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ABSTRACT 

Sport-related concussion management has undergone significant evolution, shifting from prolonged rest to active 
rehabilitation approaches. This systematic review examines current evidence regarding optimal return to physical activity 
protocols following sport-related concussion. A comprehensive literature search was conducted using PubMed, CINAHL, 
SPORTDiscus, and Web of Science databases, focusing on studies published between 2018-2023. Inclusion criteria 
comprised randomized controlled trials, systematic reviews, and prospective cohort studies examining physical activity 
interventions during concussion recovery. Contemporary evidence strongly supports brief initial rest (24-48 hours) followed 
by progressive, sub-threshold aerobic exercise. Multiple randomized controlled trials demonstrate that early controlled 
exercise accelerates recovery without adverse effects, reducing median recovery time from 17 to 13 days. The Buffalo 
Concussion Treadmill Test enables individualized exercise prescription at 80-90% of symptom-threshold heart rate. 
Multimodal approaches targeting specific symptom clusters (vestibular, cervicogenic, autonomic) show superior outcomes 
compared to generic protocols. Implementation remains inconsistent, with only 45% of practitioners regularly prescribing 
structured exercise despite strong evidence. Active rehabilitation through controlled, progressive exercise represents the 
current evidence-based standard for concussion management. Early sub-threshold aerobic exercise, initiated within one week 
of injury, optimizes recovery while minimizing persistent symptoms. Future research should focus on precision medicine 
approaches and optimal protocols for special populations. 

KEYWORDS 

Sport-Related Concussion, Return to Activity, Aerobic Exercise, Active Rehabilitation, Progressive Exercise Protocol 

CITATION 

Agnieszka Burzej, Zofia Nowakowska, Wiktoria Dybizbańska, Mateusz Kacalak, Karolina Dziki, Aleksandra Marek, Julia 
Szklarska-Komenda, Katarzyna Garncarz, Maciej Komenda, Krzysztof Jamroch. (2025) Management of Return to Physical 
Activity After Concussion: A Systematic Review. International Journal of Innovative Technologies in Social Science. 4(48). doi: 
10.31435/ijitss.4(48).2025.4496 

COPYRIGHT 

© The author(s) 2025. This article is published as open access under the Creative Commons Attribution 4.0 
International License (CC BY 4.0), allowing the author to retain copyright. The CC BY 4.0 License permits the content 
to be copied, adapted, displayed, distributed, republished, or reused for any purpose, including adaptation and commercial 
use, as long as proper attribution is provided. 

 

 

Introduction 

Sport-related concussion (SRC) represents a significant public health challenge, with contemporary 

epidemiological data indicating rising incidence across all levels of athletic participation. Recent systematic 

reviews estimate that youth athletes alone experience 1.1-1.9 million sport-related concussions annually, with 

the highest rates observed in collision sports such as ice hockey, American football, and rugby [1]. The impact 

extends beyond immediate symptoms, as emerging evidence demonstrates that 15-30% of athletes may 

experience prolonged recovery lasting more than four weeks, affecting academic performance, social 

participation, and quality of life [2]. 

The understanding of concussion pathophysiology has evolved substantially, revealing a complex 

neurometabolic cascade characterized by ionic dysregulation, metabolic crisis, cerebrovascular dysfunction, and 

autonomic disturbances that persist beyond clinical symptom resolution [3]. This enhanced understanding has 

catalyzed a fundamental shift in clinical management approaches. While historical guidelines recommended 

complete physical and cognitive rest until full symptom resolution, contemporary evidence challenges this paradigm, 

suggesting that prolonged rest beyond 24-48 hours may actually impede recovery [4]. 

The 5th International Conference on Concussion in Sport (Berlin, 2016) marked a pivotal transition in 

management philosophy, recommending only brief rest followed by gradual, symptom-limited return to 

activity [5]. This recommendation was further reinforced by recent randomized controlled trials demonstrating 

that early sub-threshold aerobic exercise accelerates recovery and reduces the risk of persistent symptoms. 

Leddy and colleagues (2019) showed that adolescents who initiated controlled aerobic exercise within one 

week of injury recovered faster than those prescribed rest, with no adverse effects [6]. 

Systematic reviews and meta-analyses published since 2018 consistently support active rehabilitation 

over prolonged rest, though optimal parameters for exercise prescription remain incompletely defined [7]. The 

physiological rationale for early controlled activity includes improved cerebral blood flow regulation, 
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restoration of autonomic balance, and prevention of deconditioning-related complications. However, 

significant knowledge gaps persist regarding implementation strategies, with recent surveys revealing 

considerable variability in clinical practice and uncertainty among healthcare providers about appropriate 

timing, intensity, and progression protocols [8]. 

The heterogeneity of concussion presentation and recovery trajectories further complicates management 

decisions. Individual factors including sex, age, prior concussion history, and initial symptom burden 

significantly influence recovery patterns and treatment response [9]. Moreover, practical implementation faces 

barriers including limited access to specialized providers, lack of objective monitoring tools, and challenges 

in determining individual symptom thresholds for activity progression. 

This systematic review aims to synthesize current evidence regarding the management of return to 

physical activity following sport-related concussion. By examining contemporary research on activity 

protocols, assessment methodologies, and implementation strategies, this review seeks to provide evidence-

based recommendations that bridge the gap between emerging science and clinical practice. Understanding 

optimal approaches to activity progression is essential for minimizing recovery time, preventing persistent 

symptoms, and safely facilitating return to sport participation. 

 

Methodology 

This systematic review examined current evidence on return to physical activity following sport-related 

concussion from January 2018 to December 2023. Literature was searched in PubMed/MEDLINE, 

SPORTDiscus, CINAHL, and Web of Science using terms related to concussion ("brain concussion," "sport-

related concussion," "mild traumatic brain injury") combined with activity-related terms ("exercise," "physical 

activity," "return to play," "active rehabilitation," "aerobic exercise"). 

 

Pathophysiology of Concussion 

Understanding the pathophysiological mechanisms underlying sport-related concussion is essential for 

developing evidence-based management strategies. Contemporary research reveals that concussion involves a 

complex cascade of neurometabolic, vascular, inflammatory, and autonomic disturbances that evolve 

dynamically over time and vary considerably between individuals [10]. 

 

Neurometabolic Cascade and Energy Crisis 

The primary pathophysiological event in concussion is an acute neurometabolic cascade characterized 

by indiscriminate neurotransmitter release, massive ionic flux, and subsequent energy crisis. This process 

begins with widespread neuronal depolarization and excessive glutamate release, triggering potassium efflux 

and calcium influx that disrupts cellular homeostasis [10]. To restore ionic balance, sodium-potassium pumps 

dramatically increase their activity, consuming vast amounts of ATP and creating a state of hypermetabolism 

that occurs paradoxically in the context of decreased cerebral blood flow. 

Recent neuroimaging studies using magnetic resonance spectroscopy have demonstrated that this 

metabolic dysfunction is regionally heterogeneous and may persist beyond clinical recovery. Churchill and 

colleagues (2019) identified distinct metabolic phenotypes in concussed athletes, revealing persistent 

alterations in N-acetylaspartate and glutamate-glutamine complex ratios that correlate with symptom burden 

and recovery trajectories [3]. The energy crisis particularly affects white matter structures including the corpus 

callosum and corona radiata, with diffusion tensor imaging showing altered fractional anisotropy that may 

persist for months following injury [11]. 

 

Cerebrovascular and Autonomic Dysfunction 

Cerebrovascular dysfunction represents a central component of concussion pathophysiology. Advanced 

neuroimaging techniques have revealed both macro and microvascular alterations, with reduced cerebral blood 

flow and impaired neurovascular coupling persisting beyond symptom resolution [12]. The normal coupling 

between neuronal activity and blood flow becomes disrupted, leading to a mismatch between metabolic 

demands and substrate delivery. This neurovascular uncoupling particularly affects regions critical for the 

default mode network, potentially explaining persistent cognitive symptoms and exercise intolerance. 

Autonomic nervous system dysfunction has emerged as a primary rather than secondary feature of 

concussion. Heart rate variability studies demonstrate specific patterns of sympathovagal imbalance, with 

reduced parasympathetic tone and increased sympathetic activity correlating with symptom severity [13]. The 

neuroanatomical basis involves disrupted connectivity within the central autonomic network, particularly 
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affecting the insula, anterior cingulate cortex, and hypothalamus. These autonomic disturbances directly 

contribute to exercise intolerance, as demonstrated by abnormal heart rate and blood pressure responses during 

graded exercise testing in concussed athletes [6,13]. 

 

Neuroinflammatory Response 

The acute injury triggers a robust neuroinflammatory response characterized by microglial activation, 

astrocyte reactivity, and release of pro-inflammatory cytokines. Recent biomarker studies have identified 

specific inflammatory profiles, with elevated interleukin-6 and tumor necrosis factor-α levels correlating with 

symptom severity and recovery duration [14]. This inflammatory cascade, while initially protective, may 

contribute to prolonged symptoms if dysregulated. Furthermore, emerging evidence suggests that disruption 

of the glymphatic system, particularly during sleep, may impair clearance of metabolic waste products and 

inflammatory mediators, contributing to symptom persistence. 

 

Network Connectivity Disruption 

Contemporary neuroimaging has revealed that concussion fundamentally disrupts brain network 

organization rather than causing focal injury. Resting-state functional MRI studies demonstrate altered 

connectivity within and between major brain networks, including the default mode, salience, and executive 
control networks [3,11]. These network disruptions follow predictable patterns, with acute hyperconnectivity 

followed by chronic hypoconnectivity in specific circuits. The concept of "network dysfunction" explains why 

symptoms often emerge only during demanding cognitive or physical activities, as functional alterations 

become more apparent under increased metabolic load. 

 

Clinical Implications for Management 

These pathophysiological insights have direct implications for return-to-activity protocols. The 

metabolic vulnerability window suggests that both excessive rest and premature high-intensity activity could 

be detrimental during the acute phase [10]. However, the identification of persistent vascular and autonomic 

dysfunction provides physiological rationale for controlled aerobic exercise as therapy. Sub-threshold exercise 

can improve cerebrovascular reactivity and restore autonomic balance without exceeding metabolic capacity, 

explaining the efficacy of early controlled exercise interventions [6,15]. 

Understanding that different symptom profiles correlate with distinct pathophysiological patterns 

supports individualized management approaches. The temporal evolution of these processes corresponds to 

typical recovery trajectories, with most metabolic abnormalities resolving within 7-10 days in uncomplicated 

cases, though vascular and network alterations may persist longer. This framework emphasizes that concussion 

recovery involves not just symptom resolution but restoration of complex physiological systems, informing 

more sophisticated return-to-play protocols that assess multiple domains of recovery. 

 

Historical Approaches to Concussion Management 

The management of sport-related concussion has undergone dramatic transformation over the past 

century, evolving from prolonged bed rest to contemporary active rehabilitation protocols. Understanding this 

historical progression provides essential context for current evidence-based practices and highlights the 

paradigm shifts that have shaped modern concussion management. 

 

Early Management Paradigms (Pre-2000s) 

Historical approaches to concussion management were largely based on anecdotal experience and expert 

opinion rather than empirical evidence. Early guidelines from the 1930s through 1970s typically recommended 

extended periods of bed rest, often lasting weeks, for any head injury regardless of severity. This approach was 

rooted in the belief that complete physical and cognitive rest would minimize metabolic demands and prevent 

secondary injury. However, by the 1940s, some clinicians began questioning prolonged rest, noting that 

extended inactivity could lead to deconditioning and psychological distress without clear evidence of improved 

outcomes. 

The development of concussion grading scales in the 1980s and 1990s represented the first attempts at 

systematic management, though these scales relied heavily on loss of consciousness as a severity marker, 

which we now know occurs in less than 10% of concussions. Return-to-play decisions during this era were 

often made based on arbitrary timelines rather than individual recovery, with protocols mandating specific rest 

periods based on concussion "grade" rather than symptom resolution. 
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The Consensus Statement Era (2001-2016) 

The first International Conference on Concussion in Sport (Vienna, 2001) marked a watershed moment 

in standardizing concussion management. This consensus statement recommended complete rest until 

asymptomatic, followed by a graduated return-to-play protocol, establishing the foundation for systematic 

concussion care. The third consensus statement (Zurich, 2009) further emphasized physical and cognitive rest 

as the "cornerstone" of management, despite acknowledging limited supporting evidence. This 

recommendation led to widespread adoption of "cocoon therapy," where athletes were prescribed complete 

sensory deprivation and activity restriction until symptom resolution. 

The influence of these early consensus statements cannot be overstated. Healthcare providers globally 

adopted strict rest protocols, with some prescribing weeks of complete physical and cognitive rest. Students 

were removed from academic activities, athletes were restricted from any physical exertion, and some were 

even advised to avoid mental stimulation including reading, screen time, and social interaction. This approach 

was largely based on animal studies suggesting that exercise during the acute metabolic vulnerability period 

could prolong recovery, though human data remained limited. 

 

Challenging the Rest Paradigm (2010-2018) 

The period from 2010 to 2018 witnessed growing scrutiny of prolonged rest recommendations. Pivotal 
studies began demonstrating that strict rest beyond 48 hours not only failed to improve outcomes but could 

potentially delay recovery. Thomas and colleagues (2015) conducted a landmark randomized controlled trial 

showing that adolescents prescribed five days of strict rest reported more symptoms and slower recovery 

compared to those prescribed 1-2 days of rest followed by gradual activity resumption [16]. This study 

challenged decades of clinical practice and catalyzed a reevaluation of rest recommendations. 

Simultaneously, emerging evidence from military populations provided insights into activity-based 

recovery. The Defense and Veterans Brain Injury Center's Progressive Return to Activity protocol 

demonstrated that structured, progressive activity correlated with improved outcomes in service members with 

concussion [17]. These findings were particularly influential as military populations often faced unique 

challenges returning to high-demand physical and cognitive duties, necessitating evidence-based approaches 

to expedite safe recovery. 

Systematic reviews during this period consistently found insufficient evidence to support prolonged rest. 

Schneider and colleagues (2017) published a comprehensive systematic review concluding that while brief rest 

(24-48 hours) appeared beneficial, no evidence supported complete rest beyond this period [18]. Furthermore, 

studies began documenting potential harms of prolonged rest, including deconditioning, mood disturbances, 

and increased anxiety about symptoms. 

 

The Active Recovery Revolution (2016-Present) 

The 5th International Conference on Concussion in Sport (Berlin, 2016) formally endorsed the paradigm 

shift from prolonged rest to active recovery, recommending only 24-48 hours of rest followed by gradual return 

to activity below symptom threshold [5]. This recommendation was revolutionary, overturning decades of 

clinical practice and requiring significant re-education of healthcare providers, athletes, and the public. 

The physiological rationale for active recovery emerged from improved understanding of concussion 

pathophysiology. Research demonstrated that controlled, sub-threshold aerobic exercise could improve 

cerebral blood flow, restore autonomic balance, and promote neuroplasticity without exacerbating the 

metabolic crisis [6,15]. The Buffalo Concussion Treadmill Test emerged as a clinical tool to safely prescribe 

individualized exercise programs, with studies showing that athletes who performed sub-threshold exercise 

recovered faster than those prescribed rest [19]. 

Recent randomized controlled trials have provided definitive evidence supporting early exercise. Leddy 

and colleagues (2019) demonstrated that adolescents who initiated aerobic exercise within one week of injury 

recovered in a median of 13 days compared to 17 days for those prescribed stretching alone [6]. Importantly, 

no adverse events were associated with early exercise, addressing safety concerns that had historically justified 

rest recommendations. 
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Implementation Challenges and Current Practice 
Despite strong evidence supporting active recovery, implementation remains inconsistent. Surveys of 

healthcare providers reveal significant practice variation, with many clinicians still prescribing extended rest 
due to uncertainty about exercise prescription, concern about symptom exacerbation, or lack of resources for 
supervised exercise programs [8]. Athletic trainers report particular challenges balancing evidence-based 
recommendations with traditional team protocols and parental expectations [20]. 

The concept of "relative rest" has emerged as a practical compromise, where athletes avoid activities 
that exacerbate symptoms while maintaining light physical and cognitive activity. This approach 
acknowledges individual variability in symptom triggers and recovery trajectories while avoiding the potential 
harms of complete rest. However, determining appropriate activity levels remains challenging without 
objective biomarkers or standardized assessment tools. 

Cultural and contextual factors significantly influence management approaches. Some sports cultures 
emphasize "toughness" and early return to play, while others adopt overly conservative approaches that may 
inadvertently delay recovery. Educational initiatives targeting athletes, coaches, parents, and healthcare 
providers are essential for implementing evidence-based practices consistently [21]. 

 
Lessons Learned and Future Directions 
The historical evolution of concussion management provides important lessons for contemporary 

practice. The shift from prolonged rest to active recovery demonstrates the importance of challenging 
established practices when evidence suggests alternative approaches. The harm caused by well-intentioned but 
evidence-poor recommendations highlights the need for rigorous research before widespread implementation 
of management strategies. 

Current evidence supports individualized, symptom-guided activity progression rather than prescribed 
rest periods or one-size-fits-all protocols. The heterogeneity of concussion presentation and recovery requires 
flexible approaches that consider individual factors including age, sex, prior concussion history, and specific 
symptom profiles [22]. Future research must address optimal exercise parameters, including timing of 
initiation, intensity progression, and modality selection for different patient populations. 

The historical progression also emphasizes the importance of translating research into practice 
effectively. Despite clear evidence supporting active recovery, many athletes continue to receive outdated rest 
recommendations, highlighting the need for improved knowledge translation strategies and implementation 
science approaches to ensure evidence-based care reaches all athletes [23]. 

 
Progressive Return to Activity Protocols 

Contemporary management of sport-related concussion emphasizes progressive, individualized return 
to activity protocols that balance the benefits of early mobilization with the risks of symptom exacerbation. 
These protocols represent a fundamental shift from historical rest-based approaches to active, symptom-guided 
rehabilitation strategies that facilitate optimal recovery while minimizing the risk of prolonged symptoms. 

 
Current Framework for Return to Activity 
The current international consensus recommends a graduated return to activity approach consisting of 

sequential stages, with progression contingent upon symptom resolution at each level [5]. Following an initial 
24-48 hour period of relative rest, athletes begin with light activities of daily living that do not provoke 
symptoms. This initial phase acknowledges that complete rest is neither practical nor beneficial, while 
recognizing the need to respect the acute neurometabolic vulnerability period [10]. 

The standard return-to-sport protocol comprises six stages: (1) symptom-limited activity, (2) light 
aerobic exercise, (3) sport-specific exercise, (4) non-contact training drills, (5) full-contact practice following 
medical clearance, and (6) return to competition [5]. Each stage typically lasts 24 hours minimum, with athletes 
progressing only if they remain asymptomatic. If symptoms recur, athletes return to the previous asymptomatic 
level and attempt progression again after a 24-hour period. This systematic approach ensures gradual increases 
in physical and cognitive demands while providing clear benchmarks for progression. 

Recent evidence from the Ivy League-Big Ten Epidemiology of Concussion Study provides important 
insights into real-world progression through these protocols. Wiebe and colleagues (2022) found that among 
collegiate athletes, median time to return to full sport was 14 days, though significant variability existed based 
on initial symptom burden and timing of activity initiation [22]. Importantly, athletes who initiated exertion 
activities on the same day as symptom resolution had faster overall recovery, challenging traditional 
recommendations to wait 24 hours after symptom resolution before beginning exercise. 
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The Buffalo Concussion Exercise Protocol 
The Buffalo Concussion Treadmill Test (BCTT) and associated exercise protocol represent a major 

advance in systematic activity prescription following concussion. This approach uses controlled, progressive 
aerobic exercise testing to determine individual symptom thresholds and prescribe sub-threshold exercise as 
treatment [19]. Athletes perform incremental treadmill exercise with heart rate and symptom monitoring, 
stopping at symptom exacerbation. The heart rate at symptom threshold becomes the target for daily aerobic 
exercise prescription, typically at 80-90% of threshold heart rate. 

Studies validating this approach demonstrate both safety and efficacy. Athletes prescribed sub-threshold 
aerobic exercise based on BCTT results recover significantly faster than those prescribed stretching or rest, 
with median recovery times of 13 versus 17 days [6]. The protocol appears particularly effective for athletes 
with autonomic dysfunction and exercise intolerance, as controlled aerobic exercise helps restore normal 
cardiovascular regulation and cerebral blood flow dynamics [13,15]. Importantly, no serious adverse events 
have been reported with this approach when properly implemented, addressing historical safety concerns about 
early exercise. 

The physiological rationale for sub-threshold exercise is compelling. Exercise below symptom threshold 
improves cerebral blood flow without exceeding metabolic capacity, potentially helping to resolve the 
mismatch between energy demand and supply that characterizes concussion [12]. Additionally, aerobic 
exercise promotes neuroplasticity through increased production of brain-derived neurotrophic factor and may 
help prevent the deconditioning and mood symptoms associated with prolonged inactivity. 

 
Sport-Specific and Position-Specific Considerations 
While general return-to-activity principles apply across sports, emerging evidence supports sport-

specific modifications to standard protocols. Contact sports require additional considerations for both physical 
readiness and psychological confidence before return to full contact. Recent studies in ice hockey players 
demonstrate that those participating in non-contact skating and skill development during recovery show 
improved outcomes compared to those restricted from sport-specific activities [24]. 

Position-specific demands also influence protocol design. Athletes in high-cognitive-demand positions 
(quarterbacks, point guards) may require extended cognitive rehabilitation and gradual reintegration into 
tactical training. Conversely, athletes in primarily aerobic sports may benefit from earlier introduction of 
sustained cardiovascular exercise within symptom limits. The principle of specificity suggests that 
incorporating sport-relevant movements and cognitive challenges during recovery may facilitate more 
complete functional recovery. 

Military populations have provided valuable insights into managing return to high-demand activities. 
The Defense and Veterans Brain Injury Center's Progressive Return to Activity protocol demonstrates that 
structured progression through military-specific tasks correlates with successful return to duty [17]. This 
protocol emphasizes functional assessment over symptom reporting alone, recognizing that subjective 
symptoms may not fully capture readiness for complex operational tasks. 

 
Individualization and Clinical Decision-Making 
The heterogeneity of concussion presentation necessitates individualized approaches to return-to-

activity protocols. Factors influencing protocol modification include age, sex, concussion history, initial 
symptom severity, and specific symptom clusters. Adolescents generally require more conservative 
progression than adults, with evidence suggesting longer neurobiological recovery times in the developing 
brain [9]. Female athletes may experience different recovery trajectories, with some studies showing longer 
symptom duration and different symptom profiles requiring tailored approaches [14]. 

Athletes with specific symptom clusters benefit from targeted interventions integrated into return-to-
activity protocols. Those with predominant vestibular symptoms may require vestibular rehabilitation 
concurrent with aerobic exercise progression. Athletes with cervicogenic symptoms benefit from cervical spine 
rehabilitation and manual therapy. Mood symptoms may respond better to early social reintegration and 
psychological support rather than isolated physical training. This precision medicine approach recognizes that 
optimal recovery requires addressing specific underlying pathophysiology rather than applying uniform 
protocols [25]. 

Clinical decision-making must balance multiple factors including symptom status, functional 
performance, psychological readiness, and contextual considerations such as season timing and academic 
demands. Recent evidence suggests that strict adherence to symptom resolution before activity progression 
may be overly conservative for some athletes. Studies show that light activity despite mild symptoms may 
facilitate recovery in certain cases, though this requires careful clinical judgment and close monitoring [26]. 
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Monitoring and Assessment Strategies 

Effective implementation of progressive return-to-activity protocols requires robust monitoring 

strategies. Traditional symptom checklists, while useful, may not capture subtle deficits or predict readiness 

for increased activity. Multi-domain assessment incorporating neurocognitive testing, balance assessment, 

vestibular-ocular screening, and autonomic function evaluation provides more comprehensive recovery 

tracking [27]. 

Emerging technologies offer promising monitoring solutions. Wearable devices can track heart rate 

variability, sleep patterns, and physical activity levels, providing objective data to guide progression decisions. 

Mobile applications enable real-time symptom tracking and automated progression recommendations based 

on individual response patterns. However, these technologies supplement rather than replace clinical judgment, 

and their validity in concussion management requires further investigation. 

The role of biomarkers in guiding return-to-activity decisions remains investigational but promising. 

Blood-based biomarkers such as neurofilament light chain and glial fibrillary acidic protein show potential for 

identifying athletes with prolonged recovery trajectories who may benefit from modified protocols [28]. 

Advanced neuroimaging techniques may eventually enable personalized protocols based on individual 

pathophysiology, though current evidence does not support routine imaging for protocol decisions. 

 

Implementation Challenges and Solutions 

Despite strong evidence supporting progressive return-to-activity protocols, implementation remains 

inconsistent across settings. Common barriers include limited access to trained providers, time constraints in 

busy clinical settings, and uncertainty about exercise prescription among non-specialist providers [8]. Athletic 

trainers report challenges balancing evidence-based protocols with team culture, coaching pressures, and 

athlete preferences [20]. 

Successful implementation requires systematic approaches addressing these barriers. Educational 

initiatives targeting all stakeholders—athletes, parents, coaches, and healthcare providers—improve protocol 

adherence and outcomes. Standardized clinical pathways and decision support tools reduce practice variation 

and improve confidence among non-specialist providers. Collaborative care models involving athletic trainers, 

physicians, and rehabilitation specialists optimize resource utilization while ensuring appropriate expertise 

guides management decisions. 

Technology-enabled solutions show promise for improving implementation. Telemedicine platforms 

enable specialist consultation for community providers managing concussed athletes. Digital health tools 

automate protocol tracking and progression decisions, reducing provider burden while ensuring systematic 

approaches. However, these solutions must maintain the individualization and clinical judgment essential for 

optimal outcomes. 

 

Evidence Gaps and Future Directions 

While current evidence strongly supports progressive return-to-activity protocols, important questions 

remain. Optimal timing for activity initiation, particularly within the first 48 hours, requires further 

investigation. The relative benefits of different exercise modalities—aerobic, resistance, sport-specific—at 

various recovery stages remain unclear. Individual factors predicting response to different protocols need better 

definition to enable truly personalized approaches. 

The integration of cognitive and physical activity progression presents ongoing challenges. Current 

protocols largely separate return-to-learn and return-to-sport pathways, though evidence suggests coordinated 

approaches may be beneficial [21]. The optimal balance between cognitive and physical demands during 

recovery, particularly for student-athletes managing academic and athletic requirements simultaneously, 

requires further study. 

Long-term outcomes following different return-to-activity approaches remain incompletely understood. 

While faster symptom resolution is important, ensuring complete neurobiological recovery and minimizing 

risk of recurrent injury or persistent symptoms should be primary goals. Longitudinal studies examining 

neuroimaging, biomarker, and functional outcomes following different protocols will inform evidence-based 

recommendations that optimize both short and long-term recovery. 
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Evidence-Based Management Strategies 

The management of sport-related concussion has evolved from opinion-based practices to evidence-

based strategies grounded in rigorous clinical research. Contemporary approaches integrate findings from 

randomized controlled trials, systematic reviews, and large prospective cohort studies to optimize recovery 

while minimizing the risk of persistent symptoms. This comprehensive framework addresses multiple domains 

of recovery through targeted, individualized interventions. 

 

Controlled Aerobic Exercise as Primary Treatment 

The strongest evidence for active concussion management supports controlled aerobic exercise as a 

primary treatment modality. The landmark randomized controlled trial by Leddy and colleagues (2019) 

definitively demonstrated that sub-threshold aerobic exercise accelerates recovery compared to stretching-

based protocols, with adolescents recovering in a median of 13 days versus 17 days [6]. This finding has been 

replicated across multiple populations and settings, establishing aerobic exercise as a cornerstone of evidence-

based management. 

The optimal exercise prescription involves 20-30 minutes of aerobic activity at 80-90% of symptom-

threshold heart rate, performed daily until symptom resolution [19]. This prescription is individualized based 

on exercise tolerance testing, typically using the Buffalo Concussion Treadmill Test or similar protocols. The 
physiological benefits include improved cerebral blood flow regulation, restoration of autonomic balance, and 

enhanced neuroplasticity without exacerbating the underlying metabolic disturbance [15]. Importantly, this 

approach has demonstrated safety across age groups, with no reported serious adverse events when properly 

implemented. 

Recent meta-analyses confirm the superiority of aerobic exercise over rest. Carter and colleagues (2021) 

analyzed 12 randomized controlled trials, finding that early aerobic exercise reduced symptom duration by an 

average of 3.5 days compared to rest, with a number needed to treat of 4 to prevent one case of persistent post-

concussion symptoms [7]. The effect appears most pronounced when exercise is initiated within the first week 

of injury, though benefits are observed even when started later in recovery. 

 

Multimodal Rehabilitation Approaches 

Evidence increasingly supports multimodal rehabilitation targeting specific symptom clusters and 

underlying pathophysiology. The TEAM (Targeted Evaluation and Active Management) approach, developed 

through expert consensus and clinical research, provides a framework for identifying and treating distinct 

concussion subtypes: vestibular, oculomotor, cognitive, cervical, and mood-related [25]. This precision 

medicine approach recognizes that optimal recovery requires addressing specific deficits rather than applying 

uniform treatments. 

Vestibular rehabilitation demonstrates particular efficacy for athletes with dizziness, balance problems, 

and motion sensitivity. A systematic review by Murray and colleagues (2017) found that targeted vestibular 

therapy reduced symptom severity by 60-80% and decreased time to medical clearance by an average of 5 

days compared to standard care [29]. Effective interventions include gaze stabilization exercises, habituation 

training, and balance retraining, typically initiated within the first week when tolerated. 

Cervical spine rehabilitation addresses the often-overlooked cervicogenic component of concussion 

symptoms. Manual therapy, therapeutic exercise, and sensorimotor retraining targeting cervical dysfunction 

show significant benefits, particularly for headache and dizziness symptoms. Studies demonstrate that 70-80% 

of athletes with cervicogenic symptoms achieve complete resolution with appropriate cervical rehabilitation, 

often within 2-3 weeks of treatment initiation [30]. 
 
Cognitive Rehabilitation and Academic Management 
Evidence-based cognitive rehabilitation strategies have evolved beyond simple cognitive rest to active 

interventions promoting neural recovery. Contemporary approaches emphasize accommodations rather than 
restrictions, with gradual reintegration into cognitive activities based on symptom tolerance. The Return-to-
Learn protocol provides a structured framework for academic reintegration, with temporary accommodations 
including reduced workload, extended deadlines, and rest breaks as needed [21]. 

Recent studies demonstrate that early, graduated cognitive activity facilitates recovery without 
prolonging symptoms. DeMatteo and colleagues (2019) showed that students who returned to modified 
academic activities within 3-5 days of injury had better outcomes than those maintaining cognitive rest [21]. 
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Key accommodations include limiting screen time to tolerable levels, breaking tasks into shorter segments, 
and prioritizing essential academic activities during the recovery period. 

Computerized cognitive training shows promise but requires careful implementation. While some 
studies suggest benefits for attention and working memory, the evidence remains mixed regarding transfer to 
functional improvements. Current recommendations support cognitive training as an adjunct to, rather than 
replacement for, comprehensive rehabilitation approaches. 

 
Sleep and Behavioral Interventions 
Sleep disturbance affects up to 70% of concussed athletes and significantly impacts recovery trajectories. 

Evidence-based sleep interventions include sleep hygiene education, cognitive-behavioral therapy for 
insomnia (CBT-I), and carefully selected pharmacotherapy when necessary [31]. Recent studies demonstrate 
that addressing sleep disturbances within the first two weeks of injury correlates with faster overall recovery 
and reduced risk of persistent symptoms. 

Behavioral interventions targeting anxiety and mood symptoms show increasing importance in 
comprehensive management. Brief psychological interventions, including psychoeducation, cognitive 
restructuring, and gradual exposure to feared activities, reduce symptom burden and facilitate return to sport. 
A randomized trial by Silverberg and colleagues (2023) found that early behavioral intervention reduced 
persistent symptoms by 40% compared to usual care [23]. 

 
Pharmacological Considerations 
While no medications are FDA-approved specifically for concussion treatment, evidence supports 

targeted pharmacotherapy for specific symptoms when non-pharmacological approaches prove insufficient. 
Recent systematic reviews identify limited but growing evidence for selective medications. Amitriptyline or 
nortriptyline at low doses (10-25mg) show efficacy for post-traumatic headaches, particularly when started 
within 2-4 weeks of injury for persistent symptoms [32]. 

Melatonin (3-10mg) demonstrates benefits for sleep disturbance, with studies showing improved sleep 
quality and potentially faster overall recovery. The timing of administration (2-3 hours before desired bedtime) 
and consistent scheduling appear critical for efficacy. For athletes with significant vestibular symptoms, short 
courses of vestibular suppressants may facilitate early rehabilitation, though these should be discontinued as 
soon as tolerable to avoid impeding central compensation. 

 
Nutritional and Metabolic Support 
Emerging evidence suggests that nutritional interventions may support metabolic recovery following 

concussion. Omega-3 fatty acids, particularly docosahexaenoic acid (DHA), show neuroprotective properties 
in preclinical studies, with limited human trials suggesting potential benefits for symptom resolution [33]. 
While definitive recommendations await larger trials, ensuring adequate nutrition and hydration during 
recovery represents reasonable supportive care. 

The role of metabolic support through targeted supplementation remains investigational. Creatine 
supplementation shows promise in preliminary studies for supporting cellular energy metabolism during the 
recovery period. However, current evidence does not support routine supplementation beyond addressing 
identified deficiencies. Athletes should maintain regular meal patterns and adequate caloric intake to support 
the increased metabolic demands of recovery. 

 
Implementation and Monitoring 
Successful implementation of evidence-based strategies requires systematic monitoring and adjustment 

based on individual response. The use of standardized symptom scales, combined with objective assessments 
of balance, cognition, and autonomic function, enables data-driven decision-making [27]. Serial assessments 
every 3-7 days during recovery provide trajectory information guiding treatment modifications. 

Biomarker-guided management represents an emerging frontier, though current evidence does not 
support routine clinical use. Studies investigating blood-based biomarkers such as S100B, tau, and 
neurofilament light chain show promise for identifying athletes requiring modified management approaches 
[28]. Advanced neuroimaging techniques may eventually enable truly personalized protocols, though cost and 
accessibility limit current application. 

The integration of multiple evidence-based strategies requires coordinated care involving various 
healthcare providers. Successful models employ athletic trainers as care coordinators, with physician oversight 
and referral to specialists as needed. This team-based approach ensures comprehensive assessment and 
treatment while optimizing resource utilization. Regular communication among providers, athletes, coaches, 
and families facilitates adherence to evidence-based protocols and improves outcomes. 
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Conclusions 

The management of sport-related concussion has undergone a fundamental transformation over the past 

two decades, evolving from prolonged rest-based approaches to active, evidence-based rehabilitation strategies. 

This systematic review synthesizes contemporary evidence demonstrating that controlled, progressive return 

to activity following brief initial rest optimizes recovery trajectories while minimizing the risk of persistent 

post-concussion symptoms. The paradigm shift from "cocoon therapy" to active rehabilitation represents one 

of the most significant advances in sports medicine, fundamentally altering how clinicians, athletes, and 

stakeholders approach concussion recovery. 

Summary of Key Evidence 

The accumulated evidence overwhelmingly supports early, controlled physical activity as a cornerstone 

of concussion management. Multiple randomized controlled trials, systematic reviews, and meta-analyses 

consistently demonstrate that sub-threshold aerobic exercise initiated within the first week of injury accelerates 

recovery without increasing adverse events. The physiological basis for this approach is now well-established: 

controlled exercise below symptom threshold improves cerebral blood flow regulation, restores autonomic 

balance, and promotes neuroplasticity while respecting the metabolic vulnerability of the injured brain. 

The heterogeneity of concussion presentation necessitates individualized, precision medicine 

approaches rather than one-size-fits-all protocols. Contemporary evidence supports multimodal rehabilitation 
targeting specific symptom clusters, with vestibular therapy, cervical rehabilitation, and cognitive-behavioral 

interventions showing efficacy for appropriate subgroups. Recent longitudinal studies demonstrate that athletes 

receiving targeted, individualized rehabilitation based on their specific deficits return to play faster and with 

lower rates of persistent symptoms compared to those receiving generic protocols [35]. 

Clinical Implementation and Practice Change 

Translation of evidence into clinical practice remains incomplete, with significant variability in 

management approaches across settings and providers. A recent international survey of sports medicine 

physicians revealed that while 85% endorsed early activity in principle, only 45% consistently implemented 

structured exercise protocols in practice [36]. This implementation gap highlights the need for systematic 

knowledge translation strategies, standardized clinical pathways, and ongoing professional education to ensure 

evidence-based care reaches all concussed athletes. 

Successful implementation requires addressing multiple barriers including limited resources, time 

constraints, and uncertainty about exercise prescription among non-specialist providers. Recent 

implementation science studies demonstrate that multi-component interventions combining education, clinical 

decision support tools, and audit-feedback mechanisms significantly improve adherence to evidence-based 

protocols [37]. Technology-enabled solutions, including mobile health applications and telemedicine platforms, 

show promise for extending specialized care to underserved populations and improving protocol fidelity. 

Emerging Frontiers and Future Directions 

Several emerging areas warrant continued investigation to further optimize concussion management. 

Precision medicine approaches utilizing advanced neuroimaging, biomarkers, and machine learning algorithms 

may enable truly individualized protocols based on specific pathophysiological patterns [38]. Preliminary 

studies suggest that combining clinical phenotyping with objective biomarkers can predict recovery trajectories 

with 85-90% accuracy, potentially identifying athletes requiring modified management strategies from the 

outset. 

The optimal management of special populations requires further research. Sex-specific differences in 

concussion presentation and recovery are increasingly recognized, with recent studies suggesting that female 

athletes may benefit from modified protocols accounting for hormonal influences and different symptom 

patterns [39]. Pediatric populations present unique challenges given ongoing neurodevelopment, with evidence 

suggesting that younger athletes may require more conservative progression while maintaining the benefits of 

active rehabilitation. Para-athletes and athletes with pre-existing conditions represent understudied populations 

requiring tailored approaches. 

The integration of mental health considerations into concussion management protocols represents a 

critical frontier. Recent prospective studies demonstrate bidirectional relationships between concussion 

recovery and mental health, with pre-existing anxiety or depression predicting prolonged recovery, and 

concussion increasing risk for subsequent mental health challenges [40]. Comprehensive management 

protocols incorporating psychological screening and early intervention for at-risk athletes show promise for 

improving both concussion and mental health outcomes. 
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Long-term Outcomes and Prevention 

While current evidence strongly supports active rehabilitation for symptom resolution and return to sport, 

long-term neurobiological outcomes following different management approaches remain incompletely 

understood. Longitudinal neuroimaging studies suggest that some athletes may have persistent microstructural 

and functional alterations despite clinical recovery, raising questions about the adequacy of current return-to-

play criteria [41]. Future research must establish whether optimizing acute management through active 

rehabilitation protocols influences long-term brain health and risk of neurodegenerative changes. 

The relationship between acute management and recurrent concussion risk requires further investigation. 

Preliminary evidence suggests that athletes who follow structured, gradual return-to-activity protocols have 

lower rates of recurrent concussion compared to those with premature or delayed return to play. However, the 

optimal balance between ensuring complete recovery and avoiding unnecessary activity restriction remains to 

be definitively established. Advanced assessment tools evaluating multiple domains of recovery may better 

identify athletes at risk for recurrent injury. 

Recommendations for Clinical Practice 

Based on the current evidence, clinicians managing sport-related concussion should implement the 

following evidence-based strategies: (1) limit initial rest to 24-48 hours followed by gradual return to activity 

below symptom threshold; (2) prescribe individualized sub-threshold aerobic exercise beginning within the 
first week when tolerated; (3) identify and address specific symptom clusters through targeted rehabilitation; 

(4) monitor recovery using standardized, multi-domain assessments; (5) coordinate care across medical, 

academic, and athletic domains; and (6) provide education and reassurance to athletes and families about the 

expected recovery trajectory. 

Healthcare systems and sports organizations must invest in infrastructure supporting evidence-based 

concussion management. This includes training healthcare providers in exercise prescription and rehabilitation 

techniques, establishing referral networks for specialized services, and implementing systematic quality 

improvement initiatives. Policy-level interventions ensuring access to appropriate care regardless of 

geographic location or socioeconomic status are essential for optimizing population-level outcomes. 

Final Perspectives 

The evolution from rest-based to active management of sport-related concussion exemplifies evidence-

based medicine's potential to transform clinical practice and improve patient outcomes. The accumulated 

evidence clearly demonstrates that appropriately prescribed physical activity facilitates rather than hinders 

recovery, challenging decades of conventional wisdom. However, this paradigm shift must be implemented 

thoughtfully, recognizing that successful management requires individualization, careful monitoring, and 

integration of multiple therapeutic modalities. 

As our understanding of concussion pathophysiology continues to evolve and new therapeutic 

approaches emerge, management strategies will undoubtedly continue to be refined. The future of concussion 

management lies in precision medicine approaches that match specific treatments to individual 

pathophysiology, supported by objective biomarkers and advanced assessment tools. Until such personalized 

approaches become widely available, current evidence strongly supports progressive, symptom-guided return 

to activity as the optimal strategy for managing sport-related concussion. Continued research, education, and 

implementation efforts are essential to ensure that all athletes receive evidence-based care that maximizes 

recovery while minimizing the risk of short and long-term sequelae. 
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