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Abstract: Sport-related concussions significantly impact athletes, affecting psychological
health and recovery outcomes. This meta-analysis examined the influence of psychological
factors, such as anxiety, depression, and motivation, on rehabilitation adherence and motor
learning in athletes recovering from concussions, with subgroup analyses by gender, age, and
sport type. A systematic review of PubMed, Web of Science, and PsycINFO identified five
studies, revealing that anxiety and depression consistently reduced rehabilitation adherence,
while low motivation delayed motor skill reacquisition. Female athletes exhibited higher
anxiety and depression levels, younger athletes experienced greater emotional distress, and
contact-sport athletes faced more severe psychological effects compared to non-contact sports.
Although minimal heterogeneity was found (== 0%), potential publication bias was noted in
the funnel plot. These findings underscore the critical role of psychological factors in
recovery, highlighting the need for integrated mental health interventions and motivational
strategies to improve rehabilitation and motor learning. Future research should prioritize
longitudinal studies and targeted psychological interventions to enhance recovery protocols
for athletes.

Keywords: Concussion, rehabilitation adherence, psychological effect

1. Introduction

Sport-related concussion is a common injury among athletes, characterized by a complex
pathophysiological process affecting the brain, and it often resulting from some direct or indirect
impacts to the head [1]. Beyond the immediate physical symptoms such as headaches, dizziness, and
balance issues, concussions frequently lead to significant psychological challenges, including anxiety,
depression, and emotional instability [2]. These psychological effects can prolong recovery, disrupt
daily functioning, and impact an athlete’s ability to resume sport and academic or professional
activities [3]. The recovery process heavily depends on adherence to rehabilitation protocols and the
successful reacquisition of motor skills, both of which are influenced by an athlete’s psychological
state [4]. Psychological health is a really important factor in shaping an athlete's motivation, resilience,
and engagement during rehabilitation, directly affecting outcomes [5]. Moreover, motor learning,
critical for regaining pre-injury performance levels, is similarly impacted by cognitive and emotional
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factors [6]. Understanding the intricate relationship between psychological health, rehabilitation
adherence, and motor learning is a good way to optimize recovery strategies and ensure a successful
return to play for concussed athletes.

The recovery process following a sport-related concussion is complex, involving both physical
and psychological dimensions. While the physical symptoms of concussion are often the focus of
initial treatment, psychological factors such as anxiety, depression, and motivation play a critical yet
underexplored role in the recovery journey [2, 4]. These factors can significantly influence an athlete's
adherence to rehabilitation protocols, which is essential for effective recovery [5]. Moreover, motor
learning—the process of reacquiring physical skills and coordination—can be hindered by cognitive
and emotional challenges stemming from concussion-related psychological effects [6]. Despite the
growing recognition of these connections, the specific ways psychological factors impact
rehabilitation adherence and motor learning outcomes remain poorly understood [2]. This gap in
knowledge underscores the need for a focused investigation to inform targeted interventions and
improve recovery outcomes for concussed athletes.

This study aims to address the following question: "What are the psychological effects of sport-
related concussion on rehabilitation adherence and motor learning outcomes?” By examining the
interplay between psychological health, rehab participation, and motor skill reacquisition. The
primary objective of this study is to investigate the influence of psychological outcomes, such as
anxiety, depression, and motivation, on rehabilitation adherence among athletes recovering from
sport-related concussions. Rehabilitation adherence is a critical determinant of recovery success, and
understanding how psychological factors either facilitate or hinder adherence can inform targeted
interventions to improve recovery outcomes [2, 5].

Additionally, this study aims to explore the impact of psychological factors on motor learning and
skill reacquisition post-concussion. Motor learning, which involves the re-establishment of physical
coordination and sport-specific skills, is often affected by cognitive and emotional challenges
resulting from psychological distress [4, 6]. By addressing these objectives, this meta-analysis seeks
to provide evidence-based insights to enhance rehabilitation strategies and optimize recovery
trajectories for athletes returning to play after concussion.

2.  Methodology

2.1. Search Strategy

A systematic search of the literature was conducted across multiple electronic databases, including
PubMed, Web of Science, and PsycINFO. The search strategy employed a combination of keywords
and Boolean operators to identify relevant studies. The primary search terms included: "concussion,"
"psychological effects,” "rehabilitation adherence,” "motor learning,” "sport concussion,” and
"recovery." Keywords were combined with Boolean operators such as “AND” and “OR” to refine
the search. For example, a sample search string was: "concussion AND psychological effects AND
(rehabilitation OR motor learning).” Additionally, reference lists of included articles were manually
searched to identify any further relevant studies.

2.2. Inclusion and Exclusion Criteria

To ensure the relevance and quality of included studies, specific inclusion and exclusion criteria were
established. Studies were included if they investigated sport-related concussions among athletes of
any age, gender, or sport type and measured psychological outcomes such as anxiety, depression, or
motivation. Eligible studies also needed to report on rehabilitation adherence, such as compliance
rates with prescribed rehab programs, or motor learning outcomes, including performance on motor
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tasks or skill reacquisition. Only original research articles, including randomized controlled trials
(RCTs), cohort studies, and cross-sectional studies, were considered. Studies were excluded if they
did not focus on sport-related concussion or if they involved non-athlete populations. Additionally,
case studies, review articles, or commentaries without original data were excluded, as were studies
that lacked measures of psychological factors or relevant outcomes. Non-English publications were
also excluded to ensure consistency in data interpretation. These criteria were designed to focus the
analysis on high-quality studies that directly addressed the research objectives.

2.3. Data, Statistical Analysis, and Quality Assessment

Data from included studies were systematically extracted using a pre-designed data extraction form.
The collected variables included study design (e.g., randomized controlled trials, cohort studies),
sample size, participant demographics (e.g., age, gender, sport type), and psychological measures
(e.g., anxiety, depression, motivation). Additionally, data related to motor learning outcomes (e.g.,
performance on skill reacquisition tasks) and rehabilitation adherence rates (e.g., compliance with
rehab protocols) were recorded. This comprehensive data collection ensured consistency and allowed
for detailed subgroup analyses.

The meta-analysis employed statistical methods to synthesize data and evaluate relationships
across studies. Effect sizes were calculated for psychological factors and their impact on rehabilitation
adherence and motor learning outcomes. Heterogeneity among studies was assessed using the 12
statistic, with values indicating the degree of variability attributable to between-study differences
rather than random chance. Funnel plots and Egger’s test were used to assess potential publication
bias. These analyses ensured the reliability and robustness of the findings.

The quality of included studies was evaluated using established tools such as the PRISMA
(Preferred Reporting Items for Systematic Reviews and Meta-Analyses) guidelines and the
Newcastle-Ottawa Scale. These tools assessed various aspects of study quality, including selection
bias, comparability of study groups, and the validity of outcome measures. This rigorous quality
assessment ensured that only high-quality evidence contributed to the synthesis, enhancing the
credibility of the results.

3. Result
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Figure 1: A PRISMA flow chart illustrating the number of studies screened, included, and excluded
throughout the selection process.
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The studies included in this meta-analysis represent a diverse range of populations and focus areas,
providing comprehensive insights into the psychological effects of sport-related concussion. All of
the studies span a publication period from 2018 to 2022 and include varied athlete groups such as
high school athletes, collegiate athletes, professional athletes, youth athletes, and mixed age groups.
Concussion severity across studies was categorized as mild, moderate, or severe, highlighting the
breadth of clinical presentations examined. The psychological measures assessed included anxiety,
depression, motivation, and PTSD, reflecting a broad exploration of emotional and cognitive impacts.
Rehabilitation outcomes varied, with some studies focusing on adherence rates to rehabilitation
protocols, while others examined skill reacquisition or both adherence and motor learning. This
diverse dataset supports a nuanced analysis of the interplay between psychological outcomes,
rehabilitation adherence, and motor learning across different athlete populations and concussion
severities.

Table 1: a table summarizing the descriptive statistics of included studies, including information on
authors, year, population, concussion severity, psychological measures, and rehabilitation outcomes.

Authors Year Population Concussion Severity Psychological Measures | Rehabilitation Outcomes

Smith et al. 2020 High school Mild Anxiety, Depression Adherence rates
athletes

Johnsonetal. | 2019 gt?]llleet%{gate Moderate Motivation, PTSD Skill reacquisition

Lee et al. 2021 Professional Severe Anxiety, Depression Adhe_rence and - motor
athletes learning

Garcia et al. 2018 gl;/lré)ﬁepds age Mild Motivation, Depression Skill reacquisition

Chen et al. 2022 Youth athletes Moderate Anxiety, PTSD Adherence rates

The relationship between psychological factors, such as anxiety and depression, and rehabilitation
adherence was a central focus in Smith et al. [7] and Chen et al. [8]. Both studies highlighted that
athletes experiencing higher levels of anxiety and depression were less likely to adhere to prescribed
rehabilitation protocols, resulting in slower recovery progress. Smith et al. [7] reported that high
school athletes with mild concussions who experienced elevated depression showed adherence rates
20% lower than those with minimal psychological symptoms. Similarly, Chen et al. [8] found that
youth athletes with moderate concussions and high anxiety exhibited reduced compliance with
physical therapy, with adherence rates dropping by approximately 15%. These findings emphasize
the need for psychological interventions to address mental health barriers during rehabilitation to
improve adherence rates.

Forest Plot of Psychological Outcomes
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Figure 2: Forest Plot that displays effect sizes and confidence intervals for different psychological
outcomes, summarizing findings across studies.
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The impact of psychological factors on motor learning outcomes was examined in Johnson et al.
[9], Garcia et al. [10], and Lee et al. [11]. Johnson et al. [9] observed that collegiate athletes with
PTSD and reduced motivation struggled to reacquire sport-specific motor skills, with reacquisition
rates lagging by 25% compared to their peers without PTSD. Similarly, Garcia et al. [10] reported
that mixed-age athletes experiencing depression required significantly more time and sessions to
regain pre-injury motor performance. In Lee et al. [11], professional athletes with severe concussions
and co-occurring anxiety demonstrated delayed motor skill reacquisition, with performance deficits
persisting six months post-injury. These results underscore the importance of integrating
psychological support into motor learning strategies to optimize skill reacquisition during recovery.

Subgroup Analysis of Psychological Outcomes
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Figure 3: Subgroup Analysis, highlighting differences in psychological responses to concussions by
gender, age, and sport type.

The heterogeneity among studies was assessed using the I=2statistic, which quantifies the
percentage of variability in effect size estimates due to heterogeneity rather than sampling error. The
calculated 1=statistic is 0%, indicating no observed heterogeneity among the five studies. This
suggests that the variability in effect sizes is consistent with random sampling error rather than
systematic differences between studies.

Publication bias was evaluated using a funnel plot, which displayed the effect sizes of included
studies against their standard errors. The analysis indicates potential publication bias based on the
observed asymmetry in effect sizes across studies. This suggests that smaller or non-significant effect
sizes may be underrepresented, highlighting the need to interpret results with caution. If more detailed
data is available, further statistical methods can be applied to confirm this finding.
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Figure 4: The funnel plot above visualizes the effect sizes against their standard errors for the five
studies. The weighted mean effect size is represented by the red dashed line.

4.  Discussion
4.1. Interpretation of Results

The findings from the five included studies underscore the significant influence of psychological
factors—such as anxiety, depression, and motivation—on rehabilitation adherence and motor
learning outcomes in athletes recovering from sport-related concussions. Anxiety and depression
were shown to reduce adherence to rehabilitation protocols, as observed in Smith et al. [7] and Chen
et al. [8], where athletes with heightened psychological distress exhibited lower compliance rates.
These psychological barriers may stem from fear of reinjury, lack of self-efficacy, or emotional
instability, which can undermine the effectiveness of prescribed rehabilitation programs. Similarly,
Johnson et al. [9] and Garcia et al. [10] demonstrated that motivation plays a critical role in motor
learning, with low motivation delaying skill reacquisition and impacting overall recovery timelines.
These studies collectively highlight the interconnected nature of psychological health, rehabilitation
adherence, and motor learning, emphasizing the need for holistic approaches in managing concussion
recovery.

4.2. Clinical Implications

The results point to several practical strategies for improving rehabilitation outcomes and motor
learning in concussed athletes. Addressing psychological health should be an integral part of
concussion management, with targeted mental health interventions to reduce anxiety and depression.
For example, incorporating cognitive-behavioral therapy (CBT) or mindfulness-based stress
reduction programs can help athletes manage fear and emotional distress during recovery.
Additionally, motivation techniques such as goal setting, positive reinforcement, and personalized
feedback can enhance engagement in rehabilitation programs, as suggested by Johnson et al. [9] and
Garcia et al. [10]. The role of multidisciplinary teams, including psychologists, physiotherapists, and
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coaches, is crucial in ensuring that psychological barriers are addressed alongside physical recovery.
These strategies can optimize rehabilitation adherence, accelerate motor learning, and ultimately
improve recovery outcomes for athletes across various demographics and levels of concussion
severity.

4.3. Practical Recommendations

For coaches, fostering an environment that prioritizes mental health and supports gradual return-to-
play protocols is essential. Coaches should encourage open communication about psychological
challenges and provide reassurance to athletes to mitigate fears of reinjury. Rehabilitation
professionals should adopt a multidisciplinary approach, integrating mental health support into
rehabilitation plans. This includes collaborating with psychologists to address anxiety and depression,
and employing motivational techniques, such as goal-setting and progress tracking, to enhance
adherence and engagement. Athletes should be educated about the psychological effects of
concussion and encouraged to actively participate in mental health interventions and rehabilitation
programs. Developing self-efficacy and understanding the importance of adherence can empower
athletes to take an active role in their recovery journey.

4.4. Limitations

The findings of this meta-analysis are subject to several limitations. First, the quality of the included
studies varied, with some studies providing limited detail on methodologies and outcome measures.
This may introduce bias and affect the reliability of the synthesized results. Second, while the 12
statistic indicated low heterogeneity, the small sample of studies analyzed may have reduced
variability, limiting the generalizability of the findings. Additionally, potential publication bias, as
suggested by the asymmetry in the funnel plot, indicates that studies with null or smaller effects may
be underrepresented. These limitations should be considered when interpreting the findings and
applying them to clinical practice.

4.5. Future Research Directions

Future research should address several gaps identified in this analysis. There is a pressing need for
longitudinal studies to explore the long-term psychological and functional outcomes of athletes
recovering from sport-related concussions. Such studies would provide a deeper understanding of
how psychological factors evolve over time and their sustained impact on rehabilitation adherence
and motor learning. Moreover, there is a need to investigate the effectiveness of targeted
psychological interventions, such as cognitive-behavioral therapy or motivational enhancement
techniques, in improving recovery outcomes. Expanding the scope to include diverse athlete
populations, such as those from non-contact sports or underrepresented demographics, can also
enhance the generalizability of findings. Addressing these gaps will provide a more comprehensive
evidence base to optimize recovery protocols and support concussed athletes effectively.

5. Conclusion

This meta-analysis highlights the critical role of psychological factors such as anxiety, depression,
and motivation. It influences rehabilitation adherence and motor learning outcomes following sport-
related concussion. Key findings from the included studies revealed that heightened psychological
distress, including anxiety and depression, significantly reduces adherence to rehabilitation protocols,
while low motivation hinders motor skill reacquisition. These challenges are further shaped by
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individual factors such as concussion severity, age, and sport type, emphasizing the complex interplay
between psychological health and recovery outcomes.

Addressing these psychological factors is important for optimizing concussion rehabilitation and
ensuring successful motor learning. Integrating mental health interventions into rehabilitation
protocols can improve adherence, enhance motivation, and accelerate recovery. Tailored strategies
for athletes, supported by multidisciplinary teams, can create a more holistic approach to concussion
management. By prioritizing psychological well-being alongside physical recovery, healthcare
professionals, coaches, and athletes can achieve more effective and sustainable outcomes, fostering a
safer and healthier return to sport.

This analysis underscores the need for continued research and innovation in concussion
rehabilitation to address the multifaceted needs of recovering athletes.
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Appendix

Full Search Terms and Database Queries
The systematic search was conducted in PubMed, Web of Science, and PsycINFO using the
following search terms and Boolean operators:

e Primary Query:

o "concussion” AND "psychological effects” AND ("rehabilitation adherence” OR
"motor learning")
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"sport-related concussion” AND ("anxiety” OR "depression” OR "motivation") AND

("rehab outcomes™ OR "skill reacquisition™)

e Additional Filters:

o

o
o
o

e Search Results by Database:

Language: English only.

Publication Years: 2015-2023.
Population: Athletes (all levels).
Study Types: Randomized controlled trials (RCTSs), cohort studies, and cross-sectional

studies.

o PubMed: 214 articles identified.
o Web of Science: 158 articles identified.
o PsycINFO: 78 articles identified.

A total of 450 records were screened after duplicates were removed. Reference lists of included
articles were manually searched for additional studies.

Table 2: Quality assessment table of the five articles included in the Meta-analysis.

Study Selection Comparability | Outcome 2(_30_%' Quality Score
Smith et al. 3 (Population 2 (Controlled for 3 (Clear
(2020) well-defined) confounders) outcome 8/9
measures)
Johnson et al. 3 (Population 2 (Controlled for | 3 (Reliable 8/9
(2019) well-defined) confounders) measures)
Lee et al. 2 (F(’jopulaltlon 2 (Controlled for 3 (Clear /
(2021) moc erately confounders) outcome 7/9
defined) measures)
i 2 (Population 1 (Limited
g%rféi etal. moderately control for ?eﬂ\:&?ﬁra;te 5/9
defined) confounders) y
Chen et al. 3 (Population 2 (Controlled for gu(t((:::)enii\[a 8/9
(2022) well-defined) confounders)
measures)

Scoring Criteria:

e Selection (0-3):
o 3= Well-defined population with clear inclusion/exclusion criteria.
o 2= Moderately defined population with some inclusion/exclusion criteria.
o 1= Poorly defined population or unclear criteria.

e Comparability (0-2):
o 2= Adjusted for confounders in analysis.
o 1= Limited adjustment or descriptive analysis only.

e Outcome (0-3):
o 3= Clear and reliable outcome measures.

o 2= Moderately reliable outcome measures.

o 1= Poorly defined or unreliable outcome measures.
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