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Abstract
Background

This study investigated the associations between pre-match well-being, perceived recovery, passing
errors and match outcomes in professional futsal players.

Methods

Thirty-three first-division players from three teams were monitored across 315 individual match
observations during 15 rounds of first-division competition. On match days, athletes completed a well-
being questionnaire and the Total Quality of Recovery (TQR) scale. Passing errors were quantified via
video analysis and adjusted for playing time. Linear and generalized linear mixed models with random
intercepts for players were applied.

Results

Neither well-being nor TQR was associated with passing error rates during matches (all p > 0.05). Pre-
match well-being was not significantly different between home and away matches (estimate = - 0.06,
95% Cl: -0.14 t0 0.02, p = 0.12). In contrast, TQR was significantly lower in away matches (estimate = -
0.35,95% Cl: -0.57 to - 0.13, p = 0.002). Playing away from home was associated with a higher
likelihood of defeat (log-odds = 0.84, OR =2.33,95% Cl: 1.48-3.69, p < 0.001). Although TQR was lower in
away matches, it was not associated with defeat risk when included in the model (log-odds = - 0.03, OR
=0.97,95% CI: 0.82-1.15, p = 0.77), and its inclusion did not attenuate the away-match effect.

Conclusions

These findings indicate that short-term variations in self-reported well-being and perceived recovery do
not influence passing accuracy and match outcome in professional futsal. Moreover, reduced perceived
recovery in away matches does not explain the increased risk of defeat, suggesting that contextual and
tactical factors may play a more decisive role in away-match performance.

Background

Futsal is a high-intensity sport characterized by intermittent efforts, rapid transitions, and high technical-
tactical demands [1-3]. Precision in technical skills, such as passing, is crucial for maintaining ball
possession and collective performance, and errors in this skill can significantly compromise team
performance [4]. However, several factors may influence technical performance and may increase risk of
passing errors. Aspects related to physical and emotional well-being, as well as athletes” recovery, have
been associated with the risk of different outcomes in technical actions [5-8]. Indicators such as sleep
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quality, fatigue, muscle soreness, mood, and stress comprise widely used monitoring tools to assess
readiness for training and competition [4, 8, 9]. In parallel, perceived recovery is considered an important
marker of an athlete’s ability to cope with the physical and cognitive demands imposed by successive
competitions [10, 11]. However, the relationship between athletes” well-being and perceived recovery and
failures in technical actions during competitive futsal matches remains unclear.

Successful passes are an essential technical skill for advancing the offensive plays and transitions,
maintaining ball possession, and creating numerical superiority in futsal [2, 12]. In soccer, well-being—
related factors such as delayed onset muscle soreness and fatigue are negatively correlated with
passing errors, while recovery has been positively associated with successful passes [7, 13, 14]. In rugby,
associations between well-being and recovery have also been reported in relation to technical passing
ability [4, 15, 16]. It is therefore plausible that similar associations may be present in futsal; however,
evidence in this context is still limited.

Although well-being and total recovery quality are aspects related to athlete performance in team sports,
their relationship with the execution of technical actions in futsal has not yet been established.
Therefore, the aim of the present study was to investigate the association between well-being (assessed
through sleep, fatigue, muscle soreness, mood, and stress), perceived total recovery quality, and the
number of passing errors per minute in first-division futsal players during official matches. The study
hypothesized that lower pre-match perceptions of well-being and recovery would be associated with a
higher incidence of passing errors during competition and increased risk of defeat.

Materials and Methods
Experimental Design

This observational study examined the influence of well-being and perceived recovery on passing errors
during official first-division professional futsal matches. The study design and reporting followed the
Strengthening the Reporting of Observational Studies in Epidemiology (STROBE) guidelines [17]. A total
of 33 athletes from three teams were evaluated across 15 rounds of the first phase of the 2025 First
Division (Gold Division) of Parana State Futsal Championship. One team also participated in the National
Futsal League, whereas the others competed in the state championship and the State Union Cup. For all
teams, the competitive schedule was congested, with an average of two matches per week.

Athletes completed a well-being questionnaire [4] and the Total Quality of Recovery (TQR) scale [18]. The
scales were administered individually via a messaging application, between 8:00 and 10:00 a.m. on each
training and competition day as part of their team routines. Only values obtained on competition days
were included in the study, representing immediate readiness for competition. On match days, athletes
performed only short-duration, low-intensity technical—tactical training in the morning. This routine, part
of the teams’ standard pre-match preparation rather than a research intervention, aimed to make minor
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technical and tactical adjustments without inducing additional fatigue, thereby ensuring adequate
recovery prior to competition.

Match actions were analyzed by two independent researchers using video footage obtained from official
team broadcasts available on YouTube and video material recorded and provided by the teams
themselves. Information regarding match location and results was obtained from the official website of
the Parana State Futsal Federation.

Participants

Professional male futsal players aged > 18 years, competing in first-division teams during the 2025
season, were invited. Inclusion criteria required athletes to be in active training, competing either as
starters or substitutes. Only plays in which the player was on the court for > 2 minutes and completed at
least one pass were included in the analysis [19, 20]. Goalkeepers were excluded due to the low
frequency of passing actions.

All participants provided written informed consent. The study was approved by the Research Ethics
Committee for Human Subjects of the State University of Londrina (approval no.
86810425.0.0000.5231).

Total Quality of Recovery

Perceived recovery was assessed using the TQR scale [18], ranging from 0 (“very poorly recovered”) to
10 (“very well recovered”). Athletes were familiar with this scale through their regular monitoring
routines.

Well-Being

Well-being was assessed using a psychometric scale that evaluates delayed onset muscle soreness
(DOMS), fatigue, mood, sleep quality, and stress [4]. The well-being index consisted of a 5-point Likert
scale, with scores ranging from 1 (“very poor”) to 5 (“very good”), as perceived by the athlete.

The assessment began with the question, “How do you feel today?”, followed by the well-being domain
scales. The mean of the responses was calculated and used as the individual daily well-being score. The
scale was originally designed for daily use by teams and athletes to monitor well-being responses to
training load and readiness for next effort [4].

Video Analysis
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Passing errors were analyzed using video footage available on streaming platforms and YouTube from
official and publicly accessible broadcasts of the evaluated teams’ matches. Passing errors were
identified according to the following criteria:

 Interception by the opponent: when the pass was intercepted by a player from the opposing team
before reaching its intended target.

¢ Qut-of-reach pass: when the pass was delivered in such a way that the intended receiver could not
reach it, either because it was too far or too high.

e Misplaced pass: when the pass was directed to an area with no teammate present or to the wrong
player.

e Technical error: when the pass was poorly executed due to a technical failure, such as insufficient
force or lack of accuracy.

To account for differences in playing time exposure, passing errors were normalized by minutes played
and expressed as errors per minute [20].

Video analysis was performed by two independent evaluators who were trained and calibrated for action
analysis under the supervision of a performance analyst specialized in football and futsal and an
experienced futsal coach. For initial calibration, flve matches were analyzed, resulting in a Cohen’s kappa
coefficient of 0.90 between observers. The matches were reanalyzed after 30 days to determine intra-
observer reliability, yielding kappa values of 0.99 and 0.95 for each observer, respectively. Researchers
responsible for video analysis were blinded to athletes’ TQR and well-being scores.

Statistical Analysis

Normality was assessed with the Shapiro—Wilk test. Parametric data are presented as mean + standard
deviation, non-parametric data as median and interquartile range (IQR). Passing errors were modeled
using generalized linear mixed models (GLMM) with Poisson distribution, including a random intercept
for players and match exposure time as an offset. Age and professional experience were included as
fixed effects. A sensitivity analysis excluding pivot players (n = 5) was conducted due to their low
representation in the sample, in order to assess the robustness of the findings related to match location
and passing errors. Statistical significance was set at p < 0.05. All statistical analyses were performed
using R software (R Foundation for Statistical Computing, Vienna, Austria), including the packages Ime4
for mixed-effects modeling, and GraphPad Prism 8 (GraphPad Software, San Diego, CA, USA) for
descriptive statistics and graphical representations.

Results

A total of 42 futsal matches (15 round of competition) were analyzed, involving 33 players with a mean
age of 26.3 + 4.6 years, VO,max of 56.2 + 3.7 mL-kg="-min-", body mass of 72.3 + 8.6 kg, body fat
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percentage of 8.0 + 4.1%, and mean professional experience of 7.1 + 4.3 years. The cohort included 10
(30.3%) left wingers, 11 (33.3%) right wingers, 7 (21.2%) defenders, and 5 (15.1%) pivots.

The median passing error rate was 0.13 errors'min-" (IQR: 0.06-0.24). In the GLMM Poisson model,
adjusted for match exposure (offset = log[playing time]) and including random intercepts for players,
well-being and TQR were not significantly associated with passing error rates, showing trivial effects
(Table 1). Age (B =0.003, SE=0.108, p = 0.976) and professional experience (B =0.005, SE=0.112,p =
0.966) were also non-significant.

Table 1

Mixed-effects Poisson model for passing errors
Predictor B SE z p IRR (95% CI)
Well-being 0.102 0.094 1.08 0.280 1.11(0.92-1.33)
TQR -0.020 0.031 -0.65 0.517 0.98(0.92-1.05)
Game Outcome -0.121 0.086 -1.42 0.155 0.88(0.75-1.04)
Draw x defeat
Win x defeat -0.008 0.084 -0.10 0.921 0.99(0.84-1.17)
Away match 0.146 0.076 191 0.056 1.16(1.00-1.34)
Player position -0.069 0.145 -048 0.633 0.93(0.69-1.26)
Left x right winger
Defender x right winger 0.062 0.158 0.39 0.696 1.06(0.78-1.45)
Pivot x right winger -0.525 0.238 -2.20 0.028 0.59(0.37-0.93)

Match outcome was not associated with passing errors (Table 1, Fig. 1). Away-home matches showed a
trend toward higher passing error rates (Table 1, Fig. 1).

Pre-match well-being scores did not differ according to match location, as the linear mixed-effects
model with random intercepts for players showed no significant difference between home and away
matches (estimate = - 0.06; 95% Cl: -0.14 to 0.02; p = 0.12). In contrast, TQR was significantly lower in
away matches (estimate = - 0.35; 95% Cl: -0.57 to - 0.13; p = 0.002). Despite this reduction, TQR was not
associated with match outcome. In the generalized linear mixed-effects logistic regression, playing away
from home was associated with a higher likelihood of defeat (OR =2.31; p<0.001), whereas TQR
showed no significant association with the risk of defeat (p = 0.77). Furthermore, the inclusion of TQR in
the model did not attenuate the effect of match location on defeat risk, suggesting that reduced
perceived recovery did not explain the increased likelihood of losing away matches.

Regarding playing position, pivots exhibited a significantly lower rate of passing errors compared with
right wingers (Table 1), whereas no significant differences were observed for left wingers or defenders
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(Fig. 1). Excluding pivot players (n = 5), the effect of away matches remained consistent (IRR =1.14; 95%
Cl: 0.98-1.32).

In the mixed-effects Poisson regression model, adjusted for playing time (offset) and including a random
effect for player, none of the well-being subscales were significantly associated with passing errors

(Fig. 2). These results indicate that variations in players’ self-reported well-being domains on match days
did not influence the rate of passing errors in this cohort.

Discussion

This study investigated the relationship between pre-match well-being, perceived recovery, and the
incidence of passing errors in professional futsal players. The main findings indicate that neither overall
well-being nor perceived recovery (TQR) significantly influenced passing error rates during matches.
Similarly, individual well-being subscales - including muscle soreness, fatigue, sleep quality, stress, and
mood - were not associated with the rate of passing errors. These results suggest that, in professional
futsal players, short-term variations in self-reported well-being may not substantially impact technical
performance in terms of passing accuracy. Thus, the initial study hypothesis was not supported.

Well-being scales and TQR has been widely used in team sports to monitor overall recovery for planning
training sessions and recovery [14, 21-23]. Despite the common assumption that a better state of well-
being is ideal for performance, this concept should be interpreted with caution, particularly due to the
multidimensional interaction of physiological and emotional variables assessed by subjective well-being
scales. For example, a study conducted in youth basketball players reported that, although athletes
presenting better pre-training well-being and recovery status were able to sustain higher internal load
intensity and volume during training sessions, the efficiency of technical actions was reduced and was
specifically associated with Total Quality of Recovery (TQR) and sleep quality [23]. These findings
reinforce the notion that higher perceived readiness does not necessarily translate into greater technical
efficiency, highlighting the complex and multidimensional interaction between physiological recovery,
cognitive resources, and motor performance.

Delayed-onset muscle soreness and fatigue are also factors associated with detrimental effects on
physical performance. However, because the well-being scale operationalizes fatigue as a broad
construct reflecting overall readiness, it may lack sensitivity to isolate the specific effects of mental
fatigue or insufficient physical recovery. The composite nature of the scale, which integrates multiple
subjective dimensions into a single score, may limit its ability to detect specific fatigue-related
mechanisms. Among mechanisms accounted for accurate passes that directly influence technical
performance, it was cited the decision-making speed, attentional control, or neuromuscular impairments
[24]. These performance variables have been associated with central mental fatigue in team sports [25].
But specifically in passing skills, mental fatigue seems not to evoke detrimental effects on the pass
fregeuncy and accuracy [26]. On the other hand, studies in soccer players demonstrated a positive
impact of TQR on successful passes, but a negative impact of DOMS and fatigue in passing balls [6, 14,
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27]. Conversely, a study conducted with futsal professional players under simulated match conditions
indicated that game-induced fatigue, despite neuromuscular fatigue, was not associated with a
reduction in shooting accuracy at the end of matches [28]. Indeed, neuromuscular fatigue accumulated
during a futsal multiday tournament decreased the high intensity running activities, but improved number
and accuracy of passes [29]. Therefore, the influence of DOMS, perceived fatigue, and recovery status on
passing performance appears to be context-dependent and skill-specific and may not be adequately
captured by subjective well-being measures during futsal matches.

Sleep quality is another important component of athletes” recovery and performance [30, 31]. Although
sleep duration and subjective sleep quality have been consistently associated with technical
performance and match success in several sports, such associations were not observed for passing
errors or match outcomes in futsal players in the present study. In professional athletes, extended sleep
duration has been shown to improve aerobic performance and enhance activities that require fine motor
skills, thereby supporting greater accuracy in technical—tactical task execution [31, 32]. Regardless of
total sleep duration, the subjective perception of sleep quality in basketball players on the night before
competition has been associated with technical performance [33]. Other study demonstrated that elite
individual and team athletes reporting poor sleep quality in the first day competition exhibited a markedly
increased likelihood of poor performance, with an approximately 2.7-fold higher risk compared with
those reporting good sleep quality [30]. These discrepancies may be partially explained by differences in
sport-specific demands, contextual factors inherent to futsal, and the use of subjective sleep
assessments, which may not fully capture subtle variations in sleep-related performance mechanisms.

Sleep quality also have an impact on emotional stress and mood state, changing perception of anger,
fatigue, anxiety and vigor in athletes [34, 35]. However, well-being scales address these issues as general
stress and mood scores. From a psychometric standpoint, the use of generic stress and mood items in
well-being monitoring tools entails important limitations related to construct validity and measurement
precision. Distinct emotional states with potentially opposing effects on performance may be
aggregated into a single score, reducing sensitivity to detect meaningful associations with technical
outcomes. While these scales are designed for practical, time-efficient application in applied sport
settings, they provide limited discrimination between different emotional states, their intensity, and their
cognitive versus affective components. This trade-off between ecological validity and psychometric
specificity may partially explain the absence of significant relationships between stress- and mood-
related well-being dimensions and passing errors in the present study, particularly in a sport
characterized by high perceptual-cognitive demands and rapid decision-making.

While playing away from home increased the likelihood of defeat, the passing errors and well-being did
not statistically differ between home and away matches. Team sports have increased risk of defeat in
away-home games which may reflect contextual factors such as absence of team fans [36]. In the
present study, neither passing errors nor well-being was significantly different regarding game location,
but TQR. Nevertheless, decreased TQR in away-home games did not increase risk of defeat.
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Regarding playing position, pivots exhibited significantly lower passing error rates compared with
wingers and defenders. This finding may reflect positional differences in tactical responsibilities, spatial
constraints, and the nature of passing opportunities. The small number of pivots (n = 5) prompted a
sensitivity analysis, which indicated that the observed effect remained directionally consistent,
suggesting that results were not solely driven by performance. This hypothesis should be investigated in
future studies, since it has been reported that influence of well-being scores on technical-tactical
behavior may be position-dependent in team sports [16].

Conclusions

Pre-match wellness and recovery did not significantly impact passing accuracy in professional futsal
players. While monitoring well-being and perceived recovery remains important for general athlete
management, minor fluctuations in pre-match wellness may not require immediate adjustments to
tactical strategies or player selection with respect to passing accuracy. Emphasis should be placed on
maintaining consistent recovery routines, individualized preparation protocols, and attention to
contextual match factors that may influence performance.

Future research should explore other technical and tactical performance indicators, as well as
longitudinal monitoring across congested and non-congested match schedules, to clarify the complex
interactions between wellness, recovery, and in-game performance in elite futsal. Additionally, integrating
objective physiological measures (e.g., neuromuscular fatigue, heart rate variability) alongside subjective
wellness assessments may provide a more comprehensive understanding of performance determinants.
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Figure 1

1

Median passing errors.min™' according to game outcome (a), game location (b) and Player position (c).

Data presented as interquartile range. Mixed-effects Poisson model for passing errors.

Well-being domains

Mood- I & IRR =1.081; 95% CI: 0.87-1.34; p = 0.469

Stress - .: IRR = 0.953; 95% CI: 0.78-1.17, p = 0.662

Sleep- L IRR = 1.064; 95% CI: 0.92-1.23; p=0.421

Fatigue - —Q— IRR = 0.990; 95% CI. 0.84-1.17, p = 0.897

Muscle soreness - —0— IRR = 1.004: 95% CI: 0.88-1.14; p = 0.954
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Figure 2
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Forest plot showing the incidence rate ratios (IRR) and 95% confidence intervals (Cl) for passing errors
according to well-being subscales in futsal players. The multivariate generalized linear mixed model
(Poisson, log link) was adjusted for playing time (offset) and included a random effect for individual
players. Subscales assessed were Muscle soreness, Fatigue, Sleep, Stress, and Mood. Points represent
the IRR for each subscale, and horizontal lines indicate the 95% CI. The dashed vertical line at IRR = 1
represents no effect.
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