execution of the jump. They were then encouraged to jump as high as possible with
their lower limbs in extension, as indicated by Bosco et al. [36] Three attempts were
made at the CMJ with a short recovery interval between repetitions (10 to 20 seconds),
until they were ready to perform the next jump, and the highest jump (cm) was
recorded.

Third, we used concentric isokinetic tests using a dynamometer (System 4, Biodex
Medical Systems, Shirley, New York, USA) to assess the muscle strength of the
quadriceps and hamstrings, as indicated in other studies [37]. The players were correctly
positioned on the dynamometer with the knee and hip at 90°, the knee flexion angle was
set at 110° and 0° in extension and the weight of the limb was used to correct for the
effects of gravity. To prevent undesirable movements, three straps were used to secure
the thoracic region, the hip and the knee. For familiarization, the players received verbal
instructions on the procedures and performed a few submaximal practice attempts, then
performed five repetitions of knee extension and flexion at a speed of 60°/s, as this is
the recommended angular velocity to recruit a greater number of muscle fibers [38].
The players were verbally encouraged throughout the test to perform their maximum
strength. We recorded the peak concentric torque of the quadriceps and hamstrings for
the dominant and non-dominant limb. The H/Q ratio used for analysis was calculated by
dividing the peak concentric torque of the hamstrings by the peak concentric torque of
the quadriceps at the same contraction speed. We determined this variable in the
strength assessment because it plays a fundamental role in knee joint stability and has
been used to investigate functional capacity, joint stability and muscle balance between
knee flexors and extensors [39]. Furthermore, studies indicate that an imbalance in the



143
144

145

146
147
148
149
150
151

152

153
154
155
156
157
158

159
160
161
162
163
164
165

166
167
168
169
170
171
172
173
174
175

176

177

178
179

H/Q ratio correlates with a higher incidence of lower limb injuries [40]. According to
some authors, values below 60% increase the likelihood of injury [26,41].

Statistical Analysis

The data was analyzed using SPSS statistical software (v.23.0) and Shapiro-Wilk
tests were used to verify the normality of the data. The non-parametric Kruskal Wallis
test was used to compare two groups: players who developed injuries and players who
did not. In another analysis, we used binary logistic regression to see if the physical
condition variables assessed at the start of preseason could predict the occurrence of
injuries in the first three months of the sports season.

Results

Of the total sample, 21 players developed injuries in the first three months of the
sporting season, with the majority occurring in the lower limbs (26.5%), the ankle
(10.3%), thigh (10.3%) and knee (5.9%) were the most frequently injured anatomical
regions and the most common type of injury was muscle and ligament, both with
13.2%. With regard to the mechanism of injury, non-contact was the most common and,
in terms of severity, the majority of injuries were moderate (16.2%).

Table 1 shows that the players who developed an injury in the first few months of
the sport season performed less well in the CMJ compared to the players without an
injury, with significant differences observed in both groups (p < 0.001). As for the
variables of body composition (muscle mass, fat mass and BMI) and muscle strength
(H/Q ratio), we found no statistically significant differences between groups (p > 0.05),
however, when analyzing the averages of each group, it can be seen that the injured
group showed worse results for all variables.

Table 2 shows that, in general terms, the model including all the independent
variables was not significant [X? (8) = 7.946; p > 0.05; R? Negelkerke = 0.147]. In line
with the results presented above, the players who developed an injury during the first
three months of the sport season had, on average, a worse initial physical condition with
regard to the variables studied, however, only the power of the lower limbs expressed
by the height of the CMJ was a significant predictor (OR = 0.92; 95% CI = 0.88 - 0.99),
which indicates that a lower jump height was associated with a greater risk of injury
(table 2). For every one-unit increase in the height of the CMJ, the probability of injury
decreases by around 8% (p = 0.04), showing a negative association between these
variables.

Discussion

The main objective of this study was to verify whether the physical condition
parameters of futsal players assessed at the start of the pre-season would be predictors
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of the occurrence of injury in the first few months of the sport season. Previous studies
have highlighted the importance of physical condition variables as determinant
predictors of the likelihood of injury occurring in soccer players [42,43], however, in
futsal there is a notable lack of research at this level [10].

In the present study, we found no significant differences in body composition
(muscle mass, fat mass and BMI) between the groups, and none of the variables
analyzed were directly related to the occurrence of injuries in female futsal players, and
this result is in line with previous studies which also found no relationship between
body composition and the development of injuries [10,44]. On the other hand, in
contrast to our study, other authors have indicated that high BMI values were associated
with lower limb injuries in elite female soccer players [45]; just as Grant et al. [46]
showed that BMI was a predictor of injuries in female ice hockey players. Interestingly,
in the Watson et al. study, muscle mass was related to injuries at the start of the season
(first four weeks) in female college soccer players, but was not related to injuries during
the season, which is somewhat in line with our study. Since the population differs from
study to study and different methods are used to assess body composition, it is very
difficult to compare our results. According to the literature, there seems to be a specific
relationship between each sport, body composition and the risk of injury, since, for
example, higher body mass can protect against contact injuries in Australian soccer
[47]; and in the case of American soccer, a substantial part of the players are categorized
as overweight or obese [48]. Still, this hypothesis needs to be confirmed with more
prospective studies [10].

With regard to lower limb muscle power, this is one of the most crucial skills in the
success of the game of futsal, allowing players to perform numerous explosive tasks
such as jumping, running, shooting and changing direction [49,50]. In our study, we
found that players without injuries performed significantly better in the CMJ at the start
of the sports season compared to the group of players who developed injuries (p <
0.001), and we also found that power was found to be an independent predictor of an
8% decrease in the likelihood of sports injuries. This result showed a clear relationship
between power and sports injuries, i.e. the lower the height of the CMJ jump, the greater
the likelihood of injury, as had already been seen in a study similar to ours by
Angoorani et al [10].

According to the literature, muscle strength can be a potential risk factor for sports
injuries [21]. However, like other studies, in general terms we didn't find any
relationship between the H/Q ratio, the peak torque of the quadriceps and hamstrings
and the occurrence of injuries in futsal players [10]. In the present study, the average
peak torque values for the extensors and flexors were higher than those found in the
study by Lira et al. [21] on futsal players, but for the flexors they were lower than those
found by Nunes et al. [51]. However, as had already been seen in the Lira et al. [21]
study, when analyzing lower limb asymmetry based on the sample studied, most of the
players didn't show differences greater than the recommended 10%; specifically, only
33.8% showed bilateral deficits for the flexor muscles and 17.6% showed bilateral
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deficits for the extensor muscles. However, these results do not rule out the need for
individual assessments to identify this possible risk factor for injury. From another
perspective and corroborating our study, Ostenberg & Roos [52] indicated that
isokinetic muscle strength was also not considered a risk factor for sports injuries at any
of the speeds assessed (60°/s and 180°/s.). On the other hand, in a study of soccer
players, Soderman et al. [53] concluded that a lower H/Q ratio increased the risk of
lower limb injuries. Furthermore, surprisingly, both groups (with injury and without
injury) had H/Q ratio values lower than the 60% recommended in the literature, as was
the case in other studies [24,26], indicating that these players were at greater risk of
injury. Therefore, the results highlight the need to introduce strength programs for the
hamstrings in both groups studied.

Despite the promising line of research that led to this study, it is necessary to point
out some limitations. Firstly, the low number of injured players included in the study
compared to the number of non-injured players; and secondly, we could have assessed
other dimensions of physical fitness, such as balance, agility, speed and lung capacity, in
order to obtain more robust results that were closer to reality.

Conclusions

Although there have been a few studies relating physical fitness parameters to sports
injuries, the literature remains controversial. We concluded in this study that there were
no significant differences in body composition and muscle strength between futsal
players who were injured in the first three months of the season and players who were
not injured, but there were differences in lower limb power, with players without
injuries showing better results at the start of the season. Finally, we concluded that
lower limb power was a predictor of an 8% reduction in the likelihood of injury in the
first few months of the season. We draw attention to the need for more studies to
determine the risk factors for injury in the context of futsal, with the aim of developing
prevention programs suited to the sport.

Practical implications

e Lower limb muscle power has been shown to be an independent predictor of
injury in the first few months of the sports season in futsal players, which is why
physical trainers and physiotherapists should work in symbiosis to improve
players' physical condition in general, and specifically muscle power, in order to
reduce the number of injuries.
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1 Table 1 Comparison of the injured and uninjured groups in terms of body composition,
2 power and muscle strength variables

Injured group (n=21)

Non-injured group (n=47)

Variables M £ SD M+ SD
Muscle mass, Kg 34.79 + 3.84 35.15 + 4.35 0.87
Fat mass, Kg 13.40 £ 6.48 10.07 £ 3.09 0.10
BMI 24.09 + 3.32 23.38 + 2.22 0.59
CMJ, cm 24.39 +5.73 29.52 + 4.38 0.001*
Peak Torque Q, D 234.43 £ 37.10 236.84 + 42.61 0.83
Peak Torque Q, ND 234.79 + 31.52 238.09 + 45.09 0.92
Peak Torque H, D 132.32 + 21.20 133.84 + 26.37 0.85
Peak Torque H, ND 125.97 + 19.64 128.46 + 26.07 0.75
H/Q ratio 55.60 + 6.62 55.65 + 7.11 0.62
3 * p < 0.05 used in Kruskal Wallis; significant values and their associated effects are shown in bold; N: Number of Subjects; M: Mean; SD:
4 Standard Deviation; BMI: Body Mass Index; CMJ: Countermovement Jump; D, dominant; ND, non-dominant.

5 Table 2 Summary of the results of the binary logistic regression analysis: Comparison
6 between the groups of injured and non-injured futsal players with potential injury
7  predictor parameters.

Injured group Non-injured Total CI 95% for OR
Variables (n=21) group (n=47) (n=68) OR D

M + DP M + DP M + DP Lower  Upper
Muscle mass, Kg 34.79 + 3.84 35.15 + 4.35 34.91 + 3.98 0.99 0.82 1.21 0.96
Fat mass, Kg 13.40 + 6.48 10.07 £ 3.09 11.73 £ 5.73 0.84 0.65 1.08 0.18
BMI 24.09 + 3.32 23.38 + 2.22 23.87 + 3.03 1.16 0.71 1.90 0.55
CMJ, cm 24.39 + 5.73 29.52 + 4.38 26.95 + 5.91 0.92 0.88 099  0.04*
Peak Torque Q, D 234.43 + 37.10 236.84 + 42.61 235.64 + 40.72 1.01 0.98 1.02 0.55
Peak Torque Q, ND 234.79 + 31.52 238.09 £+ 45.09 236.44 +41.20  0.99 0.97 1.01 0.48
Peak Torque H, D 132.32 £ 21.20 133.84 + 26.37 133.08 £+ 24.73  1.01 0.97 1.05 0.62
Peak Torque H, ND 125.97 + 19.64 128.46 + 26.07 127.21 £24.15 1.02 0.97 1.07 0.29
H/Q ratio 55.60 + 6.62 55.65 + 7.11 55.61 + 6.72 1.01 0.92 1.09 0.93

8 Abbreviations: BMI, body mass index (weight in kilograms divided by height in meters squared); CMJ, counter movement jump (jump height in

9 centimeters); H/Q ratio (strength ratio between flexors divided by extensors); Q, quadriceps; H, hamstrings; D, dominant; ND, non-dominant; N,

number of subjects; M, mean; SD, standard deviation; OR, odds ratio; CI, confidence interval; * Significant p-values < 0.05 are shown in bold.
10 L g p



